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FOREWORD

This TEC-DOC follows the publication of TEC DOC 347 Small and Medium
Power Reactors Project Initiation Study - Phase I published in 1985 and
TEC-DOC 376 Small and Medium Power Reactors 1985 published in 1986.

It is mainly intended for decision makers in Developing Member States
interested in embarking on a nuclear power programme. It consists of two
parts :
Part I;

Guidelines for the introduction of Small and Medium Power Reactors
in Developing Countries. These Guidelines were established during
on Advisory Group Meeting held in Vienna from 11 to 15 May, 1987.
Their purpose is to review key aspects relating to the introduction
of Small and Medium Power Reactors in developing countries.

Part II:

Up-dated Information on SMPR Concepts Contributed by Supplier
Industries.
According to the recommendations of the Second
Technical Committee Meeting on SMPRs held in Vienna in March 1985,
this part contains the up-dated information formerly published in
Annex I of the above mentioned TEC DOC 347.

EDITORIAL NOTE
In preparing this material for the press, staff of the International Atomic Energy Agency
have mounted and paginated the original manuscripts and given some attention to presentation.
The views expresseddo not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.
The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.
The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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PART I

GUIDELINES FOR THE INTRODUCTION
OF SMALL AND MEDIUM POWER REACTORS
IN DEVELOPING COUNTRIES

I.I. INTRODUCTION

The purpose of the guidelines is to review key aspects relating to the
introduction

countries.

of

Small

and

Medium

Power

Reactors

(SMPRs)

in

developing

According to the Agency's definition an SMPR is an electricity

producing nuclear power plant in the capacity range of 100 to 500 MWe, TEC-DOC

347,
(see bibliography). These guidelines are mainly intended for decision
makers in developing countries interested in embarking on a nuclear power
programme.

The various SMPR studies implemented by the Agency have shown that
nuclear energy is a viable alternative in many developing countries to face
electricity consumption increase. SMPRs present interesting features for the
introduction of nuclear energy in those countries. But this introduction has
to be analyzed under country specific conditions.

The Agency upon request

will assist Member States in undertaking such studies.
1.2. SMPR CONSIDERATIONS

Particularly for developing countries, it is clearly recognized that the
utilization of nuclear power is necessary for diversification of energy
resources. In considering the choice between SMPRs and larger power reactors,
there are a number of factors which tend to favour the SMPR concept. The main
factors are summarized as follows:
recognizing that a single unit should not exceed a given fraction of the
grid size, SMPRs may be introduced at an earlier date than larger units,
therefore SMPRs allow for earlier introduction of nuclear power programme
with an earlier realization of the resulting potential benefits,

in considering grid characteristics, SMPRs provide a better fit in terms
of grid size and demand growth rate, and generally result in less
requirements for grid adaptation and additional reserve margins,
SMPRs may be more similar in size to other industrial projects existing
in developing countries,
there is the potential that, relative to larger reactors, overall
management of an SMPR project may be easier, lead times may be shorter,
siting could be less restrictive, smaller demands may be placed on the
transportation system at earlier dates, and that financing may be more
easily obtained.
It is important to note that all of the above factors have to be assessed
on a country specific basis.
As described in Part II of this publication, presently there are several

SMPR alternatives under various stages of development, thereby allowing
flexibility for developing countries in their plant and/or programme selection.
Notwithstanding the perceived advantages as listed above, there may be
certain reference plant problems to be faced by new SMPRs. At present, few
new SMPR plants have been committed and the economics have not yet been
demonstrated.
However, the current number of SMPR designs available is
indicative of the vendors' confidence that the basic technology is mature and
of their confidence regarding the economic viability of SMPRs.

1.3. NATIONAL DEVELOPMENT AND ENERGY POLICY

With respect to national development and energy policy it is recommended
that:
a.

An SMPR programme should be based on a comprehensive national energy plan
which in turn, should recognize long term economic development goals, and
should
consider economy/energy and electricity supply and demand
interactions.

b.

The national electricity supply plan based on the above should include
all energy resources and conversion technologies likely to be available
to the country over the planning horizon.

c.

Trade-offs among the entire energy resource chain from the origin to
conversion, end-use and waste disposal should be considered to allow
optimal diversification of supply sources and resource conservation. In
particular, a detailed comparison with the entire coal fuel supply and
utilization chain should be conducted.

In the context of such comprehensive long-term
following specific SMPR aspects should be considered:

energy

policy

the

d.

SMPRs allow early introduction of nuclear power in the national grid
with all the economic and environmental benefits, which may not be
achieved with larger units, on the same time frame.

e.

SMPRs allow the comprehensive planning of a several-unit programme, with
the attendant economic benefits of learning and savings.

f.

The smaller unit size and shorter construction times allows greater
flexibility in adjusting the SMPR programme to changes such as
electricity growth rates and financing conditions.

g.

At any time a SMPR programme is likely to offer
national economy and infrastructure.

less burden to the

Several IAEA Guidebooks regarding nuclear power introduction are
available eg. Guidebooks No. 217, 245 and a guidebook in preparation réf. 19
(see bibliography).
1.4.

GOVERNMENT COMMITMENT TO NUCLEAR POWER

With respect to government commitment it is recommended that:

a.

A long-term nuclear power plan is required in order to fully achieve the
benefit of this energy option.

b.

Such long term plan should consistently be applied as a concensus
national policy and not be subjected to the changes of the political or
budgetary process, as far as possible, recognizing that such changes
will, in the long run, be counter-beneficial to the national economic
development.

c.

The particular details of a national nuclear plan should periodically be
reviewed and adjusted to changing circumstances e.g. changes in electric
demand growth rate. The basic principles of the plan and the national
committment toward its execution should however remain constant over the
planning horizon.
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d.

Within a master nuclear power introduction programme, it is further
recommended that each specific plant construction project once embarked
upon, should be carried out to completion with all due speed, in order to
reap the economic benefits therefrom.

e.

In parallel with the plant ordering programme, a basic programme for
nuclear infrastructure development should be implemented. While the rate
of development could be adjusted to national circumstances, a basic
committment to the infrastructure plan is essential.

SMPRs allow greater flexibility in maintaining such basic
committment to nuclear power development, while allowing the
implementation details to be adjusted.
Various reports, in particular TEC DOC.
preparation, réf. 17 (see bibliography), discuss
detail.
1.5.

347, 376
these points

national
specific

a guidebook
in greater

PUBLIC ACCEPTANCE OF A NUCLEAR POWER PROGRAMME

On the subject of public acceptance of a nuclear power programme it is
recommended that:

a.

The national Government should set up an information dissemination
programme, as an integral part of a national nuclear power development
plan.

b.

The public acceptance programme should provide factual information on all
energy resources and supply chains and should present nuclear power
issues in the more general context of inter-fuel comparisons.

c.

Technical support information could be obtained as appropriate, from
international organizations in the energy field or from national
organizations and utilities operating nuclear power plants with
successful public acceptance programmes.

SMPRs are considered by some to offer better public acceptance potential
due to their smaller unit size, and the smaller overall scope of
implementation at any time point.
1.6.

NATIONAL INFRASTRUCTURE

1.6.1

a.

General

The need to establish a national institutional infrastructure for nuclear
power introduction is essentially the same for both SMPR and large
nuclear plants. Industrial participation and industrial infrastructure
development on the other hand, could evolve along with the realization of
the programme. These issues are discussed in a greater detail in the
section on Industrial Participation.
Cost reductions in the implementation of a nuclear power development
programme, could be achieved through well defined legislation, efficient
project management and efficient manpower utilization.
Within this section, no issues specifically related to SMPRs have been
identified.
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in

1.6.2 National Legislation

On the subject of national legislation, it is recommended that:
a.

The establishment of an adequate legal framework and regulatory/licensing
structure, in accordance with international practices, is one of the
first activities required for the introduction of nuclear power in any
country.

b.

It is essential that such legal framework be enacted before calling for
bids for the first nuclear project, in order to provide potential
suppliers with information on the basic regulatory and legal requirements
governing the details of their bids.

c.

As a part of the legal framework specific legislation may be required
establishing radiation protection and nuclear regulatory standards. Such
standards could be based on existing international conventions or other
adequate national standards. The nuclear liability aspects should also
be defined by law.

d.

As a part of the legal framework a regulatory/licensing authority should
be established, which will be responsible for implementing the
legislation and supervising these aspects of the national nuclear power
development programme.

e.

Inter-governmental agreements providing the basis for suppliers and
transfer of technology should be set up in time. Examples of such
agreements are listed in the Guidebook No. 217 Section 7 (see
bibliography).

Advise for establishing such legal framework could be obtained from the
IAEA, based on the procedures of the NUSS Codes of Practices and Safety
Guides.
Other examples of appropriate national nuclear legislation could
directly be obtained from countries which have already implemented national
nuclear power programmes.
1.6.3 Organizational Infrastructure

Recommendations regarding organizational infrastructure are as follows:
a.

The establishment and development of the organizational infrastructure is
to be regarded as an evolving process. As the nuclear programme develops,
adjustments or improvements may have to be introduced, according to the
needs and resources available.

b.

A buyer country could benefit from feasibility studies undertaken by
itself, with the help of consulting engineers as necessary, and possibly
with the IAEA's assistance.
Such studies would also contribute to
developing manpower resources.

c.

At least two clearly defined main organizations should be established;
One for the regulatory aspects, and one, or one more, for the
implementation of the feasibility study, the project management, and the
operation of the power plants.

d.

The regulatory/licensing body, acting independently of applicants,
vendors
and
operating
organizations,
shall be
responsible
for
governmental surveillance and control functions with regards to safety
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and environmental protection in the siting, construction, commissioning,
operation and decommissioning of nuclear power plants within its national
boundaries. This authority will also manage contacts with other similar
organizations, elsewhere.
e.

The second organization(s) performs all pre-project activities, e.g.
energy and nuclear power planning studies, site selection, grid
development programme, preparation of bid specification, analysis of bids
and contract negotiations. Later on, an operating utility will manage the
project, supervise construction and commissioning, operate and maintain
the plant, and will eventually supervise decommissioning.

f.

In addition to these main organizations some other complementary
organizations could be developed or created as parts of existing
institutions, to provide support in scientific problem diagnosis as
required, or, to give technical scientific and manpower inputs in the
project implementation.
It may be appropriate to establish an
organization which will promote industrial development in the general
areas of quality assurance and control within the national context.

Several IAEA Guidebooks which address the organizational issues discussed
above have already been published or are now in preparation, as listed in the
bibliography. (No. 200, 217 and guidebooks in preparation réf. 17, 18 and 21).

1.6.4 Manpower
As regards manpower it is noted that:
a.

The development and creation of the above mentioned organizations will
need increasing availability of well trained manpower in all categories
of staff from high level professionals to skilled crafts.

b.

The number and qualification of these personnel will depend on the
nuclear development policy of the country and on the kind of contract
chosen for the realization of the programme. A significant level of
qualified and experienced manpower will be necessary to establish
regulations, control their application, manage the project, and operate
and maintain the plant(s).

c.

For developing countries embarking on nuclear power programmes, the
purchase of a nuclear power plant cannot in itself assure successful
technology transfer. The transfer of nuclear technology requires the
thorough education and training of qualified staff, which involves far
more training than can be provided for in the supplier's contract, and
may further involve appropriate changes and development of the country's
educational infrastructure.

d.

It is important to plan manpower development programmes early on, in
order to bring into timely balance the large number of properly trained
personnel required, and the educational and training facilities of the
countries. On the job training, and professional training of senior
scientists and engineers in foreign institutions or vendor facilities
should be planned ahead, so that such manpower become available to the
nuclear power programme, as required. In the ideal case, a manpower
development programme should be launched in the order of ten years before
the first nuclear power plant begins operation.
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e.

A manpower development programme should be drawn up according to the
level of external assistance in the project activities, and the kind of
contract for the acquisition of the nuclear plant. After assessment of
the national manpower availability a development plan should be
established. This plan will schedule for each category the number of
persons and where they will be trained, e.g. national or foreign
universities, technician and craft
schools, on-the-job training,
fellowships and training courses.

Guidance in planning a manpower development plan can be found in the IAEA
Guidebooks No. 200, 242 and 266 and réf. 20 (see bibliography).
1.7. SITING

With respect to nuclear power plant siting it is recommend that:
a.

Efforts should be made to select nuclear power station sites which take
into account aspects such as: site access, site related natural and
man-made phenomena, environmental impact, safety-related considerations,
and the total eventual capacity considered for the site. The specific
nuclear power plant characteristics must be considered relative to the
site and the local infrastructure.

b.

A study should be performed to assess the feasibility of single unit
sites close to load centres or sites capable of accepting multi-units.
Relative to larger

nuclear power plants, the siting requirements for

SMPRs have the following advantages:

lower heat rejection per unit, and
smaller site-related infrastructure
first unit).

requirements

(especially

for

Also, SMPR site area is less than that of a similar capacity fossil fuel
fired plant.
A discussion on "Siting of Nuclear Power Plants" is provided the IAEA
Guidebook No. 217 and safety rules are proposed in the IAEA Nuclear Safety
Code and Safety Guides on Siting (see bibliography).
1.8. ELECTRICAL GRID

Recommendations regarding electrical grid issues are as follows:
a.

It is clear that plant size and characteristics, grid characteristics and
grid operational schemes must match. A plant/grid evaluation analysis
should be performed with due regards to grid operating characteristics
and reserve margins. A principal purpose of this study is to identify if
available plant sizes and characteristics can be integrated into an
existing grid and/or if a programme of grid adaptation is required to
enable the grid to absorb available plant sizes.

b.

It is noted that SMPRs have beneficial characteristics with respect to
integration into smaller or weaker electrical grids. In particular, it
is possible that there may be a trade-off between introduction of small
units and requirements for grid adaptation.

Further information on this subject can be found in the IAEA Guidebooks
No. 224, 241 and 271 (see bibliography).
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1.9.

INDUSTRIAL PARTICIPATION IN THE NUCLEAR POWER PROGRAMME

There are three major partners which must concur in the definition of the
objectives of the industrial participation programme and its development: the
government planners sponsoring the industrial promotion, the electric
utilities, and the industries concerned. The extent of desired national
participation will vary from one country to another and from one project to
the next within a nuclear power programme.
In general, industrial
participation will increase with the implementation of a nuclear power
programme comprising several plants.

It is noted that the participation of national industries will have
spin-off effects for those industries and may open to them additional markets.
Through their participation in the implementation of the nuclear power
programme national industries have the opportunity to acquire more efficient
organizational structures and knowledge, and to gain experience in such fields
as higher quality manufacturing procedures and quality assurance procedures.
Recommendations concerning industrial participation are as follows:
a.

Assess the present availability of national industry related to nuclear
power plants. In particular, the sectors of consulting and engineering
companies, civil works companies, electrical and mechanical manufactures
should be surveyed in order to find out their qualities and weaknesses.
This will lead to a list of companies which could be able to participate
in the project as well as development programmes which may be implemented
to provide for an increase level of participation.

b.

There should be established, at the appropriate time, a catalogue of
national companies and organizations as well as specificiation of the
desired level of industrial participation.

c.

The level of industrial participation in the first plant should be
assessed against the goal of plant completion on time and on cost.
Increasing participation levels would be developed for the subsequent
projects of a programme. In this regard, it is noted that SMPRs may,
relative to large power reactors, permit a higher level of national
industrial participation particularly following the first project. SMPRs
are more suitable to a programme of several units and this allows for
increasing national participation.

Guidance on the assessment of national capabilities and development of
the industrial infrastructure can be found in the Guidebook réf.
17 to be
published in 1987
(see bibliography).
I.10.

CONTRACTUAL APPROACH

As regards contractual approach, recommendations are as follows:
a.

The selection of the type of contract (turnkey vs non-turkey) is one of
the key decisions to be taken by the buyer when embarking on a nuclear
power project. The decision should, therefore, be carefully considered,
based on the analysis of all relevant factors, paramount among which are
the experience and competence level of the utility organization in large
project management. Since a first nuclear project is likely to be the
most complex and capital intensive project in the history of most
utilities, they will not have at the outset sufficient project experience
at the necessary levels.
In this case, a turnkey contract is the
15

advisable form for the implementation of the project.
Successful
completion of the first project is essential for insuring the success of
the overall programme. For the subsequent units in the programme other
types of contacts may be considered, as appropriate.
b.

The need for clarity and precision in the contract must be stressed. All
terms and conditions must be clearly specified in the contract and vague
generalizations must be avoided. The contract should also endeavour to
specify exactly which components and supplies are to be furnished by
local industry.

For further information on contractual
Guidebooks No. 217 and 275 (see bibliography).
1.11.

arrangements,

refer

to

IAEA

FINANCING

Considering their high investment cost, the financing of nuclear power
projects

is

recognized

to

be

of

vital

financing
requires active preparation
supplier(s) and the financial institutions.

importance.

and

The

participation

arrangement

from

of

buyer,

Of the many financing aspects to consider, the following are of major
importance:

financing of both foreign exchange and local currency portions of the
project,
financing terms, conditions and guarantees, particularly loan repayment
periods, grace periods, repayment currency(s) and government credit
insurance,
amount of financing required to cover basic project cost plus associated
costs,
impact of nuclear project financing on availability of financing for
other country projects.
With SMPRs, the lower absolute capital needs (relative to large power
reactors) imply a lower financial burden and a lower financial risk,
especially in the early stages of the programme. Another factor in favour of
SMPRs is the potential for shorter and tightly controlled construction
schedules during which loans are at risk and interest on these loans has to be
paid.
For further information on the financing subject, reference is made to
IAEA TEC-DOC. No. 278 and 269, and réf. 22 (see bibliography).
1.12.

FUEL CYCLE

Recommendations regarding fuel cycle considerations are as follows:
a.

There is a need to define a fuel cycle strategy (including front end of
the fuel cycle, uranium supply and fuel fabrication and back-end of the
cycle, spent fuel management and disposal). Any strategy must address
the need for long-term fuel supply as well as back-end consideration
(including high-level waste and/or spent fuel disposal). Such a strategy
must be considered as part of the national energy policy and fuel cycle
considerations will be an integral part of the overall programme plan.
The fuel cycle strategy and the choice of reactor type are clearly
interrelated.
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b.

There are no particular fuel cycle implications which have a significant
impact on SMPRs. However, it is noted that with an SMPRs programme there
may be no immediate need or economic justification to develop a national
fuel cycle industry early in the programme.

Additional information about fuel cycle considerations can be found in
the Guidebooks No. 217 and 269 (see bibliography).
1.13.

OPERATIONAL WASTE MANAGEMENT AND DISPOSAL

It is necessary to develop a long-term policy for low-and intermediatelevel radioactive waste management and disposal. Storage of such wastes both
on site and in a repository should be considered early in the planning of the
nuclear power programme. This issue is not specific to SMPRs.
1.14.

TECHNICAL ASSISTANCE

For each area of weakness or deficiency in the implementation of the
nuclear power development programme, it is necessary to define the most
effective channel of technical assistance.
The choice is essentially between:
bilateral at the intergovernmental level
- bilateral through contractual arrangements with suppliers/consultants
- multilateral through mainly IAEA but also other organizations
such as Commission of the European Communities, Inter-American
Nuclear Energy Commission of the Organization of American States, etc.

The Bibliography lists IAEA publications which give advise and guidance
to all Member States.
In addition the IAEA is prepared to assist Member States upon request in
country specific studies through its Technical Assistance Programme.
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PART II

UPDATED INFORMATION ON
SMALL AND MEDIUM POWER REACTOR CONCEPTS
CONTRIBUTED BY SUPPLIER COUNTRIES

Introduction
The

information published

thereafer

is an up-date of the information

published in 1985 in IAEA TECDOC 347 "Small and Medium Power REactors: Project

Initiation Study - Phase I".
As recommended during the Second Technical Committee Meeting held in
Vienna in March 1985 to discuss the draft of the above-mentioned report, the
Agency requested up-dated information from all supplier-country Member States
having contributed to the SMPR study.
In the following table the up-date is referred to as a, b, or c according
to three different cases:
a. Up-date received from supplier
b. No up-date but supplier confirmed that information published 2 years
ago is still valid
c. Ko up-date received, information received 2 years ago assumed as still
valid.

Type

Country

Supplier

Concept

BWR

Japan

HITACHI

BWR 5001

a

HITACHI

SBWR-2001

TOSHIBA

1

a
a
a
c

USA
PUR

France
Italy
Japan
Sweden
UK
USA

TOSHIBA
GE

FRAMATOME
ANSALDO/NIRA

MITSUBISHI
AS EA/ ATOM
ROLLS-ROYCE

BABCOCK & WILCOX

Up-date

BWR 500
BWR 300
Small BWR

NP 300
PWR 300
PWR 3001
PIUS
PWR 300
CNSS
CNSG
WER 440

a
b

CANDU 300

a
a

PHWR 300

a

a
a
b

c
c

c

USSR

ATOMENERGOEXPORT

Argentina
Canada
Germany, F.R.

ENACE
AECL
KWU

ARGOS PHWR 380

HWLWR

Italy

AAISALDO/NIRA

CIRENE 300

GCR

UK

GEC
NNC

MAGNOX1
MAGNOX 300

c
b

HTGR

Germany, F.R.

BBC/HRB

HTR 100-300-500

a

USA

INTERATOM
CE

HTR Module
HTGR

a
c

LMR2

USA

GE

PRISM

1.
2.

No summary description
Liquid Metal Reactor

PHWR
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II.l

ARGOS PHWR 380

II.1.1

DESIGN SUMMARY

ENACE - the Empresa Nuclear Argentina de Centrales Eléctricas, or
Argentine Nuclear Power Plant Corporation has designed a new 380 MWe
nuclear power plant equipped with a pressurized heavy-water reactor of
the pressure vessel type, named ARGOS PHWR 380. ENACE is an Argentine
firm whose major shareholder is the Argentine National Atomic Energy
Commission (CNEA). ENACE is the architect-engineer for the NPP projects
of the Argentine nuclear programme. It has a licensing agreement with
Siemens AG's Kraftwerk Union AG, which is its minor shareholder. Under
this agreement, ENACE has the right to use the Siemens-KWU PHWR
technology, which was originally developed for the MZFR reactor in the
Federal Republic of Germany, as well as their know-how in pressurized
(light-) water reactors (PWRs) design and construction.

The nuclear steam supply system of the new design bears a close
resemblance to a standard two-loop PWR. Its moderator circuit - a
characteristic feature of heavy water reactors - includes a moderator
tank within the RPV and three moderator circuits comprising one moderator
pump and cooler per loop. Besides, ARGOS PHWR 380 is configured to
accept both natural uranium as a fuel and an optimized low-enriched fuel
cycle, and can also be spiked with self generated plutonium or even
spiked with thorium.
ENACE has adopted new boundary design conditions and has embodied a
number of special features to assure safety and economy in operation.
The balance of plant of the new design includes a switchgear and emergecy
power supply building protected against external events and internally
subdivided into three redundant modules, which are physically separated.

The basic safety criteria applied to the design of the ARGOS PHWR
380
implied that it should: a) ensure normal operation within the
internationally recommended system of dose limitation; b) follow - as a
necessary
but
not
sufficient
safety condition - all relevant
international safety standards, guides and recommendations and, in
particular, those of the International Atomic Energy Agency; c) comply
with the demanding Argentine nuclear safety requirements, which are based
on quantitative probabilistic safety criteria; and, d) reflect all
lessons learned in the nuclear safety areas.

The reactor has a unique safety feature concerning residual heat
removal. Under normal shutdown conditions, the residual heat can be
removed via the steam generators - as in PWRs
, maintaining coolant
recirculation not only by the main coolant pump operation but also by
simple natural convection. And ARGOS PHWR 380 includes the additional
possibility of using the moderator system as a high pressure heat sink.
For this operation mode, the moderator is pumped from the bottom of the
moderator tank, cooled in the moderator coolers and injected into the
main coolant system.
In an emergency core cooling condition, the
moderator system serves also as a high pressure injection system. The
necessary commutations for the different operation modes are performed
automatically according to a general design philosophy requiring that no
operator action shall be necessary within the first 30 minutes after an
conceivable accident.
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A further important feature is that the ARGOS PHWR 380 design
offers the possibility of early detection and location of potential
leakages in the coolant and moderator systems by means of tritium
measurement. This is the most sensitive method for that purpose and can
only be effectively implemented in this reactor type.
The ultimate lesson learned in the field of nuclear safety is the
need to ensure the confinement of radioactive material also in cases of
severe hypothetical accidents involving core melt-down.
For that
purpose, ARGOS PHWR 380 is equipped with a vented containment whose
objective is preventing the failure of the steel containment and the
consequent uncontrolled release of radioactive materials into the
environment that could occur in such an extreme case.
Should the
pressure increase unexpectedly within the containment, the venting system
is designed to stabilize the pressure at a safe value by regulating the
release of excess gases and steam into the atmosphere. The design
criterion is that the result of this hypothetical and extremely unlikely
situation will be such that even the critical group of the population
would not be exposed to projected doses higher than 0.1 Sv. This level
of projected dose would not usually justify radiological intervention or
counter measures.
Considering the above description, ARGOS
option for developing countries because:

PHWR

380

is an

ideal

as a medium power reactor, it can imply a lower financial impact, a
better promotion of domestic industry, lower indirect costs, a
simpler adaptation to electrical distribution networks and
possibly - an easier public acceptance;
its design is featured to ensure installation and operational
economy; it reflects the worldwide experience achieved through its
kins, the PWRs;
it can efficiently generate by-products, such as Co-60, without
jeopardizing energy availability;

it can not only use the independent natural-uranium fuel cycle, but
also be fuelled with optimized low enriched uranium assemblies and
even with the plutonium it generates;
its fuel pool is located within the reactor building and its
storage capacity can be designed for up to the whole lifetime of
the plant; this concept affords the very great advantage that it
makes it possible to postpone decisions about the back end of the
fuel cycle (including highly radioactive waste disposal; and - last
but not least -,

it offers the usual outstanding safety features of heavy water
reactors and, furthermore, its design has been upgraded following
the ultimate developments in the nuclear safety field.
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ARGOS PHWR 380
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A Reactor building

PLANT LAYOUT

B Reactor auxilurybuilding

C Switchgear and emergency po*ci supply building
D Turbine building
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Tlie balance of plant is designed to ensure
economy in construction and operation.

The following aspects are considered in
the arrangement of the building clear
energy' /7ons, short piping aid cable runs,
good access for construction, erection,
operation and inaintcnajice, adaptability

to future extension, and, clear separation
of the controlled area for radiation protection purposes.

ARGOS PHWR 380

Equipment compartments

1
2
3
4
5

Reactor pressure vessel
Steam generator
Reactor coolant pump
Moderator cooler
Moderator pump

6 Refuelling machine

7 Reactor building crane
8 Safety- injection pump

9 Pipe duct
10 Cable spreading area
11 D,O Storage tank

I

~J

Operating compartmenti

REACTOR BUILDING CROSS SECTION

One of the most important features of the ARGOS PHWR 380
is its double containment, which consists of two concentric
spherical structures: an inner metallic sphere and an outer concrete shield building The optimized steel con tainmcnt encloses
the nuclear steam supply system and is designed to resist the
maximum pressure derived from any conceivable Ioss-of-coolant accident. The outer concrete shield building acts as a secondary containment and is designed to protect the steel sphere
from any relevant external events.
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ARGOS PHWR 380
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II.1.2

BASIC DATA

Proposed
Plant

Reference
Plant

Reactor Type:

PHWR

PHWR

Design Name:

ARGOS PHWR 380

ATUCHA I

SUPPLIER:

ENACE S.A. (Licence KWU, FRG)

340

Net Output (MW(e))

Cycle:

Direct/Indirect

Pressure Vessel/
Pressure Tube*:

Inside diameter (m)
Overall height (m)

No. of Fuel Channels/Assemblies*

Moderator:

1179

1123

Core Power (MW(th))

345

Indirect
5,4

5,4

12,5

12,1

244

253

medium

D20

D20

pressure (MPa)

11,5

11,28

temperature (°C) average 165
Primary System:

175

medium

D20

pressure (MPa)

11,5
11,28

temperature (°c) outlet

Fuel:

D20

314

307,7

loops

2

2

steam generators

2

2

Pumps

2

2

enrichment (%)

natural/1,1 natural/1,1

active assembly length (m)
assembly width/
diameter (m)

5,3

mass of fuel in core (Mg) 46,0
Refuelling:

ON/OFF-LOAD

Secondary System:

pressure (MPa)
temperature (°C)

5,3

0,10
8
0,108

No. of fuel rods/assemblies 37

*

Indirect

ON

37
38,6
ON

5,59
4,4
271

255

underline relevant one
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II. 1.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

ENACE S.A. (Argentina)
(Licence KWU, FRG)

CONCEPT: ARGOS PHWR 380;
A.

380 MW(e)

PROVENNESS
REFERENCE PLANT:

ATUCHA-I, 357 MW(e)

PROTOTYPE PLANT:

Not applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE PLANT

ENACE is an Argentine firm whose major shareholder is the Argentine
National
Atomic
Energy
Commission
(CNEA).
ENACE
is
the
architect-engineer for the NPP projects of the Argentine nuclear
programme.
It has a licensing agreement with Siemens AG's
Kraftwerk Union AG, which is its minor shareholder. Under this
agreement, ENACE has the right to use the Siemens-KWU PHWR
technology, which was originally developed for the MZFR reactor in
the Federal Republic of Germany, as well as their know-how in
pressurized (light-) water reactors (PWRs) design and construction.
B.

SUPPLIER'S READINESS

WHEN READY TO BID:

A binding offer can be prepared immediately
upon request.

STATUS OF DESIGN DEVELOPMENT:

Basic engineering complete

STATUS OF REGULATORY REVIEW

Reference plant licensed and operating.
upon request of an interested client.

A SAR will be available

Licensable in the country of origin and also according to the most
relevant international codes and guides, mainly those from IAEA and
ICRP.

Preliminary probabilistic risk assessment available.
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II. 2
II.2.1

The CANDU 300
DESIGN SUMMARY

The CANDU nuclear power system has evolved over a 45-year period,
and has accumulated over 140 reactor-years of operating experience.
Standardization and modularization has always been a key thrust of CANDU
designs.
As a member of the CANDU family, the CANDU 300, illustrated in Fig.
A, follows that of the larger CANDU 600 nuclear power plants. Key CANDU
features include a pressure tube reactor, heavy water (D2Û) moderator,
natural uranium fuel, and on-power refuelling.

The CANDU 300 utilizes the standard CANDU lattice design and fuel
channel arrangement, with 208 fuel channels. The fuel channels are
contained within an atmospheric pressure tank (known as the calandria),
which is filled with low-temperature heavy-water moderator. Each fuel
channel contains 12 standard CANDU 37 element natural uranium fuel
bundles. The heat transport system is a pressurized high temperature
system which circulates heavy water through the fuel channels and
transports the heat of fission from the fuel to the steam generators, to
produce steam.
All control and shutdown devices, and in-core instrumentation are
located within tubes perpendicular to the fuel channels and function
within the low temperature and low pressure environment of the
moderator. All CANDU reactors have two completely independent reactor
shutdown systems of different designs, each capable of shutting down the
reactor; these safety systems are in addition to the reactor regulation
system.
The CANDU 300 has redundant digital computer control systems, and
utilizes central and local processors and remote multiplexing. Systems
controlled by the digital computers include: reactor regulation, power
output regulation, steam pressure control, steam generator level control,
moderator temperature control, heat transport system pressure and
inventory control, fuelling machine control, and many other control
functions. The CANDU 300 control room makes extensive use of computer
generated colour graphic displays similar to those installed in existing
CANDU 600 stations.
All system concepts and system operating conditions in the CANDU
300 are virtually the same as those on the larger CANDU units, and all
key components (e.g. steam generators, heat transport pumps, pressure
tubes, fuelling machine, and reactivity control devices) are identical to
those now in service on operating CANDU 600 stations.
The emphasis of the CANDU 300 design effort has been to reduce
construction time and cost while enhancing safety, capacity factor, and
maintainability. This is aided by a station layout which provides 360
degree construction and maintenance access to the five principle
buildings (Figure B) , thereby permitting optimized construction sequence
and methods. Modularized shop fabricated systems are also extensively
used.
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CAN DU 300
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FIGURE B: STATION LAYOUT
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REACTOR BUILDING
TURBINE BUILDING
GROUP 1 SERVICE BUILDING
GROUP 2 SERVICE BUILDING
MAINTENANCE BUILDING
PUMP HOUSE
ADMINISTRATION BUILDING
PERSONNEL ACCESS ROUTE

II.2.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

CANDU-300

CANDU 600

Core Power (MW(th))

1032

2047

Net Output (MW(e))

385

638

Direct/Indirect

Indirect

Indirect

Inside diam. (m)

0.1

0.1

Length (m)

6

6

208

380

medium

D20

DpO

pressure (MPa)

0.1

0.1

temp. (°C)

77

71

med ium

D20

D20

pressure (MPa)

10

10

temp. (°C)

310

309

loops

1

2

steam generators

2

k

pumps

2

4

enrichment (%)

0

0

assembly length (m)

0.5

0.5

assembly width/
diam. (m)

0.1

0.1

12

12

37

37

SUPPLIER: Atomic Energy of Canada Ltd. (AECL)
Reactor Type:

PHWR

Cycle:

Pressure Vessel/
Pressure Tube*:

No. of Fuel Channels/Assemblies*

Moderator:

Primary System:

Fuel:

No. of bundles/fuel
channel
No. of fuel elements
(rods) /assembly

mass of fuel in core(t)

46

Refuelling:

ON/OFF-LOAD

ON

ON

Secondary System:

pressure (MPa)

4. 7

4.7

temp, (oc)

260

260

85.8

*

underline relevant one
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II.2.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:
CONCEPT:
A.

AECL (Canada)
CANDU 300; 300 MW(e)

PROVENNESS
REFERENCE PLANT:

Pt. Lepreau, CANDU 600

PROTOTYPE PLANT:

Not Applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

CANDU type plants have accumulated 140 reactor years of experience
with average load factor of 77%. untill the end of 1985. Pt.
Lepreau was connected to grid on 1982-09. Cumulative load factor
for Pt. Lepreau until the end of 1985 is 84.2%.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Detail design in progress

STATUS OF REGULATORY REVIEW:

Not yet licensed. The reference plant is licensed in Canada and
operating. The design and philosophy of CANDU 300 process and
safety systems follow the same principles as those of the reference
plant.
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II.3

The NP 300. FRAMATOME

II.3.1

DESIGN SUMMARY

The NP 300 embodies a pressurized water reactor (PWR) in a compact
NSSS design, enclosed in a small egg-shaped containment. This compact
NSSS design is based on the extensive experience of TECHNICATOME in this
area, with 13 PWR in operation or in construction and namely 11 years of
operation of a prototype unit (CAP) at Cadarache in France.
The technology of the main components is based on that of the
3-loop, 900 MW(e) series and the 4-loop, 1300/1500 MW(e) series, a total
of 65 units having been built or ordered. The operating experience of
these FRAMATOME reactors amounts to a total of 178 reactor-years. Added
to this experience is that of Chooz Al, a 300 MW(e) Franco-Belgian unit
with over 18 years of successful operation.
Following are some of the main design characteristics of the NP 300:
the core design allows extended fuel cycles with reloading only
every two years. The fuel assemblies (except for their length) are
identical to the standard fuel assemblies used in other FRAMATOME
PWRs and thus benefit from vast experience (3 550 000 fuel rods; 174
cycles completed or in progress as of December 1986).
the plant can be operated
French units.

in load follow mode, as the one-line

the compact design of the reactor coolant system results in short
connections between the reactor vessel and the two steam generators;
the reactor coolant pumps with canned motors are integrated into the
steam generator channel head. This gives two basic advantages:
1)

reduction of the size of LOCA break to that of small piping
connected to the reactor coolant system,

2)

reduction of the containment size

the reactor vessel, reactor internals, steam generators, control rod
drive mechanisms, etc. use proven technology and design upgrading
resulting from the manufacturing and operating experience of large
PWR units
the egg-shaped metallic containment, the fuel storage pool and all
the safety nuclear auxiliaries are protected against external
hazards by a semi-circular concrete tunnel

shop fabrication and modular systems design are widely implemented,
so that the overall construction time is reduced to five and
one-half years.
The NP 300 has been designed under the same criteria as those
applied for high-power French Nuclear Power Plants.
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NP 300

PRIMARY EQUIPMENT

ARRANGEMENT OF THE CONTAINMENT VESSEL
1 • Reactor vessel
2 - Steam generator
3 - Pressurizer

6 - Residual heat removal pumps room
7 - Primary pumps handling room
8 • Personnel air lock

4 - Fuel loading machine

9 - Equipment hatch

5 - Transfert fuel pool

REACTOR HANDLING HALL
NUCLEAR ISLAND TUNNEL

TURBINE HALL

^ AUXILIARIES WORKSHOPS
& MAINTENANCE WORKSHOPS

ADMINISTRATION BUILDING
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II. 3.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

NP 300

None

Core Power (MW(th))

950

Net Output (MW(e))

300

SUPPLIER:

FRAMATOME

Reactor Type:

PWR

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

3.350

Length (m)

8.990

No. of Fuel Channels/Assemblies*

Moderator:

Primary System:

Fuel:

97

medium

H20

pressure (MPa)

15.5

temp. (°C)

312/278

medium

H20

pressure (MPa)

15.5

temp. (°C)

312/278

loops

2

steam generators

2

pumps

2

enrichment (%)
assembly length (m)

2.43

(active length)
assembly width/
diam.(m)

0.214

No. of fuel elements
(rods)/assembly

289

mass of fuel in core(t)

29.5

Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

5.3

temp,

293

*

underline relevant one
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II.3.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

CONCEPT:
A.

FRAMATOME (France)

NP 300, PWR (CAS) 300 HW(e)

PROVENNESS

REFERENCE PLANT:

None

PROTOTYPE PLANT:

CAP 140 MW(th) at Cadarache Research Centre

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

NP 300 is a PWR of the French "CAS" type with 11 years of reactor
operating experience on the prototype at Cadarache Research Centre.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Two years to submit an offer
STATUS OF DESIGN DEVELOPMENT:
design studies in progress.

STATUS OF REGULATORY REVIEW:

Not yet licensed.
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General

design

is defined.

Detail

11.4

BBC/HRB High-Temperature Reactor

II.4.1

DESIGN SUMMARY

The BBC/HRB group has been engaged in the design, construction and
commissioning of high-temperature reactors (HTR) with spherical fuel
elements for 30 years.
The first German HTR project was the AVR
experimental pebble bed reactor in Jiilich, designed for a power output of
15 MWe. This experimental reactor has been in operation for 20 years.
The second HTR in Germany, the THTR-300, located at Uentrop/Schmehausen,
has been based on this experience and started operation in 1985 and
reached full power in 1986.

In a pebble-bed reactor the nuclear heat source consists of a loose
bed of spherical graphite fuel elements.
The fuel elements are
continuously added during operation and discharged from the reactor after
having passed through the reactor core. The HTR fuel elements are of the
size of tennis balls. They contain high or low enriched uranium inside
coated particles. Because of the multiple coating and the additional
retaining properties of the graphite matrix and shell, hardly any
radioactive contamination is released to the coolant gas.

Following are some of the characteristics of the HTR which have
already been verified during the operation of the AVR.
High inherent safety, experimentally verified by simulating serious
accidents.
Possibility of achieving high gas temperatures up
(normally 750°C) in continuous operation.
The AVR
operated for more than five years in this condition.

to 950°C
has been

Low radiation exposure to operating and maintenance personnel.
High plant
discharges.

efficiency

(39

to

40%)

and

hence

lower

thermal

Some of the safety aspects of the HTR are:

The low power density and high heat capacity of the core result in
slow transient responses of the reactor in the case of an
accident. This makes the HTR insensitive e.g. to a loss of coolant
accident.
Owing to the use of ceramic materials for the core a melt-down of
core and subsequent release of radioactive materials is excluded.
The negative temperature coefficient of reactivity causes a
decrease of neutron production in the reactor with increasing
temperatures. It thus guarantees an inherent safety mechanism in
the system.
BBC/HRB offer the standardized power plants HTR-100, HTR-300 and
HTR-500 equipped with High-Temperature Reactors of 100, 300 and 500 MW of
electrical power for a number of applications in the electrical and
overall thermal energy markets. All HTRs can also be supplied as twin
plants.
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HTR-100

As a reactor plant for special applications 6BC/HRB developed the
HTR-100 on the basis of the AYR principle using the THTR technology for

components and systems. The HTR-100 is designed for application e.g. in
chemical industry for process steam generation with possible cogeneration
of electricity and as a reactor suited for special siting conditions
(near industrial or urban centers). Special emphasis has been placed on
the greatest possible extent of préfabrication and preassmbly of the
plant.
A 200 MW twin plant is economically competitive with fossil-fueled
power plants of identical size without involving the problem of air
pollution.
The HTR concept is characterized by the integrated design of all
primary system components in one steel reactor pressure vessel.
An industry consortium HTR-100 was founded by the companies BBC,
HRB, Deutsche Babcock, Mannesmann-Anlagenbau, Strabag and Innotec. It is
the objective of this consortium to establish a detailed design of a
competitive plant by simplification, standardization, series production,
shop fabrication and development of a transport and assembly system for
prefabricated plant components.
HTR-300
The HTR-300 is directly based on the THTR-300 prototype plant in

Hamm Uentrop.
This plant started power operation on November 16, 1985 and reached
full

power

of

300

MWe

on

September

23,

1986. It was

built

by

a

consortium
formed
by the companies
Brown
Boveri
& Cie AG,
Hochtemperatur-Reaktorbau
and
Nuklearchemie
und
Metallurgie
GmbH
(BBC/HRB/Nukem) for the owners group Hochtemperatur-Kernkraftwerk GmbH
(HKG), with its main shareholder Vereinigte Elktrizitätswerke Westfalen.
The THTR nuclear power station is, like the AVR experimental plant,
a steam cycle plant. In this type of plant the heat generated in the
reactor core is transported by the helium coolant (via the primary
circuit) to the steam generators, where it is transferred to the steam
condensate circuit (the secondary circuit) and passed to the turboset.
This arrangement ensures that the radioactive primary circuit is reliably
separated from the non-radioactive secondary circuit.
The reactor pressure vessel encloses all the main components of the
primary system in an integrated design. It is a prestressed concrete
reactor vessel in the form of an upright cylinder of about 25 m in
diameter and 29 m high. The vessel is installed in the centre of the
reactor hall.
The THTR 300 nuclear power station has a thermal rating of 750 MW
and is equipped with the world's first large pebble bed reactor.
The reactor core consists of a bed of 675.000 spherical elements, 6
cm diameter, contained in a cylindrical graphite reflector which is about
5.6 m in diameter and 6 m high. Reactor control and scram is effected by
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36 reflector rods in boreholes in the side reflector by the force of
gravity. 42 absorber rods designed for direct insertion in the pebble
bed core, and thus called incore rods, are provided for long-term
shutdown. The helium coolant is pressed downward through the reactor
core by six coolant gas circulators, being heated to 750 °C by the
spherical fuel elements on its way down. The coolant gas enters the hot
gas plenum below the reactor core through boreholes in the bottom
reflector. From here it is directed through hot gas ducts to six steam
generators, after which it is recirculated back into the core.
The fuel circulating system is designed for continuous refueling
and discharge of the spherical fuel elements during reactor operation.
This dispense with the fuel-exchange downtimes necessary e.g. with
light-water reactors.
The operating experience gained with the THTR 300 has met the
positive expectations. It can be stated that the favourable safety and
technical characteristics attributed to the HTR are not only valid for a
small plant such as the AYR reactor but also for a larger pebble bed
reactor with power levels between 300 and 600 MW.

The THTR 300 pebble bed high-temperature reactor forms the basis
for commercialization of high-temperature reactors, being the reference
plant for the entire HTR line. Since the prototype implies a large
design margin, higher power levels up to about 600 MW are achievable with
practically the same plants. A twin plant design would therefore cover
the power range up to 1200 MW.
Construction of the THTR 300 was accompanied by the introduction of
the nuclear licensing procedure for high-temperature reactors in the
Federal Republic of Germany. In parallel with this, a nuclear industry
with qualified suppliers, manufacturers and owners was established.
HTR-500

The HTR-500 nuclear power plant is a steam cycle plant with a
high-temperature reactor for electric power generation with the
possibility of process steam or district heat extraction. The plant
concept makes optimum use of the technology licensed and realized for the
THTR-300 accordig to current state of science and technology.
The
experience gained with the construction of the THTR-300 is fully utilized
permitting simplifications and optimizations. The main characteristics
of the HTR-500 are:
Integrated design of all primary system components in a prestressed
concrete reactor vessel in large-cavity design
Extensive adoption of standardized structural elements and proven
materials used in the THTR-300
Simple structure, separation of operating and safety systems
Accident control using the system-specific slow accident behaviour
of the HTR
The following components are standardized:
Reactor pressure vessel components
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Steam generators
Circulators
Shutdown facilities
Ceramic blocks of the core structure.
The use of standardized components results in simplication of the
nuclar licensing procedure and reduced effort for design, construction
and commissioning. The HTR-500 plant concept is economic in the power
range between 300 MW and 600 MW, and as a twin plant up to 1200 MW. Thus
it covers the entire nuclear power plant market for medium size and large
power reactors.
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THTR 300

THTR 300 MW(e) nuclear power plant in Hamm-Uentrop (FRG).

THTR 300 prestressed concrete reactor vessel with internals.
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HTR 500

Turbine hall

Spent fuel building

Reactor building

Reactor

Valves building

auxiliary building

+ 33,5

30,0

46,0

66,0

199,0

HTR 500-

Nuclear Power Station

Mam

Top

circulator

reflector

Main steam

line
Auxiliary

heat
exchanger

Cooling

water

Ceramic
internals

Auxiliary
circulator

Hot gas

plenum

Fuel element discharge pipe

discharge pipe
HTR 500 Core Structure
HTR 500 Reactor Pressure
Vessel with Internals
(Longitudinal Sectioni

44

II.4.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

HTR 100

AYR, THTR

Core Power (MW(th))

256

Net Output (MW(e))

100

SUPPLIER:

BBC/HRB

Reactor Type:

HTGR

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

not provided

Length (m)

not provided

No. of Fuel Channels/Assemblies*

not applicable

Moderator:

medium

graphite

pressure (MPa)

not applicable

temp. (°C)

670

medium

Helium

pressure (MPa)

7.0

temp, (oc)

700

loops

2

steam generators

2

circulators

2

enrichment (%)

6-9

fuel element diameter (m)

0.06

assembly width/ diam. (m)

not applicable

No. of spherical fuel
elements

3.17.105

mass of fuel in core(t)

1.2

Refuelling:

ON/OFF-LOAD

ON

Secondary System:

pressure (MPa)

19

temp,

530

Primary System:

Fuel:

*

underline relevant one
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II.4.2 (cont.)

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

HTR 300

Core Power (MW(th))

750

THTR 300
Hamm Uentrop
750

Net Output (MW(e))

300

300

SUPPLIER:

BBC/HRB

Reactor Type: HTGR

Cycle:

Direct/Indirect

Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

15.9

15.9

Length (m) (inside)

15.3

15.3

No. of Fuel Channels/Assemblies*

not applicable

Moderator:

medium

graphite

pressure (MPa)

not applicable

temp. (°C)

620

620

medium

helium

helium

pressure (MPa)

3.9

3.9

temp. (°C)

750

750

loops

6

6

steam generators

6

6

circulators

6

6

enrichment (%)

5-9

93

Primary System:

Fuel:

fuel element diameter (m) 0.06

graphite

0.06

assembly width/ diam.(m)

not applicable

No. of spherical fuel
elements

6.75.105

6.75.105

mass of fuel in core(t)

3.5

4.5 (U+Th)

Refuelling:

ON/OFF-LOAD

ON

ON

Secondary System:

pressure (MPa)

17.7

17.7

temp. (°C)

530

530

*
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underline relevant one

II.4.2 (cont.)

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

HTR 500

THTR 300

Core Power (MW(th))

1390

Hamm Uentr
750

Net Output (HW(e))

550

300

SUPPLIER:

BBC/HRB

Reactor Type:

HTGR

Cycle:

Direct/Indirect

Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

18.0

15.9

Length (m) (inside)

17.0

15.3

No. of Fuel Channels/
Assemblies*

Moderator:

Primary System:

Fuel:

not applicable
medium

graphite

pressure (MPa)

not applicable

temp. (°C)

670

620

medium

helium

helium

pressure (MPa)

5.5

3.9

temp. (°c)

700

750

loops

6

6

steam generators

6

6

circulators

6

6

enrichment (%)

5-10

93

fuel element diameter
(m)

0 . 06

assembly width/ diam. (m)

graphite

0 . 06

not applicable

No. of spherical fuel
elements

1.1.106

6.75.105

mass of heavy metal
in core(t)

5.9

4.5 (U+Th)

Refuelling:

ON/OFF-LOAD

ON

ON

Secondary System:

pressure (MPa)

19

17.7

temp. (°C)

530

530

* u n d e r l i n e relevant one
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II. 4. 3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

Development consortium HTR (F.R. Germany)
Members :
Brown, Boveri and Cie. AG
Hochtemperatur Reaktorbau GmbH
Deutsche Babcok Maschinenbau AG
Mannesman Anlagenbau AG
Strabag Bau AG
INNOTEC Energietechnik KG (Leading partner)

CONCEPT:

A.

HTR 100; 100 MW(e) (Single module or grouped in two or
three units)

PROVENNESS

REFERENCE PLANT:

AVR J i i l i c h , 15 M W ( e )

THTR-300, Schmehausen, 300 MW(e)
PROTOTYPE PLANT:

AVR Jülich; 15 MW(e)
THTR-300 (for some components)

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

The HTR has accumulated 20 reactor years of experience on an
experimental reactor (AVR Jiilich). A larger plant, THTR-300 went
into commercial operation at the end of 1986. Both plants were
designed and built by BBC/HRB.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately; participation of domestic
industries offered (e.g. joint ventures);
vendor will provide for financing.
STATUS OF DESIGN DEVELOPMENT:

STATUS OF REGULATORY REVIEW:
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Detail design complete

Not yet licensed.

II.4.3 (cont.)

VENDOR:

PROVENNESS AND SUPPLIER'S READINESS

BBC/HRB (F. R. Germany)

CONCEPT:

A.

HTR 300; 300 MW(e)

PROVENNESS
REFERENCE PLANT:

THTR 300; 300 MW(e)

PROTOTYPE PLANT:

THTR-300

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

First electricity generation: November 16, 1985.
Reaching of full power: September 23, 1986.
On May 21, 1987 the overall electricity generated
MWh.
The operation of the THTR-300 has fully
favourable safety and technical characteristics of
has been demonstrated with the 15 MW(e) AVR
operation.

B.

amounted to 106
confirmed the
the HTR, which
in 20 years of

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Detail design complete

STATUS OF REGULATORY REVIEW:

Licensed by the reference plant THTR-300.
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II.4.3 (cont.)

VENDOR:

PROVENNESS AND SUPPLIER'S READINESS

BBC/HRB (F. R. Germany)

CONCEPT:
A.

HTR 500; 550 MW(e)

PROVENNESS
REFERENCE PLANT:

THTR 300; 300 MW(e)

PROTOTYPE PLANT:

THTR-300

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

First electricity generation: November 16, 1985.
Reaching of full power: September 23, 1986.
On May 21, 1987 the overall electricity generated
MWh.
The operation of the THTR-300 has fully
favourable safety and technical characteristics of
has been demonstrated with the 15 MW(e) AVR
operation.

B.

amounted to
confirmed the
the HTR, which
in 20 years of

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Detail design complete

STATUS OF REGULATORY REVIEW:

Not yet licensed.
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An SAR is planned for the end of 1989.

II.5

INTERATOM HTR-MODULE

II. 5.l

DESIGN SUMMARY

The HTR-Module-concept is based on the idea of combining small
standardized units to form plants of a wide range of thermal ratings.
The reactor core is a pebble bed core with on-load refuelling. The
concept is based on the KWU's experience with its light water reactors as
well as on the construction and operation experience acquired by the
Arbeitsgemeinschaft Versuchsreaktor GmbH (AVR) with the AVR-reactor in
Jülich, F.R. Germany.
By the chosen design this reactor realises the inherent safety
characteristic of an HTR to the utmost degree.
A module has a power reating of 170 MW(th) at 950 °C helium
outlet temperature for process heat applications, while for electricity
production or coproduction of electricity and process steam or district
heating a rating of 200 MW(th) at an exit temperature of 700 °c is
achieved. For reasons of economics and demand, plant sizes of 8 units
appear to be an upper limit. Additionally the HTR-Module as a small and
inherent safe reactor system fulfills the criterion for the design of an
autarc barge-mounted energy station is an optimum way.
Core and core internals of the HTR-Module are placed in a ferritic
pressure vessel, the steam generator or - for process heat applications an intermediate He/He-heat exchanger or a steam reformer unit is housed
in a separate one.
Reactor and steam generator are connected by a coaxial duct which
is enclosed in a pressure shell. Cold helium under high pressure flows
in the outer annulus, so the pressure vessel is never subjected to any
impermissible
temperature
loads.
The
"two vessel
side-by-side"
arrangement has advantages with regard to accessibility, adaptability,
repairability, easy maintenance and low radiation dose during routine
operation inspection and replacement of components, which is easily
achievable.
The helium coolant flows downwards through the core. The fuel
pebbles are passing the core 15 times. Due to the limited core diameter
no metallic structure is required to support the top graphite reflector,
and the control/absorber units can be installed within the radial
reflector, acting by gravity. Each module can be operated and maintained
separately. The HTR-Module is designed for a low enriched Uranium-fuel
cycle and burn-up of up to 100 GWd/t can be achieved.
Some other important design and safety features of the HTR-Module

are:
Engineered safeguards and other safety measures must not be
provided to prevent malfunctions and to confine the consequences of
inadvertent operations or failures and external events to the
confinement. The reactor can be built near industrial and urban
sites.
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Due to the 3 m core diameter and the low power density of 3
no decay heat removal system is needed. The maximum fuel pebble
temperature does not exceed about 1600 °C even under all
postulated severe accident conditions.
In case of failure of the main heat removal system decay heat
removal is achievable by conduction and radiation via radia
reflector and pressure vessel to surface coolers installed around
the reactor pressure vessel.
These surface coolers limit the
temperatures of the pressure vessel and of the concrete structure,
but they are not needed for limiting the fuel pebble temperature to
values below 1600 °C.

Reactivity excursions are limited by utilization of the negative
temperature coefficient.
In limiting the accident temperatures within the fuel below 1600
°C (see above) only a negligible release of fission products
occur. So the radiation doses in the environment of the reactor
lie significantly under the low accident dose limits specified by
the German Radiation Protection Ordinance. There is no need for a
gas tight reactor building.
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HTR-MODULE

1 Reactor pressure vessel
2 Steam generator pressure vessel
3 Connecting pressure vessel
4 Primary circuit blower
5 Primary cell
6 Protective shell
7 Surface cooler

Vertical Cross Section of the Reactor Building
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H
DO

1 Reactor building
2 Reactor building annex
3 Reactor auxiliary building
4 Spent fuel element storage
5 Helium storage
6 wet-cooling cells
1 Turbine building
8 Central control building
9 Office and staff building

10 Passage
11 Transformer
12 Cooling tower
13 Pump house
14 SFß-transformer
15 Deionat tanks
16 Gate house
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II.5.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

HTR Module

None

Core Power (MW(th))

200

Net Output (MW(e))

80

SUPPLIER:

KWU INTERATOM GmbH

Reactor Type:

HTGR

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

5.9

Length (m)

25

No. of Fuel Channels/Assemblies*

not applicable

Moderator:

graphite

medium

pressure (MPa)
temp. (°C)
Primary System:

Fuel:

medium

helium

pressure (MPa)

0.6

temp. (°C)

250-700

loops

1

steam generators

1

pumps

1

enrichment (%)

7.8

assembly length (m)
pebble diam.(m)

0.06

No. of fuel pebbles

360 000

mass of fuel in core(t) 0.25
Refuelling:

ON/OFF-LOAD

ON

Secondary System:

pressure (MPa)

19

temp. (OC)

530

*
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underline relevant one

II. 5.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

KWU INTERATOM GmbH (F. R. Germany)

CONCEPT: HTR-Module, 200 MW(th)^80MW(e) for electricity generation or
cogeneration, 170 MW(th) for process heat applications (plants consisting
of two to eight combined modules).

A.

PROVENNESS

REFERENCE PLANT:
PROTOTYPE PLANT:

Not applicable
AVR Juelich; 15 MW(e) experimental reactor

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

The HTR line started with the experimental reactor, AVR in Julich, which
is successfully in operation for 19 years with an average load factor of
65%.
A larger plant, THTR-300 is expected to go into commercial
operation 1987. The technology for both plant designed and built by
BBC/HRB, is available to Interatom via a license agreement.
The INTERATOM design of modular HTR-Module also benefits from KWU's
extensive experience in the construction of LWR's. The pressure vessels
used for HTR-modules e.g. are fabricated from ferritic steel like the
pressure vessels for KWU's LWR. INTERATOM itself has constructed SMPR's
like an integrated pressurized water reactor (38 MWth, equal to 10000
shaft horse power) for the nuclear powered ship "Otto Hahn", KNK-II, a
sodium
cooled
fast
reactor
(20
MW(e)),
in operation
at the
Kernforschungszentrum Karlsruhe (FRG) and the sodium cooled fast breeder
reactor SNR-300 (300 MW(e)), still under commissioning, going to full
power operation at Kalkar (FRG) in 1987.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:
Conceptual design complete, detailed
design work started end of 1985. Site dependent SAR available since
beginning 1986.

STATUS OF REGULATORY REVIEW:

Conceptual license applied for in F.R. Germany in 1986.
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II.6

THE KWU PHWR-300

II.6.1

DESIGN SUMMARY

This concept
is replaced by ARGOS PHWR-300 presented
by
ENACE-Argentina (See II. 1). But KWU is ready to submit bids on the same
concept. The information contributed by KWU is as follows»
KWU's Development in the Field of the SMPR-Class

In the early years, KWU and its parent companies/ Siemens and AEG,
built a number of PWR, PHWR and BWR plants, ranging in power generation

capacity from 50 to about 650 MW, i.e. small and medium-sized reactors.
The PWR and PHWR plants nowadays designed and built by KWU
represent a consistent development on the basis of those earlier plants,
while retaining proven features such as its high operational flexibility

and

reliability,

material concepts
reactor building.

functional and local
or the double-shell

redundancy

of systems, proven
principle of the

construction

The concept of these plants and the systematic optimazation of all
components of the primary and secondary circuits established the basis
for the step-by-step increase in the size of the pressurized water
reactor nuclear power plants built by KWU, up to the present of about
1300

MW.

Based on the decades of experience gained from the construction and
operation of various reactor types, while retaining the KWU-specific
special design features, the PHWR 300 concept was elaborated under the
terms of reference of the IAEA Study for SMPR.
ENACE, the Argentine engineering company of which KWU holds a 25%
of the shares, has developed the ARGOS PHWR-380 (see Chapter II.1) as an
advanced continuation of the KWU PHWR series which in particular
considers the experience gained from the construction and operation of
Atucha I and during the current construction of Atucha II, and taking
into account specific Argentinian conditions.
II.6.2
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BASIC

DATAi

See

II.1.2.

II.6.3

A.

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

KWU (FRG)

CONCEPT:

KWU-PHWR

PROVENNESS
REFERENCE PLANTS:

(PHWR's)

MZFR, 50 MWe

Atucha I, 357 MWe

(PWR's)

PROTOTYPE PLANT:

Obrigheim, 357 MWe
Stade, 672 MWe
Borssele, 481 MWe

Not applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE PLANT:

B.

See II.6.1

SUPPLIER'S READINESS

WHEN READY TO BID:

A binding offer can be prepared immediately
upon request.

STATUS OF DESIGN DEVELOPMENT:

Basic engineering complete
(see ARGOS PHWR-380, Chapter II.1)
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II.7

II.7.1

ANSALDO-NIRA PWR-300

DESIGN SUMMARY

The 300 MW(e) pressurized water reactor of ANSALDO-NIRA is based on
WESTINGHOUSE design and uses the "Enrico Fermi" nuclear power plant sited
at Trino Vercelese in Italy as reference plant.
The Trino plant of 272 MW(e) started (first criticality) in June
1964.
From June 1979 to April 1984 the plant was shut down in order to
implement an extensive upgrading of the safety related systems, both
fluid and electrical. The plant safety was assessed against the recent
acceptance criteria and post-TMI requirements. The plant restarted in
April 1984 and now (time of the IAEA questionnaire answer) is operating
at full power with a reactor availability factor, within the eight
cycles, of 99.9 percent.
For a 300 MW(e) power plant ANSALDO can provide a large share of
supply as reactor assembly, power channel, fuel handling machine, reactor
vessel, steam generators, turbine/generator group.
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II.7.2

BASIC DATA

Proposed
Plant

SUPPLIER: ANSALDO-NIRA

Reactor Type:

Reference
Plant

PWR

300 MW(e)

Design Name:

TRINO
VERCELESE

Core Power (MW(th))

870

870

Net Output (MW(e))

272

272

Cycle:

Direct /Indirect

Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

3.200

3.200

Length (m)

11.300

11.300

No. of Fuel Channels/Assemblies*

112

112

Moderator:

medium

H20

H20

pressure (MPa)

14.1

14.1

temp, (oc)

289

289

medium

H20

H20

pressure (MPa)

14.1

14.1

temp, (oc)

289

289

loops

4

4

steam generators

4

4

pumps

4

4

enrichment (%)

4.47

4.47

assembly length (m)

2.640

2.640

assembly width/
diam. (m)

0.2

0.2

208

208

mass of fuel in core(t)

34.5

34.5

Refuelling:

ON/OFF-LOAD

OFF

OFF

Secondary System:

pressure (MPa)

3.25

3.25

temp. (OC)

237

237

Primary System:

Fuel:

No. of fuel elements

(rods)/assembly

underline

relevant

one
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II.7.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

ANSALDO - NIRA (Italy)

CONCEPT:
A.

PWR 300 (based on Westinghouse design); 300 MW(e)

PROVENNESS

REFERENCE PLANT:

Trino Vercelese; 272 MW(e)

PROTOTYPE PLANT:

Not Applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

The vendor has accumulated 19.0 reactor years of experience with a
cumulative load factor of 48.0% until the end of 1983. All of
their operating years of experience is on the reference plant.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Design complete

STATUS OF REGULATORY REVIEW:

Proposed plant not yet licensed. Reference plant licensed.
for reference plant has been re-issued.
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FSAR

II.8

ANSALDO-NIRA - CIRENE 300 MW(e)

II.8.1

DESIGN SUMMARY

CIRENE is a pressure tube heavy water reactor cooled by boiling
light water. A 40 MW(e) demonstration plant is under testing at the
Latina site. The realization of the Latina plant is carried out jointly
by ENEA (the National Commission for Nuclear and Alternative Energy
Sources) and ENEL (the National Electricity Generating Board); NIRA is
the main contractor for the nuclear island.

CIRENE Latina is a reactor concept which has been developed
entirely in Italy and which is based on the following main features:
reactor configuration: pressure tube;
reactor moderator: heavy water at low pressure and temperature
reactor fuel: natural and slightly enriched (1.15%) UC>2 in the
form of 18 rod bundles;
steam cycle: direct to turbine generator.
The short description of the CIRENE 300 MW(e) NPP is as follows:
The cylindrical stainless steel calandria of CIRENE contains the
heavy water moderator/reflector, the reactivity control mechanism
and 280 vertical fuel channel assemblies. The calandria is housed
in a steel lined concrete vault filled with light water (for
thermal shield).
Short fuel elements (50 cm long) are used, minimizing neutron flux
distorsion problems and leading to assemblies light in weight and
easy to handle.
The assemblies are very similar to current
CANDU-PHWR fuel elements; these are made of 36 rods.
Slightly subcooled water enters the reactor from the bottom; about
28% of the coolant is evaporated along the core length. From the
top of the core the steam-water mixture flows to the steam drums
where steam and water are separated. The water is pumped to the
reactor inlet and the steam is sent directly to the turbine.

Feedwater is returned from the turbine system to the steam drum.
The heat transport system consists of two functionally separated
loops each one cooling half of the core. Each loop contains one
steam drum and two circulating pumps.
Fuel is loaded into and out of the reactor on power, thus
maintaining reactivity and power distribution and allowing a higher
load factor.

The plant is provided with two independent shut down systems: the
moderator dump and the liquid rods. Other safety systems are the
containment and the emergency core cooling system.
Feasibility studies have been carried out to evaluate to feed a
CIRENE type reactor with slightly enriched uranium (1.1%) and also
on the use of CIRENE reactor for dual purpose plants
(desalination and electricity).
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300 MW« CIRENE NUCLEAR POWER PLANT
PRIMARY AND EMERGENCY
COOLANT SYSTEM FLOWSHEET

II.8.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

CIRENE 300

CIRENE Latina

Core Power (MW(th))

1000

120

SUPPLIER:

ANSALDO-NIRA

Reactor Type:

HWLWR

300

Net Output (MW(e))

40

Cycle:

Direct/Indirect

Direct

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)
i)

0.106
0.106

Length (m)

0.400

4

280

60

No. of Fuel Channels/Assemblies*

Moderator:

medium

D20

D20

pressure (MPa)

atmosph.

atmosph

temp. <°C)
Primary System:

60

60

medium

H20

H20

pressure (MPa)

4.4

4.3

temp. (°c)

258

255

loops

2

1

steam generators

Fuel:

Direct

—

pumps

4

4

enrichment (%)

natural

1/1.15

assembly length (m)

0.500.50

diam.(m)

0.105

0.105

No. of fuel elements
ment s

(rods) /assembly
y
core(t)

36+1
18+1
43

10.1

Refuelling:

ON/OFF-LOAD

ON

ON/OFF

Secondary System:

pressure (MPa)

4.4

4.3

temp. (°C)

258

255

*

underline relevant one
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II.8.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

ANSALDO - NIRA (Italy)

CONCEPT:

A.

CIRENE - HWR - 300; 300 MW(e)

PROVENNESS

REFERENCE PLANT:

Refer to prototype plant

PROTOTYPE PLANT:

CIRENE Latina Plant; 40 MW(e)

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

CIRENE Latina Plant is under
scheduled by summer 1988.

B.

commissioning.

Fuel

loading

is

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Conceptual design stage completed

STATUS OF REGULATORY REVIEW:

Not yet licensed.
in 1986.
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FSAR for CIRENE Latina Plant has been completed

II.9

HITACHI BWR 500

11.9.1

DESIGN SUMMARY: not provided

11.9.2

BASIC DATA:

Proposed
Plant

Reference
Plant

Design Name:

BWR-500

Shimane 1

Core Power (MW(th))

1380

Net Output (MW(e))

465

SUPPLIER:

HITACHI (JAPAN)

Reactor Type:

BWR

Cycle:

Direct/Indirect

Direct

Pressure Vessel/
Pressure Tube*:
__

Inside diam. (m)

4.8

Length (m)

18.8
400

No. of Fuel Channels/Assemblies*

Moderator:

Primary System:

Fuel:

medium

H20

pressure (MPa)

7

temp, (oc)

286

medium

H20

pressure (MPa)

7

temp. (°C)

286

loops

2

steam generators

N.A.

pumps

2

enrichment (X)

3*

assembly length (m)

3.94

(active length)
assembly width/diam.(m)
No. of fuel elements
(rods)/assembly

64

mass of fuel in core(t) 78
Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

7

temp,

286

*

underline relevant one
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II.9.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

Hitachi (Japan)

CONCEPT:
A.

BWR 500; 500 MW(e) (under G.E. license)

PROVENNESS

REFERENCE PLANT:

Shimane Unit 1; 460 MW(e)

PROTOTYPE PLANT:

Not applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Hitachi has accumulated 24 reactor operating years of experience on

BWR type reactors with an average load factor of 73% until 1986 10.
Shimane I is in commercial operation since 1974-3 with
cumulative load factor of 70% until 1986 - 10.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

STATUS OF REGULATORY REVIEW:

68

Conceptual design complete

Not mentioned

11.10

HITACHI SBWR-200

11.10.1

DESIGN SUMMARY:

11.10.2

BASIC DATA

Not provided

Reference
Plant

Reactor Type:

Proposed
Plant
BVR

Design Name:

SBWR-200

None

SUPPLIER:

HITACHI

Core Power (MW(th))

620

Net Output (MW(e))

200

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

5.9

Length (m)
No. of Fuel Channels/Assemblies*

15
400

Moderator:

medium

H20

pressure (MPa)

7

temp. (Oc)

286

medium

H20

pressure (MPa)

7

temp, (oc)

286

loops

1

steam generators

1

pumps

Natural Circulation

enrichment (%)

3.6%

assembly length (m)

2.3

Primary System:

Fuel:

(active length)
assembly wjdth/diam.(m)
No. of fuel elements

(rods)/assembly

64

mass of fuel in core(t)

43

Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

55

temp. <OG)

270

*

underline relevant one
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II.10.3

PROVENESS AND SUPPLIER'S READINESS

VENDOR:

HITACHI (JAPAN)

CONCEPT:

A.

SBWR-200

PROVENNESS

REFERENCE PLANT:

None

PROTOTYPE PLANT:

None

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Hitachi has accumulated 24 reactor operating years of experience on
BWR type reactors with an average load factor of 73% until 1986
October.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Not definite
STATUS OF DESIGN DEVELOPMENT:

STATUS OF REGULATORY REVIEW:

Not yet licensed.
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Conceptual design stage

11.11

MITSUBISHI - PWR 300

II. 11.1

DESIGN SUMMARY: not provided

11.11.2

BASIC DATA: not provided

11.11.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:
CONCEPT:
A.

Mitsubishi (Japan)
PWR (under Westinghouse design).

300 MW(e).

PROVENNESS
REFERENCE PLANT:

MIHAMA 1; 340 MW(e)

PROTOTYPE PLANT:

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Mitsubishi has accumulated 62 reactor years of experience on PWR
type plants with a cumulative load factor of 60% until 1985.
MIHAMA 1 is in commercial operation since 1970-11 with a cumulative
load factor of 29.0% until 1985.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately with Japanese specifications
STATUS OF DESIGN DEVELOPMENT: Elementary design stage.
designable and constructed with Japanese specification.

Can be

STATUS OF REGULATORY REVIEW:

Not yet licensed.
elementary design.

The regulatory body has not yet reviewed the

71

11.12

TOSHIBA BWR 500

11.12.1

DESIGN SUMMARY: not provided

11.12.2

BASIC DATA: not provided

11.12.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

Toshiba (Japan)

CONCEPT:

A.

BWR 500 (under G.E. license)

PROVENNESS
REFERENCE PLANT:

1.
2.

HAMAOKA I (R), 540 MW(e)
ONAGAWA I (R), 524 MW(e)

PROTOTYPE PLANT:

Not applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Toshiba has accumulated 46 reactor years of experience on BWR type
plants with an average load factor of 79.8% until 1985. HAMAOKA I
and ONAGAWA I are in commercial operation since 1974-08 and 1983-11
respectively. The cumulative load factor of HAMAOKA I and ONAGAWA
I is 62.8 and 87.1% respectively until 1985.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Design is complete (based on Japanese specifications)

STATUS OF REGULATORY REVIEW:

Not yet licensed.
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The reference plants are licensed and operating.

11.13

TOSHIBA BWR 300

II.13.1

DESIGN SUMMARY:

BWR 300 is a boiling water reactor (BWR) with 900 MW thermal power.
The design of BWR 300 is based on proven technology which has been
obtained from construction and operation experiences in many BWR's. And
the design is optimized especially for this small sized reactor.

BWR 300 has the following design features:
Core cooling is provided by natural circulation instead of forced
circulation in current BWR's.
A natural circulation fits smaller sized BWR's to increase
simplicity and economical advantages.
Core and fuel design is based on recent development results in
current BWR's. For this small and natural circulation reactor, the
height and the power density of the core are optimized to get higher
reliability, improved operability and improved economy.
Control rods are normally driven by electric motors and can rapidly
be inserted by hydraulic pressure.
Motor driving allows fine control of core power, and diversity in
rod insertion method provides higher safety and reliability.
A reinforced concrete containment vessel (RCCV) is adopted as a
primary containment vessel. RCCV has a suppression pool with a
large amount of water, so it can absorb released energy in case of
loss of coolant accident.

Emergency core cooling systems consist of independent and physically
separated subsystems of different principles on core cooling method.
These design features retain proven advantages of safety systems
designed for current BWR's.
BWR 300 not only can generate 300 MW electrical power by direct
cycle, but also can supply steam or hot water through heat exchangers.
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B U I L D I N G and

CONTAINMENT

Pool

II.13.2

BASIC DATA:

Proposed
Plant

Reference
Plant

Design Name:

BWR 300

Not mentioned

Core Power (MW(th))

900

Net Output (MW(e))

300

SUPPLIER: TOSHIBA

Reactor Type:

BWR

Cycle:

Direct/Indirect

Direct

Pressure Vessel/
Pressure Tube*:

Inside diatn. (m)

4.7

Length (m)

17

No. of Fuel Channels/Assemblies*

368

Moderator:

medium

H20

pressure (MPa)

7.17

temp, (oc)

287

medium

H20

pressure (MPa)

7.17

temp. <°C)

287

loops

n. a.

steam generators

n.a.

pumps

natural circulation

enrichment (%)

3.2

assembly length (m)

3

Primary System:

Fuel:

assembly width/diam.(m) 0.14

No. of fuel elements
(rods)/assembly

62

mass of fuel in core(t) 49
Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

n.a.

temp. (°C)

n.a.

*

underline relevant one
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II. 13. 3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

CONCEPT:
A.

Toshiba (Japan)

Natural Circulation BWR.

PROVENNESS

REFERENCE PLANT:

Not Mentioned

PROTOTYPE PLANT:

Not Mentioned

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Toshiba has accumulated 46 reactor years of experience on BWR type
plants with an average load factor of 79.8% until 1985.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: In a couple of years

STATUS OF DESIGN DEVELOPMENT:

STATUS OF REGULATORY REVIEW:

Not yet licensed.
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Conceptual design completed

11.14

ASEA-ATOM - SECURE P (PIUS)

II.14.1

DESIGN SUMMARY

The

SECURE

reactor

is basically

a pool

type

PWR.

The

entire

primary circuit, including the steam generator, is located inside a
massive, leakproof, practically indestructible pressure vessel that
contains a large pool of borated water.
This pool is kept cold and acts as the emergency core cooling
water. It is kept separated from the primary circuit coolant - which has
a low boric acid content - that moderates the fission reaction. The
reaction is controlled by the concentration of boron in the primary
circuit coolant.
The pressure vessel is a 65 m high concrete structure, prestressed
with steel tendons and containing an embedded steel membrane. Inside the
cavity is a stainless steel liner.

As designed, no conceivable event short of a direct hit by a
nuclear weapon could penetrate both steel membranes and the concrete wall
of the vessel to cause a leak that might uncover the core. Also, access
to the core and the pool of water is from above, and there are no
fittings in the walls of the vessel from which a large leak could erupt.
The vessel is capped with a cover that transfers internal pressure to the
overlying concrete and steel tendons that form a yoke. The cap is slid
out to gain access to the pool and the core.
During normal operation the reactor core coolant outlet temperature
is kept constant at 290°C, the inlet temperature varies with the power
level (260°C at full power). The primary circuit coolant and the pool
water are in direct contact below the core inlet plenum and at the top of
the riser. The heated water from the core will rise up through the riser
since its density is lower than the pool water density (the chimney
effect), and the flow rate is determined by the temperature differences.
By controlling the speed of the recirculation pump its flow is adjusted
to the flow rate up through the riser to maintain the lower hot/cold
interface at a constant position - no pool water will enter the primary
circuit.

So, during normal operation the pump work accomplishes a balance
between the heated primary circuit water column and the cold borated pool
water column. In the event of major disturbances, e.g. loss of the
recirculation pump function, the balancing force disappears and the cold
water column "pushes" borated pool water into the core, and the fission
reaction is stopped. With the reaction stopped, the borated pool of
water is sufficiently large to remove the decay heat through natural
convective currents and evaporation, and yet keep the core covered for
about a week.

Apart from this automatic shutdown function which is an "ultimate
safety" feature, there is a conventional protection system which
initiates scram when operation limits are exceeded. Such scrams are
performed by means of a scram valve, letting pool water in to the
recirculation pump suction side. In addition, the reactor can be shut
down by boron injection via the normal control system.
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The steam generator is of once-through type with steam generation
inside the tubes, and the steam generator penetrations, as well as other
penetrations, are located in the upper part of the pressure vessel.
The control systems are based on redundant digital computers,
utilizing central and local processors and remote multiplexing. Control
room presentations take place via computer generated colour graphic
displays.

The recent design concept is based on a modular nuclear steam
supply system - each module has a reactor core, steam generator and
recirculation pump, with individual ancillary systems. The core thermal
power of each module is 670 MW, corresponding to about 200 MW(e), and
power plants of (200) - 400 - 600 - (800) MW(e) can be accomplished by
using 1-4 modules in a common pressure vessel.
The modules will be standardized units, well adapted for shop
fabrication in series. The concrete pressure vessel is constructed at
site, of course, but the construction of the huge vessel is not
considered to be any great problem, according to Swedish constructing
companies.
A. total construction period of about 4.5 years can be
achieved by optimized construction sequence and methods.
All systems that are important to safeguard plant safety, are
protected by the concrete vessel. The rest of the plant can be built as
a conventional fossil-fired plant.
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PIUS - SECURE P
OVERALL ARRANGEMENT
IN CONCRETE VESSEL
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II.14.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

PIUS

None

Core Power (MW(th))

1000

Net Output (MW(e))

300

SUPPLIER:

ASEA-ATOM

Reactor Type:

PWR

Cycle:

Direct/Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

Length (m)(in side)

Indirect
9.5
32

No. of Fuel Channels/Assemblies*

127

Moderator:

medium

H20

pressure (MPa)

9.0

temp. (°C)

260-290

medium

H20

pressure (MPa)

9.0

temp. <°C)

260-290

loops

1

steam generators

1

pumps

1

enrichment (%)

3.15

assembly length (m)

1.97

assembly width/diam.(m)

0.24 x 0.24

No. of fuel elements
(rods)/assembly

240

mass of fuel in core(t)

46.5

Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

4.0

temp. (OC)

250

Primary System:

Fuel:

*
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underline relevant one

II.14.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR: ASEA-ATOM (Sweden)

CONCEPT: SECURE P (PIUS), (200) - 400 - 600 - (800) MW(e)

A.

PROVENNESS

REFERENCE

PLANT:

The

reactor

concept

is new, and

there

is no

reference plant yet. Develop programs under way are related to the
thermal-hydraulic functions, the hot/cold interface functions, the
wet thermal insulation and the Once-Through Steam Generator design.
References to plants in operation are valid for other systems and
components, however.

PROTOTYPE PLANT: Some sort of prototype plant will be built at the
end of this decade for integral testing and verification, probably
as full scale module.

DATA FOR AND OPERATING

EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Too early to be stated.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Scheduled for beginning of 1990s.

STATUS OF DESIGN DEVELOPMENT:

Consolidation of conceptual design.

STATUS OF REGULATORY REVIEW:
The concept is not yet licensed.
Formal interactions with the USNRC have been initiated and design

review meetings with the NRC Advanced Reactor Group commenced in
1984.
The Draft Licensing Plan involves submittal of a PSID
(Preliminary Safety Information Document) at the end of 1985 and
proposes

an

NRC

PDA

(Final

Design

Approval)

in

1992.
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11.15

GEC Magnox. UK

p.m. no
provided
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design
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provenness

and

readiness

11.16

NNC 300 MW(e) MAGNOX Generating Units

II.16.1

DESIGN SUMMARY

The 300 MW(e) plant, proposed by the National Nuclear Corp. (NNC),
UK, incorporates a natural uranium magnox reactor. The design is based
upon that used for two magnox reactors at the Oldbury Station which have
given continuous satisfactory service to the CEGB since they were
commissioned in 1967. During 1980-81 the station achieved a load factor
of 90.2% and the availability is now 90%.

With the Magnox reactor, the spent fuel leaving the reactor is of
low value and there is no need for re-processing. On-site fuel storage
is also cheap. A substantial fraction of local supply and manufacture in
the construction can be foreseen, as the reactor incorporates no
strategic materials and does not call for particularly sophisticated
engineering techniques either at the manufacturer's works or on the site.
The plant is designed for on-load refuelling.
Increasing the
aluminium concentration in the uranium fuel rod to reduce the rate of
swelling has permitted longer irradiation. An average discharge burnup
of 5300 MWd/t without any limit on residence time in the reactor core is
now achieved.
One significant feature of the reference plant which has now been
proposed to be changed is the replacement of mild steel with 9% Cr. steel
for the superheater and re-heater tubes and boiler casings. This will
enable the operating temperature to be raised from 365°C to 400°C,
resulting in an increase in unit electrical output from 208 MW to 300 MW.
The reactor has a pre-stressed concrete pressure vessel and several
attractive safety features as well as other features to facilitate easier
and quicker maintenance:

The arrangement of the reactor core, boilers and gas circulators
entirely within the pre-stressed concrete vessel ensures a high
integrity boundary for the primary coolant flow.
The graphite
coolant flow.

moderator

helps

to

limit

overheating

There is no risk of explosive evaporation
exothermic fuel clad/coolant interaction.

of

the

during

coolant

low

or

Reactivity changes during refuelling and power changes are low.

Low radioactivity of
maintenance procedures.

the

coolant

circuit

shortens

routine

Internal shields allow access for visual inspection of much of the
reactor, boiler and gas circulator structures.
On the basis of reference plant's experience, the estimated
construction time for the first 300 MW(e) plant is five years. Training
on the reference plant will be arranged by NNC for the operating staff of
the buyer country.
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NNC

GAS CRC^L-TCR

REACTOR CROSS-SECTION
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II.16.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

MAGNOX 300

OLDBURY

Core Power (MW(th))

925

892

Net Output (MW(e))

300

300

SUPPLIER:

NNC

Reactor Type:

GCR

Cycle:

Direct/Indirect

Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

24

23.5

Length (m)

18.3

18.3

3308

3308

graphite

graphite

médium

C02

CÛ2

pressure (MPa)

2.75

2.51

temp. (°C)

400

412

loops

4

4

steam generators

4

4

pumps

4

4

enrichment (%)

natural

natural

assembly length (m)

1

1

assembly width/diam.(m)

0.028

0.028

No. of fuel elements
(rods)/channel

8

8

mass of fuel in core(t)

293

293

Refuelling:

ON/OFF-LOAD

ON

ON

Secondary System:

pressure (MPa)

HP 8
LP 4

9.75
?

temp. (°C)

HP 395
LP 390

393
?

No. of Fuel Channels/Assemblies*
Moderator:

medium
pressure (MPa)
temp. (°C)

Primary System:

Fuel:

*

underline relevant one
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II.16.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:
CONCEPT:
A.

NNC (United Kingdom)
MAGNOX 300, 300 MW(e)

PROVENNESS

REFERENCE PLANT:

Oldbury on Seven, twin units of 300 MW(e) each

PROTOTYPE PLANT:

Not applicable

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

The MAGNOX plants have accumulated 432 reactor years of experience
with an average load factor of 67.4% until the end of 1983.
Oldbury on Seven (twin units) is connected to the grid since
1967-11 (combined 33 years). Cumulative load factor to the end of
1983 is 78.3%.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately

STATUS OF DESIGN DEVELOPMENT:

More than conceptual stage

STATUS OF REGULATORY REVIEW:

Not yet licensed. Reference plant licensed and operating. In the
U.K., regulatory review is only carried out for specific design for
specific sites.
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11.17

THE ROLLS-ROYCE 300 MW(e) PREFABRICATED NUCLEAR PLANT

II.17.1

DESIGN SUMMARY

The Rolls-Royce prefabricated nuclear plant is a 300 MW power
station mounted on two barges. The nuclear island is contained on one
barge and the conventional plant on the other. Essentially the nuclear
island consists of a compact 4-loop PWR using standard components and
designed to meet UK safety criteria with appropriate equipment redundancy
and diversity (Fig. 1).
The reactor has been designed to take full
advantage of PWR safety improvements since the Three Mile Island incident
in 1979. Basic data are given in Table 1.
Reactor shutdown and engineered safety systems are initiated by two
diverse reactor protecton systems with the safety systems arranged in
four trains.

The reactor vessel design utilises the concept of ring forgings to
minimise the number of welds required in manufacture, as is proposed for
the Sizewell B PWR.
All major components including the steam generators are of a type
that have proved to be highly reliable in service. Great care has been
taken in the design to minimise the radiation dose to the operators
during maintenance and in-service inspection.

The reactor core consists of standard PWR rod bundle fuel as used
in larger reactors.
The main concept of the plant is that it is prefabricated on the
barges and shipped to the site. This reduces the work to be carried out
at site to a minimum and permits the reduction in overall construction
time. By mounting the plant on two barges the buyer has the option of
building the conventional plant at a shipyard of his own choice, provided
the plant meets the overall interface requirements specified by
Rolls-Royce.
During installation the barges are taken to the site, which
includes a large prepared dry dock or lagoon. After docking, the lagoon
is emptied and the barges settle on prepared aseismic mountings. The
installation is completed by connecting the steam supply from the nuclear
barge to the conventional barge, connecting the previously prepared
cooling water and main feedwater supplied to the barges, and making the
main electrical connections to the customer's distribution systems. Core
loading and final system testing then take place in the normal way.
Partial core refuelling takes place annually, and the nuclear barge
contains the refuelling facilities and fuel storage pond. Any major
maintenance is also scheduled for the annual shutdown.

The Rolls-Royce barge-mounted prefabricated plant, based
standard components and utilizing the long experience of Rolls-Royce
PWR engineering, provides the buyer with advantages in quality
scheduling of préfabrication, minimized site work and a degree
flexibility in final decommissioning of the plant.

on
in
and
of
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II.17.2

BASIC DATA

SUPPLIER:

Proposed
Plant

ROLLS-ROYCE

Reactor Type:

PWR

Prefabricated
Not mentioned
300 MW(e)

Design Name:

Core Power (MW(th))

1025

Net Output (MW(e))

300

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

3.5

Length (m)

9.2

No. of Fuel Channels/Assemblies*

89

Moderator:

medium

H20

pressure (MPa)

15.5

temp, (oc)

300

médium

H20

pressure (MPa)

15.5

temp, (oc)

300

loops

4

steam generators

4

pumps

4

enrichment (%)

3.3

assembly length (m)

3

assembly width/diam.(m)

0.215

No. of fuel elements
(rods)/assembly

264

mass of fuel in core(t)

30

Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

5.5

temp, (oc)

270

Primary System:

Fuel:

*

Reference
Plant

underline relevant one
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II.17.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

Rolls Royce (United Kingdom)

CONCEPT:
A.

Pre-fabricated barge mounted 300 HW(e) PWR

PROVENNESS

REFERENCE PLANT:

Not mentioned

PROTOTYPE PLANT:

Not mentioned

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Immediately
STATUS OF DESIGN DEVELOPMENT:

Detail design level

STATUS OF REGULATORY REVIEW:

Not yet licensed. The design is under review in order to take into
account the development in U.K. safety requirements since the
initial design date of 1980.
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11.18

B & W CNSG

II.18.l

DESIGN SUMMARY

The Consolidated Nuclear Steam Generator (CNSG) is a small,
integral design pressurized-water reactor developed by B&W
from
commercial nuclear ship propulsion designs. Table 1 lists major design
parameters of the CNSG. In the CNSG (Figure 1), the core and steam
generators are located inside the reactor vessel; the only external
portion of the primary system is an electrically heated pressurizer and
interconnecting piping. The reactor coolant system is integrated into
the reactor vessel, twelve modular, once-through steam generators located
in the vessel, four wet-rotor reactor coolant pumps mounted on the vessel
in an annulus above and radially outside the core. The reactor coolant
pumps are mounted on the reactor vessel head above the steam generators
with their impellers and diffusers in the steam generator annulus. The
reactor coolant is directed down through the steam generator tubes. The
steam is generated on the shell side of the steam generator. The coolant
continues down through the annulus below the steam generator to the
bottom of the reactor vessel where it is turned upward through the core.
The CNSG has the following major features:
Modular components to improve plant availability (i.e.
coolant pumps, 12 steam generators, etc.)

4 reactor

Elimination of large reactor coolant piping, reducing the number of
supports and restraints, and reducing the impact of a LOCA. This
permits the use of simplified safety systems and a smaller, less
expensive containment.
Wet-rotor reactor coolant pumps to eliminate the systems
maintenance associated with pump seals and lube oil systems.

and

Compact plant arrangement permitting the entire plant to be mounted
on a single barge.
Shop fabrication of the entire plant if barge mounted or all major
components if land based (Figure 2).
The 91 MW(e) capacity can fit into developing utility grids more
easily minimizing the impact of a single plant outage.

Proven

fuel

design.
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II.18.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

CNSG

Not mentioned

Core Power (MW(th))

313

SUPPLIER:

BABCOCK & WILCOX

Reactor Type:

PWR

91

Net Output (MW(e))

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

3.99

Length (m)

14.22

No. of Fuel Channels/Assemblies*

57

Moderator:

medium

H20

pressure (MPa)

15.8

temp. (°C)

318

med i urn

H20

pressure (MPa)

15.8

temp. (°C)

318

loops

integrated

steam generators

12

pumps

4

enrichment (%)

2-4

assembly length (m)

3.60

assembly width/diam.(m)

0.218

No. of fuel elements
(rods)/assembly

264

mass of fuel in core(t)

11.94

Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

4.8

temp,

281

Primary System:

Fuel:

*

underline relevant one
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II.18.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

B & W (U.S.A.)

CONCEPT:
A.

Integral PWR CNSG

PROVENNESS

REFERENCE PLANT:

Not mentioned

PROTOTYPE PLANT:

Not mentioned

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

B & W has accumulated 65 reactor operating years of experience on
PWR type plants in U.S.A. The cumulative load factor until 1983 is
55.0%.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: About ten (10) years

STATUS OF DESIGN DEVELOPMENT:

Conceptual design stage

STATUS OF REGULATORY REVIEW:

Not yet licensed; neither is regulatory review planned,
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11.19

B & W CNSS

II.19.l

DESIGN SUMMARY

The 1255 MW(th)/400 MW(e) Consolidated Nuclear Steam System (CNSS)
is an integral pressurized-water reactor (PWR) with the reactor core and
steam generators located within the reactor pressure vessel (see Figure
1).
Reactor coolant system pressure is controlled via an electrically
heated pressurizer connected to the reactor vessel through four surge
lines.
The CNSS integral reactor vessel is slightly larger than the vessel
used for a large central station (1200 to 1300 MWe) PWR of current
design. The CNSS has eight glandless, wet-rotor pumps mounted in the
integral
pump
casings
in
the
reactor
vessel
head.
Ten

straight-tube-and-shell steam generator modules are located in the
annular region below the coolant pump discharge and above and exterior to
the reactor core. Each module, with its own concentric nozzle for
feedwater

inlet

and

steam outlet, is bolted

into an opening

in the

reactor vessel wall.
Because of its small size, the reactor containment structure is
located within a reactor service building.
Radwaste systems and

equipment are situated at one end of the reactor service building away
from the reactor. Large, heavy equipment is placed on the bottom floor
elevation, while lighter equipment is located on the upper elevations.
The system layouts are based on past experience with central station
plants.

The plant arrangement provides for surrounding the reactor vessel
with the containment, the biological shiled, and the service (auxiliary)
building.

The additional protection provided by these multiple barriers

prevents radioactivity from leaking directly to the atmosphere.
Specific Features of the CNSS
Modular components to improve plant availability (8 reactor coolant

pumps, 10 steam generators, etc.)
Elimination of large reactor coolant piping, reducing the number of
supports and restraints and reducing impact of a LOCA.
This

permits the use of simplified safety systems and a smaller, less
expensive containment.
Wet-rotor reactor coolant pumps are used to eliminate maintenance
associated with pump seals and lube oil systems.

Shop fabrication of major components including the reactor coolant
system.
Proven

fuel

design.
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1.

CNSS Reactor V e s s e l , Longitudinal Section

II.19.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

CNSS

Not mentioned

Core Power (MW(th))

1255

SUPPLIER:

BABCOCK & WILCOX

Reactor Type:

PWR

400

Net Output (MW(e))

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam, (m)

4.953

Length (m)

14.10

No. of Fuel Channels/Assemblies*

Moderator:

Primary System:

medium

H20

pressure (MPa)

15.8

temp. (°C)

313

medium

H20

pressure (MPa)

15.8

temp, (oc)

313

loops

integrated

steam generators

10

pumps
Fuel:

89

8

enrichment (%)

2-4

assembly length (m)

3.60

assembly width/diam.(m) 0.218
No. of fuel elements
(rods)/assembly

264

mass of fuel in core(t) 34.06
Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

6.45

temp. <°C)

300

*

underline relevant one
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II.19.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

B & W (U.S.A.)

CONCEPT:
A.

Integral PWR CNSS

PROVENNESS

REFERENCE PLANT:

Not mentioned

PROTOTYPE PLANT:

Not mentioned

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

B & W has accumulated 65 reactor operating years of experience on
PWR type plants in U.S.A. The cumulative load factor is 55.0%.

B.

SUPPLIER'S READINESS

WHEN READY TO BID:

About ten years

STATUS OF DESIGN DEVELOPMENT:

Conceptual design stage

STATUS OF REGULATORY REVIEW:

Not yet licensed; neither is regulatory review planned,
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11.20

FUTURE SMALL BWR (G.E.)

II.20.l

DESIGN SUMMARY

A small Boiling Water Reactor (BWR) design concept has been
developed at GE which maximizes the use of BWR design, technology and
operating experience. Modest innovations are included to simplify the
performance of safety functions.
These, as well as other system
simplifications, and a reduced power rating less than 600 MW(e) can
reduce total costs and speed construction.
This small BWR concept (Figure 1) uses an isolation condenser to
improve
transient
response.
Gravity-driven
control
rods
and
gravity-driven borated water injection are used to simplify and provide
diversity to the shutdown function. Core cooling and decay heat removal
are provided by depressurizing the reactor to an elevated suppression
pool. The drywell and pool gas spaces are inert.
Steam is produced in the reactor vessel in a manner similar to that
of current BWRs.
The forced recirculation system of large BWRs is
replaced with natural circulation. The steam-water mixture exiting the
core is directed to separators and dryers which are positioned above and
around the core periphery to allow entry of control rod drives to the top
of the core. Control rod drives are mounted on the top head to reduce
vessel and building size, to simplify the shutdown system, and to
minimize penetrations below the core.
Reactor pressure is normally controlled with turbine throttle and
bypass valves. When the reactor vessel is isolated from the turbine
condenser, an isolation condenser controls pressure. This device was
selected because of its simplicity and because it provides high-pressure
reactor water inventory control. A failure of the isolation condenser to
control reactor pressure, is not expected during the plant live. If such
a failure occurs, safety and depressurization valves provide a backup
depressurization to the suppression pool which is positioned above the
reactor vessel. When the reactor pressure is sufficiently low, check
valves open in the suppression pool-to-vessel fill lines and water flows
by gravity into the reactor vessel to keep the core covered. The
response to a loss-of-coolant accident and transient with failure to
scram is similar.
The suppression pool contains borated water to provide a diverse
backup to the gravity-driven control rods. Core cooling and decay heat
removal is assured, with water returned to the reactor vessel and steam
produced by decay heat vented to the suppression pool. The containment
overpressure relief periodically opens to vent steam from the suppression
pool. There is a three-day supply of water available to accept decay
heat. No operator action is required during this time.
For longer
periods the suppression pool is manually refilled. Emergency diesel
generators and core cooling pumps are not required.
A severe accident is extremely unlikely. However, the ability to
retain fission products in the suppression pool is an impotant feature
which provides for a mitigation of severe accidents. This feature is
retained.
Use of simple safety devices, activated by stored energy and use of
inherent processes such as natural circulation and gravity-fed water
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delivery to the core, could reduce costs through modularization and
system elimination.
The licensing process could be simplified.
The
safety features of this small BWR concept are consistent with the
long-term BWR evolution of improved safety (two examples of which are the
introduction
of
core
spray
systems
and
pressure
suppression
containment). Some developments (top mounted control rod drives, gravity
drain core cooling) would be needed, but it is substantially less than
that needed for concepts which depend more drastically from current
technology. This approach increases the chances that the new product
would perform without major new issues being discovered.
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Figure 1. A small BWR concept.
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II.20.2
SUPPLIER:

BASIC DATA
GENERAL ELECTRIC

Proposed
Plant

Reference
Plant

Design Name:

Small BWR

Not mentioned

Core Power (MW(th))

890

Net Output (MW(e))

300

Reactor Type:

BWR

Cycle:

Direct/Indirect

Direct

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

7

Length (m)

14

No. of Fuel Channels/Assemblies*

Moderator:

medium

H20

pressure (MPa)

7.17

temp, (oc)

287

medium

not applicable

pressure (MPa)

not applicable

temp. (°C)

not applicable

loops

not applicable

steam generators

not applicable

pumps

not applicable

enrichment (%)

not yet determined

assembly length (m)

not yet determined

assembly width/diam.(m)

not yet determined

No. of fuel elements
(rods)/assembly

not yet determined

mass of fuel in core(t)

not yet determined

Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

7.17

temp,

287

Primary System:

Fuel:

*
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II.20.3

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

G.E. (U.S.A.)

CONCEPT:
A.

Small BWR (300 MW(e) most likely size)

PROVENNESS

REFERENCE PLANT:

Not mentioned.

PROTOTYPE PLANT:

Not applicable

A number of BWR in operation.

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

G.E. has accumulated 211 reactor operating years of experience on
BWR type plants in the U.S.A. The cumulative load factor is 59.4%
until 1983.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Four years

STATUS OF DESIGN DEVELOPMENT:

Conceptual design is being prepared.

STATUS OF REGULATORY REVIEW:

Not yet licensed.

SAR is also not yet available.
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11.21

G.E. HTGR

II.21.l

DESIGN SUMMARY

This system employs a compact steam generation system and a
conventional steam turbine power generation system for electricity
production.
Each module of the General Electric Modular concept is
designed to produce about 95 MW(e). Modules can be added at a site to
meet larger power demand levels. The design is currently in the concept
stage and would not be ready for commercialization until a prototype has
been demonstrated possibly within 8 to 10 years,
II. 21.2

BASIC DATA: not ready

II.21.3

PROVENNESS AND READINESS: not ready.

11.22

G.E. PRISM

II.22.1

DESIGN SUMMARY

General Electric has developed an inherently <D safe, reliable
and marketable liquid metal fast reactor power plant. After initial
private development, the concept called PRISM (Power Reactor Inherently
Safe Module), is now included in the DOE-sponsored innovative reactor
program.
The PRISM design approach includes the following key elements:
Compact sodium-cooled pool-type reactor modules that are sized to
enable factory fabrication, economical shipment to inland as well
as water-side sites, and economical full-scale prototype for design
certification.
Nuclear safety-related envelope limited to the reactor modules and
their close-coupled service systems.
Inherent, passive shutdown heat removal for loss-of-cooling events.
-

Inherent, passive reactivity shutdown for failure-to-scram events.

With this approach, the principal safety-related component, the
reactor module, will be fabricated in a factory to a standard design
previously certified by the UN Nuclear Regulatory Commission (NRC). The
main nuclear safety-related structures and much of the non-nuclear
balance of plant—also of standard design--will be fabricated in modules
at off-site factories for rapid installation in the field. This approach
should eliminate much of the risk of cost and schedule overuns that have
troubled nuclear plant construction in recent years.
The size of the reactor module, its low operating pressure, and its
particular nuclear characteristics enable the reactor to be inherently
self-protecting for enhanced public safety and reduced investment risk.
As part of the design certification process, it is planned that these
inherent safety characteristics will be demonstrated in a full-scale
(D Inherent means are those which make use of natural phenomena such
as gravity, expansion, natural circulation, doppler coefficient, etc.
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prototype test of a reactor module preparatory to commercialization of
PRISM.

The PRISM modules can be deployed in power increments of 138 MW(e)
but are planned to be deployed in 3 module power blocks. Each power
block has three identical reactor modules that jointly supply power to a
single turbine generator. Plant sizes of 415 MW(e) and 830 MW(e) can be
provided by using one or two of the standard power blocks. The target
commercial PRISM plant, shown in Figure 1, utilizes nine reactor modules
arranged in three identical 415 MW(e) power blocks for an overall plant
net electrical rating of 1245 MW(e). With incremental power block
construction, early revenue can be produced by operating initial power
blocks while awaiting completion of subsequent power blocks.
Each of the three 425 MW(t) reactor modules
generator, which is heated by secondary sodium
intermediate heat exchangers in the reactor module.
generators in a power block are headered together for
dry saturated steam to the single power block turbine.

has its own steam
piped from the
The three steam
supply of 955 psi

Choice of a saturated steam cycle for PRISM allows relatively low
temperatures for the core outlet sodium (470°C) and the secondary
sodium (430°C) going to the steam generator. The steam drum provides a
reservoir of steam and hot water which facilitates control of the system
for load changes and helps mitigate the effects of some transients (such
as loss of feedwater events).
All nuclear safety-related systems and buildings are enclosed
within a fenced and barricaded high-security area. The control center,
intermediate heat transport system, steam generator system, and related
structures, which are not designated nuclear safety-related, will be
designed and built to high standards of industrial quality. These
standards will be selected to ensure low levels of investment risk and
minimize challenges of the safety-related systems.
The reactor modules are being designed for a lifetime of 60 years.
At the end of their useful life, the reactor modules can be removed and
replaced with new modules in the same silos, thus enabling an extended
site life. The reactor modules are located below grade in silos and are
seismically related as shown in Figure 2.
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II.22.2

BASIC DATA

Reactor Type:

Reference
Proposed
Plant
Plant
Liquid Metal Reactor (LMR)

Design Name:

PRISM

SUPPLIER:

GENERAL ELECTRIC

Core Power (MW(th))

425/module; 1275/power block

Net Output (MW(e))

138/module; 415/power block

Cycle:

Direct/Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

6.1

Length (m)

18.3

No. of Fuel Channels/Assemblies*

Moderator:

Primary System:

Fuel:

169

médium

N/A

pressure (MPa)

N/A

temp, (oc)

N/A

médium

Sodium

pressure (MPa)

0.1 (cover gas)

temp, (oc)

470 (outlet)

loops

N/A (pool)

steam generators

N/A

pumps

EM Pumps (4)

enrichment (%)

not yet determined

assembly length (m)

not yet determined

assembly width/diam.(m) not yet determined
No. of fuel filaments
(rods)/assembly

not yet determined

mass of fuel in core(t) not yet determined
Refuelling:

*

ON/OFF-LOAD

OFF

underline relevant one
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Secondary System:

Steam System:

11.22.3

0.12 (cover gas)

temp. (°C)

430 (outlet)

medium

Sodium

pressure (MPa)

6.6

temp, (oc)

285

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

G.E. (U.S.A.)

CONCEPT:

A.

pressure (MPa)

MODULAR LMR PLANT

PROVENNESS

REFERENCE PLANT:

None design specific; multiple & related plants.

PROTOTYPE PLANT:

Yes (reactor module only) - for test purposes

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

Liquid Metal Plants are operating in five countries in the world
with many years of cumulative experience; the prototype plant would
test the passive safety, constructability, and performance of the
integrated system.

B.

SUPPLIER'S READINESS

WHEN READY TO BID: Commercial readiness -2000

STATUS
OF
completion.

DESIGN
DEVELOPMENT:
Conceptual
design
Prototype test completion planned for 1998.

STATUS OF REGULATORY REVIEW:

Not licensed; undergoing licensibility review by US NRC.
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11.23

THE WER-440 PWR

II.23.1

DESIGN SUMMARY

The WER-440 PWR, for a 440 MW(e) gross nuclear power station,
started from a smaller prototype and was first realized in its present
size with the third Novo-Voronezh unit which started operation in 1971.
Since then 30 units of this type have been successfully built and
operated in the USSR and in other countries; several more are under
construction. This Novo-Voronezh type has been developed to meet current
international safety standards; the most recent plant to go on line in
the USSR is the Kola nuclear power station (4 units) (Fig. 1).
The
WER-440 concept provides several options which can be suited to various
conditions ranging from hot deserts or those of the arctic tundra to
optimal conditions for a power plant in a moderate climate. The sound
and reliable design of the plants is confirmed by the excellent
operational records of nuclear power plants of this type.

The main objective in developing the WER-440 reactor series was to
produce a safe, reliable and clean concept at reasonable cost while also
satisfying maintenance and operation requirements. The primary circuit
comprises a nuclear steam generating unit including the reactor, six
horizontal steam generators, six main circulation loops with reactor
coolant pumps, a pressurizer and primary system isolation valves. This
provides reliable cooling also in a case of a rupture in the primary loop
or feedwater lines.
Transients in the primary circuit will also be
slower than in most nuclear steam supply systems, owing to a large water
inventory in the horizontal steam generators.

The design approach is conservative; all components are laid out
with ample margins, and as a rule only components well proved in practice
are used:
The containment can be built in the following versions:
. double containment, full-pressure type
. single containment, full-pressure type
. single or double containment with pressure suppression
(as in the case of the Loviisa plant in Finland).

The reactor pressure vessel houses
for the reactor coolant loops are
lower row for the loops' cold legs
Additionally there are four special
the emergency core cooling system.

the reactor core. The nozzles
located on two levels, with a
and a higher row for hot legs.
nozzles for the accumulators of

The reactor core consists of fuel assemblies of which 312 are
stationary and 37 moving control assemblies. Each fuel assembly
comprises a bundle of 126 fuel rods in a triangular lattice, a
hexagonal shroud tube and upper and lower end pieces. The control
assemblies comprise an absorbing part and a fuel follower almost
identical to the stationary assemblies.
The absorbers and
followers are coupled to each other and to the drives by connecting
rods. The thermal loading of the reactor core is low, ensuring
integrity as well as reliable fuel performance.
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WER-440 fuel is characterized by its:
conservative rating (linear power max. 325 W/cm, burnup 28.6
MWd/kgU)
long experience gained with various research and commercial reactors
extensive use of materials internationally recognized as the best
possible, especially zirconium-niobium alloys in fuel cladding
tubes.
All safety systems in the WER-440 concept are divided into three,
or in certain sections four, separate and independent redundant
subsystems, each of which meets the requirements caused by
loss-of-coolant accidents or other disturbances.
The various
circuits of the redundancy subsystems are located in physically
separate areas and supplied with electrical power from separate
diesel-backed sources. This separation principle provides reliable
protection against external and internal influences, such as
earthquakes, airplane crashes, explosions, flooding and fire, etc.
Several types of automation and control systems have been used and
all have performed successfully.
Thus the WER-440 is fully
developed to be fitted with state-of-the-art instrumentation,
automation and control system technology covering several operating
modes.
This includes advanced control room layouts featuring
process computers and colour CRT-displays for monitoring and
control duties.

The steam generators of WER-440 NFS are of horizontal design.
This steam generator type is not susceptible to the corrosion
problems which plague other pressurized water reactor types. The
flow dynamics of the secondary circuit water provide the advantage
of slower changes in the water level of the steam generator.
Maintenance space is also easier to accommodate at the reactor
building main level.
This means better availability and
maintainability of the NPP main equipment.
The question of one or two turbines is one of investment costs, but
it is also a question of availability. The WER-440 NPP can be
equipped either with two turbines of the K-220-44 type or with one
turbine of the K-500-44 type (or similarly suitable ones). These
turbines are basically condensing turbines, but they can be
modified for multipurpose (cogeneration) use.
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First Circuit Flow Diagram:
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ciTiini. S — main cnnJrntatf circuit. 9 — chrmic»! rcagrnl lank. Kl — fuel pond cooling linr. I I — emergence cixilmg s>stcm. 12 — emerftcmv Iced *vMcm; 13 — normal

feed \\Mrm. 14 — sprinkler system. 15 — teawnier cleaning system; 16 — Kiwater
mlrrnirdiale circuit

m
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II.23.2

BASIC DATA

Proposed
Plant

Reference
Plant

Design Name:

WER-440

KOLA

Core Power (MW(th))

1375

Net Output (MW(e))

420

SUPPLIER:

ATOMENERGOEXPORT

Reactor Type:

PWR

Cycle:

Direct/Indirect

Indirect

Indirect

Pressure Vessel/
Pressure Tube*:

Inside diam. (m)

3.542

4.3

Length (m)

?

11.8

No. of Fuel Channels/Assemblies*

349

312

medium

H20

H20

pressure (MPa)

12.3

?

temp. (°C)

296

295

medium

H20

H20

pressure (MPa)

12.3

?

temp, (oc)

296

295

loops

6

6

steam generators

6

6

pumps

6

6

enrichment (%)

3.6-2.4

3.6

assembly length (m)

242

2.5

assembly width/diam. (m)

?

0.114

Moderator:

Primary System:

Fuel:

triangular
lattice
No. of fuel elements
(rods)/assembly

126

126

mass of fuel in core (t) 4.2
Refuelling:

ON/OFF-LOAD

OFF

Secondary System:

pressure (MPa)

4.4

temp. (°C)

256

*
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OFF

II.23.3

A.

PROVENNESS AND SUPPLIER'S READINESS

VENDOR:

Atomenergoexport (USSR)

CONCEPT:

Standard 440 MW(e) PWR, "WER"

PRQVENNESS

REFERENCE PLANT: No particular one mentioned. A large number of
this type already built and under construction. Most recent plant
commissioned <1983) in USSR is the KOLA plant.
PROTOTYPE PLANT:

Smaller Novovoronesh unit.

DATA FOR AND OPERATING EXPERIENCE WITH REFERENCE/PROTOTYPE PLANT:

30 units with 182 reactor operating years.

B.

SUPPLIER'S READINESS

WHEN READY TO BID:

immediately.

STATUS
OF
DESIGN
DEVELOPMENT:
specifications available.

STATUS OF REGULATORY REVIEW:
other countries.

Standard

product

and

all

Recently licensed in USSR and several
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