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ABSTRACT

This paper summarises part of our on-going investigations on the possible introduction of
nuclear energy in developing countries or countries with low capacity electrical grids. These
investigations are principally concerned with future PWR developments and basically try to
search for plausible and economic answers to the three difficult questions that each nuclear
technology exporting country faces today: 1)- how to compensate the apparent icss of
economic competitiveness, related to the scaling effect, of a small or medium sized reactor ?
2)- how to reconcile the introduction of nuclear energy on a large scale with the two majcr pre-
occupations of nuclear safety and nuclear proliferation ? 3)- how to demonstrate that the
proposed concept(s) can effectively meet the safety objectives of the requirements for future
reactors in Europe and in other countries ?

One of the possible concepts which might provide answers to these questions could be ihat of
a 300-600 MWe PWR, largely derived, and integrating the feedback of experience, from 56
operating evolutionary PWRs in France. This PWR incorporates novel features such as low
primary circuit pressure and temperature (respectively, 7.6 MPa and 259"C, compared to 15.5
MPa and 305°C for a standard 900 MWe PWR).

This change of the operating point directly leads to possibilities for enhanced safety tnrough
simplifications of reactor components and circuits such as the Reactor Vessel, the Steam
Generator and a number of auxiliary circuits, in particular the Safety Injection System
Furthermore, because of the increased moderator density, there is an inherent reduction of the
fuel enrichment for a given cycle length as compared to a standard PWR. The occu^auona.
radiation exposure, related to the increased solubility, could also be reduced by factor of 2 or 3

Preliminary economic estimations and comparisons with a 900 MWe standard PWR she: that
without fully exploiting the possible simplifications due to lower temperatures and pressures.
the costs of major electricity producing components and circuits would already be abou: 20%
less. The fuel cycle cost would be 27% lower. The total specific cost (Currency Unit/k.Vh) of
the concept would thus be only 5 to 10% higher instead of the 30% increase that one migh;
have expected from a simple scaling law.
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1- INTRODUCTION

Economic previsions concerning world energy utilisation in the medium term and in the
long term, have often been found to be quite erroneous since they can but reflect the
opinions and models prevailing among the experts at a given time. The level of uncertainties
appears to be higher for developing countries where the diversity of local conditions makes
any cost evaluations of the various energy sources, conventional and nuclear, particularly
difficult. It is nonetheless generally acknowledged that world energy demands would not only
continue to increase in the future decades but that the rate of energy consumption in
developing countries (referred to hereafter as "DCs) would be sensibly higher than in the
present day industrialised countries (referred to hereafter as "IC"s). This would be due
principally to the much stronger population growth in the DCs and because most of the
actual DCs would have already reached the threshold of industrialisation.

Of course, concerted and sustained energy conservation measures, principally in the
ICs, could limit this demand to a certain extent. However, estimations would lead to believe
that, compared to the present level of consumption, world's energy needs would be almost
doubled around the time horizon 2020-2030 to meet the demands of some 8 billion people.

Energy in all its forms would be required to meet this demand: fossil energies,
hydroelectricity, renewable energies and nuclear energy.

Numerous comparisons (e.g. IAEA, 1992) of electricity producing systems with and
without nuclear power plants show that nuclear energy, in spite of actual public anxieties
about its back-end fuel cycle, would appear to be a non-polluting and economic source and
could thus be a quick answer to the considerable energy needs of a large number of DCs.

However, most DCs have in general too widely different characteristics and local
conditions to permit a unique mode of introduction of the nuclear energy. Indeed, the various
factors which govern any transfer of nuclear technology to a DC are : its geographic and
demographic situation; the national (or regional) energetic resources and the cost at which
they are available; the size and the potential for interconnection of the local (regional)
electrical grids; the scientific and industrial capacity of the DC to absorb advanced
technology; its financial solvency; the existence of the necessary transport infrastructures
and, above all, its willingness to accept bilateral and international controls.

The second part of the paper deals with these problems in terms of the requisite
features regarding the safety and the economic competitiveness of future generation
reactors.

With a few possible exceptions, the necessary know-how and the associated nuclear
technology for the development of suitable reactors is still confined to a limited number of
"nuclear" ICs . After the discovery of the nuclear (military) ambitions of several countries,
these ICs are now justifiably most reluctant to export any nuclear technology.

Notwithstanding these fears of nuclear proliferation, the DCs, immediately point out the
two inherent contradictions of such a restricted policy : 1)- so far, with the possible exception
of India, no other country is known to have developed any nuclear device out of its civil
nuclear power programmes, and 2)- whether one likes it or not, the knowledge of nuclear
energy and of its associated technology have already been acquired by a large number of
DCs through the installations of research reactors and/or through the training of nuclear
specialists in the ICs. « One cannot make people forget what they have learned ».

The third part of this paper (initially discussed in Nisan, 1993) describes some of the
reflections and propositions as possible solutions to resolve the above dilemma, basically
through the implementation of a limited number of generic technical and institutional
measures.

Finally, in the last part, we describe our preliminary studies on a low pressure, medium
sized PWR, baptised in French as the « REP/BP », as one of the possible solutions which
could be developed to satisfy the above conditions.



2- GENERAL REQUIREMENTS AND SPECIFICATIONS

The detailed functional specifications of medium sized PWRs such as the REP/BP are
at the moment in the process of elaboration in our laboratories. Preliminary reflections on the
subject can be summarised as follows :

2.1- Overall requirements
As a general rule, any future generation reactor from France (or the EU) would obey

the same fundamental safety principles and objectives such as those currently under
discussion between the French and German safety authorities, and in the context of the
European Utilities Requirements (EUR, 1995).

A reactor for the DCs would be specific only with respect to the means that it would
employ to achieve the above objectives while taking into account the particular conditions of
the DC which might have a negative effect on reactor safety e.g. weak or unstable electrical
grids, lack of safety culture etc.

In fact, one of the weakest points for most DCs is the relatively incomplete training and
experience of their operating personnel. This might then be a potential cause of accident
initiators and late or erroneous reactions in real accidental situations.

Reactors for the DCs should thus be designed to possess increased capacity to
tolerate inaction, or an erroneous action, by the operator. These reactors should at least
have the provisions to support the loss of at least one safety system.

EUR recommendation to realise these forgiving features is the use of inherent
characteristics (e.g. increased Doppler effect) or the integration of systems which augment
safety margins and/or the grace period i.e. the time during which the plant, after initiation of
an incidental or accidental sequence, remains in a safe or stable operating condition without
necessitating operator intervention.

2.2- Simplification
Recent probabilistic safety assessments (PSA) have clearly established that more than

50 % of accidental sequences in operating reactors are triggered by human errors or
misinterpretations. The well recognised complexity of present nuclear reactor systems is
considered to be one of the most important causes of this effect. Any simplification of these
systems as a means to improve plant safety (and economy) is a desirable characteristic for
all reactor systems but it should be particularly so for reactors for the introduction of nuclear
energy in the DCs.

If one were to retain the same safety objectives for these reactors as those currently
being considered for the next generation of nuclear reactors, then a possible method for
achieving such simplicity could be a redistribution of the efficiencies of the various lines of
defence. This could be realised in particular through the introduction of passive systems but
it has to be demonstrated first that, for a given safety objective, such passive systems lead
to the same efficiency and reliability as those obtained by the use of the corresponding
active systems.

2.3-Passivitv
In the context of developing countries, it is indeed difficult to arrive at clear quantitative

advantages of passive systems as opposed to the active systems. It should be recalled that
the systematic introduction of passive systems may have negative effects (reduced thermal
hydraulic efficiency of a low-pressure safety injection system as compared to an active, high-
pressure system, for example). By definition, it is not possible for an operator to intervene on
a passive system once it is triggered. The choice of passive or active systems should be
accompanied by a detailed PSA. The determining factor in this case would be governed by
the possibilities that an operator would have to recover, and eventually improve, a given
situation



Passive systems are often proposed to increase the plant autonomy in accidental
situations. It has, however, to be verified that this autonomy has effectively increased in all
accidental situations. The AP-600 concept, for example, provides for a gravity driven re-
flooding system following a primary circuit de-pressurisation. Any operator action in such a
situation would not effectively be required before 72 hours. A short term operator action is
nevertheless necessary, subsequent to certain accidents such as steam generator tube
rupture or an ATWS. • . '

2.4- Automation and human behaviour
Increased automation appears to be attractive in both normal operation and accidental

situations. In normal operation, computer assisted documentation, and operating and
maintenance procedures can lead to a considerable minimisation of human errors. For
reactor operation under accidental conditions, automation could be either complete or partial
(realised through the introduction of certain passive systems).

The degree to which exportable reactors should be automated is an open question
today.

3-SPECIFIC REQUIREMENTS

3.1-The nuclear fuel cycle and non-proliferation
A nuclear reactor would not be a priori proliferating if the problems concerning the fuel

cycle and associated services were adequately resolved beforehand.
There are unfortunately no safeguards systems which could give an absolute

guarantee that a determined country would not succeed - or at least attempt to do so - in
developing some sort of nuclear weapon or device.

It is nonetheless possible to adopt a certain number of technical measures with a view
to to create as many barriers as is reasonably possible towards any diversion of nuclear
materials (and/or technology). One can, for example :
• Require that the irradiated or spent fuel be returned back to the exporting country or to an

international storage or reprocessing centre (which may be located in the exporting
country itself).

• Adopt fabrication techniques which would render fresh fuel highly unsuitable for
reprocessing (e.g. minimisation of the solubility). Fuel claddings in ceramics and coated
fuel particles (such as those in HTGRs) are two examples of this type of fuel.

• Conceive reactor cores in which all the fresh fuel assemblies would be sealed together
and therefore would be difficult to separate without attracting attention.

• Conceive fuel management schemes which would favour the production of even
numbered plutonium isotopes (Pu238, Pu240..), a small number of which fission
spontaneously and produce enough neutrons to make it difficult to reassemble critical
masses of significant yields.

It has, however, to be demonstrated that these measures are indeed effective and that
they do not unreasonably augment fuel cycle costs.

Institutional measures, whose principal aim is to permit timely detection by international
authorities, such as the IAEA, have in the past considerably reduced the probability of any
detectable diversion in a given DC. There is still need for further improvements in the
techniques of control at the disposal of the IAEA. There is above all need to act politically:
the role of the IAEA should be enlarged and its surveillance capacities reinforced to include
all fissile and fertile nuclear materials.



With an eventual generalisation of the nuclear power, DCs possessing only one or two
nuclear reactors (Lithuania, Philippines, Slovenia..) could be quite numerous. It is clear that
such limited programmes would increase the costs of storage of spent fuel and waste
products in both, surface and underground facilities One possible solution, having the
advantages of size effect economics and complete transparency of operation, could be the
advent of international fuel cycle centres.

3.2- Technical specifications for reactor operation
The basic aim of the technical specifications would be to define the domain of safe

operation of the reactor. In most DCs, the required information (which should be obligatory at
any reactor site) is contained in documents dealing with the operating procedures, thus
rendering the ensemble difficult to use.

As a general rule, the available information is incomplete as regards, for example,
routine tests and the procedures to be adopted in case of the non availability of components
and materials. As a result, the risk of arriving at important deviations from the safe operating
domain of the reactor is considerably increased.

It thus appears extremely important that any contract for sale of a nuclear reactor to a
DC must contain provisions for the supply of these documents and their subsequent revised
versions.

3.3-Training of qualified personnel
Although a formal system of training of personnel, including qualifying examinations,

has been introduced in most DCs, it would appear that the training practices are still quite
deficient. A possible solution to this difficulty, due principally to the lack of resources in the
DCs, could be the training of personnel in the supplier country. This training should cover
aspects ranging from the capacity to correctly use the technical documents to more
advanced courses and practice around a representative simulator. The entire training
programme should be an integral part of the sales contract.

3.4- Technical capacity to ensure correct maintenance
By its very nature, nuclear industry represents advanced technology which requires

specific materials, sophisticated means for in service inspection and well qualified methods
for the analysis of certain time dependent phenomena (corrosion problems, for example). It
may often be necessary to call upon heavy engineering when certain modifications of the
nuclear installation are required.

It is obvious that in most DCs, the industrial environment would not permit to undertake
any of these operations. This very difficult question of the transfer of sophisticated
technology has been the subject of intense international discussions. The solutions proposed
vary from simple technical assistance to internationally operated maintenance companies.
Once again, it would appear advisable that the sale of a nuclear reactor be accepted only
after a detailed examination of this problem.

4- THE LOW PRESSURE, MEDIUM SIZED PWR (REP/BP)

Parallel to the elaboration of the above requirements and functional specifications for
exportable reactors, the DER/SIS is actively pursuing the development of a 300 to 600 MWe,
medium sized PWR, known as the REP/BP, designed to satisfy these specifications.

The PWR appears to us as the obvious choice since world wide feed back of
experience from this type of reactor is already of the order of 2000 reactor years of which
nearly 600 reactor-years are by the French nuclear industry, in addition to the experience
gained through the construction and operation of several small experimental reactors and
the reactors for nuclear propulsion.

From the safety standpoint, the reactor size is only relevant if it allows one to realise
safety functions through innovative conception of the diverse systems e.g. residual heat
removal, reactivity control or the confinement of fission products.



The main reasons leading to the choice of a medium sized PWR in the 300-600 MWe
range, as opposed to the current tendency in France of building large reactors, are thus
principally the economic considerations prevailing in the DCs and the fact these countries
have in general relatively weak and non interconnected electrical grids. Furthermore, it is
shown in (§4.6) that in some cases, smaller reactor sizes can, in principle, permit certain
specific simplifications which then could offset the size effect on the over all specific
(currency unit/kWh) costs. - . '

Yet another reason for our choice would be the preliminary results of a recent CEA
study (Nisan, 1993), according to which the potential market for medium sized reactors
(< 600 MWe) in countries outside the OECD could be of the order of 50 reactors in the high
estimate for the time horizon 2001-2010.

4 . 1 - General characteristics
Conceptual studies of the REP/BP have only just begun and many important design

options are, and will continue to be, still under discussion. We can thus only present here the
actual « point design » characteristics, presented in Table 1, of a 600 MWe version largely
derived from the existing standard French 900 MWe reactor and used for preliminary safety
and economic assessments discussed below.

By definition, the most salient feature of the REP/BP is its low primary circuit pressure
and mean temperature, respectively 7.6 MPa and 259°C, compared to 15.5 MPa and 305°C
for PWRs

The corresponding secondary circuit (turbine inlet) vapour pressures are 3.2 MPa for
the REP/BP and 7.0 MPa for the standard PWRs.

This change of the operating point of a PWR is made possible today because of the
development of low pressure high efficiency turbines. A certain number of technical
advantages such as circuit and component simplification, reduction of volumes of
components and buildings etc. can thus be envisaged, allowing novel reactor architecture
and increased safety. Furthermore, because of the increased moderator density, there is an
inherent reduction of the fuel enrichment for a given cycle length as compared to a standard
PWR. The occupational radiation exposure, related to the increased solubility at lower
temperatures, would also seem to be reduced by a factor of 2 or 3.

Since a direct economic consequence of these factors is a possible reduction of the
construction and investment costs (see §4.5), we retained the REP/BP as one of the
eventual candidate concepts for the introduction of nuclear energy in the DCs.

4.2- Neutronics
The reactor core retained for preliminary feasibility studies was that of a standard

French 900 MWe PWR comprising 157 fuel assemblies with 264 fuel pins arranged in a 17 X
17 array with 24 water holes for guide tubes and the central hole for instrumentation.

Assembly and core calculations were made with the well known CEA code system,
SAPHYR. (Bergeron, 1994).

As an essential first step for feasibility studies, a fuel management strategy with 3
batch loading and 43 GWd/t discharge Burnup was considered.

At equilibrium, the fuel enrichment is 3.6 % (4.04 % for 900 MWe PWR),
corresponding to a cycle length of 522 equivalent full power days (EFPD), compared to 376
EFPD for the 900 MWe PWR.

Reactor control and transient studies were made using 53 standard PWR control rods
and 6% natural Gd poison distributed in 12 fuel-pins/ fresh assembly. Results show that the
REP/BP has more than satisfactory margins in all accidental and incidental situations. Some
optimisation of the Gd poisoning would however be required to compensate for the effect of
trie lower (absolute value) moderator temperature coefficient (-30 pcm/°C instead of -40 to
-50 pcm/°C for the standard PWR).



4.3- Thermal hydraulics
At this preliminary stage, the basic aim of thermal hydraulics studies, made with the

FLICA code of the SAPHYR system was to confirm that the change of operating point does
not lead to a degradation of the protection of the fuel cladding. In fact the results obtained
with the W3 correlation show that the minimum DNBR value for the REP BP is 25 % higher
(2.55) than the corresponding value for the 900 MWe PWR (2.04) in a transient situation with
18% over-power. This is primarily due to the choice of design parameters leading to a higher
critical heat flux and 27 % less linear rated power.

4.4- Safety studies
The over-all reactor systems configuration is shown in Figure 1. Basically these

systems are provided for the two essential functions :
a)- Residual heat removal: this is ensured by a group of systems comprising the

Auxiliary Feedwater System (AFS), the Turbine Bypass System, (TBS), the main Residual
heat removal System, (RHRS) and the intermediate Component Cooling System, (CCS).

AFS and TBS are the usual systems used in current PWRs. In the particular case of
the REP/BP, we have provisionally retained (by analogy from the standard PWR) an
indicative value of 3.5 MPa as the relief valve set pressure limit.

The RHRS and the CCS are normally not used in standard PWRs as safeguard
systems. Our choice is determined by the fact that, in the REP/BP, studies of a number of
transients lead to pressure values which are very close to the limiting pressures of the relief
valves in these systems. One could thus eventually use these systems to deal with
transients such as the small diameter LOCAs, or the Steam Generator Pipe Break.

Results of the Black-out transient study, using only the thermal inertia of the Steam
Generators as the heat sink, have indeed confirmed that either group of the above systems
will adequately evacuate residual power, without sensibly changing the pressure level from
its operating value.

(b)- Core cooling by safety injection: One of the most important consequences of low
pressure operation of the REP/BP is the simplification of the safety Injection System, (SIS).
Our studies show that necessary water inventories for safety requirements can be
maintained by conserving only a low pressure SIS, operating at 2 to 3.0 MPa.

We are also studying the feasibility of using steam injection at 3.0 MPa. The Steam
Injection System, (VIS) thus developed is at the moment in the process of experimental
testing. (Dumaz, 1997)

Large break LOCA studies, made with the CATHARE code, have shown that a safety
injection at 2.0 MPa in the cold leg would be more than sufficient to maintain the cladding
temperature within the allowed limits. (Figure 3).

Safety analysis of all the relevant systems is still in progress and is being examined in
detail for the verification of compliance with EUR recommendations.

4.4- Occupational Radiation Exposure (ORE)
The relatively lower operating temperature of the REP/BP increases the solubility of

metallic ions such as Fe and Ni. For a standard PWR type water chemistry, there is thus a
significant increase of the released radioactive corrosion products which may then be re-
deposited in high temperature zones such as the reactor core and the coolant outlet plenum.
The net result is a reduction of dose rates in maintenance zones such as the Steam
Generator. For varying water chemistries, preliminary calculations indicate dose rate
reductions by a factor of 2-3.

The potential risk of the higher release in the hotter zones during refuelling is currently
being examined in the context of the water chemistry optimisation and an eventual boron
free operation.



4.5- Economic assessment
An immediate consequence of the lower primary (and secondary) circuit pressures and

temperatures is the reduction of the net electrical efficiency, r\, (defined as the ratio of the
net electrical power produced to the total neutronic power). Figure 2 shows that in the case
of the REP/BP, the choice of 3.0 MPa as the turbine inlet pressure corresponds to r\ of about
0.3, compared to 0.34 for a standard PWR. This defines in fact the lowest limit of pressures
for any reasonable electrical power production level.

It was thus an absolute necessity to check whether the low power of the REP/BP,
(< 600 MWe), in part related to this effect, could be compensated by the simplifications
mentioned above.

This economic assessment was carried out with the new Economic Evaluation and
Modelisation System of codes, SEMER, actually being developed at DER/SIS for
comparative studies of all conventional and nuclear reactor types and for detailed design
optimisation studies of future nuclear reactors.

Cost estimations were first made for the equipment which is directly influenced by the
change of the operating point in REP/BP relative to the standard 900MWe French PWR.
These were principally the civil engineering, mechanical engineering items in the turbo-
generator (e.g. Feedwater, circulation and let down pumps, heaters and piping etc.), and the
vapour production equipment such as the primary circuit pumps, steam generators,
pressuriser and primary, secondary and auxiliary circuits and piping.

These estimates (Table 2) were then used to evaluate levelized investment and
operating costs. Table 3 shows a comparison of the fuel cycle costs. The derived specific
costs, with the corresponding costs of the standard PWR, are compared in Table 4.

The effect of important parameters such as the lead construction time, discount rates,
dimensions of major components etc. was also studied in order to reorient future designs.

The principal conclusions of these studies are as follows :
• For discount rates ^ 8 %, the average levelized cost per KWh from a nuclear reactor

would remain competitive to conventional electricity production even when the nuclear
investment cost is increased by 10 %.

• For discount rates > 12 %, nuclear energy would be competitive with coal if the nuclear
investment costs are reduced by only 10 %.

• Large or medium sized nuclear reactors (> 600 MWe) would be more economic than
the equivalent fossil fired stations if the cost (in constant currency units) of coal is
increased by 1 % or that of oil by 2 %.

• The most important cost differences between the REP/BP and the standard PWR arise
essentially from the differences on the costs of major components (and civil
engineering) such as the reactor buildings, steam generators, circuits etc. The change
of the operating point thus leads to about 14% lesser costs for the REP/BP.

• The fuel cycle costs for the REP/BP are reduced by 27 to 29% (without or with a heavy
metallic reflector for vessel protection) as compared to those of the standard PWR.
This reduction is due principally to the reactivity gain ensuing from the lower fuel
temperature of the REP/BP and the increased water to fuel ratio (2.2 instead of 1.96).

• The specific cost of the REP/BP would be about 10% higher than the corresponding
cost of the standard PWR. This cost could be considerably reduced further with shorter
construction times ( e.g. 48 months) and circuit simplifications.



4.6- Future outlook
The above estimations do not take into account the various possibilities of circuits and

systems simplification that the lower pressures and temperatures in the REP/BP could
potentially offer. Some of the possible safety and economic improvements being studied
are:

• Reduced core instrumentation.

• Canned pumps as used in the first French-Belgian 300 MWe reactor, SENA, and now
retained for the AP-600.

• Suppression of soluble boron, if proved compatible with the fuel cycle economy.

• Unitised construction and complete suppression of primary pumps as in the ESBWR.

• Corresponding simplifications of the SIS and the steam generators (50 % reduction of
the unit costs).

• Reductions in the specific costs through : increased plant availability from the current
84% to 90% (-11% operating costs), increased Burnup from 45 to 60 GWd/t (-20 %
fuel cycle costs), reduced construction time (-5 % investment costs), increased plant
life from 30 to 40 years (-16 % investment costs), increased factory fabrication
(-0.5 to 5 % investment costs) and reduced building volumes (0.2 % reduction of the
construction cost per meter reduction of the reactor building diameter).

5- CONCLUSIONS

This paper summarises our on-going investigations designed to meet a double objective :

• Establish the requirements and functional specifications of nuclear reactors, particularly
adapted for the specific conditions prevailing in most developing countries.

• Propose possible reactor concepts designed to satisfy these requirements and
specifications

Although still in the exploratory phase, our preliminary safety and economic
assessments would indicate that one of the possible concepts which would appear to
already satisfy most of the proposed requirements could be that of a 300-600 MWe PWR,
largely derived, and integrating the feedback of experience, from 56 operating evolutionary
PWRs in France but incorporating novel features such as low primary circuit pressure and
temperature (respectively, 7.6 MPa and 259°C, compared to 15.5 MPa and 305°C for a
standard 900 MWe PWR).

This change of the operating point directly leads to possibilities for enhanced safety
through simplifications of reactor components and circuits such as the Reactor Vessel, the
Steam Generator and a number of auxiliary circuits, in particular the Safety Injection System.
Furthermore, because of the increased moderator density, there is an inherent reduction of
the fuel enrichment for a given cycle length as compared to a standard PWR. The
occupational radiation exposure, related to the increased solubility, is also reduced by a
factor of 2 or 3.

Preliminary economic estimations and comparisons with a 900 MWe standard PWR
show that the costs of major electricity producing components and circuits would already be
about 20% less. The fuel cycle cost would be 27% lower. The total specific cost of the
concept would thus be only 5 to 10% higher instead of the 30% increase that one might have
expected from a simple scaling law. This cost could be further reduced after incorporation of
some of the proposed simplifications currently under investigation.
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Figure-1 : REP/BP safety systems schematic diagram
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Note : All costs are in millions of Arbitrary Currency Units (ACU), unless otherwise specified

Table 1 : Some characteristics of the REP/BP

Characteristics

Power (MWth)

Power (MWe)

No. of loops

Outlet temp. (°C)

inlet temp. (°C)

Pressure (MPa)

Mass flow rate (t/h)

Steam Generator. SG

Outlet Temp. (°C)

Inlet Temp. (°C)

Pressure (MPa)

Total No. of tubes

Tube length (m)

Ext. Tube diam. (mm)

Tube thickness (mm)

Vapour flowrate/SG (kg/s

PWR900

2775

920

3

324

286.5

15.5

45530

271

211

5.7

9990

20.42

22.22

1.27

504

REP/BP

2000

600

3

277

242.5

7.6

41817

237.5

190

3.2

14343

17.20

19.05

0.8

334

Table 3 : Fuel cycle costs comparison

ITEM

Power (GWth)

Masse (mt)

Equilibrium Fuel

Enrichment (%)

Cycle Length (EFPD)

Mean discharge

Burnup (GWd/t)

Cost(ACU/kWh.)

Difference (%)

PWR900

2.775

72.487

4.04

376

43.460

0.0061

-

REP/BP

2.0

72.487

3.5

522

43.460

0.0045

Table 2 : Differential cost comparison

ITEMS
1-Vessel
2-SG
3- Prim, pump
4- Pressurizer
5- Circuits
Total (1+5)
Civil engineering
Diverse

TOTAL
Difference (%)

PWR900
54.5
40
22
2.2
96

214.7
37.8
44.3
296.8

-

REP/BP
47.2
39.5
15
1.2

88.9
191.8
29.7
34

252.7
-14

Table 4 : Specific costs comparison.

Costs

Direct

Indirect

Construction

Investissement

Total ACU/kWh

Specific Inv.

Specific Cons.

Spec. F.Cycle

(%)

PWR900

1062

164

1380

1600

0.03

0.015

0.009

0.006

REP/BP

830

146

1110

1225

0.033

0.018

0.010

0.005

+10
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