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Abstract

In attempting to review how EPR is contemplated to meet requirements applicable to future
nuclear power plants, the authors indicate where they see the markets and the corresponding unit
sizes for the EPR which is a generic key factor for competitiveness. There are no reason in
industrialized countries, other than USA (where the investment and amortizing practices under
control by Public Utility Commission are quite particular), not to build future plants in the 1000 to
1500 MWe range.

Standardization, which has been actively applied all along the French program and for the Konvoi
plants, does not prevent evolution and allows to concentrate large engineering effort in smooth
realization of plants and achieve actual construction and commissionning without significant
delays.

In order to contribute to public trust renewal, a next generation of power reactors should be
fundamentaly less likely to incur serious accidents To reach this goal the best of passive and
active systems must be considered without forgetting that the most important source of
knowledge is construction and operating experience.

Criteria to assess passive systems investigated for possible implementation in the EPR, such as
simplicity of design, impact on plant operation, safety and cost, are discussed.

Exemples of the principal passive systems investigated are described and reasons why they have
been dropped after screening through the criteria are given.

INTRODUCTION

Nuclear plant designers throughout the world are addressing the potential inclusion of passive
features to meet higher safety standards and reduced costs for future plants. The intent is to
simplify designs based upon the current operating knowledge and provide safer, simpler and less
expensive designs. These goals are chosen to allow future nuclear plants to remain economically
competitive with other power production alternatives.

The designers of future plants must make difficult decisions concerning system designs in order
to assure a high level of safety while also addressing public perception of nuclear power. In order
to improve public perceptions, the use of a greater number of passive systems in a plant design is
encouraged. However, the limited experience and testing of such systems can raise additional
questions about the economic operation of such nuclear plants in the future.

The following discussion addresses these issues for the EPR project. The discussion includes
expectations of market conditions (including base assumptions on plant size and potential
locations of customers) and the assessment of passive design features that have been
considered thus far in the EPR design. The discussion is directed at defining the factors which
affect future plant designs and then describes the EPR approach to the design choices.
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Specific discussion is provided concerning the major passive features considered by EPR and the
logic used in assessing their inclusion in the EPR design. As is noted throughout the discussion,
many of the assessments are qualitative in nature but address the need to find economic
alternatives in the future plant designs while maintaining the benefits of current plant operating
experience. The results of the design process to date have indicated a need to maintain current
plant design features, in favor of newer and untested passive design concepts to avoid
unnecessary costs and system complications. It is expected that as passive system designs
mature, many of the decisions made to date will be re-examined as the plant designs continue to
evolve.

MARKET AND UNITS SIZES

Nearly 112 LWR's are operating in Europe (54 in France, 21 in Germany) and another 300 or so
have been operating worldwide for tens of thousand of reactor years with only one significant
accident. That one, TMI-2, demonstrated remarkably how serious an accident could be without
affecting public safety. The core and the entire plant were badly damaged, yet little radiation
escaped the containment.

Not withstanding that record, further use of reactors as a base energy resource is moribund in
most countries but a very few such as France, Japan and South Korea which would otherwise be
extremely, if not totally, dependent on external sources to fulfil their primary energy needs.

And yet most responsible officials of industrialized countries believe that considerations of
economic strength, environmental protection and security of procurement of energy resources
dictate that their countries should still rely on nuclear energy in the next few decades.

In attempting to review how Framatome, Siemens and NPI contemplate meeting tomorrow's
requirements, it is first necessary to indicate where we see our markets and what will likely be the
corresponding unit sizes.

1.1 FRENCH AND GERMAN PLANTS

The German utilities started operation of the last 3 PWR's (Konvoi plants) that were ordered in
the late 1980's.

The French national utility EDF has a program for 1450 MWe plants (called N4) to be put in
operation, during the 1990's. Four such plants have already been firmly decided : Chooz B1 and
B2, Civaux 1 and 2 which will enter commercial operation respectively in winter 95/96, 97 and 98.

Both the N4 and Konvoi plants introduce a number of new features which makes them so called
"evolutionary" reactors, compared to the previous generations of plants. It may be that they fail to
satisfy some of the minor specifications of the EPRI requirements, but they have a major feature,
which consists in being effectively built and at known prices. The experience that this gives us is
a part of our preparedness for the future.

The French and German markets will then be dependent on the expected life of the plants built
earlier. Extensive studies were made to determine how long their life could be extended ; 40
years lifetime is often mentioned, but no formal decision of that sort has yet been accepted. No
plant has yet reached such a life and a number of units have been deliberately shut down much
before.

Because of this prudency, with regard to life extension it would not be reasonable to schedule the
replacement plants over a short period. Therefore, NPI and its Parent Companies plan to be
ready for orders in the first decade of the next century, when the cost of fissile materials will likely
be much more of a concern than today.
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Hence, the design of these plants, which is now being initiated through our cooperation with
French and German utilities, will have to be made with economic assumptions somewhat different
from those now prevailing.

The 54 French PWR plants and 12 German PWR plants which will be under operation when,
soon, a few old units will have been shut down, are all in the 900 to 1400 MWe range. We see no
reason why the future plants should not be in that range too.

1.2 NON-DOMESTIC PLANTS

As far as the industrialized countries are concerned, we consider that the same determining
factors will apply and that they will keep investing in plants of 900 MWe or more. Within the frame
of our association with Siemens in the NPI Company, this policy obviously applies to the
development of the EPR.

The export customers of Framatome and Siemens have been eager, in the past, to adopt the
technical solutions used in the French or German plants, taken as references. The many practical
advantages of this, such as cost, construction schedule, licensability, operation and maintenance,
will keep applying in the future ; the technical choices for the EPR will consequently be made with
an eye towards their acceptability by this group of customers. This may be achieved even if the
domestic and foreign plant sizes are different: the important point is to have a unified technology
for components, for systems, for answers to safety requirements and for maintenance practices.

We recognize that certain local conditions tend to call for smaller unit sizes. We do plan to try to
find acceptable solutions, but are concerned with the ability to remain competitive with fossil
energy sources, while there are many uncertainties, in the long term, on the price of fossil fuel
and on the intensity with which governments will protect the environment against emissions. We
have also experienced that, by the time they become prepared to make a decision, potential
customers for 600 MWe plants will be ready to invest at the 900 MWe level because of evolving
needs.

The above remarks on reactor size do not totally apply to the USA, where the situation is quite
different. The investment amortizing practices and control by PUC's give an incentive to certain
utilities to invest in small plants. Vendors are under intense pressure to develop concepts allowing
competitiveness and to claim that they will succeed. Should this turn out to be true, the impact on
certain countries outside the USA should not be dismissed. This is why Framatome and Siemens
evaluated carefully the feasibility of such concepts.

COMPETITIVENESS AND STANDARDIZATION

Costs considerations are important when considering future nuclear plant purchases against
alternative energy sources. The element of cost may override any publicly perceived gains in
safety and preclude the nuclear option in some cases. It would be useless to expend large efforts
to improve the safety and public acceptance of nuclear technology, if the resulting designs are so
costly that no customer could financially justify the purchase of them. A basic strategy of NPI,
strongly supported by its Parent Companies, is to contain costs of future PWR plants in order to
maintain their viability relative to alternative power sources.

When talking of costs, it is again necessary to distinguish between generic problems and those
specific to certain countries. For instance, in the USA, the high costs experienced in the past
result from a licensing environment generating unpredictible delays and requests for
modifications. In many other countries, like France and Germany the licensing processes,
although using similarly severe safety criteria, are such that actual construction and
commissionning is achieved without significant delays. We will be careful to do whatever is
necessary, on the vendor side, to preserve such processes ; this will likely include the necessity
to design the plants in some detail before construction contracts can be obtained.
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The unit size is a key factor for competitiveness. Looking at the breakdown of costs for a plant
shows that a majority of items follow the iron-rule of increasing costs per kW for decreasing
power. Only a few items have a fixed cost per kW : for instance when decrease of power is
obtained through the use of smaller numbers of standardized components. In a very limited
number of instances may one expect to achieve a function in a cheaper way, by using solutions
which would not work for larger power units.

Claims have been made that a number of safety functions may fall in this category when 600
MWe unit sizes are considered. We consider that such claims should be taken with due caution
as long as extensive, detailed, designs of plants are not yet completed. It is the intent of NPI to
contribute to the clarification of this essential question.

Standardization has been actively applied all along the French program and for the Konvoi plants.
We think it should be pursued in the future. As there will be, proportionally, less domestic plants
and more export plants than in the past, the requirements of the latter should be taken into
consideration while designing the former ; but export customers should also refrain from
unecessary "nationalistic" requirements, if they wish to benefit from standardization ; consultants
and engineering organizations, when working on the preparation of customers specifications,
should remember that they bear specific responsibilities in this respect.

The maximum benefits of standardization will be obtained if it is extended to the whole plant;
when not possible, one should at least apply it to the nuclear island. When differences must exist
between plants, for instance in terms of unit power, most of these benefits of standardization will
be preserved if one chooses to use existing designs for components, fluid systems,
instrumentation and control, and to apply already used lay-out and building principles.

The concept of standardization should in no way be considered as opposed to evolution.
Evolution in designs may be necessary for a number of reasons. Standardization is a way to take
care of these needs inan organized manner ; in particular, designers will be wise to select
solutions which will remain licensable and commercially attractive for the longest possible time.
Standardization, then, allows concentration of large engineering efforts in R & D, design,
manufacturing practices, maintenance toolings and procedures ; this concentration is the key to
economics, smooth realization of plants and scrutiny of safety matters.

li SAFETY AND PUBLICT ACCEPTANCE^!)

Many people in the nuclear industry feel that our difficulty with respect to public acceptance is
primarily the fault of the public, or the media, or the schools, or the anti-nuclear groups.

But we must agree that in a broad sense the public's distrust has its foundations. We said we
were designing and building plants in which a core meltdown was essentially impossible ... and
then came TMI-2. We then argued that we could have meltdowns but not energetic reactivity
accidents, that we might contaminate a power plant but not its neighborhood ... and then came
Chernobyl. The public come away doubtful and with a feeling of having been mislead.

In that respect, our specific contribution should be to prepare the future nuclear technology in a
rigorous and responsible manner, without announcing objectives which cannot be reached in
earnest. Others may have to simplify and to discuss presently fashionable ideas, so as to explain
them in an easier way ; their work deserves respect. Ours is to contribute to public trust renewal
by demonstration of our professionalism.

If they are to be built, a next generation of power reactors should be reactors with designs that, in
both perception and reality, are fundamentally less likely to incur a serious accident.

The utilities would probably like to see in such next generation plants which will operate more
reliably, with higher capacity factors, capable to the greatest practicable degree of thwarting
maloperation by negligent or imprudent operators, and which in addition, when operating limits
are exceeded, have inherent tendencies to return to safe, stable, undamaged conditions without
operator intervention or external power sources.
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The public and the professionals require that safety matters be reexamined, with an open mind.
However, we should avoid over-simplification ; safety matters are complex and, even if they have
to be simplified for public presentation, the professionals, among themselves, must keep a
rational, balanced and comprehensive approach. It is not a war between passive and active
systems ; both have virtues and the best of each must be considered. The most important source
of knowledge is Construction and Operating Experience ; this should be the foundation on which
to build the future ; it has shown us that many other matters must be considered to provide the
best overall safety. Let us remember the over-emphasis given to large LOCA twenty years ago,
preventing a sufficient analysis of Small Break accidents ; then TMI came.

A balanced and comprehensive approach is needed with regard to the extent to which safety
functions should be achieved by passive systems. There are reasons to think that they will
increase the probability that such functions will be achieved. However, one should remember that
there are limitations to such increases : passive systems do have failure modes ; frequently,
passive systems need an active triggering ; they work well only if they are correctly aligned while
dormant, etc... The coexistence of active and passive systems is also an interesting issue, in
terms of cost and of safety balance : if one does not want to decrease plant availability,
operators, concerned by plant availability, will likely wish to keep their hands on the plant during
perturbed situation, and this can be done only through active systems ; the management of long-
term post-accident situations will probably also require active systems. The gain in safety,
marginal or significant, can only be determined by extensive and detailed studies ; they still have
to be done and we intend to provide our share of them.

But, we consider that we should also expend significant efforts in drawing lessons from the past.
The careful analysis of construction problems, of operation and maintenance incidents, suggests
many precise improvements, the sum of which can bring a significant contribution to safety
enhancement, but, of course, only if our future plants design does not depart radically from
present ones. An area where significant progress is at hand concerns maintenance : it is now
possible to design a plant in a way which will facilitate its maintainability and hence reduce the
probability (which is not negligible today) that safety relevant problems will be induced by
maintenance operations or faults.
Also, the concept of forgiveness to transients and to operator errors, which must be extended to
maintenance errors (in parallel with improved maintainability), is also an important guide in our
design efforts of the EPR.

Among the other objectives we pursue, are : the reduction (by design) of the personnel exposure,
the simplification of systems, and the effort to design a no-release reactor containment.

Safety improvements can be achieved through all these means and we are careful not to weaken
these by wild innovations which will induce "youth problems" for the future plants, with
devastating impacts on public acceptance. We think the detailed and highly professional work is
what is expected from us ; in that respect, we view the vast engineering potential available to NPI
as a significant contributor to safety enhancement.

POTENTIAL PURPOSE OF PASSIVE SYSTEMS

According to their proponents, the main reasons for considering passive features in system
design are to achieve simple designs and to improve safety or the confidence that adequate
safety is ensured, thus enhancing public acceptance. For plant design, the "defense in depth"
approach will be maintained and reasons for introducing passive features will be examined at
each level of defense in depth.

> First level : High quality in design, construction, operation

There is no direct impact due to adopting passive design. The use of plant features and
designs that ensure increased margins is our prefered approach to achieve smoother plant
response and greater allowed time delays for safety system operation.
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Second level: Limit operating disturbances through proper design of plant response

No major use of passive features is made or anticipated at this level. In certain cases,
however, passive features introduced at third or fourth level may also be relied upon at the
second level (e.g. decay heat removal).

Third level: Provide engineered safety features to mitigate accident consequences

Passive safety features can be used to replace or reinforce safety functions, introduce
diversity, simplify system design and/or reduce redundancy in active systems.

Fourth level: Severe accidents (beyond level 3)

Passive safety systems are introduced to reduce the risk of a major release by preventing
core melt, mitigation of core melt consequences or preventing basemat meitthrough.

The question for the design of the EPR is : can the use of passive features be applied
without losing the safety advantages of presently operated PWR's ?

INVESTIGATION OF PASSIVE FEATURES

5.1 DEFINITION OF "PASSIVE"

The IAEA definition of a passive component is :

"a component which does not need any external input to operate. It may experience a
change in pressure, temperature, radiation, fluid level and flow in performing its function.
The function is achieved by means of static or dormant unpowered or selfacting means".

The associated definition of a passive system is :

"a system which is composed of passive components and structures" <1).

The so-called "passive reactors" being developed are not strictly based on this definition, but
more on a definition proposed by EPRI W :

"passive system : systems which employ primarily passive means (i.e. natural circulation,
gravity, stored energy) for essential safety functions - contrasted with active systems. Use
of active components is limited to valves, controls and instrumentation"

Therefore passive features according to the EPRI definition were included in the review at the
beginning of the EPR conceptual phase.

5.2 CRITERIA TO ASSESS PASSIVE SYSTEMS

Passive features or systems should be subject to a systematic assessment with respect to the
criteria of simplicity of design, impact on plant operation, safety, cost. The first two assessment
criteria concern, in more general terms, simplicity.

<•' IAEA 622-I3-TC-633 "Dcscriplion of passive safety-related terms
<2' EPRI ALWR Requirements document
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Firstly, the design should be simplified, or at least not complicated by the implementation of
passive features. In this context, proven technology of the components employed is requested.
Furthermore, the degree of passivity shall be investigated : where does a proposed solution rely
on active equipment like valves or on active auxiliary systems like cooling or ventilation ? And the
overall system configuration shall also be simplified. If possible, an active system should be
removed, or at least simplified by the implementation of a passive system. In addition, the overall
system configuration should be simplified. Indicators for that could be for instance the necessity
of system interconnections.

Secondly, the operation of the plant and of the passive system should be simple. Normal
operational modes like power operation, startup, shutdown, refuelling, and maintenance should
not be affected by a passive system. Spurious actuation of passive systems would have to be
investigated, as well as the possibility to detect it and to take straight-forward recovery actions to
avoid undue consequences on overall plant operation. The operation of the passive system itself
should also be simple : this includes initiation which should be based on plant status and not on a
perhaps difficult diagnosis of an accident scenario, as well as system operation (e.g. need for
adjustment of operational modes as a function of plant status or operating situation should be
avoided).

As a rule, passive features to be implemented should be inspectable and have in-service testing
capability with the testing mode as close as possible to the operational mode of the system.

The last two assessment criteria concern safety and cost. As already mentioned, the
implementation of a passive system should allow clear safety and economic advantages.

New accident scenarios should not be introduced by passive systems. This should fit with the
well-proven defense in-depth concept and allow for a gradual response to incidents or accidents.
The incident consequences should not be aggravated by the system operation. Furthermore, the
multi-barrier concept (strong reactor coolant pressure boundary, control of containment leakages
by double containment) presently existing in French and German PWR should not be weakened
by the introduction of passive systems.

5.3 PASSIVE FEATURES INVESTIGATED FOR THE EPR

The idea of performing safety functions by passive means is not new. All existing PWRs employ
successfully passive features like accumulators, gravity-driven control rod insertion or natural
circulation in the primary circuit. Besides these, more passive features have been included in the
EPR such as :

> larger SG and pressurizer volumes to slow plant response to upset conditions ;

> initial SIS line-up (suction from IRWST and discharge to hot and cold legs) fits long term
cooling needs without realignment;

> simultaneous hot and cold leg low pressure safety injection to limit fuel failure risk in case of
large break LOCA ;

> lower core elevation relative to the cold leg cross over piping which limits core uncovery
during small break LOCAs ;

> absence of lower head penetration on the RPV for in core instrumentation, thus eliminating
one potential failure mechanism and failure location ;

> passive pressurizer safety valves for both overpressure protection and prevention of spurious
opening (passive opening under pressure increase, passive closing under pressure
decrease);

> a large dedicated spreading area outside the reactor cavity to prevent the molten core-
concrete interaction by spreading and subsequent flooding of the corium ;
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> a large water source in the IRWST located inside the reactor building, draining by gravity into
the reactor cavity and the corium spreading area ;

> a double wall containment with a reinforced concrete outer wall and a prestressed concrete
inner wall and an intermediate space maintained passively under small subatmospheric
pressure.

In addition to the above features, about twenty passive features were evaluated at the beginning
of the conceptual phase of the EPR. The depth of evaluation of specific features depended on
interest for their application. About half were briefly examined and dropped without further
evaluation, the others were assessed in more detail. The principal passive features which were
investigated for possible implementation in the EPR are given in Figure 1. They are briefly
described in the subsequent paragraphs.

5.3.1 Passive high pressure residual heat removal system (Figure 2)

The objective of this system is to remove the residual heat for events where existing designs take
into account secondary side cooling, so as to replace the emergency feedwater system (EFWS).
The primary water flows by natural circulation through the RHR heat exchanger located in an
elevated water filled pool. The RHR heat exchanger is cooled by the pool water which evaporates
into the containment. A containment cooling system becomes necessary or the pool must be
cooled by an active cooling system. Active measures are required such as opening of valves for
RHR system flow and start of heat removal from the pool or containment. The main results of the
assessment of this system were the following :
Flow rate through the RHR system depends (a) on the elevation between levels of the reactor
coolant system (RCS) loops and the RHR heat exchanger and (b) on diameter of RHR pipes.
This concept leads to a significant extension of class 1 equipment.

LIST OF PRINCIPAL PASSIVE SYSTEM
APPROACHES INVESTIGATED

D PRIMARY-SIDE RHR

1 (HIGH PRESSURE) HEAT EXCHANGER CONNECTED TO PRIMARY SIDE, PASSIVE COOLING

a SECONDARY-SIDE RHR

2 CONDENSER CONNECTED TO SECONDARY SIDE, WATER COOLING ON TERTIARY SIDE
3 PASSIVE EMERGENCY FEEDWATER SYSTEM (EFWS)
4 SECONDARY DEPRESSURIZATION AND PASSIVE FEED

• PRIMARY-SIDE INJECTION OR MAKE-UP

5 MEDIUM-HEAD SAFETY INJECTION BY ACCUMULATORS
6 GRAVITY-DRIVEN LOW-HEAD SAFETY INJECTION FROM TANK/SUMP BY PRIMARY SYSTEM

DEPRESSURIZATION

O CONTAINMENT HEAT REMOVAL

7 METAL CONTAINMENT OUTSIDE COOLING (WATER/AIR)
8 SUMP COOLER WITH PASSIVE COOLING CHAIN
9 CONDENSER COOLERS (PASSIVE ON THE CONDENSING SIDE)

FIGURE 1
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PRINCIPLE SCHEME OF PASSIVE RHR-
SYSTEM

PASSIVE HEAT
EXCHANGER

FIGURE 2

Installation of water pool including RHR heat exchanger at about the same level as the operating
floor and assuming that more than one train, including pool, would be necessary lead to a
complex arrangement of the reactor building.

An operational system would also be necessary to bring the plant to cold shutdown conditions for
refueling. Although the passive RHR system presents the potential advantage of easy operation,
it was not retained for the EPR because it failed to pass the criteria of design simplicity, safety
improvement and cost reduction among the selected criteria.

5.3.2 Safety condenser (Figure 3)

The objective of this concept is to constitute an autonomous, self fed secondary-side residual
heat removal system.
The main element of this system is the safety condenser itself, located outside the containment
and connected to the steam generator on the steam side and on the water side, and the
demineralized water pool, which is connected to the shell side of the safety condenser.

During normal plant operation the system is on standby and is separated from the SG by the
closed isolation valves in the condensate line. The valve in the steam supply line is locked in the
open position, so that the condenser is full of cold condensate on the tube side and is at main
steam pressure. On the shell side, the condenser is partially filled : the closed control/isolation
valve prevents the inflow of demineralized water from the demineralized water pool. To start up
the system at demand, the redundant, diverse condensate drain valves and the isolation valve in
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FIGURE 3

the demineralized water supply system are opened and the load controller activated. Draining of
the secondary side of the condenser exposes heat transfer surface ; heat exchange from the
steam generator to the condenser takes place when level on the tube side falls below that on the
shell side. The cold condensate flowing from the condenser into the SG absorbs energy, before
heat removal by the condenser actually begins. After the system run-up time, which is governed
chiefly by the draining characteristic of the condenser, cooling begins. This is achieved by the
admission, via the redundant, diverse control stations, of demineralized water from the
demineralized water pool, which is at a higher static head. This results in evaporation to the
atmosphere acting as a heat sink.

The power supply for the valves required in normal operation and to ensure operation even under
emergency conditions is provided by a battery-backed emergency supply bus. Since only a small
electrical power is required, a grace period of several hours is conceivable for restoring the
function of any a.c. generators which may have failed.

Although the safety condenser concept presents potential reduction in activity release in the case
of a SGTR, this concept was not retained either for the EPR because it failed to pass all the
selected criteria. Specifically, the system does not meet simplicity and cost criteria.

5.3.3 Passive EFWS (Figure^

The objective of this system is the same as that of the safety condenser. The heat exchanger and
the demineralized water pool are combined in a single component instead of two separated
components.
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PASSIVE SAFETY CONDENSER

—NITROGEN OR
COMPRESSED AIR

EMERGENCY
FEEDWATER

TANK

FIGURE 4

In order to avoid elevated storage of large inventory of water an emergency feedwater tank under
nitrogen or compressed air located at ground level allows to replenish the passive condenser as
and when required, according to water evaporation. This system failed to meet the simplification,
operation and cost criteria.

5.3.4 Secondary side residual heat removal and passive feed (Figure 5)

The objective of this system is to remove the residual heat from the core for events such as
station blackout and complete loss of feedwater by providing a passive mean to supply water to
the steam generators (SG).

Elevated demineralized water pools, large enough to supply the SGs during several hours (station
blackout duration), provide flow by gravity once the associated control valves have been open
and after closure of the SG main steam isolation valves. The cooldown is performed by steam
release to the atmosphere through dedicated relief valves.

The main drawback of this concept is the elevated pools, which must be protected against
external events, particularly earthquakes. Movements of large inventories of water and the design
of their supporting structures are major safety and cost challenges.

This concept was also dropped because it did not pass any of the four categories of evaluation
criteria.
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R H R SECONDARY SIDE
SECONDARY DEPRESSURIZATION &

PASSIVE FEED

'•'4? Dwnineralized
water pool

PROTECTED AGAINST j
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MAIN STEAM &
FEEDWATER VALVE

COMPARTMENT

FIGURE 5

5.3.5 Medium-head safety injection by accumulator (Figure 6)

The objective of this system is to simplify the safety injection system (SIS) without reduction of
safety level with respect to existing plants. The idea was to delete the medium head safety
injection (MHSI) pumps so as to reduce the SIS cost, to require less maintenance and to simplify
operation of this system.

In order to fulfill the MHSt functions it is necessary to provide for an automatic depressurization
system and high pressure accumulators. Potential difficulties arose during the assessment of this
concept. A safety grade boration system appeared to be necessary for non-LOCA events and
steam generator tube rupture (SGTR). The management of this accident would have to be
reconsidered and questionable operating modes were discovered.
This concept was also dropped because it would finally lead to extra cost with respect to
conventional active safety injection systems, thus failing to meet the primary objective.
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MEDIUM-HEAD SAFETY INJECTION
BY ACCUMULATOR

With MHSI-> 50m'|45bar

Without MHSI-> 25m i 25 bar

HL1

NO 300 / ND 300

Deleted line

Added line

Maintained line or
modified e (ND 250 w/o
MHSI - ND 200 with MHSI)

IRWST

MHSI

ND 400 / ND 500
IRWST

FIGURE 6

5.3.6 Gravity-driven low-head safety
depressurization (Figure 7)

injection from tank/sump by primary system

The objective of this system is to provide an efficient ultimate back-up for injection of water at low
pressure in the long term. The RCS is flooded with water above the loop level and water flows by
gravity from sumps, through check valves, into the reactor vessel. The decay heat is removed to
the containment atmosphere by evaporation of the flooded water. The steam produced inside the
containment condenses on cooled surfaces of a containment cooling system and the
condensates flow back to the RCS.

Active measures are required, like other systems : opening of isolation valves, opening of RCS
discharge and feed line from the sumps, and start of heat removal system from the containment.
The principle results of the assessment of this system were the following :

A large amount of water is necessary to flood the RCS and depends on the reactor building lay
out. For the French 4 loops plants with cylindrical prestressed concrete containment, this volume
may vary between 4700 m3 and more than 10000 m3.

Large diameter of discharge line(s) and small flow resistance check valves are necessary to allow
gravity flow to the reactor vessel. Spurious opening of valves in the discharge line(s) would have
to be avoided. Additional connections to the RCS are required for discharge line(s) and feed line
(s). A full scale test to verify the concept would be extremely costly.

Although the passive low head safety injection system presents advantages, such as providing a
back-up to low head safety injection pump and avoiding long term recirculation outside the
containment, it was not retained for the EPR because it also failed to pass the criteria of design
simplicity, safety improvement and cost reduction among the selected criteria.
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BACK-UP OF LOW HEAD
SAFETY INJECTION SYSTEM

FIGURE 7

5.3.7 Metal containment outside cooling (Figure 8)

For metal containment structures, a concept in which heat removal is ensured by conduction
through the containment wall is in principle feasable. Inside containment, heat transfer is by
natural convection in the containment atmosphere and condensation on the containment wall
inner surface. Outside containment, several alternate cooling schemes can be envisaged. A
completely passive concept, using natural circulation air cooling, is only possible for small unit
sizes and in the long term, after decay heat is sufficiently reduced. Thus, additional means based
on water spray on the outside containment surface is required at least in the short term. For the
larger unit size of the EPR, such water-circulation assisted outside cooling is required also in the
long term. Use of water cooling outside, without evaporation and based on an active cooling
circuit with pump and heat exchanger, then also maintains a double containment barrier, which is
not possible in case of a natural air circulation cooling mode. However, in such a containment
heat removal concept the passive means of heat removal is provided only inside containment.
Furthermore, the heat transfer capacity by condensation on the inner containment surface in the
presence of noncondensable gases is limited and, for the larger EPR unit size, not capable of
avoiding relatively elevated containment pressure (several bar), for the medium term following an
accident.
It is for these reasons, as well as for the fact that the EPR uses a concrete rather than a steel
containment concept, that this option has not been retained for EPR.
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5.3.8 Sump cooler with passive cooling chain (Figure 9)

The objective of this concept is to remove the decay heat following a LOCA by natural circulation
from the reactor building sump via submerged coolers and a secondary cooling system to the
atmosphere.
Like many other passive concepts, opening of valves is necessary to start operation of this
system.

Additional measures to transfer the heat from the containment sump were estimated to be
necessary during the evaluation of this concept. A large heat transfer suface for sump cooler (a
minimum of 1000 m2) was found to be required.

The passive sump cooling feature was dropped because the height difference between the
ultimate heat sink and the sump cooler to secure natural circulation (a minimum of 20 m) would
lead to unbearable costs.

5.3.9 Containment condenser coolers (Figure 10)

The objective of this system is to provide a passive mean, at least inside the reactor building, to
remove the decay heat in the long term after a severe accident, in order to avoid the internal
pressure exceeding the containment design pressure.
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Steam, driven by natural circulation, condenses on the outside surface of coolers. Cooling water
circulates inside the coolers surface. The cooling system is active and located outside the
containment.

The major drawbacks of this system, in comparison to existing spray systems, are the following :

Heat transfer and containment pressure reduction capability are strongly dependent on
the presence of non-condensable gas and on general convection movements inside the
containment.

Condensers must be located in the upper part of the containment where hydrogen is likely
to accumulate. They constitute hydrogen traps, thus reducing heat transfer capability and
increasing the risk of explosion.

Large room for lay-out is required above operating floor which is a congested area during
maintenance and refueling.
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The condensers are of no help in reducing source term outside containment because they
have no effect on aerosols and they decrease containment pressure slower than a spray
system.

However, this system offers several advantages, the major one with respect to a containment
spray system being that it avoids recirculation of highly radioactive water outside the containment
after a severe accident.

The Figure 11 summarizes the assessment done of the principal passive systems listed in Figure
1. All of them were dropped after screening through the criteria mentioned in paragraph 5.2. The
containment condenser coolers might be reconsidered to solve one of the severe accident
challenge : how to remove heat from a building without circulating any fluid through its walls and
without impairing its leak tightness ?

Many engineers have come around to the idea that hybrid systems combining active and passive
features represent an attractive alternative to existing designs. This is supported by the utilities
which contribute to the development of the EPR. They consider that more important than passive
features are simplicity, reliability and less complicated control and automation.
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CRITERIA FOR EVALUATSOM OF "PASSIVE SYSTEMS'

CRITERIA FOR EVALUATION

DESIGN SIMPLICITY
System configurations simplified relative to actual solutions ?
Number of "Active" components within "Passive system"
Passive components based on proven technology 9

Triggering of system actuation by plant status or operator
IMPACT ON PLANT OPERATION
Negative impact on normal plant operation, including
refueling and maintenance, avoided ?
Consequences of a spurious activation ?

Is a recovery possible ?
SAFETY
Does the solution provide diversity ?
Reliability trend for the proposed solution ?

Is periodic testing possible ?
- Only during start-up shutdown
- During all operating modes
Are new accident paths avoided ?

COSTS
Development costs for design, verification, computer
codes test facilities
Overall cost estimate
Cost benefits due to savings in systems replaced or
simplified by the proposed solution ?
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FIGURE 11



CRITERIA FOR EVALUATION OF "PASSIVE SYSTEMS1

CRITERIA FOR EVALUATION
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- Only during start-up shutdown
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simplified by the proposed solution ?

PRIMARY SIDE
INFJECTION OR MAKE-UP

MHSI by
accumulat.

No

6 pumps (-0

Yes
Plant status

No

Plant trip + SI
Yes

Yes
<Active SIS

Yes
No
No

Small/
medium

Increased

SIS savings

Gravity
LHSI

Yes

Nihil

No
Plant status

Yes

No
No

Yes
Neutral

Partially
• No

Yes

Low

High

Small

CONTAINMENT HEAT
REMOVAL

Metal cont.
cooling

No

Nihil only for small
power units

No
Plant status

Yes

No
No

Yes
Positive

Partially
No
Yes

High

Not feasable for
large power units

No

Sump
coolers

No

Nihil only for
small power units

Yes
Operator

Yes

No
Yes

Yes
Positive

Partially
No
Yes

Low

Not feasable for
large power units

No

Cont. wall
condensers

No

at least 2 pumps

No
Operator

No

No
Yes

Yes
<CSS

Partially
No
No

Medium

Increased

R.B coolers
eventual savings

(1) Control valves (2) 4 LHSI pumps + 2 boration pumps

FIGURE 11 (cont)



CONCLUSION

The environment surrounding the nuclear power industry is changing, both due to economic
factors and greater impact of public perception on nuclear plant designs throughout the world, it
has become imperative to address both the technical and public perception issues now more than
ever before.

The design process begins by defining the intended plant size for future plants. Current
experience in France, Germany, and the rest of the world indicate that the new plant sizes, at
least for the foreseeable future, will be large, in the 900 MWe and above range. This favoring of
larger plants sizes is based on proven operating experience and the economic advantages of
size, using available proven technology.

The EPR is being developed to address all issues of safety, public perceptions and economics.
The experience to date in both France and Germany on standardization of the plant design is a
large factor in the overall EPR design.

Although the current standard designs have performed well, evolution of the design, using better
active and passive features add to the overall plant safety and economics. Additionally, the
development of a standard plant that is nearly fully designed prior to obtaining a construction
contract, allows for the concentration of large engineering efforts in R&D, design, manufacturing
practices, maintenance tooling and procedures to meet the market demands for safety,
availability and economy.

In general, the majority of passive features considered thus far are still unproven through test or
operation. As such, the features remain economically unjustified or actually lead to plant
complications that may degrade rather than enhance safety. For these reasons, NPI has not yet
embraced a large number of new passive features for use in the EPR. As technology and
experience evolves, NPI will continue to pursue both active and passive features that improve
plant safety as well as ensure that nuclear power remains cost competitive with alternative power
production sources.
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