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QECD

The Convention establishing the Organisation for Economic Co-operation
and Development (OECD) was signed on 14th December 1960.

Pursuant to Article 1 of the Convention, the OECD shall promote policies
designed:

-- to achieve the highest sustainable economic growth and employment and a
rising standard of living in Member countries, while maintaining financial
stability, and thus to contribute to the development of the world economy;

~= to contribute to sound economic expansion in Member as well as non-member
countries in the process of economic development; and

-— to contribute to the expansion of world trade on a multilateral, .
non-discriminatory basis in accordance with international obligations.

The current Signatories of the Convention are Australia, Austria, "
Belgium, Canada, Demmark, Finland, France, the Federal Republic of Germany,
Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands,
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the
United Kingdom and the United States. The Commission of the European
Communities takes part in the work of the OECD (Article 13 of the OECD
Convention) .

NEXA

The OECD Nuclear Energy Agency (NEA) was established on 1st February
1958 under the name of the OEEC European Nuclear Energy Agency. NEA membership
today consists of all European Member countries of OECD as well as Australia,
Canada, Japan, Republic of Korea, Mexico and the United States. The Commission
of the European Communities takes part in the work of the Agency.

The primary objectives of NEA are to promote co-operation among the
governments of its participating countries in furthering the development of
nuclear power as a safe, environmentally acceptable and economic energy source.

NEA works in close collaboration with the International Atomic Energy
Agency (IAEA), with which it has concluded a Co-operation Agreement, as well as
with other international organisations in the nuclear field.

CSNI

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an
international committee made up of scientists and engineers. It was set up in
1973 to develop and coordinate the activities of the OECD Nuclear Energy Agency
concerning the technical aspects of the design, construction and operation of
nuclear installations insofar as they affect the safety of such installations.
The Committee’s purpose is to foster international co-operation in nuclear
safety amongst the OECD Member countries.




FOREWORD

The attached report has been prepared by G. Ldwenhielm on the basis of
information made available and discussed by members of the Task Group on
Containment Aspects of Severe Accident Management (CAM) of CSNI's Principal
Working Group on the Confinement of Accidental Radioactive Releases (PWG4). It
has been endorsed by PWG4 and CAM, at meetings held in September and October
1994 respectively. The report has been approved by CSNI for publication in the
series of CSNI Technical Documents in November 1994.

A list of CAM members is given in an Appendix.
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1. INTRODUCTION

Several countries have implemented new measures to cope with severe accidents. In particular,
filters have been installed to relieve the containment in the case of a slow pressure build-up,
caused by steam from boil-off from the decay heat or non-condensable gases from core-
concrete interactions. New accident management strategies have been developed for mitigating
measures implemented and to incorporate the knowledge data base that have been created by
the extensive research during the 1980's in severe accident phenomena.

Of key importance is the possibility to cool the core debris in the containment and the strategy
formed to accomplish this. If the core debris can be cooled pressure build-up will cease and the
containment basemat will not be penetrated. The importance of this issue has been
acknowledged in the development of new designs of nuclear reactors. To the knowledge of the
expert group, in all these designs the core debris coolability issue is treated and the design is
supposed to prevent basemat penetration, see also ref. 1.

CSNI PWG4 task group on Containment Aspects of Severe Accident Management (CAM)
started to investigate this issue in 1992. As a result a short note was presented to PWG4
September 1992. A three stage approach was suggested:

(1) Investigate current accident management strategies in Member countries, identify the
reasons for choosing these strategies, consider if solutions proposed for future reactors
could be applied to current reactors.

(if) Follow up ongoing research, especially the MACE experiments, and write a state-of-the-
art-report.

(iii) Identify remaining uncertainties affecting accident management strategies.

At this meeting it was decided to implement stage 1 and CAM was asked to undertake this
work. It was considered premature to start with stage 2.

CAM has undertaken this task during 1993. In April 1993 CAM decided that the report should
concentrate on existing reactors. It was also decided that a questionnaire should be prepared
and sent out to the member countries as a starting point. This technical report is based on the
answers prepared by the member countries.

Replies to the questionnaire (Appendix) were prepared by 10 countries, namely Belgium,
Finland, France, Germany, Japan, Netherlands, Spain, Sweden, Switzerland and United States.
These countries represent both BWR and PWR of different designs.

In the questionnaire the member countries were asked to specify the area below the cavity,
material, basemet thickness, possible weaknesses, strategy chosen and the reasons for the
selected strategy. One important parameter (not in the questionnaire but supplemented) is the
quotient Py/A (thermal power divided by the area below the vessel), which gives an indication
of the necessary heat transfer (of course, the decay effect is much less) to an overlying water
pool to cool the melted core. Not considered in this value is the effect of a possible delay (and
decay of the heat generated) before vessel melt-through. A delay may be the case for some
designs, in particular for future passive designs.




In this report only sequences with low pressure in the primary system at vessel melt-through is
considered. In a high pressure melt ejection sequence the melt might spread to other areas
outside the cavity and will from a coolability point of view be less challenging.

During the work with this report, it was obvious that the accident management in several
countries continued to develop, which resulted that the report became out-of-date unless
member countries provided this development to the CAM group. The final update of this
report was done October 1994. When the second stage of the three stage approach mentioned
above is completed (probably within 2-3 years), this report should be updated to reflect
changes in the ongoing development in design changes and accident management.

2. CURRENT DESIGNS AND STRATEGY APPROACHES FOR BWR

Replies have been obtained from Finland, Germany, Japan, Netherlands, Spain, Sweden,
Switzerland and United States. The designs represented in these countries are:

General Electric (GE): Mark I, II, III and ABWR (Netherlands, Japan, Spain, Switzerland and
United States).

ABB Atom: 1:st and 2:nd generation (Finland and Sweden).
Siemens: Design 69 and design 72 (Germany).

In Table 1 most of the relevant data are shown for these reactor designs. One problem, which
should be pointed out here, is that although the reactor vendor is the same for each reactor
type, the architect engineer varies often. This means that interesting figures from coolability
point of view, such as containment floor design, may vary considerably.

2.1 Design of volume below reactor vessel

The different GE designs in Japan are presented in Figure 1a. One example of a Mark III
containment design is shown in Figure 1b.

GE, Mark I design

Most important features in containment design are steel shell containment wall, suppression
pool in a torus ring and a drywell area below the reactor vessel. The Japanese design (Toshiba
and Hitachi) designs are based on the GE original designs but some containments are modified
and have a larger drywell volume than the original design.

The pedestal area is small, about 23 m? (the area may vary in different des1gns) However,

there i is an opening to the drywell floor area, where a considerable larger area is available,

129 m®. The quotxent thermal power/area (Py/A) value is therefore large (about 100 MW/m?) if
the melt stays in the pedestal area, but if the whole containment floor is included (whxch is
more natural), this value is small, about 18 MW/m? In the modified Mark I reactors in Japan,
the pedestal floor is lower than the drywell floor level and therefore spreading will not occur.

The Mark I concept is vulnerable to containment shell attack (this does not apply to the
modified Japanese or the Swiss design), which has been an important issue for containment
integrity for a long time. This issue is not treated in this context, but will have an effect on the




strategy chosen. The basemat thickness is in Japanese design considerable, in the range of 11 -
15 m basaltic concrete, but in the Swiss design only 4 m siliceous concrete.

In Netherlands, the Dodewaard reactor contamment represents a small pre-Mark I containment
design. The pedestal area is about 22 m?, Py/A about 8 MW/m’ and the basemat has a convex
bottom and a thickness ranging from 0. 75 to 1.5 m.. An air lock is connected to the pedestal
floor and it is unclear to what extent it is protected from a melted core.

GE, Mark 11 design

Most important features are concrete or steel containment wall and suppression pool covering
the whole containment floor. The drywell area below the vessel is separated from the wetwell
by a concrete floor. The Mark II design varies considerably and the data given should be
checked for other reactors. For example in some Mark II reactors no water is present in the
wetwell area marked with a B in Figure 1a.

The pedestal area is relatively small, about 30 m®. The Py/A value is therefore about the same
as in the Mark I (110 m?). In at least the Japanese designs the concrete floor between the
pedestal and wetwell has no drainage or other penetrations.

The thickness of the concrete floor between the pedestal and wetwell volume is about 1.8 m
and the basemat thickness is 5 - 7.5 m basaltic concrete. We note in this context that a
considerable amount of water will always be available in the wetwell region as this area is part
of the suppression pool in all Japanese and in most US designs. A concrete wall limits the core
melt spreading in wetwell (see Figure 1a).

GE Mark 1] design

Most important features are concrete containment wall, annular suppression pool and therefore
the area below the vessel (pedestal region) is part of the drywell. The design is similar to the
ABWR design, but the vessel is supported by concrete, which separates the drywell from
pedestal region. However, the pedestal communicates to the drywell region through drains in
the drywell floor. The pedestal region has a lower elevation than the surrounding drywell and
therefore the melt will not spread into the drywell region.

The expert group has obtained data for one GE Mark III design (see Flgure lb) the data
presented in Table 1 is from Leibstadt, Switzerland. The pedestal area is 28 m? which gives a
Pu/A value of about 114 MW/m?. The basemat thickness is 4-7 m siliceous concrete The
concrete type in United States is in most designs basaltic concrete. In several accident
sequences the pedestal region will be flooded by overflow from the suppression pool.

GE, ABWR design.

This is the most modern design in this investigation and is also the only reactor of a future,

“evolutionary" design currently in construction (Japan). Main features are concrete
containment wall and an annular suppressron pool. The area below the vessel is therefore a part
of the drywell. The lower drywell area is about 88 m?, Py/A is about 47 MW/m? and the
basemat thickness is about 7 m basaltic concrete. An interesting feature in the design is that the
suppression pool is connected with the drywell area with a fuse, which melts after vessel melt-
through by the heat. This will flood the drywell area.

(V8]




The volume below the vessel is part of the drywell area and no water is present on the floor
during normal operation.

ABB-Atom, 1:st generation

Main features in this design are a prestressed concrete containment wall and a suppression pool
covering the whole containment floor. The pedestal is separated from the wetwell by a
concrete floor. An example of this design is given in Figure 2. The similarity to the GE design
Mark II is strong. Some differences compared to Mark II should be noted here:

1)  The floor between the pedestal and wetwell will be short-circuited by a door or by a
drainage pipe.
2)  the wetwell area is open with pillars supporting the pedestal wall.

The area in the pedestal is about 45 m?, which is less important as this floor within a short time
will be bypassed. The wetwell area is very large, about 350-400 m” and therefore Py/A is very
small, less then 7 MW/m?. The basemat thickness is about 3 m siliceous concrete.

ABB-Atom, 2:nd generation

Main features in this design are concrete containment wall and an annular suppression pool.
Thus the area below the reactor vessel is part of the drywell, see Figure 3.

The drywell floor varies between 47-135 m” and the Py/A value ranges from 24 to 65 MW/m>.
The basemat thickness is ranging from 2-3 m siliceous concrete. One obvious weakness in this
design from containment integrity point of view is existing penetrations in lower drywell floor

area. These penetrations are vulnerable to a core melt attack, which would impair containment
integrity. A steel shield has been implemented to protect these penetrations.

Siemens, design 69.

Main features in this design are a steel shell containment wall, an annular suppression pool
(midheight the reactor vessel) and a dry area below the vessel.

From Figure 4 it can be seen that the area below the reactor vessel is a curved steel shell

(about 25 mm thick) and has no real floor. The cylindrical area is about 86 m® and the Pu/A
value is about 43 MW/m’. The reactor building floor below the containment is about 2 m thick *
siliceous concrete.

Siemens, design 72.

Main features in this design are concrete containment wall with an inner steel liner and an
annular suppression pool. Therefore the area below the vessel is part of the drywell (Figure 5).
There are strong similarities in the context of this report to the GE Mark Il and ABB Atom (of
the second generation) designs.

The cylindrical area below the vessel is about 60 m% Py/A about 64 MW/m? and the basemat
thickness is ranging from 2-5 m, siliceous concrete.




2.2 Current approaches to cool the melted core
Mark I, Mark II and ABWR in Japan.

The approach proposed by the industry, although not fully fixed, is to manually inject water
into the pedestal area (or lower drywell for ABWR) after vessel melt-through. Before vessel
melt-through, all available water resources are used for water injection into the primary system.

In the discussion of advantages of injecting water before vessel melt-through, steam explosions
are considered a threat, which may impair the containment. Today this outweighs the
advantages of better cooling, less non-condensable gases (NCG) and less volatilisation of
fission products in core-concrete interactions. It is, however, pointed out that the knowledge
about the phenomena is far from complete and Japan is therefore involved in international and
domestic research further investigating best possible strategy.

As mentioned before, in the ABWR design the drywell area will be flooded after vessel melt-
through, because a fuse, connected to the suppression pool, will meit by the heat.

Mark I, Mark II and Mark 111 in United States

The US utilities are in the process of developing severe accident management strategies. Based
on on-going discussions guidance of flooding the drywell will probably be suggested by the
utilities to the authorities. Steam explosions are still a concern but quantitative investigations
related to a strategy have to be conducted. However, in Mark I containments the liner melt-
through issue has been resolved and the accident management strategy to flood water before
vessel melt-through has already been implemented.

Mark I and Mark I1I in Spain and Switzerland

No strategy has been developed. However, in the Swiss Mark III design, without wetwell to
drywell vacuum breakers, the cavity will always be flooded in severe accidents. In other
designs this is also the case for several severe accident sequences.

Pre-Mark I in Netherlands
No strategy has been developed.
ABB-Atom, 1:st generation

In this type of containment no further strategy has been found to be necessary as the
suppression pool covers the whole containment floor. As mentioned above, the pedestal will be
bypassed within a short time and the melt will reach the suppression pool. As the pool is large
and relatively deep, 5-7 m, the melt will be quenched and fragmented on its way to the pool
bottom. As the containment floor is large these fragmented particles will stay cooled. Steam
explosions are not considered to be a threat to the containment, as a government committee
analysed the effect of in-vessel and ex-vessel steam explosions and concluded that steam
explosions leading to containment failure was an extremely low probability event. Since this
investigation, further investigations concerning steam explosions have been considered in the
context of producing small (sub-mm) particles, which may not be coolable.




ABB-Atom, 2:nd generation

This type of containment exists both in Sweden and Finland and the same approach has been
chosen for these plants. In the case of a core melt scenario these plants were after vessel melt-
through vulnerable to melt-through of the penetrations at the lower drywell floor, thus
impairing the containment. Therefore the strategy chosen involves gravitational flow of water
from the annular suppression pool into the lower drywell. Steel plates have been implemented
to protect the penetrations. Other advantages obtained with this strategy are: Very little or no
core-concrete interactions, limiting the production of NCG and fission product release. The
risk of large steam explosions impairing the containment has been found to be very small.

Siemens, design 69 and 72.

For both these designs no strategy has been formed. Strong efforts have been made to prevent
vessel melt-through. In design 69 (see Figure 4) it is stated that containment integrity is lost
some minutes after vessel melt-through, melt release to the bottom part and assuming a dry
sump, because of steel shell (25 mm thick) melt-through. In design 72 (Figure 5) the risk of
large steam explosions is considered to outweigh the advantages with water injection into the
pedestal area.

3. CURRENT DESIGNS AND STRATEGY APPROACHES FOR PWR

Replies to the questionnaire were sent in by Belgium, Finland, France, Germany, Japan,
Netherlands, Spain, Sweden, Switzerland and United States. The designs represented are:

Large dry containments: Belgium, France, Germany, Japan, Netherlands, Spain, Sweden,
Switzerland and United States.

Ice-condenser containments: Finland, Japan and United States.

In Table 2 the most important data are given for these reactor types. As for the BWR’s, data
varies considerably for the same reactor type, because the architect engineer is different.

3.1 Cavity design

Large dry containments

These are of Babcock&Wilcox (no data obtained), ABB Combustion Engineering (no data
obtained), Westinghouse, Mitsubishi, Framatome or Siemens design with both cylindrical and
spherical containments. In these reactors all cavities have concrete in the basemat. Large dry
containments have very different cavity designs and areas. The smallest area given is 18.65 m®
in the Spanish reactor José Cabrera. The largest area is 76 m” in Tihange 2, Belgium. The
quotient Py/A is rangmg from 25 (José Cabrera) to 149 MW/m’ (Tihange 3, Belgium). The
basemat thickness varies between 2-10 m. See Table 2 for more specific detarls The Siemens
design (Germany and Netherlands), however, differs from the others as these containments
have a relatively small volume and cavity bottom area (about 28 m?). Examples of design is
shown in Figure 6 from Tihange 2, Belgium, and Figure 8 from a Siemens design.




Large dry PWR containments are the most common in the world with several vendors and
architect engineers. It is obvious that the variation in cavity designs is very large and it is hard
to make any general conclusions regarding coolability.

Ice condenser containments, Japan and Finland

The main features are a relatively small containment and an annular ice condenser. The ice-
condenser plants in Japan has a cavity floor area of about 40 m?, Py/A value of about
90 MW/m® and a basemat thickness of about 3 m basaltic concrete for a 1200 MWe plant.

The Loviisa 1/2 plant in Finland is of VVER-440 design complemented with an ice condenser
containment. The floor area is 36 m?, Py/A is about 38 MW/m? and with a basemat thickness
of 3 m siliceous concrete. A concrete wall has been built to protect an air lock in the cavity.
Otherwise a melted core in the cavity would have with high certainty lead to a breach of the
containment integrity, see Figure 7.

3.2 Current approaches to cool the melted core
Large dry containments

In Belgium, Germany, Netherlands, Spain and United States there is no strategy to cool the
melted core in the cavity region. Concerning Slemens design (Germany and Netherlands) the
volume below the vessel is so small, about 28 m? (see Figure 8) that the melt is judged not to
be coolable in this region. In this case the pressure build-up will be faster by the steam
generation than by core-concrete interaction alone. Therefore the strategy not to flood the
cavity area in these countries has been adopted.

Japan has adopted the strategy of water injection into the cavity after detecting core damage
conditions. The motive is to mitigate core-concrete interaction by quenching the molten core
and generate a saturated containment atmosphere.

In Sweden the strategy is (if possible) to fill the cavity with water up to 1-1.5 m before vessel
melt-through. An opening has been made in the door leading to the cavity to let the water flow
in from the containment floor sooner. Steam explosions have been analysed and are not
considered a threat to containment integrity. The reason for water injection is the same as for
Swedish BWR's (chapter 2.2).

To prevent the risk of basemat melt-through, the priority strategy in France is to inject water as
soon as possible into the vessel, in a way expected to limit too energetic interactions. At an
early stage, actuation of the safety injection is due to limit core degradation in the vessel,
whereas at a later stage, after vessel melt-through, the water supply is expected to flood the
corium in the reactor cavity, via the vessel hole, and to mitigate the basemat penetration,
protect the cavity walls from thermal radiation and reduce fission product evolving. No specific
system or procedure currently exists to flood the reactor cavity, but vessel melt-through
prevention by the reactor cavity deliberate flooding is under investigation. Containment
spraying is also actuated when practicable, to protect the third barrier by reducing the internal
pressure (energy removal), and enhancing the deposition of airborne aerosols.

This strategy adopted by France is part of the ”Severe Accident Intervention Guide”, a
compendium of standardised severe accident management practices for the technical
emergency teams, elaborated by the utilities and submitted to the safety authority for approval.




Ice condenser containment

In Japan the strategy is to inject water after vessel melt-through for the same reasons as for the
Japanese BWR (see chapter 2.2).

The strategy chosen in Finland is to cool the core in the vessel by external flooding. The
flooding will occur automatically from the melted ice in the condensers. This strategy has been
studied extensively by the utility IVO, and this strategy is today considered as a reliable way to
cool the melt. IVO has reported its findings to the authorities for approval.

DISCUSSION OF ADVANTAGES AND CONSEQUENCES OF
CURRENT STRATEGY APPROACHES

Some countries have adopted or are considering a strategy to prevent basemat melt-through
(Finland, France, Sweden and Japan). Finland and Sweden have the strategy to inject water
before vessel melt-through (except for ABB-Atom design of the first generation, in which the
melt will reach the suppression pool), while the currently proposed strategy in Japan is to inject
water after vessel melt-through. France has adopted the strategy to inject water into the
primary system and it is expected that the cavity will be flooded by this water via the vessel
hole after vessel melt-through. Mentioned advantages and disadvantages discussed are the
same: risk of steam explosion versus more core-concrete interaction leading to production of
NCG and fission product release. However, in the second generation of ABB-Atom design the
vulnerability of penetrations have played a role for the strategy chosen.

In the United States the severe accident management is in the process to be developed. The
consensus among experts appears to be in favour of the same strategy as in Japan, i.e. to flood
the lower drywell or cavity. For the Mark I containments, however, the strategy to flood the
pedestal area before vessel melt-through has been decided because of the concern of liner melt-
through. For GE Mark II, IIT and PWR:s it is unclear if the lower drywell will be flooded
before or after vessel melt-through as steam explosions are a concern.

In Belgium, Germany, Netherlands, Spain and Switzerland no strategy has been developed. In .
Germany and Netherlands (BWR design 69 and Siemens PWR) the reason is that the area
below the reactor vessel is so small that the melted core is probably not coolable. Steam
generation would in that case increase the containment pressure faster if water is added in
these plants. Therefore the resources are concentrated to enhance the possibilities to cool the
melted core in the reactor vessel.

Below the advantages and possible consequences are listed. This list reflects the member
countries current judgement and should be verified by ongoing research. A more scientific
approach to this issue will be taken in stage two mentioned in chapter 1. This work will
probably start in the near future.

To summarise the advantages of using water:

Cool the melt (if possible) and thus prevent basemat melt-through

Prevent containment liner attack (Mark I containment)

Minimise NCG and fission product aerosol generation and fission product transport of
the containment atmosphere due to pool-scrubbing

Mitigate containment temperature increase

»




Possible consequences of using water:
- Containment pressure increases faster.

The advantage of using water before vessel melt-through:
- To enhance the coolability of the melt and if possible quench the melt before contact

with concrete.

Possible consequences of using water before vessel melt-through:

- The risk of steam explosions are considerably larger if this strategy is adopted. The
water depth and temperature are important parameters to judge the probability and
steam explosion strength.

Several countries are currently investigating the possibility to cool the melted core inside the
reactor vessel, e.g. Finland (Loviisa) and some plants in United States. Actually, for the
Loviisa plant, the utility IVO states this is a reliable way to cool the melted core and its
findings have been sent in to the authorities for approval. This strategy is, however, plant
specific and has to be investigated for other plants. For many plants it is probably premature to
judge the feasibility as scientific data are missing. The subject In-Vessel Core Debris Cooling
through Cavity Flooding (IDCCF) was discussed at the OECD Workshop on Large Molten
Pool Heat Transfer held in March 1994. Furthermore, the OECD RASPLAYV Project started in
July 1994 at the Kurchatov Institute, Russia. One of the main objectives in this project is to
assess the possibility to retain the melt within the vessel.

S. CONCLUSIONS

From the overview in this report it is obvious that we deal in an area with large
phenomenological uncertainties. All countries are following up current research, in case new
data suggests that an improved strategy should be implemented. Therefore it is not possible,
and never was the intent, to suggest that one strategy is better than another.

One example of uncertainty is the issue: is the core melt coolable after core-concrete
interaction has started? Large-scale experiments are underway in the ACE project at Argonne
National Laboratory to understand this important question. If water is injected before vessel
melt-through, the heat transfer is very high in the beginning and core-concrete interactions may
not be likely to occur, but steam explosions will then pose a threat. This issue will be further
discussed in stage two (see chapter 1).

Most of the differences in strategies are caused by different designs. However, in many
countries a similar strategy was adopted for all reactors or no strategy was adopted for any
reactor. There is a certain logic in this: If one strategy has been accepted, it is accepted for all
plants, unless the data from coolability point of view differ considerably. However, with time
strategies to cool the molten core in the containment will be further developed and optimised,
and therefore the strategies will be more and more plant specific.

The relation between thermal effect and area, Py/A is, of course, an important parameter to
judge if the melt is coolable or not. However, the decay heat is also a function with time and
therefore the accident sequence and reactor design are important. It is obvious that in accident
sequences, in which the vessel melt-through is delayed considerably (e.g. loss of residual heat
removal), the Py/A value can be higher and a coolable state may still be reached. The same




might apply for passive, future designs, in which vessel melt-through can be considerably
delayed.
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Mark-I type containment

(784MWe plant): ——
(1) Pedestal area: about 23m? ) |
(2) Drywell floor area: about 129m? F r

(including pedestal area)
(3) Basemat

- Thickness at [A]: 11m ~15m
(plant specific)

- Material : basaltic concrete

R

Mark-Il type containment
(1100MWe plant):

(1) Pedestal area: about 30m?
- Thickness at [B]: about 1.8m

(2) Basemat:
- Thickness at [A]: 5m ~7.5m

(plant specific)

- Material : basaltic concrete

ABWR containment
(1350MWe plant):

(1) Lower drywell area: about 88m?
(2) Basemat

- Thickness at [A]: ~7m

- Material : basaltic concrete

Fig. 1a BWR containment designs in Japan
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Drywell head
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pressure
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Fig. 2 Ringhals 1, example of ABB-Atom

containment design of first generation
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Fig. 3 Forsmark 1-2, example of ABB-Atom
- containment design of second generation
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Figure 4: BWR, KWU-Containment,design-69
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venting

10

Il 1 T
- Inerting N,-tank
10
- { -
9 guu~— | —UulL
= | =
83035-09
1 Fuel elements 7 Containment
2 Control rods 8 Pressure-suppression pool
3 Main coolant pumps 9 Scram accumulator tank
4 Feedwater nozzle 10 Liner (sealing steel shell)
S5 Main-steam line 11 Missile-shielding concrete

6 Reactor pressure vessel

Figure 5: BWR, KWU-Containment,design-72
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Fig. 6 TIHANGE 2 containment configuration
below the reactor vessel
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EXTERANAL SPRAY SYSTEM

. STEEL SHELL

UPPER COMPARTMENT

INTERNAL SPRAY

IGNITERS

ICE CONDENSERS

DOOR PAOTECTION

LOWER COMPARTMENT

{STEAM GENERATOR RQOM)

b

HPI core

Fig. 7 The containment and primary system of
the Lovisa PWR's
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Reactor

Steam generator

Main coolant pump
Pressurizer
Pressurizer relief tank
Accumulator

Main coolant pipeline

Main steam pipeline
Feedwater pipeline

Ventiiation system

Fuel element pool

Storage for new fuel elements
Loading machine

Core internals letdown poo!l
Vessel head storage ring
Valve assembly area

Shield cooling air fan compartment
Containment
Personnel air lock

External concrete shielding
Food tank

Coolant reservoir

Coolant vaporization system
Hot laboratory

Washing, shower and clothes changing area
Demineralizer tank

Exhaust stack

Covered walkway

Equipment room annulus
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Figure 8: PWR, KWU-Containment,design type Biblis B
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Questionnaire on

ADVANTAGES/DISADVANTAGES OF USING WATER TO COOL
A MOLTEN CORE IN A CONTAINMENT

(Use a separate paper to answer the questions)

1. Country:

2. Type of containment
(BWR, PWR, Mark I - III, large dry, etc.)

3.. Design for volume below reactor vessel
(For PWR, cavity)
(For BWR, lower drywell or wetwell)
Area, basemat thickness, material, sensitive equipment ?
A drawing is useful !

4. Current strategy for preventing basemat melt-through
Important questions here are:
- Is water used ? Before or after vessel melt-through ? How much
water (water depth) ?
- Is water used to cover the lower part (or more) of the vessel to
prevent vessel melt-through ?

5. Identify the reasons for the chosen strategy.

6. Have modifications been implemented to carry out the current strategy ?

7. Are there ongoing investigations considering changing the current
strategy ?

8. Are there other important considerations not covered above ?
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APPENDIX

List of Members of
PWG4‘'s Task Group on Containment Aspects of Severe Accident Management
(CaM)

Belgium Mr. Benoit De Boeck (AVN)
Dr. Jean Spoeck {(Tractebel)

Canada Dr. Ajit P. Muzumdar (AECL Research)
Finland Mr. Juhani Hyvarinen (STUK)

France Mr. Jacques Duco (IPSN) - Chairman
Germany Mr. Jirgen Rohde (GRS)

Italy Mr. Giovanni Bava (ANPA/DISP)

Japan Dr. Jun Sugimoto (JAERI)

Korea Dr. Young-ho Jin (KAERI)

The Netherlands Mr. Simon Spoelstra (ECN)

Spain Mr. Fernando Robledo (CSN)

Sweden Dr. Gustaf Léwenhielm (Vattenfall AB)
Switzerland Dxr. Erik Cazzoli (HSK)

Dr. Ginter Prohaska (HSK)

United Kingdom Dr. Brian D. Turland (AEA Technology/WTC)
United States Dr. Sudhamay Basu (NRC/RES)

Dr. Tim M. Lee (NRC/RES)
Mr. Walter F. Pasedag (DOE)

European Commission Mr. Enzo Della Loggia (DG XII/F)
OECD Nuclear Energy Dr. Jacques Royen - Secretary
Agency
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