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A Study on the Positioning of Bevond Design Basis Events
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Y. Kani?®

Abstract

Since the issuance of the reactor installation permit of the prototype reactor,
necessity, meaning, method, etc. of the CDA assessment for the safety review of
the next demonstration FBR have been discussed. The experience of the safety
examination is reviewed in the first place from the point of licensing framework.
Evaluation of the beyond design basis events including CDA potential events is
unavoidable for the present. An effort to clarify the philosophical provision for
safety review is expended. Beyond design basis event here draws a clear line of
demarcation against what is called severe accident. A representative examples

of the initiating event for the beyond design basis event are proposed.

1) Plant Engineering 0ffice, Technology Develompent Division. OEC. PNC.
2) System Analysis Section, Technology Develompent Division, OEC, PNC.
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BEYOND DESIGN BASISEVENTS

IN THE PHILOSOPHY OF THE SAFETY CRITERIA
—TOWARD THE COMPLETENESS OF THE SAFETY CRITERIA —

M. Moriyama, K, Maeda and Y. Kani

Technology Development Division, O-arai Engineering Center
Power Reactor and Nuclear Fuel Development Corporation

ABSTRACT

Since the issuance of the reactor installation permit of the
prototype reactor, necessity, meaning, method, etc. of the CDA
assessment for the safety review of the next demonstration FBR
have been discussed. The experience of the safety examination is
reviewed in the first place from the point of licensing framework.
Evaluation of the beyond design basis events including CDA
potential events is unavoidable for the present. An effort to clarify
the philosophical provision for safety review is expended. Beyond
design basis event here draws a line of demarcation against whatis
called severe accident, A representative examples of the initiating
event for the beyond design basis event are proposed.

“ARTICLE 5” EVENTS

In the appendix to “Safety Evaluation Principle for LMFBR"!), the
following paragraph is provided as a article 5 of section I “Safety Evaluation
of LMFBR”.

“Since the operational experience of LMFBR are limited, safety
evaluation should be made for the postulated events whose occurrence
frequency is negligibly small but whose consequence might be severe.
Assessment should be made in terms of the initiating events and preventive
measures against their progression to ascertain that the release of radioactive
materials to the environment is limited to a reasonably low level.”
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The contents of the section I of the appendix are shown in Fig.1. The
criteria was issued just before the application for the plant establish permit of
the prototype reactor. The criteria was decided with the prototype reactor in
mind, however, this is the only existing criteria for FBR.

In article 1, anticipated operational occurrences(AOOQO) and accidents are
required to be evaluated. The examples of these events are listed in article 2.
In article 3, the safety criteria of the AOQO and accidents are shown, and in
article 4, matters that should be accounted for in the safety analysis. In article
5, some events are specified to be evaluated. Site suitability evaluation is
explained in article 6. _

The events which should be postulated according to the article 5 are
called “article 5 events” for convenience. The results of the application to the
prototype reactor rather than the interpretation of the text is examined for the
approach to article b events.

Practice of the Application of the Article § Events to the Safety Analysis of the
Prototype Reactor

In the safety review of the prototype reactor®, whole events to be
evaluated are shown in Fig.2. The left half of the figure indicated the event
category specified in the Safety Evaluation Principle.

The events which have potential danger of major core damage and which
are thought to bring serious consequence are selected with regard to historical
circumstances and analytical results of foreign countries. Furthermore,
engineering judgment is included. If the same rank of the plant safety level as
LWRs is considered to be ensured due to the design measure, site conditions,
ete. in case of occurrence of initiating events, events like that are excluded.
Those events whose initiation is able to be neglected to occur are also
excluded. Following events are evaluated as article 5 events.

(a) Local fuel failure event

This event was adopted from the point of view concerning the possibility

of expansion of the local abnormality in the core. Those initiating events

were postulated that two thirds of flow in one fuel subassembly was
blocked and local design power in one fuel pin was doubled.
(b) Large break of the primary main cooling piping

This event was adopted from the point of view concerning the decrease of

core cooling capability following the loss of integrity of the main cooling
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piping. Large piping break up to the double-ended-guillotin of the

primary main cooling piping was postulated.
(c) Lossof reactivity suppressing function

This event was adopted from the point of view concerning the loss of

reactivity suppressing function. When abnormal withdrawal of a control

rod or loss of off-site power occurred, a superposing event of reactivity
suppressing function was postulated as a initiating event.
Since these events proposed in the safety analysis report of protoﬁype reactor
are judged not to occur technologically through the safety review, they are not
adopted as “major accident”, and the site suitability reference dose for
hypothetical accidents is referred in case of judgment that the release of
radioactive materials to the environment is sufficiently suppressed.

It is necessary that the ﬂaajor accident should be selected out from the
events which are in the category of events of accident or Article 5 and which
might possibly occur in the worst case from the technological viewpoint,
taking account for the possibility of the expansion of radioactivity release.
Primary coolant leak accident was selected as a major accident concerning the
radioactivity release inside the containment vessel, and primary argon gas
leak accident was selected as a major accident concerning the radioactivity
.release outside the containment vessel.

As for hypothetical accident, more of the radioactivity release amount
was postulated. This selection was based on the event that were considered in
major accident (including article 5 event). The hypothetical accident was
evaluated under the condition that radioactivities were released inside the
containment vessel with the fraction to the core inventory, 100% of noble gas,
10% of iodine and 1% of plutonium.

It is appropriate that the events which have possibility to result in what
is called HCDA were targeted for article 5 events in the light of the
accumulation of the worldwide knowledge at that time.

Positioning the Article 5 Events in the Safety Review of the Prototype FBR

Interpretation and positioning of the article 5 events in the safety
evaluation of the prototype reactor are conjectured as follows, and are
summarized in Fig.3.

At the start of the safety evaluation for the prototype reactor, the range of
safety evaluation and the supposition of events is not taken root since the
operational experience of LMFBR are scarce. Then, such a rule is laid down

~37-
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that events supposed to be in lower probability and higher consequence than
design basis accidents, that is, events that have possibility to damage the core
severely, should be evaluated in relation to initiating event and protective
measures in the event sequence

Events which are postulated according to the article 5, are not aimed at
evaluating directly the propriety of the design of certain equipments.
Consequently the events are not regarded as design basis accidents.

In the evaluation method of the article 5 events, conservative rule that is
taken account of in the analysis of anticipated operational occurrences and
accidents is not requisite to apply. Criteria for accidents are not applicable to
such events as well. To put it concretely, most probable models and
parameters can be used in the analysis, and single failure criterion for the
safety grade equipment does not necessarily have to be applied. Criteria for
judgment should be determined taking the probability of occurrence of the
selected events into consideration.

The safety principle provides that accidents and article 5 events are
considered when postulating the events for the site suitability (that is, major
accidents and hypothetical accidents). It is necessary to postulate the proper
events in the light of the purpose of the site suitability evaluation. Since the
events with lower probability than the accidents are postulated as article 5
events, these events must not be regarded as site suitability events by rote.

In the safety review of the prototype reactor, because the events proposed
as article 5 events in the safety analysis report was concluded not to occur
technologically, it is appropriate to take analytical result of the article 5
events into consideration in postulating the release amount of radioactive
materials for hypothetical accident.

AN APPROACH TO THE ARTICLE 5 EVENTS
AFTER THE PROTOTYPE REACTOR

The article 5 events in the safety review of the prototype reactor are
considered to be the events that are restricted to the certain range beyond
design basis.

The operational experience stated in the article 5 includes performance of
safety reviews from the standpoint of safety regulation. Safety review for the
reactor facility under R&D stage was really performed at the prototype
reactor. Safety criteria were also proper as R&D stage. It is generally said that
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the result of safety review is accumulated sufficiently when the safety review
for the reactor which are alike in the system character under the commercial
stage. It is undeniable that there is yet developmental factor in framing the
regulatory criteria for the demonstration reactor taking account of power
increase, technical developmental factor, and difference in system from
prototype reactor. It can not be said that the result of safety review comes to
maturity to be able to restructure the framework of the regulation. It is
necessary to think on the basis of an extension of prototype reactor.

The design of prototype reactor and the design study for the
demonstration reactor point out, as one of the characteristics of FBR, that
there is no event which affects the integrity of containment even if design
basis accidents due to plant internal event were postulated. On the other
band, when the initiating events whose frequency of occurrence is beyond
DBE are postulated, it is known that the probability which could lead to the
serious result exist. Closeness or remoteness of the frequency of occurrence
between DBE and beyond DBE, and the degree of seriousness of the result are
concerned. On recognizing the characteristics of FBR, it is necessary that the
potentiality causing the serious result is duly suppressed.

The purpose of DBE evaluation is to confirm that the safety facilities at
the basic design stage satisfies not to cause the public around the site extreme
radiological risk. This point is judged with every event in evaluating
representative DBEs of all sorts. There are deterministic and probabilistic
ways in evaluating method. The deterministic method is adopted now.
Judgment that the total risk will be minute when the appropriateness of the
safety design is evaluated in terms of DBE lies at the root of DBE evaluation.
It needs some time before the judgment that the total risk is minute using the
facility designed with DBE basis of frequency consideration will be passed.

As the FBR plant is designed to reduce risk for DBE, it is important to
evaluate the event category beyond DBE. If the risk slightly beyond DBE
becomes large, it can not be said that the safety of the plant is ensured. It is
important that what is called the cliff-edge of risk does not exist near DBE.
Beyond design basis events are evaluated in order to judge such a point
deterministically. It is the procedure to confirm that the cliff-edge of risk does
not exist near DBE through evaluation of safety margin of the plant based on
DBE. There is a thought of evaluating beyond DBE within DBE basis of
evaluating method, however. It is reasonable that the region of DBE does not
be extended excessively, safety margin is evaluated in the treatment of
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beyond DBE, and the remoteness of risk cliff-edge is judged. These essentials
are summarized in Fig.4.

Both owner of the reactor and regulatory authority are concerned about
evaluating events beyond DBE region as well as DBE; due to the world
experience of accidents in recent years. Especially since experience of safety
review for the new type of reactors is poor, the actual situation is that the
evaluation beyond DBE is performed in Europe and United States.®»® If
safety review of the demonstration reactor of our country will be done in near
future, it become the second safety review of the commercial size FBR in the
world and it is watched by foreign countries. The safety review should not be
affected by foreign situation and the judgment about safety must be formed
independently. however, it is necessary to cope with the foreign open
discussion, and the safety of international level is assured.

BEYOND DESIGN BASIS EVENTS

When evaluating the safety margin of FBR beyond DBE, concepts of a
core disruptive accident and a severe accident are recalled.

The hypothetical core disruptive accident is the historically postulated
event for evaluating the potential risk of FBR due to the fact that core
configuration of FBR is not constructed in maximum reactivity. In this event,
“hypothetical” seems to mean that the event commences under some
hypothetical initial condition. Since it seems reasonable to pursue the event
sequence from a plant internal event, the modifier “hypothetical” is taken
away.

What is called severe accident is the event which is beyond design basis
and is caused by the severe core damage. This event has probability of
radiological impact on the environment depending on the event sequence.
Hence the severe accident includes the core disruptive accident and wide-
ranging event that has potential of leading to the loss of integrity of
containment through core disruptive accident.

Generally the severe accident goes by way of the core disruptive accident
(CDA). Therefore it is appropriate that the object of beyond DBE (BDBE) is
the event which has a possibility of leading to the core disruptive accident.

The BDBE is interpreted literally as the whole event beyond design basis,
however, it is restricted to the event of some range. It is not necessary that
such a severe accident that exceeds the range needed to grasp the risk profile
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near by DBE is postuiated unconditionally. The restricted range is expressed
in terms of the word using in the safety evaluation policy, “the events that
have lower probability than the accidents and have possibility of leading to
the severe core damage”. In other words, it is the event that has lower
probability than the DBE and that has the possibility of leading the core
disruptive accidents whose consequence exceeds design basis. Such a objective
category of the BDBE is expressed in Fig.5. In this figure, event space is
expressed set theoretically. A element, that is a event, includes consequence.
A subset of beyond DBE is a complementary set of the subset DBE. Events to
be evaluated in the category of BDBE is restricted to a intersection of a subset
CDA and a subset of in-vessel- ending consequence..

When postulating the occurrence of the initiating event of BDBE, event
sequences that lead to the failure of the reactor vessel or the reactor
containment vessel and have the possibility of causing severe consequence
should be small enough to set aside the frequency of occurrence due to the
design safety margin.

SELECTION OF THE BDBE

Accidents of LMFBR are summarized in 7 categories in the safety
evaluation principle (see Fig. 2). In postulating the events with less frequency
of occurrence than the accidents, categories of “reactivity increase in the core”
and “reduction of cooling capability of the core” have potential to lead to CDA.

It is necessary that the appropriate events should be selected taking
account of the preventive measure of initiating events, frequency of
occurrence, protective measures against accident progression and the
potential to lead core disruptive accident. The following events are considered
BDBE candidates according to the grouping of the reactivity increase in the
core and the reduction of cooling capability of the core.

+ flow blockage beyond DBE of the fuel subassembly

+ failure beyond DBE of the reactor coolant boundary

- event belong to ATWS family

- event belong to loss of heat removal system

Purpose of the BDBE evaluation is to confirm the safety margin of the
FBR plant. It is desirable that the representative event could be selected to
attain the purpose. From this point of view, characteristics of above events
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groups are studied and summarized in Table 1. This table was studied keeping
the loop type reactor similar to the prototype reactor in mind.

The representative event by which can evaluate the essential
characteristics of the FBR, that is core geometry of non maximum reactivity
and positive void reactivity, is ULOF that affects whole core. Events with the
same level of the frequency of occurrence and less consequence than ULOF
can be excluded. The event that the frequency of occurrence is assured on the
ground of design measure, and the event that the progression is slow and
accident mitigation countermeasure is assured to take easily, can be also
excluded.

While the single failure criterion and credit on safety grade system are
assured in the evaluation of the DBE in order to evaluate the appropriateness
of safety system, it is not considered that the conservative assumption shoulid
be adopted in the BDBE evaluation. Because the object of evaluation of BDEB
is to eonfirm ensuring safety margin or risk profile, realistic evaluation is
desirable. Conservatism is not necessary in the assumption of analytical
model, parameters and failure. Event sequence is examined along the most
probable representative sequence. It is confirmed that the release of
radiocactive materials is suppressed properly. Reference dose of “hypothetical
accident” is referred in the judgment of above confirmation.

RELATION TO SITE SUITABILITY EVALUATION

In the safety review of reactor facilities, the appropriateness of siting
condition is judged by site suitability evaluation in relation to the worst
accident. Site suitability evaluation is performed in order to examine the
sufficient assurance of remoteness between reactor and surrounding public in
relation to the worst accident. Unlike the safety review of “anticipated
operational occurrences” and “accidents”, a method that radiological effect
outside of the site boundary is analyzed and evaluated assuming the sort and
quantity of certain radiological source term at specific place is adopted. It is
different from the method of analyzing the event sequences concretely.®

Definite safety guideline is not decided for FBR. In case of the prototype
reactor, safety was reviewed based on the Safety Evaluation Policy for
LMFBR, as mentioned early. Primary coolant leak accident was postulating
as “major accident” relating to radiological release inside of the containment.
Release amount of 10% noble gas, 1% iodine was assumed. The source term of
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100% of noble gas, 10% of iodine and 1% plufonium of core inventory was
postulated inside the containment for the “hypothetical accident”. No specific

"name of accident was accepted as “hypothetical accident” of the prototype
reactor., _ |

In the method that is considered to be maintained in near future, the
barrier in the FP release path is made clear and the source term is set inside
that barrier. In that case, postulation of the source term is important. In
evaluating of “major accident”, accident that has possibility of expanding
radioactivity release is selected within DBE according fo the technological
viewpoint. The events postulated as BDBE may be taken into consideration
for “hypothetical accident”. In view of the aim of site suitability accidents, i.e.
the judgment of remoteness between the reactor and public, it is desirable that
bounding source term and evaluating condition of FP release path are set
conservatively without depending firmly on a specific accident scenario.

It is necessary that the realistic evaluation based on the several accident
scenario is examined in order to show sufficiency of boundary and
conservative of condition. At the study of these scenarios, the result of BDBE
evaluation is taken account of as one of these scenarios.

CONCLUDING REMARKS

The important safety evaluation items for assuring the safety of the FBR,
that is article 5 event, is studied through the results of the application to the
prototype reactor. It is necessary to evaluate the characteristics of potential
risk by the day when the plant design will seem to be fixed. For the
deterministic evaluation of this point of view, beyond design basis event is
proposed to be evaluated in the safety review. The representative of the BDBE
is considered ULOF event taking account of the characteristics of the design of
systems and components.

There are comments that the review philosophy is not developed from the
stage of the prototype reactor. If the plant to be reviewed is similar to the
prototype reactor, the evaluation of the BDBE may be excluded. It is difficult
however, to obtain general acceptance for the design basis accident as to
reactor facility dissimilar to the prototype reactor in system and components.
It is important to enrich successive experience of design, construction and
operation in the same level of safety philosophy as the prototype reactor.
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Table 1 BDBE TREATMENT OF THE CDA POTENTIAL EVENTS

Potential event

Characteristics of the events

Design Measure

Treatmentin Evaluation

Category
Fail to reactor trip when core flow decreases. | Self actuated delatch mechanism will be | Evaluate the function of the delatch
uLof | Coolant boils, whole core is fed to damage. equipped. mechanism.Evaluate CDA in spite of
actuation of the delatch mechanism. (Most
probable condition}
Fail to reactor trip when positive reactivity is | ditto. Included in ULOF as for the consequence.
ATWS UTOP inserted and reactor power increases.
Family Event progression is relatively slow. Result
in partial core damage.
Fail to reactor trip when heat sink of the | ditto. ditto.
turbine is lost. Thermo-mechanical damage | Signal to trip the main circulation pump
ULOHS | of the pump or pump trip by interlock lead | has to be transmitted from downstream
to ULOF-like event progression. Or, core | of the reactor trip signals.
damage due to core temperature increase
Fail to remove decay heat when reactor trips | There is time margin to core damage. | Frequency of occurrence is less than that of
and heat sink is lost. Active components necessary to assure | foss of whole aiternating power supply.
PLOHS the natural circulation function of the | Confirm design policy.
LOHRS decay heat removal system have to be
Family able to manual operation.
Fail to maintain sodium inventory to remove | System having danger of siphonage from | Confirm design policy.
LORL decay heat when primary-coolant-leak- | the primary cooling circuit should be
accident occurs. Event sequence is similar to | avoided.
PLOHS.
Large break of the primary cooing piping | DBE is determined in relation to LBB | The cases of scram success and failure are
LOP! interfere with core cooling. philosophy. included in LORL and ULOF respectively.
Confirm design policy.
Fuel is damaged due to flow blockage in the | Install FFD. Evaluate the design adequacy of FFFD based
LF fuel subassembly. There may be a chance of on the DBE as to fuel failure, Fuel damage
fuel damage propagation. propagation beyond DBE is included in
ULOF as for the consequence.
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Fig.1 "ARTICLE 5" or "ARTICLE 5 EVENTS”

“Safety Evaluation Principle for LMFBR"

[Nuclear Safety Commission, Nov.6,1980]

(APPENDIX) On the Safety Design and Safety Evaluation for LMFBR

II

Article 1

Article 2

Article 3
Article 4
Article 5
Article 6

On the Safety Evaluation for LMFBR

Evaluation of AOOs and Accidents
Concrete Example of the Events
Criteria of Judgment

Matter of Consideration for Analysis

Evaluation of the Specific EVENTS
Site Suitability Evaluation | ’

Since the operational experience of LMFBR are limited, safety evaluation should
be made for the postulated events whose occurrence frequency is negligibly
small but whose consequence might be severe. Assessment should be made in
terms of the initiating events and preventive measures against their progression
to ascertain that the release of radioactive materials to the environment is

limited to a reasonably low [evel.
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EVENTS TO BE EVALUATED

ALL SORTS OF TYPICAL EVENTS

ANTICIPATED OPERATIONAL OCCURRENCE

]

Chemical Reaction of Sodium
Other Transients

Transients with Abnormal Reactivity or Power Distribution in the Core
Transients with Abnormal Heat Generation or Heat Removal in the Core

P 12 Events

ACCIDENT

| 16 Events

Reactivity Increase in the Core

Reduction of Cooling Capability of the Core
Accidents Associated with Fuel Handling

Accidents Related to Radioactive Waste Treatment
Chemical Reaction of Sodium

Accidents Related to reactor Cover Gas System
Other Accidents

O A s

Postulated Events with Lower Probability and Higher
Consequences (ARTICLE 5 EVENTS)

2201,

possy

%

- MAJOR ACCIDENT

SITE EVALUATION
HYPOTHETICAL ACCIDENT

Events Unthinkable to Occur Technologically
Local Fault of Fuel
Large Break of Primary Cooling system Piping
Loss of Reactivity Suppression Function

-Inside of the Containment

Primary Coolant Leakage Accident
-Outside of the Containment

Primary Argon Gas Leakage Accident

To postulate the larger amount of released
radioactivity, taking into account the events
regarded as those unthinkable to occur
technologically and major accident and so

forth.

Fig.2 Application of the Safety Evaluation Principle for the Prototype Reactor
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SAFETY EVALUATION PRINCIPLE

Interpretation Judgment

Application

n the so-called HCDA were aimed. |
nts deviated from DBE, events resulted in largg core damage were aimed.

.

ng account of the frequency of occuitrence.

ate design adequacy

> Conservatismif evaluating method was not neces arily required.

éOReferring the

i «Not to occiiritechnologically

Concretization Suitability

ANALYSIS - ESTIMATION

Fig.3 COMPREHENSION OF APPLICATION OF ARTICLE 5
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CHARACTERISTICS OF FBR

® No challenge to the integrity of
containment in case of DBE occurrence.

® LBB is accepted for coolant pipings. Large
break of the pipings is outside of DBE range.

® CDA potential is outside of DBE range.

> Evaluation of BDBE

® Confirming safety margin
paying attention to CDA
potential.

® Confirming remoteness of
the cliff edge of risk

® Promoting comprehension
of the risk of FBR plant.

Reactor facility

of DBE basis

¢ : confirming the suppression ; :
: ofradioactivity release :
: through sub-section 5 events :

FIG. 4 ESSENTIALS OF "ARTICLE 5 EVENTS”
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' Initiating events that have potential to
'Iead in the hatching area are the
object of evaluation for the BDBE
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