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EXECUTIVE SUMMARY AND CONCLUSIONS

Since 1985, U.S. utilities have been working, through the Advanced Light Water Reactor
(ALWR) Program, to develop a technical foundation for a new generation of nuclear power
plants. The new plant designs are building on the extensive experience base of existing LWRs in
the U.S. and around the world, and will improve upon these existing plant designs in many
important respects. One aspect of potential improvement is in the area of emergency planning.
This report is intended 1o establish a thorough and solid technical basis, for use by industry and
NRC decision makers, in considering updated emergency planning for ALWRs.,

This report provides an integrated treatment of the factors to be considered in developing an
updated technical basis for emergency planning for the ALWR. These factors include the
technical reasons to update emergency planning for the ALWR, the Utility Requirements
Document (URD) emergency planning design criteria and methodology, and the ability of the
passive plant designs to meet the design cniteria.

The focus of ALWR Program emergency planning work to date is the passive plant. For this
reason, the report addresses the Passive ALWR. In general, however, the technical basis for
emergency planning, as outlined in the report, could apply to any ALWR standard plant design.
On that basis, the conclusions in the report should not be considered as being limited to passive
plants, since they could be adopted for Evolutionary ALWRs as well,

Technical Reasons to Update ALWR Emergency Planning

The primary reasons for updating the technical basis for ALWR emergency planning are the
significant advances in severe accident technology and in plant design capability over the past 15
years. The emerging ALWR designs have superior core damage prevention and severe accident
mitigation capability, and the current technical understanding of severe accident risk is greatly
improved compared to that available when the existing emergency planning requirements were
established in the late 1970s. Therefore it is appropriate and timely to update the ALWR

emergency planning technical basis 10 ensure that it reflects technical reality for ALWRs,
Design Criteria and Methodology

Technical design criteria and associated methodology have been defined for ALWR emergency
planning in the areas of containment performance and offsite dose. The complete set of criteria
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and methodology are specified in Volume 11, Chapter 1 of the URD and may be summarized as

follows:

Plant design characteristics and features shall be provided to preclude core
damage sequences which could bypass containment and to withstand core damage
sequence loads. Containment loads representing those associated with low
pressure core damage sequences shall not exceed ASME Service Level C/Unity
Factored Load limits. Accident sequences will be shown not to result in loads
exceeding those limits for approximately 24 hours: beyond approximately 24
hours, there shall be no uncontrolled release.

The methodology for demonstrating the containment performance criterion
includes incorporating design characteristics and features specified in the URD to
address severe accident challenges, and use of best estimate evaluations of loads

associated with core damage sequences.

Dose at 0.5 mile from the reactor from a physically-based source term shall not
exceed 1 rem for approximately 24 hours.

The methodology for demonstrating the dose criterion includes the use of median
dose (i.e., median meteorology) and use of effective dose equivalent with a 50
year commitment,

The criteria and methodology are intended to be applied together and are primarily deterministic.
For a particular ALWR design, it is intended that the criteria and methodology eventually be
demonstrated as part of design certification. A supplemental PRA evaluation (10-5 core damage
frequency and 10°0, 1 rem at 0.5 mile) is also required by the URD in support of the two criteria.
As part of the PRA evaluation, it is also to be demonstrated that the prompt accident quantitative
health objective of the NRC Safety Goal Policy is met with no credit for offsite evacuation prior
10 24 hours. This reliance on deterministic criteria with PRA as a supplement is consistent with
the NRC Severe Accident Policy,
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Passive ALWR Design Conformance

Using Standard Safety Analysis Report information, an evaluation was made of the two passive
plant designs being developed for design certification against the above URD criteria in order to
establish that there will in fact be actual standard design certification applicants which have the
capability to pursue ALWR emergency planning. The assessment indicates that both designs, the
AP6(X) and the SBWR, will be able to meet the emergency planning criteria with margin.

Conclusions

The overall conclusion from the work performed to date on the technical aspects of ALWR
emergency planning is that the likelihood and consequences of a severe accident for an ALWR
are fundamentally different from that assumed in the technical basis for existing emergency

planning requirements 15 years ago. Specific conclusions are as follows:

The updated emergency planning technical basis should be vtilized for the ALWR.
The primary reason for this is that the ALWR plant design capability, along with
the greatly improved technicai understanding of severe accident risk which has
evolved over the last 15 years, result in significantly reduced ALWR radiological

risk.

A strong technical basis for updated emergency planning exists in the URD. A
set of deterministic criteria in the areas of severe accident containment
performance and offsite dose, supplemented by PRA goals, have been developed
for ALWR emergency planning and included in Volume 111 of the URD. For
standard plant designs which demonstrate that these criteria are met, even in the
extremely unlikely event of a severe accident the containment has been designed
o maintain integrity and thus any radioactivity release will be very slow and
small. A period of approximately 24 hours or more exists before reaching offsite
dose levels at which the U.S. EPA recommends that actions be taken to protect
members of the public.

ALWR designs have excellent potential to meet the design criteria. A preliminary
assessment of AP600 and SBWR conformance with the ALWR emergency
planning design criteria has been performed and indicates that the designs will
meet the criteria. The Plant Designers have committed to provide demonstrations

as part of design certification that their respective designs meet the criteria,



Section 1.0

INTRODUCTION AND BACKGROUND

11 PURPOSE AND SCOPE

Since 1985, U.S. utilities have been working, through the Advanced Light Water Reactor
(ALWR) Program, to develop a technical foundation for a new generation of nuclear power
nlants. The new plant designs are building on the exiensive experience base of existing LWRs in
the U.S. and around the world, and will improve upon these existing plant designs in many
important respects. One aspect of potential improvement is in the area of emergency planning.
This report is intended to establish a thorough and solid technical basis, for use by industry and
NRC decision makers, in considering updated emergency planning for ALWRs.

The objective of the report, "Technical Aspects of Advanced Light Water Reactor Emergency
Planning.” is to provide an integrated treatment of the factors to be considered in developing an
updated technical basis for emergency planning for the ALWR. These factors include the
reasons to update the technical basis of ALWR emergency planning, the ALWR Utility
Requirements Document (URD) emergency planning design criterta, and the ability of the
passive plant designs to meet the design criteria. The report supports the conclusion that the
likelihood and consequences of a severe accident for an ALWR are fundamentally different than
that which is the basis for existing emergency planning requirements.

1.2 APPLICABILITY

The focus of this report is the Passive ALWR. For that reason, Volume I of the ALWR
URD[ 1] specifies emergency planning design criteria for the Passive ALWR. In general,
however, the technical basis for emergency planning, as outlined in the following sections, could
apply to any ALWR standard plant design. On that basis, the conclusions herein should not be
considered as being limited to passive plants, since they could be adopted for Evolutionary
ALWRs as well.



1.3 TECHNICAL REASONS TO UPDATE ALWR EMERGENCY PLANNING

The primary reason for updating the technical basis for ALWR emergency planning is that, as
discussed in this document. the likelihood and consequences of a severe accident for an ALWR
are fundamentally different from that assumed in the basis for existing emergency planning
requirements. The emerging ALWR designs have superior core damage prevention and severe
accident mitigation capability, and the current technical understanding of severe accident risk is
greatly improved compared to that available when the existing emergency planning requirements
were established nearly 15 years ago. Therefore it is appropriate and timely to update the ALWR
emergency planning technical basis to ensure that it reflects technical reality for ALWRs, This is

discussed further below.

1.3.1

T, »rhunlpﬂ

Existing emergency planning requirements are based on the understanding of severe accidents
which was available in the mid to late 1970s. The technical basis for existing emergency
planning is primarily contained in NUREG (0396/EPA-520/1-78-016[2] published in December,
1978 which in wrn utilized severe accident sequence evaluations from WASH 1400[3], the 1975
Reactor Safety Study which was the first comprehensive probabilistic risk assessment (PRA).
The key NRC emergency planning implementation guidance document is NUREG 0654([4]
which is a joint NRC and Federal Emergency Management Agency (FEMA) report published in
November, 1980, shortly after the Three Mile Island Unit 2 (TMI-2) accident.

Since the time of NRC's promulgation | the emergency planning guidance, a great deal has been
Jearned about severe accident phenomenology and how LWRs respond 1o severe accidems. 10
parallel with promulgating the emergency planning guidance, NRC, DOE, various industry
organizations, and a number of research organizations worldwide initiated extensive research
programs to investigate severe accidents and plant response under severe accident conditions. A
number of these rescarch programs have been completed in recent years, with major advances in
understanding of severe accident phenomena. This work has significantly increased the
capability to predict LWR severe accident effects, and supports the ability of LWRs to withstand
severe accidents to a much greater extent than believed in the 1960s and 1970s.

In August, 1985, the NRC Severe Accident Policy[5] was issued. The policy concluded that

generic changes 10 address severe accidents in existing reactors were not warranted, that
individual plant examinations should be conducted 1o look for site or design specific risks that
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did warrant attention, and that the design of future reactors should address severe accidents as an
integral part of the design process.

In addition, the NRC developed new PRA tools, culminating in the issuance of NUREG 1150[6],
the 1989 update and replacement of WASH 1400. The technical groundwork of NUREG 1.0
together with more recent experimental data and analyses is providing the basis for the ongoing
NRC effort 1o update the design basis source term for ALWRs.

A comparison of the 1975 WASH 1400 study results (on which NUREG 0396 was based) with
NUREG 1150 shows that the accident frequencies and source terms for current plants were
originally overstated by one to two orders of magnitude[7]. It is also recognized by the authors
of the study that the WASH 1400 source term was quite conservative[8). As a result, the risk
posed by nuclear plants, even of conventional design, i1s now understood to be much less than
these very conservative values which were thought possible when today's emergency planning
requirements were formulated. While this report does not address the technical aspects of
emergency planning for current plants, it is appropriate to incorporate an updated technical basis
into emergency planning requirements for the next generation of plants in order 10 avoid
perpetuating this overstatement of the technical factors of risk.

All of the above severe accident experience is being brought 1o bear on the ALWR design. The
NRC Severe Accident Policy statement that future reactors address severe accidents as an
integral part of the design process is being implemented by the ALWR designers, resulting in a
high degree of severe accident protection, including both core damage prevention and accident
mitigation. Highly effective core damage prevention is a central objective of the ALWR design
process and has resulted in design features such as increased margin to core safety limits, use of
state-of-the-art man-machine interface systems (MMIS) which greatly simplify the job of the
plant operator, greatly decreased dependence on operator action after an accident, and, for the
passive plants, safety systems which do not require ac power and service water. Based on
ALWR design requirements and plant specific PRAs, ALWR core damage frequencies are
expected to be well below 1073 per year.

Accident mitigation features have also been heavily emphasized in the ALWR design to provide
high assurance of contaimment integrity and low offsite dose even in the highly unlikely event of

a severe accident.  Key accident mitigation provisions include a strong containment with
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significant margin for severe accident loads, features to prevent containment bypass, and
extremely reliable containment heat removal.  As a supporting requirement for updated
emergency planning, the URD specifies a mean frequency of less than 10-6 per year for 1 rem
dose at 0.5 miles from the reactor, and preliminary assessments indicate that the requirement will
be met, with margin.

In addition to the plant designer efforts to incorporate severe accident experience, as part of the
ALWR regulatory review process the NRC is developing severe accident requirements, These
requirements are being implemented through a number of policy papers and the safety evaluation
reports for the standard plant designs. Thus, through the plant designer effort to address severe
accidents proactively as part of the design process together with subsequent regulatory review,
ALWRs are achieving an unprecedented level of assured severe accident performance capability.

Summarizing, the assured severe accident performance capability of ALWR designs is
fundamentally different from the limited capability which was assumed in promulgating the
existing emergency planning requirements. The key differences involve greatly improved core
damage prevention, design features to preclude early containment failure, the adoption of a
newly validated source term methodology, and the regulatory assurance of containment
performance during severe accidents. These elements combine to provide an extremely low
likelihood of core damage, and effective mitigation of potential releases even if core damage
should occur, greatly reducing the need for offsite protective action. Thus, it is reasonable and
prudent to reflect this design capability in the emergency planning requirements for the ALWR.
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Section 2.0

ALWR UTILITY REQUIREMENTS - THE TECHNICAL FOUNDATION
FOR ALWR EMERGENCY PLANNING

The URD sets policy, principles, and specific design requirements to produce ALWR designs
which are reliable, economical, and very safe. With respect to severe accident mitigation (and
therefore emergency planning) the URD establishes specific eriteria, and associated methodology
for demonsirating that the criteria have been met, in the areas of containment performance and
offsite dose. In addition, a supplemental PRA evaluation is required by the URD in support of
the demonstration of the criteria. Together, these form the technical foundation for emergency
planning for the ALWR.

2.1 ALWR DESIGN PHILOSOPHY AND REQUIREMENTS FOR CORE
DAMAGE PREVENTION

The URD provides for a comprehensive and balanced approach to safety. Highest priority is
assigned to the prevention of core damage accidents, both through measures to ensure high
accident resistance (e.g., through reduction in safety system challenges) and excellent safety
systems to prevent initiating events from progressing to the point of core damage. Excellent
mitigation capability 1s also incorporated in ALWR designs as a defense-in-depth measure 10

reduce even turther the likelihood and consequences of serious accidents.

While the emergency planning requirements focus on containment and accident mitigation
capability, it is notcd that highly effective core damage prevention is key to overall plant safety
and for that reason forms an important part of the technical foundation for ALWR emergency
planning. Core damage prevention of the ALWR is rooted in the URD emphasis on simplicity,
engineering margin, and human factors throughout the design process. Examples of
requirements in these areas include:

* Natral circulation decay heat removal from the core

*  No recirculation pumps or piping in the BWR

* Canned rotor pumps, thus eliminating pump seal loss of coolant accident (LOCA), in
the PWR

*  Noloop seals and o minimal number of welds in PWR primary system piping
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» Increased thermal margin in th fuel (15% above regulatory limits)

«  PWR primary system hot leg wmperature of 600°F or less to reduce sicam generator
tube corrosion

» Improved resistance to embrittiement in the reactor vessel

¢ Increased reactor coolant system (RCS) coolant inventory which delays core
uncovery in the event of an accident

o Decreased dependence on operator action after an accident

+ Improved control room which makes the plant casier and safer to operate

* Improved accessibility for maintenance

» Decreased dependence of safety systems on support systems

In addition, there are requirements specifically directed toward avoiding core uncovery during
shutdown conditions. The ALWR Program reviewed existing shutdown risk issues and the
Volume I URD provisions to address these issues [9]. Additional requirements were defined as
a result of this review. With proper plant specific implementation of these requirements and
anpropriate administrative controls and procedures provided by the Plant Owner and operator,

core uncovery during shutdown conditions will not be a credible event.

Finally, accident management requirements exist to prevent as well as limit the extent of core
damage. Equipment and procedures for accident management are being considered as part of the
plant design process, thus increasing the likelihood of successful recovery actions.

In summary, while the remainder of this report focuses on containment and accident mitigation
matters, the ALWR emphasis on core damage prevention and the resulting extremely low
probability of an accident are important factors in the consideration of emergency planning
requirements.

2.2 ALWR EMERGENCY PLANNING DESIGN CRITERIA AND
METHODOLOGY

Technical design criteria and associated methodology have been defined for ALWR emergency
planning in the areas of containment performance and offsite dose. The complete set of criteria
and methodology are specified in Volume 11, Chapter 1 of the URD[1] and are reproduced in
Appendix A of the report.
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A summary of the criteria and the associated methodology is as follows:

Containment Performance Criterion

Plant design characteristics and features shall be provided to preclude core
damage sequences which could bypass containment and to withstand core damage
sequence loads. Contzinment loads representing those associated with low
pressure core damage sequences shall not exceed ASME Service Level C/Unity
Factored Load limits. Accident sequences will be shown not to result in loads
exceeding those himits tor approximately 24 hours; beyond approximately 24

hours, there shall be no uncontrolled release.

The methodology for demonstrating the containment performance criterion
includes the following:

. Incorporate the design characteristics and features specified in the
URD to address severe accident challenges.

. Demonstrate using best estimate severe accident methods that the
loads associated with core damage sequences are no more limiting
than the peak LOCA plus hydrogen loads .

. Protection of the containment for overpressurization beyond 24
hours shall be provided. Overpressure protection may be provided
by the size and strength of the containment. On the order of two to
three days is judged to be adequate time for actions by the plant
staff 10 bring the accident under control.

Dose Criterion
Dose at (.5 mile from the reactor* from a physically-based source term shall not
exceed 1 rem for approximately 24 hours,

* It 1s intended that the dase criterion be stated as 1 rem at 0.5 mile from the reactor (vs, 1
rem at the site boundary as stated in reference [1].) This will be corrected in the next
revision to reference [1].
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The methodology for demonstiating the dose criterion includes the use of a
probabilistic dose method (e.g.. CRAC2 or MACCS), use of median dose (i.e.,
median meteorology), and use of effective dose equivalent with a 50 year
commitment.

The criteria and methodology are pnmarily deterministic and, for each specific ALWR design,
are eventually intended 1o be reflected in design certification. A supplemental PRA evaluation is
also required by the URD 1n support of the two criterta.  This reliance on deterministic criteria
with PRA as a supplement is consistent with the NRC Severe Accident Policy[S]. The
supporting requirements for the containment performance criterion, the dose criterion, and the
supplemental PRA evaluation are described in more detail below in Sections 2.3, 2.4, and 2.5,
respectively.

The ALWR emergency planning design criteria are intended o be applied together with the
methodology specified in the URD. Thus, for example, it would be inappropriate to require
plants to meet 1 rem at 0.5 mile with a dose evaluation methodology which i1s more conservative
than that in Volume 111, Chapter 1, Section 2.6.5. Application of the eriteria with the specified
methodology is considered to provide adequate margin based on the following:

* The bounding nature of the core damage progression and associated radioactive
release specitied in the URD methodology, given any credible severe accident.

e The very low likelihood of any severe accideni in an ALWR. Given this extremely
low likelithood, conservatism beyond that noted above is considered unwarranted.

* The margin in the | rem, 24 hour dose requirement. The | rem is at the lower end of
the U.S. Environmental Protection Agency (EPA) range of 1 to § rem for
evacuation[ 10}, and 24 hours provides significant margin to perform offsite protective
measures.

Additional detail is provided in Sections 2.3 and 2.4 below.



2.3 CONTAINMENT PERFORMANCE REQUIREMENTS

The licensing design basis for the ALWR containment is the traditional set of deterministic loads
and ioad combinations compared against ASME Section 11 limits. Loads associated with events
including loss of coolant accidents and the safe shutdown earthquake are combined in the design
of the plant. Further, the licensing design basis includes loads associated with generation of
hydrogen in accordance with 10CFRS50.34(f)[ 11].

In addition to the licensing design basis, the URD includes the safety margin basis which
contains requirements that provide margin beyond the licensing design basis. The safety margin
hasis specifies severe accident requirements in support of the emergency planning containment
performance design criterion defined above. These requirements have been developed from a
deterministic perspective. A probabilistic perspective has also been applied to provide added
confidence in the completeness of the deterministic requirements and to make use of the
significant body of PRA information. Each of these perspectives is discussed below.

The severe accident requirements in support of the containment performance design criterion
were developed in two steps. In the first step, a set of design characteristics and features was
defined o address severe accident containment challenges. A comprehensive set of potential
severe accident challenges was identified based on systematic consideration of past PRAs,
operating experience. severe accident research, and unique design aspects of the ALWR. Table
2-1 contains a list of these potential challenges. There are 23 challenges in the table. The first
13 challenges represent events which could oceur independent of or precede core damage, such
as bypass accidents. The remaining 10 challenges could occur as a result of a severe accident,

such as containment pressure loads from a core damage event,

A systematic evaluation of the URD was performed to assess the degree to which each of the 23
potential challenges was addressed in the requirements [12]. This systematic evaluation contains
a challenge by challenge assessment of the requirements for both the passive PWR and the
passive BWR. Appendix B provides a summary of the design characteristics and features
specified in the URD to address each challenge. 1t is concluded from this systematic evaluation
that potential challenges, regardless of the extremely low likelihood of the challenge, have been
systematically and explicitly addressed in the URD.
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Table 2-1
Potential Severe Accident Containment Challenges

CHALLENGES/FAILURE MODES THAT ARE INDEPENDENT OF Gk
COINCIDENT WITH A SEVERE ACCIDENT
Containment Isolation

Interfacing System LOCA

Blowdown Forces

Pipe Whip and Jet Impingement

Sicam Generaior Tube Rupture (PWR)
Anticipated Transient Without Scram (ATWS)
Suppression Pool Bypass (BWR)

Reactor Pressure Vessel (RPV) Failure
Internal Vacuum

0. Internal (Plant) Missiles

1. Tomado and Tornado Missiles

— e D 00 =2 N LA B W N =

12.  Man-Made Site Proximity Hazards

13. Seismic

CHALLENGES/FAILURE MODES POTENTIALLY RESULTING FROM A
SEVERE ACCIDENT

14.  High Pressure Melt Ejection (HPME)
15, Hydrogen Detonation/Deflagration

16, In-vessel Debris-Water Interaction
17. Ex-vessel Debris-Water Interaction
18.  Noncondensable Gas Generation During Core-Concrete Interaction

19,  Contzinment Basemat Erosion or Reactor Pressure Vessel Support
Degradation During Core-Concrete Interaction

20, Core Debris in Containment Sump

21.  Core Debris Contact with Containment Shell Liner

22, Decay Heat Generation

23, Steam Generator Tube Rupture (SGTR) from Natural Circulation of Hot
Gases (PWR)



In the second step. the results of this systematic evaluauon were applied to estabhish the types of
severe accident sequences for which containment response should be evaluated against the
Service Level C/Unity Factored Load limits as specified in the containment performance design
criterion. This is necessary since a number of accident sequence types are potentially precluded

or otherwise impacted by design.

On the bests of existing plant PRAS, generically applicable severe accident rescarch results, and
preliminary passive plant design information. assessments indicated that for the first group of 13
challenges (i.¢., containment bypass type chellenges), as well as for high pressure melt ejection,
hydrogen detonation, steam explosion, hasemat erosion or pressure vessel support degradation,
core debris contact wath shell liner, and steam generator tube rupture from hot gases, the severe
accident requirements will provide high assurance of containment imegrity [12,13]. This set of
challenges includes those which could pose an carly threat to containment integrity. The
assessments considered the engineered capabilities of the containment systems, i.e., utilize
proven technology, function in the environment which the systems will experience, perform
functions reliably (e.g.. incorporate redundancy or passivity), avoid the need for rapid or
complex operator actions, minimize dependence on support systems, and be sufficiently
independent from the systems whose failure could lead 1o core damage in the first place so as to

avoid significant vulnerability to common cause failure.

An additional factor relative to containment challenges is that, even i’ « was assumed that
containment systems do not perform as designed, the plant operators have the ability to perform
accident management actions to assure containment integrity. An example in this regard is
containment isolation.  Accident management procedures have been developed and implemented

to address containment isolation as follows| 14,15]:

«  Confirmation of contamment isolation. In the event of a containment isolation signal,
emergency operations and/or alarm response procedures call for the operator to
confirm that cortainment isolation valves have closed using valve position indications
in the control room. For the ALWR, on the order of hours are expecied to be
available for the operator to perform any necessary vialve closures before significant

release of radioactivity into the containment,

o  Continuous survey of radiation in key plant areas, providing indication of the
existence and location of non-isolated or leaking lines. Monitoring systems have

2-7
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+ Consideration of in-vessel core damage and the potential for ex-vessel core damage
Reactor Coolant System Condition
» Limited aerosol plateout in the RCS

s A vapor pathway exists in the RCS (i.¢., from the core to the contimment
atmosphere)

* RCS is depressurized to about 100 psig or less
Containment Condition

« Comainment is isolated and otherwise intact at the time of core damage (i.e., no
containment bypass has occurred)

«  Water exists in the reactor cavity/lower drywell prior to or immediately upon reactor
vessel lower head penetration

+ Containment systems are (unctioning as designed (heat removal, fission product
removal, hydrogen control, pH control)

*  Containment leaking at design basis leak rate (or leak rate proportional to pressure)
Secondary Building Condition
«  Containment leakage released into secondary building volume

* Building volume mixing and exchange with the environmen! is based upon plant
design charactenstics (e.g., safe.y envelope leakage)

*  Building volume bypass pathways taken into account’

As noted in Appendix A, the above severe accident su guence types are specified in URD Chapter
5, Section 2.6, Criteria and Methodology 101 ALWR Emergency Planning. The loads associated
with these severe accident characteristics must not exceed specified ASME limits for
approximately 24 hours.

ASME Service Level C/Unity Factored Load limits were specified in order to provide high
confidence that containment leakage would, at most, be a lingar extrapolation of design basis
leakage. This is based on several factors including:

* Service Level C assures stress levels below yield in steel containments, and unity
factored load assures limits on linear deformation in concrete containments; leaks are
not expected in membranes with such small defo 'mations.

» A review of experimental and analytical evidence [16] which indicates that there is

essentially no increase in penetration leakage unacr severe accident conditions up to
Service Level C/Unity Factored Loads,

29



¢ Nuclear plant containment leak test data indicating that, for pressure increases up to
design pressure, leak rate does not exceed a value proportional to the pressure [16].

An additional point is the fact that the fission product mass is almost exclusively particulate[17]
and as noted in reference [17], acrosol plugging of leak paths is expected which should
significantly reduce the actual mass leaked during an accident compared to that assumed in
design basis leakage.

The 24 hcur limit is consistent with the 1 rem, 24-hour limit specified in the dose criterion and
allows appropriate time for ad-hac public protective actions.

No uncontrolled release heyond 24 hours has been specified o provide additional margin for
emergency planning. While approximately 24 hours is considered more than adequate for ad hoc

evacuation, it is desirable to avoid long-term overpressure failure.

[ 3]
'.&
ta

PRA has been applied to confirm that the appropriate severe accident sequence characteristics
are heing considered in the evaluation of containment response against the Service level C/Unity
Factored Load limits. From a probabilistic perspective, the URD requires that functional
sequence types with frequency greater than approximately 10-7 per year be evaluated for
containment response.  Lower frequency functional sequence types are to be reported for
discussion (i.e., identification of design characteristics and features which are credited in
reaching this low frequency), but are not required to be evaluated for containment response, This
10-7 per year frequency threshold for sequence types to be evaluated for containment response is
consistent with the NUREG 14205 : 8] limit for insignificant risks and with previous regulatory
guidance (e.g., Standard Review Plan guidance to evaluate potential accidents from hazards in
the vicinity of the plant site which exceed approximately 10-7 per year.) Also, consideration of
functional sequence types greater than approximately 1077 per year helps provide assurance that
the cumulative effects of such sequence types will not exceed the 10-6 per year probability goal

for offsite consequences.
As described in Section 3 helow, review of the passive plant designs indicates that accident

sequences which are of the order of I( )7 per year or greater involve core damage into an intact
containment with the reactor coolant system at least partially depressurized and containment
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systems functioning as designed. That is, the characteristics of these sequences from the PRA

are similar to the characteristics deiined trom a deterministic perspective.

Given the above ALWR design requirements, it is useful at this point 1o examine the accident
types and failure modes which dominated the risk in the existing emergency planning basis and
the manner in which these sequence types and failure modes are addressed by the ALWR design.
At the time of the development of the existing emergency planning basis, defined in NUREG
039612], WASH 1400[3] provided the most detailed perspective on the types of accident
scenarios which made up the collection of "Class 9" events.  Accident scenario types and
containment failure modes which dominated the risk in WASH 1400 are summarized in Table 2-
2. and it is these events which formed the basis for existing emergency planning requirements.
Also included in Table 2-2 are important challenges identified as a result of PRA work
subsequent to WASH 1400. More recently, improved understanding of severe accident behavior
as well as modifications to plants and procedures have changed the characteristics of accident
scenarios which dominate risk compared to WASH 1400. This applies to a significant extent in
existing plants and to an even greater extent in ALWRs, ALWR design requirements directly
address those events which dominated the risk in WASH 1400 and subsequent PRAs. Appendix
C describes the Passive ALWR design characteristics and features that have been provided 10
preclude or accommodate the accident sequence types and failure modes listed in Table 2-2 as

contributors to core damage and containment failure.

It is apparent from this comparison that the Table 2-2 WASH 1400 issues which dominated the
risk and formed the basis for existing emergency planning, as well as subsequently identified
containment challenges (shown in Table 2-2 with a footnote), have been addressed explicitly in
the ALWR requirements.  Theretore, the characterization of risk for ALWRs will differ
significantly from a WASH 1400 type characterization, or even from the characterization in
subsequent PRAs, Table 2-3 provides clear illustration of this difference in risk characterization.
It is the ALWR risk characterization. which reflects the above design characteristics and features
and the improved phenomenological understanding of severe accidents, that should be used in
formulating ALWR emergency planning regulatory requirements.

D
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Table 2-2
Accident Sequence Types Which Tend to Dominate Risk for

Existing Emergency Planning Basis

DOMINANT ACCIDENT SEQUENCES LEADING TO CORE DAMAGE*

PWRs

BWR:

LOCAs (large or small)
* Loss of injection (AD, SD)
* Loss of recirculation (AH, SH)

LOCAs (large or small)
» Loss of injection (AE, 5k}

Vesse! Rupture (R)

- v - -~

Vessel Rupture (7

Interfacing LOCA (V)

Transients
* Loss of secondary heat removal (TML)
» Station blackout (TMLB")

Transients

* Loss of containment heat rem >

* Loss of all injection (TQUV)

———

. - -

B et s
e w——

« eoma———

£¥)

ATWS (TKQ)

ATWS (TC)

Shutdown Conditions**

Shutdown Conditions **

POTENTIAL CONTAINMENT FAILURE MODES*

PWRs

BWRs

Overpressure (8)

In-Vessel Steam Explosion (o)
Hydrogen Combustion (8)
Containment Isolation (8,£)
Basemat Penetration (g)

Direct Containment chnng“
Steam Generator Tube Rupture**

Overpressure (d)

In-vessel Steaun Explosion (o)
Containment Isolation ()
Liner Melt-Through™*
Ex-Vessel Steam Explosion**

Overtemperature**

Notes:
»>

*

o

Characters in parentheses are sequence and failure mode designators from WASH 1400
Issues which were identified in PRA work subsequent to WASH 14(X),



Table 2-3
Comparison Between WASH- 1400 and ALWR Requirements

Mcan Frequency of  Mean Frequency of

Mean Core Exceeding Exceeding
aoe Fre anet I E‘\m
WASH- 1400
(doses at 10 miles
from reactor) ~1.5x104 Iyr -4 x 107 Iyr (1) ~4x 100 lyr (2)
ALWR
Requirements 5 6
(doses at 0.5 miles <107 Jyr <10™ /yr (3)
from reactor)
Passive Plant
(doses at (.5 miles
from reactor) ~10r® fyr (4) <1077 lyr ) <1078 Iyr (4)

Notes:

(1) Based on mean core damage frequency of ~1.5 xl()"‘/yr (i.e., 3 x the WASH-1400[3]
median value of § x10°%) and, from Figure I-11 of NUREG-0396]2], ~0.3 conditional
probability of exceeding | rem at 10 miles.

(2) Based on mean core damage frequency of ~1.5 xl()"4/yr and, from Figure I-11 of
NUREG-0396, ~0.03 conditional probability of exceeding prompt effects dose at 10 miles.

(3) Functional sequence types which could threaten containment must be less than ~10'7/yr.

(4) Preliminary estimates based on inital AP600 and SBWR PRA work.



24 OFFSITE DOSE REQUIREMENTS

As part of the technica! foundation for emergency planning in ALWRs, an offsite dose limit is
required. A maximu,. ose of 1 rem at 0.5 mile from the reactor for a period of approximately
24 hours after the beginning of fission product release 1o containment has been specified on the
basis of EPA guidance[10] for actions to protect the public in the carly phase of a nuclear
incident. The approximately 24-hour period is considered to provide significant margin for
accident detection, notification of the public in the community around the site, and offsite

protection measures such as ad hoc evacuation.

The methodc lugy for demonstrating the | rem dose criterion is based on deterministic analyses.
The source t rm to be utilized by the design certification applicant as part of the demonstration is
a physically-based source term. A physically-based source term is proposed for design basis
applications for the ALWR as well as for emergency planning use. It specifies fission product
release timing and magnitude to containment, chemical form of the fission products, fission
sroduct removal from containment, and fission product holdup in the secondary building. The
physically-based source term is based on fission product release and removal phenomena from
actual ALWR core damage sequences which, although extremely low in probability, are
considered credible for purposes of defining the source term. The physically-based source term
has been defined so as to envelope potential source terms from such sequences i.e., sequences
having the characteristics defined above in Section 2.3, Thus, the physically-based source term
provides significant margin beyond the actual fission product release which would be expected if
a core melt accident were assumed to occur at an ALWR. The physicaily-based source terms
which were developed by the ALWR Program in early 1992 for the passive PWR and BWR are
given in Tables 2-4 and 2-5[17]. Additional ALWR Program work, mainly on fission product
removal, was submitied to NRC in 1993 (for example see reference [19]). NRC is presently
working on an updated design basis source term[20] which is similar to the ALWR physically-
based source term. The source term 10 be used by design certification applicants will reflect the
resolution of differences between the NRC and ALWR source term, which is being addressed as

of this writing. Major differences are not expected.

The methodology specified for the dos~ evaluation is similar in concept to what is typically done
in Level 3 PRA evaluations, ¢.g., a CRAC2 or MACCS calculation. Median meteorological
conditions are specified on he basis that the ALWR physically-based source term has significant
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Table 2-4
PWR Release Fractions to Primary Containment Atmosphere®

O-1hr. 1-5 hr. She. oo 5-24 hr.

Coolant Early Ex- Late
Nuchde Activity In-Vessel Vessel In-Vessel Total
Nobles e (.80 .- 0.20 1.0
I 0.3%8 -- 0.17 (.55
Cs 0.30 - 0.18 (.48
Te 0.08 -- (.03 0.11
Sr, Ba 0.004 -- -- 0.004
Ru 0.004 -- -~ 0.004
Remainder 0.00004 -- -- 0.00004

Table 2-5

BWR Release Fractions to Primary Containment Atmosphere*

O-1hr. 1-3 hr. 3'hr s 3-24 hr.

Coolant Early Ex- Late
Nuclide Activity In-Vessel Vessel In-Vessel Total
Nobles e (.80 -- 0.20 1.0
| (.30 - (.20 (.50
Cs (.23 - 0.18 0.41
Te 0.06 -~ (1,03 0.09
Sr, Ba 0.003 - - 0.003
Ru 0.003 - - 0.003
Remainder 0.00003 -- -- ().00003
Notes:
i All numbers are fraction of origingl core fission product inventory.
4 Coolant activity makes a negligible contribution to the source tenmn from a core damage event and so is not

included here,
“x% Al nobles released either carly or fate in-vessel. Remaining fission products retained in quenched debris or

scrubbed through overlying water pool in reactor cavity (PWR) or drywell (BWR)
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margin to that expected trom any credible ALWR core damage sequence source term as noted
above. Thus the combination of median meteorology and the physicully-based source term
bounds most core melt sequences. The site meteorology which has been specified for design
certification applicant dose calculations is that which is in the URD Key Assumptions and
Groundrules for PRA. This site was selected to have a Chi/Q greater than 80 o 90 percent of
U.S. operating nuclear plant sites to provide siting flexibility for the ALWR. Committed
effective dose equivalent (CEDE) is 1o be used (as opposed to the older whaole body concept) on
the basis of the recent EPA report| 10] and revised 10CFR20{21].

2.8 SUPPLEMENTARY PRA EVALUATION

As described in Sections 2.3 and 2.4, the two ALWR emergency pianning criteria, containment
performance and offsite dose, stress a deterministic approach. To complement the deterministic
approach associated with the eriteria, a supporting PRA evaluation has also been specified. The
PRA is required to demonstrate that core damage frequency is less than j0-3 per year and that
the cumulative frequency for sequences that result in greater than 1 rem for 24 hours at 0.5 mile
from the reactor s less than 10-6 per year. As part of the PRA evaluation, it is also to be
demonstrated that the prompt accident quantitative health objective of the NRC Safety Goal

Policy[22] is met with no credit for offsite evacuation prior 1o 24 hours.

The PRA goals are not emergency planning criteria, nor is it intended that the goals be made part
of design certification or any other rulemaking. Rather the PRA is intended to demonstrate the
integrated effectiveness of the two emergency planning criteria and to serve as a tool for the
Plant Designer for refining and optimizing the design. Also, the PRA w..! provide additional
confidence to the NRC in the overall safety of the design and in the margin to NRC guidelines on
core damage frequency and large release. Finally, the NRC Safety Goal Policy quantitative
health objective provision demonstrates that an acceptable level of radiological risk to the public,
as defined by the NRC Safety Goal Policy, can be achieved with ad hoc evacuation which can be

accomplished with significant margin within 24 hours.

As noted in Section 2.2 above, this approach of deterministic criteria, with PRA used as a
supporting evaluation, is consistent with the industry interpretation of the NRC Severe Accident
Policy[5] which states that safety acceptability should be based on an approach which stresses

deterministic engincering analysis and judgment, complemented by PRA.
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Section 3.0

PRELIMINARY ASSESSMENT OF PASSIVE ALWR
DESIGN CONFORMANCE WITH REQUIREMENTS

Two passive plant designs, the Westinghouse AP6(X) and the General Electric SBWR, have been
submitted to NRC for design certification under 10CFRS2. A preliminary assessment of these
standard passive plant designs has been conducted to determine the degree to which they meet
the ALWR emergency planning design criteria, The assessment is based on a review of the
AP600 Standard Safety Analysis Report (SSAR)[23] which was completed in June, 1992, and
the SBWR SSAR[24] which was completed in February, 1993,

While this preliminary assessment has been conducted for the passive plants, both ABB-CE and
General Electric have committed to perform similar assessments for their evolutionary designs,
System 80+ and ABWR, which are presently in the design certification process.

3.1 CONTAINMENT PERFORMANCE CRITERION

The containment performance criterion for emergency planning appears in Chapter | of the URD
and is repeated in Appendix A and discussed in Section 2 above,

The steps used for the preliminary assessment of compliance with the criterion were as follows:

1. Confirm that the design meets the requirements of the URD, Chapter 5,
Section 6.6.2.1 by performing a comparison petween the passive plant
design characteristics and features and the requirements identitied in
Reference 14 and summarized in Appendix Ts.

!J

Confirm that containment loads represer.ting those from core damage
sequences do not exceed ASME limiw: specified in the URD Chapter §,
Section 6.6.2.2 for approximately 24 hours under realistic severe accident
assumptions.

3. Confirm that no uncontrolled release will occur beyond approximately 24
hours.



3.1.1

The preliminary assessment was performed by reviewing the respective SSARs to confirm, for
each containment challenge, the existence of specific design features or characteristics to fulfill
the key URD requirements associated with the challenge. The list of challenges and associated
requirements as summarized in Appendix B was used for this review, A requirement was
considered met when an explicit reference to the system, feature, or characieristic was made in
the SSAR.

Table D-1 in Appendix D summarizes the results of the preliminary assessment for AP6(X). This
table lists the challenges and associated requirements from Appendix B, and identifies in
brackets the sections of the AP6(X) SSAR which address each requirement. With the exception
of the items identified in Table D-2, specific SSAR design features or capabilities have been
idenufied in response to the requirements.

Table E-1 in Appendix E summarizes the results of the preliminary assessment for SBWR. This
table also lists the challenges and associated reqairements from Appendix B, and identifies in
brackets the sections of the SBWR SSAR which address each requirement. With the exception
of the items identified in Table E-2, specific SSAR dosign teatures or capabilities have been

identified in response to the requirements.

On the basis of the preliminary assessment, it is expected that the AP6(0 and SBWR will be
able 10 demonstrate that the requirements of Chapter 5, Section 6.6.2.1 of the URD are met.
While there are several exceptions which require additional action to resolve, these exceptions

are not major and are expected to have litde, if any, impact on the design.

As discussed i Section 2, for plant designs which meet all of the URD provisions related to
containment challenges, the severe accident sequences for which containment performance
should be evaluated are low pressure core melts into an intact containment with the RCS at low

pressure and containment systems functioning as designed.

A preliminary assessment of AP600 containment performance against ASME limits has been
performed by evaluating a low pressure core melt sequence from the AP600 PRA. In this Base
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Casc sequence presented in the PRA, the accident is caused by a 4 inch LOCA, with successful
depressurization but fatlure of the iternal retucling water storage tank (IRWST) o inject due to
check valve failure. The core is uncovered at 2 hours and the vessel fails at appr ximately
12 hours. The debris is cooled in the reactor cavity o less than 800 F but temporarily reheats o
1340 F after the water present in the reactor cavity is boiled off. Condensation from the passive
containment cooling system (PCCS) eventually results in the IRWST water overflowing into the
reactor cavity, cooling the debris. Hydrogen produced from metal oxidation is controlled by
igniters. The containment peak pressure and temperature are 47 psia and 368°F respectively,
well under the design pressure of 60 psia. The conditions corresponding to Service Level C have
been determined in the SSAR to be 104 psia at 400°F, and the ultimate capacity has been
determined to be 135 psia at 400°F. Thus, the AP6(0X) containment design provides substantial

margin to loads which would be expected should a severe accident oceur.

In addivon, vanations on the Base Case sequence as well as other sensitivity sequences were
analyzed. The variations on the Base Case sequence were taken from dominant accident
scenarios determined in the Level | PRA. These additional analyses address the sensitivity of
the results to ex-vessel debris coolability, containment pressurization due to core concrete
interaction, hydrogen igniter operation, creep rupture of reactor coolant piping system, and
availability of PCCS water, A summary of the sequences analyzed and the corresponding
containment pressures and temperatures are presented in Table 3-1,

Based on the results in Table 3-1, sequences involving low pressure core melt into an intact
containment with containment systems functioning as designed meet the Service Level C limit
with significant margin. Even the sensitivity sequences in Table 3-1, in which containment
systems are assumed (o have degraded performance, meet the 24-hour Service Level C criterion,
Three of the sequences analyzed in the AP600 PRA are associated with the containment bypass
and isolation failure release type. Passive design capability to preclude or accommodate these
types of events has been provided. On the hasis of this design capability, this release type is not
considered credible. Further, its PRA frequency is roughly an order of magnitude less than the
URD 10-7 per year threshold. It is also noted that the three sequences presented in Table 3-1
represent a hound of eight PRA sequences which have a range of release timing. The majority of
these eight sequences has release beginning after 24 hours, with about hall having release after
72 hours. The frequency of release before 24 hours is about 8 x 10-9 per year.

From this preliminary assessment, there is confidence that the AP600O will be able to meet the
ASME Service Level C limits.



SUMMARY OF AP6OH SEVERE ACCIDENT SEQUENCE CONDITIONS

Table 3-

CONTAINMENT
REPRESENTATIVE MAXIMUM REMARKS RELEASE TYPE
SEQUENCES PRESSURE AND
TEMPER.\TL!E
Denmn Pirssere: 60
Service Lavel m imey @ 400F
Uliiwalr Capactty 333 paiz @ ]
Base Case BCl: Loss of Coolant Accident 47.1 psia Release associated with
(LOCA} with In-Containment Refueling Water 368°1 the leakage from an
Storage Tank Check Valve Failure mtact contanment that
is not pressurzed
above the design
pressure.
VRP1: Vessel Rupture 45 psia
296°F
SLP: Small LOCA with Passive Residual Heat 26.1 psia
Removal (RHR), Core Makeup Tanks (CMT) 215°F
Fail, Automatic Depressunization System (ADS)
Not Actuated
MLP: Medium L OCA, Passive RHR Fails, 36.3 psia. 296°F
ADS Faiis
IGN: Igmter Failure. 47 psia spike Peak pressure from hydiogen
BC1 + §7% of cladding is reacted in-vessel and BOO°F spike burn does not exceed design
hydrogen igniters are turned off 29 psia 260°F pressure
at 24 hes
CC: Passive Containment Coeling System 68 psia spike Assuming constant rate of Release associated with
(PCCS) Water Fatlure. at 12 brs pressurization by non- leakage from a
BC1 + failure of PCCS water on outside of 80 psia condensable gases generated containient which is
fhell three out of four CMT and accumulators 296°F at 4% hrs from CCL conmamment failure overpressunized by
available. 1s expected greater than 4.2 noncondensible gas

days.

from CCl

SITE BUOUNDARY
FREQUENCY DOSE LEVELS FOR
OF RELEASE RELEASY TYPE
TYPE (Per 124 BRS AFTE, CORE
Year) BAMAGE) MEL'aN
DOSE "Rem) |
25x 1077 047
76 x 1010 0.08




Table 3-1

SUMMARY OF AP600 SEVERE ACCIDENT SEQUENCE CONDITIONS

{Cont'd}
CONTAINMENT SITE BOUNDARY
REPRESENTATIVE MAXIMUM REMARKS RELEASE TYPE FREQUENCY DOSE LEVELS FOR
SEQUENCES PRESSURE AND OF RELEASE RELEASE TYPE
TEMPERATURE TYPE (Per 134 BES AFTER CORE
e Leve €. 10 P # 400 Year) BAMAGE: MEDIAN
; Uiiwate Copacity (31 osis ® , DOSE 1"0‘]
OKP. PCCS Failure, Coolable Debnis. 75.4 psia Containment has reached a Release associated with 56x 108 012
CC + four out of four CMT and accumulators 34°F steady state at 27 hours, not leakage from an intact
available expected to fail containment that has
been pressunzed above
design but below
Service Level C
pressure
LFW1: Loss of Feedwater and Containment 25.7 psia Release associated with 2x 10°% >1
Isolation. Passive RHR, CMT and ADS Fail 396°F the leakage from a
containment that i1s
bypassed or has not
been isolated
SGTR: Steam Generstor Tube Rupture 235 psia Core not predicted to become
{SGTR}, Steam Generator Safety Valve Stack 1RRF uncovered unui after 72 hours

Open

Passive RHR actuated on high-temperature
signal in hot leg rather than a low steam
generator level.

ADS fails.

SG2: SGTR + Passive RHR failure, ADS
fails.

50 psia sptke
1340°F spike
22 psia
260°F
at 32 hrs




SUMMARY OF AP600 SEVERE ACCIDENT SEQUENCE CONDITIONS

Table 3-1

{Cont'd)
CONTAINMENT SITE BOUNDARY
REPRESENTATIVE MAXIMUM REMARKS RELEASE TYPE FREQUENCY DOSE LEVELS FOR
SEQUENUES PRESSURE AND OF RELEASE RELEASE TYPE
TEMPERATURE TYPE (Per (24 HRS AFTER CORE
Soreice Lavet C: 10¢ e @ 406 Year} pAMAGE;, MEDIAN
, . e ST : : DOSE (Rem)
SENSITIVITY ANALYSES PERFORMED INDEPENDENTLY OF PROBABILITY OF OCCURRENCE
CR: Creep Rupture Size Sensitivity. SO psia spike Containment pressure reaches 5x 109
Half square-foot creep rupture in RCS assumed. 1250°F spike equilibrium below design
26 psia, pressure
215°F
at 28 hrs
DRY: Passive Core Cooling System Failure 45 psia spike Assuming constant rate of <t 10
332°F spike core-concrete interaction the
Case BC! assuming failure of al! passive core 32.7 psiz. basemat fails at 8.8 days,
cooling system water sources 260°F overpressurization occurs at
at 25 hrs 4.9 days
CHF: Debnis Coolability Sensstivity 42 psia spike Basemat fails due to CCI ot Not Caleulated
550°F spike 26.5 days

Case BC1 assuming the debris not coolable even
though cavity is flooded

34.8 psia,
2R0°F
at 25 hrs

Overpressurizaiion occurs at
167 days




A preliminary assessment of SBWR containment performance against ASME limits has also
been performed by evaluating low pressure coie melt sequences from the SBWR PRA. The two
base sequences LPL-SN and LPE-SN are similar in nature. The initiating event is an
inadvertently open relief valve which depressurizes the reactor. This initiating event is very
similar to a LOCA and 1s used to determine the consequences from a LOCA. The reactor scrams
and the Main Steam Isolation Valves (MSIVs) close. The feedwater pumps trip and the
automatic depressurization system (ADS) opens the remaining safety relief valves (SRVs) and
the depressurization valves (DPVs). All high and low pressure injection systems are assumed to
fail. No credit is taken for operation of the Isolation Condenser (IC) units. At approximately 50
minutes into the event, core uncovery occurs which eventually leads 1o reactor vessel lower head
penetrations failure at about 4.5 hours. Corium is deposited on the lower drywell floor which
causes the fiooder 1o open due to high local temperature. The debris is quenched and core
concrete interaction does not occur. Steam generation in the lower drywell leads to further
increase in the containment pressure until the PCCS heat removal capacity equals the decay heat
generated by the core debris. The long-term containment pressure is about (.56 MPa (80 psia)
which s below the wetwell vent pressure setpoint of .93 MPa (135 psia). The containment
temperature is approximately 530K (495°F). The conditions corresponding to ASME Unit
Factored Load and Service Level C have been determined in the SSAR to be 118 psia at S500°F,
and the ultimate capacity has been determined to be 215 psia at SO0°F. Thus, the SBWR
containment design provides substantial margin to loads which would be expected should a
severe accident occur. The LPL-SN sequence is the same as LPE-SN except that one gravity
drain cooling system pool injects water into the vessel delaying reactor vessel failure by about 8

hours. In both cases, normal containment leakage is the only mode of fission product release.

In addition, other sequences were analyzed to address the sensitivity of the results to vessel
rupture, high pressure core melt, limited debris coolability, failure of the flooder, failure of
containment heat removal and dominant release path.  Seventeen additional sequences were
evaluated. Table 3-2 presents a summary of the nineteen sequences and the corresponding

containment pressures and temperatures.
Based on the SBWR SSAR analyses, sequences involving low pressure core melt into an intact
containment with containment systems functioning as designed meet the Service Level C limit

with significant margin,

Some of the sequences analyzed in the SBWR PRA include system failures beyond the failures
in the two basic sequences, ¢.g., high pressure melt ejection and containment bypass. Passive
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Table 3-2

SUMMARY OF SBWR SEVERE ACCIDENT SEQUENCE CONDITIONS

REPRESENTATIVE
SEQUENCES

CONTAINMENT
MAXIMUM
PRESSURE AND
TEMPERATURE

Diecign Pressure. 0.8 MFPa (00 mta)
Sevice Level U 081 MPa @ 23K,

{118 peia @ 00
Uumssw Capacyty 148 MP2 @
ST 1215 )

REMARKS

RELEASE TYPE

FREQUENCY
OF RELEASE
TYPE (Per
Year)

SEQUENCES WITH VESSEL FAILURE AT LOW PRESSURE
—_—

LPE-SN: Inadvertently open relief valve (IORV),
MSIVs close, feedwater pumps trip, ADS opens,
high and low pressure injection fail, no credit taken
for IC. Drywell sprays fail | flooders operate after
vessel failure.

0.56 MPa (80 psia)
530K (495F)

=&

Release associated with
the leakage from an intact
comtainment that s not
pressurized above Service
Level C

7% l()‘“

I.PL-SN: Same as LPE-SN except that cne GDCS .60 MPa (87 psia) Release associated with 64x10%
pool injects into vessel, delaying vessel failure by ~530K (495 F) the jeakage from an intact
approximately 8 hours. containmest that is not
pressurized above Service
Level C
LFE-SCV: Same as LPE-SN assuming that the 0.93 MPa (135 psia) 1.68im of concrete Scrubbed release from i1x10"®
debris 1s not coolable. before venting ablation in lower wetwel! vent
S00K (620F) drywell after 80 at 28.7 hrs
hours
LPE-SCD: Same as LPE-SCV assuming vent is 1.0 MPa (145 psia) @ Release through a failed 16X i0?
not opened at 28.7 hrs. the time of head failure drywell head
600K (6201 at 31.2 brs
LPL-SCV: Same as LPL-SN assuming that the 0.53 MPa (135 psia) 1 46m of concrete | Scrubbed release from 11X 108
debris 1s not cod lable. before venting ablation n lower wetwell vent
~600K (620F) drywell after 80 at 36.6 hrs

hours




Table 3-2

SUMMARY OF SBWR SEVERE ACCIDENT SEQUENCE CONDITIONS

fail to open leading to a medium pressure core nelt,
and vent is not opened

drywell bead at 38 howrs

{Cont'd)
CONTAINMENT
REPRESENTATIVE MAXIMUM REMARKS RELEASE TYPE FREQUENCY
SEQUENCES PRESSURE AND OF RELFASE
TEMPERATURE TYPE (Per
v Lowt C- 0 W @ Dk Year)
(1% peta @ SO
Uhime Capine: 198 oo @ -
SEQUI-IN(‘ES WITH VESSEL FAILURE AT LOW PRESSURE - (Cont'd)
LPL-SB: Same as LPE-SN except that one MSIV Containment <1019
fails to close. Bypass
LPE-SWV. Same as LPE-SN assuming failure of Scrubbed refease from 23x 1010
containment beat removal (hoth PCCS and wetwell vent -t 40.2 hrs
Suppression Pool C"“h“ﬂ
SEQUENCES WITH VESSEL FAILURE AT INTERMEDIATE PRESSURE —
MPE-SN: Same as LPE-SN except that DPVs fail 673 MPa (106 psia) Release associated with <1019
to open leading to a medium pressure core melt ~470K (400F) the leakage from an intact
containment that is not
pressunzed above Service
Level C
MPL-SN: Same as LPL-SN except that DPVs fail 0 89 MPa (129 psia) Release associated with <1610
to open leading 10 a medium pressure core melt ~470K (400F) the leakage from an intact
containment that s
pressunized below wetwell
vent pressure
MPE-SCV: Same as LPE-SCV except thet DPVs 1.65m of concrete | Scrubbed release from <o 19
fail to open leading to a medium pressure core melt ablation in lower wetweil vent
dryweli after eighty | at 38.9 hrs
hours
MPL-SCV: Same as L PL- SCV except that DPVs Scrubbed release from <1010
fail to open leading to a medium pressure core melt wetwell vent
at 39.7 hrs
MPL-SCD: Same as LPL-SCV except that DPVs Release through a failed £1x 1019




Table 3-2

SUMMARY OF SBWR SEVERE ACCIDENT SEQUENCE CONDITIONS

{Cont'd)
CONTAINMENT
REPRESENTATIVE MAXIMUM REMARKS RELEASE TYPE FREQUENCY
SEQUENCES PRESSURE AND OF RFLEASE
T-MPERATURE 4 TYPE (Per
Design Prosaose C 48 NePa (70 goias Year)
Dthe L & 051 W & 5%
R f - e #
SEQUENCES Witk VESSEL FAILURE AT HIGH PRESSURE ——
HP-N: Loss ef site power, MV close and reactor 0.63 MPa (92 psia) Release associated with 7.7 x 109
scrams, feedw ver pump trip, high pressure injection 450K (350F) the leakage from an intact
fails, ADS fails. but SRVs cycle at seipoint contsinment that is not
pressure, IC inoperable. Flooders and drywell sprays pressurized above Service
operste after vessel failure. Level C
HP-SG: Same as HP-N except that drywell sprays Q.68 MPa (99 psia) i.eakage throvgh the 55x 10710
fail ROCK (980F) drywell head due to high
temperature seal
degradation at <24 hrs
HP-SFG: Same as HP-N except that flooders and 0.57 MPa (83 psia) Some CCl occurs Leakage through the <tg 1Y
drywell sprays both fail ~ROOK (9ROF) due o flooders drywell head due to high
falure. 0.05m of temperature seal
concrete ablation in | degradation @ 27 7 hrs
lower drywell
hefore debnis is
quenched
HP-SCG: Same as HP-N except that drywell sprays 0.72 MPa (105 psia} 0.13m of concrete Leakage through the 43 x 16"
fail and debris is assumed net to be coolable ~800K (980F) ablation in Jower drywell head due 1o high
drywell after eighty | temperature seal
hours degradation at <24 hrs




Table 3-2
SUMMARY OF SBWR SEVERE ACCIDENT SEQUENCE CONDITIONS

{Cont'd}
CONTAINMENT
REFRESENTATIVE MAXIMUM REMARKS RELEASE TYPE FREQUENCY OF
SEQUENCES PRESSURE AND RELEASE TYPE
TEMPERATURE (Per Year)
g e ST A
(118 pua @ SOOF;
Ve m Laun e
VESSEL RUPTURE SEQUENCES
VR-SN: Large LOCA in RPV lower head. reactor 0.36 MPa (53 psia) Release associated with 19x 107
scrams, ADS fails. ail modes of injection fail, SO0K {440 F) the leakage from an
flooders operate after core relocates in lower drywell @ 8¢ hrs intact contamnment that
15 not pressurized above
design pressure
VR-SX: Same as VR-SN except that containment Containment fails at < 1010
15 assumed to fail when core debnis 1s expelled from SO0K (440F) @ RO hrs < 24 hrs
the RPV
VR-SCV: Same as VR-SN except that debns is 1 8m of concrete Scrubbed release from 63x 1010

assumed not to be coolable

ablation in lower
drywell after eighty
hours

wetwell vent at 34 hrs

Firs}
=X
LPi

NOTES - MAAP-SBWR SEQUENCE NAMING CONVENTION:

o or three characters (Base Sequence):

Low Pressare Core Melt with Loss of Short-Term Coolant Makeup
Low Pressure Core Melt with Loss of Long-Term Coolant Makeup
MPE Medium Pressure Core Melt (depressunization through SRVs only) with

Loss of Shert-Term Coolant Makeup

?h:nﬂtrs in Between First Two .Mi,.!:.‘f' _(fl;gr.ctep:s_ Ll-::ﬂ;uﬂn:_)

=
F
s

Limited Debnis Coolabiiity
Failure of the Flooder
Faitlure of the Drywell Sprays to Operate

Last Character (Dominant Release Path):

N Normal Contamment Leakage

v
G

Cuppression Chamber Vent
Leakage Through Dryweli Head Seal

MPL Medium Pressure Core Melt (depressurization through SRVs only ) with

Loss of Long-Term Coolant Makeup
VR  Vessel Ruplure
HP  High Pressure Core Melt

W Failure of Containment Heat Removal i Both PCCS and Suppression Pool

Cooling)

W O

Dirywell Head Failure
Early Containment Failure
Containment Bypass




design capability to preclude or accommodaie these types of events has been provided. On the
basis of this design capability these release types are not considered credible. Their frequencies
are confirmed to be an order of magnitude or more below the 10-7 per year URD threshold.

313 LSCSSME :

For AP600 core d.:aage sequences with adequate cavity flooding and debris coolability, no
containment overpressure is expecied. Even for sensitivity sequences that are assumed to lead to
overpressurization by noncondensable gases or 0 basemat penetration, failure is predicted to
occur much later than 72 hours after the onset of core damage. Three additional sensitivity cases
(CR, DRY, and CHF) were analyzed in this regard, even though these cases have negligible
frequency of occurrence. They are presented at the bottom of Table 3-1.

Similarly, for SBWR core damage sequences with adequate cavity flooding and debris
coolability, no containment overpressure is expected. For sensitivity sequences in which the ex-
vessel debris is assumed to be non-coolable, overpressure is predicted 1o be reached at about 30
hours. at which ume overpressure protection from the suppression pool vapor space (i.e., a
scrubbed release) could be utilized if necessary.

32 DOSE CRITERION

The dose criterion limits the dose at 0.5 mile from the reactor from a physically-based source
term to less than 1 rem for approximately 24 hours from the start of release of fission products
into the containment.

Dose evaluations have been performed in the AP600 PRA. The Base Case sequence described in
the PRA closely approximates the URD physically based source term with 100% noble gas
release and 61% volatile fission product release. The containment leak rate is taken as the
AP600 design leakage of .12 volume %/day. The containment leaks from the penetration area
to the middle annulus between the primary and secondary containment shell which results in
holdup of fission products and a reduction in offsite dose of about a factor of 20, The dose
evaluation was performed using the MACCS code assuming that the release occurs at ground
level and that 5% of the iodine release to containment is volatile and does not deposit. The
median dose after 24 hours from the start of release of fission products from the fuel is 0.07 rem
CEDE, well under the 1 rem level.
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As stated in the AP60X) PRA, variations on the Base Case and sensitivity sequences with isolated
containment have fission product releases o the containment that are bounded by the URD
physically-based source term. The release type associated with containment bypass and isolation
failure sequences has dose greater than 1 rem, but as noted above and discussed in Section 2,
such sequences are not considered credible as the passive plant has been designed to preclude
such challenges. Offsite doses and frequencies of release for AP6(X) are presented in Table 3-1.
This table summarizes the approach followed in the PRA in which four release types have been
identified and quantified in terms of frequency of occurrence.

No evaluation of AP600 against the 5 rem thyroid limit specified in the URD emergency
planning design criteria and methodology was included in the PRA. However, on the basis of
ALWR Program evaluations, the 5 rem thyroid limit can be met by AP600. Also, experience
indicates that given the 0.07 rem CEDE result, the thyroid dose will be under 5 rem.
Westinghouse has committed to provide the thyroid evaluation, and the ALWR Program will
track this item.

Dose evaluations against the emergency planning dose criterion were not included in the SBWR
SSAR. However, on the basis of ALWR Program evaluations, the SBWR is capable of meeting
both the | rem CEDE and the 5 rem thyroid dose for a physically-based source term. This is not
unexpected since, as discussed above, the SBWR maintains containment load below appropriate
ASME limits for credible accident sequences (i.e., low pressure core melts with containment
intact) which should lead to low offsite doses. General Electric has committed to provide the
dose evaluations for SBWR, and the ALWR Program will track this item.

33 SUPPORTING PRA REQUIREMENT

The supporting PRA requirement is to demonstrate that the core damage frequency is less than
105 per year, that the cumulative frequency for sequences resulting in a dose at (.5 mile greater
than | rem for 24 hours is less than 1076 per year, and that the prompt accident qualitative health
objective of the NRC Safety Goal Policy is met with no credit for offsite evacuation prior to 24
hours.

A PRA was pedformed for the AP6(0 in accordance with Volume 11, Chapter 1, Appendix A of

the URD. The total mean frequency of core damage was estimated to be 3.3 x 10-7 per year for
internal events at power. For external events the core damage frequency for fires and internal
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floods was estimated to be less than 1077 per year. Other external events are site specific, but on
the basis of design characteristics and leatures provided (0 address such events the contribution
of these events to core damage frequency 15 also expected to be negligible, For shutdown
conditions the core damage frequency was estimated to be less than 107 per year. Thus, the
total core damage frequency is expected to have significant margin to the 10-5 per year URD
goal.

The AP600 complementary cumulative distribution function (CCDF) for offsite dose for 24
hours has been developed in the PRA. The cumulative frequency for sequences resulting in
greater than 1 rem is approximately 3x10-8 per year, thus providing significant margin to the
URD 1076, 1 rem goal.

A PRA was also performed for the SBWR us required by Volume I, Chapter 1, Appendix A of
the URD. The total mean frequency of core damage was estimated to be 1.8x10°7 per year for
internal events at power. For external events the core damage frequency for fires and internal
floods was estimated 1o be less than 10°6 per year. Other external events are site specific, but on
the basis of design characteristics and features provided to address such events the contribution
of these events to core damage frequency is also expected to be negligible. For shutdown
conditions the core damage frequency was estimated to be less than 1077 per year. Thus, similar
1o the AP6O0), the total core damage frequency for SBWR is expected to have significant margin
to the 10°3 per year URD goal.

The SBWR CCDF for sequences resulting in greater than 1 rem over the course of the accident is
approximately 2x10-% per year, thus providing significant margin to the 10°6, | rem requirement.

The SBWR SSAR indicates that the prompt accident quantitative health objectives of the NRC
Safety Goal Policy are met with several orders of magnitude margin, No evaluation of AP600
against these objectives has been provided as yet. However, on the basis of ALWR Program
evaluations, this objective can be met for AP600 with no credit for evacuation. Westinghouse
has committed o demonstrate that the quantitative health objective is met, and the ALWR
Program will track this item.



34 CONCLUSIONS REGARDING PASSIVE PLANT CONFORMANCE TO
ALWR REQUIREMENTS

Based on this preliminary assessment it is expected that the passive plant designs will be able to
meel the emergency planning design criteria. Additional conformance assessment work may be
appropriate as the design evolves and to assure that the containment systems being provided are
well-engineered as described in Section 2.3.1. It is recognized that the URD, as well as the plant
specific designs, have continued to evolve since the SSARs were issued. This design evolution
is not expected to impact the conclusions of this assessment, and in fact may further caiaice
plant performance. In any case, the Plant Designer, are responsible 1o demonsirate that their

certified designs meet the emergency planning design criteria.



Section 4.0
CONCLUSIONS

The overall conclusion from the work performed to date on the technical aspects of ALWR
emergency planning is that the likelihood and consequences of a severe accident for an ALWR
are fundamentally different from that assumed in the technical basis for existing emergency
planning requirements 15 years ago. Specific conclusions are as follows:

The updated emergency planning technical basis should be utilized for the
ALWR. The primary reason for this is that the ALWR plant design capability,
along with the greatly improved techuical understanding of severe accident risk
which has evolved over the last 15 years, result in significantly reduced ALWR
radiological risk.

A strong technical basis for epdated emergency planning exists in the URD.
A set of deterministic criteria in the areas of severe accident containment
performance and offsite dose, supplemented by PRA goals, have heen developed
for ALWR emergency planning and included in Volume 111 of the URD. For
standard plant designs which demonstrate that these criteria are met, even in the
extremely unlikely event of a severe accident the containment has been designed
o maintain integrity and thus any radioactivity release will be very slow and
small. A period of approximately 24 hours or more exists before reaching offsite
dose levels at which the U.S. EPA recommends that actions be taken to protect
members of the public.

ALWR designs have excellent potential to meet the design criteria. A
preliminary assessment of AP600 and SBWR conformance with the ALWR
emergency planning design criteria has been performed and indicates that the
designs will meet the criteria. The Plant Designers have commitied o provide
demonstrations as part of design certification that their respective designs meet

the criteria.
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ALWR Emergency Planning Criteria and Methcdology
and
Updated Containment Performance Requirements

(Reproduced from Reference 1)



Section A.1

ALWR Emergency Planning Criteria and Methodology

(Volume 111, Chapter 1, new Section 2.6)



Paragraph No

VOLUME Ili, CHAPTER 1: OVERALL REQUIREMENTS

Requirement

Rationale

Rev.

25347

26

Engineering As-built Walkdown

A detailed plant walkdown shall be performed after each
ALWR piant Is constructed to complete the SMA process The
selected primary and alternate success paths shall be waiked
down using the guidance given in EPRI Report NP6041 to
verify that the assumptions made in the SMA are valid  If any
equipment in the success paths Is determined to have an ac-
tual HCLPF less than the SME, it shali be evaluated to deter-
mine that the HCLPF will exceed the SSE by a suitable margin
or shall be strengthened. The walkdown process shall include
review of construction drawings and documents.

CRITERIA AND METHODOLOGY FOR ALWR EMERGENCY
PLANNING

The Passive ALWR shall be designed to allow simplification
and standardization of emergency planning. The Plant Desig-
rer shall perform an evaluation of the plant design against two
ALWR emergency planning technical criteria prescribed below
for containment performance and site boundary dose. The
methodology which is specified for demonstrating the criteria
shall be wutilized in this evaluation

Page 1 2-27

Engineering As-built Walkdown

An essential p>7. of an SMA is the engineering walkdown to
look for pot sntial undesirable seismic conditions in the com-
pleted pia ¢ which cannot be identified during the design
process. The SMA walkdown is »enu. ™o 1 to verify that the
calculated margins have been zcnieved.  During the
walkdown, the review team will 'ook for obvious deficiencies
in the success path compone its selected for review and will
be cognizant of potential systems interaction issues which
cannot be identified during the design process. The designer
should anticipate all concerns that will be addressed during
the walkdown

CRITERIA AND METHODOLOGY FOR ALWR EMERGENCY
PLANNING

Technical criteria and methodology are provided so as 1o
specify what a Plant Designer seeking approval of ALWR
emergencv planning for a particular plant design must
demonstrate. during design certification. It is intended that
these criteria a.~1 methodology form the technical basis for
any necessary regulatory action {e.g, a generic emergency
planning rule in parallel with Passive ALWR design certifica-
tion rulemaking). The criteria and methodology are intended
to be used in an integrated manner and the criteria should
not be applied without utitizing the methodology specified in
this section.



Paragraph No

VOLUME Iil, CHAPTER 1: OVERALL REQUIREMENTS

Requirement

Rationale Rev

2.6

281

CRITERIA AND METHODOLOGY FOR ALWR EMERGENCY
PLANNING (CONTINUED)

The Plant Designer shali also perform a supplemental PRA
evaluation in support of the evaluation against the two ALWR

emergency planning criteria

Coniainment Performance Criterion

For ALWR emergency planning, the plant shall be provided
with the capability to address severe accident containment

challenges, including design features and characteristics io

preciude core damage sequences which could bypass contain-

ment, and to withstand loads representing those associated

with core damage sequences. The methadology in Section
2 6 4 below shall be used to evaluate that capability.

ASME limits specified in Chapter 5, Section 6 6.2 2 shouid not
be exceeded for a period of approximately 24 hours after the
start of release of fission products from the fuel.

Page 1.2-28

CRITERIA AND METHODOLOGY FOR ALWR EMERGENCY 5
PLANNING (CONTINUED)

The criteria arv! Scthodology for containment performance 5
and dose evaluation are primarily deterministic. The PRA

evaluation is not a criterion itself but rather is intended to
complement the two criteria. This is consistent with the NRC

Severe Accident Policy which states that safety acceptabliity

should be based on an approach which stresses determinis-

tic engineering analysis, complemented by PRA.

The requirements in this section are generally unique to emer- 5
gency planning although the containment performance

criterion draws heavily on containment performance require-

ments in other locations of the Utility Requirements Docu-

ment. The requirements which are unique to emergency plan-

ning apply only to plants which are seeking approval of

ALWR emergency planning and not to other plants.

Containment Performance Criterion 5

While ALWR accident prevention design features make the 5
possibility of core damage extremely remote, specifying the
capability to address severe acckient containment chatllen-

ges, including avoiding containment bypass and withstanding

lcads which are expected to envelope best estimate pressure

and temperatures associated with severe accident conditions,
provides confidence that the containment can withstand a

severe accident.

Meeting ASME limits for approximately 24 hours provides low 5

leakage for the period corresponding to the site boundary
dose criterion.



VOLUME lii, CHAPTER 1: OVERALL REQUIREMENTS

Paragraph No. Reqguirement Rationale Rev.
26.1 Containment Performance Criterion (Continued) Containment Performance Criterion {Continued) 5
Beyond approximately 24 hours, means for preventing uncon- Evan ¥ a core damage event should occur, the ALWR Pro- 5

trofled fission product release from containment shall be
provided in accordance with Chapter 5, Section 6625

Page 1.2-29

@ am considers that it is very likely that the ALWR contain-
ment would be able to meet appropriate ASME limits for an
indefinite time period, | e , no containment overpressure
would occur. This is based on LWR accident management
capabilities and the TMI-2 accident experience which suggest
that it is likely that core damage events will be recovered in-
vessel, and on ALWR reactor cavity design features {e.g.,
debris spreading area, flooding of debris} which are designed
to quench the ex-vessel debris. Nevertheless, for defense-in-
depth purposes, a requirement has been specified for no un-
controlied release beyond approximately 24 hours to provide
protection against long-terrn containment overpressure
failure. Radioactive decay and removal of fission products in
containment is such that a release at 16 hours, or even ear-
lier depending on the plant design, would result in no acute
health effects at the site boundary. Thus, the approximately
24-hour period provides significant margin to that time at
which the acute health effects dose threshold could be ex-
ceeded



Paragraph No.

VOLUME lil, CHAPTER 1: OVERALL REQUIREMENTS

Requirement

Rationale

Rev.

262

263

Sie Boundary Dose Criterion

Dose at the site boundary shali be evaluated per the methodol-
ogy in Section 2.6 5 below and shall bz shown not to exceed

1 rem for a period of approximately ~4 hours from the start of

release of fission products from the. fuel.

Suppiementa! PRA Evalustion

A PRA evaluation shall be performed per the methodology in
Section 2.6 6 below to demonstrate that the following goals
are met:

o A core damage frequency < 10 /yr;

e A cumudative frequency <lO°/yHorsequemesresdthgin
greater than 1 rem over 24 hours at the site boundary.

in addition, it shali be demonstrated that ALWR designs are
consistent with the prompt accident quantitative health objec-
tive of the NRC Safety Goal Policy with no credit for evacua-
tion prior to 24 hours.

Page 1.2-3C

Site Boundary Dose Criterion
The 1 rem vaiue Is the Protective Action Guide (PAG} dose

level which is specified by the Environmental Protection Agen-

cy in a 1991 report as guidance for actions 1o protect the
public in the early phase of a nuciear incident.

As noted in NUREG-1338, based on experience for non-
radiciogical emergencies, ad hoc evacuations take from two
to eight hours, including time to notify the public. Not ex-
ceeding the PAG for approximately 24 hours woudd provide
signfficant margin for ALWR accident detection, notification,
and ad hoc evacuation.

Supplemental PRA Evaluation

The requirement to perform the supplemental PRA evaluation
and the associated goals are intended to demonstrate the in-
tegrated effectiveness of the two emergency planning criteria
(Sections 2.6.1 and 26.2 above). The suppiemental PRA
also serves as a tool for the Plant Designer for refining and
optimizing the design. Finally, the supplemental PRA will pro-
vide confidence to the NRC in the overall safety of the plant
and in the margin to NRC guidelines on core damage fre-
quency and large release. Given the guidance in the NRC
Severe Accident Policy Statement, it is not intended that the
PRA goals be made part of design certification or of any
ruiemaking on emergency planning.

This requirement "demonsirates that an acceptable level of
radiological risk to the public, as defined by the prompt acci-
dent quantitative health objective of the NRC Safety Goal
Policy, can be achieved with ad hoc evacuation, which as
noted in Section 2.6 2, can be accompiished with significant
margin within 24 hours.



Paraggph No

VOLUME Iil, CHAPTER 1: OVERALL REQUIREMENTS

Reguirement

Rationale

Rev

2.6.4 Methodology for Demonstrating Containment Performance
Criterion

The Plant Designer shail demonstrate that the pressure and
temperature loads associated with core damage sequences
are no more limiting than the peak LOCA plus hydrogen loads
of Chapter 5, Section 662 2 For plant designs meeting the
requirements of Chapter 5, Section 6 6 2 1, the characteristics
of the core damage sequences shall be as follows:

Containment is isolated and otherwise intact (i e, nc bypass
has occurred),

Reactor coolant system Is depressurized to < 100 psig,
Ampie water is in the reactor cavitylower drywell prior to or
immediately upon vessel penetration for cooling ex-vessel
core debris,

Passive containmenl heat removal is adequate,

BWR containments are inerted, and hydrogen control
system is functioning.

Best estimate severe accident methods shali be utilized in

evaluating the loads Accepted industry computer codes such
as MAAF shall be applied.

Page 1.2-31

Methodology for Demonstrating Containment Perfor-
mance Criterion

Chapter 5, Section 6 6.2 2, requires that the peak LOCa plus
hydrogen loads not exceed applicable ASME limits  "he
loads associated with core damage sequences must there-
fore be no more limiting than the LOCA plus hydrogen loads

Consistent with Chapter 5, Section 6 6 2, and the repont, Pas-
sive ALWR Requirements to Prevent Containment Failure,
(DOEND-10291), December, 1991, design characteristics and
features are 1o be provided which address severe accident
challenges, including bypass and loads from core damage se-
quences An exhaustive set of severe accident challenges,
regardiess of the probability of occurrence of the challenge,
have been addressed based on systematic consideration of
past PRAs, operating experience, severe accident research,
and unique design aspects of the ALWR. The conclusion
from the technical work in support of this requirement is that
if core damage should occur, it will be into an Intact contain-
ment with the RCS at low pressure and with containment sys-
tems functioning as designed.

Best estimate methods are appropriate for the severe acclh

dent evaluation since the evaluation relates to matters
beyond the design basis, |.e., the ALWR Safety Margin Basis,

and since the ALWR pilant features for addressing severe accl-

dent challenges significantly reduce the uncentainty in severe
accident phenomena.



Paragraph No.

VOLUME Iil, CHAPTER 1: OVERALL REQUIREMENTS

Requirement

Rationale

Rev

265

28651

2652

Methodology for Demonstrating Site Boundary Dese
Criterion

The demonstration that the site boundary dose criterion is met
shall utilize a physically-based source term as defined in Chap-
ter 5, Section 2 4.1, including fission product release into an in-
tact containment, and fission product removal from the con-
tainment and the secondary building as applicable in the

design.

The methodology for the PAG dose evaluation shail consist of
the foliowing

Approach

A probabilistic dose (PD) method (e g, CRAC2 or MACCS)
shall be used.

Meteorological Database

The meteoroiogical database shall be that provided in Annex
B to Appendix A to Chapter 1 of the URD.

Page 1.2-32

Methodology for Demonstrating She Boundary Dose
Criterion

The physically-based source term Is based on release and
removal phenomena from actual core damage sequences
and is expected to envelope potential source terms from the
prebabilistically significant sequences  The intact contain
ment is based on ALWR containment performance require-
ments which have been specified such that severs accident
challenges to containment are effectively precluded or can
be accommodated, thus providing integrity of the contain-
ment

Approach

A PD method is chosen for consistency with the basis for ex-
isting emergency planning and the fact that PD methods
have provision for the particudate component of the source
term and thus are an appropriate method for calculating PAG
comparison doses. The use of CRAC2, MACCS, or another
similar code is consistent with current level 3 PRA evaluations
and ALWR PRA Key Assumptions and Groundrules (KAG)

Meteorological Database

This meteorological database is that provided in the PRA
KAG. It is an actual site meteorological database for which
the RG 1.145 two-hour Exclusion Area Boundary X/Q Is es-
timated to be greater than the X/Q for 80 to 90 percent of
US. operating sites.



Paragraph No

VOLUME Ilil, CHAPTER 1: OVERALL REQUIREMENTS

Requirement

Raiionale

Rev

2653

2654

Direction-Dependent vs. Direction-Independent
The dose calcigdation shall be direction-independent

Statistical Measure of Dose to be Compared to PAG Values

The dose to be compared to the PAG values for ALWR emer-
gency planning shall be the median dose.

Page 1.2-33

Direction-Dependent vs. Direction-independent

The calculations supporting existing emergency planning are
direction independent. { e , the frequency of exceeding given
dose levels is provided independent of direction. The NRC
safety goals use a direction-independent approach as well
The use of a direction-independent approach is also consis-
tent with the methods to be used In preparing the com-
plementary cumulative distribution function {(CCOF) for the ex-
ceedance frequency of off-site doses at the site boundary re-
quired by the PRA KAG.

Statistical Measure of Dose to be Compared to PAG Values

Existing emergency planning used the PD method and.
based on WASH-1400 source terms and frequencies, estab-
lished that “most” core melt accidents would not exceed the
PAG. There were two sources of variability in the supponting
calcudations which determined the meaning of “most” in this
analysis® the source term itself (magnitude, timing. and eleva-
tion/plume energy} and the meteorology. The ALWR physical-
ly-based source lerm already has significant margin com-
pared to “most” core melt source terms since for "most” Pas-
stve ALWR core melt accldents, the containment Is expected
tc remain intact and the physicalty-based source term is
bounding Thus the comparison to the PAG value for ALWR
emergency planning is based on the 50th percentile (ie.,
median) dose since “most” core melt accidents would resuit
in doses equal to or less than the median value calculated
using the PD method involving weather as the only other
source of variability.

(4,]
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Paragraph No.
2655
26586
2657
2658

Whoie Body Dose vs. Effective Dose Equivalent
The effective dose equivalent (EDE) shall be used

Comparison to Thyrold Dose PAG
The thyroid dose shall not exceed 5 rem

Inclusion of Organic lodide in the PAG Calcuiation

In calculating doses for comparison with the PAG values to

justify ALWR emergency planning, the contribution from or-
ganic iodide can be neglected.

Dose Commitment
A dose commitment of 50 years shall be included.
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Whole Body Dose vs. Effective Dose Equivalent

The October 1991 revision to Manual of Protective Action
Guides and Protective Actions for Nuclear Incidents (PAG
Manual) cails for the use of EDE as the basis for determining
o¥ site doses in relation to the 1 rem PAG. MACCS already
emoloys this concept, as does the current 10CFR20.

Compa. '~ >n to Thyroid Dose PAG

Since the October 1991 revision of the PAG Manual con-
tinues io consider the thyroid PAG, it Is appropriate to meet
that guideline as a condition for ALWF emergency planning

inclusion of Organic todide in the PAG Calculation

The { and Hi are quite reactive and are likely to undergo
natural deposition as rapidly (or more rapidiy) than the par-
ticulate. Given that pH is controlled as specified in the Utility
Requirements Documert, the dose contribution from organic
lodide is very small (a few percent of thyroid dose) and thus
can be omitted from the dose caiculation

Dose Commitment

In the October 1931 revision of the PAG Manuai, it is required
that the EDE be a commiitted value or CEDE, where the com-
mitment Is assumed to the ifetime”. It is judged that a 50-
year commitment is adequate on a generic basis to fulfil that
requirement; it is also the duration used in the current
10CFR20

Thus differs from the PRA as specified in the KAG where the
intent is to compare calcufated doses to the 25 rem threshold
for acute health effects (based on the current 25 rem whole

body requirement in 10CFR100).
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2658

265.10

Radionuclides to be included

The radionuclides identified in Table 11-2 of the CRAC2 User's
Guide (NUREG/CR-2326) shall be the minimum list of
radionuclides included in the calcutation of doses for the pui-
pose of meeting the limits for ALWR emergency planning.

Dose Conversion Factors

External dose conversion factors {plume and ground ex-
posure) shall be based on Kocher D.C, "Dose Rate Conver-
sion Factors for External Exposure to Photons, and Electron
Radiation from Radionuciides Occurring in Routine Releases
from Nuclear Fuel Cycle Facilities,” Heaith Phys , Volume 38,
pp. 543621 {1980). Inhalation dose conversion factors shall
be based on Federal Guidance Report No. 11, "Limiting
Values of Radionuciide Intake and Air Concentration and Dose
Conversion Factors for Inhalation, Submersion and Ingestion,”
Office of Radiation Programs, USEPA (1988).
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Radionuclides to be included

There are 54 radionuclides identified In this list. In MACCS
there are six additional radionuclides: Sr-92, Y-92, Y-93,
Ba-139 La-141, and La-142. These are not critical for the
PAG comparison calculation; the impact of the Sr, Y, Ba and
La Isotopes already included in the CRAC2 list is much

greater, given their relative quantities, half-lives and dose con-

version factors, therefore, the CRAC2 list is acceptable.
Dose Ceonversion Factors

Federal Gui'ance Report No. 11 is the document referenced
by the October 1391 revision of the PAG Manual. However,
in this guide, external dose conversion factors are provided
only for noble gases. The external dose conversion factors
used in MACCS for NUREG-1150 calcuiations are referenced
in NUREG/CR-4551 to the specified Hea"h Physics article.
These are judged to be acczptable i u.e use described
herein The inhalation dose converslon factors provided in
the guide are for a 50-year “lifetime” commitment, consistent
with 2 6 5.8 above.
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26511 Plume Modeling

The model used to treat dispersicn in the calculation ot doses
for the purpose of meeting the limits for ALWR emergency
planning shall be a straightline Gaussian plume Plume center-
tine doses shall be reported The values of oy and o; that are
used to characterize the Gaussian piume expansion shall be
based on Pasquill-Gifford curves If the analytical model used
in the analysis employs a uniform approximation of the expan-
sion in the crosswind (y) direction {e.g, CRAC2), the final
result shall be increased by an appropriate factor to provide
centerdine doses. In the case of CRAC2 (which employs a 3-
oy "top hat" approximation of the cross-wind Gaussian distribu-
tion), the factor shall be 1.2

The initial oy shall be the building width divided by 4.3 if some
other factor is used to determine the initial oy (e g, a fact~

3 in CRAC2), and the building width specifiction shali e
changed at the input level to compensate (e g, the building
width for CRAC2 shall be input as 70% of its actual value)
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Piume Modeling 5

The plume modeling in MACCS differs somewhat from that in

3]

CRAC?2 The differences have been resolved as folfows:

To demonstrate that the PAGs will not be exceeded within
the exciusion area boundary (EAB) radius, the peak
centeiting value Is the value that should be reported

To ohtain this value, the CRAC? results must be multiplied
by a factor of 1.2 In addition, to compensate for the inttially
raore disperse plume in CRAC2 {which results from setting
the initial oy equal to building width/3 instead of building
width/4 3), it is necessary to sct the CRACZ building width at
the input level to 70% of its actual value
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26511

Plume Modeiing (Continued)

The correlation for dispersion in the vertical direction (z) shall
be the form oz = ax + ¢ where x Is the distance the plume
has traveled. The values for a, b and ¢ shall be the fixed
values in CRACZ. Inlheevemashnuerlormhasbeen
employed for calculational ease (e g, o = ax” In MACCS),
the coefficients shall be set to provide the same value of o; at
a site boundary of 0 5 mile and at a low populaticn zone (LPZ)
radius of two miles as would be calculated using the fixed
values for a, b and ¢ in CRAC2. Those values are as follows:

Stabitity a b

A 247E4 2118
B 0078 1.085
C 0144 0911
D 0.368 06764
E 0.2517 06720
F 0.184 0 6546
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Plume Modeling (Continued)

in CRAC2, the expansion in the 2 direction (vertical) is
controlled by an expression for o; as a function of
plume travel, x. The expression has the form o; = ax”
+ ¢ with the constants fixed in the coding. In MACCS,
a different correlation which does not use an additive
constant ('c” term) has been empioyed, but only for the
purpose of convenlence For specific radial intervals of
interest, values of a and b can be defined to give the
same values of X/Q as CRAC2 at the two specific radial
distances that define the interval. This is what has been
done in this methodology specffication. The 0.5-mile
sﬂeboundaryaMZmleLPZwefechosensh\plyas
typical radial distances.
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26511 Plume Modeling (Continued)

The time base for plume meander for iong duration releases
shall be the fixed value in CRAC2, three minutes.

26512 Release Height and Energy of Release

The release height and energy of release assigned 1o the
physically-based source term shall correspond to a cold,
ground-level release for the purpose of calculating the dose
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Plume Modeling (Continued)

. For long release times (greater than a few minutes),
plume meander becomes an important factor in deter-
mining peak centerfine doses. In CRAC2, the time base
for plume meander was fixed at 3 minutes; in MACCS, it
is a user input with 10 minutes having been used in
NUREG-1150 and appearing in the standard problem
input file. The data base supporting the modeling of
plume meander includes averaging times (i e , the time
base} of approximately 3 to 10 minutes. Since the Im-
portant parameter for plume meander is the ratio of
release duration to the time base and since the release
duration being used in the PAG assessment is 10 hours,
per 2 6514 duration to time base is better ap-
proximated by using the low end of the averzging range
{i.e, the fixed CRAC2 value of 3 minutes) than the high
end

Release Height and Energy of Release
Current severe accident analysis practice Is to use release

height and energy values that are consistent with the contain-

ment fallure size/location or leak rate and associated ther-
modynamic conditions. However, for the ALWR physically-
based source term, containment is intact, releases are not
credited through a stack, and best estimate meteorology is
used. Thus a coid, ground level release is appropriate
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286513

2.8.5.14

2.65.15

Durstion of Exposure to Ground Contamination

The duration of exposure to ground contamination shall be 24
hours from the start of release of fission products from the fuel

Duration of Release and Number of Plume Segments

The release duration to be used in calculating doses for the
Passive ALWR physically-based source term shall be 10 hours
if a single plume segment is used or 24 hours i multiple
plume segments are used.

Shieiding Factors

Shielding factors shali be 0.75 for plume exposure and 0 33
for exposure to ground contamination
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Duration of Exposure to Ground Contamination

The 24-hour period provides margin for ALWR accident detec-

tion, notification, and ad hoc evacuation The 24-hour period
Is also consistent with the existing emergency planning basis

Duration of Release and Number of Plume Segments

The CRACZ code has a limit on release duration of 10 hours
and can employ only a single plume. The MACCS code will
accept a release duration greater than 10 hours and can

employ multiple plumes (i e , dilerent source terms in succes-

sion), this capabllity being most useful when the character of
the release to the environment abruptly changes In the
course of an accident. This is not the case for the Passive
ALWR nhysically-based source term, where the difference in
dose between a 10-hour release duration and a 24-hour
release duration is only a few percent.

Shielding Factors

The values given are those from NUREG 0396, Section F, “no
immediate protective actions” and are consistent with the
“normal activity” requirement of the PRA KAG
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26518

26517

Breathing Rate and inhalation Protection Factors

The breathing rate shall be 33 x 10 °m”/sec  For codes with
provision for an inhalation protection factor, this value shall be
set at 04 For codes without an inhalation protection factor,
the breathing rate shall be reduced by a factor of 25

Dry Depostition Velocity

The dry deposition velocity shall be 1.0 cm/sec for lodine and
0.1 cmsec for other particulates.
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Breathing Rate and Inhalation Protection Factors

The breathing rate identified in the October 1991 revision of
the PAG Manual is the value specified. In the MACCS code,
there Is provision to reduce the inhalation dose by a factor to
account for differences between the plume concentration and
the concentration actually being breathed. NUREG/CR-4551
{one of the supporting documents for NUREG-1150) sug-
gests an annual average value of 0 4 for normal activity {0 2
for active sheltering) The use of a "normal activity” inhalation
protection factor is consistent with the requirements of the
PRA KAG

Dry Deposition Velocity

These values are those of the October 1991 revision of the
PAG Manual Current severe accident analysis practice is 1o
use values of 1 0 cm/sec (NUREG-0396/CRAC2) 10 0.3

cmysec (NUREG-1150/MACCS!; the PRA KAG does not estab-

lish a requirement for dry deposition velocity.
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2.6.6 Methodelogy for Performing Suppiemental PRA

The supplemental PRA shall be performed in accordance with
the Volume ill, Chapter 1, Appendix A, PRA Key Assumptions
and Groundrules (KAG) with the exception that the off-site
dose exceedance limit is 1 rem, per Section 2 € 3 above.

The required demanstration on the NRC Safety Goal Policy
shall use the following methodology

The ALWR reference site parameters in Annex B to the KAG
shail be used.

No evacuation shall be assumed prior to 24 hours.
Subsequent to 24 hours, the evacuation parameters
of the KAG, Annex B, shall be used.

To demonstrate the NRC Safety Goal Policy quantitative
objective for risk 1o an average individual (less than 0.1%
of the risk from all other accidents), ALWR accident risk
shall be less than 4x10” per person per year.

Page 1.241

Methodology for Performing Supplemental PRA

The KAG is the ALWR methodology for PRA evaluations. The
KAG specifies that the PRA address internal events plus exter
nal events with the exception of seismic risk which is to be
addressed by the seismic margin approach per Chapter 1,
Section 25 3 4, of the URD.

The numbers speciiied for risk comparisons are based upon
recent data from the National Safety Council {Accident Facts,
National Safety Council, 1988). The quantitative objective for
latent cancer risks, which is also part of the NRC Safety Goal
Policy, is not inclided in this required demonstration of
Safety Goal compliance because, as noted in NUREG-1150,
emergency response In ciose-in regions does not coniribite
stibstantiaily to differences in latent cancer risk 1t Is ex-
pected, however, that ALWRs would have no difficulty in

meeting the latent cancer risk quantitative objective
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Updated Containm .t Performance Requirements

{Volume 111, Chapter 5, revised Section 6.6.2)
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66.2 Comainment Performance

6.6.2.1

The ALWR containment performance requirement shall consist
of a number of elements as specified below. The initial ele-
ment shall include a matrix of plant design characteristics and
features to address a comprehensive set of containment chal-
tenges from severe accidents. This matrix approach, together
with the other elemenis of containment performance shall pro-
vide high assurance of containment integrity and low off site
dose in the event of a severe accident

Piant Features 1o Address Containment Chalienges

The piant shall include design characteristics and features to

address a comprehensive set of severe accident challenges to
the containment. Design characteristics and features shaii in-
clude:

Page 5 6-38

Containment Performance

The eiements below comprise a deterministic approach to
containment performance. The deterministic approach is
complementaed by the PRA requirements, including meeting
ALWR PRA goals. This deterministic approach, comple-
mented by PRA, is consistent with NRC Severe Accident
Policy Statement guidance and provides the set of contain-
ment performance requirements that are considered neces
sary to address severe accidents The combined set of deter
ministic and PRA requirements satisfies the Commission
response to SECY-90-016 for a deterministic aiternative
which provides at least comparable mitigation capability to
the conditional containment faiture probability (CCF) of 0.1
but does not discourage improvements in core damaqg:
prevention.

Plant Features to Address Containment Challenges

Design characteristics and features to address a comprehen-
sive set of severe accident containment chalienges are neces-
sary to provide severe accident protection for the ALWR con-
sistent with the NRC Severe Accidert Policy, ALWR safety
policy, and to meet the ALWR requirements. A complete set
of design characteristics and features and the adequacy of
these characteristics and features Is documented in the
report, Passive ALWR Requiremenits to Prevent Containment
Failure (DOEND-10291), December 1991, In the report, an ex-
haustive set of severe accident challenges, regardiess of
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6.6.2.1

Plant Features to Address Containment Challenges
{Continued)

« Features 1o provide refiable shutdown of the reactor by
rod insertion, e g.. Chapter 4, Section 5.3 (BWR) and
Chapter 4, Section 8 2 (PWR) as well as diverse reactivity
controt capability in the form of SLC, Section 4 5 {BWR)
and PSIS, Section 5.2 (PWR).

« Features to reliablv depressurize the RCS, e g, Sections
4.4 (BWR) and 5.4 (PWR).

« Features to limit the generation of non-condensible gases
as a result of corium-concrete interaction, e g, Section
663

« Features that provide passive containment cooling for
decay heat removal, e g, Sections 4 3 (BWR) and 83

(PWR).
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Plant Features to Address Containment Challenges
{Continued)

probability, have been addressed basec on systematic con
sideration of past PRAs, operating experience, severe acci-
dent research, and unigue design aspects of the ALWR. The
report concludes that the severe accident challenges have
been effectively preciuded or can be accommodated by the

ALWR design characteristics and features specified In the Re-

quirements Document

« Reliable reactivity control, through rod insertion and the
capability to accom odate failure to scram in the form
of diverse means of reactivity insertion, limits the challen
ges associated with ATWS

« A reliable depressurization system minimizes the prob-
ability of high pressure core mefts with subsequent
potential for direct containment heating Cavity con
figuration also limits the magnitude of containment pres-
sure rise

« Contalnment integrity could be challenged in the long
term as a result of pressure bulidup from production of
non-condensible gases foliowing corlum-concrete inter-
action. Preventing or limiting this event enhances con-
tainment performance.

« Longterm containment cooling is required to maintain
comtainment pressure within design fimits
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6621

66.2.2

Plant Features to Address Containment Challenges
{Continued)

Features to handie the pressure and temperature resuit-
ing from generation of combustible gases, e.g., Section
65.

Features 1o assure containment Integrity including isola-
tion and precluding steam generator tube rupture and
other containment bypass scenarios, e g, Chapter 3, Sec-
tion 2, and Chapter 5, Sections 4 3, 6.2, and 7.2, for the
BWR and Chapter 3, Sections 2 and 4, and Chapter 5,
Sections 53 and 6.2, for the PWR

Containment Performance Structural Evaluation

The Plant Cesigner shall demonstrate that the containment sys-
tem pressure boundary, when subjected to the pressure and
temperature loads from LOCA plus hydrogen described

below, combined with the appropriate dead loads, meets the
following ASME Code, Section Hli criteria:

For Class MC free standing steel vessels and for the steel
portions of Class CC reinforced concrete vessels which
are not backed up by concrete, the following require-
ments shall apply:

- Paragraph NE-3221, Service Level T Limits on
stress intensity vaiues.
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Plant Features to Address Containment Challenges
{Continued)

« Features that control combustion and prevent detona-
tion of hydrogen eliminate this threat to containment in-
tegrity following a severe accident.

« Chalienges to containment integrity which resut from
faliures which occur independent of or coincident with
core damage (e g, containment bypass eventsj must be
avoided

Containment Performance Structural Evaiuation

The ASME Section Hll Code referenced structural integrity
criteria satisfy the intended minimum requiremenis of
10CFR50 34(N)(3)(v). Also, any gross distortions and sub-
sequent large strains in pressure boundary material due to
potential shell buckling modes are precluded. The LDB re-
quirements (Section 2.4.2) are expected to be limiting for in-
erted containments while the SMB requirements are expected
to be limiting for containments which are not inerted
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6.6.2.2 Containment Performance Structural Evaluation
Cuntinued)

For regions of ellipsoidal or torispherical shel! sur-
faces of containment, the allowable compressive
stress due to internal pressure shail not exceed 60
percent of the value of critical buckling stress deter-
mined by one of the methods given in ASME Sub-

paragraph 3222 1(a).

« For the steel liner portions of Class CC vessels which are
backed by concrete, the factored load limits on liner
strains established in Subarticle CC-3720 shail apply.

« For those portions of other ASME Code class com-
penents which also constitute a portion of the contain-
ment systems pressure boundary, the corresponding
ASME Section il Service Level C Limits shall apply
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Comtainment Performance Structural Evaluation
(Continued)

Compressive strass in ellipsolc2! or torispherical shell
heads due ‘o internal pressure loading is a localized
stress field which does not represent a challenge to
overall containment stability, thus a lower facior of
safety against buckling than otherwise permitted by
Subparagraph 3222 2 Is appropriate in these regions
The value of 60 percent of the critical buckling stress
results in a safety factor of 1.67, which is consistert
with the requirements of Code Case N-284 for iocal
buckling
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6.6.2.2.1 inerted Pressure Suppression Containments Inerted Pressure Suppression Containments 5
The anaiysis of LOCA plus hydrogen loads shall assume The assumplions maximize the pressure and temperature 5
loads in the containment in the performance of the
e Pool temperature equal to the peak temperature 10CFRS50 34({N){3}(v) analysis
associated with the DBA LOCA within 24 hours from
the accident initiation.
« Alil nitrogen in the drywell is iocated in the wetwell
alrspace.
e« The total hydrogen equivalent to 100% active fuel
cladding metal water reaction is located in the wetwell
airspace.
8.6.2.2.2 Non-ineried Contalnments Non-inerted Containments 5

The analysis of LOCA plus hydrogen loads shall assume:
e Peak pressure associated with the DBA LOCA,

o Accumuiation of hydrogen associated with 75% active
fuel ciadding metal water reaction;

e Adiabatic isochoric complete combustion of this
accumulated quantity of hydrogen.

if containment is found to be steam inerted at the peak DBA
pressure, then combustion shall be assumed to occur at the
time steam condensation reduces the mole fraction of steam
to combustibie leveis (~ 50% mole fraction steamj}
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The Licensing Design Basis analysis required by

10CFR50 34(f)(3)(v) would credit a hydrogen control system
as hydrogen is generated. The Safety Margin Basis analysis

requirement contained In this section postulates the peak

DBA pressure and a realistic upper bound to total hydrogen
concentration, i e , that assoclated with 75% active clad oxida-
tion, before crediting a hydrogen control system or ignition

sources. This yieids a higher peak pressure than that re-
quired by 10CFR50 34()(3)(v).

Buming is assumed to occur at the highest potential contain-

ment pressure if inerting Initlally precludes combustion
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Severe Accident Sequenc» Selection for Reporting
Con - :ment Response

The Plant Designer shall report containment performance
during severe accidents. Analysis of severe accident sequen
ces shall be performed to confirm that the containment
provides substantlal margin with respect to severe accident
challenges. Accident sequences from the PRA shall be
selected for analysis of containment performance  PRA se
quences shall be grouped into functional sequence types for
the purpose of determining the mean totai frequency of all ac
cident sequences with approximately the same type of chal
lenge. The sequence types shall be those resulting from the
fallure of any one of the following functions

e Reactivity insertion;

e RCS depressurization;

» Core or core debris coolant inventory control

e Containment pressureftemperature conirol

o Combustible gas coatrol;

o Containment isolation and containmment bypass conirol

. Cther functions, the fallure of which could lead to
containment challenge
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Severe Accident Sequence Selection for Reporting
Containment Response

The primary means of addressing severe accident contain
ment challenges Is the deterministic matrix of design charac
teristics and features of Section 6 6 2 1 and the deterministic
analyses of Section 6622 This deterministic approach ad
dresses an exhaustive list of containment challenges, regard
less of probability. The probabllistic requirement of Section
6 6.2 3 compiements the deterministic approach as required
in the NRC Severe Accident Policy. The difficulty of assign
ing accurate numerical estimates notwithstanding, use of
FRA in this manner provides valuable design insights and
added confidence that containment margin exists for severe
accidents and that importarnt risk contributors have been ad
dressed

This set of functions Is considered necessary to assure con
tainment integrity based on the report, Passive AL WR Severe
Accident Containment Performance Sequirements, January
1992 Tids report concludes that the only potentiaily sig
nificant severe accident chalienges to a standard ALWR piant
design which implements the provisions in the Requirements
Document are those associated with core damage events
that occur into an intact containment with the RCS at low
pressure with containment systems functioning as designed
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6.86.2.3 Severe Accident Sequence Selection for Reporting
Containment Response {Continued)

Functional sequence types with mean frequency greater than
approximately 107 /yr shall be analyzed for containment
response.

Functional sequence types with frequency less than lO"per
year shall be reported for discussion

« Identifying the design features and operating characteristics
credited to reach this low frequency;

e« Singling out the frequency of those sequence types which
may result in early cont zinment fallure.

The icads resulting from any analyzed functional sequence
types shall be nc more hiting than the peak LOCA plus
hydrogen loads of Section 6 ¢ 2 2 for approximately 24 hours
after the start of fission product release from the fuel
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Severe Accident Sequence Selection for Reporting
Containment Response (Continued)

The approximately lO"va threshold for functionai sequence
types to be analyzed for containment response Is consistent
with the NUREG-1420 10”7 /yr limit for insignificant risks and is
consistent with Standard Review Pian guidance to evaluate

potential accidents from hazards in tha plant vicinity which ex-

ceed approximately 10"lyr Also, NUREG-1150 uses a cutoff
of 10 7jyr for accident progression analysis. NUREG-1338
stated that any sequence appearing 1o have a frequency
down to abeut 10" /yr will be examined from the standpoint
of residual risk  Finally, consideration of functional sequence
types greater than approximately !0"lyr provides assurance

that the cumulative effects of such sequence types wili not ex-

ceed the 10 ®/yr probability goal for off-site consequences.

The purpose of this requirement Is to assure that there is un-
derstanding of those features designed to preciude comaln-
ment failure resufting from a severe accident It Is also ex-
pected to show that those phenomena which could lead to
exceeding the capacity of containment early in a postutated
severe accident event are a small fraction of the ALWR PRA
goals for core damagse frequency and consequences.

If the lcads resuiting from the analyzed severe accident se-
quence types are enveloped by the conditicns determined for
LOCA pius hydrogen in accordance with Section 662 2, the
comparison of these severe accident lvads may be made
directly with the LOCA pius hydrogen loads. ir the event the
loads exceed those determined in accordance with Section
6222, itls expected the Plant Designer will be abie to
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6.6.2.3 Severe Accident Sequence Selection for Reporting Severe Accident Sequence Selection for Reporting 0
Containment Response {Continued) Containment Response (Continued)

demonstrate that the containment still meets the functional 5

criteria for Service Level C or Unity Factored Load as per-
mitted by 10CFR50.34(f)(3){(v) and provide confidence that
the structural integrity and feak tightness of the passive plant
containment will be maintained following a severe accident

Should any functional sequence type selected for analysis 5
resuit in loads which exceed the tunctionai criteria for Service

Level C or Unity Load permitted by 10CFRS0 34(f)(3}{v) or

result in conainment bypass, the Plant Designer should iden

tify the reasons for the high loads or the bypass and explain

why the accident sequence frequencies cannot be further

reduced, and provide recommendations for an alternate

basis on which confirmation of acceptable containment per-
formance can be justified.

Page 5645



“wragraph No

VOLUME Iil, CHAPTER 5: ENGINEERED SAFETY SYSTEMS

Requirement

Rationale

Rev

6.6.2.4 Containment Ultimate Capacity Analysis

The Plant Designer shall perform an analysis to determine the

uftimate structural capability of the containment. For steel con-

tainments, the ultimate capacity shall be defined as the pres-
sure and temperature loadings which correspond to the col-
lapse load defined by the method detailed in paragraph II-
1430 of the ASME Code, Section lli, Appendix Il. For con-
crete containments, the ultimate structural capacity shall be
defined as the pressure and temperature loading which
produces liner plate strains equal to the liner strain limits of
the ASME Code Section i, Subarticle CC-3720 for the Fac-
tored Load Category The analysis shall consider the penetra-
tions and their interaction with the containment, the shieid
building, and other structures internal or external to the con-
tainment, which might cause localized fallure prior to the Himit
ioad for the overall pressure boundary. Resuits from testing of
prototype details or models of prototype details may be used
to augment such analyses. The failure mode associated with
the ultimate structural capability shali be identified.
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Containmeri: Gimete Capacity Analysis

An analysis of containment ultimate capacity Is required by
Standard Review Plains 38 1 and 3 8.2 including the deter-
mination of pressure retaining capacity of localized areas
The failure analysis criteria included here are identical to or
more conservative than those developed during NRC/IDCOR
issue resolution (see ARSAP Technical Task 2 3 1eport) or are
more realistically based on recent experimental tests for con-
crete containments by Sandia Nationa! Laboratories. These
tests have indicated that concrete containment capability
may be limitad by leakage resulting from liner plate tea's
EPRI report NP-6261 describes computer modeling techini-

ques used to predict the failure mode of the scale model con-

crete containment tested by Sandia. Interaction of the con-
tainment penetrations with the shield building or other struc-
tures may produce leakage pat.as.



Paragraph No

VOLUME ili, CHAPTER 5: ENGINEERED SAFETY SYSTEMS

Requirement

Rationale

66.25

8.6.3
8.6.3.1

Long-term Conte!nment Overpressure Protection

Protection of the containment for overpressurization beyond
24 hours shall be provided. Overpressure protection beyond
24 hours may be provided simply by the size and strength of
the containment by demonstrating that the ASME fimits
specified in Chapter 5, Section 66 2 2, are not exceeded for

approximately two to three days after the beginning of the ac-

cident.

Cavity/Pedestsl-Oryweil Configuration
Retention of Core Debris
The reactor cavity/pedestai dryweli shall pe evaluated 1o con-

firm that quantities of core debris sufficient 1o jeopardize con-

tainment integrity will not be transported from the
cavity/drywell after RPV fallure and then either mix with the
containment atmosphere while in a finely paticulaied form or
establish direct contact with the containmment boundary. For
passive ALWRs, the evaluation shall address low-pressure
(nearly complete depressurization) conditions prior to vessel
failure unless a higher pres_ure sequence is identified as risk-
significant in the PRA for a specific passive ALWR design
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Long-term Containment Cverpressure Protection

Containment overpressure protection provides a ‘itional
defense-in-depth to protect the containment from long term
catastrophic failure.  The analysis shall credit design features
for containment heat removal and debris cooling on the basis
of Passive ALWR requirements directed at decay heat
removail and providing water to the debris. The analysis

should wtilize best estirmate anaiysis methodologles including
realistic assumptions

On the crder of two 10 three days is judged 1o be adequaie
time for actions by the plant staff to bring the accident under
control

Cevity/Pedestal-Drywell Configuration
Retention of Core Debris

The specified evaluation will confirm that direct containment
heating Is not an issue for passive ALWR designs, based
primarily on the assured provisions for RCS depressurization,
but also considering the specific proposed cavity/pedestal
drywell geometry. The PRA will define the extent to which in-
complete depressurization will be considered for a specific
design.



APPENDIX B

Summary of ALWR Requirements to Address
Severe Accident Containment Challenges

(Reproduced from Reference 12)



ASFECTIED
SAFETY

CHAL LENGE FUNCTION

I Containment lsolation Isolation
2. lInterfacing System (OCA Bypass

labie 4

SUMMARY OF REQUIREMENITS 10 ADDRESS CONIAINMENT CHALLENGES

THAT ARE INDEPENDENT OF OR COINCIDENT WITH CORE DAMAGE

PLANT
1YPE

PuR/ HaR

PWR/BWR

Al wH
BASISH
2

LIMIT POTENTIAL FOR CHALLENGE®

Reduced fluld line penetrations

Isolatfon provistons and leakage 1ate testing
per standards

Valves capable of closure with posiible flow
and full containment pressure

Control room position indicat ton for aulomat tc
and remote manual valves

Manual valve conflguration permits lock tug
only in closed position

( losed systems penetrating conlsinment
evaluated for ex vessel severe accidents
fail closed or DC powered tisolat ion valves
Capability for pertedic gross check of
containment integrity

Reduced interfaces between the Resctor Coolant
System {RCS) and low pressure systems

High to low pressure interface: provided with
tsolation valves leak iesting capability,
isclat fon valve position indicater in conlral
roon, and high pressure alavm

Inter locks prevent Isolation value opening
when RCS pressure exceeds RSDC system design
pressure {PWR}

RSOC designed for full sreactor pressime (BWR)

Dout: le tsolat ion

? ihe &:é;ﬁt;iiﬁi; of ALMR requirements to address containment challenges was based on the following criteria
i Current LWR resistance to challenge acceptable for ALWR.
2  Sufficient ALWR design features added to increase resistance to challenge by reducing the severity and/or ensur ing containment

REY PASSIVE ALWR

REQUIREMENIS

ACCOMMODATE CHALLENGES®

P Passive Residual Heat Remwwval mintmizes cone
damage risk given 1s0lat ‘on fallure (with
RHR on Vine even without DU power)

Pressure Relief
R Design pressure such that full HOS grevsure
is below ruptue pressare sl no leabs will
occur which esceed RUS mab eup capacit,

* Passive plant design features which exceed requirements for current (WRs are ident if ted with A {common to all ALWRs) or P {passive AIWHS only)



CHALLENGE

B lowdown forces

Pipe Whip and
Jet Imp ingement

Steam Lenerator
Tube Nupture

AlNS

AFEECIED
SAFETY
Cont a voment
Pressure
Control

Bypass

Bypass

Reactivity
Contral

PLANI
1ee

Puit/ BUR

PuR /BUR

Pl

Al WK
BaSIse

fable 4 (continued)

SUMMARY OF REGUIREMENIS TO ADDRESS CONTAINMENT CHALLENGES
THAT ARE INDEPENDENY OF OR COINCIDENY WITH CORE DAMAGE

LY PASSIVE ALWR REQUIREMENES 000000

LIMIT POIENTIAL FOR CHALEENGE®

Design and 15T 1n accordance with ASHE BPY
Code
teak Before Hreek.

Design and 151 tn accordance with ASMt BPV
Code

| eak Before Break

Use of only proves materiais snd fabu at ton
processes.

lise of EPRI water chemistry gutide bioes

Improved water chemistoy

Proven materials

Mechanical design of tubes, tube supports, and
tube sheets reduce |lkelihood of SGiw
lmproved design features facilitaie 36
cleaning and replacement

Uiverse Reactor Prolectyon System (KPS)
Diverse means cf rod insertion

Diverse KPS {or capabibity to v ude out AIWS)

f The acceptability of ALMR requirements te sddress contsinment cha Hlenges was based on the folluwing oriter1a
Current LMR resistance to challenge acceptable for ALMR
Sufficicnt ALWR design festures added te increase resistance 16 challenge by reducing the severily and/or ensur 1ng containment

3

AUCOMMODATE CHALEENES®

Design contaimment tor duubile ended
gulllotine breab of lurgest pipe

Protection frum jet/pipe whip shere losk
before break is not demonsirated

Operator actions can tesmingle foab sge pa o
to AlIS ectustica for design lasis led
Rutumat ic Depressurizastion Systea (203)
ocperat lon teiminates tube leskage
automat ically.

Pasiive IR plus addil ronal features prowent
secondary side reliet fallowing SGIR

Standby 1 sl Costaal {u11)
Checkertioard pottern of scram yionp b
m3xIMIZES gi oup worth

Burated Satety Injection {31}

Negat tve moderator tempurature voct! ic tenl
aver entire fuel Lycle wmgioves Al
respunse

" Passive plant design features which exceed requivements for curcent [WRS are wdentified with & {cosmmen 1o all ALMRS) or P {pessive AIWHS uniy)

13



fable 4 {continued)

SUMMARY OF REQUIRIMENIS 10 ADDRESS CONIAINMENT CHALLENGES
THAT ARE INDEPENDIENT OF OR COINCIDENT WITH CORE DAMAGE

o KEY PASSEVE MR REQUIREMENIS 0000

AFRECIED
SAFETY PLANT AL WR
CHALL FUNCTION 1YPE BAS!S# LIMET POIENTIAL FOUR CHALLENGE® ACTOMMODATE CHALLENGES®
7 Suppression Pool Bypass Containment Bl Fd Vacuum Breskers. potential loads accounted ADS wse of SRVs which discbasrge to
Pressure for, position Indication, winma!l lesbage suppression pool and thus ensuie vapun
Control P No high energy lines in wetwell 2t space suppress lon despite leakage
¥ Passtive RIR {incleding PULS)
B Catastrophic RPV fatlure  Internal PUR / BuR 2 A Rige, = 10%F: tattial RE . < 20% 1o Pwe
Contaimsent core beltline; low fluence at vesuvl wall
toading A No welds in beltliine regior
A Relief valves prevent overpressure, haked up
by depressurization system and low head
injection
Design In accordance with ASHE code
Design features to avoid reliel valve upening
for expected piant transieats
9 Internal Yacuwn Contamnment PuR /BuR H Yacuws Breskers
Pressure Pestgn for external pressme huads
Control
10 internal (Plant) Externatl PuR/BWR 2 lurbine overspeed protect ion lurbive orientat ton avolds missile contact
Misstles Cortainment A Improved turbine integrity/oae piece 10tors with containment
Loading Missile protection for any safety relsted
components In missile path (SRP 3 5 1 1)
It lornado and lornado External PWR/BUR 2 Conformance with ANSY 2 17 awt ANSE 81 5 P Passive core coolims systems booated within
Missiles Conta inment conta inment
foading

7 e occepliiiiiii; of ALWR reguirements to addiess containment challenges was based on the following criater
I Current LWR resistance to challenge acceptable for ALWR
2 Sufficient AIMR design features added to increase resistance to challenge by reducing Lhe sever ity amd/or ensar ing conta tissent

® Passive plant design features which exceed requirements for current LWRs are identified with A (common to all ALWBs) or P [passive AIMRs only)



ALFECTED

SAFETY

CHALLENGE £UNCT JON

12 Man-Made Site External
Proaimity Hazards Conta inment

feading

3. Sersmic External

# The .
1
2

{ontainment
tcading

SUMMARY OF REQUIREMENIS TO ADDRESS CONTAINMINT CMALLENGES

fabile 4 (continued)

THAT ARE INDEPENDENT OF OR COTNCIDENY WITH CORE DAMAGE

FiLARE

Pu /BN

PuR /BuR

Al WK

BaASjo

LiMi1 POIENIAL EOR CHALLENUL®

{onformsnce with ANSE 2 12

Siting requirements exc lude Lhe wost
vulnerable sites.

E;;—e;ri;ﬁity of AIMR requirements to address contatlament challenges was based on the following criteria
Current LWR resistance to challenge acceptable for AWR

Sufficient ARLWR design festures sdded to incresse resistance to challenge by reducing the sever ity snd/or ensuring conta biment

ALY PASIVE AWM REQUIREMINIS

» >

ALCOMMOGATE (HALLENGES®

Passive core conlmg svstems lucated withun
containment

S5t et 0 3y

Evaiuation at > S5 wilh PRA or maiygins
assessmeni as part of design process
Address wulaersbilite. from pact
experfences, € g , provide comnon basemat

* Passive planl design festures shich exceed requirements for curvent 1WRs are rdent if ted with A (Commn 1o oll ALMRs) or P {pessive AW only)

i\



HALLE

14 High Pressure Melt
t ject fon [HPHE)

15 Hydrogen Generation to
Detontable L imits

AFFECTED
SAFETY
FUNCT |ON

Reactor
Pressure
Control

Combust ible
Gas Control

lable 4a

SUMMARY OF REQUIREMENIS 10 ADDRESS CONTAINMENT CHALLENGES
RESULTENG FROM CORE DAMAGE

KEY PASSIVE ALWR REQUIREMEN!S

PLANT ALWR
1YPE BASISH LIMIT POIEMIIAL FOR CHALLENGE® ACCOMMOBATE CHALIENGES®
BWR P4 P Diverse depressurization systewms Suppression pool cools b ated gases
P Passive RHR can aid depressurization Inerted contatmment (no combustion heat
addit jon)
PuR Z P Diverse depressurization systews A Cavity couof iguratton to ihest transport of
P Passive RHR can ald depressurization fragmented core debris
BwWR 1 fneited A Evaluation vequised f loval detonat v s
possible
PuR 2 A timit i, generat fon with design features, such A Evaluation regutred 1 bocal detonat on v
as and cavity flooding posstble

A Hydrogen control system (e g . non safely
related igniters) designed to keep hydrogen
conce~tration below 10X for 100X active clad
equivalent reaction

A Containment size prevents global detonashle "2
concentration (< 13%) for geseration upg to
75X active clad equivalent reaction

A Design ensures convect ive mixing and minimizes
DB -prone geometlry

§ ihe ai:cééiﬁ:ﬂii} of ALMR requirements to address con.*imment challenges was based on the following crlteria
1. Current LWR resistance to challenge acceptable for ALWR
2 Sufficient ALWR design features added to Increase resistance to challenge by reducing the severily and/or ensurlng coataimeent

* Passive plant design features which exceed requirements for current {WRs are identified with A (common to all AtMRs} or P (passive AtWKs only)



CHAL L ENGE

Hydrogen Bef lagrat ron

16 In Vessel Debris Water
interaction

17 tx Vessel Debris Water
Interaction

AFFECTED
SAFETY

LUNCT O

Combust 1ble
Gas Coentrol

fnternal
Containment
loading

Internal
{onta mment
Loading

SUMMARY OF REGUIREMENIS TO ADDRESS CONTAINMENT CHALLENGES
RESUL TING FROM CORE DAMAGE

PLANI
nee

Al WK
Basise
i

lable 4a (conlinued)

LIMIL POTENIJAL FOR CHALLENG

Inerted

Def lagration likely at low concentrations
{< 10%) given hydrogen control system {INuS]
and PCCS Vimit steam juert ing potent ial)

targe-scale phenomena limited n probab ity
In-vessel geometry limits interacting
quantitics and size of any interact ion

Large scale phenomens Lmited 1 siobabit ity
fx vessel geometry ilwils ntera ting
guant it ies and size of any Inieract tun

¢ Hiefc&;;t;bl_ﬁly'ef ALWR requirements to address containment challenges was based on the following oriteria
1. Current LWR resistance to challenge acceptable for AIMR
2. Sufficient ALMR design features added to increase resistance to challenge by reducing the severily snd/ur ensuring conlas trsent

ELY PASOIVE MVM BEQUIREMENYS 0000000

ACLOMMOBATE CHALLENGES®

Bemoastrated accommnad Vion of generat vun
equivalent to 100X active cliad react fun

Structaral evaicat ton Lo FUCR plus hydrogen
losds {254 actave clad sesction]

Demonstrated sccomaondat 1on Gl gener ot tus
equivalent to 100X active ¢ lad react bow
with saltiple burn.

Structure b eve st ton For POUA plus bigdiongen
toads, o bisding global burn of hydiogen
equivalent to /55 sct tve «lad feacton

Rugged reactor wvessel containy turces, oo
backup, rugged lowes diywe li/1vecton cavity
contains lower head failuie

Rugged lowes deywe b/ 1cactn cavaty
conf rimed by evaluation

Lontainment design accomuadates stoam
generat fon

* Passive plant desigo features which exceed requitements for current (WRs are wdent if ted wit” A {comeon to ol ! AlEHS] or ¥ (passive ALWR: onlyj
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AFFECTED
SAFETY
CHALLENGE FUNCTION
18 No.cendensible Gas fuel/Debris
Generat fon Cooling
19 Basemal trosion and fuel Debris
Vessel Suppoert Cooling
Degradat ion
20 Core Debris in Sump fuei/Debris
Cooling

fable 4a (continued)

SUMMARY OF RIGQUIREMINIS 10 ADDRESS CONIAINMINT CHALLENGES
RESULTING FRON CORE DAMAGE

KLY PASSIVE ALWR REQUIREMENTS

PLARIT Al Wi

TYPE BASISH LIMIT POTENTIAL FOR CHALTENGE® ACCOMMODATE CHALLENGES®

BWR /PR 2 A Features limiting concrete erosion (sce Contatmment si1ze aud mescw e retenl 1on
item 19) limit noncondensible gas general ion capabtiily
as well.

A Sacrificial concrete specified as low qgas
generat ion type.

A Overlying pool cools gases from core concrete
interaction

BUR /Puit 2 A ﬂeulu& cavity/ lower dirywell spreading areas of A Sacrificial concrete where detn 1o oo §iom
0 02m" /Mt promotes core debris cooling contacts boundary st,uctuses {which are the
A lower drywell/cavity flooding passive BWR vessel support )

A lower drywell flooding thermally acluatsd
direct from 8WR gravity drain tank or
suppression pool

A Overflow from containment ref lux via Wl IRWST
pref loods reactor cavity

A Backup capability for water additiom from
sources external te containment

BWR/PuR 2 A Special cavity sump design prevents localized
unterminated core-concrete interaction
A Sump drainline configurat ion prec ludes gravity
transport of debris ex-containment
A Reactor cavity/lower drywell flooding

i iﬂe—_;t_:é_e;iabllit;-ol ALWR requirements to address containment challenges was based on the folluwing crtterta
] Current {WR resistance to challenge acceptable for ALWR
2  Sufficient ALWR design features added to increase resistarce to challenge by reducing the severity snd/or ensur ing containment

* Passive plant design features which exceed requirements for current LWRs are identified with A {common to a1l AlWRs) or P (passive AlWRs only)
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2

23

CHAL| ENGE

Core Debirys Contact
With L iner

Decay Meat Generation

Tube Rupture from
Hot Lases

AFFECIED
SRFETY

FUNCTION

fuel/Debris
(voling

Conta tnment
Pressure
tontrol

Bypass

fable 4a (continued)

SUMMARY OF REQUIREMENTS 1O ADDRESS CONTAINMENT CHALLENGES
RESULTING FROM CORE DAMAGE

PLANT

TYPE
BUR /PR

Al R
pasise

> > >

LIMLL POTENT AL FOR CHALLENGL®

t mer protected by congrele

tower diywe!l/cavity flooding

Design features to limit debris dispersal
inc luding ADS.

Main Condenser
Reactor Water (lesnup System
Passive RHR [HCS heat removal swub )

Steam Generators/Mamn fevidwater (WW)/Backup
Feedwater
Reactor Shutdown Cooling

Steem Generators/MEM/Backup feedwater
Depressurization System

# The acceptability of AlWR requirements 1o address contatnsent challenges was based on the following criteria
Current LWR resistence to challenge acceptable for AtWR
Sufficient ALMR design festures odded to increase resistance to challenge by reducing the severity and/or ensur g cont 3 usent

1
2

_BLY PASSIVE AR REQUIREMENTS

ACCOMMODATE (HALYENGE "

P Passive Contarmment Couling

¥ Passive Contanment Looling

P Passive Heal Removal through contsinment
shell without POCS water Diuats
contaimment pressue

* Passive plant design feslures which exceed reguirements for current [URs are wdentif ted with A& (common tu a1} ALURS) or P (passive ALWHS ouly)
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APPENDIX C

ALWR Design Characteristics And Features Which
Address Dominant WASH 1400 And Subsequent
PRA Accident Sequences And Failure Modes



Appendix C

ALWR Design Characteristics and Features which Address Dominant WASH 1400

V..

and Subscquent PRA Accident Sequences and Failure Modes

No recirculation piping in BWR; minimal number of welds in RCS piping in PWR

RCS depressurization system allows low pressure systems to be effective
regardless of the break size.

It is unnacessary o switch to recirculation since passive containment heat
removal condenses steam released into containment and returns it to the vessel
by gravity.

Safety system dependencies essentially eliminated (include only de power for
the purpose of depressurization).

Reduced RCS peak pressure for plant transients.

Improved materials:

- Less than .012% phosphorus, weld and base metal
- Less than .03% copper, PWR base metal

- Less than .05% copper, BWR base metal

- Less than .08% copper, weld metal

- Less than .05% vanadium, weld metal

Initial ductility transition reference temperature less than 10°F (less than -20°F
for PWR core belt region), reference emperature shift less than 30°F over plant
life.

Low fluence at vessel wall,

No welds in beltline region.

Syste

Low pressure systems normally isolated from the RCS are provided with
interlocks to prevent their exposure to RCS pressure and are enunciated should

high pressure conditions occur.

The ultimate rupture strength of potential interfacing systems is capable of
withstanding full RCS pressure.

C-1
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*  Core passive residual heat removal system automatically actuates on loss of ac
power. Passive system is fail safe and can operate independent of any support
system.

e Automatic Jepressurization and gravity injection are capable of providing
adequate cor® cooling independent of normal makeup systems and passive
residual heat removal system.

Transient (station blackout)

*  Core passive residual heat removal system automatically actuates on loss of ac
power. Passive system is fail safe and can operate independently from any
support system.

*  Automatic, backup ac power systems.

*  Battery capacity in excess of 72 hours.

*  Canned rotor reactor coolant pumps are provided in the PWR, eliminating the
potential for seal LOCA (the BWR is natural circulation and has no recirculation
pumps).

ATWS

*  PWR capability to ride out an ATWS.

*  PWR negative moderator temperature coeflicient over entire operating cycle.

¢ PWR borated safety injection.

* BWR capability to mitigate short term ATWS effects and shutdown
automatically by diverse means:

- Safety relief valve capacity > 100% power

- Motor drives diverse from hydraulic drive mechanisms

- Auxiliary Rod Insertion system diverse from reactor protective system

- Automatic Standby Liguid Control independent of all support systems
except de power

YW

*  Permanent, operable, redundant water level instrumentation designed for use
during shutdown conditions.

* Antisiphon provisions in refueling pool cooling and cle anuy, system piping to
prevent pool drain down,

* Features to prevent or mitigate the effects of losing suction to decay heat

rmoval pumps during shutdown condition (e.g.. piping design to minimize
vortexing and air entrainment).

C-2
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Features 1o assure required net positive suction head is always available to
decay heat removal pumps.

Passive decay heat removal systems are capable of removing decay heat and
preventing RCS overpressure.

Detailed requirements for analyses of mid-loop operation (PWRs) and low-level
operation (BWRs) to provide assurance that known loss of shutdown cooling
problems have been addressed and that information to operate the plant safely
during shutdown has been developed.

Provision of a separate power supply circuit to the plant permanent nonsafety
leads for use in the event of extended unavailability of the normal power supply
such as may occur during shutdown.

Capability of closing valves for draining the reactor vessel or RCS without
reliance on ac power,

Limitations on boron dilution flow in PWRs such that the operator has at least
30 minutes after indication of dilution to terminate the incident prior to any
recriticality.

ol ‘S‘ > ).'
Passive containment cooling systems transfer heat directly from containment

without dependence on support systems, the BWR through a heat exchanger in
a water pool, the PWR directly through the containment steel shell.

Reactor cavity/lower drywell configured to promote spreading of core debris to
increase coolability.

Ample water is available 10 cool debris in the reactor cavity/lower drywell
passively, by means independent of potential causes for core damage.

> 1

Containment failure due to in-vessel steam explosion was unlikely in WASH
1400, and has been reexamined several times since and is now considered to be
extremely unlikely[25]. This is due to improved understanding of steam
explosion phenomena, particularly the extent to which water depletion in the
debris-water interaction zone (due to high heat transfer rates from debris
fragments to the water and to the dispersive effect of the subsequent high
steaming rates on the surrounding water pool) limits molten debris premixing
and mechanical energy yield.

> 1 )

The BWR containment is inerted.



The PWR containment 1s required to have a hydrogen control system. Even
without crediting this system, the PWR containment is capable of withstanding
a burn associated with hydrogen generated from oxidation of as much as 75%
of the active fuel cladding without exceeding ASME Service Level C limits.

The pass've plants have fewer penetrations as a result of safety systems being
locateu inside containment and other changes o reduce the number of
penetrations.

Most penetrations are isolated during power operation,

Penetrations which may be open during power operation are fail safe or de
powered making them effectively independe » of cupport systems.

A periodic, on line leakage monitor is specified to avoid pre-existing opening.
- ()

Reactor cavity aad lower drywell are configured to protect the containment
houndary from direct contact by core debns,

Similar to in-vessel steam explosions, water depletion in the debris-water
interaction zone limits ex-vessel molten debris premixing and mechanical energy
yield; also, voiding (i.¢., steam content in the debris-water-steam system)
limits pressure pulse propagation to structures.

A rugged BWR reactor vessel foundation design is provided together with a
URD requirement to demonstrate that ex-vessel debris water interactions will
not cause loss of reactor vessel structural support.

A shield is provided in the BWR lower drywell to protect the containment
houndary from the etfects of debris-water interactions.

Both PWR and BWR have an automatic RCS depressurization system
containing redundant trains and diversity in valve designs to prevent common
cause failures. The depressurization systems require only dc power for
operation.

Passive decay heat removal systems are capable of reducing and maintaining the
RCS at low pressures.

Cavity/lower drywell configuration is such that much of the debris will be
trapped as opposed to being entrained in the steam flow. Also, recent work
suggests that any debnis which is entrained is exposed to only a small fraction
of the steam flow from the RCS, thus greatly hmiting the potential for
thermal/chemical interactions {26].
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Automatic RCS depressurization system and RCS passive decay heat removal
system minimize high pressure melt ejection and resulting core debris transport
into upper drywell

Ample water available in lower drywell to cool debris and avoid high
temperatures

BWR drywel! spray to reduce temperatures
e : '
Reduced primary coolant temperatures 1o reduce corrosion
Improved water chemistry and tube materials (i.e., NiCrFe alloy 690 TT).
Improved mechanical design of tubes and tube bundles.

Passive RHR prevents need for secondary side relief and steam generator
overfill.

Automatic RCS depressurization terminztes tube leakage with no operator
action,

Depressurized RCS minimizes convection of hot gases which could cause tube
rupture.,
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APPENDIX D

Assessment of AP600 Design Conformance

with ALWR Containment Requirements



Table D-1

ASSESSMENT OF AP600 DESIGN CONFORMANCE WITH

ALWR REQUIREMENTS WHICH ADDRESS CONTAINMENT CHALLENGES

CHALLENGE

AFFECTED

SAFETY
FUNCTION

KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR OR PRA SECTIONS

LIMIT POTENTIAL FOR CHALLENGE!!

ACCOMMODATE CHALLENGE!!!

1. Containment lsolation

Isolation

» Reduced flmd line penetrations [6.232.1 &
6.2.3.1.3-A]

« Isolation provisions and leakage rite testing pe:
standards [6.2.5.2.2].

« Valves capable of closure with maximum flow
and full containment pressure [6.2.3.1.3-F]

« Control room position indication for automatic
and remote manual valves [6.2.3.1 3-H 1}

» Manual valve coafiguration permits locking
only in closed position [6.2.3.1.3-]]

» Closed systems penetrating containment
evaluated tor ex-vessel severe accudents
{6.2.3.1.1-H]).

« Fail closed or DC powered isolabon valves
16.2.3.1.3-K].

 Capability for periodic gross check of
containment inlc&rily {2}.

« Passive Residual Heat Removal (RHR)
minimizes core damage risk given solation
faiture {with RHR on-line even without DC
power) [6.3].

2. Interfacing System
LOCA

‘Bypass

* Reduced interfaces between the Reactor Coolant
System (RTS) and low pressure systems [PRA
App. A32]

*» High to low pressure interfaces provided with
isolation vaive leak testing capability [6.2.5.2.2
& for RHR, Fig. 5.4-7], isolation valve position
indicator in control room [6.2.3.1.3-H, | & for
RHR see note 2], and high pressure alarm
[RHR, 7.6.1.1.1]

« Interfocks prevent isolation valve opening when
RCS pressure exceeds RSDC system design
pressure [5.4.7.2.2].

« Double isolation [5.4.7.2.2].

* Pressure Relief [5.1.2 & 5224

*Design pressure such that full RCS pressure
is helow rupture pressure and no leaks will
ovcur which exceed RCS makeup capacity
[54.72 & PRA App. A32]

2] No reference in SSAR; however, Westinghouse has committed to this capability.




ASSESSMENT OF AP600 DESIGN CONFORMANCE WITH

Takle D-1
(Cont'd)

ALWR REQUIREMENTS WHICH ADDRESS CONTAINMENT CHALLENGES

Pressure Control

Code {5.2.1 1).
« Leak Before Break (5.1.34 & 36.1.1-P)

CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ACCOCIATED SSARK UK TRA SECTIONS
SAFETY LIMIT POTENTIAL FOR CHALLENGE!!! . cnALLENGE!!]
FUNCTION ACCOMMODATE CHALLENGE
3. Blowdown Foices Contatnment *» Desipn and IST in accordance with ASME BPV *» Design containment for double-ended

suillotine break of largest pipe 16.2.1.1.1]

Rupture

* Proven materials [5424.1]

« Mechanical design of tubes, tube supports, and
tube sheets reduce likelihood of SGTR
{54233 54234 & 54.24.2]

» Improved design features facilitate SG clezning
and replacement [54.2 & 54.25].

4. Pipe Whip and Jet Bypass * Desipn and 181 in accordance with ASME BPV * Protection from jet/pipe whip where leak
Impingement Code {5.2.1.1]. hefore break is not demonstrated [3.6.1.1-
« Leak Betore Break [5.1 04 & 36.1.1-P} C: 362342 & 3624.1)
» Use of only pro.en meerniay and
fabrication processes [S.2.3.1%
» Use of EPRI wrer chemistry pudelines
{54.24.1]
3. Steam Generator Tube Bypass « Tmproved watcr chemistry [5.4.2.4 3} « Operator actions can terminate leakage

prior to ADS actuation for design basi
leak [15.63].

« Autematic Depressurization System (ADS)
operation terminates tube leakage
antomatically {15.6.3}.

» Passive RHR prevent secondary side rehel

6. ATWS

‘Reactivity Control

« Diverse RPS (or capability to nide out ATWS
[4.3.1.7]) |IPRA App. CI2]

foliowing SGTR [15.6.3].

* Borated éﬁfety Injection (S1) [54.13].

« Negative moderator temperature coetlicient
over entire fuel cycle improves ATWS
response [4.2.2 3]

7. Suppression Pool Containment NOT APPLICABLE
Bypass Pressure Control
[ Catastrophic RPV Tnternal * RTnpT < TOF imtial RTypT < -20°F tor
Failure Containment PWR core beltline; low fluence at vessel wall
Loading [(5.33.1]).

« No welds in belthine region [S34.11

« Relief velves prevent overpressure, backed up
by depressurization system and low-head
mjection [5.4.9]

» Design in accordance with ASME code
[5.3.1.1].

» Design features o avoid relief valve openng for
expected plant transients {63.1.1.1 &
15.2.8.3].

T WRs are wentified with a P.




fable 13-}
{(Cont'd}

ASSESSMENT OF AP600 DESIGN CONFORMANCE WITH

ALWR REQUIREMENTS WHICH ADDRESS CONTAINMENT CHALLENGES

Pressure Control

CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR OR PRA SECTIONS
o 1 LIMIT POTENTIAL FOR CHALLENGE!!! ACCOMMODATE CHALLENGE!!]
9. Internal Vacuum Containmen «Design for extersal pressure loads [3.8)

{See also PRA 10.2.2 & App. L.2.5].

10 internal (Plact) Externa « Turbine overspeed protection [10.2.2.3.6]. *Turbine orientation avoids mussile contact
Missiles Containment P | » Improved turbine integrity/one-piece rotors with containment [3.5.1.3]
Loading ji0.2.3] » Missiie protection for any safety related
components in missile path (SRP 3.5.1.3}
[3.5]).
. Tornado and Tornado External » Conformance with ANST 2.12 and ANSI 51.5  Passive core cooling systems Jocated within
Missiles Containment {in accordance with ASCE 7-88, "Minimum contammment [Fig. 6.3-5, 6.3-6, 6.3-7]
fLoading Design Loads for Buildings and other
Structures.” formerly ANSI ASR 1-82) [3.3.1;
3.5.2 & 3.5.3]
12, Man-Made Stie External « Conformance with ANST 2,12 | * Passive Core cooling systems Tocated within
Proximity Hazards Containment containment jFig. 6.3-5, 6.3-6, 6.3.7}
Loadin
13, Seisnnc Exlerna% < Siting requirements exclude the most * SSE at €3¢ {3.7.1].
Containment vuinerable sites [no effect on design]. « Evaluation at > SSE with margins
Loading assessmient as part of design process [PRA
App. HL
« Address valnerabilities from past
experience, e.g., provide common basemat
j3.85.1}
14, High Pressure Melt Reactor Pressure P | -+ Diverse depressurization systems {5.1.2]. » Cavity configuration 1o limit transport of
Ejection (HPME) Control P » Passive RHR can aid depressurization [6.3] fregmented core debris [PRA 10.2 31

“T;;s;i—ve_;_ﬂ‘:;u design features which exceed requirements for current LWRSs are identified with a P.
{2} No reference in SSAR: however, Westinghouse has commiti<t to this capability.




fable 1)}
(Cont'd)

ASSESSMENT OF AP608 DESIGN CONFORMANCE WITH
ALWR REQUIREMENTS WHICH ADDRESS CONTAINMENT CHALLENGES

CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR OR _PRA SECTIONS ‘
SAFETY LIMIT POTENTIAL FOR CHALLENGE!!) ACCOMMODATE CHALLENGE!!]
FUNCTION
15a. Hydrogen Generation § Combustible Gas P | « Limit Hy generation with des” o features, P | » Evaluation required if local detonation is
to Detonable Limits Control such as ADS and cavity flooc..g {546 & possible [PRA 14.0; 150: App N & App.
31.8.3.1.5]. 0]

P | « Hydrogen control system designed 10 keep
hydrogen concentration below 10% for
100% active clad equivalent reaction 6.2 4]
P | ¢« Containment size prevent giobal detonable
H7 concentration {<13%) for generation up
to 75% active clad equivalent reaction |2

P | « Design ensures convective mixing and
minimizes DDT-prone geometry 16.2.4 1.1
PRA 10.2.5 & App. Ol

15h. Hydrogen Combustibie Gas P | « Recombination or deflagration likely at low P | sDemonstrated accommodation of generation
Deflagration Control concentrations (<10%) given hydrogen equivalent 10 100% active clad reac” - with
contrel system (IRWST and PCCS limit steam multipie burns [PRA App. Nj

meiting potential) [PRA App. N & App. Ol P | = Structural evaluation for LOCA plus
hydrogen loads, including global burn ot
hydrogen equivalent to 75% active clad
reaction [PRA App. N4 8]

16. In-Vessel Debns- internal » Large-scale phenomena limited 1n probability » Rugged reactor vessel contains forces [PRA
Water Interaction Containment {PRA 10.2.1}]. 10.2.1]; as backup, rugged .<actor cavity
Loading * In-vesse! geometry limits interacting comtains lower head failure {PRA 102.1}
guantities and size of any interaction [PRA
10.2.1].
17. Ex-Vesser Debris- External « Large-scale phenomena limited in probability | P | » Rugged reactor cavity confirmed by
Water Interaction Containment {PRA 10.2.1]). evaluation [PRA 10.2.1].
Loading »  Ex-vessel geomeiry iinmts imnteracting « Containment design accommaodates sieam
quantities and size of any interaction [PRA generation [PRA 10.2.1§.
10.2.1].
TR Noncondensible Gas Fuel/Debris P T+ Features limating concrete erosion {see » Contamnment size and pressure relention
Generation Cooling item 19) limit noncondensible gas generation capability {PRA 1024 & App. i
as well.

P }+ Overlying pool cocls gases from core-concrete
interaction {PRA 10 2.4}

[1] Passive plant design features which exceed requirements for current LWRs are identified with a P.
[2} No reference in SSAR; however, Westinghouse has committed to this capability.



Fable D-i
{Cont'd)

ASSESSMENT OF AP680 DESIGN CONFORMANCE WITH

ALWR REQUIREMENTS WHICH ADDRESS CONTAINMENT CHALLENGES

CHALLENGE

AFFECTED

SAFETY
FUNCTION

LIMIT POTENTIAL FOR CHALLENGE!!!

, KEY ALWR REQUIREMENTS AND ASSOCIATID SSAR OR PRA SECTIONS

ACCOMMODATE cHALLENGE!!]

19, Basemat Erosion and
Vessel Support
Degradation

Fuel/Debris
Cooling

« Reactor cavity/lower drywell spreading area of

0.02m2/MW1 promotes core debris cooling
{PRA 10.24]

« Reactor cavity flooding [PRA 10.2.2].

« Overflow from containment reflux via PWR
IRWST prefloods reactor cavity [PRA 10.2.2

» Backep capability for water addition from
sources external to centamnment {PRA App.
C44.1})

» Sacrificial concrete where debris on floor
contacts boundary structures |* 8.2.1.2]

70. Core vebris i Sump

Fuei/Debris
Cooling

» Special cavity sump design prevents locahized

unterminated core-concrete interaction
{10.2.4}.
* Sump drainfine confipuraticn preciudes
gravity transport of debris ex-containment
[PRA 10.2.4]
Reactor cavity flooding [PRA 10.2.2]

21. Core Debns Contact
with Liner

Fuel/Debris
Cooling

a- B~ lha - -]

Tiner protected by concrete [1.8.2.12].
neactor cavity flooding [PRA 10.2.2].
Design features to limit debris dispersal
including ADS [546 & 3.83.15]

. L]

22. Decay Heat
Generation

+ Steam Generators/Main Feedwater
(MFW)/Startup Feedwater {104.9].

» Normal Residual Heat Remova! System
[5.4.7].

+ Passive Contamnment Cooling 16.2.2].

 Passive Heat Removal through contanment
shell withoat PCCS water limits contamnment
pressure [PRA App. L.3.1 & 1.3.2].

23. Tube Rupture from
Hot Gases

+ Steam Gencrators/ MEw/stariup Feedwater
{10.4.9].
» Depressurization System {5.1.2]

() passive plani design features which exceed requirements for current LWRs are identified with a P.



Table D-2

Exceptions for AP600 Design Conformance With ALWR Requirements

1. No SSAR provision exists for periodic gross check of containmen:
integrity. However, Westinghouse has committed to the ALWR
Program to provide this capability in AP600. The ALWR Program
will track this item.

o

No SSAR requirement exists for a high pressure alarm on the high-
to-low pressure interface for the Primary Sampling System and the
Chemical Volume and Control System (CVCS). The ALWR
Program will track this ntem.

3. An incrosistency exists between SSAR Section 7.6.1.1.1, which
identif..s a high pressure alarm on the low pressure side of the RHR
System. and Figure 5.4-7 which does not show it. Westinghouse
has confirmed in response to an NRC Request for Additional
Information that the high pressure alarm is part of the system and
that Figure 5.4-7 will be corrected.

4. The existence of isolation valve position indication for the RHR
System is not mentioned in the SSAR. but Westinghouse confirmed
that this capability s provided in the design.

5. No SSAR commitment to ANSI 2.12{27] exists for man-made site
proximity hazards. However. Westinghouse has stated that AP600
will conform to ANSI 2.12. The ALWR Program will track this
item.

6. No explicit statement is made in the SSAR regarding containment
size being large 2nough tc « mit dry hydrogen concentration to less
than 13% given 75% active clad oxidation. However. the ALWR
Program has evaluated hydrogen concentration based on AP600
zircaloy mass and containment volume, and has concluded that the
3% requirement 1s met.

7. The SSAR does not currently specify low gas generation concrete in
the reactor vessel cavity. However, based on sensitivity studies for
ex-vessel debris coolability. the intent of the requirement is met,
i.e.. avoid rapid containment overpressure due to roncondensable
gas generation, even under very conservative molten core concrete
interaction assumptions.



APFENDIXE

Assessment of SBWR Des‘gn Conformance

with ALWR Containment Requirements



Table E-1

ASSESSMENT OF SBWR DESIGN CONFORMANCE WITH

ALWR REQUIREMENTS TO ADDRESS CONTAINMENT CHALLENGES

CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR SECTIONS
SAFETY {1 . NG it
FUNCTION LIMIT POTENTIAL FOR CHALLENGE ACCOMMODATE CHALLENGE
1. Contamment Isolation Isolation P | « Reduced fluid line penetrations (21 « Passive Residual Heat Removal (Isslation

* Isolation provisions and leakage rate testing per
standards [6 24 1}

* Valves capable of closure with maxunum flow and full
containment pressare [6.2.4.25]

« Control room position indication for avtomatic and
remote manual valves {6 2.4 2]

P | = Manual vaive configuration pennits locking only in

closed position [3]

P | »Closed systems penetrating contamment evaluated for
ex-vessel severe accidents [19B S5 2.1}

« Fail closed or DC powered isolation valves [6.2.4 {j

P | » Capability for peniedic gross check of contamment

mteprity {3 6.1.4]

Condenser System [ICS]) minumizes core damage
risk given solation failure {with ICS on-line even
without DC power) [S46 & 5462}

2. Interfacing System LOCA Rumnce P | » Reduced interfaces between the Reactor Coolant

System (RCS) and low pressure systems {7.6.1 1.

19H 225 & 19H.2 44}

P § + High to low pressure interfaces provided with isolation

valve leak testing capability [9.1.3.2.2 for LPCI]

isolation valve position indicator i control room

19.1.3.2.2 for LPCI], and high pressure alarm {3}

P | « RWCU/SDC designed for full reactor pressure
[5481.2]

+ Double isolation [7 6.1 2]

» Pressure Relief 6.3 3]
« Design pressure such that full RCS pressure 1s
below mipture pressure [9.1.32.2 for LPCH]

(i Passive plant design features which exceed requirements for carrent LWRs are ideatified with a P

121 No reference in SSAR: however, General Electric has committed to this capahility
(31 No reference in SSAR




Table E-1

ASSESSMENT OF SBWR DESIGN CONFORMANCE WITH
ALWR REQUIREMENTS TO ADDRESS CONTAINMENT CHALLENGES
{Cont'd)
CHALLENGE AFFECTED KEY AL WR REQUIREMENTS AND ASSOCIATED SSAR _SECTIONS
SAFETY LIMIT POTENTIAL FOR CHALLENGE!!] ACCOMMODATE CHALLENGE! ]
FUNCTION
3. Blowdown Forces Contamment Pressure » Design and ISTm accordance with ASME BPV Code * Design containment for double-ended gailiotine
Control [5.2.1). break of largest pipe [6.2.1.1 3}
« | euk Before Hreak {36 3}
4. Pipe Whip and let Bypass « Design and ISI in accordance with ASME BPV Code  Protection from jet/pipe whip where leak before
Impingement {52.1) break is not demonstrated {[36.13 & 163]
* } eak Before Break (3.6 3]
* Use of only proven materials & fabncation processes
[Tables 52.1 & 5.2-4]
« Use of EPRI water chepstry gimdelines [5.2.32.2
S. Steamn Generator Tube Bypass NOT APPLICABLE
Rupture
6. ATWS Reactivity Control P | « Diverse Reactor Protection System and Alernate Rod * Standby Liqumd Control (SLC) [9.3.5].
Injection {4.6.1.25. 721, 74 5] * Checkerboard pattern of scram group rod
P | * Diverse means of rod msertion [4.6 1.2 1] maxunizes group worth [2]
7. Suppression Pool Bypass Contamnment Pressure * Vacuum Breakers: potential loads accounted for, *ADS use of SRVs which discharge to suppression
Control position indication, minimal leakage [6 2.1.1.2 & pool and thus ensure vapor suppression despite
1944111} leakage |522 & 6332}
P | *+ No high energy hines in wetwell airspace [Figures 5.2- * Passive ICS (mncluding PCCS) [S46 & 622
1 and 21.1.2-2).
8. Catastrophic RPV Failure Internal Contasnment | P | » RTypt <10°F, low fluence at vessel wall [5.3.2 1}
Loading P | « No welds m beltline region [5.3.3 3]
P I « Relief valves prevent overpressure. backed up by
depressurization system and low -head imjection [5.2 2,
632 & 633
* Design in accordance with ASME code [5 3.1 1]
* Design features to avoid relief valve opening for
expected plant transients [19AE 8.3 2]
9 Internal Vacuum Containment Pressure « Contamment internal design loads specifications, Table * Vacuom Breakers [6.2.1 1 2]
Control 6.2.1 through 6.2.6 * Design for external pressure loads {62112 &
l__ 6.2.1.13}
(i Passive plant design features which exceed requirements for current LWRs are identified with a P.

121

No reference in SSAR; however, General Electric has committed to this capabiiity.




ASSESSMENT OF SBWR DESIGN CONFORMANCE WITH

Table E-1

ALWR REQUIREMENTS TO ADDRESS CONTAINMENT CHALLENGES

{Cont'd)
CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR SECTIONS
SAFETY LIMIT POTENTIAL FOR CHALLENGE!!] ACCOMMODATE CHALLENGE!]
FUNCTION
10. internal (Plant) Missiles External Contamnment * Turbine overspeed protection [10.2 2.4} * Turbine orientation avoids missile contact with
Loadng * Improved tarbine integrity/one-prece rotors [10.2 3 & containment {3.5.1.1.1)

10.2.1.4)

« Missile protection for any safety related
components in missile path (SRP 35.1 351351
& 353]

1 1. Temado and Tomado
Missiles

Extemal Contamment
Loading

» Conformance with ANSI 2 12 & ANSI SIS an

accordance with ANSI AS8 1 and ASCE Paper
Number 32693 |

* Passive core cooling systems focated within
containment [S 46 & 62 2]

12. Man-Made Site Proxumaty

External Contamment

« Conformance with ANSI 2 12 |2)

* Passive core conling systems located within

Hazands Loading comtainment [S46 & 622
13. Seismic External Contamment * Siting requirements exclude the most vainerable sites *SSEof03g{252&37.1.1)
Loading {no effect on design). * Evalustion at > SSE with muargns assessment as

part of design process [ 19D]
« Address vulnerahilities from past expenence. ¢ g .
provise conunon basemat {384 11

14, High Pressure Melt

Reactor Pressure

+ Diverse depressurization systems [6.3.3 &

* Suppression poul cools heated pases {6211 2 &

Fiection (HPME) Control 19.4415) 19.44.1.4)
« Passive ICS can aid depressurization [5.4 6 3] « Inerted contamnment {no combustion heat addytion)
[948 & 19441 10].
15a. Hydrogen Generation Combustible Gas s Inerted 948 19434 & 19441.10] + Evaluation required if Jocal detonation s possible
to Detonable Limits Control [1943 4}

i Passive piant design features which exceed requirements for current LWRS are identified with a P.

2] No reference m SSAR: however, GE has committed to this capability.




ASSESSMENT OF SBWR DESIGN CONFORMANCE WITH

Table E-1

ALWR REQUIREMENTS TO ADDRESS CONTAINMENT CHALLENGES

(Cont'd)
CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR SECTIONS |
SAFETY LIMIT POTENTIAL FOR CHALLENGE!! ACCOMMODATE CHALLENGE!!!
FUNCTION

15b. Hydrogen Dieflagration

Combustible Gas
Control

Inerted [9 4% & 1944.1 10)

« Demonsirated accommodation of generation
equivalent to 100% active clad reaction [19B 3 25
& 19.G.245]

« Structaral evaluation for LOCA plus hydrogen
ioads (100% active clad reaction) | [9B 325 &
19.G.2 451

16, In Vessel Debns-Water Internal Containment » Large-scale phenomena hmited in probability » Rugged reactor vessel contains furces; as backup.

Interaction Loading [19BB]. rugged lower drywell contains lower head failure
o In-vessel geometry himits inferacthing quantities and [19.4.2.2)
size of any interaction [ 19BB].

17, Ex-Vessel Debnis- Woter External Containment ¢ Large-scale phenomena limited in probability » Rugged lower drywell confirmed by evalustion
Interaction i nading j19.4311 & 19BR 5] {19422 19B 325 & 19KB .3 4}

+  Ex-vessel geometry limits interacting guantities snd » Containment design accommodates steam
size of any interaction [19BB.2 1] generation | 19BB 5 41

18. Nowscondensible Gas Fuel/Debris P | » Features lumiting concrete eroston {see item 19) » Containment size and pressure retention capability

Generation Coolng limit noncondensible gas peneration as well. [19B621 & 19B622]
P | ¢ Overlying pool cools gases from core-concrete
interaction [19AE. 7.1}

19 Basemat Erosion and Fuel/Debns P 1+ Lower drywell spreading area of 0.02m2/MW1 » Sacrificial concrete where debris on floor contacts
Vessel Support Cooling prometes core debris cooling [194 4.1 8] boundary structares (which are the passive BWR
Degradation P 1+ Lower drywell flooding {62 1.1.2 & 19441 3} vessel support) [194.4.1.7}

P |« Lower drywell flooding thermally actuated directly
from gravity drain tank or suppression pooi [6.32.2
’ & 194413)

Backup capability for water addibon from sources
external to containment {9 1.3 1]

(1] F&:;‘V_C‘ p‘ianl design features which exceed requirements for current LWRs are identified with a P




ASSESSMENT OF SEWR DESIGN CONFORMANCE WITH

Table E-1

ALWR REQUIREMENTS TO ADDRESS CONTAINMENT CHALLENGES

(Cont'd)

CHALLENGE AFFECTED KEY ALWR REQUIREMENTS AND ASSOCIATED SSAR SECTIONS
i1 LIMIT POTENTIAL FOR CHALLENGE!!! ACCOMMODATE CHALLENGE!!]
20, Core Debnis in Sump FuelDebris Cooling § P | «  Special cavity sump design prevents localized
unterminated core-concrete mteraction {2}
P | »+ Sump drainline configuration precludes gravity
transport of debris ex-contamment [2]
P |+ Lower drywell flooding [6.21.1.2 & 19441 3]
21. Core Debns Contact Fuel/Debris Cooling | P | »  Liner protected by concrete [19.4.4.1.7]
with Liner P | « Lower drywell flooding [6.2.1.1.2 & 19441 3]
P |+ Design features to st debris dispersal including
ADS 16.3.3 (ADS), 19B.10.2.4 & 19BB 3.3 (conun
shield )}
22, Decay Heat Generation Containment Pressure « Main Condenser [54.7] » Passive Contamment Coolng [6.2 2 &
Control «  Reactor Water Cleanup System (RWCS) [547 & 194412)
54 8]
P | + Passive RHR (RCS heat removal mode) [S46 &
547
23, Tube Rupture from Bypass NOT APPLICABLE
Hot Gases i

{1} Passive plant design features which exceed requirements for current LWRs are identio=d with a P.

{21 No reference in SSAR; GE is carrently considering this reguirement.




Table E-2

Exceptions for SBWR Conformance Assessment With ALWR Requirements

tJ

The tact that the number of containment fluid line penetrations has been
reduced 1s not explicitly mentioned in the SSAR. but General Electric has
statzd that this 1s the case in the SBWR design.

There is no SSAR provision that manual containment isolation valves permit
locking only in the closed position. The ALWR Program will track this
iem.

No SSAR reference to isolation valve leak testing capability and position
indication in control room was identified for sampling lines. General
Electric indicated that this capability exists. The ALWR Program will
confirm this item as part of conformance assessment.

No SSAR reference to high pressure alarms for high to low pressure
intertaces was idenufied. The ALWR Program will track this item.

There 1s no SSAR requirement for a checkerboard pattern of control rods
within a scram group to maximize group worth, but General Electric has
stated that this provision 1s in the SBWR design (it became standard practice
in recent operating BWRs),

Conformance with ANSI 2.12[27] for man-made site proximity hazards
was not identified in the SSAR, although the design approach appears
consistent with ANSI 2.12. The ALWR Program will track this item.

No provision currently exists in the SSAR for cavity sump and sump
drainline design to prevent localized core concrete interaction and ex-
containment gravity transport of core debris in the event of ex-vessel core
damage. General Electric 1s considering design features in this regard. The
ALWR Program will track this item,



