. - April 9, 1992

Docket No. 52-002

Mr. £. H. Kennedy, Manager
Nuclear Systems Licensing
(ombustion Engineering

1000 Frospect HI11 Road
Windsor, Connecticut 06095

Dear Mr. Kennedy:
SUBJECT: SEVERE ACCIDENT DESIGN FEATURES

The format and content of the Combustion Engineering Standard Safety Analysis
Report - Design Certification (CESSAR-DC) was based on Regulatory Guide 1.70
(RG 1.70, Rev. 3), Standard Format and Content for Safety Analysis Reports for
Nuclear Power Plants. Severe accident and design features for thair preven-
tion and mitigation are not inclnded in the scope of this latest ~evision of
RG 1.70. The Standard Review Plan, (NUKEG-0800) also does not irclude the
issues of severe acciderts, i.e., accidents worse than design basis accidents.
Therefore, the material nended for the Nuclear Requlatory Commission staff
closure of these issues may be diffirult to locate in the CESSAR-DC or may not
have been provided. The enclosed request for infurmation (RAT) (Enclosure ])
and description of the safety evaluation report (SER) (Enclosure 2) are
provided to assist the staff in reaching closure on these issues. 1f this
information is currently available, please respond in a time frame to enable
the staff to meet its scheduie for the draft safety evaluatien report. If the
information must be developed, please provide & schedule.

Sincerely,

Orininal Sienad Bys
Thomas V. Wambach, Project Manager
Standardization Project Directorate
Division of Advanced Reactors

and Special Projects
Office of Nuclear Reactor Regulation

Enclosures:
1. RAl
2. Description of SER

cc w/enclosures:
See next page
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Combustion Engincering, Inc.

cc:

Charles B. Brinkman, Manager

Washington Nuclear Onerations
Combustion Engineering, lic.

12300 Twirbrook Parkway

Suite 330

Rockville, Maryland 20852

Mr. Stan Ritterbusch

Nu lear Licensing
Corbustinn tngineering

1000 Prospect Hill Rwad
Foct “ffice Box 500
Windsor, Connecticut 06C:5

Mr. Daniel ". Giessing

U. §. Department of Eneigy
NE-42

Washington, D.C. 20585

Mr. Steve Goluberg
Budget Examiner

725 17th Street, N.W.
Washington, D.C. 20503

Mr. Raymond Ng

1776 Eye Street, N.W.
Suite 300

Washington, D.C. 20006

Docket No. 52-002
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Enclosure 1

REQUEST FOR ADDITIONAL INFORMATION
ON THE DC APPLICATION FOR THE ABB-COMBUSTION
ENGINEERING SYSTEM 80+ DESIGN
DOCKET NC. 52-002
CESSAR-DC SEVERE ACCIDENTS

Enclosure 2 provides an outline on Severe Accident closure issues
which expands on the guidance provided in SECY-90-016. The staff
will use this outline in the review of Advanced Light Water
Reactor [ALWR) Severe Accident Issues closure. Since this docu-
ment represents the staff’s opinion as to what issues should be
addressed for closure of the severe accident issues, show where
each of the line items are discussed in the CESSAR-DC. If not
currently available, provide a schedule for when the information
111 be provided to the staff.

EQUIPMENT SURYVIVABILITY

410.14]

Your response to RAI 440.20 lists, in part, the hydrugen mitiga-
tion system igniters and cabling, as well as valves for the
reactor cavity floodir .ystem, as equipment that is relied upon
to mitigate consequen. . of severe accidents, SECY-90-016
requires that there be hioh confidence that this equipment will
survive severe accident conditions for the period that is needed
to perform its intended function. However, SECY-90-016 has
concluded that it is not necessary for redundant trains to be
qualified to meet this goal.

With this general background, there are several areas where _
information is missing in your response to 1 440.20. Therefore,
please provide the following:

a. Provide the results of the calculations used to estab)ish
the environmental conditions for severe accident mitigative
equipment, These conditions should include pressure, tem-
perature, and radiation, as a function of time. In addi-
tion, provide the hasis for concluding that the above condi-
tions are bounding for the range of severe accidenis.

b. In addition to the environmental conditions, provide any
further criteria that will be imposed on the mitigative
equipment. Indicate if these added criteria are o Justify
that there is reasonable assurance that this equipment will
perform its function. Provide and Justify the seismic
design of this equipment.

-
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C. Describe the electric power supplies for post acridenti
miti?ltive equipment, including train and bus cor ¢igurations
supplying class 1€ and alternate power sources. ..escribe
the provisions for switching between the pawer sources, if
required in the course of a severe accident,

Describe any systems or methods such as on-1ine monitoring that
will be utilized to ensure that the containment leakage rate is
maintained below the value assumed.

HYDROGEN GENERATION AND CONTROL

410.143

410.144

RAIs 722.13 AND 720.7(b) reguested a description of the lacation
of the hydrogen igniters. In addi'ion to this information,
provide the separation distance between igniters and a general
discussion of where the igniters will be located. For example,
how were the various areas considered in the placement of igni-
ters; under overhangs, in all compartments, on the ceiling, and at
the source of possible hydrogen? If there is a particular separa-
tion distance between igniters, please provide the associated
analytical input parameters that were used in conjunction with
this value?

How many igniter assemblies will be allowed in an igniter circuit,
and how many are allowed to be inoperable before the Hydrogen
Mitigation System is declared inoperable? Also, would inoperable
igniter assemblies be allowed to be adjacent to one another and if
complete loss of igniters in a compartment will be allowed?
Provide the justification for this type of multiple failure
criteria.

HIGH PRESSURE CORE MELT EJECTION

410 145

Please identify all CE 80+ design features which prevent core melt
or provide a recovery capability.

a. Describe how in the design process these features were
selected.

b. Provide some quantification of each features risk benefit
worth.

C; Identify which of these features came from existing designs,

and which were new or possess new capabilities.

d. Describe the process used to decide which severe accident
enhancements should be incorporated into the CE 80+ and
which to exclude (if any).
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CORE/CONCRECTE INTERACTION - CORE DEBRIS COOLA [LITY

410.146

410.147

In addition to the reactor cavity drawings requested via RA]
722.1, provide the following:

8. Provide the following design details:
¢ location and size of any ledge-1ike surfaces,
¢ location and configuration of all penetrations,
* location and configuration of all openings to the
drywell compartment, and
* size, elevation, and configuration of floor vents; and

b. Identify and provide the results of any experimental tests
that support the design of the reactor cavity. Show to what
degree the results demonstrate the design objective of the
cavity to retain corium debris.

Describe the methodology used to determine ex-vessel corium debris
coolability,

a. Discuss the basis for the methodology used.
b. Inciude initial conditions, assumptions, results, and con-
¢lusions.

<. Quantify and describe .he basis for the mass composition end
temperat.re assumed of the debris in the lower head at the
time of 1ower head failure.

d. Please provide the analysis used to determine the amount of
debris ejected from the reactor vessel.

e. Please provide the depth of ercsion into both the basemat
and the reactor vesse! pedestals for at least the first
24 hours or unti] the debris was quenched, whichever came
first.

f. What is the maximum penetration that can be tolerated into
the pedestals, such that their structural integrity is

maintained?

g. Please provide the basis (i.e., calculations, assumptions,
and test data) for the penetration rate used in the analy-
sis.

h. What tutal thickness was assumed for the basemat?

Please provide the supporting containment pressure tempera-

ture response profile.
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410.152

410.153
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410.155
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b. Could the corium be blown into one location in one mass?
i Which assumption--the concentrated heat generation nf one

softened mass or the wide dispersal of fine fragments--would
be more conservative?

A series of ACE/MACE tests are underway at Argonne RNational

Laboratory to demonstrate core debris coolability. Several of
these tests have been completed. Discuss the applicability of
these tests to the CE 80+ design. Include a discussion on the
applicability of the test parameters, :ssumptiont, and results.

Section 6.3.15 entitled, "Cavity Flooding System," says the
flooder valves in the system will undergo a surveillance every
refueling outage.

a. Please explain the recommended surveillance for these
valves,
b. Is 1t recommended that these flooder valves be tested

(stroked) periodically?

8 Are these valves expected to have a reliability value higher
than norma! isolaticn valves? If so, what is the value?

Is there a cons'stent thickness throughout containment of at least
3 feet of concrete to protect the steel containment liner?

Please explain how the containment system can accommodate the
following challenges resulting from the thermal decomposition of
concreie by molten corium:

a. the degradation of containment cooling and of cleanup cipa'
bility due to aerosol formation,

b. slow overpressurization resulting from Lhe evolution of
noncondensible gases,

£ functional degradation of structural concrete by erosion,
including basemat penetration, and

d. combustion of carbon monoxide.

Describe how the above chailenges could affect equipment required
for containment cooling and atmospheric cleanup, if they could
result 1 eakage that exceeds the rate specified in General
Design Criteria 16, and whether they could result in release
through the basemat following the onset of the corium-contrete
interaction.
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c. Recent experience and testing indicate that safety valves
designed for steam passage tend to fail to reseat after
fluid is passed by the seat. Are the MSSVs employed by the
CE 80+ design, designed for water passage? If so, how are
the MSSVs expected to respond in a steam generator overfill

scenario?

d. What is the risk associaied with exceeding the radiological
release 1imits in Part 100 during a steam generutor overfill
scenario?

410.160 During a SGTR, isolation is normally achieved eariy 'n the event
by isolating the associated main steam isolation valve (MSIV)
following the identification of the faulted steam generator,

i. Again, in light of recent operating experience showing a
significant trend of challenge to steam generator tube
integrity; and in light of recent PRA studies which indicate
that bypass represents a significant risk contributor; has
consideration been given to minimizing the likalihood of
containment bypass during a severe accident with tube rup-
tures in both steam generators, and to improving main steam
line isolation reliability, with a second MSIV? Please
discuss the advantages and disadvantages of this redundant
isclation capability. !f such an upgrade has not been
considered, why not? Please explain,

b. What is the risk associated with a SGTR scenario resulting
in containment bypass due to failure to isclate the main
steam line?

¢, Are the MSIVs designed at or above primary system pressure?

LONTAINMENT YVENTING

410.161 In SCCY paper 90-016, in the "Containment Performance” section,
the staff position inzicates that a containment design may utilize
controlled elevated venting, diverse containment heat removal
systems, or may rely on the rectoration of normal heat removal
systems if sufficient time is available for major recovery
actions...for example, 48 hours. CE appears to take credit for
the SECY paper "example" of 4B hours, even thcugh this time period
is not applicable to the CE 80+ design. For instance, in
Section 4.8.2.1.8 of Appendiv¥ B, containment failure is projected
in approximately 41 hours. ~.ease clarify this inconsistency.

410.162 Did CE consider providing containment (filtered?) vents for

containment overpressure protection?
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discussed, such as alternate AC sources 1o reduce station black-
out. The important role of the depressurization system to provide
for alternate low pressure makeup schemes and to preclude contain-
ment chalienges (a mitigation feature) will also be discussed,

The containment performance aspects of the mitigation role in
severe accident treatment will be discussed in more deta.l in the
followirg sections below.

CONTAINMENT PERFORMANCE GOALS

The need to have certain containment performance geals will be
discussed in this section. Guidance provided n SECY- )-016 will
be relayed upon to establish the acceptable approaches. Basically
two approaches have been approved by the Commission as ways to
demonstrate that the containment design has met the safety goals,
They are the probabilistic and deterministic methods. The discus-
sion of these two approaches will rely heavily on the guidance
provided in SECY-90-016.

In addition to the references to SECY-90-016, a discussion will be
provided which updates the material obtained in the SECY paper.

In particular, recent findings relative to the short comings of
the probabilistic approach will be identified.

SEVERE ACCIDENT PHENOMENOLOGY

This section will provide a brief description of the most important
severe accident phenomena, along with an evaluation based on the
currently available understanding of the physics involved and existing
uncertainties. The discussion should include a description of the
events along with a profile of the postulated environment that is
envisioned to occur during the course of the event. This section could
be thought of as the source of information used to define the events
desc,ibed in the previous sections. The phenomena of interest should
include as a minimum:

HYDROGEN GENERATION AND CONTROL

CORTUM-CONCRETE INTERACTION

CORE DEBRIS COOLABILITY

HIGH PRESSURE CORE MELT EJECTION

FUEL COOLANT INTERACTION

MELT ATTACK ON CONTAINMENT STRUCTURE

CONTAINMENT BYKASS
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to monitor, accommodate, eliminate, or mitigate the event, |[f

design provistfons or actions are available which could signifi-

cantly reduce the frequency ¢f (or eliminate) the event as a risk

contributur and they were not implemented, a rationale should be

provided as to why they were not accepted. {

PRA CONSIDERATIONS |

The objective of this section is to provide a general overview of
the results of the "RA analysis as they effect containment perfor-
mance. The detailed discussion 1s expected to remain in Chap-
ter 19. However for purposes of continuity of the severe acci-
dent effort, a - lef discussion 1s necessary within this closure
report with particular focus on sequences for which core damage 1s
not arrested in-vessel, and containment failure modes and severe
accident phenomena important to risk, The contents should charac-
terize the Timitaticns of the analytical models so as to better
understand any Timitations of the PRA results. With respect to
:?' !su;ts. the uncerilainty and sensitivity analyses should be
‘o\‘"‘ '

EXPERTENCE AND KESEARCH INSIGHTS

This section is intended to present an overview of the existing
experience with the various containment subsystems, as well as a
status of research (peiformed and/or ongoin?) efforts regarding
containment inttgritg. including both experimental and anaiytical
work, For each of the containment or primary systems considered
to either eliminate or mitigaie an event, a discussion of the
ogoratlng experience accumulated to date should be provided. The
objective would be to provide some insight into whether ur not the
system 15 based on proven technology or to idertify those areas
that could be considered as advanced in nature, Included in this
area, would be the identification of any components whose
reliability ‘availability value used in the PRA is substantially
greater than existing data would rermit,

Research and testing 1ns1?hts are meant to bridge the gap between
the discussion contained in SECY-50-016 and the present. Since
this document 1s more than two years old, the intent of th
section 1s to provide an update on the various research prog“asms
that are applicable to the plant design. For example, there nave
been several tests performed as part of the ACE/MACE programs.
The results of these tests as they pertain to the plant design
thould be discussed as well as Lue justification which s'pports
the plant design. Where appropriate, analytical models =od their
results would be discusced within this section along wiv: the
rationale of how these analytical efforts are integrated with the
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experimental data base. Of particular vite would be the identifi-
cation of any programs that ave underway but are aot yet comp-
leted. These programs shouid be discussed in Yight of the licens-
ing schedule.

Finaily, this section should end with a series of conclusions
relative to now the plant design is sugportcd via testing and
analytical studies. This summary should clearly identify any
areas Lhat are solely tased on analytical results and indicate why
supporting test data are not necessary,

FEATURES Y0 PREVENT AND MITIGATE SEVERE ACCIDENTS

This section s aimed at describing those features which were
identified within the PRA that either prevent core damage, pre-
vent | an accident sequence from releasing a significant sourre
term from containment or mitigated the consequences of the event,
0f particular interest ave those features which were added to the
design as a result ot the initial PRA analyses, 'f a weakness was
fdentif ef as » significant risk contributor /either preventive or
mitigative), design changes may have been implemented to eliminate
this weakness. On the other hand, the weakness may have been
shown 10 not represent a significant and therefore not merit any
further consideration, In other words, i1t is an opportunity to
document the value of having & PRA early in the design of both the
reactor coolant system as well as the containment. To accomplish
this objective, the PRA in conjunction with the Containment Fvent
Trees will be considered. From them, with support from the
vendor, the various design features would be extracted to form the
basis for the section. The key features of the section are
envisioned to include the following features.

A LIST OF DESIGN FEATURES

For each feature, an overview of the RCS and containment
conditions during the postulated spectrum of severs acci-
dents or severe accident precursors should be presented
along with a discussion of when and how the feature will
either prevent core damage, eliminate or mitigate the conse-
quences of the event, In addition, a discussion of how the
component or system was added to the design should be pro-
vided. Ffor example, it may be & component used in existing
designs or it may be a dev'.e added to the plant or enhanced
as a result of early PRA results. Understanding how the
design was influenced by considering severe accidents is an
imporiant aspect of any advanced design concept.

EFFECTIVENESS OF EACH FEMTURE

One of the most important issues of the severe accident
activities i1s the question of egquipment survivability to
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assure that componeri{s remain functional as identified in
the PRA. The basic question 1s whether equipment will
survive post-accident conditions to be able to function the
wiy 1t 1s intended. An fmportant part of this section will
be a discussion of the "envelope" of severe accident condi-
tions and the philosophy of testing vs analysis as a means
of demonstrating equipment qualificairion. Such consider-
ations as the overall importance of the piece of equipment
under review, the timing of the function, and the couplexity
of the function may all play a role into developing the
program nece.tary to adequately demonstrate *he level of
desired cperability, The depressurization system function-
ality and reliability are also 1ssues which require treat-
ment. Ths depressurization system not only allows for a low
pressure injection success path, but for those sequences
where no RCS makeup is available, provides primary system
depressur, .ation prior to vessel failure, precluding DCH
containment challenge.

OVER PRESSURE PROTECTION OR VENTING SYSTEM

It 1s our understanding that the present (£ System BO+
design does no* include over pressure protection or a vent-
ing sy. wm. If such systems were to be included this sec-
tion wi. . provide & detailed discussion of the role the over
pressure protection system is expected to play in dealirg
with the severe accident matrix. To begin the discussion,
description of each of the components should be provided
along with the design criteria for the components. For
example, the question of seismic design of both the plping
and supports should be discussed.

Along with this discussion would be a description of how the
system is intended to function. In particular, for each
sequence, an indication of whether or not the system is
needed to satisfy any safety goals should be clearly stated.
If 1t is not needed to satisfy a safety goal, a clear state-
ment as to why the system has been incorporated into the
design should be made.

Relative to the operation of the system, the discussion
should include the expected release points and the basis
upon which one can conclude that the system will not fail
for the severe accident environmental conditions associated
with the event in question. 1 operator action is necessary
for any sequence, the sequence should be identified and the
information that would be used by the operator in taking the
action should be discussed.



ACCIDENT MANAGEMENT

This section will address accident management (AM) concept as an
extension of the defense-in-depth philosophy. AM will be presented as a
coordinated enhancement of several key elements which contribute to the
capability to prevent and mitigate severe accidents and minimize their
consequences. These elements are identified in SECY-89-012, and include
emergency procedures (and supg]emen!lry accident management procedures
and guidelines now under development by the NSSS vendors as part of the
US industry AM program); severe accident training for operators,
technical support staff, and utility managers; and instrumentation and
information needs for diagnosing and responding to severe accidents,

The review will include an 2ssessment of the following areas:

¥, Aspects or features of the plant design which: (1) either allevi-
ate the need for or facilitate the implementation of accident
management measures, or (2) require further assessment by the
vendor or the utility as part of developing an accident management
plan. This will include assessment of planned strategies for
dealing with potential severe accidents, use of PRA by the vendor
to identify and assess potential stratez*es, and any plans or
commitments to expand the scope of the PRA for this purpose.

2. The vendor's planned approach for assuring that each of the five
elements of accident management defined in SECY-89-012 will be
appropriately addressed by the vendor or licensee in developing
the plant-specific accident management plan for the plant. This
will include consideration of the identified responsibilities of
the vendor and the licensee tor addressing each of the elements,
and any methods and/or guidance that are expected tu be used in
this process, '



