RISK-INFORMED 50.44
PUBLIC MEETING

MAY 17, 2000



AGENDA

8:00-8:15

8:15-8:45

8:45-10:00
10:00-10:15

10:15-10:45

10:45-11:30

11:30-12:00

Introduction

Overview of risk-informing Part 50,
as related to 50.44

NRC current status on 50.44
Break

Presentation by Bob Christie
(Performance Tech)

Open discussion

Wrap-up/future activities
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NRC PRESENTATION -- OUTLINE

e Approach
e Current Status

e Schedule
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GENERAL APPROACH --

Selection of
Regulation
|
! |
! |
| |Development of Risk- Development of Risk-
i Informed Options Informed Options Based| |
: Based on Current on the Defined I
| Requirements Objective of the :
i Regulation in Part 50 I
|
! |
L XX — 71 ...........
Evaluation of
Options
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APPROACH:
SELECTION OF REGULATION

10 CFR 50

Regulation
tied to accident

prevention or
mitigation?

No

Y

Eliminate from
further
consideration

Regulation
warrants risk-
informing?

No

Regulation Yes
warrants “linking”

with others?

v

Group identified
regulations

Iz

Prioritize remaining <

regulations

- No need for safety improvement
- No excess conservatism or margin
- No unnecessary burden

Page 5 of 31



APPROACH:
DEVELOPMENT OF OPTIONS

Development of Risk-
Informed Options Based on
Current Requirements

Development of Risk-
Informed Options Based
on the Defined Objective

of the Regulation

Define the Concern

Identify and Describe the
Current Requirements

Y

Identify and Describe Related
Regulations and
Implementing Documents

v

Identify and Describe
Industry Implementation of
Requirements

!

Determine Risk Significance
of Requirements and
Implementation

Identify events that could
cause the concern to be
realized

!

Assess the Defense-in-Depth
Strategies Relative to the
Concern

|

Identify and Describe any
Functional Relationship of Eac
Strategy to the Concern

Y

Identify and Describe Risk- | _

Informed Options o~
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APPROACH:

FRAMEWORK
Goal Protect Public Health
and Safety
Approuch Defense-in-Depth s adatinSie

1__

|

|

|
—_— _i_

|

=

|
i_

|

|

|
i_

|

=

IIIII I , 1 [ ! e !
i { Prevention I L Mitigation | !
| Tt T LimitCore (1 j|  Limit R AT
Stratesies 1| Limit Initiator 2 s Limit Public |*
J 1| Frequency Damage |1 | Radionuclide | | pop oy | T
i Probability | | Releases i A
— I L .— Jd e i L — J C
 10CFRS0App A, : * 10CFRS0 AppA,  » 10CFRS0 AppA, i+ 10CFRS0 App A, |
Supporting | B - B - B - B C
Reouluti v Pressurized ¢ ECCSRule .+ GasControl i+ Emergency Plans
CSUNATIONS | Thermal Shock  © ~ (50.46) L (5044) (5047 S
and Rule (50.61) ¢ » Station Blackout : * Containment i+ Emergency
* Mamtenance Rule i Rule (30. ¢ Leak Testmg ¢ Planningan
mp ememing Mai Rule:  Rule (50.63) Leak Testi Planning and
(50.65) Eeete © (App)) : Preparedness
Documents |, - e - (hpB)
ieele.
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APPROACH:
QUANTITATIVE GUIDELINES

[ T () PreventionMitioation Assessment: Concider the Strafestos i Paire ]

(1) Prevention-MitigationAssessment: Consider the Strategies in Pairs

The product across each row gives LERF <10*/year. Responding systems and procedures are not designed for rare events,

When applying the quantitative guidelines in this figure, in general, no individual initiator sequence should contribute more than 10% of the value list;
*  No quantitative guideline propose, using LERF objective as a surrogate.
**  This strategy does not imply that risks associated with late containment failure can or will be ignored. Potential causes of late containment failu «!

i i
i Prevent Mitigate |
! Core Damage Frequency Conditional Prob. of Early Containment Failure* |
i ( <10*/year <10 I
! Quantitative (2) Initiator-DefenseAssessment: Consider the Strategies Individually (Preferred) I
V" Guideline | !
| Objectives Limit the Frequency of Limit the Probability of ~ Limit Radionuclide ~ Limit Public Health |
I Accident Initiating ~ Core Damage Given Release During Core  Effects Due to Core :
: Events (Initiators) Accident Initiation Damage Accidents Damage Accidents I
| |
| Initiator Conditional Core C(S:;:?;g‘:;:ﬁ?lﬂie (%on;dli.tioq)al I}:“E};id“al |
: ili atality Probabili :
P fravag | Doty | e | PRI |
i Anticipated Initiators <1/year <10* <101 |
| | nfrequent itiators <10%year <10 <101 I
i Rare Initiators <10%/year <1 <1 i
! Notes: I
! |
!

!

!

and associated mechanisms for radionuclide removal prior to containment failure will be considered. A quantitative guideline of <0.1 is proposeq
for the probability of a late large release following a core damage accident -

E Early Fatality Safety Goal (<5E-7/year)

Latent Cancer Fatality Goal (<2E-6/year) J

Quantitative Health Objectives (QHOs)
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DEVELOPMENT OF OPTIONS:
REVISING CURRENT REQUIREMENTS

(1) ldentify and describe the current requirements

(2) ldentify and describe related regulations and implementing
documents

(3) ldentify and describe industry implementation of the
requirements

(4) Determine risk significance of requirements and

implementation

e Assess against the four strategies and the quantitative
guidelines

e  Assess for possible elimination

e  Consider other cornerstones

(5) Identify and describe risk informed options:

e Deletion of the current requirement

e Keeping the current requirement as is

e Revision and/or enhancement of the current requirement

> risk insights from plant specific PRAs

industry experience
consistency with the quantitative guidelines
reasonable cost/burden
proven technology
suitability for performance-based compliance
monitoring

vV v v v VY
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DEVELOPMENT OF OPTIONS:
DEVELOPING ALTERNATIVE
REQUIREMENTS

4.

|dentify events capable of causing the concern to be
realized

Assess the defense-in-depth strategies relative to the
concern

|dentify the functional relationship of each strategy to
the concern

|dentify risk-informed options
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APPROACH:
EVALUATION OF OPTIONS

Eliminate options not meeting the CDF and LERF
guantitative guidelines

e Comparable risk implications
» Preferable option imposing least burden

o Differing risk implications
» Preferable option offering most safety benefit
per unit cost

o Safety benefit assessed in terms of incremental risk
relative to the quantitative guidelines

e Cost- both licensee and NRC, considers both

Implementation and maintenance (e.g., additional or
savings)
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RISK EVALUATION OF 50.44

e Concern related to combustible gases
e Risk from combustible gases

e Current challenge to containments
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CONCERN RELATED TO COMBUSTIBLE
GASES

e Combustion events (deflagrations and detonations)
can cause structural failure of containment

e Containment failure early during accident can lead to
release of large quantities of radionuclides

e Combustible gases (hydrogen) released during TMI,
ignited and burned

e Pressure pulse did not fail containment, but could
have failed smaller containments
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RISK FROM COMBUSTIBLE GASES

TIME EVENT REGULATORY RESPONSE
Early e core melt accidents not considered credible e no regulations imposed
1970s
1975 e WASH-1400 e no regulations imposed
e large quantities of H2 predicted but containment
failure dominated by other modes
late 1970s e H2 generation predicted from LLOCA DBA e original version of 50.44
- measure concentration
- mixed atmosphere
- control concentration
1979 e Severe accident at TMI-2 e 1981 amendment
e Large quantity of H2 generated - inert Mark I and I
e H2 combustion event in containment - recombiners
- high point vents
e 1985 amendment
- H2 control system
1980s/ e SARP e no regulations imposed
1990s e Confirmed ignition limits for variety of

H2:air:steam mixtures

e Evaluated effectiveness of H2 mitigative systems;
example,
- igniters work at low H2 concentrations

e Established basis for detonability of H2; examples,
- possibility of detonation given composition
- not a concern folarge volume containments

e Studied H2 transport and mixing

¢ NUREG-1150

e H2 combustion significant contributor to early
containment failure for Mark 11l and ice
condensers during SBO

e H2 combustion not a challenge to integrity of large
volume containments

¢ NUREG-1560
e Per IPEs, H2 combustion
- not a contributor at ice condensers because of
small SBO contribution
- contributor at Mark Il because of the high SBO
contribution
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CURRENT CHALLENGE TO CONTAINMENTS

BWR Mark | and Mark Il Containments

inert during plant operation

J H2 combustion cannot occur
without inert atmosphere H2 would pose severe challenge to
containment integrity

BWR Mark Il and PWR ice condenser Containments

igniter system installed
H2 problem for accidents where igniters are not operating (i.e., SBO)

PWR Large Volume and Subatmospheric Containments

J H2 combustion not a challenge to early containment failure
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OVERVIEW OF 50.44:
ORIGINAL RULE

Time Period v
Following LOCA

©@MH
Demonstrate
no uncontrolled H202
recombination

Yes

Include means for

control of hydrogen | (&) No Tnert
atmosphere not
gas needed
(@D
Ability to withstand
consequences of H202 ©2)
. recombination
* measuring h2
concentration (b) Inert atmosphere
 insuring a mixed against H2 burning
atmosphere and eXIil,(())S(l:(Zl aftera
« controlling gas
concentrations

d)(1)(2
v ©Mm @1

Before effective
operation of the
combustible gas
control system

es | * hvdrogenis 5 times 50.46(0)(3) or
based on reaction cladding depth
of 2.3x10* inch, whichever is
greater
« 2 min metal-water reaction period

Meet ECCS
acceptance criteria
(50.46)

« hydrogen based on 59
of the cladding

* purgingrepressurizafion not primary means following
LOCA

+ provide capability for controlled purging

 primary means a combustble gas control system that docs
not result in significant release from containment

(P on or after

\VNO

CP after 12-22-68

® + only a purging system required
* conform with App A Criteria 41, 42, 43

No * provide another type of combustible gas control system

+ conform with App A Criria 41 4, 3

+ if purge (repressurization) used, conform to App A
Criteria 41,42, 43

 contamment not repressurized beyond 50% of the
containment design pressure
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OVERVIEW OF 50.44:
1981 AMENDMENT

LWRs

N (€)(3)()
ar
or Mark II Yes Inerted

containment, atmosphere

, (c)(3)(ii)

Reliant on purge
or repressurization Internal or external

for controlling recombiners

combustible gas .
< i/ (©)(3)(ii)
High point

vents
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OVERVIEW OF 50.44:
1981 AMENDMENT - RECOMBINERS

Recombiners

Internal
or external

(c)(3)(ii)

Containment
penetrations

! (d)

(d)(1) !

Compliant
with 50.46 (b)

|®X

» hydrogen is 5 time 50.46(b)(3) or base
on reaction cladding depth of 2.3x10 |
inch, whichever greater 3

» 2 min metal-water reaction time period| |

@) j

(©)(3)(i)(A)

Y

dedicated to that service
criteria 54/56 of App A No

Hydrogen based on 5% of the cladding |

(©)(3)(ii)(B)

Y

against single failure for
containment isolatiorand
sized for external recombiners

Yes

Y
No further
requirements

» combined design for ext recomb or
purge/repressurization

« criteria 54/56 of App A

 against single failure for containment
isolation and operation of ext recomb qr
purge/repressurizatioand

« sized for external recombiners or purge
repressurization
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OVERVIEW OF 50.44:
1981 AMENDMENT - HIGH POINT VENTS

High
point vents [ (c)(3)(ii1)

i

 vents for the RCS, reactor vessel head, and for
other systems

 remotely operated from control room

» conform to Appendix A and B

* ensure low probability of failure and inadvertent or
irreversible actuation

* not aggravate the challenge to the containment or
the course of the accident
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OVERVIEW OF 50.44:
1985 AMENDMENT

BWR Mark III and
PWR Ice Condenser

RO

Provide a h2 control (©B)Gv)(B)
system capable of
handling 75% metal- S| Demonstrate containment
water reaction without “"| structural integrity
loss of containment
structural integrity
(©@3)(EvX(D) (©3)([iv)(D)
h2 control system Yes ~ Containment structure
relies on post-accident | capable of withstanding
inerting increased pressure
No (©BRGEVIE)
Systems and components
| designed and qualified for
the environment and
©BXM(A) inadvertent actuation
¢ Provide systems and
components to maintain|
contgmment integrity ©BEIWM®)
» qualified for conditions : 3
created by h2 burning > Amount of h2 is equivalent

» consider local
detonations of h2
unless shown unlikely
to occur

©G)viX A

Shall submit an analysis as

to that generated from a 75%
metal-water reaction

©@EHBY(D)-(5)

Y

specified in 50.4

» provide an evaluation of
the consequences of h2
generated from 75%
metal-water reaction;
AND

« include the period of
recovery from the
degraded contdition; AND

« use acceptable accident
scenarios

©GYIVBY1R)

Analytical techniques:

* margins to account for
uncertainties

* meet ASME criteria for
steel cont and concrete cont

(©)G)EAVXDY(1)(2)

—>

* does not exceed service level C
limits or factory load categories
[(©)(3)(iv)}(B)] AND

* does not exceed service level A
limits of NE-3220 or service
level catgory of CC-372
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SUMMARY OF RELATED
REGULATIONS TO 50.44 (DRAFT)

Referenced Description of Requirement
Regulation

50.82(a)(1) Excludes nuclear power reactor facilities that have certified
permanent cessation of operation from purview of 50.44

Criteria54 &  Applies to containment penetrations for external recombiners
56 of Appendix 54:  provides requirements on piping systems penetrating
A containment

56: provides requirements on primary containment isolation

Appendix A Design of high point vents and associated controls, instruments, and
and B power sources

50.55a ASME Codes for steel containments required to demonstrate
structural integrity for Mark 11l and ice condenser plants

50.4 Specifies requirements for written communications from licensees
operating Mark 11l and ice condenser plants that are required to
submit accident analyses

100.11(a)(2) Pertains to facilities licensed prior to 5/11/1970 and applies dose

Criteria based criteria, with doses calculated in accordance with the siting

41,42,43 of regulation in Part 100 used to develop exclusion area and LPZ

Appendix A boundary distances, to determine if both purging and repressurization
systems are needed to comply with GDC 41

50.47, Specifies requirements for hydrogen monitoring as part of the
Appendix E Emergency Response Data System that overlap requirements in 50.44
50.34 (f) 50.34 (f) "Additional TMI-related requirements” establishes

requirements for combustible gas control for future plants whose
applications for a construction permit or manufacturing license were
pending as of 2/16/1982

50.46(b) Establishes the amount and rate of H2 generated in a postulated
LOCA and used in original version of 50.44 for purpose of design of
the H2 control system

(NUREG-
0737)
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SUMMARY OF IMPLEMENTING
DOCUMENTS ASSOCIATED WITH 50.44

(DRAFT)

Referenced
Document

RG 1.7

RG 1.70, Section
6.2.5

RG 1.97

SRP, Section 6.2.5
BTP, 6-2 and 6-4
GL 84-09

NUREG-0654

NUMARC NESP-
007, Rev 2

Description of Guideline

Provides guidance on implementation of the original version of
50.44, i.e. H2 generation following a LOCA, limited to a
maximum metal-water reaction of 5 times the amount
calculated to meet the ECCS acceptance criteria, post-accident
radiolysis of water, and corrosion.

Provides guidance on design bases, system designs, and design
evaluation of systems to mix the containment atmosphere,
monitor combustible gas concentrations within containment
regions, and reduce combustible gas concentrations in
containment

Provides guidance on instrumentation to assess plant
conditions during an accident, establishes H2 concentration in
containment/drywell as a Type C variable, recommends H2
monitors as safety-grade

Applies to BWR Mark | plants whose notices of hearing on
applications for a construction permit were published prior to
11/5/70 and which do not rely on purge or repressurization
systems as a primary means of H2 control; removes
requirements for recombiners from these plants subject to
meeting tech specs on inerting

viarg 1.101 rev 2
viarg 1.101 rev 3
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RISK-INFORMED OPTIONSpreliminary):
MEASURING HYDROGEN CONCENTRATION

Supporting Requirements

NONE

Related Regulatory Requirements

H2 monitors (50.47, Part 50 App E)

Instruments to monitor variables for accident conditions ( GDC 13 Part 50 A EA)
Technical Specifications on monitor operability and surveillance testing (50.3p)
Monitor testing regmts (GDC 43)

Monitor (safety-grade) procurement and QA regmts (10 CFR 21, App B)

Supporting Guidance

» Guidance on H2 monitoring, system design bases, evaluation, and classificafion
(RG 1.70, RG 1.97, RG 1.89, SRP 6.2.5, NUREG-0737, NUREG-0718, NUHEG-
0660, ANSI-ANS 4.5)

» Guidance on testing requirements (RG 1.118)

Preliminary options (draft)

e revise to include measuring long term H2 concentration
* remove from 50.44, covered in Appendix E

* modify RG 1.7 to allow commercial grade
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RISK-INFORMED OPTIONSpreliminary):
MIXED CONTAINMENT ATMOSPHERE

Supporting Requirements

NONE

Related Regulatory Requirements

~

» Systems to control conc. of H2 & O2 to insure containment integrity (GDC 41
» Tech Specs on mixing systems (50.36)

Supporting Guidance

» Guidance on design bases and evaluation of mixing systems (RG 1.70, SRP|[6.2.5)

Preliminary options (draft):
* no change to 50.44
* revise to be consistent with 50.34

 consider possible revision to RG or SRP to address SBO
concerns for ice condensers
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RISK-INFORMED OPTIONSpreliminary):
CONTROL POST LOCA COMBUSTIBLE GASE!

Supporting Requirements

* Following LOCA show: no uncontrolled H2-O2 recombination or plant could withstand consequences; if not, inert
containment (c)(1)(i),(c)(1)(ii),(c)(2)
» If purge/repress. systems gm@mary means of control, provide recombiners; assume H2 equal to 5% metal-water rgpactiot
or 5x that needed to comply with 50.46 (c)(3)(ii),(d)(1),(d)(2)
» Containment penetrations for ext. recombiners and purge/repressurization systems (c)(3)(ii)(A),(c)(3)(ii)(B)
* |f NOHC received
« >11/5/70 require systems other than purge-repress. as primary means of comb gas control (e)
— < 11/5/70 require only purging systems if certain dose based requirements calculated on basis of 100.11 are njjet (f,¢

Related Regulatory Requirements

Amount and rate of H2 generated in LOCA (50.46)

Regmts. on containment penetrations for ext. recombiners and purge-repress. systems (GDC 54, 56)
Quality standards for comb gas control systems (App B)

Dose calculation methods for 50.44(f,g) compliance (100.11)

Sharing of external recombiners between units at one site (GDC 5)

Tech Spec requirements and surveillance testing of recombiners (50.36)

ISI check valve tests (50.55a)

Testing of containment penetrations (App J)

Supporting Guidance

Guidance on H2 generated in metal-water reaction, radiolysis, corrosion (RG 1.7)

Design and evaluation of systems to reduce comb gas concentrations (RG 1.70, SRP 6.2.5)
Dedicated penetrations for ext. recombiners or purge systems (NUREG-0737, NUREG-0578, GL 83-02, SECY 8{)-399
Penetration piping leakage surveillance (ASME section XI)

Quality standards for design, fabrication, erection, and testing (RG 1.26, SRP 6.2.5)
Designed for SSE (RG 1.29, SRP 6.2.5)

For inerted Mark | containments with NOHC<11/5/70 that do not rely on purge-repress systems as primary meang of H.
control, recombiners not required provided certain TS are met (GL 84-09)

» Containment atmosphere dilution systems considered to be purge systems (NUREG-0737)
» Surveillance regmts for HEPA filters and charcoal adsorbers in TS on ESF cleanup systems (RG 1.52, GL 83—13]J

Preliminary options (draft):

* remove post LOCA hydrogen control from 50.44
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RISK-INFORMED OPTIONSpreliminary):
RCS HIGH POINT VENTS

Supporting Requirements

¢ vents for the RCS, reactor vessel head and for other systems

e remotely operated from control room

e conform to Appendix A and B

e ensure low probability of failure and inadvertent or irreversible actuation
¢ not aggravate the challenge to the containment or the course of the accidgnt

Related Regulatory Requirements

Requirements for design of vents and associated systems (App A, App B)
Vent size smaller than LOCA definition (App A)

Supporting Guidance

Seismic qualification and EQ of vent systems (IEEE 344-1975, RG 1.100, RG
1.92, CLI-80-21)
Guidance on vent system (NUREG-0737, NUREG-0660)

Preliminary options (draft):
* no change to 50.44

* move from 50.44 to ECCS related regulation
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RISK-INFORMED OPTIONSpreliminary):
INERT MARK | & I CONTAINMENTS

Supporting Requirements

NONE
Related Regulatory Requirements

* Inerting system lines that penetrate containment must meet redundafcy

and single-failure criteria (GDC 54, 56)
» Testing of containment penetrations (App J)
» Tech specs on inerting systems (50.36)

Supporting Guidance

- Penetration piping leakage surveillance (ASME section XI)

Preliminary options (draft):

* N0 change
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RISK-INFORMED OPTIONSpreliminary):
HYDROGEN CONTROL SYSTEM

Supporting Requirements

- Demonstrate containment structural integrity based on actual material
properties or ASME B&PV code (c)(3)(iv)(B)

» For H2 control system using post-accident inerting show containment can|
withstand increased pressure during the accident or following inadvertentffull
inerting in normal operation (c)(3)(iv)(D)

* Regmts. on systems and components for plants with post-accident inertiny
control systems (c)(3)(iv)(E)

* Regmts. on systems and components for plants that do not rely on inerting for
H2 control (c)(3)(v)(A)

» For plants with CP issued <3/28/79 provide evaluation of consequences qf H2
using accident scenarios acceptable to NRC that support design of contrl

system ()(3)(vi)(A), (c)(3)(vi)(B)
Related Regulatory Requirements

» Reference to ASME B&PV code regmts. for steel containments (50.55)
» Written communications on accident analyses (50.4)

Supporting Guidance

» ASME B&PV code sections for steel containment (Section I, Subsubartig
NE-3220, Service Level C limits)

* ASME B&PV Code sections for concrete containments (Section I,
Subsubarticle CC-3720, Factored Load Category)

e

Preliminary options (draft):

* no change

 provide H2 control during SBO
— igniters operable during SBO
— limited set of igniters operable during SBO

« demonstrate frequency of core damage accident without H2 control
less than 1E-6

« for all plants, demonstrate that containment will withstand in both
short and long term a specified source term (e.g., keep H2
concentration below 10%)
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ALTERNATIVE RISK-INFORMED OPTIONS:
(preliminary)

Eliminate the problem

o demonstrate that large amounts of combustible gas
can not be generated at high temperatures (e.g.,
selection of reactor core material)

Lower the frequency of the problem

e demonstrate the frequency of core damage accidents
that result in hydrogen generation is very low

> unlikely due to cost-benefit
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ALTERNATIVE RISK-INFORMED OPTIONS:
(preliminary)

e demonstrate the probability of containment failure from
combustible gases to be less than 0.1 for each core melt accident

type
if not,

e demonstrate the conditional probability of early containment failure
from combustible gases to be less than 0.1 for each core melt
accident type

AND

e demonstrate the conditional probability of large late release from
combustible gases to be less than 0.1 for each core melt accident

type
if not,
e demonstrate the large early release frequency from combustible

gases to be less thandfdr each core melt accident type
AND

e demonstrate the large late release frequency from combustible
gases to be less thandfdr each core melt accident type

e for each option, guidance to be specified on H2 source term and
compliance methods

if not,

e demonstrate adequate emergency preparedness for core melt
accident types for which the above criteria are not met

e compliance guidance to be specified
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SCHEDULE

May 17 public meeting on 50.44

June 29 ACRS sub-committee on 50.44 and
framework

July 12-14 ACRS full committee on 50.44 and
framework

July ?? Public meeting ???

Aug 30 Recommendations due to Commission
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