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UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D. C. 20555

July 1, 2002

MEMORANDUM TO: Annette L. Vietti-Cook

Secretary of t?e Co‘[_nz_’i_ss__izf 2 }
FROM: John T. Larkins, Executi % ‘Director
Advisory Committee on Reactor Safeguards

SUBJECT: ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
MEETING WITH THE U. S. NUCLEAR REGULATORY
COMMISSION, JULY 10, 2002 - SCHEDULE AND
BACKGROUND INFORMATION

The ACRS is scheduled to meet with the NRC Commissioners between 2:00 - 4:00 p.m. on
Wednesday, July 10, 2002, to discuss the items listed below. Background materials related to
these items are attached.

ESTIMATED TIME
INTRODUCTION - NRC Chairman, Dr. Richard A. Meserve 5 minutes
PRESENTATIONS - Advisory Committee on Reactor Safeguards
1. Overview - George E. Apostolakis, Chairman, ACRS 20 minutes
. Core Power Uprates
. License Renewal Activities
. Future Committee Activities
2. Advanced Reactors: A Status Report - T. S. Kress 10 minutes
3. Risk-Informing Special Treatment Requirements
Of 10 CFR Part 50 - George E. Apostolakis 10 minutes
4. Pressurized Thermal Shock (PTS) Technical Basis
Re-evaluation - F. Peter Ford 10 minutes
CLOSING REMARKS 5 minutes

*NOTE: Estimated times are for presentation only and do not include time for Commission
Questions and Answers.
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Overview

e Core Power Uprates
e License Renewal Activities
¢ Future Committee Activities



Core Power Uprates

e Recommended 5 approvails:
— Duane Arnold Energy Center (15.3%)

— Dresden Units 2 & 3/Quad Cities Units 1
& 2 (17%I/17.8%)

— Arkansas Nuclear One Unit 2 (7.5%)
— Clinton Power Station Unit 1 (20%)

- Brunswick Steam Electric Piant Units 1
& 2 (14.3%)



Uprates (Cont’d)

* ACRS reviewed GE Topical Report
“Constant Pressure Power Uprate”
(CPPU) (4/02)

-~ CPPU methodology applied to BWR
uprates up to 20% nominal power

— Committee found CPPU
methodology acceptable



Uprates (Cont’d)

e Committee anticipates review of 4-5
uprate applications each in 2003 &
2004. Several other licensees are
evaluating the feasibility of uprate
applications.



Uprates (Cont’d)

e Committee Review Issues:

- Lack of adequate documentation
in staff safety evaluation reports -
issue is being addressed via
steadily improving documents

— Need for staff guidance document
on future uprate reviews-pursuant
to SRM, staff is developing
proposed “Review Standard”



Uprates (Cont’d)

— Core reload safety analyses - NRR
performing audits to confirm
appropriate use of approved
methodology

— Need for staff audit
calculations/detailed T/H Models -
Staff to consider as part of
“Review Standard” development
and related activities.



License Renewal
Activities

e Current Status
— Turkey Point review complete

- Reviews completed for at least
one piant from each vendor

— Interim letters only as needed



License Renewal
(Cont’d)

o Upcoming Reviews

— McGuire and Catawba (1st Ice
Condensers)

— Fort Calhoun (1st Using Generic
Guidance Documents)

— North Anna/Surry/Peach Bottom/
St. Lucie

¢« Two License Renewal
Subcommittees



Future Committee
Activities
Risk-informed Performance-Based

Regulations

Reactor Operations (including
Reactor Oversight Process, Piant
Operating Events)

Safety Research (focus on Advanced
Reactors)

Reactor Fuel (High-Burnup & MOX)

10



Activities (Cont’d)

Safeqguards/Security

Fire Protection

Transient & Accident Code Reviews
Human Factors

Safety Culture

Naval Reactors

11



Briefing Topics

Advanced Reactors - T. S. Kress

Risk-Informing Special Treatment
Requirements of Part 50-
G. E. Apostolakis

Pressurized Thermal Shock
Technical Basis Re-evaluation
Project- F. P. Ford

12






ADVANCED REACTORS:
A STATUS REPORT

T. S. Kress
July 10, 2002



ACRS Activities

e Two members participated in the
NRC workshop on high temperature
gas-cooled reactor safety and
research issues

* Main topic at the 2001 ACRS retreat

 ACRS sponsored a workshop on
future reactors

- identified 24 potential technical
issues

14



ACRS Activities (Cont’d)

e Developing a task action plan to
focus Committee review

» Advanced reactors; a main area in
the next ACRS research report

e Completed review of policy and
technical issues identified by Office
of Regqulatory Research

15



Overarching Policy
Issues:

— Impiementation of Commission’s
“expectation” that advanced
reactors will provide enhanced
margins of safety

— Relationship of NRC safety
requirements to international
safety requirements

16



Staff Technical Issues

Event selection and safety
classification

Fuel performance and qualification
Source term

Containment versus confinement
Emergency evacuation

17



Possible Impediments

» Lack of high-level risk-acceptance
criteria other than Core Damage
Frequency (CDF) and Large Early
Release Frequency (LERF)

 Lack of criteria for selecting design
basis accidents

 The appropriate role of defense in
depth

18



Current Activities

» Priority is AP1000

e Working to resolve potential
impediments

e Planning to develop “strawman”
positions on various issues

19



UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

June 17, 2002

The Honorable Richard A. Meserve
Chairman

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Chairman Meserve:
SUBJECT: POLICY ISSUES RELATED TO ADVANCED REACTOR LICENSING

During the 493" meeting of the Advisory Committee on Reactor Safeguards (ACRS), June 6-8,
2002, we were briefed by representatives of the NRC’s Office of Nuclear Regulatory Research
(RES) on issues that have potential policy implications for advanced reactor licensing, and the
plans for seeking the Commission’s guidance for resolving these issues. We also had the
benefit of the documents referenced.

CONCLUSIONS AND RECOMMENDATIONS

(1) The RES staff has identified appropriate policy issues and posed questions that must be
addressed to resolve them.

(2) The existing agency positions on some of these policy issues should be reevaluated
because of new perspectives on risk-informed regulation and defense in depth, as well
as the new reactor designs that may be proposed.

(3) The need for greater specificity in the application of defense in depth should be made a
separate overarching issue.

DISCUSSION

The issues identified by the staff fall into the following five areas:

] event selection and safety classification
L fuel performance and qualification

L source term

L containment versus confinement

° emergency evacuation
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We note that in order to resolve these issues, the role of PRA and high-level risk acceptance
criteria are essential in the design approval process.

The staff also identified two overarching policy issues:

(1) how to implement the Commission's “expectation” that advanced reactors will provide
enhanced margins of safety

(2) what should be the relationship between the NRC's safety requireménts and
international safety requirements

We recommend that the need for greater specificity in the application of defense in depth
should be singled out of the first overarching issue and made a separate and distinct
overarching issue. With respect to the second overarching issue, we agree that it would be
highly desirable to understand the bases for the international safety requirements.
Nonetheless, we note that it would not be unreasonable for different countries to have different
safety standards on a cost/benefit basis.

The identification and resolution of these policy issues is important to the process of licensing
advanced reactors. The existing agency positions on some of these policy issues should be
reevaluated because of new perspectives on risk-informed regulation and defense in depth, as
well as the new reactor designs that may be proposed. Much work remains to be done, and we
plan to maintain continuing interactions with the staff on possible approaches and options for
resolving these policy issues.

Sincerely,

Cope by Ml

George E. Apostolakis

Chairman
References:
1. Information Paper (Draft Predecisional) dated May 23, 2002, from William D. Travers,

Executive Director for Operations, NRC, for the Commissioners, Subject: Plan for
Resolving Policy Issues Resulting from Technical Considerations Related to Advanced
Reactor Licensing.

2. U.S. Nuclear Regulatory Commission, NUREG-1228, “Development and Utilization of
the NRC Policy Statement on the Regulation of Advanced Nuclear Power Plants,” dated
June 1988.



UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

March 14, 2002

The Honorable Richard A. Meserve
Chairman

U. S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Chairman Meserve:

SUBJECT:  PHASE 2 PRE-APPLICATION REVIEW FOR AP1000 PASSIVE PLANT
DESIGN

During the 490" meeting of the Advisory Committee on Reactor Safeguards (ACRS),

March 7-9, 2002, we completed our evaluation of the Phase 2 pre-application review of the
Westinghouse AP1000 passive plant design, conducted by the NRC staff. This matter was also
reviewed during joint meetings of our Subcommittees on Thermal-Hydraulic Phenomena and
Future Plant Designs on February 13-15, 2002, and a meeting of the Subcommittee on
Thermal-Hydraulic Phenomena on March 15, 2001. During our review, we had discussions with
representatives of the Westinghouse Electric Company and the NRC Staff. We also had the
benefit of the documents referenced.

Conclusions and Recommendations
1. The staff has made a competent and thorough review of the Phase 2 issues.

2. We agree that the proposal by Westinghouse to use Design Acceptance Criteria (DAC)
for the piping design should be approved.

3. The staff’s positions on the other pre-application review issues should also be approved.

4, The Office of Nuclear Regulatory Research (RES) should further investigate acceptable
ranges of ratios of Pi-groups for use in scaling.

5. The ad hoc introduction of compensating processes to tune codes to the integral test
data should be discouraged.

Discussion
The NRC staff and Westinghouse have agreed to a three-phased approach to the AP1000

standard plant design review. Phase 1, which was to identify the key review issues, was
completed previously and resulted in the identification of four key issues:



1. Acceptability of the proposed use of DAC for particular parts of the design review.
2. Acceptability of certain exemptions that Westinghouse intends to request.

3. Applicability of the AP600 test program to the AP1000 design.

4. Applicability of the AP600 analyses codes to the AP1000 design.

The purpose of the Phase 2 review was for the staff to develop positions on these four key
issues. These positions are discussed below.

Proposed Use of DAC

The Commission has determined that the level of detalil in a design certification application must
be sufficient to enable the Commission to judge the applicant’s proposed means of ensuring
that construction conforms to the design and to reach a final conclusion on all safety questions
associated with the design.

The staff has interpreted this policy to mean that the certification application must be complete,
with two exceptions:

. items for which the technology is rapidly changing and may be significantly different at
the combined operating license (COL) stage.

. items for which the level of detail cannot be provided at the time of certification review
(or for which the as-procured and as-built characteristics are needed).

For these exceptions, DAC are required of the applicant. Some precedents for DAC satisfying
these criteria were established with the certifications of the Advanced Boiling Water Reactor
(ABWR) and System 80+ designs. For these, the staff accepted DAC for the instrumentation
and control (I&C) and for the control room design, both of which were deemed to satisfy one or
more of the above criteria.

In addition to these two areas for which precedents have been established, Westinghouse has
proposed DAC for the AP1000 piping design.

The staff has concluded that the DAC approach should be approved for 1&C and control room
portions of the design based on the two criteria above and that the DAC on piping design
should be approved based on the similarity of AP1000 to AP600 designs, for which the
certification included sufficient piping design detail.

While we have some sympathy with this view by the staff and agree that the piping DAC should
be approved, we believe the piping DAC could have been approved without invoking the
similarity to the AP600 design. Our view is that, as long as sufficient detail is available to permit
resolution of safety questions, the degree of detail that an applicant wishes to provide at the
certification phase is a business decision. We believe the use of DAC for the piping design fits
this characterization.




Exemptions

Westinghouse is requesting exemptions from the regulations in three areas:

(a.) Section 50.34 (f)(2)(iv) requires a "safety parameter display console that will display
to operators a minimum set of parameters defining the safety status ... displaying a full
range of important plant parameters ..., and capable of indicating when process limits
are being approached or exceeded."

(b.) Section 50.62(c)(1) requires that equipment be available to ensure the automatic
startup of the auxiliary feedwater system under ATWS conditions.

(c.) GDC 17 of 10CFR50 Appendix A requires two physically independent offsite power
sources.

The staff agrees with the Westinghouse positions that: Item (a) will be part of the DAC for
control room design; the underlying purpose of ltem (b) is satisfied because AP1000 does not
have (or need) an auxiliary feedwater system as the emergency core cooling system (ECCS)
requirement is met by the passive residual heat removal (PRHR) system automatic initiation
under ATWS; and that the underlying purpose of item (c) is satisfied because, with the passive
ECCS, AP1000 does not need offsite power to make its safety case. We also agree with these
positions.

Applicability of AP600 Standard Plant Design Analysis Codes and Test Program

To address the applicability of the AP600 codes and test program, Westinghouse prepared a
new AP1000 phenomena identification and ranking table (PIRT) and conducted new scaling
assessments for both the codes and the tests. The AP1000 PIRT resulted in the same high-
and medium-ranked phenomena as were found for the AP600, and it was noted that the

AP 1000 design did not entail any important new phenomena. In addition, the scaling analyses
indicated that the Pi-groups identified as being important and which were to be substantially
matched in the integral test program were still in the acceptable range when compared to their
values for the full-scale AP1000 design. Thus, Westinghouse maintains that these results
demonstrate that the AP600 test database used to validate the analysis codes is applicable to
AP1000 and that the codes should be approved for use in evaluating the safety status of
AP1000 design.

The staff conducted independent top-down and bottom-up scaling assessments and made
audit calculations using RELAPS5 for a postulated 2-inch diameter break in the cold leg and for a
postulated double-ended direct vessel! injection (DVI) line rupture. The staff found that, with
some noted exceptions, the experimental data produced by the AP6800 separate effects and
integral effects test programs are appropriate for verification of the processes expected in an
AP1000 plant, and the analysis codes validated for the AP600 standard plant design are
applicable to the AP1000 design.

The most significant of the exceptions is that the tests are not considered sufficient to validate
the entrainment model used in the NOTRUMP code for the upper plenum regions and for the
hot-leg exit through the automatic depressurization system (ADS-4) depressurization valve.



4

Westinghouse claims that the scaling test data and analyses are sufficient to ensure that the
core remains covered and that the entrainment is a self-limiting process that decreases as the
core water level decreases. Westinghouse also claims that the period during which the
entrainment is important in affecting the water level is so short that entrainment is not safety
significant. We think such a case can be made during the certification review and, if so,
additional tests would not be necessary.

Nonetheless, the staff’s position has merit in that it will be necessary to better predict the
entrainment behavior before judgments can be made regarding its safety significance. We
believe phenomena that are ranked high or medium in importance should be properly treated in
the models partly because unanticipated applications could invalidate the “non-safety-important”
judgment. We remain concerned that the codes do not properly model entrainment because
inapplicable maps are being used to characterize the flow regimes. The use of inapplicable
maps could impact the results of the codes in unanticipated ways. Thus, we are convinced that
the technical basis codes need better modeling with respect to entrainment and flow regime
maps.

Other Considerations

In the scaling assessments, Westinghouse and the staff used the criterion that Pi-group ratios
having values between 0.5 and 2.0 represent acceptable scaling. While this range is intuitively
pleasing as an indication that the tests sufficiently match the phenomena in AP1000, we have
not seen any technical justification for this criterion. Thus, we believe that RES should initiate a
study with the objective of establishing a technically based approach for use in determining the
significance of any general Pi-group. We think this would involve sensitivity analyses on the Pi-
group in the non-dimensional scaling models. The sensitivity of the results to individual
Pi-group ratios could guide the selection of acceptance ranges that might be different for
different Pi-groups. Although we do not believe that this work is needed for AP1000
certification, this issue is likely to arise with certification of future reactor designs and such a
study could tie down this loose end of the code, scaling, applicability, and uncertainty (CSAU)
process.

There are two instances in which Westinghouse proposes to adjust its models to provide a
better fit to integral data by introducing compensating processes. In one instance, the
NOTRUMP code does not model the momentum fiux terms in the conservation of momentum
equations dealing with effects of area and density changes. This deficiency in the code impacts
its ability to calculate pressurizer drainage and reactor vessel downcomer level. To
compensate for this code deficiency in the AP600 certification, Westinghouse imposed a
reduction in the in-containment refueling water storage tank (IRWST) level — thus reducing the
driving force which would conservatively compensate for the effects that would have resulted
from having the correct momentum equations. For the AP1000, instead of this same "fix,"
Westinghouse proposes to use an increased flow resistance penalty that would make the code
calculations fit the APEX facility data for a 2-inch small-break loss-of-coolant accident
(SBLOCA).

In another instance, Westinghouse concluded that the NOTRUMP PRHR model does not
model the thermal plume in the IRWST. The model will over predict the outside surface heat
transfer rate for the heat exchanger when the tube flow velocity exceeds 1.5 ft/sec for any
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significant period of time. If this situation arises in the analyses, Westinghouse proposes to
account for the non-conservative calculation by an ad hoc reduction of the predicted heat
exchanger performance.

These temporary fixes should provide conservative results to support the certification of
AP1000 design. Nevertheless, we view both of these as instances of purposeful introduction of
compensating errors in the codes rather than improving the models. We consider it bad
practice to allow these errors to persist in the codes and believe that the actual physics should
be properly represented in the long term.

Sincerely,

&.

George E. Apostolakis
Chairman

References:

1. Memorandum dated February 4, 2002, transmitting draft SECY Paper, undated,
Subject: Use of Design Acceptance Criteria and Exemptions for the AP1000 Standard
Plant Design (Predecisional), and draft SECY Paper, undated, Subject: Applicability of
APB00 Standard Plant Design Analysis Codes and Test Program to the AP1000
Standard Plant Design (Predecisional).

2. Memorandum dated June 21, 2000, from John T. Larkins, ACRS, to William D. Travers,
Executive Director for Operations, NRC, Subject: AP1000 Pre-Application Review.



UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

September 14, 2000

The Honorable Richard A. Meserve
Chairman

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Chairman Meserve:

SUBJECT:  PRE-APPLICATION REVIEW OF THE AP1000 STANDARD PLANT DESIGN -
PHASE |

During the 475™ meeting of the Advisory Committee on Reactor Safeguards, August
29-September 1, 2000, we discussed the results of the staff’s pre-application (Phase I) review
of the Westinghouse Electric Company’s proposed AP1000 Standard Plant Design. During this
meeting, we had the benefit of discussions with representatives of the staff and of the
documents referenced. A list of our issues that need to be addressed during the AP1000 pre-

~ application review was sent to the NRC Executive Director for Operations on June 21, 2000.

Background

Westinghouse plans to seek certification of a 1000 MWe nuclear plant similar to the certified
AP600 design, and seeks NRC feedback on the scope and cost for review and certification of
the AP1000 design. The NRC and Westinghouse have agreed to a three-phase review
approach. Phase | is to: identify the review assumptions and issues that need to be evaluated:
identify the information necessary to evaluate the assumptions and issues; estimate the
resources required to perform the Phase Il review; and provide a schedule for the certification
review.

In a letter dated May 31, 2000, Westinghouse identified five “lundamental assumptions” for
evaluation by the staff during Phase Il review: '

1. The AP1000 Design Certification Application will reference sections of the AP§00
Design Control Document that do not change for AP1000.

2. The AP1000 Design Certification Application will not require additional tests to be
performed by the applicant.

3. The AP1000 Design Certification Application can utilize the AP800 analysis codes with
limited modifications. '
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4. The AP1000 Design Certification Application can utilize the AP600 probabilistic risk
. assessment (PRA) supplemented with a sensitivity study to meet the requirements for a
plant-specific PRA.

5. The AP1000 Design Certification Application can defer selected design activities to the
Combined License (COL) applicant.

In its Phase | assessment, the staff addressed these assumptions and provided Westinghouse
with expectations on information that must be provided to the staff to assess the validity of
these assumptions.

Recommendations

1. The PRA should include uncertainty distributions on core damage frequency, conditional
containment failure probability (CCFP), and large, early release frequency (LERF).

2. The seismic analysis should not be feft solely to the COL applicant and should be
included in the PRA using a representative site.

3. The applicant’s results from the codes NOTRUMP, WCOBRA/T, RAC, LOFTRAN, and
WGOTHIC for the design basis accidents should be accompanied by uncertainty
assessments.

4, The staff should obtain and exercise the above codes to assist its independent
evaluation and validation of these codes.

Discussion

The staff has done a commendable job of determining the information it will need to assess the
five assumptions proposed by Westinghouse, and we generally agree with the staff's initial
positions on these assumptions. We are concerned, however, that the staff may not be
requesting sufficient information to conduct the certification review without undue reliance on
judgment. Because the applicant does not plan to perform additional tests, certification of the
AP1000 will be more dependent on the results of analyses than was the case for the AP600.

In a Staff Requirements Memorandum of July 21, 1993, the Commission approved the use of a
CCFP goal of 0.1 along with a containment performance goal for advanced light-water reactor
designs. Westinghouse, for points of reference in development of the AP600 PRA, used a
LERF goal of 10* per year as well as the CCFP goal of 0.1.

The AP600 PRA reported an overall LERF of about 10 per year and a CCFP of about 0.1. '
While this low value of LERF was comforting, it was based on new systems and components
[passive emergency core cooling system (ECCS) combined with active systems, reactor vessel
external flooding, etc.] for which there was little experience. Thus, the CCFP and LERF results
for the AP1000 are likely to be subject to much greater uncertainty than that associated with
current operating plant PRA results. With “reasonable” variation of parameters, the staff
estimated that the AP600 CCFP could have easily been 0.5 at a reasonable confidence level.
The design changes along with the increased plant size and power rating of the magnitude



3

proposed will negatively impact both the LERF and the CCFP as well as increase the
uncertainties associated with these acceptance parameters.

Increasing the height of the containment and the quantity of water in the tank on top may well
increase the vulnerability of the AP1000 containment to seismic events. Both selections of site
characteristics and seismicity are challenges to the conduct of a PRA for the AP1000 that
includes external event initiators. It is most important that artificial uncertainty not be injected
into the PRA results by including bounding ranges of site characteristics and seismicities. A
representative site and representative seismicity for the recommended PRA would be
satisfactory.

We are concerned that the AP1000 defense in depth associated with a CCFP goal of 0.1 might
be unduly compromised by the increase in plant size and the uncertainties could be much
greater than those for the AP600. If the staff is to properly assess the AP1000 design with
respect to acceptance values of risk metrics and its compliance with the defense-in-depth
philosophy, the PRA will need to include an uncertainty analysis. Without such a PRA, we will
be faced with insufficient information on which to base our judgment on the defense-in-depth
acceptability of the AP1000 containment.

Our second concern relates to the deterministic part of the design certification. The
acceptability of the AP800 for certification with respect to the design basis deterministic aspects
was partially based on the use of computer codes with validation based on data from separate
effects and integral tests.

The AP600 certification was also partially approved on the basis that the scaled integral
experiments demonstrated the robustness of the AP600 ECCS for keeping the core covered
over the entire period of the design basis accident sequences. It is likely that this level of
comfort will be eroded for the AP1000 because of scaling issues that could make the integral
tests no longer directly applicable to the full-scale design. Thus, for the AP1000 there will be
much greater reliance on the code results. The concern involves, then, the use of codes that
have not been validated for the AP1000 conditions to determine margins.

In past licensing reviews, the staff has been content to use a process in which conservative
analyses were used to demonstrate that acceptance criteria (e.g., peak clad temperature) could
be met. This process could be used because extensive experience and experimental data were
available to substantiate the judgment that the analyses were indeed conservative. Extensive
experience and data are not available for passive plants. For the AP600, correctly scaled
experiments were performed that demonstrated the robustness of the emergency core cooling.
If the scaling of these experiments proves to be less satisfactory for the AP1000, greater
reliance on thermal-hydraulic codes will be required.

The use of the predictive codes NOTRUMP, WCOBRA/TRAC, LOFTRAN, and WGOTHIC has
been approved only for the AP600, and the validity of these codes for application to the AP1000
must be determined. The available experimental data relevant to passive flow conditions may
not be sufficient to validate the use of these codes for the AP1000 geometry and conditions.
The applicant intends to conduct a detailed scaling analysis to demonstrate the sufficiency of
these experimental data for the AP1000.
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If the scaling analysis is less than satisfactory, it will be necessary to determine the
uncertainties of the predictions of the codes NOTRUMP, WCOBRA/TRAC, LOFT RAN, and
WGOTHIC in a technically defensible manner. This could even necessitate additional, properly
scaled experiments to provide confidence that the calculated figures of merit are conservative.

In any case, it will be necessary to assess the uncertainty and validation analysis of the codes
provided by Westinghouse. The staff should acquire and exercise these codes so that it can
independently evaluate the sensitivity of their predictions to assumptions, model idealizations,
and choices of parameters in the correlations.

Sincerely,

Dana A. Powers

Chairman
References:
1. Memorandum dated July 27, 2000, from Samue! J. Collins, Director, Office of Nuclear

Reactor Regulation, U. S. Nuclear Regulatory Commission, to W. E. Cummins,
Westinghouse Electric Company, Subject: AP1000 Pre-Application Review - Phase
One.

Memorandum dated May 31, 2000, from M. M. Corletti, Westinghouse Electric
Company, to Document Control Desk, U. S. Nuclear Regulatory Commission, Subject:
AP1000 Pre-Application Review ltems.

Memorandum dated June 21, 2000, from John T. Larkins, Executive Director, Advisory
Committee on Reactor Safeguards, to William D. Travers, Executive Director for
Operations, NRC, Subject: AP1000 Pre-Application Review.

Memorandum dated July 21, 1993, from Samuel! J. Chilk, Secretary of the Commission,
for James M. Taylor, Executive Director for Operations, NRC, Subject: SECY-93-087 -
Policy, Technical, and Licensing Issues Pertaining to Evolutionary and Advanced Light-
Water Reactor (ALWR) Designs.

U. 8. Nuclear Regulatory Commission, Final Safety Evaluation Report Related to
Certification of the AP600 Design, Vol. 2, September 1998.
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Previous Comments
October 12, 1999 Report

« Terminology of “safety-related”
Systems Structures and Components
(SSCs) should be preserved

e Significance of importance
measures and their limitations

e« Recommended guidance to the
expert panel

22



March 19, 2002 Report

Reviewed NEI 00-04/Rev. B

Option 2 Implementation Guideline
Recommendations

e The criteria used by Integrated
Decision-making Panel (IDP) should
be explicit and include risk metrics
that supplement CDF and LERF (late
containment failure; inadvertent
radionuclide release)

23



March Report (Cont’d)

« A more complete set of risk metrics
may allow the elimination of special
treatment requirements for class
RISC-3.

—~ Difficulty in treatment of RISC-3
because risk concerns cannot be
completely addressed by CDF and
LERF

—~ Materials degradation should be
considered by IDP

24



March Report (Cont’d)

Guidance to IDP should include:

— Whether SSC acts as barrier to
fission product release during
severe accidents

— Whether the SSC is relied upon in
Emergency Operating Procedures
or Severe Accident Mitigation
guidelines

25



March Report (Cont’d)

— Whether failure of SSC results in
an inadvertent radionuclide
release

26



March Report (Cont’d)

e Treatment of uncertainties in PRA
results should be made consistent
with the current capabilities of PRA
software and data.

e When simplified methods are used,
comparison with more rigorous
analyses should be available to
demonstrate the adequacy of these
methods

27



March Report (Cont’d)

sUse of risk information in
regulations is still viewed with
skepticism by some groups

e Rigor would contribute to building
confidence

e Substituting “sensitivity” analysis
for uncertainty analysis does not
contribute to confidence building

28



March Report (Cont’d)

* Assessing the impact on CDF and
LERF of changing the failure rates
by factors ranging from 2 to 5 (in
lieu of the South Texas Project
factor of 10) needs better
justification

29



UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

March 19, 2002

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers:

SUBJECT: PROPOSED RULEMAKING AND ASSOCIATED GUIDANCE FOR RISK-
INFORMING THE SPECIAL TREATMENT REQUIREMENTS OF 10 CFR
PART 50 (OPTION 2)

During the 490™ meeting of the Advisory Committee on Reactor Safeguards, March 7-9,
2002, we met with representatives of the NRC staff and the Nuclear Energy Institute
(NEI) to discuss the proposed rulemaking and associated guidance for risk-informing
the special treatment requirements of 10 CFR Part 50 (Option 2). We discussed the
staff's draft rule language for 10 CFR 50.69 and proposed industry guidance in

NEI 00-04, Revision B, “Option 2 Implementation Guideline.” Our Subcommittee on
Reliability and Probabilistic Risk Assessment discussed these matters during meetings
on December 4, 2001, and February 22, 2002. We also had the benefit of the
documents referenced. This report focuses primarily on the proposed industry
guidance in NEI 00-04, Revision B.

Conclusion and Recommendations

1. The criteria used by the Integrated Decision-making Panel (IDP) for categorizing
structures, systems, and components (SSCs) should be made explicit and
should include consideration of risk metrics that supplement core damage
frequency (CDF) and large early release frequency (LERF), such as late
containment failure and inadvertent release of radioactive material.

2. Categorization of SSCs performed with a more complete set of risk metrics may
allow the elimination of additional treatment requirements for components in the
risk-informed safety class 3 (RISC-3) category (safety related, low safety
significant).

3. The rigor in the treatment of uncertainties in probabilistic risk assessment (PRA)
results should be made consistent with the current capabilities of PRA software
and data. When simplified methods are used, comparison with more rigorous
analyses should be available to demonstrate the adequacy of these methods.



Discussion

The overall categorization process described in NEI 00-04, Revision B, relies heavily on
the judgments of the IDP. The Panel’s decision concerning the assignment of an SSC
to a risk-informed safety class is based on a variety of qualitative and quantitative
inputs. The quantitative inputs are produced by a PRA, if available. A large majority of
SSCs are categorized without the benefit of quantitative inputs from a PRA.  Two major
elements of the categorization process are the risk-informed decision criteria and the
processes used by the IDP in making judgments.

In our report dated October 12, 1999, we commented extensively on the decision-
making process and the need for guidance and training in conducting expert-panel
sessions. Our comments on the processes described in the then-proposed Appendix T
to 10 CFR Part 50 remain valid and are a continuing concemn. This report focuses on
additional issues that warrant attention in the revision of NEI 00-04 to support the
proposed 10 CFR 50.69 rulemaking.

The traditional criteria for evaluating risk significance use the metrics CDF and LERF.
The initial screening of SSCs for which PRA results are available is carried out by using
importance measures that are based on these two metrics. We believe that the
probability of late containment failure should be added to CDF and LERF to provide a
more complete characterization of risk.

In categorizing SSCs for which PRA results are unavailable, qualitative considerations

. serve as the primary basis for decisionmaking. Even when PRA results are available,
the risk-informed approach requires that the IDP consider qualitative inputs based on
defense in depth and safety margins, as articulated by the principles in Regulatory
Guide 1.174. NEI 00-04, Revision B, provides very little guidance to assist the Panel in
making these qualitative assessments. Explicit criteria should be developed for the
qualitative categorization of SSCs and the decision-making process needs to be
scrutable with results that can be documented. Guidance to accomplish this should be
included in NEI 00-04.

The qualitative considerations used by the IDP should include defense in depth and the
traditional graded approach in which relatively frequent events are intended to not fail
any of the barriers to the release of radioactivity, but relatively infrequent events are
allowed some fuel damage provided that the resulting release is limited by the
requirements of 10 CFR Part 100. Specific guidance to the IDP couid include
requirements for the Panel to determine whether (1) the SSC supports a system that
acts as a barrier to fission product release during severe accidents; (2) the SSC is

relied upon in the emergency operating procedures or the severe accident management
guidelines; and (3) failure of the SSC will result in the inadvertent release of radioactive
material even in the absence of severe accident conditions.
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If any of the above conditions are true, the IDP should consider including such SSCs in
RISC-1 (safety related, safety significant) or RISC-2 (non-safety related, safety
significant) category. The IDP could justify its conclusions in the risk categorization by
demonstrating that one of the following conditions are met:

® Relaxing the requirements will have minimal impact on the failure rate increase.

° Showing that adequate data are available to demonstrate that failure modes that
prevent the SSC from fulfilling its function are unlikely to occur.

° Such failure modes can be detected in a timely manner.

The choice of appropriate treatment for RISC-3 has been a difficult issue for staff and
industry. We believe that much of this difficulty has arisen because the staff recognizes
that risk concerns cannot be completely addressed by CDF and LERF and is, therefore,
reluctant to relax some special treatment requirements. By explicitly addressing all risk
concerns in the categorization process, as discussed above, it may be easier to obtain
agreement that components assigned to RISC-3 do not require any treatment beyond
“commercial practice.”

We note that materials degradation is not directly assessed in NEI 00-04, Revision B.
We believe that aging phenomena and the management of degradation must be
considered in the IDP deliberations concerning affected SSCs and passive system
components.

The use of risk information in regulatory decisionmaking is relatively new. Some within
the NRC, the industry, and the public view this evolution with skepticism. The NRC
Strategic Plan has established increasing public confidence as a performance goal.
The use of rigorous methods to produce risk information is essential to achieving this
goal.’ In many instances, simplified methods can yield satisfactory results. It should be
demonstrated, however, that these simplified methods yield results that are consistent
with those provided by more rigorous methods and that their limitations are well
understood.

In our reports dated October 12, 1999 and February 11, 2000, we commented
extensively on the limitations of importance measures. The requirement to use
sensitivity studies to determine ACDF and ALERF provides evidence that NE| 00-04,
Revision B, recognizes the major limitation of importance measures, namely, their
inability to determine the change in risk associated with a group of components. We

'In his speech to the Regulatory Information Conference on March 5, 2002,
Commissioner Diaz stated: “This is the year 2002, almost 30 years after WASH-1400, and it is
time that all licensees have a quality Level 2 PRA so they can effectively utilize our regulatory
processes.”
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believe that the IDP would benefit from an explicit identification and discussion of this
and other limitations that have been identified in the literature (References 8 and 9).

NEI 00-04, Revision B, shies away from providing guidance or encouragement for
licensees to perform uncertainty analyses and relies heavily on sensitivity studies that
are substitutes for uncertainty analyses. Modem PRA tools make it relatively routine to
perform a genuine uncertainty analysis, i.e., one that propagates the uncertainties in
failure rates, and such analysis should be performed where possible.

The argument has been made that using mean values for the failure rates in performing
the PRA and the screening is “good enough.” We agree that, in the majority of cases,
this argument may be true provided that mean values are indeed used, although ’
relatively few investigations are available in the literature (References 8 and 11) to
substantiate this claim. We object to the practice of taking arbitrary “point” values of the
parameters and declaring them as mean values. Such practices do not contribute to
the credibility of the categorization process.

One of the most significant limitations of importance measures is that they measure the
impact of individual SSCs on risk, and, consequently, they cannot be used directly to
estimate changes in risk for a group of SSCs. This limitation is recognized in

NEI 00-04, Revision B, and additional sensitivity studies are suggested to attempt to
assess the impact of changing treatment requirements on a group of components. In
NE! 00-04, Revision B, it is suggested that the failure rates of RISC-3 SSCs be
increased by factors ranging from 2 to 5 to evaluate changes in CDF and LERF. The
current justification for this choice of values is weak, and a better justification is needed,
especially since these factors are smaller than the factor of 10 used in the South Texas
Project multiple exemption request. A distinction between parameter and model
uncertainties would be very useful in this case.

We look forward to reviewing the draft final rule language and associated guidance as
more progress is made.

Sincerely,

Cap & Apdde

George E. Apostolakis
Chairman
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PTS Re-evaluation

Need For Re-evaluation:

— Less frequent/better Operator
performance

— Tougher reactor vessel
— Smaller cracks

— Original criterion overly
conservative
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PTS Re-evaluation
(Cont’d)

 Integrated Ap'proach
— Probabilistic Risk Assessment
(PRA)
— Thermal Hydraulics (T-H)

— Probabilistic Fracture Mechanics
(PFM)
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PTS Re-evaluation
(Cont’d)

» Application of integrated analytical
process

— Oconee Unit 1

- Beaver Valley Unit 1
~ Palisades

— Calvert Cliffs Unit 1
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PTS Re-evaluation
(Cont’d)

e Current process versus 1980’s
analysis

- Latest PRA/human reliability data
— More refined binning

— Operator action/Acts of
commission

— External events |
- More T-H sequences modeled
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PTS Re-evaluation
(Cont’d)

e Current versus 1980's analysis
(continued)

— Conservative bias in toughness

model removed
— Spatial variation influence
- Smaller embedded flaws
— Non-conservatisms removed
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PTS Re-evaluation
(Cont’d)

e Observations
— Primary system LOCAs dominant
— Realistic operator action

- Main steamline/steam generator
tube rupture no longer dominant

— Safety relief valve closure time
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PTS Re-evaluation
(Cont’d)

e Ongoing work

— Complete internals events
analysis

- External Events
— Containment Integrity
- Source Terms

37



PTS Re-evaluation
(Cont’d)

¢ ACRS Conclusions

-~ Extensive/technically sound
project

— Preliminary results of Oconee
reactor pressure vessel (RPV)
analysis indicate that the current
PTS screening criterion may be
overly conservative.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

February 14, 2002

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Dr. Travers:

SUBJECT:  REEVALUATION OF THE TECHNICAL BASIS FOR THE PRESSURIZED
THERMAL SHOCK RULE ‘

During the 489" meeting of the Advisory Committee on Reactor Safeguards, February 7-8,
2002, we reviewed the methodology and initial results of the Pressurized Thermal Shock (PTS)
Technical Basis Reevaluation Project. Our Subcommittee on Materials and Metallurgy also
reviewed this matter on January 15-16, 2002. During our reviews, we had the benefit of
discussions with representatives of the NRC staff. We also had the benefit of the documents
referenced.

CONCLUSIONS AND RECOMMENDATIONS
1. The PTS Reevaluation Project is extensive and appears to be te.chnically sound.

2. The preliminary results of the analysis of the Oconee Unit 1 reactor pressure vessel
indicate that when the current PTS screening criterion is reached, the frequency of
throughwall cracking of the vessel would be approximately two orders of magnitude
below the acceptance criteria for vessel failure given in Regulatory Guide (RG) 1.154. If
the ongoing work demonstrates that such results are characteristic of the fleet of
pressurized water reactors (PWRs), then the current PTS screening criterion may be
overly conservative.

3. When the factors that have large impacts on the failure frequency of the reactor vessel
have been identified, they should be scrutinized appropriately.

BACKGROUND

The PTS Rule, 10 CFR 50.61, was established as an adequate protection rule in 1985 in
response to a longstanding design-basis issue concerning the integrity of irradiation embrittled
PWR pressure vessels during scenarios in which there is a thermal transient in conjunction with
the maintenance of system pressure. The rule specifies numerical values of an end-of-life
material toughness parameter (RTy). Licensees are required to demonstrate that the material
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toughness (RTypr) in their pressure vessels is less than the PTS screening criterion, which
depends on the orientation of the crack. The analyses that defined the screening criterion
included a number of assumptions that may make the criterion overly conservative. The staff is
now reevaluating the degree of conservatism in the technical basis for the screening criterion in
the Rule and the associated RG 1.154 acceptance criteria.

Elements of the reevaluation include: (1) a probabilistic risk assessment (PRA) to identify the
event sequences that could lead to PTS and then estimate their frequencies; (2) thermal-
hydraulic calculations of the pressure, temperature, and heat transfer coefficient in the coolant
adjacent to the pressure vessel wall following the various event sequences; and (3) probabilistic
fracture mechanics (PFM) estimates of the probabilities of initiating, propagating, and arresting
a crack in the pressure vessel for the sets of plant operational and thermal-hydraulic conditions
identified in the previous elements. The PFM estimates are calculated using the Fracture
Analysis of Vessels - Oak Ridge (FAVOR) code, which is based on earlier Oak Ridge National
Laboratory codes; these, in turn, had their foundation in fracture experiments on prototypical
pressure vessels started in the 1970s. The current version of the FAVOR code (v01.0)
incorporates the probabilistic aspects of the inputs, such as, PRA analysis of operational
scenarios and thermal hydraulic, material, and stress conditions, with the output being a
calculated distribution of the frequency of throughwall cracking of the vessel. The PTS
Reevaluation Project involves the application of this integrated analytical process to four PWRs
that reflect a range of designs: Oconee Unit 1, Beaver Valley Unit 1, Palisades, and Calvert
Cliffs Unit 1.

In this letter, we comment on the technical progress to date. We do not comment on issues
such as external events, containment integrity, and source terms, which are pertinent to
potential changes to the throughwall cracking frequency criteria given in RG 1.154 or the PTS
screening criterion. These topics will be examined in the future.

DISCUSSION

The PTS Reevaluation Project involves integration of tasks involving PRA, thermal-hydraulics,
and PFM including an integrated, quantitative treatment of uncertainty. Overall, the analytical
logic and the approach to the physical reality of the technical basis appear to be sound.

The staff has committed to provide us with additional information concerning: how the dynamic
events associated with a main steamline break will affect the assumed responses of the
operators and the plant; the variance narrowing associated with histogram sampling; and the
sensitivity of results to changes in reactor operating power and fuel burnup.

An important aspect of this reevaluation is providing explicit credit for mitigative actions by the
operators. The Oconee Unit 1 analysis indicates that some of these actions may have a large
impact on the vessel failure frequency. The probabilities of operator failure are evaluated by
assessing the relevant performance shaping factors and employing expert judgment. Due to
the potential significance of these actions, detailed scrutiny of these probability estimates,
including sensitivity studies, alternative human reliability analysis models, and independent peer
reviews, should be performed.
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There appear to be other factors, such as the spatial and size distribution of flaws, that have a
significant impact on the results but have a relatively weak empirical basis. Like the modeling
of human error probabilities, these factors should also receive appropriate scrutiny. Prior to
completing this Project, it is important to document the validation bases of the relevant codes
and databases. We look forward to reviewing further progress.

Sincerely,

Cope 6 Apdde

George E. Apostolakis
Chairman
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