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EXECUTIVE SUMMARY

With the pending closure of GL 2004-02 regarding PWR potential impacts from debris blockage

of emergency recirculation, the NRC has requested that the BWROG investigate differences

between the methodologies used by the BWRs and PWRs to address the effects of post-loss of

coolant accident debris on BWR ECCS strainers, downstream equipment, and core cooling (fuel

assembly blockage). The NRC identified seven specific areas of concern (issues) between the

two methodologies in the enclosure of the April 10th 2008 letter from J.A. Grobe to R. Anderson

(ML080500540). As part of an internal BWROG review, an additional five areas were added to

bring the total number of issues to twelve.

The purpose of this report is to present a risk-informed analysis, as outlined in Regulatory

Guide 1.174, regarding the significance of the issues related to BWR ECCS suction strainer

performance for one US BWR Mark I plant. This risk-informed analysis provides a quantitative

characterization of the risk relative to the criteria included in RG 1.174. This risk information

provides a key perspective to the decision-makers (NRC and utilities). This analysis is being

performed in a multi-phase resolution approach as further described in the body of this report.

This report summarizes the Phase II of the analysis.

This report addresses the following eight (8) issues using a combination of deterministic inputs

and probabilistic evaluations within a risk-informed framework:

1) Debris Head-Loss Correlations

2) Latent Debris

3) Zone of Influence (ZOI) Adjustment for Air Jet Testing (AJT)

4) Coatings Zone of Influence (ZOI)

5) Debris Transport and Erosion

6) Debris Characteristics

7) Near Field Effect / Scaling

8) Spherical Zone of Influence (ZOI)

The following four (4) issues are under further investigation outside of this report:

1) Downstream effects on components

2) Downstream effects on fuel

3) Chemical effects

4) Coatings programmatic assessments

C66940024235-___1
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The U.S. Nuclear Regulatory Commission's Policy Statement on Probabilistic Risk Assessment

(PRA) encourages greater use of this analysis technique to improve safety decision-making and

improve regulatory efficiency. Regulatory Guide 1.174 provides general guidance from the

NRC for use by licensees in the implementation of risk-informed analyses for regulatory

interactions. Although the risk-informed assessment of ECCS suction strainer questions is not

a License Amendment Request (LAR), Regulatory Guide 1.174 specifies that a risk-informed

approach also provides valuable insights and guidance for use in other interactions between

the NRC and licensees.

This BWROG Phase II analysis examines the spectrum of LOCA challenges applied to a single

pilot BWR Mark I plant and calculates the probabilities of ECCS suction strainer failure using

the CASA Grande phenomenology code. These strainer failure probabilities are then input to

the plant specific PRA to calculate the risk metric of change in Core Damage Frequency (ACDF)

for use in comparison with the Regulatory Guide 1.174 acceptance guidelines.

The risk metric of ACDF can be evaluated for each of the areas of concern associated with the

ECCS suction strainer performance by adding issue phenomena to a hypothetical baseline plant

configuration that assumes no adverse debris conditions inside containment. Figure ES-i

compares the quantified risk metric, i.e., the triangle symbol (the resulting point estimate of

ACDF for the baseline plant configuration), with the RG 1.174 acceptance guidelines. This

calculated risk change corresponds to a very small change in risk (i.e., Region III). Figure ES-

2 portrays the uncertainty band associated with the ACDF calculation (i.e., range in change in

CDF derived from adding issue phenomena to a hypothetical baseline plant configuration that

has no debris).

The conclusions reached based on the BWROG ECCS suction strainer Phase II risk-informed

analyses are:

*Phase II demonstrates the process and ability to quantify and diagnose risk
significance associated with eight (8) of the issues for a specific Mark I plant.

*The best estimate evaluation of the effect of the eight issues on the calculated
risk metric is shown in Figures ES-i and ES-2. This indicates that the
incremental risk of core damage calculation for the pilot plant is very low (Risk
Region III) with respect to the NRC acceptance guidelines.

*Sensitivities and plant specific evaluations provide additional perspective on the
potential safety significance of these issues for other US BWRs.

c569140Q0o2-238s-10o61s5i .IiI•IZ
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*One such sensitivity case is used to examine the effect of a predefined strainer
failure criteria based solely on debris bed thickness. This sensitivity case applies
an ECCS suction strainer failure criteria in CASA Grande for all cases that
calculate a debris bed greater than V/8". This sensitivity case addresses concerns
with the potential uncertainty associated with strainer head loss correlations.

*Applying only limited defense-in-depth credit for operator actions (e.g., failure
probability of 0.1 for failure to align alternate external injection) supports the
conclusion that all evaluated PRA sensitivity cases result in a ACDF representing a
very small change in risk (i.e., Region III).

*Based on the very low calculated ACDF and qualitative evaluations for
containment performance, the ALERF would likely not be the limiting figure of
merit such that ALERF would also represent a very small change in risk (i.e.,
Region III).

As stated in the initial response to the NRC concerns, the BWROG shares a common goal with

the NRC to address strainer performance issues with an appropriate level of rigor to ensure

that the safety of the BWRs is preserved and receives a proper assessment. Based on this risk-

informed analysis, the safety significance associated with these eight issues represents a very

small change in risk (i.e., Region III of RG 1.174). The low safety significance of these eight

issues support BWROG decision-making for appropriate resolution of these issues.

C669140002-12385-I00615 I
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Figure ES-i

BASE CALCULATION VS. ACCEPTANCE GUIDELINES FOR CORE DAMAGE FREQUENCY (CDF)

Legend:

A Baseline Plant Calculation (without compensatory measures).
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1.0 INTRODUCTION

The U.S. Nuclear Regulatory Commission's Policy Statement on Probabilistic Risk Assessment

(PRA) [1] encourages greater use of PRA techniques to improve safety decision-making and

improve regulatory efficiency.

One area that has required a large resource commitment from BWR utilities and the NRC is the

evaluation of adverse conditions that could affect the performance of the ECCS suction

strainers in BWR suppression poois. This topic and the associated testing and analysis has

been treated since the early 1990s by active BWR and NRC programs.

The NRC Executive Director of Operations (EDO) has indicated that one method that could be

used to close any residual open questions would be the use of a risk-informed perspective [7].

1.1 PURPOSE

The purpose of the analysis presented in this report is to bring a risk-informed perspective to

the evaluation of BWR ECCS suction strainer performance. The BWROG is using a risk-

informed approach as outlined in Regulatory Guide 1.174 [4] to provide an additional

perspective on the inputs to decision-making associated with ECCS suction strainer issues.

The proposed approach for the risk-informed evaluation includes the following steps:

* A model and framework is developed that is usable to address issues identified by
the NRC that are related to ECCS suction strainers.

* The models used to describe the treatment of issues have mean estimates of critical
parameters and associated distributions for quantification.

* A base realistic calculation of the ACDF risk metric is used to provide the comparison
with the RG 1.174 Acceptance Guideline - Sensitivities and parametric uncertainty
provide perspective on the quantitative results.

The objective of the approach and its implementation is to result in a successful risk-informed

resolution to the ECCS suction strainer questions raised by the NRC [5] and the BWROG. The

enclosed risk-informed analysis assesses the risk significance of the ECCS suction strainer

issues to determine their priority regarding resources to be expended.

This report represents Phase II of a multiphase approach. Section 1.4 below summarizes this

BWROG multiphase approach of risk-informed techniques.

-- 7-
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1.2 BACKGROUND

In response to several events at operating reactors in the early 1990s, the Nuclear Regulatory

Commission (NRC) issued Bulletins 95-02 [18] and 96-03 [19] to address concerns about the

adequacy of emergency core cooling system (ECCS) strainer performance at boiling water

reactors (BWRs). Bulletin 95-02 resulted in enhanced licensee measures to clean the

suppression pools and establish foreign material control programs. Bulletin 96-03 resulted in

each BWR plant performing a deterministic evaluation regarding potential strainer clogging, and

resulted in each plant installing significantly larger passive strainers.

The NRC and the nuclear industry conducted significant and extensive research, guidance

development, testing, reviews, and hardware and procedure changes during the 1992 - 2001

time frame to resolve the issue of debris blockage of BWR strainers. The NRC staff closed the

action on NRC Bulletins 95-02 and 96-03 in 2001 with the statement, "We have concluded that

all licensees have sufficiently responded to the requested actions of NRCB 95-02 and NRCB 96-

03." [20]

In parallel, NRC Generic Safety Issue (GSI)-191 was initiated in 1996 to examine whether the

events and new research being conducted for the BWR strainers warranted similar activity by

the pressurized water reactor (PWR) plants. After considerable study of this issue for PWRs, in

2004 the NRC issued Generic Letter (GL) 2004-02 [21], "Potential Impact of Debris Blockage on

Emergency Recirculation during Design Basis Accidents at Pressurized Water Reactors." That GL

requested PWR licensees to mechanistically address the potential for post-accident debris

clogging of ECCS strainers. GL 2004-02 also requested PWR licensees to address the potential

for blockage of the recirculation flow downstream of the strainer (downstream effects) and the

potential for chemical species to develop that could contribute to the debris load (chemical

effects). Neither downstream effects nor chemical effects were noted in the Bulletins 95-02 and

96-03 issued to the BWRs. Significant improvements to PWR ECCS sump strainers have been

made, and final actions to close out GL 2004-02 are in progress.

With the pending closure of GL 2004-02, the NRC has requested that the BWROG investigate

differences between the methodologies used by the BWRs and PWRs to address the effects of

post-loss of coolant accident debris on BWR ECCS strainers, downstream equipment, and core

cooling (fuel assembly blockage). The NRC identified seven specific areas of concern (issues)

between the two methodologies in the enclosure of the April 10th 2008 letter from J.A. Grobe to
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R. Anderson (BWROG) (ML080500540) [5]. As part of an internal BWROG review, an additional

five (5) areas were added to bring the total number of issues to twelve (12). These twelve (12)

issues as follows:

Issue #1 Downstream effects on components

Issue #2 Downstream effects on fuel

Issue #3 Debris Head-Loss Correlations

Issue #4 Chemical effects

Issue #5 Coatings programmatic assessments

Issue #6 Latent Debris

Issue #7 Zone of Influence (ZOI) Adjustment for Air Jet Testing (AJT)

Issue #8 Coatings Zone of Influence (ZOI)

Issue #9 Debris Transport and Erosion

Issue #10 Debris Characteristics

Issue #11 Near Field Effect / Scaling

Issue #12 Spherical Zone of Influence (ZOI)

These twelve (12) issues are discussed in more detail in Section 2.

Subsequently, the NRC EDO in an SRMC1 ) stated the following:

* The staff should take the time needed to consider all options to a risk-informed, safety
conscious resolution to GSI-191.

*While they [the industry] have not fully resolved this issue, the measures taken thus far
in response to the sump-clogging issue have contributed greatly to the safety of U.S.
nuclear power plants.

*Given the vastly enlarged advanced strainers installed, compensatory measures already
taken, and the low probability of challenging pipe breaks, adequate defense-in-depth is
currently being maintained.

*The staff should fully explore the policy and technical implications of all available
alternatives for risk informing the path forward.

It should be pointed out that prevention and mitigation measures that have been identified and

implemented to enhance strainer performance and provide defense-in-depth consist of the

following:

(1) NRC Staff Requirements - SECY-10-0113 - Closure Options for Generic Safety Issue - 191,
Assessment of Debris Accumulation on Pressurized Water Reactor Sump Performance, December
23, 2010 [7].

C66914O002-12385-1i00615 1-3 •
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*Implementation of strainers with large surface areas sufficient to allow adequate pump
flow despite fibrous debris in the suppression pool.

*Use of alternate injection sources from outside containment. This option may be
available based on existing plant capabilities. This option will be further enhanced as
part of FLEX hardware and procedural modifications. The FLEX modifications will
support small water LOCA or larger size steam LOCA events (LOCAs above Top of Active
Fuel (TAF)) and will also allow a method to flood containment and submerge the core
during a larger LOCA below the top of active fuel (TAF).

*Pool cleaning/desludging to remove corrosion products such as iron oxide sludge that
"normally" are present in the pooi and contribute to debris accumulation on suction
strainers.

*Back flow (flushing) through strainers (this was a measure put in place by BWRs
during the period between the identification of the issue and the resolution through
the use of larger strainers.) This compensatory measure was also used in the 1992
Barsebeck ECCS suction strainer clogging event prior to any other operational
experience with this phenomenon.

The next subsection provides an overview of how a risk-informed perspective can support

decision-making for complex problems.

1.3 RISK-INFORMED PERSPECTIVE

1.3.1 NRC PRA Policy Statement

In August 1995, the NRC adopted the following policy statement [1] regarding the expanded

use of PRA:

* PRA and associated analyses (e.g., sensitivity studies, uncertainty analyses, and
importance measures) should be used in regulatory matters, where practical within
the bounds of the state-of-the-art, to reduce unnecessary conservatism associated
with current regulatory requirements, regulatory guides, license commitments, and
staff practices.

*PRA evaluations in support of regulatory decisions should be as realistic as
practicable and appropriate supporting data should be publicly available for review.

*In its approval of the policy statement, the Commission articulated its expectation
that implementation of the policy statement will improve the regulatory process in
three areas: (1) foremost, through safety decision-making enhanced by the use of
PRA insights, (2) through more efficient use of agency resources, and (3) through a
reduction in unnecessary burdens on licensees.

1.3.2 Basis for Analysis Usinci Risk-Informed Approach

The NRC staff has indicated that it intends to improve consistency in regulatory decisions in

areas in which the results of risk analyses are used to help justify regulatory action.

C6694000-1235-106151-4LI' ,U Z
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The U.S. Nuclear Regulatory Commission's Policy Statement on probabilistic risk assessment

(pRA) [1] encourages greater use of this analysis technique to improve safety decision-making

and improve regulatory efficiency. Regulatory Guide 1.174 [4] provides the general guidance

for use by licensees in the implementation of risk-informed analyses for regulatory

interactions. Regulatory Guide 1.174 specifies that a risk-informed approach provides valuable

insights and guidance for use in interactions between the NRC and licensees. Therefore, even

though the risk-informed assessment of ECCS suction strainer questions is not a License

Amendment Request (LAR) the ECCS suction strainer assessment makes use of the RG 1.174

guidance and quantitative acceptance guidelines.

1.3.3 Risk-Informed Objective

In order to ensure that the limited nuclear industry and regulatory resources are being wisely

allocated to the most safety significant issues, it is proposed to examine the safety-significance

of. questions that have been raised regarding the blockage of ECCS suction strainers following

an accident, i.e., primarily LOCAs. The proposed approach is to perform probabilistic risk

assessment (PRA) quantifications and sensitivities that identify the dominant risk contributors

and their risk magnitudes associated with the possibility of increased ECCS suction strainer

blockage.

One of the main purposes of this effort is to assess the risk significance of the ECCS suction

strainer questions to determine their priority and the appropriate level of resources to be

expended commensurate with their risk significance.

1.4 SCOPE

1.4.1 Full Program Scope

Section 2 summarizes the list of twelve (12) issues identified for resolution by the BWROG.

The intent of the BWROG risk-informed program is to close all or as many of the issues as

possible using a risk informed approach. The risk-informed analysis provides a quantitative

characterization of the risk relative to the criteria included in RG 1.174 as input to the decision-

makers (NRC and utilities). This Phase II scope report addresses the following eight (8) issues

using a combination of deterministic inputs and probabilistic evaluations within a risk-informed

framework for a single Mark I BWR pilot plant:

Issue #3 Debris Head-Loss Correlations

=J
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Issue #6 Latent Debris

Issue #7 Zone of Influence (ZOI) Adjustment for Air Jet Testing (AJT)

Issue #8 Coatings Zone of Influence (ZOI)

Issue #9 Debris Transport and Erosion

Issue #10 Debris Characteristics

Issue #11 Near Field Effect / Scaling

Issue #12 Spherical Zone of Influence (ZOI)

The remaining four (4) issues are under further investigation by the BWROG:

Issue #1 Downstream effects on components

Issue #2 Downstream effects on fuel

Issue #4 Chemical effects

Issue #5 Coatings programmatic assessments

Sufficient plants and configurations will be evaluated in the overall program to provide

assurance that these issues can be adequately dispositioned using the combination of risk-

informed insights and available deterministic information for the fleet.

1.4.2 Phased Approach

A multiphase, graded approach is developed to allow the NRC and BWR utilities to assess the

merits and progress of the risk-informed approach in this application. The four phases are as

follows:

Phase I: Proof-of-Principle. Initial Probabilistic Risk Assessment (PRA) framework to
structure the risk-informed resolution of the issues and provide initial feedback to the
BWROG and NRC regarding scope, level of detail, and feasibility of the approach. The
Proof-of-Principle project was for a single pilot plant and evaluated two of the twelve
issues (i.e., debris head-loss correlations and coatings zone of influence (ZOI)). The
Phase I project was completed successfully in December 2014 demonstrating the
feasibility of the process.

*Phase II: Phase II was originally visualized as a full demonstration of the proposed
approach for the initial pilot plant and initially ten of the twelve issues. However,
during the early part of this Phase II analysis of the pilot plant, it became apparent that
Downstream Effects on Components and Coatings Assessments did not immediately
lend themselves to a risk informed approach without additional deterministic
information and therefore the Phase II demonstration was reduced to address eight (8)
of the twelve issues. The results of this demonstration/analysis for the eight issues are
contained within this Phase II report.
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The four issues not included in the scope of Phase II report are:

A. Downstream effects (Fuel/In-vessel)

B. Chemical effects

C. Downstream effects on components

D. Coatings assessments

*Phase III: Similar approach to Phases I and II, employing data and information from a
second US BWR pilot plant. The scope of the Phase III project will be similar to the
scope Phase II project (i.e., address eight (8) of the twelve issues).

Phase III will also determine if analysis of a third reference plant is needed. Sufficient
analytical capability will examine fleet variations in debris and strainer design to
support broader generic conclusions indicative of the US BWR fleet.

*Phase IV: Phase IV will focus on analytical, qualitative or specific computer simulations
to address variations of significant differences (outliers) with respect to the remaining
US BWR fleet, if necessary. Phase IV will also address the risk impact of downstream
effects on components (Issue #1) and coatings assessments (Issue #5).

This report represents implementation of Phase II and is a full demonstration of the proposed

approach for a single-plant evaluation and eight (8) of the twelve (12) potential issues. A

typical BWR is selected (i.e., the same BWR selected for Phase I) for which adequate

information is available and eight of the issues are selected for examination using the risk-

informed approach.

1.4.3 Scope Conservatism

The risk-informed approach uses realistic evaluations of plant parameters and plant response.

Nevertheless, there are conservative approaches or assumptions embedded in both the

deterministic evaluations with CASA Grande and in the probabilistic modeling.

The risk-informed work scope incorporates a number of conservatisms including, but not

limited to, the following:

* The calculated values for conditional ECCS strainer failure probability have several
conservatisms associated with the CASA Grande methodology and implementation,
including:

- Conservatisms in the application of the GE head loss correlation

o All scenarios that were outside the correlation parameters were relegated to
failure. This includes relegation to failure of all debris beds that have a sludge-
to-fiber mass ratio greater than 22.5

o The correlation implementation models bed compaction but does not take credit
for bed relaxation
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o Simulated debris is modeled using the most conservative of the appropriate

multiplicative miscellaneous debris factors available from testing

-Conservatisms in the underlying physical modeling assumptions

o All breaks are modeled with full radial offset

o ECCS suction strainers filter 1000/ of the debris from the flow passing through
them, with no fiber penetration and no dependence on bed size

o Strainer blockage (from adhesive tags and tape in containment) is applied to the
strainers using the long-term flow rates, resulting in a conservative loading to
the most challenged strainers

o No debris is removed from the suppression pool during minimum or throttling
pump flow, resulting in a larger source term for the most challenged strainers

o Debris is homogenously mixed throughout the suppression pool, preventing
settling of debris in the suppression pool

- Conservatisms in statistical analysis

o Large break sizes are more frequently sampled to ensure fidelity and resolution
of the most challenging scenarios, without bias

Additional discussion of conservatisms in the CASA Grande modeling is provided in

Section 5.

The CASA Grande modeling uses design basis pump NPSH limits to assess ECCS
suction strainer failure. However, industry tests [16] have shown that ECCS pumps
could operate at approximately 600/ of the design required NPSH. Typical industry
PRA models credit use of the lower realistic NPSH values for ECCS operation.
Nevertheless, the lower realistic NPSH values are not credited in the CASA Grande
calculations for ECCS suction strainer failures used as input to the risk-informed
evaluation.

*The PRA calculations provide limited credit for operator actions. Although this risk-
informed evaluation is for a single pilot plant, operator actions for alternate external
injection are modeled with conservative human error probabilities (HEPs) to
acknowledge the wide diversity in alternate injection systems and procedures in the
industry.

*The accident management (defense-in-depth) strategies not credited in the realistic
risk evaluation of the reference plant include the following:

- Reducing flow through strainers

- Alternating the use of strainers

- Use of Shutdown Cooling (SDC) mode of RHR

- CST alignment and refill for external injection

- Flooding the RPV to above the steam separator return or use of in-shroud water
discharge

*The PRA model does not fully credit the realistic time to ECCS suction strainer failure
as calculated by CASA Grande. CASA Grande calculates a minimum time of 5.5
minutes to suction strainer blockage (failure) for Large Water LOCA events for
selected sensitivity cases. For most sensitivity cases, the minimum time to suction
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strainer blockage is approximately 30 minutes with an average time of
approximately 1-2 hours. However, the MAAP cases only credit up to 4 minutes of
initial ECCS injection from 1 pump to support the accident sequence timing (e.g.,
time available to support operator actions). Credit for extended ECCS injection times
could support decreased HEPs or additional mitigation options to prevent core
damage.

The PRA model does not fully credit the availability of initial HPCI or RCIC injection
with suction aligned to the Condensate Storage Tank (CST). HPCI/RCIC suction from
the CST would not be vulnerable to clogging of the suction strainers due to debris
generated from the primary containment. The minor impact of this conservatism on
the Phase II risk-informed analysis is as follows:

-Large Water and Steam LOCA events: If leak-before-break phenomena is
neglected, the RPV is rapidly depressurized for Large LOCA scenarios such that the
turbine-driven HPCI/RCIC pumps would trip on low RPV pressure soon after the
initiating event. The amount of initial injection flow to the RPV would be minimal
and have a negligible quantitative impact on the Phase II risk-informed results.

-Medium Water and Steam LOCA events: The RPV is depressurized for Medium
LOCA scenarios, but not as rapidly as a Large LOCA scenario. Therefore, HPCI/RCIC
injection could be credited for a brief initial time period to support potential operator
mitigative actions given early CS/LPCI suction strainer failure (e.g., HPCI trips on
Low RPV pressure for a typical Medium Water LOCA events at approximately 10
minutes based on pilot plant MAAP runs). However, the Phase II PRA model
already credits limited initial CS/LPCI injection to support extending the time
available to perform operator actions for Medium LOCA scenarios (e.g., align
alternate RPV injection) such that additional credit for initial HPCI/RCIC injection
would have limited quantitative benefit.

-Small Water and Steam LOCA events: The RPV is depressurized relatively slowly
for Small LOCA scenarios. In addition, the leak rate is sufficiently small such that
successful HPCI/RCIC injection alone would be able to delay core damage for a
nominal time period to support potential operator mitigative actions given early
CS/LPCI suction strainer failure (e.g., RCIC trips on Low RPV pressure for Small
Water LOCA events at approximately 30 minutes based on pilot plant MAAP runs).
However, the Phase II PRA model already credits limited initial CS/LPCI injection to
support extending the time available to Perform operator actions for Small LOCA
scenarios (e.g., align alternate RPV injection) such that additional credit for initial
HPCI/RCIC injection would have limited benefit. Furthermore, the CASA Grande
results support that ECCS suction strainer blockage failures were not observed for
Small LOCA events such that crediting HPCI/RCIC during Small LOCA events would
have no quantitative impact on the Phase II risk-informed results.

In summary, not fully crediting the availability of initial HPCI/RCIC injection with suction

aligned to CST would have a minor benefit for Medium LOCA events with no significant overall

quantitative impact on the Phase II risk results.
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2.0 NRC IDENTIFIED POTENTIAL ISSUES RELATED TO ECCS SUCTION
STRAINER

With the pending closure of GL 2004-02, the NRC has requested that the BWROG investigate

differences between the methodologies used by the BWRs and PWRs to address the effects of

post-loss of coolant accident debris on BWR ECCS strainers, downstream equipment, and core

cooling (fuel assembly blockage). The NRC identified seven specific areas of concern (issues)

between the two methodologies in the enclosure of the April 10th 2008 letter from J.A. Grobe

to R. Anderson (BWROG) (ML080500540) [5]. As part of an internal BWROG review, an

additional five (5) areas were added to bring the total number of issues to twelve (12). These

twelve (12) issues are as follows:

Issue #1 Downstream effects on components

Issue #2 Downstream effects on fuel

Issue #3 Debris Head-Loss Correlations

Issue #4 Chemical effects

Issue #5 Coatings programmatic assessments

Issue #6 Latent Debris

Issue #7 Zone of Influence (ZOI) Adjustment for Air Jet Testing (AJT)

Issue #8 Coatings Zone of Influence (ZOI)

Issue #9 Debris Transport and Erosion

Issue #10 Debris Characteristics

Issue #11 Near Field Effect / Scaling

Issue #12 Spherical Zone of Influence (ZOI)

Table 2-1 summarizes these twelve issues related to ECCS suction strainer performance and

the proposed sensitivities for the pilot plant risk evaluation. Four of the issues are under

further evaluation and not explicitly evaluated in this report:

Issue #1 Downstream effects on components

Issue #2 Downstream effects on fuel

Issue #4 Chemical effects

Issue #5 Coatings programmatic assessments
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Table 2-1

DESCRIPTION OF ECCS SUCTION STRAINER POTENTIAL ISSUS

Issue No. NRC/BWROG Concern Risk Evaluation

1. Downstream BWROG should consider a more rigorous Not explicitly addressed in the risk-
Effects evaluation of erosion, abrasion and informed evaluation for this pilot
(Components & blockage of downstream components due plant. This issue is intended to be
Systems) to debris penetrating suction strainer addressed through an appropriate

application of the PWR methodology
documented in WCAP-16406-P.

2. Downstream NRC has not seen a written evaluation of Currently not in scope. Deterministic
Effects (Fuel / the potential for downstream effects of testing scheduled.
in-vessel) debris on BWR fuel

3. Debris Head-Loss NRC has concerns on the reliability of the CASA sensitivity case S1001
Correlations head loss predictions using correlations in considers that accumulation of fiber

the: greater than 1/8" exceeds NPSH and
1) Treatment of microporous debris and structural capacity - essentially any

calcium silicate insulations that may fiber bed thickness greater than 1/8"
result in high head losses is a strainer failure.

2) The treatment of thin CASA sensitivity cases S6224A and
fibrous/particulate debris beds (thin- S6224B evaluates the results using

bed efect)a different strainer head loss
bed efect)correlation.

4. Chemical Effects BWROG should consider the chemical Currently not in scope. More
environment, including corrosion information needed through
products, may impact the debris head deterministic testing.
loss at the strainer or downstream
component (e.g., fuel)

5. Coatings NRC is concerned that non-qualified Not explicitly addressed in the risk
Assessments coating inventories in BWRs may be informed evaluation for this pilot

greater than established at the time the plant at this time. Coatings
BWR strainer debris source terms were Assessment is a BWROG survey
defined: response regarding programmatic

1) Existing programs may not controls. Based on survey
adequately monitor degradation or information, sensitivities could be
qualified coatings developed ievaluating the impact of

2) Eistig prgram maynotnon-qualified coating inventories on

adequately address changes to the stanrpfom ce
unqualified coatings inventory

6. Latent Debris NRC noted that the BWROG CASA sensitivity cases S605, $610,
methodology assumed that latent debris and $615 evaluate the impact of
is made up solely of particulate with a various ratios of latent fiber /
generic quantity of 150 lbs. PWRs particulate composition using a 150
validated the quantity and size lbs.
characteristics of latent debris through
source term walkdowns and determined Raiso5%5%10/%an
the source term may contain a fibrous thRCa edoseorti of5/15010 /90/8%an
component. Neglecting this fibrous thNRenosdrioo15 85
component can be potentially non- are evaluated for the pilot plant.

conservative for plants with little or no
fiber.
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Table 2-1

DESCRIPTION OF ECCS SUCTION STRAINER POTENTIAL ISSUS

Issue No. NRC/ BWROG Concern Risk Evaluation

7. Zone of Influence The BWROG Zone of Influence (ZOI) is CASA sensitivity case $300
(ZOI) Adjustment based on debris generation tests increases the ZOI by 10% to
for Air Jet Testing conducted with air as the test fluid. The address Issue #7 and Issue #12.
(AJT) NRC is concerned that steam may be This 10% increase in ZOI diameter

more destructive than air, requiring an increases the ZOI volume by 33%.
increase in the size of the ZOIs.

8. Coatings Zone of The destruction of qualified coatings due CASA sensitivity case S800
Influence (ZOI) to HELB is ZOI-based for PWRs and the calculates the quantity of destroyed

BWRs use a generic value of 85 lbs. qualified coatings based on material
NRC is concerned that the BWR method specific damage pressures and zones
is not sufficiently conservative, of influence similar to the PWR

method.

9. Debris Transport The NRC is concerned that: CASA sensitivity case S900
and Erosion 1) Differences in debris size considers an increase of fibrous

distributions used between PWRs debris erosion. The full 25% of the
and BWRs may not have a low-density fiberglass (LDFG) not
substantial technical basis initially transported is eroded over a

2) Differences in erosion of debris 3hu eid
should be reconciled CASA sensitivity case S1002

considers debris to transport to
suppression pooi in first 60 seconds
vs 10 minutes.

10. Debris NRC is concerned that:, CASA sensitivity case SI001
Characteristics Blockage potential of calcium silicate considers that accumulation of fiber

insulation and other problematic greater than 1/8" exceeds NPSH and
materials such as microporous insulation structural capacity - essentially any
may not have been treated fiber bed thickness greater than 1/8"
conservatively. is a strainer failure.

Recent testing for PWRs has identified
potential for significant head loss
increases.

11. Near Field Effect Assurance is needed that any debris No explicit sensitivity case for this
/ Scaling settling during BWR strainer testing was issue as this relates to test

similar or less than would occur following performance. For this pilot plant,
a LOCA in the plant, or consistent with the head loss predictions are
the analyses. semi-empirical and do not credit any

settling.

12. Spherical Zone NRC noted that while a spherical Zone of CASA sensitivity case S300
of Influence Influence (ZOI) may have maximized increases the ZOI by 10% to
(ZOI) the quantity of debris, it may have address Issue #7 and Issue #12.

precluded selection of a lesser amount of This 10% increase in ZOI diameter
more problematic debris targets such as increases the ZOI volume by 33%.
microporous or calcium silicate
insulation. Such a target could be
outside the nominal spherical ZOI but be
within a more realistic direct jet flow.
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3.0 RISK-INFORMED ASSESSMENT OF ECCS SUCTION STRAINER
ADEQUACY

The proposed approach integrates a detailed model of the phenomenological effects that can

influence ECCS suction strainer performance (CASA Grande) with the plant probabilistic risk

assessment (PRA) model to evaluate system performance and overall risk impact. The model

development for the phenomenological analysis and the probabilistic analysis has the capability

to provide a significant level of detail in the evaluation process. The results will be available at

a high level to support communication with management, but additional detail will also be

available to address detailed staff questions.

3.1 SCOPE

As noted in section 1.4.2, a multi-phase, graded approach is developed to allow the NRC and

BWR utilities to assess the merits and progress of the risk-informed approach. The four

phases are as follows:

* Phase I: Proof-of-Principle on a single plant for two (2) issues
* Phse I: ulldemnstrtio oftheappoachfora sngl plnt fr 8of 2 isue

* Phase III: Full demonstration of the approach for a secndl plant for 10 of 12 issues.

In addition, determine if full demonstration for a third plant is needed.

* Phase IV: Full demonstration of the approach for a third plant for 10 of 12 issues (if
needed) and extension of risk insights to the US BWR fleet

A multi-phase approach is identified to address the NRC potential issues regarding the

operation of the BWR Mark I, II, and III units and their ECCS _suction strainers in a risk-

informed manner. This graded approach consists of four phases each with an opportunity for

NRC and BWROG review and assessment to ensure that the project is on-track to develop the

needed products to support the BWROG and the BWR members in their discussions with the

NRC.

Consistent with the 2014 Proof-of-Principle evaluation (Phase I) [10], the Phase II evaluation

is limited in the following areas:

* Hazards

* Questions to be addressed

• Number of plants
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The following describes the scope limitations associated with the Phase II risk-informed

evaluation associated with each of these areas.

3.1.1 Hazards

The generalized hazards to be considered can be taken from the ASME/ANS PRA Standard [6]

as follows:

(a) Internal Events (Part 2)

(b) Internal Floods (Part 3)

(c) Internal Fires (Part 4)

(d) Seismic Events (Part 5)

(e) High Winds (Part 7)

(f) External Floods (Part 8)

(g) Other Hazards (Part 9)

The section of the ASME/ANS PRA Standard that addresses each hazard is also identified in the

above list.

In addition to these hazard groups for full power operation, it is also postulated that shutdown

conditions could offer other unique challenges. Therefore, shutdown operation is also

evaluated to assess possible risk contributions associated with ECCS suction strainer blockage.

The hazards of particular interest are those that may introduce phenomena that lead to

significant challenges to the effectiveness of ECCS suction strainers during recirculation (e.g.,

ECCS suction from suppression pool, injection to RPV, and return to suppression pooi via LOCA

break). These include events that cause the relocation of fibrous insulation or containment

coatings (e.g., epoxy) from the drywell or wetwell into the suppression pooi and the

subsequent blockage of the strainer surface area sufficient to compromise the ECCS pumps.

This relocation of debris to the suppression pooi is postulated to result primarily from energetic

jets of steam or water developed during these hazards, i.e., primarily from LOCA events.

Other accident challenges are not considered to lead to this phenomenon. For example,

scenarios with drywell spray initiation may be excluded because they are judged to not have

sufficient energetic means to dislodge significant debris. There is also pre-existing sludge

present within the suppression pool that contributes to the total debris loading. This is

accounted for in the CASA Grande evaluations of total debris loading.
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The evaluation of the hazards that are to be addressed in the calculation of the change in risk

associated with the perceived phenomena identified in Section 2 that could lead to ECCS

suction strainer blockage includes the following guidelines:

* What plant accident conditions could result in creating debris or causing "fixed"
debris to become "free" and available for transport that in turn may lead to
additional debris loading on the ECCS suction strainers?

* What initiators or accident sequences could lead to these plant conditions?

* In combination with debris generation and transport, what initiators or accident

scenarios also require suction flow through the EGGS suction strainers?

Assumptions

*The sludge debris in the suppression pool could be agitated and suspended in the
water due solely to RPV discharge via the SRVs. This homogenous sludge
suspension is assumed well within the range of acceptable debris loadings that would
not compromise the ECCS suction strainers. The homogeneous sludge inventory is
accounted for in all of the CASA Grande calculations; however, if no significant fiber
source is also generated then the sludge inventory alone is not sufficient to lead to
ECCS suction strainer blockage.

*Fibrous insulation material in the drywell can be dislodged and transported to the
suppression pool in sufficient quantities to clog portions of the ECCS strainers. This
supposition is assumed possible for LOCA conditions. The possibility is evaluated
with CASA Grande.

*Iron oxides present in the suppression pool or containment coatings dislodged by the
initiating event accentuate the plugging probability induced by fibrous material. This
supposition is assumed possible for LOCA conditions. The possibility is evaluated
with CASA Grande.

*"Chugging" phase of LOCA creates sufficient energy to ensure that sludge (iron
oxides) and fibrous material are well mixed in the suppression pool. Therefore, it
can be assumed that the homogenous mixture represents a reasonable
approximation of the suppression pool mixture that presents itself to the EGGS
suction strainers.

Examining the internal events hazards, the types of accident challenges of interest are

identified.

Full Power Internal Events Failure Modes

* There are multiple challenges to safe nuclear plant operation.

The type of accidents derived from an Internal Events PRA that could lead to core
damage include the following:

-Transient challenges to RPV makeup

* Loss of RPV makeup at high pressure

* Loss of RPV makeup at low pressure
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* Loss of RPV makeup due to SBO

* Transient followed by an SORV

* IORV

-Loss of DHR

-LOCAs

* RPV rupture

* Small LOCA

* Medium LOCA

* Large LOCA

- Reactivity Accidents (ATIWS)

- ISLOCA

- Breaks Outside Containment (BOC)

Table 3.1-1 displays these postulated challenges and describes their effect on the suction

strainer blockage evaluation plus how these challenges are dispositioned for the Phase II full

plant demonstration.

Table 3.1-2 summarizes the at-power hazard treatment in the risk-informed approach.

Shutdown

For the other reactor mode of operation - specifically shutdown, the primary system conditions

are significantly different.

There are multiple reasons that under cold shutdown conditions that ECCS suction strainer

blockage is not a significant risk contributor. These include the following:

* The RPV pressure and temperatures are low, precluding damaging LOCA jet stream

* There is no motive force to cause the "fixed" debris to be released and transported to
the suppression pool

* The frequency of the need for ECCS makeup as a result of a LOCA is very low

* The decay heat in the RPV is low

* The needed makeup to the RPV is much less than that for a reactor shutdown from

power due to an at-power initiating event
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Therefore, there is little motive force capable of dislodging fixed debris; and, shutdown

conditions have been screened out.

Table 3.1-2 summarizes the disposition of shutdown configurations.

Fire Hazards

The fire hazards are examined by a review of available BWR fire PRAs (FPRA) including the

Pilot Plant FPRA. These FPRAs are characterized by fire induced failures that include the

following:

• Equipment failures that defeat accident mitigation measures

• Spurious opening of isolation valves that could induce LOCAs outside containment

• Spurious SRV opening. These would lead to reduced RPV pressure and increased
suppression pool temperatures but would not lead to the increase in the release of
debris into the suppression pool.

• No LOCA events are determined to be generated by the fire initiators that would
cause a direct discharge of steam or water from the pressurized RPV to cause
disruption of the fixed sources of'debris in the drywell.

Based on these observations from BWR fire PRAs, the fire hazards are determined to not

contribute to the potential for ECCS suction strainer blockage and are not included in the delta

risk metric calculations.

Table 3.1-3 summarizes the disposition of fire hazards for the risk-informed evaluation.

Seismic Hazards

The Phase II does not explicitly address seismic initiated events that can challenge the ECCS

suction strainers in a quantitative manner. Primary system pipe is seismically rugged and

robust. Induced LOCA events at the highest frequency seismic challenges (below the design

basis) are either non-existent or limited to small LOCA events.

As demonstrated by CASA Grande, the small LOCA effects on the risk profile are negligible.

Induced LOCA events at high ground motion are possible, but at high ground motion the ECCS

equipment and power supplies are not available.

Table 3.1-3 summarizes the disposition of seismic hazards in the Phase II analysis.
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Other Hazards (Internal Floods. Hiah Winds. External Floods. Others•

"Other" hazards are dispositioned with similar logic as described in the disposition of the Fire
Hazards.

Table 3.1-3 summarizes the disposition of "other" hazards for the risk-informed evaluation.

Other Challengies Related to Specific Plant Conditions

As has been discussed, the principal challenge of concern is that associated with a LOCA.

There are, however, other events that are likely to have a much lower probability of generating

sufficient debris to be a significant challenge that could also be postulated. These postulated

conditions are to be dispositioned in a systematic manner as part of the Phase II risk-informed

analysis program. These "other" postulated challenges include the following:

* SRV actuation with a stuck open tailpipe vacuum breaker

This is a low probability condition and not considered to have any significant debris in
its ZOI.

* Recirculation pump seal leakage is considered to be of extremely low flow rate and
not capable of generating a sufficient ZOI to generate any significant debris in its
ZOI.

* A stuck open unpiped safety valve

The reference plant for the Phase II analysis has no unpiped safety valves. However,
plants may have this as an initiator or result in this condition given an ATWS. These
cases will need to be added to the risk profile evaluated for such plants.
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Table 3.1-1

DISPOSTION OF CHALLENGES TO ECCS SUCTION STRAINER PERFORMANCE

Possible Effects on ECCS Suction Strainer Disposition for
Accident Challenges Blockage Phenomena Phase II Project

oTransient Challenges to RPV Makeup Events following a transient initiator that These hazards do not need to be quantified in
- Loss of RPV makeup at high pressure progresses at high RPV pressure will lead to a the risk-informed analysis.

periodic actuation of one or more SRVs that
will lead to steam discharges to the
suppression pool at high pressure. This will
cause mixing of any settled debris in the
suppression pooi. However, the ECCS
suction strainers are designed for the latent
debris loading present in the suppression
pool. This loading is considered very small in
comparison with the strainer capability..
Therefore, no significant risk effect is
associated with these challenges.

- Loss of RPV makeup at low pressure Events following a transient that involve an These hazards do not need to be quantified in
RPV depressurization are expected to result the risk-informed analysis.
in mixing of any settled debris in the
suppression pool. However, the ECCS
suction strainers are designed for the latent
debris loading present in the suppression
pooi. This loading is considered very small in
comparison with the strainer capability.
Therefore, no significant risk effect is
associated with these challenges.

- Loss of RPV makeup due to SBO Events following a loss of offsite AC power or These hazards do not need to be quantified in
SBO are expected to follow one of the above the risk-informed analysis.
two conditions as far as in-containment

___________________________________conditions are concerned.
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Table 3.1-1

DISPOSTION OF CHALLENGES TO ECCS SUCTION STRAINER PERFORMANCE

Possible Effects on ECCS Suction Strainer Disposition for
Accident Challengles [Blockage Phenomena IPhase II Project

- Transient followed by an SORV An IORV or a transient with an SORV are These hazards do not need to be quantified in
similar to the second item except in the case the risk-informed analysis.
that an SRV tail pipe vacuum breaker fails
open. Under such conditions, the steam
would be discharged from the SRV tailpipe
vacuum breaker in the drywall. There is
some small probability that debris from the
drywall could be dislodged, however, it is
found that there is no significant debris or
coatings in its ZOI.

- IORV An IORV or a transient with an SORV are These hazards do not need to be quantified in
similar to the second item except in the case the risk-informed analysis.
that an SRV tail pipe vacuum breaker fails
open. Under such conditions, the steam
would be discharged from the SRV tailpipe
vacuum breaker in the drywell. There is
some small probability that debris from the
drywell could be dislodged, however, it is
found that there is no significant debris or
coatings in its ZOI.

° Loss of DHR. No significant risk effect is associated with These hazards do not need to be quantified in
these challenges, the risk-informed analysis.

• LOCAs LOCA events will result in the discharge of These hazards are explicitly addressed in the
- Small LOCA water, steam, or a mixture from the RPV into Phase II analysis.
- Medium LOCA the drywell. The flow rates and associated
- Large LOCA ZOIs are a function of the LOCA size,

location, and the quality of the water/steam
mixtures (i.e., above or below TAF). The
LOCA events may dislodge material from

____________________________________fixed locations in the drywall. ______________________

C369 140002-2385-10061! 3-8 ~EN 2



BWROG-15039
GEH Class I - Public

Phase II ECCS Suction Strainer Risk-Informed Analysis

Table 3.1-1

DISPOSTION OF CHALLENGES TO ECCS SUCTION STRAINER PERFORMANCE

Possible Effects on ECCS Suction Strainer] Disposition for
Accident Challenges IBlockage Phenomena JPhase II Project

Reactivity Accidents (ATWS) For failure to scram events, more SRVs are These hazards do not need to be quantified in
anticipated to open and greater mixing and the risk-informed analysis.
higher temperatures are anticipated in the
suppression pooi compared to the transient
cases discussed with successful scram.
Nevertheless, no significant increase in debris
is anticipated to be dislodged and sent to the
suppression pool.

There is one exception and that arises on
plants with unpiped safety valves. For such
plants, these unpiped safety valves are
calculated to open based on thermal-
hydraulic analyses performed for ATWS
events. Insulation present in the ZOI could
be dislodged. These are special cases for
certain older plants that will need to be
investigated separately in 2015.

*ISLOCA ISLOCAs and BOCs are postulated accidents These hazards do not need to be quantified in
which discharge outside of containment. No the risk-informed analysis.
impact on ECCS suction strainer debris
loading is expected.

* Breaks Outside Containment (BOC) ISLOCAs and BO~s are postulated accidents These hazards do not need to be quantified in
which discharge outside of containment. No the risk-informed analysis.
impact on EGGS suction strainer debris
loading is expected.

C66940002-12385-100615
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Table 3.1-2

SUMMARY OF RISK-INFORMED TREATMENT FOR AT-POWER AND SHUTDOWN MODES OF OPERATION

Mode Disposition for Phase II Project IBasis
IAt-Power -Include LOCA initiators Dominant identified contributor to challenges to ECCS suction strainer
Shutdown Not included * RPV pressure and temperatures are low precluding damaging

I LOCA jet stream
I . No motive force to cause the "fixed" debris to be released

• Thedencay hea inC thkeu deP ad is velowo
SFrequencay ofa EGG makeu demad isverllo

• The needed makeup to the RPV is much less than that for a
___________________ ________________________________ reactor shutdown from power

ce66e43ooI2-i23S5-' 00615 3-10
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Table 3.1-3

SUMMARY OF OTHER HAZARDS DISPOSTION FOR RISK-INFORMED TREATMENT

Disposition for T
Hazard I Phase II Project IBasis

Fire Not necessary No LOCA events are typically determined to be generated
by fire initiators.

Seismic Qualitative evaluation Primary system pipe is seismically rugged and robust.
Induced LOCA events at the highest frequency seismic
challenges (below the design basis) are either non-
existent or limited to small LOCA events.

As demonstrated by CASA Grande, the small LOCA effects
on the risk profile are negligible. Induced LOCA events at
high ground motion are possible, but at high ground
motion the ECCS equipment and power supplies are not
available. Therefore, the seismic hazard is judged to be a
small risk contributor given that previous evaluations
(e.g., Individual Plant Examination of External Events
(IPEEE) program) support that NSSS equipment designed

___________________________to withstand design basis seismic loads.
Other including internal and external flood, Not necessary No LOCA events are typically determined to be generated
high winds by these initiators.

C669140032-I2385-LOG615 -13-ii
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3.2 OVERVIEW

The risk-informed perspective allows an integrated examination of the NRC questions.

Figure 3.2-1 provides a summary of the key elements of the methodology for the risk-

informed assessment of ECCS suction strainer failure. The Figure 3.2-1 flow chart maps the

risk-informed process from inputs, through the strainer failure probability assessment using

CASA Grande, and the processing by the PRA model to lead to the consequential outputs

that include:

* Risk metrics compared with Regulatory Guide 1.174 Acceptance Guidelines

• Display of uncertainties compared with guidelines

The input hazard frequencies are shown in Boxes 1 and 2 in Figure 3.2-1.

The display shows the CASA Grande interface in providing the strainer failure probability in

Boxes 4 and 5 based on the deterministic input variables such as physical strainer

characteristics, debris inventory and locations, LOCA sizes, ECCS flowrates, and strainer

failure criteria.

Boxes 6, 7, 8, and 9 provide the other key variables modeled in the PRA.

Boxes 10, 12, and 13 represent calculations with the PRA logic model.

Boxes 14 and 15 are the outputs of the PRA logic model used to characterize the

quantitative risk perspective.

The risk-informed perspective affords the ability to characterize each phenomenological

question as well as the integrated set of phenomenological questions within a single

framework with a well-recognized acceptance guideline. This provides a valuable measuring

stick against which to compare the safety importance of the questions raised by the NRC

[5]. The risk-informed perspective provides a safety context for these questions.

C669140002-1 2385-100615 3-12 ••l
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3.3 RISK-INFORMED METHODOLOGY

Each of the issues identified for investigation using a risk-informed approach is

characterized to allow the calculation of the probability of ECCS suction strainer failure for

the given initiating event.

Consistent with the risk-informed methodology developed for the Phase I proof-of-principle

pilot demonstration in 2014 [10], the Phase II risk evaluation includes the following:

* Accident Initiation

One of the keys to the development of the risk-informed perspective on ECCS
suction strainer issues identified by the NRC is the characterization of possible
challenges.

The challenges to adequate core cooling associated with ECCS suction strainer
blockage affecting the CDF risk metric are postulated to result from LOCA initiated
accident sequences that could cause debris to be swept from the drywell to the
suppression pool to add to pre-existing debris in the suppression pool.

The frequency of these challenges by system, location, and size are among the key
inputs to the risk-informed calculations. The frequency of LOCA initiators and their
probability distribution are determined using the NRC sponsored research
documented in NUREG-1829 [8].

To calculate LOCA initiating event frequencies for this risk evaluation, data from
ML080560008 [9] is provided as a mid-value frequency per LOCA category and per
system for 8 different observations. This mid value is multiplied by a 25 year
operational ratio also provided in ML080560005. A median is computed from the sum
of observations per system. Each system median is then summed to provide the
total median value per LOCA category. That data is then normalized as a percentage
of the total LOCA median value. This system percentage is then multiplied by the
mean LOCA frequencies provided in Table 7.7 of NUREG-1829 [8]. The median
exceedance frequency for LOCA categories in Table 3.3-1 is shown as a summation
of both BWR piping and non-piping median. Table 3.3-2 provides the LOCA
frequencies for the specific interval bins.

Tables 3.3-3 and 3.3-4 summarize the results of NUREG-1829 that support the input
to the PRA models for the probabilistic evaluation of risk. Refer to Appendix B for
additional discussion on the development of the LOCA initiating event frequencies
based on NUREG-1829.

Table 3.3-5 summarizes the LOCA initiating event frequencies used in the PRA model
based on the LOCA frequencies in Table 3.3-4.

Table 3.3-6 summarizes the characterization of the plant response as a consequence
of the initiating events identified in Table 3.3-5.

*Deterministic Inputs to Assessment

The CASA Grande phenomenology code calculation uses estimates of debris induced
in the containment based on:

-Plant surveys of the latent debris source in the drywell and torus
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-Direct calculation of the quantity of fibrous debris and coatings (when studying
applicable NRC letter [5] issues) that are present within the Zone of Influence (ZOI)
for each LOCA initiator over a complete span of the break size and plant systems.

The CASA Grande modular construction is shown in Figure 3.3-1. This figure
demonstrates the breadth of the CASA Grande calculation.

Figure 3.3-2 shows a typical CAD drawing of a BWR that is used as one of the inputs
to the CASA Grande code calculation.

The accident phenomenology code (CASA Grande) provides a method to calculate
the probability distribution of ECCS suction strainer failure given the LOCA initiator
and the consequential debris generated as a result of the ZOI. This calculation also
includes the assessment of ECCS flow impact on the time to strainer failure. This
time is important in the assessment of defense-in-depth actions. While CASA
Grande is inherently designed to propagate uncertainties and predict system
response probabilities, maximum use will be made of deterministic assumptions for
this application. A good example of a deterministic input is choosing a point value to
describe the size of the qualified coating ZOI rather than an uncertainty distribution
defined on a range of possible sizes.

The use of CASA Grande provides a systematic evaluation of phenomena over a
spectrum of accidents to define driving factors and provide a risk-weighted
perspective relative to the cumulative effects of each of the issues that are within the
scope of the risk evaluation. Relevant pool conditions include time dependent
volume, temperature and debris quantity that are most likely to dominate strainer
head-loss.

For this study, the GE head-loss correlation (as documented in NEDC-32721P-A
Rev.2) [13] is used to calculate head-loss at the EGGS suction strainers. This
correlation was used in the design and licensing of the pilot plant EGGS suction
strainers, and bounds test data from the head loss experiments documented in
NEDC-32721P-A This correlation is strictly applied within the limits defined in NEDC-
32721P-A, with all scenarios that are inapplicable deemed as failures occurring at the
first time of inapplicability.

To study the impact of the use of the GE correlation, the standard NUREG/CR-6224
head-loss correlation is also used to quantify pressure drop across the strainers as
debris builds up over time. Despite ongoing critiques of the NUREG/CR-6224 model,
it remains the only correlation in widespread regulatory use. The NRC has accepted
applications of NUREG/CR-6224 for PWR "evaluation purposes" similar to this
screening evaluation, but not for PWR strainer performance qualification in the
absence of testing. Modifications have been made to NUREG/CR-6224 to account for
full bed compaction and for uncertainties in model predictions compared to tests.
The implementation in the pilot plant study uses the NUREG/CR-6224 correlation
with and without the modification for all debris beds to be assumed to be fully
compressed.

*Monte Carlo Simulation of ECCS Suction Strainer Failure Probability

The ECCS suction strainer failure probabilistic evaluation consists of a Monte Carlo
simulation to determine the probability of ECCS suction strainer failure (including
probability distribution). The Monte Carlo simulation is structured using nonuniform
Latin Hypercube Sampling (LHS) for dramatically improved sampling of extreme
probability tails like the Large-Break LOCA initiating event frequency. A suction

C669140002-12385-1CO615 3-15 •
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strainer failure probability distribution is calculated for each LOGA initiator. Taking
the LOGA initiator and the ECCS suction strainer failure probability as inputs to the
PRA model allows the calculation of the risk metrics of interest in the risk-informed
assessment.

The other parameter supplied by the comprehensive analysis is the time available
before suction strainer failure.

Figure 3.3-3 provides a simple graphic to display the use of the Monte Carlo
simulation in the calculation of the EGGS suction strainer failure probability for use in
the PRA. This flowchart is aimed at describing the link between the CASA Grande
calculation of strainer failure and its use in the PRA model.

CASA Grande (See Figure 3.3-1) models debris accumulation and head-loss using
pump flows associated with the equipment operating state and calculates the
probability of EGGS suction strainer failure specific to, or conditioned on, each state.
Independent calculations are needed for a small number of dominant plant states to
populate the conditional EGGS suction strainer failure probability for each one. The
respective products of conditional EGGS failure probability, times probability of the~
plant state, times annual frequency for LOGA category (small, medium, large),
summed over all evaluated states represents the incremental EGGS suction strainer
failure frequency associated with debris phenomena.

GASA Grande can calculate the conditional probability of debris-induced EGGS suction
strainer failure for a given plant configuration, or "plant state." For example, in the
most likely configuration where all equipment functions as designed, all pumps run
and the debris challenges a fully operational safety system. Other plant states
include various individual pump failures or operational configurations, including loss
of an entire train. For the Phase II analysis, only the most likely plant states as
defined by the plant PRA (e.g., the ECGS flows associated with specific LOGA
scenarios [14]) are examined.

Based on these calculated distributions, the point estimate of the EGGS suction
strainer failure probability is determined for each defined LOGA location (i.e., debris
generated for a given location and whether the break is below TAF) and size. These
failure probabilities are then inserted into the PRA model to calculate the frequency
of GDF sequences resulting from the LOGA initiator and the EGGS suction strainer
blockage.

*Accident Mitigation
It is noted that the accident mitigation capability (success criteria) varies with the
LOGA initiator because of the timing of possible strainer failure modes and number of
alternate mitigating systems available to provide effective mitigation.

Mitigative actions in response to a LOGA include the following:

-EGGS operation from the CST (HPCI and RCIG) and suppression pooi as the primary
initial response.

-Evidence of pump cavitation, or reduced EGGS flow provides indication (symptoms)
of possible suction strainer blockage. This alerts the crew to actions to:

* Backflush the EGGS suction strainers (time dependent action)

* Gontrol of the EGGS flow through a strainer to reduce the pressure drop

C669140002-1238S-10061S 3-16 ~ IK'
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•Initiation of an alternate injection source (e.g., RHRSW cross-tie, LPCI/CS from
CST)

* Success Criteria

The plant-specific PRA success criteria that have been peer reviewed are used in the
analyses for the calculation of successful accident mitigation. These are consistent
with generic BWR SAFE calculations by GEH in NEDO-24708A.

*EGGS Suction Strainer Pressure DrOD Calculation

The pressure drop calculation used in the analysis unless otherwise noted in
sensitivity cases is that which is supported by the strainer vendor (i.e., the GE head-
loss correlation). This calculation is also the subject of a sensitivity evaluation
utilizing the NUREG/CR-6224 head loss correlation and another applying a single
fixed debris thickness as a failure criteria. Specifically, the risk-informed approach
allows the suction strainer pressure drop correlation to be modified or replaced to
assess how the uncertainty in the pressure drop calculation affects the risk metrics.

*A number of the issues are adequately characterized by sensitivity cases with
expressed agreement from the NRC. These include the following:

Issue #6 - Latent Debris

Issue #7 - Zone of Influence (ZOI) Adjustment for Air Jet Testing (AJT)

Issue #12 - Spherical Zone of Influence (ZOI)

*Available Time for Mitigation

The time to EGGS suction strainer failure is important in accident mitigation because
increasing the time delay into the accident scenario before a strainer is blocked
results in plant/core conditions with reduced decay heat that needs to be controlled
and therefore extends the time available for the crew to take alternative mitigative
actions to ensure adequate core cooling.

*The time to suction strainer failure, for those scenarios that will fail, may be
significantly delayed after the LOCA initiator based on a number of factors such as:
- The amount and timing of debris generated and transported,

- The water volume of the suppression pool, and

- The number of active strainers, and the volumetric flow through these active
suction strainers.

General characterization of the time frames is as follows:

Time Frames Considered for Operator Action

Time available for diagnosis
and execution of alternative

accident mitigation
ECCS -

Operates
Successfully

cue for Cue for core
LOCA degraded falling water damage if

Initiator flow or level no alternate
cavitation accident

mitigation
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Buildup of Debris (sludge)

One of the many conservative assumptions used in the Phase II plant evaluation is
associated with the assumption of the pre-existing sludge to be assumed present in
the suppression pool for the ECCS suction strainer Monte Carlo calculation. This
assumption can also be treated as a sensitivity study. The suppression pool is
cleaned during each refueling such that during initial restart the sludge volume is
quite low and builds up in a linear fashion over the fuel cycle. This time function
looks approximately as follows:

1 0 0 0 Ib ' . . . . . . . . . . . . . . .. . .. . . .-

Sludge Mass

100 Ibm t

Refuel Cycle

For the initial Pilot Plant Phase I study, 500 Ibm represented the maximum sludge
inventory.

A realistic point assessment of the sludge mass would be approximately 500 Ibm for
a typical BWR, which is consistent with a mid-cycle estimate of the sludge volume
based on the figure above. In the Phase II study, the realistic assessment of the
mid-cycle estimate of 500 Ibm of sludge is used in for all CASA sensitivity cases,
including the baseline case.

*Location Dependent Debris
The insulation debris generated in the CASA Grande simulations are calculated using
deterministically specified ZOI sizes. All insulation that is within the insulation- and
break-specific ZOI is destroyed unless it is shielded by a robust barrier in the plant
CAD model. Additionally, specific sensitivity cases are used to generate ZOI-
dependent coatings debris that replaces the fixed debris quantities that address one
of the issues (Issue #8).

*Plant Selection
Table 3.3-7 summarizes the possible criteria for plant selection.

Some of the preliminary observations used to select the pilot plant for the 2014
proof-of-principle project [10] included the following:

-BWR/2, 3, 4 Mark I - Limited motor driven injection from outside containment such

as:

* Condensate/Hotwell via Feedwater injection line

* Selected plants with SW cross-tie for RPV makeup

* Selected plants with FPS or FLEX cross-tie for RPV makeup

* CRD injection for above core LOCAs
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-BWR/5 Mark II - Smaller contributor from ECCS suction strainer blockage because
HPCS can initially inject from CST for >30 min. depending on the size of the LOCA

-BWR/6 Mark III - Same as Mark II plus larger strainer surface area

The selected Phase II example plant, which is the same as the plant selected for the
Phase I project, is as follows:

-BWR/4 Mark I

* PRA sufficient to support risk-informed application

* PRA model is readily available

* PRA quality is commensurate with its use in risk-informed application (Capability
Category II on all critical Supporting Requirements (SRs) as assessed by Peer
Review)

* Level of detail available to address suction strainer effects and defense-in-depth

-CAD Model is available with sufficient capability for Phase II evaluation (See Figure
3.3-2)

* The Phase II evaluation will use a selection of several hundred typical weld
locations, including sampling multiple break sizes at each location, facilitated by
the CAD drawings. Failure probabilities specific to small, medium, and large
LOCA will be compiled as needed by the PRA.

* Insulation is assigned based on detailed insulation locations from the pilot plant
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Table 3.3-1

TOTAL BWR LOCA EXCEEDANCE FREQUENCIES FROM NUREG-1829

(AFTER OVERCONFIDENCE ADJUSTMENT USING ERROR-FACTOR SCHEME)

Elt. Current-Day Estimate (per cal. year) End-of-Plant-Ucense Estimate (per cal. year)

Brn LC OC iea (25 years fleet average operation) (40 years fleet average operation)

Type Category Size (gpm) (inch) 5th Per. Median Mean 95th Per. 5th Per. Median Mean 95th Per.

BWR 1 >100 '/2 3.30E-05 3,00E-04 6.50E-04 2.30E-03 2.80E-05 2.60E-04 6.20E-04 2.20E-03

2 >1,500 17/8 3.00E-06 5.00E-05 1.30E-04 4.80E-04 2.50E-06 4.50E-05 1.20E-04 4.80E-04

3 >5,000 3 1/4 6.00E-07 9.70E-06 2.90E-05 1.10E-04 5.40E-07 9.80E-06 3.20E-05 1.30E-04

4 >25K 7 8.60E-08 2.20E-06 7.30E-06 2.90E-05 7.80E-08 2.30E-06 9.40E-06 3.70E-05

5 >100K 18 7.70E-09 2.90E-07 1.50E-06 5.90E-06 6.80E-09 3.10E-07 2.10E-06 7.90E-06

6 >500K 41 6.30E-12 2.90E-10 6.30E-09 1.80E-08 7.50E-12 4.00E-10 1.00E-08 2.80E-08
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Table 3.3-2

BWR MEAN LOCA FREQUENCIES FROM NUREG-1829

FOR INDIVIDUAL LOCA INTERVALS

Eft. Current-Day Exceedance Estimate (per cal. year)
Break '2 er l vm oao'LOCA

Plant LOCA LOCA Size (2 er le vrg pr~n LOCA Interval Frequency Interval

Type Category Size (gpm) (inch) 5th Per. Median Mean 95th Per. Used as Input to PRA (inch)

BWR 1 >100 1/2 3.30E-05 3.00E-04 6.50E-04 2.306-03 6.50E-04 - 1.30E-04 = 5.206-04 1/2 - 1 7/8

2 >1,500 1 7/a 3.00E-06 5.006-05 1.30E-04 4.80E-04 1.306-04 - 2.90E-05 = 1.01E-04 1 7/s - 3 1/4

3 >5,000 3 l/4 6.006-07 9.70E-06 2.90E-05 1.10E-04 2.90E-05 - 7.30E-06 = 2.176-05 3 1/4 - 7

4 >251< 7 8.60E-08 2.20E-06 7.30E-06 2.906-05 7.30E-06 - 1.506-06 = 5.80E-06 7 - 18

5 >100K 18 7.70E-09 2.90E-07 1.50E-06 5.90E-06 1.50E-06 - 6.30E-09 = 1.49E-06 18 - 41

6 >500K 41 6.30E-12 2.90E-10 6.30E-09 1.80E-08 6.30E-09 > 41
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Table 3.3-3

SUMMARY OF LOCA FREQUENCIES FROM NUREG-1829 AND THE PRINCIPAL CONTRIBUTORS (PER RX YR)

Modeled Location of Break Relative to TAP

Abo,,e I Above I A bove I Below I Below I Below I Below I Below I Below I Above I Above I Above I Below
tOCA Convtribuos (%)51
Mean

Effective Frequency

LOCA Size Break (Per Cal. Head Main
Suegry (• (iv.) V Yd' RFw RQ SRV Spray Drain Inst. SLC CRD RWCU RHR HPa/uLPcs Steam FW Be~cl

Small LOlA
1 A 5.20E-04 8.3 0.3% 2% 1% 30% 23% 1% 11% 9% 7% 5% 0.5% 2% 8%

(>100) pm(

Snmall LOCAlIE •,

Categordzation %S2-ST %S2-ST %52-ST %52-WA %S2-WA %112-WA %112-WA %S2-WA %S2-WA %S2-ST %S2-ST %/12-ST %52-WA

2p >lS00gni 1.87 1.01E-04 12.6 0.3% 2% 1% 30% 23% 1% 11% 9% 7% 5% 0.3% 2% 8%
3 >5,000 gpni 3.25 2 17E-05 I 13.5 1% 5% 5% 5% 15% 11% 7% 1% 12% 39%

Total 1.23E-04

Mediuw LOCA ! • • :

5E 151S-ST %S1-ST 51S1-ST %S1-WA %S1-WA %51-WA %S1-WA %31-WA %S1-L %SS-5T %S51-ST %S1-WA

Large LOlA • i : < .. ............

4w >25,0010~ 7 5.80E-06 18.4 I 1% 5% 5% - - 5% - 15% 11% 7% 1% 12% 39
>1y00OO(]gpni 18 1A96-.06 27.7 -. . . . . . .- 35% 17% - 2% 9% 38%

Total 7.29E-06 ]

Lag O~E%A-HP /
categorization ;•~ :%A-ST %A-ST %A-ST %A-WA %A-WA %A•-WA %A-WA %A-WA %.A-LP %.C7 %A-ST %A-ST %-W

Rupture(

>5oo,ooogpr. 41 6309E"( .- - - I - - I -I- I - - I -

1E (NOT MODELED)

Categoritin
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Notes to Table 3.3-3:

(1) Calculated based on LOCA exceedance values from NUREG-1829 Table 7.7 at 25 year life. See
Table 3.3-2 for the calculation of the LOCA interval frequency values.

(2) Based on distributors from Appendix L and converted to mean values before determining the
percent contribution.

(3) Contributor distribution based on Category 1 distribution as reasonably representative.

(4) Contributor distribution based on Category 3 distribution as reasonably representative.

(5) Based upon RPV failure/rupture.

(6) Range Factor (RF) assuming log normal distribution. RF = SQRT (95%/S5/).

(7) For this category in the evaluation, assume a 50%/50% contribution to Steam LOCAs in the HPCI
and CS lines.
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Table 3.3-4

SUMMARY OF LOCA FREQUENCIES FROM NUREG-1829 AND THE PRINCIPAL CONTRIBUTORS (PER RX YR)

I Modeled Locatin of Break Relative to TAF

I hn.,. I Ahn., I Ak,..,. RI .nw I RI.f, l R aI blw I Bllow.. I Rain.w I flokw I Ak.,,.. I Alive . Ai,.,v, I Below
Effective LOCA Mean Contributors {Per Rx Yr (2

Break Frequency
LOCA Size Size (Per Cal. Head HPCI/ Main

ator gm) in.) Yr (1 RF
06

) RCIC SRV pra Drain Inst. SLC CRD RWCU RHIR LPCS Steam FW Reclrc

Small LOCAXE T

Categorization .••, 1802-ST 102--ST 102--ST 1802-WA 1802-WA %S2-WA 18•S2-WA 1802-WA 1802-WA 1802-ST 1-02-ST 1,S2-ST 1802-WA

In PRA -

Medium LOCA -% - - -! %•? •.
2IW) >1 5p00 pm 1.87 { 1 O1E-84 12.6 2.87E-07 21!4E-04 1 47E-06 3 00E-04 2 28-4 5 958E-07 11I36-O5 9.536-46 066-046 5.39E-06 517E-07 1936-46 7 78E-04

3 >5000O I~m 3.25 { 2 176-26 13.5 3266-07 1 046-06 1 08E-04 - - 1.060E4) - 3256-04 2.28E6- 1536-04 2.54E-07 2..046-0 8.30-04

Tota 1 236-04 5.E046 3 !9E-06 251E-04 3 306-05 2.29E-05 1266-E46 1 13E-4) 1.286-CS 9156-04 9260-4 772E-07 4.566-04 1.61E-04
Medium LOCA

caegoiztin -• 181-ST 1801-.ST 1801-T 1601-WA 181l-WA 1801-WA 1801-WA 1801-WA 18SI-LA 18* 801-ST 1%S1-WA

4() >25,000 pm 7 I 5.83-04 18.4 8.236-08 2.156-07 2.156-07 - - 206-047 - 8046E-07 6.11E-07 4046-07 86689-04 7 10E4-7 2236-46
5 > 100000 gm 18 I 1406-0 2"77 - 5.36-07 2.56-07 - 2.286-04 1.336-07 5.06-047

Tota 7.296-04 8 236-04 2 796-07 2.718607 - - 2046E-07 - 138E.046 8161-07 4.04-07 9 06-04 8.486-07 2786-46
Large LOCA IE -........... ... .. . .. ... A IP
Categoization - i~i{•%A-ST 18A-ST %A-ST 18A-WA %A-WA 18A-WA 18AWA 18A-WA 1A-LP 184-ST %A-ST 184-WA

6 (i.e., RPV -, • •", ' }i <f1 :

>500000 gm 41 636.98• I I I - I I I I I - -
Excessive L.OC..A
XE (NOT MODELED)

Ct rization
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Notes to Table 3.3-4:

cl Calculated based on LOCA exceedance values from NUREG-1829 Table 7.7 at 25 year life. See
Table 3.3-2 for the calculation of the LOCA interval frequency values.

(2 Based on distributors from Appendix L and converted to mean values before determining the

percent contribution.

(3) Contributor distribution based on Category 1 distribution as reasonably representative.

(4) Contributor distribution based on Category 3 distribution as reasonably representative.

cs Based upon RPV failure/rupture.

(6 Range factor assuming log normal distribution. RF = SQRT (95%/5%).

(7) Assume a 50%/50%/ contribution to Steam LOCAs in the HPCI and CS lines.
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Table 3.3-5
LOCA INITIATING EVENT FREQUENCIES USED IN THE PRA MODEL

IE Frequency (calendar/yr)

NAME Description Based on NUREG-1829

%/S2-ST SMALL BREAK LOCA - ABOVE CORE INSIDE DRYWELL 6.03E-05

O/o$2-WA SMALL BREAK LOCA - BELOW CORE INSIDE DRYWELL 4.60E-04

Total •',, 0,'i! •5.20E-04

%/SI-ST OTHER MEDIUM BREAK LOCA - ABOVE CORE 1.17E-05

°/oSl-HP MEDIUM BREAK LOCA - ABOVE CORE IN HPCI LINE 3.46E-06

°/oS1-CS MEDIUM BREAK LOCA - ABOVE CORE IN LPCS LINE 3.46E-06

°/oSl-WA OTHER MEDIUM BREAK LOCA - BELOW CORE 9. 50E-05

°/oSl-LP MEDIUM BREAK LOCA - BELOW CORE IN LPCI LINE 9.15E-06
Total 1.23E44••' ,

%A-ST OTHER LARGE BREAK LOCA - ABOVE CORE 1.58E-06

°/oA-HP LARGE BREAK LOCA - ABOVE CORE IN HPCI LINE 2.04E-07

°/oA-CS LARGE BREAK LOCA - ABOVE CORE IN LPCS LINE 2.04E-07

°/oA-WA OTHER LARGE BREAK LOCA - BELOW CORE 4.45E-06

°/oA-LP LARGE BREAK LOCA - BELOW CORE IN LPCI LINE 8.61E-07

Total ______________________ __7.29E-06
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Table 3.3-6

CONSEQUENCES OF LOCA INITIATING EVENT REGARDING
DEBRIS GENERATION AND ITS EFFECTS

* Definition of Zone of Influence (ZOI) as a function of LOCA size and debris type

• Calculation of insulation within the ZOI, accounting for shielding from robust barriers (plant-
specific)

• Calculation of insulation debris released in ZOI (NEDO-32786)

• Calculation of insulation transit time (i.e., erosion if applicable)

* Calculation of insulation debris transferred to suppression pool (NUREG/CR-6369)

* Calculation of suction strainer debris bed composition

* Additional compensatory measures
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Table 3.3-7

SELECTION CRITERIA FOR PHASE II and PHASE III PLANTS
(Follow-on to the Phase I Proof-of-Principle Plant)

Selection Variable Criteria
Containment Type Mark I - Most Plants

Mark II - Most Restricted NPSH
Mark I - Smallest Strainers
Mark I - Most Debris

PRA Model Readily Available BWR Plant #1 (Mark I) BWR Plant #7 (Mark I)
BWR Plant #2 (Mark I) BWR Plant #8 (Mark II)
BWR Plant #3 (Mark I) BWR Plant #9 (Mark II)
BWR Plant #4 (Mark I) BWR Plant #10 (Mark II)
BWR Plant #5 (Mark I) BWR Plant #11 (Mark III)
BWR Plant #6 (Mark I)

CAD Model Available BWR Plant #1 (Mark I)
(Pipe, steel, concrete) BWR Plant #8 (Mark II)

BWR Plant #12 (Mark I)
BWR Plant #13 (Mark II)

General Assistance Available Most Plants
Debris Generated General Description
Strainer Design Vendor( 1 ) GEH

PCI
ABB

_______________________ Enercon

Notes to Table 3.3-7:

(1) Plant Selection

The compilation of strainer types may be one consideration in the evaluation of the BWR
population. This compilation can be summarized as follows for U.S. BWRs:

Number of BWR Units_____
Strainer Mark I Mark II Mark III
Vendor BWR/2, 3, 4 BWR/4-5 BWR/6

GEH 9 3 1
PCI 12 3 -

ABB 2 2 -

Enercon -- -3

Total 23 8 4
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Figure 3.3-1

CASA GRANDE COMPUTATION MODULES
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Figure 3.3-2
CAD MODEL FOR TYPICAL BWR/4 MARK I CONTAINMENT
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4.0 RISK-INFORMED ELEMENTS

4.1 SUMMARY OF KEY ELEMENTS

There are a number of desirable elements to the risk-informed process. These elements are

clearly defined in Regulatory Guide 1.174 [4] and are summarized in Table 4-1. These include

the following:

• Define the objective

* Characterize if current regulations are met

* Perform Engineering Analysis

* Describe why it is consistent with defense-in-depth principles

• Establish sufficient safety margin

• Define the Performance Monitoring Program

* Transmit to NRC

* Quality Assurance

• Provide documentation

The U.S. Nuclear Regulatory Commission's Policy Statement on probabilistic risk assessment

(PRA) [1] encourages greater use of this analysis technique to improve safety decision-making

and improve regulatory efficiency. Regulatory Guide 1.174 [4] provides the general guidance

for use by licensees in the implementation of risk-informed analyses for regulatory

interactions. Even though the risk-informed assessment of ECCS suction strainer questions is

not a License Amendment Request (LAR), Regulatory Guide 1.174 specifies that a risk-

informed approach provides valuable insights and guidance for use in interactions between the

NRC and licensees. As such, the ECCS suction strainer assessment makes use of the RG 1.174

guidance and quantitative acceptance guidelines. Table 4-1 provides a summary of the key

elements specified in RG 1.174 and how these elements are addressed in the Phase II BWROG

ECCS suction strainer risk-informed assessment. The following subsections elaborate on

selected elements of RG 1.174 risk-informed elements that are summarized in Table 4-1.

4.2 DEFENSE-IN-DEPTH

The ECCS suction strainer assessment recognizes the need for a defense-in-depth philosophy.

Incorporation of defense-in-depth concepts is a key part of the assessment and disposition of

the potential NRC issues.

C669140002-12385- 1003i5 4-1 •
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As with many of the aspects of complex engineering systems, there are uncertainties

associated with the evaluation of nuclear power plant response. The adequacy of the ECCS

suction strainer capability is no exception. Therefore, it is prudent to have additional measures

that are available to supplement the primary mitigating systems.

Table 4-2 summarizes the BWR defense-in-depth measures that are implemented or are under

consideration to provide additional compensatory measures assuming that ECCS suction

strainers become blocked during an accident response. This list of defense-in-depth measures

provides assurance that even in the unlikely event that the suction strainers become blocked,

that there are still options available to achieve a safe shutdown.

4.3 RISK METRICS

The NRC has established the guidance for risk-informed submittals to the NRC in Regulatory

Guide 1.174. As part of this guidance discussed in Section 4.1 is the establishment of a set of

quantitatively based acceptance guidelines that provide measures to characterize the level of

risk attributed to issues. Figures 4-1 and 4-2 provide these acceptance guidelines for the two

risk metrics:

* ACDF (change in core damage frequency)

* ALERF (change in large early release frequency)

Critical in the assessment of the change in risk metrics (ACDF, ALERF) is the baseline case to

be used as the reference point~n for any changes in the calculated risk metrics.

The two conditions to be evaluated to assess the change in risk metrics (ACDF and ALERF) are

as follows:

*A reference plant condition assuming that the design basis requirements on
debris and ECCS suction strainers is 100% effective in preventing ECCS suction
strainer blockage.

oA realistic characterization of calculated ECCS suction strainer blockage involving
postulated phenomena associated with the NRC questions calculated by CASA
Grande using plant specific inputs such as:

(') While most BWRs already have a probabilistic assessment of suction strainer blockage in their

PRAs. The bases for these probabilities are generally based on judgment and reliance on the
design basis to provide adequate protection. In order to avoid providing a potentially non-
conservative calculated risk change, i.e., ACDF, the base reference case is assumed to be a plant
that has 100D% probability that the design requirements prevent EGGS suction strainer blockage
(i.e., a "clean" plant). This yields the maximum calculated risk change.

C569140002 123854i00615 4-2• .I ll -
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-Debris inventory (e.g., sludge, unqualified coatings, ZOI destroyed insulations and

coatings)

-Transport of debris to the suction strainers

-Flow through ECCS suction strainers consistent with automatic system initiation and
manual operator actions in response to various LOCA scenarios

-Time for blockage of the suction strainers

This is a plant that is subject to debris in the suppression pool that, while meeting
the design requirements, could still lead to ECCS suction strainer blockage as
calculated by CASA Grande under extreme plant conditions.

The above then will form the two cases to calculate the realistic change in risk.

In addition to these cases, there are additional sensitivity evaluations that are performed (e.g.,

changes to operator action compensatory measures). These sensitivity calculations also

produce changes in risk metrics. These measures will reflect variations in the ACDF/ALERF

relative to the baseline values discussed in the first bullet above. These sensitivity cases

calculate the change in risk that can then be compared to the reference case. There may be

many possible subcases. These subcases could include:

* Single phenomena in response to the NRC letter [5] (e.g. amount of latent debris
characterized as fiber)

* Multiple phenomena considered together

Application of the Acceptance Guidelines

The quantitative acceptance guidelines are provided by RG 1.174. These guidelines are to be

compared with realistic assessments of the change in risk. They are also used recognizing that

there are uncertainties in the point estimate calculations of the change in risk. The NRC has

indicated that the guidelines are not fixed limits and that some degree of judgment in their

implementation is appropriate.

C669140002-1235 I ,0061 4-
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

I Treatment of the Aspect in the ECCS Suction StrainerElements and Principles of Regulatory Guide 1.174 Risk-Informed Assessment

- Define the Objective

- Meets current regulations

The objective of the risk-informed assessment involves the
disposition of the NRC questions regarding individual aspects of ECCS
suction strainer analysis that could affect the strainer failure
probability.

A change in the plant or its licensing basis is not requested. Rather, the
risk perspective is included to address the possibility that uncertain
postulated phenomena associated with LOCAs could result in degrading
the plant response to licensing basis conditions.

The purpose is to show that these phenomena are of such low risk
significance and therefore that they do not represent a substantial
contributor to the risk profile.

As part of this definition, the BWROG submits that the ECCS suctionstrainers meet current NRC regulations.

The disposition of the subject NRC questions also meets the current
regulations.

This disposition meets the objectives of the NRC's PRA Policy
Statement because it results in:

* Sufficient Safety Margin
* Reduction in unnecessary burden on utility resources to

further investigate already very small risk contributors
• Better allocation of scarce resources to other higher priority

safety issues

C566 140002- 12385-100515
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Risk-Informed AssessmentElements and Principles of Regulatory Guide 1.174

I

Element 2
- Perform Engineering Analysis

A combination of deterministic and probabilistic analyses is performed
to establish the technical bases for dispositioning the postulated
phenomena.

This includes an assessment of:
* Thermal hydraulic analysis of the transport of debris to

the ECCS suction strainers for a spectrum of LOCAs

* Defense-in-depth measures

* Safety margins available

* Measure of the small increases in risk

Extensive deterministic evaluations have been performed to support
the EGGS suction strainer designs. These are documented in the
BWROG URG [23, 24] and individual site implementation of the URG.

CASA Grande methodology is implemented to develop the ECCS
suction strainer failure probability.

The EGGS suction strainer assessment recognizes the need for a
defense-in-depth philosophy. Incorporation of defense-in-depth
concepts is a key part of the assessment and disposition of the
questions.

Table 4-2 summarizes the BWR defense-in-depth measures that are
implemented or under consideration to provide additional
compensatory measures assuming that EGGS suction strainers
become blocked during an accident response. This list of defense-in-
depth measures provides assurance that even in the unlikely event
that the suction strainers become blocked, that there still are options
available to achieve a safe shutdown.

Gonsistent with Defense-in-Depth Principles

C65i9I40O32< 238•OO%
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Elements and Principles of Regulatory Guide 1.174 Risk-Informed Assessment

- Sufficient Safety Margin Safety margins are maintained.

The safety margin associated with the ECCS suction strainer meets
the design basis as documented in the BWROG URG.

Safety analysis ac:ceptance criteria in the Licensing Basis (LB) (e.g.,
FSAR, supporting analyses) are met.

There is the appropriate balance maintained among prevention of
core damage, prevention of containment failure, and consequence
mitigation. The risk of each remains very small.

There is no over reliance on programmatic or compensatory
measures to assure safety.

.System redundancy, independence, and diversity are
preserved commensurate with the expected frequency,
consequences of challenges to the system, and uncertainties
(e.g., no risk outliers).

* Defenses against potential common-cause failures are
preserved, and the potential for the introduction of new
common-cause failure mechanisms is assessed.

* Independence of barriers is not degraded. No barriers are
degraded.

* Defenses against human errors are preserved. No reduction
in human performance occurs -- See Table 4-2.

* The intent of the plant's design criteria is maintained

PR.A

The PRA is used to integrate the deterministic results, the CASA
Grande calculations, and the probabilistic assessment of accident
sequences to determine the appropriate risk metrics and to reflect
the available safety margin.
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction StrainerRisk-Informed Assessment•I•III•IIL• •llU •1 IIILlUI• Ul •UUI•LUI W UUlUC •l•J

Sufficient Safety Margin
(cont'd)

The risk acceptance guidelines are based on the principles andexpectations for risk-informed regulation discussed in RG 1.174 and
are structured as shown in Figures 4-1 and 4-2. Regions are
established in the two planes generated by each measure of the
baseline risk metric (CDF or LERF) along the x-axis, and the change
in those metrics (ACDF or ALERF) along the y-axis (Figures 4-1 and
4-2). Acceptance guidelines are established for each region as
discussed below. These guidelines are intended for comparison with
a full-scope (including internal and external hazards, at-power, low
power, and shutdown) assessment of the change in risk metric.
However, it is recognized that many PRAs are not full scope and PRA
information of less than full scope may be acceptable. For the Phase
II plant, a description of the internal events PSA is provided
quantitatively. Further, the contribution from other hazards and plant
operating modes is characterized qualitatively to demonstrate
negligible additional incremental risk.

Uncertainties

An extensive uncertainty analysis is also incorporated. The
characterization of the uncertainties associated with the evaluation is
provided to ensure that the decision-makers have an appreciation of
the potential variation in the assessed risk.

The PRA assessment addresses the increases in risk metrics and
appropriately identifies how these risk metrics compare with NRC
established acceptance guidelines related to risk increases.

Scone

The scope of the PRA analysis considers all hazards. However, it is
found that the impact on the CDF risk metric is limited to LOCA
initiators. The PRA models that have risk significant LOCA initiators
are the following:

* Internal events
•Seismic initiators

C669I40002-I2385- C06i5
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Table 4-1.

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Elements and Principles of Regulatory Guide 1.174 Risk-Informed Assessment

-Sufficient Safety Margin It is noted that the Phase II BWR has undergone a full PRA Peer
(cont'd) Review for the at-power internal events PRA and that the internal

events PRA meets Capability Category II for all Supporting
Requirements. Most BWR at-power internal events PRAs are fully
capable of supporting this risk application, including the Phase II
plant.

However, few BWRs currently have a seismic PRA that fully meets the
seismic portion of the ASME/ANS PRA Standard. Consistent with the
intent of this analysis to address the seismic challenges within the
design basis, the seismic contribution remains a small contributor to
the assessed risk metric and therefore, does not affect the decision
being made. As such, the seismic PRA is formulated using
appropriate engineering methods but ones that do not fully comply
with the ASME/ANS PRA Standard.

Technical Adequacy

The technical adequacy of a PRA, analysis used to support an
application is measured in terms of its appropriateness with respect
to scope, level of detail, technical adequacy, and plant
representation. The scope, level of detail, and technical adequacy of
the PRA are to be commensurate with the application for which it is
intended and the role the PRA results play in the integrated decision
process. All of these features are met for Phase II plant.

Level of Detail

A direct treatment of the cause and effect of the ECCS suction
strainer failure on the risk metrics is explicitly modeled.

The level of detail corresponding to Capability Category II of the
ASME/ANS PRA Standard is adequate for this application; and, the
PRA meets Capability Category II for all essential Supporting
Requirements.

C6691-400e2-12385-L00615
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Elements and Principles of Regulatory Guide 1.174 Risk-Informed Assessment

Sufficient Safety Margin PRA Technical Adeouacv (PRA Pedioree)
(cont'd) The PRA used for the Phase II evaluation is vetted to ensure that the

technical adequacy and quality is commensurate with the risk-informed

decision process.

The Full Power Internal Events (EPIE) PRA that is used in the Phase II
analysis has a pedigree consistent with the ASME/ANS PRA Standard
as evaluated by a self-assessment and confirmed by a PRA Peer
Review.

The PRA is judged by the PRA Peer Review team to have the
appropriate scope, level of detail, technical adequacy, and as-built,
as-operated fidelity to be able to be used to support Licensing
Amendment Requests (LARs).

Regulatory Guide 1.200 [3] and the ASME/ANS PRA Standard are used
in conjunction with a PRA Peer Review to assure that the PRA pedigree
is adequate to support risk-informed decision-making.

The PRA results used to support this application are derived from a
PRA model that represents the as-built and as-operated plant to the
extent needed to support the application. The PRA realistically
reflects the risk associated with the plant.

C669 :40G02-12385•tO006:5
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in~the ECCS Suction StrainerRisk-Informed Assessment
...................... r ........ ;f ...... • ..........

S-. - - 4.Sufficient Safety Margin Comparison of Probabilistic Risk Assessment (PRA~ Results with the
(cont'd) Acceptance Guidelines

RG 1.174 states:

In the context of integrated decision-making, the acceptance
guidelines should not be interpreted as being overly prescriptive.
They are intended to provide an indication, in numerical terms, of
what is considered acceptable. As such, the numerical values
associated with defining the regions in Figures 4-1 and 4-2 of this
regulatory guide are approximate values that provide an
indication of the changes that are generally acceptable.

Therefore, this comparison of the PRA results with the acceptance
guidelines is based on an understanding of the contributors to the
PRA results and on the robustness of the assessment of those
contributors and the impacts of the uncertainties, both those that
are explicitly accounted for in the results and those that are not.
This is a somewhat subjective process, and the reasoning behind
the decisions is well documented.

Uncertainties

The following uncertainties are addressed and displayed:
* Parametric uncertainties
* Modeling uncertainties

Inteqrated Decision-Makinq

In making a regulatory decision, risk insights are integrated with
considerations of defense-in-depth and safety margins. The degree to
which the risk insights play a role, and therefore the need for detailed
staff review, is application dependent.

C66914CM02-12385-I006!5 414-10
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Elements and Principles of Regulatory Guide 1.174 Risk-Informed Assessment

Element 3 - Define the Monitoring Program Performance Monitorino

BWRs have multiple programs that address aspects of the ECCS
suction strainer design adequacy. These include the following:

* Assurance that pipe integrity is maintained and therefore
LOCA frequencies remain low. This includes the in-service
pipe weld inspection requirements of the primary system
piping

* Qualified coating program to ensure that coatings applied to
the containment interior are qualified and will not be
significantly affected by accident conditions to become debris
loading.

* Coating inspections to monitor the aging of coatings.
* Insulation inventory to track the insulation debris in the

containment including monitoring any increases in their
debris source.

* Foreign Materials Exclusion Program: Program to ensure that
miscellaneous debris is not present in the drywell or
suppression pooi by maintaining inventory control of material
that enters and leaves the containment

* Pool Cleanliness: Cleaning of the suppression pool is carried
out at refuel outages to remove debris from the suppression
pool accumulated during the previous cycle of operation. This
maintains a standard of cleanliness that supports the ECCS
strainer performance.

Regulatory Guide (RG) 1.174 "... addresses implementation strategies
and performance monitoring plans associated with LB (licensing
basis) changes that will help ensure that assumptions and analysis
supporting the change are verified." While no LB changes are
anticipated as a result of the BWROG risk-informed analysis, the
industry recognizes the obligation to verify and maintain plant
conditions that are credited in the resolution of safety issues. This
obligation is articulated in RG1.174 risk-informed regulation Element
3: Define Implementation and Monitoring Program.
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER• RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Elements and Principles of Regulatory Guide 1.174 JRisk-Informed Assessment

Element 3 - Define the Monitoring Program
(Cont'd)

The BWROG risk-informed analysis examines each of the NRC issues
[5] in a systematic way that aims to bound the potential effect for all
plants in the fleet in the context of available system and operator
responses to LOCA. Assumptions regarding plant design and debris
generation used in the study to illustrate low risk impact are clearly
defined for the purpose of comparative self-assessment by each
member ubility. The Grobe issues address phenomenology that have
long been recognized as potential challenges to plant performance, so
it is anticipated that existing monitoring programs will be sufficient to
maintain plant conditions within the bounds of the analysis. Examples
of existing monitoring programs include: (1) coatings maintenance
and degradation monitoring; (2) plant cleanliness procedures for
suppression pool sludge and drywell latent debris; (3) containment
configuration control of foreign material, problematic insulation, and
exposed metal corrosion sources; (4) EOP change control; (5)
operator training standards for accident response time and
operational readiness; end (6) technical specifications for pH- control.

At the conclusion of the BWROG risk-informed analysis, all findings
will be communicated to the members with an explanation of key
assumptions and necessary monitoring requirements. While
implementation details may vary from plant to plant, the BWROG will
disseminate guidance regarding the key issues so that uniform
quantitative performance metrics can be identified and maintained.

Element 4 - Transmit to NRC Adequate documentation is developed to support a thorough review
of the analysis for the purpose of determining the level of safety
significance.
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Table 4-1

SUMMARY OF ECCS SUCTION STRAINER RISK-INFORMED ASSESSMENT ELEMENTS

Treatment of the Aspect in the ECCS Suction Strainer
Elements and Principles of Regulatory Guide 1.174 Risk-Informed Assessment

Element 5 - Quality Assurance The quality of the analysis and supporting documentation is sufficient
to support the risk determination and its proper understanding by
decision-makers. This includes the following:

* Qualified personnel have performed the analysis.
* Procedures that ensure control of documentation, including

revisions, and provide for independent review, verification, or
checking of calculations and information used in the analyses
have been implemented.

* Provide documentation and maintain records

Also, see discussion of PRA technical adequacy under the discussion
of sufficient safety margin.

Element 6 - Documentation Each of the elements specified in RG 1.174 is documented for the
Phase II plant.

This documentation is maintained as a BWROG document.

Key assumptions and uncertainties are identified.
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Table 4-2

DEFENSE-IN-DEPTH STRATEGIES OR FEATURES

Defense-in-Depth Strategy/Feature Advantage

Reduce Flow through Strainer Reduction in flow to strainer increases the
potential for debris to settle to bottom of

Control flow through strainer to the minimum containment suppression pooi away from the
needed to maintain adequate core cooling (EOP strainer.
changes likely required for large recirculation
break). Reduces head-loss across the strainer which

minimizes structural challenge to the strainer.

Alternate the use of Strainers Preserves a division of equipment for longer

term operation.
Transfer between strainers. Maintain one division of
ECCS/DHR equipment in standby to avoid clogging Conflict if suppression pool cooling is required.

of its strainer. Use the other division as a sacrificial
strainer until debris collection makes it untenable. No viable cues to initiate this action.

Strainer Backflush This allows long term operation from the
suppression pool.

BWRs have developed procedures that can be used
to backflush the strainers to remove debris and
allow restart of the ECCS/DHR equipment after the

ba ckfl ush.

CST Alignment and Refill A clean water source that is readily available
and is a practiced alignment.

Some BWRs have either or both LPCI and CS
capable of being aligned to the CST. This local
manual alignment could be used to provide clean

RPV makeup for core cooling. This would generally
require refilling the CST to allow long term
operation. (Most applicable for above core LOCAs.)

Alternate Injection Sources These sources do not result in dependence on
the ECCS strainers or cause contamination

Use other external injection sources: from the suppression pooi to enter the
* Condensate (from Hotweil/CST) reactor.
* CRD (from CST)
* SW cross-tie However, they may be of finite volume or
* B.5.b have other potential foreign material that
* FLEX equipment would complicate core cooling.
* HPCI/RCIC (from CST) for small LOCAs

Some of the methods allow rapid alignment on

the order of 10-20 min.
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Table 4-2

DEFENSE-IN-DEPTH STRATEGIES OR FEATU RES

Defense-in-Depth Strategy/Feature Advantage

Floodino the RPV to Above the Steam Sep~arator Strategy is most applicable to above core
LOCAs.Return or use of In-Shroud Water Discharqe

GEH has performed a study [12] regarding clogging

of the fuel channel inlets and determined that the
ideal response includes either or both:

* Flooding the RPV to above the steam
separator return. This allows the core to
remain submerged. GEH indicates that

such a shutdown and submerged core
remains cooled despite inlet blockage.

* Injection to inside the shroud with core

spray or in-shroud LPCI systems.

Containment Ventinq Containment venting using an engineered
If the LOCA debris compromises the suction hard pipe path is not compromised by EGGS

strainers to RH-R, then an alternative containment suction strainer clogging, it is a diverse

heat removal method is required. redundant method of containment heat
removal.

Containment venting is such an alternative.

C66914G002-123354 00615 
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