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Time Topic Speaker

1:00 PM Introductions/Opening Remarks NRC/NEI/EPRI/Industry Management

1:10 PM Risk Informed HELB Presentation Industry/EPRI

2:00 PM NRC Research Activities related to HELB NRC Research

2:45 PM Discussion All

3:00 PM Break All

3:45 PM Brainstorming Session – Risk Informing HELB All

4:30 PM Opportunity for Public Comment Members of the Public

4:40 PM Action Items/Closing Remarks NRC/NEI/EPRI/Industry Management

4:50 PM Meeting Adjourn



• As a result of industry ongoing activities (e.g. power uprates, license renewal, subsequent license renewal), a 
number of deterministic requirements are being challenged as to their efficiency in maintaining and improving 
plant safety while providing flexibility in plant operations and resource allocation.

• As an example, for a couple of operating sites, attempting a MUR uprate identified the potential for a system to be 
re-classified from a moderate energy system to a high energy system due to increases in the subject system’s 
operating temperature and pressure after MUR

• Having to meet current deterministic HELB requirements would entail significant plant reanalysis and substantial 
plant modification

• Discussions with the New Build fleet have also identified these deterministic HELB requirements contributing to 
capital cost and engineering difficulties

Background on Current Requirements for Identifying HELB Locations
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• As a result of power up-rates, temperatures and/or pressures can increase in certain piping systems resulting in the 
system qualifying as HELB scope (e.g., SRP Chapter 3.6)

• Since this piping has not been evaluated per these references, the objective of this report is to evaluate such piping to 
determine whether risk-informed approaches can be adapted to this piping and what changes to the methodologies 
or design might be appropriate for such piping.

• Intend to apply to the non-safety related main steam cross-around piping from the high-pressure turbine to the 
moisture separators, and from the moisture separators to the low-pressure turbines.

• Planned topical report submittal including pilot results

Regulatory Application

3



© 2023 Electric Power Research Institute, Inc. All rights reserved.4

RI-ISI Methodology Overview

 Background
 Scope
 Consequence of failure
 Failure potential
 Risk Ranking
 Inspection Element Section
 Change in Risk Assessment
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RI-ISI Methodology Overview
 EPRI TR-112657, Rev B-A is the foundational RI-ISI 

methodology
– Codified in ASME Section XI, Appendix R, Supplement 2
– Endorsed in 10CFR50.55a
– ~ 60 US applications (BWRs and PWRs)
– Applied / adapted for use in seven other countries, 

including CANDU nuclear and conventional systems
– Applied / adapted to other components and programs 

including RI-repair/replacement, 10CFR50.69
– Adapted to addressed break exclusion region (BER) NDE 

requirements 
– Streamlined RI-ISI (N716-1 endorsed in RG1.147)
– Consistent with RG 1.178
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Determine Scope

Perform Consequence 
Evaluation

Finalize Program

Perform Risk Impact Assessment

Select Elements for Inspection & 
Element Inspection Methods

Determine Segment Risk Category

Perform Failure Potential 
Evaluation

Adjust 
Element 
Selection

Performance 
Monitoring

Perform Service Review

RI-ISI Process Overview
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RI-ISI Methodology Overview

 Scope
– Can be applied to a single system or multiple systems
– Can be applied to a single class (e.g. Class 1 only)  or multiple classes (e.g.

Class 1 and 2)
– Can be applied to safety related systems and non safety related systems
– Can be applied to portions of a system (e.g. that portion subject to NDE)
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Consequence Evaluation
 Parameters:

– Break size (small, large, worst case)
– Isolability of the break (success, failure 

& reliability)
– Direct effects (flow diversion)
– Indirect effects (spatial, loss of 

inventory)
– Containment performance
– Recovery

The goal of the consequence evaluation is to assigned a consequence rank (High, Medium or 
Low) to the piping segment under evaluation.
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Consequence Ranking 

Consequence Category Corresponding CCDP 
Range 

Corresponding CLERP 
Range 

High CCDP > 1E-4 CLERP > 1E-5 

Medium 1E-6 < CCDP < 1E-4 1E-7 < CLERP < 1E-5 

Low CCDP < 1E-6 CLERP < 1E-7 

 
This criteria is used by RI-ISI, RI-RRA and 10CFR50.69 pressure 

boundary categorization processes

Table 3-1 from TR-112657


		Consequence Category

		Corresponding CCDP Range

		Corresponding CLERP Range



		High

		CCDP > 1E-4

		CLERP > 1E-5



		Medium

		1E-6 < CCDP < 1E-4

		1E-7 < CLERP < 1E-5



		Low

		CCDP < 1E-6

		CLERP < 1E-7
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Initiating Event Impact Group (PWR example)

Design 
Basis 

Initiating 
Event 

Category 

Initiating Event Initiating 
Event 

Frequency 
(1/Yr.) 

CDF due to 
Initiating 

Event 
(1/yr.) 

Corresponding 
CCDP 

Consequence 
Category 

Reactor Trip 2 1E-6 5E-7 LOW 

Turbine Trip 1 1E-6 1E-6 LOW 

II 

Loss of PCS 3E-1 9E-7 3E-6 MEDIUM 

Loss of SW Train 8E-2 2E-6 3E-5 MEDIUM III 

LOSP 5E-2 2E-6 4E-5 MEDIUM 

SLB 1E-3 1E-9 1E-6 MEDIUM 

Small LOCA 5E-3 2E-6 4E-4 HIGH 

Medium LOCA 1E-3 2E-6 2E-3 HIGH 

IV 

Large LOCA  1E-4 1.5E-6 1.5E-2 HIGH 

 

Table 3-4 from TR-112657


		Design Basis Initiating Event Category

		Initiating Event

		Initiating Event Frequency (1/Yr.)

		CDF due to Initiating Event
(1/yr.)

		Corresponding CCDP

		Consequence Category



		II

		Reactor Trip

		2

		1E-6

		5E-7

		LOW



		

		Turbine Trip

		1

		1E-6

		1E-6

		LOW



		

		Loss of PCS

		3E-1

		9E-7

		3E-6

		MEDIUM



		III

		Loss of SW Train

		8E-2

		2E-6

		3E-5

		MEDIUM



		

		LOSP

		5E-2

		2E-6

		4E-5

		MEDIUM



		IV

		SLB

		1E-3

		1E-9

		1E-6

		MEDIUM



		

		Small LOCA

		5E-3

		2E-6

		4E-4

		HIGH



		

		Medium LOCA

		1E-3

		2E-6

		2E-3

		HIGH



		

		Large LOCA 

		1E-4

		1.5E-6

		1.5E-2

		HIGH
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Degradation Assessment
• Component pressure 

boundary assessed based on 
degradation mechanisms:
• Component-based degradation 

tables developed

• Detailed and prescriptive 
susceptibility threshold criteria 
established via an extensive 
literature search including plant 
specific, EPRI, and other 
industry databases

The goal of the degradation mechanism evaluation is to assigned a failure potential rank (High, 
Medium or Low) to the piping segment under evaluation.
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Degradation Mechanism Category

 Large Pipe 
Break Potential 

 

Leak Conditions Degradation Mechanism  

  
HIGH 

 

 
Large 

 
Flow Accelerated Corrosion (FAC) 
 

 

  
 
 

MEDIUM 
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Degradation Mechanism Evaluation - Example
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Degradation Mechanism Evaluation –cont.
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Degradation Mechanism Evaluation – cont.
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RI-ISI Risk Ranking and Inspection Population

 Class 1, 2, 3 and/or NNS systems
– 25 percent of high risk region (CAT1, 2 & 3)
– 10 percent of medium risk region (CAT4 & 5)
– augmented exams may be credited (e.g. IGSCC)
– Class 1 minimum trigger

 RI-HELB perspective



Risk-informed (RI) New Break Locations: Overview
• Pilot Plant Scope
• Design, FSAR, & PRA Review (RI-ISI)
• Consequence of failure (RI-BER)
• Failure potential (Degradation Potential)
• Risk Ranking & Inspection Element Section
• Change in Risk Assessment



RI - New Break Locations: Overview

• EPRI Report 1006937-A [RI-BER]
• Adapted from EPRI TR-112657, Rev B-A [RI-ISI]
• RI-BER includes the following additional evaluations
 Containment Isolation Valves Impact
 Containment Penetrations Impact
 Unrestrained Pipe Whip Impacts (Criterion 3 through 5)
 Jet Impingement Impact
 Other Spatial Impacts
 Spatial Propagation



RI - New Break Locations: Pilot Plant Scope
• Non-safety related main steam cross-around piping from the 

high-pressure turbine to the moisture separators, and from the 
moisture separators to the low-pressure turbines



RI - New Break Locations: Design, FSAR & PRA Review

• Cross-around piping scope is inside turbine pipeway/cavity
• Main Steam Piping is also located in same area (equalizing 

header, turbine stop & control valves etc.)
• Main Steam pressure and temperature much higher than cross-

around
• Main Steam HELB analysis per 1972 AEC Letter to envelope the 

cross-around piping scope
• Based on PRA, a medium consequence (loss of main 

condenser) [RI-ISI]
• RI-BER Consequence evaluation considered next



RI - New Break Locations: Consequence Evaluation
• Plant Walkdown Required to Assess Spatial Impacts
• Criterion 1 and 2: Cross-around scope far removed from containment isolation valves 

and penetrations
• Criterion 3-6 (Pipe Whip and Jet impingement): 
 At least one pair of turbine stop & control valves assumed to fail because of proximity
 Loss of main condenser due to MSIV closure or loss of EHC, etc.
 Structural impact bounded by main steam and walkdown confirmation

• Criterion 7 (other Spatial Impacts): flooding not a concern, but two MCCs outside 
turbine cavity doors assumed to fail due to door missile or steam impact (Walkdown)

• Criterion 8 (Spatial Propagation): steam propagates up to the turbine building ceiling 
where there is no PRA equipment. There is also blowout panels on the upper floor 
(Walkdown)



RI - New Break Locations: Consequence Evaluation Results

• Several PRA Calculations performed assuming loss of main 
condenser, failure of a turbine stop & control valve pair (MSIV 
isolation is required), failure or two MCCs identified during 
walkdown and other impacts to model both large and small 
breaks, MSIV isolation etc.

• Medium Consequence (CCDP<1E-4 and CLERP<1E-5)



RI - New Break Locations: Degradation Mechanism Assessment

• No Degradation Mechanism identified from the evaluation

• All piping and components are therefore assigned a low failure potential 
rank
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RI - New Break Locations: Risk Ranking & Inspection Population

• RI-ISI Perspective
 Risk Category 6 (Low Risk) based on Medium Consequence 

and Low failure Potential Rank
 Risk Category 6 requires no inspections
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RI - New Break Locations: Change in Risk Assessment

Based on Methodologies risk 
impact is not required for risk 
category 6 because even if welds 
were being removed from 
inspection the increase risk would 
be very low

Since no inspections are required 
and no inspections were being 
conducted, the change in risk is 
zero
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Time Topic Speaker

1:00 PM Introductions/Opening Remarks NRC/NEI/EPRI/Industry Management

1:10 PM Risk Informed HELB Presentation Industry/EPRI

2:00 PM NRC Research Activities related to HELB NRC Research

2:45 PM Discussion All

3:00 PM Break All

3:45 PM Brainstorming Session – Risk Informing HELB All

4:30 PM Opportunity for Public Comment Members of the Public

4:40 PM Action Items/Closing Remarks NRC/NEI/EPRI/Industry Management

4:50 PM Meeting Adjourn



• Goals
• Reach understanding/alignment on NRC/Industry approaches

• Identify potential uses of risk informed HELB

• Benefits:
• Focus resources on risk/safety significant SSCs

• Potential Paths Forward
• Scope of effort (e.g., safety and/or non-safety related piping)

• Form of endorsement (e.g., topical report versus plant specific approval)

• Leverage both industry and NRC research

• Schedule

Brainstorming Topics
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