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References: 
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In response to NRC's September 6, 2019 letter (Reference 1) requesting that EPRI provide a 

copy of industry-developed interim inspection guidance related to MRP-227-A inspection 

requirements for PWR units considering or currently using flexible operations, attached please 

find one copy of the EPRI letter MRP 2019-002, dated 3/6/2019, entitled "Interim Guidance to 

MRP-227-A NEI 03-08 Needed Requirements for US Domestic PWR Plants Implementing 

"Flexible Power Operations"." As discussed during the May 21-22, 2019 NRC-industry 

materials exchange meeting, this guidance was developed by industry to address potential 

impacts of "Flexible Power Operations" on MRP-227-A requirements. 

If you have any questions, please contact Brian Burgos at 724-610-8559, or Kyle Amberge at 

704-595-2039. 

Sincerely, 

Mike Hoehn II, Ameren-Missouri 
MRP Research Integration Committee Chair 

cc: MRP RIC Members 
PMMP Members 
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Interim Guidance to MRP-227-A NEI 03-08 Needed Requirements for US Domestic 

PWR Plants Implementing "Flexible Power Operations" 

Executive Summary 

The current RV Internals Progr_am guidance under MRP-227 was originally developed with base

load, continuous full-power operations assumptions. With plants currently implementing, or 

evaluating future, flexible power operations, it is necessary to understand the potential impacts 

of these operational decisions. This letter provides a summary of the impacts of flexible power 

operations for current RV Internals Programs and issues new MRP-227 interim guidance under 

NEI 03-08 for evaluating these impacts. This guidance applies to Westinghouse-designed plants 

(2-loop, 3-loop, and 4-loop). Westinghouse-designed PWR units currently performing flexible 

power operations or planning to implement flexible power operations in the future, are 

required to take action on this letter. This guidance does not apply to B&W-designed units; 

B&W units considering flexible operations should consider contacting the NSSS OEM to identify 

next actions. Per EPRI report 30020081194, Combustion Engineering-designed plants are 

substantially less susceptible to flexible operation than the Westinghouse-designed plants and 

would not be impacted by flexible operation as long as the unit operates within its design 

transient cycles. 

Introduction 
The inspection and evaluation requirements associated with PWR reactor internals components 

are documented in MRP-227-A, as approved via safety evaluation report (SER) by the·u.s. 

Nuclear Regulatory Commission (NRC) in 20111•
2

• This guidance complies with the 

requirements of the Generic Aging Lessons Learned (GALL) report for license renewal as 

documented in NUREG-18013• 

Together ... Shaping the Future of Electricity 
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Some US domestic PWR plants may soon begin or have already begun flexible power operations 

(FPO), which involves reducing power output in response to the needs of the local electric grid. 

This operational characteristic is in response to the intermittent nature of electric power 

generation of renewables, such as wind and solar without energy storage. Prior to this, most 

nuclear plants operated as base-loaded units; that is, they supplied electricity at a constant rate 

for a lengthy period of time (months to years). For this guidance, base load operation is defined 

as operation without any power reductions for the purposes of following the needs of the grid, 

whether those operations are daily, weekly, monthly, or some other frequency. Power 

reductions due to reactor trips, fuel outages, and other transients covered in the design basis 

are included in this definition of base load 

However, one of the basic assumptions and applicability requirements of the inspection and 

evaluation (l&E) guidance in MRP-227-A is that the PWR plant operates as a base-loaded unit. 

This applicability requirement in Section 2.4 of the guidance must be met or deviation from the 

requirement technically justified on a plant-specific basis to permit use of the l&E guidance at 

that plant. Thus, for a plant where flexible operation has been implemented for extended 

periods, the utility currently must either: 

Discussion 

a) perform a plant-specific justification for why this applicability criterion has been 

met; or 

b) develop its own plant-specific reactor vessel internals aging management 

program to meet the requirements of license renewal and NUREG-1801. 

Engineering evaluations of various flexible power operating cases has shown that impact to the 

plant operating lifetime can be expected in some cases4• Previous qualitative assessments 

identified that the baffle-former-bolts (BFBs) could be significantly impacted by use of flexible 

operations. Quantitative evaluations were performed to support these previous qualitative 

results and are summarized in the attached enclosure5• These quantitative evaluations used 

the existing Westinghouse-designed 3-loop plant finite element model documented in MRP-

230, Revision 26 that provided part of the basis for the inspection requirements of MRP-227-A. 

Allowable numbers of flexible operation events were calculated for three flexible operation 

cases: power reduction from 100% to 80%, from 100% to 70%, and from 100% to 30%, each at 

a rate of 5% power reduction per minute. These calculations were performed for a baffle

former assembly with and without edge bolts installed, making a total of six cases evaluated. 

More detailed description of the flexible operation cases considered is provided in the 

enclosure along with a summary of the calculations and evaluations. 

The results of the evaluation in the enclosure were used to develop screening criteria for 

Westinghouse-designed plants that implement flexible operation covered by the cases 

evaluated. These screening criteria are used here to define additional NEI 03-08 "Needed" 
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applicability requirements a Westinghouse-designed plant using flexible operation must meet 

in order to use the MRP-227-A or Revision 1 guidance. This guidance applies to Westinghouse

designed plants (2-loop, 3-loop, and 4-loop). Per EPRI report 30020081194, Combustion 

Engineering-designed plants are substantially less susceptible to flexible operation than the 

Westinghouse-designed plants and would not be impacted by flexible operation as long as the 

unit operates within its design transient cycles. 

INTERIM GUIDANCE FOR WESTINGHOUSE-DESIGNED PWR PLANTS IMPLEMENTING FLEXIBLE 

OPERATIONS: 

Within 36 months of issuance of this letter, US domestic Westinghouse-designed PWR plants 

current operating flexibly or planning to operate flexibly in the future shall implement the 

following Needed applicability requirements for MRP-227-A and MRP-227, Revision 1 in 

accordance with NEI 03-08, as applicable. 

NOTES: 
1. The screening criteria provided below are applicable to flexible operation accumulated 

during both initial license operation and extended license operation 

2. If a plant has performed flexible operation early in life, flexible operation events from 

that previous operation must be added to the event counts from current or future 

planned operation. PWR units that do not implement flexible operations in the future 

do NOT need to review past power change history. 

3. The l&E guideline applicability criteria provided below are only applicable up to the end 

, of the first period of extended operation (60 calendar years) 

4. In lieu of the Table 1 and Table 2 screening criteria, plant-specific low cycle fatigue 

evaluations of the baffle bolts may be used to develop plant-specific screening criteria. 

A. BASELINE BFB INSPECTION REQUIREMENTS: 

Case 1: 100% to 80% thermal power change at 5% thermal power per minute 

Flexible operation of a 100% to 80% thermal power change at 5% thermal power per minute 

has little impact on the BFBs both in the out-in condition and the low leakage condition. A 

plant that has implemented flexible operation where the reduction in power does not go below 

80% and the rate of the reduction or of the increase back to 100% does not exceed 5% per 

minute can continue to implement the MRP-227-A/Revision 1/MRP 2017-0097 guidance with 

no changes. This applies whether the plant performed these flexible operations during out-in 

or low leakage operation, and it applies whether the plant has used this type of flexible 

operation in the past, is currently using it, or implements this level of flexible operation in the 

future. This is applicable to the first PEO up to 60 calendar years of operation. 

Case 2: 100% to 70% thermal power change at 5% thermal power per minute 
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Flexible operation of a 100% to 70% thermal power change at 5% thermal power per minute 

has a larger impact on the BFBs than Case 1, both in the out-in condition and the low leakage 

condition. For weekly cycling, the allowable number of EFPY is well beyond a plant life of 60 

years in all combinations considered (out-in or low leakage core loading and with or without 

edge bolts). More frequent cycling can, however, result in the flexible operation screening 

criterion being reached within design life-relevant time frames. The daily cycling EFPY limits 

demonstrate this in both Tables 1 and 2. 

A plant that has implemented flexible operation where the reduction in power does not go 

below 70% and the rate of the reduction or of the increase back to 100% does not exceed 5% 

per minute can continue to implement the MRP-227-A/Revision 1/MRP 2017-009 guidance with 

no changes as long as the number of cycles or the relevant number of EFPY provided in Table 1 

or 2 are not exceeded. This is applicable to the first PEO up to 60 calendar years of operation. 

If the allowable number of fatigue cycles or relevant EFPY will be exceeded before the end of 

plant life, including first license extension, additional actions beyond those specified in the 

MRP-227-A/ Revision 1/MRP 2017-009 guidance are required. These additional actions could 

include a plant-specific or bounding evaluation of the lead components for fatigue listed in the 

Enclosure Table 3-1, or the action could be to perform accelerated inspections of the confirmed 

lead component for the plant design. For Westinghouse plants, this would be an accelerated 

inspection of the BFBs supported by an evaluation to justify the adjusted inspection timing and 

the re-inspection interval. See Enclosure Section 5.2 for guidance on determination of the re

inspection interval. This is applicable to the first PEO up to 60 calendar years of operation. 

If the allowable number of fatigue cycles or relevant number of EFPY has already been 

exceeded, additional actions beyond those specified in the MRP-227-A/Revision 1/MRP 2017-

009 guidance should be completed within a reasonable period after issuance and acceptance of 

this flexible operations guidance. These additional actions could include a plant-specific or 

bounding evaluation of the lead components for fatigue listed in the Enclosure Table 3-1, or the 

action could be to perform accelerated inspections of the confirmed lead component for the 

plant design. For Westinghouse plants, this would be an accelerated inspection of the BFBs 

supported by an evaluation to justify the adjusted inspection timing and the re-inspection 

interval. See Enclosure Section 5.2 for guidance on determination of the re-inspection interval. 

This is applicable to the first PEO up to 60 calendar years of operation. 

Case 3: 100% to 30% thermal power change at 5% thermal power per minute 

Flexible operation of 100% to 30% thermal power change at 5% thermal power per minute has 

a large impact on the BFBs both in the out-in condition and the low leakage condition. For 

weekly cycling with an out-in core loading pattern, the allowable number of EFPY in all cases is 

less than 2 EFPY. For daily cycling, the screening criterion is reduced to less than 0.5 EFPY in all 

cases shown by the tables. 

A plant that has implemented flexible operation where the reduction in power does not go 

below 30% and the rate of the reduction or of the increase back to 100% does not exceed 5% 
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per minute can continue to i~plement the MRP-227-A/Revision 1/MRP 2017-009 guidance with 

no changes as long as the number of cycles or the relevant number of EFPY provided in Table 1 

or 2 are not exceeded. This is applicable to the first PEO up to 60 calendar years of operation. 

If the allowable number of fatigue cycles or relevant EFPY will be exceeded before the end of 

plant life, including first license extension, additional actions beyond those specified in the 

MRP-227-A/ Revision 1/MRP 2017-009 guidance are required. These additional actions could 

include a plant-specific or bounding evaluation of the lead components for fatigue listed in the 

Enclosure Table 3-1, or the action could be to perform accelerated inspections of the confirmed 

lead component for the plant design. For Westinghouse plants, this would be an accelerated 

inspection of the BFBs supported by an evaluation to justify the adjusted inspection timing and 

the re-inspection interval. See Enclosure Section 5.2 for guidance on determination of the re

inspection interval. This is applicable to the first PEO up to 60 calendar years of operation. 

If the allowable number of power change cycles or relevant number of EFPY has already been 

exceeded, additional actions beyond those specified in the MRP-227-A/Revision 1/MRP 2017-

009 guidance should be completed within a reasonable period after issuance and acceptance of 

this flexible operations guidance. These additional actions could include a plant-specific or 

bounding evaluation of the lead components for fatigue listed in Enclosure Table 3-1, or the 

action could be to perform accelerated inspections of the confirmed lead component for the 

plant design. For Westinghouse plants, this would be an accelerated inspection of the BFBs 

supported by an evaluation to justify the adjusted inspection tim.ing and the re-inspection 

interval. See Enclosure Section 5.2 for guidance on determination of the re-inspection interval. 

This is applicable to the first PEO up to 60 calendar years of operation . 

. Other Cases 

The following cases are not covered here and require further evaluation to address: 

• Flexible operation that exceeds the 5% per minute thermal power change for any level 

of overall power change 

• Flexible operation for a power change that goes below the 30% power level evaluated in 

Case 3 (100% to 30% power change) 

• Operation beyond 60 calendar years 

Note also, that given the current information available from this work, any power changes that 

fall between 30% and 70% must be treated in the same way as the 30% case. This is 

conservative for many of those cases in between, but further evaluation would be required to 

reduce that conservatism. 

B. BFB RE-INSPECTION INTERVAL REQUIREMENTS: 

US domestic PWR plants that are currently using flexible operation fall into two categories: 

1. Plants that have exceeded the BFB fatigue damage screening criteria of Enclosure 

Section 5.1 and Table 1 or Table 2 may have to inspect more frequently than specified in 
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MRP-227-A/Revision 1/ MRP 2017-0097• A plant-specific or bounding fatigue evaluation 

consistent with the requirements of the MRP-227-A/Revision 1/MRP 2017-009 guidance 

and NUREG-1801 must be performed to determine the revised re-inspection interval for 

the lead components for fatigue listed in Enclosure Table 3-1 or for the confirmed lead 

component for the plant design. This revised re-inspection interval shall not exceed 10 

years. 

2. Plants that have not exceeded the BFB fatigue damage screening criteria of Enclosure 

Section 5.1 and Table 1 or Table 2 can continue to implement the re-inspection 

requirements of the MRP-227-A/ Revision 1/MRP 2017-009 guidance with no changes as 

long as the fatigue damage is not predicted to exceed the screening criteria before the 

next scheduled inspection. 

,-
NOTE: If the fatigue damage of baffle-former-bolts (BFBs) is predicted to exceed the screening 

criteria before the next scheduled inspection, a plant-specific or bounding fatigue evaluation 

consistent with the requirements of the MRP-227-A/Revision 1/MRP 2017-009 guidance and 

NUREG-1801 must be performed to determine the revised re-inspection interval for the lead 

components for fatigue listed in the Enclosure Table 3-1 or for the confirmed lead component 

for the plant design. This revised re-inspection interval shall not exceed 10 years. 

C. EXPANSION COMPONENT INSPECTION REQUIREMENTS 

Plants that are not currently using flexible operation shall continue to implement the Expansion 

requirements of the MRP-227-A/Revision 1/MRP 2018-0028 guidance with no changes. This 

applies whether the fatigue damage screening criteria of Enclosure Section 5.1 and Table 1 or 

Table 2 have been exceeded or have not been exceeded, because the Expansion requirements 

were determined based on a base load assumption. 

Plants that are currently using flexible operation shall continue to apply the Expansion criteria 

of the MRP 227-A/Revision 1/MRP 2018-0028 guidance. However, once degradation exceeding 

the Expansion trigger criterion for the confirmed lead component for fatigue (for 

Westinghouse-designed plants the Expansion trigger for BFBs should be applied as 5% of the 

total population of BFBs examined containing unacceptable volumetric (UT) indications) is 

observed, a plant-specific or bounding evaluation consistent with the requirements of MRP-

227-A/ Revision 1 and NUREG-1801 must be performed for the other reactor vessel internals 

components potentially susceptible to fatigue. The applicable components are those 

components susceptible to fatigue listed in Table 3-3 of MRP-227-A/Revision 1 for 

Westinghouse internals (see Enclosure Table 3-1). 
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Table 1 
BFB Fatigue Operational Limits for Cases with Edge Bolts Installed 

Core loading Flexible Number of Allowable EFPY with Weekly EFPY with Daily 

Pattern Operation Case Power Change Cycles Cycling Cycling 

Out-in 100%to 80% 
Below Endurance Below Endurance Below Endurance 

Limit Limit Limit 

100%to 70% 4879 93.8 13.4 

100%to 30% 81 1.6 0.2 

Low Leakage 100%to 80% 
Below Endurance Below Endurance Below Endurance 

Limit Limit Limit 

100%to 70% 7246 139.3 19.8 

100%to 30% 105 2.0 0.3 

Table 2 

BFB Fatigue Operational Limits for Cases with No Edge Bolts Installed 

Core Loading Flexible Number of Allowable EFPY with Weekly EFPY with Daily 

Pattern Operation Case Power Change Cycles Cycling Cycling 

Out-in 100%to 80% 
Below Endurance Below Endurance Below Endurance 

Limit Limit Limit 

100%to 70% 4174 80.3 11.4 

100%to 30% 74 1.4 0.2 

Low leakage 100%to 80% 
Below Endurance Below Endurance Below Endurance 

limit Limit Limit 

100%to70% 6819 131.1 18.7 

100%to 30% 105 2.0 0.3 



8 of 9 MRP 2019-002 

D. OTHER CONSIDERATIONS 

It is. noted that other flexible operations power change cases are not covered here and require 

further plant-specific evaluation to fully address on a case-by-case basis, including: flexible 

operation that exceeds the 5% per minute thermal power change for any level of overall power 

change and flexible operation for a power change that reduces thermal power lower than the 

100% to 30% power change. In addition, given the current information available from this 

work, any power changes that fall between 30% and 70% shall be treated in the same way as 

the 30% case. This is conservative for many of those cases in between, but further evaluation 

would be required to reduce that conservatism. 

This guidance does not apply to B&W-designed units; B&W units considering flexible operations 

should consider contacting the NSSS OEM to identify next actions. This guidance applies to 

Westinghouse-designed plants (2-loop, 3-loop, and 4-loop). Per EPRI report 30020081194, 

Combustion Engineering-designed plants ~re substantially less susceptible to flexible operation 

than the Westinghouse-designed plants and would not be impacted by flexible operation as 

long as the unit operates within its design transient cycles. 

This information will be included in a future revision of MRP-230. If there are any questions or 

concerns related to this interim guidance, please contact either Heather Malikowski (610-765-

5864, heather.malikowski@exeloncorp.com), Kyle Amberge (704-595-2039, 

kamberge@epri.com) or the undersigned. 

Sincerely, 

QJMfj--
oavid Czufin, TVA 

PMMP-EC Chair 

Brian Burgos, Program Manager 

EPRI Materials Reliability Program 
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