, UNITED STATES L
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

August 21, 2003

- ORGANIZATION: Nuclear Energy lhstitute

SUBJECT: SUMMARY OF MEETING WITH THE NUCLEAR ENERGY INSTITUTE
(NEI) TO DISCUSS STAFF'S REQUEST FOR ADDITIONAL
INFORMATION (RAI) ON ENVIRONMENTAL ASSISTED FATIGUE

On July 24, 2003, the U.S. Nuclear Regulatory Commission (NRC) staff met with the Nuclear
Energy Institute (NEI), the Electric Power Research Institute (EPRI), and other industry
representatives to discuss the stafi’s Request for Additional Information (RAI) on EPRI
technical report that addresses environmental assisted fatigue for carbon and low alloy steels.
This RAl is in response to a meeting held on September 18, 2002, that discussed aging
management of environmental fatigue for carbon and low alloy steels. At the meeting, the
industry requested the staff to review the above environmental fatigue issues under interim staff
guidance (ISG). By letter dated January 17, 2003, the NEI submitted the industry
recommendation of fatigue environmental effects, as ISG-11, for staff review (See ADAMS
Accession No. MLO30300144). The staff has reviewed the industry recommendation on the
ISG-11, and subsequently issued the aforementioned RAI on June 30, 2003 (See ADAMS
Accession No. ML031810630).

Since the industry recommendation is based on an EPRI technical report, "Materials Reliability

Program: Re-Evaluation of Results in NUREG/CR-6674 for Carbon and Low-Alioy Steel

Components (MRP-74)," EPRI was preparing the staff’'s RAl response. EPRI provided a

presentation on the staff’'s RAI response during the meeting and their interpretation of what was
~ needed to respond to the RAI. The staff discussed and provided the following comments:

L In its RA, the staff questioned whether the standard deviation used by EPRI for the
fatigue endurance limit was consistent with the data presented in Figure 14 of
Attachment 1 to the ISG submitial. The industry representatives presented a -
reassessment of the data presented in Figure 14, in order to support the assumption of
the standard deviation used in the EPRI study. This reassessment involved adjusting
some of the data using a modified Goodman approach to account for mean stress
effects. This modification reduced the apparent data scatter. However, the staff review
of the adjustment (i.e., after meeting) found that the adjustment was not performed
properly for some data points. The test data was adjusted using the maximum values
assumed in constructing the ASME tfatigue design curves instead of the actual values of
mean stress reported for the test data. Had the mean stress adjustment been
performed properly, the resulting data scatter would have been greater.

L In its RAI, the staff noted that the assumption used for the EPRI standard deviation for
the high-cycle end of the fatigue curves came from a general handbook
recommendation as opposed to the standard deviation derived by Argonne National
Laboratory (ANL) from its assessment of nuclear power plant carbon steel materials. In
response to a staff question, the industry representatives indicated that a regression
analysis of the existing carbon steel test data had not been performed to justify the



standard deviation assumption used in the EPRI study. The staff pointed out that
regression analyses performed by EPRI in fatigue studies of socket welded components
did not support the standard deviation assumption used in the EPRI study. The staff
further indicated that additiona! fatigue data of actual components, such as butt welded
joints, may also exist.

® The industry representatives agreed that an adjustment should be made to account for
difference between smooth specimen test data and actual components, and that there
should be a mean stress adjustment. The mean stress adjustment should use the same
values of materia! yield and ultimate stress that were used in the ANL studies. The
industry representatives indicated that the threshold assumptions did not impact the
results, and that the revised study would be performed without any thresholds. The
industry representatives also agreed to provide the revised fatigue usage factors for any
components where the cycles or stresses were modified from those used in the original
PNNL (Pacific Northwest National Laboratory) study.

° In its RA, the staff noted that PNNL had modified the ANL fatigue crack initiation
correlation to account for potential multiple initiation sites. PNNL had calibrated this
modification using test data from 9-inch diameter vessel tests. The staff asked how the
adjustment was applied in the EPRI! study. The industry representatives indicated that
there was no change to the adjustment that was used in the PNNL study. The staff
asked whether the same adjustment was valid given the ANL correlation had been
modified in the EPRI study.

Enclosed please find the meeting agenda (Enclosure 1), the list of meeting attendees
(Enclosure 2), and the presentation made by industry representatives that was discussed
during the meeting (Enclosure 3). The industry representative stated that they plan to provide
their response within the next 30 days. A draft of this meeting summary was provided to the
NEI to give them an opportunity to comment prior to being issued. If you have any questions
concemning this proposed 1SG, please contact Peter J. Kang, at (301) 415-2779.

Petér J. m&em Engineer ,

License Renewal Section

License Renewal and Environmental Impacts Program
Division of Regulatory Improvement Programs

Office of Nuclear Reactor Regulation

Project No.: 690

Enclosures: As stated

cc w/enclosures: See next page
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standard deviation assumption used in the EPRI study. The staff pointed out that regression
analyses performed by EPRI in fatigue studies of socket welded components did not support
the standard deviation assumption used in the EPRI study. The staff further indicated that
additional fatigue data of actual components, such as butt welded joints, may also exist.

The industry representatives agreed that an adjustment should be made to account for
difference between smooth specimen test data and actual components, and that there
should be a mean stress adjustment. The mean stress adjustment should use the same
values of material yield and ultimate stress that were used in the ANL studies. The
industry representatives indicated that the threshold assumptions did not impact the
results, and that the revised study would be performed without any thresholds. The
industry representatives also agreed to provide the revised fatigue usage factors for any
components where the cycles or stresses were modified from those used in the original
PNNL (Pacific Northwest National Laboratory) study.

In its RAI, the staff noted that PNNL had modified the ANL fatigue crack initiation
correlation to account for potential multiple initiation sites. PNNL had calibrated this
modification using test data from 8-inch diameter vessel tests. The staff asked how the
adjustment was applied in the EPRI study. The industry representatives indicated that
there was no change to the adjustment that was used in the PNNL study. The staff
asked whether the same adjustment was valid given the ANL correlation had been
madified in the EPRI! study.

Enclosed please find the meeting agenda (Enclosure 1), the list of meeting attendees
(Enclosure 2), and the presentation made by Industry representatives that was discussed
during the meeting (Enclosure 3). The industry representative stated that they plan to provide
their response within the next 30 days. A draft of this meeting summary was provided to the
NEI to give them an opportunity to comment prior to being issued. If you have any questions
concerning this proposed ISG, please contact Peter J. Kang, at (301) 415-2779.

/RA/ ,

Peter J. Kang, Reactor Systems Engineer

License Renewal Section

License Renewal and Environmental Impacts Program
Division of Regulatory Improvement Programs

Office of Nuclear Reactor Regulation

Project No.: 690

Enclosures: As stated

cc w/enclosures: See next page
Distribution: See next page
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Meeting Agenda
License Renewal Meeting to
Discuss Staff’'s Request for Additional Information (RAI) on
EPRI Technical Report, "Material Reliability Program (MRP-74)” for
Fatigue Environmental Effects

Room O-14B6
July 24, 2003
(1:30 PM-3:30 PM)

1. Welcome/Introductions ' 10 minutes
2. Discussion of Enclosed RAI | - 90 minutes
3. Public comments 10 minutes
4. Summary 10 minutes

Enclosure 1



REQUEST FOR ADDITIONAL lNFORMATION
FOR PROPOSED INTERIM STAFF GUIDANCE (I1SG)
FOR FATIGUE ENVIRONMENTAL EFFECTS

The proposed ISG is based on re-evaluation of the carbon and low alloy steel
components originally evaluated by Pacific Northwest National Laboratory (PNNL) and
presented in NUREG/CR-6674, “Fatigue Analysis of Components for 60-Year Plant
Life.” This re-evaluation is presented in EPRI Report, "Materials Reliability Program:
Re-Evaluation of Results in NUREG/CR-6674 for Carbon and Low-Alloy Steel

- Components (MRP-74).” EPRI claims that more realistic assumptions were used in the
re-evaluation of these components and the use of these more realistic assumptions
results in probabilities of crack initiation and leakage that are significantly less than
indicated in NUREG/CR-6674. The most significant change made to the original study
was in the standard deviation assumed for the endurance limit strain in the PNNL study.
EPRI proposed to replace the standard deviation used in the PNNL study with a much
smaller standard deviation. EPRI cites a typical value of fatigue data scatter proposed
by Wirsching (Probabilistic Structural Mechanics Handbook, edited by C. Sundararajan,
Chapman & Hall, New York, NY 1995, Chapter 7) as the basis for the change. This
reference is general in nature and not directly applicable to carbon and low alloy steels
used in nuclear power plants. The standard deviation for the endurance limit strain used
in the PNNL study is based on a statistical evaluation of test data relevant to carbon and
low alloy steels described in NUREG/CR-6335, "Fatigue Strain-Life Behavior of Carbon
and Low-Alloy Steels, Austenitic Stainless Steels, and Alloy 600 in LWR Environments
and NUREG/CR-6717,” "Environmental Efiects on Fatigue Crack Initiation in Piping and
Pressure Vessel Steels.” Provide the following additional information regarding the
EPRI endurance limit strain and its standard deviation:

a. The revised probabilistic fatigue curves do not appear consistent with the data
for carbon and low alloy steels. For example, compare probabilistic curves
developed using the EPRI assumption for the standard deviation of the
endurance limit with the data presented in Figure 14 of Attachment 1 of the
submittal.

b. The study does not appear to adjust the endurance limit strain to account for the
differences between smooth specimen data and actual components. The ANL
correlation used by PNNL was developed to account for this difference. Provide
the basis for not adjusting the endurance limit to account for the difference
between the specimen data and actual components.

c. The EPRI report indicates that a strain threshold was used in the evaluation but
does show how the threshold was applied. The EPRI Report, page 3-11,
references NUREG/CR-6717 for the strain threshold values used for the
evaluation. As discussed in NUREG/CR-6717, the thresholds are strain levels at
which environmental effects are considered moderate. These thresholds were
proposed for use in the development of fatigue design curves. NUREG/CR-6717
also indicates that the threshold strain is approximately 20 percent higher than
the fatigue limit (endurance limit) of the steel. Therefore, the threshold strain
should be related to the endurance limit. Additionally, the proposed 0.07 percent
threshold strain for the carbon and low alloy steel design curves has not been
universally accepted at this time. For example, some fatigue researchers have



proposed using the endurance limit strain of 0.042 percent as the threshold
value. As a consequence, the use of a fixed threshold strain in the probabilistic
study is questionable. Expiarn how the strain threshold values were used in the
evaluations presented in Chapter 4 of the EPRI report. Provide the results of the
EPRI evaluations wnhout using strain threshold values.

d. The strain threshoids are dlscussed on page 26 of NUREG/CR-6717.
NUREG/CR-6717 indicates that after mean stress effects are taken into account,
a threshold strain amplitude of 0.07 percent provides a 90 percent confidence
level for both carbon and low elloy steels. As discussed previously, the threshold
strain is approximately 20 percent higher than the endurance limit of the steel.
Consequently, the 10 percent probabilistic fatigue curve should approach a strain
amplitude of approximately 0.06 percent at 10E6 cycles. The 10 percent
probability curve shown in Figure 3-11 of the EPRI report is not consistent with a
strain of 0.06 percent. Discuss this discrepancy between Figure 3-11 of the
EPRI report and the data assessment contained in NUREG/CR-6717.

The EPRI report, page 3-3, indicates that the ANL adjustment of In(4), used to account
for the differences between laboratory specimens and actual components, was included
in the study in accordance with the discussion in the PNNL study. Section 4.7 of the
PNNL study indicates that the In(4) value was adjusted to account for the potential for
multiple crack initiation sites. The PNNL study further indicates that the adjustment was
calibrated against the data from the 9 inch diameter vessel tests described in the ANL
report. Describe how this adjustment was applied in the EPRI study.

The EPRI report, page 3-11, provides a procedure to account for mean stress effects.
Show how this procedure was implemented in the evaluations presented in Chapter 4 of
the report. Discuss the consistency of the mean stress adjustment used in the Chapter
4 evaluations with the mean stress adjustment discussed in NUREG/CR-6717. .

Several of the component evaluations presented in Chapter 4 of the EPRI report use
stresses and cycle counts that are different than those used in the PNNL study. The
changes affect the calculated environmental fatigue usage factors for these
components. Provide the environmental fatigue usage factors based on the revised
component stress and cycle assumptions. Discuss the actions that would be required
by a license renewal applicant to address components with these usage factors.

The submittal references the evaluation of the component fatigue tests contained in
EPRI Report MRP-49. The evaluation of the component fatigue test data is similar to
the evaluation contained in EPRI Technical Report, "Guidelines for Addressing Fatigue
Environmental Effects in & License Renewal Application (MRP-47),” Draft Revision G
dated June 5, 2001. This report was submitted to the NRC by NEI letter dated July 31,
2001. The staff transmitted a request for additional information regarding the evaluation
of the component fatigue tests by letter dated June 26, 2002. The staff has not received
a response to its request for additional information. Indicate how the relevant June 26,
2002, staff comments have been addressed in the test data evaluation contained in
EPRI Report MRP-49.
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Discussion of Response to RAI
on I1SG-11

EPRI Materials Rellabllity Program
Fatigue Issue Task Group

July 24, 2003
Washington, DC

ERPR

Question 1

1. The proposed ISG Is based on re-evaluation of the carbon and low alloy steel
components originally svaluated by Pacific Northwest National Laboratory (PNNL) and
presented In NUREG/CR-6674, *Fatigue Analysis of Components for 60-Year Plant
Lia.” This re-evaluation Is presented In EPRI Report, “Materials Rellabllity Program:
Re-Evaluation of Resufts ln NUREG/CR-6674 for Carbon end Low-Alloy Stee!
Components (MRP-74)." EPRI clalms that more realistic assumptions were used in the
re-evaluation of these components and the use of these more realistic assumptions
results in probabllities of erack infiation and leakage that are significantly less than
Indicated in NUREG/CR-6674. The most significant change made to the original study
was In the standard deviation assumed for the endurance Emit straln In the PNNL
study. EPR! proposed to replace the standard deviation used In the PNNL study with a
much smaller standard devlation. EFRI clfes & typlcal value of fatigue data scatter
proposed by Wirsching (Probabliistic Structural Mechanics Handbook, edited by C.
Sundararajan, Chapman & Hall, New York, NY 1995, Chapter 7) as the basls for the
change. Thls reference Is general in nature and not directly appficable to carbon and
fow alfoy steels used In nuclear power plants. The standard deviation for the
endurance fimit straln used in the PNNL study Is based on a statistical evaluation of
test data relevant to carbon and low alloy steels described in NUREG/CR-6335,
*Fatigue Straln-Life Behavior of Carbon and Low-Alloy Steels, Austenitic Stainless
Steels, and Allcy 600 In LWR Environments and NUREG/CR-€717, "Environmental
Effects on Fatigue Crack inltiation In Piping and Pressure Vesse! Steels.” Provide the
foliowing additional Information regarding the EPRI endurance Rml% strain and its
standard deviation:

(&\ Lntetmdd - Cwpy Power N atiute, ins. A8 sghts reserved. ERP




Question 1A

* Question

-  The revised probabilistic fatigue curves do not appeaf cons!stem‘ with the data for
carbon and low alloy steels. For example, compare probabliistic curves
developed using the EPRI assumption for the standard deviation of the endurance

Hmit with the data presented In Figure 14 of Attachment 1 of the submittal.

*+ Response

= Mostof data are above the mean curve
«  Only a few points below the mean curve
-  Detalled review of data shows low points resulted from high R-ratlo tasting

~  Correction for mean stress effects shows that obsarved Jow points are within
scatter band for remainder of data

-  Therefors, the standard deviation chosen to represent the data Is conservative
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Original LAS Data (MRP-49) Plotted vs. MRP-74
Modified Equations
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Evaluatlon of Low-Strain Amplitude

LAS Air Data

+ Effective S, corrected using modified Goodman approach

* Used S, = 100 ksl end S, = 70 ksf (NUREGICR-6335)

B>.....

Suar = S.r'"'———s -—.S' s, (Sar <S,)

CyclicLife

DataSowrce | Sk Restio | EfectiveSa,

| (MPRA9) ksi
Endou %1 500,000 .14 463

Koo 23 000,000 .19 47

Ko 28, 500,000 05 480

Ko % 010,600 019 4.6

Kou % 700,000 005 546
Endou 32 500,000 0.34 6.4
Kou 394 242,000 015 3628
Endou 413 496,500 014 38
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ERPR

COrrected LAS S, Plotted vs. MRP-74 Modified
Equations

MRP-49 Alr Data (corrected)
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Evaluation of Other Data

MRP-49 Simulated BWR Data Shm Simllar Trend

‘w % 5 Sl o e B
1801 04 1308
Sl Ll by, o

* Review of additional plots (NUREG/CR-6335, -6583, -6717) show no Instances
of data where endurance limit data fall significantly below mean curves for
carbon or low-alloy steel data

j \mv Copyoighl @ 203 Elaciis Posmr Resaarch Ialits, a. M dghts resarved. E@@ﬂ

Question 1B — Adjustment for Difference Between
Specimens and Actual Components

* Questlon

« The study does not appear to adjust the endurance Hmi strain to account for the
differences between smooth specimen data and actual components. The ANL
correlation used by PNNL was developed to account for thls difference. Provide
the basls for not adjusting the endurance ¥mit to account for the difference
between the specimen data and actual components.

« Response

= Explanation for modified fatigue curves from NUREG/CR-6335
+ Sizelgeometry effect.....coreeneeas 4.4 00 Gycles / 1.25 on straln
« Surface finish........ccoeursreenee. 3.0 on eycles /1.3 on strain
« Factors on straln not Judged to be cumulative
+ Effects of surface finishfsize/gecmetry would be bounded by lower 8% quantile
curve In probabilistic model 7 ’ .
= The factor on straln was not originally included in MRP-74; the factor of 4 on cycles
was Included; no effect on low-cycle end of fatigue curve
- The approach for straln correction In NUREG/CR-6335 Is overly conservative at Jow
quantiles and Is non-conservative retative to data scatter In the positive direction

- Recent evatuation of the factor on straln demonstrates that overall conclusions do
not change

AR
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Question 1C - Thresholds

*» Question

= " The EPRI report Indicates that a straln threshold was used In the evaluation but does show
how the threshold was applied. The EPRI Report, page 3-11, references NUREG/CR-6717
for the straln threshold values used for the evaluation. As discussed in NUREG/CR-67117,
the thresholds sre straln levels st which environmenta! effects are considered moderate.
These thresholds were proposed for use In the development of fatigue design curves.
NUREG/CR-8717 also indicates that the threshold straln Is approximately 20% higher than
the fatigue limit (endurance AmfY) of the steel. Therefore, the threshold strain should be
related to the endurance mit. Additionally, the proposed 0.07% threshold straln for the
carbon and jow afloy stee! design eurves has not been universally accepted at thls time.
For example, some fatigue researchers have proposed using the endurance Imit strain of
0.042% as the threshold value. As a conseguence, the use of & fixed threshold strain In
the probabllistic study s questionable. Explaln how the strain threshold values were used
in the evaluations presented In Chapter 4 of the EPR} report. Provida the results of the
EPRI evaluations without using straln threshold values. .

* Response N
- Approach Is described In Section 3.2 of MIRP-74 (per NUREG/CR-8717)
* Used ramp between e = 0.07% and ¢ = 0.08% to gradually apply environmenta! effects
- Sensitivity studies showed that effect of epplying thresholds is not significant
+ Seo Figures 4-5 and 4-6 of MRP-T4

Major contributors to fatigue/crack growth are due to lcad-set pairs where thresholds do
&) not lpply (S, > threshold)
RIS Caprrighl @ 2003 Eiackric Puwer Research inatite, Suc. Al dghis reserved. EF_E-@

Questions 1D and 3 - Mean Stress Effect

* Question1D

~ The straln thresholds are discussed on page 26 of NUREG/CR-6717. NUREG/CR-
6717 indicates thaf, afier mean stress effects ere taken into account, a threshold
straln amplitude of 0.07% provides & 80% confldence feve! for both ¢arbon and low
alloy steels. As discussed previously, the threshold straln s approximately 20%
higher than the endurance Emit of the steel. Conseguently, the 10 percent
probabllistic fatigue eurve should spproach a straln emplitude of approximately
0.06% at 10E6 cycles. The 10 percent probabllity curve shown in Figure 3-11 of the
EPRI report Is not consistent with a straln of 0.06%. Discuss this discrepancy
between Figure 3-11 of the EPR! report and the data assessment contalned in
NUREG/CR-6717.

* Question3

= The EPRI report, page 3-11, provides & procedure to saccount for mean stress
effects. Show how this procedure was kmplemented In the evaluations presented In
Chapter 4 of the report. Discuss the consistency of the mean stress adjustment
used in the Chapter 4 evaluations with the mean stress adjustment discussed In -
NUREG/CR-6717.




Mean Stress Adjustment

* Response

= Approach used in MRP-74 provides a more r!gorous approach for mean stress
adjustment

¢ In NUREG/CR-6335 and =£717, 2 modmed Goodman approach was used to
adjust fatigue curves down; implemented in modlf‘ed curve fit equations

s-532%) prs.cs,

« MRP-74 stresses adjusted upward to enter baslc data curve fit equation

Sus

San = Say 5.-5.+5,
alt

for s,',,, <s,,

« Both arrive at essentlally the same results as shown on the following pages
for 8, = 100 ksland 8, = 70 ksl

&\m“ mow;h;hn—mm.uumnﬁm . @@@ﬂ

Mean Stress Effects

« Comparison of effective fatigue curves using NUREG/CR-6635 data fits and
modified fatigue curves for carbon steel

Msan Btrees Adjusied

008001 A

%*3 : éﬁn'@f ‘m =
L ;éfg?iu. @53 55@%5%.

* Environmental effects st 550°F, Solld lines are maan-stress correctad data turves snd dotted knes
ars NUREG/CR-£335 Eguation 18. Both use NUREG/CR-6335 andurance Emit data scatter

« Approach used In MRP-74 Is more conservative at low quantiles - correction
. made to medified fatigue curve not to mean .
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Mean Stress Effects

+ Comparison of effective fatigue curves using NUREGICR-Gsss data fits and
modified fatigue curves for low alloy steel

Betn Strese Ad)nted
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«  Enironmenta! effects st 50°F. Sofld lines are mean-siress comected data curves and dotted lnes
are NUREG/CR-$335 Equation 18. Both uss NUREG/CR-6335 and! Smit data

« Curves are comparable
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Mean Stress Effects

* NUREG/CR-6335 mean stress effects are based on bounding §,, and §,,
values consistent with ASME Code

Matertal . . S,

cs 40 ks! 80 ks!
LAS T0 ksl 400 ks!

* MRP-T4 mean stress effects are based on Jower values

Material s, , S..
cs B3 ksl 60 ksi
LAS 30.8 ksl -~ 70kst

* Recent evaluation of modified mean stress effects (same values as
NUREG/CR-6335) demonstrates that overall conclusions do not change

A ... S e




Mean Stress Effects

+ Minlmum Code yield and ultimate tenslle strengths for materials evaluated In

NUREG/CR-6260
UTS, ksi Y5, ks
T6°F_| 400F | S0OF | 6ooF
B0 3] 44, 43, 420
70 40 | 33 2. 314 _|
%0 80 4. 4. 20
70 3% . 28, 266 |
70 40 2. T 32, 314 |
0 35 30.0 28. 259
[ 33 0.0 26 250 ]

* Evaluation shows that reduction of §,, on the order of 16% Is justified at
850°F for A-608 CI2 rather than using bounding Code values

- similar for other materials
= could also be & random value
» This approach, if applied, would remove additional conservatism

&) -0 8 Capyight § 2003 Rinciic Pewer Rsssarch Ialiiute, Wa. AL rights seservad. @@@ﬂ

Further Consideration on PFM Fatigue Curves

* Fatigue curves should be based on fatigue data variability
— No corrections for mean stress or surface finish/size/etc.

~ Include a coefiicient of variation representative of data
scatter observed in testing o

*» Cycle variation controls for mid-range stress/strain region
* Stress variation controls for endurance limit region
» Make corrections to input stresses and data fatigue curves
to account for other factors
- Mean stress effects
— Surface/size/surface finish effects

i wo:ﬁ:mmmmnnmm E@@ﬂ




l Example - Typical fatigue curve

« From fatigue data curve equation, use Monte Carlo sample
to choose a specific quantile for each sample analysis —
typical quantiles shown below

S -
000,30 e o - . 0 1 6 £ 1
=} s .

) Wumber of Oyshs . 7
{ %\ il Copprht © 2003 Eiackic Power Rusasrch futhice, . Al dgtes resarved. ERPE

Example - Typical fatigue curve

. Folldwing represents fatigue dafa curve at a PFM quantile
equal to 0.5 (as example)

Curve Showing Deta at Sorre Probability Lavel

(%\m- Copyright @ 2003 Hleciric Power Rasearch inaitise, We. Al fighis resarved. ) EPE




Example — Typlcal fatigue curve

» Determine shift of curve (in cycle direction) due to surface
finish, size, roughness etc. — could be a PFM variable

- (like factor of In(4) in NUREG/CR-6335)

Curve Bhowing Dats al Seme Probabiiity Lovei » Shiltad by Fucier on Cyches

“
&\m- Coppright © 2003 inciiy Pewer Messesch inaliiule, inc. AL rights reasrved. ErPEt

Example — Typical fatigue cﬁrve

» Determine shift of curve (in stress direction) due to surface
finish, size, roughness, etc. — could be a PFM variable

- Allowable number of cycles determined by multiplying
stress amplitude by shift factor (e.g., 1.3)

Burve Showing Data ol Sams Probebility Lovel ¢ Shilted by Poster o Srass

Suaberad Sysies

Copright © 2001 Bieciric Pewer Resserch inatiuts, iae. AD ghts resarved. ] ErPEl
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Example - Typical fatigue curve

» Typically, factor on cycles controlling at low cycles and
factor on stress controlling on high cycles

Surve 9 Dats ot Some ,.-lomnrmueunum.

Example — Determine Number of Allowable Cycles

» Adjust stress for mean stresé effects (as breviously
addressed) and determine number of allowable cycles

-~ Two examples shown below

Suive Bhawing Doata st Some Probabliity Loval ¢ Shified by Paclors sn Sycies nad Bkesy

% B scotooms
L 2% R Stovi

A5ak
" 100 "t nos - " teoee X Hense taesson
Bembarot Sysies |

f@\mﬂ Copyright 82003 Elactic Power Ressarch aBiuts, Ine. AR ights reserved. Eﬁ@
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Question 2 — Adjustment of Cycles by Factor of 4

+ Question

=~ The EPRI! report, page 3-3, Indicates that the ANL adjustment of In(4), used to
account for the differences between laboratory speclmens and actual components,
was Inciuded In the study In accordance with the discussion In the PNNL study.
Section 4.7 of the PNNL study Indicates that the In(4) value was adjusted to account
for the potential for multiple erack Initiation sifes. The PNNL study fusther Indicates
that the adfustment was caflbrated agalinst the data from the 8-Inch diameter vesse!
tests described In the ANL report. Describe how this adjustment was applied In the
EPRI study.

* Response
- Adjustment was performed using exactly thé“tame approach as for the PNNL study

-

3
RN .
D PRS- 08723 Cepyright © 2003 [Lisciric Pewar Aesearch Wsilue, Inc. AR sights reserved. Eﬁ’@
Question 4 — Cycle Counts
+ Question

=~ Several of the component evaluations presented In Chapter 4 of the EPRI report
use stresses and cycle counts that are different than thosa used ki the PNNL study.
The changes affect the cajculated environmental fatigue usage factors for these
components. Provide the environmental fatigue usage factors based on the
revised component stress and cycle assumptions. Discuss the actions that would
be required by a Hcense renewal applicant to address components with these
usage factors.

¢ Response

- Reductions In cycles are consistent with typical plants evaluated In NUREG/CR-
€260 reflecting the way plants reafly operate )

-~ In MRP-74, for older vintage CE plant RPV outlet nozzles, case with expected cycles
was presented only to show extremely low leakage probabliity with typical cycles

- For BAW plant outlet nozzle, loadingfunioading reduced from 48,000 cycles (3 imes
per day) to 2,080 (once per week to conservatively bound plant operation)

= Inclusion of daily loading/unioading was conservatively Included In originat plant
analyses for many components - not representative of how plants really operate

« Copyright @ 2003 Elactric Power Resaarch inaliuta, inc. AR righis reserved. Eﬁ@
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Cycle Counts

* Following tables show NUREG/CR-6260 reactor vessel
outlet nozzle usage calculaticns

— Design basis

— Plant loading/unloading conservatlve!y reduced to once
per week

— Anticipated plant cycles

» Should be no requirement by license renewal applicant to
address components with reduced cycles considered

— Cycle reduction in NUREG/CR-6260 typical of plant
operation

~ US nuclear plants are base-loaded and do not cycle
daily or even weekly

Capyright @ 2003 Eleciric Pewnr Russarch instiute, Ine. AR dg'ts teserved. W

Cycle Counts

CUF results for newer-vintage CE plant reactor vessel ocutlet nozzle using
NUREG/CR-5998 Interim fatigue curve (from Table §-4 of NUREG/CR-6260)

Load Pair 8y N n ] nt u! ! ut
{adjusted) . .
Cooldownlplant load 81.51 1453 800 0343 800 Q.33 0 06.062
Leak test/plant unload 60.85 1834 00 0130 200 0430 200 0130
"Heatupfplant load 30.24 4283 &0 6117 800 0.117 $0 0.021
Plant leadfunioad 2084 82405 13300 €.235 1830 Q.032 1380 (0.032
Plant unload/upset 15.82 73839 - 430 0.007 430" 0.007 480 0.006
Plant unioad/OBE 14.32 265677 200 O0.004 200 O0.001 2000 0.00%

Plant unload/step load .71 720360 §20 0001 8208 €00t 8200 0.001

CUF 0835 CUF 0631 CUP® 0.253

Notes: 1. Plant loadlngImio-dtng nduc-d 1o 2080 {once per week for 40 years) - asterisked
- vatively

2. Anticipated eydas from Tabls 8-10f NUREG/CR-6260, plus Note 1 above

Copyight @ 2003 Biaciric Pewar Rosasrch athite, inc. AR Aghis resrved. ErE1
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Cycle Counts

CUF results for older-vintage CE plant reactor vessel outlet nozzle using
NUREG/CR-5999 Interim fatigue curve with effect of meodified cycles {from
Table £-30 of NUREG!CR-GZGO)

Load Palr N n u at u? nt u?
! (ad]u:tad) -

Loss of secondary 7448 68 8§ 0010 & 001 o o
pressure/hydrotest .
Hydrotest Atydrotest B 3846 4510 -8 0001 & 0001 2  0.0004
Heatuplloss of load 3241 8513 40 0005 40 0005 40  0.005
Heatupfioss of flow MIS 827 40 0004 40 0004 40 0004
Heatuplcootdown M3 8423 420 0045 420 0045 21 0.0023
Cosldown/plant loading 2570 11737 80 0007 8 0007 8 0007
Reactortrip/plantloading 2583 2138 400 G013 400 0018 92  £.0044
Plant loading/plant 2379 313956 14520 0482 1600 0.051 30 8.0095
wﬂ llf a8 vancier Sip

- CUF 06854 CUF' 0443 CUR  0.033

Notas: 1. Plant lcading/unioading reduced to 2020 {cnce per wesk for 40 ysars)
2. Anticipated cycles from Table 8-27 of NUREGICR-8280

(&N PRE-0306¥ 27 Capyright & 2003 Eleckic Pewer Resanich: Inuttide, ¥, AR fiphis sesarved. E@@“

Cycle Counts

CUF results for BAW reactor vessel outlet nozzle using NUREG/CR-8999
interim fatigue curve {from Table §-51 of NUREG/CR-6260)

Load Palr [ . N a u n' u' n? ut
{adjusted)
Heatup/cooldown b 12 4853 230 - 08049 240 0049 155 e.632
Step load/reactor tiip 2216 43885 480 0011 4830 0.011 214 0.005
Plant loading/unlosding 1724 438580 48000 03456 2080 ©.015 2080 0.018
All other 16.69 185130 9850 0.063 $850  0.063 8850 €.063

CUF 0453 CUF' 0938 CUFP 0115

Notes: 1. Plant loading/unloading mﬁsccd to 2080 {once per week for 40 years)
2. Anticipated cycles from Tabla 8-83 of NUREG/CR-8260, plus Nots § above
& PRS00 28

i

[
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Cycle Counts

CUF results for older-vintage Westinghouse reactor vessel outlet nozzle

using NUREG/CR-§999 Interim fatigue curve (from Table §-87 of NUREG/CR-

6260) - reductions for reactor vessel Inlet nozzle similar

N N v n' o' n? w

Load Palr Sy
{sdjusted}
Heatup/cooldown 1722 129150 350 . 0.003 350 ©.003 472  0.0012
Plant loading/unioading 18.85 92576 14100 0.452 2080 0.023 T 0.0074
OBE AJOBE B 2084 S7T109 400 0007 400 0007 O t
Combination 3278 8179 2760 0337 2760 0337 2760 03374

CUF- 0493 CUF' 037¢ CUFP 0357

Notes: 1. Plant loadingfunioading reduced to 2080 (oncs p& week for 40 years)
2 Use of actual plant cycles from Table §-83 of NUREG/CR-6260 (except eomblinatian)

Capyright @ 3003 Eleciiz Powser Resatich Mattute, ina. AR fights resarved. E@@ﬂ

Cycle Counts

CUF results for newer-vintage Westinghouse reactor vesse! outlet nozzle uslng
NUREG/CR-899% Interim fatigue eurve (from Table §-67 of NUREG/CR-6260)

bo.:g ﬁ!m N B ] [ »” w
TIE LAY L9 | E27 0 T

4540 2407 10 0.004 10 0.004

4434 2842 n 0.008 2 0.008

nM »n n . 0.005 2 0.005

U0 w2 ™ 0.010 70 0010

%31 12320 120 [T 3] kb 001

2830 14013 180 [T 150 0ot

mwes 17078 &8 8003 50 0.003

;.90 17374 % 8.002 30 0.002

ny $1918 o« 0.001 40 0.001

202 7803 1830 0.028 1830 [1-]

2020 47603 2000 8.030 2000 0030

20.13 esT12 €0 0.435 2080 0.030

1888 3459 [ 0.001 80 0.001

1M 103854 0 0.002 20 0.002

1835 106059 10 0.000 10 6.000

18.05 114581 0 0.001 80 0.001

7484 127614 160 0.001 180 0.001

1784 127814 28400 o207 . 2080 2016

1705 144038 2000 0.014 2000 o014

1638 165234 400 0.002 400 0.002

1 180237 13200 | 1.c ] 2080 0.012

1837 0-7138 13200 0084 2080 0.010

14.90 31047 1] 0.000 [ 0.000

488 234348 L] 8.000 80 8.000

“re 242285 L 8.000 0 0.000
D - N ¥ NS A AL * -y A

Notas: 1. Licansee’s foad pairs were seneared and very ditficult 0 read, 80 not provided in NUREG/CR-8280
& N 2. Migh eycie atively d to be reduced (o snce per wesk {2080 cycles)
PRaE.062 38 Copyright @ 3003 Elaciric Pewer Resserch aliute, Inc. A1 dghts meesved. EPR
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Question & — Evaluation of Component Fatigue
Tests

* Question

-~ The submittal references the evaluation of the component fatigue tests
contained in EPRI Report MRP-49. The evaluation of the component fatigue
test data Js similar to the evaluation contalned in EPRI Technical Report,
"Guidslines for Addressing Fatigue Environmental Effects in & License
Renewal Application (MRP-47),” Draft Revision G dated June 5, 2001. This
report was submitted to the NRC by NEI letter dated July 31, 2001. The staff
transmitted & request for additional Information regarding the evaluation of the
component fatigue tests by letfer dated June 26, 2002. The staff has not
recsived & response o its request for additional information. Indicate how the
relevant June 26, 2002, staff comments have been addressed in the test data
evaluation contained in EPRI Report MRP-49,

s MRP-47 RA! on Evaluation of Component Fatigue Tests

- The evaluation of component tests did not include the data from the
Southwest Research Institute tests on vessels that Is shown on page 4 of
NUREG/CR-6583. This lest data does not appear to support conclusion
regarding the maximum effect of size and surface finish on fatigue Kfe.

Explain why this data was omitied from the evaluation. Provide &n
assessment of the Southwest Research Institute using the same method used
o assess the KWU tube tests end the General Electric pipe tests.

%‘

PRS-83.063 30 Gepyiigh Elackrio Pos e, M sights reserved. E@@ﬂ

Response to Question 5

» Appendix C of MRP-47 evaluated preliminary component-
scale fatigue data with at least one surface in contact with
oxygenated water at temperature”

* MRP-49 included component-scale fatigue data with at least
one surface in contact with oxygenated water at room
temperature — the same PVRC/SWRI carbon and low-alloy
steel pressure vessel fatigue data shown on page 4 of
NUREG/CR-6583

» The evaluation process for these pressure vessel fatigue
test data was Identical to the process used to evaluate the
KWU 180-degree bend fatigue tests and the General
Electric pipe tests. The results for all three sets of
component fatigue tests are completely consistent

f%}mn Copyright @ 203 Blaciric Pewsr Rssesech Ineflite, . AR fights saserved. Eﬁ@]
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Strews Amphiuds, 1000 pei

Results From the PVRGC Fatigue Testing of Full Size

Carbon Steel Pressure Vessels
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Results From the PVRC Fatigue Testing of Full Size
Low-Alloy Steel Pressure Vessels
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KWU Component Scale Test Results for Carbon
Steel

055
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Results From GE Fatigue Testing of Butt-Welded
Pipe Under Simulated BWR Conditions

v Tests performed on sample with 11 welds in senes
~ ‘Only first failure reported; remaining welds exhibited higher fatigue life

— Tests performed under typical BWR environmental conditions fafled at or
o Bbove ASME design curve
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| ]Response to Question § (continued)

* Results from the PVRC tests were reported in MRP-49
(Figures 2-35 and 2-36). While some of the crack initiation
results approach the ASME Code fatigue design curve,
none of the cycles to crack initiation were less than the
design curve. Since the intent of the ASME Code fatigue
design curves is to predict the mean line for crack initiation
in actual vessels, these tests demonstrate that the margins
used by the ASME in developing the design curves are
conservative, even with exposure of vessel inner surfaces
to oxygenated water.

* Figure 2 from NUREG/CR-6583 shows essentially the same
data, but does not show the comparison between the ASME
design curve and air curve, so that the reader may have
difficulty determining whether the data points are located

7. appropriately or not. '

. \m’ Capyright @ 2003 Rlaciric Pewar Resserch iatiule, ine. Al ghts reserved. g@@"

Response to Question & (continued)

* NUREG/CR-6583 states on page 4 that “These resulis
demonstrate that the current Code design curves do not .
necessarily guarantee any margin of safety.” However, the
intent of the ASME Code fatigue design curve is to predict
the mean line for crack initiation in actual vessels, and these
data support that premise. :

* The data points are consistent, based on a combination of
surface roughness, component size effect, and
environmental effects. None of the data compromise the
ASME Code design curve in spite of the effects of surface
roughness, component size effect, and water environment
effects, provided that flow rate and very high levels of
dissolved oxygen are taken into consideration. ‘

» Even considering data not representative of normal plant
operation, MRP-74 demonstrates that the risk of component
leakage is acceptably low.

\m‘ w.msmmmﬁmnnwm ) @E@ﬂ
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Conclusions

+ Extensive review of available laboratory and component/structural
data generated under simulated reactor water environment
conditions suggests behavior consistent with margms in ASME
Code design curve for C/LAS -

» Results from MRP-74 demonstrate that explicit consideration of
EF in fatigue aging management programs Is not necessary
during license renewal period

~ Analysis included potential éffects of environmental fatigue
- Insignificant contributor to core damage frequencies
- Insignificant increase in predicted leakage probabilities

+ All C/LAS fatigue locations can continue to rely on existing plant
programs fo track component fatigue usage through the license
renewal period and remain in compliance with all NRC regulatory
requirements

Copysight § 2003 Elactric Pewss Resanrch imftute, Inc. All fights resarnved. E%

Schedule

» To be discussed
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