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Comments on "Draft Guidance for Industry and Staff: Effect of LWR Coolant Environments on the
Fatigue Life of Reactor Materials" Draft NUREG/CR-6909, 79 Fed. Reg. 21,811, Docket ID NRC-20140023.
AREVA Inc., (herein denoted as AREVA) appreciates the opportunity to provide comments on the
draft NUREG/CR-6909, Revision 1, "Effect of LWR Coolant Environments on the Fatigue Life of
Reactor Materials" published in the FederalRegister on April 17, 2014. AREVA commends the
Commission for seeking comments on the draft NUREG and encourages the U.S. Nuclear Regulatory
Commission (NRC) staff to take serious consideration of the following comments.
The NRC stated they are "particularly interested in stakeholder feedback on the following three
areas:
i.
ii.
iii.

The extension of the best-fit mean air curve for ferritic steels discussed in Section 3.1.10.
The air fatigue design curve adjustment factors summarized in Section 5.5.
Accuracy check of the technical content of the NUREG, particularly with respect to all of the
numerical content of the report."

AREVA performed a technical review of the report and have provided a thoughtful and expansive list
of comments, questions, and requests for clarification on the draft guide. Many of the statements
address the particular areas of interest the NRC cited above in the Federal Register notice.
The comments address the following topics:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Definition of the design crack initiation
Test data base
Austenitic stainless steel (SS) best fit mean air curve
Heat-to-heat variability
Size effect
Surface finish effect
Factor on sequence effect
Temperature effect
Dynamic strain aging (DSA) effect
Mean stress correction
Air fatigue design curve adjustment factor on strain
Temperature effect in water
Water reduction factor
Validation of Fen expressions
Hold time effects
Analyses of the AREVA test for validation of Fen expressions
Miscellaneous points
Editorial

AREVA is committed to operational excellence through safety, quality, performance, and delivery.
We appreciate the staff's attention and consideration in reviewing the proceeding technical
comments. If you have any questions related to these statements, please contact Mr. Devin A.
Kelley, Product Licensing Engineer for Regulatory Affairs. He may be reached by telephone at
(434)832-4733, or by email at Devin.Kelley@areva.com
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AREVA Comments on NUREG/CR-6909 Rev. 1
Comments on the definition of the design crack initiation
1. It is stated in several places and for example on pages 2 and 20 that the "fatigue life is
described in this report as the number of cycles of a specified strain amplitude that a specimen
can sustain before the formation of a 3-mm-deep crack (i.e., an "engineering crack") and that
this "equates to a 25% load drop in test specimens, and is assumed to equate to crack initiation
in an actual component". Please provide the depth of the crack corresponding to the crack
initiation in an actual component. Is it 3mm too?
2.

The 25% load drop criterion may be questionable for the specimen sizes used in the studies
that used the "5.1 - 9.5mm (0.2 - 0.375 in.) diameter cylindrical specimens" on page 39.
Indeed this criterion is closely linked to the macroscopic crack growth in the specimen. It is
very likely that using 5.1mrm diameter cylindrical specimens cannot correspond to a 3-mmdeep crack with the 25% load drop criterion but to a significantly lower deep one. The same
comment may be reported for using 4mm diameter cylindrical specimens (page 158). This
generates prejudicial data scatter, and the objective to share a common fatigue damage target
is not reached. Please provide an explanation for this assessment.

3.

In the same way, the failure criterion for 1 or 3 mm wall thickness tubular specimens (pages 39,
128, and 170) and 3.38 mm wall thickness tube U-bend specimens (page 166) may be
questionable. Macroscopic crack growth kinetics in these specimens is significantly different
from those in 9 mm diameter cylindrical specimens, mainly because of plasticity effects in the
remaining un-cracked section. Again this necessarily generates prejudicial data scatter and the
objective to share a common fatigue damage target is not reached. Please provide an
explanation for this assessment.

4.

Equation 18, on page 39, provides the relation between cycles N25 and cycles Nx, where X is the
failure criterion (e.g., 10, 50 or 100% decrease in peak tensile stress). Since this formula is
supposed to model the growth of a macroscopic crack, it is very surprising that such a unique
relationship can be found with no dependence on materials, strain amplitudes, and specimen
sizes. Please provide a justification for the use of this formula.

Comments on test data base
1. The use of bending fatigue tests (page 15) increases the scatter and does not allow for a
uniform fatigue damage target to be achieved. Macroscopic crack growth kinetics in these
specimens may be significantly different from the one in 9 mm diameter cylindrical specimens.
Please state in the report the type of the bending fatigue test (3 or 4-point bending, rotating
bending), the load ratio, and the definition of the fatigue criterion. Figures such as Figure 38
on page 58 could specify the points obtained through bending tests. Using this kind of tests
necessarily generates prejudicial data scatter.
2.

Few test results in the high cycle regime are under load control. This data should only be used,
plotted, and compared to strain-controlled data that has been properly adjusted under
consideration for cyclic deformation behavior, which has not been conducted.

3.

Using load control tests (page 15) raises the same question about the objective to share a
common fatigue damage target. The interpretation of these tests is made significantly difficult
by hardening issues. Figure 38 on page 58 should specify the points obtained through load
control tests. Again this essentially generates prejudicial data scatter. Please provide a
justification.
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4.

Chapter 4.2.1: Should cantilever beam specimens tested in deflection control really be included
in the database (Ref. 14 and 15, Hale et al.)?

5.

A lot of papers compile the database, which do not contain listed fatigue data values, (e.g., Ref.
59) and instead only pictures of the results (fatigue e-N data plots). Was the fatigue data
obtained from the institutes, or were the fatigue lives read out of the diagrams?

6.

On page 110, it is mentioned: "The least-squares fit of the experimental data in LWR
environments yielded a steeper slope for the E-N curve than the slope of the curve obtained in
air (Ref. 45 and 121)." Is the literature reference 121 correct?

Comment on austenitic SS best fit mean air curve
1.

Figures 38 and 44 (pages 58 and 64 respectively) show that the fit of the austenitic Stainless
Steel (SS) data points is not optimal. Data points are not homogeneously distributed in the
scatter band according to the number of cycles. It seems that the prediction in Low Cycle
Fatigue (LCF) is a little bit un-conservative and that the one in the High Cycle Fatigue (HCF) is
too conservative. This choice impacts significantly the fatigue limit of the final design curve.

2.

Chapter 3.2.1 lists the experimental data (770 tests in total). The data base concentrates on
some types of SS (primarily 304 and 316). The applicability to other grades of SS remains open.
This also substantiates the derivation of separate design fatigue curves for grade 347 SS in the
German KTA 3201.2 Safety Standard according to the reference [1]:

[1] Schuler, X.; Herter, K.-H.; Rudolph, J.: Derivation of designfatigue curves for austeniticstainless
steel grades 1.4541 and 1.4550 within the German NuclearSafety Standard KTA 3201.2.
Proceedingsof PVP2013, PaperNo. PVP2013-97138,2013 ASME Pressure Vessels & Piping
Division Conference, July 14-18, 2013, Paris, France
3.

The in-air stainless steel mean fatigue curve is a fatigue curve based on the worst between
different types of stainless steel. This penalizes a lot the stainless steels that have a more
favorable fatigue resistance. In addition to existing technical papers on that sub-topic, this
discrepancy (design stainless steel fatigue curve being much too low) can be seen very clearly
in the Tables A.1 and A.2 of Page A-5: stainless steel at 1E+04, 1E+05, 1E+06 and 1E+07 cycles:
368, 196, 126 and 99 MPa versus for Carbon Steel at 1E+04, 2E+05, 1E+06 and 1E+07 cycles:
373, 201, 142 and 115 MPa, respectively. This would mean that - for the same stress or strain
range - stainless steel sees fatigue damage before carbon steel, which is the opposite of what
should be expected. Therefore, the in-air stainless steel Design Fatigue Curve needs to be
moved upward (less severe) in the future.

4.

The data scatter obtained in this report for 55 may also be questionable because of the choices
such as no potential temperature effects and inappropriate interpretation of the load control
tests. Again, this choice could result in a too conservative fatigue limit in the final design curve.

5.

Concerning the influence of temperature on the in-air fatigue data it is stated that
"Temperature had no significant effect on the fatigue lives of austenitic SSs in air at
temperatures from room temperature up to 450°C." The comprehensive database used to
derive new design fatigue curves for the German KTA 3201.2 Safety Standard (see [1]) clearly
required a temperature differentiation for grade 347 SS in the high cycle regime. The
presented data in Rev. 1 of NUREG/CR-6909 is relatively sparse specifically in the high cycle
regime, where the expected temperature differentiation is most significant (see Figure 41).
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Comment on the heat-to-heat variability
1. Please provide how the analyses on heat-to-heat variability (pages 48 and 65) have been
treated. More precisely, how are the categories of data points arranged together e.g., same
temperature conditions, same specimen geometries, same laboratories?
2.

What do the data points named "Several Heats" in Figures 32 and 45 of pages 48 and 65,
respectively correspond to?

Comments on the size effect
1. It is stated on page 150 that "specimen sizes are not likely to influence crack initiation in
specimens with rough surfaces" and "Consequently, for rough surfaces, the effects of specimen
sizes are not appropriate for consideration in the factor of 12 applied to the fatigue design
curves developed in this report". But finally it is added that "a factor ranging from 1.0 to 1.4 on
fatigue lives was used to incorporate size effects on fatigue lives in the low-cycle regime."
Please provide if 2 parameter ranges (one for size effect and one for surface finish effect) have
been well taken into account in Monte-Carlo statistical evaluation. Considering the first
statements and the fact that the actual components have an industrial surface finish and not a
laboratory smooth one, why only one for surface finish effect is not enough?
2.

In this report the size effect is only presented as a statistical probability to present "an
increased number of sites for crack initiations" (page 150). But it is well known that the fatigue
failure of the specimen is not necessarily driven by the first initiated crack. Microstructural
fatigue crack growth mechanisms are more complex. The theory of the weakest link cannot be
applied for fatigue failure prediction. So the size effect, as presented in this report without any
consideration of beneficial or detrimental effects on fatigue crack growth, may be questionable
for design purpose. Please comment.

3.

Factor of 12.0 from Table 14: The size and the surface finish effects are considered in the
calculation of the stress ranges, for example through the piping design stress indices.
Therefore, considering those size and surface finish effects again for the calculation of the
factor of 12.0 on the number of cycles means that the same effects are considered twice (and
therefore much too penalizing) for the calculation of the allowable number of cycles when
applying that factor of 12.0 of Table 14 to the number of cycles from the specimen mean
fatigue curve.

4.

Has a detailed examination for dependency been conducted for the sub-factors considered in
the factor on cycles of 12 or 10? For example, the surface finish and size are correlated and in
several cases they coincide. Have the variables been correlated in the Monte Carlo
simulations?

5.

For variables such as size a normal distribution could have been used. Instead, a lognormal
distribution was selected. Please specify the degree of introduced conservatism and the
reason behind it.

Comments on the surface finish effect
1. Some conclusions on surface finish effect are based on inadequate literature for design
purpose, regarding the in-service conditions. Ref. 217 and 218 (page 51) is inappropriate in
terms of temperature conditions (high temperature of 593°C), specimen surface finish (low Ra
close to 1) and fatigue damage definition (0.1-mm-deep crack). Finally Equation 26 (page 51,
Ref. 217) is obtained with only a few data points. Please provide an explanation for this
method.
3
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2.

Figure 48 (page 68) for austenitic SS in air, and Figure 108 (page 136) for austenitic SS in PWR
or BWR water exhibit very few data points to discuss about surface finish effect. A larger
literature review could have been performed. For that purpose, Ref 155-157 could notably be
used as well (page 135).

3.

Please add to the abbreviations list the meaning of surface finish parameters: Ra = Average
surface roughness, Rq = Root-mean-square value of surface roughness and Rt = Maximum
height of the surface roughness profile.

4.

Please provide the choices made in paragraph 5.5 (page 152) for air fatigue design curve
adjustment factors. Table 14 presents a parameter range for surface finish but in the text, it is
stated that a "factor of 2.0 was used for austenitic SSs in both air and water environments for
surface finish effects". How have Monte Carlo simulations been performed for austenitic SS?
More precisely, is a parameter range or a unique value considered for the surface finish effect?

5.

Please clarify the link between the surface finish effect covered by the present report and the
potential other specifications of the ASME Code. In other words, is the surface finish effect
presently covered consistent with the ASME Code specifications in terms of Ra? Please explain
this point which is not currently addressed in NUREG/CR-6909 Rev. 1.

6.

Please clarify the following statement on Ref. 155-157 (page 135): "Note that the strain
accumulated under specific strain rates decreased with decreasing strain rates". Does it mean
that given total strain amplitude, the cumulated plastic strain decreases because of DSA?

7.

On page 135, sub-section 4.2.14 is not definitive concerning the effects of the surface finish in
LWR environments. The second sentence of that sub-section states that the contribution from
the surface finish effect is assumed to be 1.5 or lower, although Table 14 of page 153 states
that it is 2.3 (geometric average between 1.5 and 3.5). Also, sub-section 4.2.14 mentions the
effect of the surface finish in air and in LWR environments, but does not discuss the fact that
both of those effects (surface finish and LWR environment) should not be multiplied.

Factor on sequence effect
1. In Table 14 of page 153, the sequence effect of 1.41 (geometric average of 1.0 and 2.0) should
not be considered due to the choice of the most severe combination of the Peaks and Valleys
within the ASME-Code Fatigue Methodology and due to the fact that - in a nuclear power plant
- the cycles are well distributed within the 40-year or 60-year plant life. Therefore, the factor
of 12.0 should be approximately 8.5 (12.0 / 1.41, where 1.41 is the sequence effect factor; see
above). Also, the simple multiplication of the factor of 12.0 on the number of cycles by the Fen
factor is not at all reasonable and much too severe. This combination should be a square-root
of the sum of the squares combination, and not a simple multiplication. This is one of the most
important points. As an additional reference, PVP Paper PVP2010-26027 (by Jean Alain Le Duff
and others) has clearly shown that - for example - the surface finish effects and the Fen factor
should not simply be multiplied by each other. A less severe combination of those effects
needs to be established for the future Fatigue Design Rules of the Class 1 Components.
2.

On page 154, from the explanation in the paragraph above Table 15 and from Table 15 itself,
the current factor of 12.0 on the number of cycles needs to be reduced to 9.6 for stainless
steel, and then to 9.6 / 1.41 = 6.8 to consider the fact that the load sequence effect is not
required when applying the ASME-Code Fatigue methodology for nuclear power plant Class 1
components.
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Comments on the temperature effect
1. Figure 38 (page 58) shows a potential temperature effect. Could inappropriate data points
such as results from bending tests, load control tests, or very high temperature conditions be
the cause of this situation? Moreover, it is finally stated (page 61) that "Temperature had no
significant effect on the fatigue lives of austenitic SSs in air at temperatures from room
temperature up to 450°C". Please explain this assumption, which in fact contributes to
potentially a large number of data scatter.
2.

Please clarify the conclusions on secondary hardening. It is stated (page 61) that "For a heat of
Type 304L SS, the fatigue limit was higher at 300°C than at 150C because of significant
secondary hardening at 300*C" and that "Variations in fatigue lives due to the effects of
secondary hardening behavior were accounted for in the factor applied on stress that was
applied to obtain the design air curve from the mean data air curve." How practical has this
beneficial effect been taken into account in the decision to consider a factor of 2 on stress for
austenitic SS fatigue design curve?

Comments on the Dynamic Strain Aging (DSA) effect
1. The Dynamic Strain Aging (DSA) phenomenon is first treated on page 16 and most specifically
on page 34 for the austenitic SS and in several other pages of the report. Please note that the
DSA phenomenon is temperature and time dependent but appears to be independent of the
environment as shown in the following references [2] and [3].
[2] L. De Baglion, J. Mendez, Low cycle fatigue behavior of a type 304L austeniticstainlesssteel in
air or in vacuum, at 20 degrees C or at 300 degrees C: relative effect of strain rate and
environment, in: P. Lukas (Ed.) Fatigue2010, 2010, pp.2171-2179.
[3] L. De Baglion et aL.; PVP 2012-78767, "Influence of PWR Primary Water on LCF Behavior of Type
304L Austenitic Stainless Steel at 300'C - Comparison with Results Obtainedin Vacuum or in
Air"; July 15-19, 2012, Toronto, Ontario,Canada.
2.

The pieces of information reported on page 61 for the DSA effect are questionable because this
phenomenon is also strain rate dependent and is mainly observed for austenitic SS's between
300 and 400°C at low strain rates (see references [2] and [3]). Please provide a justification or
explanation for this information.

3.

It is not clear, if the potential detrimental effect of DSA on the fatigue lives of austenitic SS's,
mentioned on page 113 for instance, is also considered for fatigue life predictions in this
report. Please clarify.

Comment on the mean stress correction
1

Please clarify the mean stress correction discussed on pages 5 and 59. Parameters ou and oy
remain ambiguous in literature. Is cy a cyclic yield stress or a monotonic yield stress? Is it a
total or half amplitude? In particular the value of 303 MPa for austenitic SS is unclear in the
following references [4] and [5]. Please clarify.

[4] Manjoine, M., Tome, R.E., 1983, "ProposedDesign Criteriafor High Cycle Fatigueof Austenitic
Stainless Steel," InternationalConference on Advances in Life Prediction Methods, D.A.
Woodford and J.R. Whithehead, eds, ASME, pp.51 -57.
[5] Jaske, C.E., Mindlin, H., and Perrin,J.S., "Cyclic Stress-Strain Behavior of Two Alloys at High
Temperature," Cyclic Stress-StrainBehaviorAnalysis, Experimentation, and FailurePrediction,
ASTM STP 519, American Societyfor Testing and materials,1973, pp.13-27.
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Comments on air fatigue design curve adjustment factor on strain
1.

Please clarify the references or figures of the present report that support the decision to
consider a factor 2 on strain for air fatigue design curve adjustment factor (page 152).

2.

Assuming that "the adjustment on strain is controlled by the variable that has the largest effect
on fatigue life" (page 152), please clarify which is the most detrimental effect among material
variability and data scatter, component size, surface finish and load history.

3.

Please clarify the following statement (page 152): "Because these variables affect life through
their influence on the growth of short cracks (less than 100pm), the adjustment on strain to
account for such variations is typically not cumulative." It is unclear why cumulating
detrimental effects would not enhance fatigue growth of short cracks.

4.

In High-Cycle Fatigue (> 10^6 cycles), the Curves A, B and C from before the 2009 Edition of the
ASME-Code make sense, are logical and should remain. The current factor of 2.0 on the HighCycle Fatigue portion of the specimen mean fatigue curve is much too high and needs to be
reduced to a value between 1.33 and 1.4, as suggested by others.

Comment on temperature effect in water
1.

In Figure 88 (page 118) it is unclear why the threshold temperature has been reduced from
150°C to 100°C. Indeed, data points were the same in the Rev.0 of the NUREG/CR-6909 and
the choice of a 150'C threshold was appropriate. Please comment.

2.

Moreover, it is reported that "the results from the EdF sponsored study at GE on Type 304L SSs
tested in PWR water at 150'C showed significant environmental effects in the high-cycle
regime" (page 128). This statement is questionable considering Figure 18 of Ref.60 where few
differences are shown between fatigue lives experimentally obtained at 150*C in Air and in
PWR water. Please comment.

Comment on water reduction factor
1.

It is noted that at a given strain rate and temperature, the water reduction factor increases
with decreasing strain amplitude. Why was this effect not considered in the report's model?

Comments on validation of Fen expressions
1.

A validation of Fen expressions is presented in paragraph 6 (page 157). The choice made by
the authors is to study only the environmental effects by considering a best fit assessment of
the other effects (material variability, surface finish, etc.); in the various test campaigns the air
fatigue design curve is never used. Please explain why no global assessment of the fatigue
design process (air design curve + Fen expressions) has been performed. The latter is the most
important for design purpose and the level of conservatism should be clarified.

2.

For the VTT tests please specify surface roughness values of the specimens (page 158) and
please correct Figure 122 (page 159), which is not visible.

3.

For the tests on U-bend specimens (page 166), please specify the level of theoretical Fen
values.

4.

No Fen value higher than 6 has been tested in the various test campaigns; please provide a
comment.
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5.

On page 158, the five lines just above the title for sub-section 6.1 states the NRC was not able
to complete the stepped pipe fatigue finite element analyses to calculate the thermal strains
and, therefore, was not able to include the stepped pipe fatigue test results in this Report. The
official PVP technical paper of the Bechtel-Bettis stepped pipe fatigue tests (PVP technical
Paper PVP2004-2748, by Dr. David Jones and others) gives the strain range of 1.63 %, based on
the actual stress-strain curve of the stepped pipe material. Thus, based on that strain range,
the ASME-Code in-air number of cycles is 161, when compared with the minimum number of
cycles of 365, leading to a severity for the ASME-Code in-air Design Fatigue methodology of
365 / 161 = 2.27. This means that the in-air ASME-Code Fatigue Design Methodology is already
leading to a number of allowable cycles that is 2.27 times too small, and this is before reducing
the number of cycles of 161 by the Fen factor. These results, including the strain range of 1.63
% above, have been confirmed by others in their finite element analyses of these tests. The
crack depth considered in these fatigue tests for the recordings of those numbers of cycles
(minimum 365) is 0.25 mm crack depth, which is 12 times less than the 3.0 mm crack depth
postulated in NUREG/CR-6909 and much smaller than the through-wall crack depth of the
ASME Code Fatigue Design methodology (see 11-1520(b) of the Appendix II of Section III,
Division 1 of the ASME-Code). The code clearly states: "Failure is herein defined as a
propagation of a crack through the entire thickness, such as would produce a measurable leak
in a pressure retaining member." In addition, 11-2340(b) of the same Appendix states:" ...
subjected to fully reversed cyclic displacements until a visible through-wall leak develops in the
component or its weld to the pipe." Furthermore, pipe fatigue tests at the origin of the stress
indices were performed up to through-wall leakage to calculate the number of allowable
cycles. The conclusion from the stepped pipe fatigue tests is that the Section III Division 1
Design Fatigue methodology, before applying any penalizing Fen factor, is already very severe
for these usual nuclear power plant events; such as the sudden in-surges and out-surges of
alternating high temperature and low temperature flows. This needs to be made very clear
inside NUREG/CR-6909, Rev. 1, and this is the main point for not applying any penalizing Fen
factor for those typical nuclear power plant transients.

6.

In sub-section 6.3 (EPRI U-bend fatigue tests), Figure 131 of page 170 is not clear as it shows
environmental data points on both sides of the main diagonal line. It is not clear whether this
confusion is due to the approximate estimate of the ratio between the inside surface strain and
the axial control strain (75% is unclear; see middle of page 167) or due to the factor of 2.3 from
the top of page 168 (2.3 is unclear). The very simple conclusion of these EPRI U-bend fatigue
tests is that the Fen factors based on these component tests are lower than 1.0 for the strain
rate of 0.01 % / sec. and only 1.92 for the very low strain rate of 0.5E-03 % / sec. As a result,
these EPRI U-bend fatigue tests have clearly shown that the Fen factors from NUREG/CR-6909,
Rev. 1, are between four times and eight times too severe.

7.

The sub-sections 6.1, 6.2 and 6.4 only pertain to specimen fatigue tests. It should be noted
that component fatigue tests have shown the Design Fatigue Methodology - especially when
applying the Fen factors to the revised Design Fatigue Curves from 2009 and beyond - is overly
conservative.

8.

As the stresses leading to the maximum cumulative usage factors of the nuclear power plant
components are in most cases peakish (or very peakish), using the fatigue results from
specimen fatigue tests does not represent what actually happens, as far as fatigue of the
component is concerned. As in the example of the stepped pipe fatigue tests, the peakish
stress ranges do not grow the crack through the thickness and the specimen fatigue tests
cannot simulate those conditions appropriately.
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Hold time effects
1.

Consideration of hold times is generally discussed in chapter 4.1.8. In this chapter, published
work was used for assessment. In these papers, hold times up to 1800 s were applied. With
regards to plant operating conditions, such hold times are much shorter than realistic hold
times which might appear under real plant conditions. Such realistic hold times are rather in
the range of several days, weeks or even months, when the plant operates under base load
conditions. Public (but still not published) work by AREVA GmbH indicates that significant
recovery effects occur due to hold times in the range of days at steady-state operating
temperature. This is complemented by published work from VTT, reference [6].Fatigue tests in
air show that specimen-lives in SN-tests may increase up to a factor of 2 by intermediate hold
times. More experimental work is recommended related to hold time effects.

[6] J. So/in, VT, Espoo, Finland;S. H. Reese, ErtugrulKarabaki, E. ON Kernkraft GmbH, Hannover,
Germany; W. Moyinger, Fennovoima Oy, Helsinki, Finland:
FATIGUE PERFORMANCE OF STABILIZED AUSTENITIC STAINLESS STEELS - EXPERIMENTAL
INVESTIGATIONS RESPECTING OPERATIONAL RELEVANT CONDITIONS LIKE TEMPERATURE AND
HOLD TIME EFFECTS, PVP2013-97502
Comments on the analyses of the AREVA test for validation of Fen expressions
1.

On page 162, please provide that the specified surface roughness (of 4011m) corresponds to an
Rt value: the maximum height of the surface roughness profile.

2.

The experimental Fen factors for a polished specimen and ground specimen, 3.62 and 2.90
respectively (page 163), are inconsistent with data reported in Table 21 (page 165). Please
explain the reason for the deviation and the explicit quantitative data used.

3.

The recommended practice for calculating Fen expressions is presented in Appendix A2: "For
wrought and cast austenitic stainless steels, a threshold value of 0.10% for strain amplitude
(one-half the strain range for the cycle) is defined, below which environmental effects on the
fatigue lives of these steels do not occur." In addition, "the strain amplitude should not be
applied when using a modified rate approach, as it may yield non-conservative results."
However, it was noted on Page 164 that the AREVA experiments were analyzed in the draft
report by:
i

Using the modified rate approach coupled with a strain amplitude threshold. This
violates the method detailed in Appendix A2.

ii.

Considering a 0.16% strain amplitude threshold, instead of the recommended 0.10%
value; this is inconsistent with page 117 of the report. The draft states "For
simplicity, in the initial revision of NUREG/CR-6909, a single value of 0.10% was
proposed for the strain amplitude threshold."

This illustrates that the Fen evaluation process is currently not robust enough for representing
the behavior of real components.
4.

On page 164 the draft states: "The predicted fatigue lives were generally lower than the
experimental values; however, the values were within the range of data scatter." AREVA
asserts data scatter cannot be a reasonable cause for the results with complex signals because
the data points are not homogeneously distributed in the scatter band. Indeed Figure 127
(page 165) shows the predictions are systematically conservative by a factor close to 2 and
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most cases greater than 2. However, AREVA does not find this a reasonable justification to
attribute data ranges to scatter. Please provide further statistical judgment on this statement.
5.

The draft report states that the "behavior is considered unique to this specific strain loading
cycle" (page 164). AREVA would like to note that the loading is similar to what is experienced
on actual components; please provide further explanation of the unique behavior.

6.

Please consider the following Table 21 data corrections:
i.
ii.
iii.
iv.

Few Ea (%) have been corrected;
Few "Measured Nf" in Air have been corrected;
Few "Measured Nf" in PWR have been corrected;
According to the corrected Ea (%), the "Estimated Nair" has been corrected; The
"Estimated Fen without strain threshold" and "Estimated Fen with strain threshold"
for "Complex Strain Cycles" have been corrected. Actually, strain rates in complex
signals were adapted for the various strain amplitudes in order to yield
approximately the same theoretical Fen

The corrections to Table 21 are provided in red on the following page.
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Table 21 Corrections:

Environment/
Surface Finish

Strain Rate
(%/s)

ca
N

Measured
Nf

Estimated
Nair

Triangular Waveform
Air, Polished
Air, Polished
Air, Polished
Air, Ground
Air, Ground
Air, Ground
Air, Ground
PWR, Polished
PWR, Polished
PWR, Polished
PWR, Ground
PWR, Ground
PWR, Ground

0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.01
0.01
0.01
0.01
0.01
0.01

0.550
0.380
0.187
0.560
0.370
0.190
0.190
0.540
0.560
0.280
0.550
0.550
0.272

6,798
11,325
83,500
4,667
10,314
37,469
55,000
1,002
1,200
9,000
890
1,000
4,506

4,798
12,323
142,104
4,595
13,256
131,796
131,796
5,016
4,594
30,209
4,798
4,798
33,175

Without Strain Threshold
Estimated
Predicted
Fen
Nf

1.00
1.00
1.00
1.00
1.00
1.00
1.00
4.97
4.97
4.97
4.97
4.97
4.97

With Strain Threshold
Estimated
Predicted
Fen
Nf

*
*

*
*
*
*
*
*
*
*
*
*
*

Complex Strain Cycle
PWR, Polished
variable
0.590
1,588
4057
= 5.70
*
= 5.37**
*
PWR, Polished
variable
0.575
1,936
4,313
= 5.80
*
= 5.37**
*
PWR, Polished
variable
0.490
2,900
6,367
= 5.80
*
'5.37**
*
PWR, Polished
variable
0.288
8,318
27,627
= 5.70
*
= 5.37**
*
PWR, Polished
variable
0.288
8,810
27,627
= 5.70
*
5.37**
*
PWR, Ground
variable
0.570
895
4,404
= 5.80
*
'5.37**
*
PWR, Ground
variable
0.570
960
4,404
z 5.80
*
= 5.37**
*
PWR, Ground
variable
0.290
8,000
27,034
= 5.70
*
= 5.37**
*
PWR, Ground
variable
0.290
6,665
27,034
= 5.70
*
,,5.37**
*
'Please update these values, with consideration taken to our provided corrections on strain amplitude and estimated Fen values.
•* The estimated Fen value with a 16% strain amplitude threshold Is approximately equal to 5.37. The values should not range from 3.14 to 5.37.
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Miscellaneous points
1. Paragraph 1.3.1 exhibits a series of failures attributed to fatigue. It is stated that "In most
cases, these failures were associated with thermal loading due to thermal stratification and
striping, or mechanical loading due to vibratory loading" (pages 6-7). In addition, "Thermal
loading due to flow stratification or striping was not typically included in the original design
basis analyses for most U.S. nuclear power plants" (page 7). So in fact these failures
illustrate a lack of knowledge of real loadings and not a non-conservatism of fatigue analysis
methods (strain evaluation + design curve). A direct link has not been highlighted between
these failures and environmental effects. Moreover this kind of thermal loadings deals with
HCF and the proposal of strain thresholds in this report lead to the idea that environmental
effects are less significant in HCF. Considering these various reasons, the following
statement "The increased fatigue duty caused by such thermal loading increases the
importance of evaluating environmental effects" (page 7) should potentially be toned down.
Please address this concern.
2. The report exhibits a series of detrimental effects which have to be taken into account to
determine fatigue design curves: material variability, size, surface finish, loading sequence,
environmental effects. However no beneficial effect has been evoked in global codified
fatigue analysis methods. For instance, a detrimental adjustment factor is taken for loading
sequence but no position is given about the conservative way to combine transients in
fatigue analyses. Another example is that a detrimental size effect is proposed but a
beneficial stress gradient in the thickness of the real component is not discussed. Please
address this concern.
3.

It is stated in page 148 that "However, the Section III of the ASME Code is not fully
prescriptive, so there is a wide variation in the specific procedures that are applied to fatigue
evaluations by different analysts. For example, modern computer capabilities, particularly
modern finite element methods, fatigue monitoring, and improved Ke factors, allow for
evaluation refinements that significantly decrease the conservatisms traditionally applied in
fatigue evaluation procedures performed in the past". These sentences contain a lot of very
important messages and should be more detailed. In this way, the responsibility of the
analyst should be emphasized. No conservatism hierarchy can be reported between past
analytical methods and modern finite element ones if input data have changed. In other
words, it is the analyst's responsibility to take into account adequate input data and
"methods and tools" to perform the fatigue justification of the component. Fatigue design
curves could be more and more severe, but if reasonable conservatisms are not considered
by the analyst for fatigue loading definition and mechanical strain evaluation, prior to using
fatigue design curves, the final result will not be conservative. As a conclusion responsibility
of the analyst should be emphasized and fatigue design curves should not be made
excessively severe to counterbalance bad choices of bad analysts. Please provide more detail
or explanation in this section.

4.

It is stated on page 148 that "However, the Section III of the ASME Code is not fully
prescriptive, so there is a wide variation in the specific procedures that are applied to fatigue
evaluations by different analysts. For example, modern computer capabilities, particularly
modern finite element methods, fatigue monitoring, and improved Ke factors, allow for
evaluation refinements that significantly decrease the conservatisms traditionally applied in
fatigue evaluation procedures performed in the past". As previously reported these
sentences contain a lot of very important messages and should be more detailed. To extend
the previous comment, it should be emphasized that this report only deals with ASME Code.
As it is stated "the Section III of the ASME Code is not fully prescriptive," so this proposal is
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consistent with the ASME Code framework and prescriptions. But more prescriptive codes
could face justification difficulties to apply the present method and the latter is not supposed
to become the unique one to deal with fatigue and environmental effects. This comment
could be extended to the whole report and a message could be added in the abstract, the
executive summary or the introduction.
5.

Operational experience has not been considered for the development of the Fen
Methodology and the Fen equations of this report. To develop the Fen equations (listed in
Appendix A of this Document), only specimen fatigue data have been considered. This is a
very important part of the explanation why the fatigue failures that could be expected when
calculating those high usage factors based on the Fen factors have not occurred in reality
inside the nuclear power plants.

6.

There has not been a good reconciliation between the specimen fatigue test data on one side
and the complete ASME-Code Fatigue Methodology on the other side, with a big emphasis
here on the word "Complete." For example, this complete ASME-Code Fatigue Methodology
already contains a lot of multiplication of effects that have not been considered by the
developers of both the in-air design fatigue curves and the Fen factors.

7.

The calculations of the Fen factors are very complex, and thus "error likely" due to their
complexities (function of temperature (time) and strain rate (time)). In-air fatigue is not a
trivial calculation and environmental fatigue is very complex unless the analyst chooses a
very conservative path and calculates a conservative Fen and thus an extremely high usage
factor.

8.

Primary vs. Secondary stress: the small specimen fatigue tests involve imposed
displacements that act much more on the specimen as a primary membrane-type of stress
rather than a secondary peak-type of stress. On the other side, the highest usage factors are
in general the results of thermal transients that generate secondary peak-types of
stresses/strains.

9.

Redistribution of the stress and the strains during the cycles may not be simulated in the
specimen fatigue tests, although they could very well occur during the actual nuclear power
plant transients.

10. Numerous factors, which affect the fatigue strength, are discussed thoroughly in the current
report. So, the results could also be used for a detailed engineering fatigue assessment
method: the factors could be categorized into three groups (component, material, loading) for each group the relevant factors of influence can be superimposed and corrected, if
necessary, by a correction factor. Please refer to reference [7]:
[7] PVP2014-28728: "ENVIRONMENTAL INFLUENCES ON THE FATIGUE ASSESSMENT OF
AUSTENITIC AND FERRITIC STEEL COMPONENTS INCLUDING WELDS"
11. In general, the only concerns we should have are for those transients with low strain rates
(slow transients). The other transients (for example, in-surges and out-surges) need to be
evaluated for fatigue, but the current ASME-Code Class 1 Component classic Fatigue
Methodology (without any Fen penalty factors) is very appropriate for those transients (the
transients with relatively high to very high strain rates).
12. The suggested rules for the application of the threshold are unclear, inconsistent, and lack
solid justification throughout the report.
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Editorial
1.

In Figure 45(b), page 65, the median for A is equal to 6.913 not 6.917 but the text states that
"The constant A increased from 6.891 to 6.917."

2.

in Eq. A.6 and Eq. A.10 (but not in Eq. A.15) the Strain Rate has the same notation as the
Transformed Strain Rate (epsilon*'). Please delete apostrophe for the Strain Rate notation.

3.

The automatically created PDF bookmarks could be better. (Please exclude figures,
equations ...).

4.

It will be useful to add a list of figures, tables, and equations at the beginning of the
document.

5.

Appendix A does not report the transformed temperature for values higher than 325°C.

6.

Different symbols (asterisk or prime) are used in the main body of the report and Appendix A
for the transformed properties of temperature, oxygen, etc.

7.

Section 5.3 states that the factor used in the present report for surface finish is in the range
of 2.0 to 3.5, but according to Table 14 the range should be instead 1.5 to 3.5.

We again thank and appreciate the NRC staff for taking the time and consideration to review our
comments. If you have any questions related to these statements, please contact Mr. Devin A.
Kelley, Product Licensing Engineer for Regulatory Affairs. He may be reached by telephone at
(434)832-4733, or by email at Devin.Kelley@areva.com
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