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RULEMAKINGS AND
Secretary, U.S. Nuclear Regulatory Commission ADJUDICATIONS STAFF
Washington, DC 20055-001
ATTN: Rulemakings and Adjudications Staff

Subject: 10 CFR 50.55a Proposed Rulemaking Comments
RIN 3150-AIOI

Reference: NRC Proposed Rulemaking for 10 CFR 50.61 a, "Alternate Fracture Toughness
Requirements for Protection Against Pressurized Thermal Shock Events" (dated October 3, 2007)

Dear Sir or Madam:

This letter provides Materials Reliability Program (MRP) comments on the subject proposed rulemaking.
Overall, this is an amendment to the regulations that reduces the regulatory burden on licensees while
maintaining adequate safety and the USNRC is commended for issuing this draft rule for public
comment. A licensee of a pressurized water reactor may utilize these rules voluntarily to manage
pressurized thermal shock (PTS) as an alternative to existing requirements. The Electric Power Research
Institute's MRP has performed research that provides some of the updated analysis techniques included in
this amendment. It is an excellent example of the results that are possible when the USNRC
independently confirms industry research and incorporates those results into regulations.

Comments on Proposed Chan2e Adding 10CFR50.61a

1) General Comments on Addition of Section 50.61a
a. The rule (f and g) should be changed to require plants exercising this option to use an NRC

approved methodology for predicting AT 30. There is not currently a consensus for using equations in the
proposed Rule for best estimate values in operating plants. When a consensus methodology is
established, it should be the basis for Revision of USNRC Regulatory Guide 1.99.

b. Surveillance capsule data (f) should not-be used to adjust AT 30 predictions. The prediction
based on analysis of an extensive surveillance capsule database and on the best estimate chemical
composition for the heat of the material is more reliable than a prediction based on a single set of
surveillance measurements.

c. There are a number of technical concerns with the embedded flaw limits for welds and plates in
Tables 2 and 3, (g) respectively, in the Voluntary PTS Rule 1OCFR50.61a that was proposed by the
NRC. It is suggested that the NRC have a dialogue about these technical concerns with the industry and
resolve them before the final version of the Voluntary PTS Rule is published for use.

d. Clarification of some of the definitions is necessary for the reanalysis of the ultrasonic data (e)
to ensure consistent flaw density determinations in the examination volume. It should also be recognized
that determining flaw densities with recorded flaws as small as 0.05 inch TWE, as implied in Tables 2 and
3, with an Appendix VIII qualified ultrasonic procedure will likely require including shorter'and
shallower flaws in the flaw density determinations than those required to successfully pass an Appendix
VIII, Supplement 4 or 6 demonstration test.
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Secretary, U.S. Nuclear Regulatory Commission
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2) Comments on Addition of Section 50.61a

The specific comments and proposed revisions to the rule are shown in Attachment 1.
Attachments 2 and 3 contain Word files, that are referenced in the attached Excel file and provide
additional information on the comments in Attachment 1.

Should you have any questions please contact me at 704-595-2065.

Sincerely,

Jack Spanner
EPRI Program Manager

JS/SD

Attachment

c: Christine King
Greg Selby
Steve Swilley
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Attachment 2

(f) Calculation of RTMAX-X values. Each licensee shall calculate RTMAXx values
for each reactor vessel beltline material using (pt. (pt must be calculated using an
NRC-approved methodology.

(1) The values of RTMAX-AW, RTMAX-PL, RTMAX-FO, and RTMAX-CW must be determined
using Equations 1 through 4 of this section.
(2) The values of AT30 must be determined using an embrittlement trend curve
acceptable to the NRC (e.g., the embrittlement trend curves included in Section
50.61 of this Rule and those addressed in the Technical Basis Documents for
Section 50.61a of this Rule) for each axial weld fusion line, plate, and circumferential
weld fusion line, unless the conditions specified in paragraph (f)(6)(iv) of this section
are met. The AT30 value for each axial weld fusion line calculated as specified by
Equation 1 of this section must be calculated for the maximum fluence ((PtF,)
occurring along a particular axial weld The AT30 value for each plate calculated as
specified by Equation 1 of this section must be calculated for PtF, occurring along a
particular axial weld. The AT30 value for each plate or forging calculated as specified
by Equations 2 and 3 of this section are calculated for the maximum fluence (qPtMAX)

occurring at the clad-to-base metal interface of each plate or forging. In Equation 4,
the iytF, value used for calculating the plate, forging, and circumferential weld RTMAX-
CW value is the maximum (pt occurring for each material along the circumferential
weld.

2 Table 2 for the weld flaws is limited to flaw sizes that are expected to occur and were modeled from the

.technical basis supportingthis rule. Similarly, Table 3 for the plate and forging flaws stops at the maximum
flaw size modeled for these materials in the technical basis supporting this rule.
3 Because flaws greater than three-eights of the vessel wall thickness from the inside surface do not
.contribute to TWCF, flaws greater than three-eights of the vessel wall thickness from the inside surface need
not be analyzed for their contribution to PTS.

(3) The values of Cu and Ni (as well as for other applicable elements) in calculation
of AT3'0 (e.g., the embrittlement trend curves included in Section 50.61 of this Rule
and those addressed in the Technical Basis Documents for Section 50.61a of this
Rule) must represent the best estimate values for the material weight percentages.
For a plate or forging, the best estimate value is normally the mean of the measured
values for that plate or forging. For a weld, the best estimate value is normally the
mean of the measured values for a weld deposit made using the same weld wire
heat number as the critical vessel weld. If these values are not available, either the
upper limiting values given in the material specifications to which the vessel material
was fabricated, or conservative estimates (mean plus one standard deviation) based
on generic data4 as shown in Table 4 of this section for P and Mn, must be used.
(4) The values of RTNDTU. must be evaluated according to the procedures in the
ASME Code, Section III, paragraph NB-2331. If any other method is used for this
evaluation, the licensee shall submit the proposed method for review and approval
by the Director along with the calculation of RTMAXX values required in parag'raph
(c)(1) of this section.

(i) If a measured value of RTNDTU. is not available, a generic mean value of
RTNDT. for the class 5 of material must be used if there are sufficient test results to
establish a mean.
(ii) The following generic mean values of RTNDTu must be used unless justification
for different values is provided: 0 OF for welds made with Linde 80 weld flux; and -



56 OF for welds made with Linde 0091, 1092, and 124 and ARCOS B-5 weld
fluxes.

(5) The value of Tc in the AT3M determination must represent the weighted time
average of the reactor cold leg temperature under normal operating full power
conditions from the beginning of full power operation through the end of licensed
operation. .,
(6) The Licensee shall report any information to the Director that significantly
improves or detracts from the reliability of the RTmax-x predictions. The use of any
alteration of the RTmax-x predictions is subject to the approval of the Director. The
methodology employed shall be consistent with ASTM Standards E185 and E2215
or other NRC-approved methodology. Thelicensee shall verify that an appropriate
RTMAX-X value has been calculated for each reactor vessel beltline material. The
licensee shall consider plant-specific information that could affect the determination
of a material's AT30value. }

(i) The licensee shall evaluate the results from a plant-specific or integrated
surveillance program if the surveillance data has been deemed consistent as
judged by the following criteria:,

(A) The surveillance material must be a heat-specific match for oneor more of
the materials for which RTMAX-X is being calculated. The 30-foot-pound transition
temperature must be determined as specified by the requirements of 10 CFR 50
Appendix H.

(B) If three or more surveillance data points exist for a specific material, the
surveillance data must be evaluated for consistency.as specified by paragraph
(f)(6)(ii) of this section. If fewer than three surveillance data points exist for a

4 Data from the reactor vessels fabricated to the same material specification in the same shop as the vessel
in question and in the same time period is an example of "generic data."
5 The class of material for estimating RTNDT(U) must be determined by the type of welding flux (Linde 80, or
other) for welds or by the material specification for base metal.



specific material, then it is not necessary to perform the consistency check
following paragraph (f)(6)(ii).

(ii) The licensee shall estimate the mean deviation from the model (using an
embrittlement trend curve acceptable to the NRC) for the specific data set (i.e., a
group of surveillance data points representative of a given material). The mean
deviation from the model for a given data set must be calculated using Equations
8 and 9 of this section. The mean deviation for the data set must be compared to
the maximum heat-average residual given in Table 5 or Equation 10 of this
section and based on the material group into which the surveillance material falls
and the number of available data points. The licensee shall determine, based on
this comparison, if the surveillance data show a significantly different trend than
the model predicts. The surveillance data analysis must follow the criteria in
paragraphs (f)(6)(iii) through (f)(6)(iv) of this section. For surveillance data sets
with greater than 8 shift points, the maximum credible heat-average residual
must be calculated using Equation 10 of this section. The value of a used in
Equation 10 of this section must comply with Table 5 of this section.
(iii) If the mean deviation from the model for the data set is equal to or less than
the value in Table 5 or the value using Equation 10 of this section, then the AT30
value must be determined using using an embrittlement trend curve acceptable
to the NRC.
(iv) If the mean deviation from the model for the data set is greater than the value
in Table 5 or the value using Equation 10 of this section, the AT30value must be
determined using the surveillance data: If the mean deviation from the model for
the data set is outside the limits specified in Equation 10 of this section or in
Table 5 of this section, the licensee shall review the data base for that heat in
detail, including all parameters in the embrittlement trend curve and the data
used to determine the baseline Charpy V-notch curve for the material in an
unirradiated condition. The licensee shall submit an evaluation of the surveillance
data and its AT30 and RTMAx-x values for review and approval by the Director no
later than one year after the surveillance capsule is withdrawn from the reactor
vessel.

(7) The licensee shall report any information that significantly improves the accuracy
of the RTMAx-x value to the Director. Any value of RTMAX-X that has been modified as
specified in paragraph (f)(6)(iv) of this section is subject to the approval of the
Director when used as provided in this section.

(g) Equations and variables used in this section.

Equation 1: RTMAX-AW = MAX { [ RTNDT(u)_plate + AT3o-plate((PtFL)1, [RTNgT(u)-axiaiweld+ AT30-

axialweld((PtFL)l I
Equation 2: RTMAX-PL = RTNDT(u)-plate + AT30-plate (@PtMAx)

Equation 3: RTMAX-FO= RTNDT(u)-forging + AT30-forging((PtMAx)

Equation 4: RTMAX-CW =MAX { [ RTNDT(u)-plate + AT30-pIate (PtMAx)], [RTNDT(u)-circweld + AT3o-circwcid

(PtMAX)], [RTNDT(u)-forging + AT3o-forging ((PtMAX)]}

Equation 8: Residual (p) = measured AT 30 - predicted AT 36 (by Equations 5, 6, and 7)

n
Equation 9: Mean deviation for a data set of n data points = E ri /n

i=l



Attachment 3

There are a number of technical concerns with the embedded flaw limits for welds and
plates in Tables 2 and 3, respectively, in the Voluntary PTS Rule 1OCFR50.61 a that was
proposed by the NRC. It is suggested that the NRC have a dialogue about these technical
concerns with the industry and resolve them before the final version of the Voluntary
PTS Rule is published for use.

These technical concerns are stated and briefly summarized below.

1. Minimum Flaw Size

The minimum flaw size is inconsistent with ASME Code inspection requirements and
therefore can not be practically implemented.

For embedded flaws, the size in the depth direction is characterized by through-wall
extent (TWE). The minimum value of TWE, below which there is no limit on the
number of flaws in Tables 2 and 3 is different than that used in Section 2.10.2.2 on
Probability of Detection and Figure 2.8 in NUREG- 1874.

2. Flaw Size Increment

The flaw size increments in the proposed tables are inconsistent with those used in the
representative plant analyses in NUREG- 1874.

The embedded flaw size (TWE) increment in revised Tables 2 and 3 is less than one
percent of the vessel wall thickness. However, an increment of one percent was used to
generate the 1000 weld and plate flaw distributions that are input into FAVOR as
described in Sections 9.4 and 9.5, respectively, of Revision 1 of NUREG/CR-6817, A
Generalized Procedure for Generating Flaw-Related Inputs for the FA VOR Code.
Moreover, for the probabilistic fracture mechanics (PFM) calculations, FAVOR uses only
the largest flaw size for the range of sizes in each increment of one percent of the vessel
wall thickness.

3. Flaw Contribution to TWCF

The flaw limits should be based on only those embedded flaws that contribute to vessel
faillure.

The limits on embedded flaws in Tables 2 and 3 are based upon the flaws simulated by
FAVOR, not just those flaws that that could fail due to PTS. The following simulated
flaws have minimal contribution to failure and TWCF: embedded flaws up to one foot
above and below the beltline region adjacent to the reactor core, flaws with a TWE from
12.5% to 37.5% of the vessel wall thickness and all embedded flaws that are oriented in a
circumferential direction.



4. Allowable Number of Flaws

The flaw limits are applicable to a large number of vessels, not a single vessel, since they
are based on average values of the thousands of simulations used in the representative
plant probabilistic analyses.

The allowable number of flaws in Tables 2 and 3 is based upon the average numberof
flaws in a given size (TWE) range for thousands of vessel simulations by FAVOR
without any consideration of the variability among the 1000 flaw distributions input to
FAVOR for both welds and plates. It is expected that the number of embedded flaws in
50% of the vessels would be greater than this average value.

5. Maximum Flaw Size

The maximum flaw size limits are unrealistic because they do not represent the range of
values used in the representative plant analyses.

The maximum embedded flaw size (TWE) for welds in Tables 2 and 3 are set so that on
average only one flaw would be expected to occur in each vessel simulated by FAVOR.
It appears there is no consideration of the maximum embedded flaw size (TWE) in the
1000 distributions input to FAVOR, which are based upon the truncation limits in
Revision 1 of NUREG/CR-6817.

6. Limits for Plate Flaws

The plate embedded flaw limits are unrealistic as they are primarily based upon failures
in simulated axial weld flaws.

It appears that the embedded flaw limits for plates in Table 3 are based upon FAVOR
output for plate failures, not plate flaws. FAVOR results used for NUREG- 1874 show
that the majority of plate failures are due to simulated axial weld flaws for Beaver Valley
Unit 1. Also it is not clear if the limits in Table 3 apply to all of the plate material or just
the beltline material inspected with the welds per the requirements in Section XI of the
ASME Code.

7. Forging Limitations

The plate limits should have restrictions regarding their application to forgings
susceptible to underclad cracking.

There is no guidance on whether the plate embedded flaw limits in Table 3 can be applied
for forgings. It appears that the limits of Table 3 can be applied to forgings if they are not
susceptible to underclad cracking or the susceptible forging material is below the
appropriate PTS screening limit in Table 1 of the Voluntary PTS Rule (e.g. 246 'F for
vessel wall < 9.5 inch).



8. Evaluation if Flaw Limits Are Exceeded

An acceptable evaluation method is required since neither of the options suggested in
Section II of the proposed rule can be practically implemented.

If the number of embedded flaws exceeds the limits for total number of flaws in Tables 2
and/or 3 for welds and plates, respectively, then an evaluation of the effects of exceeding
these limits would be required to be submitted to the Director of NRR for review and
approval. It appears that a simple evaluation procedure could be developed based upon
the fact that probability of vessel failure (through-wall crack) during a postulated PTS
transient depends on the number of embedded axial flaws in the vessel. The adjusted
TWCF contribution of the axial welds and/or plates could then be calculated using the
correlations with the RTMAX-X per equations 3-5 and 3-6 in NUREG-1 874 and evaluated
relative to the risk limit of 1 x 10-6/year without the approval of the Director of NRR being
required..
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From: "Spanner, Jack" <jspanner@epri.com>
To: <secy@nrc.gov>
Date: Mon, Dec 17, 2007 6:12 PM
Subject: RIN 3150-AlOl PTS Draft Rule

I have attached the EPRI Materials Reliability Program comments to this
draft rule and 3 attachments.
We appreciate this opportunity to comment on this amendment to the
regulations.

<<MRP comments to 10CFR 12 17 07 SW.pdf>> <<Attachment 1 NRC Submittal
Compilation of MRP Comments on NRC PTS Rule-Making.pdf>> <<Comments on
Section f - 12-14-2007 Attachment 2.pdf>> <<MRP comments to 10CFR
12 17 07Attachment3 SD.pdf>>
Jack Spanner
Program Manager, NDE Technology Transfer
Electric Power Research Institute
1300 W. WT Harris Blvd.
Charlotte, NC 28262
704-595-2065
Fax 704-595-2865
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