Mr. John D, 0'Toole
Vice President
Nuclear Engineering and Quality Assurance
Consolidated Edison Conipany
of New York, Inc.
4 Irving Place
New York, New York 10003

n

Dear Mr. 0'Toole:

SUBJECT: REACTOR VESSEL FLAW AT TH N OINT NUCLEAR
GENERATING PLANT, UNIT

By letter dated Sepember 7, 1984 you submitted the fracture mechanics
evaluation regarding the above subject. Our evaluation is based upon the
review of the Westirghouse Report WCAP-10651, "Fracture M>chanics
Evaluation of Inservice Inspection Indication, Indian Point Unit 2 Reactor
Vessel”,

In order to determine the safety marcin between the ASME Code allowable

flaw and the potential flaw in the IP-2 beltline, we request that you
respond to the questions and concerns which - contzined in Attachment 1.

In addition, attachment 2, Draft Regulatory u ide 1.99, Rev. 2, dated July 23,
1984, is the staff's most "up-to-date"” method of estimating the amount

f irradiation damage to base metal and weld metal. Although the Draft
Regulatory Cuide has not been formally approved, its effect uron the safey
margins for the potential flaw in the IP-Z reactor vessel should be evaluated.

You earliest response 1 requested

The reportina and/or recordkeeping requirements of this letter affect fewer
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Attachment 1

"o
{

To demonstrate the safety margins against brittle fracture for the potential
flaw indica*ion in the IP-2 reactor vessel beltline, the licensee has pro-
videc to the staff a fracture mechanics analysis which is contained in
westinghouse Report WCAP 10651 (Proprietary Class 2), "Fracture Mechanics
Evaluation of Inservice Inspection Indication Indian Point Unit 2 Reactor
vessel." The Westinghouse report was submitted for staff review in a letter
from J. D. 0'Toole to S. A. Varga dated September 7, 1984, The following
questions and comments relate to the analysis documented in the report.

The events analyzed in determining the ASME Code allowable flaw
indication should include the Turkey Point Unit 4 LTOP event which
occurred on November 28 and 29, 1981. Base! upon the frequency of
this type of event in all operating PWRs, the licensee should deter-
mine whether the event is considered upsec or emergency and faulted.
In analyzing this event for the IP-2 vessel, the pressures and
temperatures to be considered should be those which would occur if
the event were terminated by 1ifting of the IP-2 Pressurizer Safety
Valve. If the Turkey Point set of events had occurred at 1P-2,
without operator action to terminate the transient, how much time
would it take for the pressure to reach the Pressurizer Safety Valve

set point?

[f the flaw indication were located in the adjacent HAZ or base metal
(Plate B 2003-1), what would be the ASME Code allowable flaw indication

during normal, upset, test, emergency and faulted conditions?

Compare the end-of-1ife PTNDT and ASME Code allowable flaw indication

using the amount of increase in RThDT predicted by the "Guthrie" formula
in Commission Report SECY 82-465 and the model in Draft Regulatory

Guicde 1.99 Rev. 2 (Attachment 2).
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Indicate the references and heat numbers, and lot numbers for the
weld wire and flux for each weld chemistry in Table 3-1.

Indicate the heat number and lot number for the weld wire and flux
;or the weld in Table 3-2.

Figure 3-2 indicates that the current fast neutron exposure at the

inside surface - 345° Azimuthal Angle is 1.5 x 1018 n/cmz. Consolidated
Edison has reported to the staff in a telecon that after completing

the sixth fuel cycle using a Tow leakage core, the current fast neutron
exposure at the inside surface - 345° Azimuthal Angle is 1.77 x 1018 n/cmz.
Explain the difference in these estimates and use the more accurate

number in the analysis.



Design Criterion 31, "Fracture
Pressure Boundary," of Appendix A, "General Design Criteria for Nuclear Power
o 10 CFR Part 50, "Licensing of Production and Utilization Facili-

requires, in part, that the reactor coolant pressure boundary be

igned with sufficient margin to ensure that, when stressed under operating,

tenance, testing, and postulated accident conditions: (1) the boundary

aves in a nonbrittle manner, and (2) the probability of rapidly propagating
is minimized. Appendix G, "Fracture Toughness Requirements," and

ndix H, "Reactor Vessel Material Surveillance Program Re virements," which
) 4

lement, in part, Criterion 31, necessitate the calculation of changes in

fracture toughness of reactor vesse! materials caused by neutron radiation
throughout the service life. This guide - scribes general procedures
acceptable to the NRC staff for calculating the efferts of neutron radiation
damage to the low-alloy steels currently used for light-water-cooled reactor

ry Committee on Reactor Safeguards will be consulted




the
heatup and
predicted value of the
temperature , the service period.

The definition of reactor ve ne given in Paragraph II.F.

Appendix G requires identification of: “._.regions of the reactor vessel
ted to experience sufficient neutron radiation damage to be
the selection of the most 1imiting material...." Paragraphs I111.A.

the additional test requirements for beltline materials

q
equirements for reactor vessel materials generally.

Appendix H incorporates ASTM E185 by reference

requires that the materials to be placed in sur-
veillance be ose that may 1imit operation of the reactor during its lifetime,
e., those expected to have the highest adjusted reference temperature or the

lowest Ch upper-shelf energy at end of life. Both measures of radiation
considered. In Paragraph 7.6 of ASTM E185-82 the requirements

capsules and withdrawal schedule are based on the calculated
' damage at end of life.

The two measures of radiation damage used in this guide are obtained from

the resuits of the Charpy V-notch impact test. Appendix G to 10 CFR Part 50

' that a full curve of absorbed energy versus temperature be obtained
the ductile-to-brittle transition temperature region. The adjustment
ce temperature, ;RTNDT, is defined in Appendix G as the tempera-

tr

he Charpy curve for the irradiated material relative to
idiated material, measured at the 30-foot-pound energy lev
radiation damage is the decrease in the Charpy upper-s
is defined in ASTM E185-82. Revision 2 of this guice
alculative procedures for the adjustment af reference tempera-
culative
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However, the neutron energy spectrum does change significantly with
location in the vessel wall; hence for calculation of attenuation of radiation
camage through the vessel wall, a damage function should be used to de..imine
ARTNDT versus radial distance into the wall. The most widely accepted damage
function at this time is dpa and the attenuation formula (3) given in Position
C.1.a2.(2), is based on the attenuation of dpa through the vessel wall.

Sensitivity to neutron radiation damage may be affected by elements other
“han copper and nickel. Revisions 0 and 1 of this guide had a phosphorus term
in the chemistry factor, but the studies upon which this revision was based
found other elements such as phosphorus to be of secondary importance, i.e.,
including them in the analysis did not produce a significantly better fit of
the data.

Scatter in the data base used for this guide is felative1y significant,
as evidenced by the fact that the standard deviations for Guthrie's derived
formulas are 28°F for welds and 17°F for base meta), despite extensive statis-
tical analysis. Thus, the use of surveillance data from a given reactor (in
place of the calculative procedures given in this guide) requires considerable
engineering judgmeni to evaluate the credibility of the data and assign suitable
margins. When surveillance data from the reactor in question become available,
the weight given to them relative to the information in this guide should

depend on the credibility of the surveillance data as judged by the following
criteria:

1. Materials in the capsules should be those judged most likely to be
controlling with regard to radiation damage according to the provisions of
this guide.

& Scatter in the plots of Charpy energy versUS'femperature for the
irradiated and unirradiated conditions should be small enough to permit the
deterrination of the 30 f.-1b temperature and the upper shelf energy unambig-
uously. '

3. when there are two or more surveillance data from one reactor, the
scatter of ARTNDT values about a best fit line drawn as described in
Position C.2.a. normally should be less than 28°F for welds and 17°F for base
metal. Even if the fluence range is large (two or more orders of magnitude)
the scatter should not exceed twice those values. Even if the data fail this
criterion for yse in shift calculations, they may be credible for determining

07/23/84 o RG 1.99 REV 2



decrease in upper shelf energy if the upper shelf can be clearly determined,
following the definition given in ASTM E 185-82.

4. The irradiation temperature of the Charpy specimens in the capsule
should match vessel wall temperature at the cladding-base metal interface
within 225°F.

$. The surveillance data for the correlation monitor material in the
capsule should fall within the scatter band of the data base for that material.

In using plant surveillance data to develop a plant-specific relationship
of ARTNDT to fiuence, it was deemed advisable (because of scatter) to determine
the slope, i.e., the fluence factor, from other than the plant data. Instead,
Equation 2, paragraph C.1.a.(2), is to be fitted to the plant surveillance
data. Of severa] possible ways to fit such datz, the method that minimizes the
sums c¢f Lhe squares of the errors was cnosen somewhat arbitrarily. Its use is
justified in part by the fact that "least squares”’ is a common method for
curve fitting. Also, when there are only two data points, the least squares
method gives greater weight to the point with the higher ARTNDT; which seems
reascnable for fitting surveillance data, because generally that datum will be
the more recent on» and therefore will represent more modern procedures.

C. RFGULATORY POSITION

1.  SURVEILLANCE DATA NOT AVAILABLE

when credible surveillance data from the reactor in question are not
available, calculation of neutron radiation damage to the beltline of reactor
vessels of light water reactors should be based on the”?ollowing procedures,
within the limitations in Paragraph C.1l.c.:

a. The adjusted reference temperature (ART) for each material in
the beltline is given by the following expression:

ART = Initial PTNDT + ARTNDT + Margin (1)
(1) "Initial RTNDT“ is the reference temperature for the
unirradiated material as defined in Paragraph NB-2331 of Section 11l of the

ASME Boiler and Pressure Vecsel Code. In cases where measured values of
Initial RTNDT for the material in question are not available, generic values

07/23/84 5 RG 1.99 REV 2
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is the mean value of the adjustment in reference
1ation and should be calculated as follows:
(0.28-0. log f
ART,~~ surface = [CF]f'" 28-0.10 g f) (2)

W

s

e chemistry factor, "CF," °F, a function of copper and nickel content,

hd o
iven in Table I for welds and Table Il for base metal (plates and forgings).
ir interpolation is permitted.

In Tables I and 11, "Percent Copper" and "Percent Nickel" are the best-

mate values for the material, which will normally be the mean of the

ured values for a plate or forging or for weld samples made with the weld
heat number that matches the critical vessel weld. If such values are
the upper limiting values given in the material specifications
hich the vessel was built may be used. If not available, conservative
ites (mean plus one standard deviation) based on generic data may be used
stification is provided. If there is no information available, 0.35%
copper and 1.0% nickel should be assumed.

The fluence, " is the calculated value of the neutron fluence at the

irface of the vessel at the location of the postulated defect, n/cm>
MeV) divided by 109,
10 log f

The fluence factor, , 16 determined by calculation or

following




where "x" (in inches) is the depth into the.vessel wall measured from the
vessel inner surface.

(3) "Margin" is the quantity, °F, that is to be added to
obtain conservative, upper-bound values of adjusted reference temperature for
the calculations required by Appendix G, 10 CFR Par. 50.

Margin = 2 o: + 0% (4)
A

If a measured value of Initial RTNDT for the material in question is
used, 0y may be taken as zero. If a generic value of Initial RTNDT is used,
o should be obtained from the same set of data (see paragraph C.1.a.(1)).

The standard deviations for ARTNDT' “oA", are 28°F for welds and 17°F for base
metal, except O need not exceed 0.50 times the mean value of ARTNDT surface.

b. Charpy upper-shelf energy should be assumed to decrease as a
function of fluence and copper content as indicated in Figure 2. Linear
interpolation is permitted.

c. Application of the foregoing procedures should be subject to
the following limitations:

(1) The procedures apply to those grades of SA-302, 336, 533,
and 508 steels having minimum specified yield strengths of 50,000 psi and
uncer and to their welds and heat-affected zones.

(2) The procedures are valid for a nominal irradiation tempera-
ture of SSO;F. Irradiation below 525°F should be cansidered to produce greater
damage, and irradiation above 590°F may be considered to produce less damage.
The correction factor used should be justified by reference to actual data.

(3) Application of these procedures to fluence levels or to
copper or nickel content beyond the ranges given in Figbre 1 and Tables I
and I or to materials having chemical compositions beyond the range found in
the data bases used for this guide, should be justified by submittal of data.

2. SURVEILLANCE DATA AVAILABLE

when two or more credible surveillance data as defined in the Discussion,
Section B, become available from the reactor in question, they may be used to
determin: the adjusted reference temperature and the Charpy upper-shelf energy
of the beltline materials as described in the following Paragraphs a. and b.,
respectively.

07/23/84 7 RG 1.99 REV 2



a. The adjusted reference temperature may be obtained by first
fitting the surveillance data using Equation 2, paragraph C.l.a.(2), to obtain
the relationship of ARTNDT surface to fluence. To do so, calculate the chem-
istry factor, "CF," for the best fit as follows. Multiply each measured
aRTNDT by its corresponding fluence factor, sum the products and divide by the
sum of the squares of the fluence factors. The resulting value of CF when
entered in Equation 2 will give the relationship of ARTNDT surface to fluence
that fits the plant surveillance data in such a way as to minimize the sums of
the squares of the errors.

To calculate the Margin in this case, use the procedure given in paragraph
C.1.a.(3), except the values given there for 9, may be cut in half.

If this procedure gives a higher value of adjusted reference temperature
than that given by using the procedures of paragraph C.l.a, the former should
be used if the surveillaice data meet the criteria for credibility.

b. The decrease in upper-shelf eneryy may be obtained as follows.
Plot the reduced plant surveillance data or Figurz 2 of this Guide. Fit the
data with a 1ine drawn parallel to the existing lines as the upper bound of
all the data. This line should be used in preference to ihe existing graph.

3.  REQUIREMENT FOR NEW PLANTS

For beltline materials in the reactor vessel for a new plant, the content
of residual elements such as copper, phosphorus, sulfur, and vanadium should
be controlled to low levels. The copper content should be such that the
calculated adjusted reference temperature at the 1/4T position in the vessel
wall at end of life is less than 200°F. -

D. IMPLEMENTATION

The purpose of this section is to provide information to applicants and
licensees regarding the NRC staff's plans for utilizing this regulatory guide.
Except in those cases in which the applicant proposes an acceptable
alternative methoa for complying with specified portions of the Commission's

regulations, the positions described in this guide will be used by the NRC
staff as follows:

07/23/84 8 RG 1.99 REV 2



1.  The method described in regulatory positions C.1 and C.2 of this
guide will be used in evaluating all predictions of radiation damage called
for in Appendices G and H to 10 CFR Part 50 submitted on or after (60 days
after publication); however, if an applicant wishes to use the recommendations
of regulatory position C.1 and C.2 in developing submittals before (60 days
after publication), the pertinent portions of the submittal will be evaluated
en the basis of this guide.

2. Following publication of this guide in final form, the owners of all
operating reactors and all applicants for an operating license should promptly
review the basis for the pressure-temperature limits in their Technical Speci-
fications for consistency with Positions C.1 or C.2 as appropriate. Those for
whom the allowable operating period has been reduced or has already expired,
when judged by the criteria of Revision 2, should promptly revise their operat-
ing procedures, as appropriate, to conform with the criteria of Revision 2 of
this guide and submit the appropriate revision to their Technical Specifications
within six months of the date of publication of Revision 2 of this guide in
final form.

Those for whom the allowable operating period has been extended, when
judged by the criteria of Revision 2, should s?bmit the appropriate revision
to their TSs no later than 90 days prior to the expiration of their current
operating period.

3. The recommendations of regulatory positicg C.3 are unchanged from

those used to evaluate construction permit applications docketed on or after
June 1, 1977.

07/23/84 9 RG 1.99 REV 2
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