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Reactor Vessel Closure Head Penetration Repair and Flaw Characterization
Relief Requests MR 02-018-1, Revision 1 and MR 02-018-2, Revision 1

Reference: (1) Letter from NMC to NRC dated August 28, 2002 (NRC 2002-0073)
(2) Letter from NMC to NRC dated April 10, 2003 (NRC 2003-0034)
(3) Letter from NMC to NRC dated July 31, 2003 (NRC 2003-0067)
(4) NRC Safety Evaluation dated September 10, 2003
(5) NRC Safety Evaluation dated September 24, 2003

In accordance with 10 CFR 50.55a(a)(3)(i) and 10 CFR 50.55a(g)(5)(iii), Nuclear
Management Company (NMC) LLC, licensee for Point Beach Nuclear Plant (PBNP), is
requesting revision to the relief, granted in references 4 and 5, pertaining to reactor
vessel closure head (RVCH) penetration repair and flaw characterization.

In reference 1, NMC submitted Relief Requests MR 02-018-1 and MR 02-018-2 for
PBNP Unit 1 (TAC Nos. MB6184 and MB6185). Relief Request MR 02-018-1 pertained
to use of an alternative repairtechnique. Relief Request MR 02-018-2 pertained to
relief from the requirement to characterize flaws that may exist in the remnants of the
control rod drive mechanism (CRDM) nozzle J-groove welds after the repair.

References 2 and 3 provided additional information in support of the relief requests and
expanded their applicability to PBNP Unit 2. Enclosed with references 2 and 3 were
copies of supporting calculation packages prepared by Framatome ANP, LLC
("FRA-ANP").

In references 4 and 5, NRC granted the requested relief (TAC Nos. MB6184, MB6185,
MB8436 and MB8438). The NRC letters stated that relief was not granted for situations
where the portions of the new pressure boundary weld overlap onto portions of the
remnant J-groove weld.

This submittal provides technical justification for the repair and flaw characterization
where portions of the new pressure boundary weld overlap onto portions of the remnant
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J-groove weld. The enclosures to this letter provide the requests for revised relief
containing the technical justification and supporting calculations. The submitted
information forms the basis for the request to revise the relief granted in references 4
and 5, such that it extends to situations where the portions of the pressure boundary
weld overlap onto portions of the remnant J-groove weld.

NMC requests NRC review and approval of these relief requests by May 18, 2004.
Approval is required in support of returning the RVCH to service and the subsequent
Unit 1 reactor startup. If necessary, NMC personnel will be available to meet with your
staff to discuss any concerns you may have.

This submittal contains no new or revised regulatory commitments.

Gary D. Van Middlesworth
Site Vice-President, Point Beach Nuclear Plant
Nuclear Management Company, LLC

Enclosures: I - Request for Revised Relief, MR 02-018-1
11 - Request for Revised Relief, MR 02-018-2
IlIl - Structural Integrity Associates (SIA) Calculation PBCH-09Q-302

cc: Project Manager, Point Beach Nuclear Plant, NRR, USNRC
Regional Administrator, Region l1l, USNRC
NRC Resident Inspector - Point Beach Nuclear Plant
PSCW
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J. H. McCarthy
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M. E. Holzmann
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ENCLOSURE I

REQUEST FOR REVISED RELIEF MR 02.018-1
1

POINT BEACH NUCLEAR PLANT, UNIT 1

Relief Request No. MR 02-018-1, Revision 1, Alternate Repair Technique - Reactor
Vessel Closure Head Penetrations

Pursuant to 10 CFR 50.55a(a)(3)(i), Nuclear Management Company (NMC) requests
revision to the relief, granted in NRC Safety Evaluation dated September 24, 2003
(reference 5), pertaining to reactor vessel closure head (RVCH) penetration alternative
repair techniques. The revision is specifically to extend the relief granted in reference 5,
such that it applies to situations where the portions of the pressure boundary weld
overlap onto portions of the remnant J-groove weld.

IDENTIFICATION

Point Beach Unit 1
RVCH Penetrations, Class A (Class 1)

CODE REQUIREMENT

As stated in the original relief request dated August 28, 2002 (reference 1):

Point Beach Unit 1 is currently in the fourth inspection interval using the 1998 Edition of
ASME Section Xl with all addenda through 2000. ASME Section Xl, paragraph IWA-
4221, stipulates the following:

(a) "An item to be used for repair/replacement activities shall meet the applicable
Owner's Requirements..."

(b) "An item to be used for repair/replacement activities shall meet the Construction
Code specified..."

(c) "As an alternative to (b) above, the item may meet all or portions of the
requirements of different Editions and Addenda of the Construction Code ... All
or portions of later different Construction Codes may be used..."

The Construction Code for the Point Beach Unit 1 RVCH is ASME Section 111, 1965
Edition. The Design Specification for Point Beach Unit 1 RVCH is Westinghouse
equipment specification G-676243.

For the proposed repairs to the RVCH penetrations, paragraph N-528.2 of the 1965
Edition of Section III requires repairs be post weld heat treated (PWHT) in accordance
with paragraph N-532. The PWHT requirements set forth therein are not possible or
practical to attain on a RVCH in containment without distortion of the head.
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The proposed repairs will be conducted in accordance with the 1998 Edition of ASME
Section Xl, 2000 Addenda (as applicable), the 1989 Edition of Section 1II, no Addenda,
and alternative requirements discussed below.

REVISED RELIEF REQUESTED

NMC requests revised relief to use an ambient temperature temper bead method of
repair, for situations where the portions of the pressure boundary weld overlap onto
portions of the remnant J-groove weld, as an alternative to the requirements of the 1989
Edition of ASME Section 1II, NB-4453, NB-4622, NB-5245, and NB-5330. The
requirements of paragraph QW-256 of ASME Section IX, and IWA-4000 of the 1998
Edition, 2000 Addenda of Section Xl, are also applicable to the proposed repairs.
Approval is requested to use filler material Alloy 52 AWS Class ERNiCrFe-7/UNS No.
06052, which is endorsed by Code Case 2142-1, for the weld repair.

Portions of Code Case N-638, as described herein, have also been used as a template
for this application. As an alternative to the above requirements, the requirements of
Code Case N-638, "Dissimilar Metal Welding Using Ambient Temperature Machine
GTAW Temper Bead Technique," will be used. Therefore, relief is also requested to
implement Code Case N-638 for use with SA-302 Grade B material as an alternative to
the requirements of ASME Section Xl. Code Case N-638 specifies applicability for all
P-No. 3 base materials except SA-302 Grade B.

BASIS FOR REVISED RELIEF

The basis stated in references 1, 2 and 3 remains applicable to this request.

Additionally, repairs on the uphill side of penetrations in the outer ring of the RVCH,
such as penetration #26, cannot physically be performed without overlapping the new
pressure boundary weld onto portions of the remnant J-groove weld due to the high
curvature of the RVCH in this area. Westinghouse 2-loop plants, such as PBNP, have a
higher head curvature than most plants due to the reactor vessel diameter being smaller
(132 inches).

During the Unit 1 spring 2004 refueling outage, a large ultrasonic (UT) signal was
detected at the weld root downhill location (1800) of penetration #26. This signal was
attributed to a fabrication weld repair performed during construction of the vessel head.
Several confirmatory liquid penetrant tests (PT) revealed J-groove surface indications at
the 900 and 2700 locations of nozzle 26. A decision was conservatively made to repair
this nozzle due to the high radiation doses involved with flaw excavation. Owing to the
small diameter RVCH, the Alloy 52 repair weld will come into contact with the existing
Alloy 182 J-groove weld.

Separation via grinding was considered, but determined to not be appropriate due to the
high radiation doses to personnel that would be incurred during such an activity.
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ALTERNATIVE DOCUMENTATION AND REQUIREMENTS

The alternatives stated in references 1, 2 and 3 remains applicable to this request.

NMC will implement Code Case N-638, for the repair of the Point Beach Unit 1 Reactor
Vessel Closure Head for use with SA-302 Grade B material, as an alternative to the
requirements of ASME Section Xl.

JUSTIFICATION OF REVISED RELIEF

The justification stated in references 1, 2.and 3 remains applicable to this request.

An evaluation of the repair to be performed on Unit 1 RVCH penetration #26 included
measurement of the Alloy 52 to Alloy 82/182 overlap and weld ligament dimensions.
The weld ligament will be 0.5 inch. The weld ligament is defined as the worst-case
(smallest) portion of the new Alloy 52 pressure boundary weld that is not overlapping
with the original J-groove weld (Alloy 82/182). Refer to figure 1 below.

-weld ligament

I Figure 1 |

This measurement was performed to support analysis of a worst-case flaw in the Alloy
82/182 material growing through the Alloy 52 Heat Affected Zone (HAZ) of the new
pressure boundary weld. Crack growth rates in Alloy 52 material are very low. The
analysis therefore conservatively assumed very high Alloy 600 crack growth rates as
documented in EPRI MRP-55, "Materials Reliability Program (MRP) Crack Growth
Rates for Evaluating Primary Water Stress Corrosion Cracking (PWSCC) of Thick-Wall
Alloy 600 Material.
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Bounding analyses demonstrated that a worst-case flaw in the Alloy 82/182 weld would
take in excess of 1.5 effective full power years (EFPY) to go through the remaining Alloy
52 weld (weld ligament) of 0.26 inches. Since the actual weld ligament is 0.5 inch,
revised calculations (Enclosure II) demonstrate that the worst-case flaw would require
over two years to pass through the Alloy 52 HAZ ligament.

These analytical methods were discussed with NRC staff during public meetings on
October 6, 2003 and February 19, 2004.

References 1, 2 and 3 did not explicitly address the relationship of Code Case N-638
when applied to SA-302 Grade B base material. Therefore, the following information
regarding the RVCH construction material is provided.

The Point Beach RVCH plate is constructed of SA-302 Grade B, P-No. 3, base material,
which was provided by Lukens Steel (Heat No. B-4762 Slab 2) as firebox (pressure
vessel) quality, electric furnace melted, silicon killed fine grain melting practice and
vacuum degassed. The plate was 165-1/2" x 165-1/2" x 5-3/4" T after rolling at the mill.
The plate was subsequently quenched and tempered by B&W after forming the closure
head dome. This material was manufactured similar to SA-533 Grade A which is
covered by Code Case N-638.

As discussed above, SA-302 Grade B material is excluded from Code Case N-638. A
single member on the ASME Main Committee objected to the inclusion of SA-302
Grade B base material applicability due to concerns relevant to HAZ toughness levels
as a result of welding without use of a full post weld heat treatment (stress relief). The
exclusion of SA-302 Grade B material was therefore incorporated to obtain unanimous
approval for Code Case N-638.

UT of the production weld and its HAZ, to the extent practical, is planned to be
performed after 48 hours at ambient temperature to verify weld quality and no hydrogen
cracking has occurred in the HAZ.

PT of the production weld and the exposed portion of its HAZ is planned to be
performed after 48 hours at ambient temperature to verify weld quality and no hydrogen
cracking has occurred in the exposed portion of the HAZ.

There are no exclusions of the use of any of the approved temper bead processes using
preheat on SA-302 Grade B material. Based on the above there is no technical basis
for exclusion of welding on this material using qualified ambient temperature temper
bead machine GTAW processes.
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IMPLEMENTATION SCHEDULE

The revised relief requested is intended to cover repair activities as a result of RVCH
inspection activities occurring during the Unit 1 spring refueling outage that began in
April 2004.
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ENCLOSURE II

REQUEST FOR REVISED RELIEF MR 02-018-2

POINT BEACH NUCLEAR PLANT, UNIT I

Relief Request No. MR 02-018-2, Revision 1, Characterization of Remaining
Flaws - Reactor Vessel Closure Head Penetrations

Pursuant to 10 CFR 50.55a(g)(5)(iii), NMC requests revision to the relief, granted in
NRC Safety Evaluation dated September 10, 2003 (reference 4), pertaining to ASME Xl
IWA-3300(b), IWB-3142.4 and IWB-3420, which would require characterization of a flaw
existing in the remnant of the J-groove weld that will be left on the Point Beach Unit 1
Reactor Vessel Closure Head (RVCH) if a Control Rod Drive (CRDM) nozzle must be
partially removed. The revision is specifically to extend the relief granted in reference 4,
such that it applies to situations where the portions of the pressure boundary weld
overlap onto portions of the remnant J-groove weld.

IDENTIFICATION

Point Beach Unit I
RVCH Penetrations, Class A (Class 1)

CODE REQUIREMENT

As stated in the original relief request dated August 28, 2002 (reference 1):

Point Beach Unit 1 is currently in the fourth inspection interval using the 1998 Edition of
ASME Section Xl with all addenda through 2000. IWB-2500, Examination Category
B-P, "All Pressure Retaining Components," Item B15.10, is applicable to the inservice
examination of the RVCH to penetration welds. IWA-3300, IWB-3142.4, IWB-3420, are
applicable to any flaws discovered during inservice inspection. Specifically:

1. Subarticle IWA-3300(b) contains a requirement for flaws characterization.

2. Sub-subparagraph IWB-3142.4 allows for analytical evaluation to demonstrate
that a component is acceptable for continued service. It also requires that
components found acceptable for continued service by analytical evaluation be
subsequently examined in accordance with IWB-2420(b) and (c).

3. Paragraph IWB-3420 requires the characterization of flaws in accordance with
the rules of IWA-3300.

The Construction Code for the Point Beach Unit 1 RVCH is ASME Section III, 1965
Edition.
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REVISED RELIEF REQUESTED

NMC requests revised relief, for situations where the portions of the pressure boundary
weld overlap onto portions of the remnant J-groove weld, from ASME Xl IWA-3300(b),
IWB-3142.4 and IWB-3420, which would require characterization of a flaw existing in
the remnant of the J-groove weld that will be left on the Point Beach Unit 1 RVCH if a
CRDM nozzle must be partially removed.

BASIS FOR REVISED RELIEF

The basis stated in references 1, 2 and 3 remains applicable to this request.

Repairs performed on the uphill side of penetrations in the outer ring of the RVCH, such
as penetration #26, would require overlapping the new pressure boundary weld onto
portions of the remnant J-groove weld due to the high curvature of the RVCH in this
area.

ALTERNATIVE DOCUMENTATION AND REQUIREMENTS

As stated in references 1, 2 and 3.

JUSTIFICATION OF REVISED RELIEF

The justification stated in references 1, 2 and 3 remains applicable to this request.

The additional justification provided in Relief Request MR 02-018-1, above, applies to
this request.

IMPLEMENTATION SCHEDULE

The revised relief requested is intended to cover repair activities as a result of RVCH
inspection activities occurring during the Unit 1 spring refueling outage that began in
April 2004.
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ENCLOSURE IlIl

STRUCTURAL INTEGRITY ASSOCIATES (SIA) CALCULATION PBCH-09Q-302
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REGARDING REQUEST FOR REVISED RELIEF
MR 02-018-1 AND MR 02-018-2
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1.0 STATEMENT OF PROBLEM

In order to evaluate repair options for the'Point Beach Unit 1 Top Head CRDM penetrations, it is
necessary to evaluate growth of hypothetical flaws in the proposed weld repair fusion line with the
low alloy steel base material. The industry Materials Reliability Program (MRP) has prepared a
document that predicts PWSCC growth in components such as the CRDM penetration tubes [1].
This approach has been presented to the NRC, and has generally been accepted. The MRP
correlation of available'crack growth data is normalized in [1] to a service temperature of 617 'F.
The reported top head temperature for Point Beach Unit .1 is 592 'F [2]. The crack growth rate is a
strong function of temperature, and s6 to reasonably represent the Point Beach condition, it is
necessary to adjust the MRP crack growth correlation for the lower temperature.

In the following, a temperature-adjusted crack growth correlation is developed. This correlation is
then used to predict the crack growth of bounding assumed flaws as a function of time.

One repair will actually be applied during the Spring 2004 outage. This repair is to Nozzle 26.
Crack growth results for this specific nozzle are also presented.

2.0 METHODOLOGY

MRP-55 [1, page 13] presents a general form of the PWSCC crack growth correlation, based on the
data collected:

i
i
II
I

da/dt = exp[-Qg/R (l/T -1/Trcf)] a(K-Kth)D

where:
da/dt = crack growth rate at temperature T in in/yr
Qg = thermal activation for crack growth

= 31.0 kcal/mole': -
R = universal gas constant-'i

=1.103 X 10-3 kcal/niole OR
T = absolute operating temperature at location of crack. 0R
Tref = absolute reference temperature used to normalize data

= 598.15 K (1076.67 OR)
cE = crack growth amplitude

= 3.69 x 10' at 617 OF for da/dt in units of in/yr and K in
K = crack tip stress intensity factor
'Ka, - = crack'tip stress intensity factor threshold

= 8.19 ksi-4in

l

units of ksi-4in ''

-
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P =exponent= 1. 16

To adjust this correlation for Point Beach 1 operating conditions, the operating temperature of 5920F
(1051.67 'R) [2] is used for the operating temperature T, above. This gives a plant specific PWSCC
growth correlation of:

da/dt =1.98 x.10' (K-Kth) I16 in/yr:
=2.26 x 10'7 (K-Kth)'' 6 in/hour

The above rates assume that the plant is operating 100% of the time (8760 hours/year).

This correlation is applicable to evaluating the growth of ID connected axial flaws in the CRDM
penetration tube material. . , . ' ,:..,

3.0 CRACK GROWTH CALCULATIONS
,, ~. , .. . :. X;..-; .. .1.. .- s-

The objective of the calculation is to determine the time that would be required for a crack at the
interface of the Alloy 52 repair material, the low alloy steel head material, and the~underlying J-
groove material to propagate parallel to the repair weld by a'PWSCC'mechadnisni through a distance*
defined by the repaif weld ligament. Ifithe time for such propagation is greater than the remaining
service life of the head, no penetration of the pressure boundary due to such a crack would be
predicted.

The above crack growth correlation was used with the SI program pc-CRACK [3] to perfonr
PWSCC crack growth calculations. Two hypothetical flaw types were considered, which represent
the bounds on geometries that may be encountered. These were:: '.' . *:: :

... . , : ., .... Lv. , .-. .. .

1. A flaw in the axial-radial plane, across'the entire remaining J-groove + butter. Such a
.flaw would be opened by hoop stresses, resulting in a tunnel crack under the repair weld.

- 2. A flaw in the axial-circumferential plane, parallel to tube wall, which would be
opened by radial stresses (which are comparatively small). The resulting crack'would be
"laminar", or parallel to the tube OD. - - . .

- . ; . i .. ., .:, . .. . .

_,. , , . '-' " . :

PWSCC is driven by both applied and weld residual stresses. Based on analyses performed by
Dominion Engineering [2], as summarized in another SI calculation [4], the normal operating
stresses plus the weld residual stresses in the hoop direction can reasonably be represented by a
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constant through wall stress intensity factor of 57 ksi - 4inch, at the junction of the Alloy 52 repair
weld and the low alloy steel head material.

The analysis assumed that the entire remaining J-groove weld material was degraded (cracked), so
no credit was taken for any flaw initiation or growth time in the remaining J-groove material.
Because a constant applied K is assumed, starting flaw size has no effect on crack growth. For the
purpose of this analysis, an arbitrary starting flaw depth of 0.01 inch is used, and a final depth of
0.278 inch represents growth through the assumed minimum remaining ligament (0.268 inch) for
this repair. This minimum ligament corresponds to the maximum weld overlap on the worst case
nozzle configuration. -

The flaw located in the axial-radial plane (opened by hoop stresses) was determined to be the
governing flaw case, since the applied plus residual stresses in the hoop direction are greater than
those in the radial direction by a factor of two to four at the location of the postulated crack, based
upon review of Dominion results [2] for nodes in this location. As a result, crack growth in this
plane would be slower by a comparable factor.

Nozzle 26 is actually being repaired during the Spring 2004 outage. The repair for this nozzle has a
minimum remaining ligament of 0.5 inch [5], versus the bounding value of 0.268 inch discussed
above; The repair may also contain a weld root defect of O.l inch based on Framatome analyses.
Both cases (with and without root defect) 'are considered here, 'with pc-CRACK results contained in
Appendix A. Both cases also assume the arbitrary starting-J-groove flaw of 0.01 inch, as discussed
above- . - . '. . '

3.1 Fatigue crack growth - . ; : . - .

,. .'e' ' ' , '' ' ' ,' ,'e: '@ A'' , ., ' '' , ". ' ' .' !: . . ;

Fatigue crack growth is driven by cyclic stresses. For the present case, the stress state for the
assumed flaws is dominated by weld residual stresses (conservatively estimated as a constant 60 ksi)
which are steady state secondary stresses. These residual stresses will not vary with heat-
up/cooldown and other plant cycles, and will therefore have only a limited effect on fatigue crack
growth (that is, they will have some effect on R-ratio, but none on cyclic delta K values due to cyclic
plant operation. For the limited period of remaining plant operation with'the current vessel head
(estimated at less than 100 heat-iup/cooldown cycles, producing a cyclic stress of 20 ksi),'
propagation of the hypothetical cracks considered herein by a fatigue mechanism is estimated at
approximately 0.0002 inch, and is therefore considered negligible compared to"PWSCC propagation.
An initial flaw size of 0.1 inch was assumed for this case. The pc-CRACK fatigue crack growth
results are attached as Appendix A. : ;
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4.0 RESULTS

The above bounding analysis produces the following results. These assume that an initial flaw of an
arbitrary 0.01 inch deep is present in the J-groove weld, for calculational convenience. The growth
is then calculated for the indicated remaining ligament lengths.

1. An axial-radial crack tunnel would propagate through the worst case (maximum
overlap) remaining ligament (0.268 inch) in about 1.5 EFPY (13,000 EFPH).
2. An axial-radial crack tunnel would propagate through the best estimate (nominal
overlap) remaining ligament (0.62 inch) in about 3.44 EFPY (30100 EFPH).
3. An axial-radial crack tunnel would propagate through the best case (minimum
overlap) remaining ligament (0.782 inch) in 4.33 EFPY (38000 EFPH).
4. A laminar (axial-circumferential plane) crack would propagate through the worst case
remaining ligament in more than twice the time, since the corresponding stresses are
about a factor of 2 lower.

For the nozzle 26 repair (remaining ligament = 0.5 inch without root defect, or 0.4 inch
with root defect), the time required for the type 1 flaw to propagate through the remaining
ligament is 2.77 EFPY (24300 EFPH) for the no root defect case, and 2.23 EFPY (19500
EFPH) for the root defect case.

A crack would have to propagate through the remaining ligament before leakage and possible
wastage could occur. It is anticipated that using the as-found weld measurements will demonstrate
that no leakage will occur.
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