VirGINiA ELECTRIC AND POowER COMPANY
RicHMOND, VIRGINIA 23261

December 3, 2001

U.S. Nuclear Regulatory Commission Serial No. 01-637B
Attention: Document Control Desk NL&OS/ETS R
Washington, D.C. 20555 Docket Nos. 50-280
50-281
License Nos. DPR-32
DPR-37
Gentlemen:

VIRGINIA ELECTRIC AND POWER COMPANY

SURRY POWER STATION UNITS 1 AND 2

REQUEST FOR ADDITIONAL INFORMATION

ASME SECTION XI RELIEF REQUESTS SR-27, 28, 32 and 33
ALTERNATIVE REPAIR TECHNIQUE - REACTOR VESSEL HEAD

In a letter dated October 30, 2001 (Serial No. 01-637A), Virginia Electric and Power
Company (Dominion) requested relief (Relief Requests SR-27 and SR-28 for Surry Unit 1
and SR-32 and SR-33 for Surry Unit 2) to use alternative repair techniques in the event
that any flaws requiring repair in reactor vessel head penetrations were discovered during
reactor vessel head penetration inspections. The inspections have been completed on
the Surry Unit 1 and Unit 2 reactor vessel head penetrations. Six Unit 1 reactor vessel
head penetrations had indications that required repair. These repairs have been
completed. There were no Unit 2 reactor vessel head penetrations that required repair.

During a telephone conference call on November 6, 2001 with the NRC staff to discuss
the subject relief requests, additional information was requested by the NRC to complete
their review. Attachments 1 and 3 provide the proprietary version of the requested
information.  Attachments 2 and 4 provide the redacted version of the requested
information. Attachment 5 provides the Affidavit for Withholding Proprietary Information
from Public Disclosure.

Framatome ANP considers a portion of the requested information proprietary. In order to
conform with the requirements of 10 CFR 2.790 concerning the protection of proprietary
information, the information which is proprietary in the proprietary version is contained
within brackets. Where the proprietary information has been deleted in the non-
proprietary version, only the brackets remain (i.e., the information that was contained
within the brackets in the proprietary version has been redacted.) The types of information
Framatome ANP customarily holds in confidence is identified in Sections 6(a) through
6(e) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.790(b)(1).
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U.S. Nuclear Regulatory Commission (Attachments 1 and 3 without enclosures)
Region |l

Sam Nunn Atlanta Federal Center

61 Forsyth Street, SW

Suite 23 T85

Atlanta, Georgia 30303

Mr. R. A. Musser (Attachments 1 and 3 without enclosures)
NRC Senior Resident Inspector
Surry Power Station

Mr. R. Smith (Attachments 1 and 3 without enclosures)
Authorized Nuclear Inspector
Surry Power Station
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Please contact Mr. Leslie Spain at (804) 273-2602 or Mr. Thomas Shaub at (804) 273-
2763, if there are any questions about this submittal.

Very truly yours,

Leslie N. HartZ.
Vice President — Nuclear Engineering

Commitments made in this letter:

Submit a procedure qualification record for welding P-No.3 Group No. 3 material to P-
No. 43 material with F-No. 43 weld metal.

Attachments

1. Response to Request for Additional Information (Non-Proprietary) with enclosures:
Weld Anomaly Considerations in the B&W CRDM ID Temper Bead Weld Repair
(Non-Proprietary)

Framatome ANP drawing 5015149 E (Proprietary)

2. Response to Request for Additional Information (Non-Proprietary) with enclosures:
Weld Anomaly Considerations in the B&W CRDM ID Temper Bead Weld Repair
(Non-Proprietary)

Framatome ANP drawing 5015149 E (Redacted)

3. Summary of Structural Evaluation of Weld Repair of CRDM Housing (Non-Proprietary)
with enclosures:
Turkey Point CRDM Temperbead Bore Weld Analysis (Proprietary)
Surry 1 and 2 Reconciliation with Turkey Point 3 RV Head and CRDM Nozzles
(Non-Proprietary)
Surry CRDMH Temperbead Weld Seismic Analysis (Non-Proprietary)
Surry CRDM Nozzle IDTB Weld Anomaly Flaw Evaluation (Proprietary)
Surry CRDM Nozzle 1.0" J-Groove Weld Flaw Evaluation (Proprietary)
Surry CRDM J-Groove Weld Stress for Flaw Growth (1" Chamfer) (Proprietary)

4. Summary of Structural Evaluation of Weld Repair of CRDM Housing (Non-Proprietary)
with enclosures:
Turkey Point CRDM Temperbead Bore Weld Analysis (Redacted)
Surry 1 and 2 Reconciliation with Turkey Point 3 RV Head and CRDM Nozzles
(Non-Proprietary)
Surry CRDMH Temperbead Weld Seismic Analysis (Non-Proprietary)
Surry CRDM Nozzle IDTB Weld Anomaly flaw Evaluation (Redacted)
Surry CRDM Nozzle 1.0" J-Groove Weld Flaw Evaluation (Redacted)
Surry CRDM J-Groove Weld Stress for Flaw Growth (1" Chamfer) (Redacted)

5. Framatome ANP Affidavit for Withholding Proprietary Information from Public
Disclosure



Attachment 1

Request for Additional Information

Relief Requests 27 and 32
Ambient Temperature Temperbead Weld Repair Technique (Non-Proprietary)

Relief Requests 28 and 33
Flaw Evaluation (Non-Proprietary)

With enclosures

Framatome ANP document 51-5012728-03, “Weld Anomaly Considerations
in the B&W CRDM ID Temper Bead Weld Repair" (Non-Proprietary)

Framatome ANP document 5015149E, "Surry 1 and 2 CRDM Nozzle ID
Temperbead Weld Repair" (Proprietary)

Surry Power Station Units 1 and 2
Virginia Electric and Power Company
(Dominion)
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Request for Additional Information
Relief Requests 27 and 32
Ambient Temperature Temperbead Weld Repair Technique

NRC Question

Provide a PQR for welding P-8 Group 3 metal to P-43 base metal with F-43 weld
material.

Response

A procedure qualification for welding P-No. 3 Group No. 3 material to P-No. 43 material
with F-No. 43 weld metal will be conducted and the results documented on a Procedure
Qualification Record as soon as practical. Considering the limited resources presently
available to conduct the procedure qualification due to the inspections and repairs
ongoing at several nuclear units, it is anticipated that the PQR will be submitted to the
NRC about March 1, 2002.

NRC Question

Relief Requests should mention if defects are detected in the weld repair by UT, a
Section X| flaw evaluation will be performed for the weld repair with detected flaws.

Response

As a clarification to paragraph 4.0 (e) of the Relief Requests, any flaws detected by UT
of the weld repairs will be evaluated in accordance with the requirements of ASME
Section Xl, IWB-3600.

NRC Question

NB 4622.11 states “whenever PWHT is impractical or impossible, limited weld repairs to
dissimilar metal welds... may be made without PWHT...”

Provide a discussion (numerical comparison) of the radiation exposure differences
between a Code required repair and the proposed alternative (Note: both Oconee 2 and
TMI 1 have performed repairs using Framatome process on CRDMs with PWHT).
Response

The repair of 6 CRDM penetrations on the Surry Unit 1 vessel head using the machine
ambient temperbead welding process incurred a total personnel exposure of

118 man-rem or about 20 man-rem per weld.

Because of the difficulty encountered in gaining access to the surface of the head due
to the design of the insulation, it is estimated that removal of insulation, placement and
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removal of heating blankets, and conducting the necessary heating operations would
add about 10% to 15% to personnel exposure. Experience at other plants, most notably
Oconee, indicate that performing the repairs with purely manual techniques, which
would involve preheat and post weld heating, could increase personnel exposure as
much as another 50%.
NRC Question
Provide the following analyses:

Section Il analysis of weld repair,

Section Xl flaw evaluation for weld repair if flaw is detected by UT, and

Section Xl flaw evaluation for remaining J-groove weld.
Response
A detailed proprietary summary of the structural evaluation of the weld repair for the

CRDM housings is included in Attachment 2 of the letter. Attachment 3 provides the
non-proprietary version of the evaluation.
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Request for Additional Information

Relief Requests 28 and 33
Flaw Evaluation

NRC Question

Response to staff questions IWB 3142.4 and IWB 3420 was that it was impractical to
perform volumetric characterization of the cracks in the J-groove weld. And there was
some discussion on contouring the corner of the J-groove weld.

Provide a description of the contouring including expected cross-sectional area removal.
Discuss characterization and recording of cracks revealed by PT exam of the J-groove
weld area and of the J-groove weld machined surface.

Response

Upon completion of the repair weld, the remaining J-groove weld which was not
removed by the machining operation that cut away the lower piece of the penetration
will be chamfered by hand. This activity removes a substantial portion of the remaining
weld. The total amount of material to be removed depends upon which penetration is
repaired and also on the location on the penetration since the contour of the J-groove
weld varies around the penetration because of the oblique angle most of them make
with the head. Pertinent details are shown on Framatome ANP drawing 5015149 E,
enclosed.

After the lower portion of the penetration tube is machined away and prior to repair
welding, the area from 1/2 inch above the repaired weld to the bottom of the remnant J-
groove weld will be liquid penetrant inspected. Any indications noted in the remnant
weld will be recorded. Subsequent to the chamfering operation of the remnant weld, it
will be assumed that a corner flaw exists equal in depth to the original J-groove weld
width minus the removed material (about 1.053 inches in the worst case). Analysis of
this assumed flaw is described in Attachment.

NRC Question

Explain the effect of the anomalies at the triple point (carbon steel vessel, Inconel 600
CRDM, and Inconel 690 weld material) on NDE. Describe the type of defect, if any,
found at these anomalies.

Response
Please see enclosed Framatome ANP document 51-5012728-03, “Weld Anomaly
Considerations in the B&W CRDM ID Temper Bead Weld Repair,” for a discussion of

the kind and size of flaw anticipated at the triple point. There are no anticipated effects
specific to the anomaly at the triple point. The anomaly acts as any other lack of fusion
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indication type reflector and has been shown to be readily detectable with the UT
techniques, which will be employed.

NRC Question

Enclosure 1 1.0(e) references Cases used in the repair/replacement plan. Does the
word “cases” mean Code cases endorsed or authorized by the NRC.

Response

Yes, but for these relief requests, none of the Code Cases previously approved for the
Surry units apply.

Page 4 of 4



Attachment 1 enclosure

Framatome ANP document 51-5012728-03, “Weld Anomaly Considerations
in the CRDM ID Temper Bead Weld Repair" (Non-Proprietary)
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FRAMATOME ANP ENGINEERING INFORMATION RECORD

Document Identifier 51 - 5012728 -03

Title Weld Anomaly Considerations in the CRDM ID Temper Bead Weld Repair

PREPARED BY: REVIEWED BY:

Name J.R. Dorman, Jr. Name H.W. Behnke

Signature %W% Date _10/28/01 Signature Wé/ Date _10/29/01
/ 4 — N0/2901
Technical Manager Statement: Initials W

Reviewer is Independent.

Remarks:

This document provides a description and the assumptions associated with the presumed existence of a
weld anomaly in the CRDM nozzle ID Temper Bead Weld Repair. The description and assumptions will
be considered for service suitability in a separate F-ANP calculation package.

Initial Issue

Revision 1 — Minor editorial changes. Additional description of anomaly including void considerations.

Revision 2- Editorial revisions 1o delete direct reference to associated calculation packages. This document was an input to
the packages and not associated with the calculation results.

Revision 3- Removed B&W from title and text since the EIR is pertinent to all FRA-ANP ID temper bead repairs performed on

CRDMs.
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An artifact of the 360-degree temper bead weld repairs of Control Rod Drive
Mechanism nozzles is an anomaly in the weld at the triple point. The triple point is the
juncture of the low alloy head, the alloy 600 nozzle and possibly a previously applied alloy
52 weld bead. The previous weld bead possibility arises from the variation in depth of the
machined bore. The first weld layer is on the low alloy steel bore and may not actually weld
on the triple point. The second layer would then be the tie-in at the triple point. Due to a
combination of factors, this area of the weld has crack-like indications that could be 360
degrees around the nozzle. The crack-like indication extends from the existing crevice into
the weld at angles from 0 to 90 degrees, where 90 degrees is in the through-thickness
direction of the nozzle and zero degrees is along the low alloy fusion line. Mock-up testing
has verified that the anomalies are common and do not exceed .1 inch in length. The
typical length is closer to .05 inches. The anomaly may consist of a void with a crack-like
indication extending from the void. The combined indication is still less than .1 inch. The
void is principally a lack of fusion to the low alloy steel at the triple point. The anomaly is a
crack-like indication extending into the weld and is not a lack of fusion to the nozzle wall. 1t
is assumed for conservatism that a .1 inch indication could exist in the through-thickness
direction of the nozzle. Indications of this conservatively large size have not been
observed. Due to its crack-like configuration, this indication is analytically treated as a flaw.
The Section Il analysis is not affected and consideration of the flaw is made in the flaw

evaluation.

An evaluation will be prepared to justify the as-left condition including the indications
up to .1 inch. The evaluation also includes a hypothetical planar flaw normal to the
circumferential stress. This flaw will be assumed to be a 2-to-1 elliptical flaw with the minor
axis equal to .1 inch. This type of flaw is not expected but is included for completeness
since the circumferential stresses are the largest stresses present in the weld area. This
evaluation will be prepared in accordance with ASME Section Xl and will demonstrate that
for the intended service life of the repair, the fatigue crack growth is acceptable and the
crack-like indications remain stable. These two findings will satisfy the Section Xl criteria
but will not include considerations of stress corrosion cracking such as primary water stress
corrosion cracking (PWSCC) or residual stresses.

Since the crack-like defects are not exposed to the primary coolant and the air
environment is benign for the materials at the triple point, the time-dependent crack growth
rates from PWSCC are not applicable regardless of residual stresses.

Residual stresses may also require consideration for ductile tearing when operating
stresses are superimposed. The residual stress field by itself cannot promote ductile
tearing or it would not be stable during welding. The anomalies have been shown to be
stable by welding mock-ups simulating the actual geometry and materials. Even though
the residual stresses for this type of weld would be very complex, it is apparent that by the
size of the weld and the nature of the restraint that the residual stresses would have limited
effect on driving a crack. The weld residual stresses are not like piping thermal expansion
stresses where there may be considerable stored energy in long runs of pipe. The weld
residual stresses are imposed by the inability of the weld bead to shrink to a nominal strain
condition upon cooling. The attachment of the weld o the surrounding material generally
promotes tensile stresses in the bead upon cooling. However even though the stresses are
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generally at the yield strength, the accompanying strains are not large due to the limited
size of the beads and in this case the total size of the weld.

It is concluded that the residual stress field will produce minimal ductile tearing The
NiCrFe materials are extremely crack-tolerant when not in an aggressive environment and
the ASME Section X| evaluation performed for fatigue growth and net section failure will be
adequate. Residual stresses need not be considered because PWSCC effects are not
applicable, and the geometry is not conducive to sustained ductile tearing.



Attachment 2

Request for Additional Information

Relief Requests 27 and 32
Ambient Temperature Temperbead Weld Repair Technique (Non-Proprietary)

Relief Requests 28 and 33
Flaw Evaluation (Non-Proprietary)

With enclosures

Framatome ANP document 51-5012728-03, “Weld Anomaly Considerations
in the B&W CRDM ID Temper Bead Weld Repair" (Non-Proprietary)

Framatome ANP document 5015149E, "Surry 1 and 2 CRDM Nozzle ID
Temperbead Weld Repair" (Redacted)

Surry Power Station Units 1 and 2
Virginia Electric and Power Company
(Dominion)
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Request for Additional Information
Relief Requests 27 and 32
Ambient Temperature Temperbead Weld Repair Technique

NRC Question

Provide a PQR for welding P-3 Group 3 metal to P-43 base metal with F-43 weld
material.

Response

A procedure qualification for welding P-No. 3 Group No. 3 material to P-No. 43 material
with F-No. 43 weld metal will be conducted and the results documented on a Procedure
Qualification Record as soon as practical. Considering the limited resources presently
available to conduct the procedure qualification due to the inspections and repairs
ongoing at several nuclear units, it is anticipated that the PQR will be submitted to the
NRC about March 1, 2002.

NRC Question

Relief Requests should mention if defects are detected in the weld repair by UT, a
Section Xl flaw evaluation will be performed for the weld repair with detected flaws.

Response

As a clarification to paragraph 4.0 (e) of the Relief Requests, any flaws detected by UT
of the weld repairs will be evaluated in accordance with the requirements of ASME
Section Xl, IWB-3600.

NRC Question

NB 4622.11 states “whenever PWHT is impractical or impossible, limited weld repairs to
dissimilar metal welds... may be made without PWHT...”

Provide a discussion (numerical comparison) of the radiation exposure differences
between a Code required repair and the proposed alternative (Note: both Oconee 2 and
TMI 1 have performed repairs using Framatome process on CRDMs with PWHT).
Response

The repair of 6 CRDM penetrations on the Surry Unit 1 vessel head using the machine
ambient temperbead welding process incurred a total personnel exposure of
118 man-rem or about 20 man-rem per weld.

Because of the difficulty encountered in gaining access to the surface of the head due
to the design of the insulation, it is estimated that removal of insulation, placement and
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removal of heating blankets, and conducting the necessary heating operations would
add about 10% to 15% to personnel exposure. Experience at other plants, most notably
Oconee, indicate that performing the repairs with purely manual techniques, which
would involve preheat and post weld heating, could increase personnel exposure as
much as another 50%.
NRC Question
Provide the following analyses:

Section Hll analysis of weld repair,

Section Xl flaw evaluation for weld repair if flaw is detected by UT, and

Section Xl flaw evaluation for remaining J-groove weld.
Response
A detailed proprietary summary of the structural evaluation of the weld repair for the

CRDM housings is included in Attachment 2 of the letter. Attachment 3 provides the
non-proprietary version of the evaluation.
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Request for Additional Information

Relief Requests 28 and 33
Flaw Evaluation

NRC Question

Response to staff questions IWB 3142.4 and IWB 3420 was that it was impractical to
perform volumetric characterization of the cracks in the J-groove weld. And there was
some discussion on contouring the corner of the J-groove weld.

Provide a description of the contouring including expected cross-sectional area removal.
Discuss characterization and recording of cracks revealed by PT exam of the J-groove
weld area and of the J-groove weld machined surface.

Response

Upon completion of the repair weld, the remaining J-groove weld which was not
removed by the machining operation that cut away the lower piece of the penetration
will be chamfered by hand. This activity removes a substantial portion of the remaining
weld. The total amount of material to be removed depends upon which penetration is
repaired and also on the location on the penetration since the contour of the J-groove
weld varies around the penetration because of the obliqgue angle most of them make
with the head. Pertinent details are shown on Framatome ANP drawing 5015149 E,
enclosed.

After the lower portion of the penetration tube is machined away and prior to repair
welding, the area from 1/2 inch above the repaired weld to the bottom of the remnant J-
groove weld will be liquid penetrant inspected. Any indications noted in the remnant
weld will be recorded. Subsequent to the chamfering operation of the remnant weld, it
will be assumed that a corner flaw exists equal in depth to the original J-groove weld
width minus the removed material (about 1.053 inches in the worst case). Analysis of
this assumed flaw is described in Attachment.

NRC Question

Explain the effect of the anomalies at the triple point (carbon steel vessel, Inconel 600
CRDM, and Inconel 690 weld material) on NDE. Describe the type of defect, if any,
found at these anomalies.

Response

Please see enclosed Framatome ANP document 51-5012728-03, “Weld Anomaly
Considerations in the B&W CRDM ID Temper Bead Weld Repair,” for a discussion of
the kind and size of flaw anticipated at the triple point. There are no anticipated effects
specific to the anomaly at the triple point. The anomaly acts as any other lack of fusion
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indication type reflector and has been shown to be readily detectable with the UT
technigues, which will be employed.

NRC Question

Enclosure 1 1.0(e) references Cases used in the repair/replacement plan. Does the
word “cases” mean Code cases endorsed or authorized by the NRC.

Response

Yes, but for these relief requests, none of the Code Cases previously approved for the
Surry units apply.
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Framatome ANP document 51-5012728-03, “Weld Anomaly Considerations
in the CRDM ID Temper Bead Weld Repair" (Non-Proprietary)
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FRAMATOME ANP ENGINEERING INFORMATION RECORD

Document Identifier 51 - 5012728 - 03

Title Weld Anomaly Considerations in the CRDM ID Temper Bead Weld Repair

PREPARED BY: REVIEWED BY:

Name J.R. Dorman, Jr. Name H.W. Behnke

Signature %W% Date 10/28/01 Signature Wé/ Date 10/29/01
4 4 . —_—
Technical Manager Statement: Initials %&

Reviewer is Independent.

Remarks:

This document provides a description and the assumptions associated with the presumed existence of a
weld anomaly in the CRDM nozzle ID Temper Bead Weld Repair. The description and assumptions will
be considered for service suitability in a separate F-ANP calculation package.

Initial Issue

Revision 1 — Minor editorial changes. Additional description of anomaly including void considerations.

Revision 2- Editorial revisions to delete direct reference to associated calculation packages. This document was an input to
the packages and not associated with the calculation results.

Revision 3- Removed B&W from title and text since the EIR is pertinent to all FRA-ANP ID temper bead repairs performed on
CRDMs.

Page 1 of 3




51-5012728-03
Page 2 of 3

An artifact of the 360-degree temper bead weld repairs of Control Rod Drive
Mechanism nozzles is an anomaly in the weld at the triple point. The triple point is the
juncture of the low alloy head, the alloy 600 nozzle and possibly a previously applied alloy
52 weld bead. The previous weld bead possibility arises from the variation in depth of the
machined bore. The first weld layer is on the low alloy steel bore and may not actually weld
on the triple point. The second layer would then be the tie-in at the triple point. Due to a
combination of factors, this area of the weld has crack-like indications that could be 360
degrees around the nozzle. The crack-like indication extends from the existing crevice into
the weld at angles from 0 to 90 degrees, where 90 degrees is in the through-thickness
direction of the nozzle and zero degrees is along the low alloy fusion line. Mock-up testing
has verified that the anomalies are common and do not exceed .1 inch in length. The
typical length is closer to .05 inches. The anomaly may consist of a void with a crack-like
indication extending from the void. The combined indication is still less than .1 inch. The
void is principally a lack of fusion to the low alloy steel at the triple point. The anomaly is a
crack-like indication extending into the weld and is not a lack of fusion to the nozzle wall. It
is assumed for conservatism that a .1 inch indication could exist in the through-thickness
direction of the nozzle. Indications of this conservatively large size have not been
observed. Due to its crack-like configuration, this indication is analytically treated as a flaw.
The Section Il analysis is not affected and consideration of the flaw is made in the flaw
evaluation.

An evaluation will be prepared to justify the as-left condition including the indications
up to .1 inch. The evaluation also includes a hypothetical planar flaw normal to the
circumferential stress. This flaw will be assumed to be a 2-to-1 elliptical flaw with the minor
axis equal to .1 inch. This type of flaw is not expected but is included for completeness
since the circumferential stresses are the largest stresses present in the weld area. This
evaluation will be prepared in accordance with ASME Section XI and will demonstrate that
for the intended service life of the repair, the fatigue crack growth is acceptable and the
crack-like indications remain stable. These two findings will satisfy the Section Xl criteria
but will not include considerations of stress corrosion cracking such as primary water stress
corrosion cracking (PWSCC) or residual stresses.

Since the crack-like defects are not exposed to the primary coolant and the air
environment is benign for the materials at the triple point, the time-dependent crack growth
rates from PWSCC are not applicable regardless of residual stresses.

Residual stresses may also require consideration for ductile tearing when operating
stresses are superimposed. The residual stress field by itself cannot promote ductile
tearing or it would not be stable during welding. The anomalies have been shown to be
stable by welding mock-ups simulating the actual geometry and materials. Even though
the residual stresses for this type of weld would be very complex, it is apparent that by the
size of the weld and the nature of the restraint that the residual stresses would have limited
effect on driving a crack. The weld residual stresses are not like piping thermal expansion
stresses where there may be considerable stored energy in long runs of pipe. The weld
residual stresses are imposed by the inability of the weld bead to shrink to a nominal strain
condition upon cooling. The attachment of the weld to the surrounding material generally
promotes tensile stresses in the bead upon cooling. However even though the stresses are
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generally at the yield strength, the accompanying strains are not large due to the limited
size of the beads and in this case the total size of the weld.

It is concluded that the residual stress field will produce minimal ductile tearing The
NiCrFe materials are extremely crack-tolerant when not in an aggressive environment and
the ASME Section Xl evaluation performed for fatigue growth and net section failure will be
adequate. Residual stresses need not be considered because PWSCC effects are not
applicable, and the geometry is not conducive to sustained ductile tearing.



Attachment 2 enclosure

Framatome ANP document 5015149E, "Surry 1 and 2 CRDM Nozzle ID
Temperbead Weld Repair" (Redacted)
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Attachment 3

Summary of Structural Evaluation of Weld Repair of CRDM Housings
(Non-Proprietary)
with the following enclosures:

Turkey Point CRDM Temperbead Bore Weld Analysis (Proprietary)

Surry 1 and 2 Reconciliation with Turkey Point 3 RV Head and CRM Nozzles
(Non-Proprietary)

Surry CRDMH Temperbead Weld Seismic Analysis (Non-Proprietary)

Surry CRDM Nozzle IDTB weld Anomaly flaw Evaluation (Proprietary)

Surry CRDMNozzle 1.0" J-Groove Weld Flaw Evaluation (Proprietary)

Surry CRDM J-Groove Weld Stress For Flaw Growth (1" Chamfer)
(Proprietary)

Surry Power Station Units 1 and 2
Virginia Electric and Power Company
(Dominion)
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Structural Evaluation
SUMMARY OF STRUCTURAL EVALUATION OF WELD REPAIR OF CRDM HOUSINGS
SURRY POWER STATION UNIT 1

0.1 OBJECTIVE:

The objective of this summary is to document the review of the structural evaluation of
the repair of the following six CRDM housings on the reactor head of Surry Power
Station Unit 1: S-1-18, S-1-27, S-1-40, S-1-47, S-1-65, S-1-69.

0.2 INTRODUCTION AND BACKGROUND:

Due to the recent experience of degradation of CRDM nozzle housing in the vicinity of
the J-groove weld to the reactor vessel head described in NRC Bulletin 2001-01,
Dominion has inspected the CRDM housing penetrations to the reactor head for Surry
Unit 1. The inspection revealed evidence of degradation at the J-Groove weld and
possible leakage at the six CRDM housing penetrations cited above. Framatome ANP
was contracted by Dominion to repair the nozzles.

Repair has been performed to meet the applicable configuration requirements of ASME
Boiler and Pressure Vessel Code Section lll, Subsection NB, 1989 edition. The repair
weld has been deposited using the machine GTAW process with cold wire feed, in
accordance with the ASME Section XI, IWA-4000 with modification as described in by
Relief Requests SR-27 and SR-28.

The repair effort followed several steps, not necessatrily in the order given below. A
baseline volumetric and surface examination was performed for the repair region. The
lower portion of the thermal sleeve was cut and removed with automatic tools after
cleaning. The CRDM nozzle was rolled into the reactor vessel head penetration. The
lower end of the nozzle was machined away into the head to make the weld preparation
beyond the degraded area. The J-weld at the bottom end of the penetration was
chamfered by grinding to remove part of the degraded weld. The bored region of the
head and weld prep on the bottom of the remaining portion of the CRDM nozzle were
examined by PT. The repair area was cleaned for welding and weld material was
deposited. The repair weld was machined to reestablish a nozzle free path and to
provide a suitable surface for PT and UT. PT and UT examinations were performed for
the repair. The repair was remediated using an abrasive water-jet. The thermal sleeve
was replaced as the last step of the repair.

The portion of the reactor vessel head (RVH) containing the CRDM nozzle is fabricated
from SA-533 Grade B, Class 1. The portion of the CRDM nozzle that penetrates the
RVH is SB-167 Alloy 600. The weld material for the repair is ERNICrFe-7, UNS
NO6052. The cobalt content of the weld filler material was limited to 0.2%. The
replacement thermal sleeve has been welded to the upper sleeve using metal insert in
accordance with SFA 5.9 ER309L or ER316L per ASME Section |I.

Three different structural evaluations have been performed to establish the structural
integrity of the repair and design life of the repair:

1) Stress analysis of the repair has been performed conforming to the requirements
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of ASME, Section Ill, Subsection NB, Paragraph NB-3000, 1989 Edition.

2) A fracture mechanics analysis has been performed in accordance with IWB-
3132.4 and IWB-3600 of ASME Section XI Code. This analysis considered a
0.100-inch weld anomaly and assumed it to be a linear defect and extending into
the repair weld in any direction at the triple point. The triple point is defined as
the intersection of the reactor head base material, the CRDM nozzle, and the
repair weld. It has been justified by experience that the assumed flaw is
bounding.

3) A fracture mechanics analysis has also been performed to justify a postulated
flaw remaining in the J-groove weld remnant between the original CRDM nozzle
and the reactor vessel head. This analysis is important because the flaw in the
remaining weld cannot be characterized by available NDE methods. The size of
the flaw considered in this analysis is equal to the largest radial length through
the remaining J-weld. The flaw growth analysis has been used as one of the
considerations to establish design life of the repair.

These three analyses are summarized below. The summary includes the configurations
analyzed, loading conditions, design criteria, and code compliance. The details of
stresses, cumulative usage factors, flaw tolerance and flaw growth analyses are
presented. Based upon the results of these conservative analyses, the design life of the
repair is predicted to be at least five years. The life of the repair is dependent on the
size of the remaining J-groove weld, where the analysis conservatively postulated an
initial flaw through the remaining thickness of the weld.

1. ASME SECTION Ill ANALYSIS OF REPAIR

1.0 OBJECTIVE

The purpose of this review is to summarize the ASME Section Ill analyses that have
been performed for the CRDM temperbead bore weld repair for Surry Unit 1 Reactor
Vessel Upper Head Penetrations S-1-18, -27, -40, -47, -65, and -69. The repair
consists of cutting the CRDM housing above the original attachment weld, removing the
lower portion of the housing and welding the remaining housing to the reactor vessel
upper head with a temperbead weld. Analyses have been performed that demonstrate
that the repair design meets the applicable requirements of the ASME Code Section .
The Surry CRDM nozzles are similar to corresponding nozzles analyzed previously for
this repair procedure. A formal reconciliation was performed to allow use of these
previous analyses for Surry.

1.1 GEOMETRY/FINITE ELEMENT MODEL DEFINITION

The finite element model used to analyze the CRDM housing nozzle to reactor vessel
upper head weld region is documented in References 1-1, 1-2, and 1-3. The finite
element model is a 3-dimensional model of a 180-degree segment of a CRDM tube with
the adjacent head region and interconnecting weld.
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1.2 MATERIALS

The materials of the components in the finite element model are summarized below
(References 1-1, 1-2, and 1-3):

Reactor Vessel Head Base Metal = ASTM A533, Grade B, Class 1 (Mn-Mo Steel)
CRDM Housing Nozzle = ASME SB-167 Inconel

Cladding = Stainless Steel

J-Groove Buttering = Alloy 600 (Inconel)

J-Groove Filler = Alloy 600 (Inconel)

Repair Weld = ERNiCrFe-7, UNS N06052 Per ASME Section I, Part C, SFA-5.14, with
properties similar to Alloy 690.

1.3 LOADS

The loads considered in the design of the CRDM IDTB (ID Temperbead) weld repair are
based on those considered in the original design specification (Reference 1-5) and
design report (Reference 1-6) for the reactor vessel top head and CRDM housings. The
loads considered are:

Design Pressure/Temperature

Plant heatup and cooldown at 100°F/hr.
Plant loading and unloading at 5% of full power per minute
Small step load increase and decrease
Large step load decrease

Loss of load

Loss of power

Loss of Flow

Reactor Trip from full power

Turbine roll test

Primary side hydrostatic test at 3105 psig
Primary side hydrostatic test at 2485 psig
Steady state fluctuations

Steam pipe break (faulted)

OBE seismic loading

DBE seismic loading

For analysis purposes, operational transients have been grouped into three separate
analyses: 1) heatup/cooldown, 2) plant loading/unloading, and 3) remaining (or rapid)
transients. For the plant loading/unloading transient, the ASME Section Ill fatigue
evaluation for the IDTB weld repair has assumed a total of 14,500 loading/unloading
events over the plant design life. While this assumption does not bound the 29,000
cycles assumed in the original design specification, it is bounding relative to actual plant
operation. The 29,000 cycles of loading and unloading was based on load-following
operation. Surry has operated (and will continue to operate) in a base-load capacity
manner, which results in significantly fewer loading/unloading cycles. The assumed
value of 14,500 cycles is still very conservative. The rapid transient has been defined to
bound the small step increase/decrease, large step load decrease, loss of load, loss of
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power, loss of flow, and reactor trip operational transients. The transients used in the
analyses have been reviewed and determined to envelop the design transients for
Surry.
1.4 LOADING CONDITIONS/ STRESS CRITERIA:
The following loading conditions and stress criteria are used in the evaluation
documented in Reference 1-3. The 1989 Edition of the ASME Code (No Addenda),
Section Il (Reference 1-4) is used for the evaluation.
Primary Stress Intensities for Design Conditions:

NB-3221.1, Primary General Membrane Stress Intensity (Pm < Sm)

NB-3221.2, Local Membrane Stress Intensity (P < 1.5 Sm)

NB-3221.3, Primary Membrane + Primary Bending Stress Intensity (P1+ Pp,<1.5
Sm)

Primary + Secondary Stress Intensity Range for Service Level A/B (normal/upset)
Conditions:

NB-3222.2, Primary + Secondary Stress Intensity Range (P + S Stress Intensity
Range < 3 Sp)

Fatigue Usage

NB-3222.4, Fatigue Usage < 1.0

Primary Stress Intensities for Emergency (Level C) Conditions:
NB-3224.1, Primary General Membrane Stress Intensity (Pm<1.2 Sp)
NB-3224.1, Local Membrane Stress Intensity (P; < 1.8 Sm)

NB-3224.1, Primary Membrane + Primary Bending Stress Intensity (P1+ Pp< 1.8
Sm)

Primary Stress Intensities for Faulted (Level D) Conditions:
NB-3225, F-1331.1(a), Primary General Membrane Stress Intensity (Pm < 0.7 Sy)
NB-3225, F-1331.1(b), Local Membrane Stress Intensity (P, < 1.05 Su)

NB-3225, F-1331.1(c), Primary Membrane + Primary Bending Stress Intensity
(P + P, < 1.05 Sy)
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Primary Stress Intensities for Test Conditions:
NB-3226(a), Primary General Membrane Stress Intensity (Pm < 0.9 S))

NB-3226(b), Primary Membrane + Primary Bending Stress Intensity (P, + Py <
2.15 S, —1.2Py)

The repair is analyzed to 1989 version of ASME Section Ill Code (Reference 1-4). The
original stress report (Reference 1-6) was prepared conforming to the requirements of
1968 version of ASME Section 1ll Code (Reference 1-8). The stress criteria of the
original design differ from the 1989 version of Section Il Code only for allowable
stresses in OBE and SSE conditions. In the original design, the stress in the OBE
condition was checked against an allowable stress intensity of 1.2 Sy, and SSE condition
was checked against an allowable stress intensity of 1.8 Sy, In order to comply with the
original design criteria, the stresses under seismic loading (Reference 1-7) were also
compared with the original Code allowable.

1.5 RESULTS:
The results of the ASME Section lll analysis of the weld repair are summarized below:

Primary Stress Intensities for Design Conditions (Design Pressure at Design
Temperature):

RV Head: Pn = 16.6 ksi < Sp=26.7 ksi
P, = 20.4 ksi < 1.5 Sj=40.1 ksi
P, + P, = 25.6 ksi < 1.5 Sn=40.1 ksi

Nozzle/Weld: Py, = 6.2 ksi < Sp=23.3 ksi
P, =9.85<1.58S,=35.0 ksi
P, + Py, = 9.85 ksi < 1.5 Sy= 35.0 ksi
(Also less than 1.2 S,=27.96 ksi)

Normal/Upset Service Level (A/B) Condition

Primary + Secondary Stress Intensity Range:
Heatup/Cooldown Transient: S, =36.7 ksi <3 S, = 80.0 ksi
Loading/Unloading Transient: S, = 16.1 ksi < 3 Sy, = 80.0 ksi
Rapid (Remaining) Transient: Sn=9.1ksi <3S, =80.0ksi

Fatigue Usage
The total fatigue usage, based on an assumed fatigue strength reduction factor

of 4.0, for a 14-year service life is calculated to be 0.525. With this result, the
qualified operating life for which the fatigue usage is less than 1.0 is 26.7 years.
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Emergency (Level C) Conditions:

RV Head:

Maximum Allowable Pressure Based on P, Limit = 4,819 psi
Maximum Allowable Pressure Based on P, Limit = 5,895 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 4,697 psi

Nozzle/Weld:

Maximum Allowable Pressure Based on P, Limit = 11,089 psi
Maximum Allowable Pressure Based on P, Limit = 16,633 psi
Maximum Allowable Pressure Based on P; + Py, Limit = 16,633 psi

All of the maximum allowable pressures based on the Emergency (Level C)
condition stress limits are greater than the maximum hydrotest pressure of 3105
psi. The level C pressure loading is not specified for Surry.

Faulted (Level D) Conditions:

RV Head:
Maximum Allowable Pressure Based on P, Limit = 8434 psi
Maximum Allowable Pressure Based on P, Limit = 10,294 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 8,203 psi

Nozzle/Weld:
Maximum Allowable Pressure Based on Pp, Limit = 22,540 psi
Maximum Allowable Pressure Based on P Limit = 33,830 psi
Maximum Allowable Pressure Based on P; + Py, Limit = 33,830 psi

All of the maximum allowable pressures based on the Faulted (Level D) condition
stress limits are greater than the maximum hydrotest pressure of 3,105 psi. The
level D pressure loading is not specified for Surry.

Primary Stress Intensities in SSE Condition

RV Head:
Insignificant Seismic effect

Nozzle/Weld:
P, + Py, = 15.45 ksi <2.4 Sp=55.9 ksi.
(Also < 1.8 Syy= 41.94 ksi)

Test Conditions:

RV Head:
Maximum Allowable Pressure Based on Py, Limit = 6,777 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 5,225 psi

6 of 11



01-637B
Structural Evaluation

Nozzle/Weld:
Maximum Allowable Pressure Based on Py, Limit = 12,702 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 15,121 psi

All of the maximum allowable pressures based on the test condition stress limits
are greater than the maximum hydrotest pressure of 3,105 psi. No hydrotest of
this level is planned for Surry.

1.6 CONCLUSION:

The CRDM housing nozzle temperbead weld repair design meets the stress and fatigue
requirements of the ASME Code, Section llIl, 1989 edition w/o Addenda. The
conservative fatigue analysis indicates that the repair design has a qualified operating
life of at least 26.7 years.

1.7 REFERENCES:

1-1  Framatome ANP Document No. 32-5014129-00, “Turkey Point - CRDMH 3D FE
Model.”

1-2  Framatome ANP Document No. 51-5015197-01, “Surry 1 & 2 Reconciliation with
Turkey Point 3 RV HD & CRM Noz.” (Included as Enclosure 1-2)

1-3  Framatome ANP Document No. 32-5014640-00, “Turkey Point — CRDM

Temperbead Bore Weld Analysis.” (Included as Enclosure 1-1)

-4 ASME Boiler and Pressure Vessel Code, 1989 Edition, Section Ill, No Addenda

5 Surry Reactor Vessel Design Specification 676499, Rev. 1, “Addendum to

Equipment Specification 676413, Rev. 1, Surry Power Station 1.”

1-6  Calculation 30678-1130, “Reactor Vessel — Final Stress Report (Parts 1 & 1),
Surry Power Station Units 1 and 2, ” Rotterdam Dockyard Company.

1-7  Framatome ANP Document No. 32-5015624-00, “Surry CRDMH Temperbead
Weld Seismic Analysis.” (Included as Enclosure 1-3)

1-8 ASME Boiler and Pressure Vessel Code, Section lll, Nuclear Vessels, 1968
Edition to and including Winter 1968 Addenda

2. SURRY CRDM NOZZLE IDTB WELD ANOMALY FLAW EVALUATIONS
2.1 PURPOSE:
This review summarizes the CRDM nozzle IDTB weld anomaly flaw evaluation. This is
a common evaluation for IDTB weld repair performed on the following six CRDM
nozzles of Surry Power Station Unit-1: S-1-18, S-1-27, S-1-40, S-1-47, S-1-65, and S-1-
69.
2.2 CONFIGURATION:
A fracture mechanics evaluation has been performed for a postulated weld anomaly in

the CRDM nozzle IDTB weld repair design (Reference 2-1). During the welding process
a maximum of 0.1" weld anomaly may be formed due to lack of fusion at the triple point.
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The postulated weld anomaly is a 0.1" semi-circular region of lack of fusion extending
360-degrees around the circumference at the triple point location at the intersection of
three materials: the Alloy 600 nozzle, the Alloy 52 weld, and alloy steel head. The flaw
evaluation simulated the defect as a 360-degree circumferential crack of depth of 0.1"
on the OD of a circular tube. The evaluation also postulated an axially oriented semi-
circular OD surface flaw with depth equal to 0.1" and axial length of the flaw equal to
0.2". Both of these circumferential and axial flaws postulated on the outer surface
propagate horizontally into the weld material. A semi-circular, cylindrically oriented flaw
is also postulated along the interface between the weld and head, and propagates
downward between the two components. The finished thickness of the wall used in the
analysis is 0.488".

2.3 MATERIAL PROPERTIES:

Fracture toughness curves for SA-533 Grade B, Class 1 material are illustrated in the
ASME Section XI, Code, 1989 in Figure A-4200-1. At an operating temperature of
600°F, the K, fracture toughness value for this material is above 200 ksivin for assumed
RTnot of 60°F. The toughness properties of Alloy 600 and weld material are better than
200 ksivin and; therefore, an upper-shelf value of 200 ksivin is used in the analysis
(Reference 2-1).

2.4 LOADS:

The transient loads applicable for evaluation of this repair were conservatively grouped
into three categories:

Heatup/Cooldown 3.33 cycles per year
Plant Loading/Unloading 250 cycles/year
Remaining rapid transients 46.67 cycles per year

2.5 APPLICABLE CRITERIA:

The flaw acceptance is based on the 1989 ASME Code Section Xl criteria for applied
stress intensity factor (IWB-3612) and limit load (IWB-3642). For flaw growth analysis in
the RV Head, Article A-4300 of Section XI code is used. For flaw growth rate in the
repair weld Article C-3210 of Section X! (normally applicable to austenitic stainless steel
in an air environment) has been used.

2.6 RESULTS:

The results of the analyses showed:
A minimum fracture toughness margin of 11.4 compared to the required margin of V10
per IWB-36-12.

A margin on limit load of 6.25, compared to the required margin of 3.0 per IWB-3642.

Fatigue crack growth is minimal. The predicted crack growth over 25 years is from
0.100" to 0.114". There is no acceptance standard for this. However, the predicted
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crack will still remain shallow. (Details of evaluation are provided in Enclosure 2-1.)
2.7 CONCLUSION:

The IDTB weld repair will maintain structural integrity for the predicted life of repair.
2.8 REFERENCE:

2-1 Framatome ANP, Document No. 32-5015219-00, “SURRY CRDM NOZZLE IDTB
WELD ANOMALY FLAW EVALUATIONS.” (Included as Enclosure 2-1)

3. FLAW EVALUATION OF THE REMAINING J-GROOVE WELD
3.1 OBJECTIVE:

The purpose of this review is to summarize the flaw evaluation of the remaining
J-groove weld following the IDTB weld repair of the following six CRDM nozzles of Surry
Power Station Unit-1: S-1-18, S-1-27, S-1-40, S-1-47, S-1-65, and S-1-69.

3.2 BACKGROUND:

Since a potential flaw in the J-groove weld cannot be sized by currently available NDE
techniques, it must be assumed that the as-left condition of the remaining J-groove weld
includes degraded or cracked weld material extending through the entire J-groove weld
and Alloy 182 butter material.

The hoop stresses in the J-groove weld are generally about twice the axial stress;
therefore, the preferential direction for cracking is radial out from the bore radius. It is
postulated that a radial crack in the Alloy 182 weld metal would propagate through the
weld and butter, to the interface with the low-alloy steel head. Extensive industry
experience has shown that flaws originating in an Alloy 82/182 weld have not
propagated into the ferritic base material, and it is fully expected that such a crack
would then blunt and arrest at the butter-to-head interface. However, for this evaluation,
it is conservatively assumed that the stress corrosion crack in the weld would combine
with a small flaw in the reactor head steel to form a large radial corner flaw that would
propagate into the low alloy head by fatigue crack growth under cyclic loading
conditions.

3.3 CONFIGURATION:

Analytically, this flaw has been simulated using a comner flaw model (Reference 3-1).
The repair incorporates a chamfer at the inside comner of the remnant J-groove weld to
limit the potential crack length through the weld from the inside corner of the bore
chamfer to the low alloy steel vessel head. The evaluation assumes the initial flaw
depth as 1.053 inch, which represents the distance completely through the remaining
weld.
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3.4 MATERIAL PROPERTIES:

Fracture toughness curves for SA-533 Grade B, Class 1 material are illustrated in the
ASME Section X!, Code, 1989 in Figure A-4200-1. At an operating temperature of
600°F, the K. fracture toughness value for this material is above 200 ksivin for assumed
RTnot of 60°F. The toughness properties of Alloy 600 and weld material are better than
200 ksiVin and:; therefore, an upper-shelf value of 200 ksivin is used in the analysis.

3.5 APPLICABLE CRITERIA:

The flaw acceptance is based on the 1989 ASME Code Section Xl criteria for applied
stress intensity factor (IWB-3612).

3.6 LOADINGS:

The imposed stress distribution was obtained from a 3-D ANSYS finite element
analysis, which was performed to determine operating transient stresses in the vicinity
of the CRDM nozzle following the repair (Reference 3-2). Previous analyses had
determined that the outermost nozzles with the largest “hillside angle” (the relative angle
between the local plane of the reactor head and the nozzle vertical centerline)
experience the greatest increase in stress in the region of the J-groove weld.
Therefore, the finite element model represented one of the outermost nozzles, and the
results will conservatively bound all nozzle locations that have a smaller hillside angle.
The finite element analysis found that the highest stresses occur at the uphill side of the
nozzle along the vertical plane formed by the centerlines of the nozzle and the reactor.
Transient analyses were performed for normal heatup and cooldown cycles, plant
loading and unloading cycles, reactor trip, and other rapid transients. The maximum
stresses were determined along a line into the reactor head material from the uphill
“corner’ of the nozzle bore, representing the progression of the crack front of the
assumed corner crack.

Residual stresses were not explicitly included in this flaw evaluation, since a crack that
has propagated all the way through the weld would tend to relieve these stresses, and a
crack at the butter-to-head interface would experience only compressive residual stress
ahead of the crack.

The fracture mechanics analysis was performed assuming the following pattern for
accumulating cycles:

Transient Frequency (cycles / year)
Heat up / Cool down 3.33.
Plant Loading / Unloading 50.00
Large Step Decrease 3.33
Loss of Load 1.33
Loss of Flow 1.33
Reactor Trip 6.67
Remaining Transients 34.00
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* The original design specification included 29,000 cycles of plant
loading/unloading for the life of the plant. As discussed previously, the
number of cycles in the design specification was conservatively based on
load-following operation. The 50 cycles/year is conservative for the actual
base load capacity mode of operation under which Surry has operated and
will continue to operate.

3.7 RESULTS:

The crack growth analysis was performed for each set of transients for each year and
iteratively summed by linking the incremental crack growth for each of the sets of
transients for each year. The results are compared to the fracture toughness
requirements of Section XI. Applying the conservatively assumed number of cycles per
year, the fracture mechanics analysis shows that the crack will be acceptable for over
five years of operation. The flaw depth at the end of five years is projected to be 1.123".
The calculated stress intensity factor at the final flaw size for the most severe transient
is less than K; = 63.16 ksi -V in, compared to the fracture toughness upper-shelf value of
Kia = 200.0 ksi -V in. This provides a safety margin of 3.17, which is greater than Y10
safety margin required by Article IWB-3612 of the Code.

(Details of the fracture mechanics analysis are given in Enclosure 3-1. Information on
the stress analysis is provided in Enclosure 3-2.)

3.8 REFERENCES:

3-1 Framatome ANP Document No. 32-5015650-00, “SURRY CRDM NOZZLE 1.0" J-
GROOVE WELD FLAW EVALUATION.” (Included as Enclosure 3-1)

3-2 Framatome ANP Document No. 32-5015651-00, “ SURRY-CRDMH J-GROOVE
WELD STRESS FOR FLAW GROWTH,” (1" CHAMFER), (Included as Enclosure
3-2)
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Purpose:

This report documents the applicability of engineering analyses performed for the Turkey Point 3 (TP-3) Nuclear Power Plant (NPP) with
the Surry 1 & 2 NPPs for the reactor vessel (RV) closure head region of the control rod mechanism (CRM) nozzle penetrations; and the
CRM nozzle inside diameter temper bead weld repair. The applicability will be accomplished by a comparison study that includes
documenting the engineering data from both TP-3 and Surry NPPs, such as: applicable dimensions of features, materials, and plant
operational transients to include time, temperature and pressure.

Both TP-3 and Surry 1 & 2 are Westinghouse Electric Co. pressurized light water reactors (PWR), 157 fuel assemblies, with “3-Loop” steam
generator reactor coolant systems. The results of this comparative study of the critical parameters will show that the plants are nearly
identical and that the engineering analyses performed for TP-3 are applicable to Surry. The results of this study are provided in the body of
this report.

Introduction:

In order to demonstrate that the engineering analyses performed for the Turkey Point 3 NPP control rod drive mechanism nozzle inside
diameter temper bead weld repair are applicable to Surry, a list of applicable parameters for each plant will be tabulated and compared.
The list of parameters will include all features that are pertinent to the engineering analyses. Some typical parameters are the dimensions
of the RV Closure Head radius, the number of CRM penetrations and spacing in the Closure Head, materials, and plant operational
transients to include time, temperature and pressure.

Operating Transients Data:

The Framatome ANP Turkey Point 3 transients (Ref, 11, Appdx A) were compared with the transients submitted by Dominion Generation
for Surry. The results of the transients bounding cases are given in Ref. 9. The results of the comparison concluded that the TP-3
transients bounding cases also bounded the transients listed in Table 1.

Engineering Analyses Parameters:

A number of pertinent engineering analysis data are contained in Tables 1, 2, and 3. These data are considered necessary to perform the
various analyses. The components’ dimensions/data provided or confirmed by Dominion Generation (Ref.s 1, 9, 10, 16, 22 through 31)
were compared with the TP-3 data and are found to be acceptable.

Conclusion:

Based on the comparisons of Surry drawings and referenced engineering data received from Dominion Generation — Surry NPP, and TP-3
drawings and referenced engineering data, the engineering analyses for the CRM Nozzle ID Temper Bead Repair components for TP-3 are
directly applicable to Surry 1 & 2 NPPs.

Record of Revision: Rev. 01 — See Page 5, Reference 18, removed reference to 32-5014129-01, reference to 32-5014129-00 is still
applicable to this reconciliation document. Removed Ref. 19 as it is not used in Rev. 00 or 01. The Conclusions stated above and as in
Rev. 00 of this document remains unchanged by this rev. Only Pages 1 and 5 are affected by Rev. 01. Oct. 31, 2001

Page _1__ of _ 6"
* ALSO INCLUDES: Appdx A pg.s 1-10, Appdx B pg.s 1-2, Appdx C pg.s 1-25, Appdx D pg.s 1-15. Total Page Count = 58.




Table 1 RCS SPECIFICATIONS

Turkey Point 3 Referance Surry Reference

Component Analyses (TP-3) Data Description Source Data Description Source
RCS Spac.s -
Design Conditions
Design Pressure 2500 psia Ref. 12, para. 3.15 2485 psig (2500 psia) Ref. 1, Attmt 1-1, para. 1.1.2
Design Temperature 650 F Ref. 12, para. 3.17 650 F Ref. 1, Atimt 1-1, para. 1.1.2
Hydrotest Pressure 3125 psia Ref. 12, Appdx B 3107 psig (3122 psia) Ref. 1, Atimt 1-1, para, 1.1.2
Hydrotest Temperature NDTT +60 F min. Ref. 1, Attmt 1-1, para. 1.1.2
Hydrotest Temperature at Mir 110 F Ref. 1, Attmt 1-1, para. 1.1.2
QOperating Conditions
Coolant Fluid Pressurizer Water Ref. 1, Atimt 1-1, para. 1.1.3
Operating Pressure 2250 psia Ref. 12, para. 3.16 2235 psig (2250 psia) Ref. 1, Attmt 1-1, para. 1.1.3
Normal Operating Temperature 594 F Ref. 12, Appdx B S43F Ref. 1, Atimt 1-1, para. 1.1.3
Inlet Temperature 543 F Ref. 1, Attmt 1-1, para. 1.1.3
Outlet Temperature at Normal Temp, 6058 F Ref. 1, Attmt 1-1, para. 1.1.3

Initial Operating Limitations/Transients

200 HU and 200 CD Cycles, 5 Hydrotest

Ref. 11, Table 5.1,

The heating and cooling rate Is limited to maximum 100 F per Hour.

These rates will be safe for 200 Qccurrences each, Thus, when
starting at an isothermal condition at 100 F, the maximum heating

Heat Up and Cool Down Transients Cycles at 2500psia at Operating Temp. Ref. 12 rate is not to exceed 100 F per Hour up to operating temperature Ref. 9
and 1 cycle at 3125 psia at 100 F. . and, when starting at an isothermal condition at operating
N temperature, the maximum cooling rate is not to exceed 100 F per
Hour retuming to 100 £.
Pilant Heatup at 100 F/Hr., 200 Occurrences, Normal Operating
Condition; Plant Cooldown at 100 F/Hr., 200 Occurrences, Normal Ref. 9
Operating Condition.
Ref. 11 Table 5.1 Plant Loading and Unloading at 5% Full Power per Minute, 28,000
Ref‘ 12' o QOccurrences each at Normal Operating Condition, A total of Ref. 9
Plant Loading and Unloading Transient 14,500 Cycles ) 14,500 Cycles.
. Ref, 11, Table 5.1,
Bounding of Ramaining Translents including: 2,800 Total Cycles Ref. 12 2,800 Total Cycles Ref. 9
Ref. 11, Table 5.1,
10% Step Decrease Ref, 12 10% Step Load Increase and Decrease of Full power, 2,000
2,000 Cycles Ref 11, Table 5.1, || Oceurrences,Normai Op. Cond. Ref.9
10% Step Increase Ref. 12
Ref. 11, Table 5.1,
Large Step Decrease 200 Cyles Ref. 12 Large Step Decrease, 200 Cccurences, Normal Op. Cond. Ref. 9
Ref. 11, Table 5.1, .
Loss-of-Load 80 Cycles Rel. 12 Loss-of-Load, 80 Occurrences, Upset Condition Ref. 9
Ref. 11, Table 5.1,
Loss-of-Flow 80 Cycles Ref. 12 Loss-of-Flow, 80 Qccurrences, Upset Cond. Ret. 9
Ref. 11, Table 5.1, .
Reactor Trip 400 Cycles Ref. 12 Reactor Trip from Full power, 400 Occurences, Upset Cond. Ref. 9
3 Ref. 11, Table 5.1,
Loss-of-AC Power ,Trips, Step Changes, Etc. 40 Cycles Ref. 12 Loss of Power, 40 Occurrences, Upset Cond. Ref. 9
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Table2 REACTOR VESSEL CLOSURE HEAD ASSEMBLY

Turkey Point 3 " Reference Surry “Reference
Component Analyses (TP-3) Data Description Source Data Description Source
CLOSURE HEAD ASSEMBLY
Dry Weight 711,347 Lb. Ref. 1, Atimt 14, para. 1.1.7
. T5-FC 41n. OD x 2.t 11-19/32 in.
Closure Head Forging 184 in. OD x 2 Ft. 11-11/32 in. Langth Ref. 8, Part No. 51 Length Ref. 30 & 31
Material
. ASTM A.508, Class 2, Mn-Mo Steel, ASME Code Case !
Material 1332.2 Ref. 2, Part No. 51 ASTM A-508, Class 2, Mn-Mo Steel. Ref. 22 & 23
. . . R . 79-1/4 in. Inside Radius to basemetal x 6-
Closure Head Flate Zhi;; 4 " ';‘j‘gg g?:'ﬁ;ﬁ:;i%’;‘;“‘_"s‘zi’ 18 in. min. 3/16 in. min. thkns plus ).156 min. Thkns
pIS ). - 9-551- Ref. 7, Part No. 50 cladding - SST. Ref. 28 & 29
. ASTM A-533, Grade B, Class 1, Mn-Mo
Material (See Note 1 Below) ASME SA-302, Grade B, Mn-Mo Steel Ref. 2, Part No. 50 Steel. Ref. 22 823

Note 1 - An evaluation was performed to compare the material properties of SA-302 and SA-533. A review of Ref, 18, page 8, and Ref. 21, Page 9 demonstrates that the pertinent material properties at temperature are
identical or nearly the same values that no significant difference would affect the results of the applicable stress analyses (Ref. 11 & 18).
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Table 3 CONTROL ROD MECHANISM HOUSINGS

Component

Turkey Point 3 Analyses (TP-3)
Data Description

Reference
Source

Surry
Data Description

Reference
Source

Housing weldment consists of threaded 6-in. OD
Adapter, and a 4-in. QD Body. Housing has an

interference fit with the Closure Head and welded Ref. 26 & 27
into the inside of the Closure Head with weld
Control Rod Mechanism Housing deposited Inconel.
Quanity 65 Ref. 5, View: Key Plan 65 Ref.23 & 24
Spacing 8.466 In. centers Ref.28 & 29
Material - CRM Adapter ASME SA-182, Type 304, SST Ref. 2, Part No. 1 ASME SA-182, Type 304, SST Ref.23 & 24
Material - CRM Body ASME $B-167 Inconel Ref. 2, Part No. 2 - 14 ASME SB-167 Inconel Ref.23 & 24

Vent Pipe

Nominal 1.00 in. Dia. Penetration,

Ref, 1, Attmt 3-4, para. 3.1.3

3-D FE Model Parameter List of CRM Housing (See Ref. 18 for

Description of Parameters)

thead 6+3/16 in. Ref. 7 6.188 in. Ref. 24 825
tclad 0.156 in. Ref. 7 0.156 in. Ref.24 & 25
rbase 79+3/32+0.156 in. Ref. 7 79+3/32+0.156 in. Ref. 30 & 31
Rad To Noz (Max.) 53.544 in. Ref. 5 53.544 in. Ref. 30 & 31, Top View, calc'd value.

Ref. 30 & 31, Detail for Hole No. 1, and Detail for
DiaPen 4.000 in. Ref. 5 4.000 in. All Agapter Holes Except Hole No. 1.

Ref. 30 & 31, Detail for Hole No. 1, and Detail for
tButter 0.25in Ref. 5 0.25 in. All Adapter Holes Except Hole No. 1.

Ref. 30 & 31, Detail for Hole No. 1, and Detail for
WPirad .5-{Butter Ref. 5 .5-tButter All Adapter Holes Except Hole No. 1.

Ref. 30 & 31, Detail for Hole No. 1, and Detail for
WIdAng! 20 degrees Ref. § 20 degrees All Adapter Holes Except Hole No. 1.
NozOD 4.025in. Ref. 5 4.025in. Ref. 26 & 27
NozTw 0.6375 in. Ref. § 0.6375 in. Ref. 26 & 27

Doc. Id. 51-5015197-00
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REFERENCES

Reference No. |Document No. Description Source
X . " Dominion Generation, Surry Power Station, Facsimile Transmittal,
1* 78-S25 . ::;:L%j:g:os ‘xﬁ;:ﬁ;:;ts tation, Part Length Control Rod Removal,Rev. 2, dated 10/5/2001, To: Alvin McKim - FRA-ANP, From: Doug Lawrence -
) i Dominion -Surry, 25 Pages, time 13:05 hrs.
2 02-117877E, Rev. 5 ;A1a$31:11l é.i;: :esazctor Vessel, Westinghouse Atomic Power Div., Conir No. FRA-ANP Records Center, Lynchburg, VA
3 02-117878E, Rev. § Closure Head Assembly, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
4 02-117880E, Rev. 5 Detail & Sub-Assy, Control Rod Mech. Housing, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
5 02-117881E, Rev. 6 Closure Head Sub-Assembly, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
6 02-5012151E, Rev. 5 CRDM Nozzle ID Temperbead Weld Repair Boring Option B&W 177 FA FRA-ANP Records Center, Lynchburg, VA
Plants, dated 8/3/01.
7 02-88181C, Rev. 1 Closure Head Center Disc, Contr. No. 810-0116-52 FRA-ANP Records Center, Lynchburg, VA
8 02-117883E, Rev. 1 Details Closure Head Flange, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
. . . . Dominion Generation, Letter From Dean |. Price To: Paul Uimer of
9 N/A Surry Reactor Head Inspection - Design Information Transmital FRA-ANP, dated Oct. 12, 2001.
Equipment Specification, dated 4/29/71, "Addendum to Equipment Spec. Dominion Generation, Facsimite Transmittal, dated 10/12/2001, To:
10* 676500 Rev. 1 676413, Rev. 1, Project: SurryPower Station 1l, Eqpt: Reactor Vessel, Paut Ulmer/Jim Dorman- FRA-ANP, From: Dean Price, 10 Pages, time
System: Reactor Coolant. 09:54 hrs.
11 32-5014640-00 Turkey Point - CRDM Temperbead Bore Weld Analysis FRA-ANP Records Center, Lynchburg, VA
12 51-5014575-00 Turkey Point CRDM Noz. ID Temper Bead Weld Repair Regmts FRA-ANP Records Center, Lynchburg, VA
13 Not Used
14 Not Used
15 Not Used
Dominion Generation, Letter From: Dean Price, To: Paul Ulmer- FRA-
16* Surry Reactor Head Inspection - Design Information Transmital ANP, Subject - Sury Reactor Head Inspection, Design Information
Transmittal, dated 10/17/2001.
17 32-5015219-00 Surry CRDM Noz IDTB Weld Anomaly Flaw Eval. FRA-ANP Records Center, Lynchburg, VA
18 32-5014129-00 TP CRDM Conn. 3D FE Model FRA-ANP Records Center, Lynchburg, VA
19 Not Used
20 32-5015220-00 Surry CRDM Noz IDTB J-Groove Weld Flaw Eval. FRA-ANP Records Center, Lynchburg, VA
21 32-5011864-00 CRDMH Connection 3D FE Model FRA-ANP Records Center, Lynchburg, VA
22 02-131174E, Rev. 3 Material List, Contr No. 610-0137-51 & 52 FRA-ANP Records Center, Lynchburg, VA
23 02-134804E, Rev. & Material List, Contr No. 610-0147-51 & 52 FRA-ANP Records Center, Lynchburg, VA
24 02-131180E, Rev. 1 Closure Head Details, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
25 02-134810E, Rev. 1 Closure Head Details, Contr No. 610-0147-562 FRA-ANP Records Center, Lynchburg, VA
26 02-131177E, Rev. 3 Control Rod Mech. Housing, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
27 02-134807E, Rev. 1 Control Rod Mech, Housing, Contr No. 610-0147-52 FRA-ANP Racords Center, Lynchburg, VA
28 02-131175E, Rev. 1 Closure Head Assembly, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
29 02-134805E, Rev. 0 Closure Head Assembly, Contr No. 810-0147-52 FRA-ANP Records Center, Lynchburg, VA
30 02-131178E, Rev. 3 Closure Head Sub-Assembly, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
k) 02-134808E, Rev. 1 Closure Head Sub-Assembly, Contr No. 610-0147-52 FRA-ANP Records Center, Lynchburg, VA

* These references are not in the Framatome ANP Records Center. The use of thesg :
contained therein are approved by the Project Manager. PM Signature: P. M. Uig
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APPENDICES: Customer Supplied Documents

Appendix A - Dominion Generation Letter, Subject: Surry Reactor Head Inspection Design Information
Transmital, From Dean |. Price, To: Paul Ulmer of FRA-ANP, Dated Oct. 12, 2001.

Appendix B - Dominion Generation Letter, Subject: Surry Reactor Head Inspection Design Information
Transmital, From Dean |. Price, To: Paul Ulmer of FRA-ANP, Dated Oct. 17, 2001.

Appendix C - Dominion Generation, Surry Power Station, Facsimile Transmittal, dated 10/56/2001, To: Alvin
McKim - FRA-ANP, From: Doug Lawrence - Dominion -Surry, 25 Pages, time 13:05 hrs.

Appendix D - Westinghouse Electric Co., Facsimile Transmittal, dated 10/12/2001, To: Dean Price of Dominion
Gen. Surry NPP, From Justin Ledger, 15 Pages.
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Dominion Generation

5000 Dominion Boulevard, Glen Allen, VA 23060

Framatome ANP, Inc
3315 Old Forest Road
Lynchburg, BA 24506-0935

U

D ini
ominion”

October 12, 2001

Attention: Mr. Paul Ulmer

Subject: Surry Reactor Head Inspection
Design Information Transmittal

Dear Mr. Ulmer

Please find attached a Memorandum from our Engineering Mechanics department to myself concerning
design information such as transients, operating cycles, etc that you have requested to be used in the
engineering for a potential reactor head penetration repair should one be needed. If additional information
is needed in this area, please contact me at 804-273-3586.

Dean I. Price
Project Engineer

A+ Mekim

B. bt C&-Emar\
2. Dorman
M.qupemk»
D. Matthewss
M. S [omern

R. Spmrid

hea!
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- TP bominion Memorandum

October 11, 2001

To: D. 1. Price

Company: Dominion Resources Services, Inc.

Department: ~ Nuclear Projects Department, Civil/Mechanical

Location: ITC-3NW

From: D. R. McGowan

Company: Dominion Resources Services, Inc.

Department:  Nuclear Engineering Department, Engineering Mechanics Group
Location: ITC-3NW

Review of Framatome Transient Set for Surry CRDM Penetrations Analysis

Per your request, Engineering Mechanics (EM) has reviewed the transient data supplied by Framatome
for the design of the Control Rod Drive Mechanisms (CRDMs) for Surry Units 1 and 2. The following
comments apply.

The Surry reactor vessels (including the CRDM penetrations) are designed for the following thermal and
pressure transient conditions (References 1 and 2):

1. Plant heatup at 100°F per hour, 200 occurrences, normal operating condition
2. Plant Cooldown at 100°F per hour, 200 occurrences, normal operating condition

3. Plant Loading at 5% of full power per minute, 29,000 occurrences, normal operating
condition

4. Plant Unloading at 5% of full powei' per minute, 29,000 occurrences, normal operating
condition

5. Step load increase of 10% of full power, 2000 occurrences, normal operating condition

6. Step load decrease of 10% of full power, 2000 occurrences, normal operating condition

7. Large step decrease in load (with steam dump), 200 occurrences, normal operating condition
8. Loss of load (without immediate turbine or reactor trip), 80 occurrences, upset condition

9. Loss of power (blackout with natura) circulation in RCS), 40 occuirences, upset condition
10. Loss of flow (partial loss of flow — one pump only), 80 occurrences, upset condition

11. Reactor trip from full power, 400 occurrences, upset condition

12. Steam pipe break, 1 occurrence, faulted condition

13. Turbine roll test, 10 occurrences, normal operating condition

14. Primary side hydrostatic test before startup at 3105 psig, 5 occurrences, normal operating.
condition

51-5015197-00 2000 Dominn Resoarces Sere oe)
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15. Primary side hydrostatic test at 2485 psig, 50 occurrences, normal operating condition

16. Steady state fluctuations, o occurrences

Details of the review of Framatome’s transients are discussed below. The number of occurrences for the
transients assumed by Framatome are included in the Figures.

For heatup, Framatome’s heatup curve (Figure 1) shows a rate of 100°F/hr and a range of 100°F to
600°F. This heatup rate matches the design rate for Surry. The range bounds Surry’s design range.
For design purposes, an ambient temperature of 70°F was assumed, and the no-load RCS temperature
is 547°F. Per Reference 4, the full power upper head mean fluid temperature for Surry is 597.8°F.
Therefore, the heatup rate and range proposed by Framatome are judged to be bounding.
Framatome’s heatup pressurization curve (Figure 2) shows an approximate rate of 645 psig/hr. This
number does not bound the design value of 740 psig/hr; however, it bounds the actual pressurization
rates used during plant heatup.

For cooldown, Framatome’s cooldown curve (Figure 3) shows a rate of -100°F/hr and a range of
600°F to 100°F. This cooldown rate matches the design rate for Surry. The range bounds Surry’s
design range as discussed above. Framatome’s cooldown pressurization curve (Figure 4) shows an
approximate rate of -645 psig/hr. This number does not bound the design value of 740 psig/hr;
however, it bounds the actual rates used during plant cooldown.

For plant loading, the design basis for Surry is for 29,000 cycles, based on the assumption that the
plant is operating in a load-follow mode. The Surry units do not operate in a load follow mode; thus,
the number of cycles for this transient is very conservative. Per Reference 4, the temperature range
for this transient would be 547°F to 597.8°F, and the transient would occur over a time period of 20
minutes (5% of full power per minute). The temperature range listed in Framatome’s plant loading
transient is 547°F to 618°F over 20 minutes (Figure 5). In all cases, the RCS pressure remains
constant at 2235 psig (Figure 6). Framatome has assumed 14,500 cycles for this transient. The
Framatome transient is bounding.

For plant unloading, the design basis for Surry is for 29,000 cycles, again based on the assumption
that the plant is operating in a load-follow mode. As discussed previously, the number of cycles for
this transient is very conservative. Per Reference 4, the temperature range for this transient would be
597.8°F to 547°F, and the transient would occur over a time period of 20 minutes (5% of full power
per minute). The temperature range listed in Framatome’s plant loading transient is 618°F to 547°F
over 20 minutes (Figure 7). In all cases, the RCS pressure remains constant at 2235 psig (Figure 8).
Framatome has assumed 14,500 cycles for this transient. The Framatome transient is bounding.

For the remaining transients of increasing temperatures, Framatome proposes 2800 occurrences of a
transient from 577°F to 617°F (+40°F) in 10 seconds (Figure 9), accompanied by a rise in pressure
from 2235 to 2585 psig (+350 psi) (Figure 10). For the remaining transients of decreasing
temperatures, Framatome proposes 2800 occurrences of a transient from 617°F to 517°F (-100°F) in
10 seconds (Figure 11), accompanied by a drop in pressure from 2235 to 1735 psig (-500 psi) (Figure
12). Review of the 10% step increase, 10% step decrease, large step decrease in load (with steam
dumps), loss of load, loss of flow, reactor trip, turbine roll, and loss of power design basis transients
show that they are collectively bounded by the transients assumed by Framatome, both in magnitude
and number of occurrences.

For the hydrostatic pressure tests, one planned test to 3107 psi occurred during pre-operational
testing. No additionai testing is planned. Also, no additional testing above normal operating pressure
is to be performed, as allowed by ASME Code Case N-498-1. Thus, the hydrotstatic test transients
do not need to be considered.
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References:

1.

Equipment Specification 676499, Revision 1, dated 4/28/71, “Addendum to Equipment
Specification 676413, Rev. 1, Project: Surry Power Station 1, Equipment: Reactor Vessel,
System: Reactor Coolant.”

Equipment Specification 676500, Revision 1, dated 4/29/71, “Addendum to Equipment
Specification 676413, Rev. 1, Project: Surry Power Station 11, Equipment: Reactor Vessel,
System: Reactor Coolant.”

Calculation 30660-1130, “Reactor Vessel — Final Stress Report,” Revision 1 (North Anna Units 1
and 2).

Engineering Transmittal NAF 95-162, Rev. 0, “Reactor Vessel Coolant Temperature Design

Input for Use in Upper Head Penetration Inspection Program, Surry Power Station Units 1
and 2.

Prepared by: Q 7/% Date: o-t1-o/

Reviewed by: K. K. 9“’”’"’(} Date: Jfo-11-0/
v
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Dominion Genceration D .. 1
Nuvlear Engineering omlnlon
trsbrook Fechaical Cener
0100 Dominion Boujevard. Glen Allen. VA 23060
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Framatome ANP, Inc
3315 Old Forest Road
Lynchburg, BA 24506-0935

Attention: Mr. Paul Ulmer October 17, 2001

Subject: Surry Reactor Head Inspection
Design Information Transmittal

Dear Mr. Umer:

Attached to this letter are the highlighted drawings that Framatome sent to Dominion for design
information verification with the corresponding Westinghouse information. This information has
been verified with the exceptions listed below (which were sent to Framatome in an earlier e-mail)
and so indicated with additional highlighting next to the requested information. This information
can be used as design input for the Surry Units 1 and 2 Reactor Vessel Head Repair.

Exceptions:
1. Drawing 131175E~-1 can't verify the original material thickness of 6 9/16" for the head.

2. Drawing 131174E--| have not been able to verify notes 2, 3, 4, 5,6, 9, 11, 12. I'm still working
on this. Also | have not confirmed the appreciable stress due to bolting. Our engineering
mechanics guys think this is a good assumption but we will have the stress report on Thursday
and will verify this.

3. Drawing 131178E--Cannot verify Westinghouse weld procedures are the same as
Framatome's. The NDE requirements are the same as far as calling for a PT.

4. Drawing 131177E--Section “Machining of Control Rod Mechanism Housing" shows 2 blocks at
the right end of the housing. | can verify the left block and everything in the right block except the
last word or number. 1t is also unclear on the drawings that Westinghouse has. They said that it
is */308" but that really doesn't seem to make any sense.

5. Drawing 134809E--Section 15--'m not sure what is meant by "2* dia (and then a triangle)" but |
have not been able to verify this.

6. Drawing 131179E--There are a couple of areas circled on this drawing and they appear to be
head vent piping details. | have verified that the Unit 2 drawings agree with the Westinghouse
drawings but | can't read your unit 1 details. | am assuming that these are the same as the unit 2
details.

7. Drawing 5015107D--Most of these dimensions have been verified and a couple are fractionally
different and are listed on the marked up drawing.

8. Additional information was requested on CRDM housing material and welding. This is listed
below with the response in bolded type.



As part of your design input response letter can you please confirm that the following materials are
applicable to the Surry 1 and 2 CRM penetrations?

1) CRM Housing Nozzle = SB-167 (Inconel). Correct

2) Closure Head Cladding = Austenitic Stainless Steel, Type 316. It is austenitic stainless
but | have not been able to verify the 316. All of the Westinghouse specs say "304 or
better”.

3) Closure Head/CRM Housing Nozzle, J-Groove weld buttering = Alloy
600 (Inconsl). According to our welding experts, the weld material comparable to inconel
600 is Inconel 82/182. According to them, Inconel 600 is not a weld filler material.

4) Closure Head/CRM Housing Nozzle, J-Groove weld filler metal =

Alloy 600 {Inconel). See item 3 response.

If you have any additional questions or need any more information please do not hesitate to call

me at 804-273-3586
Dean l. Price

Project Engineer

APPE&D(X %
Doe. Td. 51-5015197-00
Pec g L2
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P - FINAL DESIGN \_/s
) SURRY POWER STATION

PAGE v2

VIRGINIA ELECTRIC AND POWER COMPANY

T0:

DESIGN CHANGE NO:

SUPERVISOR — ENGINEERING SERVICKS 78-825
TITLE: . 3 .
Part Length Control Rod Removal il PP
FINAL DESIGN: s
tFINAL DESIGN SHALL CONSIST OF; 1, AKFERENCES; 2. DEECRIPTION; 3. DRAWINGS; & DESIGN DASIS;
3. OPERATIONAL REQUIREMENTS; §. PERIODIC TEST REQUIREMENTS;
Y. MATERJALS LIST AND &. EQUIPMENT SPECIFICATIONS.!?
FINAL DESIGN DEVELOPED BY: 6 | COMPLETION DATE: ?
Lavrence Lobo 3/20/79
PROJECY ENGINEER: [ ] TE:
Lawrence Lobo 3/20/79
REVIEWED bY QESIGN CONTROL ENGINEER: 10 | OATE:
R. H. Coupe "f“”‘f’ 7;
REVIEWED BY SUPERVISOR-ENGINEERING SERVICES: 12{ DATE: | 12
D. A. Christian G q-79
REVIEWED 8Y SUPERVISOR-NUCLEAR ENGR. SERVICLS: 14 [ DATE: 18
g 7 /O~ 475
REVIEWED 8Y STATIOR NUCLEAR SAFETY AND OPQR;T"‘G OMMITTEES 16 | DATEK: o 17
) L nee
CHAIRMAN'S RIGNATURES W S M PR § ﬂia
PROJECT AUTHORIZATION u'rncn, ' QUIRED. "
Surry NoJo 1 81216606
[ requinen;  No.: [J wor required
Surry No. 2 81216506 —
REVISIONS TO FINAL DRSIGN (ATTACH "FIZLD CHANGE®): 1
REVISION NUNBER: / .
DATE: M Wm
REMARKS: T 20

PAGE.. ! __oF _ 21
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' " anre FINAL DESIGN (SUPPLEMEN
SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER COMPANY
ATTACH TO: PINAL DESIGN 1 | DESIGN CHANGE NO. 2
78-825

FINAL DESIGN [CONTINUEDY: 2
1.0  REFERENCES:

1.1 Royal Industries, Model 121 .J001 Part Lenth Control Rod Drive Manuail.

1.2 MMpP~C~RC-035

1.3 opP-4.5

1.4 Vepco Nuality Assursnce Manual, Section 3

1,5 FSAR Section 3

1.6 VW P5-78-1, Rev, October 18, 1978

2.0  DESCRIPTION:

2.1 Description of the anti~rotation devices can ba found in the Westinghouse
proposal for the Removal of Part Length Control Rods dated April 25, 1978,
A copy is attached for reference.

3.0  DRAVINGS:

3.1 The appropriate drawings are attached.

3.2 VFigure lr Partial Length Anti Rotation Housing
Figure 23 Partial Length Up Position Leadscrew Clamp
Figure 3: Partial Length Conoseal Assembly
Figure 4: Partial Length Up Position Lead Screw Retalner
Figure 5; Lacations of P/ Control Rods

4.0 DESIGN BASIS:

4,1 The intent of the Part Length Control Rods was ta control axial power
distribution and to suppresa xenon oxcillations.

4,2 The utilizatfon of Part Length Control Rdds for axfal power distribution
is not desirable, The insertion of the Part lLength Control Rods would
cause the lowering 6f power in the axial region just below and shove the
neutron absorbing material of the Part Length Control Rod.

4.3 Ar the time the Surry Units were designed, there was no stringent
restriction on Ad band, At the present time, there is a restriction
on maintaining a narrow A¢ band of 1 53 which reduces. xenon oscillations
to a very low level, .

2 2

- PAGE OF
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¥ ¥88.16 FINAL DESIGN (SUPPLEME )
SURRY POVER STATION
VIRGINIA ELECYRIC AND POWER COMPANY
ATTACH TO: FINAL DESIGN 1 JDESIGN CHANGE NGO,

78-825

- 4.0

S.0

6.0

7.0

8.0

FINAL DESIGN {CONTINVED):

DESIGN BASIS: (CONTINUED)

4.4 Technical Specifications for Surry Power Station Units 1 and 2 do not
allow the use of the part length ¢ontrol rods during operation.
Westinghouse's study on part length control rod removal and operational
experience fn Surry indicate that the removal of the part length
control rods is desirable.

OPERATIONAL REQUIREMENTS:

5.1 The reactor coplant system 18 to be at refueling shutdown condition in
accordance with the plant technical specifications.

5.2 Once the part lemgth control réds ara removed, add{tional operational
requirements are not necessary.

PRRIODIC TEST REQUIREMENTS:

6.1 After the part length control rods are removed, the peals at the top of
the part length lead screw travel housing need never be opened during
a refueling. Since the seal i3 never broken, any possibility of leskage
during plant startup following an outage is virtually eliminated,
Therefore, there is no need for periodic testing.

HATERIJALS LIST:

7.1 See Uestinghouse proposal dated April 25, 1978 attached.

EQUIPHMENT SPECIFICATIONS:

8.1 Tot required

21

51-5015197-00 Py4. 4
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o, 89819A .5 FINAL DESIGN IMPLEMENTATIO; ,.ND TESTING
SURRY POWER STATION

-~

VIRGINIA ELECTRIC AND POWER COMPANY

TPAGE 18

__78-525

1

PART LENGTH CONTROL ROD REMOVAL

gr—
TO: 1 § DESIGN CHANGE NOY
DESIGN CHANGE TITLE: - 3 § UNIT NOy

QEBIRED IMPLEMENTATION DATE -
- DWRING STEAM GENERATOR REPLACEMENT

FINAL DESIGN CONTROLLING PROCEDURE:

PROCEDURE SHALL CONSIST OF:
3B corv aTracHED

1. PURPOSE; 2. INITIAL CONDITIONS; 3. PRECAUTIONSE; 4, INSTRAUCTIONS:

FINAL DESIGN TEETING) -~

PROCEQURE SHALL CONSIST OF:
5. ACGCEPTANCE CRITERIA,

1. PURPOSE; 2. INITIAL CONDITIONS; 3. PRECAUTIONS; 4. INSTRUCTIONS;

COPY ATTACHED: £ mecHANICAL TESTING ) ELecTRICAL TESTING
1 INSTRUMENT TESTING [} cHEMICAL TESTING
FINAL DESIGN CONTAOLLING AND TESTING PROCEDURES: 8
l ~—
SUBMITTED 8Y PROJECT ENGINEER: 3] OATE: 1
Lawrence Lobo 7-18-80
REVIEWED BY DESIGN CONTROL ENGINEER: : DATE: 11
Richard Coupe . 7 "'m
RECOMMENOED APPROVED BY SUPERVISOR-ENGINEERING SERVICES: 13 | DATE: 14
) David Fortin - POX
REVIEWED BY QUALITY CONTROLS : DATE: 16
Frank Rentz ¥y 7-21-%F
17 DATE: 1

APPROVED BY STATION NUCLEAR SAFETY AND OPERATING COMMITTEE:

rasmaans manarunE /9(14();9 s 7 2

)

REMARKS: -
This procedure addendum inserted as Field Change #2

—J

51-5015197-00
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L e ENG
19/05/2881 12: 15 2758
+ .
* o109 tsuRnv) x DESIGN CHANGE REQUESS .. -
_ SURRY POWER S$STATION
VIRGINIA ELECTYRIC AND POWER COMPANY
TO: SUPERVISOR - ENGINEERING SERVICES ' DESIGN CHANGE éoxzb—' 2
SYSTENM: . ] MPORENT TAG NO,: UNIT NO. 1]
/ Los , ¢ -y

REPERENCEY, c‘ 'I "I l' ‘.“‘ ‘W al l ‘ﬂ' ﬂ" [
BRIEF DESCR) ION OF CHAN ( T [ ,
1PT G REQUESTED il?l’l A b 4 rg. F iR o
CH ADD! IONAL AG tF REQ! o).

ove Mo € ~ REAALE Wt H "ﬂhmm Aeve “riseedy
Brosfate Ak -ofatrion, DEVILE To Melh CEA SUtles UP 13 MHeAD,

HEMON FOR CHANGE:

) DAL vFATe rmb Dusing LhANCINE oufArke ~ 3)Disdsss ey
RaDIhe~ ErPrsval — ) OPhratbonn not Allowin 8 TS,

CHANGE REQUESTED BY: 6'" %L_ : ’ lone,/"/—:z_

REVIEWED BY: | DATE:
COGNIZANT SUPERVISOR: M{) L,V S oA 7’” "7 r

RECOMMENDLD ACTION:

‘£ AePrOVED ™1 DisapPROVED ) " APPROVED AS MODIFIED

PROJECT ENGINEER: A c Lo a o u[ nne' zsstEz.! ul DATE AEQUIRED? 16

1y
ENGINEERING REVIEW ATTACHKH HED

QUALITY GROUP CLAssiFicATION: [X] A [Je [CJe [ [J¢y Duc [Jo [Je []ovuse

W vrcwseec, iTEws: I wo R ves  secr. uo.%
IMPLEMENTATION METYHOD: *‘ DESIEN CHANGE PROGRAN MAINTENANCE PROGRAM WMAINTENANCE REPORT NO.
PROJECT ENGINSER'S RIGNATURE! “T °‘““g[2[ 72 -
. 24

{7} SAFETY AMALYSIE _ATTACHED (REQ'D FOR SAFETY +AELATED ITEME) —
”lracu sPEC. CANGE REQUIAKD S YEZ | | NO

UNREVIEWED SAFETY QUESTION NO

n
#ROJECT ENGINEER'S SIGNATURE: r.::‘. Wb T.T"‘“;u” [ 8 :

BESION CONTROL ENGINEER'S RECOMMENDED ACTION: g APPROVE . | UISAPPROVED

' . n
APPROVAL LEVEL NRC LEVEL [C] svarem LEVEL ] station LEVEL
METHOD OF IMPLEMENTATION 5] DESIGN CHANGE PROGRAL ] MAINTENANCE PROORAM

DESIGH CONTROL ENGINEER'S SIGNATURE: . W 12| oate: Zzz/-z
v P L]

SUPERVISOR - ENGINECAING SERVICES' REVIEW: el W Abvcason A b M - o

annov:n ~3 DisaPPROVED . m APPROVAL LEVEL VENIFIED ¢
7( STYATION TO CONPLETYE FINAL DESIGN *T i PROBUCTION SEAVICER RESFONEIBLEFOR FINSL DESIGN

3%
PROJECT AUTHORIZATION ATTACNED OF REOUIRED):
NOT REQ'D. P aL0'D PRIOR TO FINAL DESIGN REQ'O POST FINAL DESIGN
IR N-o48?
SUPERVIBOR ENGINEERING SERVICES’ SIONA TURE? @ 38| pare: / !
[
-7 T
wy,«ﬁ:mu SAFETY AND OPERATING COMMITTEE REVIEW: o)
APPROVED © 1 DISAPPROVED T\ APPROVED AS MOOIFIED J

PAGE__ Y __OF__ 2.
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sasn.108 p DESIGN CHANGE REQUE
.- SURRY POWER STATION:
, : VIRGINIA ELECTRIC AND POVER COMPANY
ATMARKS: »

DESICN TNANGE nOL¥

78- 5as

47

NUCLEAR ZNGA. 3 ICES” REVIEW:
ORGANIZATION TO CONDBUCT REVIEW OR-Siidiar-D0rgn:-

(33" NUCLEAR ENaR, SEAVICES STAPP ] contmacron

{1 ormnen
e

DAYE: 42
; ; { 43

PAOIECT ENGINEER:

S, Bristow . Jr. . -

Dhg—l 2:69595: @

AFFILIATION:;

5’;0”" - Nfsr

NUCLEAR ERGR. SERVICES' AEVIEW:

[14

COKMENTS:

uNagviewsD sareTy quesrion  [RIne COMMENT:
Cves
SUPEZRVISOR NUCLEAR EHGH, SERVICEY SIONATURE: @ [oATE: P
+ I \S’Zlég
b 3
50

SYSTEM NUCLEAR SAFETY AND OPERATING COMMITTER NEVIEW:
UNREVIEWED SAFEYY QUESTION: 3 ves

{q arrroven

I %o

7 cisapproven

(] arraavzo AS MODIFIED

B

& S1j-pavE: / 1)
CHATHMAN’S §iENATURE: 12[ L. ‘jé& 3 12/77
FINAL DESIGN COMPLETED: sa[oaTL,
L., Loko oz
TITLE: | ArFiLIATION) [ 4
ANBASTIVT  ENeA NEER. EPa
FINAL DESIGN REVIEFED DY STATION RUCLEAR SAPETY AND OPERATING COMMITTEE. oAt s
-,
APR § 380
CHAIRMAN'S SIGNATURE: \/ ¢ L ' /4L S ad 8
FIRAL DESION IMPLEMENTATION CONTHOLLING AND TESTING PROCEDURES 63 j OaTR: [1]
COMPLETED BY: 1 . l o8 2o "'>/
REVIEWED BY $TATION NUGLEAR SAYETY ANQ OPCRATING GONMIYTEE: ez lpave: 3

Jd.4. i Sor

CHAIRMAN'S SIGNATUR E:

Y- ¢- ¢

DATE DESIGN CHANGE [ 23

COMPLETED ON UNIT NO. 1: ?v ; 7' W

DATE DESIGN CHANGE
COMPLETED ON LNIT NO. 2:

6..

J& 3V

&3

COMPLETED DESIGR CNANGE AUDITED BY QUALL
ASSURANRCE ENGINEER:

CONTRALLED DOCUMENT REVIEW AND AEVISION COMPLETED 0¥ s8] oare:
z;{o ~29-8 "Z
[emoscer encingem A_Wf W 3
COMPLETED DESIGN CHANGE REVIEWED 3Y §8 [ DATE:
DESIGN CONTMOL ENGINEER: A?' ; f - =
10| OATE:

'/-/vs@

PAGE

FAPWARD T ATATIOV RECORDS

51 5015197-

T

2

00

Py 12



. ¥

ragt 13

14785/2080 1216~ 2750 - - ENG
TheA _ ENGINEERING REVIEW -°
SURRY POWER STATION

VIRGINIA BLECTYRIC AND POWER COMPANY

- ATTACH YO DEMION CHANGE REQUESY 1] OESICR CHANGE NO: 2
) 78-825

PESIGN CHANGE TITLE: s
Removal of Part Length Control Ruds )

PROJECT ENGINEER PERFDRMING REVIEW! ¢ | pate: s
Lawrence Lobo mm M 11/27/78

HEVIEWED BY DESIGN CONTROL ENGINEEA: ® | DATE: 7
R. NI, Coupe : // Aﬁ w/

AEVIEWED BY SUPERVISOR ~ ENGINEERING EERVICES: N N ESC M [
T, A. Peebles A0 M. /ﬁﬁ [2&

ENGINEERING REVIEW: (THE REVIEY SKALL CONSIST OF: (1) ANALYSIE OF THE REQUEST: ﬁ 1]

12} PROPOIED RESOLY TION:
{9) APPROVAL LEVEL:)

(1) ANALYSIS OF THE REQUEST:

1.) 7This design change request consists of the removal of part length control
rods from Surry #1 and #2 Units. There are five part length control rad
asgemblies in each unir, Aftaer removing the part length control zods from the
core, thimble plugs are to be inserted In the fuel assembly from which the parc
length rods are removed,

The intent of the part length control rods was to control -axfal power
distribution and to suppress Xenon oscillations.

The utilization of part length control rod for axial power distribution
control is not desirable, The insertion of the part langth control rods would cause
the lowering of power in the axial region.surrounding neutron absorbing
material. At the game time causing 2 higher power in the axial region just
below and abova the neutron ahsorbing material of the part length rod.

At thé time Surry units were designed, there was mo stringent restriction
on A band., At the present time, there i3 a restriction on maintaining a narrow
A% band of + 5% which reduces the Xemon oscillations to & very low level. )

2,) WHestinghouse has evaluated and snalyzed the removal of the part lemgth
control rods while leaving the laad screw in the fully withdrawn position
{Details are discussed by Westinghouse in a letrer to B. R. Sylvis) and found:

(1) There are no thermal or hydraulic problems including no change
in Ty in the upper head provided the part lemgth rods are
replacad by thimble plugs.

(2) There sre no problems with replacing the part length rod with
a thimble plug.

(3) There are no mechanical problems including vibrations, provided
the lead screw is adequately supported at the top end. This can
be done using an Anti~rotation Device, When the part langth rod
1a unlatched, the lead screw is free to rotate. So when the screw
~ 1s moved to the top of its housing, its own weight and/or vibration

s can cause it to rotate in tha direction which would lower it.

. Westinghouse has designed & 40 year anti~rotation davice that can
be utilized to prevent the lead screw from rotating. The device
has a pin which fits 1nto holea drilled into both the enti-votation
device housing and the cap of the conoseal, The cap cannot rotate

PAGE 1 oF._ 3
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Maibiy ENGINEERING REVIEW {(SUPPL. NT)
SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER COMPANY
ATTACH TO: ENGINEERING REVIEW ‘' RESIGN CHANGE NO, 2
ENGINEERING REVIEW (CONTINUED): 3

(1

(2

ANALYSXS OF THE REQUEST: (CONTINUED)

therefore the device cannot. The anti-rotation device can he
installed while the head Is in {ts laydown area.

The rempval of the part length control rods provides the following
benafits.

(1) Dacreased outage time.

The degign of the part length control rod drive mechanism is such
that the lead screw, which is used to raise and lower the rod, canmot
be removed from the mechanism, This regults in the requirement for
a removable seal at the top of the part lemgth control rod drive
mechanism, as well as a long tool for extending down into CRDM to
unlatch the screw from the part length rod, This unlatching and
relatching process can require as much as two 10~hour shifts during
each refusling outage, all of which can be critical path time.
Removal of the part lemgth control rods can therefore save as much
as a full day of outage time.

In addition, after the part length control rode are removed, the
seals at the top of part length lead screw travel housing need

never be opened during a refueling. Because the seal 1s nevér
broken, this virtually eliminatee any poesibility of leakage during
plant startup, following an outage. Therefore, the risk of eigni-
ficantly extending the outage while cooling dowm, depressurieing,

and repairing a lesk at this location, is reduced essentially to zero,

(2) Decreased radiation exposure

The latching/unlatching process requires two individuals at a time
working for as much as a toral of 20 hours in a high radiastion
fiald. After the part length rods are removed, none of this 1is
necessary. This makes a significant cantribution to the ALARA
projran. .

PROPOSED RESOLUTION:

Based on the Westinghouse study, and operational experience at Surry, it
is recommended that the following be accomplished: (1) Remove part length.
countrol rods from the core, (2) Insert thimble plugs in the fuel assemblies,
which contain par: length control rods, (3) Install Anti-rotation Device to
keep the lead screw in rhe raised position.

During the fuel shuffle, the part lemgth control rods may be inserted into
spent fuel assemblies and taken to the gpent fuel pit while thimble plugs are
ingerted into the locations formerly occupied by the Part Length Control Rods.

. ) . PAGE = oF 3
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3. GENERAL INTORMATION.

P il
1'1

1.3.1

Eaneral data.

GCeneval dageription.

. rhe 157-Snch peactor veasel consists of a vessel shall and
head, The vessel shell is a cylindrical gection .
with a 12-fest 11-7/8~inch I.D. and & 4-feet §-7/32-inch O.D.

-

4 closure

o p

BEST AVAILABLE COPY

T s

at the primapry irlet and outlet connections. Below thess
connections it has a 13-feet §~8/16~inch X.D, and 8 tu-feet

§=7/18-inch ©.D.

The dimension from the centarline of the vessel to the outer -
.fage of the inlet nozzle is 1U~fest S5- ~inches. The dimension

fyem the centerlins of the vassal to ¢

outer fase of the

outlst nozzie is 40 fest 2-3/8 inches. .
The botton hemispherical head is nachined to receive 50
o Ingtrupantaticn nozxlew. The closure hsad is machined to . . .
’ receive tha 65 ‘vontrol rod mechanisn bousings. .
The vessel stands 42 feet 7-3/38 $nores high from the dhottem

Pesisn conditions.’ .

Design pressure

Design tempevatare
Bydrotest pressuve
Hydrotest teaperature .

( " +.1,3 DOperating eenditint'm'.

-Coolant fiuid . - .
Operating pressurs '’

Hormal operating temperature
Inlet temperatuxre

\

/7 1.1.%

Hydrotast teaparatura at sanufactire

Dutlet teaperature st normal power
Initial gu'atgg 1imitations.

nemispherioal head to the t0p of the control rod aechanisa
»ousings. {see also figure 1-1). .

oMLY THIS JA/FweMﬂf/D/V /8

’:ggo ;fi’ PerTInNeNT ON THIS GG,
3407 psi é;,.,_....-- '
%oorsnsl-'-minm WK& . %_

-

. . Preagsurized weter
2235, sig
583
- M!é I &
60%,8° F °

The heating and cooling rate iz limited to maximum 1060°F per

hour. Thate rates will be safe for 200 occurances sach., Thus,
|, vhen starting at- an isothermal eogdiﬁm o 3007F, the maximum
heating vats is not to excead 100°F per hour up to opexeting )

temperature and, when starting at an i

oparat

sothersal condition at

smeparature, the saximum coo)ing rate is not to

ing
exceed 100 F per hour peturning to 100" F.

1.1.5 . Basic Dimensions. '

1.1.6.4 Vessel Shell Assemdly. . '
Ylange Forging

Cylindrical Seation Wozxles

45-feet A=inch 0.D. x 2-foet
41~} inch length

42-foet 11-7/8~inch I.Ds X

g-inch sinisun thick zmangansse~
aolybdenun steel plus 0.3158-inch .
austenitic stainlesy steel .
cladding.

1-2
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* insrumentation

; vent pipe (MK<23)

groud support

T 2irdg dug

clpsre stud

(HXR) .
closre nut - -
(MX-8)

spheical washers
(Mx-# and $5)

ves.d flange

1en!aonitu-::§ ol ;

TubelHX-80

outlt nosh.a
IxCi59)

u;d.'ni:po;.-t.

nosies (MK-BB3

thn 3113)

: 1
! !
i sating aurface—

control rod mechanisnm
housing (MK-AZ thru A1)

closure head eaia

olosure head £lange
innar O-r:l.ng "g'as)cet

- m’?l
' : _.-oufu' O-rins ganket
) : 3 (MX-72)
L cere n?pen ladge —refucling veal :Led;e
S L Qex-66)
- ab vt -t - 1 . ‘
i inlet nozzle
= . Ix(MX~58)
upm shell cou:_-so-ﬁ‘ ‘
intermedikte’ shell— T, ]
_course TR . DR e g
~.lower shell courde . - ,-
o T Lot
core su; ide )
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Pigure 1-1 Reactor vessel
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Cylindrical Section 13~feot 1-5/16 inch 1.D. x

8- inoh min

thick manganege~

molybdenun steal plug ¥/8-inch, .

. uastenitic ctainless steel
. M cl.dd‘a'o .
‘Hemispherical Haad . 8-feet 7~} f{nch $Ppherical t\adi.n's

1.3.5.2. Closure Head Angggl!..
: Closurs Head Porging

" 15-feet ¥~fnch 0,D.
31-21432 inch length.

. % § inch minimum thick manganess~
nilyddsnun stoel plug 1/8~-
austenitic stainless steel aladding '

$ ¢ 1t

X 2=feet .

Closurs Head Plctc‘ IR §-feot 7-3 inch 3 herieai.rad.ius.
S L x 6-3/16 inch mi thiek man-
. . o : gmese- enum ‘gFteel” pluy 3/8-~
" ' R nch austenitic stainless steal
e ) .’,-;; oladding. L
Studs - BT 6 inch nominal diamater x $-feut.
.t L leﬂ“thc A . L2 -
1.2.6 ' General Dimensions. - ) Voo :.'= o : .

Overall Haight of Reactos Vasael Aas
Including Control Rod Eousings -
. Excluding Contyol Rod Housings snd
" Instrumentation Noxsles .
- © Ovearall Height of Reactor Vemsel
Excluding Closure Assendly and
. Instrunentation Nozzles
Cutaide Dimension frém Cartarline of
‘5hell to Face of Dutlet Rozzles
Outside Dimansion from Centeriine of
Shell' to Tace of Inlet Noszles ’
Outside Diaseter of Shell at Nozzles
Outiidz Diameter of Shell Below Rozzle
Seoction AN . et
Qutside Diameter of -Refueling Seal Ledge
Outeide Ding;tig: !;::. Centerline of
Shell 2o € 8
Dimenaion from Centerline of Shell
o Lifting lug Hole Ceriterline

Shell Thickness Including Cladding:
Plange, Maximum (Pressure BSoundary)
N Flange, ¥inimrs (Prescure Boundary)
« VUpper Shell Course, ¥inimum .
Intermediate Shell Course, Miniimm
Lower Shell Courae, Miriimum
Lower Head Ring, Winizum .
Remispherical Head, Minimunm
Hemisphawical Ciozupe Head, Mininum

LIS 00-26T¢10¢. 18

. BESTAVAILABLE COPY

* gt . -

82- foet 7-13/6% inchas:

.40 faet §= 3732 Inches

© " 83 fewt 10-48/5% inches
" 10 feat 2-378 inches

10 feet §-

)
- 17-7/32 inches

173-7/18 Inches.

197.900 fnches’
6 faut ?-i inehns,...'
$ feot 11 inches .

i= foot §-7/32 inchae
1~ foot 5~3/1B inches
9~ 2/8 inchés

4~ inches

i~ inches

S= 4/8 fnches .

S« 1/8 inches.

£~5/18 inches.

1-&
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$.3.7. Dry Weights,.

el B30 3b. - .
( Reagtor Closurs Head N 131,34 b,

1.1.8,

1-.0..:¢

1.4.8.2.

1.1.9.

it 8 < &De -
?oth Assenmbled Reactor Vessel Weight 701:992 1»,

‘Clogure Stud Assembly Lo -
Stud (MX-52) (Iacludec {meﬂts HK-78

¥K-79} 450,38 Lb. each
Byt (MK-63) 88,7 ibh, each
Spherical Washer Set (HK-G! ) mt-'ns) - 28 id. each
- Total per Sat ° 558.48 1d. cach set
. Total for &8 seta - * 31,863 b, :
Vessel Shipping Arrangement = - . v e LT oo
.Reactor Vessel . R §59,002 b,
Roll=-on/Roll-off skid toe : 26,455 1ib, -

Miscellanecus Shipping . 6,618 1b, - -
Total Reactor Vesul pping wcight 592,151 b,

Closure Read Shipping Ammmt Lo e
Closure Head ‘. 414,3%7 I1b.

.Shipping Skid and Covcr ) T 7.6 2B,

Mechanism Housing Cove 3,527 1.

Total Closure Head saipping Weisht 12!,37b ib. |
Design Consideraticns: - . . .- . - ’.' . ) - A

The materials mdue-ﬂ l.nd und in fmuation of the ruetcr
vegsal C(under this contract) ave in accordance with the

quuifinlt.lons S.mlenuthd in Paragraphs 1.1.0 1 and 1.1.! 2..

KRN
.

Soverning Speiﬂuticnc. . a e
1. A.s‘“.t. « Codae Smm In- , ) o : R V.
2. A5, H.E. - Code. ‘Seation ™ IR

3. :;:g:ghwn P.W.R. }:quipunt Spooifiuti«m 675“3 uxd

Nateria) Specificatioms.

The naterial specification for each Hu-l: Ruxber h !iatea
in Figuve 7.28.

Safety Notices and wmiggg

The internal surfaccl of the z-eactw venaél .come in contact
- with redicactive primary coolant of ths noclasr power plant; .

therafore, redioactive materials wil) bs preseat during aperatio
and may ba preseat for long pericds after shutdown. Pecsonnel .

working at or near this vessel should de thordughly fanniu-
vith the muda involved.

" BESTAVAILABLE COPY
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" 3.2, Installatics and Maintenance 'm tions. .

1.2.1. Qlesning. - . S e

.. .0....surfaces may result in excesaive -losal corro

The reactgr vessel is designed to operate at temperatures

up to 650°F end fluid pressures up to 2485 psig, It has a
high hydrostatic test pressurs {3107 psig). Due vegard munt
be mads for thess 'conditioms to » ze the danger of injury

to personnel. , ,

The minimun temperature for pressurization is ¥DTT +60°F (110°7
) at time of manufacture. .. )

Ths reactor vessel shell is fabricated of ASTH A-508, Class 2,
mangarese-rolybdenua steel, . Since this material has a high
brittle fracture transition temperatuye, extrems care must de
taken by all persons working cn and/ar handling thieg equipment.
¥o welding, striking of zrcs, notches, grooves, or other stress
conoentrations shall be allowed on the surface of the vessel at
any time duz-ingnhandung.'imumtm, or operation. In the
event such an inajdent occurs the mattsr shall be {mmediately
reported to the Plant Operations Engineer, Ho remedial action
ohag be Initiated except as directsd Dy the Plent Operatiens
Engineer, . < e . -

T ————’

-

2 . o
. .

.. Inpropar meahanical or chemical cleaning ef i o
siom -

-of those surfaces when placed in contact - 8

with primary coolant. The resultent ecorrosion

‘roducts taken into solutlom in the gri.ury :
. ooolant ‘could decome highly vadicactive, : ,
" thus cemplicating the maintenance of any '
© component due to the hazards of exposing: . -
. ®en to_ high Ie_va:u -of nadicactivity.

el e , CAUTION - . . \’.'.'

Use extrema care at all times to pravent .
dirt, forelgn particles, etc., from entez'.{ain
the reactor system and lodging bstween bearing
surfaces of parts operating with axtremely
scall clearznces and causing excessive ‘.
vaar or ssizurs, 3 -

. .

1. Components’ ashall bebleaned to the extent’

- -that no contamination {s vinible. Areas which
carnot be visually inspected due to
inaccenuidility o gecmetry shall.be evaluated
by.wiping the mirfece with a wet or dry,
lint-fres oloth intil a3l traces of foreign
material ara removed and the vloth rasains
clean after use, . .

1-5
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1.2.2,

a.

Al

1-6

- -

Rust of any type or amount shell not be
allowved. If —usting does oocur, the surface .

‘shall be cleaned to remcove the rust or

rust-producing condition and eny visible
surface contanination.” :

Cleaniiness shall be ninuinéd by packaging . . .
components or gubassemblies in polyethylene
bags for storage. .

Iingtructions for the cleaning of surfaces in this

insttuctien manual rafer to a condition of maximum eleaniineas.
The

.1.

2.

~

r

3.

cleaning is tc de performed as follows

Clsan all metal surfaces ag necessary by swabbing with clean,
1int~free cloths saturated with acatone followed by Bwabdbing
with clean, lint-free cloths saturated with degstilled water,
Dry with clean, lint-free cloths. The cleanihg must bé asuch
that no foreign matter can be seen after eluninz. particu-
lary in the oot arsa of the ticeads.

Clean mu-'-x Rubber as neceasary by swabbing with clean,
lint-fres cloths saturated with chleride~free.naphta gas

Jollowed by swabbing with clean, lint-free cldtha saturated

with destflled water. Dry with clean, lint-free oloths.
The el ouet -be gueh that no forelgn mmtter can be scen
after cleaning., = - ’

Pressurs sensitive tape may be used cacasionally on
sompanents (that is, over the top of cleaure studs). Any .
tima the preasure sensitive tapa is recoved from a ccmponent,
use acetone to remove any ragidud,

‘Clean the area ns desgribed above in Step 1,

Lubrication.

- As the fouowlng ta.bula'éed parts 'n‘c ‘uanb}.ad thny" shall be
lubricated 23 indicated delow. S '

Mark No. Nomenclature . Labrieant Apply to

NK-82 8tud - " Heolube Hale threads
MK-62 But Neoclube Bearing surface
MX-54 Convex Spherical Washer Neolute Both faces
MK~€5 Concave Spherical Washer Neolube Both faces
HK-78 Top Insert Neclube Hale threads
HR~79 " Bottom Insert Neolube Hale threads
x-80 Eyedolt Haclube Hald threads

‘ Plug {(Westinghouse) Neolube Male thnraads
MKk-22 Slueve " . . Neolube 'Male. threads
X-28 Guide Stud Haolube Botton G~inches

HK-33 Eyedolt . Heolube  Mals threads

g
:
h
d
N
d
O
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3.13

3.1.24

DESCRIPTION.

Detaﬁed Description, ‘
(See f‘mu fnl, Ty 7.3, 7.30, 7.3%, 7.15, 7.20 and
7.28 .. . . e

Introduation.

The Virginia Electric and Power Campany reactor pressure
veggel squipment descrided in this manual include: the vessel,
the closure head assembly, closiure stud assenbly, speciasl
tools, and shipping arrangements. Dissussions of the equipment
with detailed descriptiom of their features are presented in
gsubasquent paragraphs. Material and materisl gpacifications
for all parts or segments are presented in Pigure 7.26 by
#ark nutbers, CRERTER R .
Veszel Shell Assenbly. ' S S

The reactar vezzel {sse figures 7.11, 7.2, 7.3, 7.4 and 7.5)
ie built up fxrem 3 . . e R :

{3) A flange forging, el

€2} A vefueling aeal ledge: - - C - T . -

(8} An upper sbell course containing the inlet and cutlet
nozales. . - Lo Lot

(4) An intermediats shell courss. . .

(5) A lowér shell course. containing the npport guides.

€6} A lower hoan ring: R -

m go ::Itga henispherical head having the instrumentation

The vessel segments are discusted in subsequent paregraphs.

l% +or VYeggel nmﬂ- : . ' . .
Thas reactor vessel flange is a sachined forging weldéd to the
upper shell course. (See figure 7.3). ]

A refueling seal ledge is welded to the veszel flange. The
Flange is fabricated of ASTY A-508, Class 2, manganese~ .
nolybdenm steal and is clad internally and on the gasket

. face with weld deposited austenitic stainless steel,

. tection of water leakage .tgz-cughotheu%&:ket grosure, rrgaiatic
t 4

' degrees engular location for hold of irrad

The flange is designed with a ledge for the support of the
core, a gagket face fop sealing of the vessel, 2 monitoring
taps on 96°33* and 133727 degreeg angular location for de~
tube slots on 45, 56, 85 , 465", 2 2857, 2857, 305
iaﬁm gpecizen
bagkets, key szlots on £, 90, 280 and 270 degreaes angulaz
location fer aligning the closure-head and vessel asaemhly

and 58 gtud holes for tightening the head to the vessel.

.
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BEST AVAILABLE COPY
$-2 .
0f thess gtud holes 3 holas are used for holding the

guide studg which mre used for refueling. The stud holes
ars threaded and receive the § inoh dianeter elosvre studa.

Refusling Seal Ring Ledge. :

The raefucling geal ring iedge (See figure 7.5) is a machined
weldment fabricated of ASME SA-333, Grade A, manganesa-

nolyhdenun steel. The refusling -aeal ledge ig a 2-}-inch thick

ring welded to tha reavter vemsel flange.,

‘

Urper Shell CLourse. - ., . o

The upper shell course of the vessel (see figure 7.3) -

ie a machined forging welded to the reactor vessel flange
and to the intermediate shell course, The upper shell course
is fabricated of ASTM A-508, Class 2, manganesc-molyhdemua
stael and iz clad interpally with weld depomited-stainimas
stesl. Ths upper shell course cotntains the six primary .
ccolant nozzles. .

The six pr!aary‘ eooﬁnt- noazle forgings are welded to the
upper shell course for eatry and ﬂischu'-gn of the pr

T

- coolant, The nozzls centerlines are 6 feet 10-7/18 inches below
. the nating surface of the veasel flanga.

The three 27.4%88-inch I.D. i.nlet'auzzleg are located 120
degrees apart, (their centerlines ars located respectively
on 85, 215 and 335 Qagrees). .

The three 24.963-inch I,D, outlet nozzles are Jocated 120
degrees apart (their centerlines ave located respectively
25, 184S and 285 degreed). Vessel support weld pads are
Jocated on tha ‘bottam of each of the aix noxzles. The
auchined $ are § feat 2-15/16 inches below the mating-
surface 0f tha vesgel flange. -

The primary coclant noszle fm&aga ave also faheicated of
ASTY A-308, Clasg 2, manganese-molydderms steel and ave alad -
vith weld deposited austenitic stainless atead dnternally,
The nozzle snd connections ave cled with weld depogited
eustenitic stainless gteel and are machined for £ield welding
to the main coolant piping. ) .

s PHGE IS ot PERTLWNENT
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3..2.%, Intarmediate Shell Course. . SR

. 3.3 . .
: BEST AVAILABLE COPY

The intarmediate shell course ' {sees figure 7.2) ig a ..
sylindrical shell formeéd frém two plates-of ASTH. A-£33 _Or,

- Clode nmziuen-no:ybdamm steel and isg ¢lad internally ui‘&h
weld deposited mustenitic stainless gteel. The intermediate
ghell course iy welded to the upper and lower shall courses.
The two longitudinal waeld seams are located on 35 and 228
degrees. . L. : -

.+

3.4.2.5, Lover Shel) Coumse. . . .° . R

Ths lower sholl course (see £ig.7.23is.a eynn'&s_.ui alsll formed

Zrom two plates of ASTH ‘A-533 €r.B CLlIL, mangantsa-molyidenun steal

3..2.6,

1.4.2.7,

and ‘is clad internally with weld deposited anstenitic stainless
steel except for the weld deposited Inconel elndﬂ.i:.g on tha
bottom-13-3718 inches. Four core support guldes which have & -
£8-1/716 inch wide x 8.0%0 $nch deep x $53 inch long machined slot
&t the potrtam of the shall course &rs located on 0, 30, 480 and

270 degrees. The core support guidas are fabricated of ASHME
§5~166-63 Inconel, . T "

2he lowar shell ccurse.is. walded to the_internedinte .shell course
and. to the lower head ring. coe .

The two longitudinal weld seans are located on 135 and 215
degrses. ce sy AR
: : L T R, TS ettt
:Lower Head m!- - ‘. ' v:". oo .'..-_ ':_:'.-. ok
The lower hedd ring  (see figura 7.2) :-
joins the lowar shell gourse and the bdotton hemispherical head.
it iz fadricated of ASTH A-508, Class 2, mga.neu-uolybdemn',
;teel an:l is clad internal v!th weold derosited mugtenitic stain~
e3sg steel. Lot .o .

-

Botton Monisphenical Head. .

the botton healspherical head (see figures 7.1 and 7.2} e
velded to the lower head ving of the vegoel The hemispherical
head ia formed from:a single plata of ASTH A-533, manganege~ -
»olyddsnum steel and is internally clad with 0.135-inch thiek
weld deposited augtenitic stainless steel. The heud is pen

@~ .
trated by 50 instrurmentatien noszles fadricatsd from ASHE SB-166~
82 Inconel, : . .

i

o~

Eoch -} dnch 0.D. (D.807 inch 1.D.) instrunentation nozzle is
Inconel %olded into place. A safe and of ASME SA-K7S5, TYype 304,

stainless stesl iz welded ¢o the extexior end of each instrumen-
tation nczzle. ..

S

3~4
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$.,1.3. Closure Head Assenbly. .

The closure head: asamhls; (neé figures 7.6, 7,7, 7.8, 7.8, 7.1D
ad 7.12) is. a weldment consisting of ; hémlspheu‘:-iuniy -
dished plata and a flange forging. The hemisph. dished plate 'is

"fabricated oY ASTH A-533 6r.3 1.1, umgmau-nolybdm Bteel
o

3.1.3,1,

..+ inch diameter penetration in.the closure head accommodates the, ,
«vent pips, ) .. : ' :

_Control Bod Machanisem Housings, . . °

and ig cled intarnall{ vith weld depos
gteel 0,125 inch.thick,

The flange forging is ASTH A-508, Class 2, ese-nolybdenun
steel is clad with weld depcaited &ystenitic stainless steel
internally and on the gesket face. The! closure head forging
gasket face is machined to accomaodats two silver plated .
self-caex-fizing stainless steel O-ring gaskets asd the 2% sets -
of ‘wirs clips, backing plates, and screws. . .

The flangs of the forging is bored through tormmceive tha §8
closurs head studs, An indicator arrow is walded to ths head

to indicate the nuabder one stud hole,. .- . Co e

The dished segmént of the elosure head contains 65 penstrations,
positioned in a squere pattern cn 8.4E6 inch centers, to
accommodate ths control o4 mechanisa housinga. A nominal one-

The cdosure head has threa 1ifting.lugs. Three vant shroud
support lugs are also attached to the closure head,

DT S -

. Each of the 65 cantrol rod mechanise houzings {cea ﬂm’we’ 1.13)"
a

penetrating the closure head fs & weldment consisting of
tireaded, &-inch O,.D. adapter and a %~inch 0.D. body. The
adapter 1s falricated of ASHE SA-162, Type 304, stainless steel,
and the.body is fabricatsd of ASHNE §8+187 Inconel.

The aechanism housing wcldmats. are ingertsd with an inter—

* ference fit into the punetrations of the closure head. The

3.1.3.2,

bodiag are welded into the inside of the closurs head with
weld deposited Inconeld. :

¥ent Shroud Support Agsenmbly.

The vent shroud support aggembly (mee figure 7.5) £s
attached to the closure head at three places. Each pair of
support lugs on the veat suppert ring is mated with a vent
shroud support lug on the closure head agsembly and is

-fastened to it by & 3/4-inch hex head bolt with mut.

The shroud support flange has 18 holes of 11/16-inch diamates,
equally spaced on a 128-inch diameter dolt eirecle, The flange
is welded to the suppent ring; and the assemdly is stiffened . -

15 support gussetls welded to the ring and flenge at equal
distancesn. ) . ’

. 35 ¢

tad austenitic stainless
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The 24 shroud insulatjon suppart angles are equally spaced
on and welded to tha support ring. In addition, the support
ring has 24 saw cuts, eagh terminating {n a 1/2-inch dianmeter
hole. The saw cuts and holes are equally spaced detween the
support angles.’ The saw outs enable the support ring to '
coapansate for tenperaturs caused variations in dimensions;

this will allow the support lug attachsents to remain securs,

Closure Stud Assembly,

The closura head is secured to the vessel flange by 58 olosure
&stud assemdlies, {see figure 7.20} Each agsetdhly
consists of a Threaded, hex head etud with a nominal B-inch
diameter, a nut having aight castellations at the top, & set
of spherical waghers, and top and bottoa .ingerte.

Edch stud has a one-inch diamoter center hole through the
length of the stud to receive a etud slongation measuring rod.
The botten inaert is used to close the bottom of ths stud and
sexves as 2 seat for the gtud alongation measuring rod. The
1op inssrt is used to close the top of the stud and prevents
the entry of any foreign matter. Each stud has a threaded
length zufficient to yccommodate a hydranlis stud tensicner.

. - For handling purposes ea syebolt 1z supplied for each stud, .

3.1.4.

", .The mpecial tools fou s;\i'nﬂng and ‘meesuring sup

The studs, nuts and gsphedical washars (Rarked in matched
sets) ars fabricated of ASTH A-5%0, Or. B 2%, nicksl-chrome-

molybdenun stesl.. The atude. and-wsdhers ave 'phosp!ute.d". L

Special i‘oola. -t . L PO "

1%ed b

The Rottard=m Dockyard ‘Company sre listed in tahge 6. :y

thm id;x;tification and function of each tcol are given in
e table, R : - S

i N
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Enclosure 1-3
(Non-Proprietary)

Framatome-ANP Document No. 32-5015624-00, “Surry CRDMH Temperbead Weld
Seismic Analysis”
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PURPOSE AND SUMMARY OF RESULTS:
PURPOSE

The purpose of this document is to check the structural integrity on the Surry CRDMH temperbead weld under seismic
condition.

RESULTS

The Surry CRDMH temperbead weld is structurally acceptable under the seismic condition, which is described in Appendix
section of Ref. 1.
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ARAMATOME ANP

TEMPERBEAD WELD ON SEISMIC

DOCUMENT NUMBER
32-5015624-00

PLANT
SURRY

4160048

1. PURPOSE

The purpose of this document is to check the structural integrity on the Surry CRDMH

temperbead weld under seismic condition.

2. CALCULATION

The following is a calculation of the stresses on the repair weld resulting from OBE and
SSE loads. The loads are found at Appendix section of Reference 1. Since a small gap (1
or 2 mils) could exist at operating conditions, no credit is taken for restraint of the
Closure head. The bending moments obtained from Reference 1 at the CRDM

penetration are:

OBE: M = 29,580 in-lbs
SSE: M = 58,000 in-1bs

The internal pressure is assumed to be equal to 2500 psi.

SE

Nozzle OD =4.075in  (Ref. 2)
NozzleID=2.818in  (Ref. 2)

t= —;— *(4.075 — 2.818) = 0.6285 in

A= %*(4.0752 ~2.818%) = 6.81 in®

1= % *(4.075" - 2.818%) = 10.4 in®

MR, _ 58000*2.038

o I" 104 =11.4ksi
Pressure Stresses in nozzle:
. 0*1.4 .

O'P~ _ PR, _ 2500*1.409 — 9 8 ksi

Arial 2t 2*0.6285
G ooy = 2¥2.8= 5.6 ksi

P .
O rediot = -P/2=-1.25ks
Preparer : D. Kim Date : Nov/2001

Reviewer : J. Shepard Date : Nov/2001
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TEMPERBEAD WELD ON SEISMIC

7
DOCUMENT NUMBER PLANT CONTRACT
FRAMATOME ANP | 37%5015624.00 SURRY 160048
O) = Ciug * Oy =114+2.8=142ksi
O toop = 5.6 ksi
O rogiay = ~1-25 ksi
Stress Intensity = 14.2 — (-1.25) = 15.45 ksi
Allowable Stress Intensity (Section 111, Appendix of Ref. 3)
= Lesser of 2.4 S, 0r 0.7 S,
=2.4*23.3 = 55.9 ksi or =0.7*80 = 56.0 ksi
= 55.9 ksi
Therefore, comparing S1 and the allowable, the SSE load is acceptable.
OBE
The bending stress is 0.51*SSE stress
O sy =0.51%¥11.4 =581 ksi
1= Cong * O it =581 +2.8=8.6ksi
O—Hoop = 5.6 ksi
O Radiat =-1.25ksi
Stress Intensity = 8.6 — (-1.25) = 9.85 ksi
Allowable Stress Intensity = 1.5 S = 1.5*23.3 =35 ksi  (assume Level B)
Thus, the OBE load is acceptable.
Preparer : D. Kim Date : Nov/2001 Page 3 of4

Reviewer : J. Shepard Date : Nov/2001
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DOCUMENT NUMBER PLANT CONTRACT
FRAMATOME ANP | s na s

3. CONCLUSION

The Surry CRDMH temperbead weld is structurally acceptable under the seismic
condition, which is described in Appendix section of Ref. 1.

-

4. REFERENCES

1) FRA-ANP Doc. 51-5015050-02, “Surry CRDM Nozzle ID Temper Bead Weld
Repair Requirements”

2) FRA-ANP Dwg. 02-5015149E-02, “Surry 1&2 CRDM Nozzle ID Temper Bead
Weld Repair”

3) 1989 ASME BOILER AND PRESSURE VESSEL CODE with no addenda

Preparer : D. Kim Date : Nov/2001 Page 4 of 4
Reviewer : J. Shepard Date : Nov/2001
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(Non-Proprietary - Redacted)

Summary of Structural Evaluation of Weld Repair of CRDM Housings
(Non-Proprietary)
with the following enclosures:

Turkey Point CRDM Temperbead Bore Weld Analysis (Redacted)

Surry 1 and 2 Reconciliation with Turkey Point 3 RV Head and CRM Nozzles
(Non-Proprietary)

Surry CRDMH Temperbead Weld Seismic Analysis (Non-Proprietary)

Surry CRDM Nozzle IDTB weld Anomaly flaw Evaluation (Redacted)

Surry CRDM Nozzle 1.0" J-Groove Weld Flaw Evaluation (Redacted)

Surry CRDM J-Groove Weld Stress For Flaw Growth (1" Chamfer)
(Redacted)

Surry Power Station Units 1 and 2
Virginia Electric and Power Company
(Dominion)



01-637B
Structural Evaluation
SUMMARY OF STRUCTURAL EVALUATION OF WELD REPAIR OF CRDM HOUSINGS
SURRY POWER STATION UNIT 1

0.1 OBJECTIVE:

The objective of this summary is to document the review of the structural evaluation of
the repair of the following six CRDM housings on the reactor head of Surry Power
Station Unit 1: S-1-18, S-1-27, S-1-40, S-1-47, S-1-65, S-1-69.

0.2 INTRODUCTION AND BACKGROUND:

Due to the recent experience of degradation of CRDM nozzle housing in the vicinity of
the J-groove weld to the reactor vessel head described in NRC Bulletin 2001-01,
Dominion has inspected the CRDM housing penetrations to the reactor head for Surry
Unit 1. The inspection revealed evidence of degradation at the J-Groove weld and
possible leakage at the six CRDM housing penetrations cited above. Framatome ANP
was contracted by Dominion to repair the nozzles.

Repair has been performed to meet the applicable configuration requirements of ASME
Boiler and Pressure Vessel Code Section 1ll, Subsection NB, 1989 edition. The repair
weld has been deposited using the machine GTAW process with cold wire feed, in
accordance with the ASME Section XI|, IWA-4000 with modification as described in by
Relief Requests SR-27 and SR-28.

The repair effort followed several steps, not necessarily in the order given below. A
baseline volumetric and surface examination was performed for the repair region. The
lower portion of the thermal sleeve was cut and removed with automatic tools after
cleaning. The CRDM nozzle was rolled into the reactor vessel head penetration. The
“lower end of the nozzle was machined away into the head to make the weld preparation
beyond the degraded area. The J-weld at the bottom end of the penetration was
chamfered by grinding to remove part of the degraded weld. The bored region of the
head and weld prep on the bottom of the remaining portion of the CRDM nozzle were
examined by PT. The repair area was cleaned for welding and weld material was
deposited. The repair weld was machined to reestablish a nozzle free path and to
provide a suitable surface for PT and UT. PT and UT examinations were performed for
the repair. The repair was remediated using an abrasive water-jet. The thermal sleeve
was replaced as the last step of the repair.

The portion of the reactor vessel head (RVH) containing the CRDM nozzle is fabricated
from SA-533 Grade B, Class 1. The portion of the CRDM nozzle that penetrates the
RVH is SB-167 Alloy 600. The weld material for the repair is ERNiCrFe-7, UNS
N06052. The cobalt content of the weld filler material was limited to 0.2%. The
replacement thermal sleeve has been welded to the upper sleeve using metal insert in
accordance with SFA 5.9 ER309L or ER316L per ASME Section II.

Three different structural evaluations have been performed to establish the structural
integrity of the repair and design life of the repair:

1) Stress analysis of the repair has been performed conforming to the requirements

1 of 11
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of ASME, Section Ill, Subsection NB, Paragraph NB-3000, 1989 Edition.

2) A fracture mechanics analysis has been performed in accordance with IWB-
3132.4 and IWB-3600 of ASME Section XI Code. This analysis considered a
0.100-inch weld anomaly and assumed it to be a linear defect and extending into
the repair weld in any direction at the triple point. The triple point is defined as
the intersection of the reactor head base material, the CRDM nozzle, and the
repair weld. It has been justified by experience that the assumed flaw is
bounding.

3) A fracture mechanics analysis has also been performed to justify a postulated
flaw remaining in the J-groove weld remnant between the original CRDM nozzle
and the reactor vessel head. This analysis is important because the flaw in the
remaining weld cannot be characterized by available NDE methods. The size of
the flaw considered in this analysis is equal to the largest radial length through
the remaining J-weld. The flaw growth analysis has been used as one of the
considerations to establish design life of the repair.

These three analyses are summarized below. The summary includes the configurations
analyzed, loading conditions, design criteria, and code compliance. The details of
stresses, cumulative usage factors, flaw tolerance and flaw growth analyses are
presented. Based upon the results of these conservative analyses, the design life of the
repair is predicted to be at least five years. The life of the repair is dependent on the
size of the remaining J-groove weld, where the analysis conservatively postulated an
initial flaw through the remaining thickness of the weld.

1. ASME SECTION lll ANALYSIS OF REPAIR
1.0 OBJECTIVE

The purpose of this review is to summarize the ASME Section Ill analyses that have
been performed for the CRDM temperbead bore weld repair for Surry Unit 1 Reactor
Vessel Upper Head Penetrations S-1-18, -27, -40, -47, -65, and -69. The repair
consists of cutting the CRDM housing above the original attachment weld, removing the
lower portion of the housing and welding the remaining housing to the reactor vessel
upper head with a temperbead weld. Analyses have been performed that demonstrate
that the repair design meets the applicable requirements of the ASME Code Section IlI.
The Surry CRDM nozzles are similar to corresponding nozzles analyzed previously for
this repair procedure. A formal reconciliation was performed to allow use of these
previous analyses for Surry.

1.1 GEOMETRY/FINITE ELEMENT MODEL DEFINITION

The finite element model used to analyze the CRDM housing nozzle to reactor vessel
upper head weld region is documented in References 1-1, 1-2, and 1-3. The finite
element model is a 3-dimensional model of a 180-degree segment of a CRDM tube with
the adjacent head region and interconnecting weld.
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1.2 MATERIALS

The materials of the components in the finite element model are summarized below
(References 1-1, 1-2, and 1-3):

Reactor Vessel Head Base Metal = ASTM A533, Grade B, Class 1 (Mn-Mo Steel)
CRDM Housing Nozzle = ASME SB-167 Inconel

Cladding = Stainless Steel

J-Groove Buttering = Alloy 600 (Inconel)

J-Groove Filler = Alloy 600 (Inconel)

Repair Weld = ERNiCrFe-7, UNS N06052 Per ASME Section Il, Part C, SFA-5.14, with
properties similar to Alloy 690.

1.3 LOADS

The loads considered in the design of the CRDM IDTB (ID Temperbead) weld repair are
based on those considered in the original design specification (Reference 1-5) and
design report (Reference 1-6) for the reactor vessel top head and CRDM housings. The
loads considered are:

Design Pressure/Temperature

Plant heatup and cooldown at 100°F/hr.
Plant loading and unloading at 5% of full power per minute
Small step load increase and decrease
Large step load decrease

Loss of load

Loss of power

Loss of Flow

Reactor Trip from full power

Turbine roli test

Primary side hydrostatic test at 3105 psig
Primary side hydrostatic test at 2485 psig
Steady state fluctuations

Steam pipe break (faulted)

OBE seismic loading

DBE seismic loading

For analysis purposes, operational transients have been grouped into three separate
analyses: 1) heatup/cooldown, 2) plant loading/unloading, and 3) remaining (or rapid)
transients. For the plant loading/unloading transient, the ASME Section lil fatigue
evaluation for the IDTB weld repair has assumed a total of 14,500 loading/unloading
events over the plant design life. While this assumption does not bound the 29,000
cycles assumed in the original design specification, it is bounding relative to actual plant
operation. The 29,000 cycles of loading and unloading was based on load-following
operation. Surry has operated (and will continue to operate) in a base-load capacity
manner, which results in significantly fewer loading/unloading cycles. The assumed
value of 14,500 cycles is still very conservative. The rapid transient has been defined to
bound the small step increase/decrease, large step load decrease, loss of load, loss of
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power, loss of flow, and reactor trip operational transients. The transients used in the
analyses have been reviewed and determined to envelop the design transients for
Surry.
1.4 LOADING CONDITIONS/ STRESS CRITERIA:
The following loading conditions and stress criteria are used in the evaluation
documented in Reference 1-3. The 1989 Edition of the ASME Code (No Addenda),
Section Il (Reference 1-4) is used for the evaluation.
Primary Stress Intensities for Design Conditions:

NB-3221.1, Primary General Membrane Stress Intensity (Pm < Si)

NB-3221.2, Local Membrane Stress Intensity (P, < 1.5 Sp)

NB-3221.3, Primary Membrane + Primary Bending Stress Intensity (Py+ P, < 1.5
Sm)

Primary + Secondary Stress Intensity Range for Service Level A/B (hormal/upset)
Conditions:

NB-3222.2, Primary + Secondary Stress Intensity Range (P + S Stress Intensity
Range <3 Sy)

Fatigue Usage

NB-3222.4, Fatigue Usage < 1.0

Primary Stress Intensities for Emergency (Level C) Conditions:

NB-3224.1, Primary General Membrane Stress Intensity (Pm < 1.2 Sp)
NB-3224.1, Local Membrane Stress Intensity (P, < 1.8 Sy)

NB-3224.1, Primary Membrane + Primary Bending Stress Intensity (P + P, < 1.8
Sm)

Primary Stress Intensities for Faulted (Level D) Conditions:
NB-3225, F-1331.1(a), Primary General Membrane Stress Intensity (P < 0.7 Sy)
NB-3225, F-1331.1(b), Local Membrane Stress Intensity (P; < 1.05 S,)

NB-3225, F-1331.1(c), Primary Membrane + Primary Bending Stress Intensity
(PI+Pp<1.05 Su)
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Primary Stress Intensities for Test Conditions:
NB-3226(a), Primary General Membrane Stress Intensity (P < 0.9 Sy)

NB-3226(b), Primary Membrane + Primary Bending Stress Intensity (P, + Py <

The repair is analyzed to 1989 version of ASME Section Ill Code (Reference 1-4). The
original stress report (Reference 1-6) was prepared conforming to the requirements of
1968 version of ASME Section !ll Code (Reference 1-8). The stress criteria of the
original design differ from the 1989 version of Section Il Code only for allowable
stresses in OBE and SSE conditions. In the original design, the stress in the OBE
condition was checked against an allowable stress intensity of 1.2 Sy, and SSE condition
was checked against an allowable stress intensity of 1.8 Sy, In order to comply with the
original design criteria, the stresses under seismic loading (Reference 1-7) were also
compared with the original Code allowable.

1.5 RESULTS:
The results of the ASME Section il analysis of the weld repair are summarized below:

Primary Stress Intensities for Design Conditions (Design Pressure at Design
Temperature):

RV Head: P =16.6 ksi < Sp=26.7 ksi
P, =20.4 ksi < 1.5 Sp= 40.1 ksi
Pi+ P, =25.6 ksi < 1.5 Sp=40.1 ksi

Nozzle/Weld: P, = 6.2 ksi < Sp= 23.3 Ksi
P =9.85<1.5 Spy= 35.0 ksi
P, + P, =9.85 ksi < 1.5 Sp= 35.0 ksi
(Also less than 1.2 Sp=27.96 ksi)

Normal/Upset Service Level (A/B) Condition

Primary + Secondary Stress Intensity Range:
Heatup/Cooldown Transient: Sn=36.7 ksi <3 S, = 80.0 ksi
Loading/Unloading Transient: S, = 16.1 ksi < 3 Sy, = 80.0 Ksi
Rapid (Remaining) Transient: Sn=9.1ksi <3S =80.0ksi

Fatigue Usage
The total fatigue usage, based on an assumed fatigue strength reduction factor

of 4.0, for a 14-year service life is calculated to be 0.525. With this result, the
qualified operating life for which the fatigue usage is less than 1.0 is 26.7 years.

5 of 11



01-637B
Structural Evaluation

Emergency (Level C) Conditions:

RV Head:

Maximum Allowable Pressure Based on Py, Limit = 4,819 psi
Maximum Allowable Pressure Based on P, Limit = 5,895 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 4,697 psi

Nozzle/Weld:

Maximum Allowable Pressure Based on Py, Limit = 11,089 psi
Maximum Allowable Pressure Based on P Limit = 16,633 psi
Maximum Allowable Pressure Based on P, + P, Limit = 16,633 psi

All of the maximum allowable pressures based on the Emergency (Level C)
condition stress limits are greater than the maximum hydrotest pressure of 3105
psi. The level C pressure loading is not specified for Surry.

Fauilted (Level D) Conditions:

RV Head:
Maximum Allowable Pressure Based on P, Limit = 8434 psi
Maximum Allowable Pressure Based on P, Limit = 10,294 psi
Maximum Allowable Pressure Based on P, + Py Limit = 8,203 psi

Nozzle/Weld:
Maximum Allowable Pressure Based on Py, Limit = 22,540 psi
Maximum Allowable Pressure Based on P, Limit = 33,830 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 33,830 psi

All of the maximum allowable pressures based on the Faulted (Level D) condition
stress limits are greater than the maximum hydrotest pressure of 3,105 psi. The
level D pressure loading is not specified for Surry.

Primary Stress Intensities in SSE Condition

RV Head:
Insignificant Seismic effect

Nozzle/Weld:
P, + P, =15.45 ksi <2.4 S;,=55.9 ksi.
(Also < 1.8 Sp=41.94 ksi)

Test Conditions:
RV Head:

Maximum Allowable Pressure Based on P, Limit = 6,777 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 5,225 psi
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Nozzle/Weld:
Maximum Allowable Pressure Based on P, Limit = 12,702 psi
Maximum Allowable Pressure Based on P, + Py, Limit = 15,121 psi

All of the maximum allowable pressures based on the test condition stress limits
are greater than the maximum hydrotest pressure of 3,105 psi. No hydrotest of
this level is planned for Surry.

1.6 CONCLUSION:

The CRDM housing nozzle temperbead weld repair design meets the stress and fatigue
requirements of the ASME Code, Section Iil, 1989 edition w/o Addenda. The
conservative fatigue analysis indicates that the repair design has a qualified operating
life of at least 26.7 years.

1.7 REFERENCES:

1-1  Framatome ANP Document No. 32-5014129-00, “Turkey Point - CRDMH 3D FE
Model.”

1.2 Framatome ANP Document No. 51-5015197-01, “Surry 1 & 2 Reconciliation with
Turkey Point 3 RV HD & CRM Noz.” (Included as Enclosure 1-2)

1-3  Framatome ANP Document No. 32-5014640-00, “Turkey Point — CRDM
Temperbead Bore Weld Analysis.” (Included as Enclosure 1-1)

1-4  ASME Boiler and Pressure Vessel Code, 1989 Edition, Section lll, No Addenda

1-5  Surry Reactor Vessel Design Specification 676499, Rev. 1, “Addendum to

Equipment Specification 676413, Rev. 1, Surry Power Station 1.”

1-6  Calculation 30678-1130, “Reactor Vessel — Final Stress Report (Parts | & ll),
Surry Power Station Units 1 and 2, ” Rotterdam Dockyard Company.

1-7  Framatome ANP Document No. 32-5015624-00, “Surry CRDMH Temperbead
Weld Seismic Analysis.” (Included as Enclosure 1-3)

1-8 ASME Boiler and Pressure Vessel Code, Section I, Nuclear Vessels, 1968
Edition to and including Winter 1968 Addenda

2. SURRY CRDM NOZZLE IDTB WELD ANOMALY FLAW EVALUATIONS
2.1 PURPOSE:
This review summarizes the CRDM nozzle IDTB weld anomaly flaw evaluation. This is
a common evaluation for IDTB weld repair performed on the following six CRDM
nozzles of Surry Power Station Unit-1: S-1-18, S-1-27, 5-1-40, S-1-47, S-1-65, and S-1-
69.
2.2 CONFIGURATION:
A fracture mechanics evaluation has been performed for a postulated weld anomaly in

the CRDM nozzle IDTB weld repair design (Reference 2-1). During the welding process
a maximum of 0.1" weld anomaly may be formed due to lack of fusion at the triple point.
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The postulated weld anomaly is a 0.1" semi-circular region of lack of fusion extending
360-degrees around the circumference at the triple point location at the intersection of
three materials: the Alloy 600 nozzle, the Alloy 52 weld, and alloy steel head. The flaw
evaluation simulated the defect as a 360-degree circumferential crack of depth of 0.1"
on the OD of a circular tube. The evaluation also postulated an axially oriented semi-
circular OD surface flaw with depth equal to 0.1" and axial length of the flaw equal to
0.2" Both of these circumferential and axial flaws postulated on the outer surface
propagate horizontally into the weld material. A semi-circular, cylindrically oriented flaw
is also postulated along the interface between the weld and head, and propagates
downward between the two components. The finished thickness of the wall used in the
analysis is 0.488".

2.3 MATERIAL PROPERTIES:

Fracture toughness curves for SA-533 Grade B, Class 1 material are illustrated in the
ASME Section X|, Code, 1989 in Figure A-4200-1. At an operating temperature of
600°F, the K. fracture toughness value for this material is above 200 ksivVin for assumed
RTwnor of 60°F. The toughness properties of Alloy 600 and weld material are better than
200 ksiVin and; therefore, an upper-shelf value of 200 ksivin is used in the analysis
(Reference 2-1).

2.4 LOADS:

The transient loads applicable for evaluation of this repair were conservatively grouped
into three categories:

Heatup/Cooldown 3.33 cycles per year
Plant Loading/Unloading 250 cycles/year
Remaining rapid transients 46.67 cycles per year

2.5 APPLICABLE CRITERIA:

The flaw acceptance is based on the 1989 ASME Code Section XI criteria for applied
stress intensity factor (IWB-3612) and limit load (IWB-3642). For flaw growth analysis in
the RV Head, Article A-4300 of Section Xl code is used. For flaw growth rate in the
repair weld Article C-3210 of Section Xl (normally applicable to austenitic stainless steel
in an air environment) has been used.

2.6 RESULTS:

The results of the analyses showed:
A minimum fracture toughness margin of 11.4 compared to the required margin of V10
per IWB-36-12.

A margin on limit load of 6.25, compared to the required margin of 3.0 per IWB-3642.

Fatigue crack growth is minimal. The predicted crack growth over 25 years is from
0.100" to 0.114". There is no acceptance standard for this. However, the predicted
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crack will still remain shallow. (Details of evaluation are provided in Enclosure 2-1.)
2.7 CONCLUSION:

The IDTB weld repair will maintain structural integrity for the predicted life of repair.
2.8 REFERENCE:

2.1 Framatome ANP, Document No. 32-5015219-00, “SURRY CRDM NOZZLE IDTB
WELD ANOMALY FLAW EVALUATIONS.” (Included as Enclosure 2-1)

3. FLAW EVALUATION OF THE REMAINING J-GROOVE WELD
3.1 OBJECTIVE:

The purpose of this review is to summarize the flaw evaluation of the remaining
J-groove weld following the IDTB weld repair of the following six CRDM nozzles of Surry
Power Station Unit-1: S-1-18, S-1-27, S-1-40, S-1-47, S-1-65, and S-1-69.

3.2 BACKGROUND:

Since a potential flaw in the J-groove weld cannot be sized by currently available NDE
techniques, it must be assumed that the as-left condition of the remaining J-groove weld
includes degraded or cracked weld material extending through the entire J-groove weld
and Alloy 182 butter material.

The hoop stresses in the J-groove weld are generally about twice the axial stress;
therefore, the preferential direction for cracking is radial out from the bore radius. It is
postulated that a radial crack in the Alloy 182 weld metal would propagate through the
weld and butter, to the interface with the low-alloy steel head. Extensive industry
experience has shown that flaws originating in an Alloy 82/182 weld have not
propagated into the ferritic base material, and it is fully expected that such a crack
would then blunt and arrest at the butter-to-head interface. However, for this evaluation,
it is conservatively assumed that the stress corrosion crack in the weld would combine
with a small flaw in the reactor head steel to form a large radial corner flaw that would
propagate into the low alloy head by fatigue crack growth under cyclic loading
conditions.

3.3 CONFIGURATION:

Analytically, this flaw has been simulated using a corner flaw model (Reference 3-1).
The repair incorporates a chamfer at the inside corner of the remnant J-groove weld to
limit the potential crack length through the weld from the inside corner of the bore
chamfer to the low alloy steel vessel head. The evaluation assumes the initial flaw
depth as 1.053 inch, which represents the distance completely through the remaining
weld.
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3.4 MATERIAL PROPERTIES:

Fracture toughness curves for SA-533 Grade B, Class 1 material are illustrated in the
ASME Section XI, Code, 1989 in Figure A-4200-1. At an operating temperature of
600°F, the Ky, fracture toughness value for this material is above 200 ksiVin for assumed
RTnor of 60°F. The toughness properties of Alloy 600 and weld material are better than
200 ksivin and: therefore, an upper-shelf value of 200 ksiVin is used in the analysis.

3.5 APPLICABLE CRITERIA:

The flaw acceptance is based on the 1989 ASME Code Section Xl criteria for applied
stress intensity factor (IWB-3612).

3.6 LOADINGS:

The imposed stress distribution was obtained from a 3-D ANSYS finite element
analysis, which was performed to determine operating transient stresses in the vicinity
of the CRDM nozzle following the repair (Reference 3-2). Previous analyses had
determined that the outermost nozzles with the largest “hillside angle” (the relative angle
between the local plane of the reactor head and the nozzle vertical centerline)
experience the greatest increase in stress in the region of the J-groove weld.
Therefore, the finite element model represented one of the outermost nozzles, and the
results will conservatively bound all nozzle locations that have a smaller hillside angle.
The finite element analysis found that the highest stresses occur at the uphill side of the
nozzle along the vertical plane formed by the centerlines of the nozzle and the reactor.
Transient analyses were performed for normal heatup and cooldown cycles, plant
loading and unloading cycles, reactor trip, and other rapid transients. The maximum
stresses were determined along a line into the reactor head material from the uphill
“corner’ of the nozzle bore, representing the progression of the crack front of the
assumed corner crack.

Residual stresses were not explicitly included in this flaw evaluation, since a crack that
has propagated all the way through the weld would tend to relieve these stresses, and a
crack at the butter-to-head interface would experience only compressive residual stress
ahead of the crack.

The fracture mechanics analysis was performed assuming the following pattern for
accumulating cycles:

Transient Frequency (cycles / year)
Heat up / Cool down 3.33
Plant Loading / Unloading 50.00°
Large Step Decrease 3.33
Loss of Load 1.33
Loss of Flow 1.33
Reactor Trip 6.67
Remaining Transients 34.00
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* The original design specification included 29,000 cycles of plant
loading/unloading for the life of the plant. As discussed previously, the
number of cycles in the design specification was conservatively based on
load-following operation. The 50 cycles/year is conservative for the actual
base load capacity mode of operation under which Surry has operated and
will continue to operate.

3.7 RESULTS:

The crack growth analysis was performed for each set of transients for each year and
iteratively summed by linking the incremental crack growth for each of the sets of
transients for each year. The results are compared to the fracture toughness
requirements of Section XI. Applying the conservatively assumed number of cycles per
year, the fracture mechanics analysis shows that the crack will be acceptable for over
five years of operation. The flaw depth at the end of five years is projected to be 1.123".
The calculated stress intensity factor at the final flaw size for the most severe transient
is less than K, = 63.16 ksi -V in, compared to the fracture toughness upper-shelf value of
K., = 200.0 ksi -V in. This provides a safety margin of 3.17, which is greater than V10
safety margin required by Article IWB-3612 of the Code.

(Details of the fracture mechanics analysis are given in Enclosure 3-1. Information on
the stress analysis is provided in Enclosure 3-2.)

3.8 REFERENCES:

3-1 Framatome ANP Document No. 32-5015650-00, “SURRY CRDM NOZZLE 1.0" J-
GROOVE WELD FLAW EVALUATION.” (Included as Enclosure 3-1)

3-2 Framatome ANP Document No. 32-5015651-00, “ SURRY-CRDMH J-GROOVE
WELD STRESS FOR FLAW GROWTH,” (1" CHAMFER), (Included as Enclosure
3-2)
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1.0 Purpose

The purpose of this calculation is to analyze the CRDMH nozzle temperbead weld repair
design described in Reference 2. This repair consists of cutting the CRDM housing above
the original attachment weld, removing the lower portion of the housing and welding the
remaining housing to the RV head with a temperbead weld.

This calculation will demonstrate that the design meets the applicable requirements of the
ASME Code, Section IlIl. Installation of this repair may result in a given closure head
assembly having CRDMs with both the repair design and the original design. Therefore, this
document (an analysis of the repair design) is considered as a supplemental analysis to the
original stress report (an analysis of the original design).

2.0 Background

In December 2000, inspection of the Alloy 600 control rod drive mechanism (CRDM) nozzle
penetrations in the RV closure head (RVH) at Oconee Unit 1 identified leakage in the region
of the partial penetration attachment weld between the RVH and the CRDM nozzle. This
leakage, identified as the result of Primary Water Stress Corrosion Cracking (PWSCC), was
repaired using manual grinding and welding. In February 2001, the manual repair of several
CRDM nozzles at Oconee Unit 3 with similar defects resulted in extensive radiation dose to
the personnel due to the location and access limitations. Consequently, the B&W Owner's
Group (BWOG) commissioned Framatome ANP (FRA-ANP) to design and demonstrate an
automated repair that was ultimately implemented at Oconee Unit 2.

Due to concerns that similar CRDM nozzle degradation may have occurred at other
Pressurized Water Reactors (PWRs), Florida Power & Light (FP&L) has contracted FRA-
ANP to adapt this repair for its Turkey Point Units 3 & 4(TP-3 & 4) with modifications as
required to meet ASME Code Case N-638.

3.0 Finite Element Model

The model used in this analysis is an ANSYS model (of the original design) documented in
Ref. 1 and modified here to reflect the changes due to the temperbead weld repair
procedure. It is a 3-dimensional model of a 180 degree segment of a CRDM tube with the
adjacent head region and interconnecting weld. Symmetry boundary conditions are used to
represent the un-modeled portions. The model is shown in Fig. 3.1. The dimensions and
material properties of the original design are also documented in Ref. 1.
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4.0 Material Properties

The material properties of the original design are documented in Ref. 1. The material
properties for the repair weld are listed in Table 4.1.

Table 4.1 - Repair Weld Material Properties
ALLOY 690

TEMP E u J2) a k C| Sm Sy Su
100 30.1 03] 0.3060| 7.76] 0.5833| 0.1034| 233| 350| 80.0
200 295 0.3] 0.3053| 7.85]| 0.6333| 0.1075| 233| 316| 80.0
300 29.1 0.3 0.3045| 7.93|0.6833| 0.1113| 23.3| 298| 80.0
400 28.8 0.3 0.3038| 8.02| 0.7333| 0.1140| 23.3| 28.7| 80.0
500 28.3 0.3 0.3030| 8.09| 0.7833| 0.1173| 23.3| 27.8| 80.0
600 28.1 0.3] 0.3023| 8.16| 0.8333| 0.1189| 233| 27.6| 80.0
700 276 0.3| 0.3016| 825| 0.8833| 0.1218| 233 27.6| 80.0
Ref. 5,6 | Assumed 5,6 5,6 5,6 Calc. 5,6 5,6 5,6

5.0 Model Boundary Condition

The outer surfaces of the RV Head thickness are assigned thermal boundary conditions that
are insulated (adiabatic). Structurally they are allowed only to deflect in the direction that is
radial to the head center of curvature.

For thermal transient type loads (heat transfer coefficient and bulk fluid temperature), the
appropriate surfaces are loaded. For the interface between the Primary coolant water
temperature and the cladding/J-groove weld (i.e., inside the reactor vessel head), a heat
transfer coefficient associated with a ‘turbulent’ condition is applied. Per Reference 7, a fim
coefficient of [ ] Btu/hr-ft’-F is used in this analysis. For the inside diameter of the CRDM
Housing nozzle, the same heat transfer coefficient for the inside head is applied even though
it is expected that there is lack of forced flow due to much limited space. At the RV Head
exterior surface, a relatively small film coefficient (representing heat loss through the
insulation) is applied in conjunction with the estimated ambient temperature above the head.
The small gap between the remaining CRDM Housing nozzle OD and penetration bore are
modeled as ‘coupled temperatures’ to best represent the actual condition.

For pressure, those surfaces in contact with primary coolant water are loaded. These
include the RV Head/J-groove weld, CRDM Housing nozzle internal extension and inside
diameter. The exterior of the RV Head (and the interface gap between the CRDM Housing
nozzle and penetration bore) are not loaded by pressure. The upper end of the CRDM
Housing nozzle cylinder has a pressure applied to represent the hydrostatic end load from
the CRDM closure.

A portion of the remaining CRDM Housing nozzle is roll-expanded to the wall of the adjacent
penetration bore (see Reference 2). This roll-expansion fit limits the relative motions of the

Prepared by: D. W. Kim/M. Hinderks Date: Nov/01 - Page: 6 of 43
Reviewed by: H. T. Harrison Date: Nov/01



V7 (&

FRAMATOME ANP 32-5014640-01

CRDM Temperbead Bore Weld Analysis

DOCUMENT NUMBER

PLANT

Turkey Point

CONTRACT NUMBER

4160057

CRDM nozzle body and the RV Head as the shrink fit (i.e., interference fit) did for the original
model. By limiting the relative motions, the thermal and pressure induced stresses in the

interconnecting temperbead weld are reduced.

The shrink fit effect is demonstrated

analytically by comparing the results of runs ‘LWDesign2.out’ (w/ interference restraint) and
‘LWDesign3.out (w/o interference restraint) from Ref. 13. To assure conservative results, no
credit is taken for this effect in the model — the restraint provided by the roll-expansion is

omitted.

The model is subjected to the Reactor Coolant outlet thermal and pressure conditions versus
time. Per Reference 7, the thermal transients are grouped in 3 cases: Heat-up/Cool-down,
Plant loading/unloading, and bounding remaining transients.

Table 5.1 Transients

10% Step Decrease (2000 cycles)
Large Step Decrease (200 cycles)
Loss-of-Load (80 cycles)
Loss-of-Flow (80 cycles)

Reactor trip (400 cycles)
Loss-of-AC Power (40 cycles)

Case Transients Cycles

HUCD HUCD (200 cycles) 205
Hydrotest* (5 cycles)

Plant Plant Loading/Unloading 14500

Loading/Unloading

Remaining 10% Step Increase (2000 cycles) 2800

Note: * Hydrotest includes 2500 psia @ operating temp and 1 cycle of 3125 psia @ 100 °F.

The temperature and pressure values assumed for the above transients are shown in the

following pages.
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Table 5.2 HUCD Transient
HUCD
Time | Temperature (°F) | Pressure (psi)
(hrs)
0 100 300
2 300 300
5 600 2235
11 600 2235
14 300 300
16 100 300
19 100 300

Table 5.3 PL LU Transient
Plant Loading/Unloading

Time | Temperature (°F) | Pressure (psi)
(hrs)
0 547 2235
0.3333 618 2235
3 618 2235
3.3333 547 2235
5 547 2235

Table 5.4 Remaining Transients
Remaining Transients

Time | Temperature (°F) | Pressure (psi)
(hrs)
0 578 2235
0.0028 618 2585
3 618 2585
3.0028 518 2235
6 518 1735
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Figure 5.1 HUCD Transient
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Figure 5.2 Plant Loading/Unloading

Prepared by: D.W. Kim/M. Hinderks
Reviewed by: H. T. Harrison

Date: Nov/01
Date: Nov/01

"

Page: 10 of 43



CRDM Temperbead Bore Weld Analysis
V7 &

DOCUMENT NUMBER PLANT CONTRACT NUMBER
FRAMATOME ANP 32-5014640-01 Turkey Point 4160057
Rapid Increase Transient Rapid Decrease Transient
Temperature Temperature
_ 620 620
L 600 / E 600 o l -
2 ss0 p N\  [—reruiarens ]|
5 ! 5 580 N \
g 560 ‘ 8 560 +— AN i
1] Q H
a 540 v — o 540
qE) 520 . | e Lo 2] Fluid Templ.;,, g 520 \
" 500 [ F 500 :
0 10 20 30 0 10 20 30
Time (sec) Time (sec)
Rapid Increase Transient Rapid Decrease Transient
Pressure Pressure
RV Internal
5 5200 S : = 2500 T bressure
B 2400 {—~— S SR 2 R e R
£ 2300 —— 2 2300 ?
o 2200 ]—RVln(emaI ~ ]
= 5900 R - Pressure | - @ \ e
a T T b4 \ :
& 1900 8 1900 -
o 1800 — & N |
1700 * ' 1700 N .
0 10 20 30 0 10 20 30
Time (sec) Time (sec)

Figure 5.3 Bounding Remaining Transients
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6.0 Thermal Results

The results of the heat transfer analysis are contained in the output file ***th.out. The relevant
transient results are summarized in the graphs in Fig. 6.1 and Fig. 6.2 (See next pages).
These figures depict the temperature versus time and temperature difference versus time. The
numerical data in these graphs is in file ***_DeltaTs.out.
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Figure deleted for proprietary reason

a) HUCD

Figure deleted for proprietary reason

c) Rapid Transients

Fig. 6.1 Temp. Plots for Three Transient Groups

Figure deleted for proprietary reason

b) Plant Loading/Unloading

The figure above is not pertinent to this
document.
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Figure deleted for proprietary reason Figure deleted for proprietary reason
a) HUCD b) Plant Loading/Unloading

Figure deleted for proprietary reason

c) Rapid Transients

Fig. 6.2 Delta-T Plots for Three Transient Groups

The figure above is not pertinent to this

document,
///2 g/
Afor legibility concerns)

Note) 2 is a node on cladding, 5 is a node on middle of the closure head, and 7 is a node on
outside of the closure head.
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Based on the delta-T values depicted above (and steady-state conditions), stress calculations

were done at the following time points in the transients:

Table 6.1 Load cases for Static Runs

HUCD Transient
Load case Time (hr) Description
1 0.001 Initial condition
2 5.0 End of Heatup
3 11.0 End of Steady State
4 13.124 Max. Delta T
5 14.0 Pressure drops to 300 psi
6 16.0 End of Cooldown
Plant Loading/Unloading Transients
Load case TIME(Hr) Description
1 0.001 Initial condition
2 0.333 End of Plant Loading
3 3.000 End of Steady State
4 3.333 End of Plant Unloading
Remaining Transients
Load case TIME(HTr) Description
1 0.001 Initial condition
2 0.002778 End of Rapid Heatup
3 0.13694 Slightly after end of Rapid Heatup
4 3.0 End of Steady State
5 3.002778 End of Rapid Cooldown
6 3.406 Slightly after end of Rapid Cooldown

* Transient time scale is as defined in Reference 1.
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7.0 Stress Results

Stress analysis is performed at each of the previously listed time points. The model is loaded
by nodal temperatures (thermal gradients) and internal pressure (see Table 6.1 for applicable
values). The results of the stress analyses are contained in the output file ***st.out. The
ANSYS (Ref. 3) post-processor was used to tabulate the stresses along paths through the
weld and head and classify them in accordance with ASME Code criteria. The location of the
paths are shown in Figures 7.1 and 7.2. A review of the stress results indicates that these
paths include the highest stressed (limiting) locations for the assembly (including RV head,
CRDMH nozzle, connecting repair weld and remnants of the original weld).

AN

Path 1
Ni = 19632
No = 16010

Ni = 19628
No = 15929

Path 3
Ni = 20115
No = 16010

Path 4 &?ﬁ%‘%ﬁ% LA
Ni = 20019 A AVAVAVAVAVAVAYAYAT. .
No = 15929 /SN

Turkey Point NPP Repair

The figure above is not pertinent to this

Fig. 7.1 Stress Paths Through Weld document.
/2%

ﬂo/r legibility concerns)
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Path 5
Ni = 4487
No = 23492
Path 6
Ni =177
No = 22685

Turkey Point NPP Repair

The figure above is not pertinent to this

Fig. 7.2 Stress Paths Through Head document.
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The results from the stress classification post-processing run are contained in the file
** weld_path.out. This run calculated the classified stress components (membrane, bending
and peak) for each of the stress paths shown in Figs. 7.1 and 7.2, at each of the time points
analyzed in the stress analysis. Another post-processing program, contained in file
SummaryForm.frm, uses the data from ***_path _weld.out to calculate stress intensity ranges
for use in fatigue calculations, following the method prescribed by the ASME Code in
Paragraph NB-3216.2. The cycles associated with the calculated stresses are defined in
Reference 1.

The stresses resulting from the thermal/pressure transients represent the dominant
contribution to total stresses for the repaired configuration of the RV Head, CRDMH Nozzle
and connecting repair weld. It is acknowledged that there are mechanical loads applied at
the CRDMH Nozzle flanged connection (outboard of the RV Head) and some load from the
bolting-up of the RV Head Closure.

The CRDM Housing nozzles function as mechanical mounts for the Control Rod Drive
Mechanisms. The Control Rod Drive Mechanisms are relatively tall slender structures that
may be subjected to loads from seismic or other motions. Any movement of the Control Rod
Drive Mechanisms produce loads in the CRDM Housing nozzles (essentially cantilevered
from the RV Head). However, the design of the CRDM Housing nozzle connection to the RV
Head includes a roll-expansion fit feature. This fit is located above the ‘CRDM Housing-to-
RV Head connection’ weld. Therefore, the mechanical loads from the Control Rod Drive
Mechanisms are transmitted to the RV Head through the roll-expansion fit region. This
design feature effectively shields the ‘CRDM Housing-to-RV Head connection’ repair weld
from being subjected to external mechanical loads. Therefore, no external mechanical loads
are applicable to the analysis of the ‘CRDM Housing-to-RV Head connection’ repair weld.
[This approach is consistent with the original stress report (Ref. 9). Thus, the mechanical
load stresses are unchanged for the CRDMH Nozzles.]

As for boltup load, it is assumed that the load is negligible. Furthermore, the boltup load will
not be used in Fatigue Analysis because it is constant load during operating conditions.
Therefore, Closure Head boltup load is considered to be insignificant with regard to the
overall stress levels resulting from other loadings.
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7.1 ASME Code Criteria

The ASME Code stress analysis involves two basic sets of criteria — 1) assure that failure
does not occur due to a single application of the design mechanical loads and 2) assure that
failure does not occur due to repetitive loadings.

In general, the Primary Stress Intensity criteria of the ASME Code (Ref. 4) demonstrates that
the design is adequate for a single application of design mechanical loads.

Also, the ASME Code criteria for cumulative fatigue usage factor assures that the design is
adequate for repetitive loadings.

7.2 ASME Code Primary Stress (Sl) Intensity Criteria

The analysis of primary stress intensities for Design Conditions is made to satisfy the
requirements for single application of design loads in accordance with Reference 4, par. NB-
3221.

Other related criteria include the design limits for minimum required pressure thickness (see
NB-3324) and reinforcement area (see NB-3330). The requirements for minimum required
pressure thickness are effectively addressed by meeting the Primary General Membrane
Stress Intensity criterion as shown below. Also, the ‘reinforcement area requirements’ are
superceded by demonstrating that all of the stress requirements have been met. This
approach is permitted as stated in par. NB-3331(c) of Reference 4.

7.2.1 Primary Stress Intensities for Design Conditions (Design Pressure @ Design
Temperature)

Per Reference 7, Design Pressure = 2500 psig; Design Temperature = 650F

Computer run "TP_pres.out” contains the stress solution for the design conditions. The post-
processing run “pres_path_weld.out” contains the classification of stresses into categories
that are comparable to the categories used in the criteria of the ASME Code as discussed
below:

NB-3221.1 — General Primary Membrane Stress Intensity (Pm <1.0 Sm)

The applicable value occurs remote from discontinuities and includes no local effects. From
Figure 7.2, Path 6 depicts an appropriate location for the RV Head. From
“pres_path_weld.out", Path 6, the membrane stress intensity = [ ] ksi. For the RV Head
material, Sm = 26.7 ksi (Ref. 1, Section 3.2). Therefore, the requirement is met for the RV
Head.
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For the CRDMH Nozzle (the portion affected by the repair), the membrane stress intensity is
maximum at the thinned (by remediation) section (see Ref. 2). This value is calculated as
Pm = ((Pr/t) — (P/2)) = ((2.5 ksi*1.4977/0.503") — (2.5 ksi/2)) = 6.2 ksi. This is less than 1.0
Sm for SB-167 (Alloy 600) = 23.3 ksi (Per Ref. 1). Therefore, the requirement is met for the
CRDMH Nozzle wall (as well as the corresponding section of the AG90 weld).

NB-3221.2 — Local Membrane Stress Intensity (Pl <1.5 Sm)

The applicable value includes the effect of discontinuities and includes no stress
concentration effects (such as in the near vicinity of the penetration bore). From Figure 7.2,
Path 5 depicts an appropriate location for the RV Head. This location is at a distance
equivalent to midway between two CRDMH Nozzle penetrations. The local effect (i.e., the
amount above ‘general membrane’) is doubled to superimpose the effect of the un-modeled
adjacent CRDMH Nozzle. From “pres_path_weld.out”, Path 5, the membrane stress
intensity = | ] ksi. Therefore, the local effect = [ ] ksi — [ ] ksi=[ ]ksi. Thus,
considering two adjacent CRDMH Nozzles, the Primary Local Membrane S for the RV Head
material = [ Jksi+[ ]Jksi=[ ] ksi. For the RV Head material, 1.5 Sm = 40.1 ksi
(Ref. 1, Section 3.2). Therefore, the requirement is met for the RV Head.

For the CRDMH Nozzle wall section, the membrane Sl values at the lower end (at the
elevation of the crevice bottom) are classified as ‘secondary’ per NB-3337.3(b) of Reference
4. This ‘secondary stress’ classification is dependent on the weld dimensions fulfilling the
requirements of Figure NB-4244(d)-1 and par. NB-3352.4(d). Figure 7.3 herein depicts the
designer's concept of the repair weld being enveloping the Code required weld. It is
concluded, then, that the repair weld is larger (and stronger) than the minimum required by
the Code. Thus, there are no loads that generate Primary Local Membrane Sl in the
CRDMH Nozzle wall. Therefore, for the CRDMH Nozzle wall — Pl includes the Pm
contribution; therefore, Pl = [ ] ksi < 1.5 Sm = 35.0 ksi for SB-167 & A690 and the
requirement is met.
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NB-3221.3 — Primary Membrane + Primary Bending S| (PI1+Pb < 1.5 Sm)

The applicable value includes the effect of discontinuities and includes no stress
concentration effects (such as in the near vicinity of the penetration bore). From Figure 7.2,
Path 5 depicts an appropriate location for the RV Head. This location is at a distance
equivalent to midway between two CRDMH Nozzle penetrations. The local effect (i.e., the
amount above ‘general membrane'’) is doubled to superimpose the effect of the un-modeled
adjacent CRDMH Nozzle. From “pres_path_weld.out”, Path 5, the ‘membrane+bending’
stress intensity = [ ] ksi. Therefore, the local ‘membrane+bending’ effect = [ ] ksi —
[ 1 ksi =[ 1 ksi. Thus, considering two adjacent CRDMH Nozzles, the Primary
Membrane + Primary Bending Sl for the RV Head material =[  ]ksi+[ ]ksi=[ ]ksi
For the RV Head material, 1.5 Sm = 40.1 ksi (Ref. 1, Section 3.2). Therefore, the
requirement is met for the RV Head.

Per Ref. 4, Table NB-3217-1, there is no Primary Bending stress in the CRDMH Nozzle.
Therefore, PI+Pb = Pl = [ ] ksi (same as Pm) < 1.5 Sm = 35.0 ksi for SB-167 & A690 and
the requirement is met.
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7.2.2 Primary Stress Intensities for Emergency (Level C) Conditions

Since the Level C condition is not mentioned in Reference 7, the maximum allowable
pressure from the maximum primary stress is compared to the hydrotest pressure, which is
the highest pressure can occur during operating conditions. The maximum primary stress is
calculated from the service limits. It is then used to obtain the maximum allowable pressure
from the ratio of the maximum primary stress to Design Pressure Stress Intensity.

RV Head (max. values considering all regions of low-alloy material):
Note: The repaired configuration generates no ‘Primary Bending’ stresses in the RV Head

Sm =26.7 ksi Sy =43.5 ksi

Max. Primary General Membrane S| = 1.2 Sm = 32 ksi
Allowable Pressure = ([ 1)*2500 psi = | 1 psi
[Ref. 4, Par. NB-3224.1]  (A302 Gr. B @650F)

Max. Primary Local Membrane S| = 1.8 Sm =48.1 ksi
Allowable Pressure = ([ 1)*2500 psi = [ 1 psi
[Ref. 4, Par. NB-3224.1]  (A302 Gr. B @650F)

Max. Primary Membrane + Primary Bending Sl = 1.8 Sm =48.1 ksi
Allowable Pressure = ([ 1)*2500 psi = | ] psi
[Ref. 4, Par. NB-3224.1]  (A302 Gr. B @650F)

CRDMH Nozzle/MWeld (max. values considering all regions of high-alloy material):
Sm =23.3 ksi Sy =27.5ksi

Max. Primary General Membrane S| = Sy = 27.5 ksi
Allowable Pressure = ([ 1)*25000 psi = 1 psi
[Ref. 4, Par. NB-3224.1]  (A600/A690 @650F)

Max. Primary Local Membrane Si = 1.5 Sy = 41.25 ksi
Allowable Pressure = ([ 1)*2500 psi = | 1psi
[Ref. 4, Par. NB-3224.1]  (A600/A690 @650F)

Max. Primary Membrane + Primary Bending S| = 1.5 Sy = 41.25 ksi
Allowable Pressure = ([ 1)*2500 psi = [ ] psi
[Ref. 4, Par. NB-3224.1]  (A600/A690 @650F)

Comparing allowable pressures with 3125 psia, which is the Maximum pressure from the
hydrotest, it is observed that they are bigger than the hydrotest pressure.

Therefore, as long as the Max. Primary Sl is less than the service limit, the structural integrity
of the repair weld design is acceptable for the Level C condition.
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7.2.3 Primary Stress Intensities for Faulted (Level D) Conditions

Since the Level D condition is not mentioned in Reference 7, the maximum allowable
pressure from the maximum primary stress is compared to the hydrotest pressure, which is
the highest pressure can occur during operating conditions. The maximum primary stress is
calculated from the service limits. It is then used to obtain the maximum allowable pressure
from the ratio of the maximum primary stress to Design Pressure Stress Intensity.

RV Head (max. values considering all regions of low-alloy material).
Note: The repaired configuration generates no ‘Primary Bending’ stresses in the RV Head

Sm=26.7ksi Sy=43.5ksi Su=80ksi

Max. Primary General Membrane Sl = 0.7 Su = 56 ksi
Allowable Pressure = ({ 1)*2500 psi = [ 1 psi
[Ref. 4, Par. NB-3225, F-1331.1(a)]  (A302 Gr. B @650F)

Max. Primary Local Membrane S| = 1.05 Su = 84.0 ksi
Allowable Pressure = ([ D*2500 psi = [ ] psi
[Ref. 4, Par. NB-3225, F-1331.1(b)]  (A302 Gr. B @650F)

Max. Primary Membrane + Primary Bending S| = 1.05 Su = 84.0 ksi
Allowable Pressure = ([ 12500 psi = [ 1 psi
[Ref. 4, Par. NB-3225, F-1331.1(c)]  (A302 Gr. B @650F)

CRDMH Nozzle/Weld (max. values considering all regions of high-alloy material):
Sm=233ksi Su=80Kksi

Max. Primary General Membrane S| = 2.4 Sm = 55.9 ksi
Allowable Pressure = ([ 1)*2500 psi = [ ] psi
[Ref. 4, Par. NB-3225, F-1331.1(a)]  (A600/A690 @650F)

Max. Primary Local Membrane S| = 3.6 Sm = 83.9 ksi
Allowable Pressure = ([ 1)*2500 psi = ] psi
[Ref. 4, Par. NB-3225, F-1331.1(b)]  (A600/A690 @650F)

Max. Primary Membrane + Primary Bending Sl = 3.6 Sm = 83.9 ksi
Allowable Pressure = ([ 1)*2500 psi = | 1 psi
[Ref. 4, Par. NB-3225, F-1331.1(c)]  (AG00/A690 @650F)

Comparing allowable pressures with 3125 psia, which is the Maximum pressure from the
hydrotest, it is observed that they are bigger than the hydrotest pressure.

Therefore, as long as the Max. Primary Sl is less than the service limit, the structural integrity
of the repair weld design is acceptable for the Level D condition.
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7.2.4 Primary Stress Intensities for Test Conditions

Reference 7 specifies only one ‘test’ condition that is significant to the stress levels in the
Closure Head (includes CRDMH Nozzle repair region) — Hydrotest case. This transient
results in a pressure of 3125 psia. Thus, the pressure induced Primary Stresses due to these
transients are greater than those calculated for the Design Condition.

RV Head (max. values considering all regions of low-alloy material):
Note: The repaired configuration generates no ‘Primary Bending’ stresses in the RV Head

Max. Primary General Membrane S| = 0.9 Sy = 45.0 ksi
Allowable Pressure = ([ 12500 psi = [ 1 psi
[Ref. 4, Par. NB-3226(a)]  (A302 Gr. B @100F)

Max. Primary Membrane + Primary Bending S| = 2.15Sy-1.2 Pm = 39.5 ksi
Allowable Pressure = ([ 12500 psi = [ 1 psi
[Ref. 4, Par. NB-3226(b)] (A302 Gr. B @100F)

CRDMH Nozzle/Weld (max. values considering all regions of high-alloy material):

Max. Primary General Membrane Sl = 0.9 Sy = 31.5 ksi

Allowable Pressure = ([ 12500 psi = | 1 psi

[Ref. 4, Par. NB-3226(a)] (AB00/A690 @100F)

Max. Primary Membrane + Primary Bending S| = 2.15Sy-1.2 Pm = 37.5 ksi
Allowable Pressure = ([ 12500 psi = [ 1psi

[Ref. 4, Par. NB-3226(b)] (A600/A690 @100F)

Comparing allowable pressures with 3125 psia, which is the Maximum pressure from the
hydrotest, it is observed that they are bigger than the hydrotest pressure.

Therefore, as long as the Max. Primary Sl is less than the service limit, the structural integrity
of the repair weld design is acceptable for the hydrotest condition.
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7.3 ASME Code Primary+Secondary Sl Range and Fatigue Usage Criteria

As stated previously, the analysis of stresses for transient conditions is required to satisfy the
requirements for repetitive (or cyclic) loadings. The following discussion describes the fatigue
analysis process employed herein for the Nozzle opening inside repair design.

As described in section 7.0, the stresses for each transient time point chosen for stress
analysis are determined in the ANSYS solution run “TP_***_st.out" (for loadings due to
thermal gradients and corresponding pressures).

Overall stress levels are reviewed and assessed to determine which model locations require
detailed stress/fatigue analysis. The objective is to assure that 1) the most severely stressed
locations are evaluated and 2) that the repair region is quantitatively qualified.

Once the specific locations for detailed stress evaluation are established, the ANSYS ’paths’
(sometimes called ‘stress classification lines’, SCL) are defined. Post-processing runs for
these paths are made to convert the raw component stresses along these paths into Stress
Intensity (SI) categories that correlate to the criteria of the ASME Code (i.e., ‘membrane’,
linearized membrane+bending’ & ‘total’).

The transient analysis of the repair configuration indicates that the location of prime
importance is at the bottom of the crevice between the nozzle OD and the penetration bore
diameter. This location includes the maximum peak stresses (due to the applicable SCF of
4.0) and includes the low-alloy RV Head base metal (has lower fatigue properties compared
to the high-alloy material). To assure that the maximum stress values are obtained, paths
are taken through the weld in a radial direction (relative to the nozzle) and through the weld
in a vertical direction along the ‘weld-to-RV Head' interface. These sectional locations are
analyzed at the ‘downhill’ and ‘uphill’ side of the model (see Figure 7.1). Review of the stress
results and experience with analyses of similar hillside configurations indicate that these
sections (4 total) include the location of maximum stress/usage. The stress linearization for
these paths (1 — 4) are contained in computer file “***_path _weld.out".

However, because this is a 3-D analysis and the directions of the principal stresses may vary
during the transient, the ‘range’ of ‘linearized membrane+bending’ is determined by the
method prescribed by Paragraph NB-3216.2 of the ASME Code (Ref. 4). The computer runs
containing the results of the application of this method are
“** path_weld.Class_Line_Summary”. The maximum range value as determined in these
runs are compared directly to the Primary + Secondary Stress Intensity Range criteria of the
ASME Code.

For consideration of fatigue usage, the ‘Peak Stress Intensity Ranges’ are calculated. These
values must include the ‘total’ localized stresses. As mentioned above, the geometry of the
repair design results in a crevice-like configuration between the nozzle OD and the
penetration bore diameter. Therefore, the ‘linearized membrane+bending’ stress intensity
range at this location (Paths 1-4, outside) is multiplied by a factor of 4.0 (Ref. 4, Par. NB-
3352.4(d)(5)) to represent the ‘Peak Stress Intensity Range’. [Note: The resulting values are
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confirmed to be greater than the total’ stress intensities calculated directly from the model.]
As documented in Reference 7, the transients that have a potential impact on fatigue usage
are divided into three groups — HUCD, Plant Loading/Unloading Transients and Rapid
Transients. The associated cycles (based on a 40 year plant life) for these transients are:
HUCD = 200 cycles

Plant Loading/Unloading = 14500 cycles

Rapid Transient = 2800 cycles

For conservative approach, RV Head Base metal is looked at for Fatigue Usage Factor
calculation because of lower fatigue properties as opposed to high alloy material. Also,
instead of checking all the nodes from the said Stress Class Lines, the biggest range of Sl is

chosen from each transients and is used for the Fatigue Usage Factor calculation.

Maximum Primary + Secondary S| Range for Low-alloy Material in HUCD

Ref. Run “HUCD_weld_path.Class_Line_Summary”
Max. P+S Sl Range = [ ] ksi (Path [ ], inside)
This is less than the maximum allowed by the design code (3 Sm = 80.0 ksi)
Note) Path 2-inside has 45.7 ksi. However, this is not used because it is not multiplied by factor of 4

Maximum Primary + Secondary S| Range for Low-alloy Material in PL_LU

Ref. Run “PL_LU_weld_path.Class_Line_Summary”
Max. P+S SI Range =[  ]ksi (Path [ ], inside)

This is less than the maximum allowed by the design code (3 Sm = 80.0 ksi)

Maximum Primary + Secondary S| Range for Low-alloy Material in RA

Ref. Run “RA-weld_path.Class_Line_Summary”
Max. P+S SI Range =[ ]ksi (Path [ ], outside)
This is less than the maximum allowed by the design code (3 Sm = 80.0 ksi).

Using the ranges/cycles described above, the corresponding cumulative usage is calculated
on the following pages.
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EVALUATION TITLE: TP - CRDM
Temperbead
Weld Analysis
LOCATION: Intersection of Pad bottom surface, Sleeve OD and RV Head penetration bore (crevice region; FSRF =
4.0
(Rgf. Run ™_weld_path.Class_Line_Summary")
MATERIAL: A302Gr.B (both high alloy and low-alloy steels are present at this crevice region)
TYPE: Low-alloy steel
UTS (psi) = 80000
E matl (psi) = 2.64E+07 (at T = 600F) E ratio = (‘E curve'/ 'E analysis’)
(E ratio)) ALLOWABLE USAGE
COND. TRANSIENTS WITH REQ'D PEAKSI X CYCLES FACTOR
NUMBER RANGE EXTREMES CYCLES RANGE E matl Salt Salt “N" "y
. 1dyears eemes
RV Head 1 HU/CD/Hydro 72 [ ] 2.64E+07 [ 1 [ 1 [ ]
RV Head 2 PL_LU 5003 [ 1 2.64E+07 [ 1 [ [ 1 [ ]
RV Head 3 RA 980 [ 1 264E+07 [ 1 [ 1 [ ] [ ]

Total Low-alloy [ ]
Usage =

Note: The 'Peak Sl Range' = 'Linearized Membrane + Bending' x Fatigue Strength Reduction Factor (FSRF)

For cycle group 1, ‘Linearized Memb + Bending' Sl Range = I ] ksi; FSRF = 4.0
For cycle group 2, ‘Linearized Memb + Bending' Sl Range = [ ] ksi; FSRF = 4.0
For cycle group 3, ‘Linearized Memb + Bending' S| Range = [ 1ksi; FSRF = 4.0
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8.0 Consideration of Corrosion of RV Head Low-Alloy Material

The design configuration of the CRDMH Nozzle Temperbead repair results in an area of RV
Head base material (low alloy; SA302 Gr. B) being exposed to continuous contact with
Reactor Coolant water. The chemistry of the Reactor Coolant combined with the properties
of the RV Head material result in corrosion of the wetted surface.

The amount of corrosion rate has been determined to be [ ] inch per year (Reference
12). At this rate, the total surface corrosion for a repair life of [ ] years of plant life
(Reference 7) is [ ] inch. This represents the maximum increase in bore radius for the

operating period.

The significance of the increased bore diameter (of this magnitude) is acceptable based on
the rational included in Appendix A of Reference 13.

In conclusion, the corrosion of the exposed low-alloy material has a negligible impact on the
thermal/structural response of the CRDMH Nozzle assembly with temperbead repair and is,
therefore, acceptable.
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9.0 Conclusions

The preceding calculations demonstrate that the CRDMH Nozzle temperbead repair design
meets the stress and fatigue requirements of the Design Code (ASME Code, Section I,
1989 edition w/o addendum — Reference 4).

The conservative fatigue analysis indicates that the repair design is acceptable for at least
[ 1years of operation.

Since the fatigue is a ‘linear function’ of the cycles, the qualified operating life is [ ]
years/[ 1=[ ] years. This result is conservative and could be improved (qualified for
more years) by refined determination of the Fatigue Strength Reduction Factor at the
intersection of the lower edge of the repair weld with the penetration bore.
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11.0 Computer Files

The finite element analyses done in this calculation were made using the ANSYS computer
program (Ref. 3). Test cases verifying the suitability and accuracy of this program for this
analysis were analyzed and the results of that analysis are included in files VM86.0UT and
VM187.0UT.

Computer Output Files

File Name Description

TP_HUCD_th.out HUCD thermal transient heat transfer analysis
TP_PL_LU th.out PL_LU thermal transient heat transfer analysis
TP_RA_th.out RA thermal transient heat transfer analysis
TP_HUCD_st.out HUCD stress analysis

TP_PL_LU_st.out PL LU stress analysis

TP_RA_st.out RA stress analysis

HUCD_DeltaTs.out HUCD thermal post-processing

PL LU_ DeltaTs.out PL_LU thermal post-processing
RA_DeltaTs.out RA thermal post-processing

HUCD_path _weld.out HUCD head/weld stress post-processing

PL LU path _weld.out PL_LU head/weld stress post-processing
RA_path _weld.out RA head/weld stress post-processing

HUCD_path _weld.Class_Line_Summary HUCD head/weld stress range tabulation
PL_LU_path _weld.Class_Line_Summary PL_LU head/weld stress range tabulation

RA path _weld.Class_Line_Summary RA head/weld stress range tabulation
TP_pres_out . Design Pressure at Design temp analysis
pres_path _weld.out Design Press stress classification

VM96.out Verification case for heat transfer analysis
VM187.out Verification case for stress analysis
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Purpose

The purpose of this appendix is to provide supplemental stress results of the transient
analysis for flaw growth assessments. Two areas are selected for this study: original J-
groove weld and new temperbead weld (See Fig.7.1). The original J-groove locations include
paths through the remnant portion of the original J-groove welds and adjacent RV head base
metal in planes oriented at 45 degree increments around the CRDM opening bore (See Fig.

A-1). The stresses tabulated herein are to be used as input to flaw growth assessments.

The figure above is not pertinent to this

document.
é)—v«o 1/2%/e 1

6T legibility concerns)

Turkey Point NPP Repair

Fig. A-1 Close-up of Paths Through Original Welds/Head

For J-groove weld, there are two line segments in a path: 1) from corner of chamfer to
buttering and 2) from buttering to the middle of head thickness. And, each segment has five
checking points.

The stress results are in cylindrical coordinate system.
SX = radial to CRDMH Nozzle; SY = hoop; SZ = axial
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THE COMPUTER OUTPUT CONTAINING DETAILED STRESSES HAS BEEN REMOVED FOR PROPRIETARY REASONS.
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Computer Files

The ANSYS computer files used for this appendix are following:

Computer Output Files

File Name
A) Original J-groove Weld

TP_REP_HUCD_path_w1.out
TP_REP_HUCD_path_w2.out

TP_REP_PL_LU_path_w1.out
TP_REP_PL_LU_path_wZ2.out

TP_REP_RA_path_w1.out
TP_REP_RA_path_w2.out

B) Temperbead Repair Weld
TP_REP_HUCD_path_weld_frac.out

TP_REP_PL_LU_path_weld_frac.out
TP_REP_RA_path_weld_frac.out

Description

HUCD head/weld stress post-processing
HUCD head/weld stress post-processing

PL_LU head/weld stress post-processing
PL LU head/weld stress post-processing

RA head/weld stress post-processing
RA head/weld stress post-processing

HUCD head/weld stress post-processing
PL_LU head/weld stress post-processing
RA head/weld stress post-processing
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