
VIRGINIA ELECTRIC AND POWER COMPANY 

RICHMOND, VIRGINIA 23261 

December 3, 2001 

U.S. Nuclear Regulatory Commission Serial No. 01-637B 
Attention: Document Control Desk NL&OS/ETS R1 
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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cc: U.S. Nuclear Regulatory Commission (Attachments 1 and 3 without enclosures) 
Region II 
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



01 -637B 
Page 2 of 3 

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. H art" 
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-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 XI 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 X1, 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 III analysis of weld repair, 

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

Section XI 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.
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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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I fRAMATOME 
AN P

ENGINEERING INFORMATION RECORD

Document Identifier 51 - 5012728-03

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

PREPARED BY:

Name J.R. Dorman, Jr.

Signature r Date 10/28/01 

Technical Manager Statement: Initials

REVIEWED BY:

Name H. W. Behnke 

Signature A&4'.4'i - Date 10/29/01

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.
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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. 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 III 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 XI 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 POR 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 XI 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 III analysis of weld repair, 

Section XI 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.
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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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Document Identifier 51 - 5012728- 03

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

PREPARED BY:

Name J.R. Dorman, Jr.

Signature / Date 10/28/01 

Technical Manager Statement: Initials

REVIEWED BY:

Name H. W. Behnke

Signature 0&,4 4&- Date 10/29/01

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.
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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. 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 III 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 XI 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)



I

I

v1

I I

I
I

i

I
I

I



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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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 III, 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 X1, 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 I1.  

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 III, 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 III ANALYSIS OF REPAIR 

1.0 OBJECTIVE 

The purpose of this review is to summarize the ASME Section III 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 Ill.  

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 II, 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 III 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 III (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 (Pi < 1.5 Sm) 

NB-3221.3, Primary Membrane + Primary Bending Stress Intensity (Pi + Pb < 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 Sm) 

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 Sm) 

NB-3224.1, Local Membrane Stress Intensity (P1 _< 1.8 Sm) 

NB-3224.1, Primary Membrane + Primary Bending Stress Intensity (PI + Pb - 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 Su) 

NB-3225, F-1331.1 (b), Local Membrane Stress Intensity (Pi • 1.05 Su) 

NB-3225, F-1331.1(c), Primary Membrane + Primary Bending Stress Intensity 

(PI + Pb•- 1.05 Su)
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Primary Stress Intensities for Test Conditions: 

NB-3226(a), Primary General Membrane Stress Intensity (Prnm 0.9 Sy) 

NB-3226(b), Primary Membrane + Primary Bending Stress Intensity (PI + Pb -< 
2.15 Sy- 1.2Pm) 

The repair is analyzed to 1989 version of ASME Section III Code (Reference 1-4). The 

original stress report (Reference 1-6) was prepared conforming to the requirements of 

1968 version of ASME Section III Code (Reference 1-8). The stress criteria of the 

original design differ from the 1989 version of Section III 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 Sm and SSE condition 

was checked against an allowable stress intensity of 1.8 Sm. 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 III analysis of the weld repair are summarized below: 

Primary Stress Intensities for Design Conditions (Design Pressure at Design 

Temperature): 

RV Head: Pm = 16.6 ksi_< Srn= 26.7 ksi 
P1 = 20.4 ksi _< 1.5 Sr= 40.1 ksi 
P1 + Pb = 25.6 ksi _< 1.5 S= 40.1 ksi 

Nozzle/Weld: Pm = 6.2 ksi - S= 23.3 ksi 
Pi = 9.85 -< 1.5 Sr= 35.0 ksi 
Pi + Pb = 9.85 ksi _< 1.5 Sm= 35.0 ksi 
(Also less than 1.2 Sm=27.96 ksi) 

Normal/Upset Service Level (A/B) Condition 

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

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 
Maximum Allowable 
Maximum Allowable 

Nozzle/Weld: 
Maximum Allowable 
Maximum Allowable 
Maximum Allowable

Pressure Based 
Pressure Based 
Pressure Based 

Pressure Based 
Pressure Based 
Pressure Based

on Pm Limit = 4,819 psi 
on P, Limit = 5,895 psi 
on P1 + Pb Limit = 4,697 psi 

on Pm Limit = 11,089 psi 
on P, Limit = 16,633 psi 
on PI + Pb 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 
Maximum 
Maximum 

Nozzle/Weld: 
Maximum 
Maximum 
Maximum

Allowable Pressure 
Allowable Pressure 
Allowable Pressure 

Allowable Pressure 
Allowable Pressure 
Allowable Pressure

Based on 
Based on 
Based on 

Based on 
Based on 
Based on

Pm Limit = 8434 psi 
P1 Limit = 10,294 psi 
PI + Pb Limit = 8,203 psi 

Pm Limit = 22,540 psi 
P1 Limit = 33,830 psi 
P1 + Pb 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: 
PI + Pb = 15.45 ksi • 2.4 Sin= 55.9 ksi.  
(Also _< 1.8 Srn= 41.94 ksi) 

Test Conditions: 

RV Head: 
Maximum Allowable Pressure Based on Pm Limit = 6,777 psi 
Maximum Allowable Pressure Based on PI + Pb Limit = 5,225 psi
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Nozzle/Weld: 
Maximum Allowable Pressure Based on Pm Limit = 12,702 psi 
Maximum Allowable Pressure Based on PI + Pb 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 III, 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 III, 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 I & II), 

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 III, 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 

6000F, the Kiafracture toughness value for this material is above 200 ksilin for assumed 
RTNDT of 60 0F. The toughness properties of Alloy 600 and weld material are better than 
200 ksikin and; therefore, an upper-shelf value of 200 ksi~in 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 XI (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 -10 
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-i: 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 Xl, Code, 1989 in Figure A-4200-1. At an operating temperature of 
6000F, the Kiafracture toughness value for this material is above 200 ksi•Jin for assumed 
RTNDT of 60 0F. The toughness properties of Alloy 600 and weld material are better than 
200 ksi'in and; therefore, an upper-shelf value of 200 ksi'Iin is used in the analysis.  

3.5 APPLICABLE CRITERIA: 

The flaw acceptance is based on the 1989 ASME Code Section XI 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 Xl. 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 4 in, compared to the fracture toughness upper-shelf value of 
Kia = 200.0 ksi -4 in. This provides a safety margin of 3.17, which is greater than ",/10 
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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Remarks: 

Purpose: 

This report documents the applicability of engineering analyses performed for the Turkey Point 3 (TP-3) Nuclear Power Plant (NPP) with 

the Surry I & 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 I & 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 I & 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 Reference Surry Reference 
Component Analyses (TP-3) Data Description Source Data Description Source 

RCS Spec.s 
Design Conditions 
Design Pressure 2500 psia Ref. 12, para. 3.15 2485 psig (2500 psla) Ref. 1, Atmt 1-1, para. 1.1.2 
Design Temperature 650 F Ref. 12. pare. 3.17 650 F Rel. 1, At" 1-1. para. 1.1,2 
HydrotestPressur 3125psia Ref. 12, Appdx B 3107 psig (3122 psia) Ref. 1. Attmt 1-1 para. 1.1.2 
Hydrotest Temperature NDT' +60 F min. Ref. 1. Atirn 1-1, pare. 1.1.2 
Hydrotest Temperature at Mfr l_1F Ref. 1. Antmi 1-1, par. 1.1.2 

Operating Conditions 
Coolant Fluid Pressurizer Water Ref. 1, Atmt 1-1, pare. 1.1.3 
Operating Pressure 2250 psia Ref. 12, pare. 3.16 2235 psig (2250 psia) Ref, 1, Attmt 1-1, pare. 1.1.3 
Normal Operating Temperature 594 F Ref. 12, Appdx B 543 F Ref. 1, Attm 1i-1, para. 1.1.3 
Inlet Temperature 543 F Ref. 1, Attmt 1-1, pare. 1.1.3 
Outlet Temperature at Normal Temp. 605.8 F Ref. 1, Attmt 1-1, para. 11..3 

initial Operating Limitaetons/Transients ......______,___.... ......______ 

The heating and cooling rate is limited to maximum 100 F per Hour.  
These rates will be safe for 200 Occurrences each. Thus, when 

200 HU and 200 CD Cycles, 5 Hydrotest Re.f 11,Table 5.1, starting at an isothermal condition at 100 F, the maximum heating 
Heat Up and Cool Down Transients Cycles at 2500psia at Operating Temp. rate Is not to exceed 100 F per Hour up to operating temperature Ref. 9 

and U cycle at 3125 psla at 100 F. and, when starting at an isothermal condition at operating 

temperature, the maximum cooling rate Is not to exceed 100 F per 
Hour returning to 100 F.  

Plant 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, 29,000 
TRe. 12 Occurrences each at Normal Operating Condition. A total of Ref. 9 

Plant Loading and Unloading Transient 14,500 Cycles 14,500 Cycles. , _.... .. .... . . .  
of Remaining Transient$ Ref, 11, Table 5. 1, Ref. 9 

Bounding oRemainngT tincluding -2,800 Total Cycles Ref. 12 2,800 Total Cycles 

Ref. 11, Table 5.1.  
10_%_ Step Decrease . 2.000 Cycles Ref. 12 10% Step Load Increase and Decrease of Full power, 2,000 

Ref. 11, Table 5.1, OccurrencesNomnal Op. Cond. Ref. 9 

1.0% S~te~p, Incease Ref. 12 

Ref. 11, Table 5.1, Large Step Decrease, 200 Occurences, Normal Op. Cond. Ref. 9 
Ref. 12 Table 5.1, 
Ref. 11 Loss-of-Load, 80 Occurrences, Upset Condition Ref. 9 

Lass-of-Load 80Cce Ref. 12 ~ 
Ref. 11, Table 5.1, Loss-of-Flow, 80 Occurrences, Upset Cond. Ref. 9 Loss-of-Flow ...... ... C)Le Rot. '12 

__-- qe - ---- --e.12~- ,- .

Ref. 11, Table 5.1, Reactor Trip from Full power, 400 Occurences, Upset Cond. Ref. 9 
Reactor Trip. •_400...C. les Ref. 12 

Loss-of-AC PowerTrips. Slap Changes. Etc. Ref. 11, Table 5.1, Loss of Power, 40 Occurrences, Upset Cond. Ref. 9 
_os-_-CPoerrisSepChnes Ec 40 Cycles Ref. 12

Doc. Id. 51-5015197-00 
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Table 2 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 111.347 Lb. Ref. 1, Attmt 1-4, para. 1.1.7 

Closure Head Forging 15-Ft. 4 in. OD x 2-Ft. 11-11/32 in.  
184 in. OD x 2 Ft. 11-11/32 in. Length Ref. 8, Part No. 61 Length Ref. 30 & 31 

Material 
Material ASTM A.508, Class 2, Mn-Mo Steel, ASME Code Case ASTM A-508. Class 2, Mn-Mo Steel.  

1332-2 Ref. 2, Part No. 51 Ref. 22 & 23 

79-1/4 in. Inside Radius to basemetal x 6-3/16 in. min. 79-114 in. Inside Radius to basemetal x 6.  
Closure Head Plate thkns plus ).156 rain. Thkns cladding - SST. 3/16 In. min. thkns plus ).156 min. Thkns 

Ref. 7, Part No. 50 cladding - SST. Ref. 28 & 29 

Material (See Note 1 Below) ASTM A-533, Grade B, Class 1, Mn-Mo 
Material(__eNot ___Below ASME SA-302, Grade B, Mn-Mo Steel Ref. 2, Part No. 50 Steel. Ref. 22 & 23 

Note 1 - An evaluation was performed to compare the material properties of SA-302 and SA-533. A review of Ref. 18, page 6, 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).

0oc. Id. 51-5015197-00 
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Table 3 CONTROL ROD MECHANISM HOUSINGS

Doc. Id. 51-5015197-00 
Page 4of 8

Component Turkey Point 3 Analyses (TP-3) Reference Surry Reference 
Data Description Source Data Description Source 

Housing weldment consists of threaded 6-in. OD 
Adapter, and a 4-in. 0D 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-1 82, Type 304. SST Ref. 2, Part No. 1 ASME SA-1 82, Type 304, SST Ref.23 & 24 
Material - CRM Body ASME SB-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 &25 
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 Adapter Holes Except Hole No. 1.  

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

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



REFERENCES

Reference No. Document No. Description Source 

l D n PDominion Generation, Surry Power Station, Facsimile Transmittal, 

1 7Final Design Suy Power Station, Part Length Control Rod RemovaI,Rev. 2, dated 10/5/2001, To: Alvin McKim - FRA-ANP, From: Doug Lawrence 
.dated 7/18/80. Attachment. Dominion -Surry, 25 Pages, time 13:05 hrs.  

2 02-117877E, Rev. 5 Material Ust, Reactor Vessel, Westinghouse Atomic Power Div., Contr No. FRA-ANP Records Center, Lynchburg, VA 
610-0116-51 & 52 

3 02.117878E, Rev. 5 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, Lynchbur, VA 

5 02-117881 E, 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. 610-0116-52 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 I. Price To: Paul Ulmer of 

9 N/A Surr Reactor Head Inspection - Design Information Transmital FRA-ANP, dated Oct. 12, 2001.  

Equipment Specification, dated 4/29/71, "Addendum to Equipment Spec. Dominion Generation, Facsimile Transmittal, dated 10 2/2001, To: 

10" 676500 Rev. 1 676413, Rev. 1, Project: SunyPower Station II. Eqpt: Reactor Vessel, Paul 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 Reqmts FRA-ANP Records Center, Lynchburg, VA 

13 Not Used 

14 Not Used 

15 Not Used _______________________________ 15 No UsedDominion Generation, Letter From: Dean Price, To: Paul Ulmer- FRA

16* Surry Reactor Head Inspection - Design Information Transmital ANP, Subject - Surry 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. 5 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. 610-0147-52 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 Records Center, Lynchbur, 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. 610-0147-52 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 

31 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 t. Cus mer uplts for Suny CRDM Weld Repair, Contr. No. 4160048, and the design input data 

contained therein are approved by the Project Manager. PM Signature: P. M. eI r / V O
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APPENDICES: Customer Supplied Documents

Appendix A - Dominion Generation Letter, Subject: Surry Reactor Head Inspection Design Information 

Transmital, From Dean I. 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 I. Price, To: Paul Ulmer of FRA-ANP, Dated Oct. 17, 2001.  

Appendix C - Dominion Generation, Surry Power Station, Facsimile Transmittal, dated 10/5/2001, 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

Mr. Paul Ulmer October 12, 2001

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 

ba '. AM h
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AppeNr~iK A 
51 -5015197-00 
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' Dominion- Memorandum 
October 11, 2001 

To: D.I. 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 I and 2): 

1. Plant heatup at I 00*F per hour, 200 occurrences, normal operating condition 

2. Plant Cooldown at I 00'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 power 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 natural circulation in RCS), 40 occurrences, 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, I 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 -01 5 9700Form No 720D03A(luly 2000) 512000 Dominion Resourr Sceices, Inc.  
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15. Primary side hydrostatic test at 2485 psig, 50 occurrences, normal operating condition 

16. Steady state fluctuations, oo 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 I 00*F/hr and a range of I 00'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 70OF 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-1 00'F/hr and a range of 
6001F to I 00F. 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 5477F 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 5771F to 617°F (+40'F) in 10 secbnds (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 additional 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." 

2. 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." 

3. Calculation 30660-1130, "Reactor Vessel - Final Stress Report," Revision I (North Anna Units I 
and 2).  

4. 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 I 
and 2."

Prepared by: Date: ID-1Ih-0o/

Reviewed by: /f. . Date: /0-/I-0 1 
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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. Ulmer: 

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--I can't verify the original material thickness of 6 9/16" for the head.  

2. Drawing 131174E--l have not been able to verify notes 2, 3, 4, 5, 6, 9, 11,12. I'm still working 

on this. Also I 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, I can verify the left block and everything in the right block except the 

last word or number. It 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--I'm not sure what is meant by "2" dia (and then a triangle)" but I 

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. I have verified that the Unit 2 drawings agree with the Westinghouse 

drawings but I can't read your unit 1 details. I 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 I 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 (Inconel). 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 I. Price 
Project Engineer 
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* les"ie FINAL DESIGN (SUPPLEMEI 
SURRY POWER STATION 

VIRGINIA ELECTRIC AND POWER COMPANY 

ATTACH TO: PINAL DESIGN 

[78-s25 
FINAL. DESIGN fCONTINUMDhz 

1.0 RENCES..  

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

1.2 etW-C-RC-035 

1.3 OP-4.5 

1.4 Vepco Quality Assurance Manual, Section 3 

1P5 FSAR Section 3 

1.6 17 FS-78-1, Rev, October 18, 1978 

2.0 DESCRIPTION: 

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

3.D 1DRANGS: 

3.1 The appropriate drawinp are attached, 

3.2 Figure 1:' Partial Length Anti Rotation Housilng 

Figure 2: Partial Length Up Poeltion Leadscrew Clamp 

Figure 3; Partial Length Couoseal Assembly 

Figure 4: Partial Length lp Position Lead Screw Retainer 

W1gure5; Locations of P/L Control Rods 

4.0 DESIGN MASIS: 

4.1 The intent of the Part Length Control Rods was to control axial power 
distribution and to suppress xenon oxcillations.  

4.2 The utilization of Part Length Control d•e for axial power distribution 
is not desirable. The insertion of the Part Length Control Rods would 
cause the lowering 6f power in the axial region Just below and above the 

nautron absorbing material of the Part Length Control Rod.  

4.3 At the tirue the Surry UnIts were designed, there was no stringCent 
restriction on Aý,band. At the present time, there is a restriction 
on maintaining a narrow Aý band of 1 5% which reduces, xenon oscillations 
to a very low level.  
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FINAL DESIGN (SUPPLEME 
SURRY POWER STATION 

VIRGINIA ELECTRIC AID POWER COMPANY 

ATTACK ro: FINAL DouIS 1 DE1fGN' r" CHANGE .NO," 
S78-S25_ 

FINAL 99310N fCONTINUED), 7 

4.0 DESIGN BASIS: (CMNUED) 

4.4 Technical Specifications for Surry Power Station Units 1 and 2 do not 

allow the use of the part length dontrol tods during operation.  
Westinghouse's study on part length control rod removal and operational 
experience In Surry indicate that the removal of the part length 
control rods is desirable.  

5.0 OPERATIONAL RERUIREENTSI 

5.1 The reactor coolant system is to be at refueling shutdown condition In 

accordance, with the plant technieal specifications.  

5.2 Once'the part length control -r6ds are removed, additional operational 
requiremente ate not necessary.  

6.0 PERIODIC TEST URQUIREI-STS 

6.1 After the part length control rods are removed, the seals at the top of 

the part length lead ecrew travel housing need never be opened during 

a refueling. Since the seal is never broken, any possibility of leakage 
during plant startup following an outage is virtually eliminated.  
Therefore, there is no need for periodic testing.  

7*0 MITE1RIAS LIST: 

7.1 See Uestinghouse proposal dated April 25, 1978 attached.  

8.0 EMU IET" SPECIFICATIOUS:

8.1 Not required

1. - 01 1- -a .  
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-P/L ANTI ROTATION HOUSING

PARTIAL LENGTH ANTI ROTATION HOUSING

FIGURE 1
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PARTIAL LENGTH UiP POSITION LEADSCREW CLAMP

FIGURE 2
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PARTIAL LENGTH CONOSEAL ASSEMBLY

FIGURE 3
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MOTOR TUBE

TANG

PARTIAL LENGTH UP POSITION LEADSCREW RETAINER

FIGURE 4
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CONTROL ROD ASS!EHLY BANKS 

Function N]suber of Auemblie 
Conitrol Bank D 8 
Control Bank C 8 
control Bank 3 8 
Control Bank A a 
shutdown (s) 16 
Part lensth (P) 5 

C) souRC AsSFXIYLOCTIN 

FIGURE 5 LOCATIONS OF PART LENGT CONTRO RODS 

CONTROL ROD ASSMBLY GROUPNS 
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NO. 055.1 WA F: INAL DESIGN IMPLEMENTAT1IG 4.fil TESTING 
SURRY POWER STATION 

VIRGINIA ELECTRIC AND POWER COMPANY
TO. D1 ESIGN CHANGE NO:h 

DESIGN CHANGE TITL~r 3 IUNI Th~u 

PAUT LEN=T CNTROL ROD REMOVAL I 
D3KIII RED IMPLEMENTATION DATQa 

DMUNR2N STSAM OWNS1ATOR RELACE?4ET 
FINA LOEStIONCONtROLLIN* PROCEDUREs 

PROCEDURE SHALL CON4SIST Or- 1.PURPOSEI Z. INMTAI. CONDITIONS3 2. PRECAUTIONB. 4. INSTRUCTIONS; 

MCOPY ATTACHED 

P1INAL DESIGN 1TES1INGs 

PROCEDURE %HALL. CON3IST OF. 1. PURPOSE; L. INITIAL COnDITONS: 3. PRECAuToIN, *. INSTRtJCTIONSt 

S. ACCEPTIANCE CRITERIA.  

COPY ATTACHED, E3 MECHANICAL. TESTING0 (- ELECTRICAL TESTING 

EiINSTRUMENT TESTING 2CHEMICAL-rEsTING 

FINAL DESIGN CONTROLUfN* AND TESTING PROCEDURkES:

Lawrnce obo7-18-80 

REVIEWE0 By PURUTY CONTROL. ENGNC~s 1 DAT~E u6 

APPROVED BY ;T-ATroN NuCLEmAR 5AKv AND OPERA'T'IN COmirmIT 17 DAT~s 

EHASRMANS SIGNATURE: 9C Obsn'WI 

This proceduire ad'dendulm iuserted as Field Chang! #2
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NOT NEQ10. 7CRROb PRIOR TO FINAL. DESIGN REWO POST FINAL DISIGN 

ýKUPERVISO* EN&INKKIRNO scaUICts. s5801*li Et 311[OAT,// 

ISTAT O C.~LFAR SAFfTY AND0 OPERATING C~OMNIlTTEE REVIEW: 

-.ýPonV, r DISAPPROVED "APPROVEr AS Moog I PED 

PACE_.~ 

'15015197-00 1 I 
4.%a-.- -. -



�� 1 � J�FJTJIT2rTh 
I sSam.Io*

27bVI

V

- ENG 

09=9G CHANGE REQtJ* 
SURRr POWER STATIOh, 

VIRGINIA ElICTNJC AND POWER COMPANY
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waR# y POW1 STATIONE 

T.A.C eeb es 7A&ECTMIC AND POWt COMPANYO 
78-S25 

Removal of Parf Lenpeh Control Rods 
PRJC .,• Za•.. z,.Lawrence Lobo . ...- • (,f _.•z11/27/78 ' 

. rodst ,. ran,;. Surryo #1;.•e an 2Uit.Teear iepatlnhcoto o 

slivieweb, ByoO|r DESIN COTROLFWGONW 

le n.Pte-bods ar UeAWedt 

(i ANALYSIS OF THE REQUEST: 

1-) This design change request consiitt of the reoval of part length control 
rods from Surry #1 and #2 Units. There are. fve part length control rod 
asotmblies In each undit. After removing the part length control rods from the 
core, lheible plugs ape to be Inaerted In the fuel assembly from which the para 
lengtharods are removed.  

To s intent of the part length control rods wru to controlaxial power 
d Astribu tion and io suppress Xenon oscilnations.  

The utilbzatAon of pert length control rod for axial power distribution 
control est"not desirablev Thed insertion o the par o length control rods -would cause 
chr lowerind of power in the axial rewiou.surrouodfny neutron absorbing 
material, At the isu teme aeusing a hisher power In t.he R yi% ) region just 
below and above the neutron absorbina materil of the pari length rod.  

At the tze intry unite were desidned, there was ln strogent restrtion 
on A0 band. At the present timep there Is a restriction on maintaining a narrow 

A* bond of * 3p which reduces uhe Xenon oscillations t a very low level.  

2.) Westi) houe e has evaluabed and epnlyzad the removal of l he part length 
control rods thible l g. lad screw in the' fully withdrawn positio 
(Details are discussed by Wastiu~house In a letter t:o B. R. Sylvia) and founds 

(3) There are no thermal or hydraulic problems Includgnb no change 
In The in he upper head provided the part lenath rods are 
replaced by thimble plugs.  

(2) Tlwre are no problems wtrh replacing the part length rod with 

a thimble plug.  

(3) There are no mechanical problems including vibrations, provided 
the Lead screw in adequately supported at the top ead. This can 

be done using an Anti-rotation Device. When the part length rod 
in unlatched, the lead screw is free to rotate. So when the screw 
is moved to the top of its housing, its own weight and/or vibration 
can cause it to rotate In the direction which would lower it.  
WeseLrughouse has designed a 40 year anti-rotation device that can 
be utilized to prevent the lead screw from rotating. The device 
has a pin which -fits into holes drilled into both the anti-rotation 
device housing and the cap of the conoseal. The cap cannot rotate 

51-015o19 700 - 03
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* eU.lI ENGINEERING REVIEW (SUPPL: :NT) 

SURRY POWER STATION 
VIRIRINIA ELECTRIC AND POVWR COMPANY 

ATTACH TO: IENGINERINO REViCW SIDEGIIN CHANGE NO. * 

RNGINcIrPINU 8VIEW (CONTINUEDI: 

(1) ANALYSIS OF THE REQUEST: (CONTINUD) 

therefore the device cannot. The anti-rotatioc device can be 
installed while the head is In Its laydown area.  

The recoval of the part length control rods provides the following 
benefits.  

(1) Decreased outage time.  

The design of the part length control rod drive mechanism is such 
that the lead screw. which is used to raise and lower the rod, cannot 
be removed from the mechanism. This results in the requirement for 
a removable seal at the top of the part length control rod drive 
mechanism, as well as a long tool for extending down into CRUM 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 refueling outage, all of which can be critical path time.  
Removal of the part length control rods can therefore save as much 
as a full day of outage time.  

In addition, after the part length control rods are removed, the 
seals at the top of part length lead screw travel housing need 
never be opened during a refueling. Because the seal is nevbr 
broken, this virtually eliminates any possibility of leakage during 

plant startup, .following an outage. Therefore, the risk of signi
ficantly extending the outage while coolIng down, depressurizing, 
and repairing a leak 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 total of 20 hours in a high rad±.ition 
fleld. After the part length rods are removed, none of this Is 
necessary. This makes a significant contribution to the AXARA 
prokraa.  

(2) PROPOSED RESOLUTION: 

Based on the Westinghouse study, and operational experience at Surry. it 

is recommended that the following be accomplished: (1) Remove part lengpth.  
control rods from the core, (2) Invert thimble plugs in the fuel assemblies, 
which contain part length control rods, (3) Install Anti-rotation Device to 
keep the lead screw in the raised position.  

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

PACE a- 3



GE?~EAL ~0gKA1OW.BEST AVALABLE COPY 

1.1 general data.  

1.1.1 General dasor1ltimn 

*The 1S7-IwUch geaotaz v'essel consists if a v'essel tAell and 

with a 12-fee* 11-7/S-Inah 1-b. and a 14-fee?. 6-7/12-inob O.D.  
at the prI~ar i tAM ouitlet connactions. Solasv these 
connections ithsa13-feet 1-16Ic .D. ada '14-fowt 

5-16 ita has. I -/52C 
The dimensio from the centerline of the vessel to the cater 
* Laos of the iznlet aozU~ is lU0-feet fi-i-Inchem The dimension 

from the centelixne of the vessel1 to the outert face of the 
aatlst noxisl Is. 10 feot 2-3/6- Inhes.  
The bottoct hemiupbewic-I bead Is na hined to receive 10 
Instz'uendtatiotinoll The clo aa bead is machined to 
receive tile 65 control rod ecahaniss housings.  

*The vessel. gtands 42 feet 7-3/11 Inckes high from the bottem 
kesispbaSreal bead ito the top 9f the cowtro rod mechanism 
%aowaings. (t-ee- ais-o -figure- 11).  

.. 2 Denim" cong~tIons 
A7A /S 

. psi .)gfIW .M 
770 

*P*.. . -l_ 

RDesg rtest sure 24Spig 2& s 

Hydratelrt tmpres twe 3107' psi miniau 

'.1.2 Opmminftcondi-tiols.  

Operating We5~ssm* 22)53 uis 

outlet tempemrateatnoapwr6%i 

o i~~~~~.1.4 Initial o,~l~iattoi 

* The, heatius wid Cooling- rate is 2imited to maxi=m 1600% pe 

hour. Thoee rates wil be safe for 200 Dowuranagor each. Thus, 
-. whn tating 4t annohra odit ion am -00 , the rnmaxim 

heating rate 16 not to waexed, let. r par lour, lap to opeormting 

tepoaptwe~' "*d when starting at an Isothermal conditiofl at 

aoperating Smeperatut." the miazdanm eoallog rate Is not to 

exceed 100 r per how r eturning to 100 F.  

Q1.2.6 S'asb DIMensions.  

TI..1 eMElS' al Aesebly 16-feet'11-inch 0.D. X 2-feet 
* i-j inch length 

Cyltdtiel ection *=%I"e 12-feet 21-7/t-iflch I.*D, x 
* -Inch sauibaun thick- wanganase# 

nalybdeffin steel PUSe 0. 15S-iuib 
* a'u tonitia stainless steel

1-2
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vnut pipe CHK-,23) 

ephdrlal washers sating L#40f a.  
(1114 and SO) 
weed, flange 

tubetE-SO ands9) 

@ut~i nozzl.  
13x*59) uevma1cares 

.. t. ca-u ii, 

L"*%w ~ * at..  

* 1pmur 1-1 Reactor' vessel

bo-Sofa head ring, 

ataom headca

01 

I 
Ut 
0 
H 
Ut 
H 
CD 

a 
C 
C



CYlindvioAl Station 13-fast 2-S/16 L*och I.D. x 
!- i'zcob sinimu= thick manzganesemolybdanu gtoee plus 1/i-incfr.  uastenitio stainless steel * OCladdin~g.  

Kouispho DWO "a'"S-e~ 7-t Inch~ $Phe'icai rad ius X 6 Inch minimus thick san a 

A -2libou stuel plu vs~ka-= 
auntanit" e staluigg steel Qad~ 

CixmouRead Platco VRodo 7-uing In2 fee AAA/q nc 

Zxclsauxtnitg stainless steelsng s 

Ovhz'al Wei of Inchtb "Gata d~e 

bmensionsr. ctwi 3fe 0 overall 32to oa r RfOteato Vozesse . 0 esZ -SU xye Oncutide Conti a rol Rod Rousing* of 10-ft72/4 ub 

S neftcetion -pxl:1 Overall Diaete, of .Reiuclia Veasl Le0g 197. 000 9132hes u 
outside Dimension fraw C'nticlizie Of shell to raceiof Outltnozes -1 OtieDimension fr. mtexa @1 Sherll 6f fet j Inches..  *to liftin Taco ofl Cenrt osese5fe 1 .m 
OtieDwaeofShell at hic: 10fee $- Inclhes ladig OFsldne, Diamete of Sengi Boalm wy 17-7/2t5-/2 inch..  Sectlong Nlaa m C~esg o znd le 17-7fo1 5310 incl hes Outsidew Shaell cnaseft, Oinimu Sea LO nod OuIntsi!de~ Simen ion from ilazeins of I-o i9.0.nahe 

Lohen t LiftnCoge * lnia U c e 
Shl Lowi eads Ringludingmu Cladding-,he 

IottOneBiate MM21 orsea, Kialamam 51- 11/3 Inches.p 
Bottoot e~jadsCloaJw. Bead, Kinimm 5-5/18 inches.  

* ~BEMAVALABLE Copy
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1.1.7. DryV Welgbta.  

C.  

To-tal Assembled Reactor Vessel Veight 701,992 l b.  

Stud (14K-42) (Includes Ingertsi MxTo 
A MK-71) 1150.36 Lb. each 

Out (NW-SI) "~.? lb, each 
3pfiex'ical Washer get (MX-S4 A 5K-IS) 23 lbý. each 

*Total pew Sat .5#'S.18 lb.' ameb set 
Tota forAS sts 31,663 1b.  

Vessel *Shipping Arranzenaet 
.Re~actor V.35.1 553,032 lb..  
loll-onnIRoll-off *kid 26,456 1b.  
Miscellaneous Shipping parts 6, 614 lh.  
Tetal Reactor Vessel Uhpping Veight- 921 1lb.  

Closure Read Shlpplmg'Arrangemeit 
Closure Read . lf.341 lb.  
.Shippinic SiA and Cover .7%29S Ab.  
M~echanism *mouing COmer 3,527 lb..  
2btal Closure Bead shpiig 6 Wight 122,.376 lb.  

The materials pr'cduaed*.anM used in fa~brication 6f the reactor 
vessel Cundew this contract) are In accordpoe with the 
qualifications indentified in ?awaolaphs.1-.U.l and 1.1.3.2.2 

1-.1. GavernSini Specifications.. ... .* 

I.A1 .J. -coo's sectionf Inl.  

2. A.S.H.2. -Codae Section IX.* 

aR . Vewtinghoiase P.Ii.R..Equipment. Specification 767513 and 
677026..  

0 ~The naterial specification for each M1ark number Is'liuted 

- . iAn Figure 7.25.  

Sail. fety Hotiaes and Warnings.  

wit r dlocative prinry coolbanoftelienlavpoe pant-, 
thez'efox e, inatv materialsw11b rsnduigoeac 
And may be present for long periods after shutdown~. Personnel.  

O ~wcmking at or near this veosel should be Thordughly familiar 
wuith the hazards Involvea.  

* . 9E8TAVALALE COPY



highh 7 ostati, test pureiss u•e ,i. acn o u-t ..Ms-. Pee771vc-vr 

The inimum tampez-atle fo•" @ lsmuwiation in MM +6aar tl1oo 
minimm• ) at tirse of 2anulfaiWe..  

The reactor vessel Oell is fabric.ated of ASTH A-508, Class 2, 
mangan@ese-solybdenuz steel, . *Since this mateial has a high 
brittlae fzrmatue transition teaperature, extma emae mist be 
taken by all person@ voikin can and/or' handling this equipment.  
No welding, striking of arcs, Motch.., grooves, or otber stress 
conoent•ations shall be allowed an the. surface of the Veessel at 
any tim during handling, -izimtallati, 6or operation. Zn the 
event such an inci.dent occur the matt sax ahall be immediately 
reported to the ftazn Operatiw•si Zineer. No remedial action 
shall be initi•ated except an directed by the Plant Operation& 
Engineer• 

1.2. Installation and _aintenance OperatioMi..  

1.2.1. Cleaning. .. . ' .• 

.propar msbani.aa or Chemical ce.an, ing .o 
.. s..nurfaces may result .In ec•ce ive..local corrosion .  

-... Those, surfaces Mihen placed Incont'act 
vith Primary coolant. The resultant corros ion 
* prodL~ts taken ifto solui~ton In the pimary, 
coolant could become bighIy radloasatlve 
"thus o•cplinating the mainteaence of any 
ocmponent doe to tbe basards of exposing
men to. high- levels -of radioactivity..  

C" CAUICTOII•" 
* oo- ... ,.: VAFLD,,

* iUse extreme care at all timed to praveat 
dirt, foreign particles, e•t., from nterin 

Sthe reactor system and lodging b•tween bearing 
Sout-faces of parts operating with axTreely 

I" small clearanceas and causing exce•ave .  
w ear or' seizurs 

9 1. Componerints habl brleaned to the. extent 
.thea- no contsmiaatoon Is visible. Areas wbich 

o cannot be visually Inspected due to 
Inaccessibility or'• om•try stall.be evaluated 
by.wiping the smufaee with a wat or dry, 
lnt-free cloth until all, traces of freign mtonal are removed anid the Cloth remains 
cleanl after ago.

1-6
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2. Rust of any tMype or amount sall not be 
allovewd. It rusting does occur, the surface 
shall be cleaned to remove the rust or 
runt-pr'oducing condititon and any visible 
surfacpe contaminat O.  

a. Cleanliness shall be maintained by packaging 
coaponents or subassemblies In "2, •thylene 
bags for @to age.  

Al Instructions far the cleaning of mirfaces In this 
instruction manual refer to a condition of maxaimum cleanlineas.  
The cleaning La to be performed as follows t 

1. Clean al maetal surfaces as necessary by swabbing with olean, 
linT-fee scloths saturated with-acetone followed by %wabbing 
with cle=a, lint-free cloths saturated with destlIled water.  
Dry with clean. lint-free cloths. The cieann must be such 
that no foreign uattero. can be seen after ole= JM 
lary In the root area of the tbreads.  

2. Cleem Buna-X Rubber am necessary by swabbing ith cleoan, 
lint-free clothe saturated with chlorida-free .Aaph-ta ga 

S.,.followed by swabbing with cleant .int-free , ftha saturated 
with destilled water. Dry with cleasn, lint-free olothe.  
The cleanii vast -he such Otat no foreign mater can be san aft•er a •l Jin. " 

3.. Pressure uisenitive tape my be used occasiona.l2y on 
n . ompanents (that is,. over the top of closure s.uds)). Any 
tiza the V'eamw sens.tivq tape is rimoved fr a oa mcponent, 

* use acetone to remove any rasalu4.  
Cleemn the area as demsried above in Step 2.  

2,2.2. Lubrication.' 

As the foll•wIng tabulated parts are assembled, they siall be 
lubricated a indicated below.  

Hawk No. Nomenclature Lubri•a•t App•] •o 

X1K-62 Stud .leoube Hale. thbaed 
N1K-63 Nut Neolubs Bearing sur;face 
H1K-S Convex Spherical Washer geolube oath faces 
NK-6S Concave Spherical Washb"r eolube Dvtli facee 
SK-7 S Top Insert eclube Hal& thea4dS 
MK-79 bottom Insert Neolube M4ale theads 
IHY.-90 Eyebolt Heeolul• Mal threads 

Plug (WestiTnghouse) Weolube Hale treads 
311-22 Sleeve Keolube 'Mal*. threads 
31K-29 Guide Stud Maclube Bottom 0-inahes 
MK-321 Zyebolt Meolube MUKale t•e.s

-v
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I3 DtsC~rxIPTw.  

ji Detaiaed Desarlytiozi.  
(See figures8 :C.1, 7.3. 7.3. 7.10, 7.11, 7.15, 7.20 and 
7.25) 

3.1= IDSESoduatiou.

The V~irginia Electr'ic and Pavwd Company r'eacor~ pressue 
veGY6l equipment described Iii tbis Manual Include: the vessel, 
the cl*MWB beA4 asASeMby. ClOMWO'estUd assembly, wpecial 
tools, en4 shippinig arrangements. VZsausslous of the O~upjm=nt 
with detailed description -of their features ares Prevented Ini 
subsequent psz'agzaphs. Hater'ial and *netez'ie- spei fications 
for' All partis or welpents are'~s pIUted. In rigure 7..26-by 
igark n~umbers. -. :

3.13 vesitý Shaell Avsambi'..ý 

Mie reactor ' essrel taee figures 7.14. 7.2,'7.j, 7.4 and 7.S) 
ibuilt upfr&a& 
C A flange forging.  

(2) A iefteling seal ledge.  
(2) An uppe ahell comres containing the Inlet and cutlet 

nossle.a 
'h4) An Intezaediats *bell course.  
C3) A lower shall coupse. containing the cie u-imppopt gulass.  
CO) A lower bead rlag. .  

* (7) AL botto h~rizsphezLcal head .hraving thInvbMIaezntatiort 
nozzles.  

2he vessel segments we discussed In subsequient paragraphs.  

3.1024 leaptbr YegseL Fange.  
The weaacr vea~el flafte. is a aachined fowgirg 'welded to the 
uapper shell course. Mle figaire 7.3).  
A aefuellng seal ledge .Is welded to the vessel. flange. The 
flarge Is fabz.Laetedof AST2( A-308, Class 2s mazaanese
wolbdenu, steel and in cald Internally and on the gaehet 

*face with weld deposited susten.itio stainless steel.  

The flange Is designed with a ledge for the support of the 
soe a gaAtket face ~SO sealing of' the vassl, 2 onmitorijig 

'tape an 95-3 22'ad. 235-271 degrees aslgulW location. fcz dk-.  
tection of watet, leahke .V~oughcthe %skt alasuft, izz'6iT o tub~eclots onI .5*,5, 65 , 550 245 P2836 2951,30.  
degrees angulaz' location for' holdin; of irr'adiatiocn specimen, 
busketso key slots an 0, 90, 140 and 270 degrees angularz 
location fez' aligning. the elesure bead and Vessel assemibly 
and 58 stud holes feez' tghtenixg the bead to the vessel.

3-2
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of these stad holes S holes ar used for' boldin~ the 
guide stud. uhich are used for refuelinzg. The stud holes 
arc threaded and Z'eoiSAe the 6 Inch diameftw elomn-e studs.  

J.1.22.2 Aefun~lng Beal Ring LedM&.  
7he retueling seal ring ledge, M~e figure 7.5) 'is a macined 
veldtntn f wicatid of AS= SA-5339 Grade As manganegea
eolybdew= steel. The reflielig -seal %edge is. a 21-1-indlh thick 

wi.23.vn& smIded to thle reatsa Vessel Slang*.  

The upper $bell cmwurs of the, Vessel (vas figure 7.8) 
It a waihined forging welded to the reactor vessel, flange 
and to the Intermediate shell course. The upper shell, course 
to fabricated of AMt A-608, Class 2, ssg~aes*-eolybdezau 

steel. Ths uppoi shell course conaeins the 85c primaary 
coolaxt natzlev.  

The usz prhaary coolant. csmals forginga sre'welded to the 
upper shell Cowure fap entry and disohwgm of the primarwy 

*coolant *T. The =22, oenterjftes are 5 feet 10-7/12 inches below 
the nating surface of the vessel flange.  

The tbrse 27.'il-Inch TD. inlet ZozzleAg ame located 120 degrees apart, (their' oemtelines are located Wespoetivei7 
an 95, 211* and 33S 4spsen).  

The three 2a.BSS-inch I.D. olutiet nozzles are lo0cated 120.  dpegree apart (their centerlines are located ktmupectivaly 
25, 14bS and 265 degreed). Vessel support weld pads are 
located -on the -bto of each of the aix nozzles. The 
machined pads are 9 feet 2-15/16 inches below thne matingCA 8=9f at the vessel flange.  
The poizary ooolawt oasal. forging. are also fabricated of AM17 A-600, Class 2. menganeue-aalybdesma steel and are alad 

C wIdth weld dePosited avaswtefia stainless steal Internally.  
Q The nozzle and oorwneecim are cdud with weld 4e~alted 

+_ eustealtIc stainesa steel and are machined few field weldijng 
to the msan Coolant piping.  

3-3
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3a. 2.4b. Intermediate Shell Cour~e.

Th~e Inaiozmediate shell tiursa *(see figure 7.2) Is a 
cylindrical Vhen 'formi#d f~t6Auo Plates. Of ASII4.A-523 O 
c.a. C2.1 aese-zolybdanum steel, and Is clad later"~Lly1t 

weld ;oeVou ted austenitic s'tainless steel. The Intezmediarte 
sholl course, Is welded to the uPper and lower shell Cours es.  
Iho 'two longitudinal weld soe~ ar located on~ 45 and 225 
degrees.

i3.12. S. Lower Shell Course.  

Th~e lower shell ocrarse (see fiLg.7.2)Us a cylinrica5hl AShl fornod 
free -two plates of ASTM *A-5)S Gr.3 CU, w. stan~aess-mo~ybdeanm steal 

ad -is clad internally with weld deposited aoitenitio stainless 
steel excaept for the ueld deposited Ina~nel cladd.ing onk the 
bottom -11-3/19 Inchies. roaw caremppr guides sw oh have'a 
8-1/11 inch Wida % J.040 inch deep X $q inch long maidained slat 
at the b~ttoz of the shall course are located an Go 90, 190 azd 
270 deuses. The owre support guide. are fabrIcated of AMCZ 
52-166-63 Thuonel.  

The lower ohell accurue .i. welded to the.Jinterledlats .9bell course 
and. to the lower head rhing..  

The two longitad~inal weld seams aer. located an 135 and 211 
degrees... .. ; 

).l.2.1.:Lwori Head hi~ 2 

The lower hoid ring '(sve fi1uwt 7.2). In welded to and 
Joins the lower shell course aod the bottom hemipherical head.* 
It Is fabricated of A3211 A-SO03 Class 2, s* anece-malybdenuu, 
steel and is clad internally with weld dopoie austenitin stain
Iant steel.  

1...7 ottod Hm~ceia ed 

"le, bottom bomispharica3. head (see figures 7.1 simd 7. 2) -is 
wielde~d to the lower~ head ring of the vessel The )emiepheriaal 
hand is formed froa'~a single plate of AMM A-533, manganese
9017bdurnm steel amd lis Internally clad With 0 .125-inch thIck 
weld deposited austenitie stainiless. steel.* The head is pens
trated by So ins'tumienatien nomaesl fabricated from ASHE SO-166
61 Inconel.  

Each 1-j inclh .D. COACT7 Inch .D~.) i~nstrumaentation moazle isa 
Inconci welded luto place. A safe and of AS=E SA-679, Type 3104, 
stainlss s'teel is welded to the exterico' end of each instrumen
tation atzals.
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S.1. Clo20su Heed Assembly..  

The closur heand,as&.ebliy (see figures 7.5, 7.7,7 .87 . 7,11 and 7.12) Is. a ueldz&.lt coneisting of a be-a~sphe;ioaly 
dished plate and a flange forging. The hezisph, dished plate "is 

fatbricaed'aY ASTM A-533 •r.3 C1.1, man~znese-uo1ybdenu= steel 
and is clad Intaenally vith weld depositad austendtio etainless 
steel 0.125 inch.tbick.  

The flaae~ fotSing Is AS?)! A-504v CMass 2 Ua•ganmesa-nolybtenuu steel andis clad with weld deposited a8ltaitic stainless steel C 
nAtarnafly ra on the gasket face. The: closure hema forgi 

gasket face iA nahbined to acamodate :two usi•er plated 
self- nerz iins stainless steel 0-wing aikets aMd the 24 a48s 
of-wie sclips, backing plates, and screws.  
The flanga of the forgi•g Is bared through tozueive the Se closure head studs. An indleator amo lis welded to the )Wad 
to indicatoe the number one stud )hol_..  

The °losure head hof three lfting.Xuha containse venlt'iroud 
supositiotndti asqe aeso atranhed no the Ichen head.  

3.1.3.1 Catr -o )!cu~ ,5o.* .- .o Zaah ithe 65 conrol 2rod Mechanism houlsngs Agem gluoe -7. F 7 :: 
penoetramteng the closure head is a weluents consisting hf a 
tl•pepAdt lu-is ar Oa adacpte ato t c-inlh Osr. body. The 

edapter Is fabricated of ASMI SA18-2, 7ype 304, stainless &te3l, 
and the.boiy is fabricated of ASlE 33-167 lacnanl.  
The Atethanism housixn weldoents are :nserted with an inter
ference fit into the penetrations of the closure head. The 
bodies are welded Into the :W.ide of the closur-e head with Q vwed deposited Inoomel.  

3.1.3.2. Vent Shrod Supoort Assembly.  

-'• The vent shroud support assembly (see figure 7.9) Is 
Attached to the closure head at tbr]e lplaces.* Each palr of 

. support lugs on the vent support ring ia xated with a vent 
shroud support us on the closure bead asseably and is 
fasene to it byj a 81la-Ineh hex huead.bolt with nut.  

CThe shroud suppor~t flange 33as WSholes of 11116-Inch diameter, 
equally spaced on a 123-Inch diameter bolt circle. The flange -I 
is welded to .the support ring; ar the assenday is stiffened 

1d 25 support gussets welded to the rLng and flange! at equal 

"3-5."
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The 24 shroud insulation support "ang'ls are equally spaced 
on and uwelded to the suZPOvwt ring. In addition, 'the suppor~t 
ring has 24 saw cuts, eaph te•minating In a 1/2-inok diamater 
hole. The say cuts and holes are equally spaced between the 
support angles.* The saw outs enable the support ring to 
c€uponsate for temperature caused variations in dimensions; 
this will allow the support 2us attachments to rzaain seaure.  

3.1.3.2. Closurm Stud Asesmbk.  

The closure head is seaured, to the vessel flange by 53 closure 
stud assemblies. (sn. figure 7.20) Eael asse.hly 
consists of a threaded, bex heed Stud uth a nominal s-Inch 
diameter, a nut having sight h astellatiaons at the'to#, a set 
of -spherical washers, and top end bottom.Inverts.  

Uh stud has a one-inoh diameter center hole througb the 
length of the stud to receive a stud elongation aea•uringý rod.  
The bottom Lnsert is used to alese the bottom of the mtd and 
serves as a seat for the Stud elongation measuring rod. The 
top Lnsetrla used to close the top of the *tud and prevents the entry of any foreign matter. Each stud ham a threaded 
length sufficient to accoJaodafe a bydraulU stud tensioner.  
rap handling purpose. e& symbolt In saupplied kor mamb stud.  
The studs, nuts and sphkicial washers (marhed in matched 
sets) a•e fabricated of ASTH A-640, O. 5 2q4 n!ekel-chomee
molybdenum steel.. The stud&. and'.1 bcw• s 6a 'phosphated" . ,..  

..1.;. 4 ecial Tools. " 
s...a ,peci•t•'ools fm, sointing "nd ,s• .urin* .uppl.e, by 

The Rotterdm Dockyard Company ars listed In table s.2: 
The Identificati.on and fmotion of oamh tool are given. in 
the table. . - . .

.1
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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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"TEMPERBEAD WELD ON SEISMIC 

fFRAMATOME ANP NUE PLMI 
32-5015624-00 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-lbs 

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

SSE 

Nozzle OD = 4.075 in (Ref. 2) 
Nozzle 1D = 2.818 in (Ref. 2) 

t 1 *(4.075 - 2.818) = 0.6285 in 
2 

A= *( 4 .07 5 2.818 2) = 6.81 in2 

4 

1 *(4.0754-2.8184) 10.4 in4 

64 

_ MRo _ 58000* 2.038 11.4 ksi 
O"ed J1 10.4 

Pressure Stresses in nozzle: 

p _ PR. _ 2500* 1.409 = 2.8 ksi 

AIo 2t 2 * 0.6285 

OP - 2*2.8 5.6 ksi 
HP = 

O'o -- P/2 -1.25 ksi 

Piepaxer: D. Kim Date: Nov/2001 Page 2 of 4 

Reviewer: J. Shepard Date : Nov/2001
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32-5015624-00 SURRY 4160048 

P _ 

S=-Bend + =11.4 + 2.8 =14.2 ksi 

uaHoop = 5.6 ksi 

Uf'did =, -1.25 ksi 

Stress Intensity = 14.2- (-1.25) = 15.45 ksi 

Allowable Stress Intensity (Section MII, Appendix of Ref. 3) 

= Lesser of 2.4 Sm or 0.7 S, 
= 2.4*23.3 = 55.9 ksi or =0.7*80 = 56.0 ksi 
= 55.9 ksi 

Therefore, comparing SI and the allowable, the SSE load is acceptable.  

OBE 

The bending stress is 0.51*SSE stress 

O-en0 =0.51"*1.4 = 5.81 ksi 

P 

+L = 'end + ' 5.81 + 2.8 = 8.6 ksi 

U"Hoop = 5.6 ksi 

U'Ruo1 = -1.25 ksi 

Stress Intensity = 8.6 - (-1.25) = 9.85 ksi 

Allowable Stress Intensity = 1.5 Sm= 1.5*23.3 35 ksi (assume Level B) 

Thus, the OBE load is acceptable.  

Preparer: D. Kim Date : Nov/2001 Page 3 of 4 

Reviewer : J. Shepard Dale : Nov/2001



TEMPERBEAD WELD ON SEISMIC 
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32-5015624-00 SURRY 4160048 

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 I&2 CRDM Nozzle ID Temper Bead 

Weld Repair" 

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

Preparer: D. Kim 
Reviewer : J. Shepard

Date Nov/2001 Page 4 of 4 
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)
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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 III, 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 I1.  

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 III, 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 III ANALYSIS OF REPAIR 

1.0 OBJECTIVE 

The purpose of this review is to summarize the ASME Section III 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 II1.  
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 II, 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 III 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 III (Reference 1-4) is used for the evaluation.  

Primary Stress Intensities for Design Conditions: 

NB-3221.1, Primary General Membrane Stress Intensity (Prm -• Sm) 

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

NB-3221.3, Primary Membrane + Primary Bending Stress Intensity (PI + Pb < 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 Sm) 

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 Sm) 

NB-3224.1, Local Membrane Stress Intensity (Pi < 1.8 Sm) 

NB-3224.1, Primary Membrane + Primary Bending Stress Intensity (PI + Pb • 1.8 
Sm) 

Primary Stress Intensities for Faulted (Level D) Conditions: 

NB-3225, F-1331.1(a), Primary General Membrane Stress Intensity (Pmr •0.7 Su) 

NB-3225, F-1331.1 (b), Local Membrane Stress Intensity (Pi •1.05 Su) 

NB-3225, F-1331.1(c), Primary Membrane + Primary Bending Stress Intensity 
(Pi + Pb < 1.05 Su)
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Primary Stress Intensities for Test Conditions: 

NB-3226(a), Primary General Membrane Stress Intensity (Pm -< 0.9 Sy) 

NB-3226(b), Primary Membrane + Primary Bending Stress Intensity (Pi + Pb 
2.15 Sy- 1.2Pm) 

The repair is analyzed to 1989 version of ASME Section III Code (Reference 1-4). The 
original stress report (Reference 1-6) was prepared conforming to the requirements of 
1968 version of ASME Section III Code (Reference 1-8). The stress criteria of the 
original design differ from the 1989 version of Section III 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 Sm and SSE condition 
was checked against an allowable stress intensity of 1.8 Sm. 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 III analysis of the weld repair are summarized below: 

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

RV Head: Pm = 16.6 ksi < S• = 26.7 ksi 
P, = 20.4 ksi _< 1.5 Sm= 40.1 ksi 
Pi + Pb = 25.6 ksi _ 1.5 Sr= 40.1 ksi 

Nozzle/Weld: Pm = 6.2 ksi _• S= 23.3 ksi 
P, = 9.85 -< 1.5 Sr= 35.0 ksi 
P1 + Pb = 9.85 ksi _< 1.5 Sm= 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: Sn = 36.7 ksi _ 3 Sm = 80.0 ksi 
Loading/Unloading Transient: Sn = 16.1 ksi < 3 Sm = 80.0 ksi 
Rapid (Remaining) Transient: Sn = 9.1 ksi _ 3 Sm = 80.0 ksi 

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 
Maximum Allowable Pressure Based on 
Maximum Allowable Pressure Based on 

Nozzle/Weld: 
Maximum Allowable Pressure Based on 
Maximum Allowable Pressure Based on 
Maximum Allowable Pressure Based on

Pm Limit = 4,819 psi 
P, Limit = 5,895 psi 
PI + Pb Limit = 4,697 psi 

Pm Limit = 11,089 psi 
P, Limit = 16,633 psi 
PI + Pb 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 
Maximum Allowable Pressure 
Maximum Allowable Pressure 

Nozzle/Weld: 
Maximum Allowable Pressure 
Maximum Allowable Pressure 
Maximum Allowable Pressure

Based on 
Based on 
Based on 

Based on 
Based on 
Based on

Pm Limit = 8434 psi 
P, Limit = 10,294 psi 
P, + Pb Limit = 8,203 psi 

Pm Limit = 22,540 psi 
P, Limit = 33,830 psi 
PI + Pb 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, + Pb = 15.45 ksi _< 2.4 S= 55.9 ksi.  
(Also _< 1.8 S= 41.94 ksi) 

Test Conditions: 

RV Head: 
Maximum Allowable Pressure Based on Pm Limit = 6,777 psi 
Maximum Allowable Pressure Based on P1 + Pb Limit = 5,225 psi
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Nozzle/Weld: 
Maximum Allowable Pressure Based on Pm Limit = 12,702 psi 
Maximum Allowable Pressure Based on P1 + Pb 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 III, 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 III, 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 I & II), 

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 III, 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 Xl, Code, 1989 in Figure A-4200-1. At an operating temperature of 

6000F, the Kiafracture toughness value for this material is above 200 ksi-in for assumed 

RTNDT of 600F. The toughness properties of Alloy 600 and weld material are better than 

200 ksiin and; therefore, an upper-shelf value of 200 ksi"Iin 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 XI code is used. For flaw growth rate in the 

repair weld Article C-321 0 of Section XI (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 4/10 
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 Xl, Code, 1989 in Figure A-4200-1. At an operating temperature of 

6000F, the Kia fracture toughness value for this material is above 200 ksi-,Iin for assumed 

RTNDT of 60 0F. The toughness properties of Alloy 600 and weld material are better than 

200 ksi•in and; therefore, an upper-shelf value of 200 ksi'sin is used in the analysis.  

3.5 APPLICABLE CRITERIA: 

The flaw acceptance is based on the 1989 ASME Code Section XI 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 -'1 in, compared to the fracture toughness upper-shelf value of 

Kia = 200.0 ksi -41 in. This provides a safety margin of 3.17, which is greater than q/10 
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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Enclosure 1-1 
(Redacted) 

Framatome ANP Document No. 32-5014640-01, 
"Turkey Point - CRDM Temperbead Bore Weld Analysis."
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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 III. 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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Fig. 3.1 Finite Element Mesh

CRDM Temperbead Bore Weld RepairThfiueaoesntpriettohs
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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 91 p_ a k C Sm Sy Su 

100 30.1 0.3 0.3060 7.76 0.5833 0.1034 23.3 35.0 80.0 

200 29.5 0.3 0.3053 7.85 0.6333 0.1075 23.3 31.6 80.0 

300 29.1 0.3 0.3045 7.93 0.6833 0.1113 23.3 29.8 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 23.3 27.6 80.0 

700 27.6 0.3 0.3016 8.25 0.8833 0.1218 23.3 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 film 

coefficient of [ ] Btu/hr-ft2-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
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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 
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 

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) 

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

The temperature and pressure values assumed for the above transients are shown in the 
following pages.
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Fable 5.2 HUCD Transient
HUCD 

Time Temperature (OF) 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 (OF) 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 5.3 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 

b) Plant Loading/Unloading

Figure deleted for proprietary reason 

c) Rapid Transients 

Fig. 6.1 Temp. Plots for Three Transient Groups

The figure above is not pertinent to this 

document.  
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Figure deleted for proprietary reason 

a) HUCD

Figure deleted for proprietary reason 

b) Plant Loading/Unloading

Figure deleted for proprietary reason 

c) Rapid Transients 

Fig. 6.2 Delta-T Plots for Three Transient Groups

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 Load inglUnloading 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(Hr) 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).

Turkey Point NPP Repair

Fig. 7.1 Stress Paths Through Weld
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Fig. 7.2 Stress Paths Through Head
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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 (SI) 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 pathweld.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 
"prespathweld.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*1.497"/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 A690 weld).  

NB-3221.2 - Local Membrane Stress Intensity (PI < 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 pathweld.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 SI 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.  

For the CRDMH Nozzle wall section, the membrane SI 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 SI in the 
CRDMH Nozzle wall. Therefore, for the CRDMH Nozzle wall - PI includes the Pm 
contribution; therefore, PI [ ] ksi < 1.5 Sm = 35.0 ksi for SB-167 & A690 and the 
requirement is met.
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NB-4244(d)--I (c) 

FIGURE 7.3 

NB-3221.3 - Primary Membrane + Primary Bending SI (PI+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 pathweld.out", Path 5, the 'membrane+bending' 

stress intensity = [ ] ksi. Therefore, the local 'membrane+bending' effect = [ ] ksi 

[ ] ksi = [ ] ksi. Thus, considering two adjacent CRDMH Nozzles, the Primary 

Membrane + Primary Bending SI 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 = PI = [ ] ksi (same as Pm) < 1.5 Sm = 35.0 ksi for SB-1 67 & 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 re-gions 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 SI = 1.2 Sm = 32 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3224. 1] (A302 Gr. B @650F) 

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

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

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

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

Max. Primary Local Membrane SI = 1.5 Sy = 41.25 ksi 
Allowable Pressure = (Q ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3224. 1] (A600/A690 @650F) 

Max. Primary Membrane + Primary Bending SI = 1.5 Sy = 41.25 ksi 
Allowable Pressure = ([ ])*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 SI 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 SI = 0.7 Su = 56 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3225, F-1331.1 (a)] (A302 Gr. B @650F) 

Max. Primary Local Membrane SI = 1.05 Su 84.0 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref- 4, Par. NB-3225, F-1331. 1(b)] (A302 Gr. B @650F) 

Max. Primary Membrane + Primary Bending SI = 1.05 Su = 84.0 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3225, F-1331. 1(c)] (A302 Gr. B @650F) 

CRDMH NozzleNVeld (max. values considering all regions of high-alloy material): 
Sm = 23.3 ksi Su = 80 ksi 

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

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

Max. Primary Membrane + Primary Bending SI = 3.6 Sm = 83.9 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3225, F-1331.1(c)] (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 SI 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 SI = 0.9 Sy = 45.0 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3226(a)] (A302 Gr. B @100F)

Max. Primary Membrane + 
Allowable Pressure = ([ 
[Ref. 4, Par. NB-3226(b)]

Primary Bending SI = 2.15Sy-1.2 Pm = 39.5 ksi 
])*2500 psi = [ ] psi 

(A302 Gr. B @100F)

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

Max. Primary General Membrane SI = 0.9 Sy = 31.5 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3226(a)] (A600/A690 @100F) 

Max. Primary Membrane + Primary Bending SI = 2.15Sy-1.2 Pm = 37.5 ksi 
Allowable Pressure = ([ ])*2500 psi = [ ] psi 
[Ref. 4, Par. NB-3226(b)] (A600/A690 @1OOF) 

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 SI 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 SI 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 
"***_pathweld.ClassLineSummary". 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 Sl Range for Low-alloy Material in HUCD 

Ref. Run "HUCDweldpath.ClassLineSummary" 

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 Sl Range for Low-alloy Material in PL LU 

Ref. Run "PLLU weldpath.ClassLineSummary" 

Max. P+S Sl Range = [ ] ksi (Path [ ], inside) 

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

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

Ref. Run "RA-weldpath.ClassLineSummary" 

Max. P+S Sl 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: 

LOCATION: 

MATERIAL: 

TYPE: 

UTS (psi) = 

E matl (psi) =

TP - CRDM 
Temperbead 
Weld Analysis 

Intersection of Pad bottom surface, Sleeve OD and RV Head penetration bore (crevice region; FSRF = 

4.0) 
(Ref. Run "--weld_path.ClassLineSummary") 

A302 Gr. B (both high alloy and low-alloy steels are present at this crevice region) 

Low-alloy steel 

80000 

2.64E+07 (at T = 600F) E ratio = ('E curve'!'E analysis')

TRANSIENTS WITH 
RANGE EXTREMES 

HU/CD/Hydro 

PLLU 
RA

REQ'D 
CYCLES 
14 years 

72 

5003 
980

PEAK SI 
RANGE 

[ ] 
[ ] 
[ ]

E matl S alt

2.64E+07 
2.64E+07 
2.64E+07

[ [ 
[

(E ratio) ALLOWABLE 
x CYCLES 

S alt "N"

] 
] 
]

[ 
[ 
[

] 
]

1 1. 1 
[ I I 
I I I

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

For cycle group 1, 'Linearized Memb + Bending' SI Range = 

For cycle group 2, 'Linearized Memb + Bending' SI Range = 

For cycle group 3, 'Linearized Memb + Bending' SI Range =

[ ] ksi; FSRF = 4.0 

[ ] ksi; FSRF = 4.0 

[ ] ksi; 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 Il, 
1989 edition w/o addendum - Reference 4).  

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

Since the fatigue is a 'linear function' of the cycles, the qualified operating life is [ ] 
years/[ ] = [ ] 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 VM96.OUT and 

VM187.OUT.

Computer Output Files

File Name Description

TP HUCD th.out HUCD t 
TP PL LU th.out PLLU t 
TPRA th.out RA then 

TP HUCD st.out HUCDs 
TP PL LU st.out PLLU 
TP RA st.out RA stre, 

HUCD DeltaTs.out HUCD t 
PLLU_ DeltaTs.out PLLUI 
RA_ DeltaTs.out RA ther 

HUCD path _weld.out HUCD 
PLLUpath _weld.out PL_LU I 
RA-path _weld.out RA hea 

HUCD path _weld.ClassLineSummary 
PL LU path _weld.ClassLineSummary 
RApath _weld.ClassLineSummary 

TP pres out Design 
pres path _weld.out Design 

VM96.out Verifica 
VM 187.out Verifica

hermal transient heat transfer analysis 
hermal transient heat transfer analysis 
mal transient heat transfer analysis 

;tress analysis 
stress analysis 
ss analysis 

hermal post-processing 
thermal post-processing 
mal post-processing 

iead/weld stress post-processing 
head/weld stress post-processing 
d/weld stress post-processing 

HUCD head/weld stress range tabulation 
PLLU head/weld stress range tabulation 
RA head/weld stress range tabulation 

Pressure at Design temp analysis 
Press stress classification 

tion case for heat transfer analysis 
tion case for stress analysis
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APPENDIX A 

Stresses used for Crack Growth Assessments

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

Page: 32 of 43Date: Nov/01 ZIASK 
Date: Nov/01

i



CRDM Terperbead Bore Weld Analysis 
DOCUMENT NUMBER PLANT CONTRACT NUMBER 

FRAMATOME AN P 32-5014640-01 Turkey Point 4160057 

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 
Sdocument. !ii 

Turkey Point NPP Repair

Fig. A-i 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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Computer Files 

The ANSYS computer files used for this appendix are following: 

Computer Output Files

File Name 

A) Original J-groove Weld 

TPREPHUMD path_wi .out 
TP_REP_HUCDpathw2.out 

TPREP PL LUpathwl.out 
TPREPPL LUpathw2.out 

TPREPRA path_ wl .out 
TP_REP_RA~pathw2.out 

B) Temperbead RepairWeld 

TPREP_H UCD pathweld frac.out 
TPREPPL LU pathweldfrac.out 
TPREPRA pathweld-frac.out

Description

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

PLLU head/weld stress post-processing 
PLLU head/weld stress post-processing 

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

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