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Purpose: 

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

the Surry 1 & 2 NPPs for the reactor vessel (RV) closure head region of the control rod mechanism (CRM) nozzle penetrations; and the 

CRM nozzle inside diameter temper bead weld repair. The applicability will be accomplished by a comparison study that includes 

documenting the engineering data from both TP-3 and Surry NPPs, such as: applicable dimensions of features, materials, and plant 

operational transients to include time, temperature and pressure.  

Both TP-3 and Surry 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 1 & 2 NPPs.  

Record of Revision: Rev. 01 - See Page 5, Reference 18, removed reference to 32-5014129-01, reference to 32-5014129-00 is still 

applicable to this reconciliation document. Removed Ref. 19 as it is not used in Rev. 00 or 01. The Conclusions stated above and as in 

Rev. 00 of this document remains unchanged by this rev. Only Pages I and 5 are affected by Rev. 01. Oct. 31, 2001

Page 1 of 6*
Page 1 of 65 

*ALSO INCLUDES: Appdx A pg.s 1-10, Appdx B pg.s 1-2, Appdx C pg-s 1-25, Appdx Dpg.s 1-15. Total Page Count = 58.



Table I RCS SPECIFICATIONS

Turkey Point 3 Reference Surry Reference 

Component Analyses (TP-3) Data Description Source Data Description Source 

RCS Spec.s ......  

Design Condifions 

Design Pressure 2500 psai Ref. 12, pars. 3.15 _2485 psig (2500 psia) Ret. 1, Attmt 1-1. para. 1.1.2 

Design Temperature 650 F Ref. 12, para. 3.17 650 F Ret. 1, Attmt 1-1, para. 1.1.2 

Hydrotest Pressure 3125 psia Ref. 12, Appdx B 3107 psig (3122 psia) Ref. 1 Attmt 1-1. pars. 1.1.2 

HIydrotest Temperature NDTT +60 F mnn. Ref. 1, Attmt 1-1, pars. 1.1.2 

1iydrotet Temperature at Mfr __0F Ref. 1, Attmt 1.1. pars. 1.1.2 

Operatlng Conditions Pressurizer Water Ref. 1A"1-1.pars.  

Coolant Fluid 1 Pressurizer Water Ref. 1, Attmt 1-1, pare. 1.1.3 

Operating Pressure 2250 psia Ref. 12, para. 3.18 2235 p116(2250 psia) Ref. 1, AtImn ,1-1, para. 1.1.3 

Normal Operating Temperature 594 F Ref. 12, Appdx B 543 F Ref. 1, Attmt 1-1, pars. 1.1.3 

Inlet Temperature 543 F Ref. 1, Attmt 1-1, pars. 1.1.3 

Outlet Temperature at Normal Temp. 605.8 F Ref. 1, Attmt 1-1, pars. 1.1.3 

Inidal Operating Linitations/Transients The heating and cooling rate IS limited to maxirmm 100 F per Hour.  

These rates will be safe for 200 Occurrences each. Thus, when 

200 HU and 200 CID Cycles. 5 Hydroteat Ref. 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. Ref.rate is not to exceed 100 per Hour up to operating temperature Ref. 9 
and i cycle at 3125 psia 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. i1, Table 5.1, Plant Loading and Unloading at 5% Fut Power per Minute, 29,000 

Ref. 12 Occurrences each at Normal Operating Condition. A total of Ret. 9 

Plant Loading and Unloading Transient 14,500 Cycles ___ 14,500 Cycles.  

Ref. 11, Table 5.1, Ref. 9 
Bounding of Remaining Transients Including: 2,800 Total Cycles Ref. 12 2.800 Total Cycles 

Ref. 11, Table 5.1, 

10% Step Decrease Ref. 12 10% Step Load Increase and Decrease of Full power, 2,000 Ref.  
tp e2,0 Cyces Ref. 11, Table 5.1, Occurrences,Normal Op. Cond.  

. . ...... . . . .. . .......... R 12 
Ref. 11. Table 5.1, Large Step Decrease, 200 Occurences, Normal Op. Cond. Ref, 9 

._L.a~rre.St~ep Decrease 200 C tes_ Ref. 12 .. . ............. . . .............. . .  

Ref. 11, Table 5.1, Loss-of-Load, 80 Occurrences, Upset Condition Ref. 9 

LosS.of-LOC d _._.. .. . Ref. 12 

Ret. 11. Table 5.1, Loss-of-Flow, 80 Occurrences. Upset Cond. Ref. 9 

Loss-Of-Fow .80.. Rer. 12 

Ref. 11, Table 5.1, Reactor Trip from Full power, 400 Occurences, Upset Cond. Ref. 9 

ReactorTril 400.Cycles Ref. 12 

Loss-of-AC Power ,Tp, Step Changes. Etc. Ref. 11, Table 5.1, Loss of Power, 40 Occurrences, Upset Cond. Ref. 9 
40 Cycles Ref, 12 , .1,.,

Doc. Id. 51-5015197-00 
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Table 2 REACTOR VESSEL CLOSURE HEAD ASSEMBLY

__~~~~~~~~~~ -. __ _ _ _ _ _ _ _ _ _ _ _ _ _i.- __

Doc. Id. 51-5015197-00 
Page 3 of 6

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

CLOSURE HEAD ASSEMBL Y '" 
Dry Wei•ght "111,347 Lb. Ref. 1. Attmnt 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. 51 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. 79-1/4 in. Inside Radius to basemetal x 6
Closure Head Plate 1ins plus).156ide Radius toladding - SST. 3/16 In. min. thkns plus ).156 min. Thkns 

l our athkns plus )156 rn. kns cladding - SST Ref. 7, Part No. 50 cladding - SST. Ref. 28 & 29 

"Material (See Note 1 Below) ASTM A-533, Grade B, Class 1, Mn-Mo 
Materia___eeNot ____eow 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).



Table 3 CONTROL ROD MECHANISM HOUSINGS

Doc. Id. 51-5015197-00 
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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. OD 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.  
Quanlty 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 Ust 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+3132+0.156 In. Ref. 30 & 31 
Rad To Noz (Max.) 53.544 in. Ref. 5 53.544 in. Ref. 30 & 31, Top View, calcd 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 

Dominion Generation, Surry Power Station, Facsimile Transmittal, 

78-S25Final Design Surry Power Station. Part Length Control Rod Remova,Rev. 2, dated 10/5/2001, To: Alvin McKim - FRA-ANP, From: Doug Lawrence 

dated 7/18/80, Attachment. Dominion -Sum/, 25 Pa es, time 13:05 hirs.  

Material List, Reactor Vessel, Westinghouse Atomic Power Div., Contr No. FRA-ANP Records Center. Lynchburg, VA 

2 02-117877E, Rev. 5 610-0116-51 &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-AssyControl Rod Mech. Housing, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg VA 

5 02-117881 E, Rev. 6 Closure Head Sub-Assembly, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA 

CRDM Nozzle ID Temperbead Weld Repair Boring Option B&W 177 FA FRA-ANP Records Center, Lynchburg, VA 

6 02-5012151 E, Rev. 5 Plants, dated 8/3101.  

7 02-88181C. Rev. 1 Closure Head Center Disc, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA 

8 02-117883E, Rev. I 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 

NA SuryReactor Head Inspection - Design Information Transmital FRA-ANP, dated Oct. 12, 2001.  

Equipment Specification, dated 4/29r71, "Addendum to Equipment Spec. Dominion Generation, Facsimile Transmittal, dated 10/1212001, To: 

10" 676500 Rev. 1 676413, Rev. 1, Project: SurryPower 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 Turke Point - CRDM Temperbead Bore Weld Analysis FRA-ANP Records Center, Ln 

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 
Dominion Generation, Letter From: Dean Price, To: Paul Ulmer- FRA

16" Surry Reactor Head Inspection - Design Information Transmltal ANP, Subject - Surry Reactor Head Inspection, Design Information 

Transmittal, dated 10R17.2001.  
17 32-5015219-00 Surr RDM Noz IDTB3 Weld Anomaly Flaw Eval. FRA-ANP Records Center, Lynchburg, VA 

18 32-501412"-0 TP CRDM Conn. 3D FE Model FRA-ANP Records Center, Lynchburg A 

19 Not Used 

20 32-5015220-00 "-,urryCRDM Noz IDTB J-Groove Weld Flaw Eval. FRA-ANP Records CenterLnhbrV 

21 32-5011864-00 CRD'---MH Connection 3D FE Model FRA-ANP Records Center, Lynchb-urg, V A 

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 N;. 610-0147-51 & 52 FRA-ANP Records Center, ycbrVA 

24 02-131180E, Rev. 1 Closure Head Details, LCon tir N o. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA 

25 02-134810E, Rev.d b Closure Head Details, Contr No. 610-014t-52 FRA-ANP Records center, r 
VA 

26 02-131177E, Rev. 3 -- Control Rod Mech. Housing,._Contr No. 610-0137-52 FRA-ANP Records Center ycbrV 

27 02-134807E, Rev. 1 -Control Rod Mech. Ho-usiCn trNO. 610-0147-52 FRA-ANP Records Center, LycbrVA 

28 02-131175E, Rev. 1 --Closure Head Assembly, Contr No. 610-0137-52 FRA-ANP Records Center. Lyrichbr.._ 

29 02-134805E, Rev. 0 Closure Head Assembly, Contr No. 610-0147-.5Z FRA-ANP Records- Center, LnhurV 

30 02-131178E, Rev. 3 Closure Head Sub-Assembly, Contr No. b10-0137-52 FR--ANP Records Center, Lynchburg, VA 

3ý1 02-134808E, Rev. I Closure Head Sub-AssemblTy, Contr No. 610-0147-52 FRA-ANP Records CenterLnhorV 

These references are not In the Framatome ANP Records Center. The use of:"II merIII:I upIý l, sfr ur CRDM Weld Repair, Contr. No. 4160048, and the design input data 

contained therein are approved by the Project Manager. PSignaur: P. M. er / -

Doc. Id. 51-5015197-01 Page 5 of 6



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.  

Doc. Id. 51-5015197-00 
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Dominion Generation :4,J Dominion
5000 Dominion Boulevard, Glen Alen, VA 23060 

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

Attention: 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 

M. N r
At Soctte, 

51-501 5197-00 

Pae i et



-9 Dominion- Memorandum 
October 11, 2001 

To: D. 1. Price 
Company: Dominion Resources Services, Inc.  

Department: Nuclear Projects Department, Civil/Mechanical 
Location: ITC-3NW 

From: D.R. McGowan 
Company: Dominion Resources Services, Inc.  
Department: Nuclear Engineering Department, Engineering Mechanics Group 

Location: ITC-3NW 

Review of Framatome Transient Set for Surry CRDM Penetrations Analysis 

Per your request, Engineering Mechanics (EM) has reviewed the transient data supplied by Framatome 
for the design of the Control Rod Drive Mechanisms (CRDMs) for Surry Units I 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 1007F per hour, 200 occurrences, normal operating condition 

2. Plant Cooldown at 1007F 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 

Fomn No 720003A(iuly 2000) 
51 5015197-0 C2000 Dominion -Rso.ets Sm'Kcs Inc.  e,3 'p- q 10



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 0F/hr and a range of I O0°F to 

600'F. This heatup rate matches the design rate for Surry. The range bounds Surry's design range.  

For design purposes, an ambient temperature of 70'F was assumed, and the no-load RCS temperature 

is 547 0F. Per Reference 4, the full power upper head mean fluid temperature for Surry is 597.81F.  

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 000F. 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 0F to 597.8°F, and the transient would occur over a time period of 20 

minutes (5% of full power per minute). The temperature range listed in Framatome's plant loading 

transient is 547 0F 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 

597.80F 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 5770F to 617OF (+40 0F) 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 0F (-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.  

5 1 - 5 0 1 !5 19 7 - 0 0 •F, No. 720003AI,,ly 20D0) 
C2000 Dominion Resources Services. Inc.  
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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 1 (North Anna Units 1 

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 1 

and 2."

Prepared by: 

Reviewed by:

Date: ID-IhOl 

Date:le. le.
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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--I 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 

L------- F
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71. ATERIALS LIST AND 46 gQUIPHENT SPECIFICATIOMS.) 

FINZ ESIG DEVLOPE BY:6 CO&WLETION PATEs 

Lawrnce obo3/20/79 

PRO~9CT NC*NL&R 'Larene Lo I DTC.3/20/79 

REVIWEDBY UIG CONROLENGNIS'I 1 0 DATE:q 41.. 1 

R. H Co~ - 47- 1-

PHOJECT' AU HOIG AT ION9 V0u16- No. 1 1 16 0 

*mAC UTHREOUIREO N O. QA~ cf NOT REQUIRE 
i 

Surry Nao. 2 81216506 1 

RiVS34ON$ TiO FINAL 09SIGH, (ATTACH 'FIIELID CMANOE411



__./85/2B •5 2750 ENG r_ 3 

FINAL DESIGN (SUPPLEMEW 
SURRY POWER STATION 

VIRGINIA ELECTRIC AND POWER COMPANY 

A T T A C H T O : F IN A L D ES IG N 7 8 -S 2 5 

FINAL DESION ICONT,.. Rmh 

1.0 REFERENCES! 

1.1 Royal Industries, Hodel 121 J001 Part Leath Control Rod Drive Manual.  

1.2 WW-C-RC-035 

1.3 oP-4.5 

1.4 Vepco Quality Assurance Manual, Section 3 

1.5 FSAR Section 3 

1.6 11 PS-78-1, Rev. October 18, 1978 

2.0 DESCRIPTION: 

2.1 Description of the anti-rotation devices can be found in the 1estinghouse 
proposal for the Removal of Part Length Control Rods dated April 25, 1978.  

A copy is attached for reference.  

3.D DRATUINGS: 

3.1 The appropriate drawingp are attached.  

3.2 Figure 1: Partlal Length Anti Rotation Housing 

Figure 2: Partial Length Up Position Leadscrew Clamp 

Figure 3: Partial Length Conoveal Assembly 

Figure 4: Partial Length Up Position Lead Screw Retainer 

18igure'5: Locations of P/L Control Rods 

4.0 DESIGN BASIS: 

4.1 The intent of the Part Length Control Rods was to control axial power 

distribution and to suppress xenon oxclllatione.  

4e2 The utilization of Part Length Control Rdds for axial power distribution 

is not desirable. The insertion of the Part Length Control Rods would 

cause the lowering bf power in the axial region just below and above the 

neutron absorbing material of the Part Length Control Rod.  

4.3 At the time the Surry Units were designed, there was no Gtringent 

restriction on AO, band. At the present time, there is a restriction 

an maintaining a narrow AO band of 1 5% which reduces. xenon oscillations 

to a very low level.  

PAGE air 21 
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IFeMAO FINAL DESIGN ($UPPLEML 

SURRY POWER STATION 
VIRGINIA ELECTRIC AP40 POWER COMPANY 

ATTACH TO: FINAL ORS|04 V OtDEr.M CHANGE NO. 2 
1 78-s25 

FINAL OF20GN (CONTINUED)* a

4.0 DESIGN BASIS: (CONT0 NM) 

4.4 Technical Specifications for Surry Power Station Units 1 and 2 do not 
allow the use of the part length dontrol lods 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 OFEPATIONAL REOUIREZENTS; 

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

accordance, with the plant technical specifications.  

5.2 Once the part length c6ntrol-r6ds are removed, additional operational 

requiremetxts are not necessary.  

6.0 PERIODIC TEST REQVIRMMNTS

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

the part length lead screw 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.o0 HATETALS LIST: 

7.1 See Vestinghouse proposal dated April 25, 1978 attached.  

8.0 EQM[I• PENT SPECIFICATIONS: 

8.1 Iot required

.. 51 5 1 -1 
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12JZW I 
DDDLEIJ IDDD 

15II 
CONTOL ROD ASSEKSLY BANKS 

Function Nwnber of Aasoebtlaa 
Control Bank D a 
Control bank C 8 
Control Bank B a 
control Bank A a 
Shutdown (S) 16 
Part Lensth (P) 5 

- 53 

Q Z snIJRCE ASSEMYL LOCATIONS 

FICUI 5: LOCATIOVS OF PART LENGTH CONTROL RODS 

CONTROL ROD ASSEMBLY GROQUPS 
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NO. SUSISA

TOi I DESIQN CHANGE Not 

• . 78-s25 
DIESIGN CHANGETITLE; . UNIT"NO$ 

PART LENGTH CONTROL ROD REMOVAL 1 
EUlI RED IMPLEMENTATION DATE, i 

DURNG STEAM CENERATOR REPLCEXMET 
FINAL DESION CONTROLING PROCEDURE$ 

PROCEDURE SHALL CONSIST OF: 1. PURPOSEI 2. INITIAL CONDITIONSS 3. PRECAUTION£1 4, INSTRUCTIONS; 

1Z COPY ATTACHEO 

FINAL DESIGN TIWSaTINGv 

PROCEDURE SHALL. CONSIST OF; 1. PURPOSE; 2. INITIAL CONDITIONS; 3. PRECAUTIONS 41. INSTRUCTIONSI 

5. ACCEPTANCE CRITERIA.  

COPY ATTACHED. C1 MECHANICAL TESTING El ELECTRICAL TESTING 

- INSTRUMENT TESTING C CHEMICAL TESTING 

FINAL DESIiN CONTROLWLNG AND TESTING PROCEDU R.SM

Lawrnce obo7-18-80 
ARI EvIEW'O BY PF-IQIN CONTROL. EJNG Ifi ZEl . .... DATEI 1 

Richard Coupe -.7"-1jr-?D 

REVIEWED BY QUALITY CONTROL is CAT 

APPROVED BY STATION NUCLEAR IArF•Y AND OPERATING C•OMITTE 17 DATsS 

CHAIRMAN'S BIGNATUREs .. L_ 

R E M A R K S : ' p e a ' an 
Thisl procedu'e, jl~n u nserted as Field Change !2 ,

51 -5015197-00 P'I.JD

",: FINAL DESIGN IMPLEMENTATIOi ;,.D TESTING 
SURRY POWER STATION 

VIRGINIA ELECTRIC AND POWER COMPANY
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DEIG CHANGA noSURRYI 

SURRY POWER STATION

i'D, SuEr, lVISOll-Ema ENOINEER$# SERVIVCES DESIGN CHANOC tp 

S E:I MOENT TAG NO.s l - UNIT No. :2-X - 8 
4.449/ /1.2

DRE FSCIT P fkt~ogREQUSTED IATTACH ADDITIONAL. I'AGIT. [F REQUIRED1.  

SEAON ~kCHANGE: 

COGNIZANT SUPERVISOR:J s 2 

RCOMhI ENDED: ACTION- 
13 

:~- 6~oVD ~DISAPPROVED APPROVED AS MaODIFJCD 

PROJECT XNaINEER- . £o4~IJ~T Sal~f O*5J 0AEEQiJ:REO: Is 
17 

ENGINECRING REVIEW ATTACHED 

QUALITY GROUP CLA635VICATION- A Qb III C Itm o l Elc MC. Q0F t [3JOTI4KR 

ImUiLruffTATION METHOD, A- DESIGN C04AJ09 PROGRAM QMAINTENANCE PROGRAM MAINTENANCE REPORT NM.  

PROJECT ENCIN&VR'S StGNATURLs ZDT: ) 2 

SAFETY ANALYSIS ATTACHED0 (REQD0 POR SAFETY.RELATCO ITEMS) 

TECH SPEC. CmANGS REOUIREO 0 YES Ij MR 

UNINIVIEVEO SAreTy QUESTION Yj ES Ji 

PROJEcT stsGiNE.Ws SIGNATURE-DT-a 

30 

DESION CONTROL. ENGINEER% RECOMMEINDED ACTION- APPROVE VISAPPROVED 

APPROVAL. LEVEL. MNC L&VIEL ~)SYSTEM LfVEL ~ JSTATION LE9VEL 3 

MIETHOD OF IM4PLtMENTATION DESIGN CHANGE PRO8RAU V MAINTENANCE PROGRAM 

SUPERVISOR - FUGINLCMING SERVICFS' RXVIEW: Ak -0". 40 TE, "/:@V?1% 

)(APPROVED 1DISAPPROVED APrROVAL LVECL VrR]IFID , 
?(STATION TO COMPLETE FINAL DESIGNPOUTO EVIE EMNILIEO ,m ogc 

PROJECT AUJTHORIZATION ATTACHED OIf R&OUIMXDI: 
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ýNu"c4LVAO ENGA. I ICCS'IREVIEW: 4 

OROAN)ZATION TO CONDUCT ARVIEW G-~~~Vfs 
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NUCLEAR ENGA446MVICUS5 REVIEW:* 

usiMgViiWXn IAFITY QUESTION NO COMMENT, 

0 yga 

sUPtnvIIOR NUCLEAR ENGM. SERVICE$* SIGNATURES 43 DATE: 4 

SVSTEM NUCLEAN &AfETY AND OPERATING COtikIYTEE REV3911: 50 

UNR VlIEWED SAFETY QUISTIONS vaYs N 

Cg APPROVED [n OJ8APPROV1ED Q] APPROVErD AS MODIFIED 

CHAIRlMAMS SiCNAYURE: 

FINAL 04SIGH COhIPUSTIO: L. LO% 4D LE. 

TIT16E! 5AfOILIATIONI 27 

FINAL OgsIGN R~IEPE*D DY STATION ICUCLtAft 8AF9TV AND OPERATING COMMITTEE:I DAT92a 

CHAIRMAN'S UIMMATURE: 1 . ~ . 4 £ o 4P/91 

FINAL DISIGN IMPLlEMENTArION CONTROLLING ANtI TESTINIG PfgOCErIRES9 AE;E 

COMPLETID BY: 1 
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80.1 A INGEWNERING REVIEW 

SURRY POWER STATION 
VIRGINIA SLECTRIC AND POWER COMPANY 

ATTACH TO: 09310M CHANUE R9QUESY INCAO O 
S 78.-S25 

PESIGN C"IANQE TITLE: 

Removal of Part Length Control Rods 

TNULawrence Lobo -/27/78 

R. ,1. Coup* I ll/mhe'r 
"AIvieveo By SUPERVISOR - 9NOINEER1n11 SInVIC9, 4 VATB " 

T. A. Peebles 
LNGIrEIRINO REVile" ITHE REVIiW SMALL CONSIST OF: (1) 1AAVItl OF THE RQUEST: 

i1 PRQPPSE RISOlUniON: 

3I1 APPROVAL LAEVSIS: 

(1) ANALYSIS OF THE REQUEST: 

1.) This design change request consists of the removal of part length control 

rods from Surry #1 and #2 Units. There are five part length control rod 

assemblies In each unit. After removing the part length control rods from the 

core, thimble plugs are to be inserted in the fuel assembly from which the part 

length rods are removed.  

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

The utilization of part length control rod for axial power distribution 
control is not desirable, The .nserton of the part length control rods would cause 

the lovering of power in the axial regiou.surrounding neutron absorbing 
material, At the same time causing a higher power In the axial region Just 

below and above the neutron absorbing material of the part length rod.  

At the t1me Surry units were designed, there was no stringent restriction 
on bo band. At the present time, there is a restriction on maintaining a narrow 
AP band of * 52 which reduces the Xenon oscillations to a very low level.  

2.) Westinghouse has evaluated and analyzed the removal of the part length 
control rods wh1ile leaving the lead screw in the* fully withdrawn position 
(Details are discussed by Westinghouse In a letter to B. R. Sylvia) and found: 

(1) There are no thermal or hydraulic problems including no change 
in Ti in the upper head provided the part length rods are 
replaced by thimble plugs.  

(2) There are no problem.. with replacing the part length rod with 
a thimble plug.  

(3) There are no mechanical problems including vibrations, provided 
the lead screw is adequately supported at the top end. This can 

be done using an Anti-rotation Device. When the part length rod 

is unlatched, the lead screw its 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* 
Westinghouse has designed a 40 year anti-rotation device that can 
be utilized to prevent the lead screw from forotaing. The device 
has a pin which -frts into holes drilled Into both the anti-rotation 
device housing and the cap of the eonoseal. The cap cannot rotate 

"PAGE I OF S 
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4 h.ll ENGINEERING REVIEW (SUPPL' :NT) 
SURRY POWER STATION 

VIRGINSA tLECTRIC AND POWiN COMPANY 

ATTACH TO: FNGINERMINO RKVICW , oESIGN CHANGM NO. 2 

ENGINEENING NSVSEW (CONTINUEDI: S 

(1) ANALYSIS OF THE REUST: (CONTINU) 

therefore the device cannot. The anti-rotatioo device can be 

Installed while the head is In Its laydown area.  

The removal of the part length control rods provides the following 

benefits.  

(1) Decreased outage time.  

The design of the part length control rod drive mechanism 1s 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 weli 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 durlng 
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 rode are removed. the 

seals at the top of part length lead screw travel housing need 
never be opened during a refueling. Because the seal is nevor 

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 tine 

working for as much ai a total of 20 hours in a high radiation 

field. After the part length rods are removed, none of this is 
necessary. This makes a significant cantribution to the AlAj 

protram.  

(2) PUDPOSED RESOLUTION: 

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

is recomWended that the following be accomplished: (1) Remove part lengpth, 

control rods from the core, (2) Insert 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.  

51 50 15 197- 00 ~
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GEIEAL!WORtATZON.

.1 Genergl data.

BEST AwMLA~tLe COPY

*The 1S7-Sneh reactor vessel consiftS Of a vessel auls~ 
4 closu~re bead.* The vest"l shell IS a Cylindrical sectiont 

with a 12-feef l137/6-ilCInc I.D. end a 1%-foet 6-7132-Inach 0.1).  

at the PrimaryW inlet And Outlet toiunsstiafl. Senio. tbeme 

connectionls It has a 13-fect 1.6/16-inch 1.1)- and a 11ts 

S-7/16-inc% 0.D.0 
The d3 nsiori from the centerline of the, Vessel to the cuter 

Lfa~e of thg in3let nozzA to it-fast 561inalves The dimension~ 

from the canterlifte Of the Vessel te'the outer fen* of the 

outlet nozzle U* 10 feet 2-2/U incheS.  

The bottom baminipherieftl head If Machined to receive 50 

Ins~trumentation Dozzles. The closr head is machined to 

* receive the S5 -control rod mechanIism housing.'.  

The vessel stands 41 feet 7-3/111 Inches high from the bottOW 

hemispboriOal bead to, the top p2 the , osWtxpl rod smechanismE 

%ousinge. (see elio figure 1-11.  

Design pressuprau'e 20A YOU4t
6 r 

IlDresis tea poratuM 
Soe.o 

Hperatesg presSMre . 2227 psi &g 

Hynoest temepaaTwe 
X= 06ýIdi 

* doutlet -temperature at oornual pav 603,3 T 

1. . C- ti i e cw
4 ~ iu an itationm

The- beating and ecooling. reate is limited to maxLCWA I800 7 per 

Uour. These rates will be safe for 200 occuraflcgi each. Thus% 

when Starting At' an isotheraal e~ditoen at 100 r, the V~mais 

beating rate 0* mat to exceed I09. r per hour uap to oPertting 

texpez'AtuWe and, when starting at an Isathersal condition' at 

oparating ;g~earatuaro the . azIMUM eo06pag rate Is not to 

exceed 100 T per hCAW retur"ntn to 109 To

1....vessel Shell Ageweab 

Cylindrical S~eatIai )wMuiea

is-fect t4-Inch 0.0. x 2-feet 
11-1 inch length 

12-feet il.7/t-ind' I.De X 
3-inch Minimuz' thick, manganse
molybdeZnum steel plus 0 .%$$,Ch 
alkstenstic staifflesy steel 
cladding.

I.  
V.

L

C
CA' 

CA
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Cylindrioal Section 12-feet 1-VS/In *ch 1.D. x 
13- iJob Mainium 'thick manganese"uolYbdenLM steel plus 1Iic.  
uastenitic stainless steel 
claddin~g.  

Kea~phewaal ead -feet 74i Inch sapheoca1 'X~dius 

X 6-/l inch Minim thick mangns* glybea-m selv puste pliiu 11
* . moa u atenitic Stainless *r eeal cad 

3*ur Rea oladaggk:.  

Studs int uominalO.. di-ue er 

21.21.; lengtb /FeINI, 
Inulur's.144 Contro d 6a-fnst 7-3 feh peric-al/. diubs 

Excluing onbo Rod ou cladding- .  

Znsfumamatjo Nozle * iA.  

*Overall Neight 'of Roaa-tr vessel vsu Including Cotrlo Rod Asse xmbly 'n 142 
..Atal4e inezCsontrol Cod taines ao Instmll ft.ace of Cutlet 4oue 0 feet 6- /32 Inchtes 

Outside Dizen. ion from Centerjine of 

Sbell to ?&a* of Inlet Rosales 10 feet S-1 inches Outside Diaimter, or 'Sheal. at Measles t711-7,132 inches 04 Outlded Diestex' Of Shell DOI" ibuzel 173-7110 Itiches.  Section 'r.  
Outsidt Dizste, of RefUeling goal Ledge 197.00a inches* *Outside Dimension from Cemtezline ofl oZ Shell to Lifting Luga 6 feet 3-1 Izabes..  1- Dimens ion frau Cmiterlizt. of Shell 

*to Lifting Lug Hole Centerline S feet 11 Linhen 
- ~Shell Thickntess Including Cladding: 7lange., maximm CPzessias Boundary) 1- fadt i-7132 Inches * Fange, mninli cprassiwe Boundar'y) 1- foot S-3/Is inches "1 * UPPer Shell Course, MIiniam= 19 If nchis Internatdiate Sha,2 Coufse, Kininim 6- inches o towier Shell Course, )frIjMM U- Inches: o Loer Head Iting,. Hinimum s- 21 Inchs.  Bottom )IoSISPhevical Head, KInitam 5- 1/3 inehes.  Neatapheaical Mansure Head, KHiniu 8-9/is -inches.

BESTAVANABLE COPY
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i.S.7. D t=rjy We~ aq t..

Total Assembled Reactor V4388e1 Weight

III 032 lb. 1126  ~9 V67~ ~~e 

7C1,902 lb.

Stud M31-42) (Includes; Insecti NK-7I 
A IEX-71) 115GAS Lb. each 

out (HK-61) (N-S *s17 lb. each 
3perca Wbe gt MX64 KR-1S) 23 lb. saeb 

Total Per Sat 544.16 lb.* eah set 

latal. for is onto .31,163 lb.  

vesseel *Shipping Arrangaelmet 
, .Reactor Vessel .598,032 .2b.~ 
Itall-onIROll-off skid 25 4SS lb.  
M.iscellaneous Shipping part 6:5241~ b.  
Total Reacorba Vessel ShipPIng Ve*g0it 692,.151 lb.

* Closure Read Shipping'Arragst .  

Closure' Read 121,341 3-b.  
-Sbipping sk sid aMCover .7,1426 lb.  

mechanism5 Housing cover .3,527 lb.

Tortal Closure Head Shipping weight 122 ,37b lb.  

The maateral&l produced..and used in fabricationt Of the raeftor 
vessel (under this eanixact) are In arocOrdpOe vith ths 
qiialifioations Indentified In Paragraihs 1.1.6.1 and 1.1.9.2.  

1.J..1. GverninaSJI Deetficatkons.  

1.A5... Code zsutionf II?.  

2. A.S.H.Z. - Oede Suction 120 

S. Wearthalbouse F.W..R.. Equipment. Specaification 676~1M and 

577025..o .  

1.1.8.2. Xatswial Spiecificati~ons.  

* The naterial specifiatlon far each Wark Rumber Lu listed 

ini risge 7.26.  

24-.9. Safmt Notices and Warnings!.  

The internal surf aces of the reactor veeattl -cme In contact 
with radioactive peluary coolant of 'the nuclsar power plant-, 

therefore, ra~dioa~ctive saterials. wMl be yrevent during operatic 
And may' " present for 1011g periods after sbutdown. Personnel.  

* worklin at or near tihis vessel ahould be thor6ughly familiar 
with the haxards Involved.
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• h Pae vessel is designed t:o operate at t emperatues e/l,-Y 77ITS _iFne•I•7-•^ M)I 

hyd ootat~i taest pessure (317 paig). Due regard me:t Ps. e rdye to heso'coaditions to minfulze the danger of injury••./ 

The minimu tcapftature for 9veesmiution is I= 460e (1-100Y 
minimun) at tire of manucfacture.  

The reactor vessel shell is fabricated of ASTH A-s08s Class 2, 
munganese-wolybdenua steel. 1Inca this material has a high 
brittle fraoture transition temperature, extreme eare must he 
taken by all perwsos vorking an and/lo handling this equipment.  
No welding, striking of arcs, nrtches, gvcoves, or oht.eL Stress 
conoentrations ball be allowed an the suzrfaee of tha vessel at 
mny time durin; handling, -Instai'llation. or operation. In the 
event such an Incident occmws the m•atter shbal be Immediately 
reported to the Plan% Operaticisi Emgineer. No remedial action 
s@all be initlated except am direeted by the Plan: Operations 
Engineer.  

1.2. ZIstallation and flaintenance 'irati e. " 
1.2.1. Cleanin. ". . • 

..7apropw m"nbanial o ehor omsl le•anlng .of 
..... surfaces may result in excei•ivs..loeal corrosion .  
... .of thaoe surfaces mhen placed in'-onua.t * 

vith PrimMUi coolant. The resultant eorrsion 
•-products taka into solution In te imar'Y 
ooolant 'could become highly rado;a tvae, 
"thus couplicatins the maintenance of any 
component due to the hazerds of expOsing' 
men to. hig-h levels -of radioactivity.  

l ...... * ' CAUTIION .  

tUse extreme care at all times to preve•t 
dirt, foreign particles, etc., f•om entering 
t he reactor system and lodginS between bearing 
surfaces of parts operating with axtremely 

I-" small clearances and causifg excessive qT• wear. or, seizurs, 

. .• . : ... IIOTES *....  

. 1. Components, shall bekleaned to the. extent 
-that no contemi•ation Ls visible. Areas wbijh 

C •cannot be visually inspected due to 
Cinaccessiblity r Se metry hall .be evalnabted 

by-viping the manface with a wet or dry, 
lint-free cloth until 1ll traces of foreign 
material are ewved and the cletbh remains 
clean artw uee.

1-6
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S.Rust of any type or eacunt Ohll not be 
allowed. If rusting doae oo•ur, the surface 
shall be cleaned to rmove the rust or 
rust-produ•i•g condition and any visible 
surface contanination.' 

3. Cleanlin-es shall be maintained by packaging 
co• anents or subassemblies In polyethylene 
bags rev storage.  

All Instructions for -the cleaning of surfaces In this 

instruction manual refer to a condition of maximum cleanliness.  

The cleaning Is to be perfomsed an follows S 

1. Clean all metal surfaces as nedessary by ewabbing with clean, 

lint-free cloths saturated with-acetone followed by twabbi.ng 

with clean. lint-free clot•s maturated with destilled water.  

Dry with clean, lint-free cloths. T6e cleanig must ba such 

that no foreign matter can be seen after clea , particil

lacy In the root area of the threads.  

2. Clean Buia-N Rubber as necessary by swabbing with clean, 

lint-free cloths satur-ted with chlorida-free ..naphta gas 
_followed by swabbing with clean, .lint-fre clfths .saturated 
with destifled water. Dry with clean, lint-free cloths.  

The cleaning wust-be such that no foeign mater can be seen 
after Cleaning.  

2.. Pressure sensitive tape may be used occauionally on 
. components Ct(iat is,. over the top of closure studo). Any 

tine the Vreesu se %nftivq tape to removed fvoa a component.  

. use acetone to remove auy rasidud.  
*Clean the ra as demot•tbed shove in Step 1, 

1.242. Lubricatio.n.  

* As the following tabulated parts are asembled1, they sball be 
lubwJcated " indicated below.

mark No. Nomenclature Lubricant

Stud Neolube 
not Neolube 
Convex Spherical Washer 3eaolube 
Concave Spherical Wase'K Neolube 
Top Insert Neclube 
Bottom Insert Neclube 
1yebolt lfeolube 
Plug (Westinoghoue) Ieolube 
Slesve W. eolube 
Guide Stud Umolube 
Xyebolt pieol~be

AppY to 
Hale. tbreada 
Seaning sIuf ace 
Both facet 
11ot faces 
Hale- throads 
hale threads 
Kald tbresds 
Hale threads 

'Nile. threads 
batten S-inches 
Male tbweatie

1

U

N CS 
CS

L 
C

cJ' 

I 

I

XK-82 
•X-63 
HX-S6 

igC-7 8 
MK-79 

MK-32 
ilK-? U 
NK-91

q�) 
0
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3DkSCXIPTI1ff.  

jj Detailed Dessoention.  
(See figures f.1, 7.6a 7.1. 7.10. 7.11, 7.15, 7.20 and 
7.25) 

lbs Virginia Electric end Pawai Comp~any x'eaotor pressure 
vessel equipment dasuoeibed In this, nanual include: the vessel,, 
-the clomire bead asseumbly* clamix's stud 'assembly, special 
tools, and ibippSing warcngements. VZ)Lasuuione of the Qeipuimet 
with detailed description of -their featur'es are prevented in 
subsequent paragraphs. Mater'ial and materlial specif leatieas 
fore all part. or segisents; aw'e presented In Figurze 7'.28- by 
iurk nu~bmu . .  

3.2a Ves~ea. Shell A~esezblro 

?be reactor vessel Come figures 7.11, 7.2,7.1, 7.14 and 7.S) 73 
"i built up trom : .. .-. ,,, ' 
(2) A flange f02'giflge . ... .. .  

.... . . . . . . . . . . . .... .  

(2) A liefueling seal ledge.  

(2) An upper *hell co-sle ontat.inin~g the inlet and cutlet 

nozzles.  

'M) An Intermediate sibef ourswe.  

(a) A loweir &hall ccuese. emutalxing the cem aumpoet Xuldes.  

Ma A lower head ring.  

(7) A bottom h6Upbsprical head baving4 -teInstrummtetion, 

The vessel segments aer discussed In subsequenrt paraprapbiu.  

342412 IRactbe Veseel Mlange.  

1_4 The reacetw vesiel flange is a macbaned foeiging wel46d to the 

upper ehall course. cuee figure 7.1).  

A refueling seal ledge Is velded to the vessel flangeL. ?be 

CR flarnge Is fabricated of AS?2( A-300, Class 2, nanganese

0 wmolybdesnu steel and Is clad Internally and an the gasket 

-* . face with weld deposited nautenitio stainless steel.  

The flanage isr designed with a ledge for the suppmr of the 

core, a galiket face 
1 0

s sealing of the wessel, 2 ucniturIng 

taps on WB331 iand 13-7 ep'eeu ar4Ulbr lomatiOn. foi de

tection of wateký_leakazel.trcuzhothe gpaket SlocurS, Irr
9

~ai 
tuble lotson 4S- *56- 5, 266 25 , 205 295 30.5 

o ~deturees angulaw location for WAWsh of irz'adiation speosasa 

basskets, key slots an Do 90, 110 and 270 degrees angular 

locatica for aligning the oloewre head and vessel. asemebly 

and it stud boles for t~ghtenlzag the bead to the vessel.

3-2
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Of these stud boles 3 holesarwe used fo hx olding the 
guide etude which are used for refuelzing. The stuzd hol~es 
am~ threaded and raceiVe the 8 Inch diameter' closure etude.  
.Refuelinst Seal RSnzL LadfiC.

7he wetueling Seal ring ledge, (San figure I 15) 'is a maebined 
veldman* fabricated of ASM SA-533 * Grade A0 manigenese
msoybde~am steel. The refotllISg sneal lefts 1.t a 2-3-inch thick 
ring we~lded to the x'eset Vessel flange.

.3.1.2*3, Mere Shell ggwe'e.,

The upper shell cowura of the veosse ('woe flews' 7.3) 
It a zatiiined forging welded to the reactor vessel flange 
amd to the intermediate shell course, The upper shielj coc'ee 
Is fabricated of ASTH A-60og Class 2, manaziese-vo1ybdenus 
s*ae2 and is clad I~nternally with weld deposited-stainless 
steel. The uppeir sball couwav contains the six yvie~mry 
coolant nozzles.  

The siX prIftarxy coolant. nozzl~e foegInge are voided to the 
upper. shell course foe. entry and disobarge of the primary 
coolant.* The nozxl. centerlines are 5 feet 10-7/Zn Incbess below 
the imating surface of the vesmas flange; 

The 'those 27.4SR-Inh T.D. Wnet sozzleA ame located 120 
depeGes apart, Ctheiv amnterlines awe located respuectvel~y 
on 93, 211 and 335 depses).  

?he three. 24 * U S-inch 1.0. cutlet nozzles are located 120.  degrees apart Ctheir centerlines are located £xespeotively 
25, 14S and 265 degrose). Vessel support weld pads are 
located an the -bottom of each of the six nozzles. The machined r"d are* 9 feet 2-IS/16 Inches -bela. the sttating 

surfce o thvessel flange.  
The pria.Say voolant cnozle fargings are also, fabricated of ASIP A-SOO, Class 2, * unganese-jaolybdema steel aund are clad 
with weld deposited oustenitic stainless steel Internally.  
The nozzle end cownecticiw we Clad wiith weld 4elosited 
aiaatenitio stainless steel and awe machined fee' aiel welding 
to the main coolant PpIPUS.  

3-3
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,,24 Intermediate Shell Course--.  

The In-tezodiate Shell course (aEasB £Igur 7. 2) In 
cylindrical~ shefl for!-d fk~utio ?Iaeu.Of ASITi.A-533 Or.  

ci a. aaznaves-zolybdmmm1 steela&n Is clad internally with 
Weld diope.t-ed- austaniti@ OUTaiiless steel- The intermediate 
shell coiurse is welded to the upper and lower' shell courses.  
Theg two longitudinal weld mos arer loexted on~ 45 and 22S 

*1. 2. S, Lover M11l ggonse

The lower shell course (see fig.7 .2U5.:& a ylimdreii 814e1 fot-ed 
f'wom two plates of ASTMIA-513 Qr,* CUZ, mansames-u ooybdenum steal 

mW is c* led Linternally with weld deposited auutesiitic stainless 
steel excepi for the weld deposited macona claddingf an the 
bottom -11-319 inches. rour cor& support guides ii~c bavea' 
S-I/IS indh wide x 4.0%0 inch deep x SX) inch long uftebifed slot 
at the bi~ttcem of the .bell course are located an 0, 32, 190 and, 
270 depees.* The core support gui~des are fabricated of AMCI 
93O-116-63 Thoonel.  

.he lower shell ccurme .i..welded to the..nterswudiate shell ooxwee 
and- to the lower head ring..  

The twm onxithdinal, weld Sema= are located an 135 and 215 
degrees.. . .  

).*..I.Lowr Hadjqtrn. .. . ~ 

The lwoer headd rings e fisure 7.23 In 1 welded to and 
joins the lower shell course and the bottom hemispherical Nead.* 
It Is fabricated of AMN* A-509 CMass 2, vangaee-aclybdanuzu.  
steel and is clad internmaly w2th weld de*1d azustenitic stain
tens steel.  

!.1.2.7. BattcoI Hemisyberical Head.  

"Mh bottom handaipheriaal heand (see figures 7. * i ed 7.*2) -in 
welded to the lower head ring of the vessel The koaisphevical 
head is formed froaa'a single plate of AS22H A-521, smaganese
solybdenua steel and Is Internally claed with 0.225-inch thick 
weld deposited auatenitic stairless steel. The head is pene
trated by 50 inst seentatien nozzles labricated from AMSB5-1665
51 2 csl 

zach 1-j in'h O.D. M0.10 Inch I.D.) instwuxaentation nozzle is 
Incnel, welded Suti, plAce. A safe and of A=H SA-U79, Type 3JDF, 
statnirsus steel Is welded to tht exterior end of each instrumen
tation mecisl.

(a)

CA 
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3.1.3- , CloasUV Head A311I2MU..  

The closue head asssmbly (see figures 7.•1 7..7 7.3a 7 9 7.11) 
and 7.12) s. a vealdment censIsting of a hITp;e.ikcsRy 
dished plate and a flange frgisng, The beisphb% dLshed paze "is 

fabLoated"o? ASTM A-533 'r.3 C1.1, manganese-zolybdenua steel 
and is clad Internally vith weld depouited austenitlo stainless 
steel 0.225 inch.tbick.  

The flean8 forging In ASTH A-508, Ceas 2, tmangnese-aoalybdenum 
steel = Is clad witJh weld deposited aqsteadti stainless steel C 

Internally ard on the gasket face. The: closure head forging 
gasket face La .mahined to aaccnodate two silver plated 
aelf-exe•z izing stainless steel O-ring gaikets s•d the 24 sets" 
of'-wire •lips, backing plates, and screws.  
The flange of the forging Is bored thinugh toxeceive the 58 
closu,& head studs. An indca•t•r arrow in vided to the had 
to Indicate the number one stud oae.. •' 

fizob d Inete squeretrto patter anox 6.5 nhea acoenters, to e 

The closur head has three liftlng.lugsg: Three vent*" roud 

support lugs a e also attached to the closure head. .  

1.1. ,I. Cntrl ld XabaisaRonsirio.

Each of the' 55 control rod nechanima hoeaings Coee fIgure 7.13) 
"penetrating the closure head Is a weldment consisting of a 
tOreaLed 6-inch O.D. adapter end a %-inch O.D. body. The 
adapter Is fabricated of Ao SA-182, 7pe 304, stainless steel, 

CA arnd the,.body. is fabricAtsd of ASME 93-197 Inconel.  

The iec•aoism. bousi"g we•dments are inserted with an inter
fereence fit into the penetrations of the closure head. The 
bodies are welded into the inside of the .losuroehead with 

o vwed deposited n*oonel.  
'M.1.3.2. Vent Shroud Support Asaembly.  

The vent shroud support assembly (see figure 7.9) it 
atta'caed to the clo•ure head at three p laces. Each pair of 

. support lugs on the vent support ring is neted vith a vent 
shroud support lug on the closuet bead assembly and ks 

.fastened to it bj a 8$/4-Ineh hex head .balt wth nut.  

S7e shroud support flange has 18 holes of 11125-inch diameter, 
equaly spaced an a 123-Inch diamter bolt circle. The flange 
is welded to S.he support win&; and the asserbly is stiffened.  
by IS upport gussets welded to the ring and flaage at equal 
distan•es.

3-5 " "
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The 24 shroud insulation support angles are equally spaced 
on and melded to tha support ring. in addition, the support 
ring has 2' saw outs, each tea~intinAg L a 1/2-inch diameter N) 
hole. The saw cuts and holes are equally spaced betveen the 
support angles.* The raw cuts enable the suppm-t ring to LA 
copensate for tenperature caused variationi in d•imensions; 
this vili allow the support lug attachments to resain sece.•e, 

3.1.3.3. CloSure Stud Assibly. U' 

The closure head is .ecured. to the vessel flange by 59 closure 
stud assemblies. toes figuret 7.20) Eadh assembly 
consists of a mbreadedg hex hea4 stud auith a nominal 5-Inch 7 
diameter, a nut having sight castla~tiens at tbe tojo, a set 
oZ spherical washers, and top and bottom-.inserts.  

cach stud bag a one-inch diameter center hole through the 
length of the stud to receive a stud elongation measuring. rod.  
The bottom insert ia used to close the bottom of the stud and 
serves as a seat for the stud elongation measuring rod. The 
top insan* Is used to close the top of the stud and prevints 
the entry of any foreign matter. Each stud has a threaded 
length sufficlent to accommodate a hyiLraull stud tension•'.  
ror handling purposes an syebolt In supplied for each stud.  
The studs, nuts and sphe&cmal washers (marked in matched 
sets) are. fabricated of ASTH A-64O0 Gr. B 211 s nickel-chr e
molybdenum steel.. Tbe studs.r and-.ashers e a phoVhaSted?. " 

32'4. fecial Tools. .  

•..e special'tools "to' "ountins and'e "s.u,, g.suplie, by 
The Rottaedam Dockyard Compay ara Usted In Table S.2 
The Identification and functi•n of each tool we8 given in 
the table.  

CA..  

o• . .. ..  

.. . .. - .  
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Framatome-ANP Document No. 32-5015624-01, "Surry CRDMH Temperbead Weld 
Seismic Analysis"
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PURPOSE AND SUMMARY OF RESULTS: 

THIS IS THE NON-PROPRIETARY VERSION OF 32-5015624-00.  

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.

THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT:

CODENERSION/REV CODENERSION/REV

THE DOCUMENT CONTAINS ASSUMPTIONS THAT 
MUST BE VERIFIED PRIOR TO USE ON SAFETY

RELATED WORK

YES NO
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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 ID = 2.818 in (Ref. 2) 

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

2 

A = 71 *(4.0752 - 2.8182) = 6.81 in2 

4 

I= * ,(4.0754 2.8184)= 10.4 iný 
64 

_ MR, _ 58000*2.038=11.4ksi 
-10.4ks O'send I 10.4 

Pressure Stresses in nozzle: 

P PRi _ 2500 * 1.409 =2.8 ksi 

- 2t 2* 0.6285 

P =2*2.8 =5.6 ksi UHoop 
P 

PRadral -P/2 = -1.25 ksi 

Preparer: D. Kim Date : Nov/2001 Page 2 of 4 
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P U"L = Osend + G ,i =11.4 + 2.8 = 14.2 ksi 

UHoop =5.6 ksi 

O'Radial = -1.25 ksi 

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

Allowable Stress Intensity (Section III, 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 

UBend = 0.51"11.4 = 5.81 ksi 
p 

CTL = UBend + OAxial = 5.81 + 2.8 = 8.6 ksi 

U Hoop = 5.6 ksi 

'Radijal = -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 Date : Nov/2001



TEMPERBEAD WELD ON SEISMIC 
CONTRACT 

FRAMATO ME AN P DOCUMENTNUMBER PLANT NUMBER 

32-5015624-01 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-00, "Surry 1&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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1.0 INTRODUCTION 

The CRDM nozzle ID temper bead weld repair design is illustrated by the drawing of Reference 1.  

The repair is a welded design, which establishes a new pressure boundary away from the original 

J-groove weld. The seven steps involved in the repair design are depicted in Reference 1. The 

steps involved are: 

1) 

2) [ 

3) 

4) [ 

5) [ ] 

6) 

7) [ 

During the welding process (step 4), a maximum [ ] inch weld anomaly may be formed due to 

lack of fusion at the "triple point", as shown in Figure 1. The anomaly is assumed to be a "crack

like" defect, 360 degrees around the circumference at the "triple point" location. The technical 

requirements document (Reference 2) provides additional details of the ID temper bead weld 

repair procedure. The purpose of the present fracture mechanics analysis is to provide 

justification, in accordance with Section XI of the ASME Code (Reference 3), for operating with 

the postulated weld anomaly at the triple point. Predictions of fatigue crack growth are based on a 

design life of 25 years.

4
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2.0 ASSUMPTIONS 

Listed below are assumptions that are pertinent to the present fracture mechanics evaluation.  

1) The anomaly is assumed to include a "crack-like" defect, located at the triple-point location 

and extending all the way around the circumference.  

2) Other "crack-like" defects are assumed to be of a semi-elliptical shape with a 2:1 aspect 

ratio (semi-circular flaw).  

3) A 25 year design life is assumed for the fatigue crack growth analysis.  

4) It is assumed that the weld residual stresses due to the new repair weld are negligible and 

therefore can be neglected in the present analysis, as discussed in Reference 17.  

5) A final flaw size of [ ] inch will be used as a design limit on fatigue crack growth.  

6) An RTNDT value of 60 OF is conservatively assumed for the SA-533, Grade B low alloy 

reactor vessel head material. This is based on a highest measured value of 40 OF for 13 

heats of SA-533 Grade B plate material (Reference 4).

5
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3.0 WELD ANOMALY 

The anomaly is located in the triple point region as shown in Figure 1 below.  

_IT

Figure 1. Weld Anomaly in Temper Bead Weld Repair 

The region is called a "triple point" since three materials intersect at this location. The materials 
are: 

a) the Alloy 600 CRDM nozzle material, 

b) [ ],* and 

c) the low alloy steel RV head material.

I
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3.1 Postulated Flaw 

The triple point weld anomaly is assumed to be semi-circular in shape with an initial radius of 

]", as indicated in Figure 1. It is further assumed that the anomaly extends 360' around the 

nozzle. Three flaws are postulated to simulate various orientations and propagation directions 

for the anomaly. A circumferential and an axial flaw on the outside surface of nozzle would both 

propagate in a horizontal direction toward the inside surface. A cylindrically oriented flaw along 

the interface between the weld and head would propagate downward between the two 

components. The horizontal and vertical flaw propagation directions are represented in Figure 2 

by separate paths for the downhill and uphill sides of the nozzle, as discussed below. For both 

these directions, fatigue crack growth will be calculated considering the most susceptible 

material for flaw propagation.  

Horizontal Direction (Paths 1 and 2): 

Flaw propagation is across the CRDM tube wall thickness from the OD of the tube to the 

ID of the tube. This is the shortest path through the component wall, passing through the 

new Alloy 690 weld material. However, Alloy 600 tube material properties or equivalent 

are used to ensure that another potential path through the HAZ between the new repair 

weld and the Alloy 600 tube material is bounded.  

For completeness, two types of flaws are postulated at the outside surface of the tube.  

A 3600 continuous circumferential flaw, lying in a horizontal plane, is considered to be a 

conservative representation of crack-like defects that may exist in the weld anomaly.  

This flaw would be subjected to axial stresses in the tube. An axially oriented semi

circular outside surface flaw is also considered since it would lie in a plane that is normal 

to the higher circumferential stresses. Both of these flaws would propagate toward the 

inside surface of the tube.  

Vertical Direction (Paths 3 and 4): 

Flaw propagation is down the outside surface of the repair weld between the weld and 

RV head. A semi-circular cylindrically oriented flaw is postulated to lie along this 

interface, subjected to radial stresses with respect to the tube. This flaw may propagate 

through either the new Alloy 690 weld material or the low alloy steel RV head material.

7
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4.0 MATERIAL PROPERTIES 

The region of interest for the present flaw evaluation is near the triple point location. As stated 

in Section 3.0, at this location three different materials intersect. The three materials are the 

CRDM nozzle material, the new weld material and the reactor vessel (RV) head material.  

Surry Units 1 & 2 CRDM nozzles are made from Alloy 600 material to ASME specification SB

167 for tubular products (Reference 2). The new weld material, as noted in Section 3.0, is made 

from Alloy 690 type material. The RV head (closure head center disk) is made from SA-533 

Grade B Class 1 material (Reference 2).  

4.1 Yield Strength 

Values of yield strength, Sy, are obtained from the 1989 Edition of the ASME Code (Reference 

9), as listed below.  

SA-533 Grade B Class 1 Low Alloy Steel Plate Material (RV Head) 

Room temperature 50.0 ksi 

Operating temperature of 600 OF 43.8 ksi 

SB-1 63 Material N06690 (used for Alloy 52 Weld Metal) 

Room temperature 40.0 ksi 

Operating temperature of 600 OF 31.1 ksi 

SB-167 Material N06600 (Alloy 600 Material) 

Room temperature 35.0 ksi 

Operating temperature of 600 IF 27.9 ksi 

4.2 Fracture Toughness 

4.2.1. Low Alloy Steel RV Head Material 

Fracture toughness curves for SA-533 Grade B, Class 1 material are illustrated in Figure A

4200-1 of Reference 3. At an operating temperature of 600 F, the Ka fracture toughness value 

for this material is above 200 ksi'Iin for the assumed RTNDT of 60 IF. An upper-shelf value of 

200 ksi'/in will be conservatively used for the present flaw evaluations.

8
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4.2.2. Alloy 600 and Alloy 690 Materials 

In Table 7 of Reference 12, Mills provides fracture toughness data for unirradiated Alloy 600 

material at 24 0C (75 OF) and 427 °C (800 OF) in the form of crack initiation values for the J

integral, Jc. Using linear interpolation and the LEFM plane strain relationship between J, and 

fracture toughness, Kjc, 

SJcE 2 
ý1-v 

the fracture toughness at an operating temperature of 600 OF is derived as follows: 

Note: v = 0.3 
1 kN/m = 1 kN/m + 4.448 N/lb x 0.0254 mlin = 0.00571 kip/in 

Mills [12] Code [9] 

Temp. Jo Jc E Kj.  

(F) (kN/m) (kiplin) (ksi) (ksi'Iin) 

75 382 2.18 31000 273 

600 522 2.98 28700 307 

800 575 3.28 27600 316 

Since brittle fracture is not a credible failure mechanism for ductile materials like Alloy 600 or 

Alloy 690, these fracture toughness measures, provided for information only, are not considered 

in the present flaw evaluations. However it should be noted that the fracture toughness 

measures of these ductile materials is significantly greater than the fracture toughness measure 

of the low alloy RV head material reported in Section 4.2.1.  

4.3 Fatigue Crack Growth 

Flaw growth due to fatigue is characterized by 

da 
dN 

where C. and n are constants that depend on the material and environmental conditions, AK, is 

the range of applied stress intensity factor in terms of ksi4in, and da/dN is the incremental flaw 

growth in terms of inches/cycle. For the embedded weld anomaly considered in the present 

analysis, it is appropriate to use crack growth rates for an air environment. Fatigue crack growth 

is also dependent on the ratio of the minimum to the maximum stress intensity factor; i.e., 

R = (KI)min / (KI)max

9
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SA-533 Grade B Class 1 Low Alloy Steel Plate Material (RV Head) 

From Article A-4300 of Section XI (Reference 3), the fatigue crack growth constants for 

subsurface flaws in an air environment are: 

n = 3.726 

C. = 2.67 x 10-11 

Alloy 600 and Alloy 690 (used for Alloy 52 Weld Metal) 

Fatigue crack growth rates for austenitic stainless steels are used to conservatively predict flaw 

growth in the new Alloy 52 repair weld. Using crack growth rates from Article C-3210 of Section 

XI (Reference 3) for austenitic stainless steels in an air environment, 

n = 3.3 

Co= CxS

C= 10 [ -10.009 + 8.12E-4xT - 1.13E-6xT2 + 1.02E-9xT3 ]
where

S= 1.0 for R<0

= 1.0 + 1.8R 

= -43.35 + 57.97R

for 

for

0 < R _< 0.79 

0.79 < R < 1.0

10
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5.0 APPLIED STRESSES 

The applied stresses are the cyclic stresses that contribute to fatigue crack growth. Fatigue 

stresses are obtained from the stress analysis of the CRDM temperbead design contained in 

Reference 101. The stresses for the controlling transient are combined with a zero stress at 

shutdown to produce a conservative stress range, since the triple point stresses are always 

positive due to the dominating effect of pressure. Incremental crack growth is conservatively 

calculated using the maximum stress range and a total of 300 cycles per year, based on the 

following transient frequencies: 

Transient Frequency 

Heatup/Cooldown [ ] cycles/60 years 

Plant Loading/Unloading [ ] cycles/60 years 

Remaining Transients (Rapid Transient) [ ] cycles/60 years 

Total ] ] cycles/60 years 

or about [ I cycles/year 

Stresses are available from Reference 10 for the four crack propagation paths illustrated in 

Figure 2. Paths 1 and 3 are located on the downhill (00) side of the nozzle and Paths 2 and 4 

are on the uphill (1800) side. Stresses are reported in a cylindrical coordinate system relative to 

the CRDM nozzle and include the three component directions (axial, hoop and radial) needed 

to calculate mode I stress intensity factors for the various postulated flaws. From Reference 10, 

the length of Paths 1 and 2 is [ ]" and the length of Paths 3 and 4 is [ ]". Stresses are 

provided at four uniform increments along each path.  

Stresses are presented for the heatup/cooldown transient in Table 1, for plant loading/unloading 

in Table 2, and for the rapid transient in Table 3. Since stresses are higher on the uphill side of 

the nozzle, the stresses for Paths 2 and 4 will be used to evaluate the postulated flaws at the 

triple point weld anomaly.  

Since the stresses in Reference 10 apply directly to a weld thickness of 0.505", they will be 

adjusted to account for the minimum weld thickness specified on the design drawing. When the 

inside surface of the weld is finished by grinding, the thickness of the weld is 

I I(Reference 1) 

Conservatively assuming that all the stress along Path 2 is due to bending, the stresses from 

Reference 10 are increased by the ratio 

I I 

This adjustment to stress is made as part of the flaw evaluations in Tables 3 and 5.  

'The stress analysis documented in Reference 10 was performed for Turkey Point Unit 3.  

Differences between Turkey Point Unit 3 and Surry Units I & 2 are minor, as discussed in 

Reference 5. Stresses from Reference 10 are therefore also considered to be applicable to 

Surry Units 1 & 2.

11
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Figure 2. Illustration of Crack Propagation Paths on the Finite Element Stress Model
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Table 1. Stresses for Heatup/Cooldown Transient (from Reference 10)

Triple Point Location

Legend for stress indicators: SX = radial stress 
SY = hoop stress 
SZ = axial stress

13
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Table 2. Stresses for Plant Loading/Unloading Transient (from Reference 10)

Triple Point Location 

I

Legend for stress indicators: SX = radial stress 
SY = hoop stress 
SZ = axial stress

14
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Table 3. Stresses for Rapid Transient (from Reference 10)

Triple Point Location

Legend for stress indicators: SX = radial stress 
SY = hoop stress 
SZ = axial stress

15
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6.0 FRACTURE MECHANICS METHODOLOGY 

This section presents several aspects of linear elastic fracture mechanics (LEFM) and limit 

load analysis (to address the ductile Alloy 600 and Alloy 690 materials) that form the basis of 

the present flaw evaluations. As discussed in Section 3.1, flaw evaluations are performed for 

flaw propagation Paths 2 and 4 in Figure 2.  

Path 2 represents a section across the new Alloy 52 weld metal which is equivalent to the 

thickness of the CRDM tube wall. Since the weld anomaly is located at the base of the OD of 

the CRDM tube and is assumed to be all the way around the circumference, a stress intensity 

factor (SIF) solution for a 360 degree circumferential crack on the OD of a circular tube is 

deemed appropriate. Therefore, the SIF solution of Buchalet and Bamford (Reference 13) is 

used in the analysis. However, this solution is applicable for a 360-degree part-through ID flaw.  

To develop an SIF solution for a 360 degree part-through OD flaw, an F function is determined 

based on SIF solutions of Kumar (References 14 and 15). The appropriate F function for an 

internal as well as an external circumferential flaw in a cylinder subjected to remote tension are 

determined first. The ratio of the F functions of the external flaw to the internal flaw is 

considered to be the appropriate multiplication factor for the Buchalet and Bamford SIF 

solution, to extend its application to an external crack. The materials to be considered for this 

path are the Alloy 600 tube material or the Alloy 52 weld metal. The fatigue crack growth rate 

properties for austenitic stainless steel as given in Appendix C of Reference 3 will be 

conservatively used in the analysis. A limit load analysis for an external circumferential flaw in 

a cylinder subjected to remote tension per Reference 15 is also performed to demonstrate the 

margins against the applied loads on the CRDM tube.  

An axially oriented semi-circular OD surface flaw is also considered in the evaluation, as 

illustrated by the schematic below.  

K Flaw Propagation Path 

Componert Waol 

- Semi-ELtliptica\ 
Flaw 

II---

where, a = initial flaw depth = [ ] inch 

I =2c = flaw length = inch 

t = wall thickness = [ ] inch 

An axial flaw is considered since the stresses in the CRDM penetration region are primarily 

due to pressure and therefore the hoop stresses are more significant. The SIF solution by Raju 

& Newman (Reference 16) for an external surface crack in a cylindrical vessel is used in the

16
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evaluation. The fatigue flaw growth analysis for the axial crack is also performed using the 

austenitic stainless steel properties.  

Path 4 represents the interface between the new repair weld and the RV head material. The 

potential for flaw propagation along this interface is likely if the radial stresses are significant 

between the weld and head. This assessment utilizes an SIF solution (Reference 11, Table 12.23) 

for a semi-circular surface crack in a flat plate subjected to radial stresses. Crack growth analysis 

is performed considering propagation through the Alloy 52 weld metal or the low alloy carbon steel 

material, whichever is limiting.  

The Irwin plasticity correction is also considered in the SIF solutions discussed above. This plastic 

zone correction is discussed in detail in Section 2.8.1 of Reference 11. The effective crack length 

is defined as the sum of the actual crack size and the plastic zone correction: 

ae =a+ry 

where ry for plane strain conditions (applicable for this analysis) is given by: 

r y =I 6-" ays-)2 
67 cy 2

17



fFRAMATOME ANP 32-5015219-01 

7.0 ANALYTICAL CONSIDERATIONS 

For low alloy steel materials such as the RV head material, the evaluation will be performed to the 

IWB-3612 acceptance criteria of Section Xl of the Code (Reference 3). The following 

considerations are made to address the flaw acceptance criteria for highly ductile materials such 

as Alloy 600 and Alloy 690 type materials. The assumed initial flaw size to thickness ratio in this 

analysis is about 20%. Fatigue crack growth under normal operating loads is minimal for Alloy 600 

or Alloy 690 materials in an air environment. The only acceptance criterion on flaw size is the 

industry developed 75% through-wall limit on depth (Reference 8): 

a a ___0.75 

t 

For the shallow cracks considered in the present analysis, this criterion is easily met. Another 

acceptance criteria for ductile materials is demonstration of sufficient limit load margin. From IWB

3642 (Reference 3), the required safety margin, based on load, is a factor of 3 for normal 

operating conditions.  

The calculated stress intensity factors are also compared against the required fracture toughness 

margins of 410 for normal operating conditions. As noted in the Section 2.0, the final flaw size of 

the anomaly after fatigue crack growth is not to exceed [ ] inch.  

From Reference 17, residual stresses due to the repair weld need not be considered in the 

present flaw evaluations.

18



8.0 FLAW EVALUATIONS 

The flaw evaluations for flaw propagation Path 2 are contained in Tables 4 through 6. The fatigue 

crack growth (FCG) analysis of the continuous external circumferential flaw in a CRDM tube is 

provided in Table 4. A limit load analysis, for this type of postulated flaw, is summarized in Table 

5. Finally, the fatigue crack growth analysis for an external axial flaw in a CRDM tube is 

documented in Table 6.  

The FCG evaluations for flaw propagation Path 4 are contained in Table 7.

19
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Table 4. Evaluation of Continuous External Circumferential Flaw 

for Fatigue Crack Growth Along Path 2 

INPUT DATA

Pipe Geometry:

Flaw Size: 

Environment:

Material Strength:

Outside diameter, 
Inside diameter, 
Mean radius, 
Thickness, 

Flaw depth, 

Temperature, 

Yield strength,

Do = 
Di = 
R= 
t= 

Ri/t=

in.  
in.  
in.  
in.

3.098

a= [ ] in.  
a/t = 0.205 

T = 600 F 

y.s. = 27.9 ksi

Surry Path Horiz NP.xls

32-5015219-01

] ] 
] 
]

Input20
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Table 4. Evaluation of Continuous External Circumferential Flaw 
for Fatigue Crack Growth Along Path 2 (Cont'd) 

CRACK GROWTH RATES IN AUSTENITIC PIPING 

Fatigue crack growth rate, 1989 ASME Code, Section XI, Appendix C (Reference 3): 

da/dN = Co*(AKI)n

where:

In air:

32-5015219-01

da = change in crack depth, in.  
AKI = change in stress intensity factor, ksi/in 

n = 3.3 
C0 = C*S 

C = 1 0[ -10.009 + (8.12E-4)*T - (1.13E-6)*TA2 + (1.02E-9)T^3] 

= 1.96E-10 
R = Klmin / Klmax 

S= 1.0 when R<0 

= 1.0 + 1.8R when 0 < R•< 0.79 

= -43.35 + 57.97R when 0.79 < R < 1.0

Growth RatesSurry Path Horiz NP.xls 21
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Table 4. Evaluation of Continuous External Circumferential Flaw 
for Fatigue Crack Growth Along Path 2 (Cont'd) 

STRESS INTENSITY FACTOR FOR CIRCUMFERENTIAL FLAW 

Basis: Buchalet and Bamford solution for continuous circumferential flaws 

on the inside surface of cylinders (Ref. 13) 

KI = 4,(7c*a) * [ A0 F1 + (2ah/) A1 F2 + (a2/2) A2 F3 + (4a 3)/(37E) A3 F4 3 

where, F1 = 1.1259 + 0.2344(a/t) + 2.2018(a/t)2 - 0.2083(a/t) 

F2 = 1.0732 + 0.2677(a/t) + 0.6661(a/t)2 + 0.6354(a/t)3 

F3 = 1.0528 + 0.1065(a/t) + 0.4429(a/t)2 + 0.6042(a/t)3 

F4 = 1.0387 - 0.0939(a/t) + 0.6018(a/t) 2 + 0.3750(a/t)
3 

and the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Aix + A2 x2 + A3 x3.  

Applicablility: Ri/t = 10 
a/t < 0.8 

Axial Stresses: 

Wall Normal/Upset Cond. Ratioed Stresses 
Position Stresses [10] Factor 1.071 

x NU1 NU2 NU1 NU2 
(in.) (ksi) (ksi) (ksi) (ksi) 

H ] [ [ I [ I [ I [ ] [ I [ I [ I [ ] 
[ I [ ] [ I [ I] I 
[ ] [ ] [ I [ ] [ I 
[ I [ ]I [ ] I I I 

Stress Coefficients: 

Normal/Upset 
Stress Loading Conditions 
Coeff. NU1 NU2 

(ksi) (ksi) 

A0  [ ] [ 
A1 , I [ ] 
A2  [ ] [ 

A3 [ ] [

Surry Path Horiz NP.xls Stress; Circ. KI22
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Table 4. Evaluation of Continuous External Circumferential Flaw 
for Fatigue Crack Growth Along Path 2 (Cont'd) 

3rd Order Polynomial Stress Fit for Loading Condition NUl: 

S = AO + Al*x + A2*xA2 + A3*XA3 

[B]{A} = {S} 
{A} = [BAT B]A(-1) [B]AT{S}

{s}

[ 
[

I 
I

[ [ 
[ 
I

I

[B] 
1 x x^2 xA3 

[ I [ ] [ B [ B 
[ ] [ ] [ ] [ I 
[ ] [ ] [ ]I [ 
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Table 4. Evaluation of Continuous External Circumferential Flaw 

for Fatigue Crack Growth Along Path 2 (Cont'd) 

Variation of F Function between Continuous External and Continuous Internal Circumferential Flaws 

Using Solutions by V. Kumar et al.  

Source: EPRI NP-1931 Topical Report, Section 4.3 for F Function for An Internal Circumferential 

Crack Under Remote Tension (Ref. 14).  

The applied KI equation is given by the expression: 

KI = a*4(it*a)*F(a/b, Ri/Ro) 
where 

a= P/Q(*(RoA2 - RiA2) 

and F is a function of a/b and Ri/Ro or b/Ri.  

For this application: 
a/b = 0.205 

Ri/Ro = 0.756 
b/Ri = 0.323 

By extrapolation from Table 4-5 of EPRI-1931, F is estimated to be: 

F = 1.16 

Source: GE Report SRD-82-048, Prepared for EPRI Contract RP-1237-1, Fifth & Sixth 

Semi-Annual Report, Section 3.5 for F Function (Ref. 15).  

For the external circumferenital crack, the expressions for KI and a are as defined 

above for the internal circumferential crack.  

From Figure 3-11, the F function for: 
a/b = 0.205 

Ri/Ro = 0.756 
is estimated to be, 

F = 1.25 

Multiplying Factor: 

To estimate the stress intensity factor for an external cicumferential crack from the 

solution for an internal circumferenital crack under remote tension, the appropriate 

multiplying factor is: 1.08

Surry Path Horiz NP.xls Stress; Circ. KI24
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Table 4. Evaluation of Continuous External Circumferential Flaw 
for Fatigue Crack Growth Along Path 2 (Cont'd) 

CRACK GROWTH FOR CIRCUMFERENTIAL FLAW

Aa = AN * Co(AKI)n

AN= [ 
Duration = 25 

N=[

fatigue cycles / year 
years 
total number of fatigue cycles

NU1 
a KI(a)max 

I:.. ;J

NU2 
KI(a)min AKI 
tlehin'in tIek~inin

R S Co Aa 
(in.)

NU1 
ae KI(ae)max 

(ksiqin)

Circ. Growth
Surry Path Horiz NP.xls

Basis:

Let:

Cycle
n-, k .'.I - ---I fiesi-AnN

] 
]
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Table 5. Limit Load Analysis for a Continuous External Circumferenital Flaw 

LIMIT LOAD 

Basis: GE Report SRD-82-048, Combined Fifth and Sixth Semi-Annual Report 

by V. Kumar et al, Section 3.5 (Ref. 15).  

For remote tension loading, 

Po = 2N3*ao*-n*(Rc 2-Ri 2) 

where 
Rc = Ro - a 

and 
U0 = 30000 psi (conservatively using the minimum yield strength) 

Ro=[ in.  
a= [ ] in.  

Rc= [ ]in.  
Ri = [ ] in.  

Then 
Po= 139620 lbs 

A bounding axial tube load on the CRDM tube is the hydrostatic test load: 

P = (7cRi 2)*(3110 psig) 
= 22336 lbs 

The limit load safety margin is: 

Po/P = 6.25 

This safety margin is greater than the value of 3 required by Article IWB-3642 

of Section XI (Reference 3).

32-5015219-01
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Table 6. Evaluation of an External Axial Flaw 

for Fatigue Crack Growth Along Path 2 

STRESS INTENSITY FACTOR FOR AXIAL FLAW 

Basis: Raju & Newman, "Stress Intensity Factors for Internal & External 

Surface Cracks in Cylindrical Vessels (Ref. 17) 

KI = ",(7r/Q) * [Go A0 a' 5 +G1 A1 a15 +G2 A2 a
2 5 + G3 A3 a'-' 

where, per Table 4, for an external surface crack and 

for t/R = 0.25, a/t = 0.2, 2d/h = 1, and a/c = 1.0

Go= 

G= 

G2 = 
G3=

and

1.030 
0.720 
0.591 
0.513

Q = 2.464 = (1 + 1.464*(a/c)A1 .65)

and the through-wall stress distribution is described by the third order polynomial, 

S(x) = Ao + Ax + A2X2 + A3x3.  

Hoop Stresses:

Wall 
Position 

x

Normal/Upset Cond.  
Stresses [101

NU1

Ratioed Stresses 
Factor= 1.071

- - I .-... T NU'I NUZ __

NU2
(in.) (ksi) (kSi) (ksi) (ksi) 

[ 11[ I I[ 1 1 [ ] 

[I ] [ ] [ Il[ I [ ] 
I 1 1 [ 1 [ . 1[

Stress Coefficients:

Normal/Upset 
Stress Loading Conditions 
Coeff. NU1 NU2 

I (ksi) (ksi)

Ao 

A1 

A 2 

A3

[ I 
[ l 
[ ] 
I I

I I 
[I 1 
[ ] 

[

R-N Axial KI
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Table 6. Evaluation of an External Axial Flaw 
for Fatigue Crack Growth Along Path 2 (Cont'd) 

3rd Order Polynomial Stress Fit for Loading Condition NUI: 

S = AO + A1*x + A2*xA2 + A3*xA3 

[B]{A} = {S} 
{A} = [BAT B]A(-1) [B]AT{S}

{S1 
t I 
[ I 
II I 
[ I 
[ I

[B] 1 x x^2 x^3 
[ ] [ ] [ I] [ ] 
[I I [ ] [ ] [ I 
[ ] [I I [ I [ ] 
[ It I] [ ] [ ] 
[ I[ ][ It I 

[BAT B]

I [ 
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Table 6. Evaluation of an External Axial Flaw 
for Fatigue Crack Growth Along Path 2 (Cont'd) 

CRACK GROWTH FOR AXIAL FLAW 

Basis: Aa = AN * C0(AKI)n

AN= 
Duration = 

N=[

fatigue cycles / year 
25 years 

total number of fatigue cycles

NU1 NU2 
a KI(a)max KI(a)min AKI 

(in.) (ksi,4in) (ksi•/in) (ksi/in)
R S C Aa 

(in.)

NU1 
ae KI(ae)max 

(ksiqin)

Surry Path Horiz NP.xls

Let:

Cycle
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Table 7. Evaluation of a Semi-Elliptical Surface Crack 
for Fatigue Crack Growth Along Path 4 

INPUT DATA

Repair Geometry: Thickness of section, 
OD of weld, 
Half width of section,

Flaw Size:

Environment: 

Material Strength:

Flaw depth,

Temperature, 

Yield Strength,

a= [ ] in.  
a/t = 0.074 

T = 600 F 

y.s. = 27.9 ksi

Surry Path Vert NP.xls

Do = 
W=

] 
]

in.  
in.  
in.

[ [ 
[

30 Input
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Table 7. Evaluation of a Semi-Elliptical Surface Crack 

for Fatigue Crack Growth Along Path 4 (Cont'd) 

STRESS INTENSITY FACTOR FOR SEMI-ELLIPTICAL SURFACE CRACK 

Basis: Anderson T.L., "Fracture Mechanics: Fundamentals and Applications", 
Table 12.23, Semi-elliptical Surface Crack in a Flat Plate.  

KI = q/(7a/Q) * (Go Ao + G1 A, a +G 2 A2 a
2 + G3 A3 a3 )f, 

For a/c = 1.0, a/t <= 0.2, 2/ic = 1, 

and c=a= [ ] in.  

Go= 1.021 

G1 = 0.717 

G2 = 0.589 
G3 = 0.513 

Q = 2.464 = (1 + 1.464*(a/c)A1.65) 

f. = [ ] = [sec((iT*c)/(2*W)*sqrt(a/t))]*0.5 

The through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Ajx + A2x2 + A3x3 

Radial Stresses:

Wall Normal/Upset Cond. Ratioed Stresses 
Position Stresses [101 Factor = 1.071 

x NU1 NU2 NU1 NU2 
(in.) (ksi) (ksi) (ksi) (ksi) 

[ S [ s [ C [ c [n] 

Stress Coefficients:

Surry Path Vert NP.xls

Normal/Upset 
Stress Loading Conditions 
Coeff. NU1 NU2 

(ksi) (ksi) 
A0  [ ] [ I 
A1 , ][ 
A2  [ ] [ l 
A3 [ ] [

31 R-N Plate KI



Framatome ANP

Table 7. Evaluation of a Semi-Elliptical Surface Crack 
for Fatigue Crack Growth Along Path 4 (Cont'd) 

3rd Order Polynomial Stress Fit for Loading Condition NUI: 

S = AO + A1*x + A2*xA2 + A3*xA3 

[B]{A} = {S} 
{A} = [BAT B]A(-1) [B]AT{S}

{s} 
[ ] 
[ ] 
[ ] 
[ ] 
[ I

[B] 
1 x xA2 xA3 
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[BAT B]
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[ 
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Table 7. Evaluation of a Semi-Elliptical Surface Crack 
for Fatigue Crack Growth Along Path 4 (Cont'd) 

CRACK GROWTH FOR SEMI-ELLIPTICAL SURFACE CRACK 

Basis: Aa = AN * Co(AKI)n

AN= 
Duration = 

N=[
25

fatigue cycles / year 
years 
total number of fatigue cycles

NU1 NU2 
a KI(a)max KI(a)min AKI 

(in.) (ksi~in) (ksk/in) (ksi~in)
R S Co Aa ry ae KI(ae)max 

(in.) (ksi-4in)

Surry Path Vert NP.xls

Let:

Cycle
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9.0 SUMMARY OF RESULTS 

The flaw evaluation results for 25 years of fatigue crack growth (FCG) are as follows.  

9.1 Flaw Propagation Path 2 

a) FCG analysis of a continuous external circumferential flaw in weld: 

Initial flaw size, ai [ in.  
Final flaw size, af = ] in. <[ in.  

Stress intensity factor at final flaw size, K, (aef) = 15.7 ksikin 
Fracture toughness K1. = 200 ksiqin 
Fracture toughness margin, Ki / Ki, = 12.7 > 410 

b) Limit load analysis for a continuous external circumferential flaw in weld: 

Bounding axial tube load, P(appl) = 22,336 lbs 
Limit load, Po = 139,620 lbs 

Limit load margins, Po / P(appl) = 6.25 > 3.0 

c) FCG analysis of a semi-circular external axial flaw in weld: 

Initial flaw size, ai [ in.  
Final flaw size, af =[ ] in.<[ ] in.  

Stress intensity factor at final flaw size, K, (aef) = 17.5 ksi4in 
Fracture toughness Kia = 200 ksi4in 
Fracture toughness margin, Ki / Kia = 11.4 > 410 

9.2 Flaw Propagation Path 4 

FCG analysis of a semi-circular surface flaw at weld/head interface: 

Initial flaw size, a=[ ]in.  
Final flaw size, af [ ] in. [ < in.  

Stress intensity factor at final flaw size, K, (aef) = 9.0 ksiqin 
Fracture toughness K18 = 200 ksi/in 
Fracture toughness margin, K I/ Kia = 22.2 > -10

34
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10.0 CONCLUSION 

The results of the analysis demonstrate that the [ ] inch weld anomaly is acceptable for a 25 

year design life of the CRDM ID temper bead weld repair. Significant fracture toughness margins 

have been demonstrated for both of the flaw propagation paths considered in the analysis. The 

minimum fracture toughness margins for flaw propagation Paths 2 and 4 have been shown to be 

11.4 and 22.2, respectively, as compared to the required margin of -,10 for normal operating 

conditions per Section XI, IWB-3612 (Reference 3). Fatigue crack growth is minimal. The 

maximum final flaw size is [ ] inches (considering both flaw propagation paths). A limit load 

analysis was also performed considering the ductile Alloy 600/Alloy 690 materials along flaw 

propagation Path 2. The analysis showed limit load margin of 6.25 for normal operating 

conditions, as compared to the required margin of 3.0 per Section XI, IWB-3642 (Reference 3).
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1.0 Introduction 

Due to the susceptibility of Alloy 600 reactor vessel head partial penetration nozzles to primary 

water stress corrosion cracking (PWSCC), a repair procedure has been developed for Surry Units 

1 & 2 wherein the lower portion of the CRDM nozzle is removed by a boring procedure and the 

remaining portion of the nozzle is welded to the low alloy steel reactor vessel head above the 

original Alloy 182 J-groove attachment weld, as shown in Figure 1. This repair design is more fully 

described by the design drawing [1] and the technical requirements document [2]. Except for a 

chamfer at the corner, the original J-groove weld will not be removed. Since a potential flaw in the 

J-groove weld can not be sized by currently available non-destructive examination 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 purpose of the present analysis is to determine from a fracture mechanics viewpoint the 

suitability of leaving degraded J-groove weld material in the vessel following repair of the nozzle.  

Since it is known from analysis of the Surry CRDM reactor vessel head nozzle penetrations [12] 

that the hoop stress in the J-groove weld is greater than the axial stress at the same location, 

by as much as a factor of two, the preferential direction for cracking would be axial, or radial 

relative to the nozzle. It is postulated that a radial crack in the Alloy 182 weld metal would 

propagate by PWSCC, through the weld and butter, to the interface with the low alloy steel head.  

It is fully expected that such a crack would then blunt and arrest at the butter-to-head interface [4].  

Since the height of the original weld along the bored surface is about 1.7", a radial crack depth 

extending from the corner of the weld to the low alloy steel head would be very deep. Ductile 

crack growth through the Alloy 182 material would tend to relieve the residual stresses in the weld 

as the crack grew to its final size and blunted. Although residual stresses in the head material are 

low (and even compressive) [12], it is assumed that a small flaw could initiate in the low alloy steel 

material and grow by fatigue. For the present analysis of the remaining J-groove weld, it is 

postulated that a small flaw in the head would combine with the stress corrosion crack in the weld 

to form a large radial corner flaw that would propagate into the low alloy steel head by fatigue 

crack growth.

4
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(1.000)

Figure 1. ID Temper Bead Weld Repair
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2.0 Geometry and Flaw Model 

It is postulated that a radial flaw is present in the low alloy steel head, extending from the 

chamfered corner of the remaining J-groove weld to the interface between the butter and head.  

Analytically, this flaw is crudely simulated using the corner flaw model shown below in Figure 2.  

Stress Line 

Figure 2. Corner Flaw Model 

The flaw depth, "a", is the radius to the crack front. The stress line shown in the figure above 

depicts a typical direction for consideration of a one-dimensional variation of stress through the 

area represented by the corner flaw model.  

Since a large flaw would have to be postulated if the J-groove weld was left in its original 

configuration after removal of the nozzle in the ID temper bead repair procedure, the design 

drawing [1] specifies a chamfer at the inside corner of the remaining weld to limit the height of 

the weld along the bored surface, from the inside corner to the low alloy steel head, to 1.000".  

This configuration was modeled in a three-dimensional finite element structural analysis [6] to 
determine operating stresses throughout the remaining weld, nozzle, and head. The finite 

element model of the outermost nozzle location includes a detailed geometrical representation 

of the remaining J-groove weld prep around the penetration. Stresses are reported along a line 

originating at the inside corner (Point 0) and oriented about 450 relative to the vertical bored 

surface, as shown in Figure 3 at the uphill location where the hoop stresses are the highest.  

The distance along the line, from Point 0 to the interface between the butter and head, is used 

for the depth of the postulated corner flaw. From Reference 6, the distance from the origin of 

the stress line at the uphill location to the butter/head interface is 1.0532", so that the initial flaw 
depth is 

a = 1.053 in.

6
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Figure 3. Orientation of Stress Line
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3.0 Material Properties 

The material used for the center portion of the reactor vessel head (closure head center disc) is 

SA-533, Grade B, Class 1 Mn-Mo low alloy steel plate [2].  

Yield Strength 

From the ASME Code, Section III, Appendix 1 [81, the specified minimum yield strength for the 

head material is 50.0 ksi below 100 OF and 43.8 ksi at 600 OF. The value at 600 OF is used as a 

conservative lower bound for yield strengths at operating temperatures less than 600 OF.  

Reference Temperature 

The RTNDT of the SA-533, Grade B low alloy reactor vessel head material is conservatively 

taken as 60 OF. This is based on a highest measured value of 40 °F for 13 heats of SA-533 

Grade B plate material [5].  

Fracture Tougqhness 

The lower bound Kia curve of Section XI, Appendix A, Figure A-4200-1 [10], which can be 

expressed as 

Kia = 26.8 + 1.233 exp [ 0.0145 (T - RTNDT + 160)], [11] 

represents the fracture toughness for crack arrest, where T is the crack tip temperature and 

RTNoT is the reference nil-ductility temperature of the material. Kia is in ksi'/in, and T and RTNDT 

are in OF. In the present flaw evaluations, Ka is limited to a maximum value of 200 ksihin (upper

shelf fracture toughness). Using the above equation with an RTNDT of 60 OF, K1a equals 200 

ksi/in at a crack tip temperature of 242 OF.

8
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Fatigue Crack Growth 

Flaw growth due to cyclic loading is calculated using the fatigue crack growth rate model from 

Article A-4300 of Section XI [10], 

da _a C.o(AKI )n, 

dN 

where AK, is the stress intensity factor range in ksibin and da/dN is in inches/cycle. The crack 

growth rates for a surface flaw will be used for the evaluation of the corner crack since it is 

assumed that the degraded condition of the J-groove weld and butter exposes the low alloy 

steel head material to the primary water environment.  

Fatigue Crack Growth Rates for Low Alloy Ferritic Steels in a Primary Water Environment 

Source: ASME Code, Section Xl, 1989 Edition with No Addenda [10] 

AKI = KImx- K1min 
R = Klmim / KImýx 

Accounting for the maximum effect of mean stress (R > 0.65), 

For AK, < 12 ksi'Iin, 
n = 5.95 

C. = 1.20 x 10"11 

For AK ý> 12 ksi'in, 
n = 1.95 

Co = 2.52 x 10'

9
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4.0 Fracture Mechanics Methodology 

The corner crack is analyzed using the following stress intensity factor solution: 

2a a24a~ 3 

K, = 17ca LO.706(Ao + Ap)+Q0.537( 7t )A, + 0.448L2 )A2 +0.393(tf7EJA3j 

[ Ref. 11, Eqn. (G-2.2) I 

where a is the depth of the crack and Ap is a term added to the Reference 11 solution to 

account for pressure on the crack face.  

The stress distribution in the radial direction is described by the third-order polynomial, 

a =Ao +Aix+A 2X2 +A 3X3 , [Ref. 11, Eqn. (G-2.1)] 

where x is measured from the inside corner.  

Irwin Plasticity Correction 

The Irwin plasticity correction is used to account for a moderate amount of yielding at the crack 

tip. For plane strain conditions, this correction is defined by 

ry =6-•k o ,a)) 

where, 

K,(a) = stress intensity factor based on the actual crack length, a, 

Gy = material yield strength.  

A stress intensity factor, Ki(ae), is then calculated based on the effective crack length, 

ae =a+ry.

10
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5.0 Applied Stresses 

Operational stresses are obtained from the results of a three-dimensional linear finite element 

analysis of the outermost CRDM nozzle head penetration that addresses the configuration after 

repair by the ID temper bead weld procedure of Reference 1. Stresses are available from 

Reference 6 at the 00 (downhill) and 1800 (uphill) sides of the nozzle bore for 7 transients: plant 

heatup and cooldown, plant loading and unloading, large step decrease, loss of load, loss of 

flow, reactor trip, and a composite transient that bounds the remaining transients. Stresses 

were reported in a cylindrical coordinate system relative to the nozzle so that the stress 

directions remain constant around the nozzle. The largest hoop stresses are found at the uphill 

side of the nozzle bore, or at the 1800 location. These stresses are perpendicular to the crack 

face and tend to open the corner crack. The operational stresses from Reference 6, calculated 

for the outermost CRDM nozzle location, conservatively bound the stresses at all other nozzle 

locations.  

The maximum and minimum hoop stresses are listed in Table 1 for each transient. Due to the 

dominating influence of pressure on stress, stresses remain positive for all transient conditions.  

The highest stresses occur during plant unloading, a large step decrease, and a reactor trip.  

The plant loading transient is used to recover from the loss of load, loss of flow, and reactor trip 

"down ramp" transients. A zero stress state at shutdown is paired with the large step decrease 

stresses to form the largest stress intensity factor range that need be considered for fatigue 

crack growth. Hoop stresses are listed in Table 1 for the uphill (1800) location, as a function of 

the radial position along the stress line shown in Figures 2 and 3. Stresses are reported for 9 

positions along the stress line as follows: the first 4 positions are within the weld material, the 

fifth position is at the butter/head interface, and the last 4 positions are located in the reactor 

vessel head base metal.

11
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Table 1. Operational Hoop Stresses on Uphill Side [6]

Parameter Loading Condition 

Transient Heatup/Cooldown Plant Loading/Unloading Large Step Decrease Loss of Load 

Time 4.77 hr. 12.94 hr. 0.333 hr. 3.333 hr. Shutdown 0.226 hr. Plant Load. 3.021 hr.  

Temperature O ]°F [ ]OF [ ]OF [ ]OF 70 F [ ]OF [ ]OF [ ]OF 

Pressure [ psig [ ] psig [ ] psig [ ] psig 0 psig [ ] psig [ ] psig [ ] psig 

x(in)* SY(psi) SY(psi) SY (psi) SY(psi) SY(psi)_1 SY (psi) SY (psi) SY (psi) 

0.0000 [ ] [ 0 [ ] [ ] 0 [ ] [ I [ 

0.2633 [ ] [ ] [ ] [ ] 0 [ ] [ [ ] 

0.5266 [ ] [ [ ] [ ] 0 [ ] [ ] [ 

0.7899 [ 0 [ ] [ ] [ ] 0 [ ] [ ] [ 

1.0532 [ [ ] [ ] [ ] 0 [ ] [ ] [ ] 

1.4448 [ ] [ ] [ ] [ ] 0 [ ] [ I [ 

1.8364 [ ] [ ] [ ] [ ] 0 [ ] [ ] [ 

2.2280 [ ] ] [ ] [ ] 0 [ 1 [ ] 

2.6195 [ ] [ ] [ ] [ ] 0 [ ] [ ]

* Location along path line PW_180 in Reference 6.

12
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Table 1. Operational Hoop Stresses on Uphill Side [6] (Cont'd)

Parameter F Loading Condition 

Transient Loss of Flow Reactor Trip Remaining Transient 

Time Plant Load. 3.025 hr. Plant Load. 0.143 hr. 0.144 hr. 3.152 hr.  

Temperature [ ]OF [ ]OF [ ]OF [ ]OF [ ]OF [ ]OF 

Pressure [ ]psig [ ] psig [ ] psig [ ]psig [ ] psig [ ]psig 

x (in.)* SY (psi) SY (psi) SY (psi) SY (psi) SY (psi) SY (psi) 

0.0000 [ ] [ ] I [ I [ ] 

0.2633 [ ] [ ] [ ] [ ] [ ] [ 

0.5266 [ ] [ 1 [ ] [ ] [ ] [ 

0.7899 [ ] [ ] [ ] [ ] [ ] [ ] 

1.0532 [ ] [ ] [ ] [ ] [ ] [ ] 

1.4448 [ ] [ 1 [ 1 [ ] [ ] ] 

1.8364 [ ] [ ] [ 1 [ 1 [ ] 

2.2280 [ ] [ ] [ ] [ I [ ] [ 

2.6195 [ ] [ ] [ ] [ ] [ ] [ ]

* Location along path line PW_180 in Reference 6.

13
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Residual stresses are not considered in the present flaw evaluations since a crack that has 

propagated all the way through the weld and butter would tend to relieve these stresses. A 

three-dimensional elastic-plastic finite element analysis was performed by Dominion 

Engineering, Inc. [12] to simulate the sequence of steps involved in arriving at the configuration 

of the CRDM nozzle and RV head after completion of the ID temper bead repair. This analysis 

simulated the heatup of the weld, butter, and adjacent material during the welding process and 

the subsequent cooldown to ambient temperature, a pre-service hydro test, and operation at 

steady state conditions. After the steady state loads were removed, and the structure was again 

at ambient conditions, the lower portion of the CRDM nozzle was deleted from the model below 

the temper bead weld. The stresses associated with this repair configuration are the residual 

stresses corresponding to an unflawed structure.  

The residual stresses from the Dominion Engineering analysis are listed in Table 2 and plotted 

in Figure 4. These stresses are in the original weld, before the weld is chamfered. The 

Dominion Engineering analysis [12] also showed that chamfering has only a small effect on the 

residual stress in the remaining material, less than 5 ksi. Although the residual hoop stress in 

the weld region is high, up to about 60,000 psi, the stress decreases to zero at the butter-to

head interface (the postulated crack tip), and is compressive in the head. These stresses would 

be relieved as the crack propagates through the weld, and a crack at the butter-to-head 

interface would experience only compressive stress ahead of the crack.

14



32-5015650-01Framatome ANP

Table 2.  

Residual Hoop Stresses in the Unflawed Structure After Nozzle Removal [12] 

Note: Nozzle yield strength = 48.5 ksi 
Penetration angle = 42.9 degrees

Global Coordinates
Location

Inside Surface of Weld 
Weld 
Weld 
Weld 

Weld/Butter Interface 
Butter/Head Interface 

Head 
Head 
Head 
Head 
Head 
Head 
Head

" Distance along a stress line, originating at the inside corner of the original weld, 

and oriented about 15 degrees off the vertical bored surface (similar to Figure 3).

15

Node

80605 
80807 
81008 
81209 
81410 
81511 
81611 
81711 
81811 
81911 
82011 
82111 
82211

x 
(in.) 

2.0000 
2.1764 
2.3189 
2.4274 
2.5021 
2.6358 
2.6862 
2.7569 
2.8563 
2.9959 
3.1920 
3.4674 
3.8544

Z 

(in.) 
59.075 
59.886 
60.498 
60.884 
61.126 
61.472 
61.795 
62.249 
62.886 
63.782 
65.040 
66.808 
69.291

Hoop 
Stress 
(psi)

[ 
[ 

[ 
[I

ASM1 

(in.) 
0.000 
0.830 
1.458 
1.859 
2.112 
2.480 

2.805 
3.263 
3.906 
4.811 
6.083 
7.871 

10.383
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Figure 4. Residual Hoop Stresses in Unflawed Structure After Nozzle Removal
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6.0 Flaw Evaluations 

A fracture mechanics analysis is performed by calculating stress intensity factors at increments 

of fatigue crack growth for comparison with the fracture toughness requirements of Section Xl.  

Article IWB-3612 [10] requires that a safety factor of 410 be used is applied when comparing 

the applied stress intensity factor to the material fracture toughness. Calculations are performed 

for a postulated radial corner crack on the uphill side of the outermost CRDM nozzle head 

penetration.  

The actual fracture mechanics calculations are presented in Tables 3 through 9. The applied 

hoop stresses (perpendicular to the plane of the postulated crack) are listed in Table 1 for 

seven transients. Since temperature for each transient condition is above 242 *F (from Section 

3), the fracture toughness is limited to an upper-shelf value of 200 ksi/in for all flaw evaluations.  

Fatigue crack growth is calculated on a yearly basis using the following pattern for accumulating 

cycles: 

Transient Cycles / 60 Years Cycles I Year 

Heatup and Cooldown 

Plant Loading and Unloading 

Large Step Decrease 

Loss of Load 

Loss of Flow 

Reactor Trip 

Remaining Transient* 

* The remaining transient includes 2000 cycles of the 10% step changes 

and 40 cycles of the loss of power transient.  

These cycles are distributed uniformly over the service life by linking the incremental crack 
growth between Tables 3 through 9.

17
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown 

INPUT DATA

Initial Flaw Size: 

Material Data:

Depth,

Temperature, 
Yield strength,

a= 1.0532 in.

Sy -

353 F 

43.8 ksi

Reference temp., 
Upper shelf tough.

RTndt 20 F 
= 200 ksiin

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)] 

Kla is limited to the upper shelf toughness.

Arrest toughness, Kla = 200 ksi•/in

Applied Loads:

* Heatup/Cooldown Transient at 12.94 hours 
** Heatup/Cooldown Transient at 4.77 hours

100 CRDM HU-CD NP.xls

Loading Conditions 
CD* HU** 
Pressure, p (ksi) 

Position 1.483 2.235 
x Hoop Stress 

(in.) (ksi) (ksi) 
0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195

32-5015650-01
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown (Cont'd) 

STRESS INTENSITY FACTOR 

Kl(a) = 4/(na) [ 0.706(Ao+Ap) + 0.537(2a/h)A 1 + 0.448(a 2/2)A2 + 0.393(4a3/317)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Ajx + A2x
2 + A3x3, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(67r)*[KI(a)/Sy]2 

Effective stress intensity factor: 

KI(ae) = q(rae) [ 0.706(Ao+Ap) + 0.537(2ae/n)A, + 0.448(ae2/2)A2 + 0.393(4ae3/3?T)A 3 ]

100 CRDM HU-CD NP.xls

Stress Loading Conditions 
Coeff. CD HU 

(ksi) (ksi) 
A0 

A1 

A2 
A3 L_

19
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown (Cont'd) 

FATIGUE CRACK GROWTH 

Let: AN = EL. cycles/year

Operating 
Time Cycle 

N~

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 

.18.00 

19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00

CD 

a KI(a)

1.0532 46.39 
1.0648 46.53 
1.0764 46.66 
1.0880 46.78 
1.0997 46.91 
1.1115 47.04 
1.1233 47.16 
1.1351 47.29 
1.1469 47.41 
1.1588 47.53 
1.1708 47.65 
1.1828 47.77 
1.1948 47.88 
1.2068 48.00 
1.2189 48.11 
1.2310 48.23 
1.2432 48.34 
1.2554 48.45 
1.2676 48.56 
1.2799 48.67 
1.2922 48.77 
1.3045 48.88 
1.3168 48.98 
1.3292 49.09 
1.3416 49.19 
1.3540 49.29

HU 
Kl(a) 

(k~ih/in/

28.21 
28.32 
28.43 
28.55 
28.66 
28.77 
28.88 
28.98 
29.09 
29.20 
29.31 
29.42 
29.52 
29.63 
29.73 
29.84 
29.94 
30.05 
30.15 
30.25 
30.35 
30.46 
30.56 
30.66 
30.76 
30.86

AKI Aa
CD 
ae 

(in.

HU CD 
ae KI(ae) 

(in. ('ksiqin)

18.18 0.00024 1.1127 1.0752 47.05 
18.20 0.00024 1.1246 1.0870 47.18 
18.22 0.00024 1.1366 1.0987 47.30 
18.24 0.00024 1.1486 1.1106 47.42 
18.26 0.00024 1.1606 1.1224 47.55 

18.27 0.00024 1.1727 1.1344 47.67 
18.29 0.00024 1.1848 1.1463 47.78 
18.30 0.00024 1.1969 1.1583 47.90 
18.31 0.00024 1.2091 1.1703 48.02 
18.33 0.00024 1.2213 1.1824 48.13 

18.34 0.00024 1.2336 1.1945 48.25 
18.35 0.00024 1.2459 1.2067 48.36 
18.36 0.00024 1.2582 1.2189 48.47 

18.37 0.00025 1.2705 1.2311 48.58 
18.38 0.00025 1.2829 1.2434 48.69 
18.39 0.00025 1.2954 1.2557 48.80 

18.40 0.00025 1.3078 1.2680 48.91 

18.40 0.00025 1.3203 1.2804 49.01 
18.41 0.00025 1.3328 1.2927 49.12 
18.41 0.00025 1.3454 1.3052 49.22 
18.42 0.00025 1.3579 1.3176 49.32 

18.42 0.00025 1.3705 1.3301 49.43 
18.43 0.00025 1.3832 1.3426 49.53 

18.43 0.00025 1.3958 1.3552 49.63 
18.43 0.00025 1.4085 1.3678 49.72 

18.43 0.00025 1.4212 1.3804 49.82

HU CD HU 
Kl(ae) Margin = Kla / Kl(ae) 

(ksibin)

28.42 
28.54 
28.65 
28.76 
28.87 
28.98 
29.09 
29.20 
29.30 
29.41 
29.52 
29.63 
29.73 
29.84 
29.94 
30.05 
30.15 
30.26 
30.36 
30.46 
30.56 
30.67 
30.77 
30.87 
30.97 
31.07

4.25 
4.24 
4.23 
4.22 
4.21 
4.20 
4.19 
4.18 
4.16 
4.16 
4.15 
4.14 
4.13 
4.12 
4.11 
4.10 
4.09 
4.08 
4.07 
4.06 
4.05 
4.05 
4.04 
4.03 
4.02 
4.01

7.04 
7.01 
6.98 
6.95 
6.93 
6.90 
6.88 
6.85 
6.82 
6.80 
6.78 
6.75 
6.73 
6.70 
6.68 
6.66 
6.63 
6.61 
6.59 
6.57 
6.54 
6.52 
6.50 
6.48 
6.46 
6.44

100 CRDM HU-CD NP.xls 20

ye.  
in Iksi-Jin) (ksi4inl (ksi4in) (in
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown (Cont'd) 

FRACTURE TOUGHNESS MARGINS 

Period of Operation: Time = 5.00 years 

Final Flaw Size: a = 1.1115 in.  

Margin = Kla / Kl(ae)

32-5015650-01

ksi'in 
ksi'/in

100 CRDM HU-CD NP.xls

Loading Conditions 
CD HU

Fracture Toughness, Kla 200.0 200.0 

Kl(ae) 47.67 28.98 

Actual Margin 4.20 6.90 

Required Margin 3.16 3.16

21
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Table 4. Evaluation of CRDM Nozzle Corner Crack for Plant Loading/Unloading 

INPUT DATA

32-5015650-01

Initial Flaw Size: 

Material Data:

Depth,

Temperature, 
Yield strength,

a = 1.0534 in.  

T = 547 F 

Sy = 43.8 ksi

Reference temp., 
Upper shelf tough.

RTndt 20 F 
= 200 ksi'in

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)1 

Kla is limited to the upper shelf toughness.

Arrest toughness,

Applied Loads:

Position 
X 

(in.) 

0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195

Kla = 200 ksi'Jin

Loading Conditions 
PU* PL** 

Pressure, p (ksi) 
2.235 2.235 

Hoop Stress 
(ksi) (ksi)

* Plant Loading/Unloading Transient at 3.333 hours 

** Plant Loading/Unloading Transient at 0.333 hours

22100 CRDM Load-Unload NP.xls
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Table 4. Evaluation of CRDM Nozzle Corner Crack for Plant Loading/Unloading (Cont'd) 

STRESS INTENSITY FACTOR 

Kl(a) = 4(7ca) [ 0.706(Ao+Ap) + 0.537(2a/7)A 1 + 0.448(a 2/2)A2 + 0.393(4a 3/371)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Alx + A2X2 + A3 x3, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(6n)*[Kl(a)/SY]2 

Effective stress intensity factor: 

KI(ae) = 4(irae) [ 0.706(Ao+Ap) + 0.537(2aeht)A1 + 0.448(ae 2/2)A 2 + 0.393(4ae 3 /3A 3 ]

100 CRDM Load-Unload NP.xls

Stress Loading Conditions 
Coeff. PU PL 

(ksi) (ksi) 
A0 

A1 

A2 
A 3

32-5015650-01
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Table 4. Evaluation of CRDM Nozzle Corner Crack for Plant Loading/Unloading (Cont'd) 

FATIGUE CRACK GROWTH 

Let: AN= [ ] cycles/year 

Operating PU PL PU PL PU PL PU PL 

Time Cycle a KI(a) Kl(a) AKI Aa ae ae Kl(ae) KI(ae) Margin = Kla / KI(ae) 

(yr.) (in.) (ksi/in) (ksibin) (ksibin) (in.) (in.) (in.) (ksi4in) (ksi4in) 

0.00 1.0534 60.48 36.03 24.44 0.00642 1.1546 1.0893 61.88 36.40 3.23 5.49 
1.00 1.0650 60.65 36.15 24.49 0.00644 1.1667 1.1012 62.04 36.52 3.22 5.48 

2.00 1.0766 60.81 36.27 24.54 0.00647 1.1789 1.1130 62.19 36.64 3.22 5.46 

3.00 1.0883 60.98 36.39 24.59 0.00649 1.1911 1.1249 62.35 36.76 3.21 5.44 

4.00 1.1000 61.14 36.51 24.63 0.00651 1.2034 1.1368 62.50 36.88 3.20 5.42 

5.00 1.1117 61.31 36.63 24.68 0.00654 1.2157 1.1488 62.65 36.99 3.19 5.41 
6.00 1.1235 61.47 36.75 24.72 0.00656 1.2280 1.1608 62.80 37.11 3.18 5.39 

7.00 1.1353 61.63 36.86 24.76 0.00658 1.2403 1.1729 62.95 37.22 3.18 5.37 
8.00 1.1472 61.78 36.98 24.81 0.00660 1.2527 1.1850 63.09 37.34 3.17 5.36 

9.00 1.1591 61.94 37.09 24.85 0.00662 1.2652 1.1971 63.24 37.45 3.16 5.34 
10.00 1.1710 62.09 37.21 24.89 0.00665 1.2777 1.2093 63.38 37.56 3.16 5.32 

11.00 1.1830 62.25 37.32 24.93 0.00667 1.2902 1.2215 63.52 37.67 3.15 5.31 

12.00 1.1950 62.40 37.43 24.97 0.00669 1.3027 1.2338 63.66 37.78 3.14 5.29 

13.00 1.2071 62.55 37.54 25.00 0.00671 1.3153 1.2460 63.80 37.89 3.13 5.28 

14.00 1.2192 62.69 37.65 25.04 0.00673 1.3279 1.2584 63.93 38.00 3.13 5.26 

15.00 1.2313 62.84 37.76 25.08 0.00674 1.3405 1.2707 64.07 38.11 3.12 5.25 

16.00 1.2434 62.98 37.87 25.11 0.00676 1.3531 1.2831 64.20 38.22 3.12 5.23 

17.00 1.2556 63.12 37.98 25.15 0.00678 1.3658 1.2955 64.33 38.32 3.11 5.22 

18.00 1.2679 63.27 38.08 25.18 0.00680 1.3785 1.3080 64.46 38.43 3.10 5.20 

19.00 1.2801 63.41 38.19 25.22 0.00682 1.3913 1.3204 64.59 38.53 3.10 5.19 

20.00 1.2924 63.54 38.30 25.25 0.00683 1.4041 1.3330 64.72 38.64 3.09 5.18 

21.00 1.3047 63.68 38.40 25.28 0.00685 1.4169 1.3455 64.85 38.74 3.08 5.16 

22.00 1.3171 63.82 38.50 25.31 0.00687 1.4297 1.3581 64.97 38.84 3.08 5.15 

23.00 1.3294 63.95 38.61 25.34 0.00688 1.4425 1.3707 65.10 38.95 3.07 5.14 
24.00 1.3418 64.08 38.71 25.37 0.00690 1.4554 1.3833 65.22 39.05 3.07 5.12 

25.00 1.3543 64.21 38.81 25.40 0.00692 1.4683 1.3959 65.34 39.15 3.06 5.11

100 CRDM Load-Unload NP.xls

32-5015650-01
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Table 4. Evaluation of CRDM Nozzle Corner Crack for Plant Loading/Unloading (Cont'd) 

FRACTURE TOUGHNESS MARGINS 

Period of Operation: Time = 5.00 years 

Final Flaw Size: a= 1.1117 in.  

Margin = Kla / Kl(ae) 

Loading Conditions 
PU PL

Fracture Toughness, Kla 200.0 200.0 

Kl(ae) 62.65 36.99 

Actual Margin 3.19 5.41 

Required Margin 3.16 3.16

ksi4in 
ksi4in

100 CRDM Load-Unload NP.xls 25
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Table 5. Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease 

INPUT DATA

Initial Flaw Size: 

Material Data:

Applied Loads:

Depth, a = 1.0599 in.  

Temperature, T = 528 F 

Yield strength, Sy = 43.8 ksi 

Reference temp., RTndt = 20 F 

Upper shelf tough. = 200 ksi4in 

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)] 

Kla is limited to the upper shelf toughness.  

Arrest toughness, Kla = 200 ksilin

* Large Step Decrease at 0.226 hours 

** Shutdown

100 CRDM Large Step Decrease NP.xls

Loading Conditions 
LSD* SD**
Pressure, p (ksi) 

Position 1.960 0.000 
x Hoop Stress 

(in.) (ksi) (ksi) 
0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195
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Table 5. Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease (Cont'd) 

STRESS INTENSITY FACTOR 

KI(a) = '(ia) [0.706(Ao+Ap) + 0.537(2a/h)A 1 + 0.448(a 2/2)A2 + 0.393(4a3/31i)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Ajx + A2X2 + A3x3, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(67t)*[Kl(a)/SyI2 

Effective stress intensity factor: 

Kl(ae) = 4/(gae) [ 0.706(Ao+Ap) + 0.537(2aj•c)A 1 + 0.448(ae2/2)A2 + 0.393(4ae3/37E)A 3 ]

100 CRDM Large Step Decrease NP.xls

Stress Loading Conditions 
Coeff. RT SD 

(ksi) (ksi) 

A, 

A 2 

A 3 _

27
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Table 5. Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease (Cont'd) 

FATIGUE CRACK GROWTH 

Let: AN = E ] cycles/year

Cycle
Operating 

Time 
(yr.) 
0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00

RT 
Kl(a) 

(ksi4in) 
60.94 
61.10 
61.26 
61.42 
61.58 
61.73 
61.89 
62.04 
62.19 
62.34 
62.48 
62.63 
62.77 
62.91 
63.05 
63.19 
63.32 
63.46 
63.59 
63.72 
63.85 
63.98 
64.10 
64.23 
64.35 
64.47

SD 

Kl(a) 
(ksi4in) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

AKI 

(ksi/in) 
60.94 
61.10 
61.26 
61.42 
61.58 
61.73 
61.89 
62.04 
62.19 
62.34 
62.48 
62.63 
62.77 
62.91 
63.05 
63.19 
63.32 
63.46 
63.59 
63.72 
63.85 
63.98 
64.10 
64.23 
64.35 
64.47

Aa 

(in.) 
0.00254 
0.00255 
0.00257 
0.00258 
0.00259 
0.00260 
0.00262 
0.00263 
0.00264 
0.00265 
0.00267 
0.00268 
0.00269 
0.00270 
0.00271 
0.00273 
0.00274 
0.00275 
0.00276 
0.00277 
0.00278 
0.00279 
0.00280 
0.00281 
0.00282 
0.00284

RT 
ae 

(in.) 
1.1626 
1.1747 
1.1869 
1.1991 
1.2114 
1.2236 
1.2360 
1.2483 
1.2607 
1.2732 
1.2856 
1.2981 
1.3107 
1.3232 
1.3358 
1.3484 
1.3611 
1.3738 
1.3865 
1.3992 
1.4120 
1.4248 
1.4376 
1.4504 
1.4633 
1.4762

SD 
ae 

(in.) 
1.0599 
1.0714 
1.0831 
1.0948 
1.1065 
1.1183 
1.1301 
1.1419 
1.1538 
1.1657 
1.1777 
1.1897 
1.2017 
1.2138 
1.2259 
1.2380 
1.2502 
1.2624 
1.2747 
1.2869 
1.2992 
1.3116 
1.3239 
1.3363 
1.3487 
1.3612

RT 
KI(ae) 

(ksi4in) 
62.30 
62.45 
62.59 
62.74 
62.88 
63.02 
63.16 
63.30 
63.44 
63.57 
63.71 
63.84 
63.97 
64.10 
64.22 
64.35 
64.47 
64.59 
64.72 
64.84 
64.95 
65.07 
65.19 
65.30 
65.41 
65.53

SD 
Kl(ae) 

(ksihin) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

RT SD 
Margin = Kla / KI(ae)a 

_(in.) 

1.0599 
1.0714 
1.0831 
1.0948 
1.1065 
1.1183 
1.1301 
1.1419 
1.1538 
1.1657 
1.1777 
1.1897 
1.2017 
1.2138 
1.2259 
1.2380 
1.2502 
1.2624 
1.2747 
1.2869 
1.2992 
1.3116 
1.3239 
1.3363 
1.3487 
1.3612

#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A 
#N/A

100 CRDM Large Step Decrease NP.xls

3.21 
3.20 
3.20 
3.19 
3.18 
3.17 
3.17 
3.16 
3.15 
3.15 
3.14 
3.13 
3.13 
3.12 
3.11 
3.11 
3.10 
3.10 
3.09 
3.08 
3.08 
3.07 
3.07 
3.06 
3.06 
3.05

7
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Table 5. Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease (Cont'd) 

FRACTURE TOUGHNESS MARGINS

Period of Operation: 

Final Flaw Size: 

Margin = Kla / KI(ae)

32-5015650-01

Time = 5.00 years 

a= 1.1183 in.

Loading Conditions 
RT SD 

Fracture Toughness, Kla 200.0 200.0 ksi-/in 

KI(ae) 63.02 0.00 ksiqin 

Actual Margin 3.17 #N/A 

Required Margin 3.16 #N/A

100 CRDM Large Step Decrease NP.xls 29
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Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load 

INPUT DATA

Initial Flaw Size: 

Material Data: 

Applied Loads:

Depth, a = 1.0624 in.  

Temperature, T = 547 F 

Yield strength, Sy = 43.8 ksi 

Reference temp., RTndt = 20 F 

Upper shelf tough. = 200 ksii/in 

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)] 

Kla is limited to the upper shelf toughness.  

Arrest toughness, Kla = 200 ksi'/in 

Loading Conditions 
LL* PL** 

Pressure, p (ksi) 
Position 1.585 2.235 

x Hoop Stress 
(in.) (ksi) (ksi) 

0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195 _ ..  

* Loss of Load Transient at 3.021 hours 

** Plant Loading/Unloading Transient at 0.333 hours

100 CRDM Loss of Load NP.xls 30
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Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load (Cont'd) 

STRESS INTENSITY FACTOR 

KI(a) = 0(la) [0.706(Ao+Ap) + 0.537(2a/h)A 1 + 0.448(a 2/2)A2 + 0.393(4a 3/37c)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Alx + A2x2 + A3X3, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(67T)*[KI(a)/Sy]2 

Effective stress intensity factor: 

KI(ae) = J(7Tae) [ 0.706(Ao+Ap) + 0.537(2aeh/)Ai + 0.448(ae2/2)A2 + 0.393(4ae3 /37E)A 3 ]

100 CRDM Loss of Load NP.xls

Stress Loading Conditions 
Coeff. LL PL 

(ksi) (ksi) 
A0 

A, 
A2 

A3

31
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Let:

Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load (Cont'd) 

FATIGUE CRACK GROWTH 

AN= [ ] cycles/year

LL 
a Kl(a) 

I:.. ,1

1.0624 
1.0740 
1.0857 
1.0973 
1.1091 
1.1209 
1.1327 
1.1445 
1.1564 
1.1684 
1.1803 
1.1924 
1.2044 
1.2165 
1.2286 
1.2408 
1.2529 
1.2652 
1.2774 
1.2897 
1.3020 
1.3144 
1.3267 
1.3391 
1.3516 
1.3640

46.67 
46.76 
46.84 
46.92 
47.00 
47.08 
47.15 
47.23 
47.30 
47.37 
47.44 
47.51 
47.58 
47.65 
47.71 
47.78 
47.84 
47.90 
47.96 
48.02 
48.08 
48.14 
48.19 
48.25 
48.30 
48.36

PL 
Kl(a) 

IIc•,ign\

36.13 
36.25 
36.37 
36.49 
36.60 
36.72 
36.84 
36.95 
37.07 
37.18 
37.29 
37.41 
37.52 
37.63 
37.74 
37.85 
37.95 
38.06 
38.17 
38.27 
38.38 
38.48 
38.59 
38.69 
38.79 
38.89

AKI 
(keckhnN

10.55 
10.51 
10.47 
10.43 
10.39 
10.35 
10.31 
10.27 
10.23 
10.19 
10.15 
10.11 
10.06 
10.02 
9.98 
9.93 
9.89 
9.84 
9.80 
9.75 
9.70 
9.66 
9.61 
9.56 
9.51 
9.47

LL 
Aa ae

(ins

0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00002 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001 
0.00001

(in~

1.1226 
1.1345 
1.1463 
1.1582 
1.1702 
1.1821 
1.1942 
1.2062 
1.2183 
1.2304 
1.2426 
1.2548 
1.2670 
1.2793 
1.2916 
1.3039 
1.3162 
1.3286 
1.3410 
1.3535 
1.3659 
1.3784 
1.3910 
1.4035 
1.4161 
1.4287

PL LL 
ae Kl(ae) 

(in • (ksbiin•

1.0985 
1.1103 
1.1222 
1.1342 
1.1461 
1.1581 
1.1702 
1.1823 
1.1944 
1.2066 
1.2188 
1.2310 
1.2433 
1.2556 
1.2680 
1.2804 
1.2928 
1.3052 
1.3177 
1.3302 
1.3427 
1.3553 
1.3679 
1.3805 
1.3932 
1.4059

vr., k111.) ka "lI l /i 4.7 .0
47.09 
47.16 
47.24 
47.31 
47.38 
47.45 
47.52 
47.59 
47.66 
47.72 
47.79 
47.85 
47.91 
47.97 
48.03 
48.09 
48.15 
48.20 
48.26 
48.31 
48.37 
48.42 
48.47 
48.52 
48.57 
48.62

PL 
Kl(ae) 

(ksi4in)

36.50 
36.62 
36.73 
36.85 
36.97 
37.08 
37.20 
37.31 
37.42 
37.54 
37.65 
37.76 
37.87 
37.98 
38.09 
38.19 
38.30 
38.40 
38.51 
38.61 
38.72 
38.82 
38.92 
39.02 
39.13 
39.23

LL PL 
Margin = Kla / KI(a 8)

4.25 5.48
4.25 
4.24 
4.23 
4.23 
4.22 
4.21 
4.21 
4.20 
4.20 
4.19 
4.19 
4.18 
4.17 
4.17 
4.16 
4.16 
4.15 
4.15 
4.14 
4.14 
4.14 
4.13 
4.13 
4.12 
4.12 
4.11

5.48 
5.46 
5.44 
5.43 
5.41 
5.39 
5.38 
5.36 
5.34 
5.33 
5.31 
5.30 
5.28 
5.27 
5.25 
5.24 
5.22 
5.21 
5.19 
5.18 
5.17 
5.15 
5.14 
5.12 
5.11 
5.10

100 CRDM Loss of Load NP.xls

Cycle
Operating 

Time

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00

32
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Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load (Cont'd) 

FRACTURE TOUGHNESS MARGINS 

Period of Operation: Time = 5.00 years 

Final Flaw Size: a = 1.1209 in.  

Margin = Kla / KI(ae)

Fracture Toughness, Kla 200.0 200.0 
KI(ae) 47.45 37.08 

Actual Margin 4.21 5.39 

Required Margin 3.16 3.16

32-5015650-01

ksi"/in 
ksi4in

100 CRDM Loss of Load NP.xls

Loading Conditions 
LL PL

33
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow 

INPUT DATA

Initial Flaw Size: 

Material Data:

Applied Loads:

Depth, a= 1.0624 in.  

Temperature, T = 547 F 

Yield strength, Sy = 43.8 ksi 

Reference temp., RTndt = 20 F 

Upper shelf tough. = 200 ksiqin 

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)] 

Kla is limited to the upper shelf toughness.  

Arrest toughness, Kla = 200 ksiqin

* Loss of Flow Transient at 3.025 hours 

** Plant Loading/Unloading Transient at 0.333 hours

100 CRDM Loss of Flow NP.xls

Loading Conditions 
LF* PL**

Pressure, p (ksi) 
Position 1.860 2.235 

x Hoop Stress 
(in.) (ksi) (ksi) 

0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195 _ .. _ _ .. _

32-5015650-01
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow (Cont'd) 

STRESS INTENSITY FACTOR 

KI(a) = 4(na) [ 0.706(Ao+Ap) + 0.537(2a/h)A 1 + 0.448(a 2/2)A2 + 0.393(4a 3/3n)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Ajx + A2X2 + A3X3, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(67E)*[KI(a)/SY]2 

Effective stress intensity factor: 

KI(ae) = 4(ita.) [ 0.706(Ao+Ap) + 0.537(2aeht)A1 + 0.448(ae2/2)A2 + 0.393(4ae3 /37E)A 3 ]

100 CRDM Loss of Flow NP.xls

Stress Loading Conditions 
Coeff. LF PL 

(ksi) (ksi) 
A0 

A1 

A 2 

A 3
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow (Cont'd) 

FATIGUE CRACK GROWTH

Let: AN= [-] cycles/year

LF 
a KI(a)

PL 
KI(a) 

(ksih/in)
AKI 

(ksilin)
Aa 

(in.)

LF 
ae 

(in.)
.Y [in I (ksi4in) (ksiqin) (ksi4in) (in.)

1.0624 
1.0740 
1.0857 
1.0974 
1.1091 
1.1209 
1.1327 
1.1446 
1.1564 
1.1684 
1.1804 
1.1924 
1.2044 
1.2165 
1.2286 
1.2408 
1.2530 
1.2652 
1.2774 
1.2897 
1.3020 
1.3144 
1.3267 
1.3392 
1.3516 
1.3640

50.81 
50.92 
51.02 
51.13 
51.23 
51.33 
51.44 
51.54 
51.63 
51.73 
51.82 
51.92 
52.01 
52.10 
52.19 
52.28 
52.36 
52.45 
52.53 
52.62 
52.70 
52.78 
52.86 
52.94 
53.01 
53.09

36.13 
36.25 
36.37 
36.49 
36.60 
36.72 
36.84 
36.95 
37.07 
37.18 
37.29 
37.41 
37.52 
37.63 
37.74 
37.85 
37.95 
38.06 
38.17 
38.27 
38.38 
38.48 
38.59 
38.69 
38.79 
38.89

14.68 
14.67 
14.66 
14.64 
14.63 
14.61 
14.60 
14.58 
14.57 
14.55 
14.53 
14.51 
14.49 
14.47 
14.45 
14.43 
14.41 
14.39 
14.37 
14.34 
14.32 
14.30 
14.27 
14.25 
14.22 
14.20

0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006 
0.00006

1.1338 
1.1457 
1.1577 
1.1697 
1.1817 
1.1938 
1.2059 
1.2180 
1.2302 
1.2424 
1.2546 
1.2669 
1.2792 
1.2916 
1.3039 
1.3163 
1.3288 
1.3413 
1.3537 
1.3663 
1.3788 
1.3914 
1.4040 
1.4166 
1.4293 
1.4420

PL 
ae 

(in.)
1.0985 
1.1104 
1.1222 
1.1342 
1.1462 
1.1582 
1.1702 
1.1823 
1.1944 
1.2066 
1.2188 
1.2311 
1.2433 
1.2557 
1.2680 
1.2804 
1.2928 
1.3052 
1.3177 
1.3302 
1.3428 
1.3553 
1.3679 
1.3805 
1.3932 
1.4059

LF 
Kl(ae) 

(ksi4in)
51.45 
51.54 
51.64 
51.74 
51.83 
51.93 
52.02 
52.11 
52.20 
52.29 
52.38 
52.46 
52.55 
52.63 
52.71 
52.79 
52.87 
52.95 
53.03 
53.10 
53.18 
53.25 
53.32 
53.40 
53.47 
53.54

PL 
KI(ae) 

(ksihin)

36.50 
36.62 
36.73 
36.85 
36.97 
37.08 
37.20 
37.31 
37.42 
37.54 
37.65 
37.76 
37.87 
37.98 
38.09 
38.19 
38.30 
38.40 
38.51 
38.61 
38.72 
38.82 
38.92 
39.02 
39.13 
39.23

LF PL 
Margin = Kla / Kl(ae)

3.89 
3.88 
3.87 
3.87 
3.86 
3.85 
3.84 
3.84 
3.83 
3.82 
3.82 
3.81 
3.81 
3.80 
3.79 
3.79 
3.78 
3.78 
3.77 
3.77 
3.76 
3.76 
3.75 
3.75 
3.74 
3.74

5.48 
5.46 
5.44 
5.43 
5.41 
5.39 
5.38 
5.36 
5.34 
5.33 
5.31 
5.30 
5.28 
5.27 
5.25 
5.24 
5.22 
5.21 
5.19 
5.18 
5.17 
5.15 
5.14 
5.12 
5.11 
5.10

100 CRDM Loss of Flow NP.xls

Cycle
Operating 

Time 
f rN

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow (Cont'd) 

FRACTURE TOUGHNESS MARGINS

Period of Operation: 

Final Flaw Size: 

Margin = Kla / KI(ae)

Time = 5.00 years 

a = 1.1209 in.

ksi'/in 
ksihin

100 CRDM Loss of Flow NP.xls

Loading Conditions 
LF PL

Fracture Toughness, Kla 200.0 200.0 

KI(ae) 51.93 37.08 

Actual Margin 3.85 5.39 

Required Margin 3.16 3.16

32-5015650-01

37



Framatome ANP

Table8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip 

INPUT DATA

Initial Flaw Size: 

Material Data:

Applied Loads:

Depth, a = 1.0625 in.  

Temperature, T = 522 F 

Yield strength, Sy = 43.8 ksi 

Reference temp., RTndt = 20 F 

Upper shelf tough. = 200 ksi'/in 

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)1 

Kla is limited to the upper shelf toughness.  

Arrest toughness, Kla = 200 ksi-in

* Reactor Trip Transient at 0.143 hours 

** Plant Loading/Unloading Transient at 0.333 hours

100 CRDM Reactor Trip NP.xls

Loading Conditions 
RT* PL**

Pressure, p (ksi) 
Position 1.855 2.235 

x Hoop Stress 
(in.) (ksi) (ksi) 

0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195

32-5015650-01
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Table 8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip (Cont'd) 

STRESS INTENSITY FACTOR 

KI(a) = -,(na) [ 0.706(Ao+Ap) + 0.537(2a/it)A 1 + 0.448(a 2/2)A2 + 0.393(4a 3/37t)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = Ao + Aix + A2x2 + A3X3, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(6=i)*[Kl(a)/Sy]2 

Effective stress intensity factor: 

KI(ae) = I(7cae) [ 0.706(Ao+Ap) + 0.537(2ae/i)Al + 0.448(ae 2/2)A 2 + 0.393(4ae3/3-n)A 3 ]

100 CRDM Reactor Trip NP.xls

Stress Loading Conditions 
Coeff. RT PL 

(ksi) (ksi) 
A0 

A1 

A2 

A 3 __
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Table 8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip (Cont'd) 

FATIGUE CRACK GROWTH 

Let: AN = [ ] cycles/year 

Operating RT PL RT PL RT PL RT PL 

Time Cycle a Kl(a) KI(a) AKI Aa ae ae Kl(ae) KI(ae) Margin = Kla I Kl(ae) 

(yr.) (in.) (ksi4in) (ksi4in) (ksi4in) (in.) (in.) (in.) (ksi'Iin) (ksi4in) 

0.00 1.0625 60.17 36.13 24.05 0.00083 1.1626 1.0986 61.45 36.50 3.25 5.48 

1.00 1.0741 60.33 36.25 24.08 0.00083 1.1747 1.1104 61.59 36.62 3.25 5.46 

2.00 1.0857 60.48 36.37 24.12 0.00083 1.1869 1.1223 61.73 36.74 3.24 5.44 

3.00 1.0974 60.64 36.49 24.15 0.00084 1.1991 1.1342 61.87 36.85 3.23 5.43 

4.00 1.1092 60.79 36.60 24.18 0.00084 1.2114 1.1462 62.01 36.97 3.23 5.41 

5.00 1.1209 60.94 36.72 24.22 0.00084 1.2236 1.1582 62.15 37.08 3.22 5.39 

6.00 1.1328 61.09 36.84 24.25 0.00084 1.2359 1.1703 62.28 37.20 3.21 5.38 

7.00 1.1446 61.23 36.95 24.28 0.00084 1.2483 1.1824 62.42 37.31 3.20 5.36 

8.00 1.1565 61.38 37.07 24.31 0.00085 1.2607 1.1945 62.55 37.43 3.20 5.34 

9.00 1.1684 61.52 37.18 24.34 0.00085 1.2731 1.2067 62.68 37.54 3.19 5.33 

10.00 1.1804 61.66 37.29 24.36 0.00085 1.2856 1.2189 62.80 37.65 3.18 5.31 

11.00 1.1924 61.80 37.41 24.39 0.00085 1.2980 1.2311 62.93 37.76 3.18 5.30 

12.00 1.2045 61.93 37.52 24.42 0.00085 1.3106 1.2434 63.06 37.87 3.17 5.28 

13.00 1.2166 62.07 37.63 24.44 0.00086 1.3231 1.2557 63.18 37.98 3.17 5.27 

14.00 1.2287 62.20 37.74 24.47 0.00086 1.3357 1.2681 63.30 38.09 3.16 5.25 

15.00 1.2408 62.34 37.85 24.49 0.00086 1.3483 1.2804 63.42 38.19 3.15 5.24 

16.00 1.2530 62.47 37.95 24.51 0.00086 1.3609 1.2929 63.54 38.30 3.15 5.22 

17.00 1.2652 62.59 38.06 24.53 0.00086 1.3736 1.3053 63.66 38.41 3.14 5.21 

18.00 1.2775 62.72 38.17 24.55 0.00086 1.3863 1.3178 63.77 38.51 3.14 5.19 

19.00 1.2898 62.85 38.27 24.57 0.00086 1.3990 1.3303 63.89 38.61 3.13 5.18 

20.00 1.3021 62.97 38.38 24.59 0.00087 1.4117 1.3428 64.00 38.72 3.12 5.17 

21.00 1.3144 63.09 38.48 24.61 0.00087 1.4245 1.3554 64.11 38.82 3.12 5.15 

22.00 1.3268 63.22 38.59 24.63 0.00087 1.4373 1.3680 64.22 38.92 3.11 5.14 

23.00 1.3392 63.33 38.69 24.65 0.00087 1.4501 1.3806 64.33 39.03 3.11 5.12 

24.00 1.3516 63.45 38.79 24.66 0.00087 1.4630 1.3933 64.44 39.13 3.10 5.11 

25.00 1.3641 63.57 38.89 24.68 0.00087 1.4759 1.4059 64.55 39.23 3.10 5.10

100 CRDM Reactor Trip NP.xls
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Table 8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip (Cont'd) 

FRACTURE TOUGHNESS MARGINS 

Period of Operation: Time = 5.00 years 

Final Flaw Size: a = 1.1209 in.  

Margin = Kla / Kl(ae)

Loading Conditions 
RT PL 

Fracture Toughness, Kla 200.0 200.0 ksi-,in 

Kl(ae) 62.15 37.08 ksi'/in 

Actual Margin 3.22 5.39 

Required Margin 3.16 3.16

100 CRDM Reactor Trip NP.xls

32-5015650-01
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients 

INPUT DATA

32-5015650-01

Initial Flaw Size: 

Material Data:

Depth,

Temperature, 
Yield strength,

a = 1.0633 in.

T = 595 
Sy = 43.8

F 
ksi

Reference temp., 
Upper shelf tough.

RTndt= 20 F 
= 200 ksilin

Kla = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160)] 

Kla is limited to the upper shelf toughness.

Arrest toughness, Kla = 200 ksi'iin

Applied Loads:

* Remaining Transient at 3.152 hours (down ramp) 
** Remaining Transient at 0.144 hours (up ramp)

100 CRDM Remaining NP.xls

Loading Conditions 
RemDn* RemUp**

Pressure, p (ksi) 

Position 2.235 2.485 
x Hoop Stress 

(in.) (ksi) (ksi) 

0.0000 
0.2633 
0.5266 
0.7899 
1.0532 
1.4448 
1.8364 
2.2280 
2.6195
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients (Cont'd) 

STRESS INTENSITY FACTOR 

KI(a) = q(7Ta) [ 0.706(Ao+Ap) + 0.537(2ahT)A 1 + 0.448(a 2/2)A2 + 0.393(4a 3/37T)A 3 ] 

where the through-wall stress distribution is described by the third order polynomial, 

S(x) = A0 + Ajx + A2x2 + A3 x, 

defined by:

Irwin's plastic zone correction: 

ae = a + 1/(67t)*[Kl(a)/Sy]2 

Effective stress intensity factor: 

Kl(ae) = 'I(gae) [ 0.706(Ao+Ap) + 0.537(2aeh/)AI + 0.448(ae 2/2)A2 + 0.393(4ae 3/37c)A 3 ]

100 CRDM Remaining NP.xls

Stress Loading Conditions 
Coeff. RemDn RemUp 

(ksi) (ksi) 
A0 

A1 

A2 

A 3

32-5015650-01
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients (Cont'd) 

FATIGUE CRACK GROWTH

Let: AN= [ - cycles/year

RemDn 
a KI(a) 

(in.) (ksi4in)
1.0633 
1.0749 
1.0866 
1.0983 
1.1100 
1.1218 
1.1336 
1.1455 
1.1574 
1.1693 
1.1813 
1.1933 
1.2053 
1.2174 
1.2295 
1.2417 
1.2539 
1.2661 
1.2784 
1.2906 
1.3030 
1.3153 
1.3277 
1.3401 
1.3525 
1.3650

53.93 
54.08 
54.23 
54.38 
54.53 
54.68 
54.83 
54.97 
55.11 
55.25 
55.39 
55.53 
55.67 
55.80 
55.94 
56.07 
56.20 
56.33 
56.46 
56.59 
56.71 
56.84 
56.96 
57.08 
57.21 
57.33

RemUp 
Kl(a) 

(ksi-in)
39.99 
40.12 
40.25 
40.39 
40.52 
40.65 
40.78 
40.91 
41.03 
41.16 
41.29 
41.41 
41.53 
41.66 
41.78 
41.90 
42.02 
42.14 
42.26 
42.38 
42.50 
42.61 
42.73 
42.84 
42.96 
43.07

AKI 

(ksi4in)
13.94 
13.96 
13.98 
14.00 
14.01 
14.03 
14.05 
14.06 
14.08 
14.09 
14.11 
14.12 
14.13 
14.15 
14.16 
14.17 
14.18 
14.19 
14.20 
14.21 
14.22 
14.23 
14.24 
14.24 
14.25 
14.26

Aa 

(in.)
0.00146 
0.00146 
0.00147 
0.00147 
0.00147 
0.00148 
0.00148 
0.00148 
0.00149 
0.00149 
0.00149 
0.00150 
0.00150 
0.00150 
0.00150 
0.00151 
0.00151 
0.00151 
0.00151 
0.00152 
0.00152 
0.00152 
0.00152 
0.00152 
0.00152 
0.00152

RemDn 
ae 

(in.)
1.1437 
1.1558 
1.1679 
1.1800 
1.1922 
1.2045 
1.2167 
1.2290 
1.2414 
1.2537 
1.2661 
1.2786 
1.2910 
1.3035 
1.3161 
1.3286 
1.3412 
1.3539 
1.3665 
1.3792 
1.3919 
1.4046 
1.4174 
1.4302 
1.4430 
1.4559

RemUp 
ae 

(in.)
1.1075 
1.1194 
1.1314 
1.1434 
1.1554 
1.1675 
1.1796 
1.1917 
1.2039 
1.2161 
1.2284 
1.2407' 
1.2530 
1.2654 
1.2778 
1.2902 
1.3027 
1.3152 
1.3277 
1.3403 
1.3529 
1.3655 
1.3782 
1.3908 
1.4035 
1.4163

RemDn 
KI(ae) 

(ksirin)
54.95 
55.09 
55.24 
55.38 
55.52 
55.66 
55.80 
55.93 
56.07 
56.20 
56.33 
56.46 
56.59 
56.72 
56.85 
56.97 
57.10 
57.22 
57.34 
57.46 
57.58 
57.70 
57.81 
57.93 
58.04 
58.16

RemUp 
KI(ae) 

(ksi4in)
40.49 
40.62 
40.75 
40.88 
41.01 
41.14 
41.27 
41.39 
41.52 
41.64 
41.77 
41.89 
42.01 
42.13 
42.25 
42.37 
42.49 
42.61 
42.73 
42.84 
42.96 
43.07 
43.19 
43.30 
43.41 
43.53

RemDn RemUp 
Margin = Kla / Kl(ae)

3.64 
3.63 
3.62 
3.61 
3.60 
3.59 
3.58 
3.58 
3.57 
3.56 
3.55 
3.54 
3.53 
3.53 
3.52 
3.51 
3.50 
3.50 
3.49 
3.48 
3.47 
3.47 
3.46 
3.45 
3.45 
3.44

4.94 
4.92 
4.91 
4.89 
4.88 
4.86 
4.85 
4.83 
4.82 
4.80 
4.79 
4.77 
4.76 
4.75 
4.73 
4.72 
4.71 
4.69 
4.68 
4.67 
4.66 
4.64 
4.63 
4.62 
4.61 
4.60

100 CRDM Remaining NP.xls

Cycle
Operating 

Time 
(yr.)
0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00

32-5015650-01
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients (Cont'd) 

FRACTURE TOUGHNESS MARGINS

Period of Operation: 

Final Flaw Size: 

Margin = Kla / Kl(ae)

Time = 5.00 years 

a = 1.1218 in.

ksi/in 
ksiqin

100 CRDM Remaining NP.xls

Loading Conditions 
RemDn RemUp

Fracture Toughness, Kla 200.0 200.0 
Kl(ae) 55.66 41.14 

Actual Margin 3.59 4.86 

Required Margin 3.16 3.16

32-5015650-01
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7.0 Summary of Results 

A fracture mechanics analysis has been performed to evaluate a postulated large radial crack in 

the remnants of the original J-groove weld (and butter) at the CRDM nozzle reactor vessel head 

penetration. Results of this analysis are summarized below for the controlling transient.  

Large Step Decrease

Temperature, 

Initial flaw size,

T = 528 'F 

ai = 1.053 in.

Final flaw size after 5 years,

Flaw growth,

Stress intensity factor at final flaw size, 

Fracture toughness at 528 'F, 

Safety margin:

af= 1.118 in.  

af- ai = 0.065 in.  

KI = 63.02 ksi4in 

Kla = 200.0 ksi/in 

Kla /KI = 3.17 > ql 0 = 3.16

Conclusion 

Based on an evaluation of fatigue crack growth into the low alloy steel head, the above results 
demonstrate that a postulated radial crack in the Alloy 182 J-groove weld would be acceptable 
for at least 5 years of operation, considering the following transient frequencies:

Transient 

Heatup and Cooldown 

Plant Loading and Unloading 

Large Step Decrease 

Loss of Load 

Loss of Flow 

Reactor Trip 

Remaining Transient

Frequency (cycles/year)
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1.0 Purpose

The purpose of this document is to provide supplemental stress results of the 
operating transient analyses for flaw growth assessments on J-groove weld and its 
adjacent base metal area.  

The geometry, materials, and boundary conditions of the SURRY CRDMH and RV 
Head are described in Reference 3 and 4.  

2.0 Background 

Due to observed leakage of CRDM Housing nozzle-to-RV Head connections, repairs 
must be made. The repair process may need to consider the potential flaws remaining 
within the local region of the J-groove weld and/or the locally adjacent head base 

material. The presence of remaining flaws must be justified analytically using the local 
stress fields within the region. Thus, the stress fields resulting from operating transient 
conditions must be provided as input to the flaw growth assessment.  

The FE model described herein represents the repair design (Ref. 5) of the J-groove 

weld connecting the CRDM Housing nozzle to the RV Closure Head. There are a 

total of 69 nozzle-to-head connections on the RV Closure Head. Each of the nozzles 
is aligned vertically. They are located at various radial distances from the vertical 
centerline of the hemisphere. Based on the distance from the center of the 
hemispherical head, the relative angle of the nozzle vertical centerline and the plane 

of the head curvature varies. This angle is referred to herein as the 'hillside angle'.  
Experience (with analyses for nozzles located at various hillside angles) indicates that 

the larger the hillside angle is, the more severe the effect is on stress levels in the 
connecting weld region. Based on this experience, the model herein represents the 
largest hillside angle (outermost location) of any of the CRDM Housing nozzle 
locations. This model is considered to produce results that are conservatively 
bounding all nozzle locations that have a smaller hillside angle.  

The model described herein is generated for the purpose of providing detailed stress 
results for input to flaw growth assessment.  

Preparer: D. Kim I M. Hinderks Date: Nov/2001 141 Page 4 of 24 
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3.0 Analytical Model 

To provide the needed stress field refinement, the CRDM Housing nozzle-to-RV Head 
connection is modeled in three dimensions. This permits detailed accounting for the 
effects of the hillside orientation. The analysis software program ANSYS (Reference 
1) is used for solid modeling, meshing, solution and post-processing of the model.  
This large 'general purpose' program utilizes the 'finite element' technique as its basis.  

The model consists of 'geometry', 'materials' and 'boundary conditions'. The 
geometry and materials are discussed in Reference 3. The boundary condition is 
discussed more detail in the following sections.  

3.1 Model Boundary Conditions 

The analytical model is a three-dimensional model of a 180 degree section of the 
cylindrical portion of the CRDM Housing nozzle body. Therefore, the model has a 
mirror plane of symmetry that contains the vertical centerline of the CRDM Housing 
nozzle and the center of curvature of the RV Head (i.e., this is a vertical plane). The 
thermal and structural boundary conditions are reflective in this plane.  

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 4, a film coefficient of 300 Btu/hr-ft 2-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.  

Preparer: D. Kim / M. Hinderks Date : Nov/2001 .Ž')i.K t4 Page 5 of 24 
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The model is subjected to the Reactor Coolant outlet thermal and pressure conditions 

versus time. Per Reference 3, the thermal transients are grouped in 7 cases: Heat

up/Cool-down, Plant loading/unloading, Reactor Trip, Loss of Load, Large Step 

Decrease, Loss of Flow, and remaining transients.  

Table 3.1 Transients 

Case J Transients 

HUCD HeatUp and CoolDown 

PLUL Plant Loading/Unloading 

RTRP Reactor Trip 

LL Loss of Load 

LD large Step Decrease 

LF Loss of Flow 

Remaining 10% Step Increase (2000 cycles) 
Transients (RA) 10% Step Decrease (2000 cycles) 

Loss-of-AC Power (40 cycles)

The temperature 
following pages.

and pressure values for the above transients are shown in the

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard

Date: Nov/2001 
Date: Nov/2001
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J-GROOVE WELD STRESSES 

AN P DOCUMENT NUMBER PLANT NUMBER 

32-5015651-01 SURRY 4160048

Time Temperature (OF) Pressure (psi) 
(hrs) 

0 70 385 

4.77 547 2235 

11 547 2235 

15.77 70 385 

19 70 385 

Table 3.3 PLUL Transient 

Time Temperature (°F) Pressure (psi) 
(hrs) 

0 547 2285 

0.3333 600 2285 

3 600 2285 

3.3333 547 2285 

6 547 2285 

Table 3.4 Reactor Trip 

Time Temperature (OF) Pressure (psi) 
(hrs) 

0 600 2235 

0.0036 560 2035 

0.011 522 1855 

1 522 1855 

Table 3.5 Loss of Load 

Time Temperature (°F) Pressure (psi) 
(hrs) 

0 600 2235 

0.0069 634 2485 

3 634 2485

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard
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J-GROOVE WELD STRESSES 
DO__ _E PLANT CONTRACT 

FRAMATOM E AN P DOCUMENT NUMBER NUMBER 
32-5015651-01 SURRY 4160048

3.0208 547 1585 

6 547 1585 

Table 3.6 Large Step Decrease 

Time Temperature (°F) Pressure (psi) 
(h rs) 

0 600 2235 

0.017 613 2335 

0.133 528 1960 

3 528 1960 

Table 3.7 Loss of Flow 

Time Temperature (°F) Pressure (psi) 
(hrs) 

0 600 2235 

0.0028 616 2200 

3 616 2200 

3.025 547 1860 

6 547 1860 

Table 3.8 Remaining Transients 

Time Temperature (°F) Pressure (psi) 
(hrs) 

0 575 2235 

0.044 620 2485 

3 620 2485 

3.025 595 2235 

6 595 2235

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard
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J-GROOVE WELD STRESSES 
SCONTRACT 

RAMATOM E AN P OCUETNUMBER PLANTNUMBER 
32-5015651-01 SURRY 4160048 

3.2 Overall 3D Finite Element Model 

Using the above items as parameters, the CRDMH Connection 3D FE model is 
developed. The resulting overall model is depicted in Figure 3.1, 3.2, and 3.3. The 
model is comprised of approximately 92,000 nodes and 62,000 elements. The 
element type chosen is the ANSYS SOLID87 (3D 10-Node Tetrahedral Thermal Solid) 
for the thermal analysis. This element is converted to element type SOLID92 (3D 10
Node Tetrahedral Structural Solid) for the structural solutions. These elements have 
the capability of having surface loads applied (such as heat transfer or pressure) and 
having structural boundary conditions applied (such as guided displacements, 
constraints, etc.).

Preparer: D. Kim I M. Hinderks 
Reviewer: J. Shepard
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FIGURE 3.1 
Overall 3D Finite Element Model

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard
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FIGURE 3.2 
Overall 3D Finite Element Model

SURRY IJPP Repair
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Reviewer: J. Shepard

Date : Nov/2001 
Date: Nov/2001

)L4/e, 4,i Page 11of24



FIGURE 3.3 
Overall 3D Finite Element Model 

AN

z

SURRY NPP Repair
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J-GROOVE WELD STRESSES 
y_____ CONTRACT FRAMATOME AN P DOCUMENT NUMBER PLANT NUMBER 

32-5015651-01 SURRY 4160048 

4.0 Thermal Results 

Based on the delta-T values between cladding and base metal, stress calculations are 
done at the following time points in the transients: 

Load cases for Static Runs

Load case Time (hr) Temp. (OF) Press. (psi) Description 
1 0.001 70 385 Initial condition 
2 4.77 547 2235 End of Heatup 
3 11.0 547 2235 End of Steady State 
4 12.94 353 1483 Max. Delta T 
5 15.77 70 385 End of Cooldown 
6 19.0 70 385 End of Run 

4.2 Plant LoadinglUnloading Transients 

Load case TIME(Hr) Temp. (°F) Press. (psi) Description 
1 0.001 547 2235 Initial condition 
2 0.333 600 2235 End of Plant Loading 
3 3.000 600 2235 End of Steady State 
4 3.333 547 2235 End of Plant Unloading 

4.3 Reactor Trip 

Load case TIME(Hr) Temp. (°F) Press. (psi) Description 
1 0.001 600 2235 Initial condition 
2 0.110 522 1855 Local Minimum 
3 0.14296 522 1855 Local Minimum 
4 1.00 522 1855 End of Run 

4.4 Loss of Load 

Load case TIME(Hr) Temp. (°F) Press. (psi) Description 
1 0.001 600 2235 Initial condition 
2 0.10768 634 2485 Local Maximum 
3 3.00 634 2485 End of Steady State 

4 3.0208 547 1585 Local Minimum 

5 3.4719 547 1585 Local Minimum

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard
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J-GROOVE WELD STRESSES 
_____E PLANT CONTRACT RAMATOME AN P DOCUMENTNUMBER NUMBER 

32-5015651-01 SURRY 4160048 

4.5 Large Step Decrease 

Load case TIME(Hr) Temp. (OF) Press. (psi) Description 
1 0.001 600 2235 Initial condition 
2 0.017667 613 2335 Local Maximum 
3 0.13433 528 1960 End of LD 
4 0.22575 528 1960 Local Minimum 

4.6 Loss of Flow 

Load case TIME(Hr) Temp. (OF) Press. (psi) Description 

1 0.001 600 2235 Initial condition 
2 0.13694 616 2200 Local Maximum 
3 3.0250 547 1860 Local Minimum 

4.7 Remaining Transients 

Load case TIME(Hr) Temp. (OF) Press. (psi) Description 
1 0.001 575 2235 Initial condition 
2 0.0454 620 2485 End of Heatup 
3 0.14393 620 2485 Local Maximum 
3 3.00 620 2485 End of Steady State 

4 3.1517 595 2235 Local Minimum 
5 3.1833 595 2235 Local Minimum

* Transient time scale is as defined in Reference 3.

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard
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5.0 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 

4.1 - 4.7 for applicable values). The results of the stress analyses are contained in the 

output file ***st.out 

The area selected for this study is original J-groove weld. The original J-groove 

locations include paths through the remnant portion of the original J-groove welds and 

adjacent RV head base metal on uphill and downhill (See Fig. 5-1). The stresses 

tabulated herein are to be used as input to flaw growth assessments.

AN

Fig. 5-1 Close-up of Paths Through Original Welds/Head 

For J-groove weld, there are two line segments in a path: 1) from corner of chamfer to 

buttering and 2) from buttering to base metal. And, each segment has five checking 

points.  

The stress results are in cylindrical coordinate system.  
SX = radial to CRDMH Nozzle; SY = hoop; SZ = axial

Preparer: D. Kim / M. Hinderks 
Reviewer: J. Shepard
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J-GROOVE WELD STRESSES CONTRCT 

AN P DOCUMENT NUMBER PLANT NUMBER 

32-5015651-01 SURRY 4160048

THE COMPUTER OUTPUT CONTAINING DETAILED STRESSES HAS BEEN REMOVED FOR PROPRIETARY REASONS.
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J-GROOVE WELD STRESSES CONTRCT 
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THE COMPUTER OUTPUT CONTAINING DETAILED STRESSES HAS BEEN REMOVED FOR PROPRIETARY REASONS.
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6.0 References

1) "ANSYS" Finite Element Computer Code, Version 5.7, Swanson Analysis 
Systems, Inc., Houston, Pa.  

2) FRA-ANP Document 32-1213353-00, "ANSYS-386 Version 4.4A Validation 
Report", dated 4/92 
NOTE: Although this document is for version 4.4A, the same problems apply to other versions of 

ANSYS. Therefore, if the verification problem is run on a later version of ANSYS (version 
5.6 for this analysis) and the results match the closed form results of the validation report, 
the other version of ANSYS is concluded to be acceptable 

3) FRA-ANP Document 51-5015050-02, "SURRY CRDM Nozzle ID Temper Bead 
Weld Repair Requirements" 

4) FRA-ANP Document 51-5015197-00,01, "SURRY 1&2 Reconciliation with Turkey 

Point 3 RV HD & CRM Noz." 

5) FRA-ANP Drawing 02-5015149E-02, "CRDM Nozzle ID Temperbead Weld Repair"
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7.0 Computer Files and Program Verification

Computer Files 
The following is a listing of computer files used to document CRDMH's J-groove weld 
stresses. These files reside on the Framatome ANP COLD Storage system. These 
files are "FRA-ANP Proprietary".  

Run Name Run Date Description 
SURRYHUCDth.out 11/4/01 HUCD Transient Case 
SURRY HUCD st.out 11/5/01 
SURRYPLULth.out 11/1/01 Plant Loading/Unloading Transient Case 
SURRY PLUL st.out 11/2/01 
SURRY RTRP th.out 11/9/01 Reactor Trip Transient Case 
SURRY RTRP st.out 11/12/01 
SURRY LL th.out 11/9/01 Loss of Load 
SURRY LL st.out 11/12/01 
SURRY LD th.out 11/13/01 Large Step Decrease 
SURRY LD st.out 11/13/01 
SURRY LF th.out 11/10/01 Loss of Flow 
SURRYLF st.out 11/13/01 

SURRY RA th.out 11/14/01 Remaining Transient Case 
SURRY RA st.out 11/14/01 
path wl HUCD.out 11/6/01 Post-process to define path and obtain linearized stresses 
path w2 HUCD.out 11/6/01 
path wiPLUL.out 11/2/01 
path w2 PLUL.out 11/2/01 
path wl RTRP.out 11/12/01 
path w2_RTRP.out 11/14/01 
path wl LL.out 11/12/01 
path w2 LL.out 11/14/01 
path wlLD.out 11/14/01 
path w2 LD.out 11/14/01 
pathwlLF.out 11/13/01 
path w2 LF.out 11/13/01 
path wlRA.out 11/14/01 
path w2 RA.out 11/14/01 

VM187.out 11/8/01 Verification problem solution (structural/stress calculation) 

VM96.out 11/8/01 Verification problem solution (temperature distribution) 

Verification of ANSYS Program: 
The finite element analyses done in this calculation were made using the ANSYS 
computer program. Test cases verifying the suitability and accuracy of this program 
for this analysis were analyzed and the results of the test cases are included in files 
VM96.OUT and VM187.OUT (listed in the above table). The results of these 
solutions confirm that the ANSYS program is executing correctly.
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Attachment 5

Framatome ANP Affidavit 
for Withholding Proprietary Information 

Surry Power Station Units 1 and 2 
Virginia Electric and Power Company 

(Dominion)



AFFIDAVIT

STATE OF WASHINGTON ) 
) ss.  

COUNTY OF BENTON ) 

1. My name is Jerald S. Holm. I am Manager, Product Licensing, for 

Framatome ANP ("FRA-ANP"), and as such I am authorized to execute this Affidavit.  

2. I am familiar with the criteria applied by FRA-ANP to determine whether 

certain FRA-ANP information is proprietary. I am familiar with the policies established by 

FRA-ANP to ensure the proper application of these criteria.  

3. I am familiar with FRA-ANP documents (51-5012728-03, 02-5015149E-02, 

32-5015651-00, 32-5015650-00, 32-5015624-00, 32-5014640-00, 32-5015219-00, 51-5015197

01) transmitted with the letter to Document Control Desk from Dominion, Serial No. 01-637B, 

which are referred to herein as "Document." Information contained in this Document has been 

classified by FRA-ANP as proprietary in accordance with the policies established by FRA-ANP 

for the control and protection of proprietary and confidential information.  

4. This Document contains information of a proprietary and confidential nature 

and is of the type customarily held in confidence by FRA-ANP and not made available to the 

public. Based on my experience, I am aware that other companies regard information of the 

kind contained in this Document as proprietary and confidential.  

5. This Document has been made available to the U.S. Nuclear Regulatory 

Commission in confidence with the request that the information contained in the Document be 

withheld from public disclosure.



6. The following criteria are customarily applied by FRA-ANP to determine 

whether information should be classified as proprietary: 

(a) The information reveals details of FRA-ANP's research and development 

plans and programs or their results.  

(b) Use of the information by a competitor would permit the competitor to 

significantly reduce its expenditures, in time or resources, to design, produce, 

or market a similar product or service.  

(c) The information includes test data or analytical techniques concerning a 

process, methodology, or component, the application of which results in a 

competitive advantage for FRA-ANP.  

(d) The information reveals certain distinguishing aspects of a process, 

methodology, or component, the exclusive use of which provides a 

competitive advantage for FRA-ANP in product optimization or marketability.  

(e) The information is vital to a competitive advantage held by FRA-ANP, would 

be helpful to competitors to FRA-ANP, and would likely cause substantial 

harm to the competitive position of FRA-ANP.  

7. In accordance with FRA-ANP's policies governing the protection and control 

of information, proprietary information contained in this Document has been made available, on 

a limited basis, to others outside FRA-ANP only as required and under suitable agreement 

providing for nondisclosure and limited use of the information.  

8. FRA-ANP policy requires that proprietary information be kept in a secured file 

or area and distributed on a need-to-know basis.



9. The foregoing statements are true and correct to the best of my knowledge,

information, and belief.

(
SUBSCRIBED before me this 

day of f1z L ,2001.

Susan K. McCoy 
NOTARY PUBLIC, STATE OF WASWII 
MY COMMISSION EXPIRES: 1/10/04
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