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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 contro! rod mechanism (CRM) nozzle penetrations; and the
CRM nozzle inside diameter temper bead weld repair. The applicability will be accomplished by a comparison study that includes
documenting the engineering data from both TP-3 and Surry NPPs, such as: applicable dimensions of features, materials, and plant

operational transients to include time, temperature and pressure.

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

introduction:

In order to demonstrate that the engineering analyses performed for the Turkey Point 3 NPP control rod drive mechanism nozzle inside
diameter temper bead weld repair are applicable to Surry, a list of applicable parameters for each plant will be tabulated and compared.
The list of parameters will include all features that are pertinent to the engineering analyses. Some typical parameters are the dimensions
of the RV Closure Head radius, the number of CRM penetrations and spacing in the Ciosure 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 (Refs 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 32-5014128-00 is still
applicable to this reconciliation document. Removed Ref. 19 as it is not used in Rev. 00 or 01. The Conclusions stated above and as in
Rev. 00 of this document remains unchanged by this rev. Only Pages 1 and 5 are affected by Rev. 01. Oct. 31, 2001

Page _1 of _6*
* ALSO INCLUDES: Appdx A pg.s 1-10, Appdx B pg.s 1-2, Appdx C pg.s 1-25, Appdx D pg.s 1-15. Total Page Count = 58.



Table 1 RCS SPECIFICATIONS

Turkey Point 3 Referonce Surry Reference

Component Analyses (TP-3) Data Description Source Data Description Source
RCS Spac.s
Design Conditions
Design Pressure 2500 psia Ref. 12, para. 3.15 2485 psig (2500 psia) Ref. 1, Atimt 1-1, para. 1.1.2
Design Temperature 650 F Ref, 12, para. 3.17 650 F Ref. 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, para. 1.1.2
Hydrotest Temperature NDTT +60 F min, Ref. 1, Atimt 1-1, para, 1.1.2
Hydrotest Temperature at Mir 110F Ref. 1, Attmt 1-1, para. 1.1.2
Operating Conditions
Coolant Fluid Pressurizer Water Ref. 1, Atimt 1-1, para. 1.1.3
Operating Pressure 2250 psia Ref. 12, para. 3.18 2235 psig (2250 psia) Ref. 1, Attmt 1-1, para. 1.1.3
Normal Operating Temperature 594 F Ref. 12, Appdx B S43F Ref. 1, Atimt 1-1, para. 1.1.3
Inlet Temperature 543 F Ref. 1, Atmt 1-1, para. 1.1.3
Outlet Temperature at Normal Temp. 6058 F Ref. 1, Attmt 1-1, para. 1.1.3

Initial Operating Li jons/Ti

200 HU and 200 CD Cycles, 5 Hydrotest

Ref. 11, Table 5.1,

The heating and cooling rate Is limited to maximum 100 F per Hour,
These rates will be safe for 200 Occurences each. Thus, when
starting at an isothermal condttion at 100 F, the maximum heating

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

Turkey Point 3 Reference Surry Reference
Component Analyses (TP-3) Data Description Source Data Description Source
CLOSURE HEAD ASSEMBLY
Dry Weight 111,347 Lb. Ref. 1, Attimt 1-4, para. 1.1.7
. 15-Ft. 4in, OD x 2-Ft. 11-11/32in.
{f
Closure Head Farging 184 in. OD x 2 Ft. 11-11/32 in. Length Ref. 8, Part No. 51 Length Ref. 30 & 31
Material
. ASTM A.508, Class 2, Mn-Mo Steel, ASME Code Case
M : g ' - -
aterial 1332.2 Ref. 2, Part No. §1 ASTM A-508, Class 2, Mn-Mo Steel. Ref. 22 & 23
N . L 79-1/4 in. Inside Radius to basemetal x 6
Closure Head Plate Zr:;;:‘ I::,. ';'ﬁ'g: g?:“ﬁﬁ,: :Is;n;:‘tal-xses-ihs - 3/16 In. min. thkns plus ).156 min. Thkns
plus ) - 9-591- Ref. 7, Part No. 50 cladding - SST. Ref. 26 & 29
. ASTM A-533, Grade B, Class 1, Mn-Mo
Material (See Note 1 Below) ASME SA-302, Grade B, Mn-Mo Steel Ref. 2, Part No. 50 Steel. Ref. 22 & 23

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

Dog. |d. §1-5015197-00
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Table 3 CONTROL ROD MECHANISM HOUSINGS

Camponent

Turkey Point 3 Analyses (TP.3)
Data Description

Reference
Source

Surry
Data Description

Reference
Source

Housing weldment consists of threaded 6-in, 0D
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.
Quanity 65 Ref. 5, View: Key Plan 65 Ref,23 & 24
Spacing 8.486 In. centers Ref.28 & 29
Material - CRM Adapter ASME SA-182, Type 304, SST Ref. 2, Part No. 1 ASME SA-182, Type 304, SST Ref.23 & 24
Material - CRM Body ASME $B-167 Incone! Ref. 2, Part No. 2 - 14 ASME SB-167 Incone! Ref.23 & 24

Vent Pipe

Nominal 1.00 in. Dia. Penetration,

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

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

Description of Parameters)

thead 6+3/16 in. Ref. 7 6.188 in. Ref. 24 &25
tclad 0.156 in. Ref. 7 0.158 in, Ref.24 & 25
rbase 79+3/32+0.156 in. Ref. 7 79+3/32+0.156 in. Ref. 30 & 31
Rad To Noz (Max.) 53.544 in. Ref. § 53.544 in. Ref. 30 & 31, Top View, calc'd value,
: Ref. 30 & 31, Detail for Hole No. 1, and Detail for
DiaPen 4.000 in. Ref. 5 4.000 in. All Adapter Holes Except Hole No. 1.
Ref. 30 & 31, Detail for Hole No. 1, and Detail for
{Butter 0.25In Ref. § 0.25 in. All Adapter Holes Except Hole No. 1.
Ref. 30 & 31, Detail for Hole No. 1, and Detail for
WPirad .5-{Butter Ref. § .5-tButter All Adapter Holes Except Hole No. 1.
Ref. 30 & 31, Detail for Hole No. 1, and Detail for
WidAng! 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

Doc. id. §1-5015187-00
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REFERENCES

[Reference No. JDocument No.

Description Source
- - —m T ]
1 78825 . zlnal Design Surry Power Station, Part Length Control Rod Removal,Rev. 2, 5:2"1"'10(; ;;;:;a?rzn‘\ ?:LWMF:;?:r S:;XORN?G::::‘E ;;Zr;sg::m )
ated 7/18/80, Attachment. . "
Dominion -Surry, 25 Pages, time 13:05 hrs.
2 02-117877E, Rev. 5 ;a(;c_a&a: é._i;; :esazclor Vessel, Westinghouse Atomic Power Div., Contr No. FRA-ANP Records Center, Lynchburg, VA
3 02-117878E, Rev. § Closure Head Assembly, Gontr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
4 02-117880E, Rev. § Detail & Sub-Assy, Control Rod Mech. Housing, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
5 02-117881E, Rev. 6 Closure Head Sub-Assembly, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
6 02-5012151E, Rev. 5 ggg:s"' :gf:;%',gg:"““'bead Weld Repair Boring Option B&W 177 FA FRA-ANP Racords Center, Lynchburg, VA
7 02-88181C, Rev. 1 Closure Head Center Disc, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
8 02-117883E, Rev. 1 Details Closure Head Flange, Contr. No. 610-0116-52 FRA-ANP Records Center, Lynchburg, VA
. . Dominion Generation, Letter From Dean 1. Price To: Paul Ulmer of
9 N/A Surry Reactor Head Inspection - Design Information Transmital FRA-ANP, dated Oct, 12, 2001.
Equipment Specification, dated 4/29/71, "Addendum to Equipment Spec. Dominion Generation, Facsimile Transmittal, dated 10/12/2001, To:
10* 676500 Rev. 1 676413, Rev. 1, Project: SurryPower Station i, Eqpt: Reactor Vessel, Paul Ulmer/Jim Dorman- FRA-ANP, From: Dean Frice, 10 Pages, time
System: Reactor Coolant. 09:54 hrs.
11 32-5014640-00 Turkey Point - CRDM Temperbead Bore Weld Analysis ERA-ANP Records Center, Lynchburg, VA
12 51-5014575-00 Jurkey Point CROM 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 Transmital ANP, Subject - Surry Reactor Head Inspection, Design Information
Transmittal, dated 10/17/2001.
17 32-5015219-00 Surry CRDM Noz IDTB Weld Anomaly Flaw Eval. FRA-ANP Records Center, Lynchburg, VA
18 32-5014129-00 TP CROM Conn. 3D FE Model FRA-ANP Records Center, Lynchburg, VA
19 Not Used
20 32-5015220-00 Surry CRDM Noz iDTB J-Groove Weld Flaw Eval. FRA-ANP Records Center, Lynchburg, VA
21 32-5011864-00 CRDMH Connection 3D FE Model FRA-ANP Records Center, Lynchburg, VA
22 02-131174E, Rev. 3 Material List, Contr No. 610-0137-51 & 52 FRA-ANP Records Center, Lynchburg, VA
23 02-134804E, Rev. 5 Material List, Conir No. 610-0147-51 & 52 FRA-ANP Records Center, Lynchburg, VA
24 02-131180E, Rev. 1 Closure Head Details, Contr No. 610-0137-62 FRA-ANP Records Center, Lynchburg, VA
25 02-134810E, Rev. 1 Closure Head Details, Contr No. 610-0147-52 FRA-ANP Records Center, Lynchburg, VA
26 02-131177E, Rev. 3 Control Rod Mech, Housing, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
27 02-134807E, Rev. 1 Control Rod Mech. Housing, Contr No. 610-0147-52 FRA-ANP Records Center, Lynchburg, VA
28 02-131175E, Rev. 1 Closure Head Assembly, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
29 02-134805E, Rev. 0 Closure Head Assembly, Contr No. 610-0147-52 FRA-ANP Records Center, Lynchburg, VA
30 02-131178E, Rev. 3 Closure Head Sub-Assembly, Contr No. 610-0137-52 FRA-ANP Records Center, Lynchburg, VA
31 02-134808E, Rev. 1 Closure Head Sub-Assembly, Contr No. 610-0147-5 FRA-ANP Records Center, Lynchburg, VA

* These references are not in the Framatome ANP Records Center. The use 0
contained therein are approved by the Project Manager. PM Signature: P. M.

1-‘ f ts for Surry CRDM Weld Repair, Contr. No. 4160048, and the design input data
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APPENDICES: Customer Supplied Documents

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

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

Appendix C - Dominion Generation, Surry Power Station, Facsimile Transmittal, dated 10/5/2001, To: Alvin
McKim - FRA-ANP, From: Doug Lawrence - Dominion -Surry, 25 Pages, time 13:05 hrs.

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

5000 Dominion Boulevard, Glen Allen, VA 23060

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

Attention: Mr. Paul Ulmer _ October 12, 2001

Subject: Surry Reactor Head Inspection
Design Information Transmittal

Dear Mr. Ulmer
Please find attached 2 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 1. Price
Project Engineer

bCC: Al ﬂ{chh
B, DQ C&-&Mr\
. Do eran

M.CQPPQO\“’C-’
D. Matthews
M. Sfomn

R. Smrid

Arrencix A
51-5015197-00
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P Dominion- Memorandum

\J

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 (CRDM:s) for Surry Units 1 and 2. The following
comments apply.

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

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

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

4. Plant Unloading at 5% of full powef 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 s£eam 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, 1 occurrence, faulted condition

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

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

51-5015197-00 00 Dors v 20000 Aty 1000)
P9 L) 10



15. Primary side hydrostatic test at 2485 psig, 50 occurrences, normal operating condition
16. Steady state fluctuations, © 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.

o For heatup, Framatome’s heatup curve (Figure 1) shows a rate of 100°F/hr and a range of 100°F to
600°F. This heatup rate matches the design rate for Surry. The range bounds Surry’s design range.
For design purposes, an ambient temperature of 70°F was assumed, and the no-load RCS temperature
is S47°F. Per Reference 4, the full power upper head mean fluid temperature for Surry is 597.8°F.
Therefore, the heatup rate and range proposed by Framatome are judged to be bounding.
Framatome’s heatup pressurization curve (Figure 2) shows an approximate rate of 645 psig/hr. This
number does not bound the design value of 740 psig/hr; however, it bounds the actual pressurization
rates used during plant heatup.

e For cooldown, Framatome’s cooldown curve (Figure 3) shows a rate of -100°F/hr and a range of
600°F 1o 100°F. This cooldown rate matches the design rate for Surry. The range bounds Surry’s
design range as discussed above. Framatome’s cooldown pressurization curve (Figure 4) shows an
approximate rate of -645 psig/hr. This number does not bound the design value of 740 psig/hr;
however, it bounds the actual rates used during plant cooldown.

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

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

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

e 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.

51-5015197-00 o
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References:

1.

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

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

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

Engineering Transmittal NAF 95-162, Rev. 0, “Reactor Vessel Coolant Temperature Design
Input for Use in Upper Head Penetration Inspection Program, Surry Power Station Units 1
and 2.”

Prepared by: @ 7/% Date: 1o-t1i-0/

Reviewed by: KoK Q“’“’f’é} Date: Jlo-11-0/
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2000 Dominion Boulevard. Glen Allea, VA 23060
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Framatome ANP, inc
3315 Old Forest Road
Lynchburg, BA 24506-0935

Attention: Mr. Paut Uimer 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 Vesse!l Head Repair.

Exceptions:
1. Drawing 131175E--1 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 | 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 verity this.

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

4. Drawing 131177E--Section "Machining of Control Rod Mechanism Housing* shows 2 blocks at
the right end of the housing. | can verify the left block and everything in the right block except the
last word or number. 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 |
have not been able to verify this.

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

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

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



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

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

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

3) Closure Head/CRM Housing Nozzle, J-Groove weld buttering = Alloy
600 (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) Ciosure 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
— /
r e

Dean |. Price
Project Engineer

Awamx B
Toe. Td. SV-5015197-00
Pocge L2
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PAGE U2

aaisa S FINAL DESIGN
. SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER CONPANY

&

1 | DESIGN CHANGE NO: 2

LT TO:
.o SUPERVIEOR — ENGINEERING SERVICES 78-825
TITLE: . Iju 3
Part Length Control Rod Removal T "f & 2 *
FINAL OESIGH: s
{FINAL DESIGN SHALL CONSIST OFt 1. REFERENCEE; 2. DESCRIPTION; 3. DRAWINGS; & DESIGN DASIS;

5. OPERATIONAL REGUIREMENTS; §. PERIODIC TEST REQUIREMENTS;
7. MATERIALS LIST AND 8. EQUIPNENT SPECIFICATIONS.)

CHAIRMAN'S BIGHATUNRE! %}s) & Ve

FINAL DESIGN DEVELOPED BY: ¢ | CONMPLETION DATE: ?
Lavrente Lobo 3/20/79
PROIECT ENGINEER " | DATE: ,
Lawrence Lobo 3/20/79
REVIEWED BY DESIGN CONTROL ENGINKER: I 10| oave: 1
R, H. Coupe 4" [/‘." 7;
REVIEWED PY SUPERVISOR-ENGINEERING SERVICES: 12| oaTE: | 13
i D. A. Christisn 9- -2~ 79
REVIEWED BY SUPERVISOR-NUCLEAR ENOR. ’!IV’lgy' t4 | DATE: L1 )
g, 7 /0= - 75
REVIEWED BY STATION NUCLEAR BAFETY AND OPCH'A‘I’I,‘G OMMITTEES V6 | DATE: o 1

AP § Hdd

PROJECT AUTHORIZATION (ATTACH, IGQDIREOJ
Surry No. 1 81216406

REQUIRED;  NO.: ] NOT REQUIRED
- Surry No. 2 81216506

"

REVISIONS TO FINAL DRJIGN (ATTACH SFIELD CHANGE®):

19

AEVISION NUNRER; / a
OA:S: ﬁ/’{’ Wm 20

PAGE.. 1 __ oF _2L

51-5015197-00Fg 2
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* v 453,10 FINAL DESIGN (SUPPLEMEN
SURRY POWER STATION
YIRGINIA ELECTRIC AND POWER COMPANY
ATTACH TO: FINAL DESIGN } |DESIGH CHANGE NO. 2
, 78-525
FINAL DESIGN [CONTINUED): a
1.0 REFERENCES:

2.0

3.0

4.0

1.1 Royal Industries, Model 121 JOO1 Pa?t Lenth Control Rod Drive Manual,
1.2 Mmp~-Cc~-RC-035

1.3 O0P-4.5

1.4 Vepco Quality Asaurance Manual, Section 3

1,5 PSAR Section 3

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

DESCRIPTION:

2.1 Deseription of the anti~rotation devices can be found in the Westinghouse
proposal for the Removal of Part Length Control Rods dated Apzil 25, 1978,

A copy is attached for reference.

DRAVINGS ¢

3.1 The appropriate drawings are attached,

3,2 Figure 1r Partial Length Antl Rotation Housing
Figure 2: Partial Length Up Position Leadscrew Claup
Flgure 3: Partial Length Conoseal Assembly
Figure 4: Partial Length Up Position Lead Screw Retalner

Figure 5: Locations of P/L Control Rods

DESIGN BASIS:

4,1 The intent of the Part Length Control Rods was to control axial power
distribution and te suppress xenon oxcillarioms.

4.2 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 6f power in the axial region just below and sbove the
nentron sbsorbing material of the Part Length Control Rod.

4.3 At the time the Surry Unire were deaigned, there was mno stringent
restriction on 4¢ band. At the present time, there is a restriction
on maintaining a narrow Ap band of 53 which reduces.xenon oscillations

to 8 very low level,

2 2

- PAGE ok

51-5015197-08 F3> 3




PREYRTIEYRFRL LSS Lo b L1909
» 288.16 FINAL DESIGN (SUPPLEME |}
SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER COMPANY
ATTACH TO: FINAL DESIGN 1 [DESIGN CHANGE NO.

78-825

FINAL OESIGN {CONTINVED):

. 4.0 DESIGN BASIS: (CONTINUED)

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

5.0 OPERATIONAL REOUIREMENTS:

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

5.2 Once the part length control réds are removed, additional operational
requiremente are not necessary.

6.0 PERIODIC TEST REQUIREMENTS:

6.1 After the part length conmtrol 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 i1s never broken, any possibility of leaskage
during plant startup following an outage 48 virtuslly eliminated.
Therefore, there is no need for periodic testing.

7.0 MATERYALS LIST:

7.1 See Vestinghouse proposal dated April 25, 1978 attached.

8.0 ENUIPMENT SPECIFICATIONS:

8.1 TRot required

51-5015197-00 5. ¢
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CONTROL ROD ASSEMBLY BANKS
Function Numbexr of Assemblien
Control Bank D 8
Control Bank € 8
Control Bank B B
Control Bank A 8
Shutdown (S) 16
Part Length (P) 3
‘ 53
O = SDURCE ASSEMBLY LOCATIONS

FICURE 5: LOCATIONS OF PART LENGTH CONTROL RODS
' CONTROL ROD ASSEMBLY GROUPS
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- WY SN A  odew Aot FAR e it

No, $30.19A .~ FINAL DESIGN IMPLEMENTATIO: . ND TESTING
SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER COMPANY
R Mvswnc iR RN
You 1 ] DESIGMN CHANGE NOY
| S o 78-525
DESIGN CHANGE TITLE? - 3 | UNIY NGI
PART LENGTH CONTROL ROD REMOVAL 1
DEBIRED IMPLEMENTATION DATE: . s
- DERING STEAM GENERATOR REPLACEMENT
FINAL DESIGN CONTROLLING PROGCEDURE: Y]
PROCEDURE SHALL CONSIST OF: 1. PURPOSE; 2. INITIAL CONDITIONS; 3. PRECAUTIONS,; 4, INSTRUCTIONS;
@ eorv aTracken
FINAL DESIGN TESTING: N "W
PROCEQURE SHALL CONSIST OF: 1. PURPOSE: 2. INITIAL CONDITIONS; 3. PRECAUTIONS; 4. INSTRUCTIONS;
5. ACCERTANCE CRITERIA,
COPY ATTACHED: £ MECHANICAL TESTING {7 eLecTRiCAL TESTING
[J INSTRUMENT TESTING 21 cHEmicaL TESTING
FINAL DESICN CONTRAOLLING AND TESTING PROCEDURES: 8
Vi
SUBMITTED BY PROJECT ENGINEER: DATE: 10
Lawrence Lobo 7-18-80
AEVIEWED BY DEKIGN CONTROL ENGINEER: . DATE: 12
Richard Coupe 7~ —*m
TRECOMMENDED APPAOVED BY SUPEAVISOR-ENGINEERING SERVICES: DATE: 14
' ) David Fortin ol B Fo
REVIEWED BY QUALITY CONTROLY . DATE: e
Prank Remtz ooy ) 2-2/-¥%
APRROVED BY STATION NUCLEAR BAFETY AND OPERATING COMMITTEE: 17 DATEs 1
\_9 S A {/’/ &
CHAIRMAN'S SIGNATURE:

REMARKS: V ,
This procedure addendum inserted as Field Chanpge #2

=)

51-5015197-00 3 10
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1BI85/2861 12:15 2758 ) .
0
* 5294 1suRRYE . DESIGN CHANGE REQUES .. -
SURRY POVER STATION
" VIRGINIA ELECTRIC AND POWER COMPANY
Y0 SUPERVISOR - ENGINEERING SERVICES *] oeston cranae ko.zéw 2 5—-

LT

REFEREN - / ' ﬁuzn, TZM 14 { &ps | g& -
éﬁ‘&@l‘ Vitto (syima) sfashy - ‘sozite ¢ Aot Le rry doafa /€03

ORIEF OESCRIP'HON 7 CHANGE REQUESTED |ATTACH ADDITIONAL P‘G'éa tF REQUIRED].

Ramove Pl From Cok - REFLALE it H "rmmgu Arve “risesd§
Bassfare Ak -Rotatior, DEWLE To MLl CAAD Sl UP 15 MHeAD,

REASON FOR CHANQE:

); eoinds rms Dusine LLANCINE OUfARL ~ 2)Désdsts ey
RADI1xthe~s ErPrsung — 3) CPhrahow Mot Allowsin 8Y TS,

CHANGE REQUESTED p:- gf m‘g, : ’ Jjus:,'/”u:_

REVIEWED BY: | naTe:
COGHITANT sunnwson:w ‘_QS A 7/20’7r

RECOMMENDED ACTION:

EAPrrovED '™ DISAPPROVED "7 APPROVED AS MODIFIED
PROJECT ENGINEER: A . ‘ an 14 nA‘rE' 255;025[1 18] DATE REQUIRED: 18

vy
ENGINEEZRING REVIEW ATTACHED

]
QUALITY GRour cLAsmFiIcATION: (X1 A4 [Je [e [ [J¢ Owc Do {Ole [Jotusa

"] vecw sPEC, ITEMS: Tl w0 TR YES  SECT. no.%‘

IMPLEMENTATION ME THOD: *‘ DEMGH CH GE PROOGRAN MAINTENANCE PROGRAM MAINTENANCE REPORT NO.
2’ : 2
PROJECT ENGINEER'S LIGNATURE: _ nT DATE: b

24
_B SAFETY ANALYSIS  ATTACHED (REQ'D POR SAPETY *RELATED ITENS)

3{ yecu spEc. cnancs REQUIRKD B YES ! | NO

g LY

UNREVIEWED SAFETY QUESTION 7] vEs £] »o

7
PROIECT ENGINEER'S SIONATURE: 0 o tag L0, vBo ﬂ”"’_&dl [8 :

DESION CONTROL ENGINEER'S RECOMMENDED ACTION: B4 apProve . ! DIBAPPROVED

’ - n
APPROVAL LEVEL p WRC LEVEL [T} sysTEm LEVEL T sTaTion LEvEL
MEYHOD OF INPLEMENTATION }(oumn CHANGE PROCRAM =] MAINTENANCE PROGRAM

DESIGN CONTROL, ENGINEER'S SIGNATURE: | W 22| oate: zz{z

SUPERVISOR = ENGINECRING SERVICES® REVIEW: Abrcason A ba W .. .-,0‘&-

annov:o ~] DISAPPROVED . x,‘ APPROVAL LEVEL VENIFIED #
7( STATION TO CONPLETE FINAL OESIGN "' ! PRODUCTION SEAVICES RESPONSIBLEPOR FINS DEBIGN

3
PROJECT AUTHORIZATION ATTACHED OF REOUIRED:
NOT REQ'D. - '?(uo'o PRIOR TO FINAL DESIGN REQ'O POST FINAL DESIGN
IR N-o48?
1
e AV A Y /Y
: i AU e
v . ae
STAT CLEAR SAFETY AND OPFRATING COMMIYTEZE REVIEW: !
APPROVED 1 DISAPPROVED T APPROVED A3 MODIFIEO |

PAGE__ Y. . __oOF _ 2.
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nse.10e ‘ DESIGN CHANGE REQUE
.- SURRY POWER STATION:
N : VIRGINIA ELECTRIC AND POWER COMPANRY
ATHARKS: 8] DESIGN CHANQE NO®

78-;’.\5’

A
CHAIRNAN £7.[ 10 "
nucn.u; TNGA. a§lces' REVIEWS

ORQANIZATION TO CONDUCT REVIEW OR-SMA-DEINT

I DAYE: 43
; ; {u

SYSTEN NUCLEAN SAFETY AND OPERATING COMMITTER REVIEW:

{3 ves

(A aprroven

UNREVIEWED SAFEYY QUEATION:

4 we

7] misarProveD

] arrRovED A

(2 NuCLEAR ENOR, SEAVIEES STAPP {C] coxtmacron 3 ornen
PROJECT ENGINEER: - 88§ DATE ASJICNED: 4%
S, Wi Bristew, Jr. - 679
AFFILIATION: . s “®
£ngaeer -~ NES
NUCLEAR ENGR. $ERVICES® AEVIEW: @
unRgviEwED sarkTY question [ wo COMMENT:
Oves
SUPERVISOR NUCLEAR ENGR. SERVICEY' SIONATURE: @ loATE: P
. SZQéz
30

MODIFIED

COMMENTS:

[ 3]

CHAINAN'S SiCHATURE: 122 :( . ‘j/‘&

T3 [l

FINAL DESIGHN COMPLETED: S| DATL:
L, Loko dxp-y
']
TITLE: M| AFFILIATION
ASLSTIANT  ENeANEER. EPD

" 7]

PINAL DESICN REVIEWED DY STATION RUCLEAR SAFETY AND OPERATING CONKITTER 30 jpaTE:
7 Py APR 9 1380
CHAIRMAN'S BIGNATURE: ¢ C, wth 50
FINAL DESIGN INPLEMERTATION CONTROLLING AND TESTING PROCECURES $0 j OATE: ()]
. 7 rdo~)D /
COMPLETED BY: 1 . l o ¥
REVIEWEOD BY $TATION NUGCLEAR SAZETY AND OPERATING CONMIYTEE: az lpaTe: “
e
CHAIRMAN'S SIGNATUR E; \I . 1\ . w /L sd . V— ?"’ Fﬁ
DATE DEEION CHANGE L1 DATE DESIGN CHANGE &8
COMPLETED ON UNIT NO. ¥ COMPLETED ON UNIT NO. 2¢
Q.22 g0 G- 2+ SV
CONTROLLED DOCUMENT REVIEW AND REVISION CONPLETED OV s8] oareE:
Wf/m"" 3-29-8 2

PROIECT ENGINEEM
COMPLETED DESIGN CMANOE REVIEWED sv s8 | Dave: T
OESIGH CONTROL ENGINEER: ;?' ; f/
COMPLETED DESIGN CHANGE AUDITED @Y QUASI 72| DATE:
ASSURARCE ENGINEER: j[-/ - &'

FOPWARD TH ATATIOV RECORDS
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*aniA _ ENGINEERING REVIEW -
SURRY POVER STATION
VIRGINIA BLECYRIC AND POWER COMPANY

- ATTACH TO: DESIGN CHANGE REQUESY 4 | DESICH CHANGE %O 3
) 78-825
DESIGN CHANGE TITLE: 3
Removal of Part Length Control Rods .
PROIJECY ENGINEER PERFORMING REVIEW: ¢ | DATE: ]
Lavrence Lobo owhtéc M 11/27/78

REVIEWER BY DESIGN CONTROSL ENCINEEN: & | DATE: T
R: . Coupe e L 7 fegfos”

AEVIEWED BY SUPERVISOR ~ ENGINEERING SERVICES: - YIS )
7, A. Peebles mfﬁ_ /s 5 /2 & |

ENGINEERINDG REVIEW: (THE REVIEW SHALL CONSIST OF: (1} ANALYSIE OF THEZ REQUEST:
12} PROPOIED RESOLU TION:
{3) APPROVAL LEVEL))

(1) ANALYSIS OF THE REQUEST:

1.) This design change request consists of the removal of part length control
vods from Surry #1 and #2 Units., There are five part length control rod
asgemblies in each unit, After removing the part length control rods from the
corae, thimble plugs are to be inserted in the fuel assembly from vhich the part
length rods are removed.

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

The utilization of part length control rod for axial pover distribution
control is not desirable, The insertion of the part length control rods would cause
the lowering of power in the axial region.surrounding neutron absorbing
material. At the sams time csusing 3 higher power in the axial region just
below and above the neutrom absorbing material of the part length rod.

At the time Surry units were designed, there wae no stringent restriction
on A band, At the present time, there 1a s regtriction on maintaining a narrow
Ad band of * 5% which reduces the Xenon oscillations to a very lov level. ]

2,) Westinghouse has evaluated and analyzed the removal of the part length
control rodes while leaving the lead screw in the fully withdrawn position
(Details are discussed by Westinghouse in a letter to B. R. Sylvis) and founds

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

(2) There sre no problema 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
1a unlatched, the lead screw is free to rotate. So when the screw
~ 1s moved to the top of its housing, its own weight and/or vibratioa

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

. Westinghouse has designed a 40 year anti-rotation device that can
be utilized to prevent the lead screw from rotating. The device
has @& pin which f£its into holes drilled into both the enti-rotation
device housing and the cap of the conoseal. The cap cannot rotate

PAGE __ 1 o 3
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¢ gwn.12 ENGINEERING REVIEW (SUPPL. NT)
SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER COMPANY
ATTACH TO: ENGINEERING REVIEW . DESIGN CHANGE NO, 2
ENGINEERING REVIEW (CONTINUED): ?
(1) ANALYSIS OF THE REQUBST: (CONTINUED)

(2)

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

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

(1) Dacreased outage time.

The design of the part length control rod drive mechanism is such
that the lead screw, which is used to raise and lower the rod, cannmot
be removed from the mechaniem. This results in the requirement for
a removable seal at the top of the part lesgth control rod drive
mechanism, a8 well as a long tool for extending down into CRIM to
unlatch the screw from the part length rod, This unlatching and
relatching process can require as much as two 10~hour shifts during
each refusling outage, all of which can be critical path time.
Removal of the part lemgth control rods can therefore save ae much
as a full day of outage time.

In addition, after the part length control rods are removed, the
sealg at the top of part length lead ecrew travel housing need

never be opened during a refueling. Because the seal 1s never
broken, this virtuslly eliminatee 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, ia reduced essentially to zero,

(2) Decreased radiation exposure

The latching/unlatching process requires two individusls at a tine
working for as much as a total of 20 hours in a high radiation
field. After the part length rods are removed, none of this 1is
necessary. This makes a significant cantribution to the ALARA
projram. .

PROPOSED RESOLUTION:

Based on the Westinghouse study, and operational experlence at Surry, it
is recommended that the following be accomplished: (1) Remove part length.
contrel rods from the core, (2) Insert thimble pluge in the fuel assemblies,
which contain part length control rods, (3) Install Aati-rotation Device to
keep the lead screw in the raised positionm.

During the fuel shuffle, the part leungth control rods may be inserted into
spent fu¢l aspemblies and taken to tha epent fuel pit while thimble plugs are
{nserted into the locations formerly occupied by the Part Length Control Rods.

.. . " PAGE ™= 0F ¥
51-5015197-00 Py I
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1. GENERAL INFORMATICN.

: BEST AVAILABLE COPY
1.4 Senerzl data. .

—— e ——

1.1.1 General daseription.

. The 187-inch reactor veasel consists of a vessel ahell and
. & closure head. The vessel shell is a cylindrical section .
with a 12-feet 11-7/8~inch I.D. and & IN-feet §-7/32-inch O.D.
at the primapry irlet and outlet connections. Below thess
econnections it has & 4s-foet 1~5/16~inch I.D. and a iv-fast
§+7/18~ineh 0.D. .
The dimension from tha centerline of the vessel to the outexr
.guss of the inlet nozzle ia 10=foet S-3-inches. The dimension
fvom the centerline of the vesssl to the outer fane of the
cutlet nozzle is 48 fest 2-3/8 inches. .
The bottom hemisphericsl head i machined to receive 50
o {nstrumentation nozzlew. The closure head is machined to
) receive the 65 uontrol rod mechaniss bousings. .
The vessel stands 81 feet 9-3/18 dnches high from the Sottem
henispberical head to the 0P of the control rod mechaniss
wousings. {see also figure 1-1). . .

Design conditions.’ . LT e

QLY THIS JA/FWeMﬂT/O/V /5

Des ssure ) . 'n%'s“. el THT e €
D:sif:: g::pnltun - ::g" ;f: Peerinedt’ oN s
Hydrotest pressure ' : . 3 1] é,... e
Hydrotest texperature . : ROTT ¢ 8051' ninimun W’(&

Rydrotast teaperature at vapufsoture -430° ¥ :

Operating eet\aitior.ss'. .- . .'._,‘ L oL

.Coolant fiuid . - : - ,.' Pressurized weter
\ Operating pressure - . 2235, peig
C Normal eperating temperature suso. b 4 '

Inlet temparature ' " 5'030‘ v

- Outlet tesperature &t normal power 608,88 F °

Initial gg&atgg }_initutims.

The heating and cooling rate is limited 1o maximms $00°F per
hour. These rates «ill de safe for 200 occurances sach. Thusg,
. when starting at-an 1scthersal copdition et 100 f, the maximun
heating rats is not to excesd 100°F par hour Up to opereting
temperature and, when gstarting at an {sothersal condition at
operating gsmeparaturs, the maximum ceoling rate is not to
exceed 100° ¥ per hour returning to 100" Y. ;

1.3.5 . Basic Dimengions, '

1.1.6.1  Vessgel Shell Acsedly. .

Ylange Forging  48=feet A-inch O.D. X 2-foet
. . 41=} inch length
Cylindrical Sectian ¥ozzles i2-feet 14+7/78-inch L. Dr x
- g-inch minfsun thick manganese~
nolybgenun steel plus p.158~inch .
sustenitic steinlesv steel
cladding.

1-2
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control rod mechanism

’ S MK=
vent pipe (MK<23) housing (MX-AZ thru Ais)

goud support

T 1irhg lug

clo:; stud
:}{ﬁb‘; nut - olosure haad flange
.1 & ] )
spheical washers ‘ﬁ’;g 19"'131 gasket
(HK;@ and 65) . : __cuter O-ring gasket
vesdl flange X s - (MX-7
leakeonitorin .
tebelWK-80 and B1)F] -O°T® SUppeTt ledze 'c‘;éf:g"l veal ledge
X T . - - '. t.."-_- . ’ -
A e inlet nozzle
cutlt noszzla - ; Ix(MK~58)
Sx(1S9) T upper shell course .
'eg.,j. gu,w;-g J M .- - . _' . .- . ) .
pad .. ’ intermedihte shell o,
- courss - . <o Clatees
. N I - ~‘ -‘ '
dower shell course " ,
- . * . ] -

L A (MK~70)- ¢

* ingumentation Bottom head ring

-~ - e b= b— —

o~

RN . ' N s ESUH
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nosies (MK-DP83 N ’ .

thn B112) e . - 'Bott?n head .eny
T T e .. BESTAVAILABLE COPY
. T _'::.:. . 0 .

Pigure 1-~1 Reactor vessel
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1.1.5.2,

1.1.¢

13~feot 1-5/26 inch 1.D. x
8=~ inoh minimum thick manganege~
molybdenun steel plus +/8-inch, .

Cylindrieal Section

. vastenitic gtainless stoal
. M c]..ddin‘o .
Henispherical Heaa . B~feat 7~l inch spherical ndin's

, - X 5 inch minimum thick man esp~
milybdenun stoel Plur $/8-incy

Closure Head Assenbly. i .
Closure Bsad Forging " 15-feet ¥einch 0,D. x 2-feet - .
- - 11-22432 ineh length.

Closurs Head Plato' T $-Zeot 7-3 inch s hcrieai.mdius.
c Lo x 6=3/18 ineh -sﬁm,

thick man-

. . : ganese-malybdenunm -steel’ plup 3/9~
‘. ' TR inch austenitic stainless steel
e ] .; oladding. T . .

Studs - Y € inch nominal diameter x 5-Fact.
. : length, ' = Core .

" Seneral Dimensions. S ";_',:‘ -._1,-,'_ e

Overall Haight of Reactor Vessel Assembly = - )&« | .

Including Control Rod Eousings - 82- feat 7-13/86% inches
. Excluding Control Rod Housings and AT -
" Instrumentation Nozzles - . W0 feet §= 3/32 inches
Ovarall Height of Reaotor Veamel T o ALTE
Excluding Closure Assenbly and Lot ‘ P
. Instrunentation Noxzles . 83 feat 10-39/8% inches
Qutside Dinension frém Certarline of Do
‘Shell to Face of Dutlet Rozzles "+ 10 feat 2-378 inches
Outside Dimension from Centerline of R -
Shell' to Tace of Inlet Noszles 10 feet 3~3 inohea
Outnide Diameter of Shell at Noszles . 174-7/32 inohas .
Ouga‘idg Diameter of Shell Below Mozzle 173-7/18 Inches.
ection A . ¢ .
Outside Diameter of -Refueling Seal Ledga 157.900 inches
Dateide Dimension froa Centerline of v
Shell 2o Lifting Lugs
Dinenaion from Centerline of Shell
to Lifting Lug Hole Cernterline

Shell Thickness Including Cladding: . :
Plange, Maximum (Pressure Boundary) 1= foot 5-7/32 inches
Tlange, Minimm (Pressure Boundary) 1~ foot 5-3/16 inches

€ faat 3-§ inches..*
§ feot 11 inches .

- Uppar Shell Course, Minimum 8- 178 inchéa
Intermediate Shen'Come. Minimon 8- inches
Lower Shell Course, Miriimum A~ inches
Lower Head Ring, Minimm - S= 1/8 inches

Bottom Hemispherical Head, Mindmum 5« 1/8 inches.
Hemispharical Closure !}n&. Minimum  §-5/18 inches.

. BESTAVAILABLE COPY
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austenitic stainless steel niadatng '
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1.3 o7 D’! "'i!ht’c

1.1.8,

1-.0‘.‘0

1.4.8.2.

1.1.9.

T sel

1. A.8.M.E. = Code Eection IXX.
2. A.S.M.E. = Coda.Section IX.

» . .

- (".
o

559,082
"Reactor Closurs Head . 141,34
uds, ] - 31,583 v
sotal Assembled Reactor Vessel Veight 701,992 1b,
‘ ‘Closure Stud Assembly o
Stud (MX-62) (Includes Inscots MK-78 . o
3 ¥X-79) 450,38 Lb. sach
tut (MX-63) . ‘ 68,7 ib. each

Spherical Washer Set (MK-6A § ¥X-B$) - 28 1d. each
- Totsl per Sat S 5k4.48 1b, each set

- Total for &8 ...*. s ".' ',__ ' . * 31.553 Ihq :
Vessel Shipping Arrangement * ' - . " o LT e

.Reactor Yessel : §58,082 Id."

Rolleon/Roll-off skid . 28,4855 1ib.

Misaellanecus Shipping parts . Lo 6,81% 1b,

Total Reactor Vessel Shipping Weight 582,351 1d,
Closure Read Shipping’ Arrangeaent .

Clogsurs Kead - " 111,387 b,

Shipping apd Cover . TSN96 1N,

Mechanism Housing Cover 3,527 b,

Total Closure Bead Shipping Weight . 122,370 1b, |
Design Considerations: = , .~ .- . ° L < <
The matarials produced- and used in fabrication of the resctor
vessal (under this contract) are in accordance with the
qualifications Indentiflied {n Pavagraphs 1.1.8.1 and 1.1.8,2,
Soverning Bpeoifications. - - E

Ce

3. Wostinghouss P.V.R. Equipment Specification 876811 and

677026, -

Materia) Specifications.

The material spacification for each mk Huxber {e listed

in Figure 7.28. .
Safety Notiges and Warnings.

-

The internal surﬂ'\cn of the reactor vess¢l .come in contact
- with radiocactive priwary coolant of ths heclear pover plant; .

thepafore, redicactive materitls «will be prssent

during cparatio

and npay ba present for long pericds after shatdown. Personnel .

wvorking at or near
vith the hazards involveds.

. BESTAVAILABLE COPY

his vescel should de therdughly familfar -’
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The reactar :
up to 650 F end fluid pressures up to 2485 psig., It has a

high hydrostatic test pressurs (3107 peig), Due vegard must
be made for thess conditions to nininizo the danger of injury
to personnel. . . .

The minimun tenperature for pressurization is ¥DTT +50°F (110°F
pinimn) at tine of msanufscture. . .

The veactor vepsel ghell 1s fabrdcated of ASTH A~508, Class 2,
nangarsss-nolybdenum stesl. . Since this materisl has a high
rrittle fracture transition temperature, extrems care rust he
taken by all persons working en and/er handling this eguipment.
No welding, striking of arcs, notches, grooves, or other stress
conventrations shall be allowed on the surfacs of the vessel at

, &ny time dur handling,  installation, or operation. In the
avent such an incjdent occurs the mattsr zhall be immediately

Teported to the Plant Operations Engineer. Ho remedial action

ghall be Initiated except as directed by the Plant Ope;\mt.tons

———

Englneer. L
" 1.2 Installation and Maintenance Operations. =~
1.2.1. Clenhing. . . o, ' M T
.. A T e

.
LY . 4

. - Inpropsr meahanical or chemical cleaning ef . .
.. .0 ... .surfaces may result fin excesfivs.local corrosionm -
. .of those surfaces when placed in contact ~ - ’.
with primary coolant, The resultant eorrosiom
‘products takan into solution in the gx-innry :
eoclant ‘could decome highly wadloactive, . )
" thus cowplicating the maintenance of any '
' companent due to the hazards of exposing: . -
. ®en to_ high levels.of radicactivity.

L u.eme o CAUTION Tl L ‘.,.':

Use extrema care at all tines to pravent

dirt, foreipn particles, ate., from entering

the reactor systen and J.od;ini batveen dearing

sux~faces of parts operating with sxtremely ‘

sxall clearznces and causing excessive ‘.

wear or ssizurs, L
. LT . HOTES . L, . .

Components  shall bebkleamed to the extent’

‘that no contamination s visible., Aveas which

eannot be visually inspected due %o

inaccescidbility or geometry shall.be evaluated

by -viping ths mirface with a wet or dry,

lint-fres cloth until all traces of foreign

material are removed and the cloth remains .

clean after use,

<

1

.

i-6

vessel is designed to operate at temperatures /LY 7708 LNFRMATTON
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* "9, Rust of any type or amount shell not be

alloved. If *upting does occur, the surface .
shall be cleaned to remove the rust or .
rust-producing condition and any vigible

surface contanination.” .

3. Cleanliness shall be maintained by packagirg . . .
components or subassemblies in polyethylene
bags for storage. .

All instructions fer the cleaning of surfaces in this
instruction manuval rafer to a condition of aaximum cleaniiness.

_ The cleaning iz to de performed as follows ¢

41, Clsan all netal surfaces us nesessary by swabbing vith clean,

: lint~free cloths saturated with acstone followed by swabbing
with clean, lint-free cloths saturated with destilled water,
Dry with slean, lint-free cloths. The cleaning must d4 auch
that no foreign matter can be seen after olom!n(. particu~
lary in the voot arsa of the threads.

2. Clean Bupa-¥ Rubber as pecessary by swabbing with clesn, -
1int-free cloths saturated with chloride-{ree naphta gas
, folloved by swabbing with clesn, lint-free cidths paturated

7 " with destilled water. Dry with clean, lint-free cloths.

1.2.24

The ¢ wugt -ba sueh that no forsign nmatter can be sesn
after el (O ’

3. ?:-enu:'\e sensitive taps may be used oocasicpally on

scompopents (that is, over ths top of cloasure studs). Any .
time the pressure sensitivs tape is removed from a component,
use acetona to remsve any rasidué,

‘Clean the area as desaribed sbove in Step 1.

Lubrication,

. As the following tabulated parts e assembled, thoy shall be

lubricated o8 indicated below.

Hark No., Nomenclaturse . labricant Apply to

NK-82 8tud - . Heolube Hale, thyesds
HX-62 Rut Heolube Bearing surface
MX-54 Convex Spherical Washer Neoluts Both faces
¥K-65 Concave Spherical Washer Neoluba  Both faces
KX-78 Top Insert NHeolube Hale tireads
HK-79 * Bottom Insert Heolube Hale threads
Hy-00 Eysdolt Heolube Mald threads

: Plug {Westinghouse) Naolube Yale threads
MK-32 Slecve © . . MNeolube 'Msle threads
1KX~28 Guide Stud Raolube Botton B-inches

HK-32 Fyedolt . Heolube  Male threads

-

7}5— Jx/émjm/\/aﬁ 7ZLS
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33

3-15’

3.13

© (2} A vefueling aeal ledge,

1-1-?d

DESCRIPTION.

petailed Description,

{See fizurea 1.1, 7.8, 7.9. 7.10, 7.1, 7.15, 7.20 and
7.26 . . .

.

;;z_troduutton.

The Virginia Electric rnd Pa\n:- Campany reagtor pressure
vesgel aquipment described in this manual inclnde: the vegsel,
the closwre head assembly, closuve stud assemdly, special
tools, and shipping mamu. Discussions of ths ejquipment
with detailed descriptiom of their features are presented in
gsubsequent paragraphs. Matepial and matevisl gpecifications
fZor all parts or npentt are muntcd in Pigure 7. 28 by
mark numbers.

Veche; shel_J, Aumb;! g . o AN
The reactor veczel {(see ﬁgu:-os 1.11 7.2, 7.3, 7.4 and 7.5)
is duilt up frem : DAY T To8 AR 78,
{33 A flange forging. A N ! LTl

ST 4.,
.

MRl
-

{8) An upper uball wne wntdninx tho :ln!.at and outh't
nozales.

C4) Aa Aatmu'uato shell course.

{53 A lowsr shall course. mt.inin; ﬂm core n;port puides,
ts} A lower head ring: . e .

{7} A bottom henispherical head hnv:l.n; the tnamuntati«m
nozsles,

The vessel ngnm:l are os.ccuued in mbooquent wapuphs.

lggtm- Vessel ngg : '

The reactee vessel flange i- a uchined fcrging weldéd to ﬂn
upper shell course., (8ee figure 7.3).

A refueling seal ledge is welded to the vescel Zlange. The
flange is fabricated of ASTY A-508, Class 2, manganege- .
nolybdepum gtesl and is clad interpally and on the gasket

. face with weld depouted austenitic nta.in:leu stael,

The flange is desixned with a ledge for the support of the
core, a "8 Lace fcs sealing of the vesssl, 2 monitoring
taps on 98733 and 133°27' degrees angular location for dee

tection of water leakaxe tgrwgh the gsaket sl.ns irrgdia

" tube slots on 5%, S5°, 85, 165° in: $ 288 zas ss s 308

degrecg angular locatian for hold ﬁm specisen
baskets, key slots on 0, 90, 280 and !70 dazraen angulap
locatioa for aligning ths closure-hezd and vesgel ass

and 5¢ stud holes for tightening tht head to the vessel.

THIS PhdGE IS Nors PERTINENT
VJ LG
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B.3.2.24
g

‘8.4.243.

BEST AVAILABLE COPY

0f thess stud holes 3 holes are used for holding the
guide studo which zre used for refueling. The stud holes
are threaded and receive the § inch dimnster eloscvre studs.

Refueling Seal Ring Ledge. ;

Tne refueling seal ring iaﬂge (Sea figure 7.5) is & machined
weldmant fabricated of ASME 5A-333, Grade A, manganega-

molybdenun steel. The refueling -seal ledge is a 2-3-inch thiex

7ing welded to tha reactor vesgel Lflange,

Urper Shell Course. - . . KR R

Thas upper shell course of the vesgel (ece figure 7.3) .

i a machined forging welded to the reactor vessel flange
and to the intermediate shell course, The upper shall course
ie fadricated of ASTM A-508, Class 2, manganege-wolybdesum
steel and iz clag internslly with weld deporited-stainleas
steel. Ths upper shall course containg the six primery .
coolant nozxiles. .-

v

The six primary eool;nt- nozzle forgiogs mre velded to the
upper shell course for satry and discharga of the pr

- coolant. The nozzle centerlines are 6 faet 10-7718 inches dalow
. the mating surface of the vessed flange.

The three 27.%83-inch I,D. inlet .aazzlu are located 120 °
degrees apart, (their centerlines are located respoctively
on 25, 215 and 335 Qagrees). .

The three 24.965-Inch I.D. cutlet norzles are Jocated 120
degrees apart (their centerlines avs located raspectively
25, i8S and 265 degreeg). Vescel pupport weld pads are
Jozated on tha -hottom of each of the 8ix nozzles. The
muchined 3 are 9 feat 2-15/16 inches below the mating-
mrface 0f the veseel flangs. -

The primary coolant noszle forgings are also fabrlcated of
ASTY, A~508, Clase 2, manganese-molydXlemtm steel and are alad -
vith weld deposited austenitic stainless steel internally,
The nozile end connections ave elad with weld depogited
eustenitic stainless steel and are machined for £ield walding
to the main coolant piping. i

THrs PG E IS5 oot PERTLNENT.
% /,(,acg,____—
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34.2.%. Intarmediate Shell Course.

Pni’n!vS.

she intersediate shell course ' (see figure 7.2) 1ig g .
eylindrical zhell formed frém'tuo plates.of ASTH. A-533 Or,
«Clede snegn-volybdenun steel and is ¢lad internally v?‘&h
weld deposited mustenitic gtainless gteel. The intermediate
shell course iz welded to the upper and lower shell courses.
The two longitudinal weld peams are located on 3§ and 228
degraes. B - e L -

PR

Lower Shel Se. . S e LT
D S

The lower shall course Coece £ig.7.2348.a eyunhr's_.ui atiel) formed

.

”ﬁa two platea of ASTH A-533 6r.B ClI, nanganess-nolysdenun steal

3..2.5,

1.4.2.7,

iz tlaé internally with weld deposited austenitic stainless
steel except for the weld deposited Inconel clad on tha

+om-11~37/18 inches. Your core support guides which have & -
8-4/15 inch wide x X.040 {nch deep x 3 inch long machined slot
2t the bottoa of the shell course ars located on 0, 50, 180 and

2710 degrees. Tha tors support guidag are fabricated of ASHE
§5-166-63 Inoonel, . to -

The lowar shell ccurse.is walded o the
and.to the lower head ring.

JSnternediate .shell course

The tﬂo 16:;31&3&:\;1 'ireld' seans &re zbcati& on 435 and 215
degreses. et RN
. L L . .° N

Lower flead RINK, - e . L e 0T R
The lower hedd ring "(u'.tf figure 7.2) - i3 welded to and

joins the lower shell course and the bot.t.en heaizpharical head.’
It $s fadricated of ASTH A-508, Class 2, nnimz--nnlyhdemng
08

steel and is clad internally with weid de ted mgtenitic stain-
leas steel. . -

v N

Bottod Homisphenical Head, o o i

the bottom heafapherical head (see figures 7.1 and 7.2} s
welded to the laver head ring of the vessel The hemispherical
head is formed fromra single plate of ASTH A-533, manganese- -
nolybdenun steel and is internally clsd with 0.325-inchk thick
weld deposited muatenitic stainless steel., The head is pene-~

trated by 50 instrurentation nosales fadricatsd fyom ASHE SB~166~
82 Inconel. ’ . . .

Loch -} inch D.D. (D.507 inch I.D.)} ingtrumentation noszle is '
Inconel welded into place. A safe end of ASME SA=475, Type 304,

stainless steal i welded to the extexrior end of eath instrumen-
tation neczzle. ..

3-4
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3,1.3. Closure Hesd Assembly..

The closure head: assocxbly (ges figures 7.6, 7,7,:7.8, 7.5, 7.10

and 7.312) is, a weldment consisting of a h sphwiclﬁy .
. dished plata and a flange forging. Ths hemisph. dished plaze ig
fabricated of ASTM A-533 Gr.3 Cl.1, manganese-molybdenun steel

and i clzd internally with weld deposited austenitioc stainlesg

steel 0,225 ineh . thick,

The flange Tforging is ASTH A-508, Class 2, nese-molybdenunm
eteel 15 clad with weld deposited gqotenitﬁ stainless stesl
internally and on the gesket face. 7The closure head forging
gaskst face is machined to acccuandata two silver plated .
self-anergizing stainless steel O-ring gaskets asd the 2% sets -
of ‘wirs clips, backing plotes, and screws. . .

The flange of ths forging is bored through tormceive the §8
closurs head studs. An indicator arrouw is walded to the head

to indicate ths mmbder one stud hole,. . Co .

———

The dished seguént of the closure hoad conta.';n- €5 ﬁmeﬁat!ems,
positioned in a squere pattern on $.UB6 inch centera, to
accommodate ths control rod mechanisa housings. A nominal one-

..+ inch diamater penetration in.the closure head accommodates the,,
vent pipa, . .. . : N

The closure head has threa 1{fting.lugs. Three vent ghroud
support lugs are also attached to the closure heasd.

3.1.3,1, Control Bod Mechanisw Housinge.

. Each of tha' E5 control rod mechanlis» houzings {gee figure 7.13)
penetrating the closure head i3 & weldument consisting of a
tireaded, 6-inoh 0.D. adapter and a $-inch 0.D. body. The
adapter il fatricated of ASHE SA-182, Type 304, stainlesa steel,
and tha body is fadricatsd of ASNE §3-187 Inconel.

The hechanism housing weldments &re ingertsd with an inter-

* ferenge f£it into the penetrations of the closure head. The
bodies are welded into tha inzide of ths closure head with
weld deposited Inconel. :

3.1.9.2, Yent Shroud Suppeart Agssenbdly.

The vent shroud support assemdly (see figure 7,5) is
attached to the closure head at thraa places, FLoch pair of
support lugs on the vent support ring 15 mated with a vent
shroud support lug on the closure head assembly and is
.fastened to it by & §/U~inch hex head bolt with mut.

The shroud support flange has 18 holes of 11/16-inch diamcter,
equally spaced on a 128-inch diameter bolt cirele. The flange
ic welded to ths suppert ring; and tha assenmbly is stiffened .

15 support gussets welded to the ring and flange at equal
digtances, .

.

. 3-3 -
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3.1.3.3,

BEST AVAILABLE COPY
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The 24 shroud insulation support angles ares equally spaced
on and welded to tha support ring. In addition, the support
ring has 24 paw cuts, each terminating {n a 2/2-inch diametex
hele. The saw cuts and hwles are equally spaced detween the
support angles.’ The saw outs enable the support ring to '
coapsnsate for terperature caused variations in dimensionsg
this will allow the gupport lug attachments t¢ remain sscurs,

Closure Stud Assembly.

Tho closurs head is secured t¢c tha vessel flange by 58 closurs
stud assemdlias, {sex figurs 7.20} Each agsesdly
consists of a Threadsd, hex head stud with a noninal S-inch
dlaneter, a nut heving eight cactellations at the top, & set
of spheriecal wasghers, and top end dottoca .ingerts.

Edch stud has a one-inch diameter centear hole through the
length of the stud to receive a stud slongation seasuring rod.
The bottes inaert is used 0 closa the bdottoa of the stud and
servez as & geat for the gtud alongation measuring rod. The
top ingert is used to close the top of tha gtud and prevents
the entry of eny foreign matter, Esach stud han a threaded
lenzgth zufficient to accomwodate a hydraulia stud tensioner.

. For handling purposes en ayebolt 1s supplied for sach stud, -

3.1.4,

The xtude, nuts and sphetical washers (marked in matched
eets) ara fabdricated of ASTH A=-540, Gr. B 2%, nickel-chroze~

wolybdenum steel.. The stude. and-wsghers are "phosphated”. . i+

Special Tools, - ° - C e

. The Bvechi"tooln ‘for n;'dht.ing and 'aécﬂnrin;g.iupglled by

The Rottardsn Dockyard ‘Company ars 1listed in table 6.2
:hha id;gtificaﬂm and funotion of each tcol ave given-in
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Enclosure 1-3
(Non-Proprietary)

Framatome-ANP Document No. 32-5015624-01, “Surry CRDMH Temperbead Weld
Seismic Analysis”
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A
ARAMATOME ANP

CALCULATION SUMMARY SHEET (CSS)

Document [dentifier 32 - 5015624 - 01

Title SURRY CRDMH TEMPERBEAD WELD SEISMIC ANALYSIS
PREPARED BY: REVIEWED BY:

METHOD: DETAILED CHECK D INDEPENDENT CALCULATION

NAME DONG KIM NAME  J.F. SHEPARD
SIGNATURE M SIGNATURE C_),FS W
7 v {
TITLE  ENGINEER IlI DATE /28 /o; TITLE _SUPERVISORY ENG DATE  1{28&/e |
COST REF. TM STATEMENT:
CENTER 4160048 PAGE(S) 4 REVIEWER INDEPENDENCE A/Q'“’]

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: THE DOCUMENT CONTAINS ASSUMPTIONS THAT
MUST BE VERIFIED PRIOR TO USE ON SAFETY-
. RELATED WORK
CODE/VERSION/REV CODE/VERSION/REV
N
[] VYES <] NO
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f TEMPERBEAD WELD ON SEISMIC
-
DOCUMENT NUMBER PLANT CONTRACT
FRAMATOME ANP e s eoa01 T oy CONTRA
4160048
1. PURPOSE

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

temperbead weld under seismic condition.

2. CALCULATION

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

penetration are:

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

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

SSE

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

t= %*(4.075 _2.818)=0.6285in
A= %*(4.0752 _2.818%) =6.81 in®

1= -6’% *(4.075% — 2.818% = 10.4 in*

MR, _ 58000*2.038

= =11.4ksi

Obea 1 10.4
Pressure Stresses in nozzle:

P PR, 2500%*1.409 )

o= L = =2.8ks1

Owit ~ 35 2%0.6285
O oy = 2¥2:8 = 5.6 ksi
or  =-P2=-125ksi
Preparer : D. Kim Date : Nov/2001

Reviewer : J. Shepard Date : Nov/2001

Page 2 of 4




y/ TEMPERBEAD WELD ON SEISMIC
-
DOCUMENT NUMBER PLANT CONTRACT
FRAMATOME ANP | 7751565401 SURRY 1160048
O)= O T Coi = 11:4+28=142ksi
O toop — 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)
=TLesserof2.4S,0r 0.7 S,
=12.4*23.3 = 55.9 ksi or =0.7*80 = 56.0 ksi
= 55.9 ksi
Therefore, comparing SI and the allowable, the SSE load is acceptable.
OBE
The bending stress is 0.51*SSE stress
O sy = 0-51%11.4= 5.81 ksi
)= Osos ¥ O i =581 +2.8=86ksi
O oy 5.6 ksi
O rodiat = -1.25 ksi
Stress Intensity = 8.6 — (-1.25) = 9.85 ksi
Allowable Stress Intensity = 1.5 S, = 1.5%23.3 =35ksi  (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




y./ TEMPERBEAD WELD ON SEISMIC
|
DOCUMENT NUMBER PLANT CONTRACT
FRAMATOME ANP | soummuoe s B

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 Date : Nov/2001 Page 4 of 4
Reviewer : J. Shepard Date : Nov/2001
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Document Identifier 32 -5015219 - 01

Title SURRY CRDM NOZZLE IDTB WELD ANOMALY FLAW EVALUATIONS
PREPARED BY: REVIEWED BY:

METHOD: g DETAILED CHECK [] INDEPENDENT CALCULATION

NAME D.E.KILLIAN /s 4~ NAME  AD. NANA

[
SIGNATURE W(: / é . SIGNATURE : éé/ y A
L4

7

TITLE  PRINCIPAL ENGR. DATE {{ (2?(@ ( TTLE  PRINCIPAL ENGR. DATE I qu Za/
CcosT REF. TM STATEMENT: ﬂ’Q'W\
CENTER 41026 PAGE(S) 36 REVIEWER INDEPENDENCE

PURPOSE AND SUMMARY OF RESULTS:

Revision 1: This revision is a non-proprietary version of Revision 0.

The purpose of this analysis is to perform a fracture mechanics evaluation of a postulated weld anomaly in the CRDM nozzle
ID temper bead weld repair design. The postulated anomaly isa[ ] inch semi-circular flaw extending 360 degrees around
the circumference at the “triple point” location where there is a confluence of three materials; the Alloy 600 nozzle, the Alloy
52 weld, and the low alloy steel head. Two potential flaw propagation paths are considered in the flaw evaluations. The
analysis includes prediction of fatigue crack growth in air environment since the anomaly is located on the outside surface of
the new weld, just below the bottom of the severed CRDM tube. Flaw acceptance is based on the 1989 ASME Code Section
Xl criteria for applied stress intensity factor (IWB-3612) and limit load (IWB-3642).

The results of the analysis demonstrate thata[ ] inch weld anomaly is acceptable for a 25 year design life for the CRDM
nozzle ID temper bead weld repair, considering the following transient frequencies:

Transient Frequency (cycles/year)
Heatup/Cooldown { ]
Plant Loading/Unloading [ ]
Remaining Transients (Rapid Transient) { ]

Significant fracture toughness margins have been demonstrated for each of the two flaw propagation paths considered in the
analysis. The minimum fracture toughness margin is 11.4, compared to the required margin of V10 per IWB-3612. Fatigue
crack growth is minimal. The maximum final flaw size is | ] inch. The margin on limit load is 6.25, compared to the required
margin of 3.0 per IWB-3642.

THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: THE DOCUMENT CONTAINS ASSUMPTIONS THAT
MUST BE VERIFIED PRIOR TO USE ON SAFETY-
RELATED WORK
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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.
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2.0

ASSUMPTIONS

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

1)

2)

3)

4)

5)

6)

The anomaly is assumed to include a “crack-like" defect, located at the triple-point location
and extending all the way around the circumference.

Other “crack-like” defects are assumed to be of a semi-elliptical shape with a 2:1 aspect
ratio (semi-circular flaw).

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

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.

A final flaw size of | ] inch will be used as a design limit on fatigue crack growth.
An RTyor value of 60 °F 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 °F for 13
heats of SA-533 Grade B plate material (Reference 4).
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3.0 WELD ANOMALY

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

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) [ 1,* 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
[ 1, as indicated in Figure 1.1t 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 360° 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.
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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, S,, 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 °F 43.8 ksi

SB-163 Material N0O6690 (used for Alloy 52 Weld Metal)

Room temperature 40.0 ksi
Operating temperature of 600 °F 31.1 ksi

SB-167 Material NO6600 (Alloy 600 Material)

Room temperature 35.0 ksi
Operating temperature of 600 °F 27.9 ksi

4.2 Fracture Toughness

4.2.1. Low Alloy Steel RV Head Material

Fracture toughness curves for SA-633 Grade B, Class 1 material are illustrated in Figure A-
4200-1 of Reference 3. At an operating temperature of 600 F, the K, fracture toughness value
for this material is above 200 ksivin for the assumed RTyor of 60 °F. An upper-shelf value of
200 ksivin will be conservatively used for the present flaw evaluations.
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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 °C (75 °F) and 427 °C (800 °F) in the form of crack initiation values for the J-
integral, J.. Using linear interpolation and the LEFM plane strain relationship between J. and
fracture toughness, K,

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

Note: v=0.3
1 kN/m = 1 KN/m = 4.448 N/lb x 0.0254 m/in = 0.00571 kip/in
Mills [12] Code [9]

Temp. Je Je E Kie
F) (kN/m) (kip/in) (ksi) (ksi\lin)

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 421.

4.3 Fatigue Crack Growth

Flaw growth due to fatigue is characterized by

da
EN = CO(AKI)n '

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 ksiVin, 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 = (K)min/ (Kdmax
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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= 3726

C,= 2.67 x 10™

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

n=233
C,=CxS
where o o 1ol ~10.009 + 8.12E-4xT - 1 13E-6xT2 + 1.02E-9xT° |
5= 10 for R<0
= 1.0+ 18R for 0<R<0.79
= -43.35 + 57.97R for 0.79 <R<1.0

10
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50 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 10'. 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 aré 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 [ ] cycleslyear

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 (0°) side of the nozzle and Paths 2 and 4
are on the uphill (180°) 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 | stress intensity factors for the various postulated flaws. From Reference 10,
the length of Paths 1 and 2 is [ ]’ and the length of Paths 3and4is [ ]". 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

[ 1 (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

[ ]

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 1 & 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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This figure is not pertinent to this
do:%

% ol /2 A
A I
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Path 1
Downhill
Location
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Uphill
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Path 3
Downhill
Location

i

Uphill
Location

Figure 2. lllustration of Crack Propagation Paths on the Finite Element Stress Model

12
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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
-

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 680 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.

/ Flaw Propagation Path

Comporneht Wall

/
t \ Semi-Elliptical \
/

Ny X

1

o

where, a = initial flaw depth =[ Jinch
I=2c = flaw length ={ Jinch
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 aré 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
»one 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:

a, =a+l,

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

17



V/ 5
7R AmATOME 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 XlI 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):

<0.75

~ |0

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
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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: Outside diameter, Do= | 1 in.
Inside diameter, Di= [ ] in.
Mean radius, R=[ ] in.
Thickness, t= [ ] in.
Rift=  3.098
Flaw Size: Flaw depth, a= | ] in.
alt= 0.205
Environment: Temperature, T= 600 F
Material Strength: Yield strength, ys.= 279  Kksi

Surry Path Horiz NP.xls 20 Input
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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 X, Appendix C (Reference 3):
da/dN = C.*(aKl)"

where: da = change in crack depth, in.
AKI = change in stress intensity factor, ksivin

In air: n=33
C,=C*S
C= 10[ 10,009 + (8.12E-4)*T - (1.13E-6)*TA2 + (1.02E-9)*T"3 ]
= 1.96E-10
R = Kimin / Kimax
s$=1.0 when R<0C
=1.0+1.8R when 0<R<0.79
= .43.35 + 5§7.97R when 0.79<R<1.0

Surry Path Horiz NP.xis 21 Growth Rates
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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 = V(r*a) * [ Ag Fq + (2a/m) Aq Fy + (a%/2) A, Fy + (42%)/(3m) Ag Fa

where, F1 = 1.1259 + 0.2344(a/t) + 2.2018(a/t)” - 0.2083(a/t)°
F2 = 1.0732 + 0.2677(a/t) + 0.6661(a/t)> + 0.6354(a/t)’
F3 = 1.0528 + 0.1065(a/t) + 0.4429(a/t)> + 0.6042(a/t)’
F4 = 1.0387 - 0.0939(a/t) + 0.6018(a/t)2 + 0.3750(a/t)’

and the through-wall stress distribution is described by the third order polynomial,
S(X) = Ag + A + A + AX.

Applicablility: Rit=10
alt<0.8

Axial Stresses:

wWall  |Normal/Upset Cond. Ratioed Stresses
Position |Stresses [10] Factor = 1.071

X NU1 NU2 NU1 NU2

(in.) (ksi) (ksi) (ksi) (ks

Y
|— — —— r—— ——
| p— — — —
ey p— p—y p— —
et bt et et A

Stress Coefficients:

Normal/Upset

Stress |Loading Conditions
Coeff. NU1 NU2

(ksi) (ksi)
Ao |1 11 ]
A [ 1 ]
Ay |1 11 ]
As [ 11 ]

Surry Path Horiz NP.xls 22 Stress; Circ. Kl
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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 NU1:
S = A0 + AT*x + A2*x"2 + A3*x"3

[BIA} = {S}
{A} = [B"T B]*(-1) [B]"T{S}

(B]
X _ﬁ}__ 1 X x"2 x"3
[ ] [ ] [ 11 1 [ 11 ]
[ ] [ ] | 11 11 10 ]
[ ] [ ] | 1 [ 11 1 [ ]
[ ] [ ] [ 1 11 1 1 ]
[ ] [ ] [ 1 [ 1 [ 11 ]
[BI*"T [BAT B]
( | 10 10 | ] [ 11 11 10 ]
[ 1 11 | 1 [ ] | 10 11 11 ]
[ ] [ 10 1 [ 11 ] | 10 1 [ 11 ]
[ 1 11 11 11 ] [ 1 10 1 ]
[BAT BI*-1) [BI"T{S} {A}
[ 11 1 10 ] [ ] [ ]
[ 10 1 [ 1 ] i ] [ ]
[ 1 [ 11 10 ] | ] [ 1
{ 1 11 11 ] [ ] { ]

Surry Path Horiz NP .xls 23 Stress; Circ. Kl
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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 Kl equation is given by the expression:
Kl = o*V(r*a)*F(a/b, Ri/Ro)

where
c = P/(n*(Ro"2 - Ri*2)

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

For this application:

ab= 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= 116

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 Kl and o are as defined
above for the internal circumferential crack.

From Figure 3-11, the F function for:
alb= 0.205
Ri/Ro= 0.756
is estimated to be,
F= 125

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 24 Stress; Circ. Kl
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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

Basis: Aa = AN * Co(AKIY
Let: AN= [ ] fatigue cycles / year
Duration = 25 years
N=[ ] total number of fatigue cycles
NU1 NU2 NU1
Cycle a Kl(a)ymax Ki(a)min AKI C, Aa ry 3 Kli(ae)max
(in.) (ksiNin)  (ksivin)  (ksivin) (in.) (ksivin)
25

Surry Path Horiz NP.xls

32-5015219-01

Circ. Growth
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Table 5.

Basis:

Limit Load Analysis for a Continuous External Circumferenital Flaw
LIMIT LOAD

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 = 2IN3*c *(Rc*-Ri?)

where
Rc=Ro-a
and
G, = 30000 psi(conservatively using the minimum yield strength)
Ro= [ ] in.
a= | ] in.
Re= [ ] in.
Ri= [ ] in.
Then
Po= 139620 Ibs

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

P = (nRi%)*(3110 psig)
= 22336 |Ibs

The limit load safety margin is:
Po/lP= 625

This safety margin is greater than the value of 3 required by Article IWB-3642
of Section XI (Reference 3).

Surry Path Horiz NP.xls 26 Circ.Limit Load



Framatome ANP 32-5015219-01

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)

Kl = N(m/Q) * [Go Ag a°° +Gy Aq a'° +G, Ay @°° + B3 Ag a*?]

where, per Table 4, for an external surface crack and
for YR = 0.25, alt =0.2, 2¢/n=1,and a/c = 1.0

Go= 1.030
Gy= 0.720
G,= 0.591
G,= 0513
and Q= 2464 =(1+1.464*@a/c)*1.65)

and the through-wall stress distribution is described by the third order polynomial,
S(X)=Ag+ Ax+ A2x2 + A3x3.

Hoop Stresses:

wall |Normal/Upset Cond. Ratioed Stresses

Position |Stresses [10] Factor = 1.071
X NU1 NU2 NU1 NU2
(in.) (ksi) (ksi) (ksi) (ksi)

— — ——
T
ey ey ey o —
ot ot bt bt Smd
oy yoy et ey ——
S
[y =y ey pnmy —
ot bt ot et et
e — r— p— —

Stress Coefficients:

Normal/Upset
Stress |Loading Conditions
Coeff. NU1 NU2
(ksi) (ksi)
Ao [ 10 ]
A [ 1M ]
Ay [ RN ]
Az [ 110 ]

Surry Path Horiz NP .xis 27 R-N Axial Kl
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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 NU1:
S = A0 + Al*x + A2*x 2 + A3"x"3

[BI{A} = {S}
{A} = [BAT BJ*(-1) [BI"T{S}

[B]
X . ) S 1 X X2 X"3
[ ] [ ] [ 10 VI 11 ]
[ ] [ ] [ || | | |
{ ] [ | [ | 10 1 1 ]
{ ] [ ] [ 11 | 1 ]
[ 1 [ ] [ 1 11 1 ( |
[BI*T [BAT B]
[ 1 [ ] 1 1| || ] [ 11 1 10 ]
[ 11 11 | 1 ] { I 1 | ]
[ ] | | 1 ] [ 1 [ 1 10 ]
[ 1 1 11 1 1 [ | | I 110 | ]
[BAT BIM-1) [B]AT{S} {A}
{ 11 J ! 10 ] [ 1 [ ]
[ 1 11 | ] [ ] [ ]
[ | ] | || ] [ ] [ ]
[ 11 | 10 l [ 1 [ ]

Surry Path Horiz NP xlIs 28 R-N Axial Kl
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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 * Co(AKI)"
Let: AN= [ ] fatigue cycles / year
Duration = 25 years
N= [ ] total number of fatigue cycles
NU1 NU2 NU1
Cycle a Ki{a)max Kl(a)min AKI R S Co Aa ry a, Kl(a,)max
(in.) (ksivin)  (ksivin)  (ksivin) (in.) (ksivin)
Surry Path Horiz NP .xls 29

Axial Growth
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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, t= [ ] in.
OD of weld, Do= [ ] in
Half width of section, W= [ ] in.
Flaw Size: Flaw depth, a= | ] in.
at= 0.074
Environment: Temperature, T= 600 F
Material Strength: Yield Strength, ys.= 279 Kksi

Surry Path Vert NP.xls 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: Fundame'ntals and Applications",
Table 12.23, Semi-elliptical Surface Crack in a Flat Plate.

Kl = V(ra/Q) * (Gy Ao + G; A @ +G, A a° + Gy Az a°)f,

For a/c=1.0,alt<=02, 2¢/n=1,

and c=a= | ] in.
Go= 1.021
G, = 0717
G,= 0.589
Gz= 0.513

Q= 2464 =(1+ 1.464*(a/c)*1.65)
fo=[ ] = [sec((n*c)/(2*W)*sqrt(a/t))]*0.5
The through-wall stress distribution is described by the third order polynomial,
S(X) = Ag + AX + A% + A’

Radial Stresses:

Wall {Normal/Upset Cond. Ratioed Stresses

Position |Stresses [10] Factor = 1.071
X NU1 NU2 NU1 NU2
(in.) (ksi) (ksi) (ksi) (ksi)

ey ey — — —
jpmmy ey p— p— —
et et e e
bt et et ) st
ey paomey gy ey —
oy ey ey g o

Stress Coefficients:

Normal/Upset

Stress {Loading Conditions
Coeff. NU1 NU2

(ksi) (ksi)
Ao [ 11 ]
Aq [ I ]
Ay [ 11 [ ]
As [ 1 [ ]

Surry Path Vert NP.xIs 31 R-N Ptate Ki
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Table 7.

3rd Order Polynomial Stress Fit for Loading Condition NU1:
S = A0 + Al*x + A2*x*2 + A3*x"3

[BKA} = {S}
{A} =[BT BJ*(-1) [BI"T{S}

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

X {S}
[ ] [ ]
| ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[BI"T
[ 11 I 11 1 ]
[ 1 [ 1 [ 1 { 1 [ ]
[ 10 1 [ 1 1 11 ]
[ 10 I 11 1 ]
[BT B]"(-1)
[ 1 [ | 1 [ ]
[ 11 1 [ 1 { ]
[ ] 1 [ 1 [ ]
( 1 [ 1 11 ]
Surry Path Vert NP .xls 32

32-5015219-01

(B]
1 X2 X3
[ 1 | 1 1 1 ]
[ 11 11 1 1 ]
[ 11 11 1 ]
[ | 11 | ]
[ 11 11 11 ]
[BAT B}

[ 1 [ 1 1 1 ]
[ 1 1 | ]
[ I 1 [ 1 ]
[ ] 1 | ]
[BIT{S} {A}

[ ] { ]

[ ] { |

[ ] [ ]

[ ] [ ]

R-N Plate K
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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)"
Let: AN= | ] fatigue cycles / year
Duration = 25 years
N= [ ] total number of fatigue cycles
NU1 NU2
Cycle a Ki(a)ymax  Kl(a)min AKI R s Co Aa ry 2e Kl(ae)max
(@in.) (ksivin)  (ksivin)  (ksivin) (in.) (ksiNin)
Surry Path Vert NP .xis 33 SS FC Growth
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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, a=[ Jin

Final flaw size, ar= | Jin. <[ in.
Stress intensity factor at final flaw size, Ki (aer) = 15.7 ksinfin

Fracture toughness Kia = 200 ksinin

Fracture toughness margin, Ki/ K= 127 >+10

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 Ibs
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, a=[ Jlin

Final flaw size, ar= [ Jin. <[ Jin.
Stress intensity factor at final flaw size, Ki (aer) = 17.5 ksinfin

Fracture toughness Kia = 200 ksinin

Fracture toughness margin, Ki/Kia = 11.4 >+10

8.2 Flaw Propagation Path 4

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

Initial flaw size, a=[ Jin

Final flaw size, ar= [ Jin. <[ ]in.
Stress intensity factor at final flaw size, Ki (aer) = 9.0 ksinfin

Fracture toughness Kia = 200 ksivin

Fracture toughness margin, Ki/ 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 V10 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 ailoy steel head by fatigue
crack growth.
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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 ar}d head.
Analytically, this flaw is crudely simulated using the corner flaw model shown below in Figure 2.

Stress Line

\\Q\S _____
-

Figure 2. Corner Flaw Model

1
!
|
|
|
|

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 45° 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 O 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=1.053in.
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Point O

SURRY NPP Repair

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

Erom the ASME Code, Section lil, Appendix | [8], the specified minimum yield strength for the
head material is 50.0 ksi below 100 °F and 43.8 ksi at 600 °F. The value at 600 °F is used as a
conservative lower bound for yield strengths at operating temperatures less than 600 °F.

Reference Temperature

The RT.or Of the SA-533, Grade B low alloy reactor vessel head material is conservatively
taken as 60 °F. This is based on a highest measured value of 40 °F for 13 heats of SA-533
Grade B plate material [5].

Fracture Toughness

The lower bound K, curve of Section X, Appendix A, Figure A-4200-1 [10], which can be
expressed as

K, = 26.8 + 1.233 exp [ 0.0145 (T - RTwor + 160) 1, [11]

represents the fracture toughness for crack arrest, where T is the crack tip temperature and
RT,or is the reference nil-ductility temperature of the material. K, is in ksivin, and T and RTypr
are in °F. In the present flaw evaluations, K is limited to a maximum value of 200 ksivin (upper-
shelf fracture toughness). Using the above equation with an RTypr of 80 °F, K,, equals 200
ksivin at a crack tip temperature of 242 °F.
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Fatique 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

—=C,(aK,)",

dN O( I )
where AK, is the stress intensity factor range in ksivin 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.

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

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

AKI = Koy = Ko
R= KImin / Klmax

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

For AK, < 12 ksiVin,
n=5.95
C,= 1.20 x 10™

For AK, > 12 ksiVin,
n=1.95
C,= 2.52 x 107
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4.0 Fracture Mechanics Methodology

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

K, = \/E[o 706(A, +A,)+0. 537[2 jA1 +0. 448[ > jAz +0. 393(433‘7t ]A }

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

where a is the depth of the crack and A, 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,
o=A, +AX+AX +AX, [ 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

(k@)
Y 6n o, |

stress intensity factor based on the actual crack length, a,
material yield strength.

where,

K@)

Gy

A stress intensity factor, K (a, )., is then calculated based on the effective crack length,

a, =a+r,.

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 1D temper bead weld procedure of Reference 1. Stresses are available from
Reference 6 at the 0° (downhill) and 180° (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 180° 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 (180°) 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 [ I°F [ 1°F [ I°F [ 1°F 70 °F [ I°F [ ]°F [ I°F

Pressure [ Ipsig { [ Ipsig | [ Ipsig | [ Ipsig 0 psig [ Jesig [ [ Ipsig | [  Ipsig
x (in.)* SY (psi) SY (psi) SY (psi) SY (psi) SY (psi) SY (psi) SY (psi) SY (psi)
0.0000 [ ] [ ] [ ] [ ] 0 ( ] [ ] [ ]
0.2633 { ] [ ] [ ] [ ] 0 ( ] ( ] [ ]
0.5266 [ ] [ ] [ ] ( ] 0 [ ] [ ] ( ]
0.7899 [ ] [ ] [ ] [ ] 0 [ ] ( ] [ ]
1.0532 ( ] [ ] [ ] [ ] 0 [ ] ( ] [ ]
1.4448 [ ] [ ] [ ] [ ] 0 [ ] [ ] [ ]
1.8364 [ ] [ ] ( ] ( ] 0 [ ] [ ] [ ]
2.2280 [ ] [ ] [ ] [ ] 0 ( ] [ ] [ ]
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 Loading Condition
Transient Loss of Flow Reactor Trip Remaining Transient
Time Plant Load. | 3.025hr. | PlantLoad. | 0.143 hr. 0.144 hr. 3.152 hr.

Temperature [ ]°F_ [ ]°F [ I°F [ 1°F [ I°F [ 1°F

Pressure [ 1psig | { 1psig | { 1psig | [ Ipsig | [ 1 psig | [ ] psig

x (in.)* SY (psi) SY (psi) SY (psi) SY (psi) SY (psi) SY (psi)
oo000 |1 1 (C 1|t 1|t 1t o0 o
02633 |1 1 |t 1 |t 1 |t 1 U o1 U ]
o526 |1 1 |t 1 ¢ 1|t o1t
o7see [ 1 | 1t v |t 1o o1t
R R T R T S R N e T I G
77" I S T N T NS I AN NN Y SRS N N G
T R S T I T I S O R T N G
22280 |0 1 | 1 fr 1|t v |t 1|0 1
26195 |1 1 |t 1|0 1|t vt oo

* 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 {D 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
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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 Hoop

Node X Z AS™ Location Stress
(in.) (in.) (in.) (psi)

80605 2.0000 59.075 0.000 Inside Surface of Weld { ]
80807 2.1764 592.886 0.830 Weld [ 1
81008 2.3189 60.488 1.458 Weld [ ]
81209 2.4274 60.884 1.859 Weld [ ]
81410 25021 61.126 2.112 Weld/Butter Interface [ ]
81511 2.6358 61472 2480 Butter/Head Interface [ 1
81611 2.6862 61.795 2.805 Head [ ]
81711 27569 62.249  3.263 Head [ ]
81811 2.8563 62.886 3.906 Head [ i
81911 29959 63.782 4.811 Head [ ]
82011 3.1920 65.040 6.083 Head [ ]
82111 3.4674 66.808 7.871 Head [ ]
82211 3.8544 69.291 10.383 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).

16
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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 XI.
Article IWB-3612 [10] requires that a safety factor of V10 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 ©. 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 ksivin 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 / Year

Heatup and Cooldown

Piant Loading and Unloading
Large Step Decrease

Loss of Load

Loss of Flow

Reactor Trip

Remaining Transient*

— o

* 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: Depth, a= 1.0532 in.
Material Data: Temperature, T= 353 F
Yield strength, S, 43.8 ksi
Reference temp., RTndt = 20 F
Upper shelf tough. = 200 ksiVin

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

Kla is limited to the upper shelf toughness.

Arrest toughness, Kla= 200 ksivin
Applied Loads:
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 o —

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

100 CRDM HU-CD NP.xls

18
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown {Cont'd)
STRESS INTENSITY FACTOR

Kl(a) = V(ra) [ 0.706(As+A,) + 0.537(2a/m)Aq + 0.448(a%/2)A, + 0.393(433/3n)A3]
where the through-wall stress distribution is described by the third order polynomial,

S(x) = AO + A1X + A2X2 + A3X3,

defined by:
Stress | Loading Conditions
Coeff. CD HU
(ksi) (ksi)
Ay [
A
A
A3 -

Irwin's plastic zone correction:

a. = a + 1/(6n)*KI@)/s,I°

Effective stress intensity factor:

Ki(a,) = V(rae) [ 0.706(As+A,) + 0.537(2a/mA, + 0.448(a. /2)A; + 0.393(4a.°/3m)A; |

100 CRDM HU-CD NP.xls 19
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown (Cont'd)

FATIGUE CRACK GROWTH

32-5015650-01

Let: aN= [ 7] cyclesiyear
Operating CD HU CD HU CD HU CD HU
Time Cycle a Kl(a) Ki(a) AKI Aa W ae Kli(ap) Ki(a,) Margin = Kla/Kl(a,)
(yr.) (in.) (ksivin)  (ksivin)  (ksivin) (in.) (in.) (in.) (ksivin)  (ksivin)
0.00 — 7] 1.0532  46.39 28.21 18.18  0.00024 1.1127 1.0752  47.05 28.42 4.25 7.04
1.00 1.0648  46.53 28.32 18.20  0.00024 1.1246  1.0870  47.18 28.54 4.24 7.01
2.00 1.0764  46.66 28.43 18.22  0.00024 1.1366  1.0987  47.30 28.65 423 6.98
3.00 1.0880  46.78 28.55 18.24  0.00024 1.1486  1.1106  47.42 28.76 4,22 6.95
4,00 1.0997  46.91 28.66 1826  0.00024 1.1606  1.1224  47.55 28.87 4.21 6.93
5.00 11115  47.04 28.77 18.27  0.00024 11727 11344 4767 28.98 4.20 6.90
6.00 11233  47.16 28.88 18.29  0.00024 1.1848  1.1463  47.78 29.09 4.19 6.88
7.00 1.1351 47.29 28.98 18.30  0.00024 1.1969  1.1583  47.90 29.20 4.18 6.85
8.00 1.1469  47.M1 29.09 18.31  0.00024 1.2091 11703  48.02 29.30 416~ 6.82
9.00 1.1588  47.53 29.20 18.33  0.00024 12213  1.1824  48.13 29.41 4.16 6.80
10.00 11708  47.65 29.31 18.34  0.00024 1.2336 11945  48.25 29.52 4.15 6.78
11.00 11828  47.77 29.42 18.35  0.00024 1.2459  1.2067  48.36 29.63 4.14 6.75
12.00 11948  47.88 29.52 18.36  0.00024 1.2582  1.2189  48.47 29.73 413 6.73
13.00 1.2068  48.00 29.63 18.37  0.00025 1.2705  1.2311 48.58 29.84 4.12 6.70
14.00 1.2189  48.11 29.73 18.38  0.00025 1.2829  1.2434  48.69 29.94 4.11 6.68
15.00 12310  48.23 29.84 18.39  0.00025 1.2954  1.2557  48.80 30.05 4.10 6.66
16.00 1.2432  48.34 29.94 18.40  0.00025 1.3078  1.2680  48.91 30.15 4.09 6.63
17.00 1.2554  48.45 30.05 18.40 ~ 0.00025 1.3203  1.2804  49.01 30.26 4.08 6.61
-18.00 1.2676  48.56 30.15 18.41  0.00025 1.3328  1.2927  49.12 30.36 4.07 6.59
19.00 12799  48.67 30.25 18.41  0.00025 1.3454 13052  49.22 30.46 4.06 6.57
20.00 12922  48.77 30.35 18.42  0.00025 1.3579  1.3176  49.32 30.56 4.05 6.54
21.00 1.3045  48.88 30.46 18.42  0.00025 1.3705  1.3301 49.43 30.67 4.05 6.52
22.00 1.3168  48.98 30.56 18.43  0.00025 1.3832  1.3426  49.53 30.77 4.04 6.50
23.00 1.3292  49.09 30.66 18.43  0.00025 1.3958  1.3552  49.63 30.87 4.03 6.48
24.00 1.3416  49.19 30.76 18.43  0.00025 1.4085  1.3678  49.72 30.97 4.02 6.46
25.00 1.3540  49.29 30.86 18.43  0.00025 1.4212  1.3804  49.82 31.07 4.01 6.44
100 CRDM HU-CD NP .xls 20
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Table 3. Evaluation of CRDM Nozzle Corner Crack for Heatup/Cooldown (Cont'd)

FRACTURE TOUGHNESS MARGINS

Period of Operation: Time =

Final Flaw Size:

Margin = Kla / Ki(a,)

500 years

11115 in.

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

100 CRDM HU-CD NP.xls

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

INPUT DATA
Initial Flaw Size: Depth, a= 1.0534 in.
Material Data: Temperature, T= 547 F
Yield strength, S,= 438 ksi
Reference temp., RTndt= 20 F
Upper shelf tough. = 200 ksiNin

Kia = 26.8 + 1.233 exp [ 0.0145 (T - RTndt + 160) ]
Kla is limited to the upper shelf toughness.
Arrest toughness, Kla= 200  ksiVin

Applied Loads:

Loading Conditions

PU* pL**

Pressure, p (kst)

Position 2.235 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 | b— —

* Plant Loading/Unloading Transient at 3.333 hours
** Plant Loading/Unloading Transient at 0.333 hours

100 CRDM Load-Unload NP.xls 22
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Table 4. Evaluation of CRDM Nozzle Corner Crack for Plant Loading/Unloading (Cont'd)
STRESS INTENSITY FACTOR

Kl(a) = V(na) [ 0.706(Ag+A,) + 0.537(2a/m)Aq + 0.448(a%/2)A, + 0.393(463/3n)A3 |
where the through-wall stress distribution is described by the third order polynomial,

S(X) = Ao + A1X + A2X2 + A3X3,

defined by:
Stress | Loading Conditions
Coeff. PU PL
(ksi) (ksi)
Ao
As
Az
As

Irwin's plastic zone correction:

a, = a + 1/(6n)*[KI@)/S]

Effective stress intensity factor:

Ki(a) = V(na,) [ 0.706(As+A,) + 0.537(2a/mA, + 0.448(a./2)A, + 0.393(4a. /3m)A; |

100 CRDM Load-Unload NP.xls 23
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Table 4, Evaluation of CRDM Nozzle Corner Crack for Plant Loading/Unloading (Cont'd)

32-5015650-01

FATIGUE CRACK GROWTH
Let: aN= [ 7] cyclestyear
Operating PU PL PU PL PU PL PU PL
Time Cycle a Ki(a) Ki(a) AKI Aa a, a, Kl(ao) Ki(a.) Margin = Kla/Kl{(ae)
(yr.) (in.) (ksivin)  (ksivin)  (ksivin) (in.) (in.) (in.) (ksivin)  (ksivin)
0.00 —  T1 1.0534 60.48 36.03 2444 000642 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 3.21 544
4.00 1.1000 61.14 36.51 2463 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 36.99 319 5.41
6.00 1.1235 61.47 36.75 2472  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 2497  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 38.00 313 5.26
15.00 1.2313 62.84 37.76 25.08 0.00674 1.3405  1.2707 64.07 38.11 312 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 2515 0.00678 1.3658 1.2955 64.33 38.32 3.1 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 3.08 515
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 3.07 512
25.00 = 4 1.3543 64.21 38.81 25,40 0.00692  1.4683 1.3959 65.34 39.15 3.06 5.1
100 CRDM Load-Unload NP.xIs 24
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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= 11117 in.

Margin = Kla / Ki{ag)

Loading Conditions
PU PL
Fracture Toughness, Kla 200.0 200.0 |ksivin
Kl(ae) 62.65 36.99 |ksivin
Actual Margin 3.19 5.41
Required Margin 3.16 3.16

100 CRDM Load-Unload NP.xis 25
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Table 5.

initial Flaw Size:

Material Data:

Applied Loads:

32-5015650-01

Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease

INPUT DATA
Depth, a= 1.0599 in.
Temperature, T= 528 F
Yield strength, Sy= 438 ksi
Reference temp., RTndt = 20 F
Upper shelf tough. = 200 ksiNin

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

Kla is limited to the upper shelf toughness.

Arrest toughness, Kla= 200 ksivin
Loading Conditions
LSD* SD*
Pressure, p (ksi)
Position 1.960 0.000
X Hoop Stress
(in.) (ksi) (ksi)
0.0000 | y— -
0.2633
0.5266
0.7899
1.0532
1.4448
1.8364
2.2280
26195 | — “'J

* Large Step Decrease at 0.226 hours
** Shutdown

100 CRDM Large Step Decrease NP.xls 26
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Table 5. Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease (Cont'd)
STRESS INTENSITY FACTOR

Kia) = V(ra) [ 0.706(Ag+Ap) + 0.537(2a/m)Aq + 0.448(a2/2)A2 + 0.393(4a3/37r)A3]
where the through-wall stress distribution is described by the third order polynomial,

S() = Ag + A + A’ + A,

defined by:
Stress | Loading Conditions
Coeff. RT SD
(ksi) (ksi)
Ao
A
Az
As

Irwin's plastic zone correction:

a. = a + 1/(6n)*[Kl@)/s,J)*

Effective stress intensity factor:

Kl(ag) = V(nag) [ 0.706(Ag+A,) + 0.537(2a/m)As + 0.448(a.2/2)A; + 0.393(4a, /3m)A, |

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

FATIGUE CRACK GROWTH

32-5015650-01

Let: aN= [ 7] ocycleslyear
Operating RT sD RT SD RT SD RT sD
Time Cycle a Ki(a) Ki(a) AKI Aa a, 3, Kl(a.) Ki(a,) Margin = Kla/ Kli(a,)
(yr.) (in.) (ksivin)  (ksiNin)  (ksivin) (in.) (in.) (in.) (ksiNin)  (ksiVin)
0.00 u 1 1.0599 60.94 0.00 60.94 0.00254 1.1626 1.0599 62.30 0.00 3.21 #N/A
1.00 1.0714 61.10 0.00 61.10 0.00255 1.1747 1.0714 62.45 0.00 3.20 #N/A
2.00 1.0831 61.26 0.00 61.26 0.00257  1.1869 1.0831 62.59 0.00 3.20 #N/A
3.00 1.0948 61.42 0.00 61.42 0.00258  1.1991 1.0948 62.74 0.00 3.19 #N/A
4.00 1.1065 61.58 0.00 61.58 0.00259 1.2114 1.1065 62.88 0.00 3.18 #IN/A
5.00 1.1183 61.73 0.00 61.73 0.00260  1.2236 1.1183 63.02 0.00 3.17 #N/A
6.00 1.1301 61.89 0.00 61.89 0.00262  1.2360 1.1301 63.16 0.00 3.17 #N/A
7.00 1.1419 62.04 0.00 62.04 0.00263  1.2483 1.1419 63.30 0.00 3.16 #N/A
8.00 1.1538 62.19 0.00 62.19 0.00264  1.2607 1.1538 63.44 0.00 3.15 #N/A
9.00 1.1657 62.34 0.00 62.34 0.00265 1.2732 1.1657 63.57 0.00 3.15 #N/A
10.00 1.1777 62.48 0.00 62.48 0.00267 1.2856 1.14777 63.71 0.00 3.14 #N/A
11.00 1.1897 62.63 0.00 62.63 0.00268  1.2981 1.1897 63.84 0.00 3.13 #N/A
12.00 1.2017 62.77 0.00 62.77 0.00269  1.3107 1.2017 63.97 0.00 3.13 #N/A
13.00 1.2138 62.91 0.00 62.91 0.00270  1.3232 1.2138 64.10 0.00 3.12 #N/A
14.00 1.2259 63.05 0.00 63.05 0.00271  1.3358 1.2259 64.22 0.00 3.1 #N/A
15.00 1.2380 63.19 0.00 63.19 0.00273  1.3484 1.2380 64.35 0.00 3.1 #N/A
16.00 1.2502 63.32 0.00 63.32 0.00274  1.3611 1.2502 64.47 0.00 3.10 #N/A
17.00 1.2624 63.46 0.00 63.46 0.00275  1.3738 1.2624 64.59 0.00 3.10 #N/A
18.00 1.2747 63.59 0.00 63.59 0.00276  1.3865 1.2747 64.72 0.00 3.09 #N/A
19.00 1.2869 63.72 0.00 63.72 0.00277  1.3992 1.2869 64.84 0.00 3.08 #N/A
20.00 1.2992 63.85 0.00 63.85 0.00278 1.4120 1.2992 64.95 0.00 3.08 #N/A
21.00 1.3116 63.98 0.00 63.98 0.00279  1.4248 1.3116 65.07 0.00 3.07 #N/A
22.00 1.3239 64.10 0.00 64.10 0.00280  1.4376 1.3239 65.19 0.00 3.07 #N/A
23.00 1.3363 64.23 0.00 64.23 0.00281  1.4504 1.3363 65.30 0.00 3.06 #N/A
24.00 1.3487 64.35 0.00 64.35 0.00282  1.4633 1.3487 65.41 0.00 3.06 #N/A
25.00 L 2] 1.3612 64.47 0.00 64.47 0.00284 1.4762 1.3612 65.53 0.00 3.05 #N/A
100 CRDM Large Step Decrease NP .xls 28
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Table 5. Evaluation of CRDM Nozzle Corner Crack for Large Step Decrease (Cont'd)
FRACTURE TOUGHNESS MARGINS

Period of Operation: Time=  5.00 years
Final Flaw Size: a= 1.1183 in.

Margin = Kla/ Kl{ay)

Loading Conditions
RT sSD
Fracture Toughness, Kla 200.0 200.0 |ksivin
Kl(ae) 63.02 0.00 |ksivin
Actual Margin 3.17 #N/A
Required Margin 3.16. #N/A

100 CRDM Large Step Decrease NP.xlIs : 29
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32-5015650-01

Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load

initial Flaw Size: Depth,

INPUT DATA

Material Data: Temperature,
Yield strength,

Reference temp.,
Upper shelf tough.

a-=

T
Sy

RTndt =

in.

F
ksi

F
ksivin

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

Kla is limited to the upper shelf toughness.

Arrest toughness, Kia =
Applied Loads:
L oading 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 _J

2.6195 —

* | oss of Load Transient at 3.021 hours

ksivin

** Plant Loading/Unloading Transient at 0.333 hours

100 CRDM Loss of Load NP.xls
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Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load (Cont'd)
STRESS INTENSITY FACTOR

Kl@@) = V(na) [ 0.706(Ag+A,) + 0.537(2a/m)A, + 0.448(a%/2)A, + 0.393(4a°/3m)A; ]
where the through-wall stress distribution is described by the third order polynomial,

S(X) =Ag+ A1X + A2X2 + A3X3,

defined by:
Stress | Loading Conditions
Coeff. LL PL
(ksi) (ksi)
Ao
Aq
Az
As L—

Irwin's plastic zone correction:

a. = a+ 1/En)*KI@/SJ]

Effective stress intensity factor:

Kia,) = V(nae) [ 0.706(Ag+A,) + 0.537(2a/m)A; + 0.448(a.2/2)A, + 0.393(4a. /3m)A, |

100 CRDM Loss of Load NP.xis 31
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Table 6. Evaluation of CRDM Nozzle Corner Crack for Loss of Load (Cont'd)

32-5015650-01

FATIGUE CRACK GROWTH
Let: AN= [ 7] cycles/year
Operating LL PL LL PL LL PL LL PL

Time Cycle a Ki(a) Kl(a) AKI Aa a. a, Kl(ae) Ki(a,) Margin = Kla / Kl(ae)
(yr.), (in.) (ksivin)  (ksivin)  (ksivin) (in.) (in.) (in.) (ksivin)  (ksiVin)

0.00 [ 71 1.0624 46.67 36.13 10.55 0.00002 1.1226 1.0985 47.09 36.50 4.25 548
1.00 1.0740 46.76 36.25 10.51 0.00002 1.1345 1.1103 47.16 36.62 4.24 5.46
2.00 1.0857 46.84 36.37 10.47 0.00002 1.1463 1.1222 47.24 36.73 423 5.44
3.00 1.0973 46.92 36.49 10.43 0.00002 1.1582 1.1342 47.31 36.85 423 543
4.00 1.1091 47.00 36.60 10.39 0.00002 1.1702 1.1461 47.38 36.97 422 5.41
5.00 1.1209 47.08 36.72 10.35 0.00002 1.1821 1.1581 47.45 37.08 4.21 5.39
6.00 1.1327 47.156 36.84 10.31 0.00002 1.1942 1.1702 47.52 37.20 4.21 5.38
7.00 1.1445 47.23 36.95 10.27 0.00002 1.2062 1.1823 47.59 37.31 4.20 5.36
8.00 1.1564 47.30 37.07 10.23 0.00002 1.2183 1.1944 47.66 37.42 4.20 5.34
9.00 1.1684 47.37 37.18 10.19 0.00002 1.2304 1.2066 47.72 37.54 419 5.33
10.00 1.1803 47 44 37.29 10.15 0.00002  1.2426 1.2188 47.79 37.65 419 5.31
11.00 1.1924 47 .51 37.41 10.11 0.00002 1.2548 1.2310 47.85 37.76 418 5.30
12.00 1.2044 47.58 37.52 10.06 0.00001 1.2670 1.2433 47.91 37.87 417 5.28
13.00 1.2165 47.65 37.63 10.02 0.00001 1.2793 1.2556 47 .97 37.98 417 5827
14.00 1.2286 47.71 37.74 9.98 0.00001 1.2916 1.2680 48.03 38.09 416 525
15.00 1.2408 47.78 37.85 9.93 0.00001 1.3039 1.2804 48.09 38.19 4.16 524
16.00 1.2529 47.84 37.95 9.89 0.00001 1.3162 1.2928 48.15 38.30 415 522
17.00 1.2652 47.90 38.06 9.84 0.00001 1.3286 1.3052 48.20 38.40 415 5.21
18.00 1.2774 47.96 38.17 9.80 0.00001 1.3410 1.3177 48.26 38.51 414 519
19.00 1.2897 48.02 38.27 9.75 0.00001 1.3535 1.3302 48.31 38.61 414 518
20.00 1.3020 48.08 38.38 9.70 0.00001 1.3659 1.3427 48.37 38.72 414 517
21.00 1.3144 48.14 38.48 9.66 0.00001 1.3784 1.3553 48.42 38.82 413 5.15
22.00 1.3267 48.19 38.59 9.61 0.00001 1.3910 1.3679 48.47 38.92 413 514
23.00 1.3391 48.25 38.69 9.56 0.00001 1.4035 1.3805 48.52 39.02 412 512
24.00 1.3516 48.30 38.79 9.51 0.00001 1.4161 1.3932 48.57 39.13 412 5.11
25.00 | ] 1.3640 48.36 38.89 9.47 0.00001 1.4287 1.4059 48.62 39.23 4.11 510
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Table 8. Evaluation of CRDM Nozzle Corner Crack for Loss of Load (Cont'd)
FRACTURE TOUGHNESS MARGINS

Period of Operation: Time = 500 years
Final Flaw Size: a= 1.1209 in.

Margin = Kla / Kl(a,)

Loading Conditions
LL PL
Fracture Toughness, Kla 200.0 200.0 |ksivVin
Kl(ae) 47.45 37.08 |ksiVin
Actual Margin 4.21 5.39
Required Margin 3.16 3.16
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow

Initial Flaw Size: Depth,

INPUT DATA

Material Data: Temperature,
Yield strength,

Reference temp.,
Upper shelf tough.

in.
F
ksi

F
ksivin

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

Kla is limited to the upper shelf toughness.

Arrest toughness,

Applied Loads:

Kla =

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 '— J

* Loss of Flow Transient at 3.025 hours

ksivin

** Plant Loading/Unloading Transient at 0.333 hours

100 CRDM Loss of Flow NP.xls



Framatome ANP : 32-5015650-01
Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow (Cont'd)
STRESS INTENSITY FACTOR

Ki(a) = V(na) [ 0.706(Ag+Ap) + 0.537(2a/m)Aq + 0.448(32/2)A2 + 0.393(4a3/3n)A3 ]
where the through-wall stress distribution is described by the third order polynomial,

S(X) = Ag + A1X + A2X2 + A3X3,

defined by:
Stress | Loading Conditions
Coeff. LF PL
(ksi) (ksi)
Ao
As
Az
Ag

lrwin's plastic zone correction:

a. = a + 1/(Bn)*[Ki@)/S,)?

Effective stress intensity factor:

Kl(a) = V(na,) [ 0.7068(Ag+A,) + 0.537(2a./m)A, + 0.448(a.2/2)A, + 0.393(4a.°/3m)A; ]
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow (Cont'd)

FATIGUE CRACK GROWTH

32-5015650-01

Let: AN = L_ ] cycles/year
Operating LF PL LF PL LF PL LF PL
Time Cycle a Kl(a) Kli(a) AKI Aa a a, Kl(a,) Ki(a;) Margin = Kla / Kl(a,)
(yr.) (in.) (ksiNin)  (ksivin)  (ksiVin) (in.) (in.) (in.) (ksivin)  (ksivin)
0.00 [~ —1 1.0624 50.81 36.13 14.68 0.00006  1.1338 1.0985 51.45 36.50 3.89 5.48
1.00 1.0740 50.92 36.25 14.67 0.00006  1.1457 1.1104 51.54 36.62 3.88 5.46
2.00 1.0857 51.02 36.37 14.66 0.00006  1.1577 1.1222 51.64 36.73 3.87 5.44
3.00 1.0974 51.13 36.49 14.64 0.00006  1.1697 1.1342 51.74 36.85 3.87 5.43
4.00 1.1091 51.23 36.60 14.63 0.00006  1.1817 1.1462 51.83 36.97 3.86 5.41
5.00 1.1209 51.33 36.72 14.61 0.00006 1.1938 1.1582 51.93 37.08 3.85 5.39
6.00 1.1327 51.44 36.84 14.60 0.00006 1.2059 1.1702 52.02 37.20 3.84 5.38
7.00 1.1446 51.54 36.95 14.58 0.00006 1.2180 1.1823 52.11 37.31 3.84 5.36
8.00 1.1564 51.63 37.07 14.57 0.00006  1.2302 1.1944 52.20 37.42 3.83 5.34
9.00 1.1684 51,73 37.18 14.55 0.00006 1.2424 1.2066 52.29 37.54 3.82 5.33
10.00 1.1804 51.82 37.29 14.53 0.00006  1.2546 1.2188 52.38 37.65 3.82 5.31
11.00 1.1924 51.92 37.41 14.51 0.00006  1.2669 1.2311 52.46 37.76 3.81 5.30
12.00 1.2044 52.01 37.52 14.49 0.00006  1.2792 1.2433 52.55 37.87 3.81 5.28
13.00 1.2165 52.10 37.63 14.47 0.00006  1.2916 1.2557 52.63 37.98 3.80 5.27
14.00 1.2286 52.19 37.74 14.45 0.00006 1.3039 1.2680 52.71 38.09 3.79 5.25
15.00 1.2408 52.28 37.85 14.43 0.00006  1.3163 1.2804 52.79 38.19 3.79 5.24
16.00 1.2530 52.36 37.95 14.41 0.00006  1.3288 1.2928 52.87 38.30 3.78 5.22
17.00 1.2652 52.45 38.06 14.39 0.00006  1.3413 1.3052 52.95 38.40 3.78 5.21
18.00 1.2774 52.53 38.17 14.37 0.00006  1.3537 1.3177 53.03 38.51 3.77 519
19.00 1.2897 52.62 38.27 14.34 0.00006  1.3663 1.3302 53.10 38.61 3.77 5.18
20.00 1.3020 52.70 38.38 14.32 0.00006 1.3788 1.3428 53.18 38.72 3.76 517
21.00 1.3144 52.78 3848 14.30 0.00006 1.3914 1.3553 53.25 38.82 3.76 5.15
22.00 1.3267 52.86 38.59 14.27 0.00006  1.4040 1.3679 53.32 38.92 3.75 5.14
23.00 1.3392 52.94 38.69 14.25 0.00006 1.4166 1.3805 53.40 39.02 3.75 512
24.00 1.3516 53.01 38.79 14.22 0.00006 1.4293 1.3932 53.47 39.13 3.74 5.11
25.00 T 1.3640 53.09 38.89 14.20 0.00006  1.4420 1.4059 53.54 39.23 3.74 510
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Table 7. Evaluation of CRDM Nozzle Corner Crack for Loss of Flow (Cont'd)
FRACTURE TOUGHNESS MARGINS

Period of Operation: Time=  5.00 years

Final Flaw Size: a= 1.1209 in.

Margin = Kla / Kl(a,)

Loading Conditions
LF PL
Fracture Toughness, Kla 200.0 200.0 |ksivin
Ki(ae) 51.93 37.08 |ksiVin
Actual Margin 3.85 5.39
Required Margin 3.16 3.16

100 CRDM Loss of Flow NP.xls 37



Framatome ANP

Table 8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip

INPUT DATA
Initial Flaw Size: : Depth,
Material Data: Temperature,
Yield strength,

Reference temp.,
Upper shelf tough.

a
T=
S, =

RTndt=

in.

F
ksi

F
ksiVin

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

Kla is limited to the upper shelf toughness.

Arrest toughness,

Applied Loads:

Kla =

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
26195 | .

* Reactor Trip Transient at 0.143 hours

ksivin

** Plant Loading/Unloading Transient at 0.333 hours
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Table 8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip (Cont'd)
STRESS INTENSITY FACTOR

Ki(a) = V(ra) [ 0.706(Aq+A,) + 0.537(2a/m)A, + 0.448(a%/2)A, + 0.393(4a°/3m)A; ]
where the through-wall stress distribution is described by the third order polynomial,

S(X) = Ag + Agx + A + AX,

defined by:
Stress | Loading Conditions
Coeff. RT PL

(ksi) (ksi)

Ao
As
Az
A | L

Irwin's plastic zone correction:

a. = a + 1/(6n)*Kl(@)/s,)>

Effective stress intensity factor:

Ki(a)) = V(nag) [ 0.706(Ag+A,) + 0.537(2a/m)A, + 0.448(a.2/2)A; + 0.393(4a, /3n)A; |
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Table 8. Evaluation of CRDM Nozzle Corner Crack for Reactor Trip (Cont'd)

FATIGUE CRACK GROWTH

32-5015650-01

Let: AN= [ 7] cycles/year
Operating RT PL RT PL RT PL RT PL
Time Cycle a Kli(a) Ki(a) AKI Aa a, a, Kl(a,) Ki(a)) Margin = Kla / Ki(a,)
~(yr) (in.) (ksivin)  (ksivin)  (ksivin) (in.) (in.) (in.) (ksivin)  (ksiVin)
0.00 — 1 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 3.23 543
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 37.20 321 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 38.82 312 5.15
22.00 1.3268 63.22 38.59 24 63 0.00087  1.4373 1.3680 64.22 38.92 3.1 5.14
23.00 1.3392 63.33 38.69 24.65 0.00087  1.4501 1.3806 64.33 39.03 3.1 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 L _ 1.3641 63.57 38.89 24.68 0.00087  1.4759 1.4059 64.55 39.23 3.10 5.10
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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 / Ki(a)

Loading Conditions
RT PL
Fracture Toughness, Kla 200.0 200.0 |ksivin
Kli(ae) 62.15 37.08 |ksivin
Actual Margin 3.22 5.39
Required Margin 3.16 3.16
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients

INPUT DATA
Initial Flaw Size: Depth, a=
Material Data: Temperature, T=
Yield strength, Sy =
Reference temp., RTndt =
Upper shelf tough. =

1.0633 in.
595 F
438  ksi

20 F
200  ksivin

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

Kla is limited to the upper shelf toughness.

Arrest toughness, Kla =

Applied Loads:

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
26195 | L .

200  ksivin

* Remaining Transient at 3.152 hours (down ramp)
** Remaining Transient at 0.144 hours (up ramp)

100 CRDM Remaining NP.xls
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients (Cont'd)
STRESS INTENSITY FACTOR

Ki(@) = V(na) [ 0.706(Ag+Ap) + 0.537(2a/m)Aq + 0.448(a%/2)A, + 0.393(4a°/3m)A; ]
where the through-wall stress distribution is described by the third order polynomial,
S(X) = A+ A1x + A2X2 + A3x3,

defined by:

Stress | Loading Conditions
Coeff. RemDn RemUp

(ksi) (ksi)
Ag '__'"
Aq
A,
A | L

Irwin's plastic zone correction:

a, = a + 1/(6n)*[Ki(@)/s,I*

Effective stress intensity factor:

Ki(ag) = V(na.) [ 0.706(Ag*A,) + 0.537(2a/mA, + 0.448(a.2/2)A, + 0.393(4a. /3mA; |
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients (Cont'd)

32-5015650-01

FATIGUE CRACK GROWTH
Let: AN = E ___l cycles/year
Operating RemDn RemUp RemDn RemUp RemDn RemUp RemDn RemUp
Time Cycle a Ki(a) Kl(a) AKI Aa a, a, Kl(a,) Ki(a,) Margin = Kla/Kl(ag)
(yr.) (in.) (ksivin)  (ksivin)  (ksiVin) (in.) (in.) (in.) (ksivin)  (ksiNin)
0.00 — ~1 1.0633 53.93 39.99 13.94  0.00146  1.1437 1.1075 54 .95 40.49 3.64 4.94
1.00 1.0749 54.08 40.12 13.96  0.00146  1.1558 1.1194 55.09 40.62 3.63 4.92
2.00 1.0866 54.23 40.25 13.98  0.00147 1.1679 1.1314 55.24 40.75 3.62 4.91
3.00 1.0983 54.38 40.39 14.00  0.00147 1.1800 1.1434 55.38 40.88 3.61 4.89
4.00 1.1100 54.53 40.52 14.01 0.00147  1.1922 1.1554 55.52 41.01 3.60 4,88
5.00 1.1218 54.68 40.65 14,03  0.00148 1.2045 1.1675 55.66 41.14 3.59 4.86
6.00 1.1336 54.83 40.78 14.05 0.00148 1.2167 1.1796 55.80 41.27 3.58 4.85
7.00 1.1455 54.97 40.91 14.06  0.00148 1.2290 1.1917 55.93 41.39 3.58 4.83
8.00 1.1574 55.11 41.03 14.08  0.00149 1.2414 1.2039 56.07 41.52 3.57 4.82
9.00 1.1693 55.25 41.16 14.09  0.00149  1.2537 1.2161 56.20 41,64 3.56 4.80
10.00 1.1813 55.39 41.29 14.11 0.00149 1.2661 1.2284 56.33 41,77 3.55 4.79
11.00 1.1933 55.53 41.41 14.12  0.00150 1.2786 1.2407°  56.46 41.89 3.54 4.77
12.00 1.2053 55.67 4153 1413 0.00150 1.2910 1.2530 56.59 42.01 3.53 4.76
13.00 1.2174 55.80 41.66 1415  0.00150 1.3035 1.2654 56.72 42.13 3.53 4,75
14.00 1.2295 55,94 41.78 14,16  0.00150 1.3161 1.2778 56.85 4225 3.52 4.73
15.00 1.2417 56.07 41.90 1417  0.00151 1.3286 1.2902 56.97 42.37 3.51 4,72
16.00 1.2539 56.20 42.02 1418  0.00151  1.3412 1.3027 57.10 42.49 3.50 4.71
17.00 1.2661 56.33 4214 1419  0.00151  1.3539 1.3152 57.22 42.61 3.50 4.69
18.00 1.2784 56.46 42.26 14.20 0.00151 1.3665 1.3277 57.34 42.73 3.49 4.68
19.00 1.2906 56.59 42.38 14.21 0.00152  1.3792 1.3403 57.46 42.84 348 4.67
20.00 1.3030 56.71 42.50 14.22  0.00152 1.3919 1.3529 57.58 42.96 3.47 4.66
21.00 1.3153 56.84 4261 14.23 0.00152  1.4046 1.3655 57.70 43,07 347 4.64
22.00 1.3277 56.96 4273 14.24  0.00152 1.4174 1.3782 57.81 43.19 3.46 4.63
23.00 1.3401 57.08 42.84 14,24  0.00152  1.4302 1.3908 57.93 43.30 345 4.62
24,00 1.3525 57.21 42.96 14.25 0.00152  1.4430 1.4035 58,04 43.41 3.45 461
25.00 . J 1.3650 57.33 43.07 14.26 0.00152  1.4559 1.4163 58.16 43.53 3.44 4.60
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Table 9. Evaluation of CRDM Nozzle Corner Crack for Remaining Transients (Cont'd)

FRACTURE TOUGHNESS MARGINS

Period of Operation: Time= 500 vyears
Final Flaw Size: a= 1.1218 in.

Margin = Kla / Ki(a,)

Loading Conditions
RemDn RemUp
Fracture Toughness, Kla 200.0 200.0 |ksivin
Ki(ae) 5566  41.14 |ksivin
Actual Margin 3.59 4.86
Required Margin 3.16 3.16
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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, T=528°F

Initial flaw size, aj= 1.053in.

Final flaw size after 5 years, af= 1.118in.

Flaw growth, af-a; = 0.065in.

Stress intensity factor at final flaw size, K) = 63.02 ksivin

Fracture toughness at 528 °F, Kjg = 200.0 ksiNin

Safety margin: Kig /Kl =3.17>10=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 Frequency (cycles/year)

Heatup and Cooldown

Plant Loading and Unloading
Large Step Decrease

Loss of Load

Loss of Flow

Reactor Trip

Remaining Transient
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8.0
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Section XI, Appendix A,” EPRI Report NP-718-SR, August 1978.

Framatome ANP Document 38-1288530-00, "Dominion Engineering Calculations C-4512-
00-1, Revision 0, and C-4512-00-2, Revision 0 - 10/22/01,” October 2001.
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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.
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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 fim coefficient of 300 Btu/hr-ft°>-F is used in this analysis. For the

inside diameter of the CRDM Housing nozzle, the same heat transfer coefficient for
the inside head is applied even though it is expected that there is lack of forced flow
due to much limited space. At the RV Head exterior surface, a relatively small film
coefficient (representing heat loss through the insulation) is applied in conjunction with
the estimated ambient temperature above the head. The small gap between the
remaining CRDM Housing nozzle OD and penetration bore are modeled as ‘coupled
temperatures’ to best represent the actual condition.

For pressure, those surfaces in contact with primary coolant water are loaded. These
include the RV Head/J-groove weld, CRDM Housing nozzle internal extension and
inside diameter. The exterior of the RV Head (and the interface gap between the
CRDM Housing nozzle and penetration bore) are not loaded by pressure. The upper
end of the CRDM Housing nozzle cylinder has a pressure applied to represent the
hydrostatic end load from the CRDM closure.
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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 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 and
following pages.
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Table 3.2 HUCD Transient
Time | Temperature (°F) | Pressure (psi)
(hrs)
0 70 385
477 547 2235
11 547 2235
156.77 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 (°F) | 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
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3.0208 547 1685
6 547 1585
Table 3.6 Large Step Decrease
Time | Temperature (°F) | Pressure (psi)
(hrs)

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
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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.).
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FIGURE 3.1

Overall 3D Finite Element Model
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FIGURE 3.2
Overall 3D Finite Element Model
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FIGURE 3.3

Overall 3D Finite Element Model
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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

4.1 HUCD Transient
Load case | Time (hr) | Temp. (°F) | 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 12.84 353 1483 Max. Delta T
5 15.77 70 385 End of Cooldown
6 19.0 70 385 End of Run
4.2 Plant Loading/Unloading 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
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4.5 Large Step Decrease
Load case | Time(Hr) | Temp. (°F) | Press. (psi) Description
1 0.001 600 2235 [nitial 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. (°F) | 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 | TiIME(Hr) | Temp. (°F) | 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

Date : Nov/2001 -DUWK. [y

Date : Nov/2001

Page 14 of 24



] J-GROOVE WELD STRESSES

y 4= CONTRACT
DOCUMENT NUMBER PLANT

FRAMATOME ANP 5, 5o15651-01 SURRY 1150048

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.

180 deg path

The figure above is not pertinent to this

document.
m /28 /o

Mfor legibility concerns)

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
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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
SURRY_HUCD_th.out 11/4/01 HUCD Transient Case
SURRY_HUCD_st.out 11/5/01
SURRY_PLUL_th.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
SURRY_LF_st.out 11/13/01
SURRY_RA_th.out 11/14/01 Remaining Transient Case
SURRY_RA_st.out 11/14/01
path_w1_HUCD.out 11/6/01 Post-process to define path and obtain linearized stresses
path_w2_HUCD.out 11/6/01
path_w1_PLUL.out 11/2/01
path_w2_PLUL.out 11/2/01
path_w1_RTRP.out 11/12/01
path_w2_RTRP.out 11/14/01
path_w1_LL.out 11/12/01
path_w2_LL.out 11/14/01
path_w1_LD.out 11/14/01
path_w2_LD.out 11/14/01
path_w1_LF.out 11/13/01
path_w2_LF.out 11/13/01
path_w1_RA.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
VM96.0UT and VM187.0UT (listed in the above table). The results of these
solutions confirm that the ANSYS program is executing correctly.
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AFFIDAVIT

STATE OF WASHINGTON )
) ss.
COUNTY OF BENTON )

1. My name is Jerald S. Holm. | am Manager, Product Licensing, for
Framatome ANP ("FRA-ANP"), and as such | am authorized to execute this Affidavit.

2. | am familiar with the criteria applied by FRA-ANP to determine whether
certain FRA-ANP information is proprietary. | am familiar with the policies established by
FRA-ANP to ensure the proper application of these criteria.

3. | 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. 01-6378B,
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, | 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)

(b)

()

(d)

(e)

7.

The information reveals details of FRA-ANP’s research and development
plans and programs or their results.

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.

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.

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.
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.

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.
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