
PROPRIETARY INFORMATION -WITHHOLD UNDER 10 CFR 2.390 

VIRGINIA ELECTRIC AND POWER COMPANY 

RICHMOND, VIRGINIA 23261 

July 17, 2019 

United States Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, D.C. 20555-0001 

VIRGINIA ELECTRIC AND POWER COMPANY 
SURRY POWER STATION (SPS} UNITS 1 AND 2 
SUBSEQUENT LICENSE RENEWAL APPLICATION 

10 CFR 50 
10 CFR 51 
10 CFR 54 

Serial No.: 19-260 
NRA/DEA: R3 
Docket Nos.: 50-280/281 
License Nos.: DPR-32/37 

RESPONSE TO REQUESTS FOR ADDITIONAL INFORMATION - SET 2 

By letter dated October 15, 2018 (Agencywide Documents Access and Management 
System (ADAMS Accession No. ML 182.91A842), Virginia Electric and Power Company 

. (Dominion Energy Virginia or Dominion) submitted an application for the subsequent 
license renewal of Renewed Facility Operating License Nos. DPR-32 and DPR-37 for 
Surry Power Station (SPS) Units 1 and 2, respectively. 

The NRC has been reviewing the SPS Subsequent License Renewal Application 
(SLRA) and has identified areas where additional information is needed to complete 
their review. In an email from Emmanuel Sayoc, NRC, to Paul Aitken, Dominion, dated 
June 12, 2019, the NRC provided specific requests for additional information (RAls) to 

· support their review of the SLRA. 

Dominion's response to the NRC RAls is provided in the following Enclosures: 

Enclosure 1: Response to Requests for Additional Information - Set 2 Regarding 
SPS SLRA 

Enclosure 2: Proprietary Response to RAls 4. 7.3-7 and 82.1.6-2 - Set 2 
Regarding SPS SLRA 

Enclosure 3: Non-proprietary Response to RAls 4.7.3-7 and 82.1.6-2 - Set 2 
Regarding sps SLRA 

Enclosure 4: CAW-19-4899, Westinghouse Affidavit for Withholding Proprietary 
Information: LTR-SDA-19-052-P, dated June ,10, 2019; CAW-19-
4901, Westinghouse Affidavit for Withholding Proprietary 
Information: WCAP-18258-P, Revision 1, dated June 11, 2019 and /U?J5 
CAW-19-4912, Westinghouse Affidavit for Withholding Proprietary ;rv_ ~-
Information: LTR-SDA-19-053-P dated June 27, 2019 · Af /..If_ 

Enclosures 2 and 7 contain information that are being withheld from public disclosure under 10 CFR 2.390. 
Upon separation from Enclosure 2 or 7. this letter is decontrolled. 



Enclosure 5: SLRA Mark-ups - Set 2 RAls 

Serial No. 19-260 
Docket Nos. 50-280/281 

SLRA RAI Response - Set 2 
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Enclosure 6: Supporting Documents for RAI Responses 
Enclosure 7: WCAP-18258-P, "Flaw Tolerance Evaluation for Susceptible 

Reactor Coolant Loop Cast Austenitic Stainless Steel Elbow 
Components for Surry Units 1 and. 2" - Proprietary 

Enclosure 8: WCAP-18258-NP, "Flaw Tolerance Evaluation for Susceptible 
Reactor Coolant Loop Cast Austenitic Stainless Steel Elbow 
Components for Surry Units 1 and 2" - Non-proprietary 

Enclosure 2, which includes the response to RAls 4.7.3-7 and 82.1.6-2, contains 
information proprietary to Westinghouse Electric Company LLC ("Westinghouse"). A 
redacted, non-proprietary version of the information is provided in Enclosure 3. 
Enclosure 1 contains the response to the remaining RAls. 

Since Enclosures 2 and 7 contain information proprietary to Westinghouse, they are 
supported by Affidavits signed by Westinghouse, the owner of the information, in 
Enclosure 4. The Affidavits set forth the basis on which the information may be withheld 
from public disclosure by the Nuclear Regulatory Commission ("Commission") and 
addresses with specificity the considerations listed in paragraph (b)(4) of Section 2.390 
of the Commission's regulations. Accordingly, it is respectfully requested that the 
information which is proprietary to Westinghouse be withheld from public disclosure in 
accordance with 10 CFR Section 2.390 of the Commission's regulations. 
Correspondence with respect to the copyright or proprietary aspects of the items listed 
above or the supporting Westinghouse Affidavits should reference CAW-19-4899, 
CAW-19-4901 or CAW-19-4912, as applicable, and should be addressed to Camille T. 
Zazula, Manager, Infrastructure & Facilities Licensing, Westinghouse Electric Company, 
1000 Westinghouse Drive, Suite 165, Cranberry Township, Pennsylvania 16066. 

Enclosure 5 provides mark-ups of affected SLRA sections and/or tables associated with 
RAI Set 2. It is noted that changes to five commitments (Items #8, #11, #15, #17 and 
#34) are provided in Table A4.0-1. 
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If you have any questions or require additional information regarding this submittal, 
please contact Mr. Paul Aitken at (804) 273-2818. 

Sincerely, 

~-
Mark D. Sartain 
Vice President - Nuclear Engineering & Fleet Support 

COMMONWEALTH OF VIRGINIA 

COUNTY OF HENRICO 

CRAIG D SLY 
Notary Public 

Commonwealth of Virginia 
Reg.# 7518653 

My Commission Expires December 31, 20-

The foregoing document was acknowledged before me, in and for the County and Commonwealth aforesaid, today by Mark 
D. Sartain, who is Vice President - Nuclear Engineering & Fleet Support of Virginia Electric and Power Company. He has 
affirmed before me that he is duly authorized to execute and file the foregoing document in behalf of that Company, and that 
the statements in the document are true to the best of his knowledge and belief. 

Acknowledged before me this~ day of T lAq , 2019. 
\ 

My Commission Expires: tz.\ '!11 \ Z.O 

Commitments made in this letter: None 

Enclosures: 
1. Response to Requests for Additional Information - Set 2 Regarding SPS SLRA 
2. Proprietary Response to RAls 4.7.3-7 and 82.1.6-2 - Set 2 Regarding SPS SLRA 
3. Non-proprietary Response to RAls 4.7.3-7 and 82.1.6-2 - Set 2 Regarding SPS 

SLRA 
4. CAW-19-4899, Westinghouse Affidavit for Withholding Proprietary Information: 

LTR-SDA-19-052-P, dated June 10, 2019; CAW-19-4901, Westinghouse 
Affidavit for Withholding Proprietary Information: WCAP-18258-P, Revision 1, 
dated June 11, 2019 and CAW-19-4912, Westinghouse Affidavit for Withholding 
Proprietary Information: LTR-SDA-19-053-P dated June 27, 2019 

5. SLRA Mark-ups - Set 2 RAls 
6. Supporting Documents for RAI Responses 
7. WCAP-18258-P, 11Flaw Tolerance Evaluation for Susceptible Reactor Coolant 

Loop Cast Austenitic Stainless Steel Elbow Components for Surry Units 1 and 2" 
- Proprietary 

8. WCAP-18258-NP, "Flaw Tolerance Evaluation for Susceptible Reactor Coolant 
Loop Cast Austenitic Stainless Steel Elbow Components for Surry Units 1 and 2" 
- Non-proprietary 



cc: (w/o Enclosures except *) 

U.S. Nuclear Regulatory Commission, Region ll 
Marquis One Tower 
245 Peachtree Center Avenue, NE 
Suite 1200 
Atlanta, Georgia 30303-1257 

NRG Senior Resident Inspector 
Surry Power Station 

Mr. Emmanuel Sayoc * 
NRC Project Manager 
U. S. Nuclear Regulatory Commission 
One White Flint North 
Mail Stop O 11 F1 
11555 Rockville Pike 
Rockville, Maryland 20852-2738 

Mr. Tam Tran * 
NRG Project Manager 
U.S. Nuclear Regulatory Commission 
One White Flint North 
Mail Stop O 11 F1 
11555 Rockville Pike 
Rockville, Maryland 20852-2738 

Ms. Karen Cotton 
NRG Project Manager 
U. S. Nuclear Regulatory Commission 
One White Flint North 
Mail Stop 08 G-9A 
11555 Rockville Pike 
Rockville, Maryland 20852-2738 
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Mr. G. Edward Miller 
NRC Senior Project Manager 
U.S. Nuclear Regulatory Commission 
One White Flint North 
Mail Stop 0-9E3 
11555 Rockville Pike 
Rockville, Maryland 20852-2738 

State Health Commissioner 
Virginia Department of Health 
James Madison Building - th Floor 
1 09 Governor Street 
Room 730 
Richmond, Virginia 23219 

Mr. David K. Paylor, Director 
Virginia Department of Environmental Quality 
P.O. Box 1105 
Richmond, VA 23218 

Ms. Melanie D. Davenport, Director 
Water Permitting Division 
Virginia Department of Environmental Quality 
P.O. Box 1105 
Richmond, VA 23218 

Ms. Bettina Rayfield, Manager 
Office of Environmental Impact Review 
Virginia Department of Environmental Quality 
P.O. Box 1105 
Richmond, VA 23218 

Mr. Michael Dowd, Director 
Air Division 
Virginia Department of Environmental Quality 
P.O. Box 1105 
Richmond, VA 23218 
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Docket Nos. 50-280/281 

SLRA RAI Response - Set 2 
Page 5 of 8 



Mr. Justin Williams, Director 
Division of Land Protection and Revitalization 
Virginia Department of Environmental Quality 
P.O. Box 1105 
Richmond, VA 23218 

Mr. James Golden, Regional Director 
Virginia Department of Environmental Quality 
Piedmont Regional Office 
4949-A Cox Road 
Glen Allen, VA 23060 

Mr. Craig R. Nicol, Regional Director 
Virginia Department of Environmental Quality 
Tidewater Regional Office 
5636 Southern Blvd 
Virginia Beach, VA 23462 

Ms. Jewel Bronaugh, Commissioner 
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Virginia Department of Agriculture & Consumer Services 
102 Governor Street 
Richmond, Virginia 23219 

Mr. Jason Bulluck, Director 
Virginia Department of Conservation & Recreation 
Virginia Natural Heritage Program 
600 East Main Street, 24th Floor 
Richmond, VA 23219 

Mr. Robert W. Duncan, Director 
Virginia Department of Game and Inland Fisheries 
P.O. Box 90778 
Henrico, VA 23228 

Mr. Allen Knapp, Director 
Virginia Department of Health 
Office of Environmental Health Services 
1 09 Governor St, 5th Floor 
Richmond, VA 23129 



Ms. Julie Lagan, Director 
Virginia Department of Historic Resources 
State Historic Preservation Office 
2801 Kensington Ave 
Richmond, VA 23221 

Mr. Steven G. Bowman, Commissioner 
Virginia Marine Resources Commission 
2600 Washington Ave 
Newport News, VA 23607 

Dr. Mary Fabrizio, Professor 
Virginia Institute of Marine Science 
School of Marine Science 
7509 Roper Rd, Nunnally Hall 135 
Gloucester Point, VA 23062 

Ms. Angel Deem, Director 
Virginia Department of Transportation 
Environmental Division 
1401 East Broad St 
Richmond, VA 23219 

Mr. Stephen Moret, President 
Virginia Economic Development Partnership 
901 East Byrd St 
Richmond, VA 23219 

Mr. William F. Stephens, Director 
Virginia State Corporation Commission 
Division of Public Utility Regulation 
1300 East Main St, 4th Fl, Tyler Bldg 
Richmond, VA 23219 

Mr. Jeff Caldwell, Director 
Virginia Department of Emergency Management 
10501 Trade Rd 
Richmond, VA 23236 

Serial No. 19-260 
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Mr. Bruce Sterling, Chief Regional Coordinator 
Virginia Department of Emergency Management 
7511 Burbage Dr. 
Suffolk, VA 23435 

Mr. Jonathan Lynn, Administrator 
Surry County 
45 School Street 
Surry, VA 23883 
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Enclosure 4 

Serial No. 19-260 
Docket Nos. 50-280/281 

CAW-19-4899, WESTINGHOUSE AFFIDAVIT FOR WITHHOLDING 
PROPRIETARY INFORMATION: L TR-SDA-19-052-P 

DATED JUNE 10, 2019 

CAW-19-4901, WESTINGHOUSE AFFIDAVIT FOR WITHHOLDING 
PROPRIETARY INFORMATION: WCAP-18258-P, REVISION 1' 

DATED JUNE 11, 2019 

CAW-19-4912, WESTINGHOUSE AFFIDAVIT FOR WITHHOLDING 
PROPRIETARY INFORMATION: LTR-SDA-19-053-P 

DATED JUNE 27, 2019 

Virginia Electric and Power Company 
(Dominion Energy Virginia or Dominion) 

Surry Power Station Units 1 and 2 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

COMMONWEALTH OF PENNSYLVANIA: 

COUNTY OF BUTLER: 

CAW-19-4899 
Pagel of3 

(1) I, Korey L. Hosack, have been specifically delegated and authorized to apply for withholding 

and execute this Affidavit on behalf of Westinghouse Electric Company LLC 

(Westinghouse). 

(2) I am requesting the proprietary portions ofLTR-SDA-19-052-P be withheld from public 

disclosure under 1 O CFR 2.390. 

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in 

designating information as a trade secret, privileged, or as confidential commercial or 

financial information. 

( 4) Pursuant to 10 CFR 2.390, the following is furnished for consideration by the Commission in 

determining whether the information sought to be withheld from public disclosure should be 

withheld. 

(i) The information sought to be withheld from public disclosure is owned and has been 

held in confidence by Westinghouse and is not customarily disclosed to the public. 

(ii) Public disclosure of this proprietary information is likely to cause substantial harm to 

the competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar technical evaluation justifications and licensing 

defense services for commercial power reactors without commensurate expenses. 

Also, public disclosure of the information would enable others to use the information 

to meet NRC requirements for licensing documentation without purchasing the right 

to use the information. 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

CA W-19-4899 
Page 2 of 3 

(5) Westinghouse has policies in place to identify proprietary information. Under that system, 

information is held in confidence if it falls in one or more of several types, the release of 

which might result in the loss of an existing or potential competitive advantage, as follows: 

(a) The information reveals the distinguishing aspects of a process (or 

component, structure, tool, method, etc.) where prevention of its use by any 

ofWestinghouse•s competitors without license from Westinghouse 

constitutes a competitive economic advantage over other companies. 

(b) It consists of supporting data, including test data, relative to a process (or 

component, structure, tool, method, etc.), the application of which data 

secures a competitive economic advantage ( e.g., by optimization or improved 

marketability). 

(c) Its use by a competitor would reduce his expenditure of resources or improve 

his competitive position in the design, manufacture, shipment, installation, 

assurance of quality, or licensing a similar product. 

( d) It reveals cost or price information, production capacities, budget levels, or 

commercial strategies of Westinghouse, its customers or suppliers. 

(e) It reveals aspects of past, present, or future Westinghouse or customer funded 

development plans and programs of potential commercial value to 

Westinghouse. 

(f) It contains patentable ideas, for which patent protection may be desirable. 

(6) The attached documents are bracketed and marked to indicate the bases for withholding. The 

justification for withholding is indicated in both versions by means of lower case letters (a) through 

(f) located as a superscript immediately following the brackets enclosing each item of information 

being identified as proprietary or in the margin opposite such information. These lower case letters 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

CA W-19-4899 
Page 3 of3 

refer to the types of information Westinghouse customarily holds in confidence identified in Sections 

(S)(a) through (f) of this Affidavit. 

I declare that the averments of fact set forth in this Affidavit are true and correct to the best of my 

knowledge, information, and belief. 

I declare undor penalty of perjury that the foregoing is true~ 

Executed on:,;iofC£:fo/D -~__,.,,,--=·--<;;:==-----
Korey L. Hosack, Manager 
Product Line Regulatory Support 



PROPRIETARY INFORMATION NOTICE 

Transmitted herewith are proprietary and non-proprietary versions of a document, furnished to the 
NRC in connection with requests for generic and/or plant-specific review and approval. 

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning 
the protection of proprietary information so submitted to the NRC, the information which is 
proprietary in the proprietary versions is contained within brackets, and where the proprietary 
information has been deleted in the non-proprietary versions, only the brackets remain (the 
information that was contained within the brackets in the proprietary versions having been deleted). 
The justification for claiming the information so designated as proprietary is indicated in both 
versions by means of lower case letters (a) through (f) located as a superscript immediately following 
the brackets enclosing each item of infonnation being identified as proprietary or in the margin 
opposite such information. These lower case letters refer to the types of information Westinghouse 
customarily holds in confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the Affidavit 
accompanying this transmittal pursuant to 10 CFR 2.390(b}(l). 

COPYRIGHT NOTICE 

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted 
to make the number of copies of the information contained in these reports which are necessary for its 
internal use in connection with generic and plant-specific reviews and approvals as well as the 
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a 
license, permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding 
restrictions on public disclosure to the extent such infonnation has been identified as proprietary by 
Westinghouse, copyright protection notwithstanding. With respect to the non-proprietary versions of 
these reports, the NRC is permitted to make the number of copies beyond those necessary for its 
internal use which are necessary in order to have one copy available for public viewing in the 
appropriate docket files in the public document room in Washington, DC and in local public 
document rooms as may be required by NRC regulations if the number of copies submitted is 
insufficient for this purpose. Copies made by the NRC must include the copyright notice in all 
instances and the proprietary notice if the original was identified as proprietary. 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

COMMONWEALTH OF PENNSYLVANIA: 

COUNTY OF BUTLER: 

CAW-194901 
Page I of3 

(I} I, Korey L. Hosack, have been specifically delegated and authorized to apply for withholding 

and execute this Affidavit on behalf of Westinghouse Electric Company LLC 

(Westinghouse). 

(2) I am requesting the proprietary portions ofWCAP-18258-P, Revision 1 be withheld from 

public disclosure under 10 CFR 2.390. 

(3) I have personal Imowledge of the criteria and procedures utilized by Westinghouse in 

designating information as a trade secret, privileged, or as confidential commercial or 

financial information. 

(4) Pursuant to 10 CPR 2.390, the following is furnished for consideration by the Commission in 

determining whether the information sought to be withheld from public disclosure should be 

withheld. 

(i) The information sought to be withheld from public disclosure is owned and has been 

held in confidence by Westinghouse and is not customarily disclosed to the public. 

(ii) Public disclosure of this proprietary infonnation is likely to cause substantial hann to 

the competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar technical evaluation justifications and licensing 

defense services for commercial power reactors without commensurate expenses. 

Also, public disclosure of the information would enable others to use the information 

to meet NRC requirements for licensing do(?umentation without purchasing the right 

to use the information. 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

CAW-19-4901 
Page 2 of3 

(5) Westinghouse has policies in place to identify proprietary information. Under that system, 

infonnati on is held in confidence if it falls in one or more of several types, the release of 

which might result in the loss of an existing or potential competitive advantage, as follows: 

(a) The information reveals the distinguishing aspects of a process (or 

component, structure, tool, method, etc.) where prevention of its use by any 

of Westinghouse's competitors without license from Westinghouse 

constitutes a competitive economic advantage over other companies. 

(b) It consists of supporting data, including test data, relative to a process ( or 

component, structure, tool, method, etc.), the application of which data 

secures a competitive economic advantage ( e.g., by optimization or improved 

marketability). 

( c) Its use by a competitor would reduce his expenditure of resources or improve 

his competitive position in the design, manufacture, shipment, installation, 

assurance of quality, or licensing a similar product. 

( d) It reveals cost or price information, production capacities, budget levels, or 

commercial strategies of Westinghouse, its customers or suppliers. 

( e) It reveals aspects of past, present, or future Westinghouse or customer funded 

development plans and programs of potential commercial value to 

Westinghouse. 

(f} It contains patentable ideas, for which patent protection may be desirable. 

(6) The attached documents are bracketed and marked to indicate the bases for withholding. The 

justification for withholding is indicated in both versions by means oflower case letters (a) 

through (f) located as a superscript immediately following the brackets enclosing each item of 

infonnation being identified as proprietary or in the margin opposite such information. These 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

lower case letters refer to the types of information Westinghouse customarily holds in 

confidence identified in Sections (S)(a) through (f) of this Affidavit. 

CA W-19-4901 
Page 3 of3 

I declare that the averments of fact set forth in this Affidavit are true and correct to the best of my 

knowledge, information, and belief. 

I declare under penalty of perjury that the foregoing is true rn 
Executedon:.;Jol?Qpl/ ~ 

Korey L. Hosack, Manager 
Product Line Regulatory Support 



PROPRIETARY INFORMATION NOTICE 

Transmitted herewith are proprietary and non-proprietary versions of a document, furnished to the 
NRC in connection with requests for generic and/or plant-specific review and approval. 

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning 
the protection of proprietary information so submitted to the NRC, the information which is 
proprietary in the proprietary versions is contained within brackets, and where the proprietary 
information has been deleted in the non-proprietary versions, only the brackets remain (the 
information that was contained within the brackets in the proprietary versions having been deleted). 
The justification for claiming the information so designated as proprietary is indicated in both 
versions by means oflower case letters (a) through (f) located as a superscript immediately following 
the brackets enclosing each item of information being identified as proprietary or in the margin 
opposite such information. These lower case letters refer to the types of information Westinghouse 
customarily holds in confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the Affidavit 
accompanying this transmittal pursuant to 10 CFR 2.390(b )(1 ). 

COPYRIGHT NOTICE 

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted 
to make the number of copies of the information contained in these reports which are necessary for its 
internal use in connection with generic and plant-specific reviews and approvals as well as the 
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a 
license, permit, order, or regulation subject to the requirements of IO CFR 2.390 regarding 
restrictions on public disclosure to the extent such information has been identified as proprietary by 
Westinghouse, copyright protection notwithstanding. With respect to the non-proprietary versions of 
these reports, the NRC is permitted to make the number of copies beyond those necessary for its 
internal use which are necessary in order to have one copy available for public viewing in the 
appropriate docket files in the public document room in Washington, DC and in local public 
document rooms as may be required by NRC regulations if the number of copies submitted is 
insufficient for this purpose. Copies made by the NRC must include the copyright notice in all 
instances and the proprietary notice if the original was identified as proprietary. 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

COMMONWEALTH OF PENNSYLVANIA: 

COUNTY OF BUTLER: 

CAW-19-4912 
Page 1 of3 

( 1) I, Paul A. Russ, have been specifically delegated and authorized to apply for withholding and 

execute this Affidavit on behalf of Westinghouse Electric Company LLC (Westinghouse). 

(2) I am requesting the proprietary portions ofLTR-SDA-19-053-P be withheld from public 

disclosure under 10 CFR 2.390. 

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in 

designating infonnation as a trade secret, privileged, or as confidential commercial or 

financial information. 

(4) Pursuant to 10 CFR 2.390, the following is furnished for consideration by the Commission in 

detennining whether the information sought to be withheld from public disclosure should be 

withheld. 

(i) The information sought to be withheld from public disclosure is owned and has been 

held in confidence by Westinghouse and is not customarily disclosed to the public. 

(ii) Public disclosure of this proprietary infonnation is likely to cause substantial harm to 

the competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar technical evaluation justifications and licensing 

defense services for commercial power reactors without commensurate expenses. 

Also, public disclosure of the information would enable others to use the information 

to meet NRC requirements for licensing documentation without purchasing the right 

to use the information. 

(5) Westinghouse has policies in place to identify proprietary information. Under that system, 

infonnation is held in confidence if it falls in one or more of several types, the release of 

which might result in the loss of an existing or potential competitive advantage, as follows: 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

CAW-194912 
Page 2 of 3 

(a) The information reveals the distinguishing aspects of a process ( or 

component, structure, tool, method, etc.) where prevention of its use by any 

of Westinghouse's competitors without license from Westinghouse 

constitutes a competitive economic advantage over other companies. 

(b) It consists of supporting data, including test data, relative to a process ( or 

component, structure, tool, method, etc.), the application of which data 

secures a competitive economic advantage ( e.g., by optimization or improved 

marketability). 

( c) Its use by a competitor would reduce his expenditure of resources or improve 

his competitive position in the design, manufacture, shipment, installation, 

assurance of quality, or licensing a similar product. 

(d) It reveals cost or price infonnation, production capacities, budget levels, or 

commercial strategies of Westinghouse, its customers or suppliers. 

(e) It reveals aspects of past, present, or future Westinghouse or customer funded 

development plans and programs of potential commercial value to 

Westinghouse. 

(f) It contains patentable ideas, for which patent protection may be desirable. 

(6) The attached documents are bracketed and marked to indicate the bases for withholding. The 

justification for withholding is indicated in both versions by means oflower case letters (a) through 

(f) located as a superscript immediately following the brackets enclosing each item of information 

being identified as proprietary or in the margin opposite such information. These lower case letters 

refer to the types of information Westinghouse customarily holds in confidence identified in Sections 

(5)(a) through (f) of this Affidavit. 



Westinghouse Non-Proprietary Class 3 

AFFIDAVIT 

CAW-19-4912 
Page 3 of3 

I declare that the averments of fact set forth in this Affidavit are true and correct to the best of my 

knowledge, information, and belief. 

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on: ?p 'l-/ 1 q 
l 

VJa_ct:___ 
Paul A. Russ, Director 

Licensing and Regulatory Affairs 



PROPRIETARY INFORMATION NOTICE 

Transmitted herewith are proprietary and non-proprietary versions of a document, furnished to the 
NRC in connection with requests for generic and/or plant-specific review and approval. 

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning 
the protection of proprietary information so submitted to the NRC, the information which is 
proprietary in the proprietary versions is contained within brackets, and where the proprietary 
information has been deleted in the non-proprietary versions, only the brackets remain (the 
information that was contained within the brackets in the proprietary versions having been deleted). 
The justification for claiming the information so designated as proprietary is indicated in both 
versions by means oflower case letters (a) through (f) located as a superscript immediately following 
the brackets enclosing each item of information being identified as proprietary or in the margin 
opposite such information. These lower case letters refer to the types of information Westinghouse 
customarily holds in confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the Affidavit 
accompanying this transmittal pursuant to IO CFR 2.390(b)(l). 

COPYRIGHT NOTICE 

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted 
to make the number of copies of the information contained in these reports which are necessary for its 
internal use in connection with generic and plantMspecific reviews and approvals as well as the 
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a 
license, permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding 
restrictions on public disclosure to the extent such infonnation has been identified as proprietary by 
Westinghouse, copyright protection notwithstanding. With respect to the nonMproprietary versions of 
these reports, the NRC is permitted to make the number of copies beyond those necessary for its 
internal use which are necessary in order to have one copy available for public viewing in the 
appropriate docket files in the public document room in Washington, DC and in local public 
document rooms as may be required by NRC regulations if the number of copies submitted is 
insufficient for this purpose. Copies made by the NRC must include the copyright notice in all 
instances and the proprietary notice if the original was identified as proprietary. 



Enclosure 1 

Serial No. 19-260 
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RESPONSE TO REQUESTS FOR ADDITIONAL INFORMATION 
SET 2 REGARDING SPS SLRA 

By letter dated October 15, 2018 (Agencywide Documents Access and Management 
System (ADAMS Accession No. ML 18291A842), as supplemented by letters dated 
January 29, 2019 (ADAMS Accession No. ML 19042A 137), and April 2, 2019 {ADAMS 
Accession No. ML 19095A666), Virginia Electric and Power Company (Dominion Energy 
Virginia or Dominion) submitted to the U.S. Nuclear Regulatory Commission (NRC or 
staff) an application to renew the Renewed Facility Operating License Nos. DPR-32 and 
DPR-37 for the Surry Power Station, Unit Nos. 1 and 2. Dominion submitted the 
application pursuant to Title 10 of the Code of Federal Regulations Part 54, 
"Requirements for Renewal of Operating Licenses for Nuclear Power Plants," for 
subsequent license renewal. 

From April 3, 2019 through May 15, 2019, the U.S Nuclear Regulatory Commission 
{NRC) staff sent Dominion draft Requests for Additional Information (RAJs) for various 
technical review packages (TRP). Dominion subsequently informed the NRC staff that 
clarification calls were needed to discuss the information requested. Between April 11, 
2019 through May 30, 2019, clarification calls were completed for the draft RAls unless 
it was determined that a clarification call was not required. The final RAls resulting from 
these calls and Dominion's responses are provided below. For clarity, the order of the 
RAI responses is consistent with the SLRA order format as opposed to the TRP 
reference used in the RAI. 

RAI 2.3.1.3 

Background: 

The systems, structures, and components (SSCsJ that are in scope and subject to an 
aging management review (AMR) are those that perform an intended function as 
described in 10 CFR 54.4. 

Issue: 

In Section 2.3.1.3, Reactor Coolant, of the Subsequent License Renewal Application, 
the applicant stated that the pressurizer spray head does not form part of the reactor 
coolant pressure boundary or provide structural support of reactor coolant pressure 
boundary components and is therefore excluded from scope. Staff finds that this 
statement is not sufficient to determine if the pressurizer spray head should be excluded 
from scope. As noted in Table 2.3-1 of NUREG-2192, "Standard Review Plan for 
Review of Subsequent License Renewal Applications for Nuclear Power Plants," some 
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plants rely on the pressurizer spray for pressure control to achieve cold shutdown 
during certain fire events and, in addition, failure of the spray head should be evaluated 
in terms of any possible damage to surrounding safety grade components, therefore, 
this component should be evaluated on a plant-specific basis. 

Request: 

Staff requests that the applicant provide additional information to justify exclusion of the 
pressurizer spray head from the scope of AMR by specifically addressing the concerns 
as noted in Table 2.3-1 of NUREG-2192 as well as the specific criteria of 10 CFR 54.4 
(a)(1) - (3). 

Dominion Response: 

The pressurizer spray head does not perform a license renewal intended function as 
defined in 10 CFR 54.4(b). Specfically, the pressurizer spray head does not form part of 
the reactor coolant pressure boundary and is not credited for mitigation of the accidents 
addressed in UFSAR Chapter 14. The pressurizer spray head does not provide 
structural support to r.eactor coolant pressure boundary components and does not have 
a (nonsafety-related) leakage boundary function, since it is not designed to retain water 
without leakage, and is entirely contained within the pressurizer. The spray head is not 
relied upon during fire events and is not otheiwise credited for compliance with any 
regulated event. Therefore, the pressurizer spray head is not within the scope of 
subsequent license renewal. This conclusion is consistent with the disposition provided 
in NUREG-2192 Table 2.3-1 and as stated in Section 2.3.1.3 of the SLRA. 

RAI 3.5.2.2.2.6-1 (Concrete and NST Fluence/Dose Estimates) 

Background: 

Dominion's Subsequent License Renewal Application (SLRA) Section 3.5.2.2.2.6, as 
supplemented by Change Notice 1 dated January 29, 2019 (ADAMS Accession No. 
ML 19042A137), discusses its "Further Evaluation" of the aging effects of irradiation on 
the Concrete Biological Shield (CBS) Wall (or Primary Shield Wall) and the Reactor 
Vessel (RV) Support Steel Assembly (consisting of the Neutron Shield Tank (NST) and 
sliding foot assembly. The SLRA concludes that no plant-specific aging management 
program to manage the effects of irradiation is required. The SLRA, as supplemented, 
discusses evaluations in support of Dominion's estimation of projected f/uence and dose 
to the end of the subsequent period of extended operation (SPED) at the CBS wall and 
at the NST, respectively, for comparison against the applicable threshold criteria for 
concrete in the SRP-SLR Section 3.5.2.2.2.6, and as input to the fracture mechanics 
evaluation for embrittlement of the RV support steel assembly. 
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The conclusions made in the SLRA with respect to the need for aging management of 
the concrete CBS wall, NST, and related RV support structures depends, in part, on the 
projected f/uence/dose at the end of the SPEO. The information presented in the SLRA 
is not sufficient to allow the NRG staff to determine whether reasonable assurance 
exists that the limiting f/uencelgamma dose values have been identified, with sufficient 
margin and conservatism to accommodate uncertainties due to the relative lack of 
validation for f/uence analysis methodologies directly applicable to the regions of 
interest. Therefore, with respect to the f/uence/dose values presented in the SLRA and 
the context stated below, the NRG staff needs additional information: 1. During the 
audit, the NRG staff reviewed information from calculations performed in 2018 (L TR
REA-18-88 referenced in ETE-SLR-2018-1271) to determine the f/uencelgamma dose 
at selected locations at Surry to the end of SPEO. These values provide additional 
validation of the f/uence/dose values cited in the SLRA and SLRA supplement for the 
CBS wall and NST. However, the SLRA does not provide details of this model and its 
results. 2. The SLRA provides information for f/uence/gamma dose at the vessel side 
surface of the CBS wall at the limiting location for the RV traditional beltline region. This 
location includes attenuation of the fluence through the NST. Based on a review of 
relevant figures and drawings (e.g., 11448/11548-FV-7A, 11448-FM-1G), there are 
regions of the CBS wall above and below the NST. The flu.ence incident on these 
regions do not appear to the staff to be attenuated by the steel or water present in the 
NST, so even though these regions are further from the traditional RV beltline, they may 
experience greater fluence than the part of the CBS wall closest to the RV traditional 
beltline region. This is especially true for neutron fluence, since a large number of 
neutrons would not be moderated by the NST water to energies below the lower 
threshold for inclusion in the f/uence estimates. 

Request: 

1. Provide a brief summary of the origin, details, and validation of the model used in 
the calculations in LTR-REA-18-88 referenced in ETE-SLR-2018-1271, including 
the methodology used and relevant model characteristics, to allow the NRG staff 
to evaluate the adequacy of the model to compute fluence in areas beyond the 
traditional beltline region of the RV (i.e., the area of applicability envisioned by 
the NRG approved methodology in the available regulatory guidance in 
Regulatory Guide 1. 190). In addition, provide a summary of the key limiting 
results for the CBS wall and the NST. 

2. Provide an estimate for the maximum neutron f/uences (E > 0. 1 Me V) and 
gamma doses associated with the regions on the vessel side surface of the CBS 
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wall above and below the NST, or a justification for why the f/uence/dose in these 
regions is bounded by other available f/uence estimates. 

3. If the limiting values of f/uence/gamma dose in any portion of the CBS exceed 
the threshold criteria in SRP-SLR, describe how the aging effects of irradiation on 
concrete will be adequately managed, pursuant to 54.21 (a)(3) in those areas; or, 
provide a summary of a structural evaluation and its results that demonstrate that 
the CBS wall will remain capable of performing its intended function through the 
end of the SPED. 

Dominion Response: 

Response to RAI 3.5.2.2.2.6-1, Request 1: 

The model developed by the Electric Power Research Institute (EPRI) for assessing the 
concrete used a Monte Carlo n-Particle (MCNP) code method for determining the 
neutron fluence and gamma dose projections for the concrete biological shield (CBS) 
wall. The information for neutron fluence and gamma dose at the CBS wall is 
documented in EPRI 3002013051, "Irradiation Damage of the Concrete Biological 
Shield that Utilizes a Neutron Shield Tank Basis for Concrete Biological Shield Wall for 
Aging Management." The information included in EPRI 3002013051 is reported for 
72 effective full-power years (EFPY) so that it would be generic to a three loop PWR 
plant. 

The EPRI model was performed by using the fluence at the reactor pressure vessel 
(RPV) inner diameter (ID) which was attenuated to obtain the fluence on the RPV outer 
diameter (OD). The maximum fluence at the ID used in this evaluation was determined 
to be 7.71 E19 n/cm2 (E > 1.0 MeV) at 72 EFPY taken from the surveillance program 
calculations (WCAP-18242-NP, Revision 2, "Surry Units 1 and 2 Time-Limited Aging 
Analysis on Reactor Vessel Integrity for Subsequent License Renewal"). EPRI 
developed a simplified model using the MCNP5 code for assessing radiation transport 
and heat loads. The model is an infinite 2-D cylinder with a point source at the center 
with a typical U-235 fission spectrum. Models were run to determine neutron and 
gamma attenuation through the concrete. 

The MCNP5 model uses ENDF/BVII.O continuous energy nuclear data at 300°K with full 
scattering order representation. An energy cutoff was applied below 0.01 MeV on the 
neutronMonly simulations to reduce simulation time. Additionally, geometric weight 
windows were used at the concrete interface to reduce variance in the flux tallies. 
Sensitivity studies were performed on data temperature and water thickness inside the 
RPV, both of which show little variation in results. EPRI baselined their work for the 
CBS wall to work for H.B. Robinson performed by Oak Ridge National Laboratory and 
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TransWare for flux ratios of> 1.0 MeV and > 0.1 MeV, as well as comparisons of the 
attenuation coefficient assuming exponential attenuation through the RPV. 

The Westinghouse fluence model used for the RPV integrity evaluations has been 
modified to project neutron fluence and gamma dose for the neutron shield tank (NST) 
and CBS wall. The model was modified to determine the fluence in the radial direction 
at the NST and the interface region between the NST and CBS wall. 

The Project Topical Report issued by Stone & Webster in October of 1986 was 
developed with funding from Department of Energy, Westinghouse Owners Group, 
EPRI, and Virginia Power. Because the topical report was supported by industry, the 
fluence information at the time was provided by Westinghouse for the reactor vessel. 
Westinghouse uses a two-dimensional model for determining fluence for RPV integrity. 

The updated fracture toughness analysis performed by Dominion in 
ETE-SLR-2018-1271 is based upon fluence projections provided by Westinghouse in 
support of SLR. The fluence for the RPV was projected through 68 EFPY in order to 
complete development of the heatup and cooldown curves, L TOP evaluation, and PTS 
evaluation. The details of the fluence projection are outlined in WCAP-18028-NP, 
Revision 1, "Extended Beltline Pressure Vessel Fluence Evaluations Applicable to Surry 
Units 1 & 2." 

Subsequent to publication of WCAP-18028-NP, Revision 1, Westinghouse amended the 
fluence model in order to determine the fluence for the NST and the CBS wall. 

The difference between the two Westinghouse fluence reports (one used for the 1986 
Project Topical Report and the other used for SLR) is that the latest projections in 
WCAP-18028-NP, Revision 1 (including those for the NST and the CBS wall) account 
for actual fuel loading patterns used over the recent life of the plant, actual operating 
cycle duration, a national laboratory cross-section library, and a conservative operating 
life of 68 EFPY. The current Westinghouse fluence model discussed in 
WCAP-18028-NP, Revision 1 is Regulatory Guide (RG) 1.190 compliant. The 
methodology used for fluence projections of the RPV has been previously reviewed and 
approved by the NRC as outlined in WCAP-14040-A, Revision 4, "Methodology Used to 
Develop Cold Overpressure Mitigating System Setpoints and RCS Heatup and 
Cooldown Limit Curves." 

For the Units 1 and 2 RPV transport calculations, a model similar to the [r,9] model 
·depicted in Figure 2~1 of WCAP-18028-NP, Revision 1 was utilized since the reactor is 
octant symmetric. This [r,9] model, which has finer meshes than that in 
WCAP-18028-NP, Revision 1, includes the core, the reactor internals, the thermal 
shield - including explicit representations of the surveillance capsules at 15°, 25°, 35° 
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and 45° - the RPV cladding and wall, the insulation external to the RPV, water filled 
NST, and the CBS wall. 

The core for the RPV model is modeled as a homogeneous mixture of fuel, reactor 
coolant system (RCS) water, cladding, etc., similar to what was done in 
WCAP-18028-NP, Revision 1. The core source is modeled as a volumetric source in the 
core region modeled in the DORT model and the details are described in 
WCAP-14040-A, Revision 4. The neutron fluence reported by Westinghouse for the 
NST vessel-side surface at 68 EFPY is calculated using the same model for the RPV 
region as that used for RPV integrity calculation (except that the meshing in the 
geometrical models used in the RPV analysis were changed and the geometrical 
models were extended/changed to include details of the NST and existence of the CBS 
wall in the CBS/NST analysis). 

The Units 1 and 2 RPV fluence rate synthesis calculations using the DORT code were 
performed using the BUGLE-96 cross-section library with refined meshes that are 
compliant with Regulatory Guide 1.190. The cycle-specific in put parameters were used 
to calculate cycle-specific neutron flux values to the end of cycle (EOC) 26 for Unit 1 
and EOC 25 for Unit 2. 

The key limiting results for the CBS wall are summarized in the response to RAI 
3.5.2.2.2.6-1 (Request 2). The key limiting results for the NST are summarized in 
response to RAI 3.5.2.2.2.6-4 (Request 3). 

Response to RAI 3.5.2.2.2.6-1, Request 2: 

NUREG-2192, Section 3.5.2.2.2.6 identifies criteria for assessment of reduction of 
strength and mechanical properties of concrete due to irradiation. The assessment 
involves the need to project the neutron fluence and gamma dose to the concrete 
biological shield (CBS) wall. 

The approach used for determining the neutron fluence and gamma dose was to focus 
on three distinct regions of the CBS wall: 

• Area 1 is the region adjacent to the neutron shield tank (NST), 
• Area 2 is the region immediately above the NST located below the reactor 

pressure vessel nozzles, and 
• Area 3 is the region below the NST. 

Because the dose (in the reactor pressure vessel) is highest at the midpoint of the core, 
Area 1 was first identified to quantify the neutron fluence and gamma dose. Area 2 is of 
interest because this region of the CBS wall is not shielded by the neutron shield tank. 
The unshielded CBS wall located above and near the top of the NST is considered to 
contain the bounding location because it is located closest to the centerline of the core 
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relative to unshielded locations. At the time the SLR application was published, the 
neutron fluence and gamma dose were not determined for Area 3 because more of the 
CBS wall is protected by the NST relative to the centerline of the core (when compared 
to Area 1 and Area 2) and the region below the NST is further protected from gamma 
dose by the presence of two inches of lead shielding which is effective for shielding of 
gamma dose. The axial distance between the bottom of the NST and centerline of the 
core is approximately 486 cm. The axial distance between the top of the NST and the 
centerline of the core is approximately 220 cm. Because of the proximity of the core and 
NST, the neutron fluence and gamma dose of the CBS wall in Area 3 is considered to 
be bounded by the neutron fluence and gamma dose in Areas 1 and 2. Westinghouse 
has recently verified that the fast neutron fluence (E > 0.1 MeV) in Area 3 does not 
exceed the fast neutron fluence limit (E > 0.1 MeV). 

Dominion contracted Westinghouse and the Electric Power Research Institute (EPRI) to 
determine the neutron fluence and gamma dose at the CBS wall. Specifically, 
Westinghouse determined the neutron fluence and gamma dose for Areas 1, 2, and 3 
while EPRI determined the neutron fluence and gamma dose for Area 1. 

Neutron fluence and gamma dose information for the CBS wall included in 
Section 3.5.2.2.2.6 of SLR application (and restated below) is for Area 1 as reported by 
EPRI: 

• The maximum neutron fluence at the CBS wall surface is 1.18 x 1013 n/cm2 

(E > 0.1 MeV). This value is substantially below the threshold value of 
1.0 x 1019 n/cm2 for E > 0.1 MeV. 

• The estimated gamma surface dose at the CBS wall of 2.75 x 106 Gy is below 
the acceptability threshold of 1.0 x 108 Gy. 

EPRI used a Monte Carlo method (MCNP) for determining this information. The 
information for neutron fluence and gamma dose at the CBS wall is documented in 
EPRI 3002013051, "Irradiation Damage of the Concrete Biological Shield that Utilizes a 
Neutron Shield Tank Basis for Concrete Biological Shield Wall for Aging Management.» 
The information included in EPRI 3002013051 is reported for 72 EFPY so that it would 
be generic to a three loop PWR. 

EPRI baselined their work for the CBS wall to transport analyses for H.B. Robinson 
performed separately by Oak Ridge National Laboratory and TransWare. 

The values for neutron fluence and gamma dose for Area 1 and Area 2 of the CBS wall 
determined by Westinghouse were not reported in section 3.5.2.2.2.6 of the SLR 
application. Westinghouse determined the neutron fluence and gamma dose for Area 1 
and Area 2. Values for 72 EFPY are as follows: 



Irradiation 
Time 

72 EFPY 

Area 1 

Behind NST 

Area 2 

Above NST 

Irradiation 
Time 

72 EFPY 

Area 1 

Behind NST 

Area 2 

Above NST 

Unit 1 

Fast Neutron Fluence 

(E > 0.1 MeV) at Concrete Surface 
(n/cm2

) 

1.93E+14 (Centerline of core) 

2.86E+18 (288 cm relative to core 
midplane) 

Unit 2 

Fast Neutron Fluence 

(E > 0.1 MeV) at Concrete Surface 
(n/cm2

) 

2.13E+14 (Centerline of core) 

3.17E+18 (288 cm relative to core 
mid plane) 
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Gamma Dose [Gy] 

at Concrete Surface 

2.22E+06 (Centerline of core) 

2.68E+06 (282 cm relative to core 
midplane) 

Gamma Dose [Gy] 

at Concrete Surface 

2.46E+06 (Centerline of core) 

2.97E+06 (280 cm relative to core 
mid plane) 

Westinghouse revised the fluence models used for reactor vessel integrity evaluations 
to p-roject neutron fluence and gamma dose for the CBS wall. The fluence models used 
for the reactor vessel integrity evaluations are Regulatory Guide 1.190 compliant. They 
were modified to determine the fluence in the radial direction at the interface region 
between the NST and CBS wall. There are two models based upon DORT, a 2-D model 
(r-theta and r-z geometries)· and a one 1-D model (r geometry) that are used in the 
fluence rate synthesis analysis. 

Dominion has provided information to the NRC previously on the models used for 
reactor vessel. integrity. WCAP-18028-NP, Revision 1, "Extended Beltline Pressure 
Vessel Fluence Evaluations Applicable to Surry Units 1 & 2," provides the fluence 
assessment for the reactor vessel for SLR. Also, reference WCAP-14040-A, Revision 4, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and 
RCS Heatup and Cooldown Limit Curves" was previously provided to the NRC. 

As noted above, the neutron fluence and gamma dose for the CBS wall will remain 
below the threshold levels (neutron fluence greater than 1.0 x 1019 n/cm2 for E > 0.1 
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MeV and gamma dose greater than 1.0 x 108 Gy) established for when irradiation 
damage is projected to occur to concrete. Therefore, no additional actions or activities 
are needed to manage or assess the possibility of damage to the CBS wall due to 
irradiation during the subsequent period of extended operation. 

Response to RA! 3.5.2.2.2.6-1, Request 3: 

Per response to Request 2 above, the limiting values of fluence/gamma dose in Area 1, 
Area 2, and Area 3 of the CBS wall have been demonstrated to be less than threshold 
limits for SLR. Therefore, the CBS wall will remain capable for performing its intended 
function through the end of the subsequent period of extended operation and no 
additional actions or activities are needed to manage or assess the possibility of 
damage to the CBS wall due to irradiation. 

RAI 3.5.2.2.2.6-2 (Operating Experience Bases) 

Background: 

One criterion, among others, in SRP-SLR Section 3.5.2.2.2.6 f~r not requiring a plant
specific program for managing aging effects of irradiation is for the applicant to 
demonstrate that there is no plant-specific operating experience (OE) of irradiation 
degradation that may impact intended function(s) of applicable materials and 
components. SLRA Section 3.5.2.2.2.6, as supplemented by Change Notice 1 dated 
January 29, 2019 (ADAMS Accession No. ML19042A137), states "no plant-specific OE 
[operating experience] of concrete irradiation degradation has been identified." The 
SLRA supplement Section 3.5.2.2.2.6, a/so states that "[t]here is no plant-specific or 
industry OE of reactor vessel support assembly irradiation degradation that would 
impact a license renewal intended function." 

Issue: 

It is not clear what actions may have formed the bases for SPS to make the above 
plant-specific OE statements related to irradiation degradation of CBS wall and RV steel 
support assemblies. 

Request: 

State what actions (e.g., surveillances, inspections, observations, tests), if any, were 
taken by SPS to provide justification for the plant-specific OE statements made above 
for irradiation degradation of CBSW and RV steel support assemblies. 



Dominion Response: 
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Accessible portions of the concrete biological shield wall, the reactor vessel sliding foot 
supports, and the neutron shield tank are periodically inspected by one or more of the 
following aging management programs: Structures Monitoring (B2.1.34) - 5 year 
frequency, ASME Section XI, Subsection IWF (82.1.31) - 10 year frequency, and 
External Surfaces Monitoring (B2.1.23) - each refueling outage. Results of these 
periodic inspections that fail to meet the applicable acceptance criteria are entered into 
the Corrective Action Program. A review of condition reports generated over the past 
ten years identified no degradation due to irradiation that would impact a license 
renewal intended function for the concrete biological shield wall or the reactor vessel 
steel support assemblies. 

RAI 3.5.2.2.2.6-3 (Whether Structural Consequence Analyses Exists in CLB) 

Background: 

SLRA Section 3.5.2.2.2.6, as supplemented by Change Notice 1 dated January 29, 
2019 (ADAMS Accession No. ML19042A137), states: The PTR fracture mechanics 
evaluation on the reactor vessel support steel assembly predated resolution of Generic 
Safety Issue 15 (GSl-15), "Radiation Effects on Reactor Pressure Vessel Supports," in 
1996, as reported in NUREG-0933 which states in part: The preliminary conclusion 
indicated that the potential problem did not pose an immediate threat to public safety. 
The tentative results indicated that plant safety could be maintained despite reactor 
vessel support structures (RVSS) radiation damage. In order to encompass the 
uncertainties in the various analyses and provide an overall conservative assessment, 
several structural analyses conducted demonstrated the following: 1. Postulating that 
one of the four RPV supports was broken in a typical PWR, the remaining supports 
would carry the reactor vessel and the load even under safe-shutdown earthquake 
(SSE) seismic loads; 2. If all supports were assumed to be totally removed (i.e., 
broken), the short span of piping between the vessel and the shield wall would support 
the load of the vessel. 

Issue: 

It is not clear if supporting plant-specific structural consequence analyses, that postulate 
failure of one or more RV support assemblies, like those cited above from NUREG-
0933, exists in the current licensing basis (CLB) for SPS Units 1 and 2. 

Request: 

State if plant-specific structural consequence analyses, postulating failure of one or 
more RPV support assemblies, exists in the CLB of SPS Units 1 and 2. If they do exist, 
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describe in sufficient technical detail the . consequence analyses performed and its 
results. 

Dominion Response: 

A plant specific structural consequence analyses, postulating failure of one or more 
RPV support assemblies, does not exist in the CLB of SPS Units 1 and 2. 

RAI 3.5.2.2.2.6-4 {Apparent Discrepancy of Certain Fluence Values cited in SLRA) 

Background: 

The criteria in SRP-SLR Section 3.5.2.2.2.6 requires a plant-specific program for 
managing aging effects of irradiation in concrete if the estimated (calculated) f/uence 
levels or irradiation dose received by any portion of the concrete from neutron (fluence 
cutoff energy E > 0. 1 Me V) or gamma radiation exceeds the respective threshold level 
stated therein during the subsequent period of extended operation, or if there is plant
specific operating experience (OE) of irradiation degradation that may impact intended 
functions. SLRA Section 3.5.2.2.2.6, as supplemented by Change Notice 1 dated 
January 29, 2019 (ADAMS Accession No. ML 19042A137), states on page 4 of 6 of 
Enclosure 2: "The maximum neutron f/uence at the CBS wall surface of 1.18 x 1013 

nlcm2 (E > 1.0 MeV)" (emphasis added). Further, the SLRA supplement Section 
3.5.2.2.2.6, under sub-title "Irradiation of the RV Support Steel Assembly, JI of Enclosure 
2 states that "[t]he PTR [Project Topical Report] was conservatively estimated for 100 
years of plant operation (76. 8 EFPY [effective full power years]) that yields a fast 
neutron f/uence (E > 1 MeV) of 9.5 x 1019 nlcm2 at the inside surface of the RV and a 
fast neutron f/uence (E > 1 Me V) of 5.0 x 1019 nlcm2 at the outside surface of the RV. JI 

Additionally, Enclosure 2 of the SLRA supplement states: "The projected EFPY for SPS 
SLR is 68 EFPY which yields a fast neutron f/uence (E > 1.0 MeV) of 3.42 x 1018 nlcm2 

at the inside surface of the NST. JI 

Issue: 

1. The estimated neutron f/uence level on the CBS wall is cited in the SLRA in 
terms of cutoff energy E > 1.0 MeV, whereas the neutron f/uence acceptance 
threshold in the SRP-SLR Section 3.5.2.2.2.6 is in terms of cutoff energy E > 0.1 
Me V; for appropriate comparison, they need to be stated based on the same 
cutoff energy as the threshold criteria in the SRP-SLR. 

2. The staff audited the Project Topical Report (PTR) 2178-1525314-B4 "Unit No. 1 
Surry Power Station - Life Extension Evaluation of the Reactor Vessel Support," 
dated October 10, 1986, and noted that the fast neutron fluence (E > 1.0 MeV) at 
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the outside surface of the RV, used for the evaluation for 100 calendar years of 
operation (76.8 EFPY) is 5.0 x 1018 nlcm2

• This fluence value is inconsistent with 
that of 5.0 x 1019 n/cm2 cited in the SLRA. 

3. The staff audited ETE-SLR-2018-1271, "Assessment of Radiation Effects on 
Reactor Vessel Supports for SPS Units 1 & 2," Revision 0, and noted that in its 
Table 3 the reported fast neutron fluence (E > 1.0 Me VJ at the inside vessel side 
surface of the NST is 3. 82 x 1018 nlcm2 for Unit 2 at 68 EFPY. This fluence value 
is inconsistent with that of 3.42 x 1018 nlcm2 cited in the SLRA. 

Request: 

1. Provide the maximum calculated neutron f/uence values for the CBS wall for SPS 
Units 1 and 2 based on the cutoff energy for concrete damage as defined in 
SRP-SLR Section 3.5.2.2.2.6 (i.e., E > 0.1 MeV). 

2. Clarify the inconsistency between the fast neutron f/uence (E > 1 Me VJ at the 
outside surface of the RV, cited in the SLRA with that used in the PTR for 100 
calendar years of operation (76. 8 EFPY), and provide the correct value to the 
end of the SPEO. 

3. Clarify the inconsistency between the fast neutron f/uence (E > 1 Me V) at the 
inside (vessel side) surface of the NST cited in the SLRA and that reported in 
ETE-SLR-2018-1271 for 68 EFPY. State which reactor Unit experiences the 
bounding f/uence and provide the bounding fluence value. 

Dominion Response: 

Response to RAI 3.5.2.2.2.6-4, Request 1: 

Dominion concurs that, for appropriate comparison, neutron fluence values need to be 
stated based on the same cutoff energy as the threshold criteria in the SRP-SLR. The 
maximum neutron fluence at the CBS wall surface was inadvertently provided as 
1.18 x 1013 /ncm2 (E > 1.0 Mev) instead of 1.18 x 1013 /ncm2 (E > 0.1 Mev) in the first 
bullet in Enclosure 2, page 4 of 6 of Dominion's Change Notice 1 letter, dated January 
29, 2019 (ADAMS Accession No. ML 19042A137). 

As such, the first bullet should read as follows: 

• The maximum neutron fluence at the CBS wall surface of 1.18 x 1013 /ncm2 

(E > 0.1 Mev). This is substantially below the threshold of 1.0x1019 /ncm2 for 
E > 0.1 Mev. 

The information in bullet one was determined by EPRI (3002013051) for the region of 
the CBS wall adjacent to the core. Subsequent to transmittal of Change Notice 1, the 
neutron fluence values for the CBS wall have been evaluated by Westinghouse for the 



Serial No. 19-260 
Docket Nos. 50-280/281 

Enclosure 1 
Page 14 of 86 

region adjacent to and above the NST. Westinghouse determined that the maximum 
neutron fluence at the CBS wall surface above the NST is 2.98 x 1018 /ncm2 

(E > 0.1 Mev) while the maximum neutron fluence at the CBS wall surface at the core 
midplane is 2.00 x 1014 /ncm2 (E > 0.1 Mev) at 68 EFPY. 

Response to RAI 3.5.2.2.2.6-4, Request 2: 

A fast neutron fluence of 5.0 x 1019 /ncm2 (E > 1.0 Mev) instead of 5.0 x 1018 /ncm2 

(E > 1.0 Mev) at the outside surface of the RPV was inadvertently provided in the 
second bullet in Enclosure 2, page 5 of 6 of Dominion's Change Notice 1 letter, dated 
January 29, 2019 (ADAMS Accession No. ML 19042A137). 

As such, the second bullet should read as follows: 

• The PTR was conservatively estimated for 100 years of plant operation (76.8 
EFPY) that yields a fast neutron fluence of 9.5 x 1019 /ncm2 {E > 1.0 Mev) at the 
inside surface of the RPV and a fast neutron fluence of 5.0 x 1018 /ncm2 

(E > 1.0 Mev) at the outside surface of the RPV. 

Response to RAI 3.5.2.2.2.6-4, Request 3: 

The fracture mechanics evaluation in ETE-SLR-2018-1271 applies to SPS Unit 1. Unit 2 
has a slightly higher fluence value. The scope of the fracture mechanics evaluation in 
ETE-SLR-2018-1271 was to re-baseline the work performed in the 1986 Project Topical 
Report for Unit 1 using the fluence projects for SPS Unit 1 SLR at 68 EFPY. 

The maximum fast neutron fluence on the NST at the RPV-side surface for Unit 1 is 
3.42 x 1018 /ncm2 (E > 1.0 Mev) at 68 EFPY. The maximum fast neutron fluence on the 
NST at the RPV side surface for Unit 2 is 3.82 x 1018 /ncm2 (E > 1.0 Mev) at 68 EFPY. 

The fracture mechanics results are equally acceptable to SPS Unit 2 as demonstrated 
in the supplemental fracture mechanics chart that used a lower bound KiR value of 
26.7 ksb/in which accounts for an infinite amount of embrittlement shift in material 
properties. For further details, see Figure 3 provided in the response to RAJ 3.5.2.2.2.6-
5, Request 3a. 

SLRA Changes 

SLRA Section 3.5.2.2.2.6, page 5 of 6, as submitted in Change Notice 1 by letter dated 
January 29, 2019 [ADAMS Accession No. ML19042A137], is supplemented, as shown 
in Enclosure 5, to correct the administrative errors described above. 
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RAI 3.5.2.2.2.6-5 (Applied Stresses and Fracture Mechanics Evaluation Methodology 
and Results) 

Background: 

SLRA Change Notice 1, dated January 29, 2019 (ADAMS Accession No. 
ML 19042A137), supplemented SLRA Section 3.5.2.2.2.6 with a new subsection 
entitled, "Irradiation of the Reactor Vessel Support Steel Assembly, 11 to address the 
aging effect of loss of fracture toughness due to neutron irradiation embrittlement of the 
reactor vessel (RV) support steel materials in the neutron shield tank (NST). The 
applicant's evaluation is based up on the audited Project Topical Report (PTR): 
"Reactor Vessel Support for Unit No 1 Surry Power Station, Life Extension Evaluation of 
the Reactor Vessel Support, including Appendix 3, Resistance to Brittle Fracture of the 
Neutron Shield Tank Materials, 11 October 10, 1986. This supplemental discussion in the 
SLRA states that, in this PTR evaluation, the applied stresses for the area of the NST 
subject to high neutron fluence were developed and compared to the critical (allowable) 
stresses derived from the fracture toughness evaluation. These evaluations were 
performed to determine the structural integrity of the Surry Unit 1 NST through the end 
of projected plant life or to the end of the SPEO. The applied stresses were updated in 
the audited ·report ETE-SLR-2018-1270, "Review of Loads on Neutron Shield Tank for 
SPS Units 1 & 2 Reactor Vessel Supports," Revision 0. The assessment of the PTR to 
support the supplemented SLRA is discussed in audited report ETE-SLR-2018-1271, 
"Assessment of Radiation Effect on Reactor Vessel Supports for SPS Units 1 & 2," 
Revision 0. The evaluations concluded that: a) the applied stresses calculated from the 
peak stress values for the associated loads of the NST were demonstrated to be below 
the critical (allowable) stress for a through wall flaw and a surface flaw, and b) loss of 
fracture toughness due to irradiation embrittlement is not an aging effect requiring 
management for the NST. The supplemental discussion further states that the PTR 
evaluation was updated for SLR in ETE-SLR-2018-1271, which validated that the 
original PTR evaluation is bounding for: a) the Surry Unit 2 NST, b) the applied stresses 
for both units through the subsequent license renewal period, and c) the BO-year 
projected f/uence values at the inner surface of the NSTs. NUREG-1509, "Radiation 
Effects on Reactor Pressure Vessel Supports," provides an engineering approach, 
including screening criteria and technical evaluation procedures, to reassess the 
structural integrity of the reactor pressure vessel supports. The staff noted that the 
audited Attachment 2 of CM-AA-ETE-101, Technical Report CE-0087, "Condition 
Monitoring of Structures," Revision 7, includes up to 10 percent (minor) loss of material 
in the design of all SPS steel structures. The staff also noted that this report is being 
revised to include the NST steel structure. 
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In the supplemented SLRA, the applicant provided the conclusions from the PTR and 
the updated evaluation that addresses the SLR period. However, the SLRA did not 
provide sufficient docketed details regarding the methodology used in the updated 
evaluation of the PTR, including derivation of the critical (allowable) and controlling 
applied stresses to assess the NST structural integrity during the SPED. It is also not 
clear if this evaluation was performed consistent with the NRG staff guidelines in 
NUREG-1509. Therefore, the NRG staff needs additional information to determine the 
adequacy of the fracture. mechanics and applied stress evaluations (subject to a 10 
percent reduction in cross sectional areas as noted in Technical Report GE-0087) of the 
NSTs and the evaluations remain valid through the end of the SPED. 

Request: 

1. Identify and justify the specific loads (e.g., seismic, LDGA, anticipated thrust 
forces exerted by friction if any), loading conditions/loading combinations used or 
omitted as not applicable in the above postulated fracture mechanics 
evaluation(s) of the NST for all calculated applied stresses. State the controlling 
load combination, the limiting applied stresses and its location for the NSTs. 

2. State whether all applied stresses considered for the fracture mechanics 
calculations of the NST were augmented to include the 10 percent reduction in 
steel section for loss of material due to corrosion as promulgated in Technical 
Report GE-0087. 

3. In regard to the update to the PTR evaluation in report ETE-SLR-2018-1271 to 
support subsequent license renewal, a. Describe in detail the methodology used 
to perform the fracture mechanics evaluation and to calculate the corresponding 
critical (allowable) stresses with flaws for the NST. Include in th1s summary the 
key assumptions and inputs used, and how the evaluation accounted for the 
complete neutron f/uence spectrum (i.e., slow and fast neutrons), added factors 
of safety to satisfy margins if any, alloy metals in NST steel, and other additional 
applicable variables. b. Provide the calculated critical (allowable) stresses for 
both a through-wall flaw and surface flaw. 

4. Demonstrate that the fracture mechanics evaluation accounts for the effects of 
irradiation embrittlement of the weld metals used and developed heat affected 
zones of the parent metal in NST. 



Dominion Response: 

Response to RAI 3.5.2.2.2.6-5. Request 1: 
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The loading conditions used in the analysis of the neutron shield tank (NST) to calculate 
stresses for the fracture mechanics evaluations were deadweight, design basis 
earthquake accelerations, and thrust forces from pipe ruptures of reactor coolant branch 
lines. These loading conditions are consistent with the loading conditions used in the 
current design basis calculations for the reactor vessel (RV) sliding supports and NST; 
as well as the current licensing basis, which is discussed in UFSAR Section 15.6.2.2.1. 
The design loads were combined consistent with the current design basis calculations 
and the controlling load combination are as follows: 

Design Load = Deadweight + [(DBE Seismic)2 + (LOCA)2]"2 
Notes: 

1. DBE Seismic= forces due to design basis earthquake accelerations 
2. LOCA = thrust forces from pipe ruptures of reactor coolant branch lines 
3. The methodology for characterizing LOCA loads is discussed in UFSAR 

Section 14.5.3.4.1. 

The limiting maximum applied tensile stress is 6.28 ksi compared to a minimum Sm 
(critical stress) value of 14.5 ksi. The location of the limiting maximum applied stress is 
the NST Shell adjacent to the RV Foot Assembly. 

Response to RAI 3.5.2.2.2.6-5. Request 2: 

The 10% reduction in steel section for loss of material due to corrosion was not 
considered when calculating the applied stresses. The Structures Monitoring program 
(82.1.34) will be enhanced to specify that for the NST, loss of material due to corrosion, 
other than superlicial corrosion, will be evaluated to ensure that the NST will continue to 
perform its intended functions, including structural support of the RV. 

Response to RAI 3.5.2.2.2.6-5, Request 3a: 

Dominion used the fracture mechanics evaluation included in Appendix 3 of the 1986 
Project Topical Report, "Project Topical Report for Unit 1 Surry Power Station - Life 
Extension Evaluation of the Reactor Vessel Support, October 10, 1986. Stone & 
Webster Engineering Corporation. Report No. 2178-1525314"84," to assess the impact 
of irradiation to the neutron shield tank (NST). Subsequent to publication of the 1986 
Project Topical Report, NRC issued NUREG-1509, "Radiation Effects on Reactor 
Pressure Vessel Supports," May 1996, outlining a possible method for assessing the 
impact of irradiation for reactor vessel supports. To date, most utilities have not 
assessed the impact of irradiation on the reactor vessel supports because the NRC and 
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industry previously agreed that no additional actions where needed to manage the 
effects of irradiation to reactor vessel supports. This agreement is documented in the 
NRC SE (Safety Evaluation) report attached to WCAP-14422, "Licensing Renewal 
Evaluation: Aging Management for Reactor Coolant System Supports," Revision 2-A, 
December 2000 and reads as follows: 

"Furthermore, in resolving GSl-15 concerns, Revision 3 to NUREG-0933, 11Resolution of 
Generic Safety Issues (Formerly entitled "A Prioritization of Generic Safety Issues)," 
Main Report with Supplements 1-34. Issue No: 15, "Radiation Effects on Reactor Vessel 
Supports," concludes that: 

The preliminary conclusion indicated that the potential problem did not pose an 
immediate threat to public safety .... The tentative results indicated that plant 
safety could be maintained despite reactor vessel support structures radiation 
damage... In order to encompass the uncertainties in the various analyses and 
provide an overall conservative assessment, several structural analyses 
conducted demonstrated the following: 

1. Postulating that one of the four RPV supports was broken in a typical PWR, 
the remaining supports would carry the reactor vessel and the load even 
under safe-shutdown earthquake seismic loads; 

2. If all supports were assumed to be totally removed (i.e., broken), the short 
span of piping between the vessel and the shield wall would support the load 
of the vessel. 

The results of the analyses virtually eliminated the concern far both radiation 
embrittlement and significant structural damage from a postulated RPV failure .... 
Based on the staff's regulatory analysis, the issue was resolved with no new 
requirements. Consideration of a license renewal period of 20 years did not 
change this conclusion. 

Because of the foregoing, the staff considers that neutron embrittlement is not a 
concern for the RCS supports, and does not warrant an aging management 
program." 

Due to the history associated with this issue, clear guidance for assessment of reactor 
vessel supports does not currently exist; however, in the resolution of GSl-15 
(NUREG-0933, Revision 3) the NRC concluded that structural integrity of supports are 
maintained for long-term plant operations. NRG resolved this issue in GSl-15, 
NUREG-0933, Revision 3 for 60 years. However, at that time, the documentation for 
NRC review and approval of WCAP-14422, Revision 2-A did not mention 80 years of 
operations on a generic basis. 
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As part of initial license renewal, Dominion investigated the RV supports for 100 years 
in the 1986 Project Topical Report, "Project Topical Report for Unit 1 Surry Power 
Station - Life Extension Evaluation of the Reactor Vessel Support, October 10, 1986. 
Stone & Webster Engineering Corporation, Report No. 2178-1525314-84." 
Nonetheless, NRC requested that Dominion assess the impact of embrittlement of the 
reactor vessel supports as part of subsequent license renewal. In response to this 
request, Dominion verified that the configuration of the Unit 1 and Unit 2 NSTs are 
similar, and used current licensing basis loads to validate that information in the 1986 
fracture mechanics evaluation is applicable through the SLR operating lifetime. The 
results of this work are documented in 

1. ETE-SLR-2018-1269, "Review of Shield Tank Configuration for SPS Units 1 & 2 
Reactor Vessel Supports," December 6, 2018. 

2. ETE-SLR-2018-1270, "Review of Loads on Neutron Shield Tank for SPS Units 1 
& 2 Reactor Vessel Supports," December 13, 2018. 

3. ETE-SLR-2018-1271, "Assessment of Radiation Effect on Reactor Vessel 
Supports for SPS Units 1 & 2," December 26, 2018. 

Due to lack of guidance for assessment of the embrittlement of the reactor vessel 
supports, it is recognized that utilization of the methods outlined in NUREG-1509, the 
1986 Project Topical Report, and ETE-SLR-2018-1271 contains a level of uncertainty. 
The Dominion assessment outlined in the 1986 Project Topical Report and 
ETE-SLR-2018-1271 uses fracture mechanics formulas (consistent with those provided 
in ASME Boiler & Pressure Vessel Code, 2013 Edition, Section XI, "Rules for lnservice 
Inspection of Nuclear Power Plant Components," Appendix A) to demonstrate that a 
postulated surface flaw and postulated through wall flaw are stable based on a lower 
bound fracture toughness K1R curve (i.e. K1 < K1R), and does not propagate in an 
unstable behavior (i.e. brittle fracture). The assessment is performed by re-arranging 
the stress intensity factor formulas to back calculate the critical stress corresponding to 
when brittle fracture would occur. The results of the fracture mechanics evaluation from 
ETE-SLR-2018-1271 is shown in Figure 1. 
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Figure 1 (Extracted from ETE-SLR-2018-1271) 

During discussions with NRC it was recognized that application and quantification -of 
ASME code margins (consistent with structural margins in Section XI, IWB-3600) or use 
of a bounding analysis would be helpful. In response to this recognition, Dominion has 
used a safety margin of '12 on K1R fracture toughness based on ASME Code, Section XI, 
IWB-3600 (note that K1R and K1A from ASME Code, Section XI, Appendix A-4200 are 
synonymous). Moreover, as an additional conservatism, the lower bound K1R value of 
26.7 ksi'1in from the ASME Code is used to determine the critical stress. This critical 
stress is back-calculated for a 1/4T postulated surface flaw and a postulated through 
wall flaw per the linear elastic fracture mechanics methodology as discussed in the 
1986 Project Topical Report and ETE-SLR-2018-1271. If the design basis actual 
stresses are below the critical stresses, then the critical regions of the NST are 
protected against brittle fracture. 

The sensitivity assessment shown below is based upon the lower bound K1R value of 
26.7 ksi'1in which accounts for an infinite amount of embrittlement shift in material 
properties. In other words, the value of 26.7 ksi'1in is the lowest value K1R can reach 
when the value of T-RT Nor is very low (as shown in Figure 2), assuming a very high 
embrittlement and a large shift in RT NDT based on NUREG-1509, Figure 3-1. 
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Figure 2 Fracture Toughness K1R and Kie 

. (Same as shown in Figure A-4200-1 of ASME Code, Section XI) 

Incorporating a safety margin based on IWB-3600, gives KiR/-../2 = 18.9 ksi-../in. Based on 
Figure 3 below, for KiR/--/2 = 18.9 ksi-../in, the postulated through-wall flaw has a Sm that is 
approximately 8 ksi, while for the surface flaw, the Sm is approximately 16 ksi. These 
above mentioned Sm values are larger than the applied tensile stresses from Table 1 
(6.31 ksi) and from Table 2 (6.28 ksi) of ETE-SLR-2018-1271 for both the postulated 
through-wall flaw and the postulated 1/4T surface flaw, respectively. 
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Figure 3 Sensitivity Assessment ( KiR/.../2 ) 

Thus, the RV supports are acceptable even if a lower bound K1R of 26.7 ksi-vin is 
considered with incorporation of safety margins from IWB-3600. Therefore, the neutron 
shield tank will maintain structural integrity throughout its lifetime (even past 80 years of 
operation, if the design basis stress stays below the critical stresses) since it is not 
possible to experience neutron damage in excess of that illustrated by the lower bound 
K,R value. 

Taken collectively, the results of the 1986 Project Topical Report, ETE-SLR-2018-1271, 
and sensitivity assessment discussed above and shown in Figures 1 through 3 affirm 
the NRC's previous conclusion in GSl-15 (NUREG-0933, Revision 3) that neutron 
embrittlement of reactor vessel supports is not a concern for the neutron shield tanks 
through the subsequent period of extended operation. 

Response to RAI 3.5.2.2.2.6-5, Request 3b: 

Per Figure 3, based upon the lower bound K1R value of 18.9 ksi.../in, which includes the 
safety margin of .../2, the calculated critical (allowable) stresses for a through-wall flaw 
and surface flaw are approximately 8 ksi and 16 ksi, respectively. These Sm values are 
larger than the applied tensile stresses from Table 1 (6.31 ksi) and from Table 2 
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(6.28 ksi) of ETE-SLR-2018-1271 for both the postulated through-wall flaw and the 
postulated 1/4T surface flaw. 

Response to RAI 3.5.2.2.2.6-5, Request 4: 

Specification NUS-0096, "Stone & Webster Document, "Specification for Fabrication of 
Neutron Shield Tank for Surry Power Station," Revision 5, September 20, 1968. J. 0. 
Nos. 11448/11548. NUS-96," specifies, "The entire shield tank shall be stress relieved 
except for the final weld joining the two sections of the skirt." Stone & Webster Drawing 
11448-FV-7A, Issue 6, "Reactor Neutron Shield Tank Assembly - Surry Power Station, 
Virginia Electric and Power Company," indicates, "After welding and prior to machining, 
shield tank to be stress relieved at 1050°F for one hour per inch of thickness." This 
stress relief substantially removes residual stresses. 

According to the 1986 Project Topical Report, special quality requirements imposed on 
the materials included: 

• NDT tests for all A-516 plate over 1/2 inch thick, 

• Drop weight tear tests for A-516 plate up to 1/2 inch thick, 

• A grain size of six or finer for the maraging steel, 

• Nonmetallic inclusion limits on the maraging steel, 

• Ultrasonic testing of maraging steel forgings, 

• Fracture toughness of the maraging steel per Stone & Webster Drawing 
11448-FV-7D, Revision 8, "Reactor Neutron Shield Tank - Surry Power 
Station - Unit 1," 

• Drop weight tests of the deposited weld metal to be employed in welding the 
· A-516 plate with an NDT of-40°F, and 

• Charpy-Vee values of -40°F in the heat affected zone of welded test pieces. 

The last two bullets indicate that design of the NST included weld and heat affected 
zone (HAZ) considerations . 

. HAZ material was also subject to neutron embrittlement. While a large amount of HAZ 
data does not exist at the conditions of interest to quantify the magnitude of shift for 
HAZ material there is sufficient margin in the allowable stresses associated with the 
fracture mechanics evaluation to accommodate uncertainty in embrittlement of the HAZ 
material. 

However, a comprehensive study of U.S. surveillance capsule testing of HAZ 30 ft-lb 
transition temperature values compared with 30 ft-lb values for companion RPV plate or 



Serial No. 19-260 
Docket Nos. 50-280/281 

Enclosure 1 
Page 24 of 86 

forging concluded that essentially all the 30 ft-lb values of HAZ were lower (tougher) 
than the 30 ft-lb values of the companion plate or forging in the irradiated condition {see 
Troyer, G. and Erickson, M., "Empirical Analyses of Effects of the Heat Affected Zone 
and Post Weld Heat Treatment on Irradiation Embrittlement of Reactor Pressure Vessel 
Steel," Effects of Radiation on Nuclear Materials: 26th Volume, STP 1572, Mark Kirk 
and Enrico Lucan, Eds., pp. 163-178, ASTM International, West Conshohocken, PA, 
2014.ASME Code, Section XI, Division 1, Code Case N-838, "Flaw Tolerance 
Evaluation of Cast Austenitic Stainless Steel Piping," Approval Date: August 3, 2015). 
Structural welds have many passes, which improves HAZ toughness properties relative 
to the base metal due to grain refinement, small regions of coarse grains, and 
tempering of martensite, all of which tend to increase toughness. Based on this study 
and the similarity of the low alloy steel plates, it is expected that the NST HAZs would 
behave in a similar manner. 

The embrittlement of the weld metal as well as the base metal is assessed using the 
bounding curve in Figure 9.2 of the 1986 Project Topical Report. 

The embrittlement curves in NUREG-1509 and the Remec study (Remec, I., Wang, J., 
and Kam, F., "HFIR Steels Embrittlement: The Possible Effect of Gamma Field 
Contribution," Effects of Radiation on Materials: 17th International Symposium, 
ASTM 1270, Eds D.S. Gelles, R.K. Nanstead, A.S. Kumar, and E.A. Little, ASTM 1996, 
591) include weld metal data which is indistinguishable from the base metal. 

As discussed in the above response to Request 3 of this RAI, the RPV supports are 
acceptable even when a lower bound K1R of 26. 7 ksh/in is considered with incorporation 
of safety margin of ...J2 from IWB-3600. The use of a postulated higher embrittlement still 
demonstrates margin between the Sm and the actual stresses. The fracture mechanics 
evaluation when based on a lower bound K1R of 26. 7 ksivin incorporates the 
consideration of irradiation of HAZ's and welds, therefore demonstrating structural 
integrity of the RPV supports. 

SLRA Changes 

SLRA Section B2.1.34 and Table A4.0-1, Item 34 are supplemented, as shown in 
Enclosure 5 to add an Enhancement to the Structures Monitoring program as described 
in Request 2 above. 
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Scoping and· Screening results of mechanical systems of SLRA describes the cooling 
functions of the Neutron Shield Tank (NST) system. SLRA Section 2.3.1.3, "Reactor 
Coolant," states that "[t]he reactor coolant system includes a neutron shield tank located 
inside the primary shield wall around the reactor vessel, 11 and that aging management of 
the neutron shield tank is addressed in the mechanical section of the application. SLRA 
Section 2.3.3.9, "Neutron Shield Tank Cooling," states that "[t]he neutron shield tank 
cooling system provides cooling for the neutron shield tank fluid which is heated by 
attenuation of neutron and gamma radiation in the vicinity of the reactor vessel. Heat 
removal is provided by the component cooling system. The neutron shield tank cooling 
system also removes heat from the primary shield wall." SLRA Section 3.5.2.2.2.6, 
"Reduction of Strength and Mechanical Properties of Concrete Due to Irradiation," 
identifies the heated water to be contained within the 1-112-inch-thick steel shell walls of 
the tank. Title 10 of Code of Federal Regulations (10 CFR) Part 54.4 requires that 
systems, structures, and components including those that assure the integrity of the 
reactor coolant pressure boundary remain functional during and following design-basis 
events and that their intended functions form the basis for including them within the 
scope of license renewal and subject to aging management review .(AMR) such that 
they continue to fulfill their intended function consistent with 10 CFR 54.21 (a). 

Issue: 

UFSAR Section 11.3, states that "[p]rimary shielding is provided to limit radiation 
emanating from the reactor vessel." It also states that "[t]he primary shield consists of a 
water-filled neutron shield tank [ ... which ... } designed to prevent overheating and 
dehydration of the concrete primary shield wall and to prevent activation of the plant 
components within the reactor containment. In its OE audit, the staff reviewed 
CA238320 included in CR479576 for SPS Unit 2 and noted that the NST has been 
experiencing chromated water leakage of up to two and one-half gallons per day since 
1989. It is not clear how the NSTs can perform their radiation and thermal shielding 
functions to protect the reactor primary shield wall effectively when they experience 
unmitigated leakage. It is also not clear what corrective actions the applicant has taken 
to remedy leakage such as that experienced in the Unit 2 NST or plans to take for any 
potential NST leakages during· the SPEO. It is further not clear what AMPs and AMRs 
address management of relevant aging associated with NST leakage. 
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1. Discuss proposed plans to maintain structural integrity of the primary shield wall 
(PSW) (i.e., reduce/eliminate overheating, dehydration, and radiation induced 
degradation of the reactor primary shield wall) when NSTs experience fluid leakage 
of fluid conducive to shielding of PSW. 

2. Clarify the AMPs and AMRs that manage the impact of chromated fluid leakage from 
NST on external surfaces of affected components. 

Dominion Response: 

Response to RAI 3.5.2.2.2.6-7, Request 1: 

The neutron shield tank cooling water system provides cooling for the neutron shield 
tank fluid which is heated by attenuation of neutron and gamma radiation in the vicinity 
of the reactor vessel. 

A surge tank, connected to the shield tank via surge line piping, is located 
approximately eleven feet above the neutron shield tank. The surge tank functions to 
provide an expansion/contraction volume for the neutron shield tank. Due to its 
orientation above the neutron shield tank, maintaining level in the surge tank ensures 
that the neutron shield tank is maintained full. 

Surge tank level indication and alarm is provided in the main control room. The alarm 
functions to notify the control room operators if level in the surge tank is too high or too 
low. 

A connection from the component cooling water system is provided on the surge line. If 
addition of water to the neutron shield system is required, operators can remotely open 
a valve to add water from the component cooling system in accordance with plant 
procedures. 

During unit operation, a decrease in the surge tank level indication would alert the 
operators to leakage from the neutron shield tank. By adding water from the component 
cooling system, as described above, level in the surge tank would be maintained in the 
normal operating range. Historically, a maximum of two additions to the Unit 2 surge 
tank have been required annually to maintain the level within the normal operating 
range. 

As described above, the neutron shield tank is maintained full. Maintaining the neutron 
shield tank full maintains the shielding for the primary shield wall. Since a loss of 
shielding for the primary shield wall is not expected, degradation from overheating, 
dehydration, or radiation is not anticipated. Therefore, there is no need or plans for 
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additional actions designed to reduce/eliminate overheating, dehydration, and radiation 
induced degradation of the primary shield wall. 

Response to RAI 3.5.2.2.2.6-7, Request 2: 

The Unit 2 neutron shield tank has indications of minor leakage on the underside of the 
tank at two penetration baseplates that cover the neutron detector tubes. Indication of 
the leakage appears as yellow chromate deposits originating at the baseplates, 
extending downward, towards the side of the neutron shield tank support skirt. 

This condition is documented in the Corrective Action Program. Investigation 
determined that the most likely cause of the leakage is shroud weld defects which 
propagated through the shrouds that enclose each neutron detector tube on or before 
1989. 

Degradation of structural components due to neutron shield tank leakage (chromated 
leakage) is not expected because chromates are a very effective corrosion inhibitor. 
The structural steel of the neutron shield tank support skirt is in good material condition, 
with superficial or no rusting, and minimal or no material wastage. Chromated water 
and chromate deposits on the neutron shield tank support skirt are cleaned as 
appropriate. 

As indicated by SLRA Table 3.1.2-3, reactor coolant system aging ma·nagement 
evaluation, the Structures Monitoring program (82.1.34) manages aging of the external 
surfaces of the neutron shield tank, including the neutron shield tank support skirt. 
Inspections of the external surfaces of the neutron shield tank, including the neutron 
shield tank support skirt, are performed on a 5-year frequency. 

RAJ 3.5.2.2.2.6-8 (NST Water Chemistry Sampling for Corrosion) 

Background: 

Scoping and Screening results of mechanical systems of SLRA Section 2.3.3.9, 
"Neutron Shield Tank [NST] Cooling" describes cooling of _the NST fluid heated by 
attenuation of neutron and gamma radiation near the reactor vessel. SLRA Section 
82.1.12., "Closed Treated Water Systems [CTWS]" describes activities including 
chemistry of the fluid used to prevent Joss of material to the NST. The audited SPS 
procedure CH-93.400 "Closed Cooling Water Chemistry Program," further delineates 
the fluid chemistry of the steel NST and indicates that it is monitored every refueling 
outage. SPS CH-93. 400 procedure also states that the NST mitigating fluid chemistry is 
examined for its alkalinity and contents of chlorides, chromates, and iron. The 
enhancement to the "detection of aging effects" program element of SLRA Section 
82.1.12 AMP states that a new SPED procedure will be developed to inspect a 20% 
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sample of various populations (each material, water treatment program, and aging 
effect combination) every 10 years. The enhancement a/so states that if opportunistic 
inspections will not fulfill the minimum number of inspections by the end of each 10-year 
period, the program owner will initiate work orders as necessary to request additional 
inspections. 

Issue: 

The SLRA identifies NST to be subject to corrosion mechanism and its mitigating fluid to 
heat and radiation. Given that the CTWS program is a sampling program, it is not clear 
from the SLRA how the chemistry of the NST fluid is sampled (i.e., at the NST or at 
other components 32 having the same material, environment, and aging effect 
characteristics). It is a/so not clear how the adverse localized environment of heat and 
radiation affect the chemistry of the contained fluid and if such chemistry has affected 
the NST internal (e.g., steel, seals, and other materials) construction. 

Request: 

1. Discuss how, where (including location if sampled within NST), and at what 
frequency the NST fluid is sampled. If chemistry data are not directly obtained at the 
NST but at other sampled components discuss the relevance of such components in 
providing accurate data that can be used to interpret loss of material at the NST. 

2. Discuss how the chromated fluid chemistry controls have trended over the plant life. 
Provide several years trending of relevant NST chemistry data to asses for loss of 
material OE evaluation. If chromate data has changed since the beginning of plant 
operation explain why and justify how so. 

3. Discuss to what extent heat and radiation affects the NST fluid chemistry. 

Dominion Response: 

Response to RAI 3.5.2.2.2.6-8. Request 1: 

The neutron shield tank sampling procedure directs that sufficient water is purged from 
the sample line prior to drawing the sample to ensure a representative sample is 
obtained. 

The sample line is located on the return line from the neutron shield tank coolers to the 
neutron shield tank. Natural circulation moves water from the top of the neutron shield 
tank, through piping to the coolers, and back through the return piping into the bottom of 
the neutron shield tank. The temperature difference between the top and bottom of the 
neutron shield tank water is the thermal driving force for the flow. Convective flow of 
approximately 4-5 gallons per minute from the neutron shield tank flows through this 
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p1pmg. Since the neutron shield tank water is constantly recirculating, the samples are 
representative of the bulk neutron shield tank chemistry. 

Water chemistry analysis of the neutron shield tank is conducted every refueling outage. 

Response to RAI 3.5.2.2.2.6-8, Request 2: 

Since 2001, chemistry results for both units' neutron shield tank identified the chloride 
concentration range between 80 and 400 ppb for Unit 1 and between 70 and 850 ppb 
for Unit 2, with no discernible trend. The fluoride concentration has ranged between 80 
and 310 ppb for Unit 1 and between 70 and 210 ppb for Unit 2, with no discernible 
trend. A one-time step increase in chloride and fluoride concentrations was noted for 
Unit 1 and Unit 2 in 2009 and 2008, respectively. However, as indicated by the results 
above, chloride and fluoride concentrations remain far below the procedural limit of 
10,000 ppb. A technical evaluation, performed following the Unit 2 one-time step 
increase, identified that contaminants introduced into the system during maintenance 
were the most likely source of the increase. 

In 2005, the neutron shield tank plant sampling procedure was revised to specify the 
requirement for iron concentration analysis. Iron is sampled as a diagnostic parameter 
and does not have a specified operating range. Spikes in iron can be indicative of an 
active corrosion event. The detection limit for the analysis instrumentation is 0.13 ppm. 
With the exception of one sample at each unit, iron concentration has been less than 
0.13 ppm for both units since 2005. The two samples (one sample at each unit) that 
were above. 0.13 ppm were marginally above, and thus, did not warrant further 
investigation. 

Since 2011, chromate concentration has ranged between 780 and 930 ppm for Unit 1 
and between 195 and 220 ppm for Unit 2, with no discernible trend. In 2013, one outlier 
result of 240 ppm for Unit 1 was obtained. This result is attributed to an issue with the 
analysis, since subsequent samples were approximately 800 ppm. The normal 
operating range for chromate specified by procedure is 150 to 1000 ppm. As an 
additional point of reference, Unit 1 chromate concentration in 1984 was 978 ppm. No 
batch chemical additions have been necessary to correct chromate concentration for 
either unit over plant life. 

Concerning the issue of chromate concentration over time, initially following tank fill, 
chromate concentration in the water decreased as the protective oxide film on the 
interior surfaces of the tank was established. Subsequent decreases in concentration 
were primarily due to periodic water additions from the component cooling system to 
make up for system leakage. However, any decrease due to makeup from the 
component cooling system is expected to be minimal, due to the fact that the 
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component cooling system is also a chromated system with the same lower 
concentration limit as the neutron shield system (150 ppm). 

Response to RAI 3.5.2.2.2.6-8. Request 3: 

Heat does not affect the neutron shield tank water chemistry because the neutron shield 
tank coolers function to maintain shield tank water less than 125°F during operation. 

The neutron shield tank water chemistry has not been negatively affected from 
radiation. Sampling of neutron shield tank water is performed every refueling outage to 
ensure chemistry parameters remain in specification. There have been no corrective 
actions related to chemistry. 

The oxide film formed by chromate water treatment on the tank internal surfaces serves 
to protect the base metal. As stated in EPRI Report 3002000590, "Chromate is a strong 
oxidizing agent that accelerates the oxidation of ferrous ions to ferric ions so that a thin 
adherent iron oxide quickly forms at the anodic surface. Metal oxides caused by this 
reaction become passive and are relatively inert to further oxidation or corrosion." EPRI 
Report 3002000590 also discusses the impact of dissolved oxygen on corrosion rates. 
"In inhibited CCW systems (nitrite, molybdate, nitrite/molybdate, chromate, silicate), a 
passive film is established, and the presence of dissolved oxygen does not appear to 
have a significant impact on corrosion rates." 

Iron results of samples have consistently been at the minimum level of detection for the 
analysis instrumentation, providing an indirect indication that active corrosion in the tank 
is not occurring. 

RAI 3.5.2.2.2.6-9 (Potential Degradation of Lubrite® Lubricant) 

Background: 

In its SLRA, Section 3.5.2.1.36, "Component Supports," the applicant stated that Lubrlte 
is a material of construction used in structural support subcomponents within the 
containment. The applicant also stated that aging effects such as loss of mechanical 
function require aging management for component support subcomponents. The 
applicant proposed to manage the effects of aging of Lubrite® exposed to air used to 
lubricate the sliding foot assemblies for the reactor vessel (RV) supports with the ASME 
Section XI, Subsection /WF AMP. However, the applicant did not identify whether the 
Lubrite® at the sliding foot assemblies is susceptible to degradation when exposed to 
radiation. During the On-Site audit, the staff reviewed excerpts from EPRI Technical 
Report 3002013084, '"Structural Tools' - Long Term Operations: Subsequent License 
Renewal Aging Effects for Structures and Structural Components," (EPRI Report) and 
the Project Topical Report (PTR) for Unit No. 1 Surry Power Station, "Life Extension 
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Evaluation of the Reactor Vessel Support dated October 10, 1986, (Life Extension 
Report) and had discussions with the applicant's staff. As stated in the Life Extension 
Report, the applicant uses Lubrite® Type II lubricant to lubricate the bottom of the 
sliding block for the reactor vessel supports. The Lubrite® is described as a solid 
lubricant comprised of graphite and an organic binder. However, the staff has not 
previously accepted the full EPRJ Report or the Life Extension Report for use in 
subsequent license renewal and has not determined the applicability of the statements 
in these documents to potential aging effects of Lubrite® for this application. 
Additionally, both documents discuss the potential for organic materials to degrade 
when exposed to radiation, and the need to consider this as a potential aging effect. 
The EPRI Report contained an exc_erpt that stated " ... humidity, high temperature, and 
radiation are not significant in the aging of Lubrite. » However, the EPRI Report also 
states that change in materials properties due to radiation is an applicable aging effect if 
the gamma radiation exceeds a previously defined limit. Additionally, the EPRI Report 
recommends that "{e]ach plant should review specific material types of manufacturer's 
data for detailed information" regarding gamma radiation effects. The PTR Life 
Extension Report states that if visual inspections under the ASME Code were 
implemented, they would not provide an indication of an impending lubrication failure. 
The PTR goes on to state that due to consequences of binding in the sliding foot 
assemblies and the potential for lubricant degradation, further study or monitoring for 
binding is recommended. The PTR Life Extension Report also states that at the time the 
report was written, it was unknown If radiation tests were performed on the lubricant and 
that "[t]he radiation stability of bonded solid lubricants, like Lubrite II, depends on the 
properties of the binder." Further, the Life Extension Report states that " .. . on-line 
monitoring to detect stick-slip behavior may be implemented, especially if the long-term 
properties of the lubricant cannot be reliably ascertained. 11 Additionally, the PTR Life 
Extension Report states that it is possible to tolerate radiolytic degradation of the binder 
if it does not produce an adverse effect on the binder's cohesion or adhesion properties. 
However, the Life Extension Report does not discuss the binder's cohesion or adhesion 
properties for the staff to assess whether the specific binder used in the Lubrite® at 
Surry would be able to withstand radiolytic degradation. 

Issue: 

As noted in both the EPRI and the PTR Life Extension Reports, Lubrite® has the 
potential to degrade when exposed to radiation. Additionally, audited literature from 
Lubrite® Technologies as provided by the applicant states that radiation can degrade 
lubricants and therefore each lubricant must be designed to meet the specific conditions 
encountered. Because the applicant has not provided information that demonstrates the 
lubricant used at Surry was designed to withstand the expected radiation fluenceldose 
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over 80 years, it is not clear to the NRG staff that the Lubrite® used in the construction 
of RV sliding shoe assemblies will continue to perform its intended function throughout 
the SPEO, and whether its degradation will not impose additional applied stresses on 
the NSTs and RVs. Potential loss of lubricating ability of the Lubrite® may need to be 
considered in conjunction with the RAls dealing with applied stresses for the RPV 
sliding shoe assemblies. 

Request: 

1. Clarify which Lubrite® lubricant is used in the sliding foot assemblies for the RV 
supports. 

2a. Clarify whether the organic binder is designed to sustain degradation and still 
ensure the lubricant can perform its intended function for the subsequent period 
of extended operation: a. If so, provide the technical justification as to why the 
binder degradation can be tolerated at Surry. The justification should account for 
aging effects due to radiation and f/uence exposure that would be encountered 
by the lubricant during the SPEO (60 - 80 year span) at Surry. Discuss whether 
such degradation would impose additional adverse stress effects and the impact 
the stresses would have on the ability for the supports to perform their intended 
function. 

2b.lf necessary, considering any answer to request (2)(a) above, provide 
qualification data, and compare to site-specific conditions, for the specific 
lubricant used at Surry that demonstrates the lubricant will not experience 
significant degradation due to environmental factors such as temperature, 
accumulated gamma radiation dose and flux, and neutron fluence and flux that 
this material is projected to receive (or be exposed to) through the SPEO. Note 
that for any qualification data provided it should include aging effects due to both 
slow and fast neutrons, if applicable. 

2c. Considering the answers to a. and/or b. above, is the depletion rate of the 
lubricant sufficiently low to ensure the lubricant can perform its intended function 
through the end of the SPEO? 

3. If the organic binder for the lubricant contains halogens, provide a discussion on 
how production of acids may impact corrosion of components in contact with the 
lubricant and justify why it will not contribute significantly to corrosion of these 
components. 

4. State whether the accumulated gamma radiation dose, and neutron fluence the 
lubricant is projected to receive through the SPEO will degrade the graphite 
component of the lubricant. Include qualification data, and compare to site-
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specific conditions, for the lubricant that demonstrates the graphite component of 
the lubricant will not experience significant degradation that would impact the 
intended function of the lubricant or provide a justification for not needing to do 
so. 

5. Based on operating experience data, provide confirmation that no degradation of 
the Lubrite® lubricant (i.e. Joss of mechanical function) has been obseNed at 
Units 1 and 2 of Surry. 

Dominion Response: 

Response to RAI 3.5.2.2.2.6-9, Request 1: 

Lubrite Type .II (Lubrite) lubricant is the type of lubricant used in the RV sliding foot 
assemblies. As noted in the PTR Life Extension Report, Lubrite is a solid lubricant that 
consists of graphite and an organic binder. The specific material constituents are not 
available since the use was discontinued in the early 1970's, subsequent to use in the 
Surry assemblies. The design of the RV sliding support assemblies selected the Lubrite 
material recommended by the manufacturer for service temperatures of 500°F and 
above, and a composition that suffers no damage due to fast neutron exposure in 
excess of 1.5 x 1018 n/cm2

• 

Response to RAI 3.5.2.2.2.6-9. Request 2a: 

The available information about the binder for Lubrite is limited; however, the binder and 
the graphite were reviewed during the initial license renewal effort. Based on 
discussions with the manufacturer, the following is a summary of that review: 

Lubrite lubricant consists of graphite and a binder. The purpose of the binder is to 
assist in the initial installation of the graphite lubricant and the binder permits the 
lubricant to be compressed into trepanned recesses in the bearing surface by an 
extrusion process. The binder was subsequently baked off the installed graphite 
lubricant, and after fabrication and baking, the Lubrite lubricant is essentially pure 
graphite, with some trace amounts of metallic oxides to enhance its lubricity. The 
graphite lubricant is known to be stable for high-temperature exposure for long 
periods. of time with no compromise of its structural integrity or lubricating 
capabilities. The manufacturer confirmed that the Lubrite lubricant is intended for 
high-temperature application. Additionally, based on Nuclear Engineering 
Handbook, First Edition, the graphite's inherent stability with regard to exposure 
to irradiation has also been determined to be favorable. This reference source 
indicates that significant changes to the dimensional characteristics and other 
physical properties of graphite require very large doses of neutrons. For instance, 
neutron irradiation to doses of 20E20 n/cm2 is noted to cause changes in the 
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length of the graphite from about -1.0% to 4.0%, depending on orientation and 
temperature of exposure. Other graphite physical properties appear to be 
similarly resistant to the effects of neutron radiation. Given that the fluence levels 
at the RV sliding foot assemblies projected through 80 years of plant operation 
are orders of magnitude less, it was concluded that this would not result in any 
appreciable change in length of the graphite that could lead to a loss of structural 
integrity or a reduction in its lubricity. 

Based on recent analysis performed by Westinghouse for SLR, the fast neutron fluence 
(E > 1.0 MeV) projected through 80 years of plant operation at approximately the 
Neutron Shield Tank (NST) top elevation (i.e., location of RV sliding foot assemblies) is 
estimated to be less than 5 x 1017 n/cm2

• As noted in the Response to Request 1 above, 
the manufacturer indicated that Lubrite suffers no damage due to fast neutron exposure 
in excess of 1.5 x 1018 n/cm2

• Significant changes to the dimensional characteristics and 
other physical properties of graphite require doses of neutrons that are significantly 
larger than the neutron fluence projected through 80 years of plant operation. 

The amount of movement associated with the RV sliding foot assemblies is relatively 
small as stated in WCAP-14422, "License Renewal Evaluation: Aging Management for 
Reactor Coolant System Supports," Revision 2-A. WCAP-14422 indicates a "reactor 
vessel nozzle pad moves about 3/8-in. during plant heatup." Adverse stresses resulting 
from potential Lubrite degradation were not included in the estimate of member stresses 
because of the superior material properties and the relatively low cycle application. 

Response to RAI 3.5.2.2.2.6-9, Request 2b: 

Based on the preceding information, it was concluded that aging effects due to 
degradation of Lubrite due to temperature or radiation would not be significant. 
However, the potential aging effect resulting from Lubrite degradation due to irradiation 
would be loss of mechanical function. Loss of mechanical function of the Lubrite sliding 
surfaces is an aging effect that is being managed by the ASME Section XI, Subsection 
IWF (B2.1.31) program. 

Response to RAI 3.5.2.2.2.6-9, Request 2c: 

No industry or plant-specific operating experience associated with depletion of Lubrite 
has been identified. The amount of movement during plant heatup associated with the 
RV sliding foot assemblies is relatively small. This coupled with the fact that the number 
of heatups and cooldowns the plant will experience through the subsequent period of 
extended operation were considered relatively insignificant; the potential depletion rate 
of the Lubrite associated with the RV sliding foot assemblies was concluded as not a 
concern. 
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The specific constituents of the binder used with Lubrite are not available. However, the 
organic binder was baked off following installation as noted above. NUREG-2191 notes 
that corrosion is a mechanism that could result in loss of mechanical function for Lubrite 
sliding surfaces. The ASME Section XI, Subsection IWF program (82.1.31) manages 
the loss of mechanical function of the Lubrite sliding surfaces associated with the RV 
sliding foot assemblies. The ASME Section XI, Subsection IWF program (B2.1.31) also 
manages loss of material due to general and pitting corrosion for the materials 
associated with the RV sliding foot assemblies. 

Response to RAI 3.5.2.2.2.6-9, Request 4: 

Based on recent analysis performed by Westinghouse for subsequent license renewal, 
the fast neutron fluence (E > 1.0 MeV) projected through 80 years of plant operation at 
approximately the Neutron Shield Tank top elevation (i.e., location of RV sliding foot 
assemblies) is estimated to be less than 5 x 1017 n/cm2

. As noted in the Response to 
Request 1 above, the manufacturer indicated that Lubrite suffers no damage due to fast 
neutron exposure in excess of 1.5 x 1018 n/cm2. Significant changes to the dimensional 
characteristics and other physical properties of graphite require doses of neutrons that 
are significantly larger than the neutron fluence projected through 80 years of plant 
operation. 

Response to RAI 3.5.2.2.2.6-9, Request 5: 

A detailed review of SPS ASME Section XI, Subsection IWF operating experience has 
not identified the loss of mechanical function for the RV support sliding foot assemblies. 

RAI 3.5.2.2.2.6-10 (Stress Corrosion Cracking of RV Support Sliding Foot Components) 

Background: 

The NRC staff audited CE-1653, "Review of Structural Adequacy of the Reactor Vessel 
Support Sliding Foot Assemblies - Surry Units 1 and 2" dated May 27, 2003. The report 
states that major components of each RV sliding foot assemblies (i.e., ball, socket 
plates, sliding block, stationary saddle block, and hold down plates) are fabricated from 
high strength maraging Vascomax ® 300 or 350 steels. The report also states that 
Vascomax ® 300 or 350 steels are susceptible to stress corrosion cracking (SCC) 
subject to environmental conditions. The GALL-SLR Report Section IXF, "Aging 
Mechanisms," and its references state that for certain steels (in particular those 
containing Nickel) sec is an aging effect that needs to be managed. SPS UFSAR 
indicates that Vascomax ® is a maraging iron-based steel alloy that includes a large 
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percentage of nickel as an alloy strengthening agent. In addition, the SLRA supplement 
by letter dated January 29, 2019 (ADAMS Accession No. ML 19042A 137), references 
Project Topical Report (PTR) 2178-1525314-B4 "Unit No. 1 Surry Power Station - Life 
Extension Evaluation of the Reactor Vessel Support," dated October 10, 1986, states 
that the components of the sliding foot assembly were coated with Heresite™ VR 514 (a 
phenolic coating). The NRG staff audited the PTR and noted that it states that the 
Heresite ™ coating may not be needed to prevent stress corrosion cracking of the 
maraging steel components of the sliding foot assembly unless normal operating loads 
are exacerbated by lubrication failure. The Surry SLRA as revised, does not appear to 
discuss the Heresite™ coating, or whether it has applicable aging effects requiring 
management. 

Issue: 

The Life Extension Report discusses the use of Heresite™ VR 514 as a preventive 
coating to manage Vascomax ® steels susceptibility for sec. It is not clear how the 
applicant would manage SCC of Vascomax ® steels used in the RV shoe assembly 
components, if the coating cannot provide the required adequate protection for sec of 
Vascomax ® steels subject to environmental conditions, including radiation exposure, 
during the SPEO. The staff noted that there was no AMP or AMRs that address the 
susceptibility of Vascomax ® steels to sec. It is also unclear whether the Heresite ™ 
VR 514 coating is subject to any aging effects requiring management, and if so, whether 
degradation of the coating is being managed by any AMPs. 

Request: 

1. Identify what AMP and AMRs will SPS use to manage the effects of aging due to 
sec for the Vascomax ® steels used in the fabrication of the RV shoe assembly 
components. 

2. State whether the Heresite™ coating(s) used, is (are) subject to any aging 
effects requiring management or credited for corrosion control of components 
that are in-scope for the SLRA. 

3. Clarify and justify if no management of aging effects for Vescomax ® steels 
and/or of the Heresite TM coating(s) used in the RV shoe assembly components is 
required. 



Dominion Response: 

Response to RAI 3.5.2.2.2.6-10, Request 1: 
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Vascomax was used in the fabrication of RV sliding foot assemblies; however, sec is 
not an aging effect that requires management. The justification for not managing 
cracking due to sec of Vascomax is provided in the response to request 3 of this RAI. 

Response to RAI 3.5.2.2.2.6-10, Request 2: 

The Heresite coating is not credited for corrosion control of RV sliding foot assemblies, 
does not have a subsequent license renewal intended function and is not within the 
scope of license renewal. Therefore, aging management of the Heresite coating is not 
required. 

Response to RAI 3.5.2.2.2.6-10, Request 3: 

Loss of material due to general and pitting corrosion for the Vascomax portions of the 
RV sliding foot assemblies is managed by the ASME Section XI, Subsection IWF 
program (82.1.31 ). 

The Heresite coating was used to facilitate initial installation of the sliding foot 
assemblies so it is does not perform a license renewal intended function. The Heresite 
is not credited for corrosion control of RV sliding foot assemblies; therefore, aging 
management is not required. 

Stress corrosion cracking is a type of corrosive attack that occurs through the combined 
actions of stress, a corrosive environment, and a susceptible material. CE-1653 notes 
that Vascomax RV sliding foot assemblies are susceptible to stress corrosion cracking 

· (SCC) subject to environmental conditions. However, CE-1653 also states that the 
stresses in the Vascomax sliding foot assemblies are below the threshold for sec 
" ... since the conditions required for crack growth - aqueous environment, high 
temperatures during operation, etc. are not present." 

WCAP-14422, Revision 2-A "License Renewal Evaluation: Aging Management for 
Reactor Coolant System Supports" (Reference NRC ML010660256 and ML010660324) 
states that the "only steel components of the RCS supports that are potentially subject 
to sec are bolts and anchors made of high-strength material." 

Therefore, cracking due to sec is not managed for the Vascomax materials used in the 
fabrication of RV sliding foot assemblies. However, cracking due to SCC is managed 
for high-strength bolts used in RV sliding foot assemblies by the ASME Section XI, 
Subsection IWF program (B2.1.31 ). 
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See Enclosures 2 and 3 for Proprietary and Non-proprietary responses, respectively. 

RAI 4.7.7~1 

Background: 

The applicant provides its time-limited evaluation of underolad cracking in SLRA Section 
4. 7. 7, "Cracking Associated with Weld Deposited Gladding" (henceforth, referred to as 
the TLAA on RPV Underclad Cracking). The applicant states that the cuffent flaw 
evaluation in WCAP-15338-A, which assessed postulated cladding cracks over a 80-
Year licensing basis was reassessed in PWR Owners Group Report No. PWROG-
17031-NP, Revision 0, to account for potential flaw growth over an BO-year licensing 
basis. The applicant states that the TLAA is acceptable in accordance with the criterion 
stated in 10 CFR 54.21(c)(1)(ii) because the analysis has been projected to the end of 
the subsequent period of extended operation. 

Issue: 

In order to demonstrate that the cycle-dependent flaw tolerance or crack growth 
evaluations of PWROG-17031-NP, Revision 1, do not involve a fluence dependency (as 
defined for the current operating term in accordance with Criterion 3 in 10 CFR 54.3a), 
the staff will need further demonstration that the use of a fracture toughness value of 
200 ksi--Jin represents a valid, conservative lower-bound fracture toughness input for 
the values of Kia and Kie cited in the analysis. 

Request: 

Please justify the use of a fracture toughness of 200 ksi--Jin as a conservative, lower 
bound value for the values of Kia and K1c in the analysis. 

Dominion Response: 

Allowable Flaw Size Calculation 

Surry Units 1 and 2 rely on the generic underclad cracking evaluation in PWROG-
17031-NP, "Update for Subsequent License Renewal: WCAP-15338-A, 'A Review of 
Cracking Associated with Weld Deposited Cladding in Operating PWR Plants'," 
Revision 1, May 2018. PWROG-17031-N P and WCAP-15338-A, "A Review of Cracking 
Associated with Weld Deposited Cladding in Operating PWR Plants," Revision 0, 
October 2002 calculates Kie fracture toughness per ASME Section XI, Appendix A, 
A-4200. K1a was not used in the underclad cracking evaluation. Since there is no 
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prescribed upper limit in the ASME code, 200 ksi"\J'in was conservatively used as a 
maximum value (or "upper shelf'), even if the calculated K1e is higher per the ASME 
Section XI, Appendix A, A-4200 formula. See Figure 1 for a visual demonstration of the 
200 ksi"\J'in value superimposed on the ASME Section XI, Appendix A Kie curve. 
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In PWROG-17031-NP, all limiting transients for normal, upset, and test conditions have 
high fluid temperatures, and the calculated Kie exceeds 200 ksi"\J'in even if the 
10 CFR 50.61 PTS screening criterion of 270°F is used. Therefore, Kie was limited to 
200 ksi"\J'in to maintain conservatism and be in line with industry practices. Per 
WCAP-18242-NP, "Surry Units 1 and 2 Time-Limited Aging Analysis on Reactor Vessel 
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Integrity for Subsequent License Renewal," Revision 2, July 2018, Surry Units 1 and 2 
do not exceed the 270°F PTS screening criterion at 68 effective full-power years 
(EFPY). 

For transients of emergency and faulted conditions (Level C and D transients), if 
T-RT NDT > 104.25 °F, 200 ksi"in is used; otherwise, the Kie equation per A-4200 is used. 

For the Steam Generator Tube Rupture and Small Loss-of-Coolant Accident (LOCA) 
Level C and D transients, the calculated Kie exceeds 200 ksi"in when using the 270°F 
10 CFR 50.61 PTS screening criterion for RTNDT· Surry Units 1 and 2 have performed 
Leak Before Break (LBB) analysis and the implementation of LBB eliminates Large 
LOCA. 

The Surry steam line break transients were provided to the NRC in BAW-2178, 
Supplement 1 NP-A, "Low Upper-Shelf Toughness Fracture Mechanics Analysis of 
Reactor Vessels of B&W Owners Reactor Vessel Working Group for Levels C & D 
Service Loads," Revision 0, December 2018. One of these transients is the generic 
System Standard Design Criteria 1.3 transient. This transient starts approximately at the 
cold leg temperature, and then rapidly drops. As the transient continues, the 
temperature gradually decreases to approximately the boiling point of water at 
atmospheric conditions. The transient temperatures are not exclusively in the upper
shelf regime. Thus, Kie calculated per A-4200 is used to determine the critical flaw size. 
The critical flaw sizes for the Level C and D transients are based upon a typical 
Westinghouse Pressurized Water Reactor (PWR) for 60 years, as referenced in 
PWROG-17031-NP and described in WCAP-15338-A, Section A-1. Consistent with the 
information in PWROG-17031-NP, Revision 1, Section 5.6, RTNoT is not expected to 
change significantly from 60 to 80 years as the rate of material embrittlement decreases 
at higher fluence levels. This "saturation" effect is evidenced by Regulatory Guide 1.99, 
Revision 2, "Radiation Embrittlement of Reactor Vessel Materials," Figure 1. For Surry 
Units 1 and 2, this effect is evidenced by the similarities between the l\RT NDT values in 
Section 4 of WCAP-18242-NP and the l\RT NDT values applicable to 60-year PTS 
evaluations. 

The maximum flaw depth due to fatigue crack growth for 80 years is 0.4267 inches as 
shown in PWROG-17031-NP, Section 5.4. This represents a significant margin 
compared to the Normal/Upset/Test allowable flaw depth of 0.67 inches. As a further 
conservatism, underclad cracks are assumed to be surface flaws which results in a 
conservative K1• The surface flaw assumption also results in a higher calculated fatigue 
crack growth rate as it considers a water environment. 
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The Level A/B allowable flaw size from PWROG-17031-NP is 0.67 inch, while the Level 
C/D allowable flaw size is 1.25 inch. The 60-year to 80-year reduction of Kie and the 
allowable flaw size for Level C/D due to a fluence increase would have to be more than 
46% for the Level C/D allowable flaw size (1.25 inch) to be smaller than the Level A/B 
allowable flaw size (0.67 inch). This reduction is highly unlikely given the change in 
fluence from 60 years to 80 years for Units 1 and 2 from WCAP-18242-NP and the 
corresponding change in Kie. Therefore, the Level A/B allowable of 0.67 inch in the 
PWROG report remains bounding. 

Pressurized Thermal Shock Considerations 

The reactor vessel must be protected from failure in two separate regions of operation, 
the high temperature "ductile" region and the lower temperature "brittle" region. The 
allowable flaw size determination demonstrates that an underclad crack will not 
propagate leading to a reactor vessel failure in the ductile region. Using an RT NOT of 
270°F (consistent with the 10 CFR 50.61 PTS screening criterion) ensures a Kie value of 
200 ksi"'1in will be used to a temperature of approximately 375°F. When using a lower 
RT NOT, 200 ksi"'1in is applicable to a lower temperature. For Units 1 and 2, the limiting 
RT PTS value (equivalent to RT NoT) per WCAP-18242-NP Section 4 is 253.2°F for weld 
materials and 170.8°F for base metals. In the lower temperature region, where brittle 
failure is a concern, the plant is protected by pressure-temperature limit curves (for 
normal heatup and cooldown operations) and 10 CFR 50.61. 

Regardless of the RT NDT value utilized for the critical flaw size determination in WCAP-
15338-A and PWROG-17031-NP, protecting the beltline region of a PWR Reactor 
Vessel (RV) from fracture during a large steam line break is ultimately ensured through 
compliance with 10 CFR 50.61. This regulation requires licensees of all operating 
PWRs to maintain licensed values of the reference temperature for pressurized thermal 
shock (RT Prs) for each beltline material. These values must be below the screening 
values of 270°F for plates, forgings, and axial welds or below 300°F for circumferential 
welds. If RT PTS values are projected to exceed the screening criteria, "the licensee shall 
implement those flux reduction programs that are reasonably practicable to avoid 
exceeding the PTS screening criterion." Additionally, licensees may subject the RV to 
thermal annealing or demonstrate compliance to PTS regulations via evaluation 
consistent with 10 CFR 50.61 (a). Per WCAP-18242-NP, Units 1 and 2 are shown to 
meet the 10 CFR 50.61 screening criteria at 68 EFPY. Since the limiting RT PTS values 
are greater than 15°F from the RT PTs screening criteria values, Units 1 and 2 are 
expected to continue to meet the RT PTS screening criteria past 68 EFPY. 
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The NRC's original position on PTS is summarized in Policy Issue SECY-82-465, which 
affirms through transient analysis and probability-weighted flaw distributions that the risk 
from PTS events for reactor vessels with RT NDT values less than the proposed 
screening criterion is acceptable. It also provides, in significant detail, the basis for this 
conclusion, which includes an analysis of PTS transients. The PTS transients analyzed 
include main steam line break and small LOCA, amongst others. 

A subsequent NRG study of PTS was published in NUREG-1874, which stated that "It is 
now widely recognized that the state of knowledge and data limitations in the early 
1980s necessitated conservative treatment of several key parameters and models used 
in the probabilistic calculations that provided the technical basis for the current PTS 
Rule." NUREG-1874 confirms, through additional analysis of PTS transients, that the 10 
CFR 50.61 methods and screening criteria are conservative. 

NUREG-1874 provides quantitative analysis based on limiting the Through-Wall 
Cracking Frequency (TWCF) term for a vessel to 1 x 10·5 per reactor year, which is 
considered an acceptable risk, for multiple transients including a main steam line break. 
NUREG-1874 determines RT limits based on the TWCF limit. These RT limits are 
identical to those in 10 CFR 50.61 a. Therefore, by mandatory compliance with 10 CFR 
50.61 a (or the more conservative 1 O CFR 50.61 ), a low risk of vessel failure is ensured. 

NUREG-1874 analyzed the main steam line break transient with respect to TWCF 
specifically, and concluded the following regarding the main steam line break transient: 

" ... [E]ven though these transients produce an extremely rapid initial 
cooling rate of the RCS [reactor coolant system] inventory (as a result of 
the large break area) the minimum temperature of the RCS (the boiling 
point of water) is generally high enough to ensure a high level of fracture 
toughness in the vessel wall, thereby preventing MSLB [Main Steam Line 
Break] transients from contributing significantly to the total 1WCF 
[through-wall cracking frequency] estimated for a plant." 

The NRG PTS studies in SECY-82-465 and NUREG-1874 provide rigorous quantitative 
analysis demonstrating that PTS transients do not pose a significant risk if the 
mandatory requirements of 10 CFR 50.61 or 10 CFR 50.61(a) are met. Thus, since a 
main steam line break transient is considered a PTS transient, the Units 1 and 2 
compliance with 1 O CFR 50.61 inherently ensures beltline vessel integrity during this 
transient, particularly in the low temperature region. 
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PWROG-17031-NP followed the same linear elastic fracture mechanics (LEFM) 
methodology as is documented in WCAP-15338-A. LEFM conservatively idealizes the 
crack tip to be a sharp singularity and characterizes the crack tip using stress intensity 
factor, K, which depends on stress and crack geometry. A different approach to address 
the allowable flaw size is to use Elastic-Plastic Fracture Mechanics (EPFM), which 
removes conservatism in LEFM by considering crack tip blunting and calculates the 
applied J-integral around the crack tip. The calculated applied J-integral .is compared to 
the J-material, a property that describes the material's ability to resist crack extension. 
ASME Section XI, Appendix K provides the EPFM analysis guidance and acceptance 
criteria. AREVA Report, BAW-2178, Supplement 1NP-A, performed an Equivalent 
Margins Analysis (EMA) for certain reactor vessel Linde 80 welds with projected 80-year 
upper-shelf energy (USE) below 50 ft-lb for multiple plants including Surry Units 1 and 
2. EMA analysis uses the EPFM approach. The EMA uses stresses from SPS plant
specific finite element analyses and considers two steam line break transients, one of 
which is the Westinghouse generic large steam line break (LSB) transient from 
"Systems Standard Design Crite~ia 1.3." A very similar generic LSB transient was used 
in WCAP-15338-A for the allowable flaw size determination. Per ASME Section XI, 
K-2300, Level C/D, EMA postulates a flaw with depth equal to 1/10 base metal 
thickness plus cladding but no larger than 1.0 inch. The 0.67 inch allowable flaw size 
used in the underclad cracking evaluation, PWROG-17031-NP, is bounded by the 
accepted flaw depth in the base metal from the Surry EMA (Level C/D), BAW-2178, 
Supplement 1 NP-A. Therefore, the EMA evaluations provide an additional level of 
assurance that an underclad crack would not cause a reactor vessel failure. 

Summary 

Through the combination of the allowable flaw size calculation, PTS considerations, and 
the use of EPFM, the issue of underclad cracking at SPS Units 1 and 2 has been 
analyzed from. multiple perspectives. As a result, it is concluded that the existence of 
underclad cracks does not pose a risk to Units 1 and 2 plant operation for at least 80 
years when using a fracture toughness of 200 ksi'1in as a conservative upper-shelf (or 
maximum) value for Kie, 

RAI 62.1.6-1 

Background: 

Surry SLRA AMP B2.1.6, Thermal Aging Embrittlement of Cast Austenitic Stainless 
Steel (CASS) program consists of the determination of the susceptible piping and piping 
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components in the reactor coolant pressure boundaries with respect to thermal aging 
embrittlement based on the casting method and chemical composition of the CASS 
materials. The aging management of the susceptible piping and piping components is 
accomplished through a component-specific flaw tolerance evaluation in accordance 
with ASME Code, Section XI. As part of the aging management program, the applicant 
submitted the following documents addressing the flaw tolerance evaluation in the 
CASS materials in the reactor coolant piping and piping components at the Surry, Units 
1 and 2. The documents submitted in the portal are: (1) WCAP-18258, Flaw Evaluation 
for Susceptible Reactor Coolant Loop Cast Austenitic Stainless Steel (CASS)," (2) In
house audit response-NRG Audit for SPS'S SLR Information for TRP 12 CASS 3 4 19 
Tomes". 

Issue: 

In Item 1 (7) of the report in the portal, "In-house audit response-NRG Audit for SPS'S 
SLR information for TRP 12 CASS, 3 4 19 Tomes," the applicant stated that a 
postulated fatigue crack is located in the weld region at the ends of the elbow. The staff 
noted that there are locations within the elbow (such as the intrados, extrados, and 
cheek locations) that could have higher stresses than the ends of the elbow. The staff 
also noted that CASS pipes and elbows have a higher delta ferrite content and a lower 
strength than the weld metal. If the fatigue crack were to occur, it is more likely to occur 
in the lower strength region near the CASS base metal adjacent to the weld, but not in 
the weld. 

Request: 

Based on the issues the staff identified above, stresses could be higher in other 
locations within the elbow and these locations could have a higher delta ferrite content 
(and thus subject to a greater degree of thermal embrittlement than the locations the 
applicant selected for evaluation). The staff requests that the applicant justify the 
selection of the weld region at the ends of the elbows as the bounding locations for 
evaluation. 

Dominion Response: 

Dominion used criteria developed by ASME Code, Section XI for assessment of thermal 
aging embrittlement of cast austenitic stainless steel (CASS). The weld region at the 
ends of the elbows was chosen as the bounding location for the CASS flaw evaluation 
because the weld region (including 1 /2-inch into the base metal, which is the heat 
affected zone of the straight pipe, i.e., not at the region of intrados or extrados) is the 
required area of examination per ASME Code, Section XI, Figure IWB-2500~8 for similar 
metal welds in piping (examination category B-J in ASME Code, Section XI, Table IWB-
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2500-1 ). These weld regions have a higher likelihood of fabrication defects due to 
welding imperfection at the time of installation. The higher probability of detecting 
welding defects is one of the main reasons ASME Code, Section XI examination zones 
are for the weldments and the heat affected zones. 

Similar guidance for selection of the weld region for flaw postulation and evaluation of 
CASS piping components (i.e., pipes and elbows) is also provided in ASME Code, 
Section XI, Code Case N-838, "Flaw Tolerance Evaluation of Cast Austenitic Stainless 
Steel Piping." As discussed in Section 1 (b) of Code Case N-838, the scope is for flaw 
tolerance evaluations of postulated flaws in CASS base metal adjacent to welds in 
conjunction with license renewal commitments. More specifically, Section 3(b)(1) of 
Code Case N-838 states, "Select locations for postulating flaws in susceptible CASS 
piping adjacent to welds in accordance with the defined volume in Figure JWB-2500-8." 
Therefore, with the use of this code case for flaw tolerance evaluations, the flaws are 
always postulated in straight pipes at the ends of the elbows at the welds and not the 
elbow intrados/extrados. Code Case N-838 has been reviewed by the NRG without any 
condition on flaw postulation guidelines (10 CFR Part 50, NRC-2017-0024, Approval of 
American Society of Mechanic Engineers'· Code Cases, Proposed Rule, Federal 
Registrar Vol. 83, No. 159, August 16, 2018). Thus, the flaw postulation in straight pipe 
in the vicinity of the examination zone of the weld as per ASME Code, Section IWB-
2500-8 is acceptable. The technical basis for Code Case N-838 is MRP-362, Revision 
1, and the flaw evaluation guidance in MRP-362 is also based on fracture mechanics of 
straight pipes, not of elbows. 

The operating experience of CASS components (elbows and pipes) demonstrates the 
likelihood of fabrication flaws in the base metal is low. As discussed in MRP-362, 
Revision 1 (Section 4.1.1 ), CASS components have undergone pre-service inspection 
before installation. Historically, the NSSS vendor required that the pre-service 
inspections of these CASS components consist of both liquid penetrant examination 
and radiographic examinations during and after fabrication. During these pre-service 
inspections, typical defects may have been surface porosity, linear discontinuities, 
inclusions and shrinkage effects. In all cases when defects were identified during the 
pre-service examination, the defects were excavated to sound metal and repaired by 
welding, if needed. Therefore, prior to being placed in-service, the remaining defects in 
CASS piping satisfy ASME Code acceptance standards. Therefore, the probability of 
identifying any flaws in the CASS base metal is very low as compared to defects 
typically found in weld metals; as a result, the flaw postulation is typically performed for 
welds and the adjacent heat affected zones. 
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The "In-house audit response-NRC Audit for SPS SLR Information for TRP 12 CASS 3 
4 19 Tomes", which was requested in RAJ B2.1.6-2, is included in Enclosure 6, 
Attachment 1. The information delineated in Item 1 in the in-house audit response 
geometric stress indices for elbow intrados/extrados have been included in the transient 
stresses for Units 1 and 2 reactor coolant loop CASS elbow flaw evaluations. The 
geometric stress indices are applied to the mechanical (piping) loads, including 
pressure to account for the curvature of the elbow components which produces higher 
stresses within the elbow component. Per NB-3653.2 of Section Ill, through-wall stress 
due to thermal loads requires no adjustment due to the elbow curvature because the 
geometric stress indices applied to thermal loading are equal to 1.0 for curved pipe or 
butt welding elbows. Thus, the time-history through-wall transient stress profiles used in 
the Units 1 and 2 CASS flaw evaluations have included the effects of the elbow 
geometry and locations (such as the intrados, extrados, and cheek locations) that could 
have higher stresses than the ends of the elbow. 

Even though the weld region is picked for the postulation of flaws (with the applied 
geometric indices for elbows), the percent delta ferrite content calculations and the 
subsequent thermal aging susceptibility screening determination in Section 3 of WCAP-
18258-P was completed based on Surry specific Certified Material Test Reports 
(CMTR) chemistry values of the CASS elbow base metal. Thus, the percent delta ferrite 
content calculations have included the effects of the higher delta ferrite content of the 
CASS elbows. 

As for the material properties, the limiting yield and ultimate strength of the base metal 
are used in the flaw tolerance evaluations. Per the guidelines in ASME Code, Section 
IX, QW-153, the stainless steel weld material is stronger than the CASS elbow material 
base metal (i.e., the base metal material A-351 Grade CF8M has lower material 
properties (yield and ultimate strength) compared to the weld). The specific yield and 
ultimate strength of the base metal have been used to calculate the maximum allowable 
end-of-evaluation period flaw size; thus, the more limiting material properties are 
included in the CASS flaw evaluations. 

In conclusion, the CASS flaw evaluation included the effects of the curvature of the 
elbow, included the more limiting delta ferrite susceptibility of the A-351 Grade CF8M 
base metal elbow material,· and considered the lower material properties of the base 
metal. Therefore, the selection of the weld region at the ends of the elbows as the 
bounding location for the flaw tolerance analysis is justified since the analysis 
considered the limiting inputs (stress and material properties) with consideration of both 
the weld and base metal. 
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See Enclosures 2 and 3 for Proprietary and Non-proprietary responses, respectively. 

RAI 82.1.7-2 (Clarifications for Programmatic Enhancement No. 7) 

Background: 

The program in SLRA AMP B.2.1. 7, "PWR Vessel Internals," includes programmatic 
Enhancement No. 7. In this enhancement the applicant states that "procedures will be 
revised to address expansion criteria when degradation occurs for clusters of baffle
former bolts." The enhancement a/so includes the following additional statement: "MRP 
2018-002 identifies expansion criteria as a Needed requirement (per NE/ 03-08) to 
include one-time visual (VT-3) examination of barreHormer bolts if large clusters of 
baffle-former bolts are found during the initial volumetric (UT) examination. "1 Additional 
"Expansion" criteria for performing ultrasonic test (UT) inspections of barrel-former bolts 
are given in Table 5-3 of EPRI Report No. 3002005349, Revision 1 (MRP-227, 
Revision 1 ). 

Issue: 

The staff understands that the program currently references two different sources for 
the acceptance criteria that will be applied to potential contingency inspections of the 
barrel-former bolts. As a result, the application does not clearly identify whether MRP-
2018-002, MRP-227 Revision 1, or some other industry report will be used to establish 
the acceptance criteria to assess the inspection needs for the barrel-former bolts. 

Request: 

Clarify whether the acceptance criteria for initiating and performing potential 
"Expansion"-based inspections of the barrel-former bolts will be based on: (a) MRP-227, 
Revision 1, (b) MRP-2018-002, (c) the combination of the two reports (i.e., MRP-227, 
Revision 1, for UT inspections of the bolts and MRP-2018-002 for initiating VT-3 visual 
inspections of the bolts), or (d) an alternative report that provides the basis for 
inspecting the barrel-former bolts. If it is an alternate report, identify the source (report 
reference) that will be used to provide the acceptance criteria for initiating "Expansion"
based inspections of the barrel-former bolts, and clarify whether the report's 
methodology has been endorsed for use by the NRG or provide an appropriate 
justification for its use. 

Footnote 1: The staff acknowledges that the term clusters in the enhancement is 
referring to a cluster ofdegraded bolts, as defined in NSAL 16-1, Revision 1 or in MRP-
2017-009. 
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Acceptance criteria for initiating and performing expansion-based inspections of the 
barrel-former bolts will be based upon a combination of MRP-227, Revision 1, Table 5-3 
for UT inspections of the barrel-former bolts and MRP-2018-002 items 3a and 3b for 
initiating VT-3 visual examinations of the barrel-former bolts. 

The supplemental guidance in MRP 2018-002, Item 3.b, is the content that will be 
added to procedures for performing a one-time VT-3 visual examination of accessible 
barrel-former bolts adjacent to a large cluster of baffle-former bolt indications, as 
described in Enhancement #7. 

The supplemental guidance of MRP 2018-002, Item 3.b is indicated below: 

1. Confirmation that one or more large clusters of baffle-former bolts with 
unacceptable indications are detected by the UT inspection of the baffle-former 
bolts shall require a VT-3 visual examination of the accessible barrel-former bolts 
adjacent to the large cluster of baffle-former bolt indications within three refueling 
cycles. A large cluster is defined as any group of adjacent baffle-former-bolts at 
least 3 rows high by at least 10 columns wide, or at least 4 rows high by at least 
6 columns wide where 80% or greater of the baffle-former-bolts have 
unacceptable UT indications or are visibly degraded. 

The barrel-former bolts adjacent to the cluster include: 

• Barrel-former bolts in the same area as the cluster of baffle-former bolts 
with indications if that area is projected radially onto the core barrel 

• Barrel-former bolts on the two rows above and the two rows below the 
projected area 

• Barrel-former bolts on each of the two columns of bolts that are 
circumferentially adjacent to the projected area. 

2. Confirmation that more than 5% of the lower support column· bolts actually 
examined contain unacceptable UT indications shall require UT inspection of the 
accessible barrel-former bolts within three refueling cycles of identifying lower 
support column bolts with unacceptable UT indications. 
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RAJ 82.1. 7 -3 (Minimum Inspection Coverages for Core Barrel Assembly "Expansion"
Category Welds Referenced in Enhancement Nos. 9 and 16) 

Background: 

The program in SLRA AMP B.2.1.7, "PWR Vessel Internals," includes programmatic 
Enhancement Nos. 9 and 16. Collectively, in these enhancements, the applicant states 
that the minimum EVT-1 visual inspection coverages for the core barrel assembly lower 
flange welds (LFWs), upper axial welds (UAWs), middle axial welds (MAWs), lower 
axial welds (LAWs), and upper girth welds (UGWs) is a minimum of 50% of the weld 
surface. 

Issue: 

It is not clear to the NRC staff that the proposed minimum inspection coverage of 50% 
is consistent with MRP 2018-026 which specifies: "a minimum coverage of 75% of the 
weld length on the surface being examined shall be achieved; however, for welds with 
limited access (Note 4), a minimum examination coverage of 50% of the weld length on 
the surface being examined shall be achieved". 

Requests: 

1. For the Surry-specific RV/ designs, clarify whether the MAWs and LAWs are 
restricted by the presence of a thermal shield, thermal panels, or other components 
located near the welds. 

2. Provide the basis for applying a minimum EVT-1 coverage criterion of 50% for 
potential "Expansion"-based EVT-1 visual inspections that may be performed on the 
core barrel assembly UGWs, LFWs, and UAWs. If applicable, identify any 
components near the UGWs, LFWs, and UAWs that may: (a) restrict access to the 
components, and (b) limit the ability of Dominion to achieve a minimum 75% 
coverage criterion for the EVT-1 based contingency inspections of these weld 
components, as established in MRP 2018-026. 

Dominion Response: 

Response to RA! 82.1. 7-3, Request 1: 

The examinations of the MAWs and LAWs are expected to be restricted by interference 
with the thermal shield due to weld locations and configurations that are similar to those 
for the LGW. The 2013 Unit 1 LGW examination was completed from the exterior of the 
core barrel. The total weld length was 433 inches, but only 305 inches were examined, 
resulting in 70.4% coverage. The coverage was limited by obstructions between the 
core barrel and the thermal shield. The same configuration existed for the 2014 Unit 2 
LGW examination that resulted in 71.6% coverage. The 2013 and 2014 UGW 
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examinations did not experience this interference since they were performed from the 
interior of the core barrel. However, examinations of the MAW and LAW from the 
interior were not feasible due to interference with the baffle plate structure. 

Response to RAI B2.1.7-3. Request 2: 

The basis for the 50% "expansion" based EVf-1 coverage is MRP 2018-026, "Transmit 
Initial Industry Responses Regarding EPRI Technical Report MRP-227-Revision 1". 
Table 4 of MRP 2018-026 includes the following statement as Note 3 for the UGW, 
LFW, and UAW, "A minimum coverage of 75% of the weld length on the surface being 
examined shall be achieved; however, for welds with limited access, a minimum 
examination coverage of 50% of the weld length on the surface being examined shall be 
achieved," 

As described below, some access limitations have occurred during past examinations: 

• The 2013 and 2014 UGW examinations on both units achieved 100% 
coverage due to the ability to perform the examination from the interior of the 
barrel. 

• The Unit 1 2013 LFW examination achieved 82% coverage. The Unit 2 
examination achieved 81.5% coverage. Examination coverage limitations 
from the exterior of the core barrel occurred due to the narrow gap between 
the core barrel and reactor cavity wall. 

• The UAW has not been examined previously. Although not affected by the 
thermal shield, the UAW examination may experience limitations due to the 
narrow gap between the core barrel and reactor cavity wall. 

RAI B2.1.8-1 

Background: 

In SLRA, Section 82.1.B, "Flow-Accelerated Corrosion," the applicant claimed 
consistency with the GALL-SLR Report AMP XI.M17, aFlow-Accelerated Corrosion." 
SLRA Section B2.1.8 states that the erosi~n activity implements the recommendation of 
EPRI 3002005530, aRecommendations for an Effective Program Against Erosive 
Attack." The "parameters monitored or inspected," "detection of aging effects," and 
"monitoring and trending" program elements for GALL-SLR Report AMP XI.M17 discuss 
recommendations to monitor, detect, and trend degradation due to erosion mechanisms 
(e.g. cavitation, flashing, etc.). During the In-Office audit, the staff reviewed the program 
basis document ETE-SLR-2018-1311, usurry Subsequent License Renewal Project -
Aging Management Program Evaluation Report - Flow-Accelerated Corrosion," 
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Revision 1, to evaluate whether the applicant is consistent with the GALL-SLR Report 
AMP XI.M17 recommendations for the flow-accelerated corrosion (FAG) program. In the 
document, the applicant stated that the FAG erosion module in CHECWORKS will be 
used to assist in the development of the inspection plan for the Erosion Control 
program. 

Issue: 

The staff has not previously reviewed EPRI 3002005530. Neither the Surry SLRA nor 
the applicant's procedures provide information that describes how the FAG erosion 
module within the CHECWORKS software will be used to model erosion, and how these 
results will be used in planning erosion inspections. 

Request: 

Provide a justification for how the FAG erosion module will meet the recommendations 
of the GALL-SLR with respect to monitoring effects of wall thinning due to erosive 
mechanisms (including methods to calculate wear rate), its use in planning inspections 
for erosive degradation, as well as for monitoring and trending potential degradation due 
to erosive mechanisms. Additionally, describe how the guidance in EPRI 3002005530 
incorporates the use of the FAG erosion module into the Surry erosion program for the 
program elements described above. 

Dominion Response: 

The Flow Accelerated Corrosion program (82.1.8) implements the recommendations of 
EPRI 3002005530, "Recommendations for an Effective Program Attack Against Erosive 
Attack," into the erosion module of the program consistent with the following: 

• Erosion Susceptibility Evaluation and Wear Rate Calculations 
• Inspection Planning 
• Monitoring and Trending 
• Erosion Module Features 

Erosion Susceptibility Evaluation and Wear Rate Calculations 

The basis for the erosion module is an Erosion Susceptibility Evaluation (ESE) that 
identifies components that require inspection due to potential wall thinning due to 
cavitation, flashing, liquid droplet impingement (LOI), and solid particle erosion (SPE). 
The ESE included each system that could be degraded by any of these four 
mechanisms. Exclusion criteria listed in Exhibit 1 below were utilized to evaluate and 
screen the systems. If exclusion was applicable, the appropriate abbreviation(s) were 
listed on a system-by-system basis. If any mechanism was applicable, that system was 
identified as a candidate for inspection. 
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The erosion module includes calculations of wear using the difference between the 
nominal pipe thickness (Tnom) and the minimum measured thickness (T min). The 
calculated wear is divided by the length of time the component has been in service to 
determine a wear rate. That wear rate is used to determine the remaining service life 
based on a projection of reaching the minimum acceptable wall thickness. The 
projected remaining service life provides the basis for determining whether a component 
requires immediate replacement, a future re-inspection, or no further inspection. 

Inspection Planning 

Inspection planning is accomplished using the following considerations: 

• Erosion Susceptibility Evaluation for each unit 
• Input from operating experience reviews 
• Previously replaced components 
• Piping components that have been replaced due to erosion degradation at other 

Dominion units 
• Components requiring re-inspection from previous inspections 

Monitoring and Trending 

Monitoring and trending includes the following tasks: 

• Validating inspection data (if any data are questionable, the need for a re-
inspection is identified) 

• Determining the wear rate for each component 
• Calculating the remaining service life for each component 
• Reviewing inspection results to determine if predictions from previous extent-of

condition evaluations remain valid 
• Performing evaluations of erosion degradation associated with infrequent 

operational alignments to determine the need to include additional components in 
the Erosion Susceptibility Evaluation 

• Updating the Erosion Susceptibility Evaluation periodically based on changes in 
system operating parameters or configuration 
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EPRI 3002005530 is included as a reference in the Erosion Control Program 
implementing procedure, and provides the basis used in the erosion module for: 

• Selecting components to inspect 

• Identifying inspection techniques and methodology for each component in the 
inspection plan 

• Determining wear rate and remaining service life 

• Determining the need for component replacement 
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Erosion Susceptibility Evaluation: Exclusion Criteria 

Cavitation Exclusion Criteria 
Abbreviation Reason Description 

ES Superheated Excluded due to fluid existing in an entirely 
Fluid gaseous state 

El Infrequent Excluded due to fluid flow < 2% of plant 
Operation operatini:i time 

EB Below Vapor Excluded due to fluid existing below the 
Pressure vapor pressure throughout the line 

EO Oil Excluded due to low vapor pressure of oil in 
the line 

ED Design Excluded due to specific design 
considerations to mitiQate cavitation 

EX Cavitation Index Excluded due to cavitation index >2.5 
EC Configuration Excluded due to a lack of sudden reduction 

in pipe size or flow direction chani:ie 
EM Electrical or Excluded due to electrical or mechanical 

Mechanical system containing no fluid piping 
System 

Flashing Exclusion Criteria 
ES Superheated Excluded due to fluid existing in an entirely 

Fluid gaseous state 
El Infrequent Excluded due to fluid flow< 2% of plant 

Operation operating time 
EB Below Vapor Excluded due to fluid existing below the 

Pressure vapor pressure throughout the line 
EP Above Vapor Excluded due to fluid existing above the 

Pressure vapor pressure throughout the line 
EM Electrical or Excluded due to electrical or mechanical 

Mechanical system containing no fluid piping 
System 

LDI Exclusion Criteria 
ES Superheated Excluded due to fluid exisUng in an entirely 

Fluid i:iaseous state 
El Infrequent Excluded due to fluid flow< 2% of plant 

Operation operatinQ time 
EP Above Vapor Excluded due to fluid existing above the 

Pressure vapor pressure throui:ihout the line 
EV Low velocity Excluded due to velocity < 3 ft/s 
EM Electrical or Excluded due to electrical or mechanical 

Mechanical system containing no fluid piping 
System 



ES 

El 

EV 
EF 

EM 

RAI 82.1.8-2 

Background: 

EXHIBIT 1 
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Erosion Susceptibility Evaluation: Exclusion Criteria 

SPE Exclusion Criteria 
Superheated Excluded due to fluid existing in an entirely 

Fluid gaseous state 
Infrequent Excluded due to fluid flow< 2% of plant 
Operation operating time 

Low velocity Excluded due to velocity < 3 ft/s 
Filtered Excluded due to filtering of solid particles 

out of the line 
Electrical or Excluded due to electrical or mechanical 
Mechanical system containing no fluid piping 

System 

In SLRA, Section B2.1. B, "Flow-Accelerated Corrosion [FAG]," the applicant claimed 
consistency with the GALL-SLR Report for the AMP XI.M17, "Flow-Accelerated 
Corrosion." The GALL-SLR Report "detection of aging effects" program element, states 
that guidance for inspection scope expansions, when unexpected or inconsistent results 
are identified in the initial sample scope, is described in the Electric Power Research 
Institute document NSAC-202L, Revision 4. Guidance in NSAC-202L, Section 4.4.6 
"Expanded Sample Inspection" states that the reasons for any unexpected or 
inconsistent inspection results should be investigated by performing an updated FAG 
predictive analysis, conducting additional inspections, and making material 
determinations as appropriate. In addition, expanded sample inspections should include 
any component within two diameters of the affected component and "a minimum of the 
next two most susceptible components from the relative wear ranking in the same train 
as that containing the piping component displaying significant wear." During the In
Office audit, the staff reviewed the program basis document ETE-SLR-2018-1311, 
"Surry Subsequent License Renewal Project- Aging Management Program Evaluation 
Report - Flow-Accelerated Corrosion," and procedure ER-AA-FAC-102, "Flow
Accelerated Corrosion Inspection and Evaluation Activities," to evaluate whether the 
applicant is consistent with the GALL-SLR Report recommendations for the Flow
Accelerated Corrosion AMP. For the "detection of aging effects" program element, 
Section 3.4.2 of the program basis document states that an evaluation is performed to 
determine the extent of expansion and cites ER-AA-FAC-102, Section 3.9.4. In addition, 
Section 2. 1 of the program basis document states that evaluations documenting various 
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activities including sample expansion are independently reviewed by a qualified FAG 
engineer. Procedure ER-AA-FAC-102, Section 3.9.4, "Inspection Scope Expansion," 
includes inspection expansion to components upstream and downstream of the 
degraded component but does not specify any distance. The procedure includes a 
review of any CHECWORKS model but does not include further discussion regarding 
the performance of an updated FAG analysis or include, as a minimum, the next two 
most susceptible components. To evaluate prior scope expansion documentation, the 
staff reviewed operating experience associated with the FAG Program outage summary 
documents ETE-CMl=-2017-0013, "Surry Unit 2, 2017 Refueling Outage, Results of the 
Flow-Accelerated Corrosion Program," and ETE-CME-2019-0002, "Surry Unit 1, 2018, 
Refueling Outage, Results of the Flow-Accelerated Corrosion Program," which provided 
examples of where ultrasonic thickness testing has detected unacceptable or 
inconsistent wall thickness values. The staff also reviewed condition report GR1096902 
"Significant Wear Observed During FAG Inspection (5"-SGS-11-151)," to determine the 
extent of the scope expansion performed by the applicant when unexpected 
degradation is found as a result of inspections. 

Issue: 

It is unclear that the requirements of procedure ER-AA-FAG-102, Section 3.9.4 are 
consistent with the guidance in NSAG-202L, Section 4.4.6, regarding inspection scope 
expansion. The implementing procedure does not address consideration of performing 
an updated FAG predictive analysis or making material determinations. In addition, the 
distance for inspecting upstream and downstream is not discussed and the inclusion of 
a minimum of the next two most susceptible components from the relative ranking in the 
same train is not included. In addition, it is not clear that the FAG procedure includes an 
independent review of sample expansion documentation by a qualified FAC engineer as 
stated in SLRA Section B2. 1. 8. The staff notes that its review of operating experience 
document listed above did not provide information on how far upstream and 
downstream piping was inspected during a scope expansion, nor did they provide detail 
on whether the next two most susceptible components in the CHECWORKS model 
were inspected for potential FAG~relafed degradation. 

Request: 

Provide information regarding scope expansion activities to show that either the Surry 
FAG program implementation includes the guidance in NSAG-202L, Section 4.4. 6, or 
provide bases to show that aging will be effectively managed without being consistent 
with the guidance in NSAC-202L, Section 4.4.6. Also, provide information regarding the 
implementation of independent reviews of evaluations documenting sample expansions 
by qualified FAG engineers, as stated in SLRA Section 82.1.8. 
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An enhancement will be added to the Flow Accelerated Corrosion program (B2.1.8) to 
confirm that inspection scope expansions are consistent with NSAC-202L, Section 
4.4.6, and to confirm that independent reviews of inspection scope expansions are 
independently reviewed by a qualified FAC engineer. Specific additions will specify that 
inspection scope expansions include: 

• Any component within two pipe diameters downstream of the component displaying 
significant wear, or within two pipe diameters upstream if that component is an 
expander or expanding elbow 

• The two most susceptible components from the CHECWORKS relative wear rate 
ranking in the same train containing the piping component displaying significant 
wear 

• Corresponding components from other trains 
• Inspections of additional components until no additional components with significant 

wear are detected 

SLRA Changes 

SLRA Section B2.1.8 and Table A4.0-1, Item 8 are supplemented, as shown in 
Enclosure 5 to add Enhancement #2 as described above. 

RAI 82.1.8-3 

Background: 

As supplemented by letter dated April 2, 2019, SLRA Table 3.3.2-6 "Bearing Cooling," 
was modified to address the potential for erosion in valve bodies constructed of several 
different materials. The supplement also states that cavitation in this system could be 
caused by valve throttling. Additionally, condition report CR1031398, "BC Valve -
Indication of Cavitation," describes cavitation in a Unit 1 bearing cooling valve and notes 
that the valve was previously replaced in 2013 due to a pin hole leak in the valve body. 
This CR also notes that the current non-destructive examination strategy doesn't 

. evaluate the valve body for wall thinning. The staff notes that condition report 
CR1026621, "2-BC-505 Has a Through-Wal/ Leak," describes a through-wall leak for 
the corresponding Unit 2 valve; however, the cause of the leak was not included in the 
summary documentation. The applicant's erosion susceptibility evaluation (ESE) (ETE
CME-2018-1002, Revision 1, "Transmittal of True North Consulting Technical Report 
BP-2017-0045-TR-01, Erosion Susceptibility Evaluation - Surry," September 2018) 
designated the bearing cooling system as not being susceptible to cavitation because 
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the cavitation index i$ greater than 2.5. The ESE states that the bearing cooling system 
is a closed-loop system which does not have large enough pressure drops for cavitation 
to occur. The staff notes that comments for other systems in the ESE identify the 
potential for cavitation and flashing downstream of throttle valves and orifices. The ESE 
indicates that the criteria for the cavitation index greater than 2.5 is "a rule of thumb" 
and cites a reference to a valve manufacturer publication. The associated implementing 
procedure, ER-AA-FAC-105, "Erosion Control Program,» Section 3.1.1 states that the 
ESE is to be periodically qpdated based on relevant operating experience. 

Issue: 

Although operating experience indicates that valves in the bearing cooling system are 
susceptible to wall thinning due to cavitation, the ESEs for both units identify the bearing 
cooling system as not being susceptible to erosive mechanisms, including cavitation. 
The staff notes that the exclusion criteria for the "cavitation index" and «infrequent 
operation" parameters cited in the ESE are inconsistent with the corresponding criteria 
provided in the NRG-approved EPRI 112657, "Risk Informed lnservice Inspection 
Evaluation Procedure. n Consequently, it is not clear to the staff that there are adequate 
bases for the exclusion criteria parameters used in the ESE. 

Request: 

Provide information regarding the bases for the ESE exclusion criteria. Include a 
discussion about the determination that the bearing cooling system is not susceptible to 
erosion mechanisms with a specific explanation for why operating experience does not 
appear to support the ESE determination. Also provide information regarding whether 
other systems determined to be not susceptible to erosion mechanisms could be 
similarly affected. Include a discussion regarding how operating experience has been 
considered by the current ESE. 

Dominion Response: 

The Erosion Susceptibility Evaluation (ESE) for both Units 1 and 2 was initially 
performed using design basis operating parameters and system alignment. Input for 
the ESE included the following tasks: 

• A review of industry operating experience to determine plant locations with a 
history of erosion failure 

• A review of plant operating experience and maintenance history to determine 
locations with a history of erosion failure 

• A review of design flow rate and pressure drop for any potential effect on erosion 
susceptibility 
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The bearing cooling (BC) system was initially determined to not be susceptible to 
erosion based on the design operating parameters and configuration, and the absence 
of erosion failures. Normal alignment would involve having the affected BC system 
valves either fully open or fully closed. However, a change in plant operation at both 
Units 1 and 2 potentially increases erosion susceptibility in portions of the BC system. 
This operational change has resulted in using valves for throttling flow that could 
potentially cause erosion of the valve body. As a result of this susceptibility, the Units 1 
and 2 ESEs have been revised to add three Unit 1 valves and two Unit 2 valves to the 
scope of components requiring inspection for indications of erosion. 

Plant information has not indicated any other systems at Units 1 and 2 for which erosion 
susceptibility would be higher than stated in the ESEs. 

The ESE for each unit is updated periodically based on relevant operating experience 
and changes in system operating parameters. 

RAI 82.1.10-1 

Background: 

In its SLRA, Section 3.1.2.2.11(1), "Cracking due to Primary Water Stress Corrosion 
Cracking," the applicant stated that the Electric Power Research lnsitute (EPRI) Report 
3002002850, "Steam Generator Management Program: Investigation of Crack Initiation 
and Propagation in the Steam Generator Channel Head Assembly," dated October 
2014, was applicable and bounds the steam generator (SG) divider plates at Surry 
because Surry has the most limiting SGs analyzed in the Report, namely Alloy 600 
Model 51 SGs. SRP-SLR Section 3.1.2.2.11, "Cracking due to Primary Water Stress 
Corrosion Cracking," recommends actions to manage aging of divider plate assemblies 
depending on the material of the divider plate assemblies and whether industry 
analyses (i.e. the EPRI Report) are bounding for the applicant's unit(s). Because the 
Surry SGs were fabricated with Alloy 600 divider plates, the following recommendations 
from SRP-SLR are potentially applicable: 1. For units with divider plate assemblies 
fabricated of Alloy 600 or Alloy 600 type weld materials, if the analyses performed by 
the industry (EPRI [Electric Power Research Institute] 3002002850) are applicable and 
bounding for the unit, a plant-specific AMP is not necessary. 2. For units with divider 
plate assemblies fabricated of Alloy 600 or Alloy 600 type weld materials, if the industry 
analyses (EPRI 3002002850) are not bounding for the applicant's unit, a plant-specific 
AMP is necessary or a rationale is necessary for why such a program is not needed. A 
plant-specific AMP (one beyond the primary water chemistry and the steam generator 
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programs) may include a onetime inspection that is capable of detecting cracking to 
verify the effectiveness of the water chemistry and steam generator programs and the 
absence of PWSCC in the divider plate assemblies. 

Issue: 

SLRA Section 3.1.2.2.11(1) stated that the EPRI analysis is applicable and bounding for 
the Surry SGs because the divider plates and associated welds are fabricated from 
Alloy 600 materials, and because Surry has Model 51 SGs which are determined to be 
the most limiting SG model in the EPRI analysis. The staff recognizes that EPRI Report 
3002002850 analyzed the Westinghouse Model 51 SGs as the most limiting SG model; 
however, due to parameters such as manufacturing tolerances and plant-specific 
transients/loading, plant-specific parameters may need to be verified in order to 
demonstrate that EPRI Report 3002002850 is applicable and bounding to the Surry SG 
divider plates. 

Request: 

Provide the justification, and supporting evaluation, that demonstrates the Surry SG 
divider plate assemblies are bounded by industry analyses. Include a discussion of 
potentially plant-specific parameters discussed in EPRI Report 3002002850 (e.g., SG 
geometry, materials of components, cracking scenarios, plant-specific transient loads 
and cycles). 

Dominion Response: 

On October 10, 2016, EPRI issued Jetter SGMP-IL-16-02, "Guidance for Addressing 
Aging Management Plans for Steam Generator Channel Head Components," to inform 
the industry that the NRC had issued draft interim staff guidance (ISG) document, LR
ISG-2016-01, "Changes to Aging Management Guidance for Various Steam Generator 
Components," The ISG accepted the conclusions of the Steam Generator Management 
Program's (SGMP) investigation into the initiation and propagation of cracking in the 
steam generator channel head components, which is documented in EPRI Report 
3002002850. EPRI letter SGMP-IL-16-02 states; "For units with divider plate assemblies 
fabricated with Alloy 600 or Alloy 600 weld materials, if the analyses performed by the 
industry are applicable and bounding for the unit, a plant-specific AMP is not 
necessary." Attachment 1 to EPRI Jetter SGMP-IL-16-02 is a checklist that utilities may 
use to document that the analyses in EPRI 3002002850 are bounding. The steam 
generator divider plate assemblies at SPS are bounded by EPRI Report 3002002850, 
as confirmed by completion of Attachment 1 to SGMP-IL-16-02. The plant-specific 
parameters addressed in the checklist include dimensional assumptions for the divider 
plate, channel head, tube sheet and stub runner; material assumptions for the bottom 



Serial No. 19-260 
Docket Nos. 50-280/281 

Enclosure 1 
Page 61 of 86 

head and cladding, upper vessel wall, tube sheet, stub runner, divider plate and welds; 
and design and transient loads. The SPS steam generators conform to each of these 
items in the checklist. Additionally, the checklist includes items that are applicable to the 
evaluation of PWSCC in Tube-to-Tubesheet Welds. This topic is not applicable to SPS, 
because alternate repair criteria H* has been approved for SPS such that the tube-to
tubesheet welds are no longer part of the reactor coolant pressure boundary. Therefore, 
the Steam Generators program (B2.1.10) is used to manage cracking within the channel 
head assembly, and a plant-specific program is not needed. 

A completed copy of Attachment 1 to SGMP-IL-16-02 and a table including a 
comparison of associated design and transient EPRI cycle assumptions with SPS cycle 
limits are provided in Enclosure 6, Attachments 2 and 3. 

RAJ 82.1.10-2 

Regulatory Basis 

10 CFR § 54.21(a)(3) requires an applicant to demonstrate that the effects of aging for 
structures and components will be adequately managed so that the intended function(s) 
will be maintained consistent with the current licensing basis for the period of extended 
operation. One of the findings that the staff must make to issue a renewed license 
(10 CFR Section 54.29(a)) is that actions have been identified and have been or will be 
taken with respect to the managing the effects of aging during the period of extended 
operation on the functionality of structures and components that have been identified to 
require review under 10 CFR Section 54.21, such that there is reasonable assurance 
that the activities authorized by the renewed license will continue to be conducted in 
accordance with the current licensing basis (CLB). In order to complete its review and 
enable making a finding under 10 CFR Section 54.29(a), the staff requires additional 
information in regard to the matters described below. 

Background: 

SLRA Section B2.1.10 states that the Steam Generators program is consistent with 
GALL-SLR Report AMP XJ.M19, «steam Generatorsn without exceptions and 
enhancements. As amended by Jetter dated April 2, 2019, SLRA Table 3.1.2-4 was 
modified to remove items managing cracking for steel with stainless steel cladding 
channel heads (and cladding), and Joss of material for steel with stainless steel cladding 
primary inlet nozzle and outlet nozzles (and cladding). 

The SRP-SLR Section 3.1, «Aging Management of Reactor Vessel, Internals, and 
Reactor Coolant System," addresses the AMRs associated with certain steam generator 
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components. This section includes the components discussed above, as well as the 
recommended AMPs to manage aging effects associated with these components. 

Issue: 

Table 3.1.2-4, as amended by Jetter dated April 2, 2019, no longer cites programs to 
manage cracking for the steel with stainless steel cladding channel head (and cladding), 
and only cites the Water Chemistry program to manage Joss of material for the steel 
with stainless steel cladding primary inlet nozzle and outlet nozzle (and cladding). 

Amended Table 3.1.2-4 no longer includes cracking as an aging effect requiring 
management for the SG channel head (and cladding). GALL-SLR identifies cracking as 
an applicable aging effect for steel with stainless steel cladding. For example, GALL
SLR Item RP-232 identifies cracking of steel with stainless steel cladding exposed to 
reactor coolant as an applicable aging effect to be managed using AMP XI.M1, "ASME 
Section XI lnservice Inspection, Subsections IWB, /WC, and /WO" and AMP XI. M2, 
"Water Chemistry.". 

Amended Table 3.1.2-4 now references Table 1 Item 3.1.1-088 to manage loss of 
material for steel with stainless steel cladding primary inlet and outlet nozzles (and 
cladding) exposed to reactor coolant using the Water Chemistry program. Ho_wever, 
GALL-SLR Item R-436 recommends using AMP XI. M2, "Water Chemistry" and AMP 
XI.M19, "Steam Generators" to manage loss of material for steel with stainless steel 
cladding exposed to reactor coolant. 

Request: 

1. Explain which program(s) will be used to manage cracking in steel with stainless 
steel cladding channel heads (and cladding) or state the basis for why a program is 
not necessary. 

2. Are other programs besides the Water Chemistry program used to manage loss of 
material in steel with stainless steel cladding primary inlet nozzle and outlet nozzles 
(and cladding)? If not, explain how the Water Chemistry program alone with 
manage the loss of material without an inspedion program (such as the Steam 
Generator program) to verify effectiveness of the Water Chemistry program. 

Dominion Response: 

Response to RAI B2.1.10-2, Request 1: 

Cracking in steel with stainless steel cladding channel heads (and cladding) will be 
managed with the Steam Generators program (B2.1.10). Inspection requirements for 
cracking of channel heads are addressed by the steam generator degradation 
assessments performed in accordance with the Steam Generators program. 
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Loss of material in steel with stainless steel cladding primary inlet nozzle and outlet 
nozzle (and cladding) is managed with the ASME Section XI, Inservice Inspection, 
Subsections JWB, /WC, and IWD program (B2.1.1 ). 

SLRA Changes 

SLRA Table 3.1.1 item 127 and Table 3.1.2-4 are supplemented, as shown in Enclosure 
5, to indicate the changes noted above. 

RAI 82.1.11-1 Generic Letter 89-13 Commitments 

Background: 

GALL-SLR AMP XI.M20, "Open-Cycle Cooling Water System," states that the 
inspection scope, methods, and frequencies are in accordance with the applicant's 
docketed response to Generic Letter (GL) 89-13, "Service Water System Problems 
Affecting Safety-Related Components." SLRA Section 82.1.11, "Open-Cycle Cooling 
Water System," states that the program is an existing program that, following 
enhancement, will be consistent with the GALL-SLR AMP XI.M20. SLRA Section 
B2. 1. 11 also states that periodic heat transfer testing, visual inspection, and cleaning of 
safety-related heat exchangers is performed in accordance with the site commitments to 
GL 89-13. ETE-SLR-2018-1314, "Aging Management Program Evaluation Report -
Open-Cycle Cooling Water System," Revision 2, documents and evaluates the activities 
in the associated AMP that are credited for managing aging as part of Surry's SLRA. 
ETE-SLR-2018-1314 discusses a discrepancy between Surry's response to GL 89-13 
(letter dated October 2, 1991 (89-572G)) and the maintenance strategy implementation 
for the charging pump lube oil coolers. The maintenance strategy changed from periodic 
replacement of charging pump lube oil coolers to performing routine inspection and 
maintenance. ETE-SLR-2018-1314 states that the discrepancy was evaluated in 
accordance with the commitment change evaluation process and cites corrective action 
CA3022000 "Submit Commitment Change Paperwork to Update Requirements for 
Charging Pump LO {Lube Oil] Coolers" (March 9, 2017). The staff noted that the change 
in maintenance strategy affected the scope of Surry's Open-Cycle Cooling Water 
System program, because components that are periodically replaced are excluded from 
the scope of an aging management review for license renewal. In response to staff 
questions for CA3022000, Surry posted condition report CR1091365, (March 6, 2018). 
"A Commitment Change Evaluation Was Completed and Approved Mistakenly." The 
condition report states that the commitment change evaluation was "for a change made 
to a response to the NRG, not a commitment to the NRG." The actions discussed in the 
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condition report included a clarification regarding "the difference between a response 
and a commitment to the NRG." During its review of ER-SU-5314, "Generic Letter 89-13 
Program," Revision 2, the staff noted that Attachment 1, "Generic Letter 89-13 
Components and Commitments, 11 includes a table for each set of components in the 
program and includes a column labeled "Commitment Source." Every set of 
components in the list includes "Letter to NRG 1012191 Serial Number 89-572G" as the 
source of the commitment to perform the specified GL 89-13 activity. However, the 
table's initial note states that the Jetter dated April 30, 1991 (Serial 89-572E), 
summarized the GL 89-13 program and that the response was updated by letter dated 
October 2, 1991 (Serial 89-572G), "which supersedes Serial Number 89-572E. No new 
commitments were made. 11 The staff notes that the letter dated April 30, 1991 (Serial 89-
572E), states that a "detailed revision of [Surry's] initial January 29, 1990, response 
incorporating the subsequent supplements and the additions integrated into this 
summary description will be separately forwarded." In addition, the staff notes that none 
of the GL 89-13 response letters appear to specifically identify the site's activities for 
periodic heat transfer testing, visual inspection, and cleaning of safety-related heat 
exchangers as being "commitments." 

Issue: 

Because none of the site's GL 89-13 response letters appear to specifically identify the 
commitments for periodic heat transfer testing, visual inspection, and cleaning of safety
related heat exchangers, the staff was unable to verify that the Open-Cycle Cooling 
Water System program would be performed in accordance with the site's commitments 
to GL 89-13. The program documentation appears to cite the letter dated October 2, 
1991 (89-572G), as the source of the site's GL 89-13 commitments. However, the 
recent condition report (CR1091365) states that because the information in the October 
2, 1991, letter was only a response to GL 89-13 and not a commitment, there was no 
need to perform a commitment change evaluation for changing the approach discussed 
in the October 2, 1991, letter. Based on the position discussed in CR1091365, the staff 
is unsure of the site's GL 89-13 commitments. 

Request: 

Provide additional information to clarify the site's GL 89-13 commitments. Include 
information about which prior GL 89-13 response letter(s) to the NRG contain(s) the 
commitments that are discussed in SLRA Section 82.1.11. If the source of Surry's 
commitments to GL 89-13 are not from the response dated October 2, 1991 (89-572G), 
also include information regarding the circumstances about why ER-SU-5314, "Generic 
Letter 89-13 Program," Revision 2, cites the letter dated October 2, 1991 (89-572G). 
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The response provided in letter Serial No. (SN) 89-572G is considered the source of the 
commitments for Surry in response to Generic Letter (GL) 89-13. ER-SU-5314, 
Revision 2, is the Guidance and Reference Document (GaRD) for the Surry GL 89-13 
Program. The purpose of the GaRD is to define Surry's commitments to GL 89-13. 
Attachment 1 to ER-SU-5314 summarizes the Surry commitments to GL 89-13 and 
cites SN 89-572G as the commitment source for each entry, except one, in the 
attachment. Page 3 of 12 of Attachment 1 reflects maintenance or replacement of the 
charging pump lube oil coolers. 

As noted in the Background for RAI 8.2.1.11-1, a Commitment Change Evaluation 
(CCE) was perfom,ed to assess the change in maintenance strategy for the charging 
pump lube oil coolers from replacement (documented in SN 89-572G} to inspection and 
maintenance or replacement. When this CCE was reviewed for inclusion in the annual 
report of 10CFR50.59 evaluations and CCEs to the NRC, it was concluded that the 
CCE was not required and CR1091365 was submitted. This conclusion was reached in 
part due to the confusing wording in SN-572G that states "this revision contains no new 
commitments nor modifies previously specified ones." Note that SN 89-572E identified 
inspection and maintenance, as required, for the charging pump lube oil coolers; SN 89-
572G indicated that inspection and maintenance of these coolers are not performed and 
that cooler maintenance is accomplished by replacement. Upon further review, it has 
been determined that the CCE to change the maintenance strategy for the charging 
pump lube oil coolers from replacement (documented in SN 89-572G) to inspection and 
maintenance or replacement is a valid change in commitment. As noted herein, 
inspection or replacement of the charging pump lube oil coolers is reflected in ER-SU-
5314. 

RAI B2.1.11-2 AMR Items for Open-Cycle Cooling Water System 

Background: 

SLRA Section 82. 1. 11, "Open-Cycle Cooling Water System," states that periodic heat 
transfer testing, visual inspection, and cleaning of heat exchangers are performed in 
accordance with the site commitments to GL 89-13 to verify heat transfer capabilities. 
SLRA Section 82. 1. 11 also includes an enhancement to the monitoring and trending 
program element to revise procedures to require trending the inspection results of the 
emergency service water pump engine heat exchangers. The staff notes that ER-SU-
5314, "Generic Letter 89-13 Program,» Revision 2, includes the emergency service 
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water pump engine heat exchanger and specifies associated activities for periodic heat 
transfer testing, as well as inspection and maintenance. In addition, ER-SU-5314 
includes the emergency service water pump angle drive and specifies that heat transfer 
is checked during monthly surveillance testing, and that cooling water flow is verified 
during inspection and maintenance activities. Although SLRA Table 3.3.2-4 "Service 
Water - Aging Management Evaluation,» includes other emergency service water pump 
components, it does not appear to include the emergency service water pump engine 
heat exchanger or the emergency service water pump angle drive. 

Issue: 

Although SLRA Section 82. 1. 11 includes an enhancement to trend inspection results 
associated with emergency service water pump engine heat exchangers, the SLRA 
does not appear to include a corresponding aging management review item(s). In 
addition, although Surry's GL 89-13 program appears to specify activities to address 
heat transfer for the emergency service water pump angle drive, the SLRA does not 
appear to include a corresponding aging management review item. 

Request: 

For the emergency service water pump engine heat exchangers and the emergency 
service water pump angle drives, provide information showing that assessment of the 
heat transfer capabilities of safety-related heat exchangers (with a heat transfer 
intended function) will be performed by the SLRA Section 82.1.11, "Open-Cycle Cooling 
Water System» program, in accordance with site commitments to GL 89-13. Include 
information showing either 1) that existing aging management review items with 
corresponding aging effects are included in the SLRA for these components or 2) that 
aging management review items are not needed for these components, to demonstrate 
that the effects of aging will be adequately managed. 

Dominion Response: 

The emergency service water (ESW) pump diesel engine is an active skid mounted 
assembly consistent with the engine component of NUREG-2192, Table 2.1-6. Each 
ESW pump diesel engine is designed to provide the required horsepower to achieve the 
required ESW pump flow. The integral heat exchanger supplies cooling water to the 
engine components of its specific diesel engine. 
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The lube oil system is internal to the ESW pump engine. The evaluation boundary was 
established as follows: 

• The inlet and outlet connections to the service water system on the ESW pump 
diesel engine heat exchanger. The connecting hoses are part of the ESW 
system. 

• The fuel oil inlet and return connections to the ESW pump diesel engine. The 
connecting tubing and flexible hoses are part of the ESW fuel oil system. 

Following is a description of the ESW pump diesel engine heat exchangers and the 
pump diesel engine angle drive to facilitate a better understanding of their operation and 
location within the skid assembly. 

ESW Pump Diesel Engine Heat Exchangers 
The engine heat exchanger core consists of a series of cells with a header at one end 
and a circular water outlet at the opposite end. The core is mounted inside of the 
expansion tank with the header or inlet end bolted to the tank and the opposite or outlet 
end is sealed inside a retainer. In this system of engine cooling, the hot coolant leaving 
the thermostat housing passes through the expansion tank, then through the cells of the 
cooling core. After leaving the heat exchanger, the engine coolant is picked up by the 
fresh water pump and circulated through the cylinder block and cylinder heads. The 
raw water is forced horizontally between the cells of the core and serves to lower the 
temperature of the coolant as it passes through the cells. The engine heat exchanger is 
mounted directly to the end of the engine. 

ESW Pump Diesel Engine Angle Drive 
The angle drive is supplied with a counter flow oil cooler with % inch standard pipe 
connections. The cooler is located inside the motor stand. Small engines (such as 
those associated with the emergency service water pumps) were classified as active 
assemblies, and also treated the gear drive oil cooler as part of the active engine/drive 
train assembly. Vendor technical manuals for the engine and for the angle drive confirm 
the heat exchangers associated with the engines (turbocharger inter and after coolers, 
oil cooler, engine jacket, and raw/coolant HX) and with the angle drive are integral 
components that are internal to or mounted directly to the active assemblies. 

The convention of evaluating small diesel engine skid mounted components as active 
assemblies is consistent with practices used by other applicants. In accordance with 
1 O CFR 54.21 {a)(1 )(i) aging management review of active assemblies is not required. 
Therefore, aging management of the ESW pump diesel engine heat exchangers and 
the pump diesel engine angle drive is not required. 
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However, evaluating the heat exchangers as part of the active assemblies does not 
exempt them from any monitoring commitments associated with Generic Letter 89-13 
commitments, and those commitments remain in effect during the subsequent period of 
extended operation. 

The design heat transfer capability of the ESW pump diesel coolers is greater than that 
required to remove design heat load. Specifically, to demonstrate the heat transfer 
capability of the ESW pump diesel engine, Periodic Tests are performed monthly on the 
ESW pump diesel engine, which requires manipulation of the service water throttle 
valve to adjust water temperature. Failure to achieve the temperature criteria with the 
service water throttle valve fully opened prompts a strainer change and cleaning of the 
previously inservice strainer basket. Normal heat loads and design tube side 
temperature differentials are insufficient to achieve accurate results in heat transfer 
performance testing. 

Maintenance of the gear oil cooler is performed routinely. 

BAI 82.1.15-1 

Background: 

SLRA Section B2. 1. 15 states that the Fire Protection program is consistent with GALL
SLR Report AMP XI.M26, "Fire Protection," with no exceptions or enhancements. 
GALL-SLR Report AMP XI. M26, "Fire Protection" states that the Fire Protection 
program manages the effects of loss of material and cracking for fire damper 
assemblies, among other components. The recommended description in GALL-SLR 
Report Table X/-01 states that the Fire Protection program requires periodic visual 
inspection of fire damper assemblies, among other components. GALL-SLR Report 
Item A-789 (SLRA Table 3.3-1, item 3.3.1-255) identifies the aging effects as ''[/Joss of 
material due to general, pitting, crevice corrosion; cracking due to SCC; hardening, loss 
of strength, shrinkage due to elastomer degradation." 

SLRA Section A1.15, "Fire Protection" and B2.1.15, «Fire Protection" both use the term 
"fire damper housing." The AMR items in Table 3.3.2-29, "Auxiliary Systems -
Ventilation - Aging Management Evaluation," that cite Table 3.3.1, Item 3.3.1-255 
identify only the "housing" as a component with aging effects requiring management. In 
addition, these items cite plant~specific note 3, which states: "[t]his row is applicable to 
fire dampers. Cracking, hardening and loss of strength, and shrinkage are not aging 
effects requiring management for steel fire dampers exposed to indoor air." 
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The term "fire damper assembly" includes both the frame and the damper as evidenced 
by the aging effects requiring management as cited in item A-789. For example, 
hardening and loss of strength would not be applicable aging effects if the intent of the 
GALL-SLR Report were to only manage aging effects associated with housings, which 
are typically constructed of steel materials. Whereas "fire damper housing" includes just 
the frame, as evidenced by plant-specific note No. 3. Plant-specific note 3 is not 
consistent with GALL~SLR Report item A-789. The SLRA lacks a basis for why aging 
effects will only be managed for the housing versus the damper assembly. 

Request: 

State the material of construction for the fire damper assemblies other than the housing 
that perform their intended isolation function in the closed position and the basis for why 
the aging effects cited in GALL-SLR Report Item A-789 are not applicable to portions of 
the fire damper assembly other than the housing. 

Dominion Response: 

Fire damper assemblies (both the housing and other portions that perform their 
intended isolation function in the closed position) are made of steel. Dominion will 
manage loss of material for fire damper assemblies (both the housing and other 
portions that perform their intended isolation function in the closed position) using the 
Fire Protection program (82.1.15). Other aging effects cited in NUREG-2191, Item A-
789 are not applicable to steel. 

SLRA Changes 

Based on the above, SLRA Tables 2.3.3-29 and 3.3.2-29 are supplemented, as shown 
in Enclosure 5, to include aging management of the ventilation system steel fire damper 
assembly for loss of material with the Fire Protection program (82.1.15). 

BAI 82.1.15-2 

Background: 

S~RA Section 82.1.15 states that the Fire Protection program is consistent with GALL
SLR Report AMP XI.M26, "Fire Protection, 11 with no exceptions or enhancements. The 
monitoring and trending program element GALL-SLR Report AMP XI.M26 recommends, 
in part, that results of inspections are trended to provide for timely detection of aging 
effects and, where identified degradation is projected until the next inspection. In 
addition, results are evaluated against acceptance criteria to confirm that the timing of 
subsequent inspections will maintain the components' intended functions. The 
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acceptance criteria program element in GALL-SLR Report AMP XI.M26 recommends 
specific acceptance criteria for indications of degradation on fire protection components. 
Examples include, no visual indications (outside those allowed by approved penetration 
seal configurations) of cracking, separation of seals from walls and components, 
separation of layers of material, or ruptures or punctures of seals and no significant 
indications of cracking and Joss of material of fire barrier walls, ceilings. The corrective 
actions program element in GALL-SLR Report AMP XI.M26 recommends that, the 
scope of inspection is expanded to include additional penetration seals in accordance 
with the plant's approved fire protection program should any sign of degradation be 
detected within the sample of inspected penetration seals. The program element also 
recommends adjusting inspection frequencies in the event that projected inspection 
results will not meet acceptance criteria prior to the next scheduled inspection. 

Issue: 

Based on the staff's review of plant-specific procedures associated with fire protection, 
the recommendations cited in the three program elements cited above are not included. 
SLRA Section B2. 1. 15 does not include enhancements to incorporate these 
recommendations. The SLRA does not include a basis for why these recommendations 
have not been addressed. 

Request: 

Identify the procedures that address the monitoring and trending, acceptance criteria, 
and corrective actions program elements as described in GALL Report AMP XI.M26 or 
state the basis as to why the Fire Protection Program is consistent with AMP XI.M26 as
is. 

Dominion Response: 

Monitoring and trending, acceptance criteria and corrective actions program elements of 
the Fire Protection program (B2.1.15) are addressed as follows: 

Monitoring and Trending 

Procedures will be enhanced to require an assessment for additional inspections to be 
conducted if one of the inspections does not meet acceptance criteria due to current or 
projected degradation. For sampling-based inspections, results are evaluated against 
acceptance criteria to confirm that the sampling bases (e.g., selection, size, frequency) 
will maintain the components' intended functions throughout the subsequent period of 
extended operation based on the projected rate and extent of degradation. 
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Station procedures verify the performance of and demonstrate operability of the carbon 
dioxide and halon systems every 18 months by confirming air flow is detected at system 
nozzles. Carbon dioxide and halon systems airflow testing procedures will be enhanced 
to trend air flow test data. 

Acceptance Criteria 

The Technical Requirements Manual (TRM) requires surveillance of approximately 20% 
of fire-rated barriers and fire-rated penetration seals to be confirmed functional by 
detailed inspection. The frequency of the surveillance is every twelve months such that 
100% of fire-rated barriers and fire-rated penetration seals are inspected every five 
years. Also, the TRM requires verification that fire doors and dampers are functional by 
inspection every 18 months. Further, fire barriers and penetration seals are required to 
be verified functional by detailed inspection following repairs or maintenance. 

Seals 
Acceptance criteria regarding cracking, spalling, and loss of material are met if the fire 
barrier or penetration seal does not appear to be compromised, materials are 
dimensionally intact, no light is visible through the penetration, and passage of air 
through the penetration is not detectable. There should be no gaps greater than 1/8 inch 
in the material covering a seal or evidence of rips, tears, or cracks. 

Damming Material Covering Seals 
The damming material covering seals is inspected for material rips, tears, or cracks. 
Also, gaps in material covering seal, missing anchor bolts, and holes other than small 
vents do not meet the acceptance criteria. 

Fire Barrier Walls, Ceilings and Floors 
Inspections of the integrity of fire barrier walls, ceilings, and floors check for evidence of 
spalling, cracks (other than hairline cracks), and loss of material. 

Dampers 
During fire damper operability testing, visual inspection is performed and any indication 
of loss of material is identified and evaluated. Procedures will be enhanced to require 
fire damper assemblies (rather than fire damper housings) to be visually inspected for 
loss of material and determined to be acceptable if there are no signs of degradation 
that could result in loss of fire protection capability due to loss of material. 

Doors 
Fire doors are verified to have no signs of breaks or open holes in the face of the door. 
The doors are verified to open fully, self-close and latch, and be clear of materials that 
could obstruct or interfere with the free operation of the door. 
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Periodic visual inspections of the surface conditions for the halon and CO2 fire 
suppression systems performed during air flow testing will be enhanced to specify that 
inspection results are acceptable if there are no indications of excessive loss of 
material. 

Corrective Actions 

Procedures will be enhanced to require if degradation is detected within the inspection 
sample of penetration seals, the scope of the inspection is expanded to include 
additional seals in accordance with the plant's Corrective Action Program. Additional 
inspections would be 20% of each applicable inspection sample; however, additional 
inspections would not exceed five. If any projected inspection results will not meet 
acceptance criteria prior to the next scheduled inspection, inspection frequencies are 
adjusted as detennined by the site's Corrective Action Program. 

SLRA Changes 

SLRA Section 82.1.15 and Table A4.0-1, Item 15 are supplemented, as shown in 
Enclosure 5, to add Enhancements 1 through 3. In addition, SLRA Table B2.1 is 
supplemented, as shown in Enclosure 5, to indicate that the Fire Protection program 
(82.1.15) requires enhancement. 

BAI 82.1.17-1 

Background: 

On April 24, 2019, NRC staff performed a walkdown of the emergency condensate 
storage tanks (ECSTs). During the walkdown, water was identified around one of the 
weep drainage holes for the Unit 2 ECST, whereas the remaining weep holes did not 
have any condensation present. Condition Reports 1121772 and 1121803 state that (a) 
a similar condition existed on the Unit 1 ECST; and (b) a sealant will be installed on the 
missile shield to prevent water intrusion which could cause external corrosion of the 
tank and potential damage to the external insulation. The condition reports also state 
that internal inspections of the Unit 1 and Unit 2 ECSTs were completed in 2013 and 
2017, respectively, and did not document any concerns regarding the external or 
internal condition of the tanks. The detection of aging effects program element in GALL
SLR AMP XI.M29, "Outdoor and Large Atmospheric Metallic Storage Tanks" states, in 
part, that "[i]f the exterior surface is not coated, visual inspections of the tank's surface 
are conducted within sufficient proximity to detect loss of material" and "[i]f the exterior 
surface of an outdoor tank or indoor tank exposed to condensation is insulated, 
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sufficient insulation is removed to determine the condition of the exterior surface of the 
tank. 11 SLRA Section B2. 1. 17 states an exception to conducting visual and volumetric 
examinations of the external surfaces of the ECSTs due to the concrete missile 
shielding and expansion joint filler foam surrounding the tank. The concrete missile 
shields do not allow visual examinations of the tank's external surfaces as 
recommended by AMP XI. M29. 

Issue: 

The duration of the presumably ongoing leakage through the missile shields is 
unknown. In addition, a review of station drawings indicated that the plug was located 
above the tank such that any leakage that managed to penetrate the external joint filler 
foam between the missile barrier and tank could potentially wet the external surface of 
the tank. Because the tanks are contained within a concrete missile barrier with 
insulation between, any leakage that penetrates to the surface of the tank could be 
retained for an extended period, potentially corroding the external surface of the tank. 
The summary of the inspections conducted in 2013 and 2017 lacks sufficient detail to 
justify why external corrosion has not occurred on the tanks as a result of the ongoing 
leakage. For example, an internal inspection will not detect external corrosion unless a 
volumetric wall thickness inspection was conducted. Because of this plant-specific 
operating experience, SLRA Section B2. 1. 17 lacks a sufficient basis to justify the 
exception to AMP XI. M29. 

Request: 

State the basis for tank integrity will be maintained throughout the SPEO despite the 
potential for condensation being retained on the surface of the tank and a lack of visual 
confirmation to prove otherwise. 

Dominion Response: 

Consistent with CR1121772 and CR1121803, flex seals will be installed and leak 
checked at the removable access plug on the concrete missile shield for the SPS Unit 1 
and Unit 2 ECSTs to prevent water leakage into the annular space between the steel 
tank and the concrete missile shield. The removable access plug is located on the 
outside diameter of each ECST such that there is the potential for water leakage to 
drain down the slope of the ECST steel roof and the vertical side of the tank closest to 
the removable access plug and be visible in one or more of the three weep holes at the 
base of the concrete missile shield vertically below the removable access plug. A 
leakage check of the removable access plug seal will be performed by inspecting the 
concrete missile shield weep holes vertically below the removable access plug after a 
rain shower to confirm the integrity of the removable access plug seal. 
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Enhancement #3 of the Outdoor and Large Atmospheric Metallic Storage Tanks 
program (B2.1.17) will be revised to require one-time thickness measurements of a 
sample of the ECSTs vertical wall prior to the subsequent period of extended operation 
to assess potential degradation in the unlikely event of leakage from the removable 
access plug. The sample will examine the ECST vertical steel shell region between the 
three weep holes at the tank bottom associated with removable access plug leakage 
and vertically from that tank bottom junction to a distance of six feet along the vertical 
shell at the tank as a region potentially most susceptible to degradation. The inspection 
results will be projected to the end of the subsequent period of extended operation to 
confirm the ECSTs intended functions will be maintained throughout the subsequent 
period of extended operation based on the projected rate of degradation. Any 
degradation not meeting acceptance criteria will require periodic 10-year thickness 
measurements and a sample expansion along the leakage path consistent with the 
observed degradation. For example, degradation not meeting the acceptance criteria 
along the junction of the vertical shell at the tank bottom shell will result in a sample 
expansion horizontally along the vertical shell and bottom shell junction. 

The Outdoor and Large Atmospheric Metallic Storage Tanks program {B2.1.17), 
following enhancement, as shown in the original SLRA submittal dated October 15, 
2018, will require periodic inspection of ECST weep holes for water 
leakage/condensation once each refueling cycle and corrective action taken if excessive 
leakage is observed. 

The activities described above will manage aging of the external steel surfaces of the 
SPS Unit 1 and Unit 2 emergency condensate storage tanks (ECSTs) throughout the 
subsequent period of extended operation. 

SLRA Changes 

SLRA Section 82.1.17 and Table A4.0-1, Item 17 are supplemented, as shown in 
Enclosure 5, to revise Exception #2 and Enhancement #3 to include the ECST 
thickness measurements described above. 

RAI B2.1.23-1 
Background 

SLRA Section B2.1.23, "External Surfaces Monitoring of Mechanical Components, 11 

states that after enhancements the existing program will be consistent with GALL-SLR 
Report XI.M36, «External surfaces Monitoring of Mechanical Components." During a 
review of plant--specific operating experience (CR~65668 - "Pipe Tunnel CC Pipe 
External Corrosion'?, the staff noted that loss of material had occurred on the outside 
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surface of the component cooling water (CC) system piping between the pipe and the 
pipe supports. During clarification discussions, the applicant explained that the general 
problem was identified as part of the initial license renewal · inspections and was 
addressed through the Infrequently Accessed Area Inspection Activities program. As 
documented in plant issue S-2002-1794-Et - "Turbine Building to Auxiliary Building 
Pipe Tunnel," inspection of concrete surfaces at the ends of the turbine/auxiliary
building tunnel revealed ground water in-leakage due to a defect in the tunnel structure. 
The inspections at that time identified standing water that created an environment 
conducive to degradation of steel components within the tunnel. Although the external 
environment in this area would typically be considered as uncontrolled indoor air, 
Design Change DC-SU-13-00008 - "CC Pipe Replacements" notes that due to their 
location near the floor in the turbine/auxiliary-building tunnel, the component cooling 
water pipes designated as 18-CC-229-121 and 18-CC-235-121 were subject to damp 
and wet conditions for a number of years, causing corrosion on the· outside surfaces of 
the pipes. DC-SU-13-00008 a/so notes that the replacement of pipe 18-CC-229-121 
was completed in 2015. 

The condition report from 2014 (CR565668) notes that wall thickness readings at a pipe 
support on 18-CC-229-121, which was not accessible until the associated section of 
piping was removed during scheduled replacement, showed isolated spots below 
minimum wall thickness. The condition report states that the overall compensatory 
measures for the similarly located pipe 18-CC-235-121, which includes yearly wall 
thickness measurements and quarterly walkdowns of the pipe in the pipe tunnel, should 
continue until the pipe is restored to maintain piping integrity. 

Issue 

As noted in SRP-SLR, Appendix A. 1.2.3.10, operating experience for existing programs, 
including corrective actions that result in program enhancements or additional 
programs, should be considered. The staff considers the corrective actions to perform 
the more frequent visual inspections to monitor the environmental conditions in the 
turbine/auxiliary-building tunnel and the pen'odic wall thickness measurements of the 
degraded piping as ongoing condition monitoring activities that manage the effects of 
aging. Although corrective actions have been initiated to resolve the cause of the 
degradation, the staff could not determine the overall extent and effectiveness of these 
actions, based on the documentation provided. In addition, the staff could not 
determine whether the ongoing aging management activities, which are beyond those 
specified in the External Surfaces Monitoring of Mechanical Components program, will 
continue to be performed into the subsequent period of extended operation. 
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Provide information discussing the actions taken and their overall effectiveness to 
address the adverse external environmental conditions in the turbine/auxiliary-building 
tunnel. Include a discussion whether other activities from the Infrequently Accessed 
Area Inspection Activities program identified comparable adverse environments that led 
to significant external corrosion. Also provide information regarding the need to 
continue the ongoing condition monitoring activities for pipe 18-CC-235-121 into the 
subsequent period of extended operation, such that a specific aging management 
review item would be needed to capture this activity in an aging management program. 

Dominion Response: 

Actions Taken to Address Adverse External Environmental Conditions 

Sections of blowdown and chilled water system piping in Turbine Building to Auxiliary 
Building pipe tunnel have been re-routed to allow easier personnel access to the tunnel. 
Following re-routing of the piping, moisture and debris were removed from the tunnel. 
Pipe 18-CC-229-121, one of two pipes noted with significant external corrosion, has 
been replaced. Additionally, a new sump pump has been installed in the Turbine 
Building to Auxiliary Building pipe tunnel sump. These correctiye actions have been 
effective in improving the Turbine Building to Auxiliary Building pipe tunnel access and 
environment. Dry, non-aggressive environmental conditions in the Turbine Building to 
Auxiliary Building pipe tunnel have been noted in walkdowns of the tunnel over the last 
several years. 

Other Activities From the Infrequently Accessed Area Inspection Program 

The one-time inspections of the other infrequently accessed areas have been 
completed, as documented in the UFSAR, Table 18-1, item number 9. The only area 
that required follow-up inspections was the Turbine Building to Auxiliary Building tunnel. 
No other inspections specified by the Infrequently Accessed Area Inspection Activities 
have identified comparable adverse environments that led to external corrosion 
requiring corrective actions. 

Ongoing Condition Monitoring Activities for Pipe 18-CC-235-121 

Quarterly walkdowns are performed to verify the Turbine Building to Auxiliary Building 
pipe tunnel remains dry. Yearly wall thickness measurements are being performed on 
pipe 18-CC-235-121 to trend the degradation until it is replaced. Trending of the yearly 
data for each of the measurement locations indicates that wall thicknesses have 
remained consistent from 2014 to 2018. Isolation valves are planned to be installed 
during the fall 2019 outage that will facilitate replacement of pipe 18-CC-235-121 while 
the units are online. Pipe 18-CC-235-121 will be replaced prior to the subsequent 
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period of extended operation. As previously indicated, corrective actions taken to date 
have greatly improved the environmental conditions in the Turbine Building to Auxiliary 
Building pipe tunnel and have allowed access for periodic walkdowns and inspections. 
After replacement of pipe 18-CC-235-121, system engineer walkdowns will manage 
aging of the pipe ext~rnal surfaces on a refueling outage frequency consistent with the 
External Surfaces Monitoring of Mechanical Components program (82.1.23). 

RAI 82.1.28-2 

Background: 

GALL-SLR AMP XI.M42, "Internal Coatings/Linings for In-Scope Piping, Piping 
Components, Heat Exchangers, and Tanks," provides recommendations, in part, for 
managing the aging effects of the underlying metallic pressure boundary material due to 
the loss of coating integrity. SLRA Section 82.1.11, "Open-Cycle Cooling Water 
System," states that the Internal Coatings/Linings for In-Scope Piping, Piping 
Components, Heat Exchangers, and Tanks program in Section 82.1.28 "will manage 
the aging effects of internal surface coatings including those of metallic surfaces coated 
with Carbon Fiber Reinforced Polymer [CFRP] that is used as a pressure boundary." 
SLRA Section 82.1.28 states that after enhancements, the program will be consistent 
with GALL-SLR AMP XI.M42. Regarding the CFRP lining, relief request (ADAMS 
Accession No. ML 16355A347 (proprietary)) associated with installation of the CFRP 
repair includes a reference to an American Society of Mechanical Engineers (ASME) 
Code Case "Repair of Class 2 and 3 Piping by Carbon Fiber Reinforced Polymer 
.Composite," and notes that it was "in development." The relief request also discusses 
the project team associated with the CFRP system application and identifies multiple 
team members who were "active members on the ASME Task Group developing the 
Code Case for Repair of Class 2 and 3 Piping by CFRP Composite." The NRC's 
associated Safety Evaluation (ADAMS Accession No. ML 17303A037 (proprietary)) 
clarifies that although, at that time, there were no available standards for CFRP repair of 
pipe, ASME Code Case N-871, "Repair of Buried Class 2 and 3 Piping Using Carbon 
Fiber Reinforced Polymer Composite," was under development. The staff notes that 
according to the NRC's above cited safety evaluation, the CFRP piping will be inspected 
over its service life in accordance with station procedures in compliance with Generic 
Letter (GL) 89-13, "Service Water System Problems Affecting Safety-Related 
Components, 11 to ensure the condition of the piping system is suitable for continued 
service. 
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SLRA Section B2. 1. 28, which credits the use of GALL-SLR AMP XI. M42 to manage the 
effects of aging for CFRP material that functions as the pressure boundary, appears to 
be beyond the conditions and operating experience of those for which the GALL-SLR 
AMP XI.M42 was evaluated. The staff notes that since the submittal of the relief 
request discussed above, the ASME code committees have approved Code Case N-
871. If the requested relieffor installation of the CFRP at Surry had occurred today, then 
the staff would consider the specific inservice inspection (ISi) requirements given in 
ASME Code Case N-871 as providing adequate actions for managing the effects of 
aging of CFRP during the subsequent period of extended operation. However, an 
alternate industry consensus document, other that ASME Code Case N-871, could be 
considered if appropriate technical bases are provided. In addition, based on the loads 
for which the CFRP system was designed, porlions of the 30-inch and 36-inch piping 
encased in concrete appear to be credited for continuing to provide anchorage to 
portions of the piping routed above ground: Consequently, information regarding the 
following staff observations is needed for the staff to complete its review: 

1. The acceptance criteria specified in the Internal Coatings/Linings for In-Scope 
Piping, Piping Components, Heat Exchangers, and Tanks program do not appear to 
be consistent with the acceptance criteria specified in Code Case N-871 for similar 
post-installation indications identified in the CFRP lining. 

2. The corrective actions specified in the Internal Coatings/Linings for In-Scope Piping, 
Piping Components, Heat Exchangers, and Tanks program, including potential 
alternative actions which allow return-to-service, do not appear to be consistent with 
the corrective actions specified in Code Case N-871 for similar post-installation 
defects identified in the CFRP lining. 

3. The periodic visual inspections of the CFRP, conducted either through the Internal 
Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and 
Tanks program or Generic Letter 89-13, do not appear to be consistent with the ISi 
visual examinations specified in Code Case N-871, regarding the type, extent, and 
frequency. 

4. . The training and qualification for individuals involved in coating/lining inspections 
specified in the Internal Coatings/Linings for In-Scope Piping, Piping Components, 
Heat Exchangers, and Tanks program do not appear to be consistent with the 
corresponding training and qualification requirements given in Code Case N-871, for 
personnel performing visual examinations and acoustic tap examinations. 

5. The optional adhesion testing discussed in the Internal Coatings/Linings for In
Scope Piping, Piping Components, Heat Exchangers, and Tanks program does not 
appear to be consistent with the Mandatory Appendix VI "Acoustic Tap Examination" 
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specified in Code Case N-871, Mandatory Appendix \I, "lnservice Inspection," for the 
accessible surfaces of the CFRP at each terminal end. 

6. The relief request for the CFRP repairs states that the design objective of the CFRP 
system is to provide the necessary strength to carry all design loads "even if the host 
steel pipes continue to degrade." However, piping anchor loads from the attached 
30-inch and 36-inch piping do not appear to have been included in the CFRP system 
design. Consequently, some portions of the 30-inch and 36-inch piping encased in 
concrete appear to be credited for continuing to provide anchorage to portions of the 
piping routed above ground, during the period of extended operation. Crediting 
portions of the piping encased in concrete as providing structural support does not 
appear to be consistent with the design objective of the CFRP system. In addition, 
existing aging management activities do not address how the continued degradation 
of the piping encased in concrete, which is being credited as an anchor, will ensure 
the structural capacity of the host steel piping will be maintained during the 
subsequent period of extended operation. 

Request: 

1. Provide the technical bases for applying the acceptance criteria, regarding the 
acceptability of blistering, cracking, and flaking, specified in the Internal 
Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and 
Tanks program that do not appear to be comparable to the acceptance criteria 
specified in Code Case N-871 for similar degradation (i.e., blistering, cracking and 
flaking). 

2. Provide the technical bases for applying the corrective actions, regarding return to 
service of coatings with indications of peeling and delamination, specified in the 
Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat 
Exchangers, and Tanks program that do not appear to be comparable to the 
corrective actions specified in Code Case N-871 for similar degradation. 

3. Provide information to show that the periodic visual inspections of the CFRP will be 
performed to comparable standards as the visual inspections specified in Code 
Case N-871, Mandatory Appendix V, "lnservice Examination" for visual inspections. 

4. Provide information to show that personnel performing visual inspections or other 
inspections specified in the Internal Coatings/Linings for In-Scope Piping, Piping 
Components, Heat Exchangers, and Tanks program will be qualified equivalent to 
the provisions of Code Case N-871, Subarticle 5400, "Qualification of Examination 
f)nd QC Inspection Personnel." 

5. Provide technical bases to show that the minimum bond length at the terminal ends 
of the CFRP does not need to be periodically verified to ensure it remains bonded to 
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the steel substrate equivalent to that specified in Code Case N-871, Mandatory 
Appendix VI, "Acoustic Tap Examination.,, 

6. For the portions of 30-inch and 36-inch pipes encased in concrete that are credited 
to function as anchors for the piping routed above ground, provide information to 
show that aging effects of the piping will be managed to ensure that the continued 
degradation of the piping has not caused the structural capacity of the host pipe to 
be exceeded. If the anchor points for the 30-inch and 36-inch piping routed above 
ground do not credit structural integrity of the piping encased in concrete, then 
provide the anchor loads induced by the piping routed above ground and show that 
the minimum bond lengths at the terminal ends are adequate to transfer these loads 
into the CFRP system. 

Dominion Response: 

Prior to the subsequent period of extended operation, the 96-inch circulating water 
outlet piping will be lined with carbon fiber reinforced polymer (CFRP). Separate design 
changes will install CFRP in the 96-inch circulating water inlet piping and the 30-, 36-, 
42-, and 48-inch service water piping from the circulating water system to the 
recirculation spray and supply for the component cooling heat exchangers. The CFRP 
design changes will be completed over the next several refueling outages. The CFRP 
lining will be used as the pressure boundary as approved by the NRG Safety Evaluation 
for relief from the ASME Code dated December 20, 2017 (ML 17303A037 (proprietary)). 

The Internal Coatings/Linings For In-Scope Piping, Piping Components, Heat 
Exchangers, and Tanks program (82.1.28) will manage the aging effects of internal 
surface coatings except those of metallic surfaces lined with CFRP that is used as a 
pressure boundary. After initial installation and an inspection period of four to six years 
following in-service operations, periodic visual inspections will be performed on 100% of 
the accessible CFRP lined surfaces on a ten year frequency consistent with ASME 
Code Case N-871 inspection requirements by the Open-Cycle Cooling Water System 
program (82.1.11 ). Following submittal of the SLRA, the ASM E code committees have 
approved ASME Code Case N-871. 

Response to RAI 62.1.28-2, Request 1: 

Program procedures will be revised to include the following CFRP defect inspection 
acceptance criteria for aging effects associated with air voids, bubbles, blisters, 
delaminations, and other defects {such as cracking and crazing). Inspections for foreign 
matter shall be performed consistent with Open-Cycle Cooling Water program (B2.1.11) 
flow blockage aging management requirements. 
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Air Voids (ASME Code Case N-871 section 4390 (b)(1), 4390 (b)(2), and 4390 (d)): 
For embedded air voids of area Jess than or equal to 25 square inches that have been 
visually detected in layers beneath the topcoat, they shall be repaired in accordance 
with the following requirements unless otherwise specified in the design documents. 

(1) Except at terminal ends, embedded voids smaller than 2 inches square do not 
require corrective action provided total void area is Jess than 1 % of the total 
laminate area and there are no more than 10 such voids per 1 O feet square. 

(2) At terminal ends, embedded voids with major dimension greater than 1 inch, 
and all other voids that may interfere with required examinations, shall be 
rejected and repaired. Total remaining void area shall be less than 0.5% of 
the total laminate area and there shall be no more than 5 voids per 1 O feet 
square. 

All other defects and all voids larger greater than 25 square inches shall be. rejected, 
and a repair designed to maintain water tightness of the system. 

Bubbles, blisters or other defects (ASME Code Case N-871 section 4390 (c)): 
If bubbles or blisters with major dimension exceeding 1 inch are detected anywhere 
within the protective epoxy topcoat, they shall be removed and repaired in accordance 
with ASME Code Case N-871 Section 4380(d. 

Delaminations or Voids (ASME Code Case N-871 section 5350 (a) and (b)): 
Unless permitted by design documents, acceptance criteria for acoustic tap examination 
of terminal ends shall consider the following. 

(1) Delaminations or voids detected as being within % inch of each other shall be 
considered as joined. Size and location of unacceptable delaminations or 
voids with major dimensions exceeding one inch shall be recorded prior to 
repair. 

(2) Any void or delamination detected as being within % inch of each other can 
be accepted if a technical basis is documented and provided by the design 
engineer in the examination record. 

Response to RAI 82.1.28-2, Request 2: 

Program procedures will be revised to include the following defect repair criteria as part 
of the corrective actions: 

For air void defects (ASME Code Case N-871 section 4390 (b)(3) and (b)(4)): 

(1) Rejected embedded voids shall have holes drilled (maximum % inch diameter) 
for filling and venting using a drill-stop to ensure additional layers beyond the 
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affected layer are not damaged and shall then be low-pressure injected with 
thickened epoxy. 

(2) If drill holes for injection and venting encroach upon the water-tightness layer, 
they shall be covered after injection with two layers of bidirectional CFRP 
centered over the drill holes. The first layer shall be installed at O degree / 90 
degree orientation to the pipe axis and shall cover a minimum of 6 inches on all 
sides of the drilled holes; the second layer shall be installed at ±45 degrees 
orientation to the pipe axis and cover all edges of the first layer. 
Compared to internal coating corrective actions, lining voids or delaminations 
exceeding acceptance criteria flaw dimensions noted in response #1 noted 
above require repair. Any void or delamination detected as being within % inch 
of each other can be accepted if a technical basis is documented and provided 
by the design engineer in the examination record. 

For bubbles, blisters or other surface defects (ASME Code Case N-871 section 
4380{d)): 

(1) Bubbles or blisters with major dimension exceeding one inch shall be removed 
and sanded, and the top coat material reapplied in accordance with the approved 
installation procedure. This corrective action for CFRP linings is comparable to 
peeling of coatings specified in the Internal Coating/Unings For In-Scope Piping, 
Piping Components, Heat Exchangers and Tanks program. Both corrective 
actions require removal and restoration of the defect. 

For all other defects and all voids larger than 25 square inches, a repair shall be 
designed to maintain water-tightness of the system (ASME Code Case N-871 section 
4390 (d)): 

(1) If a patch repair is required it shall contain at least an equivalent number of layers 
that the defect penetrates. The area to be repaired shall be ground to remove all 
defects and tapered to the adjacent surface. Final grinding shall be done with a 
new disk to ensure a proper surface for bonding. 

(2) Wet layup shall be used for patch repair. 
(3) Patches shall extend beyond the defect area in accordance with the development 

length specified in the approved installation procedure or design drawings. 
(4) Sides of the patches shall be tapered as specified in the design, not to exceed a 

slope of 1 :5. 

A final visual inspection shall be performed to verify the CFRP system has achieved the 
percentage of cure corresponding to achievement of required mechanical properties 



Serial No. 19-260 
Docket Nos. 50-280/281 

Enclosure 1 
Page 83 of86 

before placing the repaired piping back in service. In no case shall the system be 
placed in service before achieving 85% cure. 

Response to RAI 82.1.28-2, Request 3: 

Program procedures will be revised to require accessible CFRP linings be 100% 
visually examined consistent with ASME Code Case N-871 section Appendix V-2100 
during an inspection period between four and six years following return of the repaired 
area to service; and a minimum of once per 10 year inservice inspection interval 
thereafter in the same inspection period of each succeeding inspection interval. All 
areas previously documented shall be examined, measured, and compared with the 
previous inspection records. Any indications of flaw growth shall cause removal of the 
defective area and repair consistent with ASME Code Case N-871. Any new flawed 
areas shall be evaluated consistent with ASME Code Case N-871. 

Response to RAI 82.1.28-2, Request 4: 

Program procedures will be revised to require personnel who perform visual 
examinations and inspections of CFRP lined piping to be qualified VT~1 consistent with 
the requirements identified in IWA-2300 of ASME Code Section XI. Personnel who 
perform acoustic examinations of CFRP lined piping shall be qualified consistent with 
Mandatory Appendix VI of ASME Code Case N~871. In addition the following also 
applies for personnel performing visual examinations and QC inspections: 

• Equivalent training as required for CFRP applicators as described in ASME Code 
Case N-871 Mandatory Appendix II on the mixing and application of carbon fiber 
composites and epoxies including a written exam. 

• A minimum of 16 hours in-situ training and oversight by qualified inspection 
personnel with previous equivalent experience prior to performing examinations 
or inspections independently. 

• All training shall be documented on a qualification record 

Response to RAI 82.1.28-2, Request 5: 

Program procedures will be revised to require accessible surfaces of the CFRP lining at 
each terminal end to be acoustically impact tap examined consistent with the following: 

. • After installation of the final layer, the CFRP lining at each terminal end shall be 
acoustic tap examined on all accessible surfaces - but not less than 90% of the 
total surface area by qualified personnel capable of detecting and sizing 
delaminations and voids in any composite or bonding layer with dimensions of 1 
inch by 1 inch. 
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• Where exposed substrate pipe is accessible, the substrate beneath the CFRP 
laminate at terminal ends shall be ultrasonically (e.g., electromagnetic acoustic 
transducer (EMAT) technique) or electromagnetically measured to document 
steel substrate thickness and capable of detecting variation in thickness of the 
steel substrate wall thickness within .040 inch accuracy. 

During periodic inspections, the expansion rings need not be removed for this 
examination provided examinations of adjacent surfaces do not indicate the presence of 
new unacceptable indications that could extend beneath the rings. 

Response to RAI B2.1.28-2, Request 6: 

The CFRP internal liner of the "Steel with internal lining" piping provides a pressure 
boundary. The application of the CFRP liner isolates the internal surface of the steel 
piping from the system fluid, and eliminates the corrosive environment for the internal 
surface of the steel piping. As described above, the Open-Cycle Cooling Water System 
(B2.1.11) program will manage aging of the internal surface of the "Steel with internal 
lining" service water and circulating water system piping. The external surface of the 
"Steel with internal lining" piping in indoor air is managed by the External Surfaces 
Monitoring of Mechanical Components program (82.1.23). The external surface of the 
service water system "Steel with internal lining" piping embedded in concrete (that exits 
the building into soil and may be exposed to groundwater) is managed by the Buried 
and Underground Piping and Tanks program (82.1. 27). The external surface of the 
circulating water system "Steel with internal lining" piping embedded in concrete (and 
not exposed to soil on either side) does not have aging effects requiring management. 
Management of the internal and external surfaces of the "Steel with internal lining" 
piping assembly {both steel and carbon fiber reinforced piping) ensures that the piping 
will remain structurally sound and able to carry the anchor forces applied to the external 
steel surface of the piping. The NRC Safety Evaluation for relief from the ASME Code, 
dated December 20, 2017, (ML 17303A037 (proprietary)) determined that the CFRP 
system is designed to have the necessary strength, reliability, and durability to support 
the design loads without considering the host pipe. The Surry design is consistent with 
the general design requirements in ASME Code Case N-871 that indicate the host pipe 
shall not be credited for providing structural contribution except for specified thickness 
and lengths at end terminations. 

SLRA Chagges. 

SLRA Sections B2.1.11, B2.1.28, A1.11, 3.3.2.2.7, Table 3.3.2-4, Table 3.3.2-5, Table 
3.3.1 and Table A4.0-1, Item #11 are supplemented, as shown in Enclosure 5, to 
include the changes described above. 
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Dominion addressed the age-related degradation of loss of material and change in 
material properties for wooden power poles by including a plant-specific enhancement 
to the "detection of aging effects" program element of the Structures Monitoring 
Program (SLRA Section 82.1.34) to ensure that wooden power poles are inspected on 
a 10-year frequency. By letter dated April 2, 2019, Dominion stated that this 
enhancement follows the EPRI 1010654, "Evaluation of Wood Pole Condition 
Assessment Tools," recommendations for inspection cycles as described in the "Wood 
Pole Assessment Practices" section. SRP-SLR Section A.1.2.3.4 recommends that the 
discussion for the "detection of aging effects" program element should provide, in part, 
justification, including codes and standards referenced, to demonstrate that the 
technique and frequency are adequate to detect the aging effects before a Joss of 
intended function. 

Issue: 

The staff notes that the referenced EPRI document describes the ten- to fifteen-year 
inspection cycle as what is typically performed in North America, but it does not provide 
a technical bases or justification for the use of such reference as a standard. Thus, it is 
not clear how the vulnerability of poles to decay, based on the wooden pole locations, 
were considered for the proposed inspection frequency. Additional justification is 
needed to demonstrate the adequacy of the proposed 10-year inspection frequency for 
wooden poles to ensure that the aging effects can be detected before a loss of intended 
function. 

Request: 

Provide justification that would demonstrate, pursuant to 10 CFR 54.21(a)(3), that the 
proposed inspection frequency for wooden poles will be adequate to detect the 
associated aging effects before a loss of intended function. 

Dominion Response: 

There are fourteen wooden poles on the 34.5 kV recovery paths from the switchyard to 
reserve station service transformers A and B that are included in the scope of SLR. The 
wooden poles were manufactured in 1981 or later from southern pine and pressure 
treated with chromated copper arsenate (CCA). 

The USDA Forest Service's Forest Products Laboratory established a study of wooden 
post purability in 1964. The study examined southern pine posts treated with several 
different preservatives, including CCA. The conditions at the study site, in southern 
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Mississippi (American Wood Protection Association Deterioration Zone 5), presented a 
severe decay and termite biodeterioration hazard; therefore, long-term durability at this 
location indicates the potential for similar or even greater durability at SPS (American 
Wood Protection Association Deterioration Zone 4). The condition of each wooden post 
was evaluated at 1- to 2-year intervals from 1965 to 1990, and again in 2014. At each 
inspection, the wooden posts were subjected to a load applied to the top of the wooden 
post and were classified as "passing" or "failing". 

This fifty-year study of 125 CCA-treated southern pine posts resulted in no failures. 
Other studies also concluded that CCA-treated wooden posts are highly durable. There 
were no observed failures in another set of 91 CCA-treated southern pine wooden posts 
exposed for 35 years at the same location. In a study conducted near Petawawa, 
Ontario, no failures occurred after 57 years for CCA-treated southern pine wooden 
posts. 

Considering the fifty-year durability evaluation of CCA-treated southern pine poles in a 
more severe environment, a 10-year inspection period, as reflected in the Structures 
Monitoring program (82.1.34), for CCA treated southern pine poles at SPS is 
appropriate to provide reasonable assurance that aging will be managed so that the 
intended function of the wooden poles is maintained throughout the subsequent period 
of extended operation. 
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NON-PROPRIETARY RESPONSE TO RAls 4.7.3-7 and B2.1.6-2 
SET 2 REGARDING SPS SLRA 

SLRA Section 4. 7.3 addresses a TLAA on leak-before break (LBB) for the reactor 
coolant system (RCS) primary loop. Dominion (applicant) indicated that the LBB 
analysis for 80 years of operation is documented in WCAP-15550, Revision 2. WCAP-
15550, Revision 2 identifies three elbow locations (locations 3, 6 and 15) as critical 
locations in the LBB analysis. 

Issue: 

WCAP-15550, Revision O (August 2000) is the basis document for the 60-year LBB 
analysis of the Surry plant, as indicated in Section IV.1.B.vil.2 of the Surry power uprate 
application dated January 27, 2010. WCAP-15550, Revision O indicates that location 4 
is one of the critical elbow locations for the 60-year LBB analysis. In contrast, WCAP-
15550, Revision 2 indicates that location 3 is one of the critical elbow locations instead 
of location 4. 

Request: 

Provide the basis for the change to the critical elbow location from location 4 (WCAP-
15550, Revision 0) to location 3 (WCAP-15550, Revision 2) to confirm that location 3 is 
the highest stressed elbow location for the hot leg. 

Dominion Response: 

The basis for determining the critical {governing locations) is provided in Section 5 of 
WCAP-15550, 'Technical Justification for Eliminating Large Primary Loop Pipe Rupture 
as the Structural Design Basis for Units 1 and 2 Nuclear Power Plants for the 
Subsequent License Renewal Program {80 Years) Leak-Before-Break Evaluation." The 
critical locations are determined · based on the faulted stresses (Table 3-2 of 
WCAP-15550, Revision O and Revision 2) and the material properties. The change in 
the critical location in the different revisions of WCAP-15550 is due to the updates and 
refinements in the stresses (i.e. deadweight, thermal expansion, and safe shutdown 
earthquake seismic loadings} over time. 

Since the elbows are made of cast materials, the critical location for the elbows in the 
hot leg in WCAP-15550, Revision 0, is based on the highest faulted stressed location 
(Table 3-2), which is at weld Location 4. In Revisions 1 and 2 of the WCAP-15550, the 
faulted stresses were higher at Location 3 (see Table 3-2); as a result, the critical 
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location was conservatively set to Location 3 for the hot leg. The changes to the faulted 
stresses for the LBB analysis are attributed to historical updates of the piping analysis 
model made after the publication of WCAP-15550, Revision 0. 

[ 

]8.c.e Revisions 1 and 2 of WCAP-15550 updated the LBB piping 
loads to account for all the above items. 

As a result, the LBB stresses in Revisions 1 and 2 of WCAP-15550 are based on the 
most accurate and latest piping loads for deadweight, thermal expansion, and seismic. 
The updates to these loadings resulted in changes to the faulted stresses, which 
redefined the critical (governing) location for LBB in the hot leg from Location 4 
(WCAP-15550, Revision 0) to Location 3 (WCAP-15550, Revisions 1 and 2}. 
Regardless of when the piping loads were updated, there were always sufficient stability 
margins available for both elastic plastic fracture mechanics and limit loads results (see 
WCAP-15550, Table 7-1 and Table 7-2) at either Location 3 or Location 4. Thus, the 
LBB margins and conclusions for the main coolant loop at Units 1 and 2 were always 
maintained over the lifetime of the plant. 

In conclusion, the change in the critical location in WCAP-15550 from Location 4 
(WCAP-15550, Revision 0) to Location 3 (WCAP-15550, Revision 1 and Revision 2) is 
due to the updates and refinements in the deadweight, thermal expansion, and safe 
shutdown earthquake seismic loadings. The changes in the LBB loadings resulted from 

r 
Location 3) in the hot leg piping. 

RAI B2.1.6-2 
Background: 

is,c,e to determine the LBB critical location (i.e. 

CASS with greater than 20% ferrite is subject to a greater degree of thermal 
embrittlement and thus lower fracture toughness. The staff noted that the applicant is 
applying the limit load methodology modified with Z-factors. The staff requests that the 
applicant take into account the following items (i) and (ii), while addressing the 
applicability of the limit load methodology for CASS with greater than 20% ferrite. 
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1. On page 70, in Chapter 4 of NUREGICR-4513, Revision 2, item (c) states that "For 
CASS materials, adequate toughness for the pipe to reach limit load after aging shall 
be demonstrated." The staff requests that the applicant demonstrate that after aging 
of CASS with greater than 20% ferrite will have adequate toughness such that limit 
load methodology is applicable. Confirm that the Z factor used for the limit load 
analysis will be conservative compared with a full elastic-plastic analysis. 

2. The flowchart for evaluating austenitic piping in Figure C-4210-1 of Appendix C of 
Section XI of the ASME Code indicates that the evaluation criteria for CASS with 
delta ferrite content greater than 20% is "in the course of preparation." Furthermore, 
the acceptance criteria (Element 6) in Xl.M12 of the GALL-SLR Report states that 
evaluation of CASS piping containing delta ferrite greater than 20% "must be 
approved by the NRG staff on a case-by-case basis." The staff noted that the 
applicant applied the Z-factor methodology for CASS piping with delta ferrite greater 
20% in C-6000 of Appendix C of Section XI of the ASME Code, even though C-6000 
can only be applied to wrought austenitic steels and CASS with Jess than 20% ferrite 
(per Figure C-4210-1). 

Request: 

1. Provide justification for the value of the Z factor in the limit load methodology and 
how that relates to the lower bound fracture toughness value in CASS piping/elbows 
at Surry Units 1 and 2. 

2. The staff will be using the following documents to make a safety determination for 
the subject AMP. Therefore, the staff requests that the applicant submit these 
documents officially. The documents are: (1) WCAP-18258, Flaw Evaluation for 
Susceptible Reactor Coolant Loop Cast Austenitic Stainless Steel (CASS)," (2) "In
house audit response-NRG Audit for SPS'S SLR Information for TRP 12 CASS 3 4 
19 Tomes." 

Dominion Response: 

Dominion Response to RAI 82.1.6-2, Request 1: 

The NRG provided guidance to the industry in a letter from Christopher I. Grimes to 
Douglas J. Walters, Nuclear Energy Institute, License Renewal lssu~ No. 98-0030, 
"Thermal Aging Embrittlement of Cast Stainless Steel Components," [ML003717179], 
May 19, 2000," and NUREG-1801, "Generic Aging Lessons Learned (GALL) Report," 
Revision 2 for flaw tolerance evaluation for aging management of CASS piping 
components, which permitted the use of flaw evaluation procedures with Z-factors for 
SAW (submerged arc welds) currently in ASME Code, Section XI for application to cast 



Serial No. 19-260 
Docket Nos. 50-280/281 

Enclosure 3 
Page 5 of 13 

austenitic stainless steel {CASS) piping with delta ferrite content up to 25%. The 
aforementioned letter and NUREG-1801 specifically stated that: 

Flaw tolerance evaluation for components with ferrite content up to 25% is 
performed according to the principles associated with ASME Code, Section XI, 
IWB-3640 procedures for SAWs, disregarding the ASME Code restriction of 20% 
ferrite. Extensive research data indicates that the lower-bound fracture 
toughness of thermally aged CASS materials with up to 25% ferrite is similar to 
that for SAWs with up to 20% ferrite (Lee, S., Kuo, P. T., Wichman, K., and 
Chopra, 0., Flaw Evaluation of Thermally-Aged Cast Stainless Steel in Light
Water Reactor Applications, Int. J. Pres. Vessel and Piping, pp 37-44, 1997). 

For subsequent license renewal, guidance for CASS flaw tolerance evaluation in 
NUREG-2191, the methodology described above is still discussed for screening of 
thermal aging susceptibility based on delta ferrite. However, the discussion on flaw 
tolerance evaluation per ASME Code, Section XI is set to delta ferrite levels up to 20%. 
Therefore, the Staff is requesting clarification for the use of SAW 2-factors with limit 
load methodology based on Appendix C of ASME Code, Section XI for CASS piping 
components with delta ferrite larger than 20%. 

The justification for the use of SAW Z-factor with the limit load methodology from ASME 
Code, Section XI, Appendix C, with delta ferrite levels greater than 20%, as performed 
in WCAP-18258-P, Revision 1, "Flaw Tolerance Evaluation for Susceptible Reactor 
Coolant Loop Cast Austenitic Stainless Steel Elbow Components for Surry Units 1 and 
2," April 2019, can be made based on two different ASME Code approved guidance 
documents, Code Case N-838, "Flaw Tolerance Evaluation of Cast Austenitic Stainless 
Steel Piping," August 3, 2015, and the 2019 ASME Code, Section XI updates (ASME 
Boiler and Pressure Vessel Code, Section XI, "Rules for lnservice Inspection of Nuclear 
Power Plant Components," 2019 Edition, Expected publication July 1, 2019; ASME 
Codes and Standards (C&S Connect), Record# 16-2757, "Code Change (in the 
WGPFE) for Flaw Evaluation.of CASS Piping," Record Established: 11/09/2016, Project 
Manager: Timothy Griesbach. ASME Working Group on Pipe Flaw Evaluation; and 
Proceedings of the ASME 2017 Pressure Vessels and Piping Conference, PVP2017-
66100, "Technical Basis for Flaw Acceptance Criteria for Cast Austenitic Stainless Steel 
Piping," July 16-20, 2017. Authors: D.J. Shim, N.G. Cofie, D. Dedhia, D. 0. Harris, T.J. 
Griesbach, K. Amberge). These ASME Code approved guidance documents, which 
have also been reviewed by the NRC Staff, are discussed below. 
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The first ASME Code approved guidance for flaw tolerance evaluation of CASS piping 
components with delta ferrite greater than 20% for use with license renewal 
commitments is in Code Case N-838. Code Case N-838 has been approved by the 
Staff in the Federal Register, "Approval of ASME Code Cases," Volume 83, No. 159, 
August 16, 2018. The Federal Register is out for public comments as proposed rules for 
ASME Code Cases, which will be incorporated into Regulatory Guide 1.147, "lnservice 
Inspection Code Case Acceptability, ASME Code, Section XI, Division 1," Proposed 
Revision 19 (DG-1342) (ML Accession No. ML18114A225). The NRC Rulemaking for 
Regulatory Guide 1.147, Revision 19 is targeted for November 2019. The NRC 
condition for Code Case N-838 in Federal Register, Volume 83, No. 159, and 
Regulatory Guide 1.147 is that the flaw tolerance guidance be used for CASS 
components with delta ferrite no greater than 25%. [ 

rc,e 

The main purpose of Code Case N-838 is to help utilities perform flaw tolerance 
evaluation for CASS components with delta ferrite greater than 20%, knowing that the 
2017 Edition of ASME Code, Section XI, Appendix C (Figure C-4210-1) flaw evaluation 
guidance is limited to CASS materials with delta ferrite up to 20%. Code Case N-838 
methodology is applicable to Class 1 and 2 piping components operating between 
500°F to 662°F for SA-351 static or centrifugal components composed of Grades CF3, 
CF3A, CF3M, CF8, CF8A and CFBM with delta ferrite values exceeding 20%. [ 

J8'c,e Per Code Case N-838, the delta ferrite is 
calculated per the Hull's equivalent factors. WCAP-18258-P calculates the delta ferrite 
for Surry specific elbows per the Hull's equivalent factors, as well, based on 
NUREG/CR-4513, Revision 2. The flaw tolerance guidance in Code Case N-838 is to 
postulate an axial and circumferential surface flaw with size of one-quarter thickness 
(1 /4T) with a length 6 times its depth. Per the code case, it should be demonstrated that 
the final flaw size after crack growth for the above mentioned postulated flaw size 
should be less than maximum tolerable flaw depths shown in the Code Case N-838 
tables. 

Therefore, a flaw tolerance evaluation based on Code Case N-838 was performed as a 
supplement to the evaluation in WCAP-18258-P to demonstrate that for subsequent 
license renewal application, [ 

rc,e therefore, the flaw 
evaluation per Code Case N-838 is performed for only those susceptible locations. 
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As part of the Code Case N-838 evaluation, a 1/4T surface flaw with aspect ratio (AR = 
flaw length / flaw depth) of 6:1, oriented in both the axial and circumferential direction 
was postulated at the welds adjacent to the CASS elbows. A fatigue crack growth 
analysis is performed to determine the final flaw size (atft) after 80 years of growth. The 
final flaw size was compared to the maximum tolerable flaw depths determined in Code 
Case N-838 Tables 1, 2 and 3 for a postulated circumferential flaw and Table 4 for a 
postulated axial flaw. The final flaw size after 80 years of growth remains below the 
maximum tolerable flaw size in Tables 1 through 4 of Code Case N-838. The flaw 
tolerance results for Surry based on the guidance of the Code Case N-838 are shown in 
Table 1 below. Therefore, the Surry CASS piping with delta ferrite greater than 20% 
have shown flaw tolerance for the subsequent license renewal period based on an 
ASME approved Code Case Nw838. It is our understanding that this code case has 
been reviewed and will be approved shortly by the NRG Staff before the end of 2019. 
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-
Table 1: Flaw Tolerance Evaluation per Code Case N-838 for Axial and 

Circumferential Postulated Flaws at Surry Unit 1 Hot and Crossover Leg -

- -
2019 ASME Code, Section XI Updates for Appendix C 

The justification for the use of SAW Z-factor with the limit load methodology from ASME 
Code, Section XI, Appendix C for CASS piping components with delta ferrite levels 
greater than 20% (as performed in WCAP-18258-P) can be made based on the 2019 
Edition ASME Code, Section XI updates. 

There are no flaw evaluation guidelines for CASS piping with delta ferrite content equal 
to or greater than 20% (as shown in Figure C-4210-1 of Appendix C) up to the current 
2017 Edition of ASME Code, Section XI Appendix C. Over the last three years, the 
ASME Code Working Group on Pipe Flaw Evaluation had been developing a basis to 
update Appendix C and Figure C-4210-1 to provide guidance for CASS materials with 
different levels of delta ferrite content. The 2019 Edition of the ASME Code, which is 
scheduled to be published in July 2019, has updated Appendix C and Figure C-4210-1 
(see Figure 1 herein) for use of limit load with SAW Z-factors for delta ferrite levels 
greater than 14% but less than or equal to 25%. For ferrite levels below 14%, limit load 
is sufficient with no use of Z-factors, while for ferrite levels greater than 25%, the flaw 

a,c,e 
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acceptance criteria for ferritlc steel Category 2 welds as provided in Appendix C-6000 
can be used. 

The background technical basis for the updates to Appendix C in the 2019 Edition of 
Section XI for CASS piping flaw evaluation as related to delta ferrite content is provided 
in ASME C & S Connect Record #16-2757 and ASME PVP2017-66100. The technical 
changes to the 2019 Edition of Section XI Appendix C were developed in the ASME 
Working Group on Pipe Flaw Evaluation. Throughout the ASME review process, several 
NRC staff members have provided comments and suggestions to improve the technical 
basis of the Appendix C changes. The technical changes to the 2019 Edition of 
Section XI passed through the ASME Board without any negative votes, which included 
voting by NRC Staff members who are on the Section XI Standards Committee. Thus, a 
detailed review of the changes to 2019 Edition of ASME Code, Section XI, Appendix C 
was performed by the NRC; as a result, the use of SAW Z-factors with limit load 
methodology for CASS material with delta ferrite between 14% and 25% is an 
acceptable methodology. 

Based on PVP2017-66100, which forms the technical basis for the 2019 Edition of 
ASME Section XI Appendix C changes, two data plots can be used to the summarize 
the background of the methodology updates. Figures 10 and 11 from PVP2017-66100 
(shown in Figure 2 herein) compares the normalized Z-factor to flow strength as a 
function of nominal pipe sizes for Grade CFBM and CF3/CF8 CASS materials. For the 
development of the technical basis in PVP2017-66100, normalized Z-factor is used 
because the experimental data had varying degrees of flow stress; therefore, a more 
accurate comparison of the normalized Z-factor is employed in the PVP paper. Also 
shown in Figures 10 and 11 of PVP2017-66100 are the Z-factors for wrought stainless 
steel {base metal), Submerged Arc Weld (SAW) / Shielded Metal Arc Weld (SMAW) 
and the ferritic steel Category 2 piping material in ASME Code, Section XI. 

Based on Figure 10 of PVP2017-66100 for Grade CF8M, it is demonstrated that the 
normalized Z-factor for the two data points which falls between o and 14% ferrite 
content (Heat IDs AA1 and AA2, see PVP2017-66100) are very close to the wrought 
stainless steel, thereby confirming that Grade CFBM CASS in this delta ferrite content 
range can be treated as wrought stainless steel. The seven data points between 14% 
and 25% (Heat IDs D, Pipe, 74, 75C, 75T, 205 and 4133) all have normalized Z-factors 
that are less than the corresponding normalized Z-factors for the SAW/SMAW material, 
thereby justifying the conservative use of the Z-factor for the SAW/SMAW material for 
Grade CF8M CASS piping with delta ferrite content in the 14% to 25% range. It can also 
be seen that the remaining six data points (Heat IDs A, C, E, 1 ELB, 2/3ELB and 3296) 
with delta ferrite contents greater than 25% have normalized Z-factors that are below 
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that of the ferritic Category 2 weld and hence the use of the ferritic Category 2 welds Z
factors for Grade CFBM CASS piping in this delta ferrite content range is conservative. 

For Grades CF3/CF8, it can be seen from Figure 11 of PVP2017-66100 that normalized 
Zwfactors for the two data points with ferrite content less than 14% (Heat P2 and F) are 
very close to that of the wrought base metal which indicates that delta ferrite content in 
this range can also be treated as the wrought base metal. All other heats with delta 
ferrite content greater than 14% have normalized Z-factors which are fairly above that 
for the wrought base metal but less than that for the SAW/SMAW and, as such, it is 
conservative to use the criteria for the SAW/SMAW presently in the ASME Code for 
these CASS Grades for delta ferrite content greater than 14%. 

Therefore, the conclusion of PVP2017-66100, which was incorporated into the 2019 
Edition of ASME Code, Section XI, Appendix C, was: 

For Grade CF3/CF8 or equivalent CASS piping: 

• For ferrite contents 14%, use the flaw acceptance criteria for wrought stainless 
steel provided in ASME Code Section XI, Appendix C, Subsection C-5000 (limit 
load, with no Z-factors). 

• For ferrite content > 14%, use the flaw acceptance criteria for SAW/SMAW 
stainless steel welds provided in ASME Code Section XI. Appendix C, 
Subsection C- 6000 (limit load with Z-factar per SAW/SMAW). 

For Grade CFBM or equivalent CASS piping: 

• For ferrite content :s 14%, use the flaw acceptance criteria for wrought stainless 
steel provided in ASME Cade, Section XI, Appendix C, Subsection C-5000 (limit 
load, with no Z-factors). 

• For 14% < ferrite content :S 25%, use the flaw acceptance criteria for 
SAW/SMAW stainless steel welds provided in ASME Code, Section XI, 
Appendix C, Subsection C- 6000 (limit load with Z-factor per SAW/SMAW). 

• For ferrite content > 25%, use the flaw acceptance criteria for ferritic steel 
Category 2 welds provided in ASME Code, Section XI, Appendix C, Subsection 
C-6000 (limit load with ZMfactors for ferritic steel Category 2 welds). 

In conclusion, [ 
]a,c,e the flaw evaluation per limit load methodology 

with ZMfactors based on SAW per ASME Code, Section XI Appendix C is acceptable as 
the latest 2019 Edition has updated Figure C-4210-1 and the guidance for CASS piping 
with delta ferrite greater than 20%. 
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Thus, two separate ASME approved and NRC reviewed methodologies are provided 
(Code Case N-838 and 2019 Edition of ASME), which demonstrate acceptability of 
Units 1 and 2 CASS piping for those materials that have delta ferrite values larger than 
20% [ rc,e As a result, the CASS piping/elbows in the main loop 
piping demonstrates sufficient fracture toughness and flaw tolerance for operation up to 
80 years. 

(191 

Figure 1: 2019 Edition ASME Section XI Figure C-4210-1 

Figure C-4210-1 
Flowchart for Selecting Anal,ysis Method for Austenitic Piping 
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Figure 2: PVP2017-66100, Figures 10and 11 
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The text from "In-house audit response-NRG Audit for SPS's SLR Information for TRP 
12 CASS 3 4 19 Tomes" is provided in Enclosure 6. Proprietary and Non-proprietary 
versions of WCAP-18258, "Flaw Tolerance Evaluation for Susceptible Reactor Coolant 
Loop Cast Austenitic Stainless Steel Elbow Components for Surry Units 1 and 2" are 
provided in Enclosures 7 and 8, respectively. 
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Table 2.3.3-29 Ventilation 

Component Type 

Damper housing 

Drip pan 

Ducting 

Fan housing 

Filter housing 

Fire damper fAe1::1siA13)assembl:t 

Flexible connection 

Flexible hose (Appendix R temporary 
ducting) 

Heat exchanger (central chilled water 
condenser - shell) 

Heat exchanger ( central chilled water 
evaporator - shell) 

Heat exchanger (control room chilled 
water condenser - channef) 

Heat exchanger ( control room chilled 
water condenser - shelf) 

Heat exchanger (control room chilled 
water condenser - tube) 

Heat exchanger (control room chilled 
water condenser - tubesheet) 

Heat exchanger (control room chilled 
water evaporator - channel) 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Mechanical Systems 

Intended Function(s) 

Pressure Boundary, Structural Integrity 
(Attached) 

Leakage Boundary (Spatial) 

Fire Barrier, Pressure Boundary, 
Structural Integrity (Attached) 

Pressure Boundary, Structural Integrity 
(Attached) 

Pressure Boundary, Structural Integrity 
(Attached) 

Fire Barrier, Pressure Boundary 

Pressure Boundary 

Pressure Boundary 

Leakage Boundary (Spatial) 

Leakage Boundary (Spatial) 

Pressure Boundary 

Pressure Boundary 

Heat Transfer, Pressure Boundary 

Pressure Boundary 

Pressure Boundary 
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Table 3.1.1 Summary of Aging Management Programs for Reactor Vessel, Internals, and Reactor Coolant System Evaluated in 
Chapter IV of the GALL-SLR Report 

Item 
Component 

Number 

3.1.1-127 Steel (with stainless steel or 
nickel alloy cladding) steam 
generator heads and 
tubesheets exposed to 
reactor coolant 

........ 
3.1.1-128 Stainless sleel, nickel alloy 

nozzles safe ends and 
welds; high pressure core 
spray; low pressure core 
spray; recirculating water, 
low pressure coolant 
injection or RHR injection 
mode exposed to reactor 
coolant 

3.1.1-129 Steel and stainless steel 
piping, piping components 
exposed to reactor coolant: 
welded connections 
between the re-routed 
control rod drive return line 
and the inlet piping system 
that delivers return line flow 
to the reactor pressure 
vessel exposed to reactor 
coolant 

- ·-.. ·--
3.1.1-133 Steel components exposed 

to treated water 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging 
Effect/Mechanism 

Loss of material due 
to boric acid corrosion 

.~ .. -· 
Cracking due to sec, 
IGSCC 

' 

=······· 
Cracking due to cyclic 
loading 

Long-term loss of 
material due to 
general corrosion 

Aging Management Further Evaluation 
Program RecommeRded 

AMP Xl.M2, Water No 
Chemistry, and AMP XI.M19, 
Steam Generators 

-- -· 
AMP XI.M7, BWR Stress No 
Corrosion Cracking, and 
AMP XI.M2, Water Chemistry 

I 

AMP XI.M1, ASME No 
Section XI lnservice 
Inspection, Subsections IWB, 
IWC, and IWD 

___ ,,,, __ 

AMP XI.M32, One-Time No 
Inspection 

Page 3-77 

j 

-..... 

Discussion 

Consistent with NUREG-2191 with exceptions. and wjth 
a diffgr1;1ot grggCJ;!m fQC !;\Ql]l;l @mi:JQD!i!!llll- Exceptions 
apply to the NUREG-2191 recommendations for Water 
Chemistry (82.1.2) program implementation. TheASME 
Sec!iQD XI ln§eLl!iS.i !nsQ§g!on, §Ybli~CljQns IWB, IYM.Q 
e!lQ IWD {BZ, l ,j) tl[Q9!ll!ll ~ill !!l!.i!lege lg§§ gf me!@ria! gf 
1!:lfl §tee! Jtiittl stainll;l!.\~ ~I i.lagging ste11m 9~fl£at2£ 
Q!i!:!ls!l'i io!ru slDQ gytle! no~!~ ~!!Ql:i!::d lQ ree!;!Qr 
~ 

...... ·-
Not applicable - BWR only. 

Not applicable BWRonly. 

Not applicable - BWR only. 
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I 
I 

Table 3.1.2-4 Reactor Vessel, Internals, and Reactor Coolant System - Steam Generator - Aging Management Evaluation 

I Intended 
Subcomponent Function(s) Material 

Anti-vibration bar ss Nickel alloy 

Channel head PB Steel with 

(and cladding) stainless 
steel 

cladding 

--
Channel head FD Nickel alloy 

divider plate 

,._, 

Feedwater inlet PB Steel 

nozzle 

-····--
Feedwater inlet LTC Stainless 

nozzle thermal steel 

sleeve 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Environment 

tt:J Treated water 
>60"C (> 140°F} 

(E) Air- indoor 
uncontrolled 

,-·(E.} Air with borated 

water leakage 

{I) Reactor coolant 

(E} Reactor coolant 

(E) Air with borated 

water leakage 
:...,___...., ____ . 

(I) Treated water 

(I) Treated waler 

>so·c (>140°F} 

Aging Effect Requiring 
Aging Management Programs 

Management 

Cracking steam Generators (82.1.1 O) 

Water Chemistry (82.1.2) 
... 

Loss of material Steam Generators {B2.1. 1 0) 

Water Chemistry 1.2) 

Steam Generators (82.1.10) 

Loss of ma!~rial External Surfaces Monitoring of Mechanical 
Components (82.1.23) 
- -· Loss of material Boric Acid Corrosion (82.1.4) 

-...... . .. 
Cracking si~1ro Q~ri~rii!timz !122,UQl 

Y'!la~r Qh§ri;l:!10! !Bi,:1-Zl 
....... 

.. 
Cumulative fatigue damage TLAA 

_gm Generators .. {B2.1.10) Loss of material 
, .... 

er Chemistry (82.1.2) 

Cracking Steam Generators (82.1.10) 

I Water Chemistry (B2.1.2) 
...... ·--···""· 

Cumulative fatigue damage TLAA 

Loss of material Boric Acid Corrosion (B2.1.4) 

-·-- m•m . 
Cumulative fatigue damage TLAA 

·--·~· _ .. , 
Loss of material ASME Section Xl lnservice Inspection, 

Subsections !WB, IWC, and IWD (B2.1.1) 
t---·-.-···· 

Water Chemistry (82.1.2} 
---

Wall thinning Flow-Accelerated Corrosion (B2.1.8) 
... 

Cracking : Steam Generators (82.1.10) 
-

Water Chemistry (B2.1.2) 
.... .. .. 

Loss of material Sleam Generators (B2.1.10) 
............ 

Water Chemistry (82.1.2) 

Steam Generators (B2.1.10) 

Page 3-108 

.. 

,.,. 

-·-

·- .. 

... 

--·· 

NUREG-2191 Table:J::: 
Item Item es 

IV.D1 .RP-384 3.1.1-071 A ... 
IV.D1 .RP-384 3.1.1-071 B 

-----·· 
IV.D1.RP-226 3.1.1-071 A 

IV.D1.RP-226 1 3.1.1-071 I ~--
IV.D1.RP-225 3.1.1-076 A 

IV.C2.R-431 3.1.1-124 C 

IV.D1.R-17 3.1.1-049 A 

!'.ll,D1.RP-2J~ ~.1.1-0J3 ~ 
-··· 

!'.l[,D1,BP-232 3,:l.1::.Q;;!~ Q 
.... 

!V.D1 .R-221 3.1.1-008 A 
m,., 

IV.D1 .R-436 3.1.1-127 A 
. 

IV.01 .R-436 • 3.1.1-127 B 

IV.01.RP-367 3.1.1-025 A 

lV.D1.RP-367 3.1.1-025 B .. _ . 
IV.D1.R-221 3.1.1-008 C 

IV.D1.R-17 3.1.1-049 A 

·--
IV:D1.R-33 3.1.1-005 A 

IV.D1 .RP-368 3.1.1-012 C 

IV.D1.RP-368 3.1.1-012 ID 
_. ..... __ 

!V.D1.R-37 3-1.1-061 A 

IV.D1.RP-384 ~ 
IV.D1 .RP-384 3.1 .. 1-071 . D 

IV.D1 .RP-226 3.1.1-071 
-·· .. -

IV.D1.RP-226 3.1.1-071 

IV.D1.RP-225 3.1.1-076 
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Table 3.1.24 Reactor Vessel 1 Internals, and Reactor Coolant System - Steam Generator - Aging Management Evaluation 

I Intended 
Subcomponent Function(s) Material 

Primary inlet PB Steel with 

nozzle and outlet stainless 

nozzle (and steel 

cladding) cladding 

I 

-..... _, 
Primary inlet PB Stainless 

nozzle safe end steel 

and outlet nozzle 
safe end ' 

....... 
Primary manway PB Steel with 

(includes pad and stainless 

cladding} steel 

cladding 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Environment 
Aging Effect Requiring 

Management 

(E) Air - indoor Loss of material 

uncontrolled 
-

(E) Air with borated Loss of material 

water leakage 
-··· ..... I (I) Reactor coolant Cracking 

,-.. ··-
Cumulative fatigue damage 

, Lo§i Qf material 

1 ...... ., .... , 
.. -··-

(E) Air- indoor Cracking 

uncontrolled 

Loss of material 

(I) Reactor coolant Cracking 

Cumulative fatigue damage 

(E) Air - indoor Loss of material 

uncontrolled 

(E) Air with borated 'i.:oss of material 

water leakage 

{I) Reactor coolant Cracking 

.. -·-
Cumulative fatigue damage 

Loss of material 

Page 3-110 

Aging Management Programs 

External Surfaces Monitoring of Mechanical 

Components (B2.1.23) 

Boric Acid Corrosion (82.1.4) 

ASME Section XI lnservice lnspec!lcin, 
Subsections IWB, IWC, and IWD (82.1.1) 

·-
Water Chemistry (82.1.2) ..... _ 
TLAA 

--·· 
ASM!; §~iQIJ XI ln~rvii:.i l!l§!J~lgn, 
!;iYQ!ii!.!iQ!lli !Y:l!;:l, IWC, and IWD (1;!2.1.1) 

lllliter Qbf.l!!lillt!:i re, 1 ,l 
'Nater Cl:!emis!t/ ;!!l?.1.2) 

--· ·-
-External Surfaces Monitoring of Mechanical 

Components (82.1.23) 
-· -·· 
External Surfaces Monitoring of Mechanical 
Components (82.1.23) 

ASME Section Xl lnservice Inspection, 
"" 

, Subsections IWB, IWC, and !WO (82.1.1) 

Water Chemistry (82.1.2) 
-

TLAA 
--· 

External Surfaces Monitoring of Mechanical 

Components (82.1.23} 

Boric Acid Corrosion (B2.1.4) 

ASME Section XI !nservice Inspection, 

Subsections IWB, !WC,and IWD (82.1.1) 

, Water Chemistry (B2. "'I .2) 
·--·· 

TLAA __ .,._ 
Steam Generators (82.1.10) 

Water Chemistry (82.12) 

NUREG-2191 Table 1 
Notes 

Item Item 

IV.C2.R-431 3.1.1-124 C 

IV.D1.R-17 3.1.1-049 A 

IV.D1.RP-232 3.1.1-033 A 

IV.01.RP-232 3.1.1-033 B ,. __ 
IV.D1 .R-221 3.1:1-008 A 

l'.ICC!1,B-4;i§ ;a,u-1iz ~ 

l~D1.R-436 ~.1.1-127""--~ 
"'" 

11.t G~.FlFI 23 ~ A 
--

V.AEP-103c 3.2.1-007 C 
I 
·-- ·····-

IV. C2.R--452b 3.1.1-136 

-···· 
IV.D1 .RP-232 3.1.1-033 

I r.~:D1 .RP-232 3.1.1-033 

IV.01.R-221 3.1.1-008 

IV.C2.R--431 3.1.1-124 

........ 
IV.01.R-17 3.1.1-049 

.... ,_. 
IV.D1 .RP-232 3.1.1-033 

-
IV.01 .RP-232 3.1.1-033 

,_.,_ 

IV.01.R-221 l 3.1.1-008 

IV.01.R-436 3.1.1-127 
-· 

IV.01 .R--436 3.1.1-127 
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Table 3.1.2-4 Reactor Vesseli Internals, and Reactor Coolant System - Steam Generator - Aging Management Evaluation 

Subcomponent 
Intended 

Material I Environment 
Aging Effect Requiring 

Aging Management Programs 
NUREG-2191 Table 1 

Notes Function{s) Management Item Item 

LI-tube HT;PB Nickel alloy (I) Reactor coolant Cracking I Steam Generat°.rs (B2.1.10) IV.01.R-44 3.1.1-070 A 
..... 

! Water Chemistry {B2. 1. 2) !V.D1.R-44 3.1.1-070 B 
·-

Cumulative fatigue dam A !V.D1.R-46 3.1.1-002 A 
······- - ·--
(E) Treated water Cracking Steam Generators (B2.1.10) IV.D1.R-47 3.1.1-069 A 
>ao·c (>140°F) .. .. 

iB Waler Chemistry (62.1.2) IV.D1.R-47 3.1.1-069 

Loss of material Steam Generators {B2.1.10) IV.01.RP-233 3.1.1-077 i··A-
····---!-.-TLAA IV.D1.RP-233 3.1.1-077 E, 1 

Reduction of heat transfer Steam Generators (82 .1.1 O} IV.D1.R·407 3.1.1-111 A 
,_ ... 

Water Chemistry (82.1.2) IV.D1.R-407 3.1.1-111 B 

Table 3.1.24 Plant-Specific Notes: 

1. Wear of steam generator tubes at tube support plates is a plant-specific TLAA, evaluated in Section 4.7.8, Steam Generator Tube High Cycle Fatigue 
Evaluation. 

2. Not Uses.The A§ME Section XI lnservjce Inspection, Subsections IWB. IWC, and IWD (82.1.1} program is used to manage loss of material for the 
primary Inlet and outlet nozzles exoosed to reactor coolant. 

3. The One-Time Inspection (82.1.20) program will verify the effectiveness of the Water Chemistry (82.1.2) program to manage loss of material for the 
new transition cone closure weld. 

4. The Stearn Generators (82 .1.10) program wm m@nage cracking of channel head {and cladding} exposed to reactor coolant. 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
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Set2 RAls 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

[3.3.1-232] - Loss of material of insulated stainless steel components exposed to condensation is 

managed by the External Surfaces Monitoring of Mechanical Components (B2.1.23) program. 

SPS has no in-scope insulated nickel alloy piping, piping components exposed to air-outdoor or 

condensation in the Auxiliary Systems. The temperatures of components with an air-indoor 

uncontrolled environment are above the ambient dewpoint; therefore, a condensation environment 

is not applicable. 

[3.3.1-241] - Loss of material of stainless steel or nickel alloy heat exchanger components 

exposed to air-indoor uncontrolled or condensation is managed by the External Surfaces 

Monitoring of Mechanical Components (B2.1.23) program or by the Inspection of Internal Surfaces 

in Miscellaneous Piping and Ducting Components (82.1.25) program. The internal surfaces of 

some components in the boron recovery system are aligned to this item with management by the 

External Surfaces Monitoring of Mechanical Components (82.1.23} program, where their internal 

and external environments are such that the external surface condition is representative of the 

internal surface condition. 

[3.3.1-246] - SPS has no in-scope stainless steel or nickel alloy underground piping, piping 

components or tanks in the Auxiliary Systems. 

3.3.2.2.5 Quality Assurance for Aging Management of Nonsafety-Related 
Components 

Quality Assurance provisions applicable to subsequent license renewal are discussed in 

Appendix 81 .3, Quality Assurance Program and Administrative Controls. 

3.3.2.2.6 Ongoing Review of Operating Experience 

The operating experience process and acceptance criteria are described in Appendix B1 .4, 

Operating Experience. 

3.3.2.2.7 Loss of Material Due to Recurring Internal Corrosion 

Recurring internal corrosion can result in the need to augment AMPs beyond the 

recommendations in the GALL-SLR Report. During the search of plant specific OE conducted 

during the SLRA development, recurring internal corrosion can be identified by the number of 

occurrences of aging effects and the extent of degradation at each localized corrosion site. This 

further evaluation item is applicable if the search of plant specific OE reveals repetitive 

occurrences. The criteria for recurrence is: (a) a 10 year search of plant specific OE reveals the 

aging effect has occurred in three or more refueling outage cycles; or (b) a 5 year search of plant 

specific OE reveals the aging effect has occurred in two or more refueling outage cycles and 

resulted in the component either not meeting plant specific acceptance criteria or experiencing a 
reduction in wall thickness greater than SO percent (regardless of the minimum wall thickness). 

Page3-267 
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Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

The GALL-SLR Report recommends that GALL-SLR Report AMP XI.M20, «Open Cycle Cooling 

Water System," GALL-SLR Report AMP XI. M27, "Fire Water System," or GALL-SLR Report AMP 

Xl.M38, "Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components," be 

evaluated for inclusion of augmented requirements to ensure the adequate management of any 
recurring aging effect(s). Alternatively, a plant specific AMP may be proposed. Potential 

augmented requirements include: alternative examination methods (e.g., volumetric versus 

external visual), augmented inspections (e.g., a greater number of locations, additional locations 

based on risk insights based on susceptibility to aging effect and consequences of failure, a 
greater frequency of inspections), and additional trending parameters and decision points where 

increased inspections would be implemented. 

The applicant states: (a) why the program's examination methods will be sufficient to detect the 

recurring aging effect before affecting the ability of a component to perfonn its intended function, 

(b) the basis for the adequacy of augmented or lack of augmented inspections, (c) what 

parameters will be trended as well as the decision points where increased inspections would be 

implemented (e.g., the extent of degradation at individual corrosion sites, the rate of degradation 

change), (d) how inspections of components that are not easily accessed (i.e., buried, 

underground) will be conducted, and (e) how leaks in any involved buried or underground 

components will be identified. 

Plant specific OE examples should be evaluated to determine if the chosen AMP should be 
augmented even if the thresholds for significance of aging effect or frequency of occurrence of 

aging effect have not been exceeded. For example, during a 1 O year search of plant specific OE, 

two instances of 360 degree 30 percent wall loss occurred at copper alloy to steel joints. Neither 

the significance of the aging effect nor the frequency of occurrence of aging effect threshold has 

been exceeded. Nevertheless, the OE should be evaluated to determine if the AMP that is 

proposed to manage the aging effect is sufficient (e.g., method of inspection, frequency of 

inspection, number of inspections) to provide reasonable assurance that the current licensing 

basis (CLB) intended functions of the component will be met throughout the subsequent period of 

extended operation. While recurring internal corrosion is not as likely in other environments as raw 

water and waste water (e.g., treated water), the aging effect should be addressed in a similar 
manner. 

[3.3.1-127] - The review of plant"specific operating experience has identified recurring internal 

corrosion (RIC) in steel piping and components exposed to raw water in the service water system, 

circulating water system, component cooling system (cooling water interfaces), fire protection 

system, plumbing system, and ventilation system (cooling water interfaces). The programs noted 

below will manage RIC in the systems indicated. 

Page3-268 
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Open-Cycle Cooling Water System program (B2.1.11) 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

As described below, SPS will implement the Open-Cycle Cooling Water System program (B2.1.11) 

to manage aspects of RIC in the service water system and circulating water system that are within 

the scope of the program. The Internal Coatings/Linings for In-scope Piping, Piping Components, 

Heat Exchangers. and Tanks program (82.1.28) will manage loss of material on the internal 

surfaces of service water system and circulating water system piping that has been liAed or coated 

and the Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components program 

(82.1.25) will manage loss of material on the internal surfaces of service water system and 

circulating water system piping not covered by NRC Generic Letter 89-13 and fabricated of 

elastomer or polymer material or not subject to internal inspections within the scope of the 

program. In addition, the Appendix B operating experience section for the Open-Cycle Cooling 

Water System (82.1.11) identifies corrective actions that have been taken, and additional actions 

that are scheduled, to minimize the likelihood of piping and component degradation due to RIC. 

Future occurrences of RIC in piping and components within the scope of the Open-Cycle Cooling 

Water System program (82.1. 11) will be documented in accordance with the Corrective Action 

Program. The Open-Cycle Cooling Water System program {82.1.11) and associated 

enhancements are described in Appendix B. 

a) Why the program's examination methods will be sufficient to detect the recurring aging effect before 

affecting the ability of a component to perform its intended function: 

Flow Blockage: 

Flow blockage in open-cycle cooling water (OCCW) piping and components is managed by 

periodically monitoring control room chiller Y-strainer differential pressure and periodically flushing 

affected piping flow paths. During times when service water temperatures are elevated above 

80"F, the operations surveillance frequency of monitoring service water suction pressure and 

rotating strainer differential pressures are increased to intervals as short as once every 4 hours 

and piping flush frequency increased to intervals as short as daily. As a preventive measure, 

biocide injection points have been added downstream of the rotating suction strainers and the 

biocide injection has significantly reduced hydroid attachment and growth. A plant modification is 

in progress to add additional biocide injection points to the upstream portion of the service water 

rotating strainers. 

Page3-269 
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Loss of Material in Uncoated Steel Piping: 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

Loss of material has resulted in recurrent wall thinning and through wall leakage in service water 

piping in uncoated steel service water piping associated with main control room chillers. 

Replacement of uncoated steel piping with corrosion resistant copper-nickel piping reduced the 

susceptibility of the OCCW systems to recurring internal corrosion. There has been no 

documented recurring internal corrosion on the control room chillers copper-nickel piping or other 

copper-nickel service water system piping within the scope of license renewal; therefore, 

additional augmented inspections are not required. 

Loss of Material in Copper-Nickel Alloy Heat Exchanger Tubing: 

Recurring internal corrosion (loss of material) was experienced in the copper-nickel alloy heat 
exchanger tubing at and beyond the tube sheet for the main control room chiller condensers, 

including a condenser that had been recently replaced. The affected heat exchanger components 

have been cleaned and coated with a protective epoxy coating with the coating extending six 

inches into the heat exchange tubes. The Corrective Action Program apparent cause evaluation 

identified that the heat exchanger management program did not require flow to be maintained for 

an extended period in new 90-10 copper-nickel alloy heat exchangers to permit a protective oxide 

film to form on the tubes prior to the placement of the heat exchangers into a stagnant wet lay-up 

condition. Implementing documents have been modified to incorporate this lesson-learned. After 

epoxy coating and modification of wet layup practices, there has been no documented recurring 

internal corrosion in the control room chiller condenser copper-nickel alloy tubing at and beyond 

the tube sheet; therefore, additional augmented inspections are not required. 

Page3-270 
Enclosure 5 

Page 10 of 99 



Set2 RA!s 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

Less of MateFial in Coated Steel PipiR§ ana Heat Exchanger Channel Heads Loss of Material and 
Loss of Coating Integrity in CFRP Lined Piping: 

See the !Atemal Geatings/Unings for IA Scope Piping, Piping Components, Heat E>cchangors, and 

Tanks (132.1.28) program discussion in tl::iis fi:.!Ffl=ler evaluation section for recurring internal 

eaFi:osion details. Corrosion resistant Garboh P:iber Rcirnoroed PolymeF (GFRP) liner has been 

installed on the component ooolin§ ~·,atei: i"lcat exchanger discharge piping and the main 

condenser disohaF9e piping. GFRP liner will be inptalled in the 96 inoh ciFet:llating 'Nater inle~ 

pipiAg, and 24 , 30 , 38 , 42 , aAd 48 inch service water supply frem the eirculating water: system 

to tho reolrculation spray and s1:1pf:JIY to tho eomi,er:ient cooling ·.voter heat exchangers. The 

Internal Coatlngsllinings for In Soape Piping, Piping Compenents, Heat E*el:!angers, and Tanks 

(82.1.28) prngram will mm,age the aging of ci;HP in the OCC'N syston,s.Prior to the subsequent 

period of extended operation, the 96-inch circulating water outlet piping will be lined with carbon 

fiber reinforced polymer (QFRP). The QFRP lining will be used a§ the pressure boundary as 

approved by the NRC Safety Evaluation for relief from the ASME Code dated December 20. 2017 

CML 17303A037 (proprietary)). The design changes for both units are ln progress, and no 
documented aging effects for CFRP lined sections of the 96-inch circulating water outlet piping 

have been identified. The CFRP design changes will be completed over the next several refueling 

outages. Segarate design changes will install CFRP in the 96-ioch circulating water inlet piping 

and the 30-, 3§-. 42-, and 48-inch service water piping from the circulsiting water system to the 

recirculation spray and sypply for the component cooling heat exchangers. For epoxy coated 

piping sections and heat exchanger channel heads that do not yet have the CFRP lining installed, 

the Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and 

Tanks (82.1.28) program will manage the aging of the existing epoxy-coated steel piping. 

b) Basis for the adequacy of augmented or lack of augmented inspections: 

The frequency of strainer differential pressure monitoring and piping flushes is increased during 

times of elevated service water system temperature and vulnerability to flow blockage before lass 

of intended function. Additionally, brocide injection has significantly reduced biological fouling 

factors in the system. 

The CFRP lining is designed to meet the existing design requirements for the lines in which it will 

be installed and will serve as the system pressure boundary. The CFRP is not susceptible to 
pitting in a raw water environment as the existing steel pipe is. Inspections wilt be performed on 

100% of the accessible CFRP lined surfaces on a ten year fregyency consistent with ASME Code 

Case N-,871 inspection requirements. Therefore. augmented inspections will not be necessary on 

piping lined with CFRP. 
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Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

c) What parameters will be trended as well as the decision points where increased inspections 

would be implemented (e.g., the extent of degradation at individual corrosion sites, the rate of 
degradation change): 

Trending is not required. The frequency of strainer differential pressure monitoring and piping 

flushes is increased during times of elevated service water system temperature and vulnerability 

to flow blockage before loss of intended function. 

The condition of the internal CE8P lining in the circulating water and service water system will ge 

assessed during scheduled inspections. and any degraded conditions recorded in the Corrective 

Action Program. The need for increased inspections will be evaluated §§ gart of the corrective 

actions. considering past inspection results. extent of degradation, and rate of degradation. 

d) How inspections of components that are not easily accessed (i.e., buried, underground) will be 

conducted: 

Service water strainers are accessible for monitoring. In addition, affected piping flow paths are 

accessible for flushing. 

Internal access is available to allow inspection of internal CFRP lined surfaces in the circulating 

water and service water system piping that are buried. 

e) How leaks ln any involved buried or underground components will be ident;fied: 

Strainers and associated flushing flow paths are not located in buried or underground 

environments. 

Internal access is available to allow inspection of internal internal CFRP lined surfaces in the 

circulating water and service water system piping that are buried. Internal lining degradation and 

sybstrate metal degradation are identified with visual inspections. 

Fire Water System program (82.1.16) 

As described below, SPS will implement the Fire Water System program (B2. 1.16) to manage RIC 

in the fire protection system. In addition, the Appendix B operating experience section for the Fire 

Water System program (B2.1. 16) identifies corrective actions have been taken, and additional 

actions that are scheduled, to minimize the likelihood of piping and component degradation due to 

RIC. Future occurrences of RIC in piping and components within the scope of the Fire Water 

System program (B2.1.16) will be documented in accordance with the Corrective Action Program. 

The Fire Water System program (82.1.16) and associated enhancements are described in 

Appendix B. 
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Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

a) Why the program's examination methods will be sufficient to detect the recurring aging· effect 

before affecting the ability of a component to perform its intended function: 

Periodic fire protection system piping flushes, flow testing and proposed piping thickness 

measurements will be performed to identify pipe degradation prior to loss of system intended 

function. Periodic visual inspections and tank bottom thickness measurements are performed on 

the fire water storage tanks. In addition to recent piping replacements in the Turbine Building and 

the Auxiliary Building to address instances of RIC due to microbiologically-influenced corrosion, 

Low Frequency Electromagnetic Technique (LFET) or similar technique will be used for screening 

100 feet of piping during each refueling cycle to detect changes in the wall thickness of the pipe. 

LFET screening or a similar technique will also be performed on accessible interior fire water 

storage tank bottoms during periodic inspections. Thinned areas found during the LFET scan are 

followed up with wall thickness examinations to ensure aging effects are managed and that wall 
thickness is within acceptable limits. In addition to the wall thickness examination, opportunistic 

visual inspections of the fire protection system will be performed whenever the fire water system is 

opened for maintenance. 

b) Basis for the adequacy of augmented or lack of augmented inspections: 

Currently performed flow testing and proposed thickness measurements will provide sufficient 

data for trending fire water system pipe or tank wall conditions prior to loss of Intended function. 

Inspection samples for the 100 feet of piping will be selected from piping not previously replaced 

or inspected and determined to be potentially susceptible to RIC based on prior piping 

replacements or inspection results that require trending. Identified degraded pipe due to corrosion 

has been evaluated and replaced when necessary prior to loss of intended function. Other than 

proposed wall thickness measurements and opportunistic inspections, additional augmented 

inspections to detect RIC are not required. 

c} What parameters will be trended as well as the decision points where increased inspections 

would be implemented (e.g., the extent of degradation at individual corrosion sites, the rate of 

degradation change): 

Parameters trended during piping flushes include flow rates, pressure drops, calculated friction 

losses and/or signs of debris from corrosion. Parameters trended are pipe wall thickness 

measurements identified as a result of LFET results. When degraded conditions are identified, 

engineering evaluations are performed to determine the cause. If corrosion is identified, 

engineering evaluation will determine if additional inspections are required, the appropriate 

frequency of the inspection based on the projected corrosion rate, extent of condition for other 

areas in the system, and necessary repairs, if required. 
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Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

d) How inspections of components that are not easily accessed (i.e., buried, underground) wm be 

conducted: 

Buried fire protection system piping is cast iron cementMlined pipe. ln September 2014, a materials 

analysis was performed due to a failure initiated by a manufacturing defect in the cast iron portion 

of the buried fire main piping. The analysis found the balance of the cast iron cement-lined pipe to 

be in good condition with no significant loss of cement lining material, corrosion, cracking, fouling, 

or reduction of pipe interior diameter. Future inspections on underground fire main piping will be 

performed on an opportunistic basis when corrective maintenance work is performed on the fire 

water buried piping. 

e) How leaks in any involved buried or underground components will be identified: 

The water-based fire protection system is normally maintained at required operating pressure and 

is monitored such that loss of system pressure is detected and corrective actions initiated. A low 

pressure condition is alarmed in the control room by the auto start of the electric motor driven fire 

pump, followed by the start of the diesel-driven fire pump if the low pressure condition continues to 

exist. The status of the fire pumps is indicated in the control room and at the fire pump control 

panels in the pump house. Both fire pumps may be manually started from the control room. The 

combination of continuous monitoring of the fire protection system header pressure and the 

associated alarm with operator actions are sufficient activities for the identification of leaks in the 

fire protection system buried components. 

Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components program 

(82.1.25)_ 

As described below, SPS will implement the Inspection of Internal Surfaces in Miscellaneous 

Piping and Ducting Components program (82.1.25) to manage RIC in portions of the plumbing 

system and unlined/uncoated portions of the service water system. In addition, the Appendix B 
operating experience section for the Inspection of Internal Surfaces in Miscellaneous Piping and 

Ducting Components program (B2.1.25) identifies corrective actions have been taken, and 

additional actions that are scheduled, to minimize the likelihood of piping and component 

degradation due to RIC. Future occurrences of RIC in piping and components within the scope of 
the Inspection of Internal Surfaces in Miscellaneous Piping and Ducting Components program 

(82.1.25) will be documented in accordance with the Corrective Action Program. The Inspection of 
Internal Surfaces in Miscellaneous Piping and Ducting Components program (82.1.25) and 

associated enhancements are described in Appendix B. 
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Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

a) Why the program's examination methods will be sufficient to detect the recurring aging effect 

before affecting the ability of a component to perform its intended function: 

Sections of service water piping not within the scope of GL 89-13, "Service Water System 

Problems Affecting Safety-Related Equipment," that have had documented leaks in the past due 

to corrosion of steel from a raw water environment have been replaced or repaired. Opportunistic 

inspections of susceptible piping and components will be performed when the system boundary is 
opened. Periodic system walkdowns in accordance with plant procedure will monitor for leakage. 

Work orders have been created to replace affected portions of the plumbing system piping along 

an approximately 77 foot length in the Unit 1Turbine Building basement that have documented 

leaks from corrosion due to stagnant water in the lines. 

b) Basis far the adequacy of augmented or lack of augmented inspections: 

Service water piping not within the scope of GL 89-13 that has had documented leaks in the past 

is in lower pressure applications, such as vents and drains on gravity-fed heat exchangers. 

Opportunistic inspections of susceptible piping and components when the system boundary is 

opened, along with periodic system walkdowns are sufficient to detect aging effects. Piping 

sections that demonstrate significant aging effects in the inspections will be replaced. 

The plumbing system piping that has documented leaks will be replaced, which obviates the need 

for augmented inspections. Opportunistic inspections of susceptible piping and components in 

other portions of the system within the scope of subsequent license renewal will continue to be 

performed when the system boundary is opened. 

c) What parameters wil/ be trended as well as the decision points where increased inspections 

would be implemented (e.g., the extent of degradation at individual corrosion sites, the rate of 

degradation change): 

The condition of the service water piping not within the scope of GL 89-13 will be assessed during 

opportunistic inspections with occurrences of aging effects recorded in the Corrective Action 

Program. The need for increased inspections and repair or replacement will be evaluated as part 

of the corrective actions, considering the extent and rate of degradation. 

The condition of the plumbing system piping will be assessed during opportunistic inspections 

following replacement with occurrences of aging effects recorded in the Corrective Action 

Program. The need for increased inspections and subsequent repair or replacement will be 

evaluated as part of the corrective actions, considering the extent and rate of degradation. 
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Set2 RAls 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

d) How inspections of components that are not easily accessed (i.e., buried, underground) will be 

conducted: 

Service water piping not within the scope of GL 89-13 that has had documented leaks in the past 

is not located in buried or underground environments. The affected piping and other similar 

potentially susceptible service water piping not within the scope of GL 89-13 are in lower pressure 

applications such as vents and drains that are accessible for inspection. 

The plumbing system piping that has had documented leakage in the past is not located in buried 

or underground environments. The affected piping is in the Unit 1 Turbine Building basement that 

is accessible for inspection. 

e) How leaks in any involved buried or underground components will be identified: 

Service water piping not within the scope of GL 89-13 that has had documented leaks in the past 

is not located in buried or underground environments. The affected piping and other similar 

potentially susceptible service water piping not within the scope of GL 89-13 are in lower pressure 

applications such as vents and drains, so that leaks can be identified with visual inspections. 

The plumbing system piping that has had documented leakage in the past is not located in buried 

or underground environments. The affected piping is in the Unit 1 Turbine Building basement, so 

that leaks can be identified with visual inspections. 

Internal Coatings/Linings for In-Scope Piping. Piping Components. Heat Exchangers, and Tanks 

program (82.1.28) 

As described below, SPS will implement the Internal Coatings/Linings for In-Scope Piping, Piping 

Components, Heat Exchangers, and Tanks program (82.1.28) to manage RIC for internally coated 

components in the circulating water and service water systems. In addition, the Appendix B 

operating experience section for the Internal Coatings/Linings for In-Scope Piping, Piping 

Components, Heat Exchangers, and Tanks program (B2.1.28) identifies corrective actions have 

been taken, and additional actions that are scheduled, to minimize the likelihood of piping and 

component degradation due to RIC. Future occurrences of RIC in piping and components within 

the scope of the Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat 

Exchangers, and Tanks program (82.1.28) will be documented in accordance with the Corrective 

Action Program. The Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat 

Exchangers, and Tanks program (82. 1.28) and associated enhancements are described in 

Appendix 8. 
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Set 2 RAls 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

a) Why the program's examination methods will be sufficient to detect the recurring aging effect 

before affecting the ability of a component to perform its intended function: 

Prior to the subsequent period of extcncled operation, the 9@ ine'1 eirculating water ocitlet piping 

•vvill ea lined wit!, carbon fibeF reinforced polymer (CFRP). The dcsi€1R ehanges for both units aFe in 

i:,rogress, anel AO doc!::lmentod aging effects for GFRP ooatod sections of the 96 inoh oireulating 

'Nater outlet pipin@ have been identified. The CFRP design eRan9es will be completes over the 

nc}ct several refueling outages. Separate design changes •:.illl install GFRP in the 96 iReh 

eii:e1::1lating v,ater inlet pi13ing am:l the 24 , 30 , 36 , 42 , and 18 inch seroiee water piping from Uie 

ciroulatin§ water syStem to the reciHH:llation spray an€! supply fer tf:ie com1:1onent ceeliA§ heat 

Olcchan§ers. For epoxy coated piping sections and main condenser channel heads that do not yet 

have the CFRP lining installed, internal coating inspections of fifty-five, 1-foot length piping 

sections are performed every six years.inspootion is performed of approximately 26 percent of the 

cireulating water and servioe 'Nater system internal coatings oaoh refueling cycle, thereey 

100 percent of all the circulating water anel service water system piping is inspestee every 6 years. 

The component cooling heat exchanger channel heads are epoxy-coated steel exposed to raw 

water (service water). Inspections are performed yearly, which allows early detection of 

degradation of coatings and underlying metal. 

b) Basis for the adequacy of augmented or lack of augmented inspections: 

The GFRP liRing is designed to moot tl:lo mdsting design roq1:1irements fer the lines ii, which it will 

be installed and will serve as the system pressure boundary. The CFRP is not susceptible te 

f)itting in a rrnN V\,'£1tcr environment as the existing steel pipe is. Therafura, augmented inspeetiens 

will net be Aecessary on piping lined with GFRP For piping sections and heat exchanger channel 

heads that do not yet have the CFRP lining installed, internal coating inspegtions of fifty-five, 1-foot 

length piging sections are performed every six years.inspectieR of appFeximately 25 pm:sont ef the 

circulating \•,•ater and serviee water system il,ternal coatings each i:cfuo!ing eycle provides an 

adeEjl::latc sample size for detecting aging effects prior te loss af intended functieR. As a result of 

the inspection proteeel witl::i a 25 percent sample l:)Opulation, 100 percent of tl:lc eiroulating ~vater 

and service water internal coatings is inspeetod eve!)' 6 years. 

Plant operating experience has demonstrated that the yearly inspections of the component cooling 

heat exchanger channel heads are frequent enough to detect degradation before causing a loss of 

intended function. 
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Set2 RAls 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging Management Review 

c) What parameters will be trended as well as the decision points where increased inspections 

would be implemented (e.g., the extent of degradation at individual corrosion sites, the rate of 

degradation change): 

The condition of the internal coatings of the circulating water and service water system (including 

CFRP) will be assessed during scheduled inspections, and any degraded conditions recorded in 

the Corrective Action Program. The need for increased inspections will be evaluated as part of the 

corrective actions, considering past inspection results, extent of degradation, and rate of 

degradation. 

Any degradation of the heat exchanger channel head coatings or metal is recorded in the 

Corrective Action Program. The need for increased inspections will be evaluated as part of the 

corrective actions, considering past inspection results, extent of degradation, and rate of 

degradation. 

d) How inspections of components that are not easily accessed (i.e., buried, underground) will be 

conducted: 

Internal access is available to allow inspection of accessible epoxy coated internal surfaces of 

portions of the circulating 111ateF and epoXY coated giping sections §ng service water system piping 

that are buried and 'Nill be lined 1uith GFRP. 

Heat exchanger channel heads with coatings are not located in buried or underground 

environments. The interior surfaces of the epoxy coated piping sections and heat exchanger 

channel heads are accessible for inspection. 

e) How leaks in any involved buried or underground components will be identified: 

Internal access is available to allow inspection of accessible epoxy coated internal surfaces of 

pertiens of the ciFe1;1lating \'.1ater and service water system piping that are buried and 'Nill 13e liAeei 
with GFRP. Internal coating degradation and substrate metal degradation are identified with visual 

inspections. · 

Heat exchanger channel heads with coatings are not located in buried or underground 

environments. WEpoxy coated piping sections and heat exchanger channel head leakage can be 

identified with visual inspections. 
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Table 3.3.1 Summary of Aging Management Programs for Auxiliary Systems Evaluated in Chapter VII of the GALL-SLR Report 

Item 
Component 

Number 

3.3.1-103 Concrete, concrete cylinder 
piping, reinforced concrete, 
asbestos cement, 
cementilious piping, piping 
components exposes:! to 

soil, concrete 

-.-~ ·----·· 
3.3.1-104 HOPE, fiberglass piping, 

piping components exposed 

to soil, concrete 

...... 

3.3.1-107 Stainless steel, nickel alloy 
piping, piping components 
exposed to soil, concrete 

--···-
3.3.1-108 Titanium, super austenitic, 

copper alloy, stainless steel, 
nickel alloy piping, piping 

components, tanks, closure 

bolting exposed to soil, 
concrete, underground 

....... _. 
3.3.1-109 Steel piping, piping 

components, closure bolting 

exposed to soil, concrete, 
underground 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging 
Effect/Mechanism 

Cracking due to 
chemical reaction, 
weathering, or 
corrosion of 
reinforcement 
(reinforced concrete 

only); loss of material 
due to delamination, 

ex.foliation, spalling, 
popout, or scaling 

Cracking, blistering, 

loss of material due to 
exposure to ultraviolet 
light, ozone, radiation, 
temperature, or 
moisture 

Loss of material due 
to pitting, crevice 
corrosion, MIC (soil 
only) 

.. 
Loss of material due 
to general (copper 
alloy only), pitting, 

crevice corrosion, MIC 

{super austenitic, 
copper alloy, stainless 
steel, nickel alloy; soil 
environment only) 

Loss of material due 
to general, pitting, 
crevice corrosion, MIC 
(soil only) 

Aging Management Further Evaluation 
Program Recommended 

AMP XI.M41, Buried and No 
Underground Piping and 
Tanks 

. .,,,.. ... 

AMP XI.M41, Buried and No 
Underground Piping and 
Tanks 

--· 
AMP Xl.M41, Buried and ! No 
Underground Piping and 
Tanks 

AMP XI.M41, Buried and No 

Underground Piping and 
Tanks 

' 
...... 

AMP XI.M41, Buried and No 
Underground Piping and 
Tanks 

Page 3-304 

! 

Discussion 

Consistent with NUREG-219h with a different program 
g~di.t~. Ihe QQen Q)lg!e Qogliag llllt!!er ~!l§tem 
m2, 1.j1) i;ic2ernm ~ill maoag!il i;;rs1,ting jnd loss Qf 

malfi!rial Qf !bi e~tem,11 :mrfagflll Qf Qyried &!!!mtn!ltiQYll 

~ 

-·· ·-
Consistent with NUREG-2191. 

······- -·· 
Consistent with NUREG-2191. 

--- ... 

Consistent with NUREG-2191. 

- . .. 
Consistent with NUREG-2191. 

Set2 RAls 
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Table 3.3.1 Summary of Aging Management Programs for Auxiliary Systems Evaluated in Chapter VII of the GALL-SLR Report 

Item 
Component 

Number 

3.3.1-138 Any material piping, piping 
components, heat 
exchangers, tanks with 
internal coatings/linings 
exposed to closed-cycle 
cooling water, raw water, 
raw water (potable), treated 
water, treated borated 
water, fuel oil, lubricating oil, 
wastewater 

3.3.1-139 Any material piping, piping 
components, heat 
exchangers, tanks with 
internal coatings/linings 
exposed to closed-cycle 
cooling water, raw water, 
raw water (potable), treated 
water, treated borated 
water, fuel oil, lubricating oil, 
waste water 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Aging 
Effect/Mechanism 

Loss of coating or 
lining integrity due to 
blistering, cracking, 
flaking, peeling, 
delaminalion, rusting, 
or physical damage; 
loss of material or 
cracking for 
cementitious 
coatings/linings 

' 

·--
Loss of material due 
to general, pitting, 
crevice corrosion, MIC 

! 

Aging Management Further Evaluation 
Program Recommended 

AMP XI.M42, Internal No 
Coatings/Linings for 
In-Scope Piping, Piping 
Components, Heat 
Exchangers, and Tanks 

! 

I 
-

AMP XLM42, Internal No 
Coatings/Linings for 
In-Scope Piping, Piping 
Components, Heat 
Exchangers, and Tanks 

Page 3-311 

Discussion 

Consistent with NUREG-2191 with a different program 
for the fire protection and domestic water storage tanks_ 
51nd fQr Q!i!fQQD fiber [!iliDfQrced 12ia!ng ia Jh~ l!§~iQ!a wa~r 
and circulating water systems. Loss of coating or lining 
integrity of the fire protection and domestic water storage 
tanks will be managed by the Fire Water System 
(B2.1.16) program. Lruil! of ~ating oc lioing iOllmri~ Qf 
i§Q!i~ Yl!ii!l!lr am:! ciccul!aling Y:la!i!t liYfi!!l!!lli r..arbga Ut!!llr 
(einfQ!l'l§g Qi2Jng Will tl!ll ffigjOii!Q~d ~ tbg Qggg-C)!Cl!ll 
QQQ!jng We!!1lr Svslsim (tl,t 1,lll 12rQgram. Exceptions 
apply to the NUREG-2191 recommendations for Fire 
Water System (82.1.16) program implementation. In 
addition to Auxiliary Systems, components in the Reactor 
Vessel, Internals, And Reactor Coolant System (reactor 
coolant) and Steam and Power Conversion System 
(condensate polishing) are aligned to this item. 

...• ·---
Consistent with NUREG-2191 with a different program 
for the fire protection and domestic water storage tanks.,_ 
tlllQ me ea!l:12n flb12r f§il)K!ffi§Q gi,;2iog i!l ibf.l !i!t[lligj! water 
and circulating water systems. Loss of material of the fire 
protection and domestic water storage tanks wm be 
managed by the Fire Water System (82.1.16) program. 
LQ!ilii Qf !.2!lting 2c l!a!ag !amgrif!l of ~Otli.e \'ii!h'!C ftnsJ 
i.ir1,ul2!ing ~aJer !i:i!fil§m§ !;!![QQ!l Uber reinforced Qi12jng 
wi!! !;!~ !D@"ii!9sld 12'.,'. lhe 0Qen-C~!1!!1l QQgiioo ~@!!:lr 
§.i!!atem (82,1.11) Q[QQ!l!!ll Exceptions apply to the 
NUREG-2191 recommendations for Fire Water System 
(82.1.16) program implementation. In addition to 
Auxiliary Systems, components in the Reactor Vessel, 
Internals, And Reactor Coolant System (reactor coolant) 
and Steam and Power Conversion System (condensate 
polishing) are aligned to this item. 
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Table 3.3.2-4 Auxiliary Systems - Service Water -Aging Management Evaluation 

Component Intended 
Material 

Type Function(s) 

l-'1p1ng, piping LB;PB; .EQ Steel with 
components internal 

coating 

Steel with 
internal tining 

i 

Titanium 

Suny Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Environment 

(E) Air - indoor 
uncontrolled 

(E) Air with borated 
water leakage 

(E) Concrete 

r------............ 
(E) Condensation 

(I) Raw water 

(E) Soil 

(E) Air - indoor 
uncontrolled --

1 (I) Raw water 

... ._ _ _. ... 
{El QQogrrue 

(E) Air - indoor 
uncontrolled 

··-·· 
1 

(I) .Raw water 

(I) Treated water 

Aging Effect Requiring 
Aging Management Programs 

Management 

Loss of material External Surfaces Monitoring of Mechanical 
Components (B2.1.23) 

.. 
Loss of material Boric Acid Corrosion (82.1.4) 

,-............ 
Loss of material Burled and Underground P.iping and Tanks 

(B2.1.27) 
.~ .. -Loss of material External Surfaces Monitoring of Mechanical 

Components (B2.1.23) 
-... -

Internal Coatings/Linings For In-Scope Piping, Loss of coating or lining 
integrity Piping Components, Heat Exchangers, and Tanks 

(B2.1.28) 
' 

Loss of material i Internal Coatings/Linings For In-Scope Piping, 
Piping Components, Heat Exchangers, and Tanks 
(B2.1.28) 

-- ---m 
Loss of material Buried and Underground Piping and Tanks 

(82.1.27) 
- - - •• u ... 

Loss of material External Surfaces Monitoring of Mechanical 
Components (B2.1.23) 

Loss of coating or lining IA!effial Gea!iAiJS/biAiAgs FeF h; Sea~e F!i~A§l. 
integrity Piping Cer:ni;om,,Rts, i,Jeat airohaRge,s, aAc! Tani..e-

(Q,M .2&')Qi;mD-!::iY:CI§ QQg!ing Wat§[ :;i)l§f§!!! 

ce;;p.n) -.. -
Loss of material IAtema! Gea!ings.lbint,gs Fe, '.A Seep.a PipiAg, 

Pil:liA§ Gemp&ReA!s, i,Jeat ;;ie!iaA51ei:s, aAiil :i:;:mks 
i fB.!A .ag)Qi;m!J-Cj!glg ~oo!ing ~g!§r Sv§!!Mll 
,e2.1,m 

-··· .. 
!.&!a§ Qf m£!!flciiil Bmied and 1Jnd!aC9ffiY!lQ ei12iog sim! Ti!nk§ 

~2.1,27) 
-- .. ----
None None 

·---·· 
Cracking: flow blockage Inspection of Internal Surfaces in Miscellaneous 

Piping and Dueling Components (02.1.25) 

Cracking (titanium only); Inspection of Internal Surfaces in Miscellaneous 
reduction of heat transfer Piping and Ducting Components (82.1.25) 

Page 3-346 

NUREG-2191 Table 1 
Notes Item Item 

VII.I.A-77 3.3.1-078 ;A 

I 
VH.I.A-79 3.3.1-009 A 

..~.--
Vl!.I.AP-198 3.3.1-109 A '· 

VILI.A-77 3.3.1-078 A 

·-· 
VII.C1.A-416 3.3.1-138 A 

_ , ........ ___ ,, _ 
VILC1.A-400 3.3.1-127 E,4 

VII.C1.A-414 3.3.1-139 A 

i 
V!I.I.AP-198 3.3.1-109 A 

__ ,.,_ --
Vll.1.A-77 3.3.1-078 

VII.C1.A-416 3.3.1-138 

Vll.C1 .A-414 3.3. 1-139 

VILl.6P-19tj ;i.~,l-1Q9 

... -·~·-· 
VII.J.AP-160 3.3.1-122 

VILC1.AP-161b 3.3.1-123 

V!LG.AP-187 3.3.1-042 
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Table 3.3.24 Plant-Specific Notes: 

1. Flow blockage is addressed by the cited NUREG-2191 item, but is not an applicable aging effect requiring management for external surfaces or for 
strainer elements that are monitored for clogging. 

2. For components not covered by NRG GL 89-13. 

3. Flow blockage is addressed by the cited NUREG-2191 item, but is not an applicable aging effect requiring management for nonsafety-related 
components that do not support a function of delivering downstream flow. 

4. The Internal Coatings/Linings For In-Scope Piping, Piping Components, Heat Exchangers, and Tanks {B2.1.28) program is used instead of the 
Open-Cycle Cooling Water System program to manage recurring internal corrosion for internally-coated steel piping. 

5. Internal and external environments are such that the external surface condition is representative of the internal surface condition. 

6. Cited GALL item Vll.l.A-405a includes "cracking" aging effect that is only applicable for copper alloy (>15% Zn or >8% Al). Cracking is not an applicable 
aging effect for other materials. 

7. Reduction of heat transfer is not applicable to components that do not have a heat transfer function. 

8. Flow blockage is not applicable in treated water. 

9. Jhe Open-Cycle Qoo!ing Water System (B2, 1.11) program will manage aging effects for the internal surfaces of carbon fiber reinforced piping exposed 
to raw water. 

10. The function of the buried nn soil} portion of the service water outlet piping from plant heat exchangers to the discharge tunnel is to deliver flow. The 
only aoplicable aaing effects are internal loss of lining integrity and loss of material that could result in flow blgckage, as piping integrity is not required. 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
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Table 3.3.2w5 Auxiliary Systems w Circulating Water ~ Aging Management Evaluation 

Component Intended 
Material 

Type Function(s) 

Piping, piping LB;PB Steel 
components 

·-Steel with 
internal 
coating 

' -·--
steel with 
internal lining 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Environment 

(E) Air - indoor 
uncontrolled 

(I) Raw waler 

(E) Air - indoor 
uncontrolled 

(E} Concrete 

! (E) Condensation 
l 

(l) Raw water 

--~-·· 
(E) Air- indoor 
uncontrolled ! 
(I) Raw water 

(!;;l QQD!.tite 

Aging Effect Requiring 
Aging Management Programs 

Management 

Loss of material External Surfaces Monitoring of Mechanical 
Components (62.1.23) 

Long-term loss of material One-Time lnspecllon {B2.1.20) 

Loss of material; flow Inspection of Internal Surfaces in Miscellaneous 
blockage Piping and Ducting Components (82.1.26) 

---
Loss of material External Surfaces Monitoring of Mechanical 

Components (82.1.23) 
...... 

Loss of material Buried and Underground Piping and Tanks 
(B2.1.27) 

... --- ... 
Loss of material : External Surfaces Monitoring of Mechanical 

' Components (82.1.23) 

Loss of coating or lining Internal Coatings/Linings For In-Scope Piping, 
integrity Piping Components, Heat Exchangers, and Tanks 

(B2.1.28) 

Loss of material Internal Coatings/Linings For In-Scope Piping, 
Piping Components, Heat Exchangers, and Tanks 
(82.1.28} 

..... .... 
Loss of material External Surfaces Monitoring of Mechanical 

Components (B2.1.23) 
,._.. 

Loss of coating or lining w.teFRal Geat.iA§S/biAiR§S ~9F IA Seef,je Pif)ifl!ll, 

integrity P1i,ing GornpoAeAls, Heat Ei(s!.aAgers, ami Tanks 
tB2A .;;.!8lQ12sin-C)l!;I!;! Qggling l8/la!sl[ ~llS!sl!!l 
(82.1.11) _ .. _ 

Loss of material h'l!SrRal Ge£:iAg&biAiA§$ FeF IA Saei,e Pii:riRg. 
Flif:liRg Gem~eReRts, Me:::t !i1<.1hangars, aAd Tania-
{S2.'l .~lij0oen-c:.:,ie CQg!ing W£!!~[ S~iz~m 
(82:1.11) 

. _.._. 
None ~ 

Page 3-358 

.. 

NUREG-2191 Table 1 
Item Item 

Vll.1.A-77 3.3.1-078 

Vll.C1 .A-532 3.3.1-193 

VII.C1.A-727 3.3.1-134 

VILl.A-77 3.3.1-078 

Vll.l.AP-198 3.3.1-109 

VIU.A-77 3.3.1-078 

Vll.C1.A-416 3.3.1-138 

VII.C1 .A-400 3.3.1-127 

VII.C1.A-414 3.3.1-139 

VII.I.A-77 3.3.1-078 

VII.C1 .A-416 3.3.1-138 

VII.C1.A-414 3.3.1-139 

Vll.J.AP-282 ~-11-112 
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Table 3.3.2-5 Auxiliary Systems - Circulating Water - Aging Management Evaluation 

Component Intended 
Material Environment Aging Effect Requirfii"'iJ{ 

Aging Management Programs 
NUREG-2191 Table 1 

Type Function{s) Management Item Item 

Valve body LB;r>ts stamless (E) Air indoor Cracking External Surfaces Monitoring of Mechanical .- . P-209b 3.3.1-004 
steel uncontrolled Components (82.1.23) 

Loss of material External Surfaces Monitoring of Mechanical Vl1.C1 .AP-221 b 3.3.1-006 
I Components (62.1.23) 
! ....... 

External Surfaces Monitoring of Mechanical (E) C.ondensation Cracklng VII.C1 .AP-209b 3.3.1-004 
Components (B2.1.23) 

-·- -·· 
Loss of material External Surfaces Monitoring of Mechanical Vff.C1.AP-221b 3.3.1-006 

... ..! 
Components {B2.1.23) 

(I) Raw water Loss of material; flow I Inspection of Internal Surfaces in Miscellaneous VII.C1.A-727 3.3.1-134 

i blockage Piping and Ducting Components (B2.1.25) 

Table 3.3.2-5 Plant-Specific Notes: 

1. Internal coating:. coal tar epoxy. 

2. Internal lining: carbon fiber reinforced polymer. 

3. Flow blockage is addressed by the cited NUREG-2191 item, but is not an applicable aging effect requiring management for nonsafety-related 
components that do not support a function of delivering downstream flow. 

Notes 

A 

A 

A 

A 

A,3 

4. Reduction of heat transfer is addressed by the cited NUREG-2191 item, but is not an applicable aging effect requiring managementfor components 
with only a pressure boundary function. 

5. Material is aluminum-bronze (ASTM 8171 Alloy 614) with less than 8% aluminum. 

6. The Internal Coatings/Linings For In-Scope Piping, Piping Components. Heat Exchangers, and Tanks (B2.1.2B) program is used instead of the 
Open-Cycle Cooling Water System (82.1.11) program to manage recurring internal corrosion for internally-coated steel heat exchangers. 

7. Internal and external environments are such that the external surface condition is representative of the internal surface condition. 

8. Cited GALL item Vll.l.A-405a includes "cracking" aging effect that is only applicable for copper alloy {>15% Zn or >8% Al). Cracking is not an applicable 
aging effect for steel with internal lining components. 

9. The Open-Cycle Cooling Water System (B2.1.11) program will manage aging of the external surfaces of buried cementitious piping. 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
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10. The Open-Cycle Cooling water S1:stem (82.1.11} prooram will manage aging effects for the internal surfaces of carbon fiber reinforced piping exposed 
to raw water. 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
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Table 3.3.2-29 Auxiliary Systems - Ventilation - Aging Management Evaluation 

Component ! Intended ! Material 
Type I Function(s) 

Fire damper FB;PB Steel 
tfi'*l&iA§} 
assembly 

Flexible PB Elastomer 
connection 

Flexible hose PB Elastomer 
(Appendix R 
temporary 
ducting) 

--~·-" 
Heat exchanger LB Steel 
( central chilled 
water condenser 
- shell) 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 

Environment 

{E) Air - indoor 
uncontrolled 

(I) Air - indoor 
uncontrolled 

(E) Air with borated 
water leakage 

(E) Concrete 

(E) Air - indoor 
uncontrolled 

(I} Air - indoor 
uncontrolled 

i 
·-···--.. 

(E) Air - indoor 
uncontrolled 

---··-
(I} Air - indoor 
uncontrolled 

(E} Condensation 

-~.-I (I) Raw w,to, 

Aging Effect Requiring 
Aging Management Programs 

Management 

Loss of material; cracking: Fire Protection (B2.1.15) 
hardening; loss of strength; 
shrinkage 

Loss of material; cracking: Fire Protection {B2. i .15) 
hardening; loss of strength; 
shrinkage 

... ~ . . ..... 
loss of material Boric Acid Corrosion (82.1.4) 

None None 
""'"'' ~ .. --

Hardening or loss of strength External Surfaces Monitoring of Mechanical 
Components (82.1.23) .... ,._ 

Loss of material External Surfaces Monitoring of Mechanical 
Components {B2.1.23) 

Hardening or loss of strength External Surfaces Monitoring of Mechanical 

i Components (82.1.23) 
--~···-· 

Loss of material External Surfaces Monitoring of Mechanical 
Components (82. 1.23) 

-·~· 
Hardening or loss of strength External Surfaces Monitoring of Mechanical 

Components (B2.1.23) 

Loss of material External Surfaces Monitoring of Mechanical 
, Components (B2.1.23) 

..... 
Hardening or loss of strength External Surfaces Monitoring of Mechanical 

Components (B2. 1.23) 
··-·· 

Loss of material External Surfaces Monitoring of Mechanical 
Components (B2.1.23) 

Loss of material External Surfaces Monitoring of Mechanical 
Components (B2.1.23) ....... _._ I One-lime Inspection (B2.1.20) 

·--...... _ 
Long-tenn loss of material 

·--
Loss of material; flow Inspection of lnterna!Surfaces in Miscellaneous 
blockage Piping and Ducting Components (B2.1.25) 
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I 

I 

NUREG-2191 Table 1 
Notes 

Item Item 

VILG.A-789 3.3.1-255 A,3 

VII.G.A-789 3.3.1-255 A,3 

... 
VIU.A-79 3.3.1-009 A 

_ . ., .. ·---·-VII.J.AP-282 3.3.1-112 A 

VILI.AP-102 3.3.1-076 A 

,..,.,., ..... _ 
Vll.l.AP-113 3.3.1-082 A 

--· -···" 
Vll.1.AP-102 3.3.1-076 C,2 

.,, __ 
VII.I.AP-113 3.3.1-082 C,2 

_., .. 
Vll.l.AP-102 3.3.1-076 A 

VII.I.AP-113 3.3.1-082 A 

~--· 
VII.I.AP-102 3.3.1-076 C,2 

I 
-m•<> ·--

VIJ.l.AP-113 3.3.1-082 C,2 

I -··-· 
VIU.A-77 3.3.1-078 A 

Vll.C1.A-532 3.3.1-193 A 
...... 

Vll.C1.A-727 3.3.1-134 A, 1 
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weight of the RPV is carried by the neutron shield tank, and no vertical loads are 
transferred to the concrete biological shield (CBS) wall. The inner shell of the neutron 

shield tank extends continuously past the bottom of the reactor vessel to the basemat, 
where the vertical loads are transferred directly. Overturning moments and horizontal 

forces are resisted by the CBS wall through a layer of grout, which fills the 2 inch gap 

between the neutron shield tank and the CBS wall. 

The maximum temperature on both the inside and outside surfaces of the CBS wall is 

125°F. The maximum water temperature of the neutron shield tank is 125°F. The 

maximum fluence at the ID of the RPV is 7.71 x 1019 n/cm2 (E > 1.0 MeV), determined 

by extrapolating surveillance program calculations to 80 years (72 EFPY). The actual 

EFPY value for SPS Units 1 and 2 is 68 however 72 EFPY was used in the EPRI study 

discussed below. 

Irradiation Damage of the Concrete Biological Shield 

EPRI Report 3002013051, "Irradiation Damage of the Concrete Biological Shield that 

Utilizes a Neutron Shield Tank: Basis for Concrete Biological Shield Wall for Aging 

Management," addresse;:; the effects of irradiation exposure. and environmental 

temperature on the structural capability of the CBS wall at nuclear power plants with a 

neutron shield tank between the RPV and CBS wall. The specific example plant utilized 

for development of this report was SPS, with the modeling parameters such as neutron 

shield tank design configuration, operating temperatures, and RPV fluence levels 

described above. Therefore, the plant-specific values determined and conclusions 

reached for the example plant in the report are directly applicable to SPS. Using an 

evaluation period of 72 EFPY (80 years of operation), those values and conclusions are: 

,,-...,~'""""V'""""""""'_......_.._um neutron fluence at the CBS wall surface of 1.18 x 1013 n/cm2 (E > 

his is substantially below the threshold value of 1.0 x 1019 n/cm2 for 

• The estimated gamma surface dose at the CBS wall of 2. 75 x 108 Rad is below 

the acceptability threshold of 1.0 x 1010 Rad. 

• The maximum concrete temperature due to gamma heating is 125.1 °F, which is 
approximately the same as the maximum ambient temperature of 125°F at the 

surface of the concrete and is below the acceptable long-term local temperature 

limit of 200°Ffor local areas. 

In addition to the above conclusions, no plant-specific OE of concrete irradiation 

degradation has been identified. Therefore, no additional thermal and structural 
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analyses are required to establish the structural capability of the CBS wall, and no plant

specific aging management program to manage the effects of irradiation is required. 

Irradiation of the Reactor Vessel Support Steel Assembly 

In 1986. DOE, EPRI, WOG. and Virginia Power contracted Stone and Webster to 
develop Project Topical Report (PTR): "Reactor Vessel Support for Unit No 1 Surry 
Power Station, Life Extension Evaluation of the Reactor Vessel Support including 
A1;mendix 31 Resistance to Brittle Fracture of the Neutron Shield Tank Materials," to 
address the concern of irradiated reactor vessel (RV) supports. The PTR specifically 
addressed the resistance to brittle fracture of the Surry Unit 1 RV support steel 
materials in the NST as a result of loss of fracture toughness due to neutron irradiation 
embrittlement in support of plants considering initial license renewal. 

The a lied stresses for the area of the NST sub'ect to hi h neutron fluence we 

and associated evaluation determined the following values and conclusions: 

• The fluence to the NST shell at the RV slidin foot assembl is bounde 
fluence at the NST inner shell. 

inside surface of the RV and a fast neutron fluence E> 1 Mev of 5.0 
at the outside surface of the RV. 

@ The fast neutron fluence (E>1 Mev) on the ID of the NST for 100 years of plant 
operation ls based upon 90% of the fluence on the outside diameter of the RV 
which is 4.5 x 1018 n/cm2

. 

a The projected EFPY Value for SPS SLR is 68 EFPY which yields a fast neutron 
fluence (E>1Mev) of 3.42 x 1018 n/cm2 at the inside surface of the NST. 

0 The maximum fracture toughness for 76.8 EFPY reguired to prevent propagation 
of a postulated surface flaw and postulated through wall crack was determined 
for the maximum design strength and design basis loading conditions. 

o The peak stress values for the loads associated with the Surry Unit 1 NST were 
demonstrated to be below the critical stress for a through wall flaw and a surface 
flaw, thereby requiring no aging management. 

An update was performed in supgort of subsequent license renewal using the PTR 
methodology. The updated evaluation validated the that Surry Unit 2 NST is similar 
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due to wear. Identification of deposits on the secondary-side of the steam generator, and the 

subsequent removal of sludge deposits help avoid tube degradation. 

The Technical Specifications include the following requirements which are included in the Steam 

Generators program: 

• Conducting condition monitoring assessments for each refueling outage during which steam 

generator tubes are inspected or plugged. 

• Maintaining steam generator tube integrity by meeting performance criteria for tube structural 

integrity, accident-induced leakage, and operational leakage. 

• Installing plugs in tubes found by inservice inspection to contain flaws that exceed acceptance 

criteria. 

• Performing periodic inspections of steam generator tubes. Inspection scope, methods, and 

interval, ensure that tube integrity is maintained until the next planned inspection. 

• Monitoring primary-to-secondary leakage. 

• Monitoring secondary water chemistry to ensure controls are in place to inhibit steam 

generator tube degradation. 

A1.11 OPEN-CYCLE COOLING WATER SYSTEM 

The Open Cycle Cooling Water System program is an existing preventive, mitigative, condition 

monitoring, and performance monitoring program that manages loss of material, reduction of heat 

I transfer, flow blockage, aAti-cracking, and loss of coating or lining integrity, for the piping, piping 

components, and heat exchangers identified by the Dominion Energy responses to NRC Generic 

Letter (GL) 89-13, "Service Water System Problems Affecting Safety-Related Equipment." The 

program is comprised of the aging management aspects of the Virginia Electric and Power 

Company response to NRC GL 89-13 and includes: (a) surveillance and control to reduce the 

incidence of flow blockage problems as a result of biofouling, (b) tests to verify heat transfer of 

safety-related heat exchangers, (c) routine inspection and maintenance so that loss of material, 

corrosion, erosion, cracking, fouling, and biofouling cannot degrade the performance of systems 

serviced by the open-cycle cooling water system. This program includes enhancements to the 

guidance in NRC GL 89-13 that address operating experience such that aging effects are 

adequately managed. 

System and component testing, visual inspections, nondestructive examination (i.e., ultrasonic 

testing and eddy current testing), and chemical injection are conducted to ensure that identified 

aging effects are managed such that system and component intended functions and integrity are 

maintained. Periodic heat transfer testing, visual inspection, and cleaning of safety-related heat 

exchangers with a heat transfer intended function is performed in accordance with the Virginia 

Electric and Power Company commitments to GL 89-13 to verify heat transfer capabilities. 
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The Internal Coatings/Linings For In-Scope Piping, Piping Components, Heat Exchangers, and 

Tanks program (A 1 ;28) will manage the aging effects of internal surface coatings inolttain9except 

those of metallic surfaces ooatedlined with Carbon Fiber Reinforced Polymer that is used as a 

pressure boundary. 

A1.12 CLOSED TREATED WATER SYSTEMS 

The Closed Treated Water Systems program is an existing program that manages loss of material, 

cracking, and reduction of heat transfer for components exposed to a closed treated water 

environment. 

This is a mitigation program that also includes a condition monitoring program to verify the 

effectiveness of the mitigation activities. The program consists of: (a) water treatment, including the 

use of corrosion inhibitors, to modify the chemical composition of the water such that the effects of 

corrosion are minimized; (b) chemical testing of the water so that the water treatment program 

maintains the water chemistry within acceptable guidelines; and (c) inspections to determine the 

presence or extent of degradation. The program uses as applicable, EPRI Report 3002000590, 

"Closed Cooling Water Chemistry Guideline". Microbiological testing is performed as a diagnostic 

chemistry parameter for selected system water treatments. 

A1.13 INSPECTION OF OVERHEAD HEAVY LOAD AND LIGHT LOAD 

(RELATED TO REFUELING) HANDLING SYSTEMS 

The Inspection of Overhead Heavy Load and Light Load (Related to Refueling) HandHng Systems 

program is an existing condition monitoring program that manages cracking, loss of material due to 

corrosion and wear, and loss of preload on bolted connections for cranes and hoists within the 

scope of subsequent license renewal. The program includes periodic visual inspections to detect 

degradation of bridge, rail, and trolley structural components and indications of loss of preload on 

bolted connections. This program relies on the guidance in NUREG-0612, "Control of Heavy Loads 

at Nuclear Power Plants," ASME 830.2, "Overhead and Gantry Cranes (Top Running Bridge, 

Single or Multiple Girder, Top Running Trolley Hoist)." ASME 830.11, "Monorail Systems and 

Underhung Cranes," and ASME 630.16, "Overhead Hoists (Underhung)." 

For those cranes or hoists associated with Time-Limited Aging Analyses, the effects of past and 

future usage, incluqing the number and magnitude of lifts, are evaluated in Section A3. 7 .1, Crane 

Load Cycle Limits. 

A1.14 COMPRESSED AIR MONITORING 

The Compressed Air Monitoring program is an existing preventive and condition monitoring 

program that manages loss of material. The Compressed Air Monitoring program includes 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

15. Procedures will be revised to require visual examinations (EVT-1), and will include associated acceptance criteria, for Program. 
100% of one side of the accessible surfaces of the core barrel lower girth weld and %" of adjacent base metal (minimum accounting for the 
50% examination coverage). (Primary component) impacts of a gap 

16. Procedures will be revised for contingency tasks to inspect the following expansion components if necessitated by relevant analysis, will be 
indications being found for associated primary components, and wil! include associated acceptance criteria: i implemented 
a. Core barrel upper, middle, and lower axial welds (100% of weld length - 50% examination coverage; EVT-1) 6 months prior to 
b. Core barrel upper girth weld {100% of weld length- 50% examination coverage; l;VT-1) the subsequent 

PWR Vessel C. Core barrel lower flange weld (100% of weld length - 50% examination coverage; EVT-1) period of extended 
7 

Internals program d. Lower support forging (25% of bottom surface; VT-3} 82.1.7 operation, or 

e. Upper core plate (25% of accessible surfaces; VT-3) alternatively, a 

I 17. A procedure for visual examinations will be revised to identify the examiner qualifications which are applicable for EVT-1 plant-specific 

examinations. program may be 
implemented 
6 months prior to 
the subsequent 
period of extended 
operation. 

-··-- .. ·-·· ... --
The Flow-Accelerated Corrosion program is an existing condition monitoring program that will be enhanced as follows: 

1. Pfeeeth:tFee-wil! be re'>'isod to iReludc a re O\'aluo!ion Mtm engineering evaluation will be performed for systems currently 
that have been excluded from the FAC program due to no flow or infrequently used lines with a total operating and testing 
time that ls less than 2% of the plant operating time,. te eASl:fFO H:;at aA ae!e~1:1ate basis e*!sia te justif;< ce1~tiA~iA§ t!:iis 
eiEeh,1sie1,.The pur12ose of !be engin1;1ering evaly~tion is to cQafin:n !he §!;;Qt!§ gf &,Qmgonents that wj!I guelifll for the 

Program 
§X!.l!J§ion beiag ei!enged iatQ the sy!;i§eguent periQd gf extengeg 012eration. Thia s!O!J!n!;!erlng evaluatioa and mgde!ing 

enhancements for 
changes for the FAC program will be compl§ted prior to entering the subsequent neriod of extended operation./Revised -

SLR will be Flow-Accelerated Change Notice 2) 
implemented 8 Corrosion 2. E[QS.Bdl,l[§ Will be revised to confirm that iQSQes;;tion §COQe 0XQ§nsjons inguge the item§ noted belQ!tL sjnd 10 confirm that B2.1.8 
6 months prior to program indepeogent revie~§ of insgection scQge e:!!mmsiooi are indegendentl)l reii:iews:d !'.ll! a gyalified FAC engineer., (8ddeg - the subsequent 

Set 2 RAls) 
period of extended • An11 comggnem within two giQe i;liamet§r§ gg_wnrur~m of the cgm12onent di§L'!!iil)!i!l9 ~i9!Jifi!.!atl! we;;}r, or within !'i;(g operation. 

Qipe diame~m u9strn,u.u if tbat ggmponent is an ex~ng!l!r or ~Qi;JOQi[1g elbo:ti. 
• The two most suscslQtiblg !,ompgnents from the CHEQWQR1$S r~lruive w~llJr rnle ranking in the samf! traio i;;ontaining 

the piping component displaying significant wear, 
• Corres12onding cgmpg1Jea12 :f!gm other trains . 
• ln§ipections of ~ddition§I compQn~l.i yntil OQ s1!:l&tltional comgonents witll sigoifi<'&Ol ;6'.ear ar~ detect§!;!. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The Open-Cycle Cooling Water program is an existing preventive, mitigative, condition monitoring, and performance 
monitoring program that will be enhanced as follows: 

1. Selected fiberglass reinforced plastic (FRP) piping in the service water system will be replaced with a more degradation 

l resistant material such as copper-nickel (Cu-Ni) prior to entering the subsequent period of extended operation. FRP piping 
I associated with the Units 1 and 2 charging pump cooling water subsystems, service water rotating strainers, and the 
I control room chillers may be replaced as part of a time-phased program. 
' l 2. Modifications necessary to provide new chemical injection site upstream of the service water rotating strainers will be 

completed prior to entering the subsequent period of extended operation. 
3. The internal lining of ;M~ inch and larger service water inlet piping with carbon fiber reinforced polymer, with the exception 

of the recirculation spray heat exchanger piping downstream of the inlet motor-operated valves, will be completed prior to 
entering the subsequent period of extended operation. {Revised • Set 2 RAIS) 

4. Pf.esee!1,1,:es will ae re>,<iseel te Feme•a<e refeFeAee te ~Re eaFael'! steel J;)if:liA§ tl=lat was re13laees eAa will i1~eh:iele tAe I 

fe1S~t tnaterial.(Comoleted - Change Notice 1} 
Program 

5. Procedures will be revised to provide additional guidance for identifying and evaluating applicable concrete aging effects 
enhancements for 

such as loss of material due to delamination, exfoliation, spalling, popout, scaling, or cavitation; and cracking due to 
SLR will be Open-Cycle chemical reaction, or corrosion of reinforcement. 
implemented 11 Cooling Water 6. Procedu~!il i&ill tis! te;,Lised 10 grovige guidance for in!s!m!i!I iQSQection Qf carbon fi!;!er r~iDfQrQ1;g uol)'.!!!§r giuing fQr 9ging 82.1.11 
6 months prior to 

program ~ff1::cls §uch as vgjds, !;!li§!ering, bybbles, cracking, grgzlng aod delaminiallQn. (Added - Se! 1 R81!iil the subsequent 
7. Procedures will be revised to require personnel who perform inspections and evaluation of concrete components to be period of extended 

l 
qualified consistent with the qualifications identified in the Structures Monitoring program (B2.1.34) that are consistent with operation. 
the requirements of ACI 349.3R. 

8. PrQ!.!il.Q!JC~fi Y!ill bsl cevi§m:I to regyirl;l Q§rsonn§l w;hQ g~!:fQrm yisu~I iasosigign~ ang !;!Valuation of carbon fiber r12infgrced 
ggl:anslr i;iigioa to tls! VT-1 gualified coosist!in! wit!.l l~A-2~QQ of 8~ME Section ~I 51nd Mii!!ls:lstQ[Y Aggengix II of A§ME; 
Cgde Ca§~ N-8Z1, eersgno!il.l !tlDQ Q!i!rform agQustic !il.iaminialiQtl§ Qf QERE Hoed gioing ::i.'.!ill b!i! gyalifieg cgoiairuiaat with 
m121)deh2!:Y 8!:!12~ngix VI QfASME Qod!il. Cii!!ii~ N-8Zj, (Adgeg ·~et.:! Mis) 

9. Procedures will be revi§!il.d 12 mm.i.ire in:nalled CFRP linings be 1 QQ'i:'.n vi~y§l!Jl examined in accordance wli!:l ASME Qgde 
Qa!i!!:! N-B71 sectioa 5g13 during an inspegiQ[! m~riod b!;!!.i!Jeen four aog six iears following return of the reQajred ar!il§ !o 
serviQe; !.'!mi a mioimum of once Qer 10 !".ear ioservige i!J~§Q1ion inte1Yal thereaftgr i!l the s§me iosgection geriod of each 
suc;ceeding inspection interval, (Added - Set 1 RAls) 

10. PtQQ§dure11 will b§ [e~ised iQ reguire §~ssjgle §u!:face:i of !he QFBf linings !ill each 11:lrminal 1;ad !Q ~ §.!cousticallll 
jmgact l£1Q examined in ai;;QQrdance with ASME; Qgge Cs1se N-~71 se~Uon 5250(i;i} and sisO(g). The exr1ansiQn rings need 
not be removed for t!:lis examioa1ion Qroviged ex§minati2ns Qf sidii!i:.ent surfaces do oot indicate t!]e gresence of new 
unaccegtable indica!i2ns 1h§1 S.QY!!:I e;gend beneath the rings. (Addeg - §el :l RAls} 
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Table A4.0-1 Subsequent License Renewal Commitments 

l!#l Program Commitment AMP Implementation 

11. erQ.~gyres Y:li!I be r§vi§!'i!Q tQ ggriQgi~ll!f: in§ti~ra for evid!:mQ~ of concrete aging io s:1ccessiblg int§rD§I !iHJrf9~s of the 
s.Qn~cet51 grculating water lines. Th51 erggrnm:i l11!'.i!I reguire !hs1 e!:£9lys1trQ[l Qf insoecUQn resylts iQQIYQi!i gQnsigeration gf the 
acceQta!;!ilit!l of i[!~~essible burieg lMfs~!l wtl51n gQngitiQns exist in acc~sible surfaces that coulg iodicate the Qresenge 
of. or result in, Q!iU;JredaUon 1Q ioaccessible buris!d §Urf~§. Qne !]ungr§g 12§[.g;lnt Qf the accessible circu!§ling ll{i]!ter line I iofslcns1! §y[fages will be insgegted in s1 mn l!eac geciod. (Add~d - ~st11 B8l§} 

12. Procedures will be revised to require trending of charging pump lube oil cooler and emergency service water pump engine 
heat exchanger inspection results by Engineering. 

13. Procedures will be revised to require trending of wall thickness measurements. The frequency and number of wall 
thickness measurements will be based on trending results. 

14. Procedures will b!l! rfil!i13ed to reguire all areas grevioyi,ill! ggg1mented in ac&<ordsio~ ~itl1 ASM~ CQde Qs!§sl t!j-811 §~ction 
V-11 OO(b) shall !;!e re-examin!iQ, m~asured, and comgarfi!d wi!h !he Qf!',i~iQUS insgection rei;;QrQ§, ADY. indicaiiQ[lS Q{ fl!i!~ 
grID:Ytll ~ill be ceguired to !;!e fsl!J§ir!i!Q Qonsistent ~ilb Af!M ~ Code C!i!§fl bH1Z1. Documeotatioa Qf the rfi!Qair, location and 
dimeni:?iQas will b!;l mguimi;!. ein!l oew fla!{l!§!Q iif!i!iil§ ~ball !:!si ev!',!!uafll!g con§i~o1wi1tl ASME Cgde C@s!"l N-§Z1, !Added -
RAI.Set2) 

15. Procedures will be revised to include verification that predicted wall thicknesses at the next scheduled inspection will be Program 
greater than the minimum wall thicknesses. enhancements for 

Open-Cycle 16. Procedures will be revised to include criteria for the extent and rate of on-going degradation that will prompt additional SLR will be 
corrective actions. ! implemented 11 Cooling Water B2.1.11 

i program 17. Procedures will be revised to identify acceptance criteria for visual inspection of concrete piping and components such as 6 months prior to 

l the absence of cracking and loss of material, provided that minor cracking and loss of material in concrete may be the subsequent 

acceptable where there is no evidence of leakage, exposed rebar or reinforcing "hoop" bands or rust staining from such period of extended 
reinforcing elements. , operation. 

18. Ergcedur!Jl§ will Q~ r~i!ii~d 1Q incluge !he following QFBe g~f~Qt im=m~QtiQn ~CC!iQlance critgrii;! for $'Ii[ !lQiQil, bybb!e§, 
blisters, delaminf,ltions and oth!j!r defect§ (§~sch as cracking and crazing): (Aggeg • BAI Set 2} 

Air Voids 
FQr !:!IJ:lQedded air voids of area less ths!n Qr egu91 1Q 25 sguare ioches that hav!il b~en vlsu211;l dfte1.teg in laysirs 
benea!h thg 1Qgcogi{, th!:!):! snail be reQaired in aggo[Qgn&§ witb A!;;ME; QQde Case N-a71 !ll~!.tiQn 4;39Q (b}(1l $!Dd (b)(2} 
YDlstss otherwise soerafisai;;! la th~ Qs!li!igo ggguments. All other gefects ang s!ll vgjgiz larger gre§ter than 25 §!J!.!sr§ 
ini;.h!;!§ iahs!!I b~ rsti~!.l;eg, and a regair designed to ms;1ints1in water tightness of t!:!e sistem. 

Bubbles. blisters or other defects 
If gubble;;i gc bliliiJs!!li wjth maior dimension exceeding 1 incl:l er!i d!:lteged anmhere within the i;irgtegjv~ s!!JQ!li( !ggcoat, 
the:t shall be r!;lmO:l£!ad and reg§ir!i!Q iP l;!~QrQ§!Jge IYith ASME Code Qa§e N:§71 Section 4380(d). 

Delaminations or Voids 

!Jale§s i:iermltted bl£ design document§, l;!C!.e!;!tance criteria for acoustic taQ 01!,glJJi[lll!tiQD of terminal ends shall b!i! 
coosistem with A/i2M!; Qode Case N-87:1 section§3/;iQ (a) t1ntl £tu 
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Table A4.0-1 Subsequent License Renewal Commitments 

# I Program Commitment AMP Implementation 
I 

19. Procegu~ will ~ r~vised to include !he fQ!lgwing gefect regale g~risi as gad Qf th~ J;a;'!!Ifil<tive e!:ltiQQ§.: (~&l!iQ - RAI 
~ 
For air void defects 

R!i!B@irs shi;ill be QQnsis1e!.'l1 ~i!h 8QME Code Cafill N-§71 s~c!iQ!J 4390 (b}(~} am;i (l:l}(4) 

For bubbles. blisters or other surface defects 
' BslB@ir.§ §!Jal! be CQD!'iiS!ent Wit!:l 8§M~ Code Case tl!-1171 ~ctiQIJ 4~90 (d} 

For an other defects and all voids larger than ;2li square inches Program 
8 reoair shall be desi90!id 12 II!f!!Otain water~tiQl:ll!leS§ Qf !be S~§tem consistept wil!l ASME Code C51S!i ~-§71 seg,tiQD enhancements for 
4390 (d) SLR will be 

, Open-Cycle 
A final visual iaimectiQ!l shall bf! Qerformiad to ~erjfy t!Je CEBP si§1s1m bia§ achjeveg 1!Je Qs!r£.sl01lll!m Qf cuce ggcre1n:u2oding implemented 11 ' Cooling Water 
to 9gtJievem!llnt gf regyire!i mec!:laaical groge[ti~§ Qf!forti Qlacing the ret1aired QiQing back in seivjce. In QQ case shall tb~ B2.1.11 

6 months prior to 
program 

system be placed ln ~rvice before achievjng 85% cure, the subsequent 

20. Procedures will be revised to ensure that for ongoing degradation mechanisms (e.g., MIC), the frequency and extent of wall period of extended 

thickness inspections at susceptible locations are increased commensurate with the significance of the degradation. operation. 

21. Procedures will be revised to ensure that when measured parameters do not meet the acceptance criteria, additional 
inspections are performed, when the cause of the aging effect is not corrected by repair or replacement for components 
with the same material and environment combination. The number of inspections will be determined by the Corrective 
Action Program, but no fewer than five additional inspections will be performed for each inspection that did not meet the 
acceptance criteria, or 20% of the applicable material, environment, and aging effect combination inspected, whichever is 
less. The additional inspections will include inspections at both Unit 1 and Unit 2 with the same material, environment, and 

I aging effect combination. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

Inspection of 
Program 

The Inspection of Overhead Heavy Load and Light Load (Related to Refueling) Handling Systems program is an existing enhancements for 
Overhead Heavy condition monitoring program that will be enhanced as follows: SLR will be Load and Light 

1. Procedures will be revised to specify visual inspections for the effects of genera! corrosion, deformation, cracking, and wear implemented 13 Load (Related to B2.1.13 
Refueling) 

on the rails in the rail system. 6 months prior to 

Handling 2. Procedures will be revised to specify visual inspections for general corrosion, deformation, cracking, wear and loose or the subsequent 

Systems program missing fasteners and other conditions indicative of loss of bolting preload for the new fuel transfer elevator. period of extended 
operation. 

-
Program 

The Compressed Air Monitoring program is an existing condition rnonitorlng program that will be enhanced as follows: enhancements for 

Compressed Air 1. Procedures will be revised to perform opportunistic visual inspections of internal surfaces of compressed air system SLR will be 

14 Monitoring components downstream of the dryers to verify the effectiveness of the compressed air system control of moisture B2.1.14 
implemented 

(dewpoint) and particulate. Visual inspection results will be compared to previous results to ascertain if adverse long-term 6 months prior to 
program 

trends exist. Deficiencies will be documented in the Corrective Action Program and evaluations performed for test or the subsequent 
inspection results that do not satisfy established criteria as defined in the applicable procedures. period of extended 

operation. 

~---.. -·· - - ~··· 

The Fire Protection program is an existing condition and performance monitoring program that is croditedwi!l be enh;mced as 
follows; 

1. Prggedures will be enh§n~g to ~guire fire daa:11:iec a§serublies (rather 1!:leD fjre dl'!rn~c hQb!§ing§~ tQ be vi1;1yall!£ i!lf!t'!ected 
fQt lgss of 1m1terial and detecmio~ iQ be aci;:eQtable if there §re n2 §igns of d@9radatjon thm 1.Q!.!ld cesylt in !QS!i! Qf fim l 
gcQtectign t.sl2s!Qiliil: gue 1Q loss of material. (Add~ - S!ati B81s} GR~eiA9Progrs1m 

2. Qsmrm gioxig~ and b1lon si§tem§ air f!QW testing 12rQQ!\!d1Jres }!dll be eobii!ni;;ed to trend air flow test Qs!!sl, In addition, enhsijn~1nents fQr 
gro~gures will tie eo!:l§nced tg sgecifu that insgegtiQn C!'l!§b!l!sz fQr the h§fQn and QQ2 sistems m~uit the a~gtaoge criteria SLB ~ill b~ 

15 
Fire Protection if tbersi !!)[e !lQ iodii:;eiiQIJJ:! Qf ~xcey!.lle IQss of materisl- ffidd!i!i *Seti RAls) 82.1.15 ia:mlemenfe!;I 6 
program 3. PrQcedy[fm will be rru£i§!1!Q lQ c~guire ao il22!i!Ylll~Oi fQr as:lciitigna! jnirn~,tiQ!lli! tg tl!1i !;QOQ!.!Q!ed if QD!1! of tb!f! i!lf;!Q§gtigns mQntb§ prigr lo !ll§ 

gQ§!i ngt m!;et acceQ!§ace g:imriii! gye to cum~nt or 12rgjected gegradii!tlQ[!. Fgr iamgll!ltH.112sed insgections, results ar§ SUbSru]U!1i01 Q!1!riod 
s!.ll!i!l!J1ated !119!:!inst acceQtance crlt!J!rlii! 1Q !.2!1!.itm t!:utt the sawi;i!!ng bi2§~s (e.g" §!il~i.!iQO, :ai~, f[eg!,!enc~ ~i!I maintain tile Qf ~xtengru:i 
i:;omuoa§!i!§' intecu;t5uj fyoi;;t!ons throughoyt !he 2Ub§§gy~m Qeriog Qf ~xteoded OQ!1ira1ioa Qii!§§Q Qn th§ umiected raig sod operation. 

: el!!1:mt of d!!grs1datiQn. If degt§datioa ls deteru!;!d within the iO.aQ~QtiQ!l §1i!IDQI~ of 12enmi:atign S§§l~. 1h!1i §QOQ~ Qf the 
iQ§Q!lli;;.tiQ!J i§ rui;ganded to include adgition2l §!i!ii!I§ in ii!Ccordance with the Qlaot's corm~ille ~!.ttlon grogram. Adg!tioasi! 
insget:tioa2 wgu!g b~ gQ';(Q of l!sQb ai:mllcagle insg,egion §li!mt;ile; l:!ow~ver; agdrtions1! insmgjgQ§ would [!Qt gxce122 fill!'!, If 
an~ grgjec1ed i[lfigec!ioo mm.!11§. ~ill ogt 111e!:2t accegt~m.e crlts1rls nrigr tQ 1h!i! n~xt :ai:.!le!'.;!uled jnsges;;!iQO, inSQ!i!1<tlon 
freQY!il!l!.i~§ s1r~ adjuster;! as determineg bt the si1!f~ goa:ectjv~ action 12rogram. (M!;is!Q - ~!:!! 2 R~l!il 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The Outdoor and Large Atmospheric Metallic Storage Tanks program is an existing condition monitoring program that will be 
enhanced as follows: 
1. Procedures will be revised to require periodic visual inspections of the refueling water storage tanks (RWSTs) be performed 

at each outage 1o confirm that the insulation ca1,1lking/sealant at the RWST concrete foundation is intact. The visual 
inspections of caulking/sealant will be supplemented with physical manipulation to detect any degradation. lf there are any 
identified flaws, the caulking/sealant will be repaired or replaced and follow-up examination of the tank's surfaces ' Program will be 
conducted if deemed appropriate. An inspection of the caulk at the tank and concrete foundation interfac:t:: will be included implemented and 
in the sample when the RWST external insulation is removed and sampled for external surface visual examinations. inspections or tests 

2. Procedures will be revised to require visual and surface examination of the exterior surfaces of the RWSTs and CATs be begin 10 years 
performed to identify any loss of material or cracking. A minimum of either 25, one square foot sections or 20% of the before the 
surface area of insulation will be required to be removed to permit inspection of the exterior surface of each tank. The subsequent period 
procedure will specify that sarnple inspection points be distributed in such a way that inspections occur near the bottoms, at of extended 
points where structural supports, pipe, or instrument nozzles penetrate the insulation, and where water could collect such operation. 
as on top of stiffening rings. If 110 unacceptable loss of material or cracking is observed, subsequent external surface Inspections or tests 
examinations of insulated tanks will inspect for indications of damage to the jacketing, evidence of water intrusion through that are to be 

Outdoor and the insulation, or evidence of damage to the moisture barrier of tightly adhering insulation. completed prior to 
Large 3. Procedures will be revised to require ECST weep holes be inspected for water leakage/condensation onc:t:: each refueling the subsequent 

17 Atmospheric cycle and corrective action taken if excessive leakage is observed. Accessible external metallic tank surfaces visible from B2.1.17 period of extended 
Metaflic Storage inside the ECST piping penetration house will also require inspection once each refueling cycle as an indication of external operation are 
Tanks program ECST surface condition. Volumetric examination thickness measurements of the bottom of both ECMTs (100% of the completed6 months 

surface exposed to soil) and both emergency condensate storage tanks will be performed and will occur during each prior to the 
10-year period starting ten years before the subsequent period of extended operation. Results will be forwarded to subsequent period 
engineering for evaluation and the need for additional inspections will be determined based on projected corrosion rates. of extended 
QasHim!ll tbickness m~a§yr!ilm~nts Qf rA 1amQlH of :tbi !;QST!i v~c!lcal wall lt!ill t!§ Qs!dorm§Q Q(lgr to t!:l!i! SPEQ 1Q s§§e§§ operation or no later 
99l§ntial degrs1dafiQn du§ to ~mov21Jlg §CC§§§ Qlug leakag§, Ioo samg!e will e~m!ae tb~ !;;.QST v~mcal §1~1 shell (§gign than the last 
t;i~een the three wegQ tm!e§ at t!J~ mnk bQtiQ!I! s!§§ociated l!!!ith remQl<l;lQl!z access olyg lsials;age and vertical!:£ from that refueling outage 
tan!!; bgttorn iYClStlion to i gl§tangz gf six f~ along lhf! V§rtical sb§l!.111 ltl!i! :W!J~ a§ a region t!Q!!'l!Jtia!!i most sus!..§pjil:!l!z IQ prior to the 
de~mada!iQIJ, Th!i! i!l§!Qection rsl§.IJI!§ ~ill be grgjeQted tQ emi gfthe SPEO 12 confirm lb~ I;QST!i int!i!D9~Q fyoraigns wi!l bsi subsequent period 
msiotain!29 t!JrgyghQY1 Uur ~PEO based Q!l th!il 12r2i!1i!me!i ratsi Qf d!i!9CiilQ§!ig!l, Aa~ degragaUon om m§ming saC!..§Qtance of extended 
griteria will r~gyire geciQgjc 10-~r Jhic!$m~ss mea§yrsimeat§ l;!ng i ~uJmglg lilJW/aOSiQO almm ib!il l!i!sike!J~ Qaib coniis!s:1at operation. 

with the observed degradation. {Added Set 2 RA ls} 
4. Procedures will be revised to require volumetric examination thickness measurements of the bottom of both FWSTs and 

both RWSTs be.performed each 10-year period during the subsequent period of extended operation starting ten years 
before the subsequent period of extended operation. Results will be forwarded to Engineering for evaluation and the need 
for additional inspections will be determined based on projected corrosion rates. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

5. For the carbon steel tanks (FWST, ECST, ECM1), procedures will be revised to provide non-ASME Code inspection 
guidance related to lighting, distance,. offset, and surface conditions. The revised procedure will require the inspector Program will be 
confirm adequate lighting is available at the inspection location to detect degradation. lighting may be permanently implemented and 
installed, temporary, or portable (e.g., flashlight), as appropriate. For accessible surface inspections, inspecting from a inspections or tests 
distance of two feet or less is recommended. For distant surface inspections, viewing aids such as binoculars may be used. begin 10 years 
For internal inspections. accessible surfaces will be inspected. Cleaning will be performed as necessary to allow for a before the 
meaningful examination. If protective coatings are present, the condition of the coating will be noted. subsequent period 

6. A new procedure will be developed to specify that additional inspections be performed consistent with NUREG-2191. of extended 

If any inspections do not meet the acceptance criteria, additional inspections are conducted if one of the inspections does operation. 

not meet acceptance criteria due to current or projected degradation (i.e., trending}. Inspections or tests 
that are to be 

Outdoor and 
a. For inspections where only one tank of a material, environment, and aging effect was inspected, all tanks in that completed prior to 

Large 
grouping are inspected. the subsequent 

17 Atmospheric b. For other sampling based inspections there will be no fewer than five additional inspections for each inspection that did B2.1.17 period of extended 
Metallic Storage not meet acceptance criteria, or 20% of each applicable material, environment, and aging effect combination inspected, operation are 
Tanks program whichever is less. If any subsequent inspections do not meet acceptance criteria, an extent of condition and extent of completed6 months 

cause analysis will be conducted to determine the further extent of inspections required. Additional samples will be prior to the 
inspected for any recurring degradation to ensure corrective actions appropriately address the associated causes. The subsequent period 
additional inspections will include inspections of components with the same material, environment, and aging effect of extended 
combination at the other unit. operation or no later 

The additional inspections will be completed within the interval (i.e., 10-year inspection interval) in which the original than the last 
inspection was conducted or, if identified in the latter half of the current inspection interval, within the next refueling outage refueling outage 
interval. These additional inspections conducted in the next inspection interval cannot also be credited towards the number prior to the 
of inspections in the latter interval. subsequent period 
If any projected inspection results will not meet acceptance criteria prior to the next scheduled Inspection, inspection of extended 
frequencies are adjusted as determined by the Corrective Action Program. However, for one-time inspections that do not operation. 
meet acceptance criteria, inspections are subsequently conducted at least at 10-year inspection intervals. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# I Program Commibnent I AMP Implementation 

The Structures Monitoring program is an existing condition monitoring program that will be enhanced as follows: 

11· Procedures will be revised to include inspection of the following structures that are within the scope of subsequent license 
! renewal: decontamination building, radwaste facility, heaHh physics yard office building, laundry facility, and machine shop. 

!n~ge(:;1ion§ fQr t1J1 i!dd~g §ICY!.!Yt!iU1! Will be QitrfQr!JltQ YDd~r lhsl !l!nl:l1a!l!:ifU.l Q[Q9Ci'!!I! ia QrQ!l!C l!J e§!mbli!!tl guantllfa!iVfl I ba§~l!m~ insi;u:imii;io gatza QrlQr to ihe §Ybs~uent Q§DQQ of extendgd gi;mration, (B§~ised - Qhange Notice j) 
2. ero~§i;!ur§! will bli r!ivised to agd tbe oiled-§§!Jd 1;,~1!?hion to !b~ ia§gectiQD of the fire Q[QtegjQ!Jlgome~Ug watec ts!ak 

foundationJAdded - Change. Notice 3) 

i 3. Procedures will be revised to include preventive actions to ensure bolting integrity for replacement and maintenance 
activities by specifying proper selection of bolting material and lubricants, and appropriate installation torque or tension to 
prevent or minimize loss of bolting preload and cracking of high-strength bolting. For structural bolting consisting of ASTM 
A325, ASTM A490, ASTM F1852 and/or ASTM F2280 bolts, the preventive actions for storage, lubricant selection, and 
bolting and coating material selection discussed in Section 2 of the Research Council for Structural Connections 
publication, "Specification for Structural Joints Using High-Strength Bolts," will be used. 

4. I!:l!il ch!;li;;~li!iil f2r §trygyrsl s1o.d &iuuoct it!i!stl wj!l be r~vi§!ig !g 11:u;!icatf!; "6m §Ill! connemion m~r.abcm loose, m!ssiog or Program 
damimect (bott§l, ti:!!fil§. o~. etc.}?". (Added - C!lflng§ [!!Qti~ i1 enhancements for 

5. Prooedures will 130 revised to i:equire at least five years of experienoo (or AC! i110pcotor oertifieatlen) fer eenorctc ins(:!leotors SLR will be Structures ta se eens!ster1t '>'f'ith AG! .3 49.eR 9~. ErQcedures will bi r§lfised £!2 rru;iyire at least fiY:!il i11ars gf exgerleoce (Qr AQI implemented 34 Monitoring i!l§QiU,!Qr certificetioa} f2r cgn~rsite ln§rua!:ltQn! to be QQD!'ai§tenj with e,CI 349.3R 002, Ecocedurei will !;!e cevised !2 B2.1.34 6 months prior to program eliminam QQ!iQO:i fgr ins~gQr gyalificafionia thm 1;1m DQt consistent with llCI ~~8-QQ2,(Revised - Chaog~ Ngti~!il i!l the subsequent 
6. Preeedumo will be rovloecl ID iRspcet weeElcA J}ewor 13o!os on a 10 year ireeiueney.Procedures will be revised to specl{x period of extended 

that woodeo gol§ iosQegtiQ!lS will be gerformed ~§C£ ten l'.e~r§ bi an outsfde firm that l:lrgviges :tLQQdsz!l gale iQ§Qei;;lign operation. 
services thmt s1re con2i!'at!int will! !!ten£srQ indui:ttr:I:'. uractice. Viiual eiamilliiliQns may be augmented with §.2!.!agiags or . 

otbsl( ls!£baigyes a1;mroi;irii.1t!il fQr il:Je ti12s1. i;;i;;m!'Ji!igo, §!JQ. tceatmeat gfthe wooden QQle2, im;;luding borings to deteuni1Jg !he 
location §nd exteat Qf deca:t; and t;iXQ!/.!Vs!\ioo !o determio~ !hs! ment Qf!;ieca~ at the groundline. (Bmi:i~ - Change Notice 
g} 

7. Pr~dures ytil! Q!il cevised t2.sge£iri that evaluatron Qf jnsQectign re§ylt~ includes consigerglign of lb!i! ggcegtabi!it~ Qf 
ioagces12ible ar~gi§ when condi!i!:l!l!l e~i§1 ia ai.~lilll~ amas that could jng!~ie 1b~ gre§gnce of, or result in, df;lg!]!daUi;m IQ 
such inaccessible areas. (Added - Change Notice 2} 

8. l;:rg~gyre!:l w!H be en!lm:u;:ed 1Q m;iecifJ: VT-1 iO§Qegtigos to !deoti& gracking ao !iWinlefis.steel and aluminym ggmQQDeotlil, 
A miniruyru Qf 25 in§ooctjQDs Y:,!i!I be getfguneg ev!ID! ts!o !i§.i(S during the sybsru;iyent gerjod of extended oQeratlQa fu!tll 
e~gtl Qf the stainless li!s!!i!I arn;l alyminym com12on~0I QQ!J!JlatiQrui m:iiaigoru;l !Q th~ Structure! Moaitoring i;imgr@!!J. If the 

' comQQCls!!l! w ~f!SY(!:ld in linear f~et et !east one fooi )A(il! bi i!l§UO!,ted to gualifi! §§ sin llJ§Q!i!C!lgn. Fgr Qthstr QQ!DQOnen!§. 
f.lt !east 20°b of fil!il §!,!l::f~e §~~ vlill !2t lnsg!2C!§d tQ QY§lif:t: as an iruiQ!a!:iliQD. Ih§ s§lflraioa of comoon~nJi fQr im:l~tiQ!l 
will consider the §everitv of the 12m:lrQ!J!D~!l!, E21: ~~§mg!e, comp,Qnenj:s im~ntisll¥ ilSQQ§eg to halig~!i;. §[ld m2isturl2 ~!.!Id 
be in§g§g§g, §i!l!d'! ll!os§ envimomentaf faraors Q§rl fti!£ilit§t~ §![~§§ corrosion cracking. (Adg!;id - Qtliii!OQst ~mice f!) 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

9. Proc~dures ~ill Q§ enl::!aa!..fld 1Q §Qfil<if:l ttu.!t for th!:l neutron shi!ilQ !g!nk (NSD. IQ§li Qf ms1§!:iel due to corto2iQn, Qther th2n 
§!JQ§rficia! ~rrosion, Will be evalyated 1Q ~nsyre that the N~I wi!I !.QD1iD!J!i! to Q!UfQrm its i!l!sltlQs:!1 fi.mctioa§. iacludi!Jg 
slru!,'.;tural §UQUQ!! gf tl:!e RPV. !Added - Sst12 B81l?l 

10. Erocedure§ will b§ §nhan5.eg tQ sgecify_ for the samQlino-ba§!lQ immection§ to detera &!limking in stainless fil§sll 2nd 
!;!IY!Ili!JYDJ !,;Q!lltlQO!;!!ll§, agditional in§Q§!,;liQD§ ~ill be condugj;ed if QO!i! Qf the in§ggctions QQ§!l !JQt weet acc~mtanQs! g[l~[lg 
due !Q current or 9[Qi§!.lt!l!d degradatiQD, unle§s tb!i! i.suse of the aging effect fQ( ~ech ai:;n;ilicabl~ material !i!DQ envjrgnm§nt 
is corremeg bj'. r~gair Qr rnulli!!.!z!Ilent for all comoonenls i.on§tructed of the 2ams! !!J!i!!!i!ti1i!I and !l!X!JQ§s!d !Q the §ame 
~nvironmsiot. !)Jg fewer than fivg s1dgitional jnimecJiot)§ fQr ~tu~h i111me~!ioa t!:lat gig am w!ilg1 §g;egteoc,;;e r,;rJ1!l!ri2 QC 2Q Program 
l'.l5!t!.!i!!l1 Qf each a1212!icaQ!s! msterial. !l!C!,drQtJ!Il!ilD!. and !i!ging effect cgm!;iimi!liOO :Will !;!e ia§ge!.tli!d, !!il::!ii;;hevec i§ les§. enhancements for 

Structures 
Adgit!onal insoei.tiQ[!§ ~Ill ge corn12!!i!!ed within !b!i! 10-~!ft~C iDSQs!sttion interve1I in whic,;;l::l !he O[igina! in§Q!;lg:iQtJ vias SLR will be 

34 Monitoring 
cgnguct!;!d. The resgonsi!2!!i !ilngins1et will ioiti!i!ls! condition reQQCI~ IQ gen!ilrate work org§rl,'l !Q QetiQr!ll lb!i additional 

B2.1.34 implemented 
in§Q!il~ioas, Tl::!!i! cesgonsible engineer will !ilVel!Jii:!t!i! t!le insgection rs!sults, ang if tl::!s! §Ut!§§guent in~ms!!.lign2 dg oot weet 6 months prior to 

program flCC!i!QE!O£!! i;;rils!Cl!il, gin s!~!l1 of cgogition and six~nt Qf Q!i,lUSe §Dfll:t§is wjll be i;;ondui;;md. The r~sgonsjble engiDfs!r will the subsequent 
!h!l!n g~l!l!rmine the fuctber e~~!li gf lnsgections. Additi2nal §li!IIlQ!es lllil! be insQeJ;;t§g fgr §OJ'. rgcucring degrii!daUon to period of extended 

' !j!n§yr§! cQrregi:te actions s1g12rogriat§IJ'. adgr!l!§:ii !b!i! s!lil§Ociat~!.1 causes, Tbe agi;!iiiQn~I in~ections will inclygs1 i!llUlf2giQ!l§ operation. 
of gomgon!;!nl§ witb !hg §8!II§ wat!l!ri!i!l. !;!nvironmen1, and §glng eff~ct combioatlon at QQ!h Unit 1 ijnd !Joli 2. If still! 

; grojected insgeclion rgl!uljs will not ffi!l!s!i accegtaoce ~rite[ie grigr !2lb§ ll!l!Xt SCb!l!duled insi;uu.tiQn, iD§~ctiQn fr~guencies 
will be eQiYfil!l!d as determined b!l the QQrr§l!,tivg 8gtign Pmgria!lJ, <AgQed - Qhli!nge Ngli£!'! 2l 

11. Prgcedurgs will be !,!nhaaceg to §Q!l!~i~ !!lat gvilt1atiQn of neutron §hielg li!ll~ findings consider it§ stry~tyrial l'U!QQOU 
fungj;iga fQr !tlit rgiactor 1;!!:~ssure ves§el. {Added - Qhsing!;! f.\JQ!i~ i2l 

12. ProQ!;lQUres will be enhan~g to 1alsg lng!yg12 I.QCAs as ~v~nt§ that reguirg evl;!IY§iiQO fQt ooteotialll'. degraded §to.u;,!1.u:~§ bl'. 
QlvilfM!a!.!lsi!nl~I Qe§iga l;ngineeritJ!J, !Added - Char.igi t::!o1i£!'! ~ 

---·· ·-···- ·-·· ...... __ 
The Inspection of Water Control Structures Associated with Nuclear Power Plants program is an existing condition monitoring 

Program program that will be enhanced as follows: 
Inspection of 1. Procedures will be revised to provide guidance for specification of bolting material, lubricants and sealants, and installation 

enhancements for 
Water Control SLR will be 
Structures 

torque or tension to prevent degradation and assure structural bolting integrity. 
implemented 

35 
Associated with 2. Procedures will be revised to specify the preventive actions for storage discussed in Section 2 of Research Council for B2.1.35 

6 months prior to 
Nuclear Power Structural Connections publication "Specification for Structural Joints Using ASTM A325 or A490 Bolts" for ASTM A325, the subsequent 
Plants program ASTM F1852, ASTM F2280, and/or ASTM A490 structural bolts. period of extended 

3. Procedures will be revised for concrete inspection to require at least five years of experience (or ACI inspector certification) operation. 
to be consistent with AC! 349.3R-2002. 
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Set 2 RAls 

Surry Power Station, Units 1 and 2 
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82 AGING MANAGEMENT PROGRAMS 

Table 82-1 lists the aging management programs described in this appendix and identifies the 

programs consistency with NUREG-2191. As discussed in Section B1.4, both plant specific and 

industry operating experience has been reviewed and considered as it relates to both new and 

existing aging management programs. 

Table 82-1 
SPS Program Consistency with NUREG~2191 Program 

Appendix B Existing NUREG-2191 Program Reference orNew 

ASME Section XI lnservice 
Inspection, Subsections IWB, 82.1.1 Existing 
IWC, and IWD 

Water Chemistry 82.1.2 Existing (Primary and Secondary) 
-

Reactor Head Closure Stud 
Bolting (addressed by ISi B2.1.3 1 Existing 
program) 

Boric Acid Corrosion 82.1.4 Existing 

Cracking of Nickel-Alloy 
Components and Loss of Material 
Due to Boric Acid-induced 82.1.5 Existing 
Corrosion in Reactor Coolant 
Pressure Boundary Components ! 

·- - .. 

Thermal Aging Embrittlement of 
Cast Austenitic Stainless Steel 82.1.6 · Existing 
(CASS) 

PWR Vessel Internals B2.1.7 Existing 

Flow-Accelerated Corroslon I 82.1.8 Existing 

Bolting Integrity 82.1.9 , Existing 

Steam Generators B2.1.10 Existing 

Open-Cycle Cooling Water B2.1.11 Existing System 

Closed Treated Water Systems 82.1.12 Existing 
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X 
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SPS Program Consistency with NUREG-2191 Program 

NUREG-2191 Program 

Inspection of Overhead Heavy 
Load and Light Load (Related to 
Refueling) Handling Systems 

Compressed Air Monitoring 
' 

Fire Protection 

Fire Water System 
~--·· 

Outdoor and Large Atmospheric 
Metallic Storage Tanks 

Fuel Oil Chemistry 

' 
Reactor Vessel Material 
Surveillance 

One-Time Inspection 

Selective Leaching 
I 

ASME Code Class 1 Small-Bore 
Piping 

---·· 

External Surfaces Monitoring of 
Mechanical Components 

Flux Thimble Tube Inspection 
__ .... 

Inspection of Internal Surfaces in 
Miscellaneous Piping and 
Ducting Components 

' 
' Lubricating Oil Analysis 

Buried and Underground Piping 
and Tanks 

··-· 
Internal Coatings/Linings For 
In-Scope Piping, Piping 
Components, Heat Exchangers, 
and Tanks 

ASME Section XI, Subsection 
IWE 

Appendix B Existing 
Reference or New 

i 

82.1.13 Existing 

B2.1.14 Existing 

82.1.15 Existing 

82.1.16 Existing 

B2.1.17 Existing ! 
.. 

B2.1.18 Existing 

82.1.19 Existing 

B2.1.20 New 
.. 

B2.1.21 New 

82.1.22 New 

-

B2.1.23 ' Existing 

82.1.24 Existing 
"" 

B2.1.25 Existing I 

B2.1.26 Existing 

B2.1.27 Existing 

! 

i 
B2.1.28 Existing 

B2.1.29 Existing 
! 
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SPS Program Consistency with NUREG-2191 Program 

NUREG-2191 Program 

ASME Section Xl, Subsection l IWL 

ASME Section XI, Subsection 
IWF 

10 CFR Part 50, Appendix J 

Masonry Walls 

Structures Monitoring ! 

··-
Inspection of Water-Control 
Structures Associated with 
Nuclear Power Plants 

-
Protective Coating Monitoring 
and Maintenance 

-·-
Electrical Insulation for Electrical 
Cables and Connections Not 
Subject to 10 CFR 50.49 
Environmental Qualification 
Requirements 

·····-

Electrical Insulation for Electrical 
Cables and Connections Not 
Subject to 1 O CFR 50.49 
Environmental Qualification 

j 

Requirements Used in 
Instrumentation Circuits 

Electrical Insulation for 
Inaccessible Medium-Voltage 
Power Cables Not Subject to 
10 CFR 50.49 Environmental 
Qualification Requirements 

Electrical Insulation for 
lnaccessible Instrument and 

I 
Control Cables Not Subject to 
10 CFR 50.49 Environmental 
Qualification Requirements 

Appendix B Existing 
Reference orNew 

B2.1.30 Existing 

82.1.31 ' Existing 

82.1.32 Existing 

B2.1.33 Existing 
·-

82.1.34 Existing 

82.1.35 Existing 

B2.1.36 Existing 

' 

B2.1.37 Existing 

82.1.38 Existing 

i 

82.1.39 Existing 

82.1.40 New 

' I 
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SPS Program Consistency with NUREG-2191 Program 

Appendix 8 Existing NUREG-2191 Program Reference orNew 

! ' Electrical Insulation for 
Inaccessible Low-Voltage Power 
Cables Not Subject to 82.1.41 New 
10 CFR 50.49 Environmental 
Qualification Requirements 

Metal-Enclosed Bus B2.1.42 Existing 

Electrical Cable Connections Not 
Subject to 1 O CFR 50.49 
Environmental Qualification ! 82.1.43 New 

Requirements 
-·· .... _ 

High-Voltage Insulators 82.1.44 New 
t--• 

Fatigue Monitoring B3.1 Existing 

Neutron Fluence Monitoring 83.2 i Existing 
........ 

Environmental Qualification of 83.3 Existing Electric Equipment 
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The Flow-Accelerated Corrosion program is an existing condition monitoring program that manages 

wall thinning caused by flow-accelerated corrosion, as well as wall thinning due to erosion 

mechanisms. Erosion monitoring is performed for the internal surfaces of metallic piping and 

components to manage the aging effect of wall thinning due to cavitation, flashing, liquid droplet 

impingement, and solid particle erosion. 

The Flow-Accelerated Corrosion program is consistent with the Virginia Power response to NRC 

Generic Letter 89-08, "Erosion/Corrosion-Induced Pipe Wall Thinning," and relies on 

implementation of the EPRI guidelines in Nuclear Safety Analysis Center (NSAC) 202L, Revision 4, 

"Recommendations for an Effective Flow Accelerated Corrosion Program." The erosion activity 

implements the recommendations of EPRI 3002005530, "Recommendations for an Effective 

Program Against Erosive Attack". 

The Flow-Accelerated Corrosion program includes: (a) identifying flow accelerated corrosion 

(FAC)-susceptibie piping systems and components; (b) developing FAC predictive models to reflect 

component geometries, materials, and operating parameters; (c) performing analyses of FAC 

models and, with consideration of operating experience, selecting a sample of components for 

inspections; (d) inspecting components; (e) evaluating inspection data to determine the need for 

inspection sample expansion, repairs, or replacements, and to schedule future inspections; and (f) 

incorporating inspection data to refine FAC models. 

The Flow-Accelerated Corrosion program tracks and predicts occurrences of wall thinning due to 
FAC using CHECWORKS-SFA TM software. Changes made in the CHECWORKS-SFA TM model are 

prepared and implemented by a qualified FAC engineer. Each change is then independently 

reviewed and validated by a qualified FAC engineer. Evaluations documenting the calculation of 

wear, wear rate, remaining life, next scheduled inspection, and sample expansion are 

independently reviewed by a qualified FAC engineer. The CHECWORKS-SFA TM model is 
evaluated and updated, as required, to reflect any significant changes in plant operating 

parameters such as power uprates. The CHECWORKS-SFA ™ model is also refined by importing 

actual ultrasonic testing {UT) results from thickness measurements as input for further wear rate 

analysis, thereby improving the predictive capability of the mode[ for FAC-susceptible components 

included in the model. Wall thinning information available from the CHECWORKS-SFA TM software 

is one of the tools used to determine the scope and required schedule for inspections of 

FAC-susceptible components. 
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In addition to planned inspections performed for the Flow-Accelerated Corrosion program, 

opportunistic visual inspections of internal surfaces are conducted during routine maintenance 

activities to identify degradation. The Flow-Accelerated Corrosion program goal is to ensure that 

piping remains above the minimum allowable wall thickness; inspections are scheduled to support 

a planned approach such that the components wall thickness will be managed until replacement 

can be scheduled. 

While no preventive actions are required by this program, activities such as monitoring of water 

chemistry to control pH and dissolved oxygen content can be effective in reducing FAG. Similarly, 

selecting FAG-resistant materials, or changing piping geometry for susceptible locations can be 

effective in reducing FAG. The aging management strategy related to FAG emphasizes a 

preference for design improvement over simple management of wall thinning. 

NUREG-2191 Consistency 

The Flow-Accelerated Corrosion program is an existing program that, following enhancement, will 

be consistent with NUREG-2191, Section XI.M17, Flow-Accelerated Corrosion. 

Exception Summary 

None 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement(s) will be 

implemented in the following program element(s): 

Scope of Program (Element 1) and Detection of Aging Effects (Element 4) 

1. An engineering evaluation will be performed for systems that have been excluded from the 

FAG program due to no flow or infrequently used lines with a total operating and testing time 

that is less than 2% of the plant operating time. The purpose of the engineering evaluation is to 

confirm the scope of components that will qualify for the exclusion being extended into the 

subsequent period of extended operation. The engineering evaluation and modeling changes 

for the FAG program will be completed prior to entering the subsequent period of extended 

operation. 

Detection of Aging Effects (Element 4} 
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.2, Procedure will be revised to confirm that inspection scope expansions include the items 
ooted below and to confirm that indegendent reviews of inspection scope expansions 
are independently reviewed by a gualffied FAC engineer. 

• Any component within two pipe diameters downstream of the component displaying 

significant wear; or within two pige diameters upstr~am if that component is an 
expander or expanding elbow. 

• The two most susceptible compQnents from the CHECWORKS relative wear rate 

ranking in t!le same train containing the piping component displaying significant W@ar. 

• Corresgonding components from ott)er trains. 

• Inspections of additional componeots until no additional components with significant 

wear are detected. 

Operating Experience Summary 

The following examples of operating experience provide objective evidence that the 

Flow-Aocelerated Corrosion program has been, and will be effective in managing the aging effects 

for SSCs within the scape of the program so that their intended functions will be maintained 

consistent with the current licensing basis during the subsequent period of extended operation. 

FAC Operating Experience 

1. In April 2009, FAC inspections were performed during the refueling outage using the ultrasonic 

testing technique. Those inspections found that two 1.5 inch nominal OD sections of piping in 

the main steam system had minimum wall thickness below 65% of nominal, and required 

replacement That replacement effort-was completed using FAC-resistant piping prior to 

resuming power operation. A review of the inspection history for the associated lines .and for 

parallel trains was conducted, and a scope expansion of six extra main steam lines was 

identified. The completion of the follow-on scope expansion and evaluation demonstrated an 

ongoing focus within the Flow-Accelerated Corrosion program for susceptible components. 

2. Industry Operating Experience: In August 2009, industry OE described a steam piping failure 

that caused a plant shutdown. A FAC review revealed a similar small-bore piping arrangement 

at Unit 2. No similar finding was identified for Unit 1. Accordingly, those pipe secti.ons were 

replaced during the subsequent Unit 2 refueling outage. 

3. In November 2009, as part of the Flow-Accelerated Corrosion program, an 18" diameter 

section of feedwater system piping was UT inspected and found to have inadequate wall 

thickness1 thus requiring replacement during the current refueling outage. A work order was 

c.ornpleted to replace the piping section using CrMo material prior to resuming power 

operation. 
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4. In November 2010, after a main steam trip valve was removed to allow replacement due to 
erosion at the lower gasket seat, Engineering performed a visual FAC inspection of the 

upstream and downstream components. Wall thinning was found on the downstream elbow. 
The three inch carbon steel elbow was replaced using CrMo material. 

5. In April 2011, several components on a ten inch condensate polishing line were UT inspected 

during the refueling outage as part of the Flow-Accelerated Corrosion program. The measured 

wall thickness for a nozzle was projected to be below the minimum allowable wall thickness 

prior to the next refueling outage, thus requiring replacement or repair during the current 

outage. Weld buildup repairs were completed for the nozzle and associated elbow prior to 

resuming power operation. 

6. In December 2015, an effectiveness review of the Flow Accelerated Corrosion Activity 

(UFSAR Section 18.2.16) was performed. The AMA was evaluated against the performance 

criteria identified in NEI 14-12 for the Detection of Aging Effects, Corrective Actions, and 

Operating Experience program elements. The results of that review indicated that license 

renewal references were not included in the Flow Accelerated Corrosion Activity procedures. 

Resolution was achieved by revising the controlling procedures for the Flow Accelerated 

Corrosion Activity to provide references to the technical reports or pertinent section of the 

license renewal application for the license renewal commitments. 

7. In November 2016, a fleet self-assessment of the Flow Accelerated Corrosion Activity (UFSAR 

Section 18.2.16) was completed. The assessment included a review, with industry peers, of 

standard processes for the Flow Accelerated Corrosion Activity to identify whether they were 

as efficient and effective as possible. No Areas for Improvement were identified, but it was 

determined that efficiencies could be gained by implementing more modern technologies. 

Opportunities for procedure enhancements also were identified. Since 2016, FAC Manager 

software has been placed in service to automate the process of transferring component 

evaluation results into CHECWORKS-SFA ™. Procedure enhancements continue to be 

processed. 

8. In December 2016, as part of oversight review activities, a review of procedures credited by 

initial license renewal AMAs was conducted to confirm the following: 

• Procedures credited for license renewal were identified 

• Procedures were consistent with the licensing basis and bases documents 

• Procedures contained a reference to conduct an aging management review prior to 

revising 

• Procedures credited for license renewal were identified by an appropriate program 

indicator and contained a reference to a license renewal document 

Procedure changes were completed as necessary to ensure the above items were satisfied. 
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9. In November 2017, as part of oversight review activities, the Flow Accelerated Corrosion 

Activity (UFSAR Section 18.2.16) AMA owner confirmed that AMA inspections had been 

performed and the inspections addressed the required SSCs consistent with the aging 

management activity commitments. No gaps were identified by the review. 

10. In January 2018, an AMP effectiveness review was performed of the Flow Accelerated 

Corrosion Activity (UFSAR Section 18.2.16). Information from the summary of that 

effectiveness review is provided below: 

The Flow Accelerated Corrosion Activity is meeting or exceeding the requirements of selected 

NEI 14-12, "Aging Manag.ement Program Effectiveness," elements. The activity uses 

ultrasonic testing (UT) to perform wall thickness measurements of piping that is susceptible to 

FAC ln either single or two-phase flow conditions. Visual inspections of the internals of plant 

piping systems are performed as the equipment is opened for other repairs and/or 

maintenance to detect flow accelerated corrosion (FAC) degradation. Condition Reports (CRs) 

for a 10-year period (July 2006-June 2016) have been reviewed to identify examples of 

degradation resulting from FAC. 

Reviews of FAC inspection results determine whether the component needs to be replaced 

during the outage in which it was inspected, or whether the remaining wall thickness and 

measured wear rate justify continued operation until the next inspection opportunity or planned 

replacement. Inspection results are used to determine whether examination frequencies are 

appropriate, and whether additional components need to be inspected or replaced to address 

the extent of degradation in similar components. The application of both visual and UT 

inspections have been confirmed to be appropriate. CRs are monitored by the Flow 

Accelerated Corrosion activity owner to identify potential impacts for the Flow Accelerated 

Corrosion Activity. 

Industry Operating Experience (OE) is discussed during fleet conference calls, and reviews 

are performed to determine whether a revision of the Flow Accelerated Corrosion Activity is 

needed. As an example, an OE item from a U.S. nuclear power plant describes an extraction 

steam drain line failure that caused a unit shutdown. A FAC OE review identified a similar 

small-bore piping arrangement at Unit 2. Accordingly, those pipe sections were replaced 

during the subsequent refueling outage. NRC generic communications also are monitored to 

identify the need for any changes to the Flow Accelerated Corrosion Activity or additions for 

the scope of inspections. 
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11. In October 2006 the 14" combined recirculation line for the Unit 2 Main Feed Pumps was 

discovered to have four through-wall, pin-hole leaks, near the top of the pipe in a bend section 

near the condenser. An evaluation noted that, while FAC issues in this line were addressed 

under an earlier design change in 2003 and FAG-resistant piping was installed, 

cavitation-erosion scenarios were not adequately considered or addressed in that design 

change. In May 2008, as part of a design change to address several problems in feedwater 

recirculation flow and pump operations, changes were made in the design and arrangement of 

this affected line, and a diffuser was added to mitigate the cavitation-erosion that was 

occurring in the recirculation line pipe bend. 

12. In December 2007, an NDE inspection was performed on a service water line (Cu-Ni piping) to 

a safetywrelated HVAC chiller to monitor degradation (erosion) as a result of previous failure 

evaluations. The NDE inspection provided additional wall thinning information until a design 

change could be implemented. The results of NDE indicated that wall thinning due to erosion 

(likely cavitation) was continuing, however the readings at that time were above the minimum 

allowable acceptance criterion. Measured wall loss rates indicated that replacement or repairs 

were needed in the next six to 12 months. A design change was completed in 2008 to install 

different pumps and globe valves that significantly reduce the flow velocity. 

13. In May 2008 during a preventive maintenance activity, UT thicknesses measurements were 

taken on the Auxiliary Feedwater pumps' recirculation piping downstream of the orifices at 

· Unit 2. This was based upon an event at Millstone in 2006, where a pinhole leak was 

discovered in the mini-flow recirculation lines downstream of the restricting orifice (RO). 

Although there was no through-wall leakage for this piping, the results revealed wall thinning. 

One Unit 2 line was below the code minimum, so the affected piping was replaced in May 

2008. Unit 1 NOE inspections were found acceptable. 

14. In December 2008, an engineering inspection of a main control room chiller revealed 

condenser tube erosion, but no leaks. Per Engineering recommendation, Plastocor coating 

was placed on the tubes of·~ main control room chiller in June 2009, and on the tubes of 'C' 

main control room chiller in July 201 O. 

PageB-65 

Enclosure 5 
Page 49 of99 



Set2 RAls 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
Appendix B -Aging Management Programs 

The above examples of operating experience provide objective evidence that the Flow-Accelerated 

Corrosion program includes activities to (a) identify all susceptible piping systems and components; 

(b) develop FAC predictive models to reflect component geometries, materials, and operating 

parameters; (c) perform analyses of models and, with consideration of operating experience, select 

a sample of components for inspections to identify wall thinning caused by flow-accelerated 

corrosion to be managed for susceptible components within the scope of subsequent license 

renewal, and to initiate corrective actions. Occurrences identified under the Flow-Accelerated 

Corrosion program are evaluated to ensure there is no significant impact to the safe operation of 

the plant and corrective actions will be taken to prevent recurrence. Guidance or corrective actions 

for additional inspections, re-evaluation, repairs, or replacements is provided for locations where 

aging effects are found. The program is informed and enhanced when necessary through the 

systematic and ongoing review of both plant-specific and industry operating experience. There is 

reasonable assurance that the continued implementation of the Flow-Accelerated Corrosion 

program, following enhancement, will effectively manage aging prior to loss of intended function. 

Conclusion 

The continued implementation of the Flow-Accelerated Corrosion program, following enhancement, 

will provide reasonable assurance that aging effects will be managed such that the components 

within the scope of this program will continue to perform their intended functions consistent with the 

current licensing basis during the subsequent period of extended operation. 
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82.1.11 Open-Cycle Cooling Water System 

Program Description 

The Open-Cycle Cooling Water System program is an existing preventive, mitigative, condition 

monitoring, and performance monitoring program that manages loss of material, reduction of heat 

I transfer, flow blockage, aR-El-cracking. and loss of coating or lining integrity of the piping, piping 

components, and heat exchangers identified by the Virginia Electric and Power Company 

responses to NRC GL 89-13, "Service Water System Problems Affecting Safety-Related 

Equipment." The program is comprised of the aging management aspects of the Virginia Electric 

and Power Company response to GL 89-13 and includes: (a) surveillance and control to reduce the 

incidence of flow blockage problems as a result of biofouling, (b) tests to verify heat transfer of 

safety-related heat exchangers, (c) routine inspection and maintenance so that loss of material, 

corrosion, erosion, cracking, fouling, and biofouling cannot degrade the performance of systems 

serviced by the open-cycle cooling water system. Additionally, recurring internal corrosion (RIC} is 

addressed in the Corrective Action Program through design modifications that have replaced 

materials more susceptible to degradation in raw water with materials that are less susceptible to 

degradation in raw water. This program includes enhancements to the guidance in GL 89-13 that 

address operating experience such that aging effects are adequately managed. 

The open-cycle cooling water system includes those systems that transfer heat from safety-related 

systems, structures, and components to the ultimate heat sink as defined in GL 89-13. 

The guidelines of GL 89-13 are utilized for the surveillance and control of biofouling for the 

open-cycle cooling water system. Procedures provide instructions and controls for chemical and 

biocide injection. Periodic sampling procedures monitor free available oxidant at heat exchangers. 

In addition, periodic flushing, cleanings and/or inspections are performed for the presence of 

biofouling. 

periodic heat transfer testing, visual inspection, and cleaning of safety-related heat exchangers with 

a heat transfer intended function is performed in accordance with the site commitments to GL 89-13 

to verify heat. transfer capabilities. Titanium tubes and tubesheets are scraped in combination with 

as found visual inspection of the tubesheetfor cracking and eddy current testing for tube denting, 

pits and cracks with additional annual cleaning to minimize pit/crack initiation points. 

Safety-related piping segments are examined (i.e. ultrasonic testing) periodically to ensure that 

there is no significant loss of material, which could cause a loss of intended function. 

Routine inspections and maintenance ensure that corrosion, erosion, sediment deposition (silting), 

and biofouling do not degrade the performance of safety-related systems serviced by open-cycle 

cooling water. The Internal Coatings/Linings For In-Scope Piping, Piping Components, Heat 
Exchangers, and Tanks program (82.1.28) manages the aging effects of the internal surface 

coatings etsf;;ept those metallic surfaces lined with carbon fiber reinforced polymer {CFRP) that are 
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used as a pressure boundary. The CFRP lined components in the circulating water system and 

service water system piping will be inspected consistent with ASME Code Case N-871. 

Aging effects associated with elastomers and flexible polymeric components in the open-cycle 

cooling water system are managed by the Inspection of Internal Surfaces in Miscellaneous Piping 

and Ducting Components program (82.1.25). 

The Buried and Underground Piping and Tanks program (82.1.27) manages the aging effects of 

external surfaces of buried and underground piping and components. The external surface of the 

aboveground raw water piping and heat exchangers is managed by the External Surfaces 

Monitoring of Mechanical Components program (82.1.23). The Internal Coatings/Linings For 

In-Scope Piping, Piping Components, Heat Exchangers, and Tanks program (B2.1.28) will manage 

the aging effects of internal surface coatings including those of meta-Ilic surfaces coated with 

CarbeA Fiaer Reinforced Polymei: tf!iat is use€1 as a pressure boun€1ary. 

The aging effects associated with the external surfaces of buried concrete piping in the circulating 

water system will be managed by the Open~Cycle Cooling Water System program (82.1.11 ). The 

Open-Cycle Goofing Water System program (82.1.11) will periodically inspect for evidence of 

concrete aging in accessible internal surfaces of the concrete circulating water lines. The 

Open-Cycle Cooling Water System program (B2.1.11) will require that evaluation of inspection 

results includes consideration of the acceptability of inaccessible buried surfaces when conditions 

exist in accessible surfaces that could indicate the presence of, or result in, degradation to 

inaccessible buried surfaces. 100% of the accessible circulating water line internal surfaces will be 

inspected in a ten year period. The Buried and Underground Piping and Tanks program (82.1.27) 

will opportunistically inspect the buried concrete circulating water lines when scheduled 

maintenance work permits access. 

NUREG-2191 Consistency 

The Open-Cycle Cooling Water System program is an existing program that, following 

enhancement, will be consistent, with exception, to NUREG-2191, Section XI.M20, Open-Cycle 

Cooling Water System. 

Exception Summary 

The following program element(s) are affected: 

Detection of Aging Effects (Element 4) 

1. Section XI.M20 of NUREG-2191, Open-Cycle Cooling Water, indicates that testing intervals 

can be adjusted to provide assurance that equipment will perform the intended function 

between test intervals, but should not exceed five years. The Open-Cycle Cooling Water 

System program takes exception to the NUREG-2191 requirement to perform testing of the 

recirculation spray heat exchangers (RSHXs) at an interval not to exceed five years. 
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As described in the plant responses to GL-89-13, heat transfer performance testing of the RSHXs is 

not performed due to system configuration that would require significant design modifications to 

support such testing. Alternatively, the RSHXs are visually inspected to confirm the absence of 

indications of degradation. To further reduce the potential for degradation, the internal environment 

of the RSHXs and the portion of the connected piping that cannot be isolated from the RSHXs is 

maintained in dry layup (i.e., maintained in an air environment) and the internals of the portion of the 

inlet piping that is not in dry layup is maintained in wet layup (i.e., a treated water environment that 

has been chemically treated to maintain a basic pH) to minimize corrosion. The open-cycle cooling 

water side of the RSHXs are periodically flow tested and visually inspected. 

The plant GL 89-13 responses stated that the RSHXs would be flow tested and visually inspected 

every fourth refueling outage (i.e., every six years) and that the testing and inspection intervals may 
be modified based on the results of further testing. Based on the results of further testing, the 
RSHXs are currently flow tested and visually inspected at an interval of eight refueling outages (i.e., 

every twelve years). 

The change in frequency to once every eight refueling outages for RSHXs flow testing and visual 

inspection was evaluated by Engineering. The evaluation included a review of prior operating 

experience (flow testing and visua! inspection results). Prior flow test results documented between 

1997 and 201 O were reviewed. The test results identified little or no blockage, with the exception of 

a test performed in 2003. The 2003 results revealed 5% blockage, which was still less than the 10% 

blockage acceptance criteria. RSHXs service water inlet and outlet piping cleaning and inspection 

are performed on a frequency consistent with RSHXs flow testing. A review of prior piping 

inspection results between 1996 and 2014 showed the piping to be in satisfactory condition. 

Although coating defects and areas of corrosion were identified during the piping inspections, the 

RSHXs were capable of performing their intended function. Required coating and weld repairs 

were entered in the Corrective Action Program. 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement(s) will be 
implemented in the following program element(s): 

Preventive Actions (Element 2) 

1. Selected fiberglass reinforced plastic (FRP) piping in the service water system will be replaced 

with a more degradation resistant material such as copper-nickel (Cu~Ni) prior to entering the 

subsequent period of extended operation. FRP piping associated with the Units 1 and 2 
charging pump cooling water subsystems, service water rotating strainers, and the control 

room chillers may be replaced as part of a time-phased program. 
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2. Modifications necessary to provide new chemical injection site upstream of the service water 

rotating strainers will be completed prior to entering the subsequent period of extended 

operation. 

3. The internal lining of ~30 inch and larger service water inlet piping with carbon fiber 

reinforced polymer, with the exception of the recirculation spray heat exchanger piping 

downstream of the inlet motor-operated valves, will be completed prior to entering the 

subsequent period of extended operation. (Revised - Set 2 RAls) 

Parameters Monitored and Inspected (Element 3) 

I 4. (Completed Change Notice 1) 

5. Procedures will be revised to provide additional guidance for identifying and evaluating 

applicable concrete aging effects such as loss of material due to delamination, exfoliation, 

spalling, popout, scaling, or cavitation; and cracking due to chemical reaction, or corrosion of 

reinforcement. 

6. Procedures will be revised to provjde guidance for internal inspection of carbon fiber reinforced 

polymer piping for aging effects such as voids. blistering, bubbles. cracking. crazing and 

delamination. (Added- Set 2 RAls) 

Detection of Aging Effects (Element 4) 

7. Procedures will be revised to require personnel who perform inspections and evaluation of 

concrete components to be qualified consistent with the qualifications identified in the 

Structures Monitoring program (82.1.34) that are consistent with the requirements of 

ACI 349.3R. 

8. Procedures will be revised to require personnel who perform visual inspections and evaluation 

of carbon fiber reinforced polymer piping to be VT-1 qualified consistent with IWA-2300 of 

ASME Section XI and Mandatory Appendix II of ASME Code Case N~871, Personnel who 

perform acoustic examinations of CFRP lined piping will be gyalified consistent with 

mandatory Appendix VI of ASME Code Case N-871. {Added - Set 2 RAls} 

9. Procedures will be revised to regyire installed CFRP linings be 100% visually examined in 

accgrdance with ASME Code Case N-871 section 5213 during an inspection period between 

four and six years following return of the repaired area to service: and a minimum of once per 

10 year inservice inspection interval thereafter in the same inspection period of each 

succeeding inspection interval. (Added - Set 2 RAls) 

10. Procedures wm be revised to require accessible surfaces of the CFRP linings at each terminal 

end to be acoustically; impact tap examined in accordance with ASME Code Case N-871 

section 5250(a) and 5250{c). The ex:pan§ion rings need not be removed for this examination 
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provided examinations of adjacent surfaces do not indicate the presence of new unacceptable 

indications that could extend beneath the rings. (Added - Set 2 RAls) 

11. Procedures will be revised to periodically inspect for evidence of concrete aging in accessible 

internal surfaces of the concrete circulating water lines. The program will require that 

evaluation of inspection results includes consideration of the acceptability of inaccessible 

buried surfaces when conditions exist in accessible surfaces that could indicate the presence 

of, or result in, degradation to inaccessible buried surfaces. One hundred percent of the 

accessible circulating water line internal surfaces will be inspected in a ten year period. (Added 

- Set 1 RAls) 

Monitoring and Trending (Element 5) 

12. Procedures will be revised to require trending of charging pump lube oil cooler and emergency 

service water pump engine heat exchanger inspection results by Engineering. 

13. Procedures will be revised to require trending of wall thickness measurements. The frequency 

and number of wall thickness measurements will be based on trending results. 

14. Procedures will be revised to require all areas previously documented in accordance with 

ASME Code Case N-871 Section V-1100(b) shall be re-examined. measured, and compared 

with the previous inspection records. Any indications of flaw growth will be required to be 

repaired consistent with ASME Code Case N-871. Documentation of the repair. location and 

dimensions will be required. Any new flawed areas shall be evaluated consistent with ASME 

Code Case N-871. (Added - Set 2 RAls} 

Acceptance Criteria (Element 6) 

15. Procedures will be revised to include verification that predicted wall thicknesses at the next 

scheduled inspection will be greater than the minimum wall thicknesses. 

16. Procedures will be revised to include criteria for the extent and rate of on-going degradation 

that will prompt additional corrective actions. 

17. Procedures will be revised to identify acceptance criteria for visual inspection of concrete 

piping and components such as the absence of cracking and loss of material. provided that 

minor cracking and loss of material in concrete may be acceptable where there is no evidence 

of leakage, exposed rebar or reinforcing "hoop" bands or rust staining from such reinforcing 

elements. 

18. Procedures will be revised to include the following CFRP defect inspection acceptance criteria 

for air voids. bubbles. blisters. delaminations and other defects (such as cracking and crazing}: 

(Added - Set 2 RAls) 

Air Voids 
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For embedded air voids of area less than or equal to 25 square inches that have been 

visually detected in layers beneath the topcoat. they shall be repaired in accordance with 
ASME Code Case N-871 section 4390 (b}(1) and (b)(2) unless otherwise specified in the 

design documents, All other defects and all voids larger greater than 25 square inches 

shall be rejected. and a repair designed to maintain water tightness of the system. 

Bubbles. blisters or other defects 

If bubbles or blisters with major dimension exceeding 1 inch are detected anywhere within 

the protective epoxy topcoat they shall be removed and repaired in accordance with 

ASME Code Case N-871 Section 4380(d}. 

Delaminations or Voids 

Unless permitted by design documents. acceptance criteria for acoustic tap examination 
of terminal ends shall be consistent with ASME Code Case N-871 section 535Q (a) and 

.(Q1 

Corrective Actions (Element 7) 

19. Procedures will be revised to include the following defect repair criteria as part of the corrective 

actions: (Added - Set 2 RAls} 

For air void defects 

Repairs shall be consistent with ASME Code Case N-871 section 4390 (b)(3) and (b)(4) 

For bubbles, blisters or other surface defects 

Repairs shall be consistent with ASME Code Case N-871 section 4390 (d) 

For all other defects and all voids larger than 25 square inches 

A repair shall be designed to maintain water-tightness of the system·consistent with 

ASfy1E Code Case N-871 section 4390 (d) 

A final yisual inspection shall be performed to verify the CFRP system has achieved the 

percentage of cure corresponding to achievement of required mechanical properties before 

placing the repaired piping back in service. In no case shall the system be placed in servic§ 

before achieving 85% cure. 

20. Procedures will be revised to ensure that for ongoing degradation mechanisms (e.g., MIC), the 

frequency and extent of wall thickness inspections at susceptible locations are increased 

commensurate with the significance of the degradation. 
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21. Procedures will be revised to ensure that when measured parameters do not meet the 

acceptance criteria, additional inspections are performed, when the cause of the aging effect is 

not corrected by repair or replacement for components with the same material and 

environment combination. The number of inspections will be determined by the Corrective 

Action Program, but no fewer than five additional inspections will be performed for each 

inspectron that did not meet the acceptance criteria, or 20% of the applicable material, 

environment, and aging effect combination inspected, whichever is less. The additional 

inspections will include inspections at both Unit 1 and Unit 2 with the same material, 

environment, and aging effect combination. 

Operating Experience Summary 

The following examples of operating experience provide objective evidence that the Open-Cycle 

Cooling Water System program has been, and will be effective in managing the aging effects for 

SSCs within the scope of the program so that their intended functions will be maintained consistent 

with the current licensing basis during the subsequent period of extended operation. 

1. In September 2001, a through wall leak was identified in an eight inch carbon steel control 

room chiller service water supply line. A through wall leak in similar piping occurred again in 

September 2005. In May 2006, volumetric inspections measurements identified a location in 

an eight inch carbon steel control room chiller service water supply line that was less than the 

minimum allowable wall thickness. A design change was implemented, which replaced the 

eight inch carbon steel piping with copper-nickel piping. 

2. Between August 2007 and July 2009, biofouling of the control room chillers Y-strainers and 

rotating strainers occurred on multiple occasions. The initial cause was thought to be 

insufficient backwash flow to the rotating strainers during periods of e[evated service water 

temperatures with one control room chiller operating. Procedure changes were implemented 

to start an additional pump and backwash the rotating strainers when differential pressure 

reaches one psid. Further clogging of the Y-strainers resulted in compensatory actions being 

established. These measures included increased monitoring of control room chiller and 
service water operating parameters when service water temperature was greater than 80°F, 

weekly flushing of control room chiller service water lines, and securing the chiHer and 

cleaning the chiller suction strainers when pump suction pressure approached the minimum 

required net positive suction head. 
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In July 2009, repeated clogging of the control chiller suction Y-strainers occurred. Additional 

compensatory measures included more frequent flushing of the control room chiller service 

water piping, and running a minimum of two control room chillers to minimize system 

transients, which was determined to exacerbate biofouling of the strainers. In the fall of 2009, a 

modification was completed that provided additional chemical (biocide) injection into the 

service water system downstream of the rotating strainers and upstream of the Y-strainers to 

control biofouling. Chemical injection has proven effective in reducing biofouling of the 

Y-strainers and associated piping. 

3. In October 2009, following sampling of the service water side of the component cooling heat 

exchangers, chemistry personnel determined the free available oxidant (FAO) readings were 

below minimum acceptable values, which could jeopardize control of biofouling in the system. 

The chemical injection pump settings were adjusted to restore the pump discharge pressure. 

Samples taken following adjustments revealed that the FAO levels were acceptable. 

4. In February 2010, augmented volumetric inspections of the component cooling heat 

exchanger service water supply and discharge piping identified piping wall thicknesses that 

were less than minimum allowed. A weld repair was performed and the calculation of record 

was updated to reflect the results of the wall thickness readings. Pipe stresses were 

determined to be within code allowable. Subsequent wall thickness measurements taken 

following repairs were acceptable. 

5. In October 2010. fivethrough~wall holes were identified jn a piping elbow Qfthe Unit 1 "B" main 

condenser circulating water discharge piping. The piping contained raw water. and the material 

of construction was epoxy-coated carbon steel. Repairs were performed on the holes. ang 
epoxy coating reapplied in February 2011.Subsequent inspections and repairs were performed 

in September 2016 with epoxy coating and March 2018 with the installation of the CFRP lining. 

6. In January 2012, during the performance of a license renewal inspection of a component 

cooling heat exchanger, pitting, defective coatings, barnacles, and river debris were identified 

in the heat exchanger. Corrective actions included replacement of a manway, removal of 

debris from the heat exchanger, coating repairs, and performance of a weld repair. Inspections 

performed in April 2013 and February 2016 also identified needed weld repairs to the heat 

exchanger end bell. A surface examination and system pressure test were performed 

satisfactorily following weld repairs. 

7. In October 2013, during surface preparation and weld inspections, a through wall leak was 

observed in the 42 inch service water piping adjacent to the motor-operated valve supplying 

service water to the component cooling water heat exchangers from the '1 B' condenser water 

box tunnel. The cause of pipe wall thinning was determined to be non-application of the pipe 

internal coating. Historically, the motor-operated valve exhibited seat leakage since original 
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installation. In an effort to control leakage, a blank and a hose were used to divert the leakage. 

As a result, the piping at the blank was unable to be properly coated. Over time, the lack of 

coating resulted in significant wall loss. Corrective actions included replacement of the valve 

with a design which would minimize valve leakage, weld repairs to the piping, and internal 

coating of the piping. A post-weld surface examination and system pressure test were 

performed satisfactorily. 

8. In November 2013, three through wall leaks were identified in the 42 inch piping upstream of 

the motor-operated valve supplying service water to the component cooling water heat 

exchangers from the '1 D' condenser water box tunnel. The leaks were identified following 

sand blasting of the piping in preparation for application of internal coating. Weld repairs were 

performed to correct the deficiencies. A surface examination and system pressure test were 

performed satisfactorily subsequent to the repairs. 

9. In April 2015, circulating and service water Carbon Fiber Reinfoa;:ed Polymer (CFRP) pige 
repair was performed on the interior surface of circulating water and discharge service water 

piping to repair and strengthen !be existing pipe systems. The service water and circl:.llating 

water systems piping are constructed of carbon steel plping that was originally internally 

coated with a coal tar epoxy coating. Ov!ftr the years of operation, the coatiog has experienced 

localized failyres exposing thta pipe wall to brackish water and resulting in corrosion of the 

exposed glpe material. Since 1990 there has been a long-term service water pipe repair 

groject which replaced the coal tar coating with a coating system using a multi-functional 

epoxy coating product to improve the corrosion protection. This project was completed in July 

1 ~98. The new coating system did improve the corrosion protection: however, it still has a 

limited service life approxjmate!y 15 to 25 years which results in localized coating failures. This 

coating approached the end of its expected service life and has been only marginally 

successful in protecting the steel pipe from the corrosive effects of the brackish cooling water 

§}!stem. 

A permanent repair of the service and circulating water system2 piping that restores th§ 
system pressure boundaries and provides a corrosion resistant barrier to the existing system 

was appljed to sections of the service water and circulating water piping system. This design 

change addresses service water piping downstream of the comgonent cooling heat 
ex9bangers and circulating water piping downstream of the Unit 1 condenser outlet valves. 

10. Between September 2015 and September 2016, five leaks occurred in the service water 

system due to cracking of fiberglass piping. The leaks were either repaired or new piping 

segments installed in accordance with the work order process. The fiberglass piping in the 

service water system may be replaced with corrosion resistant material such as copper-nickel 

as part of a time-phased program. 
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11. In December 2015, an effectiveness review of the Service Water System Inspections Activity 

(UFSAR Section 18.2.17) was performed. The aging management activity (AMA) was 
evaluated against the performance criteria identified in NEI 14-12 for the Detection of Aging 

Effects, Corrective Actions, and Operating Experience program elements. No gaps were 

identified by the effectiveness review. 

12. In December 2016, as part of oversight review activities, a review of procedures credited by 

initial license renewal AMA was conducted to confirm the following: 

• Procedures credited for license renewal were identified 

• Procedures were consistent with the licensing basis and bases documents 

• Procedures contained a reference to conduct an aging management review prior to 

revising 

• Procedures credited for license renewal were identified by an appropriate program 

indicator and contained a reference to a license renewal document 

Procedure changes were completed as necessary to ensure the above items were satisfied. 

13. In September 2017, as part of oversight activities, of the Service Water Inspections Activity 

(UFSAR Section 18.2.17) it was noted that commitments for the low level intake screenwell 

(LLIS) and emergency service water pump suction end bell cleaning/inspections were not 

being performed and documented consistent with the original License Renewal commitment. 

The License Renewal commitments for the LLIS cleaning and pump inspections were 

originally incorporated into the procedure that dewatered the LLIS. The recent license renewal 

cleaning/inspections were performed by divers using a recurring work activity without 

dewatering the LLIS. A corrective action was initiated for engineering and outage planning to 

resolve the inconsistency. It was determined that the cleaning and inspection commitments 

were satisfactorily completed without dewatering the LLIS. Update of the maintenance 

strategy and associated documents to allow performance of the license renewal commitments 

with or without dewatering the LLIS is in progress. 

14. In January 2018, an aging management program effectiveness review was performed for the 

Service Water System Inspections Activity (UFSAR Section 18.2.17). Information from the 

summary of that effectiveness review is provided below: 

The Service Water System Inspections Activity is meeting or exceeding the requirements of 

selected NEI 14-12, "Aging Management Program Effectiveness," elements. Key activities of 

the AMA that were reviewed include the selection of components to be inspected, the 

inspection of components, the evaluation of inspection results, repairs/replacements, and AMA 

document updates. Engineering reports from 2004 to 2016 of inspections results were 

reviewed to confirm inspection frequencies were conducted at appropriate intervals and 
corrective actions taken consistent with the observed aging degradation. The review also 

included pertinent issues found in the Corrective Action Program from 2006 through 2017 for 
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age related degradation of open-cycle cooling water system components within the scope of 
license renewal. 

The key aspects of the Open-Cycle Cooling Water System program involve controlling 
biofouling, testing critical heat exchangers, inspecting and cleaning the system, and designing 
with robust materials. The program is implemented using an active Service Water System 
Inspection and Maintenance Program and has a well-established Generic Letter 89-13 
Program. These programs govern the approach to compliance with the Nuclear Regulatory 

Commission (NRC) Generic Letter 89-13, Service Water Problems Affecting Safety-Related 

Equipment. The Program is inspected every three years by the NRC using Inspection 
Procedure 71111.07, Heat Sink Performance. The most recent inspection did not identify any 

findings. Additionally, station effectiveness is assessed by implementing INPO SOER 07-2, 

Intake Cooling Water Blockage every three years. The assessment reviews operating 

experience, condition reports, and equipment performance for the three year period. The most 
recent assessment, completed in September 2016, concluded that open-cycle cooling water 
equipment has been performing satisfactorily. 

Over the summers of 2007 through 2009, a series of events involving an influx of biological 

growth from the James River prompted the creation of the Service Water Excellence Plan. The 

plan has resulted in numerous improvements designed to greatly reduce the adverse effects of 

biofouling and aging. For example, a biocide injection system has been installed to reduce 

biological growth, key pieces of safety-related piping have been converted to corrosion and 

fouling resistant materials, and new monitoring and flushing procedures have been instituted. 

More recently, since entering the first period of extended operation, the interior of the large 

diameter open-cycle cooling water piping has begun to be lined with carbon fiber reinforced 

polymer (CFRP). Surry Power Station is first in the industry to employ this technology. It is 

predicted that the CFRP will add 50 years of effective service life to the asset. The biocide 

injection point on the safety-related service water piping will also be relocated to maximize 

effectiveness. 

Recurring Internal Corrosion (RIC) 

Recurring internal corrosion, including through-wall failures due to pitting and internal fouling of 

components, has occurred on several occasions. Corrective actions have been taken previously, 

and additional actions are scheduled to minimize the likelihood of piping and component 

degradation due to flow blockage and loss of material in the open-cycle cooling water system. The 

physical modifications completed or scheduledi and enhancements to operating practices and 

system design to improve OCCW system resistance to recurrence of internal corrosion are noted 

below: 

The Open-Cycle Cooling Water (OCCW) System program will manage aspects of RIC in the 

service water system and the circulating water system that are within the scope of the program. The 
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Internal Coatings/Linings For In-Scope Piping, Piping Components, Heat Exchangers, and Tanks 

program (B2.1.28) will manage loss of material on the internal surfaces of service water system and 

circulating water system piping and heat exchanger channel heads that has been lined or coated 

with epoxy coatings. The Inspection of Internal Surfaces in Miscellaneous Piping and Ducting 

Components program (82.1.25) will manage loss of material on the internal surfaces of service 

water system and circulating water system piping not covered by NRC Generic Letter 89-13. 

Flow Blockage: 

Flow blockage in OCCW system piping and components is managed by periodically 

monitoring control room chiller Y-strainer differential pressure and periodically flushing affected 

piping flow paths. During times when service water temperatures are elevated, above 80°F, 

the operations surveillance frequency of monitoring service water suction pressure and 

rotating strainer differential pressures are increased to intervals as short once every 4 hours 

and piping flush frequency increased to once daily. As a preventive measure, biocide injection 

points have been added downstream of the rotating suction strainers and the biocide injection 

has significantly reduced hydroid attachment and growth. A plant modification is in progress to 

add additional injection points to the upstream portion of the service water rotating strainers. 

Loss of Material in Uncoated Steel Piping: 

Loss of material has resulted in recurrent wall thinning and through wall leakage in service 

water piping in uncoated steel service water piping associated with main control room chillers. 

Replacement of uncoated steel piping with corrosion resistant copper-nickel piping reduced 

the susceptibility of the OCCW systems to recurring internal corrosion. There has been no 

documented recurring internal corrosion on the control room chillers copper-nickel piping or 

other copper-nickel service water system piping within the scope of subsequent license 

renewal. 

Loss of Material in Copper-Nickel Alloy Heat Exchanger Tubing: 

Recurring internal corrosion (loss of material) was experienced in the copper-nickel alloy heat 

exchanger tubing at and beyond the tube sheet for the main control room chiller condensers, 

including a condenser that had been recently replaced. The affected heat exchanger 

components have been cleaned and coated with a protective epoxy coating with the coating 

extending six inches into the heat exchange tubes. The Corrective Action Program apparent 

cause evaluation identified that the heat exchanger management program did not require flow 

to be maintained for an extended period in new 90-10 copper-nickel alloy heat exchangers to 

permit a protective oxide film to form on the tubes prior to the placement of the heat 

exchang·ers into a stagnant wet lay-up condition. Implementing documents have been 

modified to incorporate this lesson-learned. After epoxy coating and modification of wet layup 
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practices, there has been no documented recurring internal corrosion in the control room 

chiller condenser copper-nickel alloy tubing at and beyond the tube sheet. 

Loss of Material in Coated Steel Piping and Heat Exchanger Channel Heads: 

Corrosion-resistant Carbon Fiber Reinforced Polymer (CFRP) liner will be installed in the 

96-inch circulating water inlet piping, and 24-, 30-, 36-, 42-, and 48-inch service water supply 

from the circulating water system to the recirculation spray and supply to the component 

cooling water heat exchangers. The CFRP system is designed to take the place of the existing 

carbon steel pipe and will form a repaired pipe within the existing piping that is capable of 

meeting the design requirements of the station piping. The appropriate relief has been granted 

for this repair by the NRC. The !ntemaf Coatings/Linings r=or ln 8cope Pf./!;iRg, Pfp;ng 

GomponoAta, H:eat EJrohangors, and Tanks program (B2.1.28) •.viii manage the agin§ of CFRP 

in the OCCVV systems. For epoxy coated piping sections and heat exchanger channel heads 

that do not yet have the CFRP lining installed, the Internal Coatings/Linings For In-Scope 

Piping, Piping Components, Heat Exchangers, and Tanks program (82.1.28) will manage the 

aging of the existing epoxy-coated steel piping. 

The above examples of operating experience provide objective evidence that the Open-Cycle 

Cooling Water System program includes activities to perform surveillance and control, heat 

exchanger testing, and routine inspection and maintenance to identify loss of material, reduction of 

heat transfer, flow blockage, and cracking of the piping, piping components, and heat exchangers 

within the scope of subsequent license renewal, as identified by the Virginia Electric and Power 

Company responses to NRC GL 89-13, and to initiate corrective actions. Occurrences identified 

under the Open-Cycle Cooling Water System program are evaluated to ensure there is no 

significant impact to the safe operation of the plant and corrective actions will be taken to prevent 

recurrence. Guidance or corrective actions for additional inspections, re-evaluation, repairs, or 

replacements is provided for locations where aging effects are found. The program is informed and 

enhanced when necessary through the systematic and ongoing review of both plant-specific and 

industry operating experience. There is reasonable assurance that the continued implementation of 

the Open-Cycle Cooling Water System program, following enhancement, will effectively manage 

aging prior to loss of intended function. 

Conclusion 

The continued implementation of the Open-Cycle Cooling Water System program, following 

enhancement, provides reasonable assurance that aging effects will be managed such that the 

components within the scope of this program will continue to perform their intended functions 

consistent with the current licensing basis for the subsequent period of extended operation. 
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The Fire Protection program is an existing condition and performance monitoring program 
comprised of functional tests and visual inspections. The program manages: 

• Loss of material for fire-rated doors, fire damper housings, the halon systems, RCP oil 
collection system, steel seismic gap covers and the low-pressure carbon dioxide systems 

• Loss of material (spalling) or cracking for concrete structures, including fire barrier walls, 

ceilings, and floors 

• Hardening, shrinkage, and loss of strength for elastomer fire barrier penetration seals 

and seismic gap elastomers 

• Loss of material, change in material properties, cracking/delamination, and 

separation for non-elastomer fire barrier penetration seals, fire stops, fire wraps, and 
coatings cracking/delamination, and separation 

• Loss of material and cracking for aluminum seismic gap covers 

This program includes fire barrier inspections. The fire barrier inspection program requires periodic 

visual inspection of fire barrier penetration seals, fire barrier walls, ceilings, and floors, fire damper 
housings, and periodic visuat inspection and functional tests of fire-rated doors to demonstrate that 
their operability is maintained. The program also includes periodic inspections and functional tests 
of the halon systems and low-pressure carbon dioxide systems. 

The Fire Protection program requires visual inspections of not Jess than 20% of the penetration 
seals every 12 months, such that 100% of the seals are inspected every five years. The program 
specifies visual inspections of the fire barrier walls, ceilings and floors in structures within the scope 

of subsequent license renewal every five years. The visual inspections of fire barriers include 
determining the condition of fire wraps every eighteen months. The eighteen month frequency also 

is applicable for visual inspections of fire doors and damper assemblies. Periodic functional checks 

are performed on the fire doors. 

The program will also provide for aging management of external sulfaces of the halon systems and 

low-pressure carbon dioxide fire systems components that are within the scope of license renewal 
through periodic visual inspections for corrosion that may lead to Joss of material. The program 

includes functional testing of the halon systems and low-pressure carbon dioxide fire suppression 
systems components in accordance with the Technical Requirements Manual. 

Personnel performing inspections are qualified and trained to perform the inspection activities. 
Unacceptable conditions are entered into the Corrective Action Program for proper disposition. 
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I The Fire Protection program is an existing program -afltHSthat,-following enhancement. will be 

consistent with NUREG-2191, Section XI.M26, Fire Protection. 

Exception Summary 

None 

Enhancements 

~Prior to the subsequent period of extended 012eration. the following enhancement will be 
implemented in the following program elements: 

Parameters Monitored or Inspected (Element 3), Detection of Aging Effects <Element 4), am! 
Acceptance Criteria {Element 6) 

1.. Procedures will be enhanced to require fire damper as§emblies (rather than fire damper 

housings) to be visually inspected for loss of material and determined to be acceptable if there 

are no signs of degradation that could result in loss of fire protection capability due to loss of 
rnateriaL 

Monitoring and Trending (Element 5) and Acceptance Criteria (Element 6) 

2. Carbon dioxide and halon systems air flow testing procedures will be enhanced to trend air 

flow test data. !n addition, procedures wm be enhanced to specify that inspeQ.tign result§? for the 

halon ang CO2 systems meet the acceptance criteria if there are no indications of excessive 
lass of material. 

Monftoring and Trending {Element 5), Acceptance Criteria {Element 6), and Corrective Action§ 
(Element 7) 

3. Procedures will b52 revised to reguire an assessment for additional inspectigns to be conducted 

if one of the inspections does not meet accei2tance criteria due to current or projected 

degradation, For sampling~based inspections, results are evaluated again§t acceptance 

criteria to confirm thstt the sampHng bases (e.g., selection. size, frequency) wil! maintain the 

components' intended functions throughout the subsequent period of extslnded operation 

based on the projected rate and extent of degradation. If degradation is detected within the 
inspection sample of penetration seals, the scope of the inspection is expanded to include 

additional seals in accordance with the giant's correcUve action program. Additional 
inspections would be 20% of each applicable inspection sample; however, additional 
inspections would not exceed five. If any projected inspection results wifl not meet acceptance 

criteria prior to the next scheduled inspection, inspection frequencies are adjusteg as 

determined QY the site's corrective action program, 
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The following examples of operating experience provide objective evidence that the Fire Protection 

program has been, and will be effective in managing the aging effects for SSCs within the scope of 

the program so that their intended functions will be maintained consistent with the current licensing 

basis during the subsequent period of extended operation. 

1. In January 2010, an original K-10 mortar fire barrier in the Turbine Building/Auxiliary Building 

pipe tunnel was determined to be damaged and non-functional. The instance was corrected by 

providing a new installation of Rectorseal BIO K-1 O+ Fire Rated Mortar having a 3-hour rating, 

and providing the required train separation in accordance with 1 O CFR 50, Appendix R, 

Section III.G.2(a). 

2. In July 2012, during the performance of a periodic maintenance procedure for inspection 

(functional check) of a swinging safety-related special purpose fire door, the gum rubber seal 

on the latch side of the door frame was found to be deteriorated. The seal was replaced as 

determined by engineering evaluation. 

3. In December 2016, as part of oversight review activities, a review of procedures credited by 

initial license renewal AMAs was conducted to confirm the following: 

• Procedures credited for license renewal were identified 

• Procedures were consistent with the licensing basis and bases documents 

• Procedures contained a reference to conduct an aging management review prior to 

revising 

• Procedures credited for license renewal were identified by an appropriate program 

indicator and contained a reference to a license renewal document 

Procedure changes were completed as necessary to ensure the above items were satisfied. 

4. In January 2018, an aging management program effectiveness review was performed for the 

Fire Protection Program Activity (UFSAR Section 18.2.7). Information from the summary of 

that effectiveness review is provided below: 

The Fire Protection Program Activity is meeting or exceeding the requirements of selected 

NE! 14-12, "Aging Management Program Effectiveness," elements. Key activities of the Fire 

Protection Program Activity that were reviewed include the inspection of fire doors, fire . 

barriers, fire detection, fire suppression, fire protection system integrity, RCP oil collection 

system, and Appendix R equipment as well as the evaluation of inspection results, 

repairs/replacements, corrective actions, and AMA document updates. A review of 

Engineering inspection result reports from 2006 to 2017 confirmed inspections were 

conducted at appropriate intervals and corrective actions were taken consistent with the 

observed aging degradation. The review also included pertinent issues found in the Corrective 
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Action Program from 2006 through 2017 for age related degradation of fire protection 
components within the scope of license renewal. 

Problems that included equipment obsolescence, false alarms, operator distraction, and 

potential single point failures were arising with the old fire detection system, which resulted in 

installation of a new fire detection system in 2015. Not all of the old fire panels were replaced. 

A new design change is currently being developed to address obsolescence of the remaining 

fire panels as well as make enhancements to the new fire detection system . 

. 5. In March 2018, the NRC completed a triennial fire protection inspection. One finding was 

determined to have very low safety significance (Green). The finding involved failure to 

adequately protect fiberglass pipe that is susceptible to fire damage and required for safe 

shutdown. This finding was treated as a non-cited violation and closed. The subject pipe was 

replaced on both units with part fiberglass protected by Pyrocrete and part copper-nickel. Both 

portions of replacement pipe will withstand a three-hour fire. 

The above examples of operating experience provide objective evidence that the Fire Protection 

program includes activities to perform visual inspections to identify cracking, loss of material, 

spalling, hardening, shrinkage and loss of strength for structures and components within the scope 

of subsequent license renewal, and to initiate corrective actions. Occurrences identified under the 

Fire Protection program are evaluated to ensure there is no significant impact to the safe operation 

of the plant and corrective actions will be taken to prevent recurrence. Guidance or corrective 

actions for additional inspections, re-evaluation, repairs, or replacements are provided for locations 

where aging effects are found. The program is informed and enhanced when necessary through the 

systematic and ongoing review of both plant-specific and industry operating experience. There is 

reasonable assurance that the continued implementation of the Fire Protection program will 

effectively manage aging prior to loss of intended function. 

Conclusion 

The continued implementation of the Fire Protection program.,.-following enhancement. will provide 

reasonable assurance that aging effects will be managed such that the components within the 

scope of this program will continue to perform their intended functions consistent with the current 

licensing basis during the subsequent period of extended operation. 
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82.1.17 Outdoor and Large Atmospheric Metallic Storage Tanks 

Program Description 

The Outdoor and Large Atmospheric Metallic Storage Tanks program is an existing condition 

monitoring program that manages the effects of loss of material and cracking on the outside and 

inside surfaces of aboveground metallic tanks constructed on concrete or soil. This program 

manages aging effects associated with outdoor tanks with internal pressures approximating 

atmospheric pressure including the refueling water storage tanks (RWSTs), refueling water 

chemical addition tanks (CATs), emergency condensate storage tanks (ECSTs), and the emergency 

condensate makeup tanks (ECMTs). This program also manages aging of the fire 

protection/domestic water storage tanks (FWSTs) bottom surfaces exposed to soil. 

The program includes preventive measures to mitigate corrosion by protecting the external 

surfaces of steel components per standard industry practice. The RWSTs are insulated and rest on 
a concrete foundation covered with an oil sand cushion. Caulking is used at the 

concrete-component interface of the RWSTs. The insulation of the RWSTs is corrugated aluminum 

with overlapped seams. The ECSTs and ECMTs are internally coated and protected by concrete 

missile barriers. Weep holes, located around the circumference of the ECSTs where the concrete 

missile shield meets the concrete foundation, allow drainage of leakage or condensation to the 

outside perimeter of the ECSTs. The weep holes will be inspected for water leakage once each 

refueling cycle. The CATs are skirt supported and insulated with sprayed-on rigid polyurethane 

foam. 

The program manages loss of material on tank internal bare metal surfaces by conducting visual 

inspections. Surface exams of external tank surfaces are conducted to detect cracking on the 

stainless steel tanks. Inspections of RWST caulking are supplemented by physical manipulation. 

Thickness measurements of the tanks bottoms are conducted to ensure that design thickness and 

corrosion allowance criteria are met. A periodic sampling-based inspection is used on the external 

suliaces of insulated tanks. Inspections not conducted in accordance with ASME Code, Section XI 
requirements are conducted in accordance with plant-specific procedures, including inspection 

parameters such as lighting, distance, offset, and surface conditions. If any inspections do not meet 

the acceptance criteria, additional inspections are conducted if one of the inspections does not 

meet acceptance criteria due to current or projected degradation (i.e., trending); however: 

• For inspections where only one tank of a material, environment, and aging effect was 

inspected, all tanks in that grouping are inspected. 

• For other sampling based inspections there will be no fewer than five additional inspections 

for each inspection that did not meet acceptance criteria, or 20% of each applicable 

material, environment, and aging effect combination inspected, whichever is Jess. If any 

subsequent inspections do not meet acceptance criteria, an extent of condition and extent 
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of cause analysis will be conducted to determine the further extent of inspections required. 

Additional samples will be inspected for any recurring degradation to ensure corrective 

actions appropriately address the associated causes. The additional inspections will include 

inspections of components with the same material, environment, and aging effect 

combination at the other unit. 

The additional inspections will be completed within the interval (i.e., 1 O~year inspection interval) in 

which the original inspection was conducted or, if identified in the latter half of the current inspection 

[nterval, within the next refueling outage interval. These additional inspections conducted in the 

next inspection interval cannot also be credited towards the number of inspections in the latter 

interval. 

If any projected inspection results will not meet acceptance criteria prior to the next scheduled 

inspection, inspection frequencies are adjusted as determined by the Corrective Action Program. 

However, for one-time inspections that do not meet acceptance criteria, inspections are 

subsequently conducted at least at 10-year inspection intervals. 

The Internal Coatings/Linings For In-Scope Piping, Piping Components, Heat Exchangers, and 

Tanks program (82.1.28) manages the internally coated surfaces of the ECSTs and ECMTs. 

Internal surfaces of the RWSTs and CA Ts are managed by the One-Time Inspection program 

(82.1.20}. Tank reinforced concrete foundations and the reinforced concrete missile barrier of the 

ECSTs and ECMTs are managed by the Structures Monitoring program (62.1.34). 

NUREG-2191 Consistency 

The Outdoor and Large Atmospheric Metallic Storage Tanks program is an existing program that, 

following enhancement, will be consistent, with exception, to NUREG-2191, Section XI.M29, 

Outdoor and Large Atmospheric Metallic Storage Tanks. 

Exception Summary 

The following program element(s) are affected: 

Preventive Actions (Element 2), Parameters Monitored/Inspected (Element 3), Detection of Aging 

Effects (Element 4), Acceptance Criteria (Element 6), and Corrective Actions (Element 7) 

1. NUREG-2191 specifies for outdoor tanks, that sealant or caulking is applied at the interface 

between the tank external surface and concrete or earthen surface to mitigate corrosion of the 

tank by minimizing the amount of water and moisture penetrating the interface. The ECSTs 

and ECMTs do not use caulking or sealant at the concrete-component interface and therefore, 

do not require inspection of the caulking or sealant. The RWST has sealant installed at the 

interface between the insulation jacketing and the tank concrete foundation. 
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The ECSTs and ECMTs are insulated from the outside atmosphere by two inches of expansion joint 
filler foam and surrounded by a two foot thick layer of concrete that provides missile protection. The 

missile shield and expansion joint filler foam configuration mitigates corrosion of the tank by 

minimizing water and moisture from penetrating inaccessible exterior tank surfaces. Weep holes 

are located around the circumference of the ECSTs where the concrete missile shield meets the 

concrete foundation. The weep holes allow drainage of leakage or condensation to the outside 

perimeter of the ECSTs and will be inspected for water leakage once each refueling cycle. 

The roofs and sides of the RWSTs are insulated and jacketed to mitigate corrosion of the tank by 

minimizing the amount of water and moisture on the exterior surfaces. As an additional preventive 

measure, sealant is used at the interface between the insulation jacketing and the tank concrete 

foundation. The RWST insulation jacketing is installed with overlapping seams to provide a 
protective outer layer and to prevent water intrusion. The sealant at the interface between the· 

insulation jacketing and the RWST tank concrete foundation provides a boundary to mitigate 

corrosion of the tank bottom surface and the concrete foundation. In addition, the RWST bottom 

surface is protected by an oil sand cushion and caulk at the interface between the tank external 

surface and the concrete surface. Periodic inspections normally performed on the caulk at the tank 

and concrete foundation will be performed on the insulation caulking and concrete foundation 

interface. An inspection of the caulk at the tank and concrete foundation interface will be included in 

the sample when the RWST external insulation is removed and sampled for external surface visual 

examinations. 

Detection of Aging Effects (Element 4) 

2. NUREG-2191 recommends both visual and volumetric inspection techniques to identify 

degradation on carbon steel tank external surfaces located outdoors on soil or concrete. The 

external surfaces of the ECSTs and the ECMTs are encased in a two foot thick reinforced 

concrete missile barrier with expansion joint filler foam between the external tanks walls and 

the concrete missile barrier. The concrete missile shields do not allow visual and volumetric 

examinations of their external surfaces. 

Justification for Exception: 

The concrete missile shielding and the expansion joint filler foam of the ECSTs and ECMTs act as 

multiple barriers protecting the external tank surfaces. Weep holes located around the 

circumference of the ECSTs, where the concrete missile shield meets the concrete foundation, 

allow for drainage of leakage or condensation to the outside perimeter of the ECSTs. The weep 

holes will be inspected for water leakage/condensation once each refueling cycle and corrective 

action taken if excessive leakage is observed. Accessible external metallic tank surfaces visible 
from inside the ECST and ECMT piping penetration house will be inspected once each refueling 

cycle as an indication of external ECST and ECMT surface condition. 
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One-time thickness measurements of a sample of the ECSTs vertical wall will be performed prior to 

the SPEO to assess potential degradation due to removable access plug leakage. The sample will 

examine the ECST vertical steel shell region between the three weep holes at the tank bottom 

associated with removable access plug leakage and vertically from that tank bottom iunction to a 

distance of six feet along the vertical shell at the tank as a region potentially most susceptible to 

degradation. The inspection results will be projected to end of the SPEO to confirm the ECSTs 

intended functions will be maintained throughout the SPEO based on the proiected rate of 
degradation. Any degradation not meeting acceptance criteria will require periodic 10-year 

thickness measurements and a sample expansion along the leakage path consistent with the 

observed degradation. 

The program inspects the external bottom surfaces of the ECSTs and ECMTs that are exposed to a 

soil or concrete environment by performing volumetric examination thickness measurements. 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement(s) will be 

implemented in the following program element(s): 

Preventive Actions (Element 2), Parameters Monitored/Inspected (Element 3), Detection of Aging 

Effects (Element 4), Acceptance Criteria (Element 6), and Corrective Actions (Element 7) 

1. Procedures will be revised to require periodic visual inspections of the refueling water storage 

tanks (RWSTs) be performed at each outage to confirm that the insulation caulking/sealant at 

the RWST concrete foundation is intact. The visual inspections of caulking/sealant will be 

supplemented with physical manipulation to detect any degradation. If there are any identified 

flaws, the caulking/sealant will be repaired or replaced and follow-up examination of the tank's 

surfaces conducted if deemed appropriate. An inspection of the caulk at the tank and concrete 

foundation interface wilt be included in the sample when the RWST external insulation is 

removed and sampled for external surface visual examinations. 

Detection of Aging Effects (Element 4) 

2. Procedures will be revised to require visual and surface examination of the exterior surfaces of 

the RWSTs and CATs be performed to identify any loss of material or cracking. A minimum of 

either 25, one square foot sections or 20% of the surface area of insulation will be required to 

be removed to permit inspection of the exterior surface of each tank. The procedure will 

specify that sample inspection points be distributed ln such a way that inspections occur near 

the bottoms, at points where structural supports, pipe, or instrument nozzles penetrate the 

insulation, and where water could collect such as on top of stiffening rings. If no unacceptable 

loss of material or cracklng is observed, subsequent external surface examinations of 

insulated tanks will inspect for indications of damage to the jacketing, evidence of water 
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intrusion through the insulation, or evidence of damage to the moisture barrier of tightly 

adhering insulation. 

3. Procedures will be revi~ed to require ECST Weep holes be inspected for water 

leakage/condensation once each refueling cycle and corrective action taken if excessive 

leakage is observed. Accessible external metallic tank surfaces visible from inside the ECST 

piping penetration house will also require inspection once each refueling cycle as an indication 

of external ECST surface condition. Volumetric examination thickness measurements of the 

bottom of both ECMTs (100% of the surface exposed to soil) and both emergency condensate 

storage tanks will be performed and will occur during each 10-year period starting ten years 

before the subsequent period of extended operation. Results will be forwarded to engineering 

for evaluation and the need for additional inspections will be determined based on projected 

corrosion rates. 

One-time thickness measurements of a sample gf the ECSis: vertical wa!l l!Yill be perfgrmed 
prior to tbe SPEO to assess potential degradation due to rs1mo:yable access plug leaksige. Th~ 
sample will examine the ECST vertical steel shell region between th§ three weep holes at the 
tank bottom asso.;iated with removablf? i!9Ct;ss piyg leakage and vertically from that tank 
bottom junction to a distance of six feet alopg the vertical shell at the tank as a region 

potentially most susceptible to degradation. The inspection results will be proiected tg end of 

the SPEO to confirm the ECSJs intended functions wm. b~ maintained throughout the SPEO 

based on. the projected rate of degradation: Any· degragatign not meeting acceptance criteriil 

will require periqgic 10-year thickness measurements and a sample expansion along the 
!§akage path consistent with the observeq degradation. 

4. Procedures will be revised to require volumetric examination thickness measurements of the 

bottom of both FWSTs and both RWSTs be performed each 10-year period during the 

subsequent period of extended operation starting ten years before the subsequent period of 

extended operation. Results will be forwarded to Engineering for evaluation and the need for 

additional inspections will be determined based on projected corrosion rates. 

5. For the .carbon steel tanks (FWST, ECST, ECMT), procedures will be revised to provide 

non-ASME Code inspectio11 guidance related to lighting, distance, offset, and surface 

oondition.s. The revised procedure will require the inspector confirm adequate lighting is 

available at the inspection location to detect degradation. Lighting may be permanently 

installed, temporary, or portable (e.g., flashlight), as appropriate. For accessible surface 

inspections, inspecting from a distance of two feet or less is recommended. For distant surface 

inspections, viewing aids such as binoculars may be used. For internal inspections, accessible 

surfaces will be inspected. Cleaning will be performed as necessary to allow for a meaningful 

examination. If protective coatings are present, the condition of the coating will be noted. 
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6. A new procedure will be developed to specify that additional inspections be performed 

consistent with NUREG-2191. 

If any inspections do not meet the acceptance criteria, additional inspections are conducted if 

one of the inspections does not meet acceptance criteria due to current or projected 

degradation (i.e., trending). 

a. For inspections where only one tank of a material, environment, and aging effect was 

inspected, all tanks in that grouping are inspected. 

b. For other sampling based inspections there will be no fewer than five additional 

inspections for each inspection that did not meet acceptance criteria, or 20% of each 

applicable material, environment, and aging effect combination inspected, whichever is 

less. If any subsequent inspections do not meet acceptance criteria, an extent of 

condition and extent of cause analysis will be conducted to determine the further extent of 

inspections required. Additional samples will be inspected for any recurring degradation 

to ensure corrective actions appropriately address the associated causes. The additional 

inspections will include inspections of components with the same material, environment, 

and aging effect combination at the other unit. 

The additional inspections will be completed within the interval (i.e., 10-year inspection 

interval) in which the original inspection was conducted or, if identified in the latter half of 

the current inspection interval, within the next refueling outage interval. These additional 

inspections conducted in the next inspection interval cannot also be credited towards the 

number of inspections in the latter interval. 

If any projected inspection results will not meet acceptance criteria prior to the next 

scheduled inspection, inspection frequencies are adjusted as determined by the 

Corrective Action Program. However, for one-time inspections that do not meet 

acceptance criteria, inspections are subsequently conducted at least at 10-year 

inspection intervals. 

Operating Experience Summary 

The following examples of operating experience provide objective evidence that the Outdoor and 
Large Atmospheric Metallic Storage Tanks program has been, and will be effective in managing the 

aging effects for SSCs within the scope of the program so that their intended functions will be 

maintained consistent with the current licensing basis during the subsequent period of extended 

operation. 

1. In December 2008, the interior surface of the Unit 1 ECST was inspected in the filled condition. 

The inspections included ultrasonic thickness (UT) measurements of the tank floor as part of 
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the initial inspection for the first license renewal period. There was little evidence of corrosion, 

but there was minor blistering of the coating on the tank·f!oor. Based on the observed erosion 

rate, the remaining service life of the tank bottom is more than twenty years. Internal 

Inspection of the Unit 1 ECST to assess the extent of corrosion or coating damage is 
scheduled to be performed in 2022. 

2. In December 2008, the interior surface of the Unit 2 ECST was inspected in the filled condition. 

The inspections included ultrasonic testing (UT) measurements of the tank floor as part of the 

initial inspection for the first license renewal period. There was little evidence of corrosion, but 

there was minor blistering of the coating on the tank floors. Based on the observed erosion 

rate, the remaining service life of the tank bottom is more than twenty years. 

3. During the Spring 2014, Unit 2 Refueling Outage, the interior surface of the Unit 2 RWST was 

inspected In the filled condition. The inspections included UT measurements of the tank floor. 

The inspections showed only minor corrosion in the stainless steel bottom plate. Based on 

only minor corrosion being found, the tank is scheduled for a twenty year inspection interval. 

Inspection results and calculations of the long term corrosion rate based on industry standard 

APl-653 determined the remaining life of the RWST is 335 years. There were no corrective 

actions required. 

4. In August 2014, the interior surface of the Unit 1 ECMT was inspected in the filled condition. 

The inspection was performed using divers and video equipment. The inspection observed 

only minor rusting, 1% or less, in localized areas. Interior piping and penetrations were 

observed to be in good condition. The internal coating was in good condition with the coating 

being 99.9% intact. 

5. In December 2016, as part of oversight review activities, a review of procedures credited by 

initial license renewal AMAs was conducted to confirm the following: 

• Procedures credited for license renewal were identified 

• Procedures were consistent with the licensing basis and bases documents 

• Procedures contained a reference to conduct an aging management review prior to 
revising 

• Procedures credited for license renewal were identified by an appropriate program 

indicator and contained a reference to a license renewal document 

Procedure changes were completed as necessary to ensure the above items were satisfied. 

6. In May 2017, an internal inspection of the Unit 2 ECST was performed. Small blistering and 

pinhole damage was identified in areas of the coating along the tank walls. Internal coating 

repairs have been scheduled in work management. 
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7. In November 2017, as part of oversight review activities, the Tank Inspection Activities 

(UFSAR Section 18.1.3) AMA owner confirmed that AMA inspections had been performed and 

the inspections addressed the required SSCs consistent with the aging management activity 

commitments. No gaps were identified by the review. 

8. In January 2018, an aging management activity effectiveness review was performed of the 

Tank Inspection Activities (UFSAR Section 18.1.3). Information from the summary of that 

effectiveness review is provided below: 

The Tank Inspection Activities is meeting or exceeding the requirements of selected 

NEI 14-12, "Aging Management Program Effectiveness,U elements. Key activities of the Tank 

Inspection Activities that were reviewed include completed carbon steel tank inspections, 

including some performed prior to the development of the Tank Inspection Activities. A review 

was also performed of the Corrective Action Program from 2006 through 2017 for age-related 

degradation of tanks within the scope of license renewal. 

The ECSTs were repaired and re-coated in 1988 to preclude further corrosion. Unit 1 internal 

inspection results in 1992 and 1997 indicated that the emergency condensate storage tank 

was in excellent condition. Unit 2 inspection results during 1993, 1996, and 2000 found 

excellent interior tank conditions. Additional inspections of the ECSTs for both units in 

December 2008 again confirmed the excellent condition of the tanks. The Unit 2 tank was 

inspected in May 2017. The inspection found minor blistering and pinholes in the internal 

coating. Internal coating repairs have been scheduled in work management. There were no 

new aging management concerns identified. 

The fire protection/domestic water storage tanks '1A' and '1 B' were inspected in December 

2008. Visual inspections of the inside surface confirmed that the tanks have some corrosion. 

The bottom coatings were blistered but intact. The tanks were inspected in 2014 and the most 

significant degradation was noted on the tank floor. The results of the visual inspection were 

that coating degradation was continuing, and that some bare metal was evident. Volumetric 

examinations found some thinning of the tank floor. An engineering evaluation projected that 

the tank floor plate would reach minimum acceptable thickness prior to the expiration of the 

operating licenses. The inside walls of the tanks had some coating failure. The measured 

values for wall thicknesses provided a projected useable lifetime of between 7.9 and 13.6 

years (from December 2008) for the '1A' tank and between 13.8 and 19.1 years for the '181 

tank before the bottom plate would reach the minimum acceptable wall thickness. An 

engineering evaluation was required to identify additional actions to address the limited lifetime 

of the tanks. Additional actions include future inspections to identify the corrosion rate of thin 

wall areas and to either repair the tank bottoms in the near future or replace the tanks. 

The following carbon steel tank inspections did not identify age-related degradation: 
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• April 2004, EDG coolant expansion tank (internal visual inspection} 

• September 2005, underground fuel oil storage tanks {internal visual inspection, wall 
thickness measurement) 

• February 2007, above-ground fuel oil storage tanks (external visual inspection, wall 
thickness measurement) 

• June 2009, MC diesel generator air receiver (wall thickness measurement) 

• February 2007, AAC diesel generator fuel oil tank (external visual inspection, wall 

thickness measurement) 

• April 2007, security diesel generator fuel oil storage tank (helium leak test) 

• February 2007, diesel-driven fire pump fuel oil tank (exterior visual inspection, wall 

thickness measurement} 

• February 2007, emergency service water pump diesel fuel oil storage tank (exterior visual 
inspection, wall thickness measurement) 

The successful inspection of the Unit 2 RWST and Unit 1 CAT at North Anna Power Station in 
2010 found no indications of age-related degradation. That result is also applicable to SPS 

since the RWSTs and CATs at SPS and North Anna Power Station are both made of stainless 

steel and the tanks have similar installation and operating environments. Surry Power Station 

allows the inspections of stainless steel tanks to be extrapolated to other tanks that are 

fabricated from a similar material 1 installation, and operating environment combination. 

In November 2013, based on IE Notice 2013-18 (IEN 13M18), "Refueling Water Storage Tank 

Degradation," that was issued to inform licensees of potential issues associated with leakage 

due to flaws in RWSTs, SPS issued an OE document addressing RWST degradation. No 

previous RWST leakage was identified. In 2014, an inspection of the Unit 2 RWST identified 

only minor corrosion issues. 

· Based on industry operating experience, fleet programs were developed for inspection of 

underground piping and tank integrity and condition assessment of internally coated/lined 

tanks, components, and pipes subject to immersion service. The Tank Inspection Activities 

(UFSAR Section 18.1.3) incorporated applicable buried components and coated components 

aging management techniques from the fleet programs. 

The above examples of operating experience provides objective evidence that the Outdoor and 

Large Atmospheric Metallic Storage Tanks program includes activities to perform visual inspections 

of tank internal bare metal surfaces, surface examination of external tank surfaces, and thickness 

measurements of tank bottoms to identify cracking or loss of material for aboveground metallic 

tanks within the scope of subsequent license renewal, and to initiate corrective actions. 

Occurrences identified under the Outdoor and Large Atmospheric Metallic Storage Tanks program 

are evaluated to ensure there is no significant impact to the safe operation of the plant and 
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corrective actions will be taken to prevent recurrence. Guidance or corrective actions for additional 

inspections, re-evaluation, repairs, or replacements is provided for locations where aging effects 

are found. The program is informed and enhanced when necessary through the systematic and 

ongoing review of both plant-specific and industry operating experience. There is reasonable 

assurance that the continued implementation of the Outdoor and Large Atmospheric Metallic 
Storage Tanks program, following enhancement, will effectively manage aging prior to a loss of 

intended function. 

Conclusion 

The continued implementation of the Outdoor and Large Atmospheric Metallic Storage Tanks 

program, following enhancement, will provide reasonable assurance that aging effects witl be 

managed such that the components within the scope of this program will continue to perform their 

intended functions consistent with the current licensing basis during the subsequent period of 

extended operation. 
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82.1.28 Internal Coatings/Linings For In-Scope Piping, Piping Components, 
Heat Exchangers, and Tanks 

Program Description 

The Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and 

Tanks program is an existing condition monitoring program that manages loss of coating integrity of 

the in-scope components exposed to closed-cycle cooling water, raw water, treated water, treated 

I borated water, waste water, and air-dry environments, that can lead to loss of base materials or 

downstream effects such as reduction in flow, reduction in pressure or reduction of heat transfer 

when coatings/linings degrade and become debris. 

Periodic visual inspections are conducted for each coating/lining material and environment 

combinations of the internal surfaces of in-scope piping and components where loss of coating or 

lining integrity could impact the components or downstream component's intended function(s). 

Inspection intervals will not exceed those specified in NUREG-2191, Table XLM42-1, "Inspection 

Intervals for Internal Coatings/Linings for Tanks, Piping, Piping Components, and Heat 

Exchangers." 

For tanks, heat exchangers and piping, all accessible surfaces are inspected. lf a baseline 

inspection has not been previously established, baseline coating/lining inspections will occur in the 

10-year period prior to the subsequent period of extended operation. Subsequent inspection 

intervals are established by a coating specialist qualified in accordance with ASTM International 

Standards endorsed in RG 1.54, Revision 2, "Service Level I, II and Ill Protective Coatings Applied 

to Nuclear Power Plants," including guidance from the staff associated with a particular standard. 

For cementitious coatings, training and qualifications are based on an appropriate combination of 

education and experience related to inspecting concrete surfaces. Peeling and delamination is not 

acceptable. Blisters are evaluated by a coatings specialist. Blisters are limited to a few intact small 

blisters that are completely surrounded by sound material and with the size and frequency not 

increasing between inspections. Minor cracks in cementitious coatings are acceptable provided 

there is no evidence of debonding. Other degraded conditions are evaluated by a coatings 

specialist. For coated/lined surfaces determined to not meet the acceptance criteria, the coating 

can be removed or physical testing is performed, where physically possible (i.e., sufficient room to 

conduct testing), in conjunction with repair or replacement of the coating/lining. 

NUREG-2191 Consistency 

The Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and 

Tanks program is an existing program that, following enhancement, will be consistent, with 

exception, to NUREG-2191, Section XLM42, Internal Coatings/Linings for In-Scope Piping, Piping 

Components, Heat Exchangers, and Tanks. 
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1. Every fuur or six ycare, NUREG 2191 recommends either an inspectieA-ef a representative 

sai:wiple of 73 one foot axial length oireum:ferential segments of piping or 60% of the total length 
of eacl:i eoatin§llining material aA€1 environment combination inspe&ted, whichever is less at 

each uAit For t•No unit sites, 66 one foot a>cial length sectioAs of piping (nineteen-l4 

manufaeturer recommendations and industry conscns1:1s doeuments 'Nero oemplied v1ith 

d1:1riA§ installation) are inspe&ted poF tinit. /\n e,meption is takeFI to tAo inspeetioA sample sb::e, 

inspection, and re inspeetian frequency. 

Justifjootion for El(ooption 

F:er each unit, eJEistiRg pipin@ inspections are performed on 25% of the circulating ,uater sy-stcm 

(large bore piping) and service \v:ater system internal oeatings every eighteen months, thereby 

iAspestiRg 109% of the circulating water sysrom and scrviee water system piping ev-cry six years. 

The cxistin§ seating on ciroulating water and serviee ~veter piping approached tl=te end of its 

ax13eeted service life and has been marginally successful in proteeting the steel 13ipe from the 

corresive effects of the brackish oeoling water system. The eoetfR§ has expe1::ieAeed leealized 

failures exposing} tho pipe •.vall to brackis!c! 'Nater resulting iA eorFosion of the e,cposed pipe material. 

The circulating vo<ater and serviee •.uater pipiR§ is bein§ repaired using a carben :fiber Feinforocd 

polymer (GFRP) liAin€J to restore tho pii:,in§ i,ressuro bounElary anel i,rovide a sorrosioA resistant 

barrier on piping internal Sl:lrfaces. The GFRP relining is expected to l,,e complete in future refuolirig 

eu:tagos. 

For pipin§ '.\•ith CFRP lining, the i~tion interval ;ul!I be mctended to tv~•elve yeaFs if: 

a. laeAtlcal eoatin§/.liniAg material is installed vvith the same installation requirements in 

redundant trains with the same eperatin€J conditions and at least one of the trains is 

inspec'l:ed every sb< years, m~El 

b. The eeatingilining is not in a location subject to erosion that could result in dama§e to U,e 

coatiA9,qinin§. 

The determinatioR to exteAa the inspectieri intervahvil! be based on opeieatif:ig experience an4 

inspection results. {Exce12tion 1 Deleted - Set 2 RAls) 

2. 

(Exception 2 Deleted ~ Set 1 RAls) 

3. NUREG-2191 indicates that periodic visual examinations of a sample of piping internally lined 

with concrete be performed to verify degradation leading to loss of material or downstream 
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effects such as reduction in flow and pressure. Opportunistic inspections of concrete lined fire 

protection system main loop piping will be performed. An exception is taken to perform 

periodic inspections. 

Justification for Exception 

Concrete lined cast iron fire protection system main loop piping is buried. Inspection of this piping is 

highly intrusive and would require excavation and implementation of a complex tempor~ry 

modification to maintain a functional fire protection header. Management of the effects of aging for 

the fire protection system is described in AMP XI.M27, "Fire Water System." In accordance with the 

Fire Water System program (82.1.16), the following tests and inspections will be performed: 

• Fire protection system underground loop and main header flow test will be conducted at 

least once every five years. During the flow test, system hydraulic characteristics will be 

measured and evaluated for indication of internal piping degradation or flow obstructions. 

The flow test will measure system hydraulic resistance as a means of evaluating the internal 

piping conditions. Monitoring system piping flow characteristics ensures that signs of 

internal piping degradation from significant corrosion, sediment buildup or fouling will be 

detected in a timely manner. 

• Underground supply piping is flushed through each of the outdoor fire hydrants annually. 

Full flow of clean, clear water is confirmed during flushing of annual hydrant flushes. 

• Wet pipe sprinkler main drain flow tests and inspector test flushes will be performed to 

assure adequate water supply and proper system performance. Main drain testing will be 

performed for wet pipe sprinkler systems with alarm control valves to monitor and trend 

system pressure during flow conditions and identify degraded water supply conditions 

should they occur. 

• The motor and diesel driven fire pumps are flow tested at least every 5 years to assure flow 

and pressure requirements are met. 

Together, these tests provide reasonable assurance that flow blockage would be detected just as 

effectively as if internal inspections were being periodically conducted on a portion of the piping 

consistent with NUREG-2191, AMP XI.M42, Table XI.M42-1. In addition, the fire water system is 

maintained at required operating pressure. Daily monitoring of the head and pressure in the 

hydro.pneumatic tank is performed. Alarm circuits monitor the system pressure, and low pressure is 
annunciated in the main control room via the motor driven and diesel driven fire pump start logic. A 

loss or decrease in system pressure would be noted and corrective actions initiated. This 

continuous monitoring is an effective means to detect potential through-wall flaws in the piping and 

piping components. 

In August 2014, while conducting a fire hose station valve test, an underground fire main leak was 

suspected to have occurred. The suspected leak location was excavated and a circumferential 
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break was noted in the pipe. The failed section of pipe was removed from the flanged end and 

submitted to the corporate materials lab for examination. Overall, the pipe section appeared to be in 

good condition. Visually, the pipe wall was sound, showing no signs of any extensive corrosion from 

the outside. Along the inner diameter, the cement lining had fractured away in the areas where the 

pipe was cut but the underlying metal was in excellent condition. In those areas outside the cuts, 

near the flange where the lining was still in place, cement lining was in good condition. The 

examination concluded that it is possible that a fabrication defect was present in this pipe. Away 

from the fracture, the overall condition of the pipe was good. No signs of any significant corrosion 

were seen along the outside or inside of the pipe. The heaviest corrosion noted in the form of pitting 

was along the outside of the pipe near the leak location. 

The NRG approved a NUREG-2191 exception based on very similar justification as documented in 

the Safety Evatuation Report Related to the License Renewal of Fermi 2, Docket No. 50-341, dated 

July 2016 (ADAMS Accession No. ML 16190A241). 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement(s) will be 

implemented in the following program element(s): 

Scope of the Program (Element 1) and Detection of Aging Effects (Element 4) 

1. Procedures will be revised to require baseline inspections (100% of accessible 

coatings/linings) of the following tanks, piping, and miscellaneous components within the 

scope of subsequent license renewal and inspection intervals will not exceed those specified 

in NUREG-2191, Table XJ.M42-1, "Inspection Intervals for Internal Coatings/Linings for Tanks, 

Piping, Piping Components, and Heat Exchangers." (Revised - Change Notice 2 and Set 1 

RAls) 

• Circulating water system waterbox air separating tanks 

I • Condensate polishing outlet piping (short segment; entire length is inspected) 

• Vacuum priming tanks 

• Vacuum priming seal water separator tanks 

• Auxiliary steam drain receiver tank 

I • Water treatment piping {short segment; entire length is inspected) 

• Flash evaporator demlneralizer isolation valve 

I • Brominator mixing tank 

• Pressurizer relief tanks 
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2. Programs will be revised to consistently reference coating aging mechanisms and add 

definitions for rusting, wear/erosion, and physical damage. 

3. Procedures will be revised to require alignment of the internal coating/lining inspection criteria 

with the inspection criteria and aging mechanisms specified in the Coatings Condition 

Assessment Program. 

4. Procedures will be revised to require inspections of cementitious coatings/linings and include 

aging mechanisms associated with cementitious coatings/linings described as cracking due to 

chemical reaction, weathering, settlement, or corrosion of reinforcement; loss of material due 

to delamination, exfoliation, spelling, popout, scaling, or cavitation. 

Detection of Aging Effects (Element 4) 

5. Procedures will be revised to require cementitious coatings/linings inspectors to have a 
minimum of five years of experience inspecting or testing concrete structures or cementitious 

coatings/linings or a degree in the civil/structural discipline and a minimum of one year of 

experience. 

6. Procedures will be revised to require opportunistic inspections of piping internally lined with 

concrete and include aging associated with cementitious coatings/linings described as 
cracking due to chemical reaction, weathering, settlement, or corrosion of reinforcement; loss 

of material due to delamination, exfoliation, spalling, popout, scaling, or cavitation. 

Monitoring and Trending (Element 5) 

7. Procedures will be revised to require a pre-inspection review of the previous "two" condition 

assessment reports, when available, be performed, to review the results of inspections and 

any subsequent repair activities. 

8. Procedures will be revised to require inspection results be evaluated against acceptance 

criteria to confirm that the components' intended functions will be maintained throughout the 

subsequent period of extended operation based on the projected rate and extent of 

degradation. Where practical, (e.g., wafl thickness measiirements, blister size and (frequency), 

degradation will be projected until the next scheduled inspection. 

Acceptance Criteria (Element 6) 

9. Procedures will be revised to: 

J a. Specify there are no indications of peeling or delamination. 

b. Require inspection of cementitious coatings/linings. Minor cracking and spalling is 

acceptable provided there is no evidence that the coating/lining is debonding from the 

base material. 
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c. Require, as applicable wall thickness measurements, projected to the next inspection, 

meet design minimum wall requirements. 

Corrective Action (Element 7) 

10. Procedures will be revised to permit the "removal" of coatings/linings that do not meet 

acceptance criteria, with the required evaluation and documentation. 

11. Procedures will be revised to include as an alternative to repair, rework, or removal, internal 

coatings/linings exhibiting indications of peeling and de!amination. The component may be 

returned to service if: 

a. Physical testing is conducted to ensure that the remaining coating is tightly bonded to the 

base metal, 

I b. the potential for further degradation of the coating is minimized, (i.e., any loose coating is 

removed, the edge of the remaining coating is feathered), 

c. adhesion testing using ASTM International Standards endorsed in RG 1.54 (e.g., pull"off 

testing, knife adhesion testing) is conducted at a minimum of 3 sample points adjacent to 

the defective area, 

d. an evaluation is conducted of the potential impact on the system, including degraded 

performance of downstream components due to flow blockage and loss of material or 

cracking of the coated component, and · 

e. follow-up visual inspections of the degraded coating are conducted within two years from 

detection of the degraded condition, with a re-inspection within an additional two years, or 

until the degraded coating is repaired or replaced. 

12. Procedures will be revised to require when a blister does not meet acceptance criteria, and it is 

not repaired, physical testing is conducted to ensure that the blister is completefy surrounded 

by sound coating/lining bonded to the surface. Physical testing consists of adhesion testing 

using ASTM International standards endorsed in RG 1.54. Where adhesion testing is not 

possible due to physical constraints, another means of determining that the remaining 

coating/lining is tightly bonded to the base metal is conducted such as lightly tapping the 

coating/lining. Acceptance of a blister to remain inservice should be based both on the 

potential effects of flow blockage and degradation of the base material beneath the blister. 

13. Procedures will be revised to require additional inspections be conducted if one of the 

inspections does not meet acceptance criteria due to current or projected degradation (i.e., 

trending) unless the cause of the aging effect for each applicable material and environment is 
corrected by repair or replacement for all components constructed of the same material and 

exposed to the same environment. The number of increased inspections will be determined in 

accordance with the Corrective Action Program. However, there are no fewer than five 
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additional inspections for each inspection that did not meet acceptance criteria, or 20% of 

each applicable material, environment, and aging effect combination inspected, whichever is 
less. When inspections are based on the percentage of piping length, an additional 5% of the 

total length will be inspected. The timing of the additional inspections will be based on the 
severity of the degradation identified and will be commensurate with the potential for loss of 

intended function. However, in all cases, the additional inspections will be completed within the 

interval in which the original inspection was conducted, or if identified in the latter half of the 

current inspection interval, within the next refueling outage interval. These additional 

inspections conducted in the next inspection interval cannot also be credited towards the 

number of inspections in the latter interval. If subsequent inspections do not meet acceptance 

criteria, an extent of condition and extent of cause analysis will be conducted to determine the 

further extent of inspections. Additional samples will be inspected for any recurring 

degradation to provide reasonable assurance that corrective actions appropriately address the 

associated causes. The additional inspections will include inspections with the same material, 

environment, and aging effect combination at both Unit 1 and Unit 2. 

14. Physical testing is performed where physically possible (i.e., sufficient room to conduct testing) 

or examination is conducted to ensure that the extent of repaired or replaced coatings/linings 

encompasses sound coating/lining material. 

Operating Experience Summary 

The following examples of operating experience provide objective evidence that the Internal 

Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and Tanks program 

has been, and will be effective in managing the aging effects for SSCs within the scope of the 

program so that their intended functions will be maintained consistent with the current licensing 

basis during the subsequent period of extended operation. 

1. In December 2008, the interior surface of the Unit 1 ECST was inspected in the filled condition. 

There was little evidence of corrosion, but there was minor blistering of the coating on the tank 

floor. The inspection of the Unit 1 ECST showed minor blistering and little evidence of 

corrosion that would impact minimum wall thickness. 

2. In December 2008, the interior surface of the Unit 2 ECST was inspected in the filled condition. 

There was little evidence of corrosion, but there was minor blistering of the coating on the 

tank floors. An internal inspection of the Unit 2 ECST was performed in May 2017. Small 

blistering and pinhole damage was identified in areas of the coating along the tank walls. 

Internal coating repairs are scheduled in work management. 
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3. In December 2008, an engineering inspection of the 'I( main control room chiller revealed 

condenser tube erosion, but no leaks were identified and Engineering had no operability 

concerns. Per Engineering recommendation, Plastocor coating was placed on the tubes of 'I( 

main control room chiller in June 2009, and on the tubes of 'C' main control room chiller in 

July 2010. In January 2010, inspection revealed that the coating on the 'C' main control room 

chiller condenser outlet tubes had started to degrade. Coating in the tubes started to flake, 

crack and bubble up. Inspections of the tubes with a borescope revealed that there were spots 

where the copper oxide layer was flaking off. There was no corrosion, pitting, or cracking in the 

tubes or tubesheet. Maintenance successfully removed the loose, flaking and cracking 

coating. Engineering performed Eddy Current Inspection of the condenser tubes and no tube 

degradation was identified. In June 2010 the condenser outlet tubes were re-coated. 

Subsequent inspection in January 2011 revealed that the tubes and tubesheet were free of 

cracking, separation, or delamination. Coating was flaking three to three and half inches inside 

the tubes. Coating was removed where it was flaking. Inspection in June 2011 revealed no 

signs of degradation, pitting or erosion. Inspection performed in January 2015 and February 

2016 found the condenser tubes to be acceptable for service. 

4. During the Fall 2010 refueling outage (RFO), Engineering inspected the outlet line from a 

Unit 1 recirculation spray cooler. The line was found to have general corrosion occurring 

beneath the coating at the outlet flange interface on the upper endbell of the heat exchanger. 

The degraded coating was removed; base metal/weld repairs and coating repairs were 

performed during the Unit 1 fall RFO. Ultrasonic testing examination on the outlet service 

water flange was performed in November 2010. Exfoliation had not extended past the raised 

edge of the slip-on flange. Service water piping wall loss was not evident. Follow-up inspection 

of the outlet line was performed and coating degradation was found at the outlet flange 

interface on the upper end bell of the heat exchanger. Coating and weld repair were completed 

in November 2010. Another follow-up inspection in January 2011 noted areas of coating 

delamination, including the first four to six inches of pipe downstream from a service water 

motor operated valve, the area around the tap for a service water flow element and the tap for 

a service water resistance temperature detector. The areas of pipe where the delamination of 

coatings occurred were blasted and recoated in January 2011. Inspection of the recirculation 

spray cooler and ultrasonic testing of the service water vent piping is scheduled in work 

management. 

5. In October 2010, five through wall holes were identified in a piping elbow of the Unit 1 "8" main 

condenser circulating water discharge piping. The piping contained raw water, and the material 

of construction was epoxy-coated carbon steel. Repairs were performed on the holes, and 

epoxy coating reapplied in February 2011.Subsequent inspections and repairs were performed 

in September2016with epoxy coating and March 2018 with the installation of the CFRP lining._ 
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The Open Cycle Cooling Water {OCCW) program (B2.1.11) will manage aging effects of CFRP 

linings in OCCW systems using ASME Code Case N-871. 

6. In November 2010, while removing a Unit 1 service water motor operated valve from the 

system to replace the an adjacent service water expansion joint, it was noted that the coating 

on the inner diameter of the pipe flange was not intact and the weld metal in the pipe to flange 

connection had corroded. The service water was in direct contact with the carbon steel pipe. 

Base metal/weld repairs and coating repairs were performed in November 201 O. The weld 

repairs were visually inspected for a minimum acceptable wall thickness. The visual 

inspections were completed satisfactorily. 

7. In November 2012, during the weld inspection of a Unit 2 main condenser outlet waterbox, 

eight areas for repair were identified due to degradation of the epoxy coating, including two 

through-wall areas. The waterbox contains raw water, and the material of construction is 

epoxy-coated carbon steel. Repairs were performed on the holes, and epoxy coating reapplied 

in November 2012. This is an example of recurring internal corrosion in the circulating water 

system. Subsequent inspections and repairs were performed in April 2014, October 2015, and 

April 2017. 

8. In September 2014, a materials analysis was performed on buried cement lined grey cast iron 

fire main piping that was fractured during flow testing of hose station valves. The fracture was 

attributed to a latent material defect in the cast iron. The piping was removed and replaced 

with an equivalent spool piece. Based on the oxidation along the top segment of the crack, the 

pipe had been cracked for a long period of time. High levels of calcium deposits on the fracture 

(from the cement lining) indicate that the pipe was partially cracked at the top segment before 

factory installation of the cement liner (manufacturing process). Material analysis of the pipe 

determined that the microstructure consisted of graphite flakes that were approximately 75% 

ferrite and 25% pearlite. This resulted in a reduction in the supplied material hardness. Failure 

of pipe was not preventable through maintenance. The failure was caused by ground settling. 

During the pipe replacement it was observed that there was vertical misalignment between the 

replacement pipe and the existing buried pipe, which indicated that the buried side piping was 

exerting a large bending load at the anchor/foundation. This bending load along with the 

pre-existing crack and lower hardness value caused the pipe fracture. The balance of the 

failed pipe was found in good condition with no significant loss of cement lining material, 

corrosion, cracking, fouling, or reduction of pipe interior diameter. 
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9. In April 2015, circulating and service water Carbon Fiber Reinforced Polymer (CFRP) pipe 

repair was performed on the interior surface of circulating water and discharge service water 

piping to repair and strengthen the existing pipe systems. The service water and circulating 

water systems piping are constructed of carbon steel piping that was originally internally 

coated with a coal tar epoxy coating. Over the years of operation, the coating has experienced 

localized failures exposing the pipe wall to brackish water and resulting in corrosion of the 

exposed pipe material. Since 1990 there has been a long-term servlce water pipe repair 

project which replaced the coal tar coating with a coating system using a multi-functional 

epoxy coating product to improve the corrosion protection. This project was completed in 

July 1998. The new coating system did improve the corrosion protection; however, it still has a 

limited service life approximately 15 to 25 years which results in localized coating failures. This 

coating approached the end of its expected service life and has been only marginally 

successful in protecting the steel pipe from the corrosive effects of the l:>rackish cooling water 

system. 

A permanent repair of the service and circulating water systems piping that restpres the 

system pressure boundaries and provides a corrosion resistant barrier.to the existing system 

was applied to sections of the service water and circulating water piping system. This design 

change addresses service water piping downstream o.f the component cooling heat 

exchangers and circulating water piping downstream of the. Unit 1 condenser outlet valves. 

The CFRP system is used to repair any degraded piping sections. The CFRP relining began in 

2015 and is expected to be complete in future refueling outages. The repair process used 

CFRP composite designed to take the place of the existing carbon steel pipe, and as such, 

becomes a pipe that is capable of meeting the original design requirements of this pipeline 

formed within the discharge piping. The outlet piping from the component cooling heat 

exchangers (CCHXs) that has been reJined with CFRP is rated for full .system pressure, design 

temperature, transient load, weight effects, and vacuum pressures combined with external 

ground water static pressure. 

In a relief request dated December 20, 2017 the NRC staff concluded that the proposed CFRP 

composite system provides reasonable assurance of the buried circulating water and service 

water piping structural integrity and leak tightness. The NRC staff stated in correspondence to 

Dominion dated December 20, 2017, "The CFRP repair system alternative will remain in place 

for the life of the plant." The station will contir1ue to iAsf:)eet ar;ipro>cimately 26% ofthe 

circulatiA§ •Nater system (large be.Fe piping) and service water system internal coatings, 

including repaired sections, eve!)' 18 moRths, thereby inspecting 100% of the circulating 'Nater 
system aREl-ee-Fvice water systeR'l piping e•Jlery six ycms ot oaol:l unit. The NRC further 

concluded, that based on operating experience, there is reasonable assurance to expect the 

CFRP repaired pipes to perform successfully and the maintenance and inspection programs 

will confirm acceptable performance duri~g future inspection intervals. CFRP relining is 

expected to be complete in future refueling outages. 
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CFRP systems have been utilized in brackish water environments for over 25 years, and it is a 

common environment for application. This includes exposure to harsh freeze-thaw 

environments in bridge and pile applications within the transportation industry, upgrade to 

concrete infrastructure within power generation and industrial facilities, and pipeline repair and 

upgrade with CFRP - these types of applications are and have been completed in brackish 

environments with successful performance of the CFRP system. 

The Open Cycle Cooling Water (OCCW) program (82.1 .11) yyiH manage agiog effects of CFRP 
linings in OCCW systems using ASME Code Case N-871. 

10. In February 2016, engineering performed a coating/welding inspection inside the Unit 1 'B' 

component cooling heat exchanger inlet and outlet endbells. The inspection revealed fifteen 

areas inside the inlet endbe!I and ten areas on the outlet endbell requiring coating repairs. The 

outlet endbell also had three areas requiring base/metal weld repairs. There were no 

through-wall holes discovered. The weld repairs and coating were performed in 

February 2016. A quality inspector visually inspected the final repaired areas and a magnetic 

particle examination was performed on the final weld repairs. The work was completed and 

inspected satisfactorily. 

Recurring Internal Corrosion (RIC) 

Recurring internal corrosion, including through-wall failures due to pitting and general 

corrosion, has occurred in the coated/lined service water system piping, plumbing system 

piping, main condenser waterboxes and the 96-inch circulating water discharge piping. 

Corrective actions such as circulating water and service water liner installation that was started 

in April 2015 are in progress, and additional actions are scheduled to minimize the 

likelihood of piping and component degradation due to pitting and general corrosion in 

systems monitored by the Internal Coatings/Linings For In-Scope Piping, Piping 

Components, Heat Exchangers, and Tanks program (B2.1.28). Periodic system walkdowns in 

accordance with plant procedure will monitor for leakage. Additional corrective actions will be 

determined by the Corrective Action Program if significant loss of material is detected. Work 

orders have been created to replace affected portions of the plumbing system piping. Future 

occurrences of RIC will be documented in accordance with the Corrective Action Program. 

Corrective actions include: 

a. Prior to the subsequent period of extended operation, the 96-inch circulating water outlet 

piping will be lined with CFRP. The design changes for bath units are in progress, and no 

documented aging effects for CFRP coated sections of the 96-inch circulating water outlet 

piping have been identified. The CFRP design changes will be completed over the next 

several refueling outages. Separate design changes will install CFRP in the 96 inch 

circulating water inlet piping and the-a.4-r 30-, 36-, 42-, and 48-inch service water piping 
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from the circulating water system to the recirculation spray and supply for the component 

cooling heat exchangers. Fer epoxy coated piping sections and main condenser ohannel 

heaels that ao not yet have the GFRP lining installed, inspection is performed ef 

apprmdma1ely 25% e:J: tho oircu!ating •,vateF and service water system inteFnal seatings 

each refueling oyolo, thereby 1 QO% of the cir:eulating ·Nater and serviee water 13ipin§ is 

inspected every sbc years. Since the initial installation of the CFRP system in April 2015, 

there have been no condition reports to date indicating a loss of coating integrity in CFRP 

lined components. The CFRP system has a SO-year service life. 

The component cooling heat exchanger channel heads are epoxy-coated carbon steel 

exposed to raw water (service water). Inspections are performed yearly, which allows 

early detection of degradation of coatings and underlying metal. Inspection of the 

component cooling heat exchangers (CCHXs) in January 2011 discovered coating 

failures. Coating repairs were performed. A multi-functional epoxy coating system was 

applied to the Unit 1 CCHXs starting Unit 1 RFO 2013. 

b. The CFRP lining is designed to meet the existing design requirements for the lines in 

which it will be installed and will serve as the system pressure boundary. In contrast to the 

existing carbon steel pipe, CFRP is not susceptible to pitting in a raw water environment. 

Therefore, augmented inspections will not be necessary on piping lined with CFRP. -F8f 

piping sect!E.ms and heat e,mhan€Jer ohannol heads that do not yet have the GFRP lining 

installed, inspection ef approximately 26% Of U:ie circulating water and service water 

system internal coatings caoh refueling cycle will be performed. As a result of tl:ie 

inspection proteool 1,,<ith a 26% sample population, 199% ofthe circulating \•tater and 

service •nator internal coatings is iAspeci:od every six years. 

Plant operating experience has demonstrated that the yearly inspections of the 

component cooling heat exchanger channel heads are frequent enough to detect 

degradation before causing a loss of intended function. 

The QRen Cycle CQoling Water !OCCW) program (82.1.11) will manage aging effects of 

CERP linings in OCCW systems using ASME Code Case N-871. 

The above examples of operating experience provide objective evidence that the Internal 

Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and Tanks program 

includes activities to perform visual inspections of internal surfaces to identify deficient or degraded 

coatings/linings for piping, piping components, heat exchangers and tanks within the scope of 

subsequent license renewal, and to initiate corrective actions. Occurrences identified under the 

Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and Tanks 

program are evaluated to ensure there is no significant impact to the safe operation of the plant and 

corrective actions will be taken to prevent recurrence. Guidance or corrective actions for additional 

inspections, re-evaluation, repairs, or replacements is provided for locations where aging effects 
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are found. The program is informed and enhanced when necessary through the systematic and 

ongoing review of both plant-specific and industry operating experience. There is reasonable 
assurance that the continued implementation of the Internal Coatings/Linings for In-Scope Piping, 

Piping Components, Heat Exchangers, and Tanks program, following enhancement, will effectively 

manage aging prior to loss of intended function. 

Conclusion 

The continued implementation of the Internal Coatings/Linings for In-Scope Piping, Piping 

Components, Heat Exchangers, and Tanks program, following enhancement, will provide 

reasonable assurance that aging effects will be managed such that the components within the 

scope of this program will continue to perform their intended functions consistent with the current 

licensing basis during the subsequent period of extended operation. 
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The structures Monitoring program is an existing condition monitoring program that manages aging 

of the structures and components that are within the scope of subsequent license renewal by 

managing the following aging effects: 

• Cracking 

• Cracking and distortion 

• Cracking, Joss of material 

• Cracking, loss of bond, and loss of material (spaUing, scaling) 

• Increase in porosity and permeability, cracking, loss of material (spalling, scaling) 

• Loss of material 

I • Loss of material, loss of form 

• Loss of material (spalling, scaling) and cracking 

• Loss of material, change in material properties 

• Lass of mechanical function 

• Loss of preload 

• Loss of sealing 

• Reduction in concrete anchor capacity 

• Reduction of foundation strength and cracking 

• Reduction or loss of isolation function 

The structures Monitoring program implements the requirements of 10 CFR 50.65, "Requirements 

for Monitoring the Effectiveness of Maintenance at Nuclear Power Plants," consistent with guidance 

of U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide (RG) 1.160, "Monitoring the 

Effectiveness of Maintenance at Nuclear Power Plants," and Nuclear Management and Resources 

Council 93-01 1 "Industry Guidelines for Monitoring the Effectiveness of Maintenance at Nuclear 

Power Plants". The scope of the Structures Monitoring program includes structures and 

components in the scope of subsequent license renewal. The program relies on periodic visual 

inspections to monitor and maintain the condition of structures and components within the scope of 

subsequent license renewal. Inspections are conducted by qualified personnel at a frequency not to 

exceed five years, except for wooden poles, whtch will be inspected on a 10-year frequency. The 
interval between successive recurring inspections may be decreased based on conditions 

discovered in previous inspections. 
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Structural monitoring inspections consist primarily of periodic visual examination of accessible 

structures and components performed by qualified personnel. For concrete and associated 

components, ACl-349.3R, "Evaluation of Existing Nuclear Safety-Related Concrete Structures," 

and other applicable industry documents are used as guidance for the inspections, inspector 

qualifications, and evaluation of inspection results. The inspection program for structural steel is 

similar to the concrete program and is based on the guidance provided in the AISC Specification for 

Structural Steel Buildings and Code of Standard Practice. For earthen structures, evaluation of 

inspection results is performed by a qualified civil/structural engineer. 

Procedures will include preventive actions to provide reasonable assurance of structural bolting 

integrity, as discussed in Electric Power Research Institute (EPRI) documents (such as EPRI 

NP-5067, "Good Bolting Practices, A Reference Manual for Nuclear Power Plant Maintenance 

Personnel," and TR-104213, "Bolted Joint Maintenance & Application Guide"), American Society for 

Testing and Materials (ASTM) standards, and AISC specifications, as applicable. 

In order to evaluate the potential of water to cause degradation of inaccessible below-grade 

concrete, samples of groundwater will be taken at intervals not to exceed five years. The water 

chemistry is evaluated, and should the results of water testing indicate potentially harmful levels of 

substances such as chlorides > 500 ppm, sulfates > 1,500 ppm, or a pH < 5.5, inaccessible areas 

are assessed for aging when aging degradation exists in accessible areas and opportunistically 

inspected when excavated. 

Ground water monitoring has shown the ground water to be non-aggressive, except for one 

sampling point. In 2007, a sample with a significantly high chloride level was obtained from the 

Turbine Building sump. Subsequent sample results from this sump have found additional chloride 

levels above the acceptance limit. An inspection was performed to assess the structure for any 

degradation that could be attributed to the elevated levels of chloride. The inspection found no 

evidence of significant degradation. There have been no indications of concrete degradation due to 

elevated chloride levels anywhere in the plant. Engineering continues quarterly monitoring of the 

ground water in this sump. 

For surfaces provided with protective coatings, observation of the condition of the coating is an 

effective method for identifying the absence of degradation of the underlying material. Therefore, 

coatings on structures within the scope of the Structures Monitoring program are inspected only as 

an indication of the condition of the underlying material. 

ASME Code, Section XI visual examinations {VT-1) or surface examinations will be conducted to 

detect cracking of stainless steel and aluminum components exposed to aqueous solutions or air 

environments containing halides. A minimum sample of 25 inspections will be performed from each 

of the aluminum and stainless steel component populations every ten years. 
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If any sampling-based inspections to detect cracking in aluminum and stainless steel do not meet 

the acceptance criteria, additional inspections will be conducted, unless the cause of the aging 
effect for each applicable material and environment is corrected by repair or replacement. There will 

be no fewer than five additional inspections for each inspection that did not meet acceptance 

criteria, or 20% of each applicable material, environment, and aging effect combination inspected, 

whichever is less. If any subsequent inspections do not meet acceptance criteria, an extent of 

condition and extent of cause analysis will be conducted to determine the further extent of 

inspections required. Additional samples will be inspected for any recurring degradation to ensure 

corrective actions appropriately address the associated causes. The additional inspections will 

include inspections of components with the same material, environment, and aging effect 

combination at both Unit 1 and Unit 2. The additional inspections will be completed within the 

interval (i.e., 1 O year inspection interval) in which the original inspection was conducted. Where 

practical, the inspections will focus on the bounding or lead components most susceptible to aging 

because of time in-service, severity of operating conditions, and lowest design margin. 

Concrete inspection results are evaluated to identify changes that could be indicative of Alkali-Silica 

Reaction (ASR) development. If indications of ASR development are identified, the evaluation 

considers the potential for ASR development in concrete that is within the scope of the ASME 

Section XI, Subsection /WL program (B2.1.30), the Structures Monitoring program (82.1.34), or the 

Inspection of Water-Control Structures Associated with Nuclear Power Plants program (82.1.35). In 

1988, a research study was performed to evaluate the degradation processes that could affect the 

reinforced concrete structures. Concrete core samples were secured from the intake canal, Unit 1 

Condensate Storage Tank Missile Shield, Unit 2 Safeguards Building and Unit 2 Containment. 

Based on testing of these samples, the study concluded that there was no evidence of ASR. 

Evaluation of inspection results includes consideration of the acceptability of inaccessible areas 

when conditions exist in accessible areas that could indicate the presence of, or result in, 

degradation to such inaccessible areas. 

Structural sealants, seismic gap joint filler, vibration isolation elements, and other elastomeric 

materials are monitored for cracking, loss of material, and hardening. These elastomeric elements 

are acceptable if the observed loss of material, cracking, and hardening will not result in a loss of 

intended function. Visual inspection of elastomeric elements is supplemented by tactile inspection 

to detect hardening if the intended function is suspect. 

Procedures will include preventive actions to ensure bolting integrity for replacement and 

maintenance activities by specifying proper selection of bolting material and lubricants, and 

appropriate installation torque or tension to prevent or minimize loss of bolting preload and cracking 

of high-strength bolting. For structural bolting consisting of ASTM A325, ASTM A490, ASTM F1852 

and/or ASTM F2280 bolts, the preventive actions for storage, lubricant selection, and bolting and 

coating material selection discussed in Section 2 of the Research Council for Structural 
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Connections publication, "Specification for Structural Joints Using High-Strength Bolts," will be 

used. 

Spent fuel pool (SFP) liner leakage through the leak chase channels is monitored. An alarm is 
provided on the SFP to sound at a level loss of approximately 0.5 feet (UFSAR Section 9.5.3.3). A 

review of recent leak chase channel monitoring reports shows acceptable leakage rates with no 
tell-tale drains being completely blocked. 

The Masonry Walls program (B2.1.33) and the Inspection of Water-Control Structures Associated 

with Nuclear Power Plants program {B2.1.35) are implemented as part of this program. 

NUREG-2191 Consistency 

The Structures Monitoring program is an existing program that, following enhancement, will be 

consistent with NUREG-2191, Section XI.S6, Structures Monitoring. 

Exception Summary 

None 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement(s) will be 

implemented in the following program element(s): 

Scope of Program (Element 1) 

1. Procedures will be revised to include inspection of the following structures that are within the 

scope of subsequent license renewal: decontamination building, radwaste facility, health 

physics yard office building, laundry facility, and machine shop. Inspections for the added 

structures will be performed under the enhanced program in order to establish quantitative 

baseline inspection data prior to the subsequent period of extended operation. (Revised 

Change Notice 1) 

2. Procedures will be revised to add the oiled-sand cushion to the inspection of the fire 

protection/domestic water tank foundation. (Added Change Notice 3) 

Preventive Actions (Element 2) 

3. Procedures will be revised to include preventive actions to ensure bolting integrity for 

replacement and maintenance activities by specifying proper selection of bolting material and 

lubricants, and appropriate installation torque or tension to prevent or minimize loss of bolting 

preload and cracking of high-strength bolting. For structural bolting consisting of ASTM A325, 
ASTM A490, ASTM F1852 and/or ASTM F2280 bolts, the preventive actions for storage, 

lubricant selection, and bolting and coating material selection discussed in Section 2 of the 

Research Council for Structural Connections publication, "Specification for Structural Joints 

Using High-Strength Bolts," will be used. 
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4. The checklist for structural and support steel will be revised to indicate: "Are any connection 

members loose, missing or damaged (bolts, rivets, nuts, etc.)?". (Added Change Notice 2) 

Detection of Aging Effects (Element 4) 

5. Procedures will be revised to eliminate options for inspector qualifications that are not 

consistent with ACI 349.3R-002. (Revised Change Notice 2) 

6. Procedures will be revised to specify that wooden pole inspections will be performed every ten 

years by an outside firm that provides wooden pole inspection services that are consistent with 

standard industry practice. Visual examinations may be augmented with soundings or other 

techniques appropriate for the type, condition, and treatment of the wooden poles, including 

borings to determine the location and extent of decay and excavation to determine the extent 

of decay at the groundline. (Revised Change Notice 2) 

7. Procedures will be revised to specify that evaluation of inspection results includes 

consideration of the acceptability of inaccessible areas when conditions exist in accessible 

areas that could indicate the presence of, or result in, degradation to such inaccessible areas. 

(Added Change Notice 2) 

8. Procedures will be enhanced to specify VT-1 inspections to identify cracking on stainless steel 

and aluminum components. A minimum of 25 inspections will be performed every ten years 

during the subsequent period of extended operation from each of the stainless steel and 

aluminum component populations assigned to the Structures Monitoring program. If the 

component is measured in linear feet, at least one foot will be inspected to qualify as an 

inspection. For other components, at least 20% of the surface area will be inspected to qualify 

as an inspection. The selection of components for inspection will consider the severity of the 

environment. For example, components potentially exposed to halides and moisture would be 

inspected, since those environmental factors can facilitate stress corrosion cracking. (Added 

Change Notice 2) 

9. Procedures will be enhanced to specify that for the neutron shield tank (NST), loss of material 

due to corrosion, other than superficial corrosion, will be evaluated to ensure that the NST will 

continue to perform its intended functions, including structural support of the RPV. (Added -

Set 2 RAls) 

Corrective Actions (Element 7) 

10. Procedures will be enhanced to specify for the sampling-based inspections to detect cracking 

in stainless steel and aluminum components, additional inspections will be conducted if one of 

the inspections does not meet acceptance criteria due to current or projected degradation, 

unless the cause of the aging effect for each applicable material and environment is corrected 

by repair or replacement for all components constructed of the same material and exposed to 

the same environment. No fewer than five additional inspections for each inspection that did 
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not meet acceptance criteria or 20 percent of each applicable material, environment, and 

aging effect combination will be inspected, whichever is less. Additional inspections will be 

completed within the 1 O~year inspection interval in which the original inspection was 

conducted. The responsible engineer will initiate condition reports to generate work orders to 

perform the additional inspections. The responsible engineer will evaluate the inspection 

results, and if the subsequent inspections do not meet acceptance criteria, an extent of 

condition and extent of cause analysis will be conducted. The responsible engineer will then 

determine the further extent of inspections. Additional samples will be inspected for any 

recurring degradation to ensure corrective actions appropriately address the associated 

causes. The additional inspections will include inspections of components with the same 

material, environment, and aging effect combination at both Unit 1 and Unit 2. If any projected 

inspection results will not meet acceptance criteria prior to the next scheduled inspection, 

inspection frequencies will be adjusted as determined by the Corrective Action Program. 

(Added Change Notice 2) 

11. Procedures will be enhanced to specify that evaluation of neutron shield tank findings consider 

its structural support function for the reactor pressure vessel. (Added Change Notice 3) 

12. Procedures will be enhanced to also include LOCAs as events that require evaluation for 

potentially degraded structures by Civil/Mechanical Design Engineering. (Added Change 

Notice 3) 

Operating Experience Summary 

The following examples of operating experience provide objective evidence that the Structures 

Monitoring program has been, and will be effective in managing the aging effects for SSCs within 

the scope of the program so that their intended functions will be maintained consistent with the 

current licensing basis during the subsequent period of extended operation. 

1. In March 2007, a condition report (CR) was written to document a ground water monitoring 

sample with a chloride level of 1210 ppm, which exceeded the acceptance limit of <500 ppm. 

This sample was obtained from the Turbine Building sump. Corporate and site Engineering 

continue to monitor the quarterly sample results from the Turbine Building sump and have 

found additional chloride levels above the acceptance limit, as high as 2700 ppm. An 

inspection of the Turbine Building sump was performed in July 2008 to assess the sump 

structure for any degradation that could be attributed to the elevated level of chlorides. The 

inspection found no evidence of significant degradation to the interior concrete. There are no 

safety-related components in the vicinity of the Turbine Building sump, and there have been no 

indications of concrete degradation due to elevated chloride levels anywhere in the plant. 

The source of the chlorides has not been determined. The Turbine Building sump is the 

deepest dewatering point and closest to the Intake Canal where expected underground 
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leakage from the canal could influence the chloride level. The potential for in-plant sources of 

chlorides reaching the sump via secondary drains or local ground water was studied and 

determined to be unlikely. An Engineering evaluation concluded that, while the chloride level 

has remained high in the Turbine Building sump, the other sumps/piezometer well locations, 

some of which are located in close proximity to the Turbine Building sump, have been found to 

be consistently within acceptable levels. Engineering will continue to monitor the chloride 

levels in the Turbine Building sump on a quarterly basis. The plant procedure has been revised 

to maintain sampling requirements so that trending may continue but eliminate the comparison 

to the acceptance criterion for this sampling point. 

2. In May 2011 1 a spall was found on the inside concrete surface of the bioshield wall of the 

Unit 2 Containment 'C' steam generator cubicle. The spall was approximately six inches long 

by six inches wide and 1-1/4 inches deep. The reinforcing steel was not exposed. It was 

determined that the bioshield wall remained fully functional, but the spalled concrete required 

repair prior to unit startup to prevent potential degradation of the reinforcing steel. A work order 

was submitted and the spelled concrete has been repaired. 

3. In December 2011, several embedded anchor bolts for the condenser unit of a Unit 1 Control 

Room chiller ~ere found to be degraded. The anchor bolts displayed signs of corrosion and 

material loss. A work order was submitted and the anchor bolts were repaired in December 

2011, which consisted of chipping the existing concrete around the anchor bolts until sound 

metal was reached, performing a weld repair of each anchor bolt, and repairing the concrete 

slab. 

4. In October 2012, leakage (approximately one gpm) was identified in the bottom portion of the 

steel to concrete joint (interface between the steel elbow and the concrete pipe) of the Unit 2 

'D' 96-inch circulating water line. Corrosion and coating failure on the bottom third of the pipe 

was observed at this location. The urethane seal around the leading (upstream) edge of the 

joint was also missing and degraded. A work order was submitted and the Unit 2 'D' 96-inch 

circulating water line joint has been repaired. 

5. In January 2013, the Service Building roof was leaking, causing water to collect in two 
locations on the floor of the Service Building hallway. The first location was near the #1 EDG 

room. The second location was approximately halfway between the doors to the health 

physics area and the door to the operations annex. A work order was submitted· and degraded 

roof areas were repaired. 
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6. ln December 2014, a CR was written to document a ground water monitoring sample that 

showed a chloride level of 61 O ppm, The sampling point that exhibited unacceptable chloride 

levels is located adjacent to the Intake Canal, which draws water from the river. Three months 

later the same sampling point was found to have chlorides at 676 ppm. These values 

exceeded the acceptance limit of <500 ppm. The CR evaluation determined that the elevated 

chloride level was probably due to unusually low rain fall on the James River, temporarily 

increasing its natural salinity. Results from subsequent monitoring of ground water have been 

acceptable, and no degradation of concrete due to elevated chloride levels has been 

identified. 

7. In December 2015, an effectiveness review of the Civil Engineering Structural Inspection 

Activity (UFSAR Section 18.2.6) was performed. The aging management activity (AMA) was 

evaluated against the performance criteria identified in NEI 14-12 for the Detection of Aging 

Effects, Corrective Actions, and Operating Experience program elements. No gaps were 

identified by the effectiveness review. 

8. In December 2016, as part of oversight review activities, a review of procedures credited by 

initial license renewal AMAs was conducted to confirm the following: 

• Procedures credited for license renewal were identified 

• Procedures were consistent with the licensing basis and bases documents 

• Procedures contained a reference to conduct an aging management review prior to 

revising 

• Procedures credited for license renewal were identified by an appropriate program 

indicator and contained a reference to a license renewal document 

Procedure changes were completed as necessary to ensure the above items were satisfied. 

9. In November 2017, as part of oversight review activities, the Civil Engineering Structural 

Inspection Activity (UFSAR Section 18.2.6) AMA owners confirmed that AMA inspections had 

been performed and the inspections addressed the required SSCs consistent with the aging 

management activity commitments required in UFSAR Chapter 18. Security lighting poles 

were within the scope of license renewal but were not inspected during the Civil Engineering 

Structural Inspection Activity cycle completed in 2012. The omission of the security lighting 

poles from the 2012 inspection cycle was entered in the Corrective Action Program. In 

December 2017, Civil Engineering inspected the light poles and noted no degradation. The 

license Renewal Application and supporting documentation were reviewed for in-scope 

structures requiring inspection, and that information was cross-referenced with the 

implementing procedure to confirm aging management program commitments required by 
UFSAR Chapter 18 were satisfied. The security lighting poles are identified in the 

implementing procedure as being within scope of license renewal and will be inspected during 

subsequent structural inspections. 
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10. In January 2018, an aging management program effectiveness review was conducted for the 

Civil Engineering Structu.ral Inspection Activity {UFSAR Section 18.2.6), which include the 

Structures Monitoring program (82.1.34), Masonry Walls program {B2.1.33) and the 

Inspection of Water-Control Structures Associated with Nuclear Power Plants program 

(B2.1.35). Information from_ the summary of that effectiveness review is provided below: 

The Civil Engineering Structural Inspection Activity is rneeting or exceeding the requirements 

of selected NEI 14-12, "Aging Management Program Effectiveness," elements. Key activities 

of the AMA that were reviewed included structural inspections for aging management that 

have been incorporated into the periodic inspections performed for Maintenc;1nce Rule 

compliance. Maintenance Rule inspections, along with trending and evaluation for evidence of 

aging effects, ensure the continuing capability of civil engineering structures to meet their 

intended functions consistent with the current licensing basis. A 10-:year review of inspection 

results and corrective actions did not identify any aging that resulted in a loss of intended 

function(s). 

11. In March 2018, the existing Structures Monitoring program was revised to improve the 

inspection techniques and to adopt new inspection techniques to rnanage aging effects 

associated with ASR degradation of concrete structures and components consistent with 

industry operating experience IE Notice .2011-20 (IN 2011-20), "Concrete Degradation by 

Alkali~Silica Reaction," and EPRI Report #3002005389 (2015), "Tools for Early Detection of 

ASR in Concrete Structures." 

The above examples of operating experience provide objective evidence that the Structures 
Monitoring program includes activities to perform volumetric and visual inspections to identify aging 

effects for structures, structural supports, and structural commodities within the scope of 

subsequent license renewal, and to initiate corrective actions. Occurrences identified under the 

Structures Monitoring program are evaluated to ensure there is no significant impact to the safe 

operation of the plant and corrective acticins will be taken to prevent recurrence. Guidance or 
corrective actions for additional inspections, re-evaluation, repairs, or replacements is provided for 

locations where $ging effects are found. The program is. informed and enhanced when necessary 

through the systematic and ongoing review of both plant-specific and industry operating 

experience. There is reasonable assurance that the continued implementation of the Structures 
Monitoring program, following enhancement, will effectively manage aging prior to a loss of 

intended function. 

Conclusion 

The continued implementation of the Structures Monitoring program, following enhancement, will 

provide reasonable assurance that aging effects will be managed such that the components within 

the scope of this program will continue to perform their intended functions consistent with the 

current licensing basis during the subsequent period of extended operation. 
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"In-house audit response-NRG Audit for SPS's 
SLR Information forTRP 12 CASS 3 419Tomes" 

Provided below is text from "In-house audit response-NRG Audit for SPS's SLR 
Information far TRP 12 CASS 3 4 19 Tomes that was requested in RAI B2.1.6-2." 

Item 1 

Discuss why the stress for straight pipe is adequate for the stress of the elbows in the 
CASS assessment. 

Discussion for Item 1 

The stress intensity factors for surface flaws in cylinders (straight pipe) can be used for 
elbows as long as the stresses include the geometric factors associated with the 
curvature of the elbow. The industry accepted document, APl-579-1, Fitness-For
Service, Annex C.7 also states the following: 

C.7 Stress Intensity Factor Solutions for Elbows and Pipe Bends 

The stress intensity factor solutions for cylinders can be used for elbows and pipe 
bends if the stress at the location of the crack is determined considering the bend 
geometry and applied loads. 

Therefore, the fracture mechanics analysis performed for CASS evaluation already 
includes the stress indices in the development of the stresses, which are then used to 
calculate the stress intensity factors in a cylinder pipe geometry. 

It should be noted that for the reactor coolant loop (RCL) CASS flaw tolerance analysis, 
there are also other conservatisms in the analysis which make this evaluation bounding, 

1. Bounding loads from both Units 1 and 2 

2. Bounding loads within each hot, crossover, and cold leg elbows. · 

3. Absolute summation of the deadweight, thermal expanslons, seismic, and LOCA 
loads. 

4. Use of conservative Z-factor for SAW welds to determine the maximum allowable 
end of evaluation flaw sizes for elbows (which is a base metal). 

5. Delta ferrite based on all susceptible elbow population are considered from both 
Units 1 and 2. 

6. Use of LOCA loads based on residual heat removal, surge and accumulator pipe 
break (note that all of these breaks are planned to be eliminated with the use of 
extended LBB evaluation for these lines in the near future). 

7. It is has been established through testing and operating history that the most 
likely location for the initiation of a flaw is in the weld region not the base metal. 

8. Base metal elbows are rigorously inspected during pre~service with multiple 
levels of liquid penetrant examinations (PT) and radiographic examinations (RT) 
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(see Section 4.1.1 of EPRI MRP-362, Revision 1, "Technical basis for ASME 
Section XI Code Case N-838 - Flaw Tolerance Evaluation of Cast Austenitic 
Stainless Steel (CASS) Piping Components"). Typical defects are surface 
porosity, linear discontinuities, inclusions and shrinkage effects. In all cases, 
these defects are excavated to sound metal and repaired by welding, or the part 
is discarded. 

Lastly, it should be noted that the ASME Section XI inspection requirement for CASS 
components (pipe/elbows) is provided in Paragraph IWB-2500. The examination 
area is restricted to pressure retaining welds in piping, which is examination 
category B-J (see Table IWB-2500-1). The examination area for inspection is 
provided in Figure IWB-2500-8 for similar welds in piping. Based on the area of 
examination from Figure IWB-2500-8, only the weld and %" into the base metal 
(straight pipe) on either side of the weld is required to be inspected. As a result, the 
flaw tolerance analysis is restricted to the region of the weld and the adjacent base 
metal. The K solutions in the region of interest are therefore based on a straight 
pipe. 

The same guidance for flaw postulation and evaluation of CASS piping (elbows as 
well) is also provided in ASME Section XI Code Case N-838, "Flaw Tolerance 
Evaluation of Cast Austenitic Stainless Steel Piping." As discussed in Section 1 (b) of 
Code Case N-838, the scope is for flaw tolerance evaluations for postulated flaws in 
CASS base metal adjacent to welds in conjunction with license renewal application. 
More specifically, Section 3(b)(1) of Code Case N-838, states to "Select locations for 
postulating flaws in susceptible CASS piping adjacent to welds in accordance with 
the defined volume in Figure IWB-2500-8.11 Therefore, with the use of this code case 
for flaw tolerance evaluations, the flaws are always postulated in straight pipes and 
not the elbow intrados/extrados. · 

Code Case N-838 has been reviewed by the NRC without any condition on flaw 
postulation guidelines (see NRC 10 CFR part 50, NRC-2017-0024, Approval of 
American Society of Mechanic Engineers' Code Cases, Proposed Rule, Federal 
Registrar Vol. 83, No.159, August 16, 2018}. Thus, the flaw postulation in straight 
pipe in the vicinity of the examination zone of the weld as per ASME Section IWB-
2500-8 is acceptable. The technical basis for Code Case N-838 is MRP-362, 
Revision 1, and the flaw evaluation guidance in MRP-362 Is also based on fracture 
mechanics of straight pipes, not of elbows. 

Nevertheless, as mentioned above, for the RCL CASS flaw tolerance evaluation, 
stress indices to account for the curvature of the elbows are incorporated when 
calculating stresses. These stresses are then applied to calculate stress intensity 
factors in a straight pipe for use in the fracture mechanics analysis. Thus, the RCL 
CASS flaw evaluation and postulation is consistent and conservative with respect to 
industry practice. 
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NRC has previously accepted the Kewaunee RCL CASS flaw tolerance evaluation 
(for license renewal), which also was performed based on the same methodology as 
described above (stresses include elbow indices, and stress intensity factor based 
on straight pipe) (see Docket No. 50-305, pg. 4-48, ML 103090024, ML 103000131). 

Item 2 

Discuss assessment of the cold leg circumferential flaw information in Table 6-1 and 
Figure 6-6 ofWCAP-18258. 

Discussion for Item 2 

Figures 6-1 through 6-6 of WCAP-18258 are flaw tolerance charts for the 
susceptible piping components in the hot leg, crossover leg, and cold leg for both 
axial and circumferential flaws. The purpose of these flaw tolerance charts is to 
identify the maximum acceptable initial flaw size for a given plant operation duration 
(80 years). For a typical flaw tolerance chart, the flaw shape parameter (a/I) is 
plotted as the abscissa from a/I = 0.1 (I/a = 10) to a/I = 0.5 (I/a = 2) and the flaw 
depth parameter (a/t) expressed as a ratio of the through-wall thickness is plotted as 
the ordinate from 0.0 to 0.8. Therefore, these flaw charts encompass various 
different postulated flaw cases analyzed based on different aspect ratios (with I/a 
ranging from 2 to 10). Any flaw which falls below the allowable flaw size curve in 
Figures 6-1 through 6-6 is acceptable in accordance with the IWB-3640 acceptance 
criteria for 80 years. 

Using Figure 6-6 (see Figure 2 below) as an example for explanation purposes; the 
chart is for postulated circumferential flaws in the cold leg. Table 6-1 (see Figure 1 
below) shows supplemental information for explanation since it contains numerical 
values. The information in Table 6-1 is for an aspect ratio of I/a = 6 (or a/I = 0.1666), 
an aspect ratio of 6 is picked because it is a common flaw case used throughout the 
industry for fracture mechanics assessment and evaluation. 

Figure 6-6, includes a single blue curve labeled as 80 years. This curve was 
constructed by first determining the maximum allowable end of evaluation flaw size. 
The maximum end-of-evaluation flaw size is not shown on the curve in Figure 6-6. 
However, in Table 6-1, the maximum end~of-evaluation flaw size for AR (aspect 
ratio)= 6 is 50% (a/t) of the wall thickness. The maximum allowable end of 
evaluation flaw size of 50% is based on limit load analysis per ASME Section XI App 
C. This flaw size is calculated based on plastic collapse and is also frequently called 
the critical flaw size. The circumferential maximum allowable end of evaluation flaw 
sizes is based upon dead weight, pressure, thermal expansion, seismic, and LOCA 
loads (see Table 2-2 of WCAP-18258). The maximum allowable end of evaluation 
flaw size is the largest final flaw size for which the pipe can theoretically fail based 
on ASME Section XI guidance. 

An acceptable initial flaw size is then back-calculated based on fatigue crack growth 
by accounting for all the design transients and cycles for 80 years. Therefore, for the 
example case (circumferential flaw at the cold leg, AR= 6), it would take a very large 
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postulated flaw size of 49% of the wall thickness to grow to the maximum allowable 
end-of-evaluation of 50% of the wall thickness (see Figure 3). Thus the crack growth 
for this particular case is very small, basically 1 % growth in 80 years. 

The blue curve of Figure 6-6, plotted for a/I = 0.166 (AR = 6:1), shows the 
acceptable initial flaw size = 49%. This value of 49% of the wall thickness is also 
presented in Table 6-1 as the acceptable initial flaw size. Therefore, this case 
demonstrates that the cold leg piping can tolerate a flaw size of 49% of the wall 
thickness for 80 years for AR= 6. Any flaws with AR= 6 that are less than 49% of 
the wall thickness are acceptable for 80 years. Similar to AR = 6, the blue curve is 
composed of other aspect ratios ranging from 2 to 10, and the calculated acceptable 
initial flaw sizes are graphically illustrated on Figure 6-6. Any flaw sizes that fall 
below the blue curve on Figure 6-6 are acceptable for 80 years based on ASME 
Section XI, and any flaws above the blue curve are unacceptable. As a concluding 
remark in Table 6-1, the difference between the acceptable initial flaw size and the 
maximum allowable end of evaluation flaw sizes is the amount of crack growth in 80 
years. For the case of AR = 6 for the cold leg circumferential flaw, the growth is 
only 1%. 

Table 6-1: Acceptable Initial Flaw Sizes(% Thrnugh-wall Thickne.ss) for Susceptible CASS Elbow 
Components 

(Aspect Ratio= 6, For a Service Life of SO years) 

Axial Flaw Circumforeutial Flaw 

Maximum :\faximum 
Location Acceptable Initial Allowable End-of- Acceptable Initial Allowable End-of-

Flaw Size Ernluation Petiod Flaw Size Evaluation Pt'riod 
FlawSizt> Flaw Size 

Hot Leg 46% 60% 590/o 71% 

Crossover Leg 52% 58% 68% 75% 

Cold Leg 54% 60% 

Figure 1: Table 6-1 from WCAP-18258 
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Figure 3: Graphically portrayal of fatigue crack growth from acceptable initial flaw size to 
maximum allowable end of evaluation flaw size 



Enclosure 6 

Attachment 2 

Serial No. 19-260 
Docket Nos. 50-280/281 

SGMP-IL-16-02, ATTACHMENT 1 (RAI B2.1.10-1) 

Virginia Electric and Power Company 
(Dominion Energy Virginia or Dominion) 

Surry Power Station Units 1 and 2 



Attachment 1 

Serial No. 19-260 
Docket Nos. 50-280/281 

Enclosure 6 
Attachment 2 

Page 2 of 5 

Guidance for Addressing Aging Management Plans 
for Steam Generator Channel Head Components 

If Alloy 600 or Alloy 600 Variations were used, reviewer should continue with this list to verify 

that an adequate basis for concludingthatthe situation is bound by the analyses performed in 

the industrytechnical basis (EPRI Technical Reports 3002002850, 1014982, 1020988). If all 

responses are Yes or other justification is provided, the plant is bound. 

'. 

,. Evalllc3tion of Givider PlatiA$$el11l>lies 
... 

'. ·. .. ·' ... '.· .. 

1. 
Divider plate thickness is greater than or equal to 1.9 inches. SAT 
2.00 inches per VTM-000-38-W893-00035, pdf page 26 

Channel head wall thickness at the triple point location is greater than or SAT 
2. equal to 5.20 inches. 

5.2 inches minimum per 11448(11548)-WMKS-RC-E-lA(lB)(lC) 

3. 
Tube sheet is greater than or equal to 21 inches thick SAT 
21.03 inches per VTM-000-38-W893-00035, pdf page 26 
The steam generator that was modeled included a stub runner. The stub SAT 
runner is a feature important to divider plate alignment during 
manufacturing. The stub runnerfacilitates beingableto adjust the 

divider plate position and still make the weld without creating excessive 
4. distortion of the divider plate. A stub runner plate 3 inches tall is typical 

and was used in the analysis. Other designs may or may not use a stub 

runner. Provide justification that the plant's steam generator design 
would be bounded by the analysis. 

Stub runner is included, per CO-ETE-OOO-ETE-CEP-2012-1003. 

The bottom head is a carbon steel castingSA-216 WCC or material of SAT 
similar chemical composition and mechanical properties. Material 

5. 
specification SA-508 Grade 3, Classl (formerlySA-508 Class 3} forging is 
one material that has been evaluated as similar and the analysis is bound 
by the properties of the casting. 
SA-216, wee per VTM-000-38-W893-00035 and UFSAR Table 4.2-1 
The upper vessel wall is SA-533 Type A Class 1 carbon steel or a material SAT 
having similar properties. All Types and Classes specified in SA-533 are 

6. 
considered similar as the analysis is bound by the properties of the SA-
533 Type A Class 1 material. 
SA-533 Grade A, Class 1 per SU-VTM-000-38-W893-00035 and EDWG-
000-1875E12 Sh. 1 



7. 

8. 

9. 

10. 

1. 

2. 

3. 

4. 
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The tube sheet is SA-508 Grade 2 Class 1 (formerly SA-508 Class 2) or a SAT 

low alloy steel material havingsimilar properties. SA-508 Grade 2, Class2 
{formerly SA-508 Class 2a) and SA-508 Grade 3, Classl (formerly SA-508 
Class 3) are considered similar as the analysis is bound by the properties 
of the SA-508 Grade 2 Class 1 (formerly SA-508 Class 2) material. 
SA-508 Grade A Class 2a per SU-VTM-000-38-W893-00035, SA-508 Grade 

A Class 2 per EDWG-000-1875E12 Sh. 1 

The channel head is clad with stainless steel weld material having SAT 
properties similarto Type 304 stainless steel 

SS 304 equivalent per UFSAR Table 4.2-1 
Both the stub runner and the divider plate are Alloy 600 plate materials SAT 
and the welds are nickel-based lnconel ERNiCr-3 or ENiCrFe-3 (commonly 

referred to as FM82 or FM182 respectively) 
Stub runner and divider plate A600, welds A82/ A182 per CO-ETE-CEP-
2012-1003 
The design and transient loads used in the report bound the similar loads SAT 
in the plantSG. 

Design and transient loads bound the plant design basis per Table 4-2 and 
4-3 comparisons. 

... · .... · .· ........ Evah.1ation ofPWSCC in Tube-tq~Tubesheet W~lds 
. ... 

The tube sheet is clad on the primary side with a ERNiCr-3 weld deposit N/A 
commonly referred to as FM82 which has 19 to 22%Cror ERNiCrFe-7A 

(FM52M or FM52MSS or FM152) having a higher specified minimum 
chromium content. 

The Alloy 690 tubes have a minimum chromium percentage of 29.00% N/A 
(This was the minimum percentage tested in the EPRI studies). 

The tubesheet is clad with 82 weld material or no more than the center of N/A 
the tube sheet (estimated at approximately7-inch radius) is clad on the 

primary side with ENiCrFe-3, commonly referred to as Filler Metal 182, or 
ENiCrFe-7 coated electrodes due to the manufacturing process. Note: 
there may be other small areas of the tubesheetthat are clad with Alloy 

182, which has lower chromium content. (See note 1 below) 
Autogenous GTAWweldinghas been used to join the tube and the N/A 
primary face cladding. This feature establishes the weld metal dilution% 
used to estimate the weldment chromium percentage. 

Note 1: The minimum to mean ranges expected for the Cr contents for the autogenous 
GTAW welds between the cladding and the Alloy 690TT tubes is 21.57 - 23.37 %Cr for 
tubesheet areas clad with Alloy 182 and 24.51 - 25.76 %Cr for the Alloy 82 
cladding. Nearly all of the tube to tubesheet welds in the Westinghouse steam 
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generators fall into the Alloy 82 cladding category, but a small area in the center of 
the tubesheet was clad manually using the Alloy 182 filler due to geometrical 
considerations. 

This means that the only location that can be in question is the small center portion 

of the tubesheet and a good bit of that area has no tubes since it is the open tube 

lane. So those tubes do have a slightly greater vulnerability than other locations in 

terms of the Cr content. However, the Cr levels of the diluted welds are still 

sufficiently high to impart significant resistance to initiation of PWSCC. 

The residual stress state of the tubesheet cladding is largely undefined because it has 
received multiple post weld heat treatments, had thousands of holes drilled through 

the cladding and tubesheet, then had a tube inserted and welded. This is a complex 
set of circumstances beyond the capability of reasonable predictive methods or even 
meaningful measurements at a specific location forth at matter. 

The EPRI project analyzed the bending moments associated with the pressure 

differential between the primary (hot and cold sides) and the secondary sides. This 

pressure differential introduces a force on the bottom side of the tubesheet (clad 

side) that creates a compressive bending moment. This applied moment is the 

source of the compression in this central portion of the tubesheet rather than some 

complex welding residual stress. Therefore the cladding is in compression especially 

at the central portion of the tubesheet without uniqueness to the Model 51 
generator geometric details and should be common to all. Note that the magnitude 

of compressive stresses is not required, but rather the compressive direction. 

The report notes there could be steam generators with other small areas of the 

tubesheet surface that were permitted to be clad using manual welding processes, 

thus using 182 weld metal. However, this factor did not change the conclusions of 

the report and no additional inspections are recommended for these areas if they 

exist. 

The analysis is expected to be bounding for all steam generators. Two cracking scenarios were 

considered to represent the limiting cases as follows: 

1. Cracks propagating from the divider plate assembly through the channel head cladding 

and into the low alloy steel channel head material (so called Triple Point where the tube 

sheet, the divider plate, and the channel head intersect) 
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2. Cracks initiating in the tube sheet center and propagating through the tube-to-tube 

sheet weldments. 

These are clearly bounding conditions since operation experience (even in France) has not 

shown evidence of cracking through the cladding into the low alloy steel shell material. Since 

PWSCC is not a valid assumption with carbon steel, the analysis has considered cyclic fatigue to 

propagate a hypothetical crack coming from a PWSCC that developed in the A-600 divider plate 

or FM182 used to tie the cladding material to any nickel base deposit. This condition has not 

been observed nor is it expected to occur. The assumption was required to facilitate a fracture 

mechanics analysis. 

The transients evaluated (17 hot leg and 18 cold leg) include both heating and cooling 
conditions to determine the stress intensity factors needed to perform the Fracture Mechanics 

Analysis of the assumed cracks and are expected to bound all steam generators. Both a 
circumferential and an axial crack orientation were examined. Welding residual stresses, 
internal pressure stresses, and thermal transients were all considered. For all transients except 
heat-up and cool-down, the maximum or minimum pressure is added to the maximum or 
minimum thermal stress results, regardless of the time during which the thermal stresses are 

extracted. Doing so conservatively maximizes the total stress range and liK, and slightly 
increases the total crack growth. 

If a plant's steam generators are not found to be bounded by the report, a plant-specific aging 

management plan should be developed. Alternatively, a rationale may be provided regarding 

why the plant-specific AMP is not required. For example, if the steam generator's divider plate 

assembly is not designed and manufactured in the same way as the one analyzed in this report, 

the reviewer could document why the analysis would still be bounding. 
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EPRI 300200285 Cycle Assumptions/ SPS Cycle Limit 
Design and Transient Comparison Table 

Table 4-2 Bounding Thermal Transients - Hot Leg Side 

Description Time, sec T, °F P, psia Cycles h, Btu/hr-ft2-°F SPS CLB cycles SPS Reference 

0 70 400 2685.3 
Plant Heat-up 200 200 at 1 OOF/hr SLRA Table 4.3.1-1 

17172 547 2250 6132.7 

0 547 2250 6132.7 
Plant Cool-do1,M1 200 200 at 100 F/hr SLRA Table 4.3.1-1 

17172 70 400 2885.3 

0 547 2250 6132.7 
Plant Loading 18300 18300 at 5%/min SLRA Table 4.3.1-1 

1200 621.9 2250 6024.0 

0 621.9 2250 6024.0 
Plant Unloading 

547 
16300 18300 at 5%/min SLRA Table 4.3.1-1 

1200 2250 6132.7 

0 I 621.9 2250 6024.0 

50 616.9 2185 6019.8 
Small Step Load Increase 2000 2000 {10% power) SLRA Table 4.3.1-1 

180 625.9 2315 6024.0 

300 629.9 2280 6024.0 

0 621.9 2250 6024.0 

30 626.9 2325 6024.0 
Smal! Step Load Decrease 2000 2000 (10% power) SLRA Table 4.3.1-1 

150 619.9 2175 6019.8 

300 613.9 2240 5991.1 
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EPRI 300200285 Cycle Assumptions/ SPS Cycle Limit 
Design and Transient Comparison Table 

Table 4-2 Bounding Thermal Transients -- Hot Leg Side 

Description Time, sec T, °F P, psia Cycles h, Btu/hr-ft2-°F SPS CLB cycles SPS Reference 

0 621.9 2250 6024.0 

60 626.9 2350 6033.3 
Large Step Load Decrease 200 200 (100% to 50%) SLRA Table 4.3.1-1 

480 578.9 1975 6062.0 

1200 542.9 2210 6146.1 

0 621.9 2250 6024.0 

720 594.9 2225 5991.8 
Feedwater Cycfing @ Hot Standby 25000 Note 1 Note 1 

3960 626.9 2280 6024.0 

4500 I 621.9 2250 6024.0 

0 621.9 2250 6024.0 

Loss of Load 26 647.9 2550 80 6053.5 80 (>15%) SLRA Table 4.3.1-1 

60 583.9 1710 6062.0 

0 621.9 2250 6024.0 

129 597.9 2070 1653.4 
Loss of Power 40 40 SLRA Table 4.3.1-1 

2700 641.9 2500 366.2 

9720 602.9 2300 361.0 

0 621.9 2250 6024.0 

Loss of Flow 15 627.9 2220 80 6024.0 80 (one loop) SLRA Table 4.3.1-1 

25 551.9 2100 6116.7 
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EPRI 300200285 Cycle Assumptions/ SPS Cycle Limit 
Design and Transient Comparison Table 

Table 4-2 Bounding Thermal Transients - Hot Leg Side 

Description Time, sec T, "F P, psia Cycles h, Btufhr-W-°F SPS CLB cycles SPS Reference 

50 506.9 1950 6263.3 

140 525.9 1875 6201.4 

0 621.9 2250 6024.0 

20 566.9 1980 6067.9 400 {from full Reactor Trip 400 SLRA Table 4.3.1-1 
40 549.9 1890 6132.7 power) 

100 543.9 1870 6146.1 

0 547 2250 6132.7 
Turbine Roll Test 10 Note2 Note 2 

1680 475 1920 6181.1 

70 15 

Primary Side Hydro Test (Shop)* 250 3122 5 NA 
5 {3107 psig at SLRA Table 4.3.1-1 100F) 

70 15 

400 2250 

Primary Side Hydro Test (Field)* 547 2500 50 NA 
40 (2485 psig at 

SLRA Table 4.3.1-1 
400F) 

400 2250 

70 15 

Primary-to-Secondary Leak Test* 547 2265 90 NA Note 3 Note 3 

70 15 

Feed Line Break 676.8 2650 
1 (DBE addressed UFSAR 14.2.11 

1 NA in UFSAR Ch. 14} 
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* It is assumed that each hydro/leak test includes aheat-up/pressuriz.ation, a steady state and then a cool- down/depressurization. The heat-up/cool-down rate 
is assumed to be slow enough so as to not create transient thermal stresses, only steady-state stresses. Therefore, only the initial, steady state and end 
conditions are listed, and no heat transfer coefficients need be applied. 

EPRI 300200285 Cycle Assumptions/ SPS Cycle Limit 
Design and Transient Comparison Table 

Table 4-3 Bounding Thermal Transients - Cold Leg Side 

Description Time, sec T, °F P, psia Cycles h, Btu/hr-~-°F SPS CLB cycles 

0 70 400 2885.3 
Plant Heat-up 200 200 at 1 OOF/hr 

17172 547 2250 6132.7 

0 547 2250 6132.7 
Plant Cool-down 200 200 at 100 F/hr 

17172 70 400 2885.3 

0 547 2250 6132.7 
Plant Loading 18300 18300 at 5%/min 

1200 552 2250 6119.7 

0 552 2250 6119.7 
Plant Unloading 18300 18300 at 5%/min 

1200 547 2250 6132.7 

0 552 2250 6119.7 

60 539 2185 6181.6 
Small Step Load Increase 2000 2000 ( 10% pmver) 

180 550 2315 6132.7 

300 554 2280 6119.7 

0 552 2250 6119.7 
Small Step Load Decrease 2000 2000 (10% pov.ier) 

50 567 2325 6070.8 

SPS Reference 

SLRA Table 4.3.1-
1 

SLRA Table 4.3.1-
1 

SLRA Table 4.3.1-
1 

SLRA Table 4.3.1-
1 

SLRA Table 4.3.1-
1 

SLRA Table 4.3.1-
1 
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EPRI 300200285 Cycle Assumptions/ SPS Cycle Limit 
Design and Transient Comparison Table 

Table 4-3 Bounding Thermal Transients - Cold Leg Side 

Description Time, sec T, °F P, psia Cycles h, Btu/hr-ft2-°F SPS CLB cycles SPS Reference 

150 557 2175 6100.1 

300 551 2240 6119.7 

0 552 2250 6119.7 

50 567 2325 6070.8 2000 (10% power} 
SLRA Table 4.3.1-

Small Step Load Decrease 2000 (Duplicated row from 1 150 557 2175 6100.1 above) 
300 551 2240 6119.7 

0 552 2250 6119.7 

60 567 2350 6070.8 SLRA Table 4.3.1-
Large Step Load Decrease 200 200 (100% to 50%) 

480 555 1975 6119.7 1 

1200 542 2210 6149.0 

0 552 2250 6119.7 

720 525 2225 6204.4 
Feedwater Cycling @ Hot Standby 25000 Note 1 Note 1 

3960 557 2280 6100.1 

4500 552 2250 6119.7 

0 552 2250 6119.7 

30 587 2550 6046.1 SLRA Table 4.3.1-Loss of Load 80 80 (>15%) 
60 566 1710 6070.8 1 

100 555 1600 6119.7 
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Table 4-3 Bounding Thermal Transients -Cold Leg Side 

Description Time, sec T, °F P, psia Cycles h, Btu/hr-ft2'-°F SPS CLB cycles SPS Reference 

0 2250 6119.7 

129 2070 ~ SLRA Table 4.3.1-Loss of Pmver 40 40 1 720 2500 370.2 

9720 2300 370.2 

0 552 2250 6119.7 

15 507 2220 6263.0 

Loss of Flow 25 532 2100 80 6181.6 80 (one loop) SLRA Table 4.3. 1-
1 

45 552 1950 6119.7 

140 540 1875 6181.6 

0 552 2250 6119.7 

20 545 1980 6149.0 SLRA Table 4.3.1-Reactor Trip 400 400 (from full po'IAter) 
40 542 1890 6149.0 1 

100 542 1870 6149.0 

0 547 2250 6132.7 

Turbine Roll Test 10 Note2 Note 2 
1680 475 1920 6182.7 
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EPRI 300200285 Cycle Assumptions/ SPS Cycle Limit 
Design and Transient Comparison Table 

Table 4-3 Bounding Thermal Transients - Cold Leg Side 

Description Time, sec T, °F P, psia Cycles h, Btu/hr-ft2-°F SPS CLB cycles SPS Reference 

70 15 

Primary Side Hydro Test (Shop)* 250 3122 5 NA 5 (3107 psig at SLRA Table 4.3.1-
100F} 1 

70 15 

400 2250 

Primary Side Hydro Test (Field)* 547 2500 50 NA 
40 (2485 psig at SLRA Table 4.3.1-

400F) 1 
400 2250 

70 15 

Primary-to-Secondary Leak Test* 547 2265 90 NA Note 3 Note 3 

70 15 

Feed Line Break 676.8 2650 1 NA 
Note 4 Note 4 

* It 1s assumed that each hydro/leak test includes aheat-up/pressurization, a steady state and then a coot- down/depressurizat10n. The heat-up/cool-down rate 
is assumed to be slow enough so as to not create transient thermal stresses, only steady-state stresses. Therefore, only the initial, steady state and end 
conditions are listed, and no heat transfer coefficients need be applied. 

!S:!!!tl 
This transient is not applicable. Feed water cycling at hot standby occurs when the plant is at hot-standby or no-load condition. The transient assumes that the 
steam generator is filled using70°F feedwater by batch (slug) filling. Surry does not batch feed the steam generators at hot standby orno-load conditions. 
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This pre-operational transient is no longer applicable. Surry does not perform main turbine roll testing that results in RCS cooldown with the reactor subcritical, 
or that results in cooldowns belowthe minimum temperature for criticality with the reactor critical. The CLB cycles for this transient remain bounding. 

~ 
This pre-operational transient is no longer applicable. Surry does not perform primary-to-secondary leak tests that heat up from Mode 5 conditions to hot zero 
power temperature and pressure conditions. The CLB cycles for this transient remain bounding. 

~ 
Rupture ofa feedwaterpipe is categorized as a ConditionN event in NUREG-0800 section 15.0.As such, the consequences of the accident are evaluated in the 
UFSAR, but it is an unanticipated occurrence, and has no cycle limit established. 
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