
VIRGINIA ELECTRIC AND POWER COMPANY 

RICHMOND, VIRGINIA 23261 

September 19, 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 
10CFR51 
10CFR54 

Serial Nos.: 19-344C 
NRNDEA: R1 
Docket Nos.: 50-280/281 
License Nos.: DPR-32/37 

RESPONSE TO REQUESTS FOR ADDITIONAL INFORMATION - SETS 3 AND 4 
REVISED SLRA MARK-UPS 

By letter dated October 15, 2018 (Agencywide Documents Access and Management 
System (ADAMS) Accession No. ML 18291A842), 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. 

By letter dated September 3, 2019 (Serial No. 19-344/344A/344B), Dominion submitted 
the response to specific NRC requests for additional information (RAls); Set 3 RAls 
dated August 2, 2019 (ADAMS Accession No. ML 19217A358), and Set 4 RAls dated 
August 14. 2019 (ADAMS Accession No. ML 19231A153), to support the NRC staff's 
review of the subsequent license renewal application. 

Following submittal, it was identified that the SLRA mark-ups provided in Enclosure 3 of 
the response for the Set 3 and Set 4 RAls included two versions of the Buried and 
Underground Piping and Tanks Aging Management Program (82.1.27). 

To avoid confusion, the SLRA mark-ups for RAls Set 3 and Set 4 provided in the 
enclosure to this letter are hereby transmitted and supersede Enclosure 3 of Dominion 
letter Serial No. 19/344/344A/344B dated September 3, 2019 in its entirety. All other 
enclosures stand as originally transmitted by the September 3, 2019 Dominion letter. 
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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 

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 17#, day of ~~-t.<; 2019. 

My Commission Expires: ~Jv,..1>Jr 3\ 1 '2..~C-> 

GARY DON MILLER 
Notary Public 

Commonwealth of Virginia 
Reg. # 7629412 

My Commission Expires August 31, 20.,!? 

Commitments made in this letter: None 

Enclosure: SLRA Mark-ups - Set 3 and Set 4 RAls Regarding SPS SLRA 
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U.S. Nuclear Regulatory Commission, Region II 
Marquis One Tower 
245 Peachtree Center Avenue, NE 
Suite 1200 
Atlanta, Georgia 30303-1257 

NRG Senior Resident Inspector 
Surry Power Station 

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

Mr. G. Edward Miller 
NRG Senior Project Manager 
U. S. Nuclear Regulatory Commission 
One White Flint North 
Mail Stop 0-9E3 
11555 Rockville Pike 
Rockville, Maryland 20852-2738 
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State Health Commissioner 
Virginia Department of Health 
James Madison Building - 7th Floor 
109 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 

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 
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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 
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 
109 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 

Page 5 of 6 



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 
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Virginia Department of Emergency Management 
10501 Trade Rd 
Richmond, VA 23236 

Mr. Bruce Sterling, Chief Regional Coordinator 
Virginia Department of Emergency Management 
7511 Burbage Dr. 
~uffolk, VA 23435 

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

Mr. Vaughn Thomas 
NRC Project Manager - Surry 
U.S. Nuclear Regulatory Commission 
One White Flint North 
Mail Stop 04 F-12 
11555 Rockville Pike 
Rockville, MD 20852-2738 
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Surry Power Station Units 1 and 2 



Set 3 and Set 4 RAls 

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

Appendix A - UFSAR Supplement 

will be detected, the extent of degradation determined and evaluated , and corrective actions taken 

prior to loss of intended functions. Inspections also include seismic joint fillers, elastomeric 

materials; and steel edge supports and steel bracings associated with masonry walls , and periodic 

evaluation of groundwater chemistry and opportunistic inspections for the condition of below grade 

concrete. Quantitative results (measurements) and qualitative information from periodic inspections 

are trended with photographs and surveys for the type , severity, extent, and progression of 

degradation . The acceptance criteria are derived from applicable consensus codes and standards. 

For concrete structures, the program includes personnel qualifications and quantitative acceptance 

criteria of ACI 349.3R-02 , "Evaluation of Existing Nuclear Safety-Related Concrete Structures." The 

inspection of structural components , including masonry walls and water-control structures , are 

performed at intervals not to exceed five years , except for wooden poles, which are inspected on a 

10 year frequenoyfrequency not to exceed every eight years. 

Qualified inspectors identify changes that could be indicative of Alkali-Silica Reaction (ASR). If 

indications of ASR development are identified, the evaluation considers the potential for ASR 

development in concrete that is within the scope of the Structures Monitoring program (A 1.34), the 

ASME Section XI, Subsection IWL program (A 1.30) , or the Inspection of Water-Control Structures 

Associated With Nuclear Power Plants program (A 1.35) . 

ASME Code, Section XI , visual examinations (VT-1) are conducted to detect cracking of stainless 

steel and aluminum components. 

PageA-29 
19-344C 

Enclosure 
Page 1 of 87 



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% exam ination 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 l include associated acceptance criteria : 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; EVT-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 

17. A procedure for visua l 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. Presedures will be re¥ised to inslude a ro o¥aluation ofAn engineering evaluation will be performed for systems surrentl;' 
that have been excluded from the FAC 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~ to ensure tl=lat an adeEfuate basis e11ists to justif,; sontinuin§ tl=lis 
01Eslusion .The purgose of the engineering evaluation is to confirm the scope of components that will qualifll for the Program 
exclusion being extendeg intQ the §UQ§equent period of extendeg operatiQn . The engineering evaluation and modeling enhancements for 
change§ for the FAC program will be completed prior to entering the subsequent period of extendeg QperatiQn.(Revised - SLR wi ll be 

Flow-Accelerated 
Change NQtice 2l implemented 

8 Corrosion 82.1.8 
program 2. A re-eva lyatiQD Qf the erosiQn syscepti!;lilit)I getermination that igentifieg giant §ll§tem§ in the scQge Qf §YQ§equent license 6 months prior to 

renewal that were previouslll excluded from monitoring will be gerformed to re-affirm that the appropriate basis for exclusion the subsequent 

either is in-service operational and testing time less than 100 hours ger )lear, or is a technical evaluation SQecificallll period of extended 

develoQed to exclude a S)lstem. (Added - Set 4 RAlsl 
operation. 

i A re-evaluation will be Qerformed to determine whether Qlant conditions (e.g. valve throttling) have changed such that 

susceQtibilitll to erosion has increased for Qlant S)lstems within the §QOQe of subsequent license renewal. (Added - Set 4 

RAls} 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

4. Procedure will be revised to confirm that insgection scoge exgansions include the items noted below and to confirm that 
ingegendflnt rflViflW§ of inSQflQ!iQn SQOQfl flXQansjons are inder;iendently reviflWflQ Qy 2 gualififlQ FAC engineer. (Agdeg -
Set 2 RAls} 

• Any comgonent within two gige diameters downstream of the comgonent disglaying significant wear or within two 
gige diameters ug:;itream if that comgonent is an exgander or exganding elbow . 

• Thfl two most suscer;itible comgonents from the CHECWORKS relative wear rate ranking in the same train containing 
the giging comgonent disglaying significant wear . 

• Corresgonding comgonents from other trains . 
• lnsgections of adgitional comgonents unti l nQ additional comr;ionents with significant wear are detected. 

The Bolting Integrity program is an existing condition monitoring program that will be enhanced as follows : 

1. Procedures will be revised to provide inspection guidance related to lighting, distance, offset, surface coverage, presence 
of protective coatings, and cleaning processes. The procedure will specify adequate lighting be verified at the inspection 
location to detect degradation . Lighting may be permanently installed , temporary, or portable (e .g., flas hlight) , as 
appropriate . For accessible surface inspections , inspecting from a distance of two feet to four feet (or less) will be 
appropriate. For viewing ang les which may prevent adequate inspection, a viewing aid such as an inspection mirror or 
boroscope should be used. 

2. Procedures will be revised for inspections of pressure-retaining closure bolting in locations that preclude detection of joint 
Program 

leakage, such as in submerged environments or where the piping system contains air for which leakage is difficult to 
enhancements for 

detect. The inspections will be performed to detect loss of material. A requirement will be included to inspect bolt heads 
SLR will be 

Bolting Integrity 
when made accessible, and bolt threads if joints are disassembled. At a minimum, in each 10-year interval during the 

implemented 
9 subsequent period of extended operation , inspections shall be completed for a representative sample of at least 20% of the B2.1.9 

program 
population, up to a maximum of nineteen , for each material/environment combination . 

6 months prior to 
the subsequent 

3. A new procedure will be developed to provide guidance for a situation in which an acceptance criterion for allowable period of extended 
degradation is exceeded, and the aging effect causing the degradation for the material/environment combination is not operation. 
corrected by repair or replacement, thus requiring that additional inspections be performed. The number of additional 
inspections will be determined in accordance with the Corrective Action Program ; however no fewer than five additional (or 
20%, whichever is less) inspections of different components having the same material/environment/ag ing effect 
combination are required for each inspection that did not meet the acceptance criterion. For a two-un it site, the additional 
inspections include inspections at the same unit, and at the opposite unit, for components having the same material , 
environment, and aging effect combination. The additional inspections are to be completed within the same interval (e.g., 
refueling outage or 10-year inspection interval). If any projected inspection results will not meet acceptance criteria prior to 
the next scheduled inspection , sampling frequencies are adjusted as determined by the Corrective Action Program. 

Surry Power Station, Un its 1 and 2 
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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 
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. 

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) 

4. FIFeseEl1:1Fes will ee Fe'riseEI te Feffie're FefeFeAse te Uie saFl3eA steel 13i13iA§ Uiat was Fe13laseEI aAEI will iAsl1:1Ele tRe 
Fe13laseA1eAt A1ateFial. (Comgleted - 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. Program 

2'" Procedures will be revi§eg to regu ire two soil corro§ivi!j'. §amgl§s be gerformed: Qne adjacent to the Unit 1 circulating water enhancements for 

Open-Cycle inlet giging and another adjacent to the Unit 2 circulating water inlet giging . Samgling will be gerformed on a 1 O J'.ear SLR will be 

11 Cooling Water interval. Data col lected at each loc;;ition will include: soil resistivitl'. soil consortia /bacteria} gH, moisture, chlorides, B2.1.11 
implemented 

program §Ulf;;ite§ ang regox 12otential. In addition to evaluating each individual 12ar;;imeter corrosivitJ'. of carbon steel reinforcement 6 months prior to 
and conQrete degragation in high sulf;;ite ang aQidic environments will be evaluated. (Added - Set 3 RAls) the subsequent 

7. Procedures will be revised to 12rovide guidance for internal insgectiQn of Q;;irbon fiber reinforQed QOIJ'.mer giging for aging period of extended 

effeQt§ §!.!Ch as VQid§ blistering tl!.!btlles, QraQking, crazing ang delamin;;itiQn. (Addeg - Set 1 RAI§) operation. 

8. Procedures wi ll be revised to require personnel who perform inspections and eva luation of concrete components to be 
qualified consistent with the qualifications identified in the Structures Monitoring program (B2.1.34) that are consistent with 
the requirements of ACI 349.3R. 

9. Procedure§ will !;le revised to reg!,!ire gersonnel who gerform visual insgections and evaluation of carbon fiber reinforced 
QOIJ'.mer giging to be VT-1 gualified consistent with IWA-2300 of ASME Section XI and Mandato!}'. Aggendix II of ASME 
Code Case N-871 . Personnel who gerform acQustic examinations of CFRP lined giging will be gualified consistent with 
m;;ing;;itQ!}'. Aggengix VI of A~ME ~Qge ~;;i§e N-1;!71, (Adgeg - ~et :l BAI§) 

10. Procedures will be revised to reguire installed CFRP linings be 100% visuallJ'. examined in accordance with ASME Code 
Case N-871 section 5213 during an insgection geriod between four and six J'.ears following return of the regaired area to 
service; and a minimum of once ger 1 O J'.ear inservice insgection interval thereafter in the same insgection 12eriod of each 
succeeding insgection interval. (Added - Set 1 RAls} 

11 . Procedures will be revised to reguire accessible surfaces of the CFRP linings at each terminal end to be acousticallJ'. 
imgact tag examined in accordance with ASME Code Case N-871 section 5250/a) and 5250/c) . The exgansion rings need 
not be removed for this examination grovided examinations of adjacent surfaces do not indicate the gresence of new 
unaccegtable indications that could extend beneath the rings. (Added - Set 1 RAls) 
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Application for Subsequent License Renewal 
Appendix A - UFSAR Supplement 

PageA-68 Set 3 and Set 4 RAls 

19-344C 
Enclosure 

Page 4 of 87 



Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

12. Procedures will be revised to geriodically insgect for evidence of concrete aging in accessible internal surfaces of the 
congrete circulating water line§ Tbe grQgrsim will regyire that evalyatiQn Qf in§gectiQn re§ults ingluge§ con§ideration of the 
accegtability of inaccessible buried surfaces when conditions exist in accessible surfaces that could indicate the gresence 
of, or result in, degradation to inaccessible buried surfaces. One hundred gercent of the accessible circulating water line 
internal surfaces will be insgected in a ten year geriod. (Added - Set 1 RAls) 

13. Procedures will be revised to requ ire trending of charging pump lube oil cooler and emergency service water pump engine 
heat exchanger inspection results by Engineering. 

14. Procedures will be revised to requ ire trending of wall thickness measurements. The frequency and number of wall 
thickness measurements wi ll be based on trending results . 

15. Procedures will be revised to reguire all areas greviously documented in accordan~ with ASME CQde Case N-!F1 Segtion 
V-1100(b) shall be re-examined measureg 2nd comgareg with the grevious insgection records. Any indications Qf flaw 
grQwth will t;ie regyireg tQ t;ie regaireg QQn§i§tent with ASME QQge Qa§e N-/F1 . DQgyments:!tiQn Qf the regair, IQgatiQn ang 
gimeo§iQn§ will t;ie regyireg . Any new flaweg area§ shall t;ie evalyateg QQn§i§tent with ASME CQge Qase N-871 (Agged -
RAI Set2) 

16. Procedures will be revised to include verification that pred icted wall thicknesses at the next scheduled inspection will be Program 
greater than the minimum wall thicknesses. enhancements for 

Open-Cycle 17. Procedures will be revised to include criteria for the extent and rate of on-going degradation that will prompt additional SLR will be 

11 Cooling Water corrective actions. B2 .1.11 
implemented 

program 18. Procedures will be revised to identify acceptance criteria for visual inspection of concrete piping and components such as 6 months prior to 

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. 

19. Procedures will be revised to include the following CFRP defect insgection accegtance criteria for ai r voids, bubbles, 
blisters, delaminations and other defects (such as cracking and crazing) : (Added - RAI Set 2) 

Air VQids 
For embedded air voids of area less than or egual to 25 sguare inches that have been visually detected in layers 
geneath the toggoat they shall be regaired in agcQrgange with ASME QQde Qa§e N-!F1 segtion 43~0 (Q)(1) s;lng (b)(2) 
unless otherwise §gegified in the design gocuments. All Qther defegt§ and all voigs larger greater than 22 §guare 
inches shall be rejected, and a rega ir 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 grotective egoxy togcoat, 
they shall be removed and reggired in accordance with ASME Code Case N-871 Section 4380(d). 

Delaminations or Voids 

Unless germitted by design documents, accegtance criteria for acoustic tag examination of terminal ends shall be 
consistent with ASME Code Ca§e N-871 section 5350 (a) and (b) 

Surry Power Station, Units 1 and 2 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

20. Procedures will be revised to include the following defect rei;ia ir criteria as i;iart of the corrective actions.: (Added - RAI 

~ 
For air void defects 

Rei;iairs shall be consistent with ASME CQde Case N-871 section 4390 (Ql(3) 1;!nd (bl(4) 

For bubbles. blisters or other surface defects 
Rei;iairs sball be consistent with ASME Code Case N-871 section 4390 (d) 

For all other defects and all voids larger than 25 square inches Program 
A rei;ia ir shall be designed to maintain water-tightness of the system consistent with ASME Code Case N-871 section enhancements for 
4390 (d) SLR will be 

Open-Cycle 
A final visual insi;iection shall be i;ierformed to vecify tbe CFRP system bas acbieved the i;iercentage of cure corresi;ionding implemented 

11 Cooling Water 
to achievement of reguired mechanical i;iroi;;ie[ties !;2efQre i;ilacing the rei;;ia ired i;;iii;;iing Q!i!Ck in service In oo case shall the 

B2.1.11 
6 months prior to 

program 
system Qe i;;ilaced io service Qefore acbieviog 85% cure. the subsequent 

21 . Procedures wil l 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 . 

22. 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 
aging effect combination. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The Fire Water System program is an existing condition monitoring program that wi ll be enhanced as follows: 

1. Procesures inspection §Uisanco will be re•,iises to require replacement of any sprinl<ler tt=iat shows any of tho followin§ : 
leal~a§o , corrosion , physisal sarna§o , loasin§ , paintin§ unless paintes by the sprinl~ler rnanufasturer, or insorroct Program will be 

orientation . Sprinl,lors at tt=le followin§ losations will be asses to tt=le test ssope: :J=he Raswaste Facility, .O.uiEiliary Seiler, implemented and 

Maintenance Builsin§ , Gonsensate Polist=iin§ 81:iilsin§ , bai:insry Bi:iilsin§ , ans Mact=iino ShoJ3 Bi:iilsin§ . (Comgleted - inspections or tests 

Change Notice 1 l begin 5 years 

2. Prior to 50 years in service, sprinkler heads wi ll be subm itted for fie ld-service testing by a recognized testing laboratory before the 

consistent with NFPA 25, 2011 Edition , Section 5.3.1. Addi tional representative samples wil l be fie ld-service tested every subsequent period 

10 years thereafter to ensure signs of aging are detected in a timely manner. For wet pipe sprinkler systems, a one-time of extended 

test of spri nklers that have been exposed to water including the sample size, sample selection criteria , and minimum time operation. 

in service of tested sprinklers will be performed . At each unit a samgle of 3% or a maximum of ten sgrinklers with no more Inspections or tests 

!hsin fQur §Qrinkl!;lr§ Q!;l[ §!rugur!;l shsill b!;l !e§t!;lQ . T!;lsting i§ Qa§ed Qn 2 minimym !im!;l in service Qf fiftJ'. J'.e2r§ sind §eV!;lri!J'. Qf that are to be 

QQ!;lrsi!inq QQngi!iQn§ fQr !;lslQh QQQUlsi!iQn (R!;lVi§!;lQ - ~hsinq!;l NQ!iQ!;l 2) 
completed prior to 

Fire Water 3. Procedures will be revised to specify: 
the subsequent 

16 B2.1.16 period of extended 
System program a. Standpipe and system flow tests for hose stations at the hydraulically most limiting locations for each zone of the operation are 

system on a five year interval to demonstrate the capabil ity to provide the design pressure at required flow completed 6 months 
b. Acceptance criteria for wet pipe main drain tests . Flowing pressures from test to test wi ll be monitored to determine if prior to the 

there is a 10% reduction in full flow pressure when compared to previous ly performed tests . The Corrective Action subsequent period 
Prog ram wi ll determine the cause and necessary corrective action . of extended 

C. If a flow test or a main dra in test does not meet acceptance criteria due to current or projected degradation additiona l operation or no later 
tests are cond ucted . The number of increased tests is determined in accordance with the corrective action process; than the last 
however, there are no fewer than two additional tests for each test that did not meet acceptance criteria. The additiona l refueling outage 
inspections are completed within the interva l in which the origina l test was conducted. If subsequent tests do not meet prior to the 
acceptance criteria, an extent of condition and extent of cause analysis is conducted to determine the fu rther extent of subsequent period 
tests. The additional tests include at least one test at the other unit with the same material , environment, and aging of extended 
effect combinati on. operation. 

d. Main drains for the standpipes associated wi th hose stations within the scope of subsequent license renewa l will also 
be added to main drain testing procedures. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

4. Procedures will be revised to Qerform internal visual ins12ections of sQrinkler and deluge system QiQing to identify internal 
QQrrQ§iQn fQreign material and QQ§t[uQtiQO§ tQ flQw FQIIQW-UQ VQlumetriQ exs;1mioatiQn§ will be Q§rfQrmeg if int§rnal visyal 
ins12ections detect age-related degradation in excess of what would be ex12ected accounting for design, 12revious insgection 
exgerience, and insgection interval. If organic or foreign material, or internal flow blQckage that could result in failure of 
system function is identified, then an obstryction investigation will be gerformed within the Corrective Action Program that 
includes r§moval of the material an extent of condition determination, review for increased insgections, extent of follow-LIQ 
examinations, and a flush in accordance with NFPA 25, 2011 Edition, Annex 0 .5, Flushing Procedures. The internal visual Program will be 

ins12ections will consist of the following : (Relocated from Commitment 10 and cQrrected - Change Notice 2) implemented and 

a. Wet gige sgrinkler systems - 50% of the wet giQe SQrinkler systems in sco12e for subseguent license renewal will have inspections or tests 

vi§Ys:11 internal in§g§ctjon§ Qf QiQing QY r§mQving s;1 hydrs;1yliQs;1lly remQte §Qrinkl§r, Q§rformeQ eV§!Y fiv§ Y§ars QQnSi§tent begin 5 years 

with NFPA 25 2011 Edition, Section 14.2. During the next five-year insgection geriod, the alternate systems greviously before the 

not insgected shall be insgected. subsequent period 

b. Pre-action sgrinkler systems - gre-action sgrinkler systems in sco12e for subseguent license renewal will have visual of extended 

internal ins12ections of Qiging by removing a hydraulically remote nozzle, 12erformed eve(Y five years , cQnsistent with operation. 

NFPA 2Q, 2011 Edition, SeQtiQn 14.2. Inspections or tests 

Deluge systems - deluge syst§ms in §COQe for subseguent license renewal will have visual internal insgections of Qiging 
that are to be C. 
completed prior to 

t;iy removing a hydraulically remQte nozzle, gerfQrmed eve[ll five y§ars, cQnsistent with NFPA 2Q, 2011 Edition, Section 
Fire Water 14.2. 

the subsequent 
16 82.1.16 period of extended 

System program 5. Procedures will be revised to perform system flow testing at flows representative of those expected during a fire . A flow operation are 
resistance factor (C-factor) will be calculated to compare and trend the friction loss characteristics to the results from completed 6 months 
previous flow tests. (Renumbered - Change Notice 2) prior to the 

6. PF0seeh:1Fes faF RYEIFaAt fh:1sRiR§ ....,ill ee Fe,..iseel ta Feq1:1iFe f1:1lly 013eAiA§ tRa RyEIFaAt aAEI fully flawiR§ tRa RYEIFaAt faF Ra less subsequent period 
tRaA eAe FAiA1:1t0 aAEI l:IRtil faFei§R FAateFial Ras sleaFeEI . IA aelelitiaA , waseel1:1Fes will ee Fe,..iseel te aeseP.•e elFaiAiA§ ef tRe of extended 
RyelrnAt eaFFel aAEI alsa Feq1:1iFe tRe eaFFal ee 131:1FA13eel EIFy sRe1:1IEI it Rat EIFaiA witRiA eG FAiA1:1tes . FlyEIFaAts 01:1tsiele tRe operation or no later 
13rnteoteel arna tRat me 'NitRiA tRe soe13e ef s1:1eseq1:1eAt liseAse rnAewal will ee aeleleel ta tRe fl1:1sR ss013e.(Comgleted :: than the last 
Change Notice 1 and r§numbered - Change NQtice 2)) refueling outage 

7. +Re FiFe 1.evateF 8ysteFA (3FS§FaFA 1,•,•ill ee Fe~•iseel ta 13eFiaelioally iAs13esl U:ie iAs1:1laleel eiEleFieF s1:1Ffaoes sf !Re flFe waleF laAl~s prior to the 
SA a rn yeaF fFeq1:1eAoy El1:1FiA§ IRe s1:1eseq1:1eAI 13eFiael sf e13eFalieA. IASl:llaliaA is FeFAS'w'eEI 19 (3F9',<iele a FAiAiFAl:IFA iAs13eoli0A subsequent period 
130131:1lali0A sf~§ aAe sq1:1aFe feel saFA13les. +l=le saFA13les will ee ElislFie1:1leel iA s1:1sR a way !Rat iAs13esli0As 0so1:1F SA IRe laAI~ of extended 
ElaFAe, AeaF tRe laAI~ B9ll9FA, at 130iAts 'NR9F9 stF1:1ot1:1Fal s1:113130Fts, 13i13e, SF iASIFl:IFASAI A9i!.!:les 13eAetFate tRe iASl:llatieA aAEI 
wReFe ~YateF s01:1IEI salleot. IA aeleliliaA, iAs13eoti0A leoalieAs will ee easeel SA tRe lil~eliRaael sf oaFFesieA 1:1AeleF iAs1:1lati0A 

operation. 

0os1:1FFiA§. PriQr to the subseguent 12eriod of extended 012eration the insulation on the exterior surfaces of the fire water 
storage tanks (FWSTs) will be 12ermanently removed . Wall thickness measurements will be 12erformed on external tank 
areas §Xhibiting unex12ected degragation. Refyrbishment/recoating will be gerformed consistent with the severity of the 
degradation identified and commensurate with the 12otential for loss of int§nd§d function . lns12ections of external tank 
surfaces will be on a refueling cycle freguency. (Renumbered - Change NotiQe 2 and revised - Change NotiQe 3) 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

8. PFSeeatiFes feF rnaiAliAe stFaiAeF fltisRiA§ will Be Fe~•isea ta FeqtiiFe fltisRiA§ tiAtil eleaF ,,..,ateF is el3seF,<ea afteF eaeR e13eFatieA 
eF flew test IA aaditieA ta fltisRiA§ afteF e13eFatioA, tRe Raawaste Faeility FAaiAliAe stFaiAeF will rnqtiiFe aA iAs13eetieA e•rei=y 
fi~•e yeaFs feF aarna§ea aAd eeFFeaea 13aFts.(Com12leted - Change Notice 1 and renumbered Change Notice 2)) 

9. A procedure wil l be created to provide a Turbine Building oil deluge systems spray nozzle air flow test to ensure that 
patterns are not im peded by plugged nozzles, to ensure that nozzles are correctly positioned, and to ensure that 
obstructions do not prevent discharge patterns from wetting surfaces to be protected. (Renumbered - Change Notice 2) 

rn. PF8688l:IF9S will BO FO•.«isea ta 13erteFffi iAteFAal Yis1:1al iAs13estieAS ef Sl3FiAkleF aAEI Elelti§9 systeFA 13i13iA§ ta iEleAtify iAtOFAal Program will be 

99FF9Si9A, feFOi§A rnateFial , aAEI eestFl:IStieAS ta flew. Fallaw 1:113 Y9lt!FAOtFi6 9lE8FAiAatieAS will BO 13erteFrneEI if iAtOFAal 1,•ist1al implemented and 

iAs13eetieAS detest 8§9 FelateEI Ele§FaElatieA iA 9*69SS ef •1t•Rat .... ,e1:1IEI BO O*l30eteEI 8669!:IAtiA§ feF Elesi§A , l3F9Yi9t1S iAs13estieA inspections or tests 

e*13eFieAee , aAEI iAs13estieA iAtePw<al. If eF§aAis eF feFei§A rnateFial , eF iAlerAal flew elesl~a§e tRat se1:1IEI res1:1lt iA fail1:1re ef begin 5 years 

systeFA f1:1AstieA is iEleAtifieEI, tReA aA eestr1:1etieA iA•resli§alieA will ea 13erferFAeEI witRiA !Re GerreetiYe .O,slieA Pre§raFA !Ra! before the 

iAel1:1Eles FerneYal ef tRe rnateFial , aA e1EteAt ef eeAaitieA EleteFFAiAatioA, FeYiew feF iAeFeaseEI iAs13estieAs, e11teAt ef fellew 1:113 subsequent period 

e*aFAiAatieAS, aAEI a fll:ISR iA 8668F98AS9 witR ~IFP.A, 2e , 2911 E:ailieA , AAAO* g .e, Fll:ISRiA§ Preeed1:1res. +RO iAterAal Yis1:1al of extended 

iAs13eetieAs will eeAsist ef tRe fellewiA§:(Qlg Enh2nQ!;lm!;lnt (;) w2~ r!;llQQ5lt!;lQ tQ Enh2nQ!;l[!]!;lnt 4 - ~hang!;l NQtiQ!;l 2) operation. 

a. l,A,let 13i13e Sl3FiAIEIOF systeFAS e9% ef tRe wet 13i13e s13FiAIEleF systeFAs iA see13e feF s1:10seq1:1eAt lieeAse FeAewal will RaYe 
Inspections or tests 
that are to be 

Yis1:1al iAteFAal iAs13eetieAS of 13i13iA§ By F9ffi8YiA§ a RyaFa1:1lieally FeFAete s13FiAl~leF, 13erteFFAea OYOFY fiye yeaFS, 68ASisteAt 
completed prior to 

witR ~IFPA 2e , 2911 E:aitieA, SeetieA 14 .2. g1,1riA§ tRe AmEt fi•re year iAs13eetieA 13eriea, tRe altoFAato systoFAs 13FOYie1:1sly 
the subsequent 

16 
Fire Water Aet iAs13oetoa eRall l3e iAs13eetea. 

B2.1.16 period of extended 
System program b. PFe aetieA s13riAl~ler systoFAs we aetieA S13fiAIEler systeFAs iA see130 fer s1:1esoq1:10At lieeAse reAewal will RaYe Yis1:1al operation are 

iAteFAal iAs13oetieAs ef 13i13iA§ ey reFAeYiA§ a RyEIFa1:1lieally reFAeto Aezzlo , 13orterFAoa oYery fiYe yearn, seAsistoAt witR completed 6 months 
~IFPA 2e, 2911 E:aitieA , SeetieA 14.2. prior to the 

C. gel1:1§e systeFAs ael1:1§e systeFAs iA see13e fer s1:1eseq1:1eAt lieeAse FeAewal will RaYe 't'is1:1al iAteFAal iAs13eetieAs ef 13i13iA§ subsequent period 
ey reFAeYiA§ a RyaFa1:1lisally FOFAete Aezzle , 13erfeFFAea e,..ery fi>re yearn, seAsisteAt witR NFPA 2e, 2911 E:aitieA, SestieA of extended 
~ operation or no later 

10. Procedure will be revised to provide inspection guidance related to lighting, distance and offset for non-ASME Code than the last 
inspections . The procedure will specify adequate lighting be verified at the inspection location to detect degradation . refueling outage 
Lighting may be permanently installed , temporary, or portable (e.g. , flashlight) , as appropriate. For access ible surface prior to the 
inspecti ons, inspecting from a distance of two to four feet (or less) wi ll be appropriate. For distant surface inspections, subsequent period 
viewing aids such as binoculars may be used. For viewing angles wh ich may prevent adequate inspection , a viewing aid of extended 
such as an inspection mirror or boroscope should be used. operation. 

11 . The Unit 1 hydrogen seal oil system deluge sprinkler pipe and Unit 1 station main transformer '1 A' deluge sprinkler piping 
will be reconfig ured to allow drainage .As Qart of the drainage reconfiguration, visual ins12ections and wall thickness 
measurements will be Qerformed on the Unit 1 h~drogen seal oil s~stem deluge SQrinkler QiQe that does not drain . In 
addition, wall thickness examination of the Unit 1 main transformer deluge SQrinkler QiQing that does not allow drainage will 
also be Qerformed as Qart of the drainage reconfiguration . PiQing with unex12ected degradation will be reQlaced. (Revised -
Change Notice 3) 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

12. The Qrogram will be revised to reguire insQections and tests be Qerformed by Qersonnel gualified in accordance with site Program will be 
Q[Qr;;egyce§ siod QrQgr;;im§ fQr the §Qer;;ifieg lsl§~. (Mded - Change ~otir;;e 2) implemented and 

13. Procedures will be revised to reguire when degraded coatings are detected by internal coating insgections, accegtance inspections or tests 
criteria and corrective action recommendations consistent with the Internal Coatings/Linings for ln-ScQQe Piging Piging begin 5 years 
ComQonents, Heat Exchangers and Tanks (B2.1.28l grogram are followed in lieu of NFPA 25 section 9.2.7 (1) (2l and (4) . before the 
When interiQr Qitting or general corrosion (beyond minor surface rust) is detected, tank wall th ickness measurements are subsequent period 
conducted as stated in NFPA 25 Sectioo 9.2, 7(3) in vicinity of the loss of material. Vacuum box testing as stated in NFPA of extended 
2/2 SectiQn 9.2. 7(5) is congucted when gitting cracks or loss of material is detected in the immediate vicin ity of welds. operation. 
(Added - Change Notice 2) Inspections or tests 

14. The activity Qf the jockey Qumg will be monitored consistent with the "detection of aging effects" grogram element of that are to be 
NUREG-2191, Ser;;UQn XI.M41 . (Agged - Set 3 RAIS) completed prior to 

Fire Water 
15. Procedures wi ll be revised to address recu rri ng internal corrosion with the use of Low Frequency Electromagnetic the subsequent 

16 
System program 

Tech nique (LFET) or a similar technique on 100 feet of piping during each refueling cycle to detect changes in the pipe wall B2.1.16 period of extended 
th ickness. LFET screening or a simi lar technique will also be performed on accessible interior fire water storage tank operation are 
bottoms during periodic inspections. The procedure will specify thinned areas found during the LFET screening be followed completed 6 months 
up with pipe wall thickness examinations to ensure ag ing effects are managed and wall thickness is within acceptable prior to the 
limits. In addition to the pipe wa ll thickness exam ination, the performance of opportunistic visual inspections of the fire subsequent period 
protection system will be required whenever the fire water system is opened for maintenance. of extended 

operation or no later 
than the last 
refueling outage 
prior to the 
subsequent period 
of extended 
operation. 

Surry Power Station, Units 1 and 2 
Application for Subsequent License Renewal 
Appendix A - UFSAR Supplement 

PageA-76 Set 3 and Set 4 RAls 

19-344C 
Enclosure 

Page 10 of 87 



Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The Buried and Underground Piping and Tanks program is an existing condition monitoring program that will be enhanced as Program will be 
follows: implemented and 
1. Procedures wi ll be revised to estab lish an upper limit of-1200mV for pipe-to-soil potentia l measurements of coated pipes inspections begin 

so as to preclude potentia l damage to coatings. 10 years before the 
2. Presesures will 13e revises ta insluse ·visual inspeotien requireFRents ans asoeptanoe oriteria for:/Completed - Change subsequent period 

Notice 2) of extended 
a. />,13senoe ef oraol~in§ in fil3er§lass reinferoeel plastio oeFRpenents ans e·raluatien ef 131 isters, §SU§es, er wear operation . 
b. Miner oraol~in§ ans less ef FRaterial in oenorete er oeFRentitieus FRaterial pre¥ises tRere is ne e¥ielenoe ef leal~a§e Inspections that are 

elEpeses er rust stain in§ freFR rel3ar er reinferoin§ "Reep" 13anss to be completed 

3. ProQedures will be revised to obtain pipe-to-soil potential measurements for piping in the scope of SLR guring the next soil prior to the 
Buried and survey within 1 O y!;lars prior to entering the subseguent period of Qperation. /Added - Set 1 RAls) subsequent period 

27 
Underground 4. Procedures will be revised to reguire uncoated buried stainless steel tubing segments in the fuel oil system be inspected B2.1.27 

of extended 
Piping and Tanks prior to th!;! SUQSf:lQU!;lnt p!;!riQQ Qf !;!Xtenged operation . After inspection, each uncoated stainle§s §teel §egment will be operation are 
program QQ2teg QQn§i§tent with Ts;1gle 1 Qf NACE SP01f;ll;l-2QQ7 "QQntrQI Qf Externs;1I QQrrQ§iQn Qn !.,!ngergcoyng Qr Sutimerg§g completed 6 months 

Mets;1lliQ Pit1ing SY::item§.""~!ans!ars! ~§S!;!FRFRens!es! PrsHl!i2e ~siUrns!ii;i PF!;!!e2!i!;!n ef Pres!F!il§§e§ S?!;!ni;ire!e S?!ilins!er prior to the 

Pi1;1elines." (Agged - Set 1 RAI§) /Revised - Set 3 RAls) subsequent period 

~ A cathodic protection system will be installed for prQtection Qf the 24-inch serviQe water piping at the Low Level Intake of extended 

Structure five years before entering the subseguent period Qf Qperation . (Added - Set 3 RAls) operation or no later 

6. Procedures will be revised to specify that cathodic protection surveys use the -850mV polarized potentia l,- instant off than the last 

criterion speci fied in NACE SP0169-2007 for steel piping accepta nce criteria unless a suitable altern ative polarization refueling outage 

criteria can be demonstrated. Alternatives include the -100mV polarization criteria, -750mV criterion (soil resistivity is less prior to the 

than 100,000 ohm-cm), -650mV criterion (soil resistivity is greater than 100,000 ohm-cm }, or verification of less than 1 mpy subsequent period 

loss of material rate . ,O.lternati¥es will 13e eleFRenstrates ta 13e effeoti¥e tRreu§R use ef 13urieel oeupens, elestrisal resistanoe of extended 
operation. preses, er plaoeFRent ef referense sells in U:ie iFRFResiate ¥isinity ef U:ie pipin§ eein§ FReasures. 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The external loss of material rate is verified: Program will be 
• Eve!}'. )lear when veriflr'.ing the effeQtivene~s Qf the QathQQiQ grQtection Sl£stem bl£ measuring the lo~s Qf material rate. implemented and 

• Eve!}'. 2 )lears when using the 100 mV minimum Qolarization. inspections begin 

• Eve!}'. 5 )lears when using the -750 or -650 criteria associateg with higher resistivity soils. The soil resistivitlr'. is verified 
10 years before the 
subsequent period 

eve!}'. 5 )lears. of extended 
As an alternative to verifl£ing the effectiveness of the cathodic grotectiQD Sl£Stem everl£ five )lea rs, soil resistivitlr'. operation. 
tes!iog is conducted annualllr'. during a geriod of time when the soil resistivitlr'. would be exgected to be at its lowest Inspections that are 
value (e.g., maximum rainfall geriods). Ugon comQletion of ten annual consecutive soil samgles, soil resistivitlr'. testing to be completed 
Qan be extengeg tQ eve!}'. five )lear~ if the re~ylt~ Qf the ~Qil ~amgle te~ts QQnsistentllr'. have verifieg that the resistivitlr'. prior to the 

Buried and did not fall outside of the range being credited (e.g. for the -750 mV relative to a CSE instant off cciterioo, measured subsequent period 
Underground soil resistivit)l values were greater than 10,000 ohm-cml. of extended 

27 
Piping and Tanks When using the electrical resistance corrosion rate probes: 

82.1.27 
operation are 

program a. The individual determining the installation of the probes and method of use will be qualified to NACE CP4, "Cathodic completed 6 months 

Protection Specialist" or similar prior to the 

b. The impact of significant site features and local soil conditions will be factored into placement of the probes and use of subsequent period 

the data (Reviseg - Change NQtiQe 2 ang Set 1 RAls) of extended 
operation or no later 
than the last 
refueling outage 
prior to the 
subsequent period 
of extended 
operation . 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The Internal Coatings/Linings for In-Scope Piping, Piping Components, Heat Exchangers, and Tanks program is an existing 
condition monitoring program that will be enhanced as follows: 

1. Procedures wil l be revised to require additioAalbaseline inspections /100% of accessible coatings/linings) of the following 
tanks, piping, and miscellaneous components within the scope of subsequent license renewal and inspection fFeqt:teAoies 
will se modified , as AeoessaFy, ta OASl::lFO oaAsisleAG'f •Ni!R ~H::l~li!:G ~~ Q~ intervals will not exceeg those speQified in 
NUREQ-2191, Table XI.M42-1, "lnspeQtion Intervals for lntern21 Coatings/Linings for Tanks, Piping, Piping Components, Program will be 
and Heat Exchangers." (Revised - Change Notice 2 and Set 1 RAls) implemented and 
• Circulating water system waterbox air separating tanks inspections begin 
• Condensate polishing outlet piping (short segment: entire length is inspected) 10 years before the 
• Vacuum priming tanks subsequent period 
• Vacuum priming seal water separator tanks of extended 
• Auxiliary steam drain receiver tank operation . 
• Water treatment piping (short segment entire length is inspeQteg} Inspections that are 

Internal • Flash evaporator demineralizer isolation va lve to be completed 
Coatings/Linings • Brominator mixing tank prior to the 
for In-Scope • Pressurizer re lief tanks subsequent period 

28 
Piping, Piping 2. Programs will be revised to consistently reference coating aging mechanisms and add definitions for rusting, wear/erosion, 

82.1.28 
of extended 

Components, and physical damage. operation are 
Heat 3. Procedures will be revised to require alignment of the internal coating/lining inspection criteria with the inspection criteria completed 6 months 
Exchangers, and and aging mechanisms specified in the Coatings Condition Assessment Program. prior to the 
Tanks program 4. Procedures will be revised to require inspections of cementitious coatings/linings and include aging mechanisms subsequent period 

associated with cementitious coatings/lini ngs described as cracking due to chemical reaction , weathering , settlement, or of extended 

corrosion of reinforcement; loss of material due to delamination, exfoliation, spalling , popout, scaling , or cavitation. operation or no later 

5. Procedures wi ll be revised to require cementitious coatings/linings inspectors to have a minimum of five years of than the last 

experience inspecting or testing concrete structures or cementitious coati ngs/linings or a degree in the civ il /structural refueling outage 

discipline and a minimum of one year of experience. prior to the 

2a Procegures will !;2e revised to regyire opportynistiQ inspeQtions of piping interna1!11 lineg with QonQrete and include aging subsequent period 

2ssoQi2teg with Qementitious Qoatings/linings desQri!;2eg as Qr2Qking gye to Qhemical reaction weathering settlement or of extended 

corrosion of reinforcement; loss of material due to delamination, exfoliation spalling popout scaling or cavitation. (Added operation. 

- Change Notice 2) 

L Component cool ing heat exchanger channel head coatings are inspected on a one-11ear inspection interval. Procedures will 
be revised to require that if two subsequent inspections demonstrate no change in coating condition (i.e . at least three 
Qonsecutive inspections with no change in condition), inspection freqyencies at those locations ma11 be cooducted 
Qonsistent with inspection Catego(J'. B of NUREG-2191 Table XI.M42-1 . (Revised - Set 3 RAls) 

Surry Power Station , Units 1 and 2 
Application for Subsequent License Renewal 
Append ix A - UFSAR Supplement 

PageA-92 Set 3 and Set 4 RAls 

19-344C 
Enclosure 

Page 13 of 87 



Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

~ PFeeeEluFes will ee Fe'riseEI te Feeiuire a f3Fe iAS[:leetieA Feview ef tAe f3Fevieus "twe" eeAElitieA assessFAeAt Fef3eRs, wAeA 
a•railaele, ee [:leFfeFFAeEI , te Fe~·iew tAe Fesults ef iASf3eetieAs aAEI aAy sueseeiueAt Fe[:laiF aeti.,.ities.Procedures wi ll be reviseg 
to reguire a coatings sgecia list to gregare the coatings gost-insgection condition assessment regort. A gre-insgection 
review will be gerformed of the coating insgections and anl£ subseguent regair activities from the grevious two coatings 
gost-insgection condition assessment regorts when availab le. !Reviseg - Set 3 RAls) Program will be 

~ PrQQegu(e§ will be revised to reguire insgection results are evaluateg against accegtance criteria to confirm that the implemented and 
comQonents' intendeg funQtions will be maintained throughout the subseguent Qeriod of extended OQeration based on the inspections begin 
QrojeQted rate and extent of degragation. Wh!;lr!;l gractical, (e .g., wal l thickness measurements, blister size and !freguencl£}, 10 years before the 
degradation is Qrojected until the next scheduled insgeQtion. !Added - Change Notice 2) subsequent period 

10. Procedures will be revised to~ of extended 

.sL SQeQifli there are nQ indications of Qeeling or delamination. !Revised - Change Notice 2) operation . 

b. Require inspection of cementitious coatings/linings. Minor cracking and spalling is acceptable provided there is no Inspections that are 
Internal evidence that the coating/lin ing is debonding from the base material. to be completed 
Coatings/Linings 

~ Reguire, as aQQlicable wall thickness mea§urements, grojeQteg to the next insQection meet design minimum wall prior to the 
for In-Scope requirements . !Revi§eg - Change Notice 2) 

subsequent period 

28 
Piping, Piping 

11. Procedures wil l be revised to permit the "remova l" of coatings/linings that do not meet acceptance criteria , with the required 82.1.28 
of extended 

Components, 
evaluation and documentation. 

operation are 
Heat 

12. Procedures will be revised to include as an alternative to repair, rework , or removal , internal coatings/linings exhibiting 
completed 6 months 

Exchangers, and prior to the 
Tanks program indications of peeling and delamination . The component may be returned to service if: subsequent period 

a. Physical testing is conducted to ensure that the remaini ng coating is tightly bonded to the base metal of extended 
b. +l=!ethe potentia l for further degradation of the coating is minimized , (i .e., any loose coating is removed, the edge of the operation or no later 

remaining coating is feathered) aEIAesieA testiA§ (e.§., 13ull eff tesliA§ , l~Aife aEIAesieA tesliA§) is eeAElueteel at a than the last 
FAiAiFAUFA ef IA roe saFA13le f39iAls aEljaeeAI le tAe elefeetive area(Revised - Change Notice 2) refueling outage 

C. adhesiQn te§!ing using ASTM International Standargs endors!;lg in RG 1./24 (e.g., gull-off testing, knife adhesion testing) prior to the 
i§ conguQteg at s mioimum Qf ~ sample pQin!§ agj§Qen! !Q !he ci!:lfective area !R!:lvi§ed - Change No!iQe 2 subsequent period 

d. ARan evaluation is conducted of the potential impact on the system, including degraded performance of downstream of extended 
components due to flow blockage and loss of material or cracking of the coated component and !Revised - Chaoge operation. 
NQ!ic;e 2) 

e. Fellew uf:)fo!IQw-up visual inspections of the degraded coating are conducted within two years from detection of the 
degraded condition , with a re-inspection within an add itional two years , or until the degraded coating is repai red or 
replaced. (Revised - Change Notice 2) 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

13. Procedures will be revised to reguire aEIElitieAal iAs13eetieAs if eAe ef Uie liseAse FeAewal iAs13eetieAs Elees Aet meet 
asee13taAse sFiteFia El1::1e te s1::1FFeAt eF J3FejeeteEI Ele§FaElatieA .when a !;!lister QQe§ nQ! meet acceg!arn;;e grjteris1 and i! i§ no! 
regaired, ghllsical testing is conducted to ensure that the blister is comgletelll surrounded bl/ sound coating/lining bonded Program will be 

to the surface. Ph)lsical testing consists of adhesion testing using ASTM International standards endorsed in RG 1.54. imglemented and 

Where adhesion testing is not gossible due to Qh)lsical constraints, another means of determining that the rema ining insQections begin 

coating/lin ing is tightlll bonded to the base metal is conducted such as lightlll tagging the coating/lining. Accegtance of a 10 llears before the 

bl ister to rema in inservice shou lg be based both on the gQtential effects of flow blogkage and degradation of the base subseguent geriod 

material beneath the bl ister.(Revised - Change Notice 2) of extended 

11,, Procedures will be revised to reguire add itional insgections be cQnducted if one of the insgections does not meet 
ogeration. 
lnsgections that are 

s!QQegts1nQe criteris1 gye !Q Qyrren! Qr (;lrQjeQ!eg gegrs1ds1!iQn (i .e. trending) ynles:;i the Qs!YSe of the s1ging effeQt fQr es1Qh Internal to be comgleted 
aQQl icable material and environment is corrected bll regair or reglacement for all comgonents constructed of the same 

Coatings/Linings (;lriQr to the material and exgosed to the same environment. The number of increased insgections will be determined in accordance 
for In-Scope sub:;ieguent 12eriQQ wi!h !he Corrective Action Program . However, there are no fewer than five additional ins12ectiQn§ for each insgection !hat Piping, Piping of extended 28 dig nQt meet acQeg!anQe Qriteria, Qr 2Q% Qf eaQh s!(;l(;lliQaQle material environment s1nd aging effeQt QQmQinatiQn in:;i(;leQteg 82.1.28 Components, ogeration are 

whiQhever i:;i le:;;:;; . Wheo jn:;igeQ!iQns are ba:;ieg Qn the (;lerQentage Qf (;liging length an additiQnal ~°tQ Qf the total length will Heat comgleted 6 months 
be insgected. The tim ing of the additional insQeQtiQns will !;le tlaseg on the severitll of the gegragation identified ang will be 

Exchangers, and griQr !Q !he commensurate with the gotential for loss of intended function . HQwever, in all cases, the adgi!ional in:;igections will be 
Tanks program subseguent geriod 

gQmgleted within the interval in which the original insgection was conducted or if identified in the latter half of the current 
of extended 

ins12ectiQn interval , w ithin the next refueling Qutage interval. These agditiQnal insQegtions conducted in the next insQection 
Qgeration or no later 

interval Qannot also be credited towards !he number of insgections in the la!.!er interval. If subseguent ins[;leQ!ions do no! 
than the last 

meet aQQeQ!2nQe Qriteria 2n extent Qf QongitiQn and extent of Qa1,Jse anal)lsis will !;!e QonduQted to determine the further 
refueling outage 

eigent of in:;igeQtions. Additional §amgle:;i will be insgeQted for anll recurring gegradation to grovide reasQna!;!le assurance 
that Qorrective actions aggrogriatelll address the a:;isociated cayses. The additional insgections will include insgections with 

[;lrior to the 
subseguent geriod 

the same material environment ang aging effect combination at both Unit 1 ang Unit 2. (Added - Change Notice 2) 
of extended 

.lli,. Ph)lsical testing is gerformed where gh)l:;i icallll gossible (i.e., sufficient room to cQnduct testing) Qr examination is 
012eration. 

QQnQYQ!ed !Q en:;iyre !ha! !he extent Qf re(;laireg Qr re12laced QQating:;i/liniog:;i enQom12a::ise:;i §Qung cQa!ing/lining material. 
(AQgeg - Change NotiQe 2) 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

The Structures Monitoring program is an existing condition monitoring program that will be enhanced as follows : 

1. Procedures will be revised to include inspection of the following structures that are within the scope of subsequent license 
renewa l: decontamination building , radwaste facility, health physics yard office building, laundry facility, and machine shop. 
lnsgections for the added structures will be gerformed under the enhanced grogram in order to establish guantitative 
baseline insgection data grior to the subseguent geriod of eigended Qgeration. (Revised - Change Notice :l) 

2. Pror;;edures wil l be revised to add the oiled-sand cushion to the insgection of the fire grotection/domestic water tank 
foundation.(Added - Change Notice 3) 

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 Program 
prevent or minimize loss of bolting preload and cracking of high-strength bolting . For structural bolting consisting of ASTM enhancements for 
A325 , ASTM A490, ASTM F1852 and/or ASTM F2280 bolts , the preventive actions for storage, lubricant selection , and SLR will be 
bolting and coating material selection discussed in Section 2 of the Research Council for Structural Connections implemented 
publication , "Specification for Structural Joints Using High-Strength Bolts ," will be used . 6 months prior to 

1,. The checklist for structural and SUQQort st!;lel wi ll Qe r§1vi§ed to indiqite: "Ar!;l anl'. connection members loo§e, missing or the subsequent 
Structures damageg (bolts, rivets nut§, etc)?". (Agged - Change Notir;;e 2) period of extended 

34 Monitoring 5. PF9688l:1Fes •,•rill Be Fe't'iseEl te FeEtl:liFe at least fi ... e yeaFS ef e)El9eFieAee (SF ,ti.GI iAs19eeteF seFtifisatieA) foF 69A6Fete iASl986tSFS B2.1.34 operation. 
program te ee eeAsisteAt witl=l AGI ;349.aR QQ;! . PrQr;;egures will be reviseg to regu ire at least five J'.ears of exi;2erienQe (or ACI 

insi;2ector certification) for concrete insi;2ectors to be consistent with ACI 349 .3R-002. Procedures will be revised to 
A baseline eliminate ogtions for ini,mector gualifications that are not cQnsistent with ACI 349.3R-002.(Revised - Change Notice 2) 
in§QeQtiQn fQr 

6. PFeseEll:IFes 'Nill ee Fe.,.iseEl te iAs19est weeEleA 19e'NeF 19eles eA a rn yeaF fFeEtl:leAsy.PFeseEll:IFes will se Fe~<iseEl te s19esify wooden Qoles will 
tl=lat weeeeA 19ele iAs19estieAs will se 19effeFFAeEl e.,.eFy teA yeaFs ey aA el:ltsiEle fiFFA tl=lat 19Fe.,.iEles weeEleA 19ele iAs19estieA 

be Qerformed Qrior 
se~ises tl=lat aFe seAsisteAt ¥,•itl=l staAElaFEl iAEll:lsti=y 19Fastise. Visl:lal elEaFAiAatieAs FAay ee al:l§FAeAteEl witl=l sel:IAEliA§S SF 

to January 1, 2031 . 
etASF teSAAiEtl:196 a1919FSl9Fiate foF tl=le ty19e , 69ASitieA, aAEl tFeatFAeAt ef tl=le W9989A 19eles, iASll:IEliA§ 99FiA§S ta EleteFFAiAe tl=le 
lesatieA aAEl e>EteAt ef Elesay aAEl e><sa.,.atieA ta EleteFFAiAe tl=le e><teAt ef Elesay at tl=le §FSl:IAElliAe. (Re•,iseEl Gl=laA§e ~letise 
~ ProQegures will be revised to si:2eci~ that ~oQgen QQle in§QeQ!iQn§ will Qe 12erfQnmeg at a freguenQJ'. nQt tQ exQeeg every 
eight l'.ears. Vi§ua l examinatiQns will QeteQt IQ§§ Qf material ang Qbange in material QrQQe[!ie§. Vi§ual examinatiQns will Qe 
augmented, as reguired to detect change in material QroQerties, with soundings or other technigues aQQroQriate for the 
tl'.Qe, condition, and treatment of the wooden goles, including borings and excavations. (Revised - Set 4 RAls) 

L Procedures will be revised to si:2eci~ that evaluation of insi:2ection results includes consideration of the accei:2tabilitl'. of 
inacces§ible areas when cond itions exist in accessible areas that cou ld indicate the Qresence of, or result in, degradation to 
such inaccessible areas. (Added - Change Notice 2) 
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Table A4.0-1 Subsequent License Renewal Commitments 

# Program Commitment AMP Implementation 

~ Pcocedures will be enhanced to sgecif!i VT-1 insgections to identif!i cracking on stainless steel and aluminum comgonents. 
A minial!.!m Qf 2/;i iosgeQtions will t;ie ge[fQrmed eve11 ten !!'.ears dyeing the syt;isegyent geriod Qf exteoded QQsicatiQn from 
each of the stainless steel and aluminum comgonent gogulations assigned to the Structures Monitoring 12rogram. If the 
com12onent is measured in linear fslet, at least one foot will be ins12ecteg to gualif!i as an ins12ection . For other comgonents, 
at least 20% of the surface area will be insgected to gualif!i as an insgectiQn . The selection of QQmgQnents for insgeQtion 
will cQnsider the severi!J'. of the envirQnment. FQr examgle Qomgooents gotentiallJ'. exgosed to balides and moisture would 
be insgected since those environmental factors can facilitate stress corrosion cracking . (Added - Change Notice 2) 

9. PcQr.;edyres will be enhanced to sgecif!i that for the neutron shield tank (NST) loss of material gue tQ cQrrosion, other than 
sugerficial QQrrosiQn, will be evalyated to ensure that the NST will continye to gerfQrm its intengeg fynr.;tiQns, inr.;luding 
st(Yr,;tyral SYDDQ(t Qf the RPV (Added - Set 2 BAls) 

.1Q. PcQr.;edures will t;ie enhanr.;ed tQ soer.;ih'. fQr the samgling-!:!ased insger.;tiQns tQ delslr.;t r.;rar.;king in stainless steel and Program 
aluminym QQmQQnents additiQnal jnsger.;tiQns will !:!e r.;Qndyr.;ted if Qne Qf the insgeQtiQns dQes nQt meet ar.;r.;eotanr.;e r.;riteria enhancements for 
due tQ current or grojected degradation , unless the cause of the aging effect for each agglicable material and environment 

SLR will be 
Structures is QQrrer.;teg QJ'. reg;;iir Qr regl;;ir.;ement fQr ;;ill QQmgQnents QQnstryr.;ted of the same material and exgQsed to the same 

implemented 
34 Monitoring envirQnment. No fewer th;;in five 2dditiQnal insgections for e;;ich insgeQtion that did not meet accegt;;ince criteria or 20 B2.1.34 

program perr.;ent Qf esir.;h aoglir.;sit;ile msiterisil, envirQnment, sind siging effer.;t QQm!;;!insitiQn will !:!e ins(;2er.;ted, wbir.;hever is less. 
6 months prior to 
the subsequent 

Agdition21 insgections will be QQmgleted within the 1 Q-J'.e2r inirner.;tiQn interval in which the original insger.;tiQn was 
period of extended 

condur.;ted . Tbe resgQnsi!;;!le engineer will initi;;ite QQnditiQn repQrts tQ gener;;ite wQrk orders to gerform the additional 
operation. 

insger.;tiQns. Th§ resgonsibl!;! engine§r will ev;;ilyate the insgeQtion results, and if the subseguent insgections do not meet 
s!QQ!:!QtanQe r.;riteri;;i, an extent Qf r.;onditiQn and §xtent of cause analJ'.sis will !;;!e QQngur.;ted. Th§ resQQnsible engine§r will 
then Q§termine the fuctber extent of insi;ier.;tiQns. Agditional sami;iles will be inspected for anJ'. recurring degradation to 
ensure r.;orr§Qtiv§ 2ctions agprQpri2t!;!IJ'. 2ddr§ss the assQciated causes. The additional insgectiQns will include insgections 
of QQmpon§nts with the same material, environment, and 2ging effeQt QQmbination at both Unit 1 and Unit 2. If an!!'. 
grQj!;!Qted insger.;tiQn results will nQt m§!:!t ar.;r.;eptanr.;e criteria prior to the next scheduled inspection, inspection freguencies 
will Q!:! adjusted ;;is determined QJ'. the QQrrer.;tive Action Program . (Added - Qhange Notice 2) 

11 . PrQr.;edur§s will t;ie enh;;inr.;§d tQ sper.;if!i that evaluation of neutron shield tank findings consider its structural suggo[t 
function for the r§actor gressure vessel. (Added - Change Notice 3) 

12. PrQr.;edures will be enhanced to also inr.;lude LOCAs as events that reguire evaluation for gotentiallJ'. degraded structures by 
Civil/Mer.;hanical Design Engineering. (Addeg - Change Notice 3) 
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Set 3 and Set 4 RAls 

82.1.8 Flow-Accelerated Corrosion 

Program Description 

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

Appendix B - Aging Management Programs 

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 NRG 

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)-susceptible piping systems and components; (b) developing FAG predictive models to reflect 

component geometries, materials , and operating parameters ; (c) performing analyses of FAG 

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 FAG models. 

Flow Accelerated Program Description 

The Flow-Accelerated Corrosion program tracks and predicts occurrences of wall thinning due to 

FAG using CHECWORKS-SFA TM software. Changes made in the CHECWORKS-SFA TM model are 

prepared and implemented by a qualified FAG engineer. Each change is then independently 

reviewed and validated by a qualified FAG engineer. Evaluations documenting the calculation of 

wear, wear rate , remaining life , next scheduled inspection , and sample expansion are 

independently reviewed by a qualified FAG 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 TM 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 model for FAG-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 

FAG-susceptible components . 

Page B-60 

19-344C 
Enclosure 

Page 18 of 87 



Set 3 and Set 4 RAls 

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

Appendix B -Aging Management Programs 

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. 

Erosion Control Program Description 

The basis for erosion monitoring is an Erosion Susceptibility Evaluation (ESE) that identifies 

components that require inspection due to potential wall thinning caused by cavitation. flashing , 

liquid droplet impingement (LOI), or solid particle erosion (SPE) . The ESE includes each system 

that could be degraded by any of these four mechanisms. The majority of the erosion monitoring 

inspection scope is based on the ESE. and is determined in a manner similar to the process for 

"Susceptible Non-modeled" (SNM) lines used for the FAC program . Lines are risk ranked based on 

the level of plant safety, erosion susceptibility, and consequence of failure. 

Identification of components to be inspected for erosion monitoring is provided by an engineering 

evaluation that considers operating experience reviews . components replaced at other units, 

re-inspections of previously-inspected component, input from other internal inspections, and 

previously-replaced components. Erosion monitoring includes calculations of wear rate based on 

nominal and measured wall thickness values. evaluations of remaining service life, and 

determination of whether a component requires immediate replacement, a future re-inspection , or 

no further inspection. 

The CHECWORKS Erosion Module is not used to determine susceptibility, or select systems for 

inspection, as all lines modeled in the Erosion Module are identified using the ESE . The outputs 

from the Erosion Module are used to help identify predicted erosion locations to be inspected on 

susceptible lines. Those outputs are not used to exclude lines from the inspection scope, but are 

used to help establish the priority of inspections. The Erosion Module does not calculate a 

remaining service life or projected wall thickness. Those determinations occur as engineering 

evaluations performed outside of the Erosion Module. 

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 FAC. Similarly, 

selecting FAG-resistant materials, or changing piping geometry for susceptible locations can be 

effective in reducing FAC . The aging management strategy related to FAC 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 . 
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Exception Summary 

None 

Enhancements 

Surry Power Station, Units 1 and 2 
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Appendix B - Aging Management Programs 

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 

FAC 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 FAC program will be completed prior to entering the subsequent period of extended 

operation . 

2. A re-evaluation of the erosion susceptibility determination that identified plant systems in the 
scope of subsequent license renewal that were previously excluded from monitoring will be 
performed to re-affirm that the appropriate basis for exclusion either is in-service operational 
and testing time less than 100 hours per year. or is a technical evaluation specifically 
developed to exclude a system. (Added - Set 4 RAls} 

3. A re-evaluation will be performed to determine whether plant conditions (e .g .. valve throttling} 

have changed such that susceptibility to erosion has increased for plant systems within the 
scope of subsequent license renewal. (Added - Set 4 RAls} 

Detection of Aging Effects (Element 4) 

4. Procedure will be revised to confirm that inspection scope expansions include the items 

noted below and to confirm that independent reviews of inspection scope expansions 

are independently reviewed by a qualified FAC engineer. 

• 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 . 
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Operating Experience Summary 
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Appendix B - Aging Management Programs 

The following examples of operating experience provide objective evidence that the 

Flow-Accelerated Corrosion 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. 

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 FAG-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 sections 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 

thickness, thus requiring replacement during the current refueling outage. A work order was 

completed to replace the piping section using CrMo material prior to resuming power 

operation. 

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. 
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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. 

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. 
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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 Management Program Effectiveness," elements. The activity uses 

ultrasonic testing (UT) to perform wall thickness measurements of piping that is susceptible to 

FAG in 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 (FAG) degradation. Condition Reports (CRs) 

for a 10-year period (July 2006-June 2016) have been reviewed to identify examples of 

degradation resulting from FAG. 

Reviews of FAG 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 NOE inspection was performed on a service water line (Cu-Ni piping) to 

a safety-related HVAC chiller to monitor degradation (erosion) as a result of previous failure 

evaluations: The NOE inspection provided additional wall thinning information until a design 

change could be implemented. The results of NOE 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 'N. main control room chiller in June 2009, and on the tubes of 'C' 

main control room chiller in July 2010. 
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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 FAG 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 

transfer, flow blockage, 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 G L 89-13 

to verify heat transfer capabilities. Titanium tubes and tubesheets are scraped in combination with 

as found visual inspection of the tubesheet for 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 (B2.1.28) manages the aging effects of the internal surface 

coatings except 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 (82.1.28) will manage 

the aging effects of internal surface coatings. 

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 Cooling 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 (82.1.11) 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 visual inspection results). Prior flow test results documented between 

1997 and 2010 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) 

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 provide 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) 

7. Procedures will be enhanced to perform two soil corrosivity samples: one adjacent to the Unit 

1 circulating water inlet piping and another adjacent to the Unit 2 circulating water inlet piping . 

Sampling will be performed on a 10 year interval. Data collected at each location will include: 

soil resistivity. soil consortia (bacteria) . pH. moisture. chlorides. sulfates. and redox potential. 

In addition to evaluating each individual parameter. corrosivity of carbon steel reinforcement 

and concrete degradation in high sulfate and acidic environments will be evaluated . (Added 

Set 3 RAls) 

Detection of Aging Effects (Element 4) 

8. 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 (B2.1.34) that are consistent with the requirements of 

ACI 349.3R. 

9. 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 qualified consistent with 

mandatory Appendix VI of ASME Code Case N-871 . (Added - Set 2 RAls) 

10. Procedures will be revised to require installed CFRP linings be 100% visually examined in 

accordance with ASME Code Case N-871 section 5213 during an inspection period between 
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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) 

11. Procedures will 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 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. (Added - Set 2 RAls) 

12. 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) 

13. 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. 

14. 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. 

15. 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) 

16. Procedures will be revised to include verification that predicted wall thicknesses at the next 

scheduled inspection will be greater than the minimum wall thicknesses. 

17. Procedures will be revised to include criteria for the extent and rate of on-going degradation 

that will prompt additional corrective actions. 

18. 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 
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of leakage, exposed rebar or reinforcing "hoop" bands or rust staining from such reinforcing 

elements. 

19. 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 

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 5350 (a) and 

(b) 

Corrective Actions (Element 7) 

20. 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 

ASME Code Case N-871 section 4390 (d) 

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 before 

placing the repaired piping back in service. In no case shall the system be placed in service 

before achieving 85% cure. 
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21. 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. 

22. 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 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 elevated 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 chiller 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, five through-wall holes were identified in a piping elbow of the 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, and 

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 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 service 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 brackish cooling water 

system. 

A permanent repair of the service and circulating water systems piping that restores 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 of the component cooling heat 

exchangers 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 
Equipm'ent. 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, 

~nd 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 scheduled, 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 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 NRG 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 

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 
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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. 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 (B2.1.28) 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 Water System program is an existing condition monitoring program that manages loss of 

material, flow blockage, cracking and loss of coating integrity for in-scope water-based fire 

protection systems. This program manages aging effects by conducting periodic visual inspections, 

flow testing, and flushes. Testing and inspections are conducted on a refueling outage interval as 

allowed by NUREG-2191, Section XI.M27, Table XI.M27-1, "Fire Water System Inspection and 

Testing Recommendations". There are no nozzle strainers, glass bulb sprinklers, fire pump suction 

strainers, or foam water sprinkler system~ within the scope of subsequent license renewal. 

The Fire Water System program will include testing a representative sample of the sprinklers prior 

to fifty years in service with additional representative samples tested at 10-year intervals. Sprinkler 

testing will be performed consistent with the 2011 Edition of NFPA 25, "Standard For The 

_Inspection, Testing and Maintenance of Water-Based Fire Protection Systems," Section 5.3.1. The 

fifty year in-service date for sprinklers is October 26, 2021. 

Portions of water-based fire protection system components that have been wetted, but are normally 

dry, such as dry-pipe or preaction sprinkler system piping and valves, were designed and installed 

with a configuration and pitch to allow draining. With the exception of two locations, Engineering 

walkdowns confirmed the as-built configuration that allows draining and does not allow water to 

collect. Corrective actions have been initiated for the two locations to verify a flow blockage 

condition does not exist and to restore the two locations to original configuration requirements that 

allow draining and do not allow water to collect. After corrective actions, portions of the water-based 

fire protection system that have been wetted, but are normally dry, will not be subjected to 

augmented testing and inspections beyond those required by NUREG-2191, AMP XI.M27, 

Table XI.M27-1. 

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 Main 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 Main Control Room and at the fire 

pump control panels in the pump house. Both fire pumps may be manually started from the control 

room. 

Piping wall thickness measurements are conducted when visual inspections detect surface 

irregularities indicative of unexpected levels of degradation. When the presence of organic or 

inorganic material sufficient to obstruct piping or sprinklers is detected, the material is removed and 

the source is detected and corrected. 
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Inspections and tests are performed by personnel qualified in accordance with procedures and 
programs to perform the specified task. Non-code inspections and tests follow procedures that 

include inspection parameters for items such as lighting, distance, offset, presence of protective 
coatings, and cleaning processes that ensure an adequate examination. 

If a flow test (i.e., NFPA 25, 2011 Edition, Section 6.3.1) or a main drain test (i.e., NFPA 25, 2011 

Edition, Section 13.2.5) does not meet the acceptance criteria due to current or projected 

degradation, additional tests are conducted. The number of increased tests is determined in 

accordance with the site's corrective action process; however, there are no fewer than two 

additional tests for each test that did not meet the acceptance criteria. The additional inspections 

are completed within the interval (i.e., five years or annual/refueling) in which the original test was 

conducted. If subsequent tests do not meet the acceptance criteria, an extent of condition and 

extent of cause analysis is conducted to determine the further extent of tests required. The 

additional tests will include at least one test at the other unit on site with the same material, 

environment, and aging effect combination. 

In addition to piping replacement, actions will be taken to address instances of recurring corrosion 

due to microbiological induced corrosion. Low Frequency Electromagnetic Technique (LFET) or 

similar scanning technique will be used for screening 100 feet of accessible piping during each 

refueling cycle to detect changes in the wall thickness of the pipe. Thinned areas found during the 

LFET scan are followed up with pipe wall thickness examinations to ensure aging effects are 

managed and that wall thickness is within acceptable limits. In addition to the pipe wall thickness 

examination, opportunistic visual inspections of the fire protection system will be performed 

whenever the fire water system is opened for maintenance. 

Aging of the external surfaces of buried and underground fire main piping is managed by the Buried 

and Underground Piping and Tanks program (82.1.27). Loss of material and cracking of the internal 

surfaces of cement lined buried and underground fire main piping are managed by the Internal 

Coatings/Linings For In-Scope Piping, Piping Components, Heat Exchangers, and Tanks program 

(82.1.28). 

Aging of the fire water storage tank bottom surfaces exposed to oil soil are managed by the Outdoor 

and Large Atmospheric Metallic Storage Tanks program (82.1.17). 

When degraded coatings are detected during internal inspections of the fire water storage tanks, 

acceptance criteria, and corrective action recommendations of the Internal Coatings/Linings For 

In-Scope Piping, Piping Components, Heat Exchangers, and Tanks program (82.1.28) are 
followed. The training and qualification of individuals involved in coating/lining inspections of 

non-cementitious coatings/linings are conducted in accordance with ASTM International Standards 

endorsed in RG 1.54 including guidance from the staff associated with a particular standard. 
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The Fire Water System program is an existing program that, following enhancement, will be 

consistent, with exception, to NUREG-2191, Section XI M27, Fire Water System. 

Exception Summary 

The following program element(s) are affected: 

1. (Deleted exception for fire water storage tanks insulated external surface inspections - Change 

Notice 3) NUREG-2191, Table XI.M27-1, note 10 recommends main drain tests at each 

water-based system riser to determine if there is a change in the condition of the water piping 

and control valves on an annual or refueling outage interval. Surry Power Station will perform 

the main drain tests on twenty percent of the standpipes and risers every refueling cycle. 

Justification for Exception 

As indicated by NUREG-2191 Table XI.M27-1, note 10, access for some inspections is feasible 

only during refueling outages which are scheduled every eighteen months. Main drain tests on 

twenty percent of the standpipes and risers every eighteen months provide adequate information to 

determine the condition of the fire water piping is maintained consistent with the design basis. 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement(s) will be 

implemented in the following program element(s): 

Parameters Monitored or Inspected (Element 3), Detection of Aging Effects (Element 4), 

Acceptance Criteria (Element 6), and Corrective Actions (Element 7) 

1. (Sprinkler inspections - Completed Change Notice 1) 

2. Prior to 50 years in service, sprinkler heads will be submitted for field-service testing by a 

recognized testing laboratory consistent with NFPA 25, 2011 Edition, Section 5.3.1. Additional 

representative samples will be field-service tested every 1 O years thereafter to ensure signs of 

aging are detected in a timely manner. 

For wet pipe sprinkler systems, a one-time test of sprinklers that have been exposed to water 

including the sample size, sample selection criteria, and minimum time in service of tested 

sprinklers will be performed. At each unit, a sample of 3% or a maximum of ten sprinklers with 

no more than four sprinklers per structure shall be tested. Testing is based on a minimum time 

in service of fifty years and severity of operating conditions for each population. (Revised -

Change Notice 2) 

3. Procedures will be revised to specify: 
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a. standpipe and system flow tests for hose stations at the hydraulically most limiting 
locations for each zone of the system on a five year interval to demonstrate the capability 
to provide the design pressure at required flow. 

b. Acceptance criteria for wet pipe main drain tests. Flowing pressures from test to test will 
be monitored to determine if there is a 10% reduction in full flow pressure when compared 
to previously performed tests. The Corrective Action Program will determine the cause 
and necessary corrective action. 

c. If a flow test or a main drain test does not meet acceptance criteria due to current or 
projected degradation additional tests are conducted. The number of increased tests is 
determined in accordance with the corrective action process; however, there are no fewer 
than two additional tests for each test that did not meet acceptance criteria. The 
additional inspections are completed within the interval in which the original test was 
conducted. If subsequent tests do not meet acceptance criteria, an extent of condition 
and extent of cause analysis is conducted to determine the further extent of tests. The 
additional tests include at least one test at the other unit with the same material, 
environment, and aging effect combination. 

d. Main drains for the standpipes associated with hose stations within the scope of 

subsequent license renewal will also be added to main drain testing procedures. 

4. Procedures will be revised to perform internal visual inspections of sprinkler and deluge 

system piping to identify internal corrosion, foreign material, and obstructions to flow. 

Follow-up volumetric examinations will be performed if internal visual inspections detect an 

unexpected level of degradation due to corrosion product deposition. If organic or foreign 

material, or internal flow blockage that could result in failure of system function is identified, 

then an obstruction investigation will be performed within the Corrective Action Program that 

includes removal of the material, an extent of condition determination, review for increased 

inspections, extent of follow-up examinations, and a flush in accordance with NFPA 25, 2011 
Edition, Annex 0.5, Flushing Procedures. The internal visual inspections will consist of the 

following: (Relocated from Enhancement 1 O and Corrected - Change Notice 2) 

a. Wet pipe sprinkler systems - 50% of the wet pipe sprinkler systems in scope for 

subsequent license renewal will have visual internal inspections of piping by removing a 

hydraulically remote sprinkler, performed every five years, consistent with NFPA 25, 2011 

Edition, Section 14.2. During the next five-year inspection period, the alternate systems 

previously not inspected shall be inspected. 

b. Pre-action sprinkler systems - pre-action sprinkler systems in scope for subsequent 
license renewal will have visual internal inspections of piping by removing a hydraulically 

remote nozzle, performed every five years, consistent with NFPA 25, 2011 Edition, 
Section 14.2. 
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c. Deluge systems - deluge systems in scope for subsequent license renewal will have 

visual internal inspections of piping by removing a hydraulically remote nozzle, performed 

every five years, consistent with NFPA 25, 2011 Edition, Section 14.2. 

Parameters Monitored or Inspected (Element 3), Detection of Aging Effects (Element 4), and 

Monitoring and Trending (Element 5) 

5. Procedures will be revised to perform system flow testing at flows representative of those 

expected during a fire. A flow resistance factor (C-factor) will be calculated to compare and 

trend the friction loss characteristics to the results from previous flow tests.(Renumbered -

Change Notice 2) 

Parameters Monitored or Inspected (Element 3) and Detection of Aging Effects (Element 4) 

6. (Hydrant flushing Completed - Change Notice 1 and renumbered - Change Notice 2) 

7. Prior to the subsequent period of extended operation, the insulation on the exterior surfaces of 

the fire water storage tanks (FWSTs) will be permanently removed. Wall thickness 

measurements will be performed on external tank areas exhibiting unexpected degradation. 

Refurbishment/recoating will be performed consistent with the severity of the degradation 

identified and commensurate with the potential for loss of intended function. Inspections of 

external tank surfaces will be on a refueling cycle frequency.(Renumbered - Change Notice 2 

and revised - Change Notice 3) 

8. (strainer flushing completed - Change Notice 1 and renumbered - Change Notice 2) 

9. A procedure will be created to provide a Turbine Building oil deluge systems spray nozzle air 

flow test to ensure that patterns are not impeded by plugged nozzles, to ensure that nozzles 

are correctly positioned, and to ensure that obstructions do not prevent discharge patterns 

from wetting surfaces to be protected. (Renumbered - Change Notice 2) 

(Old Enhancement #9 was relocated to Enhancement 4 - Change Notice 2) 

Detection of Aging Effects (Element4) 

10. Procedure will be revised to provide inspection guidance related to lighting, distance and offset 

for non-ASME Code inspections. The procedure will specify adequate lighting be verified 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 to four feet (or less) will be appropriate. For distant surface 

inspections, viewing aids such as binoculars may be used. For viewing angles which may 

prevent adequate inspection, a viewing aid such as an inspection mirror or boroscope should 

be used. 

11. The Unit 1 hydrogen seal oil system deluge sprinkler pipe and Unit 1 station main transformer 

'1A' deluge sprinkler piping will be reconfigured to allow drainage. As part of the drainage 
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reconfiguration , visual inspections and wall thickness measurements will be performed on the 

Unit 1 hydrogen seal oil system deluge sprinkler pipe that does not drain . In addition , wall 

thickness examination of the Unit 1 main transformer deluge sprinkler piping that does not 

allow drainage will also be performed as part of the drainage reconfiguration . Piping with 

unexpected degradation will be replaced .-(Revised - Change Notice 3) 

12. The program will be revised to require inspections and tests be performed by personnel 

qualified in accordance with site procedures and programs for the specified task. (Added 

Change Notice 2) 

13. Procedures will be revised to require when degraded coatings are detected by internal coating 

inspections, acceptance criteria and corrective action recommendations consistent with the 

Internal Coatings/Linings for In-Scope Piping , Piping Components , Heat Exchangers and 

Tanks (B2 .1.28) program are followed in lieu of NFPA 25 section 9.2.7 (1 ), (2) , and (4) . When 

interior pitting or general corrosion (beyond minor surface rust) is detected , tank wall thickness 

measurements are conducted as stated in NFPA 25 Section 9.2.7(3) in vicinity of the loss of 

material. Vacuum box testing as stated in NFPA 25 Section 9.2.7(5) is conducted when pitting , 

cracks , or loss of material is detected in the immediate vicinity of welds . (Added Change 

Notice 2) 

14. The activity of the jockey pump will be monitored consistent with the "detection of aging 

effects" program element of NUREG-2191 . Section XI . M41 . {Added - Set 3 RAls) 

Detection of Aging Effects (Element4) and Acceptance Criteria (Element 6) 

15. Procedures will be revised to address recurring internal corrosion with the use of Low 

Frequency Electromagnetic Technique (LFET) or a similar technique on 100 feet of piping 

during each refueling cycle to detect changes in the pipe wall thickness. LFET screening or a 

similar technique will also be performed on accessible interior fire water storage tank bottoms 

during periodic inspections. The procedure will specify thinned areas found during the LFET 

screening be followed up with pipe wall thickness examinations to ensure aging effects are 

managed and wall thickness is within acceptable limits. In addition to the pipe wall thickness 

examination , the performance of opportunistic visual inspections of the fire protection system 

will be required whenever the fire water system is opened for maintenance. 
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The following examples of operating experience provide objective evidence that the Fire 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 January 2012, an Engineering walkdown of the fire protection piping header along the north 
wall of the Unit 2 Turbine Building revealed a potential leak location on the supply line to a 

hose rack. The flanged connection and straight pipe were removed and replaced. 

2. In January 2012, a section of 2-inch fire protection "drop" piping in the Turbine Building 

developed a leak. The investigation for extent of condition and determination for the extent of 

fire protection piping to be inspected and replaced, as necessary, involved inspections of three 

locations in the Turbine Building and three locations in the Auxiliary Building. Microbiologically 
induced corrosion (MIC) was evident in many locations, but the extent of corrosion was not as 

severe in the Auxiliary Building as it was in the Turbine Building. Despite the less severe 
corrosion in the Auxiliary Building, the three segments of piping that were inspected were 
replaced. Similarly, one of the three segments of piping in the Turbine Building was replaced. 

A capital project was proposed for a multi-year process of replacing segments of 2-inch, 
4-inch, and 10-inch piping in the Turbine Building. The initial phase that was completed 
included replacing 200 feet of ten inch piping in the Turbine Building. Additional phases were 
proposed, and described in the Fire Protection Strategic Plan. See April 2013 and November 
2015 operating experience. 

3. In June 2012, during inspection of Auxiliary Building fire protection piping minor sediment was 

discovered in the supply header to the Unit 1 cable tunnel sprinklers. Debris and MIC nodules 
were discovered inside a spool piece and accessible four inch piping. The sediment and debris 

were removed, the visual inspection was performed, and the blind flanges and spool pieces 

were replaced. The necessary pipe replacement is included in the Fire Protection Strategic 
Plan. 

4. In March 2013, NRG Information Notice 13-06, "Corrosion in Fire Protection Piping Due to Air 

and Water Interaction", identified industry operating ·experience involving the loss of function of 
fire protection water systems due to the potential for adverse air and water interactions in 

pre-action and dry-pipe systems. Engineering evaluated the potential for similar adverse 
conditions and associated degradation in deluge systems at Surry Power Station that are 
periodically flow tested. Subsequently, in January 2018, a walkdown was performed to confirm 
that plant design specifications on drainage features for piping downstream of all in-scope 
pre-action and deluge valves in the fire protection system continued to be in effect. Two 
locations, one relating to main transformer 1A and one relating to Unit 1 generator hydrogen 
seal oil system, were identified as having a potential for adverse air and water interactions and 
entered into the corrective action program. 
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5. In April 2013, a section of two 10-inch fire protection system piping in the Turbine Building 
developed a leak. A walkdown of six locations was performed to determine extent of condition 
in the Turbine Building and the Auxiliary Building. MIC was evident in four locations, but the 
extent of corrosion in the Auxiliary Building was not as severe. Replacement of 4-inch and 
10-inch fire protection header is a like-for-like replacement. The replacement of the Turbine 
Fire Protection Header was split into four different phases. One phase was to be accomplished 
each year. The second phase is planned to replace approximately 400 feet of ten-inch header 
pipe and 200 feet of two-inch hose station pipe. The necessary pipe replacement is included in 
the Fire Protection Strategic Plan. 

6. In February 2014, visual and volumetric inspections were performed for Fire 
Protection/domestic water storage tank 1A to determine the extent of additional degradation 
that had occurred since similar inspections were completed in December 2008. The most 
significant degradation was noted on the tank floor. The result of the visual inspection was that 
coating degradation was continuing, and. that some bare metal was evident. Similarly, 
volumetric examinations found additional thinning for the tank floor. Follow-up visual 
examinations were performed in August 2018 and follow-up wall thickness examinations were 
performed in March 2019. Prior wall thickness measurements were confirmed to be attributed 
to laminations that existed from original steel plate fabrication. An engineering evaluation 
projected the tank floor plate would maintain acceptable wall thickness thoughout the 
subsequent period of extended operation. Work orders were generated to refurbish/recoat the 
FWST interior surfaces prior to the subsequent period of extended operation. 

7. In August 2014, visual and volumetric inspections were performed for Fire Protection/domestic 
water storage tank 1 B to determine the extent of additional degradation that had occurred 
since similar inspections were completed in December 2008. The most significant degradation 
was noted on the tank floor. Follow-up visual examinations were performed in August 2018 
and follow-up wall thickness examinations were performed in March 2019. Prior wall thickness 
measurements were confirmed to be attributed to laminations that existed from original steel 
plate fabrication. An engineering evaluation projected the tank floor plate would maintain 
acceptable wall thickness thoughout the subsequent period of extended operation. Work 
orders were generated to refurbish/recoat the FWST interior surfaces prior to the subsequent 
period of operation. 

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 was 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% 
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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. 

9. In November 2015, an effectiveness review of the Fire Protection Program aging management 

activity (AMA) (UFSAR Section 18.2.7) 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. A comprehensive fire water system 

assessment recommended a large scale piping replacement of turbine building and auxiliary 
building piping. The large scale piping replacement project to be performed over multiple 

refueling outages was identified as a measure to address degradation in carbon steel system 
piping and to ensure that system intended functions were maintained. Completed and closed 
phases of this effort have included replacement of approximately 400 feet of 4 inch piping and 
200 feet of 2 inch piping in 2014 and approximately 567 feet of 4 inch piping and 303 feet of 2 

inch piping in 2015. An additional phase replacing approximately 175 feet of 4 inch piping and 
100 feet of 2 inch piping has been completed and is awaiting final testing. Work documents for 
additional phases are planned and issued for work extending into 2019. 

10. In March 2019, results from fire protection system 2500 gpm flow tests with the motor driven 
fire pump from 2014 through 2019 consistently showed satisfactory system pressure for the 

corresponding flow rate. The trend from these results does not indicate significant degradation 
over the five-year interval, particularly considering the two most recent measurements. Results 

from fire protection system 2500 gpm flow tests with the diesel driven fire pump from 2014 

through 2019 also consistently showed satisfactory system pressure for the corresponding 
flow rate. There is confidence that continued implementation of flow monitoring for the fire 

protection system using the three year interval required by the Technical Requirements 

Manual will effectively manage aging prior to a loss of intended function. 

11. 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 
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Procedure changes were completed as necessary to ensure the above items were satisfied. 

12. In November 2017, as part of oversight reviews of the Fire Protection Program AMA (UFSAR 
Section 18.2. 7), an inconsistency was identified in the performance interval for system integrity 
demonstration by main drain testing. The test interval had been extended from quarterly to 
each 18 months but the extended interval had not been incorporated into program documents. 
An Engineering Assignment to review operating experience to trended performance data to 
2011 has been completed with no significant degrading trends observed. The new interval is 
consistent with the test interval of NFPA 25 (2011 Edition) Table 13.1.1.2 modified by 

NUREG-2191, Section XI.M27, Table XI.M27-1, Note 10. 

13. In January 2018 an aging management program effectiveness review was performed for the 

Fire Protection Program AMA (UFSAR Section 18.2.7). Information from the summary of that 

effectiveness review is provided below: 

The Fire Protection Program AMA is meeting or exceeding the requirements of selected 
NEI 14-12, "Aging Management Program Effectiveness," elements. Key activities of the Fire 

Protection Program AMA that were reviewed include the inspection of components, the 
evaluation of inspection results, repairs/replacements, corrective actions, and AMA document 

updates. Engineering reports from 2006 to 2017 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 age related 
degradation of fire protection components within the scope of license renewal. 

In the past, multiple fire water piping leaks had been identified in the Unit 1 and Unit 2 Turbine 
Buildings. As a result, a five phase large scale fire protection piping replacement project has 

been underway since 2015 to replace Turbine Building header piping and hose station piping 
as well as the Unit 1 and Unit 2 Auxiliary Building Hose station piping. Two of the Turbine 

Building phases are complete and two are waiting on testing. Phase five includes the 

remaining scope in the turbine building and the entire scope in the Auxiliary Building and is 

planned to start in 2018. Once complete, a large majority of the above ground fire protection 
piping in the plant will have been replaced, including areas where reoccurring leaks were 

previously identified. 

The fire water/domestic water storage tanks are managed by the Tank Inspection Activities 

AMA (UFSAR Section 18.1.3); but, are also discussed here for overall fire protection 
performance considerations. The fire water/domestic water storage tanks were found to have 
failing internal coatings and loss of material on the tank floors. Estimates for projected useable 
tank lifetime and evaluations for additional monitoring were performed. Recommendations are 
being prepared for repair or replacement project considerations. 
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Multiple operating issues, and obsolescence of the diesel driven fire pump resulted in a design 
change that replaced the diesel driven fire pump and associated control panel. The new diesel 
driven fire pump has exhibited substantially improved performance compared to the original 
fire pump. 

Activities to implement NFPA 25, 1998 Edition, Section 2-3.1.1 (1998 edition), testing of 

sprinklers that have been in service for fifty years have been initiated to prove continued 
functionality. The Unit 1 and Unit 2 turbine building sprinklers have been sampled and will be 

tested by 2021, when fifty years of service is reached. 

Recurring Internal Corrosion (RIC) 

Recurring internal corrosion, including through-wall failures due to microbiological induced 

corrosion, has occurred on several occasions. Periodic fire protection system piping flushes, 

flow testing and 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 a similar technique on 100 feet of piping during each refueling cycle to detect 

changes in the pipe wall thickness. 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 pipe wall thickness 

examinations to ensure aging effects are managed and that wall thickness is within acceptable 

limits. In addition to the pipe wall thickness examination, opportunistic visual inspections of the 

fire protection system will be performed whenever the fire water system is opened for 

maintenance. 

The above examples of operating experience provides objective evidence that the Fire Water 

System program includes activities to perform periodic fire main and hydrant inspections and 

flushing, sprinkler inspections, functional test, and flow tests to identify loss of material, flow 

blockage, and loss of coating integrity for in-scope water-based fire protection systems within the 

scope of subsequent license renewal, and to initiate corrective actions. Occurrences identified 

under the Fire 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. Appropriate 

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 Fire Water 
System program, following enhancement, will effectively identify aging, and initiate corrective 
actions, prior to a loss of intended function. 
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The continued implementation of the Fire Water System 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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82.1.27 Buried and Underground Piping and Tanks 

Program Description 

The Buried and Underground Piping and Tanks program is an existing condition monitoring 

program that manages loss of material, blistering, and cracking on external surfaces of piping and 

tanks in soil or underground environments within the scope of subsequent license renewal through 

preventive and mitigative actions. The program addresses piping and tanks composed of steel, 

stainless steel, copper alloys, fiberglass reinforced plastic, and concrete. Depending on the 

material, preventive and mitigative techniques include external coatings, cathodic protection (CP), 

and the quality of backfill. Direct visual inspection quantities for buried components are planned 

using procedural categorization criteria. Transitioning to a higher number of inspections than 

originally planned is based on the effectiveness of the preventive and mitigative actions. Also, 

depending on the material, inspection activities include electrochemical verification of the 

effectiveness of cathodic protection, non-destructive evaluation of pipe or tank wall thicknesses, 

performance monitoring of fire mains, and visual inspections of the pipe from the exterior. 

The buried carbon steel piping of the fuel oil system for emergency electrical power system is the 

only buried piping that is protected by an active CP system. Monthly periodic inspections confirm 

CP system availability and annual CP surveys are conducted to assess the effectiveness of the CP 

system. The program uses the -850 mV relative to CSE (copper/copper sulfate reference 

electrode), instant off criterion specified in NACE SP0169 for acceptance criteria for steel piping 

and tanks and determination of cathodic protection system effectiveness in performing cathodic 

protection surveys. The program includes an upper limit of -1200 mV on cathodic protection 

pipe-to-soil potential measurements of coated pipes to preclude potential damage to coatings. For 

steel components, where the acceptance criteria for the effectiveness of the cathodic protection is 

other than -850 mV instant off, loss of material rates are measured. 

The balance of piping and tanks within the scope of subsequent license renewal are not provided 

with CP. Based on soil sampling and testing, it has been determined that installation and operation 

of CP is not necessary. Soil sampling and testing is performed during each excavation and a 

station-wide soil survey is also performed once in each 10-year period to confirm that the soil 

environment of components within the scope of license renewal is not corrosive for the installed 

material types. Soil sampling and testing is consistent with EPRI Report 3002005294, "Soil 

Sampling and Testing Methods to Evaluate the Corrosivity of the Environment for Buried Piping and 

Tanks at Nuclear Power Plants." 

External inspections of buried components within the scope of subsequent license renewal will 

occur opportunistically when they are excavated for any reason. 
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Inspections are conducted by qualified individuals. Where the coatings, backfill or the condition of 

exposed piping does not meet acceptance criteria such that the depth or extent of degradation of 

the base metal could have resulted in a loss of pressure boundary function when the loss of 

material rate is extrapolated to the end of the subsequent period of extended operation, the sample 

size is increased. 

As an alternative to performing visual inspections of the buried fire protection system components, 

monitoring the activity of the jockey pump is performed by the Fire Water System program 

(82.1.16). The water-based fire protection system is normally maintained at required operating 

pressure and is monitored such that a loss of system pressure is detected and corrective action 

initiated. 

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 Cooling 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 (82.1.11) 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 will 

opportunistically inspect the buried concrete circulating water lines when scheduled maintenance 

work permits access. 

The Selective Leaching program (82.1.21) is applied in addition to this program to manage 

selective leaching for applicable materials in soil environments. 

NUREG-2191 Consistency 

The Buried and Underground Piping and Tanks program is an existing program that, following 

enhancement, will be consistent with NUREG-2191, Section XI.M41, Buried and Underground 

Piping and Tanks. 

Exception Summary 

None 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancements will be 

implemented in the following program elements: 

Preventive Actions (Element 2) 

1. Procedures will be revised to establish an upper limit of -1200mV for pipe-to-soil potential 

measurements of coated pipes so as to preclude potential damage to coatings. 
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3. Procedures will be revised to obtain pipe-to-soil potential measurements for piping in the 

scope of SLR during the next soil survey within 10 years prior to entering the subsequent 

period of operation. (Added - Set 1 RAls) 

Preventive Actions (Element 2) and Detection of Aging Effects (Element 4) 

4. Procedures will be revised to require uncoated buried stainless steel tubing segments in the 

fuel oil system be inspected prior to the subsequent period of extended operation. After 

inspection , each uncoated stainless steel segment will be coated consistent with Table 1 of 

NACE SP0169-2007, "Standard Recommended Practice, Cathodic Proteotion of Prestressed 

Conorete Cylinder Pipelines.Control of External Corrosion on Underground or Submerged 

Metallic Piping Systems" (Added - Set 1 RAls) {Revised - Set 3 RAls) 

5. A cathodic protection system will be installed for protection of the 24-inch service water piping 

at the Low Level Intake Structure five years before entering the subsequent period of 

operation . {Added - Set 3 RAls) 

Acceptance Criteria (Element 6) 

6. Procedures will be revised to specify that cathodic protection surveys use the -850mV 

polarized potential , instant off criterion specified in NACE SP0169-2007 for steel piping 

acceptance criteria unless a suitable alternative polarization criteria can be demonstrated. 

Alternatives will include the -100mV polarization criteria , -750mV criterion (soil resistivity is 

less than 100,000 ohm-cm), -650mV criterion (soil resistivity is greater than 100,000 ohm-cm), 

or verification of less than 1 mpy loss of material rate . 

The external loss of material rate is verified : 

• Every year when verifying the effectiveness of the cathodic protection system by 

measuring the loss of material rate . 

• Every 2 years when using the 100 mV minimum polarization . 

• Every 5 years when using the -750 or -650 criteria associated with higher resistivity soils. 

The soil resistivity is verified every 5 years. 

As an alternative to verifying the effectiveness of the cathodic protection system every 

five years , soil resistivity testing is conducted annually during a period of time when the 

soil resistivity would be expected to be at its lowest value (e.g ., maximum rainfall 

periods) . Upon completion of ten annual consecutive soil samples, soil resistivity testing 

can be extended to every five years if the results of the soil sample tests consistently 

have verified that the resistivity did not fall outside of the range being credited (e .g., for 
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the -750 mV relative to a CSE, instant off criterion, measured soil resistivity values were 
greater than 10,000 ohm-cm). 

When using the electrical resistance corrosion rate probes: 

a. The individual determining the installation of the probes and method of use will be 
qualified to NACE CP4, "Cathodic Protection Specialist" or similar 

b. The impact of significant site features and local soil conditions will l;>e factored into 

placement of the probes and use of the data (Revised - Change Notice 2 and Set 1 RAls) 

Operating Experience Summary 

The following examples of operating experience provide objective evidence that the Buried and 

Underground Piping 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 June 1994, leakage was identified in buried, carbon steel, emergency diesel generator 

(EOG) fuel oil lines. The leak was discovered through external visual inspection, internal 

horoscope inspection, and pressure drop air testing, and considered to be due to internal 

pitting corrosion. The 1 % inch schedule 80 carbon steel piping system was replaced with 

2% inch schedule 160 carbon steel lines in 1995. Excavation, fill placement, compaction, and 

testing of the soil were done in accordance with design specifications. The bedding material 

for the fuel oil lines is a select granular fill consisting of clean well graded sand. The coating 

material provided is a synthetic elastomeric tape wrap. A passive cathodic protection system 

was installed in 1995 to protect the buried fuel oil piping from corrosion. This passive system 

became degraded as the sacrificial anodes were increasingly being drained off to station 

grounds. 

In May 2015, an impressed current cathodic protection system was installed and placed in 

service to replace the passive cathodic protection system on the buried, carbon steel, EOG 

fuel oil lines. One of the two new rectifier units was in a degraded condition from August 2015 

through February 2016, until it was restored to operation by corrective maintenance. The 

NACE annual inspection completed in April 2016 concluded that the system was providing 

adequate cathodic protection consistent with NACE criteria. Monthly inspections confirm 

rectifier operation. 
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2. In May 2004, portions of the Unit 2 auxiliary feedwater system experienced leakage in the 
buried carbon steel recirculation piping. The primary cause of the leak was pitting corrosion 
due to poorly applied coating. As a corrective action, the Unit 1 and Unit 2 AFW recirculation 
system piping is no longer buried and was rerouted through the safeguards building basement. 

The extent of condition assessment portion of the root cause evaluation noted the following: 

• The corresponding auxiliary feedwater recirculation line on Unit 1 had been discovered to 
be leaking and was subsequently bypassed and abandoned as part of a design change, 

• Stainless steel liquid waste piping in excellent condition, 

• Carbon steel chilled water piping with wrap intact and no indication of corrosion, 

• Carbon steel auxiliary feedwater piping with wrap in good condition and no indication of 
corrosion, and 

• Leaking fuel oil pipe with indications of localized pitting that was replaced and re-routed. 

3. In June 2010, while removing coating from the Unit 2 condensate makeup buried carbon steel 

piping, pitting was identified on several areas of the pipe where the coating had been removed. 

The pitting was seen at three locations and was characterized as shallow. The as-found 

condition of the pipe was within code requirements and determined to be fit for service. 

Following inspection the coating was restored. 

4. In July 2012, excavation revealed leakage from a buried Unit 2 ten inch stainless steel 

condensate supply line. There appeared to be an approximate three to four inch 

circumferential crack in the line that had started along the outside diameter of the pipe. The 

crack was determined to be caused by transgranular stress corrosion cracking due to 

mechanical damage by excavation equipment. The replacement pipe is not buried and has 

been rerouted through the turbine building. 

5. In June 2016, a Dominion Energy fleet self-assessment was performed on the Underground 

Piping and Tank Integrity (UPTI) Program to ensure the program is supporting the goal of 

providing long term reliability of buried and underground piping and tanks; to ensure 

consistency with NEI 09-14, Guideline for the Management of Underground Piping and Tank 

Integrity, and NSIAC requirements; and ensure the program meets industry best practices. 

Implementation of the UPTI Program was reviewed to confirm performance of inspections, 

effectiveness of scheduling and tracking, and program optimization based on inspection 

results. 

This self-assessment identified one performance deficiency in that the 2015 UPTI Life Cycle 

Management Plan (LCMP) was issued by engineering transmittal without being approved at 
Plant Health Steering Committee. The 2016 UPTI LCMP was approved by Plant Health 

Steering Committee. 
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A strength was noted in that the inspections required by the UPTI LCMP are being scheduled, 

tracked, and performed as expected; and the results are being used appropriately to 

determine the next inspection. The UPTI team reviews operating experience during fleet calls 

and incorporates the experience into the program and inspections as appropriate. 

6. 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. 

7. In May 2017, during the as-found coating inspection on Unit 2 buried carbon steel condensate 

makeup piping, coating was missing on approximately 270 degrees of the pipe circumference 
from the center of the excavated area into the soil on the east side. Coating on the bottom was 
remaining. There was no visible leakage from this condensate makeup line piping segment. 
Ultrasonic testing of the piping segment demonstrated that the minimum wall thickness 

requirement was met or exceeded at each location tested. The protective coatings were 
restored. 

8. In November 2017, as part of oversight review activities, the Buried Piping and Valve 
Inspection Activities (UFSAR Section 18.1.1) 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. 

9. In January 2018, an aging management program effectiveness review was performed of the 

initial license renewal Buried Piping and Valve Inspection Activities (UFSAR Section 18.1.1 ). 
Information from the summary of that effectiveness review is provided below: 

The Buried Piping and Valve Inspection Activities is meeting or exceeding the requirements of 

selected NEI 14-12, "Aging Management Program Effectiveness," elements. Key activities of 

the Buried Piping and Valve Inspection Activities that were reviewed included the selection of 

components to be inspected, the inspection of components, the evaluation of inspection 

results, repairs/replacements, and AMA document updates. Engineering reports of inspections 

results from 2004 to 2016 were reviewed to confirm inspections 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 age related degradation of buried components within the scope of license 

renewal. 
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A living Life Cycle Management Plan (LCMP) that identifies inspection plans at the next five 

year interval is maintained based on piping wall thickness calculations, risk ranking and 

internal/industry operating experience. In 2004, leakage from a buried auxiliary feedwater pipe 

and in 2012 leakage from a buried condensate pipe resulted in design changes to reroute the 

piping through non-buried environments. Observed coating degradations during recent 

inspections resulted in coating repairs and pipe wall thickness evaluations to anticipate rates 

of change and confirm fitness for service. Quarterly reviews by the fleet UPTI program owners 

review industry and plant operating experience, including corrective actions, to identify 

adjustments to the program. Recent fleet operating experience from North Anna Power Station 

for a service water to auxiliary feedwater pipe resulted in accelerated inspection schedules for 

similar carbon steel piping at SPS. 

In 2014, based on industry feedback, the EOG fuel oil sacrificial anode cathodic protection 

(CP) system was replaced with an impressed current system. Recent program reviews 

identified required updates to the maintenance procedures for the impressed CP system. In 

June 2017, as part of an Industry Material Review Visit, no adverse findings were noted for the 

UPTI program. Recent industry research and development is reviewed and incorporated into 

the program as appropriate. New soil survey studies consistent with EPRI 3002005294, "Soil 

Sampling and Testing Methods to Evaluate the Corrosivity of the Environment for Buried 

Piping and Tanks at Nuclear Power Plants," will identify any areas of soil corrosivity. 

The above examples of operating experience provide objective evidence that the Buried and 

Underground Piping and Tanks program includes activities to perform volumetric and visual 

inspections to identify loss of material, cracking, and blistering for buried and underground piping 

and tanks within the scope of subsequent license renewal, and to initiate corrective actions. 

Occurrences identified under the Buried and Underground Piping 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 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 Buried and Underground Piping and Tanks program, following 

enhancement, will effectively manage aging prior to a loss of intended function. 

Conclusion 

The continued implementation of the Buried and Underground Piping 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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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 

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 XI.M42-1, "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. If 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 XI.M42, Internal Coatings/Linings for In-Scope Piping, Piping 

Components, Heat Exchangers, and Tanks. 
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Exception Summary 

The following program element(s) are affected: 

Detection of Aging Effects (Element 4). 

(Exception 1 Deleted - Set 2 RAls) 

1. 

(Exception 2 Deleted - Set 1 RAls) 

2. 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 

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 temporary 

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. 
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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 

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 NRC approved a NUREG-U941801 exception based on very similar justification as 

documented in the Safety Evaluation 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 XI.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 

• Condensate polishing outlet piping (short segment; entire length is inspected) 
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• Water treatment piping (short segment; entire length is inspected) 

• Flash evaporator demineralizer isolation valve 

• Brominator mixing tank 

• Pressurizer relief tanks 

Parameters Monitored/Inspected (Element 3) 

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 ag ing mechanisms specified in the Coatings Cond ition 

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 , spalling, 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. 

7. Component cooling heat exchanger channel head coatings are inspected on a one-year 

inspection interval. Procedures will be revised to require that if two subsequent inspections 

demonstrate no change in coating condition (i.e. at least three consecutive inspections with no 

change in condition), inspection frequencies at those locations may be conducted consistent 

with inspection Category B of NUREG-2191, Table XI.M42-1. (Added - Set 3 RAls) 
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8. Procedures 'Nill be revised to require a pre inspection revimv of the previous "two" oondition 

assessment reports , when available , be performed, to review the results of inspeotions and 

any subsequent repair aotivities.Procedures will be revised to require a coatings specialist to 

prepare the coatings post-inspection condition assessment report. A pre-inspection review will 

be performed of the coating inspections and any subsequent repair activities from the previous 

two coatings post-inspection condition assessment reports. when available. (Revised - Set 3 

RAls) 

9. 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., wall thickness measurements, blister size and (frequency) , 

degradation will be projected until the next scheduled inspection . 

Acceptance Criteria (Element 6) 

10. Procedures will be revised to: 

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. 

c. Require , as applicable wall thickness measurements, projected to the next inspection , 

meet design minimum wall requirements . 

Corrective Action (Element 7) 

11. Procedures will be revised to permit the "removal" of coatings/linings that do not meet 

acceptance criteria , with the required evaluation and documentation. 

12. Procedures will be revised to include as an alternative to repair, rework, or removal , internal 

coatings/linings exhibiting indications of peeling and delamination . 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 , 

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, 
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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. 

13. 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 completely 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. 

14. 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 

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. 
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15. 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. 

3. In December 2008, an engineering inspection of the 'A' 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 'A' 

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. 
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4. During the Fall 201 O 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 September 2016 with epoxy coating and March 2018 with the installation of the CFRP lining. 

The Open Cycle Cooling Water (OCCW) program (82.1.11) 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 2010. 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. 
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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. 

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 service 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 brackish cooling water 

system. 

A permanent repair of the service and circulating water systems piping that restores 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 of 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, 

PageB-201 

19-344C 
Enclosure 

Page 66 of 87 



Set 3 and Set 4 RAls 

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

Appendix B -Aging Management Programs 

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 relined 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 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 during future 

inspection intervals. CFRP relining is expected to be complete in future refueling outages. 

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) will manage aging 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 endbell 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 
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Components, Heat Exchangers, and Tanks program (82.1.28). 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. Prio'r to the subsequent period of extended operation, the 96-inch circulating water outlet 

piping will be lined with CFRP. The design changes for both 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 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. 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 50-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. 

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 Open Cycle Cooling Water (OCCW) program (82.1.11) will manage aging effects of 

CFRP 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 
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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 

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 , loss of material 

• Cracking , loss of bond, and loss of material (spalling , scaling) 

• Increase in porosity and permeability, cracking , loss of material (spalling, scaling) 

• Loss of material 

• Loss of material , loss of form 

• Loss of material (spalling , scaling) and cracking 

• Loss of material , change in material properties 

• Loss 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 , "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 yea rs , except for wooden poles , which will be inspected on a 10 year 

frequenoyfreguency not to exceed every eight years . 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 pe~ormed 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., 10 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 IWL program (82.1.30), 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 

PageB-231 

19-344C 
Enclosure 

Page 72 of 87 



Set 3 and Set 4 RAls 

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

Appendix B - Aging Management Programs 

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. Prooedures 1.vill be revised to speoify that wooden pole inspeotions will be periormed every ten 

years by an outside firm that provides 11.«ooden pole inspeotion servioes that are oonsistent with 

standard industry praotioe . Visual examinations may be augmented with soundings or other 

teohniques appropriate for the type, oondition, and treatment of the wooden poles, inoluding 

borings to determine the looation and extent of deoay and exoavation to determine the extent 

of deoay at the groundline . (Re·.·ised Change ~Jotioe 2)Procedures will be revised to specify 

that wooden pole inspections will be performed at a frequency not to exceed every eight years. 

Visual examinations will detect loss of materia l and change in material properties. Visual 

examinations will be augmented. as required to detect change in material properties. with 

soundings or other techniques appropriate for the type. condition . and treatment of the wooden 

poles. including borings and excavations. {Revised - Set 4 RAls) 

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 stain less 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) 
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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 

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 10-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 acceptarice 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. 
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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 

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, 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 spalled concrete has been repaired. 

3. In December 2011, several embedded anchor bolts for the condenser unit of a Un1t 1 Control 

Room chiller were 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. 
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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 EOG 

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. 

6. In.December 2014, a CR was written to document a ground water monitoring sample that 

showed a chloride level of 610 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. 
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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. 

10. In January 2018, an aging management program effectiveness review was conducted for the 

Civil Engineering Structural Inspection Activity (UFSAR Section 18.2.6), which include the 

Structures Monitoring program (82.1.34), Masonry Walls program (82.1.33) and the 

Inspection of Water-Control Structures Associated with Nuclear Power Plants program 

(82.1.35). Information from the summary of that effectiveness review is provided below: 

The Civil Engineering Structural Inspection 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 included structural inspections for aging management that 

have been incorporated into the periodic inspections performed for Maintenance 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 manage 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 
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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 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 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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Table 3.1.2-4 Reactor Vessel, Internals, and Reactor Coolant System - Steam Generator - Aging Management Evaluation 

Subcomponent 
Intended 

Material 
Function(s) 

Moisture FD Steel 
separator 

assembly 

Primary inlet PB Steel with 

nozzle and outlet stainless 
nozzle (and steel 
cladding) cladding 

Primary inlet PB Stainless 

nozzle safe end steel 
and outlet nozzle 

safe end 

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

Environment 
Aging Effect Requiring 

Management 

(E) Treated water Loss of material 

Wall thinning 

(I) Treated water Loss of material 

Wall thinn ing 

(E) Air - indoor Loss of material 

uncontrolled 

(E) Air with borated Loss of material 

water leakage 

(I) Reactor coolant Cracking 

Cumulative fat igue damage 

Loss of material 

(E) Air - indoor Cracking 

uncontrolled 

Loss of material 

(I) Reactor coolant Cracking 

Cumulative fatigue damage 

Page 3-110 

Aging Management Programs 

Steam Generators (B2 .1.10) 

Water Chemistry (B2.1 .2) 

Steam Generators (B2.1.10) 

Water Chemistry (B2 .1.2) 

Steam Generators (B2.1 .10) 

Water Chemistry (B2.1.2) 

Steam Generators (B2 .1.10) 

Water Chemistry (B2 .1.2) 

External Surfaces Monitoring of Mechanical 

Components (B2.1.23) 

Boric Acid Corrosion (B2.1.4) 

ASME Section XI lnservice Inspection, 
Subsections IWB, IWC, and IWD (B2.1.1) 

Water Chemistry (B2 .1.2) 

TLAA 

ASME Section XI lnservice Inspection, 
Subsections IWB, IWC, and IWD (B2 .1.1) 

Water Chemistry (B2.1.2) 

External Surfaces Monitoring of Mechanical 

Components (B2 .1.23) 

External Surfaces Monitoring of Mechanical 

Components (B2 .1.23) 

ASME Section XI lnservice Inspection, 

Subsections IWB, IWC, and IWD (B2 .1.1) 

Water Chemistry (B2 .1.2) 

TLAA 

NUREG-2191 
Item 

IV.01.RP-161 

IV.01.RP-161 

IV.01 .RP-49 

IV.01 .RP-49 

IV.01 .RP-161 

IV.01 .RP-161 

IV.01 .RP-49 

IV.01 .RP-49 

IV.C2 .R-431 

IV.D1 .R-17 

IV.01 .RP-232 

IV.01 .RP-232 

IV.01 .R-221 

IV.01 .R-436 

IV.01 .R-436 

V.A.EP-103c 

IV.C2.R-452b 

IV.01 .RP-232 

IV.01 .RP-232 

IV.D1 .R-221 
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Table 1 
Notes 

Item 

3.1.1-072 C 

3.1.1-072 D 

3.1.1-074 A 

3.1.1-074 B 

3.1.1-072 C 

3.1.1-072 D 

3.1.1-074 A 

3.1.1-074 B 

3.1. 1-124 C 

3.1 .1-049 A 

3.1.1-033 A 

3.1.1-033 B 

3.1.1-008 A 

3. 1.1-127 E;4.2_ 

3.1 .1-127 D 

3.2.1-007 C 

3.1.1-136 C 

3.1.1-033 A 

3.1.1-033 B 

3.1.1-008 A 
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Time-Limited Aging Analyses 

In addition , the applicable RV flange and closure head initial RT NOT values are bounding and the 

P-T limit curves flange notch requires no change or further consideration . Finally, the lowest service 

temperature requirements are not applicable to Units 1 and 2 , because the plants are 

Westinghouse-designed per ASME Code , Section Ill , and utilize stainless steel reactor coolant 

system piping . 

TLAA Disposition: 10 CFR 54.21(c)(1)(iii) 

Since the P-T limits will be updated through the 10 CFR 50.90 process at a later, appropriate date, 

the effects of aging on the intended function(s) of the RVs will be adequately managed for the 

subsequent period of extended operation . The Reactor Vessel Material Surveillance program 

(82.1.19) and plant Technical Specifications will ensure that updated P-T limits based upon updated 

ART values will be submitted to the NRC for approval prior to exceeding the period of applicability 

for Units 1 and 2. 

4 .2.6 LOW TEMPERATURE OVERPRESSURE PROTECTION 

TLAA Description: 

Low temperature overpressure protection (LTOP) system (sometimes referred to as the Reactor 

Coolant System Overpressure Mitigating System , or the RV Overpressure Mitigating System) at 

Unit 1 and Unit 2 is required by Technical Specification Limited Condition for Operation 3.1.G. Two 

pressurizer power operated relief valves (PORV) provide the automatic relief capability during the 

design basis mass input and the design basis heat input transients to automatically prevent the 

reactor coolant system pressure from exceeding the P-T limit curves based on 10 CFR 50 , 

Appendix G. 

LTOP system setpoints are based on the P-T limits calculation which is a TLAA. 

TLAA Evaluation: 

The LTOP enabling temperature has been determined for 68 EFPY as discussed in Appendix D of 

WCAP-18243-NP. Using Code Case N-514, the LTOP enabling temperature is 283°F. The Surry 

Technical Specification 3.1.G.1.o.(4)3.1.G.1.a specifies an arming temperature of 350°F which is 

conservative and remains valid for the subsequent period of extended operation . 

In WCAP-18243-NP the maximum allowable LTOP system PORV setpoint was calculated to be 

399 .6 psig for the Units 1 and 2 subsequent period of extended operation. The calculation was 

performed in accordance with the WCAP-14040-A methodology using L TOP input parameters and 

the limiting axial flaw steady state ASME Code, Section XI , Appendix G limits calculated for the 

subsequent period of extended operation at 68 EFPY. 
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Time-Limited Aging Analyses 

The evaluation showed that the current Technical Specification 3.1.G.1 .c.(4) value of :c, 390.0 psig is 

bounding and will remain valid for the subsequent period of extended operation . Since the 

maximum allowable PORV setpoint was determined using the methodology in WCAP-14040-A, this 

demonstrates that the current licensing basis PORV setpoint that was developed using K18 ASME 

Code, Section XI , Appendix G limits without applying uncertainties was sufficiently conservative. 

TLAA Disposition: 10 CFR 54.21(c)(1)(ii) 

The LTOP system setpoint and enabling temperature have been projected to the end of the 

subsequent period of extended operation. 
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Appendix A - UFSAR Supplement 

This program is based on the Surry response to NRC GL 88-14, "Instrument Air Supply Problems;" 

and utilizes guidance and standards provided in EPRI TR 108147 "Compressor and Instrument Air 

System Maintenance Guide: Revision to NP-7079," and ANSI/ISA-S7.3-1975, "Quality Standard for 

Instrument Air." The Compressed Air Monitoring program activities implement the moisture content 

and contaminant criteria of ANSI/ISA-S7.3-1975 (incorporated into ISA-S7.0.01-1996) . 

Program activities include air quality checks at various locations to ensure that dew point , 

particulates, and hydrocarbons are maintained within the specified limits. Opportunistic inspections 

of the internal surfaces of select compressed air system components for signs of loss of material 

will be performed. 

A1 .15 FIRE PROTECTION 

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 housingsassemblies, 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 

housingsassemblies , and periodic visual 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. 

A1 .16 FIRE WATER SYSTEM 

The Fire Water System program is an existing condition monitoring program that manages 

cracking , loss of material , flow blockage due to fouling , and loss of coating integrity for in-scope 

water-based fire protection systems. This program manages aging effects by conducting periodic 

visual inspections , flow testing , and flushes consistent with provisions of the 2011 Edition of 

National Fire Protection Association (NFPA) 25. Testing of sprinklers that have been in place for 

50 years is performed consistent with NFPA 25 , 2011 Edition . With exception of two locations, 
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Appendix B - Aging Management Programs 

The Fire Protection program is an existing cond ition and performance monitoring prog ram 

comprised of functional tests and visual inspections. The program manages: 

• Loss of material for fire-rated doors, fire damper housingsassemblies, 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 

housingsassemblies, and periodic visual 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 less 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 surfaces 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 loss 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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Appendix B - Aging Management Programs 

The Fire Protection program is an existing program that.following enhancement, will be consistent 

with NUREG-2191 , Section XI.M26, Fire Protection. 

Exception Summary 

None 

Enhancements 

Prior to the subsequent period of extended operation, the following enhancement will be 

implemented in the following program elements: 

Parameters Monitored or Inspected (Element 3) , Detection of Aging Effects (Element 4), and 

Acceptance Criteria (Element 6) 

1. 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. 

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. In addition, procedures will be enhanced to specify that inspection results for the 

halon and CO2 systems meet the acceptance criteria if there are no indications of excessive 

loss of material. 

Monitoring and Trending (Element 5) , Acceptance Criteria (Element 6) , and Corrective Actions 

(Element 7) 

3. Procedures will be revised 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. If degradation is detected within the 

inspection sample of penetration seals, the scope of the inspection is expanded to include 

additional sea ls 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 

determined by the site's corrective action program. 
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Appendix B - Aging Management Programs 

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 10 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 

NEI 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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Appendix B -Aging Management Programs 

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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