
Tennessee Valley Authority, Post Office Box 2000. Soddy-Daisy, Tennessee 37379 

February 23, 2000 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D. C. 20555 

Gentlemen: 

In the Matter of ) Docket Nos. 50-327 
Tennessee Valley Authority ) 50-328 

SEQUOYAH NUCLEAR PLANT (SQN) - UNITS 1 AND 2 - CLARIFICATION 
OF TECHNICAL SPECIFICATION (TS) CHANGE NO. 99-12, -ALTERNATE 
REPAIR CRITERIA (ARC) FOR STEAM GENERATORS (S/G)" 

References: 1. NRC letter to TVA dated February 2, 2000, 
"Sequoyah Nuclear Plant, Units 1 and 2 
Request for Additional Information on Topical 
Report WCAP-15128, 'Depth-Based SG Tube Repair 
Criteria for Axial PWSCC at Dented TSP 
Intersections' (TAC Nos. MA6434, MA7895, and 
MA7899" 

2. TVA letter to NRC dated October 14, 1999, 
"Sequoyah Nuclear Plant (SQN) - Units 1 and 2 
- Technical Specification (TS) Change 
No. 99-12, 'Alternate Repair Criteria (ARC) 
for Steam Generators(S/G)'" 

This letter documents the clarification changes to the TS 
pages for TS Change 99-12, which are a result of our response 
to Reference 1. The revised TS pages replace those of 
Reference 2 in their entirety. This letter is being provided 
in advance of our response to Reference 1 and our submittal 
of Revision 2 to WCAP-15128 to facilitate your review of our 
request.  

NRC staff questions regarding the supporting analysis for SQN 
TS Change 99-12 (WCAP-15128, Revision 1) were forwarded to
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TVA by the Reference 1 letter and subsequently discussed in a 
February 9, 2000, meeting between TVA and NRC staff in the 
NRC Rockville office. The resolution of NRC staff concerns 
and questions resulted in issuance of WCAP-15128, Revision 2, 
"Depth-Based SG Tube Repair Criteria for Axial PWSCC at 
Dented TSP Intersections." Revision 2 to WCAP-15128 now 
provides the supporting analysis and basis for the subject TS 
change. In addition, at NRC's request, we have limited our 
amendment to Cycles 11 and 12 operation.  

The changes provided by Revision 2 to WCAP-15128 and the 
enclosed TS change revision are conservative with respect to 
our original proposal (Reference 2). Accordingly, TVA has 
determined that the no significant hazards considerations for 
TVA's original TS change does not change and that the change 
remains exempt from environmental review pursuant to the 
provisions of 10 CFR 51.22(c) (9).  

Enclosure 1 provides the marked-up TS change pages for 
Units 1 and 2. Enclosure 2 provides the revised TS pages 
for Units 1 and 2.  

The clarification pages to SQN TS Change 99-12 are provided 
to support steam generator inspection activities that are 
scheduled to start March 2, 2000. NRC approval of TS 
Change 99-12 is requested by this date to support these 
outage activities.  

If you have any questions about this change, please telephone 
me at (423) 843-7170 or J. D. Smith at (423) 843-6672.  

Liýcensing and Industry Affairs Manager 

-Subscýrib-ed and sworn to before me 
hsday oAi2 4 

No fa V #u'b 1 i c'"' 

My Commission Expires 

Enclosures 
cc: See page 3
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cc (Enclosures): 
Mr. R. W. Hernan, Project Manager 
Nuclear Regulatory Commission 
One White Flint, North 
11555 Rockville Pike 
Rockville, Maryland 20852-2739 

Mr. Michael H. Mobley, Director (w/o Enclosures) 
Division of Radiological Health 
Third Floor 
L&C Annex 
401 Church Street 
Nashville, Tennessee 37243-1532 

NRC Resident 
Sequoyah Nuclear Plant 
2600 Igou Ferry Road 
Soddy-Daisy, Tennessee 37379-3624 

Regional Administrator 
U.S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, Georgia 30303-3415



ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY 
SEQUOYAH PLANT (SQN) 

UNITS 1 AND 2 

TECHNICAL SPECIFICATION (TS) CHANGE TS-99-12

MARKED PAGES

I. AFFECTED PAGE LIST

Unit 1

3/4 
3/4 
3/4 
3/4 
B 3/

4-7.  
4-9 
4- 9b 
4-10 
4 4-4

Unit 2 

3/4 4-11 
3/4 4-13 
3/4 4-14a 
3/4 4-14b 
B 3/4 4-3a

II. MARKED PAGES

See attached.



qZACTOR COOr.A SYSTEM 

* C U SJRVEiLLCE REQUIR-zmmNTS (conti.ued) 

3. A tube inspection (pursuant to Speciication 4.4.5.4.a.8) 

shall be performed on each selected tu,,be. if any selected 

tube does not permit the passage of the eddy current probe 

for a tube inspection, this shall be recorded and an adjacent 

tube shall be selected and subjected to a tube inspection.  

4. Indications left in service as a result of application of the 

tube support plate voltage-based repair c:iteria shall be R226 

inspected by bobbin coil probe during all future refuelipg 

outages.  

c. The tubes selected as the second and third samples (if required by 

Table 4.4-2) during each inservice inspection may be subjected to a 

partial tube inspection provided: 

1. The tubes selected for thesi samples include the tubes from 

those areas of 1he tube sheet array where tubes with 

imperfections were previously found.  

2. The inspections include those portions of the tubes where 

imnerfections were previously found.  

NOTE: Tube degradation identified in the portion of the tube that 

is not a reactor coolant pressure bou-da-y (tube end up to R193 

the start of the tube- to-tubesheet weld) is excluded from th.  

Result and Action Required in Table 4.4-2.  

d. implementation of the steam generator tube/tube support plate 

repair criteria requires a 100 percent bobbin coil inspection for 

hot-leg and cold-leg tube support plate intersectioflz 
down to the R225' 

lowest cold-leg tube support plate with kmn outside diameter 

stress corrosion cracking (ODSCC) indications. The determination 

of the lowest cold-ieg tube support plate intersections having 

ODSCC indications shall be based on the performance of at least a 

20 percent random sampling of tubes inspected over their full 
l ength.  

The results of each sample inspection shall be classified into one of the 

following three categories: 

Categarw 
rInsoection Results 

C-1 Less, than 5% of the total tubes inspected are 

degraded tubes and none of the inspected tubes 

are defective.  

C-2 One or more tubes, but not more than i% of the 

total tubes inspected are defective, or between 

5S and 10% of the total tubes inspected are 

degraded tubes.  

C-3 More than 10% of the total tubes inspected are 

degraded tubes or more than I% of the inspected 

tubes are defective.  

N~ote: In all inspections, previously 
de graded tubes must exhibit 

significant (greater than 10%) further wall penetrations 
to 

be included in the above percentage calculations.  

R226

April 9, 1997 
_ • - - A 11



REACTOR COOLA_%T SYSTEM 

SURVEILLANCE REQUIREMENTS (Continued) 

4.4.5.4 AcceDtance Criteria 

a. As used in this Specification: 

i. Imnerfection means an exception to the dimensions, finish or 

contour of.a tube from that reqired by fabrication drawings 

or specifications. Eddy-current testing nndicaions below 

20% of the nominal tube wall thickness, if detectable, may 

be considered as imperfections.  

2. Dearadation means a service-induced cracking, wastage, wear 

or general corrosion occuring or either inside or outside of 
a tube.  

3. Dearaded Tube means a tube containing imperfections greater 
than or equal t0120% of the nominal wall thickness caused by 
degradation.  

4. % De radation means the percentage of th_ tube wall thickness 

affected or removed by degradation.  

5. Defect means an imperfiction of such severity that it exceeds 

"the plugging limit. A tube containing a defecc is defective.  

6. Plumqing Limit means the imperfection depth at or beyond 

which the tube shall be removed from service and is equal to 

40% of the nominal tube wall tLickness. Plugging limit does R193 

not apply to that portion of the tube that is not within the 

pressure boundary of the reactor coolant system (tube end up 
to the start of the tube-to-tubesheet weld). This definition 

does not apply to tube support plate intersections if the R226 

voltage-based repair criteria are being applied. Refer to 

4.4.5.4.a.10 for the repair limit applicable to these 

intersections. Q 

7. Unserviceable describes the condition of a tube if it leaks 

or contains a defect large enough to affect its structural 

integrity in the event of an Operating Basis Earthquake, a 

loss-of-coolant accident, or a steam line or feedwater line 

break as specified in 4.4.5.3.c, above.  

8. Tube Insoection means an inspection of the steam generator 

tube from the point of entry (hot leg side) completely around 

the U-bend to the top support of the cold leg.  

9. Preservice Insrection means a tube inspection of the full 

length of each tube in each steam generator performed by eddy 

current techniques prior to service establish a baseline con

dition of the tubing. This inspection shall be performed 

prior to initial POWER OPERATION using the equipment and 

techniques expected to be used during subsequent inservice 

inspections.  

10. Tube Suonort Plate Plusaing Limit is used for the disposition 

of an alloy 600 steam generator tube for continued service R226 

that is experiencing predominately axially oriented outside 

diameter stress corrosion cracking confined within the 

April 9, 1997 

3/4 4-9 Amendment No. 189, 214, 222



REACTOR COOLAINT1 SYST=4 

"rN S'.V'LE..LLACE REQU:REM=-NTS (ContirLued) 

VURL upper voltage repair limit 

"VLRL = lower voltage repair Limit 

VMURL = mid-cycle upper voltage repair limit based on 
time into cycle 

VML, mid-cycle lower voltage repair limit based on 

VuM and time into cycle 

At length of time since last scheduled inspection 
during which VUL and VLaL were implemented 

CL cycle length (the time between two scheduled 
steam generator inspections) 

VsL = structural limit voltage 

Gr average growth rate per cycle length R226 

NUE 95-percent cumulative probability allowance for 

nondestructive examination uncertainty (i.e., a 

value of 20-percenlt has been approved by NP.C) 

implementation of these mid-cycle repair limits should follow the same approach 

as in TS 4.4.5.4.a.10.a, 4.4.5.4.a.I0.b, and 4.4.5.4.a.10.c.  

"],TNote I: The lower voltage repair limit is 1.0 volt for 3/4-inch diameter 

tubing or 2.0 volts for 7/8-inch diameter tubing.  

Note 2: The upper voltage repair limit is calculated according to the 

methodology in GL 90-05 as supplemented. VuRL may differ at the 

TSPs and flow distribution baffle.  

Ci 

k pril 9, 1997 

3/4 4-9b Amendment No, 189, 214, 222
SEQUOU~kZ± - UiNI.L IL



REACTOR COOLANT SYSTEM

SURPVE ILLANCE REQtJIRE1METIS (Cn-t iAued) l 

b. The steam generator shall be determined WERAME afaer completing 

the corresponding actions (plug all tubes exceeding the plugging 

limit and all tubes containing through-wall cracks) required by 

Table 4.4-2.  

4.4.5.5 Renorts 

a. Following each inservice inspection of steam generator tubes, the 

number of tubes plugged in each steam generator shall be reported 

to the Commission within 15 days.  

b. The complete results of the steam generator tube inservice 

inspection shall be submitted to the Commission in a Special Report 

pursuant to Specification 6.9.2 within 12 months foMlcwing 

completion of the inspection. This Special Reparc shall include: 

1. Number and extent of tubes inspected.  

2.... Location and percent of wall-thickness penetration for each 

indication of an imperfection.  

3. Identification of tubes plugged.  

c. Results of steam generacor tube inspections which fall into JR40 

Category C-3 shall be reported pursuant to Specification 6.6.1 

prior to resumption of planc operation. The written followup of 

this report shall provide a description of investigations conducted 

to determine cause of the tube degradation and corrective measures 

taken to prevent recurrence.  

d. For implementation of the voltage-based repair criteria to tube 

support plate intersections, notify the staff prior to returning 

the steam generators to service should any of the following 

conditions arise: 

.. If estimated leakage based on the projected end-of-cycle (or 

if not practical using the actual measured end-of-cycle) 

voltage distribution exceeds the leak limit (determined from 

the licensing basis dose calculation for the postulated main 

steam line break) for the next operating cycle. R226 

2. If circumferential crack-like indications are detected at the 

tube support-plate intersections.  

3. If indications are identified that extend beyond the confines 

of the tube support plate.  

4. If indications are identified at the tube support plate 

elevations that are attributable to primary, water stress 

corrosion cracking.  

S. If the calculated conditional burst probability based on the 

projected end-of-cycle (or if not practical, using the actual 

measured end-of-cycle) voltage distribution exceeds I X 10, 

notify the NRC and provide an assessment of the safety 

significance of the occurrence.  

April 9, 1997 

I/, 4-10 Amendment No. 36, 214, 222



REACTOR COOLANT SYSTEM 

BASES 

The mid-cycle equation of SR 4.4.5.4.a.LO.e should onlv be used during 

unplarn:ed inspection in which eddy current data is acqy!red for indications at 

the tube support plates.  

SR 4.4.5.5 implements several reporting requirements recommended by 

GL 95-05 for situations which-NRC wants to be notified prior to returning the R226 

S/Gs to service. For SR 4.4.5.5.d., Items 3 and 4, indications are applicable 

only where alternate plugging criteria is being applied. .-r the purposes of 

this reporting requirement, leakage and conditional burst orobability can be 

calculated based on the as-found voltage distribution rather than the projected 

end-of-cycle voltage distribution (refer to GL 95-05 for more information) when 

it'is not practical to complete these calculations using the projected EOC 

voltage distributions prior to returning the S/Gs to service. Note that if 

leakage and conditional burst probability were calculated using the measured 

EOC voltage distribution for the purposes of addressing GL Sections 6.a.1 and 

6.a.3 reporting criteria, then the results of the projected EOC voltage 

distribution should be provided pe• GL Section S-b(c) criteria.  

Wastage-type defects are unlikely with proper chemistry treatment of the 

secondary coolant. However, even if a defect should develop in service, it 

will be found during scheduled inservice steam generator tube examinations.  

Plugging will be required for all tubes with imperfections exceeding the repair R226 

limit defined in Surveillance Requirement 4.4.5.4.a. The portion of the tube 

that-the plugging limit does not apply to is the portion of the tube that is 

not within the RCS pressure boundary -tube end up to the start of the tube-to- R193 

tubesheet weld) . The tube end to tube-to-tubesheet weld portion of the tube 

does not affect structural integrity of the steam generator tubes and therefore 

indications found in this portion of the tube will be excluded from the Result 

and Action Required for tube. inspections. It is expected that any indications 

that extend from this region will be detected during the scheduled tube 

inspections. Steam generator tube inspections of operating plants have 

demonstrated the capability to reliably detect degradation that has penetrated 

"20!k of the original tube wall thickness.  

Tubes experiencing outside diameter stress corrosion cracking within the R226 

thickness of the tube support plate are plugged or repaired by the criteria of 

4.4.5.4.a.20.  

CWhenever the results of any steam generator tubing inservice inspection 
fal ihntoCaegry .qhtee resu lts• wil be pro--mptly rep.orted to the 

Commission pursuant to Specification 6.6.1 prior to resumption of plant 
opera- R40 

tion. Such cases will be considered by the Commission on a case-by-case basis 

and may result in a requirement for analysis, laboratory examinations, tests, 

additional eddy-current inspection, and revision of the Technical 

Specifications, if necessary.  

R226 

April 9, 1997 ° 

B 3/4 4-4 Amendment No. 36, 189, 214, 222
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Technical Specification Change 99-12 
Sequoyah Nuclear Plant 

Units 1 and 2 

INSERT PAGE 

INSERT A 

e. Inspection of dented tube support plate intersections will 
be performed in accordance with WCAP 15128, Revision 2, 
dated February 2000. This alternate repair criteria is 
applicable to Cycle 11 and 12 operation.  

INSERT B 

For Cycle 11 and 12 operation, this definition does not apply 
for axial PWSCC indications, or portions thereof, which are 
located within the thickness of dented tube support plates 
which exhibit a maximum depth greater than or equal to 40 
percent of the initial tube wall thickness. Refer to 
4.4.5.4.a.11 for the repair limits applicable to these 
intersections.  

INSERT C 

11. Primary Water Stress Corrosion Cracking (PWSCC) Tube 
Support Plate Plugging Limit is used for the disposition 
of an Alloy 600 steam generator tube for continued 
service that is experiencing predominantly axially 
oriented PWSCC at dented tube support plate 
intersections. This plugging limit is described in WCAP 
15128, Revision 2, dated February 2000. This alternate 
repair criteria is applicable to Cycle 11 and 12 
operation.  

INSERT D 

e. For implementation of the depth-based repair criteria for 
axial PWSCC at dented TSPs, the results of the condition 
monitoring and operational assessments will be reported to 
the NRC within 120 days following completion of the 
inspection. The report will include tabulations of 
indications found in the inspection, tabulations of tubes 
repaired and left in service under the ARC, and growth 
rate distributions for indications found in the inspection 
as well as the growth distributions used to establish the 
tube repair limits. Any corrective actions found 
necessary in the event that condition monitoring 
requirements are not met will be identified in the report.

-1-



INSERT PAGE (Continued)

INSERT E 

The steam generator tube repair limits for primary water stress 
corrosion cracking (PWSCC) of SR 4.4.5 represents a steam 
generator tube alternate repair criteria for greater than or 
equal to 40 percent deep PWSCC indications which are located 
within the thickness of tube support plates. The repair bases 
for PWSCC are not applicable to other types of localized tube 
wall degradation located at the tube-to-tube support plate 
intersections.  

The ARC includes, completion of a condition monitoring 
assessment to determine the end-of-cycle (EOC) condition of the 
tube bundle. An operational assessment is completed to 
determine the need for tube repair on a forward-fit basis. The 
ARC is based on the use of crack depth profiles obtained from 
Plus Point analyses. Burst pressures and leak rates are 
calculated from depth profiles by searching the total crack 
length for the partial length that results in the lowest burst 
pressure and the longest length that would tear through-wall at 
steam-line break conditions. The repair bases for PWSCC at 
dented TSP intersections is obtained by projecting the crack 
profile to the end of the next operating cycle and determining 
if the projected profile meets the requirements of WCAP-15128, 
Revision 2, dated February 2000. The following provides the 
limits and bases for repair established in the WCAP analyses: 

Freespan Indication Repair Limits 

The tube will be repaired if the crack length outside the dented 
TSP is Ž40% maximum depth.  

Crack Length Limit for Ž40% Maximum Depth 

The crack length limit for Ž40% maximum depth indications is 
defined as 0.375 inch from the centerline of the TSP. This 
limit defines the edges of the TSP thickness of 0.75 inch for 
Model 51 S/Gs. It is acceptable for the crack to extend to both 
edges of the TSP as long as the maximum depth of the crack 
outside the TSP is <40% maximum depth and the requirements for 
EOC conditions are acceptable.  

Operational Assessment Repair Bases 

If the indication satisfies the above maximum depth and length 
requirements, the repair bases is then obtained by projecting 
the crack profile to the end of the next operating cycle and

-2-



INSERT PAGE (Continued)

determining the burst pressure and leakage for the projected 
profile. The burst pressure and leakage is compared to the 
requirements in WCAP-15128, Revision 2, dated February 2000.  
Separate analyses are required for the total crack length and 
the length outside the TSP due to differences in requirements.  
If the projected EOC requirements are satisfied, the tube will 
be left in service.  

The results of the condition monitoring and operational 
assessments will be reported to the NRC within 120 days 
following completion of the inspection.

-3-



REACTOR COOLANT SYSTEM

SURVEILLANCE PREQUIREMENTS (Continued) 

1. All nonplugged tubes that previously had detectable wall pene
trations (greater than 20t) 

2. Tubes in those areas where experience has indicated potential 

problems.  

3. A tube inspection (pursuant to Specification 4.4.5.4.a.8) shall 
be performed on each selected tube. if any selected tube does 
not permit the passage of the eddy current probe for a tube 
inspection, this shall be recorded and am adjacent tube shall be 
selected and subjected to a tube inspection.  

4. Indications left in service as a result of application of the 

tube support plate voltage-based repair criteria shall be R213 

inspected by bobbin coil probe during all future refueling 
outages.  

c. The tubes selected as-the second ýLnd third samples (if required by 

Table 4.4-2) during each inservice inspection may be subjected to a 

partial tube inspection provided: 

1. The tubes selected for these samples include the tubes from 

those areas of the tube sheet array where tubes with 

imperfections were previously found.  

2. The inspections include those portions of the tubes where 
imperfections were previously found.  

Note: Tube degradation identified in the portion of the tube that Ri.8 

is not a reactor coolant pressure boundary (tube end up to 
the start of the tube-to-tubesheet weld) is excluded from 

the Result and Action Required in Table 4.4-2.  

d. Implementation of the steam generator tube/tube support plate repair 

criteria requires a 100 percent bobbin coil inspection for hot-leg 

and cold-leg tube support plate intersections down to the lowest R213 

cold-leg tube support plate with known outside diameter stress 

corrosion cracking (ODSCC) indications. The determination of the 

lowest cold-leg tube support plate intersections having ODSCC 

indications shall be based on the performance of at least a 20 

percent random sampling of tubes inspected over their full length.  

The results of each sample inspection shall be classified into one of the 

following three categories: 

Cate~orv Inspection Results 

C-1 Less than 5* of the total tubes inspected are 

degraded tubes and none of the inspected tubes 

are defective.  

R213 

April 9, 1997 
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REACTOR COOL-AIN SYSTEM 

SURVEILLANCE R.EQUIREM[ENTS (Con'c....d) 

4.4.5.4 Accentance Criteria 

a. As used in this Specification: 

1. Imperfection means an exception to the dimensions, finish or 

contour of a tube from that required by fabrication drawings or 

specifications. Eddy-current testing indications below 201 of 

the nominal tube wall thickness, if detectable, may be con

sidered as imperfections.  

2. Decradation means-a service-induced cracking, wastage, wear or 

general corrosion occurring on either inside or outside of a 

tube.  

3. Dearaded Tube means a tube containing imperfections greater than 

or equal to 201 of~the nominal wall thickness caused by 

degradation.  

4. % Dezradation means the percentage of the tube wall thickness 

affected or removed by degradation.  

S. Defect means an imperfection of such severity that it exceeds 

the plugging limi:. A tube containing a defect is defective.  

6. PlumAina Limit means the imperfection depth at or beyond which 

the tube shall be removed from service and is equal to 401 of 

the nominal tube wall thickness. Plugging limit does not apply 

to that portion of the tube that is not within the pressure R181 

boundary of the reactor coolant system (tube end up to the start 

of the tube-to-tubesheet weld) . This definition does not apply 

to tube support plate intersections if the voltage-based repair R213 

criteria are being applied. Refer to 4.4..4.a.1.0 for the 

repair limit applicable to these intersections. "4 

7. Unserviceable describes the condition of a tube if it leaks or 

contains a defect large enough to affect its structural 

integrity in the event of an Operating Basis Earthquake, a loss

of-coolant accident, or a steam line or feedwater line break as 

specified in 4.4.5.3.c, above.  

8. Tube Insoection means an inspectidn of the steam generator tube 

from the point of entry (hot leg side) completely around the 

U-bend to the top support of the cold leg.  

9. Preservice Insrection means an inspection of the full length of 

each tube in each steam generator performed by eddy current 

techniques prior to service to establish a baseline condition of 

the tubing. This inspection shall be performed prior to initial 

POWER OPERATION using the equipment and techniques expected to 

be used during subsequent inservice inspections.  

10. Tube SumDort Place Plugging Limit is used for the disposition of 

an alloy 600 steam generator tube for continued service that is 

experiencing predominately axially oriented outside diameter R213 

stress corrosion cracking confined within the thickness of the 

April 9, 1997 
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REACTOR COOrL-?-N-T SYSTEM 

SU_-R-VE.LL1-,NCE pEQUIREMMZN•TS (Continued) 

where: 

VUR= upper voltage repair limit 

UL lower voltage repair limit 

VMuu = mid-cyc2le upper voltage repair limit based on time 

into cycle 

VMLPL mid-cycle lower voltage repair limit based on V1uURL and 

time into cycle 

At length of time since last.scheduled inspection during R213 

which VuRL and VL.L were impl-mened 

CL cycle length (the time between two scheduled steam 

ceneratoa inspections) 

VsL structural limit voltage 

Gr average growth rate per cycle length 

•NDE = 95-percent cumulative probability allowance for 

nondestructive examination uncertainty (i.e., a value 

of 20-cercent has been--approved by NRC) 

Implementation of these mid-cycle repair limits should follow the same approach 

as in TS 4.4.5.4.a.10.a, 4.4.S.4.a.!O.b, and 4 .4.5.4.a.iO.c.  

Note 1: The lower voltage repair limit is !.0 volc for 3/4-inch diameter 

win= tubing or 2.0 volts for 7/8-inch diameter tubing.  

Note 2: The upper voltage repair limit is calculated according to the 

methodology in GL 90-05 as supplemented. V. may differ at the TSPs 

and flow distribution baffle.  

b. The steam generator shall be determined OPEAMBLE after completing the 

corresponding actions (plug all tubes exceeding the plugging limit 

and all tubes containing through-wall cracks) required by 

Table 4.4-2.  

4.4.5.5 Regorts 

a. Following each inser--vice inspection of steam generator tubes, the 

number of tubes plugged in each steam generator shall be reported to 

the Commission within 15 days.  

b. The complete results of the steam generator tube inservice inspection 

shall be submitted to the Commission in a Special Report pursuant to 

Specification-1.
9. 2 within 12 months followi-g the completion of the 

inspection. This Special Report shall include: 

1. Number and extent of tubes inspected.  

R2 13 

April 9, 1997 
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REACTOR COOLANT. SYSTEM

SURVILLAMWE REQUIREMEOS (Con.......d) "' 

2. Location and percent of wall-thickness penetration for each 
indication of an imperfection.  

3. Identification of tubes plugged.  

c. Results of steam generator tube inspections which fall into Category R28 

C-3 shall be reported pursuant to Specification 6.6.! prior to 

resumption of plant operation. The written follcwup of this report 

shall provide a description of investigations conducted to determine 

cause of the tube degradation and corrective measures taken to 

prevent recurrence.  

d. For implementation of the voltage-based repair criteria to tube 

support plate intersections, notify the staff prior to returning the 

steam generators to service should any of the following conditions 

arise: 

1. If estimated !eakade based on the projected end-of-cycle (or if 

not practical using the actual measured end-of-cycle) voltage 

distribution exceeds the leak limit (determined from the 

licensing basis dose calculation for the postulated main steam R213 

line break) for the next operating cyc.e.  

2. If circumferential crack-like indications are detected at the 

tube support plane intersections.  

3. if indications are identified that extend beyond the confines of 

the tube support plate.  

4. If indications are identified at the tube support plate 

elevations that are attributable to primaryv water stress 
corrosion cracking.  

5. If the calculated conditional burst probability based on the 

projected end-of-cycle (or if not practical, using the actual 

measured end-of-cycle) voltage distribution exceeds 1 X 10"., 

notify the NRC and provide an assessment of the safety 

significance of the occurrence.  

R213 

April 9, 1997 
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P.,-CTOR COOLANT1 SYSTEM

BASES.  

where VG9 represents the allowance for flaw growt= betwteen inspecions and Vor 

represents the allowance for potential sources 
of error in temres•uemto.  

the bobbin coil voltage. Furher discussion of 
the assumptions nece 

determine the voltage repair limit are discussed 
in GL 95-05.  

The mid-cycle equation of SR 4 . 4 .5.4.a.l0.e should only be used during 

unplanned inspection in which eddy current'data is acquiredCfor indications at 

the tube support plates.  

SR 4.4.5.5 implements several reporting requirements recommended by 

GL 95-05 for situatlons which NiC wants to be notified prior to returning the 

SFor 
Items 3 and 4, indications are applicable 

SIGs to service. 
S=. - i"•: =Ites 3en an p.. ..  

only where alternate plugging criteria is being applied. 
For the puposes of 

this reporting requirement, 
leakage and conditional burst nrobability can be 

calculated based on 
the as-found voltage 

distribution rather than the projected 

calcl lagee distribution (refer to GL 95-05 for more information) when 

it is not practical to-complete these calculations using the projected EOC 

voltage distributions prior to returning the S/Gs to service. Note that if 

leakage and conditional burst probability were calculated using the measured 

EOC voltage distribution for the purposes of addressing GL Sections 6.a.1 and 

6.a.3 reporting criteria, then the results of the projected EOC voltage 

distribution should be provided per GL Section 6.b(c) criteria.  

Wastagetype defects 
are unlikely with proper 

chemiztry treatment of the 

secondary coolant. 
However, even if a defect should 

develop in service, it 

will be found during 
scheduled inservice 

steam generator tube 
examinations.  

Plugging will be required for all 
tubes with imperfections 

exceeding the repair 

limit defined in Surveillance Requirement 4 The portionof the 
Lbe 

that the plugging limit does not apply to is the portion of the tube that is 

not within the RCS pressure boundary (tube end up to the start of the tube-to

tubesheet weld) . Te tube end to tube- 
totubesheet weld portion of the tube 

does not affect 
structural integrity 

of the steam generator 
tubes and therefore 

indications found in this portion of the tube will be excluded 
from the Result 

and Action eauired for tucbe 
inspections. it is expected that any indications 

"that extend from this 
region will be detected 

during the scheduled tube 

inspections. Steam generator tube inspections of 
operating plants have 

demonstrated the capability to reliably detect degradation 
that has penetrated 

20% of the original tube wall thickness.  
-- c-king within the

Tubes experiencing outside diameter stress corrou -...  

thickness of the tube support plate are plugged or repaired by the criteria of

4 4.5.4.a.10- .g r ti n - ins1ection 

Whenever the results Of any stam eneao 

l into Category C-3, these results will be promptly reported to the 

Comisson ursant to Specification 6.6.1 prior to resumption of plant 
Commp tion. Such c ill be considered by the Commission on a misenby-case 

oeation. 
Such cases w . oraayiaor 

bd result in a requirement for analysis, laboratory 
examinations, 

tests, andditional eddy-current 
inspection, and revision 

of the Technical [ tests, addition • cU~-

Specifications, if necessarY.
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

3. A tube inspection (pursuant to Specification 4.4.5.4.a.8) 
shall be performed on each selected tube. If any selected 
tube does not permit the passage of the eddy current probe 
for a tube inspection, this shall be recorded and an adjacent 
tube shall be selected and subjected to a tube inspection.  

4. Indications left in service as a result of application of the 
tube support plate voltage-based repair criteria shall be R226 
inspected by bobbin coil probe during all future refueling 
outages.  

c. The tubes selected as the second and third samples (if required by 
Table 4.4-2) during each inservice inspection may be subjected to a 
partial tube inspection provided: 

1. The tubes selected for these samples include the tubes from 
those areas of the tube sheet array where tubes with 
imperfections were previously found.  

2. The inspections include those portions of the tubes where 
imperfections were previously found.  

NOTE: Tube degradation identified in the portion of the tube that 
is not a reactor coolant pressure boundary (tube end up to R193 
the start of the tube-to-tubesheet weld) is excluded from the 
Result and Action Required in Table 4.4-2.  

d. Implementation of the steam generator tube/tube support plate 
repair criteria requires a 100 percent bobbin coil inspection for 
hot-leg and cold-leg tube support plate intersections down to the R226 
lowest cold-leg tube support plate with known outside diameter 
stress corrosion cracking (ODSCC) indications. The determination 
of the lowest cold-leg tube support plate intersections having 
ODSCC indications shall be based on the performance of at least a 
20 percent random sampling of tubes inspected over their full 
length.  

e. Inspection of dented tube support plate intersections will be 
performed in accordance with WCAP 15128, Revision 2, dated 
February 2000. This alternate repair criteria is applicable to 
Cycle 11 and 12 operation.  

The results of each sample inspection shall be classified into one of the 
following three categories: 

Category Inspection Results 

C-1 Less than 5% of the total tubes inspected are 
degraded tubes and none of the inspected tubes 
are defective.  

C-2 One or more tubes, but not more than 1% of the 
total tubes inspected are defective, or between 
5% and 10% of the total tubes inspected are 
degraded tubes.  

C-3 More than 10% of the total tubes inspected are 
degraded tubes or more than 1% of the inspected 
tubes are defective.  

Note: In all inspections, previously degraded tubes must exhibit 
significant (greater than 10%) further wall penetrations to 
be included in the above percentage calculations.  

R226
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

4.4.5.4 Acceptance Criteria 

a. As used in this Specification: 

1. Imperfection means an exception to the dimensions, finish or 
contour of a tube from that required by fabrication drawings 
or specifications. Eddy-current testing indications below 
20% of the nominal tube wall thickness, if detectable, may 
be considered as imperfections.  

2. Degradation means a service-induced cracking, wastage, wear 
or general corrosion occuring or either inside or outside of 
a tube.  

3. Degraded Tube means a tube containing imperfections greater 
than or equal to 20% of the nominal wall thickness caused by 
degradation.  

4. % Degradation means the percentage of the tube wall thickness 
affected or removed by degradation.  

5. Defect means an imperfection of such severity that it exceeds 
the plugging limit. A tube containing a defect is defective.  

6. Plugging Limit means the imperfection depth at or beyond 
which the tube shall be removed from service and is equal to 
40% of the nominal tube wall thickness. Plugging limit does R193 
not apply to that portion of the tube that is not within the 
pressure boundary of the reactor coolant system (tube end up 
to the start of the tube-to-tubesheet weld). This definition 
does not apply to tube support plate intersections if the R226 
voltage-based repair criteria are being applied. Refer to 
4.4.5.4.a.10 for the repair limit applicable to these 
intersections. For Cycle 11 and 12 operation, this 
definition does not apply for axial PWSCC indications, or 
portions thereof, which are located within the thickness of 
dented tube support plates which exhibit a maximum depth 
greater than or equal to 40 percent of the initial tube wall 
thickness. Refer to 4.4.5.4.a.11 for the repair limits 
applicable to these intersections.  

7. Unserviceable describes the condition of a tube if it leaks 
or contains a defect large enough to affect its structural 
integrity in the event of an Operating Basis Earthquake, a 
loss-of-coolant accident, or a steam line or feedwater line 
break as specified in 4.4.5.3.c, above.  

8. Tube Inspection means an inspection of the steam generator 
tube from the point of entry (hot leg side) completely around 
the U-bend to the top support of the cold leg.  

9. Preservice Inspection means a tube inspection of the full 
length of each tube in each steam generator performed by eddy 
current techniques prior to service establish a baseline con
dition of the tubing. This inspection shall be performed 
prior to initial POWER OPERATION using the equipment and 
techniques expected to be used during subsequent inservice 
inspections.

Amendment No. 189, 214, 222,3/4 4-9SEQUOYAH - UNIT I



REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

10. Tube Support Plate Pluqqing Limit is used for the disposition 
of an alloy 600 steam generator tube for continued service 
that is experiencing predominately axially oriented outside 
diameter stress corrosion cracking confined within the 
thickness of the tube support plates. At tube support plate 
intersections, the plugging (repair) limit is based on 
maintaining steam generator tube serviceability as described 
below: 

a. Steam generator tubes, whose degradation is attributed 
to outside diameter stress corrosion cracking within 
the bounds of the tube support plate with bobbin 
voltages less than or equal to the lower voltage repair 
limit (Note 1), will be allowed to remain in service.  

b. Steam generator tubes, whose degradation is attributed 
to outside diameter stress corrosion cracking within 
the bounds of the tube support plate with a bobbin 
voltage greater than the lower voltage repair limit 
(Note 1), will be repaired or plugged, except as noted 
in 4.4.5.4.a.l0.c below.  

c. Steam generator tubes, with indications of potential 
degradation attributed to outside diameter stress 
corrosion-cracking within the bounds of the tube 
support plate with a bobbin voltage greater than the 
lower voltage repair limit (Note 1), but less than or R226 
equal to upper voltage repair limit (Note 2), may 
remain in service if a rotating pancake coil inspection 
does not detect degradation. Steam generator tubes, 
with indications of outside diameter stress corrosion
cracking degradation with a bobbin coil voltage greater 
than the upper voltage repair limit (Note 2) will be 
plugged or repaired.  

d. Not applicable to SQN.  

e. If an unscheduled mid-cycle inspection is performed, 
the following mid-cycle repair limits apply instead of 
the limits identified in 4.4.5.4.a.10.a, 
4.4.5.4.a.10.b, and 4.4.5.4.a.l0.c.  

The mid-cycle repair limits are determined from the following equations: 

VMURL = VSL (CL - t) 
1. 0+NDE+Gr 

CL 

VMLRL=VMURL- (VURL-VLRL) ( -At) 

CL

SEQUOYAH - UNIT 1
April 9, 1997 
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

where: 

VURL = upper voltage repair limit 

VLRL = lower voltage repair limit 

VMURL = mid-cycle upper voltage repair limit based on 
time into cycle 

VMLRL mid-cycle lower voltage repair limit based on 
VMURL and time into cycle 

At = length of time since last scheduled inspection 
during which VURL and VLRL were implemented 

CL cycle length (the time between two scheduled 

steam generator inspections) 

VSL structural limit voltage 

Gr average growth rate per cycle length R226 

NDE 95-percent cumulative probability allowance for 
nondestructive examination uncertainty (i.e., a 
value of 20-percent has been approved by NRC) 

Implementation of these mid-cycle repair limits should follow the same approach 
as in TS 4.4.5.4.a.10.a, 4.4.5.4.a.10.b, and 4.4.5.4.a.l0.c.  

Note 1: The lower voltage repair limit is 1.0 volt for 3/4-inch diameter 
tubing or 2.0 volts for 7/8-inch diameter tubing.  

Note 2: The upper voltage repair limit is calculated according to the 
methodology in GL 90-05 as supplemented. VURL may differ at the 
TSPs and flow distribution baffle.  

11. Primary Water Stress Corrosion CrackinQ (PWSCC) Tube Support 
Plate Plugging Limit is used for the disposition of an Alloy 
600 steam generator tube for continued service that is 
experiencing predominantly axially oriented PWSCC at dented 
tube support plate intersections as described in WCAP 15128, 
Revision 2, dated February 2000. This alternate repair 
criteria is applicable to Cycle 11 and 12 operation.

Amendment No, 189, 214, 222,SEQUOYAH - U/NIT I 3/4 4-9b



REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

b. The steam generator shall be determined OPERABLE after completing 
the corresponding actions (plug all tubes exceeding the plugging 
limit and all tubes containing through-wall cracks) required by 
Table 4.4-2.  

4.4.5.5 Reports 

a. Following each inservice inspection of steam generator tubes, the 
number of tubes plugged in each steam generator shall be reported 
to the Commission within 15 days.  

b. The complete results of the steam generator tube inservice 
inspection shall be submitted to the Commission in a Special Report 
pursuant to Specification 6.9.2 within 12 months following 
completion of the inspection. This Special Report shall include: 

1. Number and extent of tubes inspected.  

2. Location and percent of wall-thickness penetration for each 
indication of an imperfection.  

3. Identification of tubes plugged.  
JR40 

c. Results of steam generator tube inspections which fall into 
Category C-3 shall be reported pursuant to Specification 6.6.1 
prior to resumption of plant operation. The written followup of 
this report shall provide a description of investigations conducted 
to determine cause of the tube degradation and corrective measures 
taken to prevent recurrence.  

d. For implementation of the voltage-based repair criteria to tube 
support plate intersections, notify the staff prior to returning 
the steam generators to service should any of the following 
conditions arise: 

1. If estimated leakage based on the projected end-of-cycle (or 
if not practical using the actual measured end-of-cycle) 
voltage distribution exceeds the leak limit (determined from 
the licensing basis dose calculation for the postulated main 
steam line break) for the next operating cycle. R226 

2. If circumferential crack-like indications are detected at the 
tube support plate intersections.  

3. If indications are identified that extend beyond the confines 
of the tube support plate.  

4. If indications are identified at the tube support plate 
elevations that are attributable to primary water stress 
corrosion cracking.  

5. If the calculated conditional burst probability based on the 
projected end-of-cycle (or if not practical, using the actual 
measured end-of-cycle) voltage distribution exceeds 1 X 102, 
notify the NRC and provide an assessment of the safety 
significance of the occurrence.

SEQUOYAH - UNIT 1
April 9, 1997 
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

e. For implementation of the depth-based repair criteria for axial 
PWSCC at dented TSPs, the results of the condition monitoring and 
operational assessments will be reported to the NRC within 120 days 
following completion of the inspection. The report will include 
tabulations of indications found in the inspection, tabulations of 
tubes repaired and left in service under the ARC, and growth rate 
distributions for indications found in the inspection as well as 
the growth distributions used to establish the tube repair limits.  
Any corrective actions found necessary in the event that condition 
monitoring requirements are not met will be identified in the 
report.

SEQUOYAH - UNIT 1 3/4 4-10a Amendment No.



REACTOR COOLANT SYSTEM

BASES 

The mid-cycle equation of SR 4.4.5.4.a.lO.e should only be used during 
unplanned inspection in which eddy current data is acquired for indications at 
the tube support plates.  

SR 4.4.5.5 implements several reporting requirements recommended by 
GL 95-05 for situations which NRC wants to be notified prior to returning the R226 
S/Gs to service. For SR 4.4.5.5.d., Items 3 and 4, indications are applicable 
only where alternate plugging criteria is being applied. For the purposes of 
this reporting requirement, leakage and conditional burst probability can be 
calculated based on the as-found voltage distribution rather than the projected 
end-of-cycle voltage distribution (refer to GL 95-05 for more information) when 
it is not practical to complete these calculations using the projected EOC 
voltage distributions prior to returning the S/Gs to service. Note that if 
leakage and conditional burst probability were calculated using the measured 
EOC voltage distribution for the purposes of addressing GL Sections 6.a.l and 
6.a.3 reporting criteria, then the results of the projected EOC voltage 
distribution should be provided per GL Section 6.b(c) criteria.  

Wastage-type defects are unlikely with proper chemistry treatment of the 
secondary coolant. However, even if a defect should develop in service, it 
will be found during scheduled inservice steam generator tube examinations.  
Plugging will be required for all tubes with imperfections exceeding the repair R226 
limit defined in Surveillance Requirement 4.4.5.4.a. The portion of the tube 
that the plugging limit does not apply to is the portion of the tube that is 
not within the RCS pressure boundary (tube end up to the start of the tube-to- R193 
tubesheet weld). The tube end to tube-to-tubesheet weld portion of the tube 
does not affect structural integrity of the steam generator tubes and therefore 
indications found in this portion of the tube will be excluded from the Result 
and Action Required for tube inspections. It is expected that any indications 
that extend from this region will be detected during the scheduled tube 
inspections. Steam generator tube inspections of operating plants have 
demonstrated the capability to reliably detect degradation that has penetrated 
20% of the original tube wall thickness.  

Tubes experiencing outside diameter stress corrosion cracking within the R226 
thickness of the tube support plate are plugged or repaired by the criteria of 
4.4.5.4.a. 10.  

The steam generator tube repair limits for primary water stress corrosion 
cracking (PWSCC) of SR 4.4.5 represents a steam generator tube alternate repair 
criteria for greater than or equal to 40 percent deep PWSCC indications which 
are located within the thickness of tube support plates. The repair bases for 
PWSCC are not applicable to other types of localized tube wall degradation 
located at the tube-to-tube support plate intersections.  

The ARC includes completion of a condition monitoring assessment to 
determine the end-of-cycle (EOC) condition of the tube bundle. An operational 
assessment is completed to determine the need for tube repair on a forward-fit 
basis. The ARC is based on the use of crack depth profiles obtained from Plus 
Point analyses. Burst pressures and leak rates are calculated from depth 
profiles by searching the total crack length for the partial length that 
results in the lowest burst pressure and the longest length that would tear 
through-wall at steam-line break conditions. The repair bases for PWSCC at 
dented TSP intersections is obtained by projecting the crack profile to the 
end of the next operating cycle and determining if the-projected profile meets 
the requirements of WCAP 15128, Revision 2, dated February 2000. The following 
provides the limits and bases for repair established in the WCAP analyses:

SEQUOYAH - UNIT 1 Amendment No. 36, 189, 214, 
222,
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REACTOR COOLANT SYSTEM

BASES 

Freespan Indication Repair Limits 

The tube will be repaired if the crack length outside the dented TSP is 
a40% maximum depth.  

Crack Length Limit for a40% Maximum Depth 

The crack length limit for a40% maximum depth indications is defined as 
0.375 inch from the centerline of the TSP. This limit defines the edges of the 
TSP thickness of 0.75 inch for Model 51 S/Gs. It is acceptable for the crack 
to extend to both edges of the TSP as long as the maximum depth of the crack 
outside the TSP is <40% maximum depth and the requirements for EOC conditions 
are acceptable.  

Operational Assessment Repair Bases 

If the indication satisfies the above maximum depth and length 
requirements, the repair bases is then obtained by projecting the crack profile 
to the end of the next operating cycle and determining the burst pressure and 
leakage for the projected profile. The burst pressure and leakage is compared 
to the requirements in WCAP 15128, Revision 2, dated February 2000. Separate 
analyses are required for the total crack length and the length outside the TSP 
due to differences in requirements. If the projected EOC requirements are 
satisfied, the tube will be left in service.  

The results of the condition monitoring and operational assessments will 
be reported to the NRC within 120 days following completion of the inspection.  

Whenever the results of any steam generator tubing inservice inspection 
fall into Category C-3, these results will be promptly reported to the 
Commission pursuant to Specification 6.6.1 prior to resumption of plant opera- R40 
tion. Such cases will be considered by the Commission on a case-by-case basis 
and may result in a requirement for analysis, laboratory examinations, tests, 
additional eddy-current inspection, and revision of the Technical 
Specifications, if necessary.  

R226
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3/4.4.6 REACTOR COOLANT SYSTEM LEAKAGE

3/4.4.6.1 LEAKAGE DETECTION SYSTEMS 

The RCS leakage detection systems required by this specification are 
provided to monitor and detect leakage from the Reactor Coolant Pressure 
Boundary. These detection systems are consistent with the recommendations of 
Regulatory Guide 1.45, "Reactor Coolant Pressure Boundary Leakage Detection 
Systems," May 1973.  

3/4.4.6.2 OPERATIONAL LEAKAGE 

Industry experience has shown that while a limited amount of leakage is 
expected from the RCS, the unidentified portion of this leakage can be reduced 
to a threshold value of less than 1 GPM. This threshold value is sufficiently 
low to ensure early detection of additional leakage.  

The surveillance requirements for RCS Pressure Isolation Valves provide 
added assurances of valve integrity thereby reducing the probability of gross 
valve failure and consequent intersystem LOCA. Leakage from the RCS isolation 
valves is IDENTIFIED LEAKAGE and will be considered as a portion of the allowed 
limit.  

The 10 GPM IDENTIFIED LEAKAGE limitation provides allowance for a limited 
amount of leakage from known sources whose presence will not interfere with the 
detection of UNIDENTIFIED LEAKAGE by the leakage detection systems.  

The CONTROLLED LEAKAGE limitation restricts operation when the total flow 
supplied to the reactor coolant pump seals exceeds 40 GPM with the modulating 
valve in the supply line fully open at a nominal RCS pressure of 2235 psig.  
This limitation ensures that in the event of a LOCA, the safety injection flow 
will not be less than assumed in the accident analyses.  

The total steam generator tube leakage limit of 600 gallons per day for 
all steam generators and 150 gallons per day for any one steam generator will R226 
minimize the potential for a significant leakage event during steam line break.  
Based on the NDE uncertainties, bobbin coil voltage distribution and crack 
growth rate from the previous inspection, the expected leak rate following a 
steam line rupture is limited to below 8.21 gpm at atmospheric conditions and 
70OF in the faulted loop, which will limit the calculated offsite doses to 
within 10 percent of the 10 CFR 100 guidelines. If the projected and cycle 
distribution of crack indications results in primary-to-secondary leakage 
greater than 8.21 gpm in the faulted loop during a postulated steam line break 
event, additional tubes must be removed from service in order to reduce the 
postulated primary-to-secondary steam line break leakage to below 8.21 gpm. R241 

The 150-gallons per day limit incorporated into SR 4.4.6 is more 
restrictive than the standard operating leakage limit and is intended to 
provide an additional margin to accommodate a crack which might grow at a 
greater than expected rate or unexpectedly extend outside the thickness of the 
tube support plate. Hence, the reduced leakage limit, when combined with an 
effective leak rate monitoring program, provides additional assurance that, 
should a significant leak be experienced, it will be detected, and the plant 
shut down in a timely manner.  

PRESSURE BOUNDARY LEAKAGE of any magnitude is unacceptable since it may 
be indicative of an impending gross failure of the pressure boundary.  
Therefore, the presence of any PRESSURE BOUNDARY LEAKAGE requires the unit to 
be promptly placed in COLD SHUTDOWN.  

R226 
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REACTOR COOLANT SYSTEM

BASES 

3/4.4.7 CHEMISTRY 
The limitations on Reactor Coolant System chemistry ensure that corrosion 

of the Reactor Coolant System is minimized and reduces the potential for 
Reactor Coolant System leakage or failure due to stress corrosion. Maintaining 
the chemistry within the Steady State Limits provides adequate corrosion 
protection to ensure the structural integrity of the Reactor Coolant System 
over the life of the plant. The associated effects of exceeding the oxygen, 
chloride and fluoride limits are time and temperature dependent. Corrosion 
studies show that operation may be continued with contaminant concentration 
levels in excess of the Steady State Limits, up to the Transient Limits, for 
the specified limited time intervals without having a significant effect on the 
structural integrity of the Reactor Coolant System. The time interval 
permitting continued operation within the restrictions of the Transient Limits 
provides time for taking corrective actions to restore the contaminant 
concentrations to within the Steady State Limits.

SEQUOYAH - UNIT 1
October 11, 1995 
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

1. All nonplugged tubes that previously had detectable wall pene
trations (greater than 20%).  

2. Tubes in those areas where experience has indicated potential 
problems.  

3. A tube inspection (pursuant to Specification 4.4.5.4.a.8) shall 
be performed on each selected tube. If any selected tube does 
not permit the passage of the eddy current probe for a tube 
inspection, this shall be recorded and an adjacent tube shall be 
selected and subjected to a tube inspection.  

4. Indications left in service as a result of application of the 
tube support plate voltage-based repair criteria shall be R213 
inspected by bobbin coil probe during all future refueling 
outages.  

c. The tubes selected as the second and third samples (if required by 
Table 4.4-2) during each inservice inspection may be subjected to a 
partial tube inspection provided: 

1. The tubes selected for these samples include the tubes from 
those areas of the tube sheet array where tubes with 
imperfections were previously found.  

2. The inspections include those portions of the tubes where 
imperfections were previously found.  

Note: Tube degradation identified in the portion of the tube that R181 
is not a reactor coolant pressure boundary (tube end up to 
the start of the tube-to-tubesheet weld) is excluded from 
the Result and Action Required in Table 4.4-2.  

d. Implementation of the steam generator tube/tube support plate repair 
criteria requires a 100 percent bobbin coil inspection for hot-leg 
and cold-leg tube support plate intersections down to the lowest R213 
cold-leg tube support plate with known outside diameter stress 
corrosion cracking (ODSCC) indications. The determination of the 
lowest cold-leg tube support plate intersections having ODSCC 
indications shall be based on the performance of at least a 20 
percent random sampling of tubes inspected over their full length.  

e. Inspection of dented tube support plate intersections will be 
performed in accordance with WCAP 15128, Revision 2, dated 
February 2000. This alternate repair criteria is applicable to 
Cycle 11 and 12 operation.  

The results of each sample inspection shall be classified into one of the 

following three categories: 

Category Inspection Results 

C-1 Less than 5% of the total tubes inspected are 
degraded tubes and none of the inspected tubes 
are defective.  

R213
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued) 

4.4.5.4 Acceptance Criteria 

a. As used in this Specification: 

1. Imperfection means an exception to the dimensions, finish or 
contour of a tube from that required by fabrication drawings or 
specifications. Eddy-current testing indications below 20% of 
the nominal tube wall thickness, if detectable, may be con
sidered as imperfections.  

2. Degradation means a service-induced cracking, wastage, wear or 
general corrosion occurring on either inside or outside of a 
tube.  

3. Degraded Tube means a tube containing imperfections greater than 
or equal to 20% of the nominal wall thickness caused by 
degradation.  

4. % Degradation means the percentage of the tube wall thickness 
affected or removed by degradation.  

5. Defect means an imperfection of such severity that it exceeds 
the plugging limit. A tube containing a defect is defective.  

6. Plugging Limit means the imperfection depth at or beyond which 
the tube shall be removed from service and is equal to 40% of 
the nominal tube wall thickness. Plugging limit does not apply 
to that portion of the tube that is not within the pressure R181 
boundary of the reactor coolant system (tube end up to the start 
of the tube-to-tubesheet weld). This definition does not apply 
to tube support plate intersections if the voltage-based repair R213 
criteria are being applied. Refer to 4.4.5.4.a.10 for the 
repair limit applicable to these intersections. For Cycle 11 
and 12 operation, this definition does not apply for axial PWSCC 
indications, or portions thereof, which are located within the 
thickness of dented tube support plates which exhibit a maximum 
depth greater than or equal to 40 percent of the initial tube 
wall thickness. Refer to 4.4.5.4.a.11 for the repair limits 
applicable to these intersections.  

7. Unserviceable describes the condition of a tube if it leaks or 
contains a defect large enough to affect its structural 
integrity in the event of an Operating Basis Earthquake, a loss
of-coolant accident, or a steam line or feedwater line break as 
specified in 4.4.5.3.c, above.  

8. Tube Inspection means an inspection of the steam generator tube 
from the point of entry (hot leg side) completely around the 
U-bend to the top support of the cold leg.  

9. Preservice Inspection means an inspection of the full length of 
each tube in each steam generator performed by eddy current 
techniques prior to service to establish a baseline condition of 
the tubing. This inspection shall be performed prior to initial 
POWER OPERATION using the equipment and techniques expected to 
be used during subsequent inservice inspections.
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10. Tube Support Plate Plugging Limit is used for the disposition of 
an alloy 600 steam generator tube for continued service that is 
experiencing predominately axially oriented outside diameter 
stress corrosion cracking confined within the thickness of the 
tube support plates. At tube support plate intersections, the 
plugging (repair) limit is based on maintaining steam generator 
tube serviceability as described below: 

a. Steam generator tubes, whose degradation is attributed to 
outside diameter stress corrosion cracking within the 
bounds of the tube support plate with bobbin voltages less 
than or equal to the lower voltage repair limit (Note 1), 
will be allowed to remain in service.  

b. Steam generator tubes, whose degradation is attributed to 
outside diameter stress corrosion cracking within the 
bounds of the tube support plate with a bobbin voltage 
greater than the lower voltage repair limit (Note 1), will R213 
be repaired or plugged, except as noted in 4.4.5.4.a.i0.c 
below.  

c. Steam generator tubes, with indications of potential 
degradation attributed to outside diameter stress 
corrosion-cracking within the bounds of the tube support 
plate with a bobbin voltage greater than the lower voltage 
repair limit (Note 1), but less than or equal to upper 
voltage repair limit (Note 2), may remain in service if a 
rotating pancake coil inspection does not detect 
degradation. Steam generator tubes, with indications of 
outside diameter stress corrosion-cracking degradation with 
a bobbin coil voltage greater than the upper voltage repair 
limit (Note 2) will be plugged or repaired.  

d. Not applicable to SQN.  

e. If an unscheduled mid-cycle inspection is performed, the 
following mid-cycle repair limits apply instead of the 
limits identified in 4.4.5.4.a.10.a, 4.4.5.4.a.10.b, and 
4.4.5.4.a.10.c.  

The mid-cycle repair limits are determined from the following equations: 

VMR= VSL 

1.0 + NDE + Gr (CL-At) 
CL 

VHRL = V•R - ( V - VLRL) (CL - At) 

April 9, 1997 
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where: 

VURL = upper voltage repair limit 

VLRL = lower voltage repair limit 

VMURL mid-cycle upper voltage repair limit based on time 
into cycle 

VMLRL mid-cycle lower voltage repair limit based on VMURL and 
time into cycle 

At length of time since last scheduled inspection during R213 
which VURL and VLRL were implemented 

CL = cycle length (the time between two scheduled steam 

generator inspections) 

VSL structural limit voltage 

Gr = average growth rate per cycle length 

NDE 95-percent cumulative probability allowance for 
nondestructive examination uncertainty (i.e., a value 
of 20-percent has been approved by NRC) 

Implementation of these mid-cycle repair limits should follow the same approach 
as in TS 4.4.5.4.a.10.a, 4.4.5.4.a.10.b, and 4.4.5.4.a.l0.c.  

Note I: The lower voltage repair limit is 1.0 volt for 3/4-inch diameter 
tubing or 2.0 volts for 7/8-inch diameter tubing.  

Note 2: The upper voltage repair limit is calculated according to the 
methodology in GL 90-05 as supplemented. VURL may differ at the TSPs 
and flow distribution baffle.  

11. Primary Water Stress Corrosion Cracking (PWSCC) Tube Support 
Plate Plugging Limit is used for the disposition of an Alloy 600 
steam generator tube for continued service that is experiencing 
predominantly axially oriented PWSCC at dented tube support 
plate intersections as described in WCAP 15128, Revision 2, 
dated February 2000. This alternate repair criteria is 
applicable to Cycle 11 and 12 operation.  

b. The steam generator shall be determined OPERABLE after completing the 
corresponding actions (plug all tubes exceeding the plugging limit 
and all tubes containing through-wall cracks) required by 
Table 4.4-2.
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4.4.5.5 Reports 

a. Following each inservice inspection of steam generator tubes, the 
number of tubes plugged in each steam generator shall be reported to 
the Commission within 15 days.  

b. The complete results of the steam generator tube inservice inspection 
shall be submitted to the Commission in a Special Report pursuant to 
Specification 6.9.2 within 12 months following the completion of the 
inspection. This Special Report shall include: 

1. Number and extent of tubes inspected.  
I R213 

2. Location and percent of wall-thickness penetration for each 

indication of an imperfection.  

3. Identification of tubes plugged.  

c. Results of steam generator tube inspections which fall into Category R28 
C-3 shall be reported pursuant to Specification 6.6.1 prior to 
resumption of plant operation. The written followup of this report 
shall provide a description of investigations conducted to determine 
cause of the tube degradation and corrective measures taken to 
prevent recurrence.  

d. For implementation of the voltage-based repair criteria to tube 
support plate intersections, notify the staff prior to returning the 
steam generators to service should any of the following conditions 
arise: 

1. If estimated leakage based on the projected end-of-cycle (or if 
not practical using the actual measured end-of-cycle) voltage 
distribution exceeds the leak limit (determined from the 
licensing basis dose calculation for the postulated main steam R213 
line break) for the next operating cycle.  

2. If circumferential crack-like indications are detected at the 
tube support plate intersections.  

3. If indications are identified that extend beyond the confines of 
the tube support plate.  

4. If indications are identified at the tube support plate 
elevations that are attributable to primary water stress 
corrosion cracking.  

5. If the calculated conditional burst probability based on the 
projected end-of-cycle (or if not practical, using the actual 
measured end-of-cycle) voltage distribution exceeds 1 X 102, 
notify the NRC and provide an assessment of the safety 
significance of the occurrence.  

R213
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e. For implementation of the depth-based repair criteria for axial PWSCC 
at dented TSPs, the results of the condition monitoring and 
operational assessments will be reported to the NRC within 120 days 
following completion of the inspection. The report will include 
tabulations of indications found in the inspection, tabulations of 
tubes repaired and left in service under the ARC, and growth rate 
distributions for indications found in the inspection as well as the 
growth distributions used to establish the tube repair limits. Any 
corrective actions found necessary in the event that condition 
monitoring requirements are not met will be identified in the report.
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where VGR represents the allowance for flaw growth between inspections and VNDE 
represents the allowance for potential sources of error in the measurement of 
the bobbin coil voltage. Further discussion of the assumptions necessary to 
determine the voltage repair limit are discussed in GL 95-05.  

The mid-cycle equation of SR 4.4.5.4.a.lo.e should only be used during 
unplanned inspection in which eddy current data is acquired for indications at R213 
the tube support plates.  

SR 4.4.5.5 implements several reporting requirements recommended by 
GL 95-05 for situations which NRC wants to be notified prior to returning the 
S/Gs to service. For SR 4.4.5.5.d., Items 3 and 4, indications are applicable 
only where alternate plugging criteria is being applied. For the purposes of 
this reporting requirement, leakage and conditional burst probability can be 
calculated based on the as-found voltage distribution rather than the projected 
end-of-cycle voltage distribution (refer to GL 95-05 for more information) when 
it is not practical to complete these calculations using the projected EOC 
voltage distributions prior to returning the S/Gs to service. Note that if 
leakage and conditional burst probability were calculated using the measured 
EOC voltage distribution for the purposes of addressing GL Sections 6.a.l and 
6.a.3 reporting criteria, then the results of the projected EOC voltage 
distribution should be provided per GL Section 6.b(c) criteria.  

Wastage-type defects are unlikely with proper chemistry treatment of the 
secondary coolant. However, even if a defect should develop in service, it 
will be found during scheduled inservice steam generator tube examinations.  
Plugging will be required for all tubes with imperfections exceeding the repair 1R213 
limit defined in Surveillance Requirement 4.4.5.4.a. The portion of the tube 
that the plugging limit does not apply to is the portion of the tube that is 
not within the RCS pressure boundary (tube end up to the start of the tube-to- R181 
tubesheet weld). The tube end to tube-to-tubesheet weld portion of the tube 
does not affect structural integrity of the steam generator tubes and therefore 
indications found in this portion of the tube will be excluded from the Result 
and Action Required for tube inspections. It is expected that any indications 
that extend from this region will be detected during the scheduled tube 
inspections. Steam generator tube inspections of operating plants have 
demonstrated the capability to reliably detect degradation that has penetrated 
20% of the original tube wall thickness.  

Tubes experiencing outside diameter stress corrosion cracking within the 
thickness of the tube support plate are plugged or repaired by the criteria of R213 
4.4.5.4.a.10.  

The steam generator tube repair limits for primary water stress corrosion 
cracking (PWSCC) of SR 4.4.5 represents a steam generator tube alternate repair 
criteria for greater than or equal to 40 percent deep PWSCC indications which 
are located within the thickness of tube support plates. The repair bases for 
PWSCC are not applicable to other types of localized tube wall degradation 
located at the tube-to-tube support plate intersections.  

The ARC includes completion of a condition monitoring assessment to 
determine the end-of-cycle (EOC) condition of the tube bundle. An operational 
assessment is completed to determine the need for tube repair on a forward-fit 
basis. The ARC is based on the use of crack depth profiles obtained from Plus 
Point analyses. Burst pressures and leak rates are calculated from depth 
profiles by searching the total crack length for the partial length that
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results in the lowest burst pressure and the longest length that would tear 
through-wall at steam-line break conditions. The repair bases for PWSCC at 
dented TSP intersections is obtained by projecting the crack profile to the end 
of the next operating cycle and determining if the projected profile meets the 
requirements of WCAP 15128, Revision 2, dated February 2000. The following 
provides the limits and bases for repair established in the WCAP analyses: 

Freespan Indication Repair Limits 

The tube will be repaired if the crack length outside the dented TSP is 
a40% maximum depth.  

Crack Length Limit for a40% Maximum Depth 

The crack length limit for 240% maximum depth indications is defined as 
0.375 inch from the centerline of the TSP. This limit defines the edges of the 
TSP thickness of 0.75 inch for Model 51 S/Gs. It is acceptable for the crack 
to extend to both edges of the TSP as long as the maximum depth of the crack 
outside the TSP is <40% maximum depth and the requirements for EOC conditions 
are acceptable.  

Operational Assessment Repair Bases 

If the indication satisfies the above maximum depth and length 
requirements, the repair bases is then obtained by projecting the crack profile 
to the end of the next operating cycle and determining the burst pressure and 
leakage for the projected profile. The burst pressure and leakage is compared 
to the requirements in WCAP 15128, Revision 2, dated February 2000. Separate 
analyses are required for the total crack length and the length outside the TSP 
due to differences in requirements. If the projected EOC requirements are 
satisfied, the tube will be left in service.  

The results of the condition monitoring and operational assessments will 
be reported to the NRC within 120 days following completion of the inspection.  

Whenever the results of any steam generator tubing inservice inspection 
fall into Category C-3, these results will be promptly reported to the 
Commission pursuant to Specification 6.6.1 prior to resumption of plant opera
tion. Such cases will be considered by the Commission on a case-by-case basis 
and may result in a requirement for analysis, laboratory examinations, tests, 
additional eddy-current inspection, and revision of the Technical 
Specifications, if necessary.  

R213
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