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RCS Operational LEAKAGE 
3.4.33

3.4 REACTOR COOLAHT SYSTEM (RCS) 

3.4.13 RCS Operational LEAKAGE

LCO 3.4.13 RCS operational LEAAGE shall be limited to: 

a. No pressure boundary LEAKAGE; 

b. I1 gpm unidentified LEAKAGE; 

c. 10 gpm identifled LEAKAGE;

iallons p Laajarielo.sc.daY LEAKAGE 
I any one)

APPLICABILITY: MODES 1, Z, 3, and 4.

A C T I O N S .. -.. . . .

CONDITII

A. RCStLEAK\GE not within 
limits for reasons 
other than pressure 

-nd

B. Required Action and 
associated Completion 
Time of Condition A 
not met.  

PTessare boundary 
LEAKAGE exists.  

C--, -

UIRED ACTION

A.1

B.1 

ANMD 

B.2

Reduce LEAKAGE to within limits.

Be in MODE 3.  

Be in MODE 5.

4 hours

6 hours 

36 hours
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RCS Operational LEAKAGE 3.4.13

SR 3.4.13 NOTE--------
*. Hot required to be performed in MODE 3 or 4 

t o&t to P • syt 

Perform RCS water iwnvantory bal ance.

tWC(~ to ScceM/t t Ofj 
ISO ~~per day t

--...NOTE -----Only required 
to be Fet'ormed 
during steady 

rstate operation 
--- - - - - -

72 hours
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RCS Operational LEAKAGE 
B 3.4.13 

5 3.4 REACTOR-COOLANT SYSTEM (RCS) 

B 3.4.13 RCS Oparational LEAKAGE 

RAES 

BACKGROUND Components that contain or'transport the coolant to or from 
the reactor core make up the RCS. Component joints are made 
by welding, bolting, rolling, or pressure loadlig, and 
valves fsolate connecting systems from the RCS.  

During plant life, the joint and valve interfaces can 
produce varying amounts of reactor coolant LEAKAGE; through 
either normal operational wear or mechanical deterioration.  
The purpose of the RCS Operational LEAKAGE LCO is to limit 
system operation in the presence of LEAKAGE from these 
sources to amounts that do not compromise safety. This LCO 
specifies the types and amounts of LEAKAGE.  

I0 CFR 50, Appendix A, GDC 30 (Ref. 1), requires means for 
detecting and, to the extent practical, identifying the 
source of reactor coolant LEAKAGE. Regulatory Guide 1.45 
(Ref. 2) describes acceptable methods for selecting leakage 
detection system5.  

The safety significance of RCS LEAKAGE varies widely 
depending on Its source, rate, and dluratlon. Therefore, 
detecting and monitoring reactor coolant LEAKAGE into the 
containment area is necessary. Quickly separatin9 the 
identified LEAKAGE from the unidentified LEAKAGE is 
necessary to provide quantitative information to the 
operators, allowing them to take corrective action should a 
leak occur that ig detrimental to the safety of the facility 
and the public.  

A limited amount of leakage inside containment is expected 
from auxiliary systems that cannot be made 100% leaktight.  
Lgakage from thest cystem should be detected, located, and 
isol~ated from the containment atmosphere, if possible, to 
not. interfere wlth RCS leakage detection.  

This LCo deals with protection of the reactor coolant 
pressure boundary (RCPB) from degradation and the core from 
inadequate cooling, in addiion to preventing the accident 
analyses radiation release assumptions from being exceeded.  
The consequences of violating this LCO include the 
possibility of a loss of coolant accident [LOCA).  

(continued)
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RCS Operational LEAKAGE 
D 3,4.13 

BASES (continued) 

APPLICABLE' Except for primary to secondary LEAKAGE, the safety analyses 

SAFETY ANALYSES do not address operational LEAKAGE. However, other 
operational LEAKAGE-is related to the safety analyses for 
LOCA; the amount of leakage can affect the probabi-lity of 
such an event. The. safety, analysis for an event resulti 

Primary to seconda.ry LEAKGE is a factor in the dose 
rekeases outside containment resulting from a steam line 
break (SMB) accident. To a lesser extent, other accidents 
or transients involve secondary ziteam release to the 
atmosphere, such as a steam generator tube rupture (SGTR).  
The leakage contaminates the secondary fluid.  

The FSAR (Ref. 3) analysis for SGTR assumes the contaminated 
~, secondary fluid is only briefly released via safet "14A4e

and the majority is steamed to the condenser. The•_g9•j 
.- primary to secondary LEAKAGE is relatively inconseqiai.  

Th •L s more limitin site radiation e ses. The 
saf nalysis for th L ccident assume s4_gpoiiirimary 
to secondary LEAKAGE in gtnerator as anm v l 'tl-.? 
condition. The dose consequences resulting from th L11 
accident are well within the limits defined In l CFRIW or 
the staff approved licensing basis (i.e., a small fraction 
of these limits).  

The RCS operational LEAKAGE satisfies Criterion a of the NRC 
Pol icy Statement.  

LCO RCS operational LEAKAGE shall be limited to.  

a. Pressure Boundary LEAKAGE 

No pressure boundary LEAKAGE is allowed, being 
indicative of material deterioration. LEAKAGE of this 
type is unacceptable as the leak itself could cause 
further deterioration, resulting in higher LEAKAGE.  
Violation of this LCO could result In continued 
degradation of the RC9B. LEAKAGE past seals and 
gaskets is not pressure boundary LEAKAGE.

(Conitinupd)i.
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RCS Operational LEAKAGE 
B 3.4.13

BASES

LCO 
(continued)

b. Unidentified LEAKAGE 

One gallon per minute (gpn) of uwidentified LEAKAGE is 
allowed as a reasonable minimum detectable anount that 
the containment air monitoring and containnant sump 
level monitoring equipment'can detect within a 
reasonable time period. Violation of this LCO could 
result in continued degradation of the RCPB, if the 
LEAKAGE is from the pressure boundary.  

C. Identified LEAKAGE

Up to 10 gpm of identified LEAKAGE is considered 
allowable because LEAKAGE is free known sources that 
do not interfere with detection of identified LEAKAGE
and Is well within the capability of the RCS Makeup 
System. Identified LEAKAGE includes LEAKAGE to the 
containment from specifically known and located 
sources, but does not include pressure boundary 
LEAKAGE or controlled reactor coolant pump (RCP) seal 
leakoff (a normal function not considered LEAKGE).  
Violation of this LCO could result in continued 
degradatiDn of a component or system.  

Primary to Secondary LEAKGE throughAallSteaw

'Tha45Q9] gallons per day limit on one SG is basetd.o•n
the assr • hat a single crack leaki amount 
would not propag GTM e stress 
conditions of a L a line rupture. If 
leakod Lbh ny cracks,, the crack suallI 

eabove assumption is conservative.y

(continued)

ou 1 M)II'7IQR
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RCS Operational LEAKAGE 

B 3.4.13 

BASES (continued) 

APPLICABILITY In MODES 1, 2, 3, and 4, the potential for RCPB LEAKAGE is 

greatest when the RCS is pressurized.  

In MODES 5 and 6, LEAKAGE limits are not required because 

the.reactor coolanlt pressure is far lower, resulting in 

lower stresses and rediced potentials for LEAKAGE.  

LWO 3.4.14, "RCS Pressure Isolation Valve (PIV) Leakage," 

measures leakage through each individual PIV and can impact 

this LCO. Of the two PIVs in series in each isolated line, 

leakage !easured through one PIV does not result in RCS 

LEAKAGE when the other is-leak tight. If both valves leak 

and result in a loss of mass from the RCS, the loss must be 

included in the allowable identified LEAKAGE.  

ACTIONS A.1 

U identifiKAGkidaltifiQd LE'AKAG~di
4' 

"xcess of the LeO lIhiimits atb 
c to witin limits within 4 hours. This Completion 

Time allows time to verify leakage rates and either identify 

unidentified LEAKAGE or reduce LEAKAGE to within limits 

before the reactor must be shut down. This action is 
necessary to prevent furtheT deterioration of the RCPB.  

B.1 and B.t 

,ti mnif 9 sSUre boundary L axists or ifuiet 
.fo ---- EX dentified LEAKA 

cannot' reduced to with i imits wi in 4 ours, the 

reactor must be brought to lovwer pressure conditions to 

reduce the severity of the LEAKAGE and. its potential 
consequences. It should be noted that LEAKAGE past seals 

and gaskets is not pressure boundary LEAKAGE. The reactor 

must be brought to NODE 3 within 6 hours and MODE S within 

35 hours. -This action reduces the LEAKAGE and also reduces 
the factors that tend to degrade the pressure boundary.  

The allowed Completion Times are reasonable, based on 
operating experience, to reach the required plant conditions 

from full power conditions in an orderly manner and without 

challenging plant systems. In MODE 5, the pressure stresses 

(contincued)
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RCS Operational LEAACE 
B 3.4.13

BASES

B.I and B.Z (continued)

acting on the RCPB are much 
is much less likely.

lower, and further deterioration

SURVEILLANCE 
nri "nToiflMCTC

SR 3.4.13A1

Verifying RCS LEAKAGE to be within the LCO limits ensures 
the integrity of the RCPB is maintained. Pressure boundary 
LEAKAGE would at first appear as unidentified LEAKAGE and 
can only be positively Identified by inspection. It should 
be noted that LEAKAGE past seals and gaskets is not pressure 
boundary LEAKAGE. Unidentified LEAKAGE and identified 
LEAKAGE are determined b er R water 

I•a•,,c ba pr n hlof RCS& - atav .... t_ r bl in-

-stcaim and~ fcrzdwatrzyb:

The RCS water inventory balance must be met with the reactor 
at steady state operating conditions and near operating 
pressure. Therefore, this SR is not required to be 
performed in NODES 3 and 4 until 12 hours of steady state 
operation near opeting pressuro have been established.  

Steady state opera ion is required to perform a proper 
inventory bWlnceVcalcUlations during manCuvering are not 
useful andJaotesrequires the Surveillance to be met when 
steady statis established. For RCS operational LEAKAGE 
determination by water inventory balance, steady itate.is 
defined as stable RCS pressure, temperature, power level, 
pressurizer and makeup tank levels, makeup and letdown, and 
RCP seal injection and return flows.  

An early warning of pressure boundary LEAKAGE or 
unidentified LEAKAGE is provided.by the automatic systems 
that monitor the containment atmosphere radioactivity and 
the containment sump level. It should be noted that LEAKAGE 
past seals and gaskets is not pressure boundary LEAKAGE.  
These leakage detection systems are specified in LCO 3.4.15, 
"RCS Leakage Detection Instrumentation."

The 72 hour Frequency is a reasonable interval to trend 
LEAKAGE and recognizes the importance of early leakage 

(continued)

ACTIONS
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RCS Operational LEAKAGE 
B 3.4.13 

BASES 

SURVEILLLAKCE SR 3..13.1 (continued) 

REQUIREMENTS detection in the prevention of accidldts. -A Kate under the 

Frequency column states that this SR is required to be 

performed during steady state operation.  

SR 3.4.1 

R provides the means necessary to deteriuin 
' OPEB an operational NODE. The " rement to 

demoTistrate 5S t rity 10 anteord with the steam 

Generator Tube Surveill e hasizes the

importance of n rity even 

Sirveil cannot be performed at normal opera 

REFERENCES 1. 10 CFR 50, Appondix A, COC 30.  

a. Regulatory Guide 1.45, May 1973.  

3. SARI Section 15 

3 R loý SAI,-ý



Inserts for Operational LEAKAGE Tech Spec Bases

Insert A: 

Insert B:

Inserts to Op LKG TS, version 4 as of 5/8/01 Page 1 01 '2

that primary to secondary LEAKAGE from all steam generators is [one 

gallon per minute] or increases to [one gallon per minute] as a result of 

accident induced conditions. The LCO requirement to limit primary to 

secondary LEAKAGE through any one steam generator to less than 150 

gallons per day is significantly less than the conditions assumed in the safety 

analysis.  

The limit of 150 gallons per day per steam generator (SG) is based on 

the Operational LEAKAGE Performance Criterion in the Steam 

Generator Program. Steam Generator Program requirements are 

governed by NEI 97-06, SG Program Guidelines [41. The Steam 

Generator Program Operational Leakage Performance Criterion 
states: 

"The RCS operational primary-to-secondary leakage through any one 

steam generator shall be limited to 150 gallons per day." 

The EPRI PWR Primary to Secondary Leak Guidelines 151 are based 

on leakage measured at room temperature.  

The operational LEAKAGE rate limit applies to LEAKAGE in any one steam 

generator. If it is not practical to assign the LEAKAGE to an individual 

steam generator, all the LEAKAGE should be conservatively assumed to be 

from one steam generator.  

The limit in this criterion is based on operating experience gained from SG 

tube degradation mechanisms that result in tube LEAKAGE. The 

LEAKAGE rate criterion al ng withthe other o Steam Generator 
p ;o gra m p .efo rm~ c .CriAe-a6 ~tra e •cidn 

In ce' EA -GE) provide reasonable assurance that a single flaw 

leaking this amount will not propagate to a SGTR under normal and 

accident conditions prior to detection by LEAKAGE monitoring methods 

and commencement of plant shutdown. If leaked through many flaws, the 

flaws are very small and the above assumption is conservative.  

The other tw eam Generator Performance Criteria are addressed 

by h Sten Ge rato uTbentegrt ecnica -ecification 

(L4. 0R

4 

N 

x 

¼

Page 1 of 2Inserts to Op LKG TS, version 4 as of 5/8/01



Inserts for Operational LEAKAGE Tech Spec Bases

Insert C: 

Insert D:

Note 2 states that this SR is not applicable to primary-to-secondary 

LEAKAGE because LEAKAGE limits as low as 150 gallons per day cannot 

be measured accurately by an RCS water inventory balance.  

This SR requires the verification ýftlprimary to secondary 

LEAKAGE limit specified in the LCOQ Satisfying the primary to 

secondary LEAKAGE limits-ensures that the operational LEAKAGE 

performance criterion in the Steam Generator Program is met. The 

150 gallons per day limit is based on room temperature 
measurements.  

The operational LEAKAGE Performance Criterion alon-a ,A-4h ... t fl 

provide reasonable assurance that a single flaw leaking this amount 

will not propagate to an SGTR under the stress conditions of a LOCA 

or a main steam line rupture prior to detection by LEAKAGE 

monitoring methods and commencement of plant shutdown.

Jo• --

A Note under the Surveillance column requires the Surveillance to 

be performed after steady state operation in MODE 3 or 4 is 

established. Primary to secondary LEAKAGE is determined through the 

analysis of secondary coolant activity levels. At low power, primary and 

secondary coolant activity is sufficiently low that an accurate determination of 

primary to secondary LEAKAGE may be difficult. Immediately after 

shutdown, the short lived isotopes are usually at sufficient levels to monitor 

for LEAKAGE by normal power operational means as long as other plant 

conditions allow the measurement. During startup, especially after a long 

outage, there are no short lived isotopes in either the primary or secondary 

system. This limits measurement of the LEAKAGE to chemical or long lived 

radiochemical means. Because of these effects, an accurate primary to 

secondary leakage measurement can not be obtained in MODE 5.  

The Note allows entry into MODE 4 without the Surveillance being 

current. The Steam Generator Program provides guidance on leak rate 

monitoring during MODES 3 and 4.  

The Surveillance Frequency is determined by the Steam Generator 

Program requirements. The Steam Generator Program's primary - to 

- secondary LEAKAGE test frequencies are described in the EPRI 

PWR Primary-To-Secondary Leak Guidelines. The leak testing 

frequency changes as the amount of detected LEAKAGE increases.  

The greater the LEAKAGE, the more monitoring is required.'

Inserts to Op LKG TS, version 4 as of 5/8/01 Page 2 of 2
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Proposed Steam Generator Tech Spec

REACTOR COOLANT SYSTEM (RCS)

Steam Generator Tube Integrity

LCO 3.4.20 Steam Generator tube integrity shall be maintained.

APPLICABILITY:

A CrmTC-lNTQ

MODES 1, 2, 3 and 4.

CONDITION f- REQUIRED ACTION COMPLETION TIME 

A. One : ••SG tubes Determine that tube integrity 7 days 

in defective is maintained 
con tio ýe to a 
failure to implement AND 
a required plugging 
or repair Plug or repair the defective Prior to entering 

tube(s) in accordance with MODE 4 following 
methods in the Steam the next SG 
Generator Program. inspection 

B. Steam generator tube A.1 Be in MODE 3. 6 hours 

integrity not 
maintained. AND 

A.2. Be in MODE 5 36 hours 

SURVEILLANCE REQUIREMENTS 

SURVEILLANCE FREQUENCY 

SR 3.4.20.1 Verify steam generator tube integrity In accordance with the Steam 

satisfies the structural integrity and Generator Program 

accident induced leakage performance 
criteria in accordance with the Steam 

Generator Program.  

SR 3.4.20.2 Verify that inspected steam generator Prior to entering MODE 4 

tubes that exceed the repair criteria in the following a SG inspection 

Steam Generator Program are plugged or 
repaired in accordance with repair methods 
in the Steam Generator Program.  

Version 10 as of 5/8/01

3.4.20



Template for an 
Administrative Section Technical Specification 

fora 
Steam Generator Program 

Revision to NRC Submittal 

Text in bold blue underlined font indicates a change from the 

version of the Steam Generator Generic License Change 
Package sent to the NRC in December 2000.



Steam Generator Program

A Steam Generator Program shall be established and implemented to ensure 

that steam generator tube integrity is maintained. Steam generator tube 

integrity is maintained by meeting the performance criteria as defined in the 

Steam Generator Program.  

a. Condition Monitoring Assessment - Condition Monitoring Assessment means 

an evaluation of the "as found" condition of the tubing with respect to the 

performance criteria for structural and accident leakage integrity. The "as 

found" condition refers to the condition of the tubing during a steam generator 

inspection outage, as determined from the inservice inspection results or by 

other means, prior to the plugging or repair of tubes. Condition monitoring 

assessments shall be conducted during each outage during which the steam 

generator tubes are inspected, plugged, or repaired to confirm that the 

performance criteria are being met. Requirements for condition monitoring are 

defined in the Steam Generator Program.  

b. Performance Criteria - The steam generator performance criteria are defined 

in the Steam Generator Program. Revisions to performance criteria (and their 

associated definitions as used in the Steam Generator Program) require review 

and approval by the NRC. The performance criteria (and their associated 

definitions as used in the Steam Generator Program) may be revised to 

incorporate changes approved generically by the NRC subject to the limitations 

and conditions set forth in the staffs approving document.  

c. Tube Repair Criteria and Repair Methods - Tube repair criteria and repair 

methods shall be described in and implemented by the Steam Generator 

Program. Repair criteria and repair methods may be implemented after review 

and approval by the NRC. In addition, repair criteria and repair methods 

approved generically by the NRC may be used subject to the limitations and 

conditions set forth in the staffs approving document. Note that tube plugging 

is not a repair and does not need to be reviewed or approved by the NRC.  

NOTE: For plants that have not converted to the Improved Standard Technical 
Specifications or do not have a Technical Specification Bases Control Program in the 

Administrative Controls Section, the following sentence shall be added to 5.5.9b. and 
5.5.9c.: 

"Changes approved generically by the NRC shall be processed in 
accordance with 10 CFR 50.59." 

Version 6 as of 4/24/01

5.5.9



This statement is not required for those plants that have a TS Bases Control Program as 

the adoption of NRC approved generic changes would be made to the TS Bases and are 

required to be reviewed pursuant to 10 CFR 50.59. NOTE: This paragraph will not be 

included in the TSTF.

Version 6 as of 4/24/01



Steam Generator Tube Inspection Report

If the results of the steam generator inspection indicate, greater than 1% 

of the inspected tubes in any steam generator exceed the repair criteria 

in accordance with the requirements of the Steam Generator Program, a 

Special Report shall be submitted within 120 days after the initial entry 

into MODE 4 following completion of the inspection. The report shall 

summarize: 
a) The scope of inspections performed on each steam generator 

inspected in the affected unit during the current outage, 

b) Active degradation mechanisms found, 

c) NDE techniques utilized for each degradation mechanism, 

d) Location, orientation(if linear) and measured sizes (if available) of 

service induced indications, 

e) Number of tubes plugged or repaired during the inspection outage 

for each active degradation mechanism, 

f) Repair method utilized and the number of tubes repaired by each 
repair method, 

g) Total number and percentage of tubes plugged and/or repaired to 
date, 

h) The effective plugging percentage for all plugging and tube repairs 
in each steam generator, and 

i) The results of condition monitoring including the results of tube 

pulls and in-situ testing.

Version 6 as of 4/24/01

5.6.10



Steam Generator Tube Integrity 
Technical Specification Bases

Changes resulting from the 4/26 NRC meeting are bold, green, 
and underlined.

Changes resulting from SGTF comments are bold, red, and 
underlined.



BACKGROUND The three Steam Generator Performance Criteria defined by 

the Steam Generator Program: Accident Induced LEAKAGE, 

Structural Integrity, and Operational LEAKAGE, act 

together to provide reasonable assurance of tube integrity 

at normal and accident conditions. Steam generator tube 

integrity means that the tubes are capable of performing 
their intended safety functions consistent with their 
licensing basis, including applicable regulatory 
requirements. Steam Generator Tubing refers to the entire 
length of the tube, including the tube wall and any repairs 
made to it, between the tube-to-tubesheet weld at the tube 

inlet and the tube-to-tubesheet weld at the tube outlet. The 

tube-to-tubesheet weld is not considered part of the tube.  

The Steam Generator Performance Criteria and the 
processes required to-jueet them are defined by the Steam 

Generator Program4 -- _ ? 

The purpose of the steam generator integrity LCO is to require 

compliance with the two Performance Criteria that are 
necessary for primary to secondary pressure boundary 
integrity: Accident Induced LEAKAGE and Structural 
Integrity. These two Performance Criteria apply to steam 

generator tubes and associated appurtenances considered part of 
the steam generator primary to secondary pressure 
boundary (e.g. plugs, sleeves, and other repairs).  

The third Performance Criterion, Operational LEAKAGE, is 

addressed by the Operational LEAKAGE Technical 
Specification [3.4.131.  

The steam generator (SG) tubes in pressurized water reactors have 
a number of important safety functions. SG tubes are an integral 
part of the reactor coolant pressure boundary (RCPB) and, as such, 

are relied upon to maintain the primary system's pressure and 
inventory. The SG tubes isolate the radioactive fission products in 
the primary coolant from the secondary system. In addition, as part 

of the RCPB, the SG tubes are unique in that they are also relied 
upon as a heat transfer surface between the primary and secondary 
systems such that residual heat can be removed from the primary 
system. This steam generator tube integrity technical 

specification addresses only the RCPB integrity function of 

the steam generator. The SG heat removal function is 
addressed by the RCS Loop Operability technical 
specifications [3.4.4 through 3.4.71.  

Concerns relating to the integrity of the tubing stem from the fact



Steam Generator Tube Integrity Tech Spec Bases 

Steam Generator Tube Integrity 

BASES 

that the SG tubing is subject to a variety of degradation 

mechanisms. Steam generator tubes have experienced tube 

degradation related to corrosion phenomena, such as wastage, 

pitting, intergranular attack, and stress corrosion cracking, along 

with other mechanically induced phenomena such as denting and 

wear. These degradation mechanisms can impair tube integrity if 

they are not managed effectively.  

The steam generator Performance Criteria identify the standards 

against which performance is to be measured. Meeting the 

Performance Criteria provides reasonable assurance that the steam 

generator tubing remains capable of fulfilling its specific safety 

function of maintaining RCPB integrity.

APPLICABLE 
SAFETY 
ANALYSIS

&-C• C 

Satisfying the steam generator Structura kntegrity 
Performance Criterion provides reasonabl assurance against tube 

Burst and the resulting primary to second ry LEAKAGE that might 

occur at normal and accident conditions. Satisfying the 
Accident Induced LEAKAGE Perforr ance Criterion 
provides reasonable assurance of d primary to 

secondary LEAKAGE that might occur as a result of design 

basis accident conditions other than a SG tube rupture 

(SGTR). The consequences of design basis accidents that include 
primary to secondary LEAKAGE are, in part, functions of the 

accident induced primary-to-secondary LEAKAGE rates and the 

dose equivalent I"' in the primary coolant.

The analysis for an event resulting in steam discharge to the 

atmosphere, except a SGTR, assumes that the total primary-to

secondary LEAKAGE from all steam generators is [1 gallon per 

minute] or increases to [1 gallon per minute] as a result of accident 

induced conditions. For accidents that do not involve fuel damage, 

the reactor coolant activity levels of dose equivalent I"' are based 

on the technical specification values. For accidents that do involve 

fuel damage, the primary coolant activity values are a function of 

the accident conditions.  

[For most PWRs, the SGTR accident is the limiting design basis

Page 3 of 15Version 9, As of 5/8/01



event that establishes limits for these parameters. In the analysis 

of a SGTR event, a bounding primary-to-secondary LEAKAGE rate 

equal to the operational LEAKAGE rate limits in the technical 

specifications plus the LEAKAGE rate associated with a double

ended rupture of a single tube is assumed. The accident analysis for 

a SGTR assumes the contaminated secondary fluid is only briefly 

released to the atmosphere via safety valves and the majority is 

steamed to the main condenser.] 

[For other design basis accidents such as main steam line break 

(MSLB), rod ejection, and reactor coolant pump locked rotor the 

tubes are assumed to retain their structural integrity (i.e., they are 

assumed not to rupture). The LEAKAGE is assumed to be at the 

design basis value, which is consistent with the Accident Induced 

LEAKAGE Performance Criterion.]

The steam generator Accident Induced LEAKAGE and 

Structural Integrity Performance Criteria referenced by this 

Technical Specification and the limits included in the plant 

technical specifications for operational LEAKAGE and for dose 

equivalent I131 in primary coolant ensure the plant is operated 

within its analyzed condition. The dose consequences resulting 

from the most Limiting Design Basis Accident a e within the limits 

defined in GDC 19 [1], 10 CFR 100 [2] he NR approved 

licensing basis (e.g., a small fraction o nthese 1 ' 

Steam generator tube integrity satisfies criterion 2 o-10 

CFR 50.36(c)(2)(ii) [31.

The LCO requires that steam generator tube integrity as 

Jdefined by the Accident Induced LEAKAGE and Structural 

Integrity Performance Criteria be maintained. These 

Performance Criteria include design basis parameters that define 

acceptable steam generator performance. The Steam Generator 
rogram rovide -he evaluatio r cess a e 

------ 1#,,O ,•-. It ABB - lria f dmtmT ining 
41 - - c rmance with the erformance Criteria.\ (

Compliance with the LCO during MODES 1 through 4 is 
determined by verifying: 

* satisfactory completion of an integrity assessment in 

accordance with Steam Generator Program requirements 

as part of each steam generator inspection and 

* plant operation within the operating cycle defined by the 

operational assessment.

Performance Criteria

LCO

V2
(I,

CA

-'IV

ýp q- C -, t; C- k - ) I " ý "':"'



Steam Generator Tube Integrity Tech Spec Bases 

Steam Generator Tube Integrity 

BASES 

Accident Induced LEAKAGE and Structural Integrity 

are two of the three Performance Criteria defined by 

the Steam Generator Program. These two, along with 

the third Performance Criteria, Operational 
LEAKAGE. act together to provide reasonable 
assurance of tube integrity at normal and accident 
conditions.  

The NRC must approve all changes to the Performance 

Criteria prior to use. The required process for approval of 
changes to the Performance Criteria is described in 
Administrative Technical Specification [5.5.91. The three 

Performance Criteria approved for use at [Plant] are 
described below.  

(i) Structural Integrity Criterion 

The Structural Integrity Criterion is: 

"Steam Generator Tubing shall retain Structural Integrity 
over the full range of normal operating conditions (including 
startup, operation in the power range, hot standby, and 
cooldown and all anticipated transients included in the design 
specification) and design basis accidents. This includes 
retaining a safety factor of 3. 0 against Burst under Normal 
Steady State Full Power Operation and a safety factor of 1.4 

against Burst under all design basis accidents, including 
any additional loading combinations required by 
existing design and licensing basis." 

The Structural Integrity Criterion can be broken into two 
separate considerations: 

Providing a margin of safety against Tube Burst under 
normal and accident conditions, and 

Ensuring Structural Integrity of the SG tubes under 
all anticipated transients included in the design 
specification.
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Tube Burst

Tube Burst is defined as the gross structural failure of 

the tube wall. The condition typically corresponds to 
an unstable opening displacement (e.g., opening area 

increased in response to constant pressure) 
accompanied by ductile (plastic) tearing of the tube 
material at the ends of the degradation.  

The Structural Integrity Criterion provides reasonable 
assurance that a steam generator tube will not Burst 
during normal or postulated accident conditions. The 

Structural Integrity Criterion requires that the tubes 
not Burst when subjected to differential pressures 

equal to three (3) times those experienced during 
normal steady state full power operation and 1.4 

times accident loading combinations included in the 

design and licensing basis. The safety factors of 3 and 

1.4 and the requirement to include applicable design 

basis loads are based on ASME Code Section III 
subsection NB [Q] requirements and Draft Regulatory 
Guide 1.121 [7] guidance.  

In the context of the Structural Integrity Criterion, 
Normal Steady State Full Power Operation is defined 

as the conditions existing during MODE 1 operation at 
the maximum steady state reactor power as defined in 

the design or equipment specification. Changes in 

design parameters such as plugging or sleeving levels, 

primary or secondary modifications, or Thot should be 
assessed and their effects on differential pressure 
should be included if significant. Guidance on 
accounting for changes in these parameters is provided 
in the EPRI Steam Generator Integrity Assessment 
Guidelines [5].  

In addition to the safety factors of 3 and 1.4, 

further adjustments may be required to ensure 
representative verification of tube burst 
integrity for various damage forms. For 
example, adjustments to include axial loads due 

to tube-to-shell temperature differences in once

through steam generator designs during 

postulated MSLB, or axial loading associated 
with locked tube supports in recirculating steam 
generator designs are addressed in the 
applicable EPRI Guidelines to ensure that the
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evaluated or tested conditions are at least as 

severe as those expected during operating and 
accident events.  

Tube Structural Integrity 

The Structural Integrity Criterion also uire-S t~at 

the maximum membrane stresg'es i"-rAldd 
tube not exceed the yield strength for 't full ra of 
normal operating conditions including startup, 

operation in the power range, hot standby, cooldown, 
and all anticipated transients included in the design 
specification.  

In genera e "raded tube-s one with a reportaigb Lndidao. e nition of 

De •ation is provided in &he PWR Steam 

Generator Examination Gui ].m 

(ii) Accident Induced LEAKAGE Criterion 

The Accident Induced LEAKAGE Criterion is: 

"The primary to secondary Accident Induced Leakage Rate for 

the Limiting Design Basis Accident, other than a steam 

generator tube rupture, shall not exceed the Leakage rate 
assumed in the accident analysis in terms of total leakage rate 
for all steam generators and leakage rate for an individual 

steam generator. Leakage is not to exceed [1 gpm per steam 

generator, except for specific types of degradation at specific 
locations where the NRC has approved greater accident

induced leakage as part of a plant's licensing basis.  
Exceptions to the I gpm limit can be applied if approved by 

the NRC in conjunction with approved Alternate Repair 
Criteria]." 

In the context of the Accident Induced LEAKAGE Criterion: 

* Accident Induced LEAKAGE Rate means the primary-to-
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secondary LEAKAGE occurring during postulated 
accidents other than a steam generator tube rupture 

when tube structural integrity is assumed. This 

includes the primary-to-secondary LEAKAGE rate 
existing immediately prior to the accident plus additional 

primary-to-secondary LEAKAGE induced during the acciden 

* For steam generator primary-to-secondary LEAKAGE 
integrity considerations, Limiting Design Basis Accident 

is defined as the accident that results in the minimum 
margin to the applicable dose limits.  

The Accident Induced LEAKAGE Criterion can be broken 
down into two separate considerations: 

* Meeting Design Basis conditions, and 

* Limiting Accident Induced LEAKAGE to less than 1 gpm 

per steam generator under all circumstances.  

Design Basis 

Primary to secondary LEAKAGE is a factor in the dose 

releases outside containment resulting from a Limiting 
Design Basis Accident. The radiological dose 
consequences resulting from a potential primary-to
secondary leak during postulated design basis 

accidents must not exceed the offsite dose limits 
required by 10 CFR Part 100 [2] or the control room 
personnel dose limits required by GDC-19 [1] or the 
NRC approved licensing basis.  

In most cases when calculating offsite doses, the safety 
analysis for the Limiting Design Basis Accident, other 
than a steam generator tube rupture, assumes a total 

of [1 gpm] primary to secondary LEAKAGE as an 
initial condition. [Plant specific assumptions for 

Accident Induced LEAKAGE are defined in each 
licensee's licensing basis. The LEAKAGE value used 

in the Accident Induced LEAKAGE Criterion must be 

consistent with the licensing basis.] 

Limiting Accident Induced LEAKAGE to 1 gpm per SG 

The NRC has reported [91 that probabilistic 

safety analysis sensitivity studies show that accident
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risk is sensitive to certain design basis parameters 

such as 1 gpm Accident Induced LEAKAGE per SG.  

As a result, LEAKAGE greater than the design basis 

or 1 gpm per steam generator (whichever is less) is 

not allowed unless the NRC has approved greater 

LEAKAGE rates as part of an Alternate Repair 

Criterion or a plant specific or generic change to 

the Accident Induced Leakage limit.  

(iii) Operational LEAKAGE Criterion 

The Operational LEAKAGE Criterion and its associated 

action and surveillance requirements are contained in the 

RCS Operational LEAKAGE Technical Specification [3.4.131.  

The Operational LEAKAGE Criterion is not included in the 

Steam Generator Tube Integrity Technical 
Specification because it is one of the forms of RCS 

LEAKAGE that are addressed by the RCS Operational 
LEAKAGE technical specification and because, unlike 

Structural Integrity and Accident Induced LEAKAGE, 

it is measurable and observable by the operator 

during MODES 1 through 4. The Operational 
LEAKAGE Criterion is presented below for 

completeness since all of the Performance Criteria act 

together to ensure tube integrity.  

The Operational LEAKAGE Criterion is: 

"The RCS operational primary-to-secondary 
leakage through any one steam generator 
shall be limited to 150 gallons per day. " 

An explanation of the Operational LEAKAGE Criterion 

is provided in the Bases for the Operational LEAKAGE 
technical specification.
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APPLICABILITY Steam generator tubes are designed to withstand the 

stresses due to differential pressures as large as 3 times 

those experienced under normal full power operations or 1.4 

times the loads experienced under all design basis 

accidents. This requirement is delineated in the Structural 

Integrity Criterion. This magnitude of differential pressure 

or the possibility of an accident impacting tube integrity is 

only possible during MODES 1, 2. 3, and 4.

RCS conditions are far less challenging in MODES 5 and 6 

than during MODES 1 through 4. When the plant is 

shutdown, primary to secondary differential pressure is low, 

resulting in lower stresses and reduced potential for 

LEAKAGE. In addition, primary coolant activity is also low.  

Therefore this LCO is applicable in MODES 1 through 4 

only.

ACTIONS

j

A. If one or more SG tubes are found to be in a defective 
condition due to a failure to implement a required 
plugging or repair, an evaluation of SG tube integrity 
must be made. Steam generator tube integrity is based 
on meeting the Structural Integrity and Accident 
Induced LEAKAGE Performance Criteria. In general, a 
defective tube is one with an indication that exceeds a 
repair criteria. A definition of Defective Tube is provided 
in the PWR Steam Generator Examination Guidelines 

[10.

If an operating plant discovers that a required plugging 

or repair was not implemented during a previous 
inspection, SR 3.4.20.2 has been violated but it does not 

necessarily mean that the Structural Integrity and 

Accident Induced LEAKAGE Performance Criteria are 

not met. In this situation, the SGs were returned to 

service after the last inspection with a tube already 

exceeding the Repair Criteria. A tube's failure to meet a 

Repair Criterion does not necessarily mean that SG tube 

integrity is not met. The SG Repair Criteria define limits,

on SG tube degradation that allow for flaw growth 

between inspections and still provide assurance that the > 

Performance Criteria will continue to be met. In order 

to determine SG tube integrity, an evaluation must be 

completed that starts with the physical condition of the 

tube at the time of its last inspectiopccount for the • 

time since the inspection an e otential growth rate of 

the degradation. The t e integrity determination is 

based on the esti ed condition of the tube at the time 2

-6f
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the situation is discovered.  

A Completion Time of 7 days allows sufficient time to 

complete the evaluation while recognizing that the plant 

will enter Condition B as soon as it is determined that 

either the Structural Integrity or the Accident Induced 

LEAKAGE Performance Criterion is not met.  

If the evaluation determines that tube integrity i d '// tA 

maintained with the defective condition, plant operation 

may continue until the next SG inspection required by 

the Steam Generator Program. The affected tube(s) must 

be plugged or repaired prior to entering MODE 4 after 

the next SG Inspection. This Completion Time is 

acceptable since the time to the next seam generator 

inspection will be determined by the SG Program as part 

of the evaluation completed upon entering Condition A.  

The timing of the next SG Inspection is based on meeting 

the Structural Integrity and Accident Induced LEAKAGE 

Performance Criteria.  

B. If steam generator tube integrity is not being 

maintained, the reactor must be brought to MODE 3 

within 6 hours and MODE 5 within 36 hours. This action 

reduces the factors that tend to challenge tube integrity.  

The allowed Completion Times are reasonable, based on 

operating experience, to reach the desired plant 

conditions from full power conditions in an orderly 

manner and without challenging plant systems. In MODE 

5 the pressure stresses acting on the RCPB are much 

lower and further deterioration is much less likely.  

SURVEILLANCE 3.4.20.1. During shutdown periods the steam generators will be 

REQUIREMENTS inspected as required by the Steam Generator Program. The 

existence of the Steam Generator Program is required by 

Administrative Technical Specification [5.5.91. NEI 97-06, 

Steam Generator Program Guidelines L4], and its referenced 
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EPRI Guidelines establish the content of the Steam Generator 
Program.  

During steam generator inspections the licensee will perform a 

condition monitoring assessment of the steam generator 
tubes. The purpose of the condition monitoring assessment 

is to ensure that the Performance Criteria have been met for the 
previous operating period.  

The condition monitoring assessment determines the "as found" 

condition of the steam generator tubes following inspection 
with respect to the Structural Integrity and Accident Induced 
LEAKAGE Performance Criteria. The Steam Generator 
Program defines the methods used to determine 
compliance with the Performance Criteria. Use of the 

Steam Generator Program ensures that the methods 
used to determine tube condition with respect to the 
Performance Criteria are appropriate and consistent 
with accepted industry practices.  

The Steam Generator P ogram defines the frequency of 

SR 3.4.20.1. The freque cy is determined by the 

operational assessmentj The operational assessment 
determines the length of the surveillance period by using 
information on existing degradations and growth rates 
to define a cycle length that provides reasonable 
assurance that the tubing will meet the Performance 
Criteria at the next scheduled inspection. eC elL '6 (I 
a^-,- v• PýV ýV Z?,- , I (i,,' •/•- ", _r -- I.• ....  

3.4.20.2 During a steam generator inspection, any inspected tube 
that exceeds Steam Generator Program Repair Criteria is 
repaired or removed from service by plugging. Repair Criteria 

are those NDE measured parameters at or beyond which a tube 
must be repaired using an approved Repair Method or removed 
from service by plugging. The tube Repair Criteria establish 
limits for tube degradation that provide reasonable assurance 
that all tubes left in service (e.g., with degradation not 

exceeding the Repair Criteria) will meet the Performance 

Criteria at the next scheduled inspection by allowing for 
anticipated growth during the intervening time interval.  

Tube Repair Criteria are either the standard through-wall 
(TW) depth-based criterion (e.g., 40% TW for most plants) or 

other Alternate Repair Criteria (ARC) approved by the NRC 
such as a voltage-based repair limit per Generic Letter 95-05.  

The depth based criterion, approved for use at all plants by the 
NRC, was established when the most frequent form of
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degradation was general wastage cor on. This type of 

degradation structurally bounds other formd-egradation and 

is characterized by a volumetric loss of the tube w 1.This 

criterion was established to allow for NDE uncertain s and 

growth and still provide a reasonable assurance that al ubes 

with degradation not exceeding the criterion will N 
ccvc~t Gf an acc'dde. Additional basis information is 

provided in Draft Regulatory Guide 1.121 [7].  

CAC-, ,--2 /ccj,).  
Since not all forms of tube degradation can hb d•tied_ _n

£L 4 ,f ' terms of percentage of tube wall thickness, some tubes 

are "plugged or repaired on detection" to ensure that 

detected flaws that exceed the depth based criterion are 
not left in service.  

In addition, since the probability of detecting a flaw is 
not a certainty for a given eddy current technique, it is 
probable that some flaws will not be detected during an 
inspection. This condition does not mean that "plug on 
detection" has not been followed or that the depth-based 
criterion has been violated.  

In recent years, improved inspection techniques, knowledge of 
corrosion mechanisms, and experience have revealed additional 
types of tube degradation in the form of cracks in the tube wall.  
In some instances, a reliable method of characterizing specific 
types of cracks at defined locations within certain steam 
generator designs has been developed. In these cases, the 
industry has developed, and the NRC has approved Alternate 

Repair Criteria (ARC) to permit leaving a tube in service (as 
opposed to plugging) when the tube has indications that fall 
within the limits established by the ARC. "Plug or repair on 
detection" is not an ARC.  

The NRC must approve all Repair Criteria prior to use. The 
required process for approval of changes to the Repair 

Criteria is described in Administrative Technical 
Specification F5.5.91. Repair Criteria currently approved for 

use at [Plant] are:
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"* [40%] nominal tube wall thickness 
"* [List and provide appropriate details on other 

Repair Criteria that are currently approved for 

use. Provide reference to all necessary source 
documents.] 

Due to technique and analyst uncertainties, sampling plans, 

and probability of detection there is a possibility that tube(s) 

exceeding the Repair Criteria will not be detected during a 

particular steam generator inspection. If the flaw(s) is detected 

during a subsequent inspection, the condition is not considered 

a reportable event unless it is determined that the Performance 

Criteria are not met.  

Steam generator tube repairs are only performed using 

approved Repair Methods. Repair Methods are those means 

used to reestablish the RCS pressure boundary integrity of SG 

tubes without removing the tube from service. Plugging a 

steam generator tube is not a repair.  

The NRC must approve all Repair Methods prior to use. The 

required process for approval of changes to the Repair 
Methods is described in Administrative Technical 
Specification [5.5.91. New plugging designs or methods are 
not considered repairs and do not require prior approval 

by the NRC. The Repair Methods approved for use at [Plant] are: 

[List and provide appropriate details on other 
Repair Methods that are currently approved for 

use. Provide reference to all necessary source 
documents.] 

Inspected steam generator tubes that exceed the Repair 

Criteria are repaired or removed from service by plugging prior 

to entry into MODE 4. This is necessary in order to provide 
reasonable assurance that tube integrity will be maintained 
until the next scheduled inspection.  

REFERENCES 1. 10 CFR 50 Appendix A, GDC 19, Control Room 

2. 10 CFR 100, Reactor Site Criteria 

3. 10 CFR 50.36, Technical Specifications 

4. NEI 97-06, Steam Generator Program Guidelines 

5. EPRI Report TR-107621, Steam Generator Integrity Assessment Guidelines
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6. ASME Boiler and Pressure Vessel Code, Section III, Subsection 

NB, Rules for Construction of Nuclear Facility Components, 

Class 1 Components 

7. Draft Regulatory Guide 1.121, Basis for Plugging Degraded 

Steam Generator Tubes, August 1976 

8._AList applicable UFSAR sections.1 

9. NRC (S. Long) presentation to NEI on February 10, 1999, 

When and Why to Consider Risk Associated with Requests 

for Relaxation of Steam Generator Tube Integrity 
Requirements 

10.EPRI Report TR-107569, PWR Steam Generator 
Examination Guidelines
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