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REACER COOLANT SYSTEM

3/4.4.6 STEAM GD4ERAERS

LIMITItG CONDITION IVR OPERATION
...~.-.-..-...-......---....-...e--........---..-...

3.4.6 Each steam generator shall be OPERABLE.

APPLICABILITY: MODES 1, 2, ' and 4.

ACTION:

With one or more steam generators inoperable, restore the inoperable
generator (s) to OPERABLE status prior to increasing T above 200'r.

SURVEILLANCE REQUIREMENTS
. - . . . . . . . . . . . . . - . . . . . . . - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

4.4.6,0 Each steam generator shall be demonstrated OPERABLE by performance
of the following augmented inservice inspection program and the
requirements of specification 4.0.5.

4.4.6.1 Steam Generator Sample Selection and Inspection - Each steam
generator shall be determined CPERABLE during shutdown by selecting and
inspecting at least the minimum number of steam generators specified in
Table 4.4-1.

4.4.6.2 Steam Generator Tube # Sample Selection and Inspection - The steam
generator tube minimum sample size, inspection result classification, and
the corresponding action required shall be as spec.ified in Table 4.4-2.
The intervice inspection of steam generator tubes shall be performed at the
frequencies specified in Specification 4.4.6.3 and the inspected tubes
shall be verified acceptable per the acceptance criteria of Specification
4.4.6.4. The tubes selected for each inservice inspection shall include at
least 3% of the total number of tubes in all steam generators.
Implementation of the steam generator tube / tube support plate elevation
alternate plugging criteria requires a 100% bobbin probe inspection. An
inspection using a rotating pancake coil (RPC) probe is required for all
outer diameter stress corrosion cracking (OD SCC) indications exceeding a

| 1.5 volt bobbin coil signal amplitude. The RPC results are to be evaluated
to establish that the principal indications can be characterized as OD SCC.I

When applying the exceptions of 4.4.6.2.a through 4.4.6.2.c, previous
defects or imperfections in the area repaired by sleeving are not
considered an area requiring reinspection. The tubes selected for these
inspections shall be selected on a random basis except:

a. Where experience in similar plants with similar water chemistry
indicates critical areau to be inspected, then at letst 5% of the
tubes inspected shall be from these critical areas.

#When referring to a steam generator tube, the fi'eeve shall be consif ared a
part of the tube if the tube bas been repaired per Specification
4.4.6.4.a.9.

FARLEY - UNIT 1 3/4 4-9 AMENDMEtU to.
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REAC'IOR COOLN4T SYSTEM

SURVEILIR4CE REQUIREMENTS (Continued)

b.- 'Ihe _ first sample of tubes selected for each inservice
inspection (subsequent to the preservice inspection) of each
steam generator shall include:

1. -All nonplugged tubes that previously had detectable wall j

penetrations greater than 20%. '

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

3. At least 3% of the total number of sleeved tubes in all three steam
generators or all of the sleeved tubes in the generator chosen for
the inspection program, whichever is less. These inspections will i

include both the tube and the sleeve.

4. A tube inspection (pursuant to Specification 4.4.6.4.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 or sleeve
inspection, this shall be recorded and an adjacent tube shall be
selected and subjected to a tube inspection.

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.

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

I 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 or sleeves

L must exMbit significant (greater than 10%) further wall
penetratons to be included in the above percentage
calculatit.ns.

FARLEY - UNIT 1 3/4 4-10 AMENDMENT NO.
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SURVr.11.1MCE REQUIRDiDES (Continued)
... ....................... ..... .... .......... .......................

4.4.6.3 Inspection Frequencies - The atove required inservice inspections
of steam geiterator tubes rE5Wtw performed at the following f rt pencies:

-

a. The first inservice inspection shall tw pt 4 a..id after 6.

.f f ective rull Powc r Pt"hs but within 24 , @ Jar months of
initial cdticality. 6xsequent inservice - *ctions shall be

y performed at intervals of not less thhn 12 not rute than 24
calendar months af ter the previous inspet lon. If twc onsecutive
inspections following service under AVI conditions, not including_,

the preservice inspection, result in all inspection results
falling into the C-1 category or if two consecutive inspections
demonstrate that previously obrerved degradation has not continued
and no additional degradation has occurred, the inspection"

interval may be eatended to a taximum of once per 40 months.

b. If the results of the inservice inspection of a steam generator
conducted in accordance with Table 4.4-2 at 40 month intervals
fall in Category C-3, the inspection frequency shall te increased
to at least once per 20 months. The increase in instection
frequency shall apply until the subsequent inspections satisfy the
criteria of Spacification 4.4.6.3.a; the interval may then te
extended to a maximum of once per 40 months.

z

c. Additional, unscheduled inservice inspectierm shall be performed
on each steam generator in accordance with the first rample
inspection specified in Table 4.4-2 during the shutJosn subsequent
to any of the following conditions:

.

1. Primary-to-secondary tubes leaks (not including leaks
originating from tube-to-tube sheet welds) in excess of the
limats of Specification 3.4.7.2.

2. A seismic occurrence greater than the Operating Basis
Earthquake.

3. A loss-of-coolant accident requiring actuation of the'

engineered safeguards.

4. A main steam line or feedwater line break.
' d. Tubes in which the tube support plate elevation alternate plugging

criteria have been applied shall be inspected during all future
refueling outages.

FARLEY - UNIT 1 3/4 4-11 AMDOMDn to.
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St7VEltVWCC TIQUIRrl'.DCS (Continued)
............................................ ............................
4.4.6.4. Acceptance Criteria

a. As used in this Specification:

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

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

3. Degraded W be means a tube, including the sleeve if the tube
has teen repaired, that contains imperfections great.cr than
or equal to 20% of the nominal wall thickness caused by
degradation.

4. % Dearadation means the percentage of the tube or sleeve wall
thicRness affected or removed by degradation.

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

6. Pluaainq or Re wir Limit means the imperfection depth at or
beyonTwhich the tube sliall be repaired (i.e., sleeved) or
removed from service by plugging and is greater than or equal
to 40% of the nominal tube wall thickness, for a tube that
has been sleeved with a mechanical joint t% eve, through wall
penetration of greater than or equal to 31% of sleeve nominal
wall thickness in the sleeve r. quires the tube to be removed
from service by plugging. For a tube that has been sleeved
with a welded joint sleeve, through wall penetration greater
than or equal to 37% of sleeve nominal vall thickness in the
sleeve between the veld joints requires the tube to be
removed from service by plugging. Also, this definition does*

not apply for tubes experiencing outer diameter stress
corrosion cracking confirmed by bobbin probe inspection to be
within the thickness of the tube support plates. See
4.4.6.4.a.11 for the plugging limit for use within the
thicknebs of the tube support plate. |

7. Unserviceable describes the condition of a tube or sleeve 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 4.4.6.3.c, above.

'

TARLEY - U"IT 1 3/4 4-12 AMDJDMDR to.
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SURVE!L1/01CE REQUIRDiDRS (Continued)
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8. Tube Inspection means an inspection of the steam generator
tube f ronFthe point of entry (hot leg side) completely atound
the U-bend to the top support of the cold leg. For a tube
that has teen rewired by sleeving, the tube irispection
should include tie sleeved portion of the tube. For a tube ;
in which the tutv support plate elevation alternate plugging
criteria have been applied, the inspection will include all the
hot leg intersections and all cold leg intersections down to, at
least, the level of the last crack indication.

9. Tube Reair refers to mechanical sleeving, as descrited by
kestinglouse report WCl#-lll78 Rev. 1, or laser welded
sleeving, as descrited by Westinghouse report WC/J-12672,
which is used to maintain a tute in service or return a tube
to service. This includes the removal of plugs that were
installed as a corrective or preventive measure.

10. 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 baselin>
condition of the tubing. This inspection shall be performed
after the field hydrostatic test and prior to initial PONER
OPERATICt1 using the equipment and tec1niques expected to be
used during subsequent inservice inspections.

11. The followino bobbin coil sional amplitude and indicated'

-

gepth criterfirTwbe Support F1 ate ~/Jternate Plugging Criteria)
are used for dispositioning a steam generator tube for continued
service that is experiencing outer diameter initiated stress
corrosion cracking confined within the thickness of the tube
support platest:

1. A tube can remain in service if the signal amplitude of a
crack indication is less than or equal to 3.0 volts,

| regardless of the depth of tube wall penetration, if, as
a result, the projected end of cycle distribution of

! crack indications is verified to result in primary to
|

secondary leakage less than 55.0 gpm in the faulted loop
(less than 1b0 gpd in the intact loops) during a
postulated steam line break event. This would ensure
acceptable radiological conditi"1s following a SLB.tk

!

| # These criteria do not apply to tubes which may deform
l or collapse on the rarley Unit 1 steam generators

during a postulated LOCA + SSE Event. These tubes
are ident.fied in WCAP-12871, "J. M. Tarley Units 1
and 2 SG Tube Plugging Criteria for ODSCC at Tube
Support Plates."

## The methodology for calculating expected leak rates
from the projected crack distribution must be
consistent with NCAP-12871.

l-

FARLEY - Uti!T 1 3/4 4-13 AMDiDMD1T to.
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SURVEILUJJCE RDQUIREMDfTS (Continued)
...... ........ m ..... ..... ........-............................

2. A tube can remain in service if the signal amplitude of a
crack indication is greater than 3.0 volts but less than or
equal to 8.0 volts and the depth of tube wall penetration is
less than 50%. Any contribution to the total leakage during
a postulated SLB must be considered in combination with
4.4.6.4.a.11.1 above.

3. A tube shall be plugged or repaired if the signN amplitude
of the crack indication is greater than 3.0 volts and the
depth of wall penetration is greater than or equal to 50%
through-wall or the signal emplitude of the crack indication
is greater than 0.0 volts, regardless of depth of tube wall
penetration.

For all cases above, the tubes will be dispositioned for
continued service based upon bobbin voltage and depth
measurements. The plant specific guidelines used for all
inspections shall be annded as appropriate to accommodate
the additional informstion necoed to evaluate tube support
plate signals with respect to the above voltage / depth
parameters. Tending incorporation of the voltage
verification requirement in ASME standard verifications, an
ASME standard calibrated against the laboratory star.dard will
be utilized in the rarley steam generator inspeetions for
consistent voltage normalization,

b. The steam generator shall be determined OPERABLE after completing
the cortesponding actions (plug or repair of all tubes exceeding
the plugging or repair limit) required by Table 4.4-2.

4.4.6.5 Reports

a. Following each inservice inspection of steam generator tubes, the
number of tubes plugged or repaired in each steam generator shall
be reported to the Commission within 15 days of the completion of
the plugging or repair effort,

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

|
|

FARLEY - UNIT 1 3/4 4-13a AMD1DMTRr No.
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SURVEILUJ4CE REQUIRD'.D4TS (Continued)
....................... ...e w...........................................

1. thimber and extent of tubes and sleeves inspected.

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

3. Identification of tubes plugged or repaired.

c. Results of steam generator tube inspections which fall into
Category C-3 shall be considered a REPORTABLE LVDU and shall Le
reported pursuant to 10CTR50.73 prior to resumption of plant
operation. The written report shall provide a description of
investigations conducted to determine the cause of the tube
degradation and corrective measures taken to prevent recurrence.

d. The results of inspections performed under 4 4.6.2 for all tubes
in which the tube support plate elevations alternate plugging
limit has been applied shall be reported to the Commission
following the inspection and prior to the resumption of plant
operation. The report shall include:

1. Listing of applicable tuben.

2. Location (applicable intersections per tube) and extent of
degradation (voltage and indicated depth).

FARLEY - LUIT 1 3/4 4-13b AMDJDMan to.
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OPERATIQiAL LEN'ME

LIMITI!G C01DITIQ4 IVR OPERATIQ4
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3.4.7.2 Reactor Coolant System leakage shall be limited tot

a. 110 PRESSURE IDUNDARY LEAFME,

b. 1 GPM UNIDu nITIED LEArM E,

c. 450 gallons per day total primary-to-secondary leakage through
all steam generators and 150 gallons per day through any one
steam generator,

d. 10 GPM IDDnITIED LrAYME from the Reactor Coolant System, and

e. 31 GPM Ca nROLLED LEAKAGE at a Reactor Coolant System pressure
of 2235 f 20 psig.

f. The maximum allowable leakage of any Reactor Coolant System
Pressure Isolation Valve shall be as specified in Table 3.4-1
at a pressure of 2235 1 20 psig.

APPLICABILITY: MODES 1, 2, 3 and 4

ACTIQ 1

a. With any PRESSURr .OUNDARY LEAFM E, be in at least ilCYr STN OBY
within 6 hours and in COLD S1!UIDOWri within the following 30
hours,

b. With any Reactor Coolant System leakage greater than any one
of the above limits, excluding PRESSURE DOUNDARY LEAYME,
reduce the leakage rate to within limits within 4 hours or be
in at least 110T STNJDBY within the next 6 hours and in COLD
S!!UIV0WN within the following 30 hours.

c. With any Reactnr Coolant System Pressure Isolation Valve
leakage greater than the limit specified in Table 3.4-1,
isolate the high pressure portion of the affected system from
the low pressure portion within 4 hours by use of at least two
closed manual or deactivated automatic valves, or be in at
least HCrr STNJDBY within the next 6 hours and in COLD S!!U'IDOWN
within the following 30 hours.

SURVEILlR4CE REQUIREMDUS

4.4.7.2.1 Reactor Coolant System leakages shall be demonstrated to be
within each of the above lin.its by

a. Monitoring the containment stmosphere particulate
radioa:tivity monitor at least once per 12 hours.

b. Monitoring the containment air cooler condensate level
system or containment atmosp'iere gaseou. radioactivity
monitor at least once per 13 hours,

rARLEY - UNIT 1 3/4 4-17 AMD1DMan to.
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3/4.4.6 STrWi GD,T.RATORS

The Surveillance Requirements for inspection of the steam generator tubes
ensure that the structural integrity of this portion of the RCS will be
naintained. The program for inservice inspection of steam generator tutes
is based on a modification of Regulatory Guide 1.03, Revision 1. Inservice
inspection of steam generator tubing is essential in order to maintain
surveillance of the conditions of the tubes in the event that there is
evidence of mechanical damage or progressive degradation due to design,
manufacturing errors, or inservice conditions that lead to corrosien.
Inservice inspection of steam generator tubing also provides a means of
characterizing the nature and cause of any tube degradation so that
corrective measures can be taken.

The plant is expected to be operated in a nenner such that the secondary
coolant will be maintained within those chemistry limits found to result in
negligible corrosion of the steam generator tubes. If the secondary
coolant chemistry is not maintairied within these limits, localized
corrosion may likely result in stress corrosion cracking. The extent of
cracking during plant operation would be limited by the limitation of steam
generator tube leakage aetween the primary coolant system and the secondary
coolant system. The allowable prinary-to-secondary leak rate is 150
gallons p r day per steam generator. Cracks having a prinary-to-secondary
leakage less than this limit during operation will have an adequate margin
of safety to withstand the loads ipsed during normal operation and by
postulated accidents. Operational _ leakage of this magnitude can be readily
de ected by the existing rarley Unit i radiation monitors, beakage in
excess of this limit will requite plant shutdown and an inspection, during
which the leaking tubes will be located and plugged or repaired.

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 or repair will be required for all tubes with imperfections exceeding
40% of the tube nominal wall thickness. If a sleeved tube is found to have
through wall penetration of greater than or equal to 31% for the mechanical
sleeve and 37% for the laser welded sleeve of sleeve nominal wall thickness in
the sleeve, it must be plugged. The 31% and 37% limits are derived from R.G.
1.121 calculations with 20% added for conservatism. The portion of the tube
and the sleeve for which indications of wall degradation must be evaluated can
be summarized as follows:

TARLEY - UNIT 1 D3/4 4-3 MD1DMDir No.
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a. Mechanical
;

:

; 1. Indications of degradation in the entire length of the sleeve
must be evaluated against the sleeve plugging limit.

,

2. Indication of tube degradation of any type including a
complete guillotine break in the tube between the bottom of
the upper joint and the top of the lower roll expansion does
not require that the tube be removed f rom service.

3. The tube plugging limit continues to apply to the aortion of
the tube in the entire upper joint region and in t1e lower
roll expansion. As noted above the sleeve pluggir.g limit
applies to these areas also.

4. The tube plugging limit continues to apply to that portion of
the tube above the top of the upper joint.

b. Laser Welded

1. Indications of degradation in the length of the sleeve between
the weld joints must be evaluated against the sleeve plugging

,
limi t.

1

2. Indication of tube degradation of any type including a
complete break in the tube between the upper weld joint and'

the lower weld joint does not require that the tube be removed
from service.

3. At the weld joint, degradation must be evaluated in both the
sleeve and tube.

4. In a joint with more than one weld, the weld closest to the
end of sleeve represents the joint to be inspected and the
limit of the sleeve inspection.

5. The tube plugging limit continues to apply to the portion of
the tube above the upper weld joint and below the lower weld
joint.

Steam generator tube inspections of operating pl. ants have demonstrated the
capability to reliably detect degradation that has penetrated 20% of the
original tube wall thickness.

TARLEY - UNIT 1 D3/4 4-3a MtD W ItR NO.
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Tubes experiencing outer diameter stress corrosion cracking within the
thickness of the tube support plates are plugged or repaired by the
criteria of 4.4.6.4.a.11.

Whenever the results of any steam generator tubing inservice inspection
fall into Category C-3, these results will be reported to the Commission
pursuant to 10CrR50.73 prior to resumption of plant operation. 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.

3/4.4.7 REACTOR COOIA!C SYSTEM LEAFAGE

3/4.4.7.1 LEAFAGE DETECTION SYSTEMS

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

3/4.4.7.2 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 10 GPM IDanIFIED LEAFAGE limitation provides allowance for a
limited amount of leakage f rom kncun sources whose presence will not
interfere with the detection of UNIDDCITIED LEAKAGE by the leakage
detection systems.

The CONTROLLED LEAFAGE limitation restricts operation when the total
flow supplied to the reactor coolant pump seals exceeds 31 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 IOCA, the safety
injection flow will not be less than assumed in the accident analyses.

The surveillance requirements for RCS Pressure Isolation Valves
provide added assurance of valve integrity, thereby reducing the
probability of gross valve failure and consequent intersystem LOCA.
Leakage from the RCS Pressure Isolation valves is IDDRIFIED LEAVACE and
will be considered a portion of the allowed limit.

FARLEY - UNIT 1 B3/4 4-4 AMENDMDR 10.
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The 150 GPD tube leakage limit per steam generator (450 GPD total) helps
to maintain steam generator tube integrity in the event of a main steam line
rupture or under LOCA conditions. By maintaining an operating leakage limit of
150 GPD per s**am generator, the leak rate following a steam line rupture is
also limited to 55 GPM in the f aulta: loop and 150 GPD per steam generator in
the intact loops, which will limit offsite doses to wit 11n 10 percent of the 10
CrR 100 guidelines.

PRESSUPI BOUNDARY LEAFAGE of any mgnitude is unacceptable since it my be
indicative of an impending gross failure of the pressure boundary. Therefore,
the presence of any PPISSURE BOUNDARY LENAGE requires the unit to be premptly
placed in COLD SimH.

3.4.4.8 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 cf 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 S vady State Limits.

The surveillance requirements provide adequate assurance that
concentrations in excess of the limits will be detected in sufficient time
to take corrective action.

FARLEY - UNIT 1 B3/4 4-5 AMENDMan No.
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3/4.4.9 SPECIrIC ACTIVITY

The limitations on the specific activity of the primary coolant ensure
that the resulting 2 hour doses at the site boundary will not exceed an
appropriately small fraction of Part 100 limits following a steam generator
tube rupture accident in conjunction with an assumed steady state
primary-to-secondary steam generator leakage rate of 1.0 GPM. The values for
the limits on specific activity represent limits based upon a parametric
evaluation by the imC of typical site locations. These values are conservative
in that specific site parameters of the rarley site, such as site boundary
location and meteorological conditions, were not considered in this evaluation.

The leakage limit is restricted to 450 gpd (0.315 gpm) total leakage (150
gpd per steam generator) to ensure that offsite doses following a main steam
line break will be limited to 10 percent of the 10 CrR 100 guideline. 'Ihis
restriction is based on the results of a rarley site specific radiological
evaluation that assumes a primary coolant iodine activity level corresponding
to 1 percent fuel defects (approximately 4.0 microcurie / gram DOSE EQUIVALan
I-131), rather than a specific activity of 1.0 microcurie / gram DoSt EQUIVALD n
I-331, and a post-accident primary-to-secondary leak rate of 55 GPM in the
faulted loop.

The ACTIQ 1 statement permitting POs'ER OPEPATIQ4 to continue for limited
time periods with the primary coolant's specific activity greater than 1.0
microCuries/ gram DOSE EQUIVALD n I-131, but within the allowable limit shown on
Figure 3.4-1, accommodates possible iodine spiking phenomenon which may occur
following changes in THEPNd, POs'ER.

FARLEY - UNIT 1 B3/4 4-Sa AMnoten to.

|

_ _ . . .



- _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _

s .

..

REACIOR CCOUJU SYSTEM

3/4.4.6 STEAM GmERMORS

LIMITI!M CQiDITIQ4 POR OPEPATIQ4
...... ..... .............. ........... ..m ......................

3.4.6 Each steam generator shall be OPEPABLE.

APPLICABILITY: MODES 1, 2, 3 and 4.

ACTIQ 4:

With one or more steam generators inoperable, restore the inoperable
generatot(s) to OPEPABLE status prior to increasing T,y above 200'r.

SURVEILLANCE REQUIRDU2CS

4.4.6.0 Each steam generator shall be demonstrated OPEPABLE by performance of
the following augmented inservice inspection program and the requirements of
Specification 4.0.5.

4.4.6.1 Steam Generator Sample Selection and Inspection - Each steam
generator shall be determined OPEPABLE during shutdown by selecting and
inspecting at least the ninimum number of steam generators specified in
Table 4.4-1.

4.4.6.2.1 Steam Generator Tube # Sample Selection and Inspection - The
steam generator tube minimum sample size, inspection result classification,
and the corresponding action required shall be as specified in Table 4.4-2.
The inservice inspection of steam generator tubes s1all be performed at the
frequencies specified in Specification 4.4.6.3 and the inspected tubes
shall be verified acceptable per the acceptance criteria of Specification
4.4.6.4. The tubes selected for each inservice inspcietion shall include at
least 3% of th* tot 31 number of tubes in all steam cenerators. Selection
of tubes to be inspected is not affected by the r* designation.
Implementation of the steam generator tube / tube support plate elevation
alternate plugging criteria requires a 100% bobbin probe inspection. An
inspection using the rotating par. cake coil (RPC) probe is required for all
outer diameter stress corrosion cracking (OD SCC) indications exceeding a 1.5
volt bobbin coil signal amplitude. The RPC results are to be evaluated to
establish that the principal indications can be characterized as OD SCC.
hten applying the exceptions of 4.4.6.2.1.a through 4.4.6.2.1.c, previous
defects or imperfections in the area repaired by sleeving are not
considered an area requiring reinspection. The tubes selected for these
inspections shall be selected on a random basis except:

a. Where experience in similar plants with similar water chemistry
indicates critical areas to be inspected, then at least 50% of the
tubes inspected shall be from these critical areas.

6When referring to c steam generator tube, the sleeve shall be considered
a part of the tube if the tube has been repaired per Specification
4.4.6.4.a.9.

FARLEY - UNIT 2 3/4 4-9 AMENDME24T 10.
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l b. The first sample of tubes selected for each inservice inspection
(subsequent to the preservice inspection) of each steam generator
shall include:

1. All nonplugged tubes that previously had detectable wall
penetrations greater than 20%.

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

3. At least 3% of the total number of sleeved tubes in all threc
steam generators or all of the sleeved tub-s in the generator,

chosen for the inspection program, whichever is less. These'

inspections will include both the tube and the sleeve.

4. A tube inspection (pursuant to Specification 4.4.6.4.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 or sleeve ins xction, this shall be recorded and an
adjacent tube shall x selected and subjected to a tube
inspection,

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 whete tubes with
imperfections were previously found.

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

i

|
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The results of each sample inspection shall te 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 to al tubes inspected are
degraded tubes or more an 1% of the inspected
tubes are defective.

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

4.4.6.2.2 Steam Generator r* Tube Inspection - In addition to the minimum
sample size as determined by SpecTfication 4.4.6.2.1, all r* tubes will be
inspected within the tubesheet region. The results of this inspection will
not be a cause for additional inspections per Table 4.4-2.

4.4.6.3 Inspection Frequencies - The above required inservice inspections
of steam generator tubes shalT be performed at the following frequenciest

a. The first inservice inspection shall be performed af ter 6
Effective Full Power Months but within 24 calendar months of
initial criticality. Subsequent inservice inspections shall te
performed at intervals of not less than 12 nor more than 24
calendar months after the previous inspection. If two consecutive
inspections following service under AVT conditions, not including
the preservice inspection, result in all inspection results
falling into the C-1 category or if two consecutive inspections
demonstrate that previously observed degradation has not continued
and no additional degradation has occurred, the inspection
interval may be extended to a maximum of once per 40 months,

rARLEY - (R11T 2 3/4 4-11 AMDOMDIT to.
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b. If the results of the inservice insrection of a steam generatot
conducted in accordance with Table 4.4-2 at 40 month intervals
f all in Category C-3, the inspection f requency shall be increased
to at least once per 20 months. The increase in inspection irequency
shall apply until the subsequent inspections satisfy the criteria of
Specification 4.4.6.3.a; the interval my then be extended to a
e ximum of once per 40 months.

c. Additional, unscheduled insesvice inspections shall be performed
on each steam generator in accordance with the first sample
inspection specified in Table 4.4-2 during the shutdown subsequent
to any of the following conditions:

1. Primry-te-secondary tube leaks (not including leaks
originating from tube-to-tube sheet welds) in excess of the
limits of Specification 3.4.7.2.

2. A seismic occurrence greater than the Operating Basis
Earthquake.

3. A loss-of-coolant accident requiring actuation of the
engineered safeguards.

4. A min steam line or feedwater line break.

d. Tubes in which the tube support plate elevation alternate plugging
criteria have been applied shall be inspacted during all future
refue:ing outages.

4.4.6.4. Acceptance criteria

n. As used in this Specification:

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

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

FARLEY - UNIT 2 3/4 4-12 AMCJDMDn to.
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3. Deoraded Tute means a tube, including the sleeve if the tube
Tsi Been repaired, that contains imperfections greater than or
equal to 20% of the nominal wall thickness caused by
degradation.

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

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

6. Plugging or Repair Limit means the imperfection depth at or
beyond which The tube shall be repaired (i.e., sleeved) or
removed from service by plugging and is greater than or equal
to 40% of the nominal tube wall thickness. *1his definition
does not apply to the area of the tubesheet region below the
r* distance in r* tubes. For a tube that has been sleeved
withamechanicaljointsleeve,throughwallpenetrationof

wall thicknessgreater than or equal to 31% of sleeve nomina t

in the sleeve requires the tube to be removed frem service by
plugging. For a tube that has been sleeved with a welded
joint sleeve, through wall penetration greater than or equal
to 37% of sleeve nominal wall thickness in the sleeve between
the weld joints requires the tube to be removed from service
by plugging. This definition does not apply for tubes
experiencing outer diameter stress corrosion cracking confirmed by
bobbin probe inspection to be within the thickness of the tube
support plates. See 4.4.6.4.a.14 for the plugging limit to use
within the thickness of the tube support plates.

7. Unserviceable describes the condition of a tube or sleeve 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 4.4.6.3.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. For a tt's
that has been repaired by sleeving, the tube inspection should
include the sleeved portion of the tube, for a tubo in which
the tube support plate elevation alternate plugging criteria have
been applied, the inspection will include all the hot leg
intersections and all cold leg intersections down to, at
least, the level of the 'ast crack indication..

FARLEY - UNIT 2 3/4 4-13 AMD1DMatt 10.
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9. Tube Repair refers to mechanical sleeving, as described by
Es~tlnghouse report WC;J-11U8 Pev.1, or laser velded
sleeving, as described by liestinghouse report WCAP-12672,
which is used to maintain a tube in service. This includes
the removal of plugs that were installed as a corrective or
preventive measure.

10. 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 after the
field hydrostatic test and prior to initial MMER OPEPATION
using the equipment and techniques expected to be used during
subsequent intervice inspections.

11. r* Distance is t.he distance of the expanded portion of a tube
Eich provides a sufficient length of undegraded tube
expansion to resist pullout of the tube from the tubesheet.
The r* distance is equal to 1.79 inches and is measured down
from the top of the tubenheet or the bottom of the roll
transition, whichever is lower in elevation.

12. r* Tube is a tubes

a) with degradation equal to or greater than 40% below
the r* distance, and b) which has no indication of
imperfections greater than or equal to 20% of nominal
wall thickness within the r* distance, and c) that

remains in service.

13. Tube Expansion is that portion of a tube which has been
increased in diameter by a rolling process such that no
crevice exists between the outside diameter of the tube and
the hole in the tubesheet.

14. The following bobbin coil signal amplitude and indicated
Bepth criteria (hbe Support FliiEe Alternate Plugging Criteria)
are used for dispositioning a steam generator tube for continued
service that is experiercing outer diameter initiated stress
corrosion cracking confined within the thickness of the tube
support platest

$ These criteria do not apply to tubes which may deform or collapse on the
rarley Unit 2 steam generators during a postulated LOCA + SSE Event.
These tubes are identified in WCAP-12871 " J. M. rarley Units 1 and 2 SG
h be Plugging Criteria for ODSCC at Tube Support Plates."

rARLEY - UNIT 2 3/4 4-13a AMDJDMDn 10.
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1. A tube can remin in service if the signal amplitude of a
crack indication is less than or equal to 3.0 volts, regardless of
the depth of wall tube penetration, if, as a result, the projected
end of cycle distribution of crack indications is verified to result
in primry to secondary leakage less than 55.0 gpn in the f aulted
loop ('ess than 150 gpd in the intact loops) during a postulated
steam line break event. This would ensure acceptable radiological

.

conditions following a SLB.66

2. A tube can remin in service if the signal amplitude of a crack
indication is greater than 3.0 volts but less than or equal to 8.0
volts and the depth of tube wall penetration is less than 501. Any
contribution to the total leakage during a postulated SLB must te
considered in combination with 4.4.6.4.a.14.1 above.

3. A tube shall be plugged or repaired if the signal amplitude of the
crack indication is greater than 3.0 volts and the depth of wall
penetration is greater than or equal to 50% through-wall or the
signal amplitude of the crack indication is greater than 8.0 volts,
regardless of depth of tube wall penetration,

for all cases above, the tubes will be dispositioned for continued
service based upon bobbin voltage and depth measurements. The plant
specific guidelines used for all inspections shall be amended as
appropriate to accommodate the additional infore tion needed to evaluate
tube support plate signals with respect to the above voltage / depth
parameters. Pending incorporation of the voltage verification
requirement in ASME standard verifications, an ASME standard calibrated
against the laboratory standard will be utilized in the rarley steam
generator inspections for consistent voltage normlization.

b. The steam generator shall be determined OPCFABLE af ter completing
the corresponding actions (plug or repair of all tubes exceeding the
plugging or repair lirnit) required by Table 4.4-2.

## The methodology for calculating expected leak rates from the
projected crack distribution must be consistent with WCAP-12871.

rAPLEY - UNIT 2 3/4 4-13b AMD DMarr NO.
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4.4.6.5 Reports

t a. Following each inservice inspection of steam generator tubes, the
number of tubes plugged, repaired or designated r* in each steam

.'

generator shall x reported to the Comission within 15 days of the
completion of the inspection, plugging or repair effort,

b. The complete results of the steam generator tube and sleeve inservice
inspection shall be submitted to the Comission 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 and sleeves inspected.

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

3. Identification of tubes plugged or repaired.

! c. Results of steam generator tube inspections which fall into Category
i C-3 shall be considered a REPORTABLE EVDTr and shall be reported
'

pursuant to 10CrR50.73 prior to resumption of plant operation. The
written report shall provide a description of investigations
conducted to determine the cause of the tube degradation and
corrective measures taken to prevent recurrence,

d. The results of inspections performed under 4.4.6.2 for all tubes in
which the tube support plate elevations alternate plugging limit has
been applied shall be reported to the Comission following the
inspection and prior to the resumption of plant operation. The
report shall include:

1. Listing of applicable tubes.

2. Location (applicable intersections per tube) and extent of
degradation (voltage and indicated depth).

i

!

|
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3.4.7.2 Reactor Coolant System leakage shall be limited to:
!

a. No PPISSUPI DOGJDARY LEAFAGE,

b. 1 GPM UNIDDCIFICD trNAGE,

c. 450 gallons per day total primary-to-secondary leakage through
all steam generators and 150 gallons per day through any one
steam generator,

d. 10 GPM IDDfTIFIED LENAGE f tom the Reactor Coolant System, and

e. 31 GPM CurrROLLCD LrMAGE at a Reactor Coolant System pressure
of 2235 f 20 psig.

f. The maximum allowable leakage of any Reactor Coolant System
Pressure Isolation Valve shall be as specified in Table 3.4-1 at
a pressure of 2235 f 20 psig.

APPLICABILITY: MODES 1, 2, 3 and 4

ACTIQ 4

a. With any PRESSURE BOUNDARY LTMAGE, be in at least ilOT STNJDBY
within 6 hours and in COLD Sivnm within the following 30
hours,

b. With any Reactor Coolant System leakage greater than any one of
the above limits, excluding PRESSURE DOUNDARY LONAGE, reduce
the leakage rate to within limits within 4 hours or be in at
least HOT STANDBY within the next 6 hours and in COLD SIMIVOWN
within the following 30 hours.

c. With any Reactor Coolant System Prer Isolation Valve leakageM

greater than the limit specified in 4e 3.4-1, isolate the
high pressure portion of the affected system from the low
pressure portion within 4 hours by use of at least two closed
manual or deactivated automatic valves, or be in at least ilOT
STM ODY within the next 6 hours and in COLD SIUIDOWN within the
following 30 hours.

SURVEILIANCE REQUIPDMS

4.4.7.2.1 Reactor Coolant System leakages shall be demonstrated to be
within each of the above limits by

a. Monitoring the containment atmosphere particulate radioactivity
monitor at least once per 12 hours,

b. Monitoring the containment air cooler condensate level system or
containment atmosphere gaseous radioactivity monitor at least
once per 12 hours.

| TARLEY - UNIT 2 3/4 4-17 AMDOMDir 10.
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3/4.4.6 STTJJi GDTRA'IORS

We Surveillanen Requirements for inspection of the steam generator tubes
ensure that the structural integrity of this portion of the RCS will be
maintained. We program for inservlce inspection of steam generator tidws
is based on a modification of Regulatory Guide 1.03, Revisica 1. Inservice
inspection of steam generator tubing is essential in order to maintain
surveillance of the conditions of the tubes in the event that there is
evidence of mechanical damage or progressive degradation due to design,
manufacturing errors, or inservice conditions that lead to corrosion.
Inservice inspection of steam generator tubing also provides a means of
characterizing the nature and cause of any tube degradation so that
corrective neasures can te taken.

We plant is expected to be operated in a manner such that the secondary
coolant will be maintained within those chemistry limits found to result in
negligible corrosion of the steam generator tutes. If the secondary
coolant chemistry is not maintained within these limits, localized
corrosion may likely result in stress corrosion cracking. The extent of
cracking during plant operation would be limited by the limitation of steam
generator tube leakage :etween the primary coolant svstem and the secondary
coolant system. The allowable primary-to-secondary leak rate is 150
gallons per day per steam generator. Cracks having a primary-to-secondary

'leakage less than this limit during operation will have an adequate margin
of safety to withstand the loads imposed during normal operation and by
postulated accidents. Operational leakage of this magnitude can be readily
detected by the existing rarley Unit 2 radiation monitors, beakage in
excess of this limit will require plant shutdown and an inspection, during
which the leaking tubes will be located and plugged or repaired.

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 or repair will be required for all tubes with imperfections
exceeding 40% of the tube nominal wall thickness. If a sleeved tube is
found to have through wall penetration of greater than or equal to 31% for
the mechanical sleeve and 37% for the laser welded sleeve of sleeve nominal
wall thickness in the sleeve, it must be plugged. The 31% and 37% limits
are derived from R.G. 1.121 calculations with 20% added for conservatism.
W e portion of the tube and the sleeve for which indications of wall
degradation must be evaluated can be summarized as follows:

a. Mechanical

1. Indications of degradation in the entire length of the sleeve
must te evaluated against the sleeve plugging limit.

FARLEY - UNIT 2 B3/4 4-3 AMDJDMDU !Jo.



-

4 8

*4

PIAt*IOR C00tNn SYSTDi

MStS
.......................... .................r,. ........................

2. Indication of tube degradation of any type including a
complete guillotine break in the tube between the bottom of
the upper joint and the top of the lower roll expansion does
not require that the tute :e removed f rom service.

3. We tube plugging limit continues to apply to the wrtion of
the tube in the entire upper joint region and in tie lower
roll expansion. As noted above the sleeve plugging limit applies
to these areas also.

4. W e tube plugging limit continues to apply to that portion of
the tube above the top of the upper joint.

b. baser Welded

1. Indications of degradation in the length of the sleeve between
the weld joints must be evaluated against the sleeve plugging
limit.

2. Indication of tube degradation of any type including a
complete break in the tube between the upper veld joint and
the lower welo joint does not require that the tube te removed
from service.

3. At the weld joint, degradation rmist be evaluated in both the
sleeve and tube.3

4. In a joint with more than one weld, the weld closest to the
end of the sleeve represents the joint to be inspected and the
limit of the sleeve inspection.

5. The tube plugging limit continues to apply to the portion of
the tube above the upper weld joint and below the lower veld
joint.

F* tubes do not have to be plugged or repaired provided the remainder of
the tube within the tubesheet that is above the r* distance is not
degraded. The r* distance is equal to 1,79 inches and is measured down
from the top of the tubesheet or the bottom of the roll transition,
whichever is lower in elevation. Included in this distance is an allowance
of 0.25 inch for eddy current elevation measurement uncertainty.

Tubes experiencing outer diameter stress corrosion cracking within the
thickness of the tube support plates are plugged or repaired by the
criteria of 4.4.6.4.a.14.

Steam generator tube inspections of operating plants have demonstrated the
capability to reliably detect wastage type degradation that has penetrated
20% of the original tube wall thickness.

FARLEY - UNIT 2 B3/4 4-3a AMD M DR NO.
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Waenever the results of any steam enerator tubing inservice inspection,

| fall into Category C-3, these resu ts will be reported to the Commission ,

pursuant to 10CrR50.73 . prior to resumption of plant operation. Such cases |
i

will be considered by tie 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, ifi

j necessary.
I

3/4.4.7 REJCIOR CODU#r SYSTEM trMAGE

4 3/4.4.7.1 trMAGE DETECTION SYS7TMS

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

,

; Detection Systems," May 1973.

3/4.4.7.2 OPEPATIONAL LEMAGE

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 10 GPM IDDJTIFIED LrMAGE limitation provides allowance for a
limited amount of leakage from known sources w1ose presence will not
interfere with the detection of UNIDDRIFIED LEMAGE by the leakage
detection systems.

- We COtEROLLED LEMAGE limitation restricts operation when the total
flow supplied to the reactor coolant pump seals exceeds 31 GPM with the
modulating valve in the supply line full 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 surveillance requirements for RCS Pressure Isclation Valves
provide added assurance of valve integrity, there reducing ti.e
probability of gross valve failure and consequent ntersystem LOCA.
Leakage from the RCS Pressure Isolation valves is IDDRIFIED LFMAGE and
will be considered a portion of the allowed limit.

I
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i The 150 GPD tube leakage limit per steam generator (450 GPD total) helps
i to maintain steam generator tube integrity in the event of a min steam line

rupture or under 14CA conditions. By mintaining an operating Icakage limit of
150 GPD per steam generator, the leak rate following a steam line rupture is1

also limited to 55 GPM in the faulted loop and 150 GPD yr steam generator in
,

the intact loops, which will limit offsite doses to wit 11n 10 percent of the 10"

i CrR 100 guidelines.

i PRESSURE EWEARY trArAGE of any magnitude is unacceptable since it
may te indicative of an impending gross f ailure of the pressure toundary.
Therefore, the presence of any PRESSURE IMRARY LrAFAGC requires the unit

,' to be promptly placed in COLD SiUIIK W . ;

3/4.4.8 CHEMISTRY. ,

iThe limitations on Reactor Coolant System chemistry ensure that
corrosion of the Reactor Coolant System is minimized and reduces the
potential for Reactor Coolant System leakag> or failure due to stress
corrosion. Maintaining the chemistry within the Steady State Limits
provides adequa e corrosion protection to ensure the structural integrity

i 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

1 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 ef fect on the structural integrity
of the Reactor Coolant System. The time interval prmitting 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.

The surveillance requirements provide adequate assurance that
concentrations in excess of the limits will be detected in sufficient time
to take corrective action.

3/4.4.9 SPECIrJC ACTIVITY

The limitations on the specific activity of the primary coolant ensure
that the resulting 2 hour doses at the site boundary will not exceed an
appropriately small fraction of Part 100 limits following a steam generator
tube rupture accident in conjunction wit.h an assumed steady state
primary-to-secondary steam generator leakage rate of 1.0 GPM. 'Ihe values for
the limits on c ycific activity represent limits based upon a parametric
evaluation by tae NRC of typical site locations. These values are conservative
in that specific site parameters of the rarley site, such as cite teundary
location and meteorological conditions, were not considered in this evaluation.

,
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The leakage limit is restricted to 450 GPD (0.315 GPM) total leakage
(150 GPD per steam generator) to ensure that offsite doses following a nain
steam line break will be limited to 10 percent of the 10 CFR 100 guideline.
This restriction is based on the results cf a farley site specific radiological
evaluation that assumes a pcirary coolant iodine actisity level corresponding
*o 1 percent fuel defects (approxirately 4.0 microcuries/ gram tost 00VIW107r
1-131), rather than a specific activity of 1.0 microcurie /grz.m tost EQUIw1Ctr
I-131, and a post-accident primary-to-secondary leak rate of 55 GPM in the
faulted loop.

The ACTION statement permitting TWER OPEPATION to continue for limited
time periods with the pricary e.colant's specific activity greater than 1.0
microCuries/ gram DOSE D.TIW10rr I-131, but within the allowable limit shown on
ricure 3.4-1, accommodates possible iodine spiking phenomenon which may occur
f ollowing changes in 71tEFN1 IWER.

*
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FARLEY NUCLT.AR POVER pl. ANT UNIT 1 All 2

TUBE SUPPORT PLATE EVALUATION SG TUBE PIDGGING CRITERI A

SIGNIFICANT FA7.ARDS CONSIDERATION ANALYSIS

INTRODIE'flON

A license amendment is proposed to preclude unnecessarily plugging tubes
due to the occurrence of outer diameter initiated strtes cortosion cracking
(OD SCC) at the tube support plate elevations in the Parley Unit 1 and 2
steam generators. Using the existing Technical Specification steam
generator tube plugging limit 01 40% allovable tube vall penetration, many
of the tubes with crack indications vould needlessly have to be removed 2

from service. The alternate plugging criteria for the tube support plate
'elevation OD SCC occurring in the Farley Unit 1 and 2 steam generators may

result in tubes with both partial and through-vall cracks returning to
service. In the limiting case, it is demonstrated that the presence of
through vall cracks alone is not icason enough to remove a tube from
service. The alternate plugging criteria vill not be applied to tubes
which may deform or collapse in the Farley Unit I cnd 2 steam generators
during a postulated Loss of Coolant Accident plus Safe Shutdovn Earthquake
(LOCA + SSE) event. This action minimizes the potential for excessivo
secondary to primaty in-leakage due to any potential pre-existing cracks.
Tor all other abes, secondary to primary in-leakage during a p)stulated
LOC 4 + SSE event is expected to be negligible.

DESCRIPTION OF THE AMENDMENT REQUEST

As required by 10 CFR 50.91 (a)(1), en analysis is provided to demonstrate
that the proposed license amendment to implement alternate steam generator
tube plugging criteria for the tube support plate elevations at Farley Unit
I and 2 involves no significant hazards considerations. The alternate
plugging. criteria involve a correlation between eddy current bobbin probt
signal amplitude (voltage) and indicated depth (phase angle) versus tube
burst and leakage capability. The principnl parameter is voltage amplitude
which is correlated with tube burst capability and leakage potential.
Indicated depth is a secondary parameter utilized as a threshold value
belov which added margins incorporated in the plugging criteria to minimize
excessive steam line break leakage are not necessary. The plugging
criteria are developed from testing of laboratery induced OD SCC specimens,
extensive examination of pulled tubes from operating steam generators, and
field experience from leakage due to indications at the tube support
plates. Specifically, crack indications with bobbin probe voltages less
than or equal to 3.0 volts, regardless of incicated depth, do not sequire
remedial action if postulated steam line break leakage can be shown to be
acceptable. Crack indications with habbin probe voltages exceeding 3.0
volts with depths greater than or equal to 50% vill be plugged. For crack
indications with voltages greater than 8 volts, the tubes are recommended

'

to be plugged no matter what the indicated depth.
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: The proposed amendment vould modify Technical Specification 3/4.4.6 " Steam
| Generatots", 3/4.4.7, " Reactor Coolant System Leakage", and the associated

!
bases which provides tube inspection requirements and acceptance criteria
to determine the level of degradation for which a tube experiencing OD SCC

| at the tube support plate elevations may remain in service in the Parley
y Unit 1 and 2 steam generators. The proposed amendment would add

definitionc required for the alternate plugging c'/itsria and prescribe the
portion of the tube subject to the criteria..

| EVAL @ TION

! Steam Generator Tube Integr_ltyi

4 la the developru tt of the alternate plugging criteria Regulatav Guide
q

(RG) 1.121, " Bases to Plu ning Degraded PVR Steam Generstor Tubbs" and |

; RG 1.83 " Inservice Inspect 'on of PVR Steam Generator Tubes" are md as the !

; bases for determining (pa: steam generator integrity consideral.ons ared

: maintainerd within accepraele Idmits. RG 1.121 describes a method
acceptable to the NRC staL (oi meeting General Design Criteria 2. It, 15,

; 31, and 32 by teducing tn? rrobability-and consequences of steam generator
i tube rupture through determi % tha limiting safe conditions of tube vall ;

i degradation _ beyond which tuba. ' vith unacceptable cracking, as established
; by inw)rvice inspection, sh e id b' removed f rom service by plugging. This !

regulatory r uses safeb f actus on loads for tube burst that are
consistent w recuiriit nts of Section Ill of the ASME Code. Ft the
tube suppot. .v elevatic.i degradatAon occurring in the farley stes

; generators, tube oust criterin are inherently satisfied during normaa
operating conditions by the presence of the tube support plate. The
presence of t''e tube support plate enhances the integrity of the degrat'ed
tubes in tbat reg 3on by precluding tube deformation beyond the diameter d
the drilled hole. It 15 vt certain whether the tube support plate vould
function to provide a etailt constraining etfect during accident condition

iloao ngs in eith',c Far.ity Unit > or 2. Therefore, no credit is taken in
the development of the Mt gging titeria for the presence of the tube
support plate ditdng acci sent cd dition loadings. Conservatively, based un4

the existing da tT base, burst to t ing shovs that the safety requiremerds
f or tube burst mattins during b(11 normal and accident condition lor. dings
can be satisfied vjtk bobbin coC signal amplitudes less than 10.3 volts,

- regardless of the depth of tube vall penetration of the cracking. RG 1.83
descrit>es a method acceptable to the NRC staf f for implementing GDC 14, 15,
31, and 32 through periodic inservice inspection for detection of
significant tube vall degridation.

Upon implementation of ',he (vo parameter plugging criteria, tube leakage
considerations muq L'M e adtiressed. It must be determined that the
cracks vill not leak exce o 'velv during all plant conditions. _For the;

alternate tub 9 plugging crl(t.da developed Ter the Farley Unit I and 2
steam generaf.or tubes, no leak. er is expr ed during normal operating
conditions even vith the presene of thr n-vall cracks. This is_the case

.! ' as the stre!t corrosion cracking m "irring in the tubes at the support
plate evalua tions in the fatley Una t nnd 2 steam geru rators are short,'

: tight, axialty oriented macrocracks 4 p c ted by ligaments of material. No
I leakage during normal operating condf ttoi n has been observed f or crack

i

I

. ~x
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indications with signal amplitudes less than 6.5 volts. Relative to the
expected leakage during accident condition loadingc, the limiting event
with respect to primary to secondary leakage is a , atulated steam line
break event. Field and laboratory data shov minimal leakage for a
criterion of under 10.0 volts.

Additional Considerations

The proposed amendment vould preclude occupational radiation exposure that
vould otherwise be incurred by plant workers involved in tube plugging
operations. The proposed amendment vould minimize the loss of margin in
the reactor coolar.t flov through the steam generator in LOCA analyses. The
proposed amendment vould avoid loss of margin in reactor coolant system
flow and, therefore, assist in demonstrating that minimum flow rates are
maintained in excess of that required for aperation at full power.
Reduction in the amount of tube pluggirg required can reduce the length of
plant outages and reduce the time tha'. the steam generator is open to the
containment environment during an ov. age.

ANALYSIS (3 FACTOR TEST)

In accordance with the three factor test of 10 CFR 50.92(c), implementation
of the proposed license amendment is analyzed using the following standards
and found not tot 1) involve a siglificant increase in the probability or
consequences for an accident previotsly evaluated; or 2) create the
possibility of a new or different kitd of accident from any accident
previously evaluated; or 3) involve a significant reduction in a margin of
safety.

Conformance of the proposed amendmeat to the standards for a determination
of no significant hazard ac def.ined in 10 CFR 50.92 (three factot test) is
shown in the following:

1) Operation of Farle/ Unit 1 and 2 in accordance with the proposed
license amendment does not involve a significant increase in the
probability or consequences of an accident previously evaluated.

Burst testing of pulled tubes and laboratory specimens undergoing OD
SCC have resulted in burst pressures at room temperature conditions of
over 5900 psi for e. rack indications in free standing tubes vith
voltages as high as 10 volts. Correcting for the effects of

temperature on material properties and minimum strength levels (as the
burst testing vas done at room temperature), tube burst capability
significantly exceeds the RG 1.121 criterion requiring the maintenance
of a margin of three times normal operating pressure differential on
tube burst if through-vall cracks are present. Based on the existing
data base, this criterion is satisfied with bobbin coil indications
with signal amplitudes less than 10.3 volts, regardless of the
indicated depth measurement. This structural limit is based on a lover
bound limit of the data. A 3 volt, greater than 50% indicated depth
plugging criterion, compares favorably with the structural limit
considering expec:ed growth rates of OD SCC at Farley. This voltage

- _ _ _ _ _ _ - _ _ _ _ _ _ _ __ _ _ _ _ -



.. _. . . -_. _ _ _ _ _ __~ _

. .

. .

c4 terion is raaller than the 2 signa lover bound limit of the data
used to detcrmine the structural limit. Tube support plate
intersections with voltages much less than 10 volts (e.g., 3.0 volts,
greater than 50% indicated depth) are expected to result in
significantly higher tube burst strengths.

Relative to expected leakage during normal operating conditions, upon
implementation of the alternate plugging criteria, both field and
laboratory data show no leakage is expected from tubes through an
indication with a voltage level of under 6.5 volts (as compared to the
3.0 volt, greater than 50 percent through-vall plugging limit proposed

Ialternate tube plugging limit). "teld and laboratory data support a
"no leakage" criterion during all plant conditions of 1.5 volts, i

regardless of associated depth of tube vall penetration.

Relative to the expected leakage during accident condition loadings,
the accidents that are affected by primary to secondary leakage and
steam release to the environment are Loss of External Electrical Load
and/or' turbine' Trip, Loss of All AC Pover to Station Auxillaries, Hajor
Secondary System Pipe Failure, Steam Generator Tube Rupture, Reactor
Coolant Pump Locked Rotor, and Rupture of a Control kod Drive Hechanism
Housing. Of these, the Hajor Secondary System Pipe Failure is the most
limiting for Parley Unit 1 and 2 in considering the potential for
off-site doses. Upon implementation of the alternate plugging
criteria, it must be verified that the expected distribution of
cracking indications at the tube support plate intersections are such
that primary to secondary leakage vould result in site boundary doses
within a small fraction of the 10 CFR 100 guideline during a postulated
steam line break event. Application of the proposed plugging criteria

-require that the current distribution of number of indications versus
voltage be obtained during each refueling outage. The current voltage
is then combined with the rate of change in voltage measurement to
establish an end of cycle voltage distribution and, thus, leak rate
during steam line break pressure differential.

2) The proposed license amendment does not create the possibility of a new
or different kind of accident from any accident previously evaluated.

Implementation of the proposed alternate tube support plate elevation
steam generator tube plugging criteria does not introduce any
significant changes to the plant design basis. Use of the criteria
does not provide a mechanism which could result in an accident outside

,

I of the region of the tube support plate elevations. Neither a single

or multiple tube rupture event vould be expected in a steam generator
in which the plugging criterin has been applied (during all plant
conditions). The two parameter plugging criteria are established such
that operational leakage or excessive leakage during a postulated steam
line break condition is not anticipated.

Alabama Power Company vill implement a leakage rate limit of 150 gpd
per steam generator (reduced from the current 500 gpd per steam
generator limit) to help preclude the potential for excessive leakage
during all plant conditions upon application of the plugging criteria.
The RG 1.21 criterion tor establishing operational leakage rate limits

I

i
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that require plant shutdown are based upon leak-before-break
considerations to detect a free span crack before potential tube
rupture. The 150 gpd limit should provide f or leakage detection and
plant shutdown in the event of the occurrence of an unexpected single
crack resulting in leakage that is associated with the longest

' permissible crack length. The longest permissible through-vall crack
length is the length that provides a factor of safety of 3 on tube
burst for normal operating pressure differential. For the Parley steam
generators, the through-vall crack length resulting in tube burst at
three times normal operating pressure differential (4380 psi) is
approximately 0.42 inch. The nominal leak rate from this crack length
is 0.11 gpm. A 150 gpd (approximately 0.1 gpm) leak rate limit
provides for plant shutdovn prior to reaching the critical crack length
corresponding to three times normal operating pressure differential.

3) The proposed license amendment does not involve a significant reduction
in margin of safety.

The use of the alternate tube support plate elevation plugging criteria
at Farley Unit 1 and 2 is demonstrated to maintain steam gener.tcr tube
integrity commensurate with the requirements of RG 1.121. RG 1.121
describes a method acceptable to the NRC staff for meeting GDCs 2, 14,
15, 31, and 32 by reducing the probability of the consequences of steam
generator tube rupture. This is accomplished by determining the
limiting conditions of degradation of steam generator tubing, as
established by inservice inspection, for which tubes with unacceptable
cracking should be removed from service. Upon implementation of the
criteria, even under the vorst case conditions, the occurrence of OD
SCC at the tube support plate elevations is not expected to lead to a
steam generator tube rupture event during normal or faulted plant
conditions. The most limiting effect vould be a possible increase in
leakage during a steam line break event. Excessive leakage during a
steam line break event, however, is precluded by verifying that, once
the criteria is applied, the expected end of cycle distribution of
crack indications at the tube support plate elevations vould result in
minimal, and acceptable primary to secondary leakage during all plant
conditions and, hence, help to demonstrate radiological _ conditions are
less than a st.all fraction of the 10 CFR 100 guideline.

In addressing the combined effects of LOCA + SSE on the steam generator
component, it has been determined that tube collapse may occur in the
steam generators at some plants. This is the case as the tube support

| plates may become deformed as a result of radial loads at the vedge
supports at-the periphery of the plate due to either the LOCA
rarefaction vave and/or SSE loadings. Then, the resulting pressure
differential on the deformed tubes may cause some of the tubes to
collapse.

There are two issues associated with steam generator tube collapse.
First, the collapse of steam generator tubing reduces the RCS flov area
through the tubes. The reduction in flov area increases the resistance

| to flow of steam from the core during a LOCA-which, in turn, may
| potentially increase Peak Clad Temperature (PCT). Second, there is a

L
potential that partial through-vall cracks in tubes could progress to,

- . = .. ---. -. -
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through-vall cracks during tube deformation or collapse.

Consequently, Alabama Power Company has performed a detailed leak
before break analysis and it is concluded that the leak-before-break
methodology (as permitted by GDC 4) is applicable to the Farley Unit 1
and 2 reactor coolant system primary loops and, thus, the probability
of breaks in the primary loop piping is sufficiently lov that they need
not be considered in the structural design basis of the plant.
Excluding breaks in the RCS primary loops, the LOCA loads from the
largc branch line breaks were analyzed at Farley Unit I and 2 and were
found to be of insufficient magnitude to result in steam generator tube
collapse.

Regardless of whether or not leak-before-break is applied to the
primary loop piping at Farley Unit 1 and 2, any flov area reduction is
expected to be minimal (much less than 1%) and PCT margin is available
-to account for this potential effect. Tube locations which may
potentially result in secondary to primary inleakage due to tube
collapse as a resul of pre-existing crack indications are excluded
from the application of this criteria. For all other steam generator
tubes, the possibility of secondary to primary leakage in the event of

|
a LOCA + SSE event is not significant. In actuality, the amount of
secondary to primary leakage in the event of a LOCA is expected to be

| less than currently allowed since steam generator tube integrity is
I expected to improve with the reduction of leakage allowed from 500 gpd

to 150 rpd per steam generator. Furthermore, secondary to primaryl

leakage vould be less than primary to secondary leakage for the same
differential pressure since the cracks vould tend to tighten under a
secondary to primary differential pressure. Additionally, the presence
of the tube support plate is expected to reduce the in-leakage.

Addressing RG 1.83 considerations, implementation of the tube plugging
criteria is supplemented by 100% inspection requirements at the tube
support plate elevations having OD SCC indications, eddy current
inspection guidelines to provide consistency in voltage normalization,
and rotating pancake coil inspection requirements for the larger
indications lef t in service to characte rize the principal degradation

mechanism as OD SCC.
i

As noted previously, implementation of the tube support plate elevation
plugging criteria vill decrease the number of tubes which must be taken
out of service with tube plugs. The installation of steam generator

| 'ube plugs reduces the RCS flow margin, thus implementation of the
elternate plugging criteria vill maintain the margin of flow that vould:

| otherwise be reduced-in the event of increased tube plugging.

Based on the above, it is concluded that the propased change does not
result in a significant reduction in margin with respect to plant
safety as defined in the Final Safety Analysis Report or any bases of
the plant Technical Specification.

. . . - . . _ - _
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CONCLUSION

Based on the preceding analysis, it is concluded that using the bobbin coil
probe voltage / depth alternate steam generator tube plugging criteria for

[ remosing tubes from service at Farley Unit 1 and 2 is acceptable and the
proposed license amendment does not involve a Significant flazards
Consideration Finding as defined in 10 CFR $0.92.
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Proprietary Information Notico

Transmitted herewith are proprietary and/or non proprietary versions of
6:cuments furnished to the NRC in connection with requestr, for generic and/or
plant-specific review and approval,

in order to conform to the requirements of 10 CFR 2.790 of the Commission's
regulations concerning the protection of proprietary information so submitted
to the NRC, the information which is proprietary in the proprietary versions is
contained within brackets, and where the proprietary information has been
deleted in the non proprietary versions, only the brackets remain (the
information that was contained within the brackets in the proprietary versions
having been deleted). The justification for claiming the information so

designated as proprietary is indicated in both versions by means of lower case
letters (a) thecugh (g) contained within parentheses located as a superscript
immediately following the breckets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These

lower case letters refer to the types of information Westinghouse customarily
holds in confidensa identified in Sections (4)(ii)(a) through (4)(ii)(g) of the
affidavit accompanying this transmittal pursuant to 10 CFR 2.790(b)(1).
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Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice.
The NRC is permitted to make the number of copies of the information contained
in these reports which are necessary for its internal use in connection with
generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or
violation of a license, permit, order, or regulation rabject to the
requirements of 10 CFR 2.790 regarding restrictions on public disclosure to the
extent such information has been identified as proprietary by Westinghouse,
copyright protection not withstanding. With respect to the non-proprietary
versions of these reports, the NRC is permitted to make the number of copies
beyond those necessary for its internal use which are necessary in order to
have one copy available for public viewing in the appropriate docket files in
the public document room in Washington, DC and in local public document rooms
as may be required by NRC regulations if the number of copies submitted is
insufficient for this purpose. The NRC is nct authorized to make copies for
the personal use of members of the public who make use of the NRC public
document rooms. Copies made by the NRC must include the copyright notice in
all instances and the proprietary notice if the original was identified as
proprietary.
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