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Gentlemen:

Joseph M. Farley Nuclear Plant - Units 1 and 2

Steam Cenerator (5G) Tube Support Plate (TSP)
_Alternaty Plugging Cr'teria (APC) N
In order to pieclude unnecessarily removing significant numbers of $G
tubes from service, Alabama Pover Corpany has evaluated the possibility
of atilizing & revised plugging criteria for SC tube cracks vhich are
contained vi.hin the boundaries cf the TSP. This evaluation has
resulted in the development of the TSP APT,

The need for an APC becarm2 evident during a recent Unit 2 outage. The
sr~gram of eddy cnrrent inspections performed at Farley Unit 2 during
the seventh refueling outage included full length bobbin coil probing
of the available tubes. Vith no application of a voltage amplitude
criterion, numerous tubes found to exhibit degradation suggestive of
outer diameter stress corrosion cracki.g (ODSCC) wvere plugged. This
tesulted in plugging 243 tubes, 30 in SC A, 64 in 5C B, and 149 in SCG C
due to TSP degradation.

The scope of app'ication of the TSP APC will be limited to those cracks
containaed vithin the TSP boundaries vhich are the result of 0DSCC. Al)d
other portions of the tube vill be covered by the current Technical
Specifications. The APC utilizes the eddy current tol .in voltage and
phase angle indicated depth as an indication of crack severity

vithin th: TSP. Tubes vith an indicated depth greater than or equal to
50X will Lo« plugged §f eddy current bob' n voltage exceeds 3 volts.
Tubes v* I an indicated depth less than 50 will be plugged 1f eddy
current obin voltage exceeds B volts. The A™C was developed to
ensure margins against tube burst per Regulatory Guide 1.121 and to
minimize leakage at normal operating conditions. The criteria vas also
developed to ensure that radiological results of a steam line break
accident do not exceed & small fraction of the LOCFRIOO limits.

Details of the development of the APC sre contained in VCAP-12871,

®*J. K. Farley Unite 1 and 2 SG Tude Plugging Criteria for ODSCC at Tube
Support Plates."
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Attachment 1

Revised Techaical Specification Pages

Unit 1
Page
4 4.9 Replace
3/4 410 Replace
374 &-11 Replace
374 4-12 Replace
374 4-13 Replace
34 4&-13a Insert
374 4-13b Insert
374 4-10 Replace
Bi/& 4-3 Replace
B3/4 4. 3a Replace
B3/& 4-4 Replace
B3/& 4-5 Replace
Bl/4 4&-5a Insert
Unit 2
34 &7 Replace
374 4&-20 Replace
374 4-11 Replace
3/4 4-12 Replace
374 4-13 RFeplace
374 4-13a Replace
3/4 4-13b Insert
376 4-13¢ Insert
374 4-17 Replace
Bi/4 4-3 Replace
B3/é4 4-3a Replace
B3/4 4-& Replace
B3/4 4-5 Replace
Bi/4 4-54 Insert
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued)

- G- - e it

b. The first sample of tubes s~lected for each inservice
inspection (subsequent to che preservice inspection) of each
steam generator shall include:

1. All nonplugged tubes that previously had detectable wall
penetrations greater than 204,

2. Tubes in those areas where experience has indicated potential
pioblems,

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
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. 1If 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.

¢. The tubes selected as the second and *“ird samples (if required by
Table 4.4-2) Auring 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 5V 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.

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

Mote: 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,

FARILEY - UNIT 1 3/4 4-10 AMENDMENT NO.

ko



REACTOR COOLANT SYSTFM

SURVEILLANCE REQUIREMENTE (Continued)
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued)

4.4.6.4. Acceptance Criteria

@& As used in this Specification:

1.

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

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

Degraded Tube means a cube, including the sleeve if the tube
has been repaired, that contains imperfections greater than
or equal to 20% of the nominal wall thickness caused by
degradation.

A Degradation means the percentage of che tube or sleeve wall
ickness affected or removed by degradation,

Defect means an imperfection of such severity that it exceeds
the pIu?ging or repair limit. A tube or sleeve containing a
defect is defective,

Plugging or Repair Limit means the imperfection depth at or
EEyoga Sﬁlc e shall be repaired (i.e., sleeved) or
removed from service by plugging and is greater than or equal
to 408 of the nominal t wall thickness. For 2 tube that
has been sleeved with a mechanical ;oint sleeve, through wall
penetration of greater than or equal to 1% of sleeve nominal
wall thickness in the sleeve requires the tube to be removed
from service by Ylugging. For & tube that has been sleeved
with a welded joint sleeve, through wall Yenetration 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. Also, this definition does
not apply for tubes experiencing outer diameter stress
corrosion cracking confirmed bobbin prebe inspection to be
within the thickness of the t s rt plates. See
4.4.6.4.2.11 for the plugging limit for use within the
thickness of the tube support plate.

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 4.4.6.5.c, above,

FARLEY - UNIT 1 3/4 ¢-12 AMENDMENT NO.
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REACIOR COOLANT SYSTEM

FURVEILLANCE REQUIREMENTS (Continued)

c.

FARLEY -

1. Nunber and extent of tubes and sleeves inspected,

2. Llocation and percent of wall-thickness penetr-*ion for each
indiretion of an imperfection,

3. Identification of tubes plugged or repaired,

Results of steam generator tube inspections which fall into
Category C-3 shall be considered a REPORTABLE EVENT and ghall be
reported pursuant to 10CFR50.73 prior to resumption of plant
operation, The written report &11 provide a description of
investigations conducted to determine the cause of the tube
degradation and corrective measures taken to prevent recurrence,

The results of inspections rrfomd under 4.4.6.2 for all tubes
in which the tube support ? ate elevations alternate plugging
limit has been applied shall be reportec to the Commission
following the inspection and prior to the tesunption of plant
operation. The report shall include:

1. Listing of applicable tubes.

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

UNIT 1 3/4 4-13b AMENDMENT NO.




REACTOR COOLANT SYSTEM
OPERATIONAL LEAFAGE

LIMITING CONDITION FOR OPERATION

o P p———

3.4.7.2 Reactor Coolant System leakage shall be limited to:

a.
b,

c'

No PRESSURE BOUNDARY LEAKAGE,

1 GPM UNIDENTIFIED LEAFKAGE,

450 gallons per day total grimry-to»ncondat& leakage through
all steam generators and 150 gallons per day through any one
steam generator,

10 GPM IDENTIFIED LEAKAGE from the Reactor Coolant System, and

31 GPM CONTROLLED LENKAGE at a Reactor Coolant System pressure
of 2235 + 20 psig.

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

APPLICABILITY: MODES 1, 2, 3 and 4

ACTION:

With any PRESSURE BOUNDARY LEAKAGE, be in at least HOT STANDBY
within 6 houirs and in COLD SHUTDOWN within the fellowing 30
hours.

with any Reactor Coolant System leakage greater than any one
of the above limits, excluding PRESSURE BOUNDARY LEARKAGE,
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
SHUTDOWN within the following 30 hours.

with any Reactor 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 bv use of at least twu
closed manual or deactivated automatic vaives, or be in at
least HOT STANDBY within the next 6 hours and in COLD SHUTDOWN
within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.4.7.2.1

Reactor Coolant Syi.em leakages shall be deminstiated to be
within each nf the above limits by:

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

b. Monitoring the containment air cocler condensate level
system or containment atmosphere gaseous radiocactivity
monjtor at least once per 12 hours.

FARLEY - UNIT 1 3/4 4-17 AMENDMENT NO.



3/4.4.6 STEAM GENERATORS

The Surveillance Requirements for inspection of the steam generator tubes
ensure that the structural integrity of this portion of the RCS will be
maintained. The program for inservice inspection of steam generator tubes
is based on a modification of Regulatory Guide 1.83, 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 .xchanical damage or progressive degradation cdue to design,
manufacturing errors, or inservice conditions that lead to coitosion.
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 manner such that the secondary
coclant will be maintained within those chemistry limits found to result in
negligible corrosion of the steam generator tubes. If the s.-ondary
coolant chemistry is not maintained within these limits, localized
corrosion may likely result in stress corrosion cracking. The extent of
cracking during plant ogution would be limited by the limitation of steam
generator tube leakage between the primary coolant s{stem and the secondary
coolant system. The allowable primary-tn-secondary leak rate is 150
?allom r day per steam generator. Cracks having & primary-to-secondary
eakage less J"un this limit during operation will have an adequate margin
of safety to withstand the loads hv?osed during normal operation and by
postulated accidents. Operaticnal leakage of this magnitude can be readily
detected by the existing Farley Umit 1 radiation monitors. Leakage in
excess of this limit will require plant shutdown and an inspection, during
wvhich the leaking tubes will be located and plugged or repaired.

Wastage-type defects are unlikely with proper chemistiy treatment of the
secondary coolant. However, even if a defect should develop in service, it
will be found during scheduled inservice steam generator t examinations.
Plugging or repair will be required for all tubes with imperfections exceeding
40% of the tube nominal wall " ickness. 1If a sleeved tube is found to have
through wall penetration of ¢.. ater than or egual 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 calculaticns 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:

FARLEY -~ UNIT 1 B3/4 4-3 AMENDMENT NO,



REACTOR COOLANT SYSTEM

Ve mCh‘."‘C‘l

2.

Indications of degradation in the entire length of the sleeve
must be evaluated against the sleeve plugging limit,

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 removed fram service.

The tube flugging limit continues to apply to thetﬁrum of
the tube in the entire upper joint re?mn ard in lower
roll expansion. As noted above the uleeve plugging limit
applies to these areas also.

The tu':: plugging linit continues to apply to that portion of
the tube above the top of the upper joint.

b. Laser Welded

.

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

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 reguire that the tube be removed
from service,

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

In a 2oint 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.

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

Steam ?eneutor tube inspections of operating plants have denonstrated the
capability to reliably detect degradation that has penetrated 20% of the
original tube wall thickness.

FARLEY -~ UNIT 1 B3/4 4-3a AMENDMENT NO.
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The 150 GPD tube leakage limit per steam generator (450 GPD total) helps
to maintain steam generator tibe integrity in the event of a main steam line
rupture or under LOCA conditions. maintaining an operating leakage limit of
150 GPD per steam generator, the leak rate following a steam line rupture is
also limited to 55 GPM in the faulted loop and 150 GPD per steam generator in
the intact 1 , which will limit offsite doses to within 10 percent of the 10
CFR 100 guidelines.

FPRESSURE BOUNDARY LEARAGE of anY magnitude i{s unacceptable since it may be
indicative of an impending gross failure of the pressuie boundary. Therefore,

the presence of any PRESSURE BOUNDARY LEAKAGE requires the unit to be promptly

placed in COLD SHUTDOWN,

3.4.4.8 CHEMISTRY

The limitations on Reactor Coolant System chemistry ensure that
corrosion of the Reactor Coclant System is r . nimized and reduces the
potential for Reactor Coolant System leakage or failure due to stress
corrosion. Maintaining the chemistry within the Steady State Limits
provides adequate corrosion protection to ensure the structural integrity
of the Reactor Coolant System over the life of the plant. The associated
e “ects of exceeding the oxygen, chloride and fluoride limits are time and
te perature 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
Lhe Steady State Limits,

The surveillance reguirements 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 AMENDMENT NO.




REACTOR COOLANT
BASES

3/4.4.9 SPECIFIC ACTIVITY

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

The leakage limi{ is restricted to 450 (0,315 ) total leakage (150
per steam generator) to ensure that offsite doses following a main steam
ne break will be limited to 10 percent of the 10 CFR 100 guideline. This

restriction is based on the results of a Farley site specific radiological
evaluation that assumes a primary coolant iodine activity level corresponding
to 1 percent fuel defects (approximately 4.0 microCurie /gram DOSE BQUIVALENT
1-131), rather than a specific activity of 1.0 microCurie/gram DOSE EQUIVALENT
1-131, and a post-accident primary-to-secondary leak rate of 55 GPM in the
faulted loop.

The ACTION statement permitting POWER OPERATION to continue for limited
time periods with the primary coolant’s specific activity greater than 1.0
microCuries/grain DOSE EQUIVALENT 1-131, ut within the allowable limit shown on
Figure 3.4-1, accommodates possible iodine spiking phenomenon which may occur
following changes in THERMAL POWER.

TorasY - UNIT 1 B3,/4 4-5a AMENDMENT NO.




REACTOR COOLANT SYSTEM
3/4.4.6 STEAM GENERATORS
LIMITING CONDITION FOR OPERATION

e e - -

3.4.6 Each steam generator shall be OPERABLE,
APPLICABILITY: MODES 1, 2, 3 and ¢,
ACTION:

With one or more steam generators inoperable, restore the inoperable
generator(s) to OPERABLE status prior to increasing T, . above 200°F.

SURVEILLANCE REQUIREMENTS

- -

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

4.4.6.1 Steam Generator Sample Selection and Inspection - Each steam

nerator shall be determined OPERABLE during sﬁuEHcm'By selacting and
nsrrtitzq at least the minimum number of steam generators specified in
T‘b e ‘o '1-

4.4.6.2.1 Steam Generator Tubed Sample Selection _g@__}ggﬁcnon - The
steam generator tube minimum sample size, inspectior -esult classification,
and the corres ing action required shall be as sp~ . ified in Table 4.4-2.
The inservice inspection of steam generator tubes shi 1 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 tibes selected for each .nseivice inspection shall include at
least 3% of the total number of tubes in all steam generators. Selection
of tubes to be inspected is not affected by the F* designation.
Implementation of the steam generator tube/tube support plate elevation
alternate plugqing criteria requires a 100% bobbin probe inspection. An
inspectizn using the totatin? pancake ‘oil (RPC) probe is required Jor all
outer diameter stress corrosion cracking (OD SCC) indications exceeding a 1.°7
volt pobbin coil signal amplitude, The RPC results are to be evaluated to
establish that the principal indications can be characterized as 0D SCC.
when 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 inspected, then at least 50% of the
tubes inspected shall be from these critical areas.

fwhen referring to a steam generator tube, the sleeve shall be ¢ | dered
a part of the tube if the tube has been repaired per Specifictii.
‘0‘06.‘0.09.

FARLEY -~ UNIT 2 3/4 -9 AMENDMENT HO.



N et e e A S ) PO Y P e e S i e T e e
SURVEILLANCE REQUIREMINTS (Continued) |

b. The Iirst sample of tubes selected for each inservice inspection
(lub.o?uont 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 three
steam generators or all of the sleeved tubes in the generator
chosen for the inspection program, whichever is less., These
inspections will include both the tube and the sleeve.

€. A tube inspection (pursuant to Specificetion 4.4.6.4.2.8)
shall be performed on each selected tube., If any selected
tube does not permit tiae passage of Lhe eddy current probe for
a tube or sleeve inspection, this shall be recorded and an
ajjacent tube shall selected and subjected to a tube
inspection.

¢. The tubes selected as the second and third sam _-~s (if reguired 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 nf the tube sheet array where tubes with
imperfections were previously found,

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

FARLEY - UNIT 2 3/4 10 AMENDMENT NO.



SURVEILLANCE REQUIREMENTS (Continued)

it A

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

Catsgory 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
£V and 100 of total tubes inspected are
degraded tubes.

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

Note: In all inspections, previously degraded w\ubes 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 F* Tube l‘nsg%ction -~ In addition to the mirirun
baliple Alze as deleimined Uy Specilicalion 4.4,8.2.3, all T tubes will e
inspect(d within the tubesheet region. The results of this inspection will
not be a ceuse for wdditional inspections per Table {.4-2.

4.4.6.3 Inspection Frequencies - The above required inservice inspections
of steam generator tubes s be performed at the following frequenries:

8. The first inservice inspection shall be performed after €
Effective Puil Power Months but within 24 calendar months of
initial criticality. Subseguent inservice inspections shell be
performed at intervals of not less than 12 nor more than 24
calendar months after the previous inspection. If two consecutive
inspections fellowing service under AVT conditions, not including
the preservice inspection, result in all inspection results
falling ints the C-1 category or if two consecucive inspections
dem-nstrate that previously observed degradation has not continued
and no additional deqradation has occurred, the inspect.ion
interval cay be extended to & maximum of once per 40 months.

FARLEY -~ INIT 2 3/4 4-11 AMENDMENT NO.



SURVEILLANCE REQUIREMENTS (Continued)

P .f the results of the {nservice inspection of a steam generator
conducted in accordance with Table 4.4-2 at 40 month intervals
fall in Category C-3, the inrrcction frequency shall be increased
to at least once per 20 months, The increase in inspection tro?uency
shall apply until the subse juent tnsrcuons satisfy the criteria of
Specification 4.4.6.3.a; the interval may then be extended to a
maximm of once per 40 months.

¢. Additional, unscheduled inservice 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. Primavy-to-secondary tube leaks (not including leaks

or:\gimting from t to-tube sheet welds) in excess of the
limits of Specification 3.4.7.2.

2. A seismic cccurrence 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 Le inspected during all future
refueling outages.

4.4.6.4, Acceptance Criteria

8. As used in th.s Specification:

1. Imperfection means an exception to the dimensions, finish or
congaur of a tube or slesve from that required by fabrication
drawings or specifications, -current testing indications
below 20% of the nominal wall thickness, if detactable, may M
ronsidered 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 &-12 AMENDMENT NO.



REACTOR LOULANT SYSTEM
SURVEILLANCE REQUIREMENTS (Continued)

3. Degradeu Tube means a tube, 1nc1uding the sleeve if the tube
has Leen nrired. that contains imperfections greater than or
equal to 208 of the numinal wall thickness caused by

degradation,

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

8. Detect means an imperfection of such severity that it exceeds
gqinq or repair limit. A tube or sleeve containing a
dofoct defective.

6. Plugging or Repair Limit means the imperfection depth at or
Eygga ?ﬁlcﬁ shall be repaired (i.0., sleeved) or

removed from service byug‘ugqlnq and is greater than or equal
to €0% of the nominal t wall thickness. This definition
does not apply to the area of the tubesheet region below the

I'* distance in F* tubes. For a tube that as been slveved
with a mechanical joint sleeve, through wall penetration of

reater than or equal to 31% of sleeve nominal wall thickness

n the sleeve requires the tube to be removed from service by
plquin? For a tube that has been sleeved with a welded

soint sleeve, through wall fenctuuon greater than or egual

to 37% of sleeve nomiml wall thickness in the sleeve botween

the weld joints requires the tube to be removed from service
by olugging. This definition does not apfly for tubes |

riencing outer diameter stress corrosion cracking confirmed by

bog::in 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 thickness of the tube support plates.

7. Unserviceable describes the condition of a tube or sleeve if
1L leaks or containe a defect large enough to affect its
structural integrity in the event of an Operating Basis
Earthquake, a loss-cf-coolant accident, or & steam line or
feedwater lire break as specified in 4.4.6.3.c, above.

8. Tube Inspection means an inspection of the steam generator
tibe Trom the point of entry (hot leg side) completely around

the U-bend to the top support of the cold leg. For a tube

that has been repaired by sleeving, the tube inspection should
include the sleeved portion of the tube. For a tube i1 which
the tube support plate elevation alternate flugginq criteria have
been applied, the inspection will include all the hot log
intersections and all cold leg intersections Jown to, at

least, the level of the last crack indication.
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SURVEILLANCE REQUIREMENTS (Continued)

10.

lll

12.

13,

14.

-

Tube Repair refers to mechanical sleeving, as deecribed by
Wﬂ?@'%io report WCAP-11178 Rev, 1, or laser welded
sleeving, as described by Westinghouse report WCAP-12672,
wvhich is used to maintain a tube in service. This includes
the removal of plugs that were installed as a corrective or
preventive measure.

Pres:rvice 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 iest and ﬁ:xo: to initial POWER OPERATION
using equipment and technigues expected to be used during
subseguent inservice inspections.

F* Distance is the distance of the expanded portion of a tube
which piovides a sufficient length of undegraded tube
expans.on to resist pullout of the tube from the tubesheet.
The F* 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.

F* Tube (s a tube:

a) with degradation equal to or greater than 40V below
the P+ distance, and b) which has no indication of
imperfections greater than or equal to 20% of nominal
wall thickness within the F* distance, and ¢} that
remains in service.

Tube Expansion is that portion of a tube which has been
Increased in diameter by 2 rolling process such that no
crevice exists between the outside diameter of the tube and
the hole in the tubesheet.

The following bobbin coil signal litude and indicated

depth criteria (Tube Support Plate Alternate Plugging Criteria)
ate 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 platesé:

' These criteria do not apply to tubes which may deform or collapse on the
Farley Unit 2 steam generators d'uting ; postulated LOCA + SSE Bvent.
12871

These tubes are identified in WCAP-

* J., M. Farle Units 1 and 2 SC

Tube Plugging Criteria for ODSCC at Tube Support Flates.®
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SURVEILLANCE REQUIREMENTS (Continued)
T T L A T S e e . S - - W —————

1. A tube can remain in service if the signal amplitude of a
crack indication {s less than or egual to 3.0 volts, regardiess of
the depth of wail tube 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 q?n in the faulted
loop (less than 150 gpd in the iatact loops) during a postulated
steam line break event. This would ensure acceptable radiological
conditions following a SLP.44

2. A tube can remain in service if the signal amplitude of a crack
indication is greater than 3.0 voits but less than or equal to 8.0
volts and the depth of tube wall pene.ration is less than 50%.
contributice to the total leakage during a postulated SLB must be
considered in combination with 4.4.6.4.2.14,1 above.

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

For all cases above, the tubes will be Jispesitioned for continued
service based bobbin voltage and depth measurements. The plant
specific guidelines used for 21l inspections shall be ameided as
appropriate to accommodate the additional informatior needed to evaluate
t support plate siymll with re<pect to the above voltage depth
parameters. Pending incorporaticn of the voltage verification
requirement in ASME standard verifications, an ASME standard calibratad
against the laboratnry standard will be utilized in the Farley steam
generator inspections for consistent voltage normalization.

The steam generator shall be determined NFERABLE 2 ter completing
the corrospondin? actions (plug or repair of all tubes exceeding the
plugging or repair limit) required by Table d.4-2.

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

FARLEY - UNIT 2 3/4 4-13b AMENDMENT NO.
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REACTCR COOLANT SYSTEN
BASES

3/4.4.6 STEAM GENERATORS

The Surveillance Requirements for inspection of the steam generator tubes
ensure that the structural 1ntoqr1t¥ of this portion of the RCS will be
maintained. The ?togun for inservice inspection of steam generator tubes
is based on a modification of Regulatory Guide 1,83, Revision 1. Inservice
inspection of steam generator tubiing 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 measures can be taken,

The plant is expected to be operated in a manner such that the secondary
coolant will be maintained within those chemistry limits found to resul: in
negligible corrosion of the steam generator tubes. If the secondary
coolant chemistry is not maintained within these limits, localized
corrosion may like'y result in stress corrosion cracking. The extent of
cracking during plant operation would be limited by the limitation of steam
generator tube leakage between the primary coolant srtum and the secondary
coolant system. The allowable primary-to-secondary leak rate is 150
allons rt day per steam generator, Cracks having a primary-to-secondary
ukor ess tzm this limit during operation will have an adeguate margin
of safety to withstand the loads inYond during normal operation and by
postulated accidents. Operational leakage of this magnitude can be readily
detected by the cxhun? !‘arlq Unit 7 radiation monitors. Leakage in
excess of this limit will require plant shutdown and an inspection, during
which the leaking tubes will be located and plugged or repaired.

wnot:x—typt defects are unlikely with proper chemistry treatment of the
sec r¥ coolant. However. even if a defect should develop in service, it
will be found during scheduled inservice steam generator t exaninations.
Plugging or repair will be reguired for all tubes with imperfections
exceeding ¢0% of the tube nominal wall thickness. If a sleeved tube is
found to have through wall genetution of greater than or 1 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 31V and 37V limits
are derived from R.G. 1.12) calculations with 20% added for conservatism,
The portion of the tube and *he sleeve for which indications of wall
degradation must be evaluated can be sumarized as follows:

a. Mechanical

1. Indications of degralation in the entire length of the sleeve
must be e ~2luated against the sleeve plugging limit.

FARLEY -~ INIT 2 Bi/4 4-3 AMENDMNENT NO,
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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 toZ.ot the lower roll expansion does
not require that the tube ~emoved from service.

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

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

p. Laser Welded

1, Indications of degradation in the length of the sleeve between
i.hc weld joints must be evaluated against the sleeve plugging
i“t‘

2. Indication of tube degradation of “&th including a
complete break in the tube between uppet 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 tibe,

4. Ina zoint 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 join'. and below the lower weld
joint,

F* tubes do not have to be plugged or repaired provided the remainder of
the tube within the tubesheet that is above the F* distance is not
degraded. The F* 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 4.4.6.4.2.14. \

Stean generator tube inspectinons of operating plants have demonstrated the

capability to reliably detec* wastage type degradation that has penetrated
20% of the original tube wti hickness.
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The 150 GPD tube leakage limit per steam generator (450 GPD total) helps
te maintain steam generator tube integrity in the event of a main stean line
ture or under LOCA conditions, By maintaining an opoutlnr leakage limit of
150 GFD per steam generator, the leak rate following a steam line rupture is
also limited to 55 GPM in the faulted loop and 150 ‘ﬁ-r steam generator in
the intact 1 , which will limit of fsite doses to within 10 percent of the 10
CFR 100 guidelines.

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

3/4.4.8 CHEMISTRY

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

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

3/4.4.9 SPECIFIC ACTIVITY

The limitations on the specific activity of the primary coolant ensure
that the resulting 2 hour doses at the site rY will not exceed an
amoptuuly small fraction of Part 100 limits following a steam generator
t rupture accident in conjunction with an ascumed steady state
primary-to-secondary steam generatnr leakuge rate of 1.0 GPM. The values for
the limits or. specific activity repregsent limits based upon a parametric
evaluation NRC of typical site locations. These values are conservative
in that specific site parameters of the Farley site, such as site boundary
location and meteorolojical conditions, were not considered in this evaluation,
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- ————

The leakage limit is restricted to 450 GPD (0.315 GPM) total leaka

(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 CFR 100 guideline.
This restriction is based on the results of a Farley vite specific radiological
evaluation tha: assumes 8 primary coolant fodine activity level coungond

to 1 percent fuel defects lu{proxtmtely 4.0 microfuries /gram DOSE BXQU i
1-131), rather than a specific activity of 1.0 microCurie /gram LOSE BEQUIVALENT
1-131, and & post-accident primary-to-secondary leak rate of 55 GPM in the
faulted loop.

The ACTION statement ptmnun? POWER OPERATION to continue for limited
time periods with the primary coclant’s specific activity greater than 1.0
microCuries, /gram DOSE BQUIVALENT 1-131, but within the allowable limit shown on
H?uu 3.4-1, accomrodates possible jodine spiking phenomenon which may ocout
following changes in THERMAL AWER,
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FARLEY NUCLEAR POVER PLANT UNIT 1 AND 2
TUBE SUPPORT PLATE EVALUATION SG TUBE FPLUGGIMNG CRITERIA

SIGNIFICANT HAZARDS CONSIDERATION ANALYSIS

A lice e amendment 18 § ! ed 10 pre ie |\ ' rily ERIing tubes
due to the e e of ter diameter | tinte slress rosion cracking
(0D § ) at the tube supj} t plate elevations in the Farley it 1 a 4
gteam generators Vsing the existing Technical Specificat fn StLeam
generator tube plugging nit of 40X allovable tube vall penetration, many
f the tubes vith crack ications v d needlessly have to be removed
from service fhe alternate plugging criteria for the tube support plate
elevatiol D § { rring 1 the Fa lt’.. Unit ] and 2 steam generators may
e 1t in tubes vith both partial and t} gh-vi cracks re! ing 1

\ service Iin the limiting case, it is de gstrated that the presence ol
t! gh vall cracks a ¢ is t reas ‘ gh to remove a tube froe
service The alternate | ging criteria vwill not be applied to tubes
vhich may deform or collapse in the Farley Unit 1 and < steam generators
dguring a postulated Lot of ¢ lant A ient plus Safe Shutdovn Esrthguake
(LOCA « SSE) event This action « zes the potential for excessive
secondary to primary in-leakagce due 1o any potential pre-existing cracks
For all other tubes, secondary to primary in-leakage during a postulated
LOCA « S55E event is expected to be negligible
DESCRIPTION OF THE AMENDNENT REQUEST
As required by 10 CFR 50.91 (a)(l), an gnalysis is provided to demonstrate
that the proposed license amendment to implement alternate steam generatotr

"
tube plugging criteria for the tube support plate elevations at Farley Unit
i

1 and 2 involves no significant hazards considerations he alternate

plugging ¢riteria involve a correlation betveen eddy current bobbin probe

signal amplitude (voltage) and indicated depth (phase angle) versus tube
rst and leakage capability. The principal parameter is voltage amplitude

L
vhich {8 correlated with tube burst capability and leakage potential.
Indicated depth §is a secondary parameter utilized s & threshold value
belov vhich added marzins incorporated in the plugging criteria to mininize
\ excessive steam line break leakage are not uvecessary. The plugging
criteries are developed from testing of laboratery induced 0D SCC specimens,
sxtensive examination of pulled tubes from opera.ing steam generators, and
field experience from leakage due to indicationt at the tube support

| 3 |
M plates Specificelly, crack indications vith bobbin probe voltages less
than or equel to 3.0 volts, regardless of indicated depth, do not require
renedlal action if postulated steam line brack leakage can be shovn to be

acceptable., Creck indications vith bobbin probe voltages exceeding 3.0
vults vith depths greater than or equal to 50X will b . plugged For crach
indications wvith voltages greater than B volts, the tubes are recommended
to be plugged no matter vhat the indicated depth



fue no posed amendment wvould modify Technical Specification 3/4.4.6 "Stean
Gener. ‘re", 3/4.4.7, “"Reactor Coo!nnt System Leakage™, and the sssociated
baswe «  ~h provides tube inspection requirements and acceptance criteria
o oy eodane the level of degracation for vhich a tube experiencing OD SCC
%' e tube support plate elevations may remain in service in thc"’nrloy
Unit ® and 2 steam generators. The proposed amendment vould add
definitions required for the alternate plugging criteria and prescribe the
portion of the tube subject to the criteria.

FVALUATION
Stean Generator Tube Integrity

In the development of the alternate plugging criteria, Regulatory Guide
(RG) 1.121, "Bases for !lugglng Degraded FPVR Steam Generator Tubes" and

RG 1.83 "Inservice Inspection of FUR Steam Generator Tubes" are used as the
bases for determining that stear generator integrity considerations are
mointained vithin scceptable limits. RG 1,121 describes a method
acceptable to the NRC staff for meeting General) Pesign Criterian 2, 14, 15,
31, and 32 by :uducing the probability eand consequences of steam generator
tube rupture through determining the limiting safe conditions of tudbe vall
degradation beyond vhich tubes vith unacceptable cracking, as established
by inservice inspection, should be removed from service by plugging. This
regulatory guide uses safety factors on loads for tube burst that are
consisteat vith the requirements of Section 111 of the ASME Code. For the
tube support plate elevation degradation occurring in the Farley steam
generators, tube burst criteria are inherently satisfied during normal
operating conditions by the presence of the tube support plate. The
ptesence of the tube support plate enhances the lntogrlty of the degraded
tubes in that region by precluding tube deformation beyond the dicmeter of
the drilled hole. It is not certain vhether the tube sunport plate vould
function to provide a similar constraining effect during sccident condition
loadings in either rarlog Unit 1 or 2. Therefore, no credit is teken in
the development of the plugging criteria for the presence of the tube
support plate during accident condition loadings. Conservatively, based on
the existing data base, burst testing shovs that the safety requirements
for tube burst margins cduring beth normal and accident condition loadings
can be satisfied vith bobbin coil signal amplitudes less than 10.3 volts,
regaidless of the depth of tube vall penetration of the cracking. RG 1,83
describes a method acceptable to the NRC staff for implementing GDC 14, 15,
31, an 32 through !oriodic inservice inspection for detection of
significant tube vall degradation.

Upon implementation of the two parameter plug;ing'criterin. tube leakage
considerations must also be sldressed. It must determined that the
cracks vill not leak excessively during all plant conditions. For the
alternate tube plugging criteria developed for the Farley Unit 1 and 2
steam generator tubes, no leakage is expected during normal operating
conditions even vith the presence of through-vall crecks. This is the case
#s the stress corrosion cracking occurring in the tubes at the support
plate evaluations in the Farley Unit 1 and 2 stean generators are short,
tight, axially orfented macrocracks separated by ligaments of material. No
leakage during normal operating conditions has been observed for crack



indications vith signal awplitudes less than 6.5 volis. Relative to the
expected leakage during accident condition loadings, the limiting event
vith tespect to primary to secondary leakage is a postulated steam line
break event., Field and laboratory data shov minimal lesakage for a
criterion of under 10.0 volts.

Additionu]l Considerationy

The proposed smendment vould preclude occupational rediation exposure that
vould othervise be incurred by plant vorkers involved in tube plugging
operatiors. The progosod anendment wvould minimize the loss of margin in
the reactour coolant flov through the steam ’cnorctot in LOCA analyses. The
proposed amendment vould avoid loss of margin in resctor coolant system
flov and, therefore, assist in demonstrating that minimum flov rates are
maintained in excess of that required for operation ar full pover.
Reduction in the amount of tube plugging required can reduce the length of
plant outages and reduce the time that the steam generator Is open to the
containment environment during an outage.

ANALYSIS (! FACTOR TEST)

In sccordance vith the three factor test of 10 CFR 50 92(c), implementation
of the proposed license amendment is analyzed using the folloving standards
and found not to: 1) involve @ significant increase in the probability or
consequences for an accident previously evaluated; or 2) create the
possibility of a nev or different kind of accident from any sccident
previously evaluated; or 3) involve a significant reduction In a margin of
safety.

Conformance of the proposed amendment to the standards for a determination
of no significant haterd as defined in 10 CFR 50,52 (three factor test) is
shovn In the fulloving:

1) Opetation of Farley Unit 1 and 2 in accordance vith 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 sl icom temperature cun’ll!onl of
over 5900 psi for crack indicationy In free Cinn!!n’ tubes vith
voltages as high as 10 volts. Correcttnf for the effects of
temperature on material properties and minimum strength levels (as the
burst testing vas done at room temperature), tube burst capability
significantiy exceeds the RG 1.12]1 criterion toqulrinz the mairntenance
of a margin of three times normal operating pressure diff(cential on
tube burst {f through-vall cracks are present. Besed on ive existing
data base, this criterioa is satisfied vith bobbin coil fr'¥ications
vith signal amplitudes less than 10.3 volts regardless ¢ . the
indicated depth measuremeat. This structurs) limit {s based on a lover
bound 1imit of the data. A 3 volt, greater than 50X indicated depth
plugging criterion, compares favorably vith the structural lmit
conggderin( expected grovth rates of OD SCC at Farley. This voltage
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criterion is smaller than the 2 si lover bound limit of the dats
used to determine the structural lieit, Tube cu;port plate

intersections vith voltages much Yess than 1V volts (e.g., 3.0 volts,

greater than 50X indicated depth) are expected to result in

significantly higher tube burst strengths.

Relative to expected leaksgs during normal oponollng conditiens, upon
foplementation of the alternate plugging criteria, both field and
laboratory data shov no leakege is expected from tubes through an
indication vith a volta;o level of under 6.5 volts (as compared to the
3.0 volt, greater than 30 percent through-vall plugging limit proposed
alternate tube plugging limit), Field and laboratory data support a
"no leakage® criterion during all plant conditions of 1.5 volts,
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
stean release to the environment are Loss of External Electrical Load
and/or Turbine Trip, Loss of A)1 AC Pover to Station Auriliaries, Major
Secondary System Pipe Feilure, Steam Generator Tube Rupture, Reactor
Coolant Pump 'ocked Rotor, and Rupture of & Control Rod Drive Mechanism
Housing. Of these, the Major Secondary System Pipe Failure is the most
limiting for Farley Unit 1 and 2 in considering the votential for
off-site doses. 1'pon implementation of the alternate glu’glng
criteria, it must be verified that the expected distribution of

cracking indications at the tube support plate intersections are such
that primary to necondary leakage vould result in site boundary doses
vithin a small fraction of the 10 CFk 100 guideline during a postulated
steam line break event. Application of the propused 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 vith the raie of change in voltage measurement (o
establish un end of cycle voltage distribution and, thus, leak rate
during steam line break pressure differential.

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

Implementation of the gropbsod alternate tube support plate elevation
stean tonoratox tube p ug;!n’ criteria does not introduce any
significant changes to the plant design basis. Use of the criteria
does not provide a mechanise vhich could result in an sccident outside
of the reflon of the tube support ;lllt elevations. Neither a single
or multiple tube rupture event vould be expected in & steam generator
in vhic» the plugging criteria has been applied (during all plant
conditions)., The tvo parameter plugging criteria are established such
that operational leakage or excessive leakage during a postulated steam
line break condition is not anticipated.

Alabama Pover Company vill fmplement a leakage rate limit of 150 gpd
per steam !onnrotor {reduced from the current 500 gpd per steanm
generator limit) to help preclude the potential for excessive leakage
during all plant conditions upon application of the p' gging crltor’l.
The RG 1.21 criterion for establishing operational leakage rate limits
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that require plant shutdovn are based upon leak-before-break
considerations to detect o free span crack before potential tube
rupture. The 150 gpd limit should provide for leakage detectior. and
plant shutdovn in the event of the occurrence of an unexpected single
crack resulting in leakage that is associated vith the longest
ermissible crack length. The longest permissible through-vall crack
ength is the length that provides a factor of safety of 3 on tube
burst for normal operating pressure differential. For the Farley steanm
generators, the through-vall crack lensth resulting in tube burst wut
three times normal operating pressure differential (4380 psi) is
approximately 0.42 inch. The nominal leak rote from this creck length
is 0.11 ‘rl. A 150 gpd (eapproximately 0.1 gpn) leak rate limit
provides for plant shutdown prior to reaching the critical crack length
corresponding to three times normal operating pressure differvntial.

The proposed license amendment does not irvolve 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 generator tube
integrity commensurate vith the requirements of RG 1.121. RG 1.121
describes a method scceptable to the NRC staff for meeting GDCs 2, 14,
15, 31, and 32 by t.ducln# the probability of the consequences of steam
enerator tube rupture, his i{s accomplished by determining the

imiting conditions of degradation of steam generator tubing, as
established inservice inspection, for vhich tubes vith unacceptable
cracking should be removed from service. Upon implementation of the
criteria, wven under the vorst case conditions, the occurrence of OD
SCC at the tube support plate elevations is not sxpected to lead to a
steam generator *tube rupture event during normal or fuulted plant
conditions. The most limiting effect vould be a possible increase in
leakage during a steam line break event. Excessive leakage during a
stean line break event, hovever, is precluded by verifying that, once
the criteria is applied, the expected end of cycle distribution of
crack indications at thr be support plate elevations vould result in
minimal, and acceptable .mary to secondary leakage during all plant
conditions and, hence, help to demonstrate radiological conditions are
less than & small fraction of the 10 CFR 100 guideline.

In addressing the combined effects of LOCA + SSE on the steam generator
component, it has been deterzined that tube collapse .‘K 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 tu 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 tvo issues associated vith steam generater tube collapse.
First, the collapse of steam generator tubing reduces the RCS flov ares
through the tubes. The reduction in flov area increases the resistance
to flov of steam from the core during a LOCA vhich, in turn, may
potentially increase Peak Clad Temperature (PCT). Second, there is a
potential that partial through-vall cracks in tubes could progress to



through-vall cracks during tube deformation or collapse.

Consequently, Alabana Pover 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 :robobillty
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
large branch 1ine breaks vere analyzed at Farley Unit 1 and 2 and vere
found to be of insufficient magnitude to result in steam generator tube
collapse.

lo,crdlcst of vhether or not leak-before-break is applied to the
primary loop piping st Farley Unit 1 and 2, any flov sres reduction is
expected te be minimal (much less than 1X) and PCT margin is available
to account for this potential effect. Tube locations vhich aa{
potentielly result in secondary to prlnarr fnleakage due to tube
collapse s a result of pre-existing crack indications are excluded
from the application of this criteria. For all other steam generator
tubes, the Eosstbiltty of secondary to primary leakage in the event of
8 LOCA « SSE event is not significant, In wctuality, the amount of
secondary to primary leakage in the event of a LOCA is expected to be
less than currently alloved since stean ,onc:ntor tube Integrity is
expected to fmprove vith the reduction of leakage alloved from 570 gpd
to 150 gpd per steam generator. Furthermore, secondary to primary
leakage vougd be less than primary to secondary leakeage for the same
differential pressure since the cracks vould tend to tl’hton under a
secondary to primary differential pressure. Additionally, the presence
of the tube support plate is expected to reduce the in-leakage.

Addr.sainf RG 1.8) considerations, implementation of the tube plugging
criteria is supplemented by 100X inspectiun reguirements at the tube
support plate elevations huvlns 0D SCC indicetions, eddy current
inspection guidelines to provide consistency in voltage normalization,
and rotating pancake coil inspection requirements for the larger
indications left in service to characteiize the principal degredation
wechanise as OD SCC.

As noted previously, implementation of the tube support plate elevation
plugging criteria vill decrease the number of tubes vihicl wust be taken
out of servize with tube plu{-. The installation of steam generator
tube plugs reduces the RCS flov margin, thus implementation of the
alternate tlu;;ln. eriteria vill maintain the margin of flov that would
othervise reduced in the event of increased tube plugging.

Based on the above, it is concluded that the proposed change does not
result in & significart reduction in margin vith respect to plant
ca!etg as defined in the Final Safety Analysis Report or any bases of
the plant Technical Specification.




CONCLUSION

Based on the preceding analysis, {1t {s concluded that using the bobbin coil
probe voltage/depth alternate steam generator tube plugging criteris for
rucvtn: tubes from service at Farley Unit ) and 2 is acceptable and the
proposed license amendment does not involve & Significant Hazards
Consideration Finding as defined in 10 CFR 50.92.
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information may be withheld from public disclosure by the Commission
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CFR Section 2.790 of the Commission’s regulations.
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Affidavit by Alabama Power Company.
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’ . P. DiPiazza, Mana
Enclosures Operating Plant Licensing Support

cc: M. P, Stemien, Esq.
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onald P, DiPiazza, Mana v
Operating Plant Licensing Support
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trade secret, privileged or & fidentia mercial or financial
\",""". on

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.750 of the
Commission’s ri ations, the f wing s furnished for consideration by
the Commission in dete: ! g whether the information sought to be withheld
from public disclosure should be withheld
(1) The informatior ght to be withheld from public disclosure 15 owned
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(¢)

(d)

(e)

(f)

ofs CA¥-§1-130

It 1s information which 1s marketable in many ways. The extent
to which such Informatisn {5 avatlable to competitors diminishes
the "“estinghouse ability to sell products and services involving
the use of the information,

Use by our cumpetitor would put Westinghouse at a compet‘tive
disadvantage by reducing his expenditure of resources at cur
expense.

Each component of proprietary information pertinent to a
particular competitive advantage 1s potentially as valuable as
the tota) competitive advantage. If competitors acquicv
components of proprietary information, any one component may be
the key to the entire puzzle, thereby depriving Westinghouse of a
competitive advantage.

Unrestricted disclosure woud jeopardize the position of
prominence of Westinghouse in the world market, and thereby give
& market advantage to the competition of tnose countries.

The Wwestinghouse capacity to invest corporate assets in research
end development depends upon ihe success in obtaining and
maintaining a competitive advantage.
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7. CAW-91-130

This information s part of that which wil) enable Westinghouse
to:

(a) Provide documentation of (he analyses, methods, and testing
for reaching a conclusion relative to stear generator tube
plusging criteria for ODSCC at the tube support plates.

(b) Establish acceptable steam generator tube plugging criteria
based on (a) above.

(c) Establish the available margins for the revised plugging
criterfa,

(d) Assist the customer to obtain NRC approval for steam
generator tube plugging criteria for ODSCC at tube support
plates.

Further this information has substantial commercial value as
follows:

(a) Westinghouse plans to sell the use of similar information to
its customers for purposes of satisfying NRC requirements
for 1icensing documentation,
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1.0 INTRODUCTION

This report provides the technical basis for tube plugging criteria for outside diameter
siress corrosion cracking (CDSCC) at tube support plate (TSP) intercections in the

Farley Units 1 and 2 steam generators (SGs). The recommended plugging criteria are
based upon bobbin coll inspection voltage amplitude which is correlated with tuba b _rs!
capaoility and leakage potential. The recommende criteria are demonstrated to meet the
guidelines of Regulatory Guide 1.121.

The tube plugging criteria are based upon the conservative assumptions that the wwe 10
TSP crevices are open (negligible crevice deposits or TSP corrosion) and that the TSPs
are displaced under accident conditions. The ODSCC gensrated within the TSPs is thus
assumed to be free span degradation under accident conc tions and the principal
requiremaent for tube plugging consideratiuns is to provide margins against tube burst

per R.G. 1.121. The open crevice assumplion leaus 1o maximum leak rates compared 10
packed crevices and also maximizes the potential for TSP displacements _nder accident
condit.ans. Tests performed with incipient denting or dented tube intersection show ne

or very small leakage such that leakage even under SLB conditions would be negligible.
It is cemonstiated, using Farley Unit-1 as an example, that /f the crevices are packed as
a consequence of TSP corresion or if small tube to TSP gaps are present, TSP
displacements under accident conditions are minimal such that tube bursi would be
prevented by the presence of the TSPs. TSP displacement analyses under SLB loads were
also performed for the open crevice assumption and the turther conservative assumpion
of zero friction at the tube to TSP intersections and also for the TSP wedge 1o wrapper
interaction. The wedges are installed in the TSP to wrupper geps 1o align the TSPs for
tubing of the SGs. While the TSP wedges are pressed into the gap during manufacturing,
the forcex are not known and thus the praload or friction: force at the TSP 1o wrapper
intertace is not known. It is reasonable 1o expect that the friction fcrces at the TSP 1o
wrapper interface wouid significantly reduce TS displacemants under accident
conditions. However, the analytical results based upon the open crevice/zero fiiction
assumptions indicate the potential for TSP displacements under SLB conditions such that
prevantion of tube ruptuie cannot be ascured for the S1 Saries SGs with the applied
analytical assumptions. Thus the requirements for tube burst margins assuming free
span degradation rave been applieJ to develop the tube plugging ariteria.

The plugging criteria weie developed from testing of laboratory induced ODSCC
specimens, extensive examination of pulled tubes from operating £Gs and field
experience for leakage due to indications at TSPs. The recommencied criteria represent
conservative criteria based upon EPRI and indust-y supponted Javeiopment pragrams
that are continuing tuward further refinement of the plugging criteria. Revision 2 of

this report significantly increases the pulled tube data base fcr the vo'tage versus burst
pressure correlation compared to the initial release of this report. The increased daa
base provides acgitionai support foi utilization of burst pressures at the lower 95%
confidence level as the basis for the tube plugging limits.

implementation of the tube piwgging criteria is supplementad by 100% inspection
requirements at TSP elevations having ODSCC indications, reduced operating leakage
requirements, inspection guidelines 1o provide consistency in the voltage normalization
and RPC inspection requirements for the larger indicztions left in service to



Lharacterize the principal degradation mechanism as ODSCC. In addition, it is required
that potential SLB leakage be calculaied for tubes left in service 10 demonstrate that the
cumulaiive leakage i less than aliowable limits.

Two tubes were pulled from Farley Unit-2 in November, 1990 to provide direct

support for these criteria. Testing on these pulled tubes included leak rate tests, burs!
pressure tests and destructive examinations to estabiish crack morphology. In addition,
results of prior pulled tube examinations from Farley Units-1 and 2 and other plants
have been used 1o support the tube plugging criteria.

To provide the technical bases for tube plugging due to ODSCC at TSPs, the following
activities have been performed as documeanted in this report;

0

Summary of Reguiatory Requirements against which the recommended plugging
criteria are evaluated - Section 3

Review of Farley-1,2 and other plan: pulled tube examinations - Section 4

Review of Farley-1,2 eddy current inspection results including historical growth
rate data - Section §

Review of field experience from pulled tube data and plant leakage occurrences 10
define the field data base which is supplemented by laboratory tests 1o develop the
plugging criteria - Section 6

Preparation of cracked test specimens for NDE and leak testing in @ model boiler or
doped steam environment for inducing ODSCC cracks, or by cyclic tatigue 13
produce cracks ir the test sampies - Section 7

NDE analysis guidelines, measurement uncertaintiss, and NDE inspection results
for the test specimens based upon defined procedure and data analysis guidelines
and including sensitivity 1o: probe manutacturer, open cr packed crevices, probe
wear, etc. - Section 8

Burst and leak testing to relate the NDE parameters to burst pressure aid SLB leak
rates - Section 9

Results of 1est specimen destructive examinations io assess prototypicality of
sample ube crack morphoingy and to charesterize test specime crack sizes and
depths - Section 10

SLB evaluations to assess TSP digplacements under SLE loads, plant requirements
on SLB leakage limits and a description of the SL3 leakage model - Section 11

Integration of the inspection and burst test results to develop the iube plugging
criteria - Section 12

Description of eddy current data analysis guidelines for application of the plugging
Criteria - Appendix A



© Evaluation of the pulled tube data from Plant L - Appendix 8

The overall summary and conclusions for this report are described in Section 2.
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2.2 Summary
A summary of the results of this report is provided below:

Beguiatory Requirements

©  Tube integrity acceptance criteria for SG tubes are defined i Regulatory Guide
1.121 and General Design Criteria. For tubes with through wall cracks, these
criteria establish guidelines for tube burst margins and operating leakage limits.
The tube plugging limits of this repon are deveioped 1o demansirate that these
guidelines are met.

© FSAR accident analyses in~nlude tube leak rates utilized 1o show acceptable
radiological consequences. A limiting accident condition leak rate of 55 gpm per SG
in an SLB event was developed to meet site boundary dosage limits. At each outage,
projected potential SLB leax is determined for tubes left in service to demonsirate
satistaction of the 55 gpm leakage limit.

Pulied Tuiies from Eariey SGs

0 Two tubes pulled from Farley-2 in 1990 and one tube pulled in 1986 (examined in
1991) have been leak and burst tested 10 suppon the tube plugging criteria. Prior
Farley pulled tubes with signiticant cracks include one additional iube from Unit 2
and one from Unit 1. These tubes had crack cepths exceeding 60% and voltages
ranging from 0.3 10 9.9 volts. Three tubes having voltages ranging from 2.8 10 9.9
volts had short through wall indications. None of these tubes were identifiable as
leakers In service. Nine additional Farley 2 TSP intersections from 3 tubes were
destructively examined and found 1o have insignificant (<22% depth) degradation.

o Two of the five Fariey tubes with significant indications had bobbin coil amplitudes
of 2.8 and 9.9 volts, indicated depths of £2% and 86% and through wall crack
lengths of C.18 and 0.15 inch, respectively. Laboratory tests showed no significant
leakage (a few drops indistinguishable from test syste™ leakage) at normal
operating conditions. These tubes had very low SLB leak rates of <0.2 Vhr '~1

gpd).

0 Two of the five Farley tubes at 1.44 and 7.2 voits with bobbin coil indicated depths
of 8% and 83% had actual crack depths of 78% and 100% (0.02" through wall
crack length), respectively. The tube with the 1.44 volt indication was leak tested
with no leakage at normal operating and SLB conditions. It can be inferred from the
crack morphology that the tube with the 7.2 volt indication would not have
measurable leakage even at SLB conditions.

o  Free span burst pressures for the Farley pulled tubes exceeded 5900 psi and thus
exceed Reg. Guide 1.121 guidelines for 3 times normal operating pressure
differentials (4380 psi) on a temperature and minimum property adjusted basis.

0 Atotaiof 14 TSP intersections from 8 tubes have been examined for TSP
degradation. The tube pulls occurred between 1885 and 1992, None of the tube



exam results show significant IGA involvament with ODSCC being the dominan!
degradation mechanisim. These results show that IGA has not boen an active
corrosion machanism at TSPs in the Farley SGs and the six year trerd indicates that
significant IGA is not expected ir future operation.

Py’ 2d Tubas from Other SGs

0

in addilion 12 the 8 tubas pulled from Farley, the overall pulled tube data base
Includes 21 pulied tubes with 57 tube 10 TSP intersections that have both NDE and
desiructive examination results. The bobbin coil indications for these tubes range
from 2.1 {0 3.8 volts with destructive examination depths up 1o 98%. One tube

with a 1.9 vo' indication had a through wall crack, 0.01" long. None of these tubes
would be erpected to leak even at SLB conditions and all would have free span burst
pressures ihat satisfy Reg. Guide 1.121 acceptance criteria.

These pulied tubes support no leakage at normal operating or §'.8 conditions at
voltages up v 3.6 volts, independent of depth, whiie the Farley tubes indicate no
measurable cperating leakage up 10 about 10 volts and very low leakage at SLB
conditions above 2.8 volts.

Overall, the pulled tube data show inultiple, segmented axial cracks with short
lengths for the deepest penetrations. Through wall cracks have been identified in 4
lubes but the associated crack lengths are short («0.18") and have no measurable
leakage at normal operating conditions.

Pulled tube examination results have been reviewed from 5 plants with more
significant IGA involvement than found a! the Farley SGs. These results indicate that
the degradation develops as IGA + SCC particularly when maximum |GA depths
greater than about 25% are found. A large number (>100) of axial cracks around

the tube circumferance are commonly found in these tubes. The maximum depth of
IGA Is typically 1/3 10 1/2 of the SCC depth. Patches of cellular IGA/SCC formed by
combined axial and circumferential origntaticn of microcracks are frequently found

in pullea tube examinations.

Comparisons of corrosion morphology betwean tubes have been made
semi-Quantitavely using comparisons of cracking density, extent of IGA assoclated
with the major cracks and extent (depth, width) of IGA involvement.

Qperaling Plant Experience

To date, only 3 tubes in operating SGs have been identified as probable tube leakers
attributable to ONSCC at TSPs. No leakers for ODSCC at TSPs have been identified in
domestic plants. The occurrences were in European plants. These leaking tubes had
bobbin coil indicated depths exceeding 75% and voltage amplitudes of 7.7, 13 and

39 volts. Plant leak rates associated with these tubes cannot be quantified as other
tubes with PWSCC contributed 10 the total plant leak rates of 63 and 140 gpd
associated with ODCZC leakers.



o  Bobbin coll inspection resuits trom domestic and Zuropean vnits for lubes with no
identifiabie leakage nave boen coliected to support selection of plugging limits for no
éxpected operating leakage. These data include indications exceeding 10 volts
ampliiude and generally suppon negligible leakage for ODSCC at TSPs,

0  Based on voltage versus actual depth trends from pulied tubes, Indications with IGA
and IGA’SCC show comparable or higher voltage levels than obtained for SCC with
minor IGA. These data suppor adequate detectability fo 1GA and IGA/SCC

degradation using bobbin coil inspections.

©  Inspection results from French units provide growth trends at BOC (beginning of
cycle) amplitudes higher than those obtained from domestic units. The French data
indicate that percent voltage growth is essentially independent of BOC voltage
amplitude. Farley daia, which are at lower BOC amplitudes, show a trend toward
decreasing percent voltage growth with increasing amplitude. For conservatism,
percent voltage growth is assumed to be independent of amplitude 1o develop the tube

plugging limits.

Earey Operating Experience tor QDSCC at TSP

©  Results from prior inspections at Farley Units 1 and 2 were evaluated 1o develop
Qrowth rates for both voltage amplitudes and indicated depths. This assessment
indicates that ine ODSCC initiated prior 1o 1988 Improvements 1o secondary
chemistry w i sludge management have led 1o progressively decreasing growth rates
since 1987.

©  Averrge growth rales over the last operating cycle in Farley 1 were 0.23 volt and
6% dupth. For Farley 2, growth rates were 0.1 volt and <3% depth. Conservative
voltage growth rates over the last operating cycles were 37% for Farley-1 and
29% for Farley-2.

©  The eddy current review shows low levels of tube denting in Unit 1 and negligible
tube denting in Unit 2. Denting prog. assion has been negligible in both units for at
least the last three operaiing v,ies. TSP comrosion. indicating hard magnetite in
the crevices, was found by eddy currant examination at most tube to TSP
intersections in Unit-1 and to a lesser extent in Unit-2.

ISP Displacement Under SLB Loads

© The potential for TSP displacement under SLB loading conditions has been evaluated
for open crevices, for small gaps and for corroded TSP conditions of incipient
denting which leads 1o contact forces between the tube and the hard magnetite in the
crevices. These evaluations were performed 10 assess the potential for uncovering
of the ODSCC under SLB conditions.

0 With the corroded TSP conditions of the Farley Unit-1 $Gs, the maximum S8 loads
on the TSPs are less than the forces resulting from tube to TSP coritact pressures.
To support this conclusion, pull tests were periormed 1o determine the force
required 10 pull the tube from incipient denting and dented crevice conditions.



These pull forces per TSP intersection ranged from [ )9 pounds for incipient

denting up to | 19 pounds for less than 1 mil dents. These resuits show that the
ODSCC at TSPs in Farley Unit-1 SGs will continue 10 be enveloped by the TSPs ever
under accident conditions and thus preciude the potential for tube rupture. A
comparable evaluation was not performed for Farley Unit-2 SGs as the plugging
criteria are based upon free span ODSCC under accident conditions.

©  Analyses for TSP displacements with crevice gaps in an SLB event were performed
using .nite element, dynamic time history analysis methods. Conservative analysis
assumptions, such as no friction which ignores the TSP 1o wedge to wrapper contact
forces, lead 10 overestimates of the TSP displacements. Given these assumptions,
analyses for open, as manufactured crevices, indicate potential displacements
yielding plastic deformation of some TSPs. For thase results, it could not be assured
that the TSPs would envelope the ODSCC at the times of increasing primary to
secondary pressure differentials in an SLB event. Rather than pursuing analytical
refinements of these models, the analyses were performed to reflect the crevice
conditions of TSP corrosion as found by eddy current inspection. As noled above, the
incipient denting and dented conditions at TSP intersections prevent TSP
displacement under SLB conditions. TSP displacement analyses for varying crevice
paps show that even if the TSP corrosion resulted in up to | ]9 mil gaps at the mos.
limiting plate, the TSP displacements would not uncover the ODSCC.

p tion of Cracked Spec

o Samples cracked due 1o ODSCC in model beilers with simulated TSP intersections
have been found 1o produce crack morphologies and leak rates typical of field
exparience. This method of sample preparation is used for development of the tube

plugging limits.

o Samples prepared in doped steam were found to yieid relativelv open cracks, with
less prototypic crack morphology and voltage ampiltudes as well as
non-prototypically high leak rates due to the high hoop stresses applied to crack
these specimens within reasor.able test periods. These sampies have only been
applied for tests with dented TSP intersections 1o demonstrate the influence of
dented crevices on leak rates.

o  Fatigue induced crack specimens have also been used 1o eval.ate the influence of
dented crevices on leak rates. Fatigue cracks were used based upon the sanability to
closely control through wall crack lengths and the reasonably predictadle and
relatively high leak rates associated with fatigue cracks.

Non-Desnuctive Examinations (NDE

©  Bobbin coil measurements of laboratory prepared uniform IGA specimens show
voltage amplitudes exceeding 1-2 volis for ~30% !GA depih. These resuits support
the field data trends indicating IGA and IGA/SCC detectability at comparable voltage
levels to that found for SCC.
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Pull tests were porfo:med 1o determine the force required 10 pull tubes from TSPs
with incipient denting and dented crevices. The forces required 10 initiate tube
displacement excevded | I® pounds for tubes with minor denting (» 0.3 mil, 6
volt dent signals). For the lubes with less denting, pull forces of [ )9 nounds
wele required.

Specimen Cestructive Examnations

0

SLE Tube Bural Probability

Destructive examinations of the mode! boiler epesimern. show crack morphologies
typical of the pulled tubs experience. Destructive exsminations were performed on
model bolier specimens foliowing burst testing 1> characterize the cracks associated
with typical voltage levels and leak rales.

Destructive sxamination ¢f a laboratory induced dent specimen has shown corrosion
product layers that are relatively dense and leakage peths that are highly tortuous
which is consistent with the neglioible leakage tound for dented tube conditions.

The Monte Carlo model used 1o calculate distributions of ECC vohages for the SLB
leakage analysis is also used 1o calculate the probability of tube burst at SLB
conditions.  Applying the Monte Carlo model to the last Fariey-2 inspection results
piven in Figure 5-5 yields a SLB tube burs! probability of 3x10°5 haged on 2 3.6
volt tube repair limit.

Jube Plugging Critena

The pulled tube and mode! boiler leak rate and burst data togetner with held lgakage
exparience and field inspection results have been used 10 relate bobbin coll voliage
10 tube Integrity 10 define tube plugging limits.

The burst pressure versus voliage correlation defines a voltage of | |2 volts for ‘
the structural limit 1o mee! R.G. 1.121 burs! margins. The voltage structural imit

is reduced by conservative allowances of 20% for NDE uncertainties and 50% for

crack growth 10 obtain a tube plugging imit of 3.6 volts. l

An SLB leakage model is defined for demonstraling that projected SLB leakage from
tubes left in service is less than the allowable 55 gpm per steam generator. The
SLB leakage model is a probabilistic model that combines an inspection determined
distribution for voltage indications, voltage growth rate distributions, eddy current
uncertainties and a leak rate versus voltage formulation to obtain the projected
cumulative EOC SLB leak rate for all indications left in service. If the plugging
criteria and SLB leakage mode! are applied 10 the last Farley-2 inspection results,
the projected SLB leakage for the end of the next cycle would be a maximum of 0.4
gpm per steam generator (at the 80% cumulative probability level).

RPC inspection for indications above 1.5 volts is required 1o establish that the more
significant indicat'~ns are ODSCC. The 1.5 volt threshold for RPC inspection






3.0 REGULATORY REQUIREMENTS
3.1 General Design Criteria

The two Larameter eddy current criteria, which establishes a basis for removing wbes

from service éxperiencing outside dian:eter siress corrosion cracking (SCC) oeaurring

at lube suppon plate elevation intarsections in the Farley (Units 1 and 2) steam

generalors, have baen developed to ensure compliance with the applicable General Design
Criieria of Appendix A of Part 50 of Title 10 of the Code of Federal Regulations

(10CFRSQ). The GDCs considered are: 2, 4, 14, 15, 31, and 32 and are summariz ad
below.

GRC 2. Design Basis for Protecton Against Natural Phenomena. requires that

structures, systems and components important 1o safety be designed 10 withstand the
effects of earthquakes in combinations with the effects of design basis loadings without
loss of catety function.

GDC 4, Environmenta, and Missiie Design Bases, requires that structures, systems, and

components imponant lo safety are designed 1o accommodate the effects of and 10 be
compativle with the environmental conditions associated with normal operation,
maintenance, testing, and postulated accident condition loadings, including
loss-of-coolant accidents.

QGOC 14, Reaqto: (. 20lant Pressure Boundary, requires the reactor coolant pressure
boundary 10 be designed, fabricated, erected, and tested so as 1o have an extremely low
probability of abnormal leakage, of rapidly propagating 1o fallure, and of gross rupture.

GDC 15, Reactor Coolant Syslem Design. requires the rractor coolant system and
associated auxiliary, control, and protection systems 1o be designed with sufficient
margin 1o assure the design margins of the reactor coolant pressure boundary ere not
exceeded during any condition of normal operation, including anticipated operating
occurrences.

- : assure Boundary, requires that
the reactor coollnt prossuro boundary shau bo oomonod with sufficient margin 10 ensure
that when stressed under operating, maintenance, testing, and pestulated accident
condition loadings, the houndary behaves in a nonbrittie manner and the probability of a
rapidly propagating fracture is minimized.

that are pan of the raamor cootam pressure boundary be desuoned 1o permit periodic
inspection and testing of critical areas to assess their structural and leaktight integrity.

General Design Criteria 2 and 4 are considered in Section 3.3 below where the potential
for steam generator tube collapse during the combined effects of LOCA + SSE loadings are
addressed for the Farley steam generalors.
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3. Steam Generator Tube Survelllance
4. Steam Generator Tube Plugging Criteria

Tubes with through-wall cracks will maintain *ic kage integrity” and are acneptabie for
continued operation if the extent of cracking can be shown (o meet the following RG
1.121 crileria:

1. Tubes are demonstrated lo maintain a factor of salety of 3 against failure for bursting
under normal operating pressure ditferantial.

2. Tubes are demonstrated io maintain adequate margin against tube failure under
postulated accident condition loadings (combined with tne effects of SSE loadings) and the
loadings required to initiate propagation of the larges! longitudinal crack resulting in

tube rupture. All hydrodynamic and flow induced forces are 1o be considered in the
analysis 10 determine acceptable tube wall penetration of cracking.

3. A primary-1o-secondary leakage limit under normai operating conditions is set in
the plant technical specifications which is less than the leakage rate determined
theoretically or experimentally from the largest single permissible longitudinal crack.
This action woukd ensure orderly piant shutdown and allow sufficient time for remedial
action(s) if the crack size increases beyond the permissibie limit during service.

The two parameter support plate elevation plugQing criteria discussed in this repont are
shown to meet all of the necessary acceptance criteria.

3.3 Steam Generator Tube Deformation Discussion

In addressing the combined effects o: the LOCA and SSE loadinys (a: required by GDC 2)
on the steam generator component, |

.

This issue has been addressed for the Farley (Units 1 and 2) steam generators through
the applir.ation of leak-before-break principles to the primary loop piping. Alabama
Power Company has performed a detailec leak before break analysis for Fariey Units 1
and 2. Based on the results, it is concluded that the leak-oefore-break methodology (as
petmitted by GDC 4) is applicable to the Farley reactor coolant system primary loops
anc, thus the probability of breaks in the primary loop piping is sufficiently low that

they need not be considered in the structural design basis of the piant. Excluding oreaks

L~



in the RCS primary loops, the LOCA loads from the large branch lines breaks were also
asse®sed and found 10 be of insufficient magnitude 1o result in steam generator tube
coliapse. Utilizing results from recent tests and analysis programs (discussed more
fully in section 11.2), it has also been shown that there will not be any tubes that
urviergo permanent deformation where the change in diameter exceeds 0.025 inch.
Anthough specific leakage d1ta is not available, it is judged tha! deformations of this
magnitude wiil hot lead 1o significant tube leakage. On this basis there will not be any
tubes that need 1o be cxcluded from the APC for reasons of deformation resulting from
combined LOCA + SSE loading.



4.0 PULLED TUBE CXAMINATIONS
4.1 Introduction

The foliowing provides summary information regarding OD originated corrosion g
support plate crevice regions of Alloy 800 tubing pulled from steam generators at

Farley and other plants. The data is presented in support of the development of alternate
plugging criteria. First, pulied tube data from the Fariey power plants are reviewed.
followed by data from other plants.

The type of intergranular corrosion with regard 1o crack morphology and density
(number, length, depth) of cracks can influence the structural integrity of the tube and
the eady current response of the indications. For support of tube plugging criteria, the
emphasis for destructive examination is placed upon characterizing the morphology
(SCC, IGA involvement), the numbar of racks, and characterization of the largest crack
networks with regard to length, depth and re maining ligaments between cracks. These
crack details support interpretation of siructury' parameters such as leak rates and
burst pressure, and of eddy current parameters such as measured voltage, depth and
crack lengths with the goal of improving structural and eddy current evaluations of tube
degradation. In selective cases, such as the 1890 Farley- 2 pulled tubes the pulied whe
avaluations included leak rate and burst pressure measurements for further support of
the integrity and plugging limit evaluations.

4.1.1  Definitions of OD Corrosion Degradation Cbserved at Support Plate
Crevice Locations

Beiore the support plate region corrosion degradation can be adequately described, some
key corrosion morphology terms need 10 be defines. Intergranuiar corrosion morphology
car vary from IGA to SCC to combinations of the two. IGA (Intergranular Attack) is
defined as a three diménsional corrosion degradation which voours along grain
| boundaries. The radial dimension has a relatively constant value when viewed from
different axial and circumferential coordinates. !GA can occur in isolated patches or as
£xtensive networks which may encompass the entire circumferential dimensicn within
the concentrating cravice. Figure 4-1 provides a sketch of these 1GA morphulogies. As
defined by Westinghouse, the width of the corrosion should be equal 1o or greater than
the capth of the corrosion for the degradation 1o be classified as IGA. The growth of IGA is
refatively stress independent. IGSCC (Intergranular Stress Comosion Cracking) is
defined as a two-dimensional corrosion degradation of grain boundaries that is strongly
stress dependent. IGSCC is typically observed in 17¢ axial-radiz' plane in steam
generator tubing, but can oceur in the circumtferen:  radial plane or in combinations
of the two planes. The IGSCC can occur as a sing.« (wo dimensional crack, of it can occur
with branches coming off the main plane. Figure 4-2 provides a sketch of these IGSCC
morphologies. Both of the IGSCC variations can occur with minor 1o major componants
ot IGA. The IGA component can ocour simply as an IGA base with SCC protruding through
tne IGA base or the SCC plane may have a semi-three dimensional characteristic. Figure
4-3 provides a sketch of some of the morphologies possible with combinations of IGS” 3
and IGA. Based on laboratory corrosicn tests, it is believed that the late:, 300
protrusions with significant IGA aspects, grow at rates similar to that of SCC, as opposed
to the slower rates usually associated with IGA. When IGSCC and IGA are both present,
the IGSCC will penetraie throughwall first and provide the leak path.

!




To provide a semi-quantitative way of characterizing the amount of IGA associated with a
given crack, the depth of the crack is divided by the widih of the IGA #s measured at the
mid-depth of the crack, creating a ratic D/W. Three arbitrary D/'W categories were
created: minor (D/W groater than 20) (all or mosi PWSCC would be included in this
category if it were being considered In this analysis'' moderate (O/'W between 3 and

20); and significant (D/W less than 3) where for a given crack with a D/W of 1 or less,
the morphology is that of patch IGA.

The density of cracking can vary from one single large crack (usually 8 macrocrack
composed of many microcracks which nucleated along & line that has only a very small
width and which then grew fogesher by intergranular corrosion) 10 hundreds of very
short microcracks that may have partially linked together to form dozens of larger
macrocracks. Note that in cases where a very high density of cracks are presont
(usually axial cracks) and where these cracks also have significant IGA components,
then the outer surface of the tube (crack origin surface) can form regions with etfective
three dimensional IGA. Axial deformations of the tube may then cause circumferential
openings on he outer surface of the tube within the three dimensional network of IGA;
these networks are sometimes mistakenly referred 10 as circumferential cracks. The
axial cracks, however, wili stili be the deeper and the dominant degradation, as
compared 1o IGA.

Recognizing all of the gradations between IGA and IGSCC can be difficult. In addition to
observing patch IGA, celiular IGA/SCC has recently been recognized. In cellular
IGA/SCC, the celi walls have IGSCC 1o IGA characteris .o while the interiors of the cells
have nondegraded metal. The celis are usually equiaxial and are typically 25 10 50 mils
in diameter. The o il walls (with intergranular c~rrosion) are typically 3 10 10 grains

{1 to 4 mils) thick. The thickness and shape o! e cell walls do not change substantially
with radial depth. Visual examinations or lim..ed combinations of axial and transverse
metaliography will not readiiy distinguich cellular IGA/SCC from extensive and closely
spaced axial IGSCC witn circumferential ledges linking axial microcracks, especially if
moderate 1o significant IGA components exie! in association with he cracking. Radial
meta.'ography is required 1o definitively recognize cellular IGA/SCC. Celiular IGA/SCC
can cover relatively large regions of a support plate crevice (a large fraction of @ tube
Quadrant within the crevice ragion). Figure 4-4 shows an exampie of cellular IGA/SCC
from Plant L.

A given support plate region can have intergranular corrosion that ranges from IGA
through individual IGSCC without IGA components.

As Cescribec in Sections 4.2 and 4.3, the Farley SG tubes examined show dominantly SCC
crack networks with IGA components that vary from minor 10, in one case, significant.

The larger eddy current indic..tions for the 1890 pulled tubes are principally related to

the singie, large macrocrack found for these tubes.

41.2 Through Wall SCC at Support Plate Crevics Locations

The following presents OD intergranular corrosion data at support plate intersection
locations on steam generator tubes which have experienced thrcugh wall corrosion. The
latest vesults for the 1990 examination of through wall cracks at the support plate
locations at Farley Unit 2, howaver, are presented in Section 4.2
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OO origin, axially orlented, intergranular stress corrosion cracks we @ observed
confined entirely within the firs support crevice region on hot leg tube R31-C46,
remaved in 1986 from Steam Generator C of Fariey Uait 2 Destructive examination
was confined 1o half of the tube circumference (the half with a single axial NDE
indication). The main crack, cot.., f at least four microcracks which grew
together, was 0.52 inch long and was through wall for approximately 0.02 inch. The
morphology of the individual microcracks was branched SCC with moderate IGA
components to the SCC. Figure 4-5 shows a skeich of SEM fractographic results of the
main crack (only the mid 10 upper pPoriton o the crack was examined) and a skelch of the
overall crack distribution observed within the support plate crevice region. Figure 4-6
shows a sketch Jf the crack distribution (a composite of two transverse metaliographic
sections) and depth as viewed by metaliography as well as a micrograph of a crack
showing the crack morphology. In addition 1o the main macrocrack, (which included a
46% deep axial crack next 10 the main crack), twe smaller avial cracks were observed
at other circumierential positions on the half-circumierence section examined.

Field eddy current preoe inspection {in April 1886 just prior 10 the tu)e pull) of the
first suppont plate crevice region produced a 6.2 voit. B1% deep indication in the
400/100 kHz differential mix data. Voltage rer.omalization 10 16 caitialion
standards of this report yields 7.2 volts for this indication.

QD origin, axially orientated, intergranular siress corrosion cracks were observed
confined entiely within the fifth support plate crevice region on the hot leg side of tube
R4-C61 trom Steam Generator C of Plant B-1. Six axial macrocracks were observed
around the circumference. The largest of these was examined by SEM fractography
without any metaliography. The macrocrack was 0.4 inch long and through wall for
0.01 inch. However, the crack was nearly (eHactively) through wall for 0.1 inch. The
Macroc:Ack was composed of seven individual microcracks that had mostly grown
logether by intergranular corrosion (the sep~rating ledges had intergranular features
that ranged from 40 1o 90% of the length of the ledges). Since no metallography was
performed on the axiai cracks, it is not possible to definitively describe e axial crack
morphology at this location. At the eighth suppon plate region of the same tube,
metaliography showed that the morphology was that of SCC with a crack depth to IGA
width ratio (D/W) of 15, Figure 4-7 summarizes the crack distribution and

morphology data for the fifth support plate crevice region.

In addition to the OD origin axial macrocraciks observed at the fifth support plate region,
five loca! areas had circumferential intargranular corrosion. The maximum penetration
abserved for the circumierential cracking was 46% through wall. The morphology of
the circumferential cracking was more that of IGA patches than of SCC. Figure 4-8
provicos micrographs of relevan: cracks showing the morphology of axial and
circumferantial cracks. As stated above, the axial cracks had a morphoiogy of IGSCC
with a moderate D/W ratio oi 15 while the circumferential cracking had a morphology
maore like that of IGA, with a D/W ratio of 1



Flelo eddy ourrent hobbin probe inspection (in Jung 1989, jus! prior 10 the tube pull)
of the fifth support plate crev.oe region produced & 1.9 voll, 74% deep indication In the
5507100 kMz dhterential mix.

42 Farley Unit 2 1980 Tube Pull Results at TSP Locations

Ho! leg tubes R4-C73 and R21-C22 were pulled from Sieam Generator B and hot leg
tube R38-C46 was pulled from Steam Ganerator C. The sections pulled includad the
first suppon plate region from each tube. Laboratory NDE, leak and burs! testing, and
destructive examinations were performed. The following summarizes the data oblained
at the firs! suppon plate region of each tube.

NOE Testng

Laboratory eddy current testing was performed using 0.720 inch diameter bobbin and
RPC probes. RPC results showed @ main axial indication within the suppon plate
crovice region of tube R4-C73, The length of the signal was 0.44 inch anc the depth was
estimated as 77 10 82% deep based on an ASME drilivd hole standard. In adcition 1o the
main signal, 8 less intente RPC signal was observed parallel 1o the main axigl signal
approximately 20 10 30° away. Tube R21-C22 produced a cingle axia! inchication within
"s first suppon plate crevice region. The 0.5 inch long RPC signal was estimated 1o be
76 10 81% deep. Tube R38-C46 had a 90% deep RPC signal that w as 0.4 inches long.

Note 1i.ai this tube was elongated during the tube pull. As & consenuence of the reduced OD

dimension, ¢ 0.69 inch diameter RPC probe was used.

Laboratory bobbin probe examination of tubes R4-C73 and R21-C22 was performed
using two 0.720 inch diameter bobbin probes. One was a brand new Echoram probe with
very stitf spacers (it was difficult 1o insert the probe into the tube). The other was &
slightly used (in terms of length of 1bing previously examined) SFRM 2 stec probe in
which the spacers were less stiff (probe insertion into the tubes was easy). The probes
were pulled mechanically through the tubes at speeds similar 16 those used in the field;
nowever, unlike the tield situation, the tubes were oxamined . the * iLes positioned
horizontally. In additivn, multiple passes were made with ¢ > prey — vith the specimen
being rotated between each pass 10 vary the position of : * cract o tion. Table 4.1
presents the results. An indication was observed within b’ | Jpoen ¢ 18 crev-oe
locations. Depth estimates were similar for both of the suppo! tlate crevice (egions
and for both of the probes. A rango of 86 10 §1% deep covere. «il depth estimates. 1.
vollage varied noticeably depending on the probe ussd and the orieniation of the
specimen, with the stifier Echoram probe producing the smaller voltage variation. For
fube R4-C73, the Echoram probe voltage variation ranged from 3.6 10 4.3 volts. For
tube R21-C22, the Echoram probe voltage variation ranged from 8.6 10 11.6 volts.

While tube R38-C46 was reduced in diameter during the tube pull, the Zetac 0.72 inch
diameter bobbin probe could still be used for the laboratory examination. However, It
passed through the deformed tube with difficulty. Consequently, the estimates of depth
and voltage are not judged 1o be reliable. The field boubin tee! produced a 1.4 voll signal
with an indicated depth of 68%. This is considered more reliable than the laboratory



result of 4.8 volts and H0% depth. Since the tube pull opened crack Networks whic'
were readily visible, the larger laborator volluge is not surprising.

Double wall radiography was performed us.ng four rotations. No crack indicalions were
observed on lube R21-C22 but & single axial orack-like indication was observed within
the firs! suppont plate region of lube R4-C73. The taint indication, lbcaled near 0°, was
0.3 Inch long and was localed entirely within tie suppon plate crevice region. These
results imply that any deep corrosic \ crachs present on the two puliad tubes from

§/G-B are very tight. OD measurements of the pulled tubes from §/G-B showed that the
average diameter of both tubes was 0.8755 inch with a 0.001 ing!  wality. Ng

noticeable tube deformation occurred during tube pulling 10 open any currosion cracks.
Tube R38-C46 trom 5/G-C was noticeably reduced in diameter. The tube had an average
OD of 0.830 inch within the TSP crevice region. Radiography of lube R28-C46 showed
three main locations of crack networks within the TSP crevice region. The crack
networks contain both axial and circumferential indications. The circumferential oracks
were wide, as would be expected for 8 tube which experienced elongation du: ing the tube
pull,

Ultrasonic testing was also performed on thy suppon plate specimens. A 0.4 inch ong
axial indication was observed near 330° on tube R21-C22 within the suppon plate
orevice region. On tube R4-C73 @ 0.25 inch axial indication was observed near 30°
within the support plate crevice region. A shoner and fainter axial indication was also
observed near 70°. On tube R38-C46 three paiches of indications were noted, one near
20%, one near 230°, and one near 340°. Al were localed within the TSP crevice region.

h2ahand Bursl Tesung

Following NDE charactrization, the three first support plate 1 ibe sections were leak

and burst tested. The leak 1ests were berformed in two parts. The specimens were first
lesied under simulated normal operating conditions. At a test temperature of 617° F, the
primary side of the specimen was connectec! by insulated pressure tubing 1o an autoclave
maintained at @ pressure of 2250 psi by bottled nitrogen gas. The specimen was located
in a second autoclave maintained at 616° F and a pressure of 750 psi, resulting in a
differential pressure of *500 psi. The 750 psi pressure in the second autoclave was
maintained by & back pressure regulator (BPR) connected 10 the autoclave by pressure
tubing. Any waler vapor passing through the BPR was then passed through cooling colls
immersed in ice water. The amount of condensed water was measured as a function of
time. Fallowing the Initial leak testing, a simulated steam line break (SLE ) leak test

was porformed using the same system. For the SLB test, the primary pressure was
Increased 1o 3050 psi and the secondary side pressure was decreased 10 400 psi for g
pressure differentiai of 2650 psi.

Leak test data are presentad in Toble 4.2. Results fram the SLB test are considered
reliablie. The measured SLB leak rates were |
|9 &nd no leakage for tube R38-C46. These

values are considerably below the maximum leak rate capability of the system,
estimate 1o be approximately 2 Vhr based on a tes! with the te.! specimen removed.
Results ‘or the normal operating conditions are considered 1o be less accurate. The
observed leak rate for tube R4-C73 was |

|9 for tube R21-C22. No leakage was otserved for tube R38-C46. These

4.5



rates include any overflows from the BPR. Leakage through the BPR was encountered,
eapecially with the testing of tube R21.C22. The BPR may have vontributed 10 the

entire amount of isakage ohsorved* for the normal operating condition test. While this
amount of everfiow from the BPR is small i comparison 1o the SLB tes! leak 1 21es, it is
very large in comparison 1o petential leak rates from the normal operating conditions

lest. Consequently, '@ normal operating condition leak rale @t the lower end of potential
leak rates for these specimens should be considered zero. The upper value presented, at
least for tube R21-C22, probably Includes significant contributions from the BPR.

Room temperature burst lests were performed on the wo spocimens following leak
lesting. The specimens were pressurized with waler at a pressurization rate of
approximately 1000 psi'sec. Tygon tubing irternal bladders were inserted into the
specimens 10 permit testing with thelr through wall corrosion cracks. No support plate
restraints were piaced on the specimens. Lonsequently, the burs! pressures measured
may be somewhat lower than would be observed with the presence of a suppont plate.

The first suppor plate region of tube R4-C73 burst at | P psi, the first suppor:
plate region of tube R21-C22 burst at | 19 psi, and the first support plate region
of tube R38-C46 burst ! | |9 psi. Table 4.2 presents this data as weil as other
burs! data characterizing the specimens.

Characterization of the Corrosion Cracks

Figure 4.9 shows a sketch of the SEM fractographic observations on the burst fracture
face of the first support plate region of tube R4-C73. Within the center of the burst
opening, a 0.42 inch long OD origin macrocrack was observed. The macrocrack was
located at an orientation®* of 20° and was ent.rely confined to within the support plate
crevice region. It had only inlergranular corrosion features. The macrocrack was
composed of four microcracks, all of which had joined together by intergranular
corrosion. The crack was through wall for 0.18 inch. A parallel axial macroorack was
observed near 40°. It was 0.46 inch long and up 1o §8% through wall. In addition,
numerous short axial cracks were observed at various locations within the crevice
region. The depth of these shor cracks ranged from minor penetrations 10 34% deep
cracks. Figure 4-9 also provides a skeich estimating the crack distribution within the
support plule crevice 1egion as well as a descriptiun of the crack morphology of the main

* Prior 10 initiation of *he leak tests, the specimen fittings were tested 1o verity that
they were leak tight. The fittings wei e tested by pressurizing the specimens with
500 10 600 psi air and holding the specimens and their fittings under water, No
fitting leaks were observed. The R4-C73 specimen was observed 10 leak air bubbles
at the location of the suppont plate at a pressure of 500 pel air. The R21-C22
speciman did not leak air bubbles at a pressure of 600 psi. Consequently, it is
believed reasonable that the normal operating leak rate for tube R21-C22 should be
lower than that for tube R4-C73. This would also be consistent with the SLB leak
resi s,

** In the orientation system used, 0° faces the steam generator divider plate and 90° is
clockwise of 0° wher looking in the primary flow ug) direction,
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macrucrack. Figure 4-10 provides a skelch of the crack distribution and depth within

the center of the support plate ~revice region as determined by metatiograrhy. The

main orack morphology was that of SCC with moderate IGA components (D/W « 4). The
width of IGA surrounding the SCC is estimated 10 be approximately 0.912 inch, except &t
the OD surface where the widih was larger. Other cracks tended 10 have less IGA
components. Figure 4-11 provides micrographs show'ng both the main crack
morphology as well as the crack morphology of one of the lesser cracks. The morphology
of the latter crack, which has been opened wide by tube delormation, is more that of
IGSCC (DWW » 12).

Figure 4 12 shows & skelch of the SEM tractographic observations on the burst tracture
face of the first support plate region of tube R21-C22. Within the center of the hurst
opening, 8 0.50 inch long OD origin macrocrack was observed. The macroorack was
located at an onentation of 330° and was entirely confined 1o within the support plate
crevioe region. The corrosion crack had only intergranular features. The macrocrack
was composed of four microcracks. Three of the microcracks wee joined by
intergranular corrosion, while the Wp rost microorack was still separated from the
others by metal. The macrocrack was throug . wall for aproximately 0.16 inch. Figure
4-12 also provides a description of the crack morphology. The crack morphology was
that of SCC with significant IGA components. The width of IGA surrounding the SCC s
estimated 10 be approximately 0 030 inuh (D/W = 1.7). One additional crack was later
observed on the specimen by metallographic examination Figure 4-13 provides a
skeich of the crack distribution and depth obsarved by metallography. Figure 4-14
provides micrographs of the cracks. As can be observed, the secondary crack
morphology had lesse: IGA components (D/'W « 1910 37).

Figure 4-16 shows & sketoh of tie SEM fractographic observations on the burs! fracture
1ace of the first suppor plate region of tube R3B-C46. A 0.37 inch long, OD origin,

axial macrocrack was observed. The intergranular crack was up 1o 78% through wall
and was contained within the suppon plate orevice region. The macrocrack was
romposed of numerous microcracks which had an unusua! spatial distribution. They had
orientations which ranged fiom axial o circumlerential generating a spider-like crack
distribution. It is believed that this local network nad a cellu'ar IGA/SCC morphology
similar 1o that on tube R16-C74 trom Plant L presented in Figure 4-4. Three other
crevice locations had less deep but significant intergranular crack distributions. Thelr
locations are also shown in Figure 4-15. Figure 4-16 shows *he crack distribution and
depth as determined by transverse metalicgraphic examinations. Figure 4-17 shows
photomicrographs of cracks in transverse sections obtained from within the crevice
region. The cracks are openad wide by tube deformation. The morphology of the cracks
is that of IGSCC with minor to moderate IGA components (D/W « 14 10 £9).

43 Other Farley Pulled Tube Examination Results at TSP Locations

Prior 1o 1980, Westinghouse examined a total of ‘0 hot leg support plate intersection
locations on steam generator tubing removed from Farley Unit 2. In 1985 the firs!

three hot leg support plate regions of tube R34-C44 from Steam Generator A were
destructively examined. In 1986 the first support piate region of tube R31-C46 from

the hot leg side of Steam General : C was destructively examined as described in Section
4.1. In 1889 the first three suppon plate regiens of lubes R16-C50 and R16-C83
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from the hot ieg side of Steam Generalol C were destructively examined. Of these 10
support plate locations, 6 were found 1o have OD origir intergranular corrosion. In
addition, Westinghouse examined in 1980 a support plate region on a tube removed from
Farley Unit 1. This support plate region also had OD origin intergranular corrosion.

The following describes the extent and morphology of the degradation found.

Fatey Unil 2. 1985 Examington

The first three suppon plate regions of hot leg tube R34-C4d from Steam Generaor A
were destructively examined 1o determine ihe origin of residual eddy current signals leh
at the location of the suppon plales ater frequency mixing 10 eliminate the suppon

plate signal. No corrosion degradation was found by destructive examination at the three
suppon plate locations.

Eadey Lnit 2. 1986 Examination

The first suppon plate region »f hot leg tube R31-C46 trom Steam Generator C was
destructively axamined. A 6.16 volt, 81% deep eday current sigral was detecied In the
field bobbin probe examination using a 400/100 kMz frequency mix. Renormalization

10 the standard used in this report yiglded 7.2 volts. Destructive examination found a
0.5 inch long macrocrack that exiencled from 0.1 inch above ihe suppon plate b tor
edge location 1o 0.2 inch below the 1op edge location. The crack averaged 80 10 90%
through wall with loca! area penetrating 100% through wail, with a length of 0.02 inch
The macrocrack was composed of 8 number of axially orientated microoracks which had
grown 1o_ether by corrosion. The intergranular cracking was o O origin and a number
of shaliow cracks existed parallel and nearby 10 the major macrocrark. The morphology
of the cracking was predominately SCC, but moderate IGA componerts (D/W « 3.2) were
also present.

Earley Unil 2,.1989 Examination
Two hot leg steam generator lubes from Farley Unit 2, Steam Generator C wers examined
1o determine the origin of residual eddy current signals at support plate locations. The

\nsiructive examination included the suppon plate crevice regions 1-3 from tubes
R16-C50 and R16-C53.

All six support plate intersections had residual type eddy current signals. The second
support plate region of both lubes was chosen for more detailed examination Following
removal of both ID and QD deposits by honing, abrasion, and later by chemical cleaning,
the eddy current sxamination was repeated. No =ignifican! change was observed in the
eddy current signals indicating that the residuals were not related 1o surface deposits,

Destructive examination of tube R16-C50 found OD origin intergranular corrasion

within the first and second support plate regions. No corrosion degradation was found
within tho third cupport plate crevice region. The first suppon plate region had only an
isolated region of mino* OD origin, intergranular, axial SCC. The maximum dapth of SCC
was 0.007 inch. The second support plate region from tube R16-C50 had experienced
some negligible (no wall thickness change measurable) OD general corrosion with some
Imergranular penetralions. While most of the tube OD cracking within the TSP crevice
regions had these features, at one location the intergranulgr corrosion was somewhat
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first suppon plate crevice region and also provides crack depth data. Figures 4-22 and
4-23 provide phetomicrographs of typical cracks as observed in transverse
metaliographic sections that have been delormed 10 open cracks. The morphology 18 that
of IGSCC with minor 1o moderate IGA components [D/W « 17 10 28). Figure 4-24

shows similar transverse micrographs, but onet in which not all cracks were cpenaed
during the tube deformation

Fiekl eddy current ingpection (bobbin probe) of the first support plate reglon revealed
(by Inhial interpretation) ne corrosion degradation. Later analysis suggested a very

low voltage (0.2 volts) indication signal. partially hidden between larger voltage dent
signals. Laboratory bobbin probe inspection produceu similar results, with gn
inchicetion vottage of 0.4 volts within the overall 7 volt dent signal. The phase ang'e of
the indication component, within the overall dent signal, suggested a 61% deep
indication. RPC lesting revealed many indications confined 1o within the crevice region.

4.4 IGA and Corrosion Morphology at Suppon Plate Crevice Locations

A review of avallable Westinghouse tube pull data was made for the purpose of comparing
corrosion morphology in various plants and for determining the extent of IGA (ir.

conirast 10 the IGSCC previously discussed in Sections 4.1.2, 4.2 and 4.3) present at
SuUppon plate crevice locations on steam generator tubing. This review also iIncluded
recent data from Plant L tube R12-C8 from Sieam Generator D. Due 1o its special
interest, the Plani L tube will be discussed first in detall.

44 IGA and Corrosion Morpholgy at Supporn Plate Crevice Locations at Plant L

Lonesion Degradation at the First Suppont Piate Region of Tube R12-C8

A summary of coirosion observations at the first support plate region of plugged tube
R12-C8 is as follows. Wiiiiin the first support plate crevice region of tube R12-C8,

very high densities of axially onented IGSCC microcracks were observed. Corrosion was
not observed outside of the crevice region. Tiie micrcoracks had moderate !GA
componenis associated with them. A good description of the microcracks would be that of
IGA fingers, with the depth of the cracks typically being € 10 18 times the width of the

IGA associated with the crack. The microcracks were less than 0.05 inch long, in axial
extent. Tha density of support plate region cracking was significantly higher than that
observed for most other domestic power plants. For a given elevation, crack densities of
three 10 five hundred individual microcracks could be extrapolated 10 exist around the
circumierence hased on metaliographic and SEM fractographic data if the maximum local
oruch density observed extended completely around the circumlierence. (For tubes
examined by Westinghouse at suppont plate regions, crack densities of 1 10 24 are most
typically ooserved. The highes!, support plate region, crack density previously

ubserved in tube examinations by Westinghouse was 20 10 100 at Plant D-2. It has been
reporied that I i) crack densities f approximately 300 cracks over the circumference

of a support pute region have 7180 buen observed in some EdF steam generators.)
Because of it e very hign de~ _.ies of cracks and the IGA associated with the cracks, local
regions somatimes formed effective paiches of IGA. (Alternatively, the IGA patches may
have formed independently of the IGSCC.) The depth of these IGA patches was typically
hal! Lhat of the the maximum dept' of cracking penetrating ihrough the IGA patch. The
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largest ciroumferential length of continuous IGA observed by metaliography was 0 05
inch, or approximately 7 degrees. with @ maximum depth of 33%. The maximum depth
of IGECC in the same general region was approximately 85%. Figure 426 provides
supnoning metaliographic data.

Another agpect of the very high density of axially orientated microcracks, was the
furmation of larger axial macrocracks. (Before this aspect can be considered. further
dete's regarding the dertructive examination nued 10 be mentioned  The first sLppon
plate region was initislly separated circumterentially near the center of the crevice
region by applying a 1ensile force axially to the tube. The fracture wouks have oocurred
where the volumelric corrosion degradation was deepest. SEM tractography of the
separation snowed intergranular corrocion greator than 10% deep over 310 degrees of
the circumference. Table 4.3 presents complete depth dats for the corrosion front. It is
believed that the corrosion fromt was composed of a large number of axially orientated
cracks that frequently had interconnecting IGA components.* The deepest region o
onrrosion was 80 10 82% deep, via IGSCC, over approximately 20 degrees of the
circumferance.) Above this local region with the deepest corrosion, the ti:bing was
deformed 10 open any axial crack networks. Many were revealed. One of the deeper
looking ones was broken apan and SE' fractography was performed. A fairly uniform
crack front was observed from the support plate crevice center 10 the supnort plate
cravice 1op. The tront ranged from 41 1o 55% through wall, with an average depth of
48%. Several lodges were observed in the fractograph where it is believed tha!
Individual, axially oriented, microcracks had juined 1ogether 1o form the macroctack.
Below the support plate center, only metallography was performed. Transverse
metaliography (Figure 4-26) revealed the morphology of the arxial cracking and IGA in
the form of IGSCC with moderate IGA components and IGA patches at the bases of the
IGSCC. Axial metaliography was performed from the bottom edge of the crevice 10 the
center of the crevice rcgion, through a region with corrosion. A fawly uniform

corrosion fromt, approximately 50% through wall, was observed that is similar 1o that
revealed by SEM tractography above the center of the crevice. From this data It is
onnaluded that axia! macrocrack networks existed from the bottom edge of the s sppont
plate crevioe region 10 the 10p edge, with the crack fronts having a fairly uniform depth.

Metallographic data avallable from the second suppon plate crevice region of tube
R12-C8 indicated the presence of approximately 50 axial penetrations around the
circumference. Tha morphology of the penetrations was that of narrow IGA fingers. The
maximum deptt. of cracking observed was approximately 48% throughwall. In addition
1o cracking, patch IGA was also present. ABB (CE) nonservatively calculated that the
I.iaximum depth of the intermittently distributed, patch type IGA was 27% throughwail,
Their conservative definitian of IGA (corrosion greater than § grains wide on a given
orack) produced results that were judged not 10 be direct'y relevant 1o a structural
integrity analysis. Their definitior of patch-type IGA would include corrosion that

. Alternatively, celiular IGA/SCC may have been present in this region. It could
have produced similar SEM fractographic amd metaliographic (both axial and
transverse) results




would behave ns sxial cracks rather than as IGA patches that would behave as tubing with
either a thinned wall or localizec pitting. Consequently, the data was reexamined using a
definition of IGA judged more relevant 10 a structural integrity analysis. 1GA was

entified where corros Hn nssocizled with two of more separate cracks intersected o,
alternatively, where ihw corrosion associated with one crack or area (If no cracking was
present) had a D/W (depth-10-width rgiio) of one or less.

Using this definition, patch IGA was identified at two locations around the ciroumference
8l one elevation within the crevice region and at four locations 3t & second crevice
elevation, A pateh ICA, that was 10% or more deep, was assoclaled with isolated

| regions that were very small in ciroumierential extent. The maximum depths and their
corresponding clrcumferential extents were 11% deep and 1 degree in width for the

first elevation an4 (2% veep and 1 degree In width for the second elevation. The wides!
IGA patch was 21 degrees (6% of the ciroumierence) with @ maximum depth of 6%. For
the examined elevalic ng, Lhe larges! total circumterential involvement (summation of

the widths of the IGA paiches) was 22 degrees (6% of the circumierence).

From a structural integrity viewpoint, since the IGA paiches in the crevice regicn were
isolated trom emch other and few In number, It is believed that the IGA patches act more
likg a limited number of pits rather thar tubing which has experienced general thinning.

Atier burst testing of the third support plate crevice region (burst ocourred a1 1,500

psi), visual axaminatio” revealed numerous, axially onented, corrosion openings
adjacent 1o the main burst opening. Most of the corrosion appeared 10 be shallow. SEM
factograpy performed on the burst opening showed intergranular corrosion existing

from the botion 10 the 1op edge of the crevice region. Large ledges were frenuently
observed betwaen axially orientaied microcrack”.

Tiransverse metallography showed approximately 85 axial cracks around the
circumierence with a morphology of axial IGSCC with moderate IGA aspects. The

’ maximum depth of rorrosion was 55%. In addition 10 cracking, patch IGA vas also
precent. ABB (CE) conservatively calculated that the maximum depth of the

nlermittently distributed, patch type IGA was 33% throughwail. Again, the data was

| reexamined using the definition of IGA judged 1o be more relevant 1o a structural

integrity analysis Paich IGA was identified at seven locations around the circumierence
at a mic-support plate crevice region elevation. All patch IGA, that was 10% or more
veep, was associated with isolated regions that were very small in circumferential

extent. The maximurn depths and their corresponding circumferential extents were

21% deep anc 0.5 degree in width, 10% deep and 0.3 degree wide, 14% deep and 0.3
degree wide, 14% deep and 0.8 degree wide and 17% and 6 degrees wide. In addition, a
numix. of metaliographic grinds were made at the location of the 17% deep and 6 degree
wide IGA patch. Paich 1GA was found in two of the three grinds at this locaition. These IGA
paiches were 10% oeep and 2 degrees wide and 8% deep and 1.5 degrees wide. For the
mid-crevice region alevation, the total circumferential involvement (summation of the
widins of the IGA patches) was 10 degrees (2% of the circumference).

!




From a structural integrity viewpoint, since the IGA patches in the crevice region were
isolated from each other and few in number, it is helieved that the IGA patches act more
ike @ imited number of pits rather than tubing which has experienced general thinning.

Louesion Degradn'ion. 2 Qther Tubes fom the Second Tube Full Campaign a1 Plant |

Preliminary destructive examination of the firs!, second, and third suppon plate

regions of tbe R29-C70 has produced the following resuts. All treu regions had
sirilar corrosion degradation. Axially oriented IGSCC with only hiacr 1o moderate IGA
omponents was present without effective surtace IGA (intermittent minor surface IGA,
110 2 graing dewp, was ocoe« snally present). The absence of the eftective surtace IGA is
In contras! 10 the results for ‘uie R12-C8. At a mig-support plate elevation, 2 1o 3. 6,
and 4 cracks were found distributed around the circumierence for the first, second and
third suppor( plate regions, respectively. The presence of such & small number of
cracks Is typical of support pla‘e cracking at many power plants and is In greal contrast
1o (he results for tube R12-C8 from Plant L. The burst stirengths for the three regions
were 10,400 psi, 000 psi, and 10,400 psi, respectively. SEM fracicgraphy of the

burst faces showed IGSCC macrocracks, confined 10 the orevice regions, that were 0.29,
0.62 a3 0.45 inch long, respectively. These macroracks were composed of
microcracks that “/ere separaled by ligaments witi Aimple rupture ‘ractures. The
numbers of such microcracks were 1, 12, and 6, respactively, for the first, second and
third support platy crevice regions.* The maximum spacing between microcr ack lecpes
with tensiie overioac features was 0.29, 0.2¢ and 0.14 inch, respectively. The

maximum depth of IGSCC observed was 74%, 74%, and 70%, respectively.

Preliminary destructive exsmination of the first, second, and third suppont plate

regions of tube R30-C64 has produced the following resulis. All three regions had
similar corrosion degradation. Axially orignted IGSCC with only minor to modeiie |GA
G nponents was present withuut effective surface IGA (intermittent minor surface IGA,
1 10 2 grains oeep, way oocasicvally present). The absence of the efective surtace IGA Is
again in coridrt =1 10 the results for tube R12-CB and is similar 1o the results for tube
R29-C70. Al a 1vid-suppon plate elevation, 29, 85, and 20 cracks were found
distributed around the ciroumtciange « - 1he first, second and third support plate
regions, ~spectvely. The presance of this moderate number of cracks is also typical of
suppon plate cracking 2! many power plants and 15 in oo “as! 10 the results for tube
R12-C8 from Piznt L, Gt least for the first support pli @ region. The burst sirengths

for the three regions wers 10,500 r 3l, 8800 psi, and 10,200 psi, respectively. SEM
fractooraphy of the burst faces showed IGSCC macrocracks, confined 1o the crevic
fegions, that were 0.74 (0.63)"*, 0.61 and 0.45 inch long, respectively. These

; Other ligaments or ledges with intergrar ular teatires were also present. In the
case of the first support plate region, even though only predominantly
mtergranular ligaments were observed (i.e., rine microcrack « one macrocrack),
three microcracks were effectively present due 1o the profile of the scallop-shaped
craus front,

" AB3 repe (9d the crack lengih greatly increased during the burst test during the
burst ies’ and that a corrected length would be 0.53 inch.

4-13




MACIOCracks were Composed of MICrocracks that were separated by ligaments with
dimple rupture fractures. The numbers of such microcracks were 12, &, and 6

respectizely, for the first, second and third suppon plate crevice regions . The
maximum spacing between microcrack ledges with tensile overload features was 0175,
0.28 and 0.12 inch, respectively. The maximum depth of IGSCC abserved was 55%,
629%, and 49%. respectively.

The first, second and third suppont piate regions of each of these 1ubes (excep! for the
second suppo: | plate region of lube R12-C70) nave been burs! tested and SEM
fractography has been performed on the axially oriented burst fracture taces. All

crevice regions had predominantly axial IGSCC. In addition, nine of the fifteen suppon
plate crevice regions may have hac local areas within the crevice region with some
cellular IGA/SCC. The third and fourth pages of Table 4.4 (which includes summary
corrosion morphology cata from many plants which will be discussed in more detall in
Section 4.4.3) provide further details. The probability of cellular IGA/SCC existing Is
indicated by the choice of the adjectives definitely, probably, and possibly. The single
definite observation is based on radial metaliography. The other observations are based
on visual observations and standard transverse and longitudinal metaliography. Pages 3
and 4 of Table 4.4 also provide details of the crack densities of these 15 crevice regions
from Plant L (all had moderate 1o low orack densities), as well as detalls of the extent of
IGA associated with the major cracks (most had only minor IGA components) and the
exient of OD IGA (only three of the fifteen crevices had IGA, all in the form of a lew
isolated IGA patches). The lengths ana depths of the burst fractures taces and the burst
pressures #re provided in Table 4.5

Further, detalls are presented for 1he first support plate crevice region on tube

R16-C74 where cellular IGA/SCC was confirmed. SEM fractography on the burst
opening found numerous axially oriented, OD region, intergranular microcracks, up 1o
69% deep. Ignoring shallow and isolated cracks near the support plate edges, the main
macrocrack was 0.56 Inches long anc averaged 48% deep. Transverse metaliography
through the center of the crevice revealed 44 axially oriented imergranular cracks,

with minor IGA components. The maximum, local depth of cracking was approximately
40%. Negligible uniform IGA (typically 1 1o 2 grains deep) was found on most of the OD
(and ID) surface. Several emall patches of IGA (maximum depth of 19%) were also
observed.

Axial metaliography revealed what iooked like patch IGA that was up 10 52% deep, that
was confined 1o the lower central region of the support plate crevice. (This corrosion
was later shown 1o be cellular IGA/SCC.) In the region near this 2one where visual

* Ofther ligaments or ledges with intergranular features were also present. In the
case of the first suppon plate region, even though only predominantly
intergranular ligaments were observed (i.e., one microcrack = 0.1e macrocrack),
three microcracks were effectively present due 10 the profile of the s.allop-shaped
crack front.




observations revealed a complex mixture of axi*! and circumferential cracking, In one
Quadrant of the crevice, radial metallography was performed on a 0.5 x 0.5 inch section

of lubing that had been flattened. Cellular IGA/SCC was found on one third of the secticn.
Figures 4-26 and 4-27 show the radial metaliography obtained at various radial depths.
Later grinding operations performed on this radial section showed that only axial cracks
existed st & depth of approximately 69%. At present, if is believed that the cellular
IGA/SCC was mostly contained in this region and probably was not the dominant
morphology at the burst fracture. This daia is righlighted since similar corrosion
morphologies may exist at the first support plate region of tube R12-C8.

Summac ol Plant L Degradation

All three support pizta regions of Plant L plugged tube R12-C8 had multiple axial IGSCC
macrocrack networks from ihe bottom to the top edge of the crevice. The first suppont
plate region had the deepes! cracking, 92% through wall. For the second and third
suppon plate regions, the maximum crack depths were 48 and 55%, respectively. In
addition, eftective IGA patches were observed. In the case of the first support plate
crevice location, the IGA paiches occurred In regions with the highes! crack densities.
The depths of the IGA paiches were typically half that of the asscoiated axial cracking.
For the sacond and third support plate regions, limited data was directly available
regarding the IGA paiches, but it was reported by CE that the maximum depths of IGA for
these Iwo support plate regions were 27% and 33%, respectively. The twenty-one
support plate regions from the other seven pulled Plant L tubes had corrosion more
typical of other plants: a small 1o modarate number of axial IGSCC, minor 1o moderate
IGA components 10 the cracking, and little or no sepurate IGA (patch IGA). While the
IGSCC on these tubes had IGA companents, the appearance was more that of siress
corrosion cracking than that of IGA fingers as was observed at the first support plate
feyion 6. tube R12-C8. Finally, cellular IGA/SCC was locally observed at the first
supnon plate crevice region of tube R16-C74. Cellular IGA/SCC may have also been
present, and even played 8 major :uil, In the corrosion degra: atiun at the first support
plate region of tube R12-C8. Non-confirmed cellular IGA/SCC was also suspected in
local areas of the crevice regions of another eignt of (he total 24 crevice regions
examinec.

442 Cellular IGA/SCC at Dlant E-4

EdF steam genecator tubes at dupport plale crevice regions at Plant E-4 have developed
cellular IGA/SCC. The cellular IGA/SCC is localized in the crevice region such that most
of the crevice region Is free of corrosion  The second page of Table 4.4 presents
summary corrosion morphology data avallable from five crevice regions. The Crevice
reg'ons had moderate crack densities, moderate IGA components associated with
individual major cracks, and no significant IGA independent cracking. Burst tests
conducted produced the expected axial opening through complex mixtures of axial,
circumferential and oblique cracks. For the more strongly atfected areas, while the
cracking remaineo multi-directional, there was a predoninance of axial cracking,

Figures 4-28 and 4-29 provide radia! secton photomicrographs through two of the

more strongly affected areas showing cellular IGA/SCC at Plant E 4.







1o have significant IGA (greater than 10% through wall). It is believed in the case of
Plant L that the formation of IGA in the form >f IGA patches is a result of the high
Glacking densities and IGA aspects associaled with the individual cracks. Where the
cracks are paricularly close together. IGA patches form at the base of the cracks where
the width of the IGA Is greatest. In the case of Mant M-2, the typical IGA morphology
was that of uniform IGA as is shown in tre lower two pholomicrographs in Figure 4.30.
The top photomicrograph in F gure 4-30 als~ shows uniform IGA but v ' some axial
MISCC appearing through the uniform IGA.

While not examined by Westinghousa, the foliowing presents data regarding Plant J 1
and Plant N-1. Figure 4-31 and 4-32 show photomicrographs from the first and

$800nd support plate regions of tube RB-C74 of steam generator 2 ¢f European Plant
J-1. The intergranular corrosion appears 10 be very similar to that a1 Plant L. Table

4.4 presents qualitative morphological data. While there is a slightly lower crack

densily, the extent of IGA associated with individual cracks s similar (moderate D/W
ratios), the extent and depth of IGA Is similar and the origin of the IGA also appears 10 be
that of clusely spaced axial IGSCC interacting near the surface 10 form local IGA patches.
itls also interesting that the maximum depth of IGA compared 10 the depth of IGSCC is
sim ar, typically one-third 1o one-haif of the IGSCC depth. The data from the suppon
plate regions at Plart N-1 was not in a form where firm conclusions regarding

corrosion morphology could be made. Table 4.4 also presents an attemp! 10 foroe
cunclusions from the data avallable 10 Westinghouse. Averaging the data from the three
support plate reglons, it is concluded that a corrosion morphology similar 1o Plant L

(tube M 12-CB) ana Plant J-1 exists at Plant N-1,



Table 4.1

Laboratory Eddy Current Data for Tubes Removed from Farley Unit 2

Examination
RPC Exam

Bobbin Exam

Echoram
Probe

Zotec
Probe

Results at Bottom TSP Locatlon for Al Tubes

Lube B4-C73

Axial indication with
faint paraliel indication
2010 30 dejrees away,
0.44 inch kcng,

77-82% deep.

Indication 86-88% deep.
voltage rangec from 3.6
10 4.3 voits depending on
specimen orientation.

Indication 86-81% deep;
voltage ranged from 2 6
10 5.0 volts depending on
specimen orientatior..

Lube A21:C22

Axial indication, 0.5
inch long, 76-81%
deep.

Indication 86-87%
deep, voltage ranged
from9.610 116
volts depending on

specimen origntation.

Indicatior 86-90%

deep; voltage ranged
from 7.7 10 14.2
volts depending on

speciiaen orientation.
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Tube R28-C46

Axial indication
0.4 inch long,
90% deep.

Use field data
only: 1.4 volis,
68% deep.



Table 4.2
Leak and Burst Data for Tubes Removed from Farley Unit 2
Results 8t Bottum TSP Location for All Tubes

Tesl. Tube B4:.C73 Lube R21:C22 Tube R38:.C46
Leak Tes!
Operating Leak Rate 0 - 0.3 mihr 0 «<? mihr " No Leak
(delta P « 1500 psi)
Steam Line Break Rate 174 mi/he 108 mUhr No Leak
(della P = 2650 psi)
Burst Test
Burst Pressure [ 19
(psig)
Burst Ductility 56 68 76
(% deha D)
Burst Opening Length 0.45% 0.784 0.881
(inches)
Burst Opening ‘Width n.135 (OD), 0.210 (OD), 0167
(inches) 0.100 (ID) 0.148 (ID)

" Problems with back pressure regulator increasec the measured leak rate.
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Table 4.3

Depth of Corrosion Observed on Circumferential Fracture Face
from Center of the "iret Support Plate Crevice Region for

Plant L Tube R12-C8

Ciccumierential Location Maximum Depth of Panetration
(degrees) (%)
0 62
10 90
20 62
& 78
40 52
50 60
60 62
70 40
80 18
90 60
100 48
110 48
120 56
130 60
140 58
150 60
160 56
170 44
180 56
190 2
200 14
210 10
220 18
230 8
240 14
280 14
260 16
270 14
280 44
290 40
300 44
310 18
a20 18
330 0
340 16
350 0
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Ra-C66 TSP 1
R8-C66 TSP 2
RB8-C66 TSP 3

R8-C66 TEP 1
R8-Cée TSP 2
R8-.C69 TGP 3

R12-C70 TSP :
R12-CT0 TSP 2

R16-C74 TSP 1
R16-C74 TSP 2
R16-C74 TGP 3

)G SP1
R20-C66 TSP 2
R20-C66 TSP 3

Intergranular
Macrocrack
Burst Length On
(psi) (inch)
7600 0.83
8750 0.88
10600 06.80
5000 0.92
7700 1.00°
9700 0.4%
7100 0.92
9500 0.88"
8600 0.56
8500 030
10400 0.28
81860 0.60
8750 0.68
8300 0.60

Table 4.6

Summary Data on Tubes Burst from
Third Tube Pull Campaign at Plant L

28

70

61

& 88

2 EE

72
87
51

&2

&8 8

45
a7

* Direct measurement shows that the pre-burst length does not exceed 0.75 inch.
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Figure 4.]

m— tube 0D
/‘W
-~

/ e tube 10

Patch 1GA

Uniform [GA

Patch and uniform 1GA morphology as observed in a

tube 1D

transverse tube section. (A similar observation would be

made from a longitudinal section,)
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e A = tube 0D
s LR 1D

,¢a~r~—"""_ Branch SCC
Fa
/////:;leo SCC

transverse section
schematic

T g

tube '

longitudinal section
schematic

Figure 4-2 Schematic of simple IGSCC and branch IGSCC, Note that
branch and simple 1GSCC are not distinguishable from a
longitudinal metallographic section., From a longitudinal
section, they also Took similar to IGA (See Figure 4.3),
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Figure 4- 4

Axtal Direction

Photomicrographs of radial metallography performed on a reg

with

axial and circumferential degradation on tube Ri6 (74, support
plate 1 Cellular 'GA was found with 1it' ~ change in the cell
shape and cell wall thickness at depchs ot 4, 1] and 21 mils bel

the 0D surface. Note that the cut section was flattened
preferentially opening the circumferential wall of the colls

Nl
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Macrocrack Length « 0,52 inch

Throughwall Length = 0.02 inch

Number of Microcracks « at least 3

Morphology =  1GSCC with moderate 1GA components

0.75 inches - - SP top

0.0 inches - -~ SP bottom

180° 270° 10 g0° 1m0°

sketch of Crack Distribution

Figure 4 - 8.  Summary of crack distribution and morphology observed on the first suppon
plate cravice region of tube R31-C46, Farley Unit 2.
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sketch of Burst Crack
Macrocrack Length = 0.4 inch

Throughwall Lengtt = 0.01 inch

Number of Microcracks « 7 (all ).gaments have predsminantly
intergranular features)

Morphology =  1GSCC with some IGA aspects (circumferential cracking
has more 1GA characteristics)

0.7%5 inches - - SP top

0.0 inches - - SP bottom

180° 270° 0° 90° 180°

Sketch of Crack Distribytion

Figure 4 - 7. Description of OD origin corrosion at the titth support plate crevice region of
tube R4-CE1, pPlant B-1
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Figure 4 - 10. Sketch of crack distribution and depth within the center of the first support
plate intersection in tube R4-C73.
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00

10

Macrocrack Length = 0. 50 inches
Throughwall Length « 0.15 inches

Number of Microcracks « 4 (two 1igaments with intergranylar
features, one with ductile overload features)

Morphology = Intergranular SCC with significant 1GA
characteristics (width of IGA 0.030 inches)

0.75 inches - \\i ~ SP top
0.25 inches -
0.0 inches - - SP bottom

Figure 4 - 12, Description of OD origin varrosion at the first support plate crevice
region of tube R21-C22.
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Figure 4 - 13, Skelch of crack distribution and depth within the first support plate crevice
i\ region in iube R21-C22.
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aketch of Byrst Crack

10

Macrocrack Length « 0.37 inches
Throughwall Length « 0 (78% throughwall)

Number of Microcracks = numerous (ligaments have intergranular
features)

Morphology = Intergranular SCC with minor IGA features
(Unusual spider-shaped crack distribution)

burst opening
locatien

0.75 inches - - SP top

0.0 inches - | = SP bottom
180° 270° 0o° 90° 180°

Sketch of Crack Distribution

Figure 4 - 16. Description of OD origin corrosion at the first suppont plate crevice
region of tube R38-C46.

4 43



Figure 4 - 16,

Summary of distribution and maximum depth of cracks found within the first
support plate crevice region of tube R38-C46.
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Figure 4 - 19. Photomicrographs of a transverse section from the first suppon piate
Crevice region of tube R16-C53. Mag. 100X
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Figure 4 - 21. Crack network location at first support plate region on tube
R20-C26 HL.
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Photomicrographs of radial metallograghy pe
axial and circumferential dearadation on t
plate | Cellular IGA wac found with Jitt)
shape and cell wall thickness at depths of
the OD surfacz. Note that the cut section
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50 FARLEY EDDY CURRENT INSPECTION RESULTS
6.1 Farley Unit-*, March 1981 Inspection

The scheduled program of EC inspections paerformed at Farley Ur it-1 in the 10t
refueling outage included fu!: length bobbin probing of 190% of the availab'e tubes.
Supplemental inspection was performed with rotating pancake coil (RPC) probes 10
Characterize distoried Indications ideniified at the TSP elevaions. A summary of the
INSpection results is given in Table §.1.

Ihe TSP bobbin EC indications were observed randomly across the tube bundle with $G-A
having 19, 5G-B 136 and 5G-C 219. The bobbin indications were further

characterized using RPC probes if the data revealed crack tube behavior, then the tube
was removed hom service by plupging.

The total tube plugging during the outage was 265, with 97 being plugged for ODSCC
indications at the support plates, 43 for ingications at the 10p of the 1ubetheet, 76 for
PWSCC in the WEXTEX region, and 49 ior U-bend PWSCC,

In & manner similar 1o Unit-2 (see Section $.2 below), prior eddy current data (1988

and 1989 inspections) were reviewed 10 assess the progression 0. ODSCC indications at
the TSPa. The results of this re-evaluation show that the rate of progression of ODSCC at
the suppon plates is vary slow. During this re-evaluation, percent through wall

eslimates were made for thy distonted indications. Over the las! two operating cycles,

the average grow*hs in indicated through wall penetration were 5% in 1988-89 (with &
standard deviation of 16%) and 6% in 1985.91 (with a standard deviation of 24%):

see Figure 5-3.

Histograms depicting the distribution of signal amplit.:des for distorted indications for

each SG are given in Figure 5-1; Figure 5-2 lllusirates the exial distribution of the

TSP indications. The dependence of voltage change on observed amplitude is displayed in
Figure 512 for tha data recorded in Lath the 1989 and 1091 inspections. Voltage

growth rale data are giscussed in section 5.3,

It mav be noted that the growth rates during the last two cycles have been very small,

both in depth of wall penetration and in bobbin coil amplitude. This is atiributable 1o the
Improved secondary sysltem chemistry operation during the recent cycles. i is believed
that OUSCC initiated as a consequence of the chemistry excursions which vecurred during
the 1965-86 cycle. Inhibiting effects of boric acid treatment and the improved

secondary side chemistry control have resulted in low nucleation rate ~nd reduced
progression of ODSCC. This is refiected in the very small growth rate of ODSCC observed
at the TSP intersections.

§2 Farley Unit-2, October 1990 Inspection
The Cycle 7 refueling outage provided the last Farley Unit-2 steam generator inspection
in October, 1990. Bobbin probe EC testing was performed full lengti on 100% of the

tubes in service; all TSP indications greater than 40% in estimated depth of wall
penetration as waoll as all distoned indications of any amplitude were subjected 1o MRPC
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1esting 10 assist in charactesizing the exisnt and nature vi the owaradation. Tubes found
10 exhibit degradation sugg. :itive of ODSCC were plugged; this resuliec in plugging 244
tubes, 30 in SG-A, 64 in 5G-B and 150 in SG-C. Estimation of the Jrowth in tube wall
pene'rations during Cycle 7 ylelded 0.6% for S8G-A, 2.9% for SG-B and 3.6% for 8G-C.
The composite changes for the thres SG's combined was -3.3° in phase angle and -2 8%
depth of twbe wall increase for the las! cycle, based on evaluation of 327 signals. Only

14 of the 327 indications reported for Farley-2 exceeded 1.75 volts in ampiitude.

Along with the Farley-1 data, Table 5.2 displays a breakdown of the EC indications
reported for the Farley-2 5G T8Ps in the October 1990 inspection. It is noted that al
Indications 240% as weil as aimost all the distonad indications (208 of 210) were
reporied on the hot leg side of the tube bundie. Thougt, 248 of the 308 hot leg indications
reprobed with the MRFC were verified 10 exhiblt signs of degradation, the bobbin
amplitude of these signals was below 1,75 volts for at least 84% of them. Figure 5-4
“ummarizes the uxial distribution of the TSP Indications.

Figure 6-5 displays the voltage levels recorded for all TSP indications in Farley-2. A
discussion of voltage growth is given in Section 5.3,

In order 1o provide a definilivo understanding of the Farley-2 historical context
concetning TSP ODSCC, a re-evaluation of the prior EC tape records has been performed
beginning with each ‘ndication reported in the 10/80 inspection, working hack in time

for these indications while adding in the previously plugged tubes and their prior tapes;
all these records were analyzed using the EC interpretation guidelines employed In the
field in 10/80, so that a normalized or rationalized data bese could be constructed.
Growth rmee, more correctly change rates, were developed over four operating cycles
from 1986 ,» 1980. The phase angle changes for the four oycles are displayed in Figure
5-6, from which It can be seen that only a slight negative shift in average phase angle
has occurred since 1985, For conservatism. summing only the negative average phase
shifts since 1985 ylelds -7.4" over four cycles, or approximataly 6% total growth in
equivalent depth of tube wall penetration over that four cycle, § year time period.

1t must be recognized that these changes reflect the behavior of tubes which in large pan
were affected by the inhibiting efe~*s ol boric acid treatment atter 1986, The tubes
plugged in 1886 were those that exhibited an enhanced sensitivity 10 caustic attack,
resulting in EC indications greater than the plugging limit. Mowever, a second
population of lubes was also affected. The data obtained during the reevaluation
demonsirate that the rate of progression of the EC signals is very slow. Further, the
statistics suggest that the nucleation rate in the presence of boric acid Is very small In
short, the tube plugging chserved can be atiributed 10 a fixed population.

53 Voltage Growth Rates for Farley SGs

This seztion summarizes tha evaiuation of voltage growth rates, including historical
trends, for Farley Units 1 and 2. The growth rale data are utilized in Section 12 1o
develop the tube plugging limits.

Table 5.4 shows the historical data on voltage growth per cycle for both Far'ey units.
Percant growih rates are given as the increase in voltage amplitude over an operating
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CyCle relative to the beginning of cycle amplitude  Average growth Is piven as the direct
average of all data and as the conservative svernge oblained by setting measu! yd negative
prowth changes 10 zero in defining the average. Also shown are the number of indications
cuntributing tv the averages and the average voltage amplitudes for all indications. The
siandard deviations are also given as an indicator of vollage variability. Mowever, as

noled below, the growth distributions are not representative of a normal distribution -

that cumulative probability distributions are provided for analyses such as SLB leakage
projections that Incorps. ate growth rate unce Hainties.

Figures §-10 and 611 show scatter piots of percent growth versus the BOC (beginning
of cycle) amplitudes for the last two cperating cycles. Both units show a decrease in
percent growth wih increasing amplitude with the weighted averages, shown as solid
hies, tencing toward negative values at BOC amplitudes above about 0.76 volt * ~ .
negative growth values typically result from changes in calibration standards ar -
analysis guidelines recognizing that no major eftort was applied 10 achieve consistency
in voltage evaluations. Negative growth can be assumed 10 represent zero growth for
determining sverage growth. This is conservative since the randoin, negative
fluctuations are ignored while positive fluctuations are 2'ained in computing averages.
The scatter in growth values is much larger at low amplituses as expected since these
amplitudes are near the detection threshold where measurement accuracy is less
reliable than for larger indications

The data 50 show a few growth values considerably above the overall trend. Most of
these ocour at low BOC amplitudes where modest growth can sio vicantly increase
amplitudes and enhance detectability. Since a relatively large number of indications are
Included in the database, the frequency of the out! ars in growth can be conside ed 10 be
representative of the population and conservative when extrase ' vad 1o growth trends at
higher voltage levels such as for statistical SLB loak rate anuy.ss. Figures 612 and
5-13 ~how higtonrams and cumulative probabiiity curves developed from the 4ata of
Figur 510 and 511, Figures 5-14 and 6-16 show the cumulative growth

probab. ty expressed as growth per EFF Y and as growlh per cycle, respectively.
Figures 5-14 ard 5-15 are appropriate for 518 Iwakage and burst analyses as discussed
in Section 12.4. Growth per EFPY Is appropriate If cycle lengths change, wi.ie growth
par cycle can be applied If cycle lengths are not varied as is comman at Farley. As can be
seen in Figure 515, the growth rends do not follow & normal distribution at the large
AV's. For this reason, cumulative disiributions such as Figure 5-15 are used for the
SLB analyses required by the Section 12 repair critaria. Use of s14¢ ard deviations 10
project growth to EOC conditions would be non-conservative compared 1o the actual
cumulative probability distrit.utions. For oxample, more than four standard deviations

are required 10 achieve the large AV talls of the actual distributions of Figure 5.15.

The larger growths of Figure §-15 tend to ocour tor BOC voltages less than about 1.3
volts, The trend for larger growth at low vollages can be seen in Figures 5-11 and

5:12. Upon implementation of the repair crileria of this repon including voltage

calitration standards, the voltage growth rates for S1.8 analyses would be based upon the
larger population of the largest 200 BOC voltages or the BO® voltages within about 1.8
volts of the tube plugging voltage limit.

Figure 5-16 shows the historical average growth rate trends for the F arley units.
Shown are the overall average of all data as well as averages for < 0.76 and » 0.75 volt
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BOC ampliudes. The data show the strong trend for reduced percent growth at higher
amplitudes. For conservalism in establishing the plugging criteria, the overall average
growth rates are used o project growth at higher amplitudes in Section 12 10 develop
the voliage-based tube plugging limits. Section 6.7 compares voltage growth trends
from other avallable plant data with the Farley data.

54 Denting and TSP Corrosion Review

The condition of the Farley steam generator tube support plates with respect 10 the
incidence of denting has previously been regarded as in the mino:, nearly negligible,
category. However, during investigations of the condition of the R20-C26 tube at the
first hot leg TSP (tube sample from Farley-1 taken in October 1889), the difficulty in
identifying the presence of the 62% ODSCC found in the labaratory from the field EC
inspection was attributed in pan 10 interference from dents. Since the influence of TSP
corrosion and denting in limiting displacement of the T8P's during accident conditions
may be substantial, a raview of selected portions of the Farley steam generator lube
bundies was undertahen.

Hot leg support plaie elovations in all $G's exhibit only small numbers of tube
deformation (dent) signals, but examiniation of the * 3P signals ar low frequency (10

kH2) shows positive effects of corrosion product buiJup In the TSP annuli this eftfect is
attributed to magnetite formation which accompanies the incipient stage of denting.
Dent-related corrosion as defined in NRC Bulletin 88-02 was evaluated for tubes in
regions not close 10 the stay rods. The cold leg portions of the 1ube bundle show less
influence of the presence of TSP corrosion, due 10 the reduced corrosion Jtes assoclated
with lower tube temperatures. For example, Figure 5 7 summarizes the results of the

EC review for Faney-1 in the cold legs of the longest tubes of each steam generator,
Table 5.3 displays the data for all regions of $G-A.

Thus the existence of TSP corrosion In the Farley-1 steam generators is confirmed. An
evaluation of TSP corrosion was also performed for the Farley-2 SG-A as given in Table
£.4. TSP corrosion has been confirmec for this SG and it can reasonably be assumed thal
the other 5Gs in Unit-2 also have similar TSP corrosion.

55 RPCData

Although TSP/QODSCC indications detectad by the bobbin coil 1end 10 exhibit complex
lissajous patierns in the [ arley steam generators, ch racterizaticn of the degradation at
these locauons with the rotating pancake coil probe (RPC) otten clarifies the dimensions
and distribution of the major crack features. A selection of four (4) such RPC
characterizations from each unit are provided in Figures 5-8 and £-9. For Farley-1

the figure exhibits the data for the pulled tube (8G-C: R20-C26) and the tubes plugged
for TSP/ODSCC in November 1989, SG-B: R12.C3 and $G-B: R31-C50; similarly the
Farley-2 examples include two tubes pulled in November 1990 SG-B: R4-C73 and

SG B: R21-C22 as well as two with lurge bobbin signal voltages plugged during the samg
outage (SG-C: R38-C65 and SG-C: R40-C43!.
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TSP Corrosion Evaluation
Farley-2 Steam Generator A
October 1990
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| Mot | Tubes Examined 20 20 20 37
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