Attachment 1 to Document Control Desk Letter
Page 2 of 6

mm@wﬂmm greater tham M wre @Bt m@@

;m% in thoos aress whare axperionce hes (ndizated pote

Spazificatien 4.4.8.4.8.8) ahatl)

net permit Ghe m
é@mmim. &Mea&bo mww a5 m

@ua. 3# w oelested tube does
raat probe for 6 tube
, wm e shall
In pediticn o the sem MW& @ 4.5.8 Bo& : |
tubes which heve had ok % & apiisd will be 68ed iR
the mmm “rsgion, baieg w m%m trem 2, @.&.8 b.1
rovided @ oy pm%m mw pans ration o7 SE wao 10c8te:
Yo s *"“‘ d'@ BRBB/ or Yhe requiced LB Tnspect oy, area ;

(3% inche

The tubes sele 8 the escond &nd third o8 (97 ra
Tabie 4.822) @Mm mm %m@@ ( be subj
partie? tube (mapection providsd:

ctod for thees mm imw@ m m from
thoee areas @? m e o Grrly where @
{aperfections ware @Mmty founs.

2. The (nspections (neiute Lhose p
leparfactions ware previsvely 9

The resuits of repection shall be clapeifisd ims em of e

‘ : g ave m@%ﬂ%ﬂ@ @1‘ M%m

15 o7 the {nspectad

y defredsd fubes sust axhibit
~ fam? well penetrations
groentags ealeulations.




Attachmeat 1 to Document

'‘Page 3 of €
" REACTOR

Control Desk Letter

SYST

SURVEILLANCE REQUIREMENTS (Continued

4.4.5.4 Acceptance Criteria

@. As used in this Speci‘ication:
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I!g%rfoct1on means an exception to the dimensions, finish or
contour of a tube from that »equired by fabrication drawings or
specifications. Eddy-current testing indications below 28! of
the nminal tube wall thickness, if detectabie, may be
consifered as imperfections.

Degrudatirn means a service-induced cracking, wastage, wear or
9::0?. corrosion occurring on efther 1nside or outside of 8
tube.

Degraded Tube means & tube containing imperfections greater
an or equal to 20X of the nomina) wall thickness caused by

degradation,

X Degradation means the percentage of the tube wall thickness
&Tfected or removed by degradation.

%ofoct means an imperfection of such severity that it exceeds
e plugging or repair limit. A tube containing a defect is
defective.

Tube Plugging or Repair Limit means the imperfection depth st or
beyond ;gicﬁ the quo shall be repaired (i.e. sleeving) or
removed from service by plugging and is equal to 40X of the
nominal tube wa'l thickness. This definition does not apply to

-thv-tuur-+§—not-dvvr.dodwf+rt77-ao-4na+eoe+ont-o4—efcet+ng)-—
‘within-the—F-distence—

Sleeve Plugging or Repair Limit

&, For the area in the upper weld Joint, any degradation shall
be plugged unless it can be clearly demonstrated by a quali-
fied NDE technique that the degradation is less than 40% of
the nominal wall thickness of the sleeve for 1D imperfec-
tions or less than 40X nominal wall thickness of the tube
for 0.0, imperfections.

b.  For the area of the tube behind the sleeve and above the
upper weld joint, tubes with any degradation shall be
plugged unless it can be clearly demonstrated by a qualified
NDE technique, that the degradation is less than 40% of the
nominal wall thickness.

€. For “he area below the upper weld Joint, any defect greater
tha .0X of the nominal sleeve wall thickness shall be
plu. 4.

SUMMER = UNIT 1 3/4 4-14 Amendment No. B4, B, 9)
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REACTOR COOLANT SYSTEM

SURVEILLANCE REQUIREMENTS (Continued)

12. Preservice Inspection means an inspection of the ful) length of
€ach tube in each steam generator performed by edty current
techniques prior to service to establish a baseiine condition
of the tubing. This inspection shal) be performed after the
field hydrostatic test and prior to initia) POWER OPERATION
using the equipment and techniques expected to be used during
subsequent inservice inspections.

F® Distance is the distance inte the tubes“eet Trom the face
of the tubesheet or the top of the last hardrol), whichever is

Tower (further into the tubesheet) that has been conservatively
chosen to be 1.6 inches.

E® TUBE 1s the tube with dagradaiion. below the F* distance,
equal to or greater than 4 v and not degraded (i.e., no indica~
tions of cracking) within the F* distance.

The steam generator shall be determined OPERABLE after completing

the corresponding actions (plug or repair all tubes exceeding the
plugging 1imit) required by Table 4.4-2.

Reports

Within 15 days following the completion of each inservice inspection
of steam generator tubes, the number of tubes plugged or repaired in
each steam generator shall be reported to the Commission in a Special
Report pursuant to Specification 6.9.2.

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

1. Number and extent of tubes inspected.

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

3. Identification of tubes plugged or repaired.

Results of steam generator tube inspections which fall into

Category C-3 and require prompt notification of the Commission shal)
be reported pursuant to 10 CFR 50.72(b)2(1) prior to resumption of
plant ooeration. A report pursuant to 10 CFR 50.73(a)2(i1) shall Le
submitted to provide a description of investigations conducted to
determine cause of the tube degradation and corrective measures taken
to preven® recurrence. and LK

The results of inspections of F*/tubes shall be reported to the
Commission in a report to the Director, ONRR, prior to the restart
of the unit following the inspection. This report shall include:

ool LW
1. Identification of F*tubes, and
2. location and size of the degradation

NRC approval of this report is not required prior to restart.

SUMMER = UNIT 1 3/4 4-15% Amendment No. 28, B4, 88, 9)




Attachment ) to Document Centrol Desk Lettar
‘Pagre 5 of 6

ACTOR CODLANT SYST

The Survailiance Reguirements Tor inspection of the stean ganerator tubes
ansure thet the structural ntegrity of this portion of tha RCS will Be maine
tained. The program for {nsarvice 1nspection of teem generster Lubes 1o based
on & modificetion of aeguwtow Guids 1.B83, Revisfen 3, Tzservice inspaction eof
steam generator tubing 98 sssential in erder to maintaln surveillance of the
gonditions of the tubes ¢n the awent Ghat thers s evidente of mechanice) damepe
or pro?ressiw degradation dus L0 design, manufecturing evrors, oF inservice
conditions that Yeed ¢o ecorresien, Inservice inspsction of ataaa fenerater
tuding aise prevides @ means of characterizing the mature erd cavee of any tube
degracdation se that curractive measures can by taken.

The plant 1o expected o be operated !n & menner sush that the secondsry
conlant will be sainteinred within those chemistry Vi@its found 80 result in
negligible corresion of the stean generator tubet, I7 the sacondary éselant
ghepistry 18 not meintoined within these 1imils, Yoealized eorrceion eay
11kely result {n streas corresion smcme?. The extant ef crecking during

jant eperstion would be Vimited by the 1imitetion of Etaas Gensrawor Twbe
eakage betwsen the primary coolsnt eystem and the secondary ¢o9lant system
éprimr{wmoncaw Teakags ® 500 gallons per pev Gteam ganerator).

racks having o primery-te-secondary leakage Tess than thie 1iBit during
operation will have an edequate sargin of safety %o withetand thae 1cads
{mposed during nevmal oparstion and Dy pestulated seeidents. reting plants
have demencirated that primary-te-secondary loskage of BOD geliens per day per

steam penerator can reedily be cetected %{ padistion monitors of stese gersrater
8

blowdewn, Leakage 1n excess of this 1t wil) require plant shutdown end @A
unscheduled inspection, during which thd Taeking tubes will be loceted and
plugged or mepaired.

Wastage-type defects are uniikaly with
secondary coolant. However, aven 1f @ defect sho o0 in service, it
will be Yourd éuring scheduled inserviee stamm seperator tuwe examinations.
Plugging o= repairing will be required fer a1l Tubes with {xperfactions exceed:
ing 4U% of tha tube pemingl we)l thickaess, Stesa generator tube inspections
of operating plants heve cemonstreted the capabiiity to reliabiy Getact wastape-
type degredation that has penstreted 203 of the eriginal Sube wall thicknass.

'\‘V-')t\) n‘) 'S nox f(_-b\_,:((_(\ (e( > m(t*\f\kj Q.\*MJ\ *&\ F’# or L% L(\‘\’e'\\‘\
Wheraver the reaylts of any Swees w?m-m tbing Inservice inspection
fall {nto Cetagery C-3, these resnits «ill b wm%% racortad to the Commission
pursuant ¢o 10 CF %0.%(@)2(%) rlor to resmption of plant &fReation, Sueh
cases will be considersd by the {egien on & eeseoby-case basis and
resuit 1n a roquircsent for anaiysis, Taberetery ensminrations i tests, adaitienal

addy-current {nspection, and ravision of the Teehaieal Specifications, {7
necessary.

SUMMER - UNIT 1 @ 8/4 4-3 Anendment Wo. 38, B4, 59

810°4 QW BQS3HI38 ¥3IN3D 30HSS3W J¥N 81:61 L8, L1°EHN
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INSERT A

L* Distance is the distance into the tubesheet from the face of the
tubesheet or the top of the last hardroll, whichever is lower (further

into the tubesheet), that has been conservatively chosen to be 0.7
inches.

L* Tube is a tube with short (less than 0.5 inches) axially orie~ted
(20 degrees or less from axial) degradation occurring below the
undegraded L* distance. An additional minimum of 1.0 inches of sound
expanded tube (below the L* distance) separated by no more than 2 areas
of axially oriented degradations must be contained in the top 3.5
inches of tube (within the tubesheet). Each area of degradation is
limited to &« maximum of 5 distinct indications, A maximum of 2500 tube
ends per steam generator may utilize L*, Tubes qualifying as f* tubes
are not classified as L* tubes.
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Description of Amendment Request:

Technical Specificaticn 4.4.5, "Steam Generatcrs-Surveillance Requirements,"
describes the augmentcd inservice inspection program used in conjunction with
Specification 4,0.5 t¢ demonstrate steam generator operabiiity. In order to
utilize the L* alternate piugging criteria, several items in Technical
Specification 4.,4.5 must be revised. The proposed changes provide
requirements for .* " " h are similar to the type of requirements imposed for
utilization of F*, & brief description of the existing Technical
Specification items and the proposed revisions is provided below.

1S 4.4.5.2.¢

This item currently requires inspection in the tubesheet region for
specified F* tubes. The proposed change adds the requirement to inspect
all L* tubes in the tubesheet region,

15 4.4.5.4.a.6

This item provides tube and sleeve plugging or repair limits, It
exempcs F* tubes from plugging or repair provided the tube is not
degraded within the F* distance. The proposed change will add an
exemption to the pluaging or repair limit for L* tubes provided there is
no degradation within the L* distance.

TS 4.4.5.4.a.15

The proposed change adds a new item, 4.4.5.4.a.15, which defines the L*
distance.

15 4.4.5,4,a,16

The proposed change adds a new item, 4.4.5.4.a.16, which defines an L*
tube including 1imits on the amount of tube degradation and type of
cracking. A maximum number of tube ends which can utilize the L*
criteria is also specified.

This item currently requires a report on the results of the inspection
of all F* tubes. The proposed change adds the requirement to report on
t ~esults of the inspection of all L* tubes.

Bas.., 3/4.4.5

The bases currently state that plugging is not required for F* tubes
provided there is no degradation within the F* distance. The prcposed
change revises this statement to say that plugging is not required for
tubes meeting the F* or L* criteria.

The basis for steam generator

tube surveillance and plugging/repair is to
ensure that the structural inte

grity of the tubes is maintained. The L*
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criteria was developed to allow for an alternative to tube plugging or
sleeving for indications which occur in the tubesheet area. The L* criteria
defines a length of undegraded expanded tube in the tubesheet which is
sufficient to maintain any potentia)l leakage (resulting from cracks occurring
further down in the tubesheet) to well below the Technica) Specification
1imit and Safety Analysis assumptions. The L* criteria were premised on the
fact that the tubesheet provides reinforcement of the expanded portion of the
tube, provides resistance to tube rupture and collapse, and limits leakage of
throughwall cracks, WCAP-11857 describes in detail the analysis and testing
performed tc demonstrate acceptability of the L* criteria.

The proposed Technical Specification change is requested to provide SCE&G
with an alternative for dispositioning degraded steam generator tubes.
Application of the L* criteria provides benefits by maintaining tube heat
transfer and flow capabilities and reducing personnel radiation exposure
obtained during plugging/sleeving operations.

Safety Evaluation:
Introduction

This Technical Specification change is being proposed due to the history of
eddy current indications of tube degradation in the mechanical rol)l expanded
portion of the tubes within the tubesheet in the steam generators at VCSNS.
It has beer determined through interpretation of eddy current examinations
that the tube degradation occurring in the VCSNS steam generators is of the
type associated with primary water stress corrosion cracking (PWSCC).
Uegradation appears to occur at sites where the residual stresses are the
greatest (i.e., at the rol] expansion transition and at the heel of each roll
step within the depth of the tubesheet). ctxperience to date shows that
typically the indications are short (less than 1/2 inch) axially oriented and
intergranular in nature (ie. very little volumetric loss occurs). As
expected, the indications primarily form rapidly and as they grow through the
high stress field, the stress is relieved and the crack is arrested. Some
circumferential extent or 1inking up of small axials may be found in some of
the more susceptible/significantly degraded tubes (e.g., tubes that were
poorly rolled or with poor metallurgy). However this is not expected in
regions where the degradation has not progressed as extensively.

Using existing Technical Specification tube plugging criteria, many tubes
experiencing only minor PWSCC degradations would have to be repaired or
removed from service. However, with tne analyses described in this submittal
and WCAP-11857, it can be shown that tube plugging or repair is not required
in many cases to maintain tube bundle integrity. WCAP-11857 was developed by
Westinghouse specifically for VCSNS and provides L* criteria for the VCSNS
steam generators. The proposed L* criteria were evaluated for the four tube
modes recommended by Regulatory Guide 1.121 for three steam generator
conditions (normal operations, feedline break and loss of coolant).

The proposed amendment takes advantage of the WCAP analyses and offers many
benefits including 1) precluding occupational radiation exposure that would
otherwise be incurred by plant workers involved in tube plugging or repair
operations, 2) minimizing the 10ss of margin in the reactor coolant flow
through the steam generator in LOCA analyses, and 3) avoiding loss of margin
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in reactor coolant system flow and thercfore assisting in assuring that
minimum flow rates are maintained in excess of that required for operation at
full power. Reduction in the amount of tube plugging or repair required can
also reduce the length of plant outages and reduce the time that the steam
generdators are open to the containment envirornment during an outage.

Justification

The Mode) D-3 steam generators at VCSNS were fabricated with a full depth
roll expansion in the lower end of the tube above the tube to tubesheet weld.
The presence of the tubesheet acts to constrain the tube and complement its
integrity in that region by essentially precluding tube deformation beyond
its expanded outside diameter. In addition, the proximity of the tubesheet
significantly affects the leak behavior of through wall tube cracks in this
region. The elastic preload and interference fit between tube and the
tubesheet due to the roll expansion provides an effective barrier to

significant leakage from cracks and other tube degradation in the expanded
tube.

Tube plugging criteria have been developed for indications of tube
degradation in tne tube expansion region below the transition of the
mechanically expanded/unexpanded portions of the tube. Over the past 3
outages, SCELG has successfully utilized the F* criterion which allows tubes
with degradation occurring greater than 1.6 inches into the tubesheet to
remain inservice. The F* criterion represents a length, designated F*, of
continuous roll expansion in the tubesheet such that tube pullout would not
occur during efther normal operation or postulated accident condition
loadings. The implicit assumption of a circumferential severance of a tube
in the development of the F* criterion permitted the conclusion that
degradation of any extent or orientation within the tubesheet below the F*
41istance is acceptable during normal and postulated accident conditions.
.ais very conservative assumption results in a distance that is longer than
necessary to provide a 1imit to significant leakage in excess of the
Technical Specification allowances and Safety Analysis assumptions. Existing
VCSNS steam generator tube plugging and repair criteria do not take into
account the reinforcing effect of the tubesheet on the external surface of
the tube in the portion of the tube expansion above the F* location.

To address some of the indications occurring at an elevation too high in the
tube to meet the F* criterion an additional alternative plugging criteria,
designated the L* criteria, is proposed. The L* criteria defines a length,
L*, of undegraded expanded tube which, even in a worst case scenario, is
sufficient to maintain (well below the Technical Specification 1imit and
Safety Analysis assumptions) any potential leakage. Use of the L* criteria
requires that the condition of the degradation below the L* distance be
assessed. For those tubes in which the degradation below L* is determined to
be axial or near axial {not greater than 20°) cracking, the degraded tube
provides sufficient structural strength to preclude pullout of the tube and
it may remain in service without repair or plugging. The approach taken in
developing the L* criteria was to build on the fundamental basis of the F*
criterion, thereby utilizing an accepted methodology for the groundwork and
limiting the introduction of new (untried) methodologies.
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The minimum required engagement length, L*, of roll expansion to preclude
significant leakage under normal operation and postulated accident loading
conditions was determined to be 0.50 inches. (This value does not include an
allowance for eddy current elevation measurement uncertainty.) This L*
distance 1s measured from the bottom of the transition between the expanded
and unexpanded portions of the tube. In the case of a transition located
above the top of the tubesheet, the L* distance is measured from the top of
the tubesheet.

In order to evaluate the L* criterion cuncept for indications within the tep
portion of the tubesheet, an evaluation of the strength of degraded tubes was
made. Based on plant operation and laboratory experience the configuration
of any cracks, should they occur, 1s initially axial., For axial or nearly
axial indications in the tubesheet region, the tube end remains structurally
intact minimizing any petential for tube pullout. The strength of tubes with
axial or ne2r axial cracks has been evaluated using analysis and testing. In
order to impiement the L* criteria, SCE&G has chosen to conservatively
roundoff the counding values established in WCAP-11857 (see Attachment 4 for
a discussion on bounding assumptions). A minimum of 3.5 inches of the tube,
beginning at the top of the tubesheet and extending down into the tubesheet,
must be inspected using a rotating pancake coil (RPC) eddy current technique
(or equivalent) to determine the condition of the tube. A minimum of 1,0
inches of sound expanded tube (below the L* distance), separated by no more
than 2 areas of tube degradation (cracks less than 1/2 inch and not greater
than 20° from axial), must be found in the inspected portion of tube to ensure
tube strength and prevent tube pullout.

The L* engagement length determination was derived from preload, tube
pullout, hydraulic proof (pressure), and leak testing done to develop the F*
criteria. An evaluaticn consisting of analysis and testing programs was
conducted to verify that the strength of tubes with axial or near axial
cracks in the roll expansion region is greater than that required to resist
pullout forces during normal operation and postulated accident loading
conditions. An additional program of tests was done to verify that a roll
expansion with the length of L* is sufficient (o significantly restrict
leakage during normal operating and postulatea accident condition loadings.
The leak testing done to validate the L* distance used holes drilled through
the tube to simulate the ends of axial cracks. The F* leak testing had used
a less sophisticated method for simulating tube degradation using a
circumferential cut through the tube. The acceptance criteria for t! 2 leak
testing was based on maintaining the total leakage through the L* distance to
less than the primary to secondary leakage 1imit in the Technical
Specifications. To provide operational flexibility, the acceptance criteria
was determined using a fraction of the Technical Specification limit (.117
gpm). This value was divided by a number of tubes larger than the number of
tubes expected to use the L* criteria (Note that the WCAP allows L* to be
applied to 2648 tube ends per steam generator, however, SCE&G has chosen to
limit L* to 2500) to get a final acceptance criteria for average test
specimen leakage. The results of the L* leak testing compared favorably with
the acceptance criteria. For normal operating pressure differential, primary
to secondary leakage for an L* value of 0.5 inch was negligible. The leak
testing included tests of lengths shorter than 0.5 inch to demunstrate that
the function of ieak rate versus length of sound expansion is not near a
threshold value in the region of the L* length chosen,
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The tota)l L* distance value to be contained in the Technical Specifications
includes 0.2 inch as an allowance for eddy current measurement uncertainties.
This value conservatively envelopes the present day capabilities of state-of-
the-art eddy current technology. Attachment 4 provides a more detailed
discussion of eddy current capabilities for L* implementation,

Degradation of the type for which the L* criteria has been developed, axial
cracking, has been shown to be self 1imiting and not to rapidly grow into a
length which could lead to an increased probability of a tube rupture. The
use of the L* criteria could not affect the probability of occurrence of any
other accident which originates from conditions outside the steam generator.
The 1imiting of the total leakage from (* tubes to '":ss than the Technical
Specification limit will assure that the consequences of any analyzed
accident are not increased by the use of the L* criteria. The use of this
criteria could not cause the steam generator or any other equipment important
to safety to melfunction. Existing tube rupture analyses bound the effects
of any hypothetical failure of the tube due to the use of the L* criteria and
use of the L* criteria does not result in the possibility of an accident
different from those previously analyzed. The margin of safety is not
reduced and is provided by tne safety factors implicit in the use of the ASME
Code to analyze the structural integrity of the tubes, the safety factors
included in the recommendations of Regulatory Guide 1.121, and the margin
represented by the difference in the size of a crack sufficient to exceed
Technical Specification leak limits/Safety Analysis assumptions and the
minimum size of crack required to result in tube rupture or exceed analysis
assumptions in the steamline break analysis.

On the basis of the evaluation above and as further detailed in WCAP-11857,
it is determined that tubes with tube degradation which can be categorized as
axial or near axial cracking (not greater than 20°) within the tubesheet
region below the L* distance (defined as 0.7 inches, including eddy current
uncertainty) can be left in service. Tubes with tube degradation which is
located a distance of less than L* below the bottom of the transition between
the expanded and unexpanded tubes or the top of the tubesheet, whichever is
lower, will be removed from service by plugging or repairing in accordance
with Technical Specification requirements.
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NO SIGNIFICANT HAZARDS EVALUATION

Description of Amendmert Request:

Technical Specification 4.4.%, "Steam Generators-Surveillance Requirements,"
describes the augmented inservice inspection program used i1n conjunction with
Specification 4.0.5 to demonstrate steam generator operability. In order to
utilize the L* alternate plugging criteria, several items in Technical
Specification 4.4.5 must be revised. The proposed changes provide
requirements for L* which are similar to the type of requirements imoosed for
utilization of F*, A brief description of tie existing Techtnical
Specification items and the proposed revisions is provided below.

TS 4.4,5.2.¢

This item currently requires inspection in the tubesheet region for

specified F* tubes. The proposed change adds the requirement to inspect
all L* tubes in the tubesheet region,

1S 4.4.5.4.4,6

This item provides tube and sleeve plugging or repair limits., It
exempts F* tubes from plugging or repair provided the tube is not
degraded within the F* distance. The proposed change will add an

exemption to the plugging or repair limit for L* tubes provided there is
no degradation witnhin the L* distance.

1S 4.4,5.4.a.1%

The proposed change adds a new item, 4.4.5.4.a.15, which defines the L*
distance.

]—5.._‘1;;_'2;_‘; d_ -_l_é
The proposed change adds a new item, 4.4.5.4.a.16, which defines an L*
tube including 1imits on the amount of tube degradation and type of

cracking. A maximum number of tube ends which can utilize the L*
criteria is also specified.

This item currently requires a report on the results of the inspection

of all F* tubes. The proposed change adds the requirement to report on
the results of the inspection of all L* tubes.

Bases 3/4.4.5

The bases currently state that plugging is not required for F* tubes
provided there is no degradation within the F* distance. The proposed
change revises this statement to say that plugging is not required for
tubes meeting the F* or L* criteria.
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The basis for steam generator tube surveillance and plugging/repair is to
ensure that the structural integrity of the tubes is maintained. The L*
criteria was developed to allow for an alternative to tube plugging or
sleeving for indications which nccur in the tubesheet area. The L* criteria
defines a length of und2graded expanded tube in the tubesheet which is
sufficient to meintain any potential leakage (resuiting from cracks occurring
further down in .ne tubesheet) to well below the Technical Specification
1imit and Safety Analysis assumptions, The L* criteria were premised on the
fact that the tubesheet provides reinforcement of the expanded portion ~f the
tube, provides resistance to tube rupture and collapse, and 1imits leak je of
throughwall cracks. WCAP-11857 describes in detail the analysis and testing
performed to demonstrate acceptability of the L* criteria.

The proposed Technical Specification change is requested to provide SCE&G
with an alternative for dispositioning degraded steam generator tubes.
Application of the L* criteria provides benefiis by maintaining tube heat
transfer and flow capabilities and reducing personnel radiation exposure
obtained during plugging/sleeving operations.

No Significant Hazards Evaluation:

Pursuant to 10CFR50.91, the following analyses provide a determination that
the proposed change poses no significant hazard as defined by 10CFRS50.92.

1}  The proposed change does not involve a significant increase in the
probability or consequences of an accident previously evaluated.

The presence of the tubesheet enhances steam generator tube integrity in
the region of the hardroll by precluding tube deformation beyond its
initial exvanded outside diameter. The resistance to both tube rupture
and tube collapse is strengthened by the presence of the tubesheet in
that region. The result of the hardroll of the tube into the tubesheet
is an interference fit between the tube and the tubesheet. Tube rupture
can not occur because the contact between the tube and tubesheet does
not permit sufficient movement of tube material. In a similar manner,
the tubesheet does not permit sufficient movement of tube material to
permit buckling collapse of the tube during postulated LOCA loadings.

The type of degradation for which the L* criteria has been developed
(cracking with an axial or near a»ial orientation) has been found not to
significantly reduce the axial strength of a tube. An evaluation
including analysis and testing has been done to determine the strength
reduction for axial loads with simulated axial and near axial cracks.
This evaluation provided the basis for the acceptance criteria for tube
degradation subject to the L* criteria.

The length of roll expansion above L* is sufficient to preclude
significant leakage from tube degradation located below the L* distance.
The existing Technical Specification leakage rate requirements and
accident analysis assumptions remain unchanged in the unlikely event
that significant leakage from this region does occur. As noted above,



Attachment 3 to Document Contro) Desk Letter
August 30, 1990
Page 3 of 4

2)

tube rupture and pullout is not expected for tubes using the alternate
plugging criteria. In addition, SCE&G has chosen tn define the L*
criteria more conservatively than the WCAP,

Any leakage out of the tube from within the tubesheet at any elevation
in the tubesheet is fully bounded by the existing steam generator tube
rupture analysis included in the V. C. Summer Final Safety Analysis
Report. The proposed alternate plugging criteria do not adversely
impact any other previously evaluated design basis accident.

The proposed change does not create the possibility of a new or
different kind of accident from any accident previously evaluated.

Implementation of the proposed alternate tubesheet tube plugging
criteria does not introduce changes to the plant design basis. Use of
the criteria does not provide a mechanism to result in an accident
outside of the region of the tubesheet expansion. Any hypothetical
accident as a result of any tube degradation in the expanded portion of
the tube would be bounded by the exi¢ ‘=3 ‘ube rupture accident
analysis,

The proposed change does nct inveiw & significant reduction in a margin
of safety.

The use of the alternate tubesheet plugging criteria has been
demonstrated to maintain the integrity of the tube bundle commensurate
with the requirements of Reg. Guide 1.121 for indications in the free
span of tubes and the primary to secondary pressure boundary under
normal and postulated accident conditions., Acceptable tube degradation
for the L* criteria is any degradation indication with axial or nearly
axial cracking in the tubesheet region, more than the L* distance below
the bottom of the transition between the roll expansion and the
unexpanded tube. For tubes with axial or nearly axial cracks the
strength of the tube relative to an axial load would not be reduced
below the strength required to resist potential axial loads. The safety
factors used in the verification of the strength of the degraded tube
are consistent with the safety factors in the ASME Boiler and Pressure
vessel Code used in steam generator design. The L* distance has been
verified by testing to be greater than the length of roll expansion
required to preclude significant leakage during norma' and postulated
accident conditions. The leak testing acceptance criteria are based on
the primary to secondary leakage limit in the Technical Specifications
and the leakage assumptions used in the FSAR accident analyses.

Implementation of the alternate tubesheet plugging criteria will
decrease the number of tubes which must be taken out of service with
tube plugs or repaired with sleeves. Both plugs and sleeves reduce the
RCS flow margin, thus implementation of the alternate plugging criteria
will maintain the margin of flow that would otherwise be reduced in the
event of increased plugging or sleeving. Based on the above, it is
concluded that the proposed change does not result in a reduction in a
loss of margin wvith respect to plant safety as defined in the Final
Safety Analysis Report or the bases of the Technical Specifications.
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Based on the preceding analysis, SCE&G has determined that this change does
not involve a significant hazards consideration.
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! BOUNDING ANALYTICAL ASSUMPTIONS FOR L* *

The L* criteria is premised on the fact that the tubesheet provides
j reinforcement of the expanded portion of the tube, provides resistance to
. tube rupture and collapse, and 1imits leakage of throughwall indications.
§ The L* analysis requires adequate axial tube strength to prevent pullout and
an acceptahle primary to secondary leakage limit,

The evaluation performed for L* is documented in WCAP-11857 which was
] - submitted to the NRC on August 1, 1988, Testing was performed on tubes
manufactured to simulate plant tube conditions to confirm the adequacy of
analytical assumptions made for L*. The bounding assumption for leakage
considerations concerned 1imiting primary to secondary leakage well below .
Technical Specification limits. This required specifying a minimum sound Ty
tube length within the tubesheet called the L* distance., Test results
indicated that acceptable leakage was obtained with a minimum L* distance of
1/4 inch, The maximum number of a tube ends which could utilize L* and limit
leakage to an acceptable leve)l was 2778 for 1/4 inch (2648 for 1/2 inch).

Tests were also pecrformed to determine the boundiny parameters to ensure the
adequate axial strength of the tube. The key paraneters were:

* A maximum of 30 indications per band.

f * A maximum indication length of 1/2 inch.

A maximum angularity of the indication of 45 degrees from axial.

°

The minimum L* distance (sound tube length) was 1/4 inch, e

The proposed L* criteria for VCSNS utilizes the WCAP-11857 evaluation as a -
. bounding analysis. To ensuve conservatism and allow for demonstrable .
i implementation, the key L* pcrameters were defined for Technical
Specification purposes as foliws:

°

A maximum of 5 distinct indica*ions per degradation band.
* A maximum indication length of 0.5 inches.
e A maximum angularity of the indication of 20 degrees from axial.

é * An L* distance of 0.7 inches
| ¢ A minimum enhanced inspection area of 3.5 inches of tube containing at

least 1.0 inches of sound tube (below the L* distance) separated by no
more than 2 areas of degradation,

A limit of 250C tube ends per steam generator to be dispositioned as L*.
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EDDY CURRENT TECHNIQUES

The L* criteria being proposed has conservatively taken into account the
present day limitations of state-of-the-art eddy current techniques. Current
industry studies indicate that rotating pancake coil (RPC) systems exist that
are capable of estimating crack lengths within 0.1 inch accuracy. VCSNS tube
length measurement requirements to implement L* have incorporated 0.2 inches
+0 account for ECT uncertainties. Since the SCELE intent in utilizing the

I* criteria 1s to address only axial indications, a conservative limit of 20°
from axial was chosen to address angularity. Resolution capabilities of the
ECT are “ddressed by limiting the number of indications allowed per band of
degradation to 5 distinct indications. These conservatisms ensure the
analytical/tested requirements are satisfied.

The following information relates to specific details on hardware, data
acquisition and analysis systems currently available to support L*
implementation with rotating pancake cotl (RPC) ECT methods. This

description is provided to aid understanding of the ECT methods available
today.

Rocavii, Pancake Coils

The thret coil rotating probe consists of three individual coils mounted cn
the same prot~ head. This is an external reference probe and requires that a
similar pri.2> be placed in a piece of tubing made of the same material as the
tubing under test. The three coils which make up this probe are used for
detection, orientation and location of signals as follows:

The test coil is a self reference, mid-range pancake coil, used for signal
detection and identification,

The axial indicator coil is an external reference coil oriented in such a
way that it is mere sensitive to signals which occur in the axial

direction of a tube. This coil is used to characterize the orientation of
an indication.

The circumferential indicator coil is an external reference coil oriented
such that it is more sensitive to signals that occur around the

circumference of the tube wall., This coil is used to further characterize
the orientation of an indication.

Graphic Presentations

With the use of inside diameter surface riding RPC examination the near
surface flaw related signals are accentuated while the geometrical variations
within the tube sheet region are negated. The insitu examination of steam
generator tubes with RPC requires that several display options be chosen
prior to inspection and data evaluation.
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The generation of the graphic presentations that depict the results of the
examination is probably the most complicated part of the RPC anaiysis. Many

features are involved in the graphic presentation of the ECT data, the most
critical include:

¢ The up-stream/down-stream plotting phase.

The pull/rotate ratio selection,

The trig ocaticn selection,

Angle measurement,

Length measurement and indication resolution,
Up-stream/Down-stream Plotting

At an expansion transition region an offset signal can be seen in the ECT
plots. This can be attributed to tube support plate, top of tube sheet
intersections or skip rolls and is typically more visible at lower
frequencies. Low level flaw signals that can be present at these locations
may be hidden t+ the signal offset responses. Special displays are used for
viewing of low .evel anomalies without the interference of the plotting of
offset signals. For example, the "Downstream" view is plotted from a
perspective inside the tube looking toward the tube end. The "Upstream"
view is from the reverse direction (see attached Figures A and B).

Pull/Rotate Ratio Selection

It is possible to emphasize one axis more than another (pull/rotate ratio)
and change the appearance of the signal of interest. This could lead to
erroneous interpretation of the signal. The pull/rotate ratio will be
procedurally controlled to resolve the potential error by mandating that a

proper ratio be set and left unchanged after calibration for the tubing size
being examined.

Trigger Location Selectior

[t is possible that a <ignal of interest may fall at the point where the
plot starts or ends. To improve the display of this signal it may be
necessary to use the Trigger +/- function key to increwent/decrement the
start position of the trace. This trigger is a constant signal generated
during data acquisition, It is the basis for start/stop points and proper
alignment of the inspection data when displayed for evaluation.

Angle Measurement

A software function for determining the size and angle of an indication is
available and can be set based on as measured ASME/EDM notch standard flaws.
This software function is a "measuring box" which can be readily moved to any
portion of the displayed data and adjusted, in mils, to the proper size for
the indication being used for calibration.
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In addition to the ability to size a signal, the box is capable of
determining c¢he angle of tr2 indication, providing a "box angle" value. The
range of this value is from O to 90 degrees. A value of O relates to a&n
indication oriented in an axial direction and a value of 9u indicates a
signal oriented in the circumferential direction,

Length Measurement and Indication Resolution

Utiiizing a notorized rotating pancake coil (MRPC) in combination with a
digital eddy current instrument allows data to be gathered in a
circumferential grid of data points. This is accomplished by utilizing a 1.2
mm diameter coil and rotating it around the inside surface of the tube at a |
mm pitch., The sampling rate can be carefully controlled by utilizing the
output of a very precise rotary encoder attached to the system. At a rate of
64 data points per one revolution, an eddy current "grid" of data points
approximately 1 mm apart is obtained. Therefore, combining the pitch and

data sampling points per revolution, the data array is composed of 1x1 mm
grid spaces.

The processing of the data array contains several steps which are designed
to provide accurate analysis information. The first step applies filters to
smooth the data and spuriocus signals. Next, limiting threshold values are
established such that data less than the value 1s discounted. The subsequent
steps involve processing the data to extract distinct crack indications.
First, in the circumferential direction, a minimum of two valid data points
(i.e., above the threshold value) must be present for a possible crack
indication to be present. Second, greater than one adjoining valid data

point in the axial direction is required. This adjoining point(s) can either
be directly axial or one position away in the circumferential direction.
Provided both the axial and circumferential conditions described above are
met, a crack segment is considered to exist,

Resolution of numerous small, individual cracks axially located around the
tube within a band of degradation is limited even with the state-of-the-art
techniques currently available. Based on the preceding discussions,
approximately 12 individual cracks in one crack band is considered the
maximum number which can be individually discerned and characterized with
£CT. As shown and explained in the examples attached to this submittal,
inplementation of the L* criteria by SCE&G will be conservatively applied
only to tubes in which indications can be distinctly characterized.

SCES&G IMPLEMENTATION PLAN

As stated previously, WCAP-11857 i1s a bounding, analytical document providing
the analytical basis and test results of the L* criteria. The purpose of the
document was to provide a bounding worst-case scenario to encompass
anticipated plant conditions. The Technical Specification changes now being
requested to encompass the L* criteria are considered more realistic and
consistent with conceptualized implementation plans. The intended
application of the L* criteria is to prevent plugging/repairing a subset of
tubes with indications that are not significant, but do occur higher in the
tubesheet than can be dispositioned with the F* criterion,
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The attached examples provide 1llustrations of potential L* tube candidates
llon? with those tubes which would not pe considered further for L*
application.

The purpose of these examples is to illustrate the initiai RPC screening
process to be used to make an initial L* applicability determination.
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ATTACHMENT 4

EXAMPLES

Note: The following examples 1llustrate potential L* candidates and tubes
that are not L* candidates.
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1)

2)

3)

A good L* candidate
because:

Initially the indications appear to be Jjust greater than 1 inch
below the bottom cf the roll transition (i.e., below L*
distance, but still within the F* distance).

Apparent small number of indications within the band of
degradation (1.e., ability to distinguish individual
indications with additional analysis)

Smooth roll t-ansition.
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A good L* candidate
because:

Uppermost indication appears to fall within the F* distance but
below the L* distance.

Small number of indications within each band of degradation
(1.e., ability to distinguish individual cracks).

Indications appear to be small and separated by distinct bands
of sound tube.

Smeoth roll transition.
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NOT & L* candidate

because:

1) Indications within bands of degradation spaced
distinct crack identification is difficult.
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NOT a L* candidate
because:

l) Second band of degradation has a group of indicatior spaced
such that distinct crack identification is not clear.



