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SURVf!LLANCE REQUIRifENTS (Continued)
,

..

1. All nonplugged tubes that eteviously had detectable well
penetrations greater than M that were not espaired.

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

3. A tube inspection (wesuant to Speciftsation 4.4.6.4.a.8) shall
be perfomed on eac1 selected tm. If asy selected tube does
not permit the passepa of the est carpent prebe for a tube
inspection, this sha 1 he recordeid and an adjesent tube shall
be selected and subjected ,te a ,tabe inspection.

In addition to the sample N in 4.4.5.8 b.1 through 3 alltubeswhichhavehadtheFpevitariaappliedwillbeinspechinI
c.

*

the tubesheet.9egion. These tubes may be emeluded fece 4.4.5.2 b.1
provided W9 m.ly previous well pouretion of >805 was 1oeste.1
Delgg7A wistance/or % e. c W .ce 4 L * % % a c " --

d. The tubes selected as the sesend and third sosples (if required by.

Table 4.4 2) durin0 each inservice inspection may be subjected to a
partial tube inspection provided:

~

1. The tubes selected fee these eseples inelade the tubes free
those areas of the tube sheet errey where t ees with
imperfections were previously found.

2. The inspections include those ions of the tubes where
taperfections were previously .

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

jg}ggg2 Irispection Results

C1 Less then S of the total takes inspected are
degraded tubes and none of the inspected tubes
are defective.

C-8 One er more tubes, but not more then 15 of the
total tubes inelected are defective, or between
85 and 10E of tse total tubes insposted are
depaded $ 2 es.

C-4 Itere then 15 of the total tages. inspected are
tabes se aere than 3 of the inspected

are defective. -

4ete: In all inspections, previamely depeded tubes oust exhibit
significant(greaterthen10E)furtherwellpenetrations
te be included in the above percenta0s calculations.

Sta0ER - UNIT 1 3/4 4-12 Asamenent 140. 24. 59
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SURVEILLANCE REQUIREMENTS (Continued)- J

4.4;5.4 Acceptance Criteria
!

a. As used in this Specification:

1. Imperfection means an exception to the dimensions, finish or
contour of a tube from that r6 quired by fabrication drawings.or

,

"

specifications. Eddy-current testing indications below 20% of.
the nminal tube wall thickness, .if detectable, may be

.

,"consi.iered as imperfections.
~ (.

-

'

2. Degradatirn means a service-induced cracking, wastage, wear orL1

general corrosion occurring on either inside or outside of a-
tube.' '

'3. Deoraded Tube means a tube containing imperfections greater'.
than or equal to 20% of the nominal wall thickness caused.bydegradation.,,

4. .% Deoradation means the percentage of the tube wall thickness i

affected or removed by degradation.
5. Defect means an imperfection of such severity that it exceeds

S ugging or repair limit. A tube containing a defect is
~ defective.

', 6. Tube Pluggina or Re> air Limit means-the imperfection depth at orof %
'gd.g;onh W.hd beyond which the tu>e shall be repaired (i.e. sleeving) or

removed from service by plugging and is equal to 40% of the '

M %. p% LF nominal tube wal,1 thickness. This definition does not apply tog% p6M ='-= p nw --- "-- g y -" - ; - , -"- -6"- ,

44 h M ?l' ' '""" ' ' "" * , "' Y ' """" ' ' * " * ' "" " '" ' '",' "_"" "3 - m y v ; ' w= =
-

_

' ' ' " " " ' ' ' '

A*"f 7. Sleeve Pluccina or Repair Limit;&ubs of '

For the area in the upper weld joint, any degradation shallW g A ;n a.

M F# N5N" be plugged unless it can be clearly demonstrated by a quali-

b F# MW M fied NDE technique that the degradation is less than 40% of,

|-
the nominal wall thickness of the sleeve for ID imperfec-

_#g g Lp tions or less than 40% nominal wall thickness of the tube
q

Ahu M for 0.D. imperfections.
*

b. For the area of the tube behind the sleeve and above theL , gg *
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 -5e area below the upper weld joint, any defect greaterc.
tha- ;0% of the nominal sleeve wall thickness shall be
plu d.

SUtHER - UNIT 1 3/4 4-14 Amendment No. 54, M , 91
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i SURVEILLANCE REQUIREMENTS'(Continued)

-

1

'

12. Preservice Inspection means_an inspection of the full length of
each tube in each steam generator performed by edby current
techniques prior to service to establish a baseline condition.

-of the tubing. This inspection shall be performed after the "

field hydrostatic test and prior to initial POWER OPERATION
using the equipment and techniques expected to be used during
subsequent inservice inspections.

13. - F* Distance is the distance into the tubes 5eet 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 1.6 inches.

14. F8 TUBE is the tube with degradation, below the F* distance, M

equal to or greater than 40Y,, and not degraded (i.e. , no indica-
tions of cracking) within the F" distance.rgnfLT y

|b b._ -The steam generator shall be determined OPERABLE after completing
the correspondin
plugging limit) g actions (plug or repair all tubes exceeding therequired by Table 4.4-2.

4.4.5.5 Reports

Within 15 days following the completion of each inservice inspectiona.
'

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.

b. The complete results of the steam generator tube inservice inspection
shall be submitted to the Commission in a Special Report pursuant to
Specification 6.9.2'within 12 months following the completion of the
inspection. This Special Report shall include:
1. Number and extent of tubes inspected.
2. Location and percent of wall-thickness penetration for each

indication of an imperfection.
3. Identification of tubes plugged or repaired.

c. Results of steam generator tube inspections which fall into
Category C-3 and require prompt notification of the Commission shall
be reported pursuant to 10 CFR 50.72(b)2(1) prior to resumption of3

plant operation. A report pursuant to 10 CFR 50.73(a)2(ii) shall Le
submitted to provide a description of investigations conducted to
determine cause of the tube degradation and corrective measures taken
to prevent recurrence. Q Lf-

d. 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:

IdentificationofFaltYes,ind I1.
2. Location and size of the degradation
NRC approval of this report is not required prior to restart.

SUP91ER - UNIT 1 3/4 4-15 Amendment No. 35, 5#, 59, 91
i
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3/4.4.6 $ TEAM GENERATOR $

The Surveillance Requirements for inspection of the steam generator tubes
ensure that the structural integrity of this portion of the RCS will be main-
tained. The program for inservice inspection of steam generator tubes is based
on a modification of Aegulatory Guide 1.83, Revision 1. fr. service inspection of
steam generator tubing is essential in order to maintain surveillance of the
conditions of the tubes in the event that there is evidence of mechanical damage
or progressive degradation due to design, manufacturing errors, or inservice
conditions that lead to corrosion. Inservice inspection of steam generator
tubing also provides a means of characterising the nature and cause of any tube
degradation so that etarrective seasures 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 result in
negligible corrosion of the steam generator tubes. If the secondary coolant
chemistry is not asintained within these limits, localized corrosion may
likely result in stress corrosion cracking. The extant of cracking during
plant operation would be limited by the limitation of staea generator tube..

leakage between the primary coolant systes and the secondary coolant system
(primarr te-secondary leakage a 500 gallons per day per steam generator).
Cracks saving a primary-to-secondary leakage less than this limit during
operation will have an adequate margin of safety te withstand the loads
imposed during normal operation and by postulated accidents. Operating plants
have demonctrated that primary to-secondary leakage of 500 gallons per day per
steam generator can readily be detected by radiation sonitors of steam generator-

blowdown. Leakage in excess of this limit will require plant shutdown and an
unscheduled inspection, during which thb leaking tubes will be located and
plugged or repaired.

Wastage type defects are unlikely with prazer cheatstry treatment of the
secondary coolant. However even if a defect smuld devele> in service it
will be found during scheduled inservice steen generator tu>e examinations.
Plugging ca repairing will be required for all tubes with taperfections exceed-
ing 40% of the tube nominal well thickness. 8tesa nerator tube inspections
of operating plants have demonstrated the capabili to reliably detect wastage-
type degradation that has penetrated 20% of the eri inal tube wall thickness.

for tim id- with G.pe;dien be% th. T' diet e. bd ed 4-vred.d

N cN) Ne Y'[[e J_, % h F* oe L*Cn* %P

Whenever the results of any sweas generator tabing inservice inspection
fall into Category C-3 these results wl11 be.promptly reported ta the Commission
pursuant to 10 CF t 50.i2(b)t(1) prior to reseption oY plant dpttation. Such
cases will be considered by the Commission on a case-by case basis and may
result in a requirement for analysis. laboratory examinations tests, additional
edcty-current inspection, and revision of the Technical Specifications, if
necessary.

$UMMER - UNIT 1 8 3/4 4-3 Amendment No. 35. pp.59
:
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_15 . 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.-e

16. t* Tube 11s a tube with short (less than 0.5 inches) axially oriented
(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 o 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 Specificatien 4.4.5, " Steam Generators-Surveillance Requirements "
describes the augmented-inservice inspection program used in conjunction with
Specification 4.0.5 tt, 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+ 9 '75 are similar to the type of requirements imposed fort
utilization of F*. A brief description of the existing Technical
Specification items and the proposed revisions is provided below.

TS 4,4,5,2.c

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.

TS 4.4.5,4.a,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 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. 1

4

TS 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 limits 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.

TS 4.4.5.5,d ;

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.

Baso 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.

The basis for steam generator tube surveillance and plugging / repair is to
ensure that the structural integrity of the tubes is maintained. The L*

|

.--N
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. Icriteria 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 potential leakage (resulting from cracks occurring
further down'in the tubesheet) to well below the Technical Specification- t

limit 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 to demonstrate acceptability of the L* criteria.

The proposed Technical Specification change .is requested to provide SCE&G 1

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

.Iobtained during plugging / sleeving operations.

Safety Evaluation:

Introduction
1

This Technical Specification change is being proposed due to the history of 1
eddy current indications of tube degradation in the mechanical roll 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).
Degradation appears to occur at sites where the residual stresses are the
greatest (i.e., at the roll expansion transition and at the heel of each roll
step within the depth of the tubesheet). Experience 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 linking 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 the 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 loss 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 therefore 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
generdtors are open to the containment environment during an outage.

Justification

The Model 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 ciiteria have been developed for indications of tube
degradation in tae tube expansion region below the transition of the
mechanically expanded /unexpanded portions of the tube. Over the past 3
outages, SCE&G 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 either 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*
distance is acceptable during normal and postulated accident conditions.
.ais very conservative assumption results in a distance that is longer than
necessary to provide a limit 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 limit 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 is 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 concept for-indications within the top
' 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, is initially axial. For axial or nearly
axial indications in the tubesheet region, the tube end remains structurally ,

intact minimizing any potential for tube pullout. The strength of tubes with
axial or ne:r axial cracks has been evaluated using-analysis and testing. In

I order to imp ement the L* criteria, SCE&G has chosen to conservatively
| roundoff the bounding 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 evaluation consisting of analysis and testing programs was i
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 |

L pullout forces during normal operation and postulated accident loading !
l conditions. -An-additional program of-tests was done to verify that a roll
! expansion with the length of L* is sufficient to 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 tta leak
testing was based on maintaining the total leakage through the L* distance to
less than the primary to secondary leakage limit 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

p to secondary leakage for an L* value of 0.5 inch was negligible. The leak
L testing included tests of lengths shorter than 0.5 inch to demonstrate that
i the function of leak rate versus length of sound expansion is not near a
1 threshold value in the region of the L* length chosen.
|

|-

!

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



v

'
'

'. Attachment 2 to Document Control Desk Letter-,

August 30, 1990
Page.5 of 5-. = , ._,

s

The total 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
J cracking, has been shown to be self limiting 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 limiting-of the total leakage from L* tubes to inss 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 the 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

axialornearaxialcracking(definedas0.7 inches,includingeddycurrent
not greater than 20') within the tubesheet

region below the L* distance (
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'EVALVATION

Description of; Amendment Request:

Technical Specification 4.4.5, " Steam Generators-Surveillance Requirements "
describes the augmented inservice inspection program used in 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 imposed for
utilization of F*. A brief description of the existing Technical
Specification. items and the proposed revisions is provided below.

TS-4.4.5.2.c-

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.

.TS 4.4.5.4.a.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 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.

TS 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 limits 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.

TS 4.4.5.5.d

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 und3 graded expanded tube'in the tubesheet which is
sufficient to meintain any potential leakage (resulting from cracks occurring
further down-in .ne tubesheet) to well below the Technical Specification
limit and Safety Analysis assumptions. The L* criteria were premised on the.
f act that the tubesheet provides reinforcement of the expanded portion M the
tube, provides resistance to tube rupture and collapse, and limits leak g e 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 benefits 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 10CFR50.92.

| 1). The proposed change does not involve a significant increase in the.
,

'

probability or consequences of an accident previously evaluated. |
|

L The presence of the tubesheet enhances steam generator tube integrity in |
the region of the hardroll by precluding' tube deformation beyond its 1
initial expanded outside diameter. The resistance to both tube rupture |

and tube collapse is strengthened by the presence of-the tubesheet in i

that region. The result of the hardroll of the tube into the tubesheet j

is an interference fit between the tube and the tubesheet. Tube rupture -

can not occur because the contact between the tube and tubesheet does
p 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 ai.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.

L 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,

<

m
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' tube rupture and pullout is not expected for tubes using the alternate.i

plugging criteria. In addition, SCE&G has-chosen to 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.

2) 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

j. accident as a result of- any tube degradation in the expanded portion of
the tube would be bounded by the exist %g tube rupture accident|=

analysis.

3) .The; proposed change does nct involve a.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 I

L the. bottom of the transition between the roll expansion and the |
unexpanded tube. For tubes with axial or nearly axial cracks the j
. 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 j
required to preclude significant leakage during normal and postulated

,

accident conditions. The leak testing acceptance criteria are-based on i
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
i. 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
L event of increased plugging or sleeving. Based on the above, it is 1

concluded that the proposed change does not result in a reduction in a ,

! loss of margin Nith 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 dhis 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<

reinforcement of the expanded portion.of the tube, provides resistance to-
tube rupture and collapse, and limits leakage of throughwall indications.
The L* analysis requires adequate axial tube strength to prevent pullout'and
an acceptable 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 limiting primary to secondary leakage well below
Technical Specification limits. This required specifying'a minimum sound
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 level was 2778 for 1/4 inch (2648 for 1/2 inch).

Tests were also performed to determine the boundini parameters to ensure the
adequate axial strength of the tube. The key paren:eters were:

A maximum of 30 indications per band.*

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.*

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

A maximum of 5 distinct indica + ions per degradation band.*

A maximum indication length of 0.b inches.*

A maximum angularity of the indication of 20 degrees from axial.*

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 2500 tube ends per steam generator to be dispositioned as L*.*

|

.
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EDDY CURRENT'TECHN10VES

The L* criteria being proposed has conservatively taken into account the
present day limitations of-state-of-the-art eddy current techniques. Current
industry studits 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
lo account for ECT uncertainties. Since the SCE&G intent in utilizing the
L* criteria is to address only axial indications, a conservative limit of 20*
from axial was chosen to address angularity. Resolution capabilities of the
ECT are sddressed by limiting the number of indict.tions 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 coil (RPC) ECT methods. This
description is provided to aid understanding of the ECT methods available
today.

Rotatn ? Pancake-Coils

The thret coil rotating probe consists of three individual coils mounted on
-_the same prot' Stad. This is an external reference probe and requires that a-
-similar prC ? 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 more 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.

GraDhic 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.

_ _ _ - _ _ _ _ _ _ _ - - _. - -____ _____ - - _- _ - - _ - ___-_-__ _ - - _ _-_ _ __ _ _ _ _ __ _ - _ _ -



..__ _ .

' Attachment 4 to Document Control besk l e';er'>

August 30, 1990
Page 3 of 5,

The generation of the graphic presentations that depict the results of the
examination is probably the most complicated part of the RPC analysis. 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 /rotatt ratio selection.*

The trip ocation selection.*

Angle measurement.*

Length measurement and indication resolu' ion.*

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",evel anomalies without thethe signal offset responses.
Special displays are used for

viewing of low 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

it is possible that a eignal 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 increiaent/ 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 che angle of th indicotion, providing a " box angle" value. The
range of this value is from 0 to 90 degrees. A value of 0 relates to an
indication oriented in an axial direction and a value of 90 indicates a
signal oriented in the circumferential direction.

Length Measurement and Indication Resolution

Utilizing a motorized rotating pancake coil (MRPC) in combination with a
digital eNy 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 1
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 lxl 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 spurious signals. Next, limiting threshold values are
established such that data less than tne value is 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 '.imited 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
ECT. As shown and explained in the examples attached to this submittal,
implementation of the L* criteria by SCE&G will be conservatively applied
only to tubes in which indications can be distinctly characterized.

SCE&G IMPLEMENTATION PLAN

As stated previously, WCAP-11857 is 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'provideLillustrations of potential L*' tube candidates-

' E :along with those tubes which would not~be considered further for L*1-
. !

1application.

-The' purpose of these examples is to illustrate'.the initial-RPC screening
, . 1, . .

'

' process to~be used to make an initial'L* applicability determination.
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EXAMPLES

Note: The following examples illustrate potential L* candidates:and tubes.
that are not L* candidates,

,

.
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A good L* candidate

because:

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

2) Apparent small number of indications within the band of
degradation (i.e., ability to distinguish individual

j. indications with additional analysis)

3) Smooth roll transition.
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! A good L* candidate
.-

because:

1) Uppermost indication appears to fall within the F* distance but..

below the L* distance.

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

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

4) Smooth roll transition.
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NOT a L* candidate

because:

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

because:

1) Second band of degradation has a group of indicatier. spaced
,

-

.. ,
;

such that distinct crack identification is not clear.
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