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INTRODUCTION
; L. 1 packground
i
Primary Water Stress Corrosion Cracking (PWSCC) has been found
iuring r tine inspections of the tubesheet recll transitions in u-
tube steam generators % 5 Without an alternate plugging
riteria such as F*, it is necessary to remove the tube from
ervice when the I1indication exceeds 40% of the tube wall
\. o K However, 1in some instances these defects occur in
1Y @1 significantly below the tube expansion transition at the
econdar face of the tubesheet. Since the tubesheet provides
structural support for the tube in this area, plugging these tubes
L ¢ verly conservative, The F* plugging criteria discussed in
tl report was established as a'means to justify leaving tubes in
rvice which have PWSCC type indications within the rolled region
the tubesheet
westinghouse D4 (W=D4) serleg recilrculating steam generators
K were constructed with 0.750" OD x 0.042" wall mill annealed
M2 y 600 tubing. During installation, the tubing was roll
xpanded into the tubesheet with a tack roll and then seal welded
't tl rimary face f the tubesheet Step rolls were then
performed t ose the crevice between the tube and the tubesheet
t minimize the possiblility of secondary side crevice corrosion.
A § nall roll expanders were stepped in such a manner that
X1l \rea were reated (Figure led)
! - K1p roll areas and roll transitions contain high
tenslle stresses which accelerate the initiation of PWS
t} PW! urs within the tubesheet there is a
lengtl tubing roll expanded into the t the defect
i atio his rolled length of tubing above the defect provides
ructural upport for the tube and limits primary to secondary
leakage and 1s thus the basis for the F* criteria. Thus the F#

undegraded expanded tube within
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FIGURE 1.1
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gqualification tes

SUMMARY

'he F* alternate plugging criteria has been qualified for use in
the W-D4 series steam generators at Byron Unit 1 and Braidwood
jnit 1. The use of the F+* criteria will allow tubes with
otherwise pluggable ECT indications to remain in service as long
as the indications are a minimum distance below an undegraded
expanded region within the tubesheet. This minimum length,

referred to as F* distance was determined to be C inches

4 . J

through x» combination of analysis mechanical testing, and

evaluation of ECT measurement accuracy.

A1 initial analysis was performed to determine the normal
perating and faulted locads imposed on the tubes for Byron Unit 1
and Braidwood Unit 1. The NRC Regulatory Guide 1.121 safety
factors of 3 for normal operation and 1.43 for faulted conditions
were also used in developing the loads (7.1]. In addition, the
effects f tubes locked into the tube support plates were

nsidered. Conservative loads were used for the final

iting.

e joint strength and leakage of various lengths of the existing
tube~to~tubesheet roll expansions were then tested under these
nditions. Leak testing, load testing, pressure cycling, and

1ltimate pull testing were performed on a variliety of samples to

)

simulate the actual installed rolled joint and loading conditions
]

within the W 4 RS5Gs

Additional analyses were performed to calculate the effects that

perating and faulted pressure, thermal effects, and tubesheet bow

’ n the tube OD radial st effect on the
rolled int's strength T'he by testing was

these

various




Eddy current testing was performed on a number of F* specimens to

determine measurement accuracy and repeatability. Both bobbin
and MRPC were used in this testing. Based on the ECT tecst
I ' results, an additional length of [(d] inches was added to the

tested F+* length to account for ECT uncertainty.

effects of boric acid corrosion on the carbon steel tubesheet

—
-

were examined as part of the qualification progranm. In the event
that the defect in the tube went 100% through wall, a small region
l f the tubesheet could be exposed to primary side fluid. At
k“ worst, small amounts of localized tubesheet degradation, on the

rder of a few mils, could occur. Such shallow attack represents

no structural concerns for the tubesheet or the F* joint.
‘ 'he qualified F* distance applies to all tube ends within the
l steam generator. In addition, the use of F* to maintain tubes in
ervice does not represent an unanalyzed safety concern.
Furthermore, its use does not increase the risk of an unanalyzed
iccident nor does 1t reduce the margin of safety.

B&W NUCLEAR TECHNOLOGIES



1.0 DESIGN REQUIREMENTS

} o 3 General Requirements

. The ASME Boiler and Pressure Vessel Code and US NRC Regulatory
Guide 1.121 were used to establish the safety factors for

evaluating the roll expanded tube~to~tubesheet interface

associated with F* [7.1,7.2]. The safety factors correspond to 3

i

" A

for normal operating conditions and 1.43 for faulted loading
onditions. The applicable design conditions used for F* criteria

\ ' evaluation are given in Reference 7.3 and are summarized in this

Functional Reguirements

'he F* design criteria, which is based on the original tube roll,
shall provide a mechanical leak limiting seal between the tube and
tubesheet above the degraded location. It shall be assumed that
1@ tube severs circumferentially for 360° and that the remaining
int carries all anticipated loading conditions, including the

nargins of safety described above. In addition, primary to

e

secondary leakage cannot exceed he station Technical

P 1 1 ati limits
esian _and Operational Loading Concgltions
‘ jn and operating conditions for the steam generator used

t evaluate the | plugging criteria are gummarized in
able 3 .1, Table 3.3.1 reflects combinations of the worst case
nditions nservatively selected from both Byron Unit 1 and
Braidwood Unit 1 T\, and Ti. «actica OPerating design data.

igure 3.3.1 1illustrates the key steam generator geometry and

material constraints for evaluating F».

A significant requirement added to the F* design criteria 1s the

1ssumption that the tube is not free to move through the first

B&W NUCLEAR TECHNOLOGIES



support plate (TSP). This "locked tube" condition imparts

loads on the tube, resulting in a conservative design. The

ng imparted by the locked tube condition is displacement
I limited, such that as the rolled tube joint slips, the applied
load 1s reduced. (

(d) ] The locked tube

J

yading condition is discussed further in Section 5.1.3.

\ he W-D4 tubesheet 1s made of SA-508 Class 2A carbon steel clad
th Inconel. In the steam generator design, the tubesheet is

isolated from the primary coolant bv the cladding, the alloy 600

|

\

tubing and the tube~to-tubesheet weld at the primary face of the

tubesheet. Any breach of these boundaries, such as through PWSCC

racks n the tubing, may initiate corrosion of the tubesheet.
herefore, the effects of boric acid corrosion from primary system
f d 1n contact with the carbon steel tubesheet through F* type
racks shalil be consildered.

B&W NUCLEAR TECHNOLOGIES =2




TABLE 3.3.1
W-D4 DESIGN AND OPERATING CHARACTERIBTICS

B&W NUCLEAR TECHNOLOGIES 3=13




Figure 3.3.1
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F* CRITERIA DEVELOPMENT

ictural Justification

o

An analysis was performed which evaluated the Jjoint
strength for a degraded tube in which the defect propagated
1 full 360 degree circumferential sever at the F* distance

his analysis utilized the normal operating and faulted c

pullout

!

anto

T+417

ondition

'cadings as well as Reg. Guide 1.121 and ASME Code safety factors.

ibesheet bow, pressure effects, thermal effects, seismi

oading effects were considered relative to their

and flow

impact on

reducing the holding power of the rolled tube~to-tubesheet

interface. A secondary loading condition for locked

tubes was

Room temperature mechanical testing was performed on qualification

mockups to the loadings described above at various F»

Primary to secondary leakage of the various F* lengths

was

lengths,

also

tube~

letermined Finally, the gualification tubes were pulled to
failure to determine the structural adequacy of the rolled
to~tubesheet joint over the F* length.

I t bl f,"_{i"‘l‘ ria

An analytical technique was developed to determine the reguired F#
ength for the actual steam generator tubes based on the measured

int strength determined by room temperature mechanical

I'he F*¥ length 18 determined by ratios that correct
i1fferences between the mechanical test conditions of the

B&W NUCLEAR TECHNOLOGIES
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where:

'he above equation establishes the minimum F» length for
\' structural adequacy to resist imposed axial loads. In addition,

the minimum F* length must limit primary to secondary leakage to
within allowable limits. The leak rates for the F* length were
determined through testing mockups representative of the stean

fenerator

B&W NUCLEAR TECHNOLOGIES 4-2
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QUALIFICATION ANALYSES AND TESTS

'he qualification analyses and testing program for the F* criteria

focused on satisfying the following objectives:

o Establish tube loads based on operating and faulted

onditions for evaluating F* lengths.

Perform mechanical tests necessary to verify the F+* criteria
as a structurally sound, leak limiting joint which meets Reqg

Gulde 1.121 margins of safety.

) Analytically adjust mechanical test condition results for

actual steam generator conditions.

Perform ECT verificatlion testing to determine the accuracy
1ssoclated with length measurements for final F* criteria

letermination.

I'ne analytical approach used to determine tube loads was discussed

4.1 and is detailed below in Section 5.1.

Mechanical testing was performed on mockups designed to represent
the range of conditions existing in the steam generators. The
tubes in these mockups had full 360° severs at the F* length being
tested. lesting included press .re cycling, thermal evaluation,

‘ked tube load tests ultimate joint strength tests, and leak

tests These tests are described 1n Section 5.2 below.

'he F* length to satisfy structural requirements was calculated
sing the equation of Section 4.2 and the mechanical test results.

'nese results were adjusted for the operating conditions analyzed

! Seact { 1
'he ECT measurement accuracy testing was performed using multiple
probe types in multiple mockups. A statistical evaluation of the

NUCLEAR TECHNOLOGIES 6 -1
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establish the final correction factor

accuracy.

yerformed to determine axial tube loads for

were ¢

and lted conditions for use in the mechanical testing

on 5.2. The combined radial

stresses imposed on

led tube~to~tubesheet joint determine the axial strength

int and thus determine the required tube engagement
) The following parameters were included in the

Radial preload stress from tube instailation
Thermal effect
[nternal (primary) pressure effect
[ubesheet bow effect
(d)

load that the joint must resist varies depending on the

ndition belng evaluated Thu multiple cases were
i the testing performed to en the worst case.

at ion: radial stress and axial load) were performed for

rent cases and are summarized in Table 5.1.1:

normal operating naitior

faulted condition

locked tube conditic

n

tes nfiguration

M LUl
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Radial Stress

The radial preload stresses were determined by testing
mockups with tubing installed in the same manner as the steam
generators at Byron Unit 1 and Braidwood Unit 1. After tube
installation, the tubesheet was cut away from the tubing and
the expanded tube 0D measured. By comparing the measured
tube OD with the tubesheet bore, the tube springback was
determined. ( (4)

] The radial stress equivalent
to this springback was then calculated [(7.4] and is presented

in Table 5.1.1.

The differential thermal growth between the tube and
tubeshe2t increases the tube OD radial stress and thus serves
to strengthen the tube-to~tubesheet joint. For conservatism,
the effect of differential thermal growth is calculated for
the cold leg, since the higher temperature in the hot leg

gives a higher radial stress and thus a stronger joint.



Because of the analysis model used, the "Total Radial Stress"
loes not egua the sum of the individual radial stresses,
The ring model geometry used in the analysis changes when the
residual radial stress is set to zero to quantify the other
individual effects. Thus, the individual radial stresses are

close approximations of the actual stress

Axial Loading

'he axial loads imposed on the tubes for the four cases are
summarized in Table 5.1.1 [7.4]. The normal operating load
ig determined by the end force applied to a tube from three
times normal operating differential pressure. The faulted
load was derived by applying a safety factor of 1.43 to the
force generated during faulted conditions. The derivation of

the lccked tube loading is discussed in section 5.1.3.

Locked Tube Loading

B&W NUCLEAR TECHNOLOGIES & -4




(d)
] As discussed earlier
load 1s displacement limited. If the tube~to-~tubesheet
oint slips then the load reduces proportionally by the
amount of joint movement.

! F* Determination and Correction

By analyzing the three steam generator lcading conditions
summarized in Table 5.1.1, |

(d)
The F* equation (Section 4.2) used
to correct for differences between the testing mockups and

actual steam generator conditions can be reduced to:

(d) 1




where:

The following values are contained in Table 5.1.1:

1\1}

'hugs the F* equation further reduces to:
1

'he above equation will be used to correct mockup test
onditions for actual steam generator conditions. The values

for [(c) and [(c)] are determined from the tests presented

«



5.2 Mechanical Testing

The structural adequacy of the tube~to-tubesheet joint was
I : evaluated by testing different F* lengths for joint strength and
l' leak tightness. The effects of different rolled tube lengths,
tubing yield strength, pressure and thermal cycling, tubesheet
bore surface finish, and tubesheet bore diameter were included.

Normal cperation, faulted, and locked tube conditions were tested.

l Specimen Description

'he F* gqualification specimens consisted of mockup blocks
fabricated from material with the same material properties as

the W-D4 tubesheet material

B&W NUCLEAR TECHNOLOGIES




B&W NUCLEAR TECHNOLOGIES 5-8

After the perimeter and primary side tube sections ware
expanded into the block, the F+* test tube :pecimens were
installed. These tubes were inserted through the bore in the
top of the block until contact was made with the primary side
tube section. The tube was restrained from moving and rolled
in place from the primary side. The physical separation
between tubing sections represented a full 360 degree sever
at the F* distance. Roll expansion lengths of 1 inch and 1

1/2 inches were tested.

Various installation parameters suc as tubesheet bore
diameter, tubesheet bore surface finish, and tubing yield
strength were evaluated to address a wide range of potential
steam generator conditions.

(d)

Table 5.2.1 provides a summary of the gqualification specimen

installation paranmeters.

Leak Tests

'he leak rate was determined by maintaining the test assembly
at test pressure wiw.n a calibrated pressure generator, and
measuring the volume of makeup water injected to maintain the
test pressure over the test interval. The leak rate of the
rolled tubesheet joints was determined at room temperature
for normal operating differential pressure (1430 psi) and
maximum faulted differential pressure (2750 psi). The leak
test at 2750 psi was repeated after specimens were subjected
to 400 pressure cycles (Section 5.2.3) to simulate normal

startup and shutdown transients.

'ne acceptance c¢riteria for leakage was based on the
technical specification limit of 1 gpm. This limit was
divided by the number of tube ends to be evaluated against

the F* plugging criteria. With four steam generators per




sY
-
T

pla , 4578 tubes per steam generator, and two tube ends per

s Ut;l‘/

I'he technical specification leakage limit is based on the
maximum allowed primary to secondary leakage for continued
\ plant operation, Thua the leakage limit only applies to
normal operating differential pressure. The test specimens
wvere also leak tested at faulted differential pressure to
insure that excessive primary to secondary leakage would not

occur in the event of a faulted transient.

[ { The results of the leak tests are summarized in Table 5.2.2.
l Several observations thess Leéak rates re discussed

be low

B&W NUCLEAR TECHNOLOGIES




tensile tests were performed to determine the

tube~-to-tubesheet joint. First the

nts were subjected © the maximum loading from Table

: Ra The Jjoints were then subjected to locked tube

loadings and to pressure and axial load cycling. Finally the

nts were pulled to ultimate load. Table 5.2.3 provides a

summary of the specimens, the tests performed, and the
results

largest axial load [(d)] which

i

the normal operating pressure differential

evaluated the locked tube condition described

3

] As discumsed in Section

he locked tube loading is displacement limited. This

means that as the join® moves, the applied load reduces

linearly with the movement. Thus during testing, the applied




movement

detected to s

generator

mulate normal

shutdown transients

startup

specimens from 0 to 1430

e

woth cycling tests

-

ressure cycling.

agt where joints

load was applied by combining 2750

differential while axially

pulling the tubes.

e

criteria

tests was no excessiv

condition loads.

slippage under

excesslilve movenen W¢
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indicate that the joint had little or no structural integrity
and could eventually lose much of its lecak tightness. The

movement criterlia does not apply to locked tube loading since

I this is a secondary load and is displacement limited.
The results of the tensile tests are summarized in Table
and discussed Dbe W

NDE Measuremenpt Testling

'he F* lengths tested were measurec 1n a laboratory environment
with precise eguipment. Applying the F* criteria in the steam
generator will be based on a length measured by ECT. \ny errors
assoclated with ECT measurement of the F* rolled tube length
beyond an ECT indication must be included in the final F#*

steria. Thus, testing was performed ton determine the accuracy

of ECT measurement techniques.

B&W NUCLEAR TECHNOLOGIES
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lest Equipment

Standard ECT equipment and technigues that are commonly used
during normal in-service inspections were used to measure the
F* length of the mockups used during the mechanical djoint

testing described in Section 5.2. {

:
F* Length Verification Methodology

)
ne testing of MRPC probes was performed with frequencies of

All measurements were made
from the initial excursion of the tubesheet signal. Distances
were then measured to the initial excursions of the roll

signal and the crack signal.

'he ECT data was then analyzed to determine the F* length of
each specimen. Physical measurements of the same lengths
were taken for comparison using calibrated digital calipers.

Figures 5.3.2.1 and 5.3.2.2 provide sample plots showing

[




the F* length.

Four test blocks with

where the key points w

ere selected

for the EC

four F* tubes per blo

times each with bobbin and MRPC swrobe

measurements for each

differences between t
in Tabls 5.3.3 below:

lable 5.3.3 ECT

As l1llustrated above
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'he final F+* ength 1s determined by combining the F#* equation

¢ “ - = T | —_— - - - ~ w3
I lerivea 11 ‘ ion 5.1 with the mechanical test results and with

A NS i
I | the uncert 1ty asscclated with ECT measurement:

everal mockup blocks were heated to determine what effect, if
any, plant operating temperature had on the rolled tube~to-
besheet joints. Since the heated blocks more accurately
1ons expected 1n actual steam generator

nditions, the test results from these samples were used to

tensglle test results for the heated tube samples are

nservatively analyzed to determine the F,, with

el

B&W NUCLEAR TECHNOLOGIES
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Bori Acld Corrosion Within the Tubesheet

he effects f bori acld cori ion on the carbon steel tubesheet
were examline ) part of the F* qualification program. In the
event that the lefect in the ube went 100% through wall, the
tubesheet bore would be exposed ¢t primary side fluid. At low
ctemperacure With aerated por icCl1da oclutions, some corrosion may
be expected

|

¢ lefect: A 6 lated with PWSCC in the tubesheet region are
typically minute which limits the amount of "flowing solution"
available t replenish bor acld at the tubesheet Furthermore,

i lved hydrogen in the primary chemistry acts as an oxygen

avenger t minimize rrosion throughout the primary osystem.
'hese two factors make bori acid attack on the tubesheet an

kel scenari
@ RSGs utilize small concentrations of boric acid in the

secondary water chemistry to help mitigate caustic IG in the
! 1ce hus, all of the carbon steel surfaces on condary

de become exposed to sone level of boric acid.
For the reascns discussed above, there is a very low probability
of any significant corrosion of the tubesheet bore associated with
bor i A ¢ ] rrosion

NUCLEAR TECHNOLOGIES 5 -1 ¢




uch a small level of degradation would have no impact on

the F* jolint nor the structural adequacy of the tubesheet.

B&W NUCLEAR TECHNOLOGIES 51




TABLE 5.1.1
RADIAL BTREBS AKD AXIAL LOADING SUMMARY
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FIGURE 5.2.1
MOCKUP BLOCK LAYOUT
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TABLE 5.2.1
QUALIFICATION BPECIMEN INSTALLATION SUMMARY
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F 1

TABLE 5.2.2
LEAX TESBT REBULTS
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TABLE 5.2.3
TENBILE TEBT RESBULTS
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FIGURE 5.3.2.1
SBAMPLE BOBBIN PLOT BHOWING SBELECTION POINTS

(Sheet 1 of
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FIGURE 5.3.2.1
sAMPLE BOBBIN PLOT SHOWING SELECTION POINTS

(Sheet 2 of 3)
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FIGURE 5.3.2.1
SAMPLE BOBBIN PLOT BHOWING BELECTION POINTS

(Sheet 1 of ) )
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EAMPLE MRPC

PLOT
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CONCLUSIONS

B&W NUCLEAR TECHNOLOGIES £

ign veritication analyses and testing performed,
neiusions are provided
length of (d) ] inches 1s structurally adequate to
I RS the requirements for normal operating
with a safety factor of 3, faulted loading
with a safety factor of 1.43, and locked tube
nditions for Byron Unit 1 and Braidwood Unit 1 w-D4
team generators
y to secondary leakags
(d
technical specification imit fox 1ormal
g nservatism exist n the derivation of the Fx*
P lLfically,
int strength was conservatively determined for use

‘ation of the F* plugging criteria at Byron Unit 1

] 1 does not raise any cerns over boric

of the tubesheet.
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APPENDIX &
NO BIGNIFICANT HAZARDS REVIEW
An ev 1at n 1 provided wh h oncludes, r \ccordance with
FR 312 (« there are no signiticant haw..rd considerations for
F riteria application at the Commonwealth Edison Byron Unit 1
and Braldwood Unit 1 Stations Byr« Unit 1 and Braidwood Unit 1
ire both four loop Westinghouse NESS's with Mode) D4 steam
‘, nerat e
'he F* criteria maintair the structural integrity of the degraded
tube as the primary pressure boundary and allows the tube to
remain in-service for heat transfer and core cooling S/G tubing
NDE s performed on a scheduled basis an. therefore additional
legradat ! trended accordingly which allows for tube repair ox
plugging at a later dats hould that need arisce
rding t CFR50.,92(c) a proposed amendment to an operating
ense lves no ignificant hazards 1f peration of the
‘ t n accordance with the projg ed amendment would not:

L ve i ignificant increast in the probability or
neequences of an accident previously evaluated; or
reate the poss.hility of a new or different kind of
1 lent from accident previcusly evaluated; or
Involve a significant reducti in a margin of safety.

F* riteria would require an amendment to the Station
perating Technical Specifications for in-service inspection of
the reactor oolant system steam generators. However, the
11 rporation of this criteria into the Technical Specifications,
changes none of the original plant design conditions or
e { rmance haracteristil S
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De ription of chandge
The ' lteria define a length of expanded tube engagement
within the tubesheet bore (F* distance), below which, defects can
exist and remain in service. The F* criteria includes an overall
length of undegraded tube providing sufficient structural strength
to withstand normal operating and faulted condition lcadings with
an acceptable margin of safety. The F* distance also provides
resistance to leakage to remain well within plant technical
pecification leakage limits. The criteria assumes that the
lefect is a full 360 degree circumferential sever at the overall
engagement distance

P pump/motor performances and turbine valve settings are not

Affecteqd | the 1mplementation of F#¥ riteria

Reactor o nucleoni¢ computations (1.8., for boric acid
alculations or control rod positioning) are also not affected by

B

secondary side operation for feedwater, auxiliary feedwater,
lowdown, and outaye maintenance are not affected by F* criteria

'he F* plugging criteria has been fully gualified for use in the

Byron Unit 1 and Braidwood Unit 1 W-D4 serilies steam generators.

'he use of the F* criteria will allow tubes with otherwise

pluggable indications to remain in service as long as they are

NUCLEAR TECHNOLOGIES g=2




2low a minimum distance from the hard roll contact point near the
tubesheet secondary face. This ilstance referred tc as F»

A

ANCE Wa established at [(d4) ilr hes through analysis and
l testing. ['he F* criteria ls adequate to meet technical
I : specification requirements for leakage and maintain adegquate joint

strength for normal operating and faulted conditions.

alification specimens were prepar e simulating the same

installation conditions as the original tubing. These specimens
\ were subjected to tenslle tests and leak rate tests. The loads

pressures for the testing i1ncluded safety factors of 3 for

3

rmal operating differential pressure and 1.43 for faulted
nditions. In addition, ECT was performed on a number of F+
specimens to determine measurement accuracy and repeatability.

Bobbin and MRPC techniques were used for this testing. The

results of the ECT testing were factored into the F* criteria.
he effect f bori« 1 i rrosiol n the carbon steel tubesheet

were also examined as part f the qualification program. In the
he defect in the tube went 100% through wall a small

jion of the ftubesheet could be exposed to primary side fluid.
worst, a small amount of localized tubesheet degradation, on

ne rdei f a few mils, could ccul Such shallow attack

presents n structural concerns for the tubesheet or the F*

Basis

-
A
-
=
Lo
-~
~
L
-
~

e F* utilizes the "as rolled" tube configuration that exists
18 part of the original steam generator design, all of the design
and operating characteristics of the steam generator and connected
iystems are preserved. The F* joint has been analyzed and tested
f o1l design, operating, and faulted condit.on loadings in
iccordance with Regulatory Guide 1.121 safety factor

8. At worst

ase a tube leak would occur with the result being a primary to

secondary system leak,
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i ld a tube leak occur the impact 18 bounded by the ruptured
1b¢ evaluation submitted by the utility for the operating
ense NO new or unreviewed accident onditions are created by
e use of F* criterila. The potential for a tube rupture 1s not
'reased from the original submittal, thus there is no impact on

ients evaluated as the design basis.
rhus FRS )2 ( (1 1 satisfled.
l ‘ Potentilal for Creating an Unanalyzed Event
I
fajlure of a tube which remained unplugged in accordance with
the F* criteria would result in a tube leak, which is a previously
analyzed condition Since this leak would occur below the
secondary face of the tubesheet its leak rate would be limited by
the tube-to-tubesheet interface. Qualification testing and
pre oug experience indicates that normal and faulted leakage
would I well below technical specification limits creating no
5 hreat assoclated with tube rupture type leakages. Since the
rma and faulted leak rates are well within the 1 GPM normal
perating limit, the FSAR analyzed accident scenarios are still
k nding 'his conclusion is consistent with previous F* programs
appi ed and used at other cperating plants
loweverl in the unlikely event the failed tube severed completely
at a point below the F* region, the remaining F* joint would
etain engagement in the tubesheet due to its length of expanded
ntact within the tubesheet bore, preventing any interaction with
neighboring tubes. If the tube severs at a point above the F#¥
region, then 1t is covered by the tube rupture evaluation
performed a part of the UFSAR. Therefore, there 18 not a
potential for creating an unanalyzed event
Thus 10CFRE 32(c) (2) 1is satisflied.
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I iteam gend
?“;J' i n

undeegygra ied

Margin of Safety

previous responses, the protective boundaries

rator are preserved. A tube with degradation

service through an F* criteria which provi
expanded Iinterface with the tubesheet and

the ne S

of the

be

&
L a

n
des an

which

lafles ] necessary structural and leakage requirements
per Reg uide 1.121 and the Station Technical Specifications.
iIce the joint is constralined within the tubesheet bore, there is
l additional risk associated with tube rupture. Since the UFSAR
inalyzed accident scenarios remain bounding, the use of an F»*
riteria does not reduce the margin of safety.
nus, l10CFR! 92(c) (3) is satisfied.
\ ne iy | 1§
I'he f the F» riteria de ribed herelin, to maintain tubes 1in
er { dot not represent an unanalyzed safety concern.
rthermort ts ge doe not increase the risk of creating an
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