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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO AMENDMENT NO. 46 TO FACILITY OPERATING LICENSE NO. NPF-37,

AMENDMENT NO. 46 TO FACILITY OPERATING LICENSE NO. NPF-66, |
AMENDMENT NO. 58 TO FACILITY OPERATING LICENSE NO. NPF-72,

AND AMENDMENT NO. 58 TO FACILITY OPERATING LICENSE NO. NPF-77

COMMONWEALTH EDIS0N COMPANY

BYRON STATION. UNIT F0S. 1 AND 2

BRAIDWOOD STATION. UNIT NOS. 1 AND 2
|

DOCKET NOS. STN 50-454. STN 50-455. STN 50-456 AND STN 50-457 )

1.0 INTRODUCTION
l

By letter dated August 13, 1993, as supplemented by letters dated i

September 15, 1993, September 16, 1993, December 17, 1993, January 19, 1994, !
February 11, 1994, and February 24, 1994, Commonwealth Edison Company (CECO, )

or the licensee) submitted a request for an amendment to the licenses for
Braidwood Station (Units 1 and 2) and Byron Station (Units 1 and 2). The J
proposed amendment would modify the Technical Specifications (TS) for Byron I

and Braidwood by including the option to repair tubes using Westinghouse and i

B&W sleeving process and by including sleeves in the SG tubes sample selection I

and inspection criteria.

The supplements provided additional and clarifying information, specifically
for Braidwood and Byron in support of the original request and did not change ,

the original no significant hazards consideration determination. The
December 17, 1993, supplement transmitted a reexamination by Westinghouse of
the sleeve repair / plugging limit using the design criteria in lieu of the i

'

repair criteria and determined that the through-wall plugging limit for the
four units should be 40 percent. It also identified the material in the
submittal that was pertinent for the review of Byron and Braidwood units. The
January 19, 1994, supplement converted data from 7/8-inch to 3/4-inch diameter
tubing and supplied additional corrosion test results suitable for the
postweld heat treatment (PWHT) of laser welds. The February 11, 1994,
supplement listed the current status on the installation and inspection of
laser-welded sleeves. By letter dated February 24, 1994, Ceco committed to
implementing the conditions specified in this safety evaluation.

The Westinghouse process consists of a laser welding technique to secure a
sleeve inside a SG tube. The sleeve then becomes the primary pressure
boundary within a degraded tube. The technical justification supporting the
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Westinghouse process is given in WCAP-13698, Revision 1, " Laser Welded Sleeves
for 3/4-Inch Diameter Tube Feeding-Type and Westinghouse Preheater Steam
Generators," and is supplemented by the December 17, 1993, and January 19,
1994, submitial . The staff reviewed those portions of WCAP-13698, Revision 1,
that pertained to Byron and Braidwood (Units 1 and 2) SGs. The Babcock and
Wilcox (B&W) process uses a kinetic welding technique to secure the sleeves )
inside SG tubes. Technical justification supporting the B&W process is given
in BAW-2045 PA, Revision 1, " Recirculating Steam Generator Kinetic Sleeve
Qualification for 3/4-Inch OD Tubes," and is supplemented by the December 17,
1993, and January 19, 1994, submittal s . The following evaluations are for the
Westinghouse and B&W processes:

2.0 EVALUATION

2.1 BACKGPOUND

Tubes in the SG of an operating pressurized water reactor (PWR) ci. .

degraded by such corrosion phenomena as wastage, pitting, intergrarular
attack, stress corrosion cracking, and crevice corrosion, as well as other
phenomena such as denting and vibration wear. Tubes that beccine excessively
degraded reduce the integrity of the primary-to-secondary pre;sure boundary
and must be removed from service or repaired. Steam generator tubes have
degraded in various locations, including the top of the tubesteet, either
within the section of tube adjacent to the tubesheet or in the tube adjacent
to the tube support plates. Tube degradation at tube support plate
intersections has generally been confined to the thickness of tle tube support
plate. Degradation is more prevalent in Inconel Alloy 600 mill annealed (MA):

tubing than the same tubing which has been given an additional thermal
treatment (TT). Installation criteria for sleeving require that the tube-to-
sleeve joint be located at a specified minimum distance from the degraded
area.

Historically, SG tubes that have degraded below a calculated minimum wall-
'
1

thickness value, termed the " plugging limit," were plugged at both the inlet
and outlet ends of the tube. Installing plugs in SG tubes decreases the heat
transfer surface area available for reactor core cooling. Alternatively, SG 4

tubes experiencing localized degradation can be fitted with sleeves that cover j

the degraded area to reestablish the integrity of the primary tu-secondary
pressure boundary. The sleeves are expanded, sealed inside the tubes, heat
treated, and inspected to provide an acceptable leak-resistant load-carrying i

path. Installing sleeves inside the SG tubes extends the useful life of the (
tubes, and only slightly reduces the heat transfer capability and primary flow !
through the sleeved tubes, as compared to unsleeved tubes. l

Westinghouse has installed 914 laser-welded sleeves in the 7/8-inch diameter
tubes of recirculation SGs in nuclear power plants; 54 were installed in
Europe and 860 were installed in the United States. All laser-welded sleeves
were given a postweld haat treatment (PWHT). The sleeves are of three basic
designs: full-length tubesheet sleeve (FLTS), elevated tubesheet sleeve
(ETS), and tube support plate sleeve (TSPS). The FLTS spans from the end of

|
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the tube, at the bottom surface of the tubesheet, to a point above the
secondary-side surface of the tubesheet. The ETS spans from a non-degraded
location within the tube, approximately 14 inches up from the bottom surface
of the tubesheet, to a point above the secondary-side surface of the
tubesheet. The TSPS is centered approximately on the tube support plate
interset .n with the tube.

Tubesheet sleeves are secured by first hydraulically expanding the upper and
lower portions of the sleeve. The hydraulic expansion brings the sleeve into
contact with the parent tube to optimize weld performance and minimize tube
deformation. A continuous circumferential laser weld is applied in the area
of the hydraulically expanded region of the upper joint and stress relieved
with a PWHT. This weld structurally supports the sleeve and at the same time
forms a seal. At the lower hydraulically expanded joint, an additional
mechanical roll expansion is performed on the FLTS and ETS. The lower joint
is a hybrid expansion joint (HEJ) which provides structural integrity under
all plant conditions. Because it is a mechanical seal, the HEJ has not been
considered leak-tight, although the test data for Alloy 690 TT HEJ indicates
that the joint will be leak-tight at operating and accident temperatures and
pressures. An optional continuous circumferential laser weld without PWHT may
be applied to the HEJ to provide additional leak-tightness. The HEJ has been
previously reviewed by the staff and is implemented in the majority of the
26,000 sleeves Westinghouse has installed in the field.

The TSPS is first hydraulically expanded in place at the uner and lower joint
areas. Within the expanded areas, a continuous circumferential laser weld is
applied. The laser uses a system that delivers a laser beam from outside the
containment to the SG by means of fiber optic cable. For welds in the
freespan areas, the licensee has committed to apply a PWHT for stress relief.
The weld provides the leakage integrity and satisfies the structural
requirements with regard to the structural integrity acceptance criteria which
include inherent safety factors within the ASME Code criteria.

A structural analysis of the sleeve and sleeve joints using bounding
temperature and pressure differences for the Byron and Braidwood SGs was
performed. Corrosion testing, mechanical testing and leak testing of
prototypic sleeve specimens was also performed. These evaluations and test
programs are summarized in the referenced documents.

2.1.1 MATERIAL

The tubes in Byron and BrM dwood (Unit 1) are made from ASME SB-163, Alloy 600
mill-annealed (MA) r m Ht;!. The tubes in Byron and Braidwood (Unit 2) are
made from ASME SB-161, M iar 600 TT material. The outside diameter of the ,

tube is 3/4-inch. The sleeves designed for the 3/4-inch tubes are made from I

ASME SB-163, t.lloy 690 TT material .

2.2 LICENSING BASIS
,

1

In accordance with 10 CFR 50.55a, the NRC requires components that are part of

1
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the primary pressure boundary to be built to the requirements of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
Section III (Code). In Section 5.2.1.1 of the Standard Review Plan,
" Compliance with the Codes and Standards Rules, 10 CFR 50.55a," the staff has
outlined the standards it uses for the evaluation. Any modification, repair,,

| or replacement of these components must also meet the requirements of Section
| XI of the ASME Code (1989 Edition), Section III (1989 Edition), Section IX

(the latest edition) and be reconciled with the design Code of record. The
design of the sleeves is predicated on the requirements of Section III, Sub-
article NB-3200, for design analysis, and Sub-article NB-3300 for wall-
thickness calculations. The ASME Code provides criteria for evaluating stress!

levels in tubes for design, normal operating, and postulated accident
conditions. The margin of safety is provided, in part, by the inherent safety
factors in the criteria and requirements of the ASME Code.

| Section IX of the ASME Code, Subsection QW, and Section III, including Code
Case N-395, " Laser Welding," define the applicable essential variables for the
welding procedure specificition and welding procedure qualification test.
Section XI, Paragraph IWB-4334, of the ASME Code defines the extent of
examination requirements for installation of laser welded sleeves.

Regulatory Guide (RG) 1.121, " Bases for Plugging Degraded PWR Steam Generator
Tubes," addresses tubes with defects. The criteria of RG 1.121 are extended
to the laser welded sleeve in order to determine the level of degradation at
which the sleeve must be removed from service by plugging. ASME Code design-
allowable strength values were used for evaluating the plugging limit. By
utilizing the requirements contained in the ASME Code and Regulatory Guide
1.121 to define the acceptance criteria for sleeve design, the sleeve will
meet the requirements of General Design Criterion (GDC) 15, " Reactor Coolant
System Design," and GDC 31, " Fracture Prevention of Reactor Coolant Pressure
Boundary."

Regulatory Guide 1.83, " Inspection of Pressurizer Water Reactor Steam
Generator Tubes," and the appropriate Byron and Braidwood TS form the basis !
for determining the inservice inspection requirements of the sleeve. j

1

Total plant allowable primary-to-secondary leakage rates, derived from the !:

| requirements of 10 CFR Part 100, are determined on a plant-specific basis.
| Offsite doses during either a main steamline break or tube rupture event are

not to exceed a small fraction of the 10 CFR Part 100 limits and are based on
| the appropriate Byron and Braidwood TSs.

The effects of sleeving, as evaluated by the licensee, do not increase the
dose consequence estimates established by the utility specific Updated Final
Safety Analysis Report (VFSAR). Test results indicate that sleeving will not
contribute to offsite dose consequences for a postulated steam line break
event. The consequences of a steam generator tube rupture are unaffected by

| tube sleeving.

|

(
| |

| |
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2.3 WESTINGHOUSE, WCAP-13698 REVISION 1, " LASER WELDED SLEEVES FOR 3/4 INCH |
DIAMETER TUBE FEEDING-TYPE AND WESTINGHOUSE PREHEATER STEAM GENERATORS" ;

FOR BRAIDWOOD STATION (UNITS 1 AND 2) AND BYRON STATION (UNITS 1 AND 2)
1

; '
'

REVIEW

2.3.1 SCOPE'0F REVIEW

WCAP-lF98, Revision 1, is a generic sleeving report. The staff reviewed the
data pertaining to Westinghouse Models D4 and D5 SGs and the specific design ,

and installation parameters at Byron and Braidwood. Byron Unit I and
! Braidwood Unit I use the Westinghouse Model D4 SG with full-depth hardroll-.

expanded tubes installed in the tubesheet, which is necessary for the
installation of ETS. Byron Unit 2 and Braidwood Unit 2 use the Westinghouse
Model D5 SG with tubes hydraulically expanded to the tubesheet. These joints
were heat treated during initial assembly. Since ETS will not be used in the
Model D5 SG, the staff did not review the installation of ETS into
hydraulically expanded tubes.

2.3.2 SLEEVE DESIGN AND ANALYSIS

The laser welded sleeves (both tubesheet and tube support plate sleeves) have
been analyzed' to maintain steam generator tube structural and leakage
integrity during all plant conditions. The function of the sleeve is to
restore the integrity of the pressure boundary in the region between the
sleeve joints, to a level which is consistent with the original tube. The

'

sleeve joint design is qualified through laboratory testing and analysis.
Analytical verification has been performed using design and operating
transient parameters selected to envelop loads imposed during normal

! operation, upset conditions, and accident conditions for Byron and Braidwood.
Fatigue and stress analyses of the sleeved tube assemblies have been completed'

in accordance with the requirements of ASME Code, Section III.
f

| The analyses include a primary stress intensity evaluation, primary plus
secondary stress intensity range evaluation, and a fatigue evaluation for'

mechanical and thermal conditions which encompass the loading conditions for
Byron and Braidwood SGs. In addition, the load cycles used in the fatigue
analysis represent 40-year life-cycle conditions and, therefore, are |

,

considered conservative for operating plants. ASME Code, Sections III, i
'

including Code Case N-395, and Section XI, were utilized to address the laser- |
weld qualification process. The results of the qualification testing, j
analyses, and plant operating experience demonstrate t.:at the sleeving process 1

with PWHT and an augmented inspection program is an a.:ceptable means of
restoring integrity to a steam generator tube.

2.3.3 CORROSION

Corrosion testing was performed in high-temperature, high-pressure autoclaves.
A primary-to-secondary pressure differential which bounds the conditions in
the Byron and Braidwood SGs was applied, and a doped steam environment was
utilized to accelerate crack propagation. The material used was Alloy 600 MA

i

- - - - - _ - - - _ _ _ _ _ _ _ _ _ _ , _ _ __
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|
| tube-to-Alloy 690 TT sleeve as fabricated with and without PWHT. No corrosion
i data was presented for Alloy 600 TT tube-to-Alloy 690 TT sleeve joints;
! however, it is well documented that Alloy 600 MA is more susceptible to PWSCC
'

than the same material in the TT condition. The accelerated corrosion tests
indicate that a freespan laser-welded joint is slightly less susceptible to
primary water stress-corrosion cracking (PWSCC) than mechanically expanded

i tube joints at the rolled-to-unrolled transition in the tubesheet. Limited
testing shows that the freespan laser-welded joint can be made more resistant
to corrosion by subjecting the joint tc a PWHT. A laser-produced seal weld of
the tubesheet sleeve lower joint (if used) could be performed according to
identical parameters used for the upper laser-welded joint, except that heat

| sink characteristics of the tubesheet would render a PWHT ineffective. Test
| results of the lower laser-welded joint show slightly less susceptibility to

corrosion than the mechanically expanded tube joint.
!

! During a telephone call with the licensee on December 23, 1993, the staff
| requested that additional information be provided, showing the effectiveness
| of PWHT on the tubes used in Byron and Braidwood SG. In a January 19, 1994,
| submittal, the licensee presented data showing a decrease in the degree of
| PWSCC cracking in U-bends with increasing PWHT soak times and temperatures.

The data showed that U-bends manufactured from heats with a history of PWSCC
would be less susceptible to cracking after a PWHT. The data also showed that

i 2 simulated sleeve-to-tube conduction-limited laser-welded and PWHT (5-minute
' soak time at 1400*F) joints were subjected to steam environment for 1000 hours

resulting in a shallow stress corrosion crack in one of the joints. The data
supports a position that a PWHT of Alloy 600 MA tubes manufactured from a
given heat, improves the crack resistance of that heat. The data did not
cescribe the effects microstructure, chemistry, and joint crevices have on
PWSCC. The data focused only on limited accelerated corrosion results, which
may not bound all the Alloy 600 MA or TT material conditions that may exist in
the Byron and Braidwood steam generators. In the absence of an explanation or
supporting test data that relates manufacturing processing, chemical analysis,
yield strength, and material microstructure to PWSCC susceptibility in SG
tubes, the NRC staff will require that a 1400*F minimum soak temperature with
a 5-minute minimum soak time PWHT be used on freespan laser-welded joints.

The PWHT of MA tubes provides stress relief and promotes carbide formation,
thus enhancing the tube's ability to withstand PWSCC; however, the joint
between the sleeve and tubing provides a crevice. Tests show that degradation
occurs in the crevice and is located several mils from the laser-welded joint
and extends into the tube. The staff believes that additional corrosion
testing is needed to establish the design life for the sleeved tubes in the
presence of a crevice. The testing should determine the effects that the
conditions identified in the above paragraph have on PWSCC initiation and
growth, and should include the associated stress intensity values.

|

.
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! 2.4 B&W, PAW-2045PA REVISION 1, " RECIRCULATING STEAM GENERATORS KINETIC
SLEEVE QUALIFICATION FOR 3/4 INCH TUBES" FOR BRAIDWOOD STATION (UNITS 1

'

AND 2) AND BYRON STATION (UNITS 1 AND 2) REVIEW ;

1

2.4.1 BACKGROUND

The BWNT process uses a kinetic welding technique to secure the sleeves inside
SG tubes. Technical justification supporting the process is given in B&W
Topical Report BAW-2045PA, Revision 1, " Recirculating Steam Generator Kinetic
Sleeve Qualification for 3/4-Inch OD Tubes." The staff has approved the

|
Topical Report for referencing.

I

Previously, the staff had approved the use of the BWNT kinetic sleeving
process as an alternative to plugging tubes in a number of nuclear plants
based on its review and approval for referencing of the topical report. The
details of the sleeving process are described in B&W topical report
BAW-2045PA, Rev. 1, which the staff approved on June 18, 1992, as being
suitable for referencing in licensing documents. lne staff's topical report
approval letter stated that the staff did not intend to repeat the review of
the matters described in the report and found acceptable when the report

I appears as a reference in license applications, except to assure that the
material presented is applicable to the specific plant involved and further we
stated that our acceptance applied only to the matters described in the
report.

| 2.4.2 BASIS FOR ADDITIONAL REVIEW

Recent plant operating experience has caused the staff to re-open its review
,'

of the kinetic weld sleeving peccess, and to impose certain new conditions on
its use. In the kinetic welding process used by BWNS, an explosive charge
expands the sleeve and fuses the sleeve to the tube. The process leaves
residual stresses in the parent tube in the vicinity of the explosive weld
and must be followed by a post weldheat treatment (PWHT) in order to relieve

| the residual stresses in the parent tube.
[

| As described in NRC Information Notice 94-05, " Potential Failure of Steam
! Generator Tubes With Kinetically Welded Sleeves," a leak from an Alloy 600 MA

parent steam generator tube with a BWNS kinetically welded Alloy 690 TT sleeve
| was the cause of the August 22, 1993, McGuire, Unit I shutdown. After the'

tube and sleeve were removed it was confirmed that the leak was from a
circumferential crack just above the kinetic weld in the parent Alloy 600 MA
tube. Destructive examination of the sleeved tube at McGuire indicated that
the most probable root cause of the parent tube leak was the inherent
susceptibility of the parent tube to stress corrosion cracking in combination
with a stress relief temperature at the low end of the qualified PWHT range.

A kinetically sleeved Alloy 600 MA steam generator tube cracked and leaked at
the Trojan Nuclear Plant in 1992 as a consequence of a process error that,

| caused the complete omission a postweld stress relief.
|

~ ... , _ r _. ,. . _ .
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On January 23, 1994, McGuire Unit I shut down again because of a 104-gallon
per day (gpd) SG tube leak. Eddy current testing with a cross wound coil'

indicated that this leak was from a circumferential crack in the parent tube
located just above the weld joint between the tube and a BWNS kinetically

,

l welded sleeve that had been installed in 1991. The circumferential character
| of the crack appears to be similar to the previous 170 gpd tube leak that
~ occurred in the Unit 1 "A" SG on August 21, 1993.

| The BWNS kinetic sleeve process was originally qualified for a range of Alloy
600 materials whose corrosion susceptibilities were believed at the time to
include the most limiting case material in operating plants. With this latest
information BWNS concluded that the tube from McGuire Unit I was more
susceptible to corrosion than the tubes used in the original qualification
testing. BWNS therefore requalified the PWHT at a higher temperature which is
intended to remove virtually all of the residual stress induced by the kinetic
welding.

The licensee presented microhardness data on kinetic welded tubes with and
without PWHT in BWNT Document #51-1228682-00, " Evaluation of BWNT's Kinetic
Sleeving Process" and BWNT Document #51-1228708-00, " Evaluation of Stress

,

| Relief Temperature for Kinetic Sleeves." The licensee states that these data
indicate that the new PWHT process would remove virtually all of the residual
stress from the explosive deformation and weld resulting from the kinetic
welding process.

Because the kinetics of the recovery and re-crystallization of explosively
deformed metals is more rapid than conventionally deformed metals, it was
stated that microhardness measurements are a dependable indicator of the
reduction in residual stresses. The staff has not been able to pursue the
theoretical basis for this argument nor has it been able to obtain the
original references containing the experimental verification of this thesis.

In the qualification of the new stress relief process, a correlation is made
between service experience of in-situ stress relieved steam generator tube
U-bends and tests conducted in what is believed to be an accelerated caustic
environment, corrosion test environment. The staff believes that additional

,

justification is needed to demonstrate the validity of these tests to the '

qualification of the sleeves for 40 years of steam generator service.

The license 9 and BWNT have not provided sufficient long term corrosion testing
to bound all heats of the Alloy 600 MA and TT tubing, to establish the
suitability of creviced Alloy 600 MA and TT in service, to establish the

i process parame:ers of the PWHT, or to establish the minimum stress intensity l

for crack initiation under extended service conditions. 1

Therefore, as with the laser welded sleeves, additional corrosion testing is
needed to establish the design life of kinetically welded sleeve assemblies,
using samples containing crevice conditions and microstructure such as those
that exist in installed sleeves. In addition, the NRC staff will require a

1
1



-. _ _ _ _ . - -.

<
.

-9-
I
i

|
1400*F minimum soak temperature with a S-minute minimum soak time PWHT be used i
on freespan kinetically welded joints. !

2.5 NDE INSPECTABILITY

NDE of the laser welded sleeves is utilized to confirm the adequacy of the
sleeve installation and _ determine if the sleeves have degraded in service.
Ultrasonic acceptance and eddy current inspections are used to determine
acceptability, to establish baseline inspection, and for subsequent inservice
inspections. The sleeved tube can be monitored in accordance with the
criteria in RG 1.83 (Revision 1) to determine its suitability for continued
service. The inspection of the sleeve necessitates the use of an eddy current
bobbin probe, having a diameter that can pass through the inside diameter of
the sleeve. The licensee stated that the sensitivity of the eddy current
inspections will be 20% of wall thickness based on calibration standards
having 0.187 inch diameter flat bottom holes at all locations of the pressure
boundary, including those behind the sleeve extension. Changes in the eddy
current signature of the sleeve-to-tube joint region would require further
inspection by alternate techniques in order to accept the tube for service.

The licensee has committed to validate the adequacy of any system that is used
for periodic inservice inspection of the sleeves and, as deemed appropriate,
to upgrade testing methods as better methods are developed and validated for
commercial use. The new methods can be applied; as long as they can be
demonstrated to provide the same or greater degree of inspection accuracy as
the methods currently reviewed and approved by the NRC.

In view of the concerns regarding corrosion which are discussed in paragraph
: 2.3.5 above, the staff requires that the license be~ amended to reflect an
| inservice inspection of a minimum of 20 percent of a random sample of ;he
! laser-welded sleeves for axial and circumferential indications at the and of

each cycle. In the event that an imperfection of 40 percent or greater depth
is detected, an additional 20 percent (minimum) of the unsampled sleeves
should be inspected, and if an imperfection of 40 percent or greater depth is
detected in the second sample, all remaining sleeves should be inspecteii. The
inservice inspection is required until the licensee demonstrates the corrosion
resistance for laser-welded joints in tubes that bound the material parameters
of the tubes installed at Byron and Braidwood SG. If conformance with the
requirements of the plant TS for tube structural integrity is not confirmed.
the tubes containing the sleeves in question should be removed from service.

2.6 LEAKAGE

Historically, SG sleeve-to-tube joint were basically mechanical seals and were
not considered leak-tight. The NRC has not required that sleeve repairs be

! leak-tight but only leak-limiting. The staff evaluated leakage based on
' plant-specific TS requirements for primary-to-secondary leakage limits under

normal and accident conditions. The licensee has analyzed the leakage effects
of the HEJ, the HEJ with laser-welded joint, the freespan laser-welded joint

|
1

!

!
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and kinetically welded joint. The analyses show that even under extreme
postulated conditions, the three joints will maintain satisfactory integrity
against leakage. The continuous circumferential laser welded joints are
inherently leak-tight.

Degraded tubes that were restored to operation as a result of sleeving are
susceptible to additional degradation in the same SG environment. The sleeve
is designed to extend past the welded joint and into the tubing. In the event
that a sleeved tube fails near or at the weld, the sleeve extension will
restrict tube movement and leakage. Leakage monitoring devices are intended
to alert plant personnel to implement the appropriate procedures. However,
based on experience with various causes of leakage through tubes including
experience related to tube repaired by sleeving, the staff has concluded that
the current primary-to-secondary leakage limits in the Byron and Braidwood TS
are not sufficient to detect early stages of sleeve degradation. To reach a
satisfactory conclusion regarding the acceptability of the sleeving
application, particularly in view of the discussion on corrosion in paragraph
2.3.5 above, the staff requested that the license be amended to reflect a
primary-to-secondary leakage limit of 150 gallons per day per steam generator.

2.7 SLEEVE MINIMUM WALL THICKNESS DETERMINATION

The minimum acceptable wall thickness for the sleeve was determined using the
criteria of RG 1.121 for partial through-wall degradation, Appendix I of
Section III of the ASME Code for allowable material strength values, and Sub-
article NB-3300 of Section III of the ASME Code for the pressure stress
equation. A bounding set of input conditions, which encompass the operating
parameters of Byron and Braidwood SGs, was used for the minimum wall-thickness
evaluation. The wall-thickness calculations were performed for faulted,
upset, and normal operating conditions. The minimum acceptable wall-thickness
was determined to be 40 percent of the nominal wall-thickness of the sleeve.

2.8 PLUGGING LIMIT DETERMINATION FOR SLEEVED TUBES

According to RG 1.121 criteria, an allowance for non-destructive examination
(NDE) uncertainty and operational growth of existing tube wall degradation
within the sleeve must be accounted for in determining a sleeve plugging limit
based on NDE. A conservative tube-wall-degradation growth rate of 10 percent
through-wall per cycle and an eddy current uncertainty of 10 percent have been
assumed for determining the TS plugging limit for sleeves.

The sleeve-wall degradation based on the bounding conditions, determined by
eddy current examination, that would require plugging sleeved tubes is defined
to be 40 percent. The plugging limit is determined by subtracting the eddy
current uncertainty and assumed crack growth rate for an additional cycle from
the through-wall penetration of degradation, which corresponds to the minimum
acceptable wall thickness. Removing the sleeved tubes from service when
degradation reaches the plugging limit provides assurance that the minimum
acceptable wall thickness will not be exceeded during the next cycle of

_ _
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i operation. In the event that degradation is determined by another technique,
other than eddy current examination, the uncertainty of that technique would
have to be established.

3.0 SUMMARY

: On the basis of its analysis, the staff concludes that for Braidwood (Units 1
and 2) and Byron (Units 1 and 2) the repair of SG tubes using Westinghouse'

i conduction-limited laser-welded sleeves and B&W kinetically-welded sleeves in
4 accordance with the proposed amendment, with minimum soak time and temperature
; PWHT and inservice inspection described in this SE is acceptable. However,
i the staff finds that additional confirmatory testing is necessary to establish

the design life of the sleeved tubes and to confirm that the inspection and ,

: leak detection requirements are sufficient. The inservice inspections and !

j primary-to-secondary ieakage limit requirements discussed previously must be l

in place to adequately monitor SG sleeve performance. Also, corrosion
,

testing to confirm Tong term suitability for service of these sleevei

assemblies must be completed.
:

! By letter dated February 24, 1994, Ceco committed to submit a license
amendment request to include the following conditions in Byron and Braidwood
station licenses: :

1. Amend the license to reflect a primary-to-secondary leakage limit
of 150 gallons per day,

2. Amend the license to reflect an inservice inspection as described
in section 2.8 of this SE.

3. Add a condition to the license to conduct additional corrosion
testing as described in sections 2.3.3 and 2.4.2 of this SE.

The licensee committed to submit the above amendment requests no later than 90
days from the date of issuance of this amendment. In addition, the licensee
committed to:

Perform post weld heat treatment at 1400*F minimum soak temperature with
a 5-minute minimum soak time on freespan kinetically- or laser-welded
joints until additional supporting data becomes available.

The NRC staff finds ibnsee's commitment to implement the conditions stated
in this hE acceptable.

4.0 STATE CONSULTATION

In accordance with the Commission's regulations, the Illinois State official
was notified of the proposed issuance of the amendments. The State official
had no comments.
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5.0 ENVIRONMENTAL CONSIDERATION

The amendments change a requirement with respect to the installation or use of
a facility component located within the restricted area as defined in 10 CFR

1

Part 20 and change surveillance requirements. The NRC staff has determined . |
that the amendments involve no significant increase in the amounts, and no !

significant change in the types, of any effluent that may be released offsite, |
and that there is no significant increase in individual or cumulative .

'occupational radiation exposure. The Commission has previously issued a
proposed finding that the amendments involve no significant hazards
consideration, and there has been no public comment on such finding (58 FR ;

57846). Accordingly, the amendments meet the eligibility criteria for '

categorical exclusion set forth in 10 CFR 51.22(c)(9). Pursuant to 10 CFR
51.22(b), no environmental impact statement or environmental assessment need
be prepared in connection with the issuance of the amendments.

6.0 CONCLUSION

The Commission has concluded, based on the considerations discussed above, :
that: (1) there is reasonable assurance that the health and safety of the
public will not be endangered by operation in the proposed manner, (2) such
activities will be conducted in compliance with the Commission's regulations,
and (3) the issuance of the amendments will not be inimical to the common
defense and security or to the health and safety of the public.

Principal Contributor: D. G. Naujock
H. Conrad

Date: March 4, 1994
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