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FOREWORD

This nonproprietary report bears a Westinghouse copyright notice. The NRC is
permitted to make tne number of copies of this report necessary for its
internal use and such additional copies which are necessary in order to have
one copy available for public viewing in the appropriate docket files in the
pubiic document room in Washington, D.C. and in local public document rooms
as may be required by NRC regularions if the number of copies submitted is
insufficient for this purpose. The NRC is not authorized to make copies for
the personal use of members of the public whc make of the NRC public document
roows. Copies of this report or portions thereof made by the NRC must
include the copyright notice.
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1.0 INTRODUCTION
1.1 OVERVIEW

On February 24, 1990 Indian Point 2 shutdown to perform a mid-cycle
inspection of the steam generator upper cyl’nder to transition zone (girth)
welds and feedwater nozzles. The inspections were extended to include
internal weld surfaces and the generator internals above the girth weid,
trarsition zone shel) areas below the girth weld, feedwater ring brackets,
the nozzle bore and connecting feedwater piping and a lower cone to sheli
weld and the stub barrel to shell weld. A1)l indications identified as cracks
were removed by grinding., Weld repairs meeting the requirements of ASME Code
Case N-432 or Section XI 1983 edition through Winter 1985 addenda were
accomplished, as necessary, on the feedwater piping, feedwater nozzle,
feedring brackets and upper shell to transition cone girth weld.

Metallurgical investigations were conducted on material samples from girth
welds, transition cone, nozzle bore and feedring brackets.

Stress analyses and fracture mechanics evaluations were performed to
determine the necessary repairs and to support plant operation until the next
refueling outage. The fracture analysis approach used was based on a
modification of the fracture mechanics criteria of ASME Section X!. The
Section XI fracture criteria found in paragraph IWB-3600 are normally used to
Justify continued operation without removal of cracks. In this case all
cracks have been removed and ‘or repaired.

1.2 CONCLUSIONS

The repairs made to the feedwater piping, feedwater nozzle, and feedring
brackets involved restoration of these items to their original design
condition or a modified equivalent. The weld repair made to the girth weld
restored this item to a condition to meet ASME Code requirements tc support
the remainder of current cycle of plant operation.




Metallurgical analysis determined that the cracking was caused by corrosion
fatigue or stress corrosion mechanisms depending upon 1ncation, 1oads and
environmental conditions. As a result of changes made ir 1389 (mogification
of feedwater flow control valve and removal of downcomer resistance plates)
the impact of fatigue mechanism has been minimized.

Stress anaiyses and fracture mechanics evaluations determined that the post
ropair condition of the steam generators satisfy necessary criteria to
support continued plant operation until at least the next refueling outage
without any detriment to the structural integrity of the steam gencrators.

The wet layup process has been modified to introcuce ni.rogen as a sparging
gas to displace air from the steam generator for future outages.

It is believed that this modification and the mitigating actions to reduce
the dissolved oxygen in auxiliary feedwater ncw being implemented will
significantly retard the process of pitting, crack initiation and qrowth.

Appropriate inspections of the repaired areas will be made at the next
refueling outage.




2.0 1990 INSPECTION RESULTS

During the 1990 outage, inspections of steam generators and steam generator
fabrication history were accomplished ‘n five areas; girth welds, feedwater
nozzles, feedwater piping, feedring support: and other areas of the steam
generator shells, Details of the inspectiors are described below,

2.1 GIRTH WELD INSPECTIONS

The girth weld inspection plan previously established for the 1990 outage was
to initially examine by magnetic particle (MT) technigues one third of the
inner circumference of two steam generators. If indications were found, t-e
MT inspection would be expanded to 100% of the girth weld on the steam
generators selected, and the remaining two steam generators would have one of
their girth weld circumference examined. Finally, if indications were again

found, t'e inspections would be expanded to 100% of the girth welds in all
four ©ceam generators.

In each examination phase, MT indications were found and, therefore, 100% of
all girth welds were examined by MT for each steam generator. This
represents a band of approximately 7 inches wide and 44 feet in
circumferential length on the inside surface.

A summary of the locations and depth of grinding for removal of the
indications is provided in Appendices B and C. During the girth weld MT

exac ‘nation, some indications were noted at a distance of 6 to 7 inches above
the girth weld in Steam Generator 21. The indications appeared to be in
remnants of welds from a fabrication attachment that were incompletely

removed. These indications werc removed ind the areas were verified to be
indication free.

The depth of girtr weld grinding to remove some of the indications in Steam

Generator 22 was below * 2 minimum wall permitted. Weld repairs were

required to restore the girth weld. Nine areas were weld repaired using the
temper bead repair technique, as covered by ASME Boiler and Pressure Vessel
Code, Section IX Case n-432,
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While this technigue precluded the need for a stress relieving post weld heat
treatment, it rec panded nondestructive examrination. Specificaily,
an area 10 inche toe of any repair weld had to be examined by
ultrasonics (UT), aphy (RT), and MT. This amounted to examining

approximately 25 1ine feet of the circumference of Steam Generator 22 by
the techniques cited.

The results of these inspections were that a number of indications were found
within the 10 inch band below the girth weld, and none were found in the band
above the girth weld. A boat sample of one indication located below the
girth weld was analyzed and was found to contain weld metal.

Since these inspection results implied cracking in the base metal below the
girth weld, an expanded volumetric examination program was conducted using
UT. This expanded program ultimately included the following: a 10 inch band
below the toe of the girth weld, 360 degrees around all steam generators; one
third of the transition cnne for two steam generators which included the
total length of a Tongitudinal weld, one half of each of the adjacent plates,

and the lower transition zone to shell girth weld, and any interior welced
attachments, if detected.

The results of these inspections were that no indications were found in any
region other than the 10 inch band below the toe of the girth weld
(approximately 14 inches below the centerline of the girth weld).

To further assure that the cracking was limited to the girth weld region, a
UT examination was performed at the stub barrel to shell weld. Also, visual
examinations were conducted at intersections of longitudinal and

circumferential welds in the steam drum region. Again, in all instances,
there were no relevant indications.

Subsequent examination of construction/assembly records by Consolidated
Edison at Westinghouse and Lukens Steel revealed that welds were made at a
distance of approximately 4 to 6 inches below the top of the transition cone
to facilitate field alignmert. To confirm the presence of welds in this
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location, all indications below the girth weld in Steam Generators 21 and 24
were macro-etched to confirm the presence of a weld, All of these
indications, 7 in Steam Generator 21 and 7 in Steam Generator 24,
respectively, were found to have evidence of a weld. Based upon this sample,
one indication from Steam Generator 23 was alsc randomly selected and macro-
etched to confirm that a weld was at the indication; evidence of weld metal
was found.

A1l indications were ground out and confirmed to be indication free by MT,
Therefore, it was concluded that all of these indicaticns were due to welds
made during fabrication of the steam generators tc facilitate assembly.
Although the welds were ground, portions of the welds were not removed; the
weld remnants eventually cracked and were found by the NDE following the weld
repairs.

2.2 FEEDWATER NOZZLE INSPECTION

The previously established inspection plan for the nozzles was to examine by
1iquid penetrant (PT), and/or MT 2 of the 4 feedwater nozzle faces. If
indications were found all nozzle faces would be examined. In addition, the
nozzie bores would be remotely examined by fiberscope.

In each examination phase, indications were found and the inspection was
expanded. To facilitate examinations of the nozzle bore, the thermal sleeves
were removed from all four steam generators.

The methods of examining the bore with tke tharmal sleeve removed included
PT, MT and to the ex*ent possible UT and RT., The surface examinations were
360 degrees around, but in some cases were somewhat )imited by the geometry
of the nozzle.

The results of these additional inspections was that irdications were found

in the Tcwer section of the nozzle bore primarily in ti'e longitudinal
orientation, and in the nozzle to pipe weld, circumferentially.

DO381-2:10/073190 2-3



To better determine the mechanism uf cracks within the bore region, a ~.at
semple was removed. The results of this metallographic examination is
discussed in a later section of this report.

The method of repair was to grird out all indications detectec, weld back al)
ground areas, and to return the nozzle bore and knuckle regions to their

original configura .un. For the nozzle to pipe welds, the entire .. '1d was
removed and replaced.

The welding technique employed for the repairs t the nozzle face and bore
was the temper bead technique.

After all repair welds were made and the nozzle machined to its original
configuration, the acceptance NDE was by MT of all welded areas plus 5 inches
on all sides. Also, UT and RT was performed 360 around the nozzle, to the
extent practical, for acceptance and to establish a new Section X! baseline.

To further assure that no cracking was nresent, the thermal sleeves were
examined by MT. MNo indications were found.

The greatest cepth of cracking in the bore occurred in Steam Generator 24 and
the greatest depth of cracking at the nozzle face occurred in Steam
Generators 23 and 24. A summary of the maximum grindouts associated with
each of nczzles appears in Table 2.2-1.

TABLE 2.2-1
INSPECTION RESULTS
NOZZLE AREA
GRINDING DEPTH, IN. MAX,

FACE AT -
SG BRACKET KNUCKLE PIPE WELD

21 0.44 0.40 0.318

22 0.40 0.00 0.388

23 0.70 .13 0.200
0

24 0.70 * .270
*Grinding began before baseline measurcments.
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2.3 FEEDWATER PIPE INSPECTION

The feedwater pipe was examined as a consequence of finding indications in
the acz22le to pipe weld region which extended upstream of the weld. The
method of detection was by visual (VT) and/or MT.

The inspec*ion plan was to continue examining the feedwater pipe welds from

the 1. terior .t each successive weld ‘oint until the pipe and weld was visua)
ana/or MT . lear,

The examinations revealed indications in the feedwater piping. The feedwater

piping upstream of the nozzles in al) four steam generators were then
examined.

he upstream examinations showed indications along the bottom bore area.
Consolidated Edison made a decision to replace feedwater piping sections that
were cracked. Replacement feedwater pipe sweeps leading to the nozzles were

installed on Steam Generators 21 and 24; replacement sections of piping were
installed on Steam Generators 22 and 23.

¢.4 FEEDRING (HEADER) BRACKET INSPECTIONS

As a result of finding cracks surrounding the nozzle shelf brackets,

inspections were expanded to all feedwater ring supports in all four steam
generators. A depiction of these supports, their orientation relative to the
feedwater nozzle and their designations is shown in Figure 2.4-1 and a detail
of an A, B or C bracket is shown in Figure 2.4-2. The method of detection
was either PT or, where access was available, by MT.

The method of the repair was to grind out all indications until PT or MT

clear and to weld back to the orioinal configuraticn unless specifically
modified.

The welding technique was the temper bead process per ASME Sec. 111, 1983
Winter 85 and the acceptance requirements were MT and UT.
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In the cuse of the shelf brackets for Steam Generators 21, 22, 23, and 24 the
brackets were removed anc placed outside of the nozzle forging onto the steam
generator wall, In all cases, welding techniques employed and acceptance NDE

used was consistent.
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Feedring Support Geometry at Moi:zle

Figure 2.4-1
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2.5 OTHER INSPECTIONS

In addition to the above inspections, other spec fic steam generator areas
were examined. The examinations, extent and specific NDE techniques are
summarized in Table 2.5-1. These examinations included the following:

(a)

(b)

(c)

(d)

(e)

¢« Inch Inspection Port - Steam Generator 22

Visual and PT examination of the bore no linear indications found,
pitting was present. Macroetching of the bore of the hole revealed
almost 100% weld metal.

Weld Seams - Steam Generator 23

Visual examination of two (2) longitudinal, vertical, welds in the
upper barrel shell was performed. Pitting was observed in weld, HAZ
and base metal. No evidence of cracking was found.

Weld Seam Intersecti.ns - Steam Generator 22

Weld intersections between longitudinal and circumferential welds
were examined visually., The areas examined were above and below the
upper deck plate. These welds, located in the steam area, showed
very little evidence of pitting.

Auxiliary Feedwater Injection Point - Steam Generator 22 Feedwater
Line

Borescope ex*mination of a region 6 .nches into and around the 4
inch diameter feedwater auxiliary injection peretration revealed no
cracks or linear indications,

Underwater Inspection of Plate Material

A top/down video inspection was conducted to demonstrate that
pitting, which has been deternined to be a necessar) precursor of
cracking, was limited to the girth weld region. The video
inspection showed that tne number and severity (size and depin) of
the pits decreased substantially as the distance from the girth wela
increased.
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Additional inspections of other welds aluny the steam generator barrel were
considered unnecessary since the areas containing the stresses, geometry, and
other necessary precursors to the cracking phenomenon were bounded by the
examinations performed.
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TABLE 2.5-1
EXPANDED INSPECTIONS

Steam Space
Demister to Head weld SG 24 VT
Manway SG 21 MT
3/4" Penetration SG 21 VT
Plate Welds SG 23 VT
T Sectiors G 22 VT

Water Space

3/4" Instrument Penetration - SG 22,23 VT

Lower Girth Weld (Trans. Cone) - SG 21,22 1/3 UT

Cone Longit. Weld - SG 21,22 VT

Cone Plate - SG 21,22 1/3 UT

8" Handhole - SG 23 PT

6" Handhole - SG 23 PT

2" Penetration - SG 22 PT

Stub Barrel to Shell Weld - SG 21 UT

Attachment Weld - SG 21 UT

T Sections - SG 21,24 VT

Top/Down Video - SG 24 VT
Feedwater Line/Nozzles

Thermal Sleeve - ALL, MT

At SG - ALL, MT

At AFW Injection - SG 22 VT
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2.6 COMPARISON WITH PREVIOUS INSPECTIONS (1987 & 1989)

In November of 1987, ultrasonic (UT) examination performed over one-third of
the length of the Steam Generator 22 girth weld revealed several indications
on the inside circumference. The evidence of these indicat ons prompted Con
Edison to perform visual (VT) and magnetic particle (MT) exaainations of the
inside circumference of this weld seam. A localized inspection, and
subsequentiy a 360 degree inspection, disclosed corrosion pitting and closely
spaced intermittent linear indication: over a large extent of the
circumference. These indications were basically observed in the toe area of
the weld in the contoured region between the weld and shell/cone regions.

After finding the indications in Steam Generator 22, the inspection was
expanded to 100% UT and MT examination of the same welds in Steam Generators

21, 23 and 24, Examination results revealed similar, though less numerous,
indications in these steam generators,

The repair process for the removal of all linear surface flaws involved
controlled grinding, followed by a complete 360 degree MT examination. A1l
ground surfaces were contoured to a maximum slope of 2:1. A1l final
vontoured surfaces were given a complete 360° MT examination and found free
of l1inear indications., Subsurface fiaws, recorded from the initial UT

xamination, were evaluated in accordance with Code allowables. A baseline
uT examination was performed following the repair. No unacceptable
indications per the ASME Code Section XI were noted. Additional Information
regarding these inspactions and repairs is provided WCAP-11730.

During the 1989 refueling outage, visual (VT) and magnetic particle (MT)
examinations were conducted initially on 1/3 of the inside circumference of
the Steam Generator 22 girth weld. These examinations were conducted as part
of the ongoing steam generator girth weld examination program as identified
previously in a Con Edison letter to the NRC dated December 11, 1987. Linear
indications were detected during this examination. Subsequently 100% of the
inside circumferences of the girth welds in all fcur steam generators were

inspected. Linear indications were also detected in these additiona)
examinations.
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As was performed in the 1987 repair, the removal of all 1989 linear
indications involved controlled grinding, followed by a complete 360° MT
examination. A11 adjacent surfaces were contoured to a 2:1 slope. All final
surfaces were found to be acceptable by a MT examinacion. In order to
satisfy fracture mechanics criteria, some areas in Steam Generator 22 were
weld repaired.

Also during the 1989 outage, a visual examination was conducted on the Steam
Generator 22 feedwater nozzle inside radids section. The visual examinations
detected several linear indications within the nozzle inncr radius section in
the bottom 120° segment of the nozzle. Visual and liquid penetrant tests
were subsequently performed on the nozzles of all four steam generators,
Steam Generator 22 and 23 nozzles contaired similar indications whereas none
were cetected in Steam Generators 21 and 24. ODuring the course of performing
1iquid penetrant tests on the nozzles, linear indications were also detected
in support bracket welds directly below the nozzle inside radius section on
Steam Gererators 22 and 23. No such indications were detected in Steam
Generators 21 and 24.

As a result of detecting the l1inear indications in the nozzle inner radius
section an exparded inspection program was initiated to determine the overall
condition of the feedwater nozzles. This program included radiography of all
four nozzle to feedwater inlet piping welds, ultrasonic examinations of all
four nozzle bores, and a borescopic examination of segments of the Steam
Generator 22 and 23 thermal sleeve inside diameter surfaces and outside
diameter surfaces and the nozzle bore inside diameter surfaces. The
indications on the Steam Generator 22 and 23 nozzle inner radii were removed
by grinding and the indications on the Steam Generator 22 and 23 support
bracket welds were removed and repair welded.

Additional information regarding these inspections and repairs is provided in
WCAP-12292.

Following the 1989 refueling outage, a mid-cycle inspection program (February
1990) for the steam generator transition cone upper girth weld and feedwater
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nozzle was planned. Results of these inspections have been summarized in
Sections 2.1 thru 2.5 of this report.

Comparisons of 1990 and previous inspections are summarized in Appendices B
and C.

2.7 STEAM GENERATOR FABRICATION HISTORY

Reviews of Indian Point Unit 2 steam generator materials properties, welding
data, and fabrication historias have been previously reported by Westinghouse
reports WCAP-11730 and WCAP-12292. These reports basically concentrated on
the area of the girth weld that joined the upper and lower steam generator
assemblies during their original field installation. No specific deviations
from industry standards related to the four steam generators (#21, 22, 23,
24) febrication, materials, welding, post weld heat treatment or
nondestructive testing were noted. These steam generators were manufactured
bv the Westinghouse Heat Transfer Divisicn, Lester, PA and their
subcontractors and recorded as serial numbers 16A5780-1, -2, -3, -4
respectively. A1l pressure boundary plate material for the barrels and cone
sections including the upper heinispherical head was produced by Lukens Stee)
Company. Forgings in the secondary side pressure boundary were produced by
other material manufacturers.

Figure 2.7-1 identifies the components and sub-assemblies of the steam
generators.

2.7.1 Lower Shell Assembly - Fabrication at Lukens Steel Inc.,
Coatesville, PA

The Tower shell assembly consists of three sections, one cone and two half
shell cylinders. The cone is fabricated using three separate plates,
longitudinally welded and post weld heat treated for 1 hour at 1125°F. The
two half shell cylinders were separately welded longitudinally and each post
weld heat treated in a furnace for | hour at 1.25°F. The cylinders were
Joined circumferentially and were furnace heat treated for an additiona)l
hour. The cone was circumferentially welded to the half shells and the
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entire subassembly post weld heat treated for 8 hours at 1125°F in a stress
relieving furnace.

As described by Westinghouse drawings 7990023 - Shell Fabrication (Lower),
679J446 - Tube Bundle Assembly and Details, and Lukens Steel Drawing D-12877
- Cone and Shel) Assembly the inside surface of the transition cone had
welded to it, prior to PWHT, tiie following pieces that remain as part of the
final assembly. Four alignment pads (0.25" x 2" x 2") located three inches
down from the top weld end preparation and a wrapper alignment block (1.5" x
1.5" x 9") located approximately four feet down from the weld end
preparation.

During fabrication of the lower transition cone (stiffener ring) weld a 2"
thick cone brace was fillet welded in six segnents to the cone 1.0, This
plate was positioned approximately four inches from the final field closure
weld preparation, with each fillet weld approximately 3 inches long, for a
tetal of 36 inches on the plate top and 36 inches on the plate underside.
This brace was located in a region of the cone where discontinuities were
found during the 1990 steam generator girth weld examination.

In addition to the cone brace the lower end of the lower shell barrel ("A")
had a similar barrel brace (stiffener ring) installed approximately three
inches from the weld end preparation. Post weld heat treatment was performed
after installation of the braces.

2.7.2 T P1 n u rrel Assembly - Fabricated at Westinghouse
Lester, PA

The tube plate forging whose primary face is Inconel clad and accessories
welded to the secondary side surface is welded circumferentially to a stub
barrel. The stub barrel was formed and fabricated at Lukens Steel and was
post weld heat treated (PWHT) for four hours at 1125°F prior to shipment.
After welding the tube plate and stub together circumferentially they were
then furnace PWHT at 1125°F for four hours. After PWHT the tube plates were
drilled for subsequent fabrication and tubing.
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2473 Tube Bundle Assembiy (Tube Plate and Stub Barre)l to Lower Shell
Assembly) - Fahricated at Westinghouse Lester, PA

The tube plate and stub barrel assembly was circumferentially welded to the
lower shell assembly using standard W weld process specification 6009z4. The

weld was then induction PWHT at the following approximate times at
temperature:

#21 #22 #23 #24

1125°F - 12 hrs, 1125°F - 12 hrs. 1125°F - 8 hrs., 1125°F - 16 hrs.,
1050°F - 4 hrs,

Steam Generator 24 was PWHT longer because of a minor repair and for
correcting a roundness fit up dimension at the lower Liell end. The width of

the effective PWHT area during induction heating is approximately 12 te 16
inches.

After PWHT a wrapper (non-pressure boundary) was installed into the lower
shell and secured to the lower assembly by a series of blocks, wedges, and
keys. Any welded attachments to the shell barrels had been installed prior
to PWHT. No welding was performed between the wrapper and lower shell at
that time. After insertion of support plates and locking devices, U-bend
tubes were installed and the ends rolled and welded to the primary side

Inconel clad. After all tubing and secondary side operaticns were completed,
the clad channel head castings were welded to the pr.mary side of the tube
plate. This weld was then induction PWHT at 1125°F % 25°F one 16.5 hr period
for Steam Generators 22 and 24 and for two 16.5 hr periods for Steam
Generators 21 and 23 (because of intermediate weld repairs).

2.7.4 Upper Shell Assembly

This major pressure boundary components of the upper shell assembly consists
of a lower shell barrel ("H"), upper shell barrel ("J"), elliptical head,
feedwater nozzle, steam outlet nozzle, manway pad, and various bosses and
support components. All welding of these pressure boundary components and
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attached support components was accomplished prior to PWHT and final
nondestructive testing., The minimum PWHT time and temperature any component
received was approximately four hours at :125°# 25°F., Material chemical and
mechanical properties of the lower shell uvarrel ("H") was previously
transmitted by WCAP-11730, A11 plate material for the barrels and elliptical
head was produced by Lukens Steel Company. The other forgings and components
were produced by other material manufacturers.

2.7.5 Upper Head

The upper head was fabricated by welding two pieces of formed plate, joining
the steam outlet nozzle, and attaching 1ifting lugs per the criteria of
Westinghouse drawing 629C230. This assembly then required a PWHT of
approximately 4 1/2 hours at 1125° ¢ 25°F,

2.7.6 Upper Barrels (H & J)

The upper ("J") and lower barrel ("H") sections of the upper shell assembly
were longitudinally welded as two half cylinders. Shell bracing was welded
in the end of each barrel approrimately 3 inches from the weld preparation
during this fabrication step. Feedwater ring support hardw re pads and
brackets were welded to the shells prior to PWHT which was then performed at
1125° + 25°F for approximately 4 1/2 hours as required by drawing . The
shell braces were removed during subsequent fabrication operations. The
longitudinal weld seams of Steam Generator 21 and 22 were welded by Lukens
Steel and Steam Generator 23 and 24 were welded by Foster Wheeler
Corporation. Circumferential joining of the barrel sections and upper head
occurred at 2 suhszquent <tep at a different location.

Subsequent fabrication steps for each steam generator are listed below.

2.7.7 Stean Generator #21 (16A5780-1) Upper

The upper half of the upper shell assemhly that included the "J" Barrel and
elliptical head with steam outlet nc.zle installed was circumferentially
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joined by !ukens Steel. The lower barrel ("H") was joined to the ("J")
barrel by Westinghouse.

2.7.8 Steam Generator #22, #23, #24 (16A5780-2, -3, -4) Upper

Two shell barrels ("H" and "J") and the upper elliptical head with the steam
outlet nozzle weld in place were shipped to Sun Shipbuilding and Dry Dock
Company for final fabrication of the upper assembly. Sun Ship joined barrels
("J" and "H") with a circumferential weld, joined the upper head to the shell
barrels at the circumferential joint, and installed the feedwater nozzle,
manway and bosses in the shell barrels. After completion of welding and
preliminary radiography the units were PWHT at 1125° ¢ 25°F for four hours
minimum. No abnormal repairs or discontinuities were seen in review of the
fabrication history available. Non-pressure bouncary components of the upper
assemblies were installed after PWHT,

2.7.9 Final Closure Weld - Upper to Lower Assemblies

Final circumferential closure welds joining and PWHT of the upper and lower
halves of each steam generator was accomplished on site at Indian Point 2 by
Westinghouse. Clips welded to the outside surface of the upper and lower
halves provided alignment and support until the inside surface of the girth
weld was completed. Upon completion of welding and in-process radiography to
ensure removal of any unacceptable discontinuities tie steam generator were
PWHT by induction heating. WCAP-11730 previously provided PWHT time and
temperatures and other associated weid information. The PWHT information is
repeated below for reference.

PWHT Equivalent
Post Weld Heat Treat (PWHT) 1125°F + 25°F

m Generator Time at Temperature (Expressed in Hrs)
Steam Generator 21 7 hrs @ 1050°F - 1150°F
(16A5780-1) (3 hrs 35 minutes @
1125° 2 25°F) 3.6
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PWHT Equivalent
Post Weld Heat Treat (PWHT) 1125°F % 25°F

m Gerer Time at Temperature (Expressed in Hrs)
Steam Generator 22 12 hrs @ 1025°F ~ 1150°F
(16A5780-2) (4 hrs 15 minutes @
1125°F ¢ 25°F) 4,25
Steam Generator 23 7 hrs 30 min @ 1050°F - 1150°F
(16A5780-3) (3 hrs 45 minutes @
1125°F & 25°F) 3.7%
Steam Generator 24 12 hrs @ 1000°F - 1150°F
(16A5780-4) (4 hrs 10 minutes @
1125°F ¢ 25°F 4,15

The effective band of PWHT during this final cycle is approximately 16
inches.

2.7.10 General and Conclusion

Westinghouse Lester in addition to normal in house inspection performed
follow-up inspections and review at all the subtier fabricators. The welding
procedures and fabrication methods used were at some point witnessed during
the fabrication cycles. Upon compietion of this and previous reviews
Westinghouse concluded that the fabrication methods and cycles were
consistent wi*h other similar steam generators. The fabricators used for
these steam yenerators were the same as used for previous and subsequent
units. There are no known discontinuities or fabrication abnormalities
discovered by review of the histories.
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3.0 METALLURGICAL EVALUATIONS

The metallurgical evaluations presented in this sectiot include:

© Metallurgical investigation of the bcat samples taken from the
internal surface of several steam generators to establish the
mechanism and cause(s) of cracking.

0 Mechanical property tests on the material from service to examine if
it meets the original material property requirements.

The evaluations and results are summarized below.

3.1 BOAT SAMPLE EVALUATIONS

This section summarizes the results of the metallurgical investigation of
boat samples containing indications from the steam generator girth weld,
cone, feedring support and nozzle regions removed during the 1989 and 1990
outages. The investigation included the following boat samples taken during
the 1990 outage:

One boat from the girth weld of Steam Generator 24

¢ One boat from the girth weld of Steam Generator 22 (from 1989 weld
repair area)

0 One boat from the transition cone just below the girth weld of Steam
Generator 22
One boat from the nozzle bore of Steam Generator 24
Three feedring supports from Steam Generator 21 and 24

The evaluation included the following maior tasks:
o Surface examination of the as-received boat samples by 1ight optical
and scanning electron microscopy technigues

0 Metallographic examination of the boat sections containing the major
cracked regions by 1ight optical microscopy
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o Fractographic examinations of the freshly opened and endoxed cracks
by 1ight optical and scanning electron n croscopy techniques

o0 High resolution transmission electron microscopy examination of
replicas from the fracture face

o Hardness traverse measurements of the material microstructure
containing the cracked regions

o Chemistry evaluation of the crack deposits, ID surface deposit
scrapings and we'd and base materials.

3.2 EVALUATIONS AND TESTS

3.2.1 Surface Examinations

The as-received surface condition of the boat saples was examined for
surface corrosion, cracks, pitting and deposits visually and by low power
1ight optical microscopy. The surface condition was documented by
photographic recordings. The results of the surface examinations are
illustrated in Figures 3.2-1 and 3.2-2. Figure 3.2-1 illustrates the typical
surface condition of the girth weld samples.

Figure 3.2-2 illustrates the surface condition of the nozzle bore sample.

3.2.2 Metallographic Examinations

Light optical metallographic examinations were performed on transverse
sections containing the major cracked regions of the boat samples. The
examinations were conducted to e<tablish the depth and distribution of
cracking and to identify initiation sites ¢~d propagation directions, the
cracking morphology and its relationship tu the local microstructure. The
results of the metallegraphic examinations are illustrated in Figures 3.2-3
and 3.2-4, Figure 3.2-3 fllustrates the typical transgranular morphology of
cracks seen at the girth weld.

Figure 3.2-4 illustrates the crack transgranular morphology at the feedring
thermal liner support bracket plate to weld interface.
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3.2.3 Fractographic Examinatiuns

Fractographic examinations were conducted on freshly opened and endoxed
fracture faces by 1ight optical, scanning electron and replica transmission
electron microscopy techniques. Light optical fractographic examinations
primarily established the crack initia: on sites, propagation directions and
the presence of beach marks or crack arrest 1ines while the scanning electron
fractography established the morphology of the fracture and of the crack
deposits. The high resolution transmission electron microscopy conducted on
endoxed fracture faces established the presence of fine fracture features
such as fatigue striations. The results of the fractographic examinations
from both the 1989 and 1990 outages are illustrated in Figures 3.2-5 through
3.2-10, Figures 3.2-5, 3.2-6 and 3.2-9 show the 1989 outage examinations on
the girth weld boat samples from Steam Generator 22 and Steam Generator 24.
Figure 3.2-5 illustrates a light optical fractograph from the Steam Generator
24 boat sample indicating beach marks, Figure 3.2-6 illustrates a 1ight
optical fractograph from the Steam Generator 22 boat sample showing a smooth
and continuous crack with multiple origins. Figure 3.2-9 shows a c.anning
electron fractograph of the endoxed fracture surface from the S‘eam Gererator
24 hoat sample. Fine fatigue striations are observed.

Figure 3.2-8 shows a representative 1ight optical fractograph from the 1990
Steam Generator 22 boat sample taken in the core region below the girth weld.
A smooth river pattern fracture is observed.

Figures 3.2-7 and 3.2-10 11lustrate 1ight optical and scanning eiectron
fractographs, respectively, of the 1990 Steam Generator 24 nozzle bore boat
sample. Numerous beach marks are seen on Figure 3.2-7. Figure 3.2-10
indicates that fine fatigue striations are present.

3.2.4 (hemistry Evaluations

Chemistry evaluations were conducted to examine the role of any contaminants
in the cracking process and to confirm the material chemistry. The chemistry
analysis of the crack deposits in the boat samples was conducted Ly energy
dispersive x-ray (Edax) analysis. Wet chemistry analysis was conducted on
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the 10 surface deposit scrapings of the steam generator. The results of the
enerqv dispersive x-ray chemistry analysis are typically presented in Figure
3.2-11,

The results show that all the crack deposits consistently comprise copper
species.

3.2.5 Hardness Measurenents

Microhardness measurements were conducted on polished and etched sections
near the cracked regions to establish the strength of the local
microstructure and the associated residual stresses.

For the girth weld/transition cone samples (original surfaces), the results
of the hardness measurements of the heat affected zone and base metal regions
in the near vicinit: of the pitting and cracks typically showed hardness
values ranging from 20 to 37 Rockwell 'C' in the heat affected zone region
and an average value of 91 Rockwell '8' in the base metal.

Hardness values of the 1989 weld repair area sample having no cracks were
measured as 25-28 Rockwell 'C' in the weldment, 23-31 Rockwell 'C' in the
heat affected zone, and 89-31 Rockwell 'B' in the base metal.

3.2.6 Mechanical Property Tests

Tensile, Charpy V-notch and fa*tigue endurance test were ronducted on axially-
oriented samples machined from the plate material from steam generator feed
ring supports. The results are summarized in Table 3.2-1. The results shown
here demonstrate that the material meets the ternsile, Charpy toughness and
fatigue property . 2ments expected of the original material.

3.3 RESULTS OF GIRTH WELD/TRANSITION CONE SAMPLES EXAMINATIONS
The results of the surface examinations on the boat samples from the girth

welds of Steam Generators 22 and 24 and the cone below the girth weld on
Steam Generator 22 (see Section 3.1 above) showed evidence of surface pitting
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and corrosion products. The ID surface indications seen were primarily
associated with 1inked-up surface pits and were oriented circumferentially at
the cone and girth weld region. The results of the metallographic
examinations by 1ight optical and scanning electron microscopy technigues on
transverse sections of the boat samples showed that the indications were
cracks that initiated from surface pits and both were filled with oxide.
Multiple crack initiation was often seen originating from the pitting in the
vicinitv of the major cracks. The cracking exhibited minor branching
although the crack growth was generally straight and followed a radially
outward direction towaros the external surfaces of the vessel. The cracks
were extensively filled with iron oxide deposits including the crack tip
regions, The metallographic examinations showed that the pitting and crack
initiation in the cone and girth weld samples occurred at either the weld
metal, weld-to-base metal interface or in the heat affected zone regions.
The presence of copper, and occasionally zinc and sulphur was seen in the
crack deposits. Chemistry evaluation of the crack deposits by Edax analysis
and wet chemistry analysis of the surface scrapings confirmed the presence of
copper. The results of the hardness measurements of the heat affected zone
and base metal regions in the near vicinity of the pitting and cracks
typically showed hardness values ranging from 20 to 37 Rockwell 'C' in the
heat affected zone region, and an average value of 91 Rockwell 'B' in the
base metal.

The results of the fractographic examinations of samples taken during the
1987, 1989 and 1990 inspections revealed evidence of two distinctly different
modes of environmentally assisted fracture morphology depending on the crack
examined and the location of boat sample taken. The fracture morphology
showed evidence of extensive beach marks in some cracks with evidence of fine
fatigue striations (1989 outage only), suggesting crack extension with minor
branchinj under intermittent loading conditions (corrosion fatigue) while
other cracks (.989 and 1990 outages) showed smooth continuous crack extension
(and no fatigue striations) characteristic of environmentally assisted crack
growth under static load conditions (stress corrosion).
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3.4 RESULTS OF 1989 WELD REPAIR AREA SAMPLE EXAMINATIONS

Some minor pitting was seen on the welded surface. These were shallow and
widely scattered. Hardness survey showed values of 25-28 Rc in the weldment,
23-31 RC in the heat-affected-zone, and 89-91 Rg in the base metal. There
were no cracks in the 1989 weld repair sample.

3.5 RESULTS OF NOZZLE BORE SAMPLE EXAMINATIONS

Surface examination of the nozzle bore sample from Steam Generator 24 showed
axial cracking associated with 1inked up surface pits. Metallographic
examinations showed multiple crack initiation from oxide covered pits. The
examinations further showed that the nozzle bore crack measured approximately
0.07 inch at its deepest location. Scanning Electron Microscope (SEM)
fractographic examinction of the endoxed fracture faces confirmed evidence of
fine fatigue striations in the cracks containing beach marks suggesting the
roie of fatigue loads in the cracking process. The evidence of oxide covered
pits, multiple crack initiation from the pits and the presence of copper
contaminants suggest that the cracking was initiated at the surface pits and
caused by corrosion. Replica transmission electron fractography examinations
confirmed the presence of fine fatigue strigtions. The presence of fatigue
striations confirm the mechanism of propagation to be corrosion fatigue.

3.6 RESULTS OF FEEDRING SUPPORT EXAMINATIONS

The feedring thermal sleeve support consists of two triangular support
brackets spanned by a shelf plate. These brackets were welded to the shel)
with a full penetration and a fillet weld all around. The shelf was welded
to the brackets with fillet welds. A general arrangement of this
configuration is shown in Figure 2.4-1,

Cracking was seen in the support brackets plates and at welds. Samples of
brackets from all four generators were examined by Westinghouse,
Massachusetts Institute of Technology (M.I.T.), Lehigh University and Lucius
Pitkin, Inc.
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Examination of the Steam Generator 21 bracket showed straight, heavily
corroded cracks with blunt, rounded tirs, ind.cating that the cracks had been
present for a long time and were non-propagating. This is typical of the
other support bracket cracks examined. Mechanical properties, including
fatigue endurance 1imit and impact strength, were within the acceptable range
and did not show any noticeable degradation,

3.7 CONCLUSIONS

One boat sample (Steam Generator 24) taken during the 1989 inspections showed
that surface pitting contributed to the crack initiation and showed evidence
of extensive beach marks in the crack, suggesting crack extension under
intermittent loading (corrosion fatigue). The fracture morphology of the
rest of the 1989 sampies and the 1990 samples, however, indicated that
surface pitting contributed to the crack initiation and showed primarily a
smooth continuous crack extension with s1ight branching (and no fatigue
striations) characterictic of environmentally assisted crack growth under
static load conditions (stress corrosion)., Based on the overall results of
the evaluation, 1L is concluded that the cracking in the Indian Point Unit 2
steam generator girth weld and transition cone is caused by corrosion fatigue
and/or stress corrosion mechanisms. As a result of changes made in 1989
(modification of feedwater flow control valve and removal of downcomer
resistance plate), the impact of fatigue mechanism has been minimized.

The cracking in the nozzle bore region is clearly caused by a corrosion
fatigue mechanism. The presence of a multitude of fine fatigue striations
suggests that the cracking in the bore may have been induced by cyclic
fatigue loads and may have occurred over a long period of time. Surface
pitting contributed to the crack initiation.

The results of the tensile, Charpy toughness and fatigue property tests on

the bracket plate material confirmed that the material did not suffer any
degradation from its original condition as a result of service conditions.
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TABLE 3.2-1

MECHANICAL PROPERTY TEST RESULTS
FEEDRING SUPPORT SHELF MATERIAL STEAM GENERATOR 21

1. Tensile Tests
0.2% Yield Tensile
strength ~ 3trength
(ksi) (ksi®
Shelf Material 47.35 70.39
ASTM A 516 GR 70 MAT'L 38 70-90

2. harpy Toughn T
Upper Shelf: 98.5 ft 1bs. at 50°F

Lower Shelf: 1 ft 1bs. at -100°F
FATT: 25°F

3. Fatigue Tests

Endurance Limit: ~33 ksi

DG83 10073190 3-8

Total Reduction
Elongation In Area

(%) (%)
28.6 63.6
21 -



DO356 3 10072690

Figure 3.2-1

As-received surface appearance of the boat sample from
Steam Generator 24 ¢ irth weld, illustrating the surface
pitting and cracking seen on the 1D surface.

(1989 outage examinations)
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Figure 3.2-2 Surface appearance of the as-received boat sample from
the nozzle pore. (SG #24 1990 outage examinations)
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Figure 3.2-3 Metallographic examination results illustrating the
cracking morphology and microstructure.
{SG #24 1989 outage examinations)

DO3SE 3 10072620 3-11



(28%)

Figure 3.2-4 Metallography results i1lustrating the morphology
of cracking at the feedring thermal liner plate to
weld interface. (SG 21 1990 outage examinations)
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Figure 3.2-5

Lighl optical fractography results illustrating the
beach marks seen in the endoxed fracture face in the
girth weld sample from the 1989 outage.

(SG £24 1989 outage examinations)
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Figure 3.2-6 Light optical fractograph 11lustrating the fracture
morphology seen in the SG #22 boat sample from the
1989 outage.
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Figure 3.2-7 Light optical fractograph of the crack in the boat from
the nozzle bore. (SG #24 1990 outage examinations)
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Figure 3.2-8 Light optical fractograph showing smooth river pattern
in the boat from the cone region below the girth weld.
(SG #22, 1990 outage examinat ions)
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Figure 3.2-9 Scamning electron fractograph of the endoxed fracture
face illustrating the presence of fatigue si»iations
in the girth weld sample from the 1989 outage.

(SG #24, 1989 outage examinat ions)
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Figure 3.2-10 Scanning electron fractographs illustrating fine
fatigue striations in the nozzle bore samples.
(SG #24, 1990 outage examinations)
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Figure 3.2-11 Energy dispersive X-ray anaiysis results from the
SG §#24 girth weld boat sample crack, 1989 outage.
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4.0 EVALUATION OF STEAM GENERATOR CHEMISTRY AND OPERATIONS

4,1 CHEMISTRY BACKGROUND

Indian Point 2 contains four 44 Series steam generatcurs manufactured by
Westinghouse. The plant began functional testing in 1971 and began
commercial operation in 1974, Phosphate was used for corrosion control unti)
1975 when the chemistry was changed to AVT (ammonia/hydrozine). In 1979, the
chemistry was changed to AVT/Boric Acid to further eliminate steam generator
tube thinning and minimize tube denting. This chemistry treatment has
continued until the present and has been typical of industry practices.

4. Operational Chemistry

Chemistry parameters for Indian Point 2 have historically been typical of
comparable plants using Ammonia/Boric Acid treatment.

Feedwater dissolved oxygen concentrations have been measured to be less than
Sppb over the operating 1ife of the plant., Significant reductions in steam
generator blowdown chlorides have been achieved over the past operating
cycles. Presented below are the average Chloride and Dissolved Oxygen
concentrations ovar the past operating cycles.

Operating Cycle 1978-79 1979-80 1981-82 1983-84 1984-86 1986-87 1988-89

Dissolved Oxygen 10 3 2 13 9 3 6
in Condensate

ppb {avg)

Chloride in 68 63 41 54 34 18 10

Steam Generator
Blowdown, ppb

(avg)

4.1.2 Plant Materials and Water Sources

During original plant construction Indian Point 2 low pressure feedwater
heaters and MSR's were tubed with 90-10 copper-nickel alloy while the high
pressure heaters contained 80-20 copper-nickel alloys. The condenser tubes
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were fabricated from admiralty brass. The metals and alloys used in the
fabrication of secondary components at Indian Point 2 are typical of other
nuclear power plants. Many nuclear pl. its, including Indian Pcint 2, are in
the process of changing out the copper alloys in the secondary system to
copper free alloys to eliminate t'e build up of -opper in the sludge and the
plate-out of this element in the steam generators and other secondary system
components. In addition, replacement of the copper alloys permits the
operation of the condensate/feedwater systems at a higher pH, thereby,
minimizing corrosion of the iron alloys in these systems.

The MSR's and the high pressure feedwater heaters were replaced with ferrous
alloy tubes (439 and 304L stainless steels, respectively) at Indian Point 2
in 1982, These units were determined to be the major contributors to the
introduction of feedwater copper. In 1987, the copper in the remaining
feedwater heaters was replaced with type 304L stainless steel, wit' the
exception of the low pressure feedwater heaters in the neck of the condenser.
The remaining copper tubing in the system, {.cluding the condenser tubes will
be replaced in the next two refueling outages.

Cooling water delivery to the condenser comes from the Hudson River, which
has seasonally and tidally contained chloride concentration of $000ppm to
0.1ppm. Condenser leakage results in the river water impurities entering the
secondary cycle and ultimately the steam generators. These impurities wil)
concentrate in the steam generat.rs due to the large mass of steam being
yenerated. In the low flow and stagnant areas, called crevices, the impurity
concentrating effc_ts could contribute to corrosion of steam generator
materials, The scheduled replacement of the condenser tubes with titanium
will essentially eliminate condenser leakage.

Original plant design provided for make-up water to the plant from a
conventional demineralizer water treatmert facility with city water being the
water source. Numerous upgrades to the original facility have improved make-
up water quality and reduced steam generator contaminants. The quality of
the make-up water at Indian Point 2 has historically been within the
recommended guidelines of Westing ~use and EF',
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4.1.3 §ludge Composition

Sludge analyses from the Indian Point 2 steam generators have consistently
shown iron and copper as the predominant components. Zinc and nickel are
also present and, to a lesser degree, calcium, magnesium and silica.
Corrosion of varfous secondary system components and condenser leakage
account for the elements found in the slucge.

The sludge analysis from Indian Point 2 and steam generators of other sites
suggest that it 1s unlikely that the sludge, which concentrates on the
tubesheet and lower support plates, has any significant effect on the
corrasion in the steam generator girth weld areas.

4,2 FEFFECT OF PLANT OPERATIONS ON STEAM GENERATOR MATERIA.L CONDITION

There are periods ir. which the steam generator internals may be subject to
higher corrosion rates than those which occur during normal full power
operation, Shutdowns, draindowns and startups can cause the steam generator
internals to be exposed to oxygen concentrations in excess of 7 ppm. During
startups and shutdowns. various auxiliary systems are utilized to cool the
plant, One of these is the auxiliary feedwater system which supplies
feedwater to the steam generators to contro)l the temperature in the reactor
coolant system, The majr~ source of this water is the condensate .torage
tank, This water is injected directly into the secondary side of the steam
generator without heating, For many plants, this water is oxygen saturated
without chemical, to control oxygen (hydrazine) and pH (ammonia). Both these
chemicals act to reduce the 1ikelihood of corrosion of the internal surfaces
of the steam generators and other internal surfaces. Indian Point 2 has
completed modifications to reduce the thermal transient during auxiliary feed
and reduce the dissolved oxygen concentrations of the condensate storage
tank,

4.2.1 Comparison of Plant Auxiliary Feedwater Praciices

The introduction of oxygen into the steam generator, through auxiliary
feedwater or air, may be a factor in the girth weld cracking that has been
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fdentifizd in a number of steam generators. This condition has not been
limited to any one particular mode] of the Westinghouse steam generators,

Table 4.2-1 1ists four plants along with Indian Point 2 that have experienced
this condition. Two plants, Surry and Trojan, minimize the introduction of
oxygenated water into the steam generators during startup. Zion and Turkey
Point introduce oxygen saturated water into the steam ge-:rators from the
auriliary feed system,

In the past, the Indfan Point 2 condensate storage tank (CST) had been open
to the atmosphere, resulting in oxygen saturated water. The addition of
oxygen throvgh the auxiliary feedwater system to th. steam generators may
have been a major contributing factor to girth welo cracking at elevated
temperatures., Oxygen alone or in combination with other chemicals can
promote general and enhanced localized corrosion of the materials in the
steam generator, depending on local temperatures and the quantity of
dissolved oxygen,

A recent (June 1990) installation of a nitrogen sparging system in the CST at
Indian Point 2 has demonstrated to be effective in maintaining the oxygen
concentration in the CST below 100 ppb. The CST contains a floating rubber
diaphragm which was designed to inhibit oxygen from the atmosphere dissolving
in the water. However, the space below the diaphragm is vented to the
atmosphere. An installed sparging system provides a nitrogen cover gas
between the water and the diaphragm. In addition, the nitrogen is maintained
at a slightly positive pressure to purge a vent line blocking the entrance of
oxyger into the condensate tank,

4.2.2 (orrosion Mechanisms of Nuclea- Steam Generators During Wet Layup

The transport of secondary system corrosion products into the steam side of a
steam generator can result in the accumulation of iron and copper sludges on
the tubesheet and deposits on other internal surfaces. Sludge piles
containing these materials have been associated witn the development of
conditions which may iniluence steam generator tube cracking and thinning.

In addition, the presence of copper and copper compoundt in these deposits
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may contribute to the corrosion «f steam generator construction materials
(f.e., girth weld pitting), if they are disassociated from the sluage piles.
To minimize the formation of corrosion products in the steam generators,
revised layup procedures have been instituted for both short and long term
shutdowns, One important consideration during layup is to exclude oxygen
from the steam generator internals. Oxygen can promote corrosion of carbon
steel surfaces (1.e., girth weld) particularly at the air/water interface
where the metallic surfaces are constantly exposed to water and atmospheric
oxygen, Localized differential aeration cells can be formed leading to
pitting. The general chemical reactions that occur in these cells may be
described basically as follows:

1) M= M2 4 2¢
2) H20 + 1/2 02 + 2¢” = 2 OH~ (cathodic reaction)
3) M+ H20 + 1/2 02 = M(OH)?

where M is the base metal, Copper oxide can also play an important role in
the formation of pits on metal surfaces according to the following reaction:

4) Cu0 + Fe = Cu + Fel

The exclusion of oxygen would stop the cathodic reaction in equation 2,
thereby eliminating the potential for pitting which could potentially lead to
metal cracking.

There are times during maintenance and inspections that the steam generator
secondary-side must be drained, thereby exposing the steam generator
materials to air. During these maintenance and inspection activities, the
steam generators are maintained at ambient temperatures. The steam
generators are maintained in this condition for the shortest time possible to
complete the work., Partial refill of the steam generator secondary side for
upper internal servicing and inspection generally follows “he lower interna)
services work, Water levels are generally raised to th. upper part of the
steam generator transition cone in the vicinity of *.e girth weld. Fil
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water for this may be from the condensate storage tank. In the past, the (ST
water has had up to 10ppm atmospheric oxygen. The duration for the services
performed in this area can vary widely from a few days to weeks, Table 4,2.2
1ists some of the various secondary sije services that have been performed on
a steam generator with the approximate time required for each task. However,
the exposure of the steam generator internals solely to atmospheric oxygen
during maintenance activities, when the steam generators are at low
temperatures, does not appear to be a major contributing factor in the cause
of girth weld cracking. In addition, the steam generators are at ambient
containment temperatures during this time, Higher temperature is believed to
increase metal corrosion in the presence of oxygen,

4.2.3 Steam Generator Wet Layup Practices at Indian Point 2

Indian ,oint 2 has placed steam generators in wet layup during cold shutdown
whenever maintenance activities did¢ ot interfere. In the past, the layup
consisted of filling each steam generator to above the J-tubes with water and
chemically adjusted to a pH of greater than 9.8 up to 10.5 with ammonia to
minimize the c¢issolved oxygen concentration with hydrazine. Industry
guidelines on layup chemistry are presented n Table 4.2.3. The recent
modification to the CST will provide for the introduction of oxygen free
water (less than 100ppb) into the steam generators from the CST., In
addition, the wet layup procedures have been enhanced to include nitrogen
sparging the steam generators during future wet layups. This layup
condition, while attempting to protect internal surfaces, will also result in
the dissolution of copper from the siudge pile. The presence of the
oxygenated layup water will react with copper in aqueous solutions of ammonia
according to the following reaction:

2 Cu+ BNH3 + 02 + 2H2 = 2Cu (NH3)4*2 + 40H-

Indian Point 2 had also performed a modified layup by adding additional
ammonia to remove the copper that has accumulated in the steam generator
during power operatfons, This modified layup includes a pH greater than or
equal to 9.8, consistent with industry guidelines, with a maximum of 10.8.
The additional ammonia in the presence of the oxygen saturated layup water,
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is intended to solubilize more copper. This process “soaks" each generator
for 4 to 6 hours then it s drained to waste. This process may be repeated 1
to 2 times more if time 1s available,

Copper remaining on the inside surfaces of the steam generator shell after
draining may cause the formation of local galvanic corrosion cells which
could contribute to pitting in the girth weld area. The present practice of
adding ammonia and hydrazine to within industry guidelines will continue at
Indian Point 2 with the enhancement of minimizing the addition of oxygen from
the water source (1.e., CST).

4.3 SUMMARY

1) The dissolution of copper during layup conditions with oxygenated water,
the activation of the carbon sieel surfaces and the subsequent long term
exposure of the steam generator upper internals to atmospheric oxygen
during servicing has the possibility of promoting girth weld
pitting/cracking in the Indian Point 2 steam generators. However, the
threshold levels associated with dissolved oxygen, chemical and materia)
related factors are not precisely known,

2) The perfodic use of oxygen saturated auxiliary feedwater during startup
and hot standby 15 1ikely to cause some general corrosion of steam
generator materials and aid in the formation of localized pits. This
factor alone, however, does not seem to be the primary contributor to
girth we'd cracking at 1P2.

3) The time for the implementation of steam generator wet-layup will vary
from plant to plant depending on the maintenance activities performed.
It s 1ikely that general corrosion of steam generator internal
components may occur at the air-water interface during the time it is
open to the atmosphere, particularly when the interface is at the highly
stressed welds in the transition cone area. However, due to ambient
temperatures during maintenance activities, the corrosion during layup
fs not a major contributing factor in the cause of girth weld cracking.
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4) To alleviate the potentig) for the possible effects described above, the
CST has been modified to reduce the dissoived oxygen concentration
during auxiliary feedwater injections. In additiorn, a nitrogen sparging
gas will be utiiized to minimize the presence of air in the steam
generators during wet layup where possible given required maintenance
and inspection accivities.

el
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Table 4.2-1
Comparison of Plant Secondary Side Materials and Chemistry

S/G Mode and 0 Condenser Feadwater Circulating Guth Weid Aux Feed 0, Baned
Chemustry Tubing Tubwng Cooiing Water Repar Source Sat?

Pohstung
inchan 44 {4-1o0p) 1974 Admualty SSCu Brackish Last Several | CST - Dwectly Yes' None
Bont 2 AVT Bonc acd Metal Repitacement- Outages nto S'G

ongong {Repeats)
Surry 51F 1-1981 Trtarmum SS/Cu Sea U-1 - 86 CSTanto No Deep Bed
(3-loop) 2-1980 Replacement- U-2 -85 condenser for
AVT Replace- ongong (No repeat deaeration
ment cracking) betore SG
Zion 51 U-1 0673 SS SS Fresh-Lake U-1 - 1989 CS5T-Owectly Yes None
4-loop v-2 1273 Mic tugan U-2 - 1990 wo S'G
AVT No repeat
cracking
Tirkey Pt 447 U-3 72 Titamum SS Sea No - CST-Not Yes Powdex
3-loop U-4 ‘73 Replacement directly o
AVT SG SG
Trojan 51A 12-75 CulNi 7030 Cule 9010 Natural tower No CST-Dwectly No Powdex
4-loop tresh o S'G {10 ppb)
AVT/Boric acd (Cotumbea
River)
* Prior 10 1990 Nitrogen blanket instalied June 1990
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Table 4,2-2
Secondary Side Services and Approximate Time Required for Their Completion in
a Steam Generator

Time
Estimates
[tems Task Days
(1) Steam Generator Draindown/Refil) 2
(2) Removal/Reinstallation Hand Hole Cover 3
(3) Removal of Tubeline Blocking Device 1
(4) Sludge Lancing 5
(%) Tubesheet Drying 1
(6) Foreign Object Search and Retreival Variable Z day typical
(7) Flowslot Photography 2
(8) Secondary Side Inspections
(a) J-Nozzle 1
(b) Feedring/brackets 1
(¢) Girth weld 2
(d) Steam drum/moisture separa’rs 1
(9) Additional effort - not required in all steam generators
(a) J Tube replacement 13
(b) Antivibration bar 9-30
(c) Steam drum replacement 16
(d) Girth weld repair Variable
Totals 1 to 8 21 days/SG
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EPR] Guicelines for Steam Generator Water
D *ing Cold Shutdown/Wet Layup

Control Parameters Normal Value l:é::;:' vt?,ug‘aa?;u%r
pH (Ferrous System) 29.8 <9.8 29.0
pH (Ferrous/Copper 29.8 <9.8 8.5 - 9.2
System)
Hydrazine, ppm e7% <75 -
Sodium, prd 1000 >1000 5100
Chloride, »nb <1000 >1000 <100
Sulfate, ppb <1000 >1000 5100
Boro , ppm <] >] -
Dissolved 02, ppb <100 >100 -

(a) Conformance with pH guideline may be waived prior to
achieving no load temperature and passing steam forward to
turbine.
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5.9 EVALUATION FOR GIRTH WELD, TRANSITION CONE, FEEDRING BRACKETS AND STRAPS

This section of the report summarizes analysis efforts for the girth weld,
transition cone, and the feedring brackets and straps at Indian Point 2.
Separate discussions are provided for the thermal hydraulic evaluation, the
calculation of stresses for the affected components, and a fracture mechanics
evaluation to determine critical flaw sizes and crack growth rates.

The various analyses are performed using a combination of finite element and
conventiona)l analysis technigues. Stresses used in evaluating the feedring
brackets and straps, and in performing the fracture mechanics analysis are
taken from prior analyses (see WCAP's 11730 and 12292, Revision 2). The
units for stress, force and moment$ used in this section and other sections
of this report are KSI, KIPS and INCH-KIPS respectively, unless otherwise
noted.

6.1 THERMAL HYDRAULIC ANALYSIS

The design and norma) operating, stiady state and transient conditions
considered in the girth weld analysis wre summarized in Table 5.1-1.
Secondary side operating conditions for temperature and pressure used in the
analysis are based on uprating conditions. Other loads imposed on the steam
generator and internals, such as nozzle end loads and loads resulting from
flow induced vibration, do not affect the girth weld region of the shell and
have not been considered in the analysis. Seismic loads have also been shown
to not have a significant effect on the girth weld region.

In the prior girth weld evaluations, two of the transients, reactor trip and
feedwater cycling, have been shown to result in significant thermal effects
on the girth weld. Subsequent to thece evaluations, however, an operational
change was instituted which substantially mitigates the thermal influence of
the reactor trip transient. In brief, the isolation of feadwater flow to the
steam generator foll'wing a reactor trip was delayed, thus maintaining hot
feedwater and steam generator water level at a higher level before initiating
auxiliary feedwater flow. This, in effect, causes the reactor trip transient
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to be very similar to the feedwate: cycling transient. For the present
analysis, reactor trip is considered to be the same as feedwater cyeling.

During hot standby when auxiliary feedwater is injected (feedwater cycling),
the water level in the steam generator is at least seven inches above the
feedring, Cold water from the feedring mixes with the pool on its way to the
downcemer region and contacts the shell with a minimum temperature of 4z7°F
about 13 inches above the girth weld, A plot showing the fluid temperature
on the inside surface as a function of time 1s shown in Figure 5.1-1. Note
the oscillatory nature of the water entering the downcomer region which
results from the introduction of the higher density cold water. Over time, a
static head difference develops between the downcomer region &and the body of
water on the tube-side of the wrapper. Eventually, the bundle-side water
level rises above the top of the primary separator and saturated water spills
intn the downcomer region. This causes the water in the sub-cooled downcomer
region to quickly increase in temperature with a decrease in density, thus
reducing the static head difference with thc bundle-side water. The bundle-
side water leve)l drops and the flow of saturated water into the downcomer
region stops. The auxiliary feed flr ;, however, continues, and the process
repeats itself, resulting in the cyclic temperature respcnse. The boundary
conditions for the feedwater cycling heat transfer analysis are summarized in
Table 5.1-2 by region. The elements contained in each of the regions, for
one of the grind conditions considered previously, are shown in Figure 5.1-2.

For the remai ing transients, temperatures either 1) do not involve a change
in feedwater temperature, 2) have thermal effects which are mitigated by the
resident water pool and which are therefore not considered to be significant,
or 3) are enveloped by auxiliary feedwater injection,

The therma)l response of the girth weld as a function of time is provided in
Figure 5.1-3 for the feedwater cycling transient. These plots are for the
1.0 inch grind, but are representative of each of the cases considered. This
plot shows the oscillatory response of the feedwater cycling transient,

Using this plot as a guide, stresses are calculated at the times
corresponding to the maximum and minimum thru-wal) gradients shown i~ Figure
5.1-3,
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TABLE §.1-1

INDIAN POINT 2 (IPP)
SUMMARY OF TRANSIENT CONDITIONS
(From Design Specification £E-676219, Rev, 2)

TRANSIENT

1 Plant Heatup

2 Plant Cooldown

3 Plant Loading / Unloading

a4 Small Step Load Increase

5 Small Step Load Decrease

6 Steady-State Fluctuations (+)
7 Steady-State Fluctuations (-)
8 Large Step Load Decrease

9 Loss of Load

10 Loss of Power

11 Loss of Flow

12 Reactor Trip

13 Feedwater Cycling

14 Secondary Hydrotest (Init.)
15 Secondary Hydrotest (Subs.)
16 Secondary Side Leak Tests

17 Seismic (OBE)
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TABLE 5.1-2

SUMMARY OF TRANSIENT BOUNDARY CONDITIONS
FEEOWATER CYCLING TRANSIENT

SATURATED FLUID CO[F:%?!(NT CO[:E%%IENT
TIME TEMPERATURE TEMPERATURE REGION 1 REGION 2
0 547.0 547.0 24.0 76.0
10 546.5 538.0 270.9 322.9
20 546.0 530.0 323.9 375.9
50 545.0 502.0 422.4 472.4
75 543.6 534.0 806.2 2002.2
90 543.0 522.0 360.6 412.6
110 542.0 504.0 434.2 486.2
150 540.2 468.0 §32.0 584.0
17§ 539.1 §31.0 792.0 1988.0
190 538.4 518.0 357.4 409.4
220 §37.1 490.0 464.6 516.6
275 534.6 453.0 §53.2 605.2
300 §33.5 524.0 805.3 2001.3
330 §32.1 497.0 423.5 475.%
375 §30.1 459.0 §2¢.4 581.4
450 526.8 520.0 778.2 1974.2
480 525.4 492.0 41€.9 468.9
530 523.2 450.0 534.3 596.3
560 522.0 427.0 580.7 632.7
600 520.0 512.0 791.0 1987.0

Time has units of seconds
Temperatures have units of degrees Fahrenheit
FiIlm Coefficients have units of BTU/hr-ft2.°F

Notes:
1. See Figure 5.1-2 for region definition
2. Film coefficient in Region O=x, and does not change with time.
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FIGURE 5.1-1
FEEOWATER CYCLING TRANSIENT
FLUID TEMPERATUP® VERSUS TIME
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FEEOWATER CYCLING BOUNDARY CONDITIONS
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6.2 STRESS ANALYSIS

.2.1 Uniform Grind Analysis Description

In the prior girth weld analyses, four different grind depths have been
analyzed, 0.5 inch, 0.75 inch, 1.0 1nch, and 1.25 inches. The analyses are
referred to as uniform grinds, because the analysis assumes the grind to have
a constant shape and to extend 360° around the circumference of the steam
generator. The blend-out to the shell inner surface is with a 2:1 taper at
each end of the land. A 0.5 inch radius 1s assumed at the blend of the taper
to the land.

The steady state and transient pressure and temperature stress soluticns are
obtained using finite element models. The models are quite similar in
geometry. The finite element model for 0.75 inch grind 1s shown in Figure
5.2-1. Each of the models is composed of eight-noded axisymmetric
isoparametric elements. There are six elements through the thickness, each
having a mid-side node for a total of thirteen integration points. Both
above the girth weld region and below the bottom of the shell cone,
sufficient lengths of the shell cylinder are modeled to eliminate any end
effects from the stress solution. To account for pressure end-cap loads,
axial loads are applied to the mode! in the form of pressures along the top
face of the model, with the bottom face of the model being constrained
axially., The finite element solutions are obtained using the WECAN computer
program, a Westinghouse proprietary general purpose finite element program.

Through-thickness stress distributions in the grind region, as well as the

cone below the giind and in the shel) above the grind, are determined using’ . *
the computer program WECEVAL. Evaluations are performed for cuts thru the

shell wal) identified as "analysis sections" (ASN's). The analysis sections
used for each of the four grind geometries are shown in Figures 5.2-2 through
§.,2-5 for the 0,50 inch, 0.75 inch, 1.C inch, and 1.25 inch grinds,

respectively.

Through-thickness stress distributions are generated in tabular form for each
ASN, with the 1imiting stress condition being used. For the critical flaw
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size analysis, with the system modification essentially eliminating the
reactor trip transient, the limiting condition now becomes the feedwater
cycling transient. In general, the 'imiting time occurs at 275 seconds into
the transient, Some variation in the critical transient time is found to
occur for ¢nalysis sections away from the grind region.
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FIGURE §,2.1
FINITE ELEMENT MODEL FOR 0.78" GRIND
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ANALYSIS SECTION LOCATIONS
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.2.2 Bracket Analysis

5.2.2.1 Feedring Bracket Relocation and Modification

Feeowiater nozzle thermal sleeve junction to feedring is supported by a
bracke® elded to the main shel), Because of degradations observed in &
weld area of the bracket, the brackets were moved to newer locations a .3
design was modified. The modified brackets were moved awa, from the nozzle
flow area to minimize the bracket stresses due to the effects of bypass flow.
A schematic plan view of the modified bracket support area is shown in Figure
§.2.2-1. Figure 5.2.2-2 shows the locations of the existing and the
relocated modified brackets. The geometry of the existing bracket is shown
in Figure 5.2.2-3 and that of the modified bracket in Figure 5.2.2-4. The
analysis 1s based on bracket material ASME SA-516 Grade /0 and shelif/shelf-
support material ASTM A.576 Grade 1018.

Since the support points to the feedring remain unchanged, the mechanical and
seismic loads acting at the support locations will be assumed to remain
unchanged., The stresses at the shelf, shelf-supports, and brackets are
calculated on the basis of loads obtained previously in the original stress
report (Reference 1), According to this report, the seismic ioads govern and
even those do not constitute significant loading. These loads are given
below:

a) Horizontal load on either of the two horizonta)l U-straps is 1150
1bs.

b) Verticil load on either of the two vertical U-straps is 1230 1bs.

¢) Vertical load on any of the feedwater ring bracket supports is 820
1bs.

The stresses in the existing bracket and shelf/shelf-support, calculated for

the vertical load of 820 1bs, are small. The stresses in the replacement
bracket and shelf/shelf-support are even less than those for the existing
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ones, and well within the allowable stresses for the materials used.
Stresses and a)lowables are given in fable 5.2.2-1.

The original shelf of the bracket is 1.5 inches away from the shell at the
centerline of the feedwater nozzle. This distance has been increased to 3.1
inches for the modified bracket. This modification will prove bunefi.ial to
the bracket and shelf by reducing the probability of cold bypass water,
feaking through the gap between the thermal 1iner and the feedwater nozzle,
to impinge the bracket and shelf,

The replacement bracket has higher stiffness than the original bracket.
Therefore, the deflection at the bracket support of the feedwater ring
junction due to the same hydraulically induced load will be smaller at the
replacement bracket compared of that at the original bracket.

Since the stresses in the bracket adjacent to the shell are small, they will
have 1ittle effect on shel)l stresses. The shell stresses may be considered to
be decoupled from the effects of the bracket stresses. The stress field in
the shell at the existing bracket location near the feedwater nozzle has been
compared with that at the new location in the shell for the modified bracket
based on stresses obtained in the analyses performed for feecdwater nozzle and
girth weld. The existing location near the feed-ater nozzle is found to be
more critical than that at the new location in the shell away from the
feedwater nozzle. Since the stress conditions at the new location of the
bracket are more favorable than those at the existing bracket location, the
new location is m-re desirable,
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§,2.2.2 Feedring Support Brackets A, B, C

During the mid-cycle inspection of the secondary side of the steam generators
at Indian Point 2, visual and magnetic particle inspection of the feedwater
nozzle inner radius and welds of the support brackets beneath the
feedring/nozzle area revealed a number of 1inear indications. With the
finding of linear indications in the nozzle area near the feedring support
brackets, the inspection was extended to include all other feedring support
brackets and straps in all four steam generators. The indications associated
with the feedring brackets were predominantly in the shell heat-affected zone
adjacent to the weld. A1l indications were removed by grinding.

This section describes the work performed in determining the grinding
contours at each of the brackets which would permit operation for an assumed
cycle of 300 days before further repair is necessary and identi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>