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1887 Unit 1 Steam Generator Inspection Results

I accordance with Technical Specification 4.12.E 1, the following information on steam
generator ti'be inspection and repair is pruvided for the information of the NRC Staff

Foliowing the recent inservice inspection of the Unit 1 steam generators, 1/3 tubes
WEre f;!.qued for the first time. The percentage of tubes plugged is 4. 4% in 11 steain
generator and 8.9% (equivalent) in 12 steam generator. The inspection results are
summarized in Attachment 1

In accordance with Technical Specification 4 12.E 2, this mformat»on will be expandec
unon in the Inseryv’ ce Inspection Report for Unit 1 wh:m will be submitted within 90
days of the end of the current refue '.. g outage Also Table 4.3-13 of the Praine Island
Uptated Safety Analysis Report will be updated in the next revision

in accordance with; Generic Lettar 85-05 | the 90 day report required for implementation
f the voltaga based repair criteria in Unit 1 will be submitted within 90 days of Unit 1
std L

The raesults of the ir qoe-c""‘n of 11 S'aam Gem' ator and 12 Steam Generator were
classified .'-JS Category C-3 in eccorcance with Technical Soef fication 4 12 because
more tha 1% of the inspc “ed bes in each \ma..‘ Generator were defective. The
MR Staff was inforimed of the L;ztea_:,mry C-3 classification by tslephone on October 27
13897, In accordance w

'
@ with Technical Specification 4 12 E.3, a 30 day special report on
the Categqory C-3 steam generato: inspect:on is providec ‘\"df""‘”“"’ 2 to this letter
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During the inspection and repair of tubes, F-Star (F*) Alternate Repair Criteria was
utilized and reroliing was done using the improvements implemented during the Unit 2
January 1997 outage. There are 125 tubes classified as F* tubes. In accordance with
Technical Specification 4 12 E 4, the identification of F* tubes by Row and Column and
the location and exient of dagradation are included in Attachment 3 to this letter.

Attachment 1 to this letter contains one new NRC commitinent which is shown in italics.
Please contact Gene Eckholt (642-388-1121) if you have any questons related to this
letter.

ALY famaen

Joel P Sorensen
Plant Manager
Prairie Island Nuclear Generating Piant

¢ Regional Administrator - Region Hll, NRC
Senior Resident Inspector, NRTG
NRR Project Manager, NRC
J E Silberg

Attachments.
1. Steam Generator Plugged Tube and F* Tube Summary
2 Prairie island Unit 1 Steam Generator Category C-3 Tube Inspection Special
Report
3. F* Tube Report
4 Prairie Island Unit 1 In Situ Test Liet - October 1997 Refueling Outage
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11 Steam Genorator Plugged Tube and F* Tube Summary

Summary
New Indications Plugged this O'tage. 54
Toutal Pigged Tubes: 149
Tctal F* Tubes: 119
11 Steam Gerierator % Plugged. 4.40%
Inspection Scope

All open tubes were examined full length with the bobbin coil, except for Rows 1 and 2
U-bends.

All Rows 1 and 2 U-bends were examined with rotating probes.

All hot leg tubes were examined with rotating probe technology (including the +Paint™
coil) from tube end hot to 3 inches above the top of the tubesheet. Twenty percent of
the cold leg tubes were examined with rotating probe technology (including the +Point™
coil) from tube end cold to 1 inch above the top of the tubesheet.

New Indications
One hundred forty-one tubes were icentified with the following types of degradation:
1. Wastage:

Sixteen tubes were plugged for thinning at the cold leg tube support plate. One
tube with an indication of wastaje at a cold leg tube supoort plate was tested in
situ with zero leakage. Two tubas with wastage or pitting type indications above
the cold leg tubesheet were tested in situ with zero leakage and were plugged.

2. Secondary Side IGA/SCC in Hot Leg Tubesheet Region

Three tubes contained single or multiple indications in the tubesheet crevice
region indicative of secondary side IGA'SCC occurring in the tubesheet region
One of these tubes also contained an indication at the roll transition zone. Two
tubes were tested in situ with zerc leakage. All three tubes were plugged.

Two tubes had volumetric indications above the tubesheet. One was tested in
situ with zero leakage and the other tube was pulied for meta'lurgical examination
of the volumetric indication at the top of the tubesheet and a distorted indication
at the 01H tube support plate.
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3. Secondary Side IGA/SCC at Tube Support Plates

Twenty two tubes contained volumetric indications at tube support plates
indicative of secondary side IGA/SCC and/or wastage. Two tubes were pulled
from 11 steam generator from tube end hot to just below 04H tube support plate.
Three intersections were leak and burst tested and partial metallurgical
examination has been completed. One intersection with a volumetric indication
contained a small thinned region possibly due to wastage in addition to shallow,
multiple axial ODSCC indications. One intersection with a distorted indication
contained typical outside diameter intergranular stress corrosion cracking. One
intersection with no detectable degradation burst outside the tube support plate
and has not yet been metallurgically examined.

Due to regulatory uncertainty concerning whether the volumetric eddy current
indications at tube suppoi. plates were in compliance with Technicai Specification
412 D 4 a, all of the tubes with volumetric indications not associated with
qualified sizing techniques were plugged.

All but two of the tube support plate intersections with cistoted bobbin coil
indications were examined by rotating coil probes. All confirrned indications and
the two tubes "ot inspected with rotating coil probes were plugged.

4. Primary Water Stress Corrosion Cracking (PWSCC) at the Hot Leg Roll Transition
Zone

Twelve tubes (9 new) contained single or multiple axial indications at the Roll
Transition Zona Three tubes became F* tubes after successful Additional Roll
Expansions. £  .ibes were plugged due to unsuccessful Additional Roll
Expansion. One tube was pressure tested in situ with zero leakage

5 Primary Water Stress Corrosion Cracking (PWSCC) at the Rows 1 and 2 U-bends
There were no indications of tube degradation in the rows 1 and 2 u-bends.

6 Possible PWSCC Near the Tube End

One hundred thirteen tubes (84 new) contained short axial indications near the
hot leg tube end. These ‘ubes were all classified as F* tubes.
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7. Othet

Two tubes contained free span volumetric indications which were pressure tested
in situ with zero ieakage and then plugged.

One wear scar due to a possible loose part was not changing, but was
conservatively plugged.

Maxi | h of Roll Transition Zone Indicat
The maximum length of the indications in the Roll Transition Zone was 0.2 inches.
Visual Tube Plug Inspection

A visual inspection was done of 2l' installed tube plugs. No plug anomalies were
identifiec.

Visual Tube Leak Inspection
A visual inspection for tube leakage was conducted following the reroll repairs and

welded tubesheet plug installations with the secondary side pressurized to greater than
100 psig following repairs. There were no signs of leakage.

Tube Plug Removal

Nc tube plugs required repair. All the Westinghouse Alloy 600 mechanical plugs have
been replaced in 11 steam generator

Rotating Probe Inspect

Iri order to best identify these tubes whicihh have minor degradation in the tubesheet
region and which could leak during the next fuel cycle, and in accordance with the
requiremen. of Generic Letter 95-03, a complete examination of the hot leg tubesheet
region of all inservice tubes was conducted using a Rotating Coii Probe which
contained three different coils. These coils were a 0.115 inch pancake coil, a 0 080
inch pancake coil for discrimination of inside versus outside diameter signals and the
+Point™ coil.

A +Point™ probe was also used to examine all dents greater than 5 volts and to resolve
distorted signails called by the bobbin probe eddy current inspection.

In addition, a rotating coil examination was conducted of twenty percent of the tubes on
the cold leg side from tube end cold to 1 inch above the top of the tubesneet. No
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indications were found in the cold leg examination which required expansion of the
examination scope. The indications found at the top of the cold leg tubesheet were
also identifiable by the bobbin coil axamination

Ci ! tial Indicat
No circumferentia, indications ware found.

Category C-3

The results of this inspection program of 11 Steam Generator were classified as
Category C-3 by Technical Specification 4.12 because mure than 1% (including
rotating probe indications) of the inspected tubes in 11 Steam Generator were
defective. The NRC staff was informed of the Category C-3 classification by telepticne
on October 27, 1997,
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12 Stoam Cenerator Plugged Tube and F* Tube Summary

Summary

New indications Plugged this Outage: 119
New Indications S'eseved this Outage 222

Total Plugged Tubes: 271

Total Sleeved Tuhes 852

Total F* Tubes. 6

12 Steam Generator % Pluggea: 8.90% (equivalent)
Inspection Scope

All open tubes were examined full langth with the bobbin coil, except for Rows 1 and 2
U-bends and the sleeve sections of sleeved tubes. The sleeves were inspected with
the rotating coil probe.

All Rows 1 and 2 U-bends were axamined with rotating probes.

All hot leg tubes were examined with rotating probe technology (including the +Point™
coi” “am tube end hot to & inches above the top of the tubesheet. Twenty percent of
the cold leg tubes were axamined with rotating probe technology (including the +Point™
coil) from tube end coid to 1 inch above the top of the tubesheet.

Maw indions

Two hundred ninety-six new tubes were identfied with the following types of
degradation:

1. Wastage
Fifteen tubes were plugged for thinning at the cold ieg tube support plate

Two tubes with wastage or pitting type indications above the cold leg tubesheet
were plugyged. One tube pressure tested in situ with zero leakage.

2 Secondary Side IGA/SCC in Hot Leg Tubesheet Region

Seventy-five tubes contained single or multiple indic: tions or volumetric
ndications \n the tubesheet crevice region indicative of secondary side IGA/SCC
oceurring in the tubesheet region. Ten of these tubes also contained an
indication of primary water stress corrosion cracking at the roll transition zone.
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Twelve tubes bounding these irdications were tested in situ with zero ieakage.
All of these tubas ware plugged or sleeved.

Four tubes had volumetric indications ¢ yve the tubesheet. One tube was tested
in situ with zero leakage. All four of these tubes were plugged or sleeved

Eight tubes had axial indications above the tubesheet Three tubes were tested
in situi with zero leakage. All eioht of these tubes ware plugged or sleeved.

3. Secondary Side IGA/SCC at Tube Support Platec

Forty tubes contained volumetric or axial indications at tut.e support plates
indicative of secondary side IGA/SCC anc/or wastage. One tube was puiled from
12 steam genarator from tube end hot {o just below 044 tube support plate. One
intersection with an axial indication was leak and burst tested and partial
metallurgical examination has beon completed. Metallurgical examination of this
imersaction showed that the corrosion morphology is primarily axial IGSCC with
minor ICC components that diseppear rapidly with depth

Due to regulatory uncerte nty concerning whether the volumetric eddy current
indications at tube support plates were in compliance with Technical Specification
412 0.4 a, all of the tubes with volumetric indications not associated with
gualified sizing techniques were plugged.

All of the tute support plate intersections with distorted bobbin coil indications
were exarnined by rotating coil probes. All confirmed indications were plugged.

4 Primary Water Stress Corrosion Cracking (PWSCC) at the Hot Leg Roll Transition
Zone
One hundred fifty three tubes (150 new) contained single or multiple axial
indications at the Roll Transition Zone. Six tubes were pressure tested in situ
with zero leakage Three tubes became F* tubes after successful Additional Roll
Expansions. The remaining tubes were plugged or sleeved.
5 Primary Water Stress Corrosion Cracking (PWSCC) at the Rows 1 and 2 U-bends

One tube was plugged due to a single axial indication in a row 1 u-Lend. This
tube was pressure tested in situ with zero leakage.
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6 Previously Installed Sleeves

Three sleeves were plugged duie to restrictions which prevented examination with
a rotating coil probe. Forty-five sleeves contained weld zone indications which
only marginally met or did not nieet the new acceptance criteria for ABB CE
sleeves and were pluaged. On32 of these sleeves with a weid zone volumetric
indication was removed for me'allurgical examination. Three sleeves were
prescure tested in situ w'th ze’0 leakage. Sleeve selection for in situ pressure
testing was based on the xtent and the voltage of the eddy current signal.

7. Other

One tube containid & free span volumetric indication which was pressure tested
in situ with zero luakage and then plugged

Visual Tube Plug and Jieeve End Inspection

A visual inspection wa® done of all installed tube plugs and sleeves. No plug or sleeve
end anomaiies were identified

Post Maintenance Visual Tube Leak Inspection

A visual inspection for tube leakage was conducted following the reroll repairs and
sleeve and weldad tubesheet plug instaliations with the secondary side pressurized to
greater than 100 psig following repairs. There were no signs of leakage.

Tube Plug Removal

No tube plugs required repair. All the Westinghouse Alloy 600 mechanica!l plugs have
been replaced in 12 steam geneiator

Rotating Probe Inspections

in order to best ideritify those tubas which have minor degradation ir the tubesheat
region and which could leak during the next fue! cycle, and in accordance with the
requirements of Generic Letter 95-03, a complete examinaticn of the hot leg tubesheet
region of all inservice tubes was conducied using a Rotating Coil ®robe whiich
contained three different coils. These coils were a 0.115 inch pancake coil, a C "80
inch pancake coil for discrimination of inside versus outside diametar signals and the +
Point™ coil.

A + Point™ probe was also used to examine ail dents greater than 5 volts and to
resolve distorted signals called by the bobbin probe eddy current inspection.
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In addition, @ rotating coil examination was conducted of twenty percent of the tubes cn
the cold leg side from tube end cold to 1 inch above the top of the tubesheet Nou
indications were found in tha cold leg examination which required expansion of the
examination scope.

ircumferential ind

No circurnferential indications were found in tubes. Nine sleeves contained weld zone
circumferential weid zone indications attributable to previous weld cleanliness
problems. Thece sleeves were plugged.

Category C-3

Tha results of this inspection program of 12 Stearn Generator were classified as
Category C-3 by Tecnical Specification 4 12 because n ore than 1% (including
rotating probe indications) of the inspected tubes in 12 Steam Generator were
detective. The NRC staff was informed of the Category C-3 claseification by telephone
on October 27, 1997
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Summary of 11 and 12 Steam Generator Inspections and Repairs

An inservice inspection consisting of inspection of 100% of the full length of tubing with
the bobbin coil and 100% of hot leg and 20% of the cold tubesheet regions, 99.6% of
the sleeves and the row 1 and 2 u-bends with mechanical rotating probe with + Point™
coil was condiicted on Unit 1 Steam Generators from October 23, 1997 through
November 22, 1997. in addition, post maintenance visual inspections were conducted
for indications of leakage with the secondary side pressurized.

As a result of the visual and eddy current inspections, 5.2% (173 of 3293) of the
inspeocted tubas in 11 Steam Generator contained defects requiring repair. Fifty-four
of these tubes were plugged and the “amaining tubes were left in service using
previous and new Additional Roll Expansions and the F-Star (F*) alternate repair
criteria. Repairs were completed on November 22, 1897

As 2 result 0. the visual and eddy current inspection, 10.7% (347 of 3236) of the
inspected tubes in Steam Generator 12 contained defects requiring repair. One
hundred nineteen of these tubes were plugged, 222 tubes were sieeved, and 6 tubes
were left in service using previous and new Additional Roll Exparisions and the (F*)
alternate repair criteria. Repairs were completed on November 22, 1897

Although the voltage based repair criteria was implemented this outage on Unit 1, all
but two of the distorted tube support plate indications were examined by rotating coil
probes. Indications defined as primarily volumetric in nature were piugged.

It was discovered by the System Engineer and the Eddy Current Speciaiist on October
29, 1997 that rotating coil inspection of all derits had not been done as stated in the
NSP response, dated April 8, 1996, to an NRC Request for Additional Information on
Generic Letter 95-03, “Cirzumferential Cracking of Steam Generater Tubes”. The
answer to the first part of Question 1 stated that "All dents gr=ater than 5 volts were
examined by the +point rotating coil technalogy in the Unit 1 9601 inspection and that
“All dents greater than 5 volts will be examined by the +point in the Unit 2 9701
inspection. In the future, a 20% sampie will be done." Contrary to this statement, only
dents at tube support plate intersections, at the top of the hot leg tubesheet, and some
of the free span locations were inspected with the +point coil rotating probe. The 132
free span der's in Unit 1 and 26 free span dents in Unit 2 identified in the April 8, 1996
letter had not all been insgected by the +point point coil probe. This information was
initially reported to the NRC by a telephone conference call on October 30, 1997 and a
follow-up conference call on October 31, 1997 and was reported as a 10 CFR 50 9
issue. It is also noted tha! the referenced letter stated that there were no NRC
commitments made in the letter.
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The inspection of all free span dents in 11 and 12 steam generators with a bobbin
ve'tage greater than 5 volts using the +point probe was completed on November 2,
1997. There were 171 free span dents examined by the +point coil probe. For all of
the dent locations in Unit 1 steam generators, there was no detectable degradation
found by the rotating coil examination.

The results of the Unit 2 1997 examination were reviewed. There are 17 free span
dents remaining to be inspected, all in the u-bend region. For all of the other dent
locations inspected in Unit 2 steam generators, there was no detectable dagradation
fourd by the rotating coil examination.

Therefore, in the last inspection on eact unit, 381 of 398 dented locations nave bean
inspected by rotating coil examination with no detectable degradation in any of the
dents. The remaining uninspected free span dents in Unit 2 will be inspected
during the Fall 1998 Unit 2 refueling outage.
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Prairie Island Unit 1 Steam Genearators
Category C-3 Tube Inspection

Special Repori
Purpo:.e

This report fulfills the special reporting requirements of Prairie Island Technical
Specif.cation 4 12 E.3 This report is required whenever the steam generator tube
inservice inspection finds more than 10% of the tota! tubes inspected are degraded
tubes or more than 1% of the inspected tubes are defective. This renort summarizes
the inspectior results, the causes of degradation, trie condition monitcring assessment,
and the operational assessment

Surmmary

An inservice inspection consisting of inspection of 100% of the full lengtn of tubing with
the hobbin coil and 100% of hot leg and 20% of the cold tubesheet regions and the ro v
1 and 2 u-bends with mechanical rotating probe with + Point™ coil was conducted in
Unit 1 Steam Generators from October 23, 1997 through November 22, 1997

As a result of the visual and eddy current inspections, 5.2% (173 of 3293) of the
inspected tubes in 11 Steam Generator contained defects requiring repair. Fifty-four of
these tubes were plugged and the remaining tubes were left in service using previous
and new Ac.ditional Roll Expansions and the F-Star (F*) alternate repai: criteria.
Repairs were completed on November 22, 1907

As a result of the visual and eddy current inspections, 10.7% (347 of 3236) of the
inspected tubes in 12 Steam Generator contained defects requiring repair. On2
hundred nineteen of these tube= were plugged, 222 tubes were sieeved, and 6 tubes
were left in service using previous and new Additional Roll Expansions and the (F*)
alternate repair criteria. Repairs were completec on November 23, 1997
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Background

Table 1 provides data on the Prairie Island Nuclear Generating Plant which is
significant for the steam generators.

Table 1: PRAIRIE ISLAND PLANT DATA

Location: On Mississippi River near Red Wing Minnesota
Nuclear Steam Supply System: Westinghouse 2-Loop 560 MWE
Steam Generators: Westinghouse Model 51
Mill-Annealed Alloy 600 Tubing
Open Tubesheet Crevices - 2.75 inch hard roll at bottom of tube
Circulating Water: Mississippi River/Cooling Towers
Secondary Systems Tubing: Stainiess Steel/Carbon Steel
Startup Dates :  Unit 1 - De .ember 16, 1973
Unit 2 - December 21, 1974
Effective Full Power Years as of End of Previous Cycle:
Unit 1 (EOC 18) - 196 EFPY's
Unit 2 (EOC 17) - 18.8 EFPY's
HOT LEG TEMPERATURE: 590 degrees Fahrenhel,

The current status of each steamn generator at Prairie Island is shown in the attached
Table 2. "Prairie Island Ste>m Generator Tube Plug and Sleeve Status.”

Causes of Major Tube Degradation

There are two major causes of the degradation of tubes in Unit 1 steam generators.
Secondary side intergranular attack and stress corrosion cracking (IGA/SCC or ODSCC) is
oceurring in the hot leg tubesheet crevice region, at the too of the hot leg tubesheet, and in
the hot leg tube support plate intersection.  This cause was identified by metaliurgical
examination of three hot leg tubesheet region sections of the inconel 600 tubing removed
from Steam Generator 12 in January 1985. This was confirmed by examination of a parent
tube secticn removed during the sleeve pulls in 1996. The degradation is characterized as
singie or multiple axial indications. Except for the early years, these axial indicatior 5 are
located in the lower on 1aif of tha tubesheet crevice region. In addition, tube pulls during
this outage have confirmed the presence of ODSCC in three hot leg tube support plate
locations

Rotating pancake coil (MRPC) of the tube samples and experience gained from other

utilities provides tools to confirm the type of degradation occurring in the tubesheet region
MRPC examinations of all tubes with non-quantifiable indications in the tubesheet region
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have been done routinely since February, 1987. The MRPC results have confirmed the
type of degradation as secondary side IGA/SCC

Also, tubes with indications representative of primary water stress corrosion cracking
(PWSCC) at the roll transition region have been identified by MRPC and by metallurgical
examination of one rll transition zone removed during ‘ne sieeve pulls in 1996

Comparison of Number of Defective Tubes in Unit 1 Eteam Generators, January 1996
to October 1997

The number of new defective tubes identified in Unit 1 Steam Generators did not change
significantly in the tubesheet crevice region. Kowever, in 12 steam generator, roll transition
zone PWSCC has become more dominant than ODSCC. A substantial number of sleeves
were removed from service due to weld zone indications, all of which were previously
present, using the improved inspection techniques and conservatively interpreting the
acceptance criteria  Indications at hot leg tube support plates increased due to ODSCC
oceurring and identification of wastage type indications. Further details will be provided in
the 9 day report for the voltage based repair criteria.

Examination Results for Tube Cleaning of Sleeve Locations

The foliowing table summarizes the results of the post cleaning visual examinations of
223 sleeve locations

Cleaning First Second Third Fourth
Number Cleaned 167 56 13 4
Percent Accepted per Cleaning 75% 77% 69% 100%

There was no correlation to the number of brush usages, to tubes which required
additional clea~'ng operations. The visual examination was very worthwhile since
additional cleaning efforts provided very successful weld inspection results. All 223
sleeves installed were accepted by UT, VT, and ET. (One sleeve was plugg2d Jue (o a
welding error).

Condition Monitoring

Condition Monitoring evaluates the as found condition of the steam generator tubing
against leakage and structural integrity criteria. There were no tubes identified which
exceeded the structural integrity requirement of no tube burst at three times the normal
operating differential pressure. Degradation mechanisms located in the tubesheet
crevice region can not burst due to the constraints of the tubesheet. Axial degradation
mechanisms are not expected to burst uniess the indication is greater than 0 38 inches
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long in the free span. There were no tubes identified by in situ pressure testing which
exceeded leakage limits at main steam line break conaitions

in Situ Tests

To demonstrate adequate leakage and structural integrity, thirty four tubes were tested
in situ. Tubes were selected based on largest extent and voltage of the eddy current
indications and each type of degradation was tested. Tests were done at Main Steam
Line Break (MSLB) conditions for indications in the tubesheet crevice region. Tests
were done at Main Steam Line Break pressure and at three times normal operating
differential pressure (3dp) ror indications in free span regions The test pressure for
Main Steam Line Break conditions was 2816 psig and for 3dp conditions was 5624
psig. The list of tubes tested in situ is in Attachment 4. No tubes challenged the
structural integrity criteria of 3 times normal operating differential pressure No tubes
lsaked at Main Steam Line Break pressures

Operational Assessment for Each Degradation Mechanism

Unit 1 Cycle 18 length was 565 EFPD. Unit 1 Cycle 19 length is planned to be 483
EFPD

1. Wear at Tube Bundle Structurai Components and Foreign Objects (Loose
Parts)

There were 29 active AVB wear locations this outage. No AVB locations required
plugging The maximum growth seen for indications which were greater than 10%
last cycle was 7%. The AVB wear degradation mechanism growth rate does not
challenge structural integrity during the next cycle One wear scar due to a possible
loose part was not changing, but was conservatively plugged

Thinning at the Cold Leg Tube Support Plates

There were 81 active CLTSP thinning locations this outage. Thirty one of these
locations required plugging. The largest percent call was 58% which had increased
from 36% the previous outage. The maximum growth seen for indications which
were greater than 10% last cycle was 23%. The average growth rate was 2% since
41 indications had negative or zero growth rate. The cold leg tube support plate

degradation mechanism does not challenge structural integrity during the next
cycle
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3. Assessment of Secondary Side IGA/SCC in the Tubesheet Region
Secondary side IGA/SCC is .Jentified as axial or volumetnc indications and is
5 repaired on detection and thus growth rates are not available. The maximum length
of IGA/SCC seen in the tubeshee! ragion was a 10.3 inch MAI in 12 SG ROC7. This
l : tube was pressure tested in situ with zero leakage Seventeen of the secondary -

side indications were pressure tested in situ and all had zero leakage under MSLB
conditions. Therefore, the secondary side IGA/SCC does not present a challenge
to structural or ieakage integrity for the next cycle

4. Secondary Side IGA/SCC at the Top of the Tubesheet Region

There were 15 volumetric or axial indications iocated at the top of the tubesheet
I' These indications are plugged or sleeved on detection. Five indications were
pressure tested in situ at MSLB conditions and at 3 times normal operating
differential pressure. There was no leakane at MSLE pressure and there was no
rupture at 3dp. Therefore, none of the indications at the top of the tubesheet
¥ presented challenges to structural or leakage integrity and new indications are not
I expected to present challenges during the next cycie

5. Assessment of Primary Water Stress Corrosion Cracking at the koll Transition
Zones (PWSCC at R72)

Seven of the aporoximately 167 new indications of PWSCC at RTZs were oressure
tested in situ including the largest voltage indications. No leakage was identified
This is the second inspection using the +Point coil of the roll transition zones

Since these indications did not leak, new indications are not expected to leak either
and do not present leakage or structural integrity concerns during th? next cycie

Primary Water Stress Corrosion Cracking at the Low Row U-bends (PWSCC at
U-bends)

This is the second u-bend indication in Unit 1 and it was plugged. The indication
we s about 0.2 inches long. It did not leak or burst under 3 times normal operating
pressure differential conditions. Since the +Point coil was used to examine all of
the row 1 and 2 u-bends, there is reasonable assurance that u-bend degradation
growth will not exceed structural and leakage integrity for the next cycle

Secondary Side IGA/SCC at the Tube Support Plates
All but two dictorted bobbin coil indications at the tube support plates were
examined by +Point coil All which were confirmed as volumetric and not

a.sociated with cold leg tube support plate thinning and the two not examined Dy
g9 Tuld dox
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+Point were plugged. None of the bobbin coil indications at IGA/SCC locations
exceeded 2 volts. In accordance with Tech Specification 4 12 and Gereric Letter
35-05, a report will be submitted for the voltage based repair criterna within ninety
days of Unit 1 startup Preliminary operational assessment caiculations meet the
acceptance criter.a for main steam line break leakage and for conditional pr

of burst. Therefore, this degradation mechanism does not appear 10 present
eakage or structura! integrity concerns during the next cycie

Manufacturing Burnishing Marks in crevice regions
All manufacturing burnishing marks could be traced back to 1988 and showed n

shange. Therefuie, there Joes not appear to be any degradation associaleq witt
the manufacturing burnishing marks

Degradation at Dented Tube Support Plates and All Other Locations

All dents > 5 0 volts were examined with +Point. No indications of degradation wers
found

Indications at Tube Ends

There is an increasing rumber of indications associated *“th the tube endas in 11

steam generator The number has increased from 29 in 1996 to 113 in 1997
These indications are located at or beiow the seal weld. There is sufficient hard
prasent above these indications to meet F* criteria These indications do not

present a structural or leakage integrity concern
Degi adation in Sleeves

Forty six old sleeves and one new sleeve contained weld zone indications requiring
resolution. One old sleeve left in service in 1996 with a volumetric indication could
not be examined in 1997 due 0 physical restrictions in the sleeve. Thirteen of the
sleeve weld zone indications appeared to be new, but upon reanalysis of the 1996
ET data were ueterinined to be unchanged from 1996 One old indication and the
one new indication were accepted for continued service and the remaining 45
sieeves ware pluggeda

in 1996. 34 volumetric indications hac been left in service under Safety cvaluatior

436 There were 13 additional sleeve weld zone indications identified this outag

Upon review of the eddy current data from 1996, it was determined that all 13
these new incications existed in 1996 und had not changed This increase in
number of indications is attribted to the knowledge gained fror the Frairie Island
1996 sieeve pulls, the Site Specific Performance Demonstration for the eddy current

Tuld e




ana'ysts, anc analyst performance tracking which g!ves analysts daily feedback

their performance compared to the final resolution calls. Only one new sleeve
contained an ET weld zone indication. This indication was a volumetric indicatior

above the weid centeriine

All tubes with sleeves with eddy current indications which did not meet the new
eddy current acceptance criteria for location of weld zone indications above the
weld certerline were plugged. In addit.on, weld ~.ne indications for which the
location with respect to the weld centerline were ambiguous were piugged T he
only remaining weld zone indications in service (R5C20 and R13C67) are

volumetric indications located significantiy above the weld centeriine

Previous operation with the sleeves did not present a safety issue based on the
results of the 1996 sleeve pull analysis and based in titu pressure tests \ ith zero
eakage of three sleeves during the 1997 inspection. As stated In NSP's June 27
‘906 letter to the NRC on sleeving issues, the root cause of the ET indications and
the discontinuities in the |eeve welds was inadequate removal of the contaminants
and oxide from inside ©. e parent tube prior 10 sleeve Insertion resuiting in Oxiae
inciusions captured in the sleave weld. T

successtul this outage

he improved cleaning process w as 100%

Degradation in Additional Roll Expansions (Re-Rolls)
Thera were no F* rerolls with new degradation
Structural Degradation of the Tube Support Plates

During the October 199/ eddy current examination of 11 SG. bobbin coil data was
analvzed to cetermine If indications of possible tube support plate igament
anomalies were present. When bobbin coil data identified such anomales, they
were coded PSI and rotating coil technology (RPC) was usea to reexamine the PSI
ntersections. From the RPC data. 6 tube support plate intersections in 11 SG and
) tube support plate intersections in 12 SG were confirmed {0 have indications of

9

nossible tube support plate ligame 1 "cracks”" Three indications in 11 steam
generator are at patch plate locations. Three of the indications in 11 SG and the
three indications in 12 SG are in the outer periphery suspect locations idertified in
Westinghouse letter WOG-97-186, “Transmittal of NEI Sponsored Steam Generator
Internals Degradation Intenm Inspection Guidelines

e Plus-Point eddy current probe characterization showed that none of these

nd :-‘z;f OnNs ‘v()ﬁ;;_;(:!\(‘x‘q siQn L:\vt]r\v missing ligamer e { 1,"’3 d';}‘:‘)$‘? POSS Die Ligament

gap was less than 50 degrees The minimum gap that would permit & tube to m

into a larger displacement mode under flow induced vibration is 146 degrees)

S8 Tuld don
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It is also noted that there is no detectable tube degradation at the locations of the
possible degraded tube support plate ligarnents. Therefore, none of these
ndications required plugging

The hobbin coil data for these possible support plate ligament indications v.as

I reviewed from 1988 and found to be unchanged. Thus it 15 likely that these
conditions reflect steam generator as-built conditions which resulted from
- misalignment of drilling of flow holes or tube holes as has been visually verified at

Diablo Canycn

‘ Therefore since there is no indication of active degradation in the tube suppon
Nl plates or in the tubes at the suspect iocations, the possidie suppon plate ligament
cracks do not represent a concern for the forthcoming uperating cycle The exact
I cause of the source of the indications is not known
14. Potential Degradation in Tube Plugs
All tube plugs were examined visually. No indications of leakage were found
I Summary of Operational Assessment

An evaluation of all indications of degradation confirms that none of the forms of
jegradation occurring presents a structural or leakage integrity concern for the next

i@ of cperation

3 Remedia' Actions

Northern States Power has participated in uulity furided research on steam generator
elated issues beginning with the Steam Generator Owners Group Il in 1982 and continuing
10 the present EPRI funded Steam Generator management Projact. Remedia! actions 10

reduce and/or prevent tube degradation due to pnmary water stress Corrosion Cracking and
secondary side IGA/SCC have been uséd by the industry with only imitec sucCess Prairie
Island has evaluated, and in most cases, implemented the following remedial actions

hawviig operated with Thot at 590 °F since startup This has slowed, but not
eliminated, growth of PWSCC and IGA/SCC in the Praine Island steam generators

Additional temperature reduction has not been warranted

Reduced Operating Temperature. Prainie Island has been a icw lomperature plant

Chamistry Control. Prainie Island has used state of the art analyt:.cal equipment since

»
startup and has followed both the original equipment manufacturers water chemistry

auidelings as well as the EPRI| sacondary water chemistry guidelines  The amo ints
{ Y ¥

of matenal found from higeocut return tests aurnng shuldowns have pean smal



Steam generators are sludge lanced every other outage on a cycling besis with 1ess

than 80 pounds of sludge removed f'um the steam generator per outage The

PWSCC degradation is relatively independent of chemistry and occurs In regions of

high residual stress Plasticor repairs of the condenser tubesheets has reduced
irculating water in leakége 10 a very low leve!

High Hydrazine Control. Prairie Island maintains a hydrazine ontrol band of 125 4

o ppb

Molar ratio control to reduce secondary side corrosion, Molar ratio control has beer
attempted by adjustments to steam generator blowdown resin ratios during the last
operating cycle Operating molar ratios are normally less than 1. The object of

molar ratio contro! i 1o maintain the cation to anion ratio (sodium to chiori je p!

sulfate) at less than one so that free sodiurn hydroxide can not f(.'m in the crevice
{ *g&()("‘
Conduct Crevice Flushing Qperations with Box ¢ Acid Prairie Island started crevice

flushing In “_M, using two days of time. Since "v(w we have added bonc &cid 1o the

.

erevice flushing procedure. The time has been reduced 10 24 hours sinca only a

small @amount of contaminants are being removed. This effects only the tubesheet

revice region

On-ine g \dition of Boric Acid, Following the report of favorable laboratory resuits in
1986, Prairie Islana began on-line addition of boric acid in Lnit 1 in March 1987

The effectiveness of this remedial action remains controversial within the Ingustry
(EPRI IGA/SCC workshope in May 1991 and December 1692) Praire Island w
continue to use boric acid until such time as an INNIDIOS of equal or greater
effectiveness is justified for on-line use. One of the recommended borc acic
practices, low power soaks, has not been impiemented at Praine Island
Use of other chemical inhibitors. Al the present ime wSP supports EPRI research
for other chemical inhibitors. Qur current evaluations senters around the uss of
titanium compounds to inhibit the growth of IGA/SCC. A titanium chelate, TYZOR

LA Titanate has been added since January 1934

Preventive sieev! '\J ieeving 18 one methoad of reducing the probability of tube leak
outages The down side of preventive sieeving 1s tne Inab ty to follow the
jegradation mechanism and the reduction in the ability to examine tube supponr
plate intersections above the sieeves NSP has n.ade the strategic decision tc
sleeve on an as-needed basis, 10 insure that we are able 10 best follow the tube

cost of steam generator repair and

support plate problems and to reduce our ove

a

maintenance
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F* Repair Crieria The F-Star Alternate Repair Criteria allows ‘ubes to remain in
service with indications below the F* distance Additional Roll Expansion adds a
new F* distance to the steam generator tubing and allows additional tubes to remain
in service which have degradation in the lower tubesheet crevice region.

DRetailed Inspection Plans. Although not a recommendation for remedial actions, but
rather a current inspection guideline, 100% of the full length of all tubes in se:vice
are routinely examined at Prairie Island. This was sterted in 1982 In addition, all
tubes with indications which can not be quantified, such as NQI's, DSI's, MBM's (in
the tubesheet) are examined with the rotating coil probe due to its higher sensitivity
Repair decisions, in those caser, are based on the RPC results



Tabie 2- Prairie island Steam Generator Tube Degradation and Repair Status

Type of Degradation ; ; SG T e SG

3 PWSCC Oniy
oc Side IGA/SCC

;T ‘al Tubes Defectwe

Type of Repair

-

Tubes Piugged
24
f UD€ eev

‘::A S S’:/\";SI;(‘.szrl

osh
F"A.-g‘ nate Repay Cntena ) >3
&

;F“- F*2 ARC w/ Additional Roll Expans:ors > . , 208;
T otai Tubes Repaired 258 1123} 454
% Equivalent Plugged 4.40% 8.90% 487% 570
% Enuivalent Piugged per Unit 6.65% 5.28%

inciudes 26 prevenuve sieeves in




ATTACHMENT 3

F* Tube Roport




11 STEAM GENERATOR F*0 TUBLS, November 23, 1987
GEN LEG ROW COL INDICATION LOCATION & EXTENT RPRSTAT
11 H Vs 14 SAl TRH 277T0- 256 F*0
1 H 3 SAI TRH 2.710- 2 F*C
M 1 ) SAl TRH - 28T0- 27 F*O
H SAl RH - 2970 2.8 %
H -, ' MAI TRH 30TO- 2.: F*0
H 2l MAI TRH 2 8TO- 26 F*0
H 4 2 MA| TRH 2710 2.8 F*O
H & 29 MAI TRH - 2670 25 FO
H ( 25 SAl TRH 6TO0- 25 F*O
H 20 , SAl TRH 267T0- 2! F*0
H MA| TRH - 28T0- 25 F*0
2] ‘ 27 SAl TRH - 277T0- L€ F*0
H 1 2¢ SAI TR 2 BTO- F*0
H ' 29 MA! TRH 29T0- 28 F*0
H , 25 SA! TRH - 2.77T0- 2.5 FeC
H 1 ¢ MAI TRH 257T0- 2 F*0
H 0 AN SAl TRH  86TO- 2.5 F
H ‘ SA| TRH - 2770 26 F*(
H ) % SAl TRH - 26TO- 26§ F*0
H / SAl TRH 2770 2.5 F*0
H - 30 SAl TRH - B8TO- 2.7 F*0
H o 50 SAI TRH 28T0Q. 2.7 F*O
4 1 SAl TRH 26T0O- F*O
H - 30 MAI TRH 28TO- 27 0
H 30 SA| TRH « 2070 2.3 0
H 30 SA| TRH - 26T0- 26 F*0
H ‘ 3 SAl TRH 28710 2% F*0
H 5 31 SAl TRH 25T0C- - F*O
H § MAI TRH « 2.5T0O- 2.4 F*0
2| 3 MAI TRH - 26T0- 26 F*O
H C . SAl TRH - 27T0O- 286 F*0
H o SA| TRH 2 6TQ- F*0
H . 31 MA! TRH 25T0- 2 F*0
H 19 3 MA| TRH - 26T0- 25 F*0
H 21 . SAl TRH . 28TN. 256 F*0
b ‘ MA TRH - 30TO- 28 F*(
b 3) 32 SAl TRH 26TO- 26 F*O
H 13 32 SAl TRH 2670 5 F*O
H 2 33 SAl TRH « 2570 25 F*0
H SAl TRH - 26T0- . F*C




11 STEAM GENERATOR F*0 TUBES, November 23, 1997

GEN LEG ROW COL INDICATION LOCATION & EXTENT
11 H 14 33 MA TRH 27T0- 26
H 18 33 SAI TRH 26T0- 25
H 19 SAl TRH 2870
H 1 34 SAI IRH 2870
H ) 14 SA! TRH 2570
H : 34 SAl TRH 2 7T0
b ) 3 SAI 'RH 2.5T0
H 3 34 SAl TRH - 26T0-
H » 34 SAI TR . 28T0
b 3 SAl 'RH 810
H 2 SA| TRH - 26T0-
H 15 : SAI TRH 24T0-
b 1 3€ MA TRH 3170
H X 3£ MA I RH 2770
H 1€ 36 MA TRH 2 5T0
H 4 SA| 'RH - 2€70
i y . MAI iRH 30T
H R 37 SA| TRH 2970
i 37 MAI TRH . 2970-
H : MAI TRH . 2670
i ' . SA| 'RH 2670
H : MAI TRH - 2670
H . SA| 'RH 2770
H ' 38 SAl TRH - 2919
H 36 SAI TRH 2770
H > SAl TRH » BTO
H MA TRH 2 6TO
H 2 3¢ SAI TR - 2670
b SAl TRH 25T0O
H 39 SAI TRH - 2870
H SAl TRH 2970
8 3% SAI TRH 2670
H 1 MAI TRH - 2670
H SAl TRH 2 5T0
H 22 SA| TRH 2 5TO-
H SA| TRH 28T0-
H SAI TRH 2 ar0-
H SAl TRH T WaL
H 2( SAl TRH 2 9T0-
H 4. SAl TRH 2970
H 42 SAI 'RH - 2470

& !




11 STEAM GENERATOR F*C TUBES, November 23, 1967
GEN LEG RON COL INDICATION LOCATION & EXTENT RPF
| B - 1 SAl TRH 26

H 17 4: MA) TRH
H SA| TRH
P i y SAl RH
t 10 SAl [RH
S J ‘ SAl TRH
H g : SA, TRH
™ 3 S5AI TRHM
H ‘ SA| TRH
i 15 oAl RH
H ) ) SA| IRH
H MA TRH
H y, 3 MA.I [RH
H 8 SA| TRH
H 2 " SAI F'RH
H 0 MAI TRH
H , SAl TRH
H ‘ MAI TRH
H s o SAl TRH
H ole MAI TRH
H 56 SAl T1RH
H 1 5E SAI TRH
H 5¢ SAl TRH
H ¢ 6( MAI| TRH
i 53 SA! TR}
H &3 SAI TRH
o ‘ _ MA TRH
H , E SAl TRH
H 73 SAI TRH
H ' 7¢ SAl TPH
H ~ 78 SAIl TRH
H » R7 SA| TRH

P

£

~

RN NN

Grang Count

F*O = F* TUBE WITHOUT ADDITIONAL ROLL EXPANSION
MAI! = MULTIFLE AXIAL INDICATION

SAl = SINGLE AXIAL INDICATION

TRHM = TOP OF ROLL HOT LEG




11 STEAM GENERATOR F*1 TURES, November 23, 1987

GEN LEG ROW COL INDICATION LOCATION & EXTENT RPRSTAT

11 H & 17 SA| 1BH 2.17T0- 18 Fe

H 23 | 7 MA {BH 29T0- 2.4 F*1
11 H : al SAI TRH 0.1TO+ 0.1 F*1
11 b A€ SAl TRH O0TO+ 0.1 F*1
11 H ) 56 SAl 1BH - 1.4T7T0- 1.3 F*1
11 H ) 57 SA| TRH 0.1TO+ 0.1 F*1
11 H MA 1BH 29T0- 22 F*1

Grand Count ,

NOTE. ONE TUBE IS COUNTED TWICE

18H - BOTTCM OF ADDITIONAL HARD ROLL 1

* F* TUBE WITH ONE ADDITIONAL ROLL EXPANSION
A - MULTIPLE AXIAL INDICATION

SAl s SINGLE AXIAL INDICATION

TRH 'OP OF ROLL HOT LEG




Grand Count

LEG

H
H
H
H
H
H
H

12 STEAM GENERATOR F*1 TUBES, November 23, 1997

INDICATION

MAI
MAI
SA|
SAI
MAI
MAI
MAI

TUBE IS COUNTED TWICE

BOTTO!A OF ADDITIONAL HARD ROLL 1

NITH ONE ADDITIONAL ROLL EXPANSION
MULTIPLE AXIAL INDICATION

SINGLE AXIAL INDICATION

TOP OF ROLL HOT LEG

LOCATION & EXTENIT

RPRSTAT

"4
F*1
Eoq
F.q‘
F*1
F*1
F*1




ATTACHMENT 4

Prairie Island Unit 1 In Situ Test List - October 1997 Refueling Outage




Prairie Island Unit 1 October 1997 Steam Generator In Situ Pressure Tests




