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1.

~ INTRODUCTION

On July 3, 1979 representatives of Wisconsin Public Service Corp.,
Westinghouse Electric Corp. and Fluor Power Services (AE for

Kewaunee) met with the Nuclear Regulatory Commission to present

their findings concerning. feedwater line cracks found at the Kewaunee

Nuclear Power Plant. As a result of discussiouns, it was agreed
that a Summary Report of the presentation would be submitted to
the Commission documenting the findings presented at the meeting
and certain actions Wisconsin Public Service Corp. would take con-
cerning the short term repair and long term evaluation of the
feedwater line problems. Those findings, committments and ub—to—

date information are contained in this report. '

Final metallurgical results were not available at the time of sub-
mittal of this report, but a copy of that report will be submitted

to the NRC when received from Westinghouse.
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2.0

HISTORY OF INSPECTIONS AND RESULTS

2

.1

Chronology of Events

The Kewaunee Plant was in the process of refueling when FW
line cracks were discovered at the D. C. Cook plant. The |
Inservice Inspection Program (ISI) was in progress on the
Primary Coolant System, so an extension of thé program wés
quickly_adopted.to cover examination of the FW pipe to Steam

Generator (SG) nozzles.

Radiographs showed linear indicatiouns in both nozzle weld

areas, and ultrasonic examination determined these indications
to be on the order of 20 mils deep, It was determined that

the indications were at or near the inside surfaéé, however, no
firm conclusions could be made as to whether thé indications
were crécks, fitup mismatch or discontinﬁities. Several im-
portant factors were considered which led us to the decision

to cut out the section of feedwater piping with the indicatiqns.
First,'several other plants had also found cracks near the noz-
zles and the situation appeared to be coming more common. v
Second, due to turbine and generator problems the Kewaunee Plant
was going to be put into an extended 6utage and ample time was
available to cut out the pipe for a physical examination. Third,
replacement piping was available on site, consequently, no de~

lays were anticipated in reconstructing the FW piping.

When the sections of pipe were removed, about an 8 inch section
on loop B and a 12 inch section on loop A, see figures 2.1-1
and 2.1-3, circumferential cracks were identified on the inside
surface of pipe in the weld area and in pipe base metal near
the weld. Several shallow surface cracks were‘also noticed on
the nozzle side of the weld remaining attached to the S/G.
These shallow cracks were removed by cutting away an additional
1/8 to 1/4 inch section of the nozzle on S/G A and by grinding
and polishing loop B. The pipe sections were then flown to

Westinghouse's metéllurgical laboratory for detailed examination.




2.2 .Metallurgical Examination

Visual examination showed distinct areas (lines) of corrosion
in the cracked regions on the inside surface of the pipe.
Radiography and ultrasonic examinations were conducted to
determine areas of maximum crack depth for metallurgical
specimen selection. Crack profiles of extent and depth are
shown in Figures 2.2-1 and 2.2-2 for loops A and B,respec-

tively.

Loop A had lesser cracking with less depth than Loop B. Loop
B's cracking extended almost 360° around the I.D. circumfer-
ence. Metallurgical microstructure was typical_ferrite/pear—
lite and the'chemicalvcompositidn checked out correct. Met—
allurgical pfoperties, chafpy and tensile tests, are stili
being checked and will be included in the full metallurgical

report.

Transmission Electron Microscopy (TEM) showed evidence in
isolated areas of high cycle fatigue. Scanning>Electron

Microscopy (SEM) work is still in progress.

A microchemical analysis (EDAX) was completed and no elements
were detected which could be identified as contributing to
the cracking/corrosion problem. Kewaunee's analysis was typi-

cal of other plants examined.

For both loops most of the cracking occurred at the geometric
discontinuity area, Cracking was observed originating from
the I.D. surface in the heat affected zone and propagating
into weld metal. Some cracking occurred in the land region.

Oxide was observed in the cracks.

The fracture mechanism is identified as high cycle fafigue.

In some cases cracks were associated with corrosion pits.

The cracks appear to be stress controlled and propagate through .
the ferrite/pearlite microstructure transgranularly. The

cracking observed in the Kewaunee Plant is similar to the

other plants examined by Westinghouse, but less severe.




2.3

Continuing EXAMINATIONS/BULLETIN 79-13

On June 25, 1979, IE Bulletin 79-13 was issued requiring all
PWR plants to examine their FW to S/G nozzle welds and to
perform additional FW line weld inspections in several phases.
Several interpretations in regards to what sections of FW
piping should be examined and what should be the timing of
these exams could be made. Our intérpretation is that Aux-
iliary Feedwater to the S/G integrity be maintained. This im-
plies that the integrity of the section of FW pipe that in- -
cludes the Aux. Feed connection and the FW check valve would
have to be maintained. Therefore, all welds frqm the S/G

nozzle to the first rigid support upstream of the FW check

‘valve should be examined. This interpretation was discussed

with NRC IE Region IIT, NRC Washington and with Westinghouse

"licensing with no objections on anyones' part.

A further prdblem exists at Kewaunee in that loop B FW line is
partially encapsulated. Therefore, five welds upstream of the
FW check valve, but before the first rigid support, could not
be examined. Our intention was to perform all the examinations
required-within the current refueling_outage,.so no further
shutdowns would be necessafy to complete the requiréd exams
within the time allowed in the bulletin. Therefore,'recognizing
the increased proﬁection afforded by the encapsulation, we
sought a waiver of the bulletin's requirements for the encap-

sulated welds.

Investigations of both loops showed linear indications (shal-
low cracking or pitting) on the inside surface in the two addi-

tional welds in each loop between the FW check valve and S/G

nozzle, hut no cracking was detected in any welds upstream of the

check valves. A minor slag inclusion in a weld upstream of the
check valve on loop A was noted, but is completely unrelated

to the cracking noted downstream of the check valves. Based

on these findings there appears to be no reason to suspect

any problems associated with the welds contained in the en-

capsulated piping.




2.3 (Continued)

The preliminary evidence, therefore, suggests that the cracking
that occurred was cyclic fatigue stress cfacking.aided by
corrosion, and is associated. only with the short section of

FW piping interfaced with the Aux Feedwater connection.
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Figure 2.1-2
Loop A FW Piping (Lower)
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Loop B FW Piping (Upper)
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" Figure 2.2-2
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3.0

DATA ACCUMULATION

A May 25, 1979 letter from the NRC requested désign, fabrication
and operéting history data from all PWR's. This background in-
formation can be used to compare and analyze situations at various
plants to determine the causes of the FW pipe problems. We had
provided some of the data to the NRC in our 20 day response and
the intent of this portion of the presentation (report) was to
complete the information package requested and use it to summarize
possible causes for:the cracking found at Kewaunee. Detailed
drawings 6f the FW lines inside containment and a summary of thé
stress analysis results were presented at the meeting. A summary
of operating history and chemistry was pfesented‘and_an_updated

summary is included in this section of the .report.

3.1 Stress Analysis

A summary of the stress analysié résults'are included in
Attachment A to this report. The Kewaunee Plant Fw system
was designed to ANSI B.31.1 - 1967 addition of the code. The
Fw'piping of concern is Quality Assuraﬁce Type.I and Design
Class I.  The piping is ASTM A-106 Grade B,VScheduie 100,
with the éxception of short section of piping attached to the
S/G nozzle which is ASTM A-106 Grade C; Schedule 100. The
grade C piping near the nozzle gives added strength to the

section of piping that realizes the highest .thermal stress.

A review of the design stresses on the FW piping indicated
that the pipe should handle the thermal changes without
cracking. The analysis did not consider the thermal traﬁsient
that would be induced in the case of a reactor trip followed
by main feedwater isolation and Aux feedwater injection at -
much colder temperatures. Details of the programming neces-
sary to calculate the pipe stress under these conditions is

being evaluated and will be performed if feasible.

-12-




3.2

3.3

Feedwater Pipe Support Structure

An inspection and visual examination of the FW piping inside
containment was performed to ensure that no diécrepanciés
existed between the physical plant and the input to the stress
analysis. Several changes had occurred since initial startup

of the plant, They are as follows:

(1) The rods for the pipe rupture restraints at the first
elbow out from the S/G's were found to be tight against
the slotted holes of the pipe bracket. These holes will

be enlarged to accomodate the rods without interference.

(2) Pipe rupture restraint on second elbow of loop A was bound

with the.pipe; Clearance was not adthate for pipe movement

and will be ground off 1/2 inch to provide clearance.

(3) Guard pipe on loop B at the 644 foot level was bound to
pipe. The guard pipe will be cut and restraint shimming

will be removed to accomodate pipe movement.

It is felt that these minor discrepancies did not create suf-
ficient_additional_streSS'problemS to cause the indicated
cracking. However, they will be input to the analysis and

the results will be reviewed.

Operating History

A summary of operating events that have a potential to change
the induced stress associated with the FW piping is presented
in Table 3.3-1. Approximately 40 reactor trips occurred from
power levels above 50% power. These trips had the potential

of uncovering the.S/G feed ring due to shrink in the S/G,
thereby causing the feed ring and section of FW piping bacﬁ to
the check valve to drain. Lo-Lo S/G levels would then cause
automatic starting of Aux. FW into those sections of pipe at
temperatures about 400°F lower than normal feedwater and piping
temperatures. It should be noted that none of these events

caused a noticeable or measurable FW hammer event.

~13-




3.3

3.4

(Continued)

Another significant factor that is not recorded as a single

event was the FW pump vibration problems encouhtered from

startup through the end of cycle I. The original'even number vane
FW pump impellefs caused large vibration problems in the FW
system. This problem was corrected with the installation of

7-vane impellers. during cycle T ~ II refueling.

As documented with our February 3, 1978 transmittal of Feed-
water Line Water Hammer report, no feedwater hammer events
were ever noticed at the Kewaunee Plant and the design of our

feedwater system precludes a water hammer event.
No other significant operating events have been noted.

Chemistry Summation

Chemistry data éovering the period of January, 1974 through

‘May, 1979 for the secondary systems was reviewed to determine

whether any parameters were outside of their limits, see Table

3.4-1, for extended periods of time.

Chlorides and oxygen data was examined in great detail and
Table 3.4-2 summarizes the results. Chlorides have been main-
tained within 10% of the limit since startup of the plan;.
Oxygen limits have been.excéeded, but this has been due to
oxygen leaks at the sample panel. Feedwater pump suction oxy-~

gen values were less than 0.005 mg/l.

Suspended solids were high during early 1974, when the plant
was undergoing startup tests, averaging about 50 mg/l. They
remained above 5.0 mg/l until late 1975, Through 1976 and 1977
they were well below 2.0 mg/l, but increased again in June,
1978 to aVerage about 50 mg/l1. This lasted only ten days, due
to blowdown rate changes. Solids were reduced to 1 mg/l or
less following the ten day period and remained under 2.0 mg/l
for the remainder of thE_year; During the first five months 4
of 1979 suspended solids exceeded 5;0 mg/l on a few occasions;

averaging about 6.0 mg/l,

14~




3.4 (Continued)
Sodium measurements, for the steam generator were above limits
through the middle of September 1974 averaging about 20 mg/1.
Sodium values fell below 1 mg/l, then increased again to aver-
age about 10 mg/l until October, and have been less than 0.005
mg/1 with occasional samples approaching 0.15 mg/1. Since

late 1974, samples have measured well within the action level

limits.

Other secondary system parameters have not shown any signifi-

cant change from the limits specified.

~15-




- TABLE 3.3-1

OPERATING HISTORY SUMMARY

Number of Heat Ups
21 Total

5 Prior to June '74

Nuhber of Cooldowns
21 Total

4 Prior to June '74

Number of Reactor Trips
63 Total
12 Prior to June '74

26 from z 90

(S

14 from Z 50

e

Number of Reactor Shutdowns
32 Total

4 Prior to June '74

Number of Reactor Startups (Gl closed)
95 Total

17 Prior to June '74

~16-




SECONDARY: CHEMISTRY LIMITS

Parameter

pH
Cation Conductivity
Ammonia (mg/1)

deium (mg/l).

Suspended Solids Cmg/l)

Soluble Iron (mg/1)
Soluble Copper (mg/l)'

Free Hydroxide, Cation

Oxygen; (5 (mg/1)

*Hydrazine

Chlorides (mg/1)

TABLE 3.4-1

Limiti .

8.8 - 0.2
2.0
0.25

- 0.005

*Only- additive is hydrazine

~17-

Action Level

8.8, 9.2
incréésing
0.25

24 hrs. 0.02

72 hrs. . 0.01

7 days 0.005

0,005

0 + S ppb



TABLE 3.4-2

SECONDARY CHEMISTRY'SUMMARY

No. of days High Value Avg. Value

Yeér Egzametef . exceeded limit (mg/1) ‘ (mg/1)
1974 1 | 0 0.53 0.1
0, 9 0.114% 0,002
1975 c1 (N 0.3 0.1
02' 8 . o 0.07% - 0.005
1976 c1 0 0.04 ~0.01
0, 19 0.07% © 0.002
1977 Cl | 0 0.01 o 0.02
0, | 2 Co0.01 0.005
1978 c1 o - . 0.05 : 0.05
0, 4 | 0.015% 0.005
1979 C1 : b A 0.05 0.05
0, | 2 ~0.015*  0.002

*The high values of 02 are partially due to O2 leakage at the

sample panel.

~-18-



4.0 CORRECTIVE ACTION

4.1

4.2

Short Term Repair

The two welds between the S$/G weld (both A & B loops) and the
feedwater chéck valves were repaired by grinding out the very
shallow linear indications on the inside surface. This was
done By gaining access through disassembled feedwater check
valves. After grindimg, the welds were radiographed and liquid
penetrant tested to insure the indications were éompletely re—
moved. The weld containing the slag inclusion was repaired by

grinding from‘the outside surface and rewelded.

The two sectiouns of pipe that were.cut out for metallurgical
analysis were replaced with sections of pipe having a 50
chamfer rather than the original 15°. This essentially elim-
inated the discontinuity at each end of the chamber. All new

welds were then stress relieved.

At the completion of the repair, all repaired welds were.base—
line radiographed and ultrasonically tested. The'teét results
were reviewed for weld flaws and to iﬁsure that the grinding
did not approach the required minimum wall thickness. All

test results were satisfactory.

Long Term Evaluation & Inspection

All feedwater system welds that werebrepaired as a result of
the TE Bulletin 79-13 inspection will be radiographed and
ultrasonically inspected at our next refdeling. .These test
results will be compared to the baseline radiographs and ultra-

sonic test results to determine if any cracking is occurring.

‘The test programé at D. C. Cook and other plants that have

installed instrumentation will be closely monitored. Results
from these programs will be evaluated to determine if modifi-

cations or changes in operating practices are mnecessary.

-19-




4,

2

(Continued)

When completed by Westinghouse, the
sis report will be reviewed and the

for possible long term corrections.

-20-

final metallurgical analy-

failure mode results used
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"ATTACHMENT A

STRESS ANALYSIS RESULT SUMMARY

KPP |
FEEDHATER SYSTEM

P1pING SYSTEM
ANSIT B.3I.1 - 1967 |
QUALITY AsSURANCE Type |

Desien CLass I_ _

MATERIAL
ASTM A-196, GrapE B - PIpinG
ASTM A-106, Grape C - NozzLe ATTACHMENT
ScrepuLe 100 -




STEAM GEN. A

Form 1-136

2/2/77




Form 1-136 2/2/77
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PIPE STRESS MALYSES FOR FEEDHATER PIPING

(I)  THeErRMAL EXPANSION STRESS ANALYSIS

(D StarT-Up ConDITION
(2)  NormaL OperaTING CONDITION

(1) Wergr Ava Vst
(I11) DynaMic SEISMIC ANALYSIS

(I)  OperaTING BASIS EARTHQUAKE
\2)  DesieN Basis EARTHQUAKE

(IV) Srress COMBINATION ANALYSIS
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F.W.S.G. NOZZLE
STRESS LEVELS (psi)

(R) (B) ~{C) - (D) (E)
Press, weight plus Press, weight plus Press, weight plus

Internal Thermal x-Earthquake z-Earthquake Design Basis Earthquake

Pressure * Expansion Longitudinal Stress Longitudinal Stress Longitudinal Stress
S.G.A. (1)

4,910
S.G.B . 9 166(” - ' | |
<. 15,122 2 2) 10,715 11,144 12,048

Pt. 1391 _ 21,540

> Design pféssure 1,085 psig

(1) Normal operating condition
(2) Hot stand-by condition . ' , - N o .

Remarks: I. Allowable stresses for (A) is 17,500 psi.

I1. Allowable stress for (B) is 26,250 psi. Including the additive stress, , :
the allowable stress range at pt. 1351 is 26,250 + (17,500 - 6,757 - 5,709) = 31,286 psi;
at pt. 1391 is 26,250 + (17,500 - 6,757 - 3,490) = 33,503 psi.

III. Allowable stress for (C) and (D) is 21,000 psi.
IV. Allowable stress for (E) is 31,500 psi. '
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