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Hesponses Lo NRC Questions and Discussion

| a—-
Turpine Blade Failures
Introduction
regruar i ¢ ren Wa i Delwes N} all na i

perscnne \ l 3 irpine blade fa ires and W pressure LI Lurbine
115 nspect hé purpos [ the a UsSsion was 1 provide the NRC witt
addaitl 1a . \niormaci ncer AN Lhe review and LOUSE it [ Ferm « acLions L
fulfill the LP turbine spection requireaer I Licenss ndition £.C.(11),
"Low Pressuri rbine i1sCc Inspection ection 10.2.2, SER)" of the Fermi 2

p Jperating License. information concerning the LP Lurbine dis inspection
resuills and Number v Lurbine fourth stage blad faliures and rrective

y actior nas Dee previously yomitted t Lhe in nReferences <, , and §

During the tcleconference, the NRC reqguested that DECo submit a letter to the

NRC documenting the answers to selected NRC guestions answered by DEC uring

th: tele ference; befor and arter Number 2 LP Turbine fifth stage blade
vibratlior naracLeristi jlagrams; a discussion ot improvements made 1
orrect Lhe Dlade laliure problems; and a discussion of the fact that the
oroker ilades did nol damage the turbine iS1Ng. is attachment presents Lhe
requested informat
Item 1
HOW wa erv [ I l e Luroins ivVe prior ne Lturbine Lade
fallures
DECo Response:

Lunrt € ha “ ervice nours prior the T1ILh sStage turbine blade

failu
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Item 3

Were the five fi .ied Numper 3 LF Turbine fourth stage blades clustered together
or separated?

DECo Response :

The failed Number 3 LP Turbine fourth stage blades were found during the
December, 1960, unit cutage (Outage 90-05). Four falled blades were clustered
on the turbire end of the fourth stage at one end of a blade packet. The fifth
falled blade was located on the generarcor end of the fourth stage at the end of
a blade packet.

Iten

What are the next scheauied LP turbine disc inspection dates?

DECu Response:

The next LP turbine disc inspection dates are as follows:
LP Turbine Number 1 - April, 1997 (Sixth Refueling Outage)
LP Turbine Yumpber ¢ - Septemper, 1995 (Fifth Refueling Outage)
LP Turbine Number 3 - April, 1994 (Fourth Rafueling Outage)

These cates are within the turbine disc inspection intervals recommended by the
turbine vendor.

Ttes 5

Provide before ang after vibration characteristic diagrums for the LP turbine
fifth stage blades.

DECo Response:

The turbine vendor supplied before ana after vibration characteristic diagrams
for the LP turbine fifth stage blades are provided in Attachment 2 of this
letter. Figure 1 shows the frequency response results of stationary vibration
tests on the Numper - 'P Turbine fifth stage as originally installed. Figure 2
shows the predicted frequency response for various blade designs and shroud
configurations. Figure 3 shows the freguency response results of stationary
vibration tests on the Numper 2 and Number 3 LP Turbines after the
sodifications were completed during the second refueling nutage in 1991,
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replacement bLlades meels both the turbine vendor criteria and new DECo
requirements.

Metallurgical analysis also indicated that localized hardening had
occurred auring the manufacture of the fourth stage blades. This is
presum.biy due Lo tne machining process. The fourth stage replacement
blages were manufactured using an improved machining process that
eliminates localized haraening. In addition, the blade roots were
shol peenea as a stress performance improvement.

C. Horizontal Joint Leakage Repairs

Leakage acrouss the inner cylinder horizontal joint allowed steam
impingement or the fourth ana fifth stage rotating blades which
possibly contributed toc the excitation forces. Mitigation and
reduction of this leakage has been accomplished by the installation of
a deflector plate to deflect any leakage that might occur from
directly impinging on the fifth stage blades and by repairs to the
horizontal joint to _imit steam leakage. The deflector plate is
installea just upstream of the rifth stage stationary blades. The
eroded area of the norizontal joint has been weld clad usang an
erosion res.stant metal to limit steam leakage.

D. Elimination ¢! Water Induction

The turbine v« I nas assoclaled the fifth stage blade failures with
the e.idence water found in the Number 2 LP turbine between the
inner and outer cylinager. The cylinder drains for all three LP
turbines nhave been cleaned and enlarged to allow adequate drainage.

Item 7

Provide a discussion of the fact that the blage failures did not damage the
turbine casing.

DECo Response:

Inspection of the LF turbine casings inaicated that the broken blades did not
damage the casings. Damage to the LP turbine internals was limited to
impingement damage tc the downstream diaphragms from failed blade and shroud
fragments. Damage was limited to nicks, dents, and tears in the fixed blades
of the diaphragms. No cracks were found on the cast rings cf the diaphragms or
the inner or outer casings. This damage was rpaired during the second
refueling outage.
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before and After
Vibration Characteristic Diagrams

Low Pressure Turbine - Fifth Stage

Figure 1 Results of Vibration Tests on Stationary Rotor -
Original Design

Figure ¢ Predicted Vibration Characteristics at 1800 RPM

Figure 3 Results of Vibration Tests on Stationary Rotor -
Current Design
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