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e Power Generation Steam Turbine Division

Electric Corporation Group Lester Branch Box 9175
Philadetpnia Pennsyivania 19113

January 7, 1980

Mr. Vincent Noonan
Inspection and Enforcement
US Nuclear Regulatory Commission

Attached is the de-classified (to non=-proprietary)
attachment "C" of V. S. Andersen's letter to J. W. Ross
dated December 20, 1979,

/7
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V. S. Andersen, Manager
Projects Department
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METHOD FOR SETTING PRIORITIES OF UNITS

The priority index for inspection of the units is defined by the ratio
of expected crack depth to the critical crack size. Expected crack
depth is a complex function involving several factors. The most im-
portant of these factors have been identified and used as a basis for
ranking the units.

Operating time, yield strength of the disc and severity of environment
are considered to be the important factors. Since the exact functional
relationships between crack depth and these factors cannct be rigorously

defined, for the purposes of relative ranking, the following assumptions

were made:

~J

(a) The crack depth 1ncreases[;

(b) The higher the yield strength, the greater the crack depth. This

relationship between yield strength and crack depth is depicted

here:
Yield Strength A Relative Factor
| ——— (=)
_\" 1
2
4

- ol

(c) The more severe the environment the greater the crack depth.
Available information on deposit analysis, steam chemistry, water
treatment questionnaire and steam generator blow-down chemistry

was reviewed and the environmental factor was judged as being

1747 108
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Most Severe - 4
Medium - 2

Least Severe - 1

The critical crack size for the keyways was calculated using the fracture

mechanics expression:

Where
8y * critical crack depth

Q = flaw shape parameter. _gsg}h to length ratic of flaw
was assumed to be T, <

KIC = fracture toughness of disc

¢ = maximum bore stress (centrifugal force + shrink fit)
at design overspeed.

KIC was calculated from impact data of each disc using the Begley-
Logsden relationship. The impact value at room temperature and the
value above 95% ductile failure were both determined and the lower value

~
used for upper shelf energy.

1741 109
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The unit priority index was then calculated as:

grin x,C

|

The operating time (as of August, 1979), yield strength factor, environ-
mental factor, effective critical crack size and priority index for the
units in the AA category are shown in attached Table I.

We are currently reviewing the Category A units to determine if anything
learned since the October 30 meeting changes our inspectior. recommendations

for these units.

1741 110
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Utility

Florida P&L
Consolidated Ed.
PASNY

VEPCO

Arkansas P&L**
Commonwealth Ed.
.So. Calif. Ed.
Yankee A.P.*

Wisc. Mich. Pwr,
Nebraska PPD
Carolina P&L
Commenwealth Ed.
Consumers Pwr;
Florida P&L

Wisc. Mich. Pwrm
Main Yankee** :
Rochester GBE .
Northern States**

Wisc, P.5.

*Impact tests were nat reouived at the time nf maricl e et

Station

TABLE I - PRIORITY RATINES

Turkey Point 3 ‘

Indian Point 2
Indian Point 3
Surry 1
Nuclear One
Zion 1

San Onofre 1
Rowe 1

Point Beach 1
Cooper 1
Robinson 2
Zion 2
Palisades 1
Turkey Pt. 4
Point Beach 2
Biiley Point 1
Ginna 1
Prairie Island 1

Kewaunee |

T T

Effoctive

Critical Operating

Crack Size Time Enyironmental  Yleld Strength Priority -5

Ins. s C'H'rs Fac.tt.); =1 Factor;_ e Index X 10
1 43,968 | B r 7 9.3

33,500 5.7
22,800 5.7
38,040 2.9
28,944 2:2
38,856 2.2
77,726 2.0
63,720 1.9
39,336 1.8
33,984 1.6
34,512 1.4
38,544 1.3
39,000 1.2
55,008 1.1
47,496 1.0
63,264 0.5
38,736 0.3

| ] 3837 i T l 0.3 [



nE-EVALUATION OF OCTOBER 30, 1979 INSPECTION SCHEDULE

The recommended inspection schedule, as described at page 26 of Westinghouse's
“Notes on....Presentation....October 30, 1979" consisted of inspection of all
1500/1800 rpm shrunk-on disc construction units within five years after having
been placed in service or sooner if significant corrosion problems become
evident, This inspection schedule has been re-examined in light of the field
inspection results subcequent to the October 30, 1979 meeting and Westinghouse
believes that no change in this inspection schedule is necessary at this time;

——

with one exception involving one unit—.

e "

which we now believe should be inspected sconer than spring outage of 1980.

Qur rationale for the above position is discussed below in detail.

As reported to the NRC on Decsmber 17, 1979, the significant changes since the

October 30, 1979 meeting are:

1. Several additional disc keyway cracks have been found including some
after 42 months' operation whereas, prior to October 30, 1979, no
cracking was observed until after 72 months' operation.

2. A crack in the disc bore has been detected in one case whereas no
cracks were observed before. (On December 17, 1979, Westinghouse
advised the NRC that two such discs had bore crack indications.
Subsequently, the one crack indication was confirmed to be du2 to
a radial hole drilled during manufacturing and not due to a crack.)

The impact of both findings on our original recommendations are examined

below:

1. Impact of Keyway Crack Findings ' 74 l ]2

(a) Fourteen discs have shown keyway cracks ranging in depth from

0.010-0.378 in. The critical crack size was calculated in each

I

L
-~



case employing conservative values of Kic and flaw shape para-
a C
meter (deptY to length ratio of[ ]for cracks) and using the

procedure described in the prior section on Method for Setting
Priorities of Units. The details of units, discs, crack depth,
effective critical crack size and ratio of crack depth to ef-
fective critical crack size are summarized in Table II. The
ratio of crack deptn ta eff~ctive critical crack size vs.
service time is shown in Fig. 2. It is clear that, except in
one case (discussed below) the crazk depths are less than one
fourth the critical crack size. Additionally, the ratio of the

crack depth does not show any trend towards increasing with time.

The one exception concerns Unit. Although
—3,2 A Y
this unit had not seenc; 'sePvice, it was inspected for

keyway cracking, in accordance with Westinghouse recommendations,
because of indications of environmental damage to the discs and

because of the high yield strength of the disc material. Specifi-

~ hd,?_
cally the b _jUnit had experienced extensive corrosion

damage on the periphery of the disc. Also, this unit has the
highest yield strength discs with the lowest calculated effective
critical crack size. A1l other machines in the AA category have

effective critical crack si;ei?suostantially larger than in the

——— — P

case of the;__ __'Uhit. In fact, the depth of the keyway

cracks observed in thisL_ Unit are less than the
effective critical size for any other machine. Also, the fact
that the disc did not burst indicates that our critical crack

size estimates are conservative. 1741
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n
() | s ] this
occurred in a unit after |
:] Assuming that all AA category units which
have not yet been inspected propagate cracks at this rate,
the size of cracks that might exist by the end of June 1980

was calculated using the formula:

E —_J,:z,/ -

8000 hrs. are added to operating hrs. accumulated up to
Aug. 1979 in order to project the total operating time by
June 1980.

These computed crack depths for the discs most susceptible
to cracking (discs 2 & 3 for BB 80 & 81 and discs 1 & 2 for
BB 281) are compared against critical crack sizes and tne
ratio of computed crack depth to critical crack size cal-
culated (Table III.) Examination of Table III shows that

o,
machine, this ratio is not

except for theT- ‘7
g_ _h —

expected to exceed  _ifor any of the units by June 1980.

Therefore, even under the worst case analysis, the calcu-

lations indicate that the units listed in the AA category
—

with the exception of (may run through the
p— p—

June of 1980. |

2. Impact of Bore Crack Finding
The preliminary metallurgical analyses show this crack to be not typical ‘
of classical stress corrosion cracking. At this point it is not possible
to define the mechanism of cracking and is still under investigation.

: S
However, taking the actual geometry of the crack (1.22 in. deep by 1.6

in. long) into account, the critical crack size was calculated for that

174 114 L
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- n
disc. The critical crack size is_ j]in. and the actual crack is

on]y[: :;Q this critical crack size. The machine had run for 78

months (38,856 actual operating hrs.)[_ —ach
{

the expected crack depths and the ratio of expected crack depth ;;

critical bore crack sizes were calculated for the susceptible discs

(discs 2 & 3 of BB 80 & 81 and discs 1 & 2 of BB 281) of all the AA

category machines not yet inspected. The bore crack size that might

exist by the end of June 1980 was calculated using the formulj:QL ¢

|
!

\ |
— -

8000 hrs. are added to operating hrs. accumulated up to Aug. 1979 in
order to project the total operating time by June 1280.

These results are shown in Table IV and show the critical depths are

not expected to be exceeded by June 1980.

1741 115
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Utility

Wisc. Mich. Pwr.

Consumers Pwr.
Consumers Pwr.
Consumers Pwr.
PASNY

PASNY

PASNY

PASNY

PASNY

Common. Ed.
VEPCO

VEPCO
Carolina P&L
Carolina P&L

Unit

Point Beach 1

Palisades 1
Palisades 1
Palisades 1
Indian Pt.
Indian Pt.
Indian Pt.
Indian Pt.
Indian Pt.
Zion 1
Surry 2
Surry 2
Robinson 2

Robinson 2

w W W W w

LP

N W

NN N

TABLE 11
iy Crack
Depth, in.
Gov./Gen. Disc No. a

Gov. 2 .25
Gen. 2 .095
Gov. 2 .236
Gov. 4 113
Gov. 2 .126
Gov. 3 .378
Gen. 2 .347
Gen. 2 .308
Gov. 2 .378
Gov. 2 .120
Gen. 2 .360
Gov. 3 .300
Gov. 3 .010
Gen. 3 120

Critical Crack
Depth, 2cr

Wl

W

-

acr

o

.

ol



A

utility

Wisc. Mich. Pwr.

Rochester G&E
So. Cal. Ed.
Wisc. P. S.
Northern States
Carolina P&L
Neb. PPD

Fla. P&L

VEPCO

Maine Yankee

Con. Ed.
Comm. Ed.
Ark. P&L
e a
~J
=5
155 dcer
~dJ

TABLE 111
DISC NO. DISC NO. DISC NO.
Operating Hrs. : 1 2 3 Highes
Unit to 6/80 a acr a acr a acr a/acr
Point Beach 2 63,008 I AT A,
Ginna 1 71,264
San Onofre 1 85,726
Kewaunee 1 46,376
Vrairie Island 1 46,736
Robinson 2 41,984 New Disc
Cooper 1 47,336
Turkey Pt. 4 47,000
Surry 1 46,040
Bailey Pt. 1 55,496
Indian Pt. 2 41,500
Zion 2 42,512
Nuclear 1 36,944 t
o Jd @, '
9 %

Estimated crack depths usingl:_
. -, C
\ ‘1 ins.

Effective critical crack depth , ins.




74

Utility

Wisc. Mich. Pwr.
Rochester G&E
So. Cal. Ed.
Misc. P. S.
Northern States
Carolina P&L
Neb. PPD

Fla. P&L

VEPCO

Maine Yankee
Con. Ed.

Comm. Ed.

Ark. P&L

acr

811

]

1]

Unit
Point Beach 2
Ginna 1
San Onofre 1
Kewaunee |
Prairie Island 1
Robinson 2
Cooper 1
Turkey Pt. 4
Surry 1
Bailey Pt. 1
Indian Pt. 2
Zion 2

Nuclear 1

Operating Hr.
to 6/80

63,008
71,264
85,726
46,376
46,736
41,984
47,336
47,000
46,040
55,496
41,500
42,512
36,944

Estimated crack depths usingli

L

Critical crack depth for bore, ins.

. Q_Q
] ins.

TABLE IV

DISC NO.

|

1

acr

DISC NO.

acr a/ac

New Disc
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