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FLORIDA POWER & LIGHT COMPANY

February 77, 190l
7~-0l-00

Office of ~iuclear Reactor Regulation „

Attention: Hr. Steven A- Varga, Chief
Operating Reactors Branch I»'1

Division of Liceusing
U- S. Nu'lear Regulatory 'Commission
M shington, D. C. 20555

Dear Hr. Varga:

9 II»$» WMAR 'kIaIILA1O
COMAllSS ION

O1» P~
Re: Tu kc..":oint Un't ~-.

1) oc'i. Ho ~ 50-25
Steam Generator Tuse»iasta e Information

Amendment 34 to the 'Zur~:ey Point Unit 4 Facility Operating License authorised
si:. months o= operation subject to the submittal of confirmatory data
regarding rube wastage- FPi race'ved the specific items requested by the bRC
on Janua"~ 30, 1981-

The attached report provides the tube wastage predictions and other associated
supp'mental informa.-ion requested by the Staff . The analysis, using
conservative assu~~ons, conf irIns that tbe currently a11thorized 6 nIonth
operating p ried ia conse='atively bounded by the tube wastage predictions
In addit'on, with respect to tube wastage, the analysis supports a minimum
operating period in excess of 14 equivalent full power months.

Very truly yours,

Robert Z. i.hrig
Vice President
Advanced Systems a Technology

PZU/J I"l~i/ras

Attachment

cc; J. 2- O'Reilly„".-.egion lI
Harold F. Reis, "=squire

8104060 ~7g
PEOPLE... SERVING PEOPLE



FLORIDA POWER AND LIGHT COMPANY

TURKEY POINT UNIT 4

SUPPLEMENTAL INFORMATION ON

S G TUBE WALL THINNING

During the 11/80 outage, the steam generator tubes at Turkey Point Unit 4

were inspected as required by the stipulations in the plant operating license.
The eddy current testing (ECT) indications showed some instances of apparent
tube degradation above the top of the tubesheet. A review of the ECI'apes
from the previous inspection showed that. in the steam generator (B-cold leg)
with the highest apparent tube degradation,- 46 tubes with indications had been

included in the previous inspection program. These 46 tubes with two successive
timates of tube wall degradation alle< an estimated corrosion rate to be

tablished. The rate calculated for these 46 tubes is 8.414 for 4.75 EHM.
This converts to 1.77: tube wall loss per ELM. The detailed. analysis of
the steam generator in.,pection is attached in Appendix A.
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establishment of an estimate corrosion rate allows an op rating interval
to be determined. The present tube plugging criteria for Turkey Point Unit 4

require that tubes with EC1'ndications of 40: or greater shall be plugged.
This means that the largest indication still in service is 39' A 39~o indication
converts to 61: of the tube wall remaiuing.

The tubes in these steam generators are nominally 7/8 inch O.D. by .050 inch

wall. The minimum tube wall that is required to maintain tube pressure in-
tegrity during a plant faulted condition event in the area near the top of the

tubesheet is .0. 3 inches. The detailed steam generator tube integrity evaluation

supporting this mifumum tube wall is contained in'ttached Appendix B. A
I
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ining tube wall of .013 inches is 265 of t~. nominal tube wall. The diff-
ence between the minimum required 'tube wall (26<) and the minimum tube wall

in service (615) is the margin in tube wall thic}mess if tube wall degradation

should continue; this margin is 35< of the tube wall. Using the estimated
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corrosion rate of 1.77 per EFPi~f, an operating period of 19.8S EFP61 can be just-.

ified. The quantification of ECT indications has some tolerance associated~

~

~ ~ ~

~ ~

~

with the depth of the indication. The ECT tolerance applied by the i'taff
in the 35'; to 40-:. range is 9-:.. For conservatism, it shall be assumed that
the largest indication still in service is increased by 9". Therefore, the 39-:-

indication becomes 4F; and the remaining wall is 52:. The difference between

52>and 26'o is the conservative amount of .tube wall margin if tube

degradation should continue; The 26;- tube wall margin combined with the

estimated corrosion rate allows an operating period of 14.7 EFFiI.

Considering the estimated operating intervals, a six month operating interval
for the Turkey Point Unit 4 is considered to be a conse'rvative 'operating

interva1.





APPEi%)IX A

EDDY CUPZ~T P.' UATIOA

TURK!Y POINT Pi/IT 4 ~;OEEtBER, 1980

STEAil GB'EHATOR IiiSPECI'ION

I. INIRODUCTION

An evaluation of the eddy current data obtained in the November, 1980

steam generator inspection at Turkey Point Unit 4 was made in response

to the IKQ request for additional infomation relative to Amend-

ment 54 authorizing operation of the unit for six equivalent months

beginning January 13, 1981.

II. EXPANDED PROGRAM - NOVB 1BER, 1980 INSPECTICN

A11 pluggable thinning indications wes e found during the
original'ddy

current .-testing program. The expanded program performed in
accordance with Regulatory Guide 1.83 did not reveal any additional
plugging indications.

EDDY CURHENT HEADINGS

III. Figures A-1 to A-6 show the distribution of eddy current indication
> 20'; for each leg of the three steam generators. The preponder-

ance of indications at low percentages, i.e. less than 40-:., strongly
suggests thinning as the nature of the tube degradation since detection
of cracking by eddy current techniques is insensitive below about 40$

wall penetration.

The eddy current readings for each of the pluggable turning indications
found in the November, 1980 inspection, including the coresponding

readings obtained in April, 1979 and in May, 1980, as requested by the

staff, as well as all previous indications recorded, are listed in.

Table A-l.





IV. AVERAGE IXCPW9!N1'AL 'IIII;ZIYGM.CUIATIOXS,-~lAY, 1980 TO YOVHSER 1980

The- average incremental wall thinning increase (in terms of percent of
wall penetration) was calculated for each steam generator hot and cold

leg, relative to the hay, 1980 inspection for all tubes exhibiting thin-
ning indications equal to or greater than ZA': i~.Vy.cether, 1980 and

for which indications equal to or greater'than iu'". were observed in the

bhy, 1980 inspection. The indications were observed at tube elevations
'from just above the top of the tubesheet to about 3 inches above the

top of the tubesheet. iso tubesheet crevice indications were observed

in either the hot or cold legs of any of the generators inspected. The

pertinent statistics are summarized in TAble A-2. For the case where





the only positive average incremental thinning increase »as observed

(steam, generator 8 cold leg) the actual data from »hich the average was

calculated are given in Table A-3'.

In addition, histogams (Figs. 3.-7 to A-11) are presented to graphically
display the number of indications obsemed"ovet.".;.,each 5'o incremental
change in eddy current readings between the i~fay, 1980 and December, 1980

inspections for those tubes for which readings equal to or greater than
20$ were reported in both inspections. No histogram »as prepared for
the steam generator C hot leg data since only one tube could be com-

pared for the two inspections.

Frcm Table A-Z, it is noted that except for the cold leg of steam

generator B, where a positive average increment was calculated, and the
hot leg of steam generator C, »here only a single comparison was possible,
the remaining four comparisons yielded apparently negatiVe average in-
cremental thinning for the period fram May, 1980 to November, 1980.

This result is not indicative of an actual decrease in tube thinning.
Rather, it reflects the variabi1ity in the eddy current method itself as

well as possible hen factors involved. in evaluating the eddy current
signals. However, in each case (Steam Generator A, hot and cold leg;
Steam Generator B, hot leg; and Steam Generator C, Cold Leg) „ these

results suggest little or no thinning has occurred in the time period
studied.

In the case of Steam Generator C, hot leg, where only one indication
could be compared between the two inspection periods, only seven in-
dications @20: were observed, suggesting a low degree of thinning act-
ivity.

V., DISCUSSICN

In the case of Steam Generator B, cold leg, comparison of the average

incremental thinning increase with results from the other steam generator

legs suggests that there may be a small but finite increment in tube

thinning which may not be explainable solely on the basis of inherent

uncertainties in the eddy current method. However, comparisons of the

5hy, 1980 and btovember, 1980 eddy current signals from the pluggable

tubes suggest that the presence of new or increased denting





current phase angles leading to possible overestimates of the depth
of penetration in some of the December, 1980 signals.

Photographs of the November, 1980 eddy current signals from all of
the plugged tubes, comparing November, 1980 eddy current signals with
previous inspections, are shown in Figs. A-12to A-35, En most of the
photographs, denting can be seen to have affected the nature of the
eddy current signals. For example, in Figure A-20, the eddy. current
signals and estimated wa11thinning(8) for tube R22-C44 are displayed
for the 4/79, 5/80 and 11/80 inspections. 'Ihe component of the eddy
c'~ent signal due to denting (indicated by arrows marked "1" on the
figures) is seen to have increased in each of the inspections. The

ezzect of the contribution of denting to the signal is to rotate, or.

deflect the portion of the signal associated with ~F1 penetration
(indicated by arrows marked "2" on the figures) toward higher phase

angles, or greater apparent wall penetration.

En the present state of the art of eddy current inspection techniques,
the effect of superimposition of denting and thinning signals cannot

be quantified. Nevertheless, based on the above discussion of the
nature of generation of the observed eddy current signals, it is be-

lieved that the actual tube wall penetration for marry.of the (plugged)
tubes may be significantly less than has been reported.

Similar effects were observed for at least 12 of the 16 pluggable tubes

in this leg of Steam Generator B, including R17-C69, for which the

largest apparent increase of wall thinning was calculated from the re-
ported field data, as well as for the ptuggable tubes found in the other
two steam generators.

On the basis of the highest calculated average incremental change from

hfay, 1980 to December; 1980, 8.418 in SG/B cold leg, the apparent deg-

radation for this period of operation consisting of 4.?5 Effective Full .

Power Months (EFPbg,is 1.77:/EFPM. Assuming the same rate of thinning
over the present operating period, a tube operating with the largest un-

plugged indication of 59: might experience further wall loss of 10.64

over an additional operating period, of 6 EFPM. Allowing for the staff's





estimate oC 9". Cor errors attributable to ttie eddy current methixI, sucI

a tul>'e migl>t show an indication oC 5!I",in terna» ol wall po»c tration
alter 6 I:.I'BI ol operation. The remaining wa.I I .I iyamcnt woulil then con-

s I st ol 4 I",, of the ori g inD3 wa I 1 tllI cknc'ss.

As shown in Appendix B to this sulmiittal, th» minirmm wall requirement

for postulated accident conditions for straight sections of tIic tube

is 0.013 inches, or 26'; oC the nominal 0.050 inch tube wall. This
limit would permit operation for up to 14.7 E):PM at the calculated
rate of degradation, i.e. 1.77" per EFPM. Further, if the tube» plugged

in steam generator B, cold leg, are deleted (on the basis that these

tubes have been removed from service) from tho data base (Table A-3)

from which the calculations werc made to determine the highest average

thinning rate, the calculated average incremental thinning would be

only 6 25': rather than 8.,41: and the thinning rate calculated. over
4.75 EFPN would be only 1.32'; EFPII'I rather than the conservatively
calculated 1.77~ EFPM. Using a th.inning rate of 1.32'. EI:PM, and follow-
ing the same method of calculati.on describod above, margin. is
available for operation to 19.7 EFPM. Thus, ample margin is a~~ailable.

for operation in excess of 6 additional EFPM even given the conserva-

tisms assumed.

Vr. VWrFICAnpx OF DISPECrret CnyrRArr;

A review will be made to verify that all unplugged tubes with reported
indications ~ 20-: in previous inspections will be inspected at the next
outage.

* However, westinghouse believes that for indications in the range

of 40 - 50~, a lower estimate, i.o. ab'out 7';, is more appropri.ate

for errors attributable to the eddy current method.
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Y/ORK SHEET
I'5 I IIIGHOUsI F0 82sS E TUBES PLUGGED FOR THINNING-gggeER, 0 S~M GENERATOR INSPPCI ION

STEM
GE1'ERATOR

TUBE 0

RoM

Edd
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24
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22
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46

6
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64

65

69

~20
36

36
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36

27

<20
(20

34

34

37

25

32

29

<20

38

28

32

36
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27

3
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<20

35

34

35

25

29

23

27

27

21

29

21

27

2

32
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- 30

.22

27

27

21
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<20

23

23

29

36

32

30

420

<20

35

NDD

38

0

24

28

32

35

22

31

NDD

20

33

35

31

24

36

28

37

39

33

32

32

39

37
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51

46

53

43

44

53
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45

43

51

47

41
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42

57
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C HL
II

C (CL)

~C

14

10

53

53
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8

25 36 21 C20
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27" NDD=NO Detecta le De ect

34

2

31 31

51

44
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TABLE A-2

SPi&fARY OF TURKEY POTE' 7T. O4 STENCH GP'ERATOR TUBING
REIEih AL liASTAGE FRC'1 a L4, 1980 TO November'98

S/G A

HL CL

S/G B

HL CL

S/G C

HL CL

Average incremental
wastage t':;mll
thickness) 3 '2~o 2 '3~o 1 14' 41'~o 1 6So

Number of Tubes
CQHlpared

11 219 21 46

Standard Deviation 3.0 4.1 5.9 6.4
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TURKEY POD'fIT
STENf GB;EPJTOR B COLD LEG

Tubes Nith~ 20'; Eddv
InChcatxons xn otn

Current
an 5/80

Tube I.D.
5/80

Indication
11/80

Indication Chan e

R

14

12

18

15

23

Z4

24

23

11

22

21
7'

10

11

13

15

21

22

23

. 24

zs

8

10

24

26

29

30

36

37

38

39

4n

43

44

44

46

46

46

46

46

46

46

46

46

46

46

47

47

47

47

'33

35

3Z

24

23

31

24

25

36

28

24

29

27

37

39

33

25

22

32

32.

28

25

28

39

31

21

46

53

36

39

28

44

41

39 ~

53

45

32

3T

32

45

43

51

2&

30

47
'1

38

36

38

47

39

29

13

18

15

5

13

17

14

17

17

8.

8

5

8

4

18

3

8

15

9

10

11

10

8
'

8





T~33LE A - 3 (Cont'd)

TM~ POINT V;IT
.-".4'TEA~f

GEEP~KTOR B COLD LEG

Tubes With> 70~ Eddy Current
Indications in Both 11/80 and 5/80

Tube I.D.
5/80

Indication
11/80

Indication Chancre. (:)

R

9

10

12

23'4

25

10

24

24

8

7

9

17

18

8

8

17

7

C

48

48

48

48

48

48

48

49

49

50

50

56

62

62

62

63

67

68

69

71

.37

21

33

2I
30

34

27

24

30

28

32

27

37

24

31

31

37

32

22

22

39

31

3?

3'8'8

38

35

33

39

39

36

21

42

35

32

37

29

28

44

27

2

10

-1
XT

8

4

8

9

9

11

-6

5

11.

1

6

-8

-4

22

5

Total number of tubes compared = 46,
Average change ~ 8.41>o

Standard Deviation = 6.38-

na 7 g7





TURKEY POD'

S/G A HOI'EG

DISTRIBUTIO.'F EDDY CURRENT'~ZICATIOXSZ'0';
YOVEIBER 1980 INSPECTION
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20
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to to to to to to to to to
24 29 34 39 44 49 54 59 64

Percent Na11 Penetration
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TUKu!Y POIA'T 0

S/G A COG) LEG

DISTRIBUTION OF EDDY CUl~f DDICATIQ'lS -
20'OVBIBER1980 INSPECTION
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TUBBY POISE 4

S/G B tlOT LEG

DISTRIBUTION OF EDDY CURVET I~iDICATIQXS
~20'ON'BRIBER

1980 INSPECTION

25
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0 0
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to to to to to to
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to
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Percent of Mall Penetration





FIGUIQ! A - 4

TURFZY POINT 4

S/G B COLD LEG

DISTRIBUTION OF EDDY CURlKXT IXDICATIC.'iS~ZQ"..
NO'sr USER 19SO IBSPECTIOi:
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TUK~'OINT 4

S/G C fIOI'EG

DISTRIBUTIC." OF EDDY CURIKXT D'DICATIOXS ~ "0";

iiRWSER 19SO IYSPECTIOA
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Fit.iuÃ::l - n

TUBBY POINT 4

SA C COLD AC

DISTRIBUTION OF ':DDY CERE.'T IXDICATIOXS« "0-"

YOKVZSER 1980 I.'SPECTIOX
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TUR~ PODT 4

S/G A I%1~

DISTRIBUTION OF Tt~ GiAXGE IN EDDY CUB~K

DlDICATIOXS AT ~ TUBESKX1'EG)~ THE

i~BY 1980 AXD YO|'FIBER 1980 INSPECTIO.iS

Total abber of Points 11

Average Change -3.82

10—
9 ~
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-10
to
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FIQJIZ A - 8

TUPJEY POI i7 4

S/G A CUTL-T

DISTPDBUTIOI OF TlK GLkXM IN EDDY CURRE.'iT

Ib'DICATIO.'iS AT THE TUBESHEET BET4'EEf 'HiE

tfAY 1980 AND NOVEIBER 1980 INSPECTIONS

110—

100—
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Total Number of Point "19

Average Change -2 03
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TLKZY PCI.'iT 4

S/G B IXM~T

DISTRIBUTIO.'! OF 'P.Z GU';GH IX EDV'U'4M;i
I. DICATIQXS AT 'HK TUBESfEET BETE''ERl THE

i~BY 1980 AND XO'i~ SER 1980 INSPECI'IOUS

Total Number of Points "1

Average Change -1.14
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to
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Range of Change
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TURING:) PQ"X~

S/C B OUT~=-T

DISTRIBL IO.'F TK G"';;.-" IN EDDY CUR1~T

L~DICATIO.'iS .«T TrIE TUBES:"MT BETl"~ 'IHE

blAY 1980 A'.iD YOV&iBEB. 1980 DSPECTIOAS

Total Number of Points

Average Change
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FIGNK A - 11

TUMMY POINT 4

S/C, C OUTLET

DISTRISUTIO~'F 'PG! C're(Z IA EDDY Qi~T
IXDICATIOÃc AT IIX TUBESHEET BE7,;-„.~X TFK

NY 1980 AND HOARSER 1980 INSPECTIONS

Total Number of Points 132

Average Change -1.65

O

c5
V

P

60-

50-

40-

30-

20-
22

52

10-

0»
-15 -10 -5 0 5
to to to to to

-11 - 6 -1 4 9

10
to
14

Range of Change
0 of Nail 'IhicRness





HGURES A-12 to A-33

EDDY. CUHRB'7 SIGNALS FRQ f TUBES PLUGGED

IN NOVBIBER, 1980

TURKEY POINI'NIT t4
'I
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4/79

TEVZY POIiVf ~4 (FLA)
S/G A H.L.

2 VOLTS/DIVISION ll/80

N0t Quand&.ed R6C75 62~o TTS

Not Quantified R11C22 58~a Tl'S
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TU~ POZV ."4 (FLA)

S/G B H.L.
2 VOLTS/DDUSIChN

FIG A-15

4/79 11/80

iXot Quantified R9C81 Sl'o 1" ATS
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TURKEY POINT ~ 4 t'FLA)

S/G-B C.L.

2 Volts/Division

FIG. A-14

4/79 S/80

39~a

Pal

R14C29

2" ATS

33io

11/80

46~o





TUfUZY POINT ~4(FLA)

S/G-B C.L.

2 Volts/Division

4/79 5/80

35~o R12C30

2!f ATS

358

11/80

53'o





TURKEY POINT 04(FLA)

S/G-B C.L.

2 Volts/Division

FIG. A-16

4/79 5/80

Not Tested

Not Qmntilied R23C39

2" ATS

11/80

43~p





TURKEY POINT Ã4 (FLA)

S/G-B C.L.

2 Volts/Division

FIG. A-17

4/79 5/80

384 R24C39

1" ATS

44'o
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TURKEY POlNT ~4I:FLA)

S/G-B C.L.

2 Volts/Division

FlG. A-18

4/79 S/80

gear

gV

the

+ 20~o R24C40

<" ATS

244.

11/80

41'





TURKEY POINT 84 I.'FLA)

S/G-B C.L.

2-Volts/Division

FiG. A-19

4/79 5/80

248

Si

R11C44

2ll ATS

36o

11/80

53o
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TUZZr Pamr k4(FLA)

S/G-B C.L.

2 Volts/Division

FIG. A-20

4/79 5/80

2'-

A\ v
1K 4t e% gl

28~p RZZC44
1" ATS
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11/80

4S~o
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TURKEY POINT ¹4(FLA)

S/G-B C.L.

2 Volts/Division

FIG. Adl

4/79 S/80

R10C46

21f ATS

374

11/80

4S'
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TURKEY POILU'T k4(FLA)

S/G-B C.L.

2 Volts/Division

FIG. A-22

4/79 5/80

Not Tested

RllC46
2" ATS

39>o

11/80

43~o
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TURKEY POINT 04(FLA)

S/G-B C.L.

2 Volts/Division

FIG. A- 23

4/79 5/80

KOI'ESTED

R13C46

3" ATS

338

11/80

51'
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TURKEY POILU'T .=4(FLA)

S/G-8 C.L.

2 Volts/Division

FIG. A-24

4/79 S/80

Wc.'2~o

~...V~v&
ZP I

R22C46

~1tf AT$

32 0~

11/80

49'o





TURKEY POlNT Il4(FLA)

S/G-B C.L.

2 Volts/Division

4/79 5/80

35~o R23C46

l" ATS

32~o

ll/SO





TURKEY POINT ~4(FLA)
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I PI. IS>li)ill:.»)'I) SG 'I'IJ)31! INfli('l<1'IY IVAILIA'I'fON

hlin.i.!nut > Wal 1 tl> ickncss Requirement to Sa I cguard
Against Burst and Collapse ol 'L'uhing With

Loc ilized Degradation at thc Top of 'I'ubcshect

On the basis of extensive testing of typical PWR steam generator tubing, it
is Lao»v. th-t for t)>c straight length tubing t3!c minimum tube wall (t . )min
requirement to safeguard against burst or rupture during a postulated feed line
break (FLB) accident is always more limiting than that for collapse follow-
ing a posti~lated LOCA (1)*. 'I')ius, the approach used to cstablis)i the minimum

required wall thickness for tubing degraded loca11y at the top of. the tube-

sheet (TfS) consists of (1) computing the
tn n based on the burst pressure re-
nl1n

quircment: and (2) verifying that using this t ., the collapse requirement
min'.s

satisfied for a tube with thc max:imum expected ovality i.n the T)'S region of
r

the tube bundle. It is to bc noted that both the tube burst and collapse
strengths used in the Following calculations are those associated with the

uniform thinning type oi: defect which is shown to hc the most limiting (1) .

In reality, since thinning tends to be nonuniform, the assunqition of. minimum

ligament being uniform around the enti.re circumference lends to a somewhat

conservative estimate of t .,„

Nominal Parameters for the FPL SG Tubin

Outside Diameter, OD = .875 in.
Wall Thickness, t = .050 '.in.

Inside Diameter, ID .775 in.
Material, I-600 Mill-annealed
Lower Ilound Yield Strength (2),

S = 57.8 ksi. at Room Tem)icrature
= 50.1 ksi at 600 degrees F

y
Maxirman Ovality in Straight Legs, c = 1.5>

,
~ h,ayers in brackets designate references at end of Appendix B.



i



fn order to account For the eCCects oC thin wall )behavior and the anisotropic

yield properties, actual test results, shown in Figure )l-? (1), oC uniformly
'hinnedas manulacturcd tu)i'ing «re used. These te»ts»'ore run at 600 degrees ) .

The material yield strength was S1.0 ksi at room temperature, and 42.0 ksi at
600 degrees F (based on 12.5~ reduction sugge»ted by Fi)mre 79 of Reference 1) .

Corresponding to a 74< wall degradation, (t,„- = .013 inch) the minimum collapse

pressure P from Figure 8-2 is obtained to he 1760 psi (for a defect length of
c

.75 inch) . This value is used as the reference collapse pressure of a perfectly
~uund, (this is a conservative assumption) as-manufactured tube thinned uniformly
to .013 inch ligament. This value is then adjusted for the actual FPL tubing

yield st ength of 30,100,psi and ovality of 1.5'. using the iQJSYS solution dis-.

cussed above.

I'or the given ovality and R ~t ratio, 'the collapse pressure is proportional to.

the yield strength. Hence, the reference collapse pressure for 74~ degraded

FPL tubing is:

PC
= 1760 x 30,100/42000 = 1260 psi

I'rom the hNSYS solution in 1:igure B-l, the ratio oC normalized collapse pressure

of round tube to a 1.5~ oval tube is:

p
o = .775 ~ .8

Pl 5
. 97

))ence, the minion predicted collapse pressure of 74K degraded FPL tubing in the

straight leg region» is:

Pl S
= .8 x 1260 = 1000 psi.

Note that if the defects are, in the proximity oC the tubesheet, the actual resis-

tance to collapse would be increased somewhat clue to the end constraint.





l<urst Stre»v,th Requirement»

The maximum primum'-to-secondary pres»ulcc ot '5(i0 (2) psi across ttie tube wall occurs

during a postul ited i:LB «ccidcnt. To safeguard agni»»t tcdie rupture under

this loading at F00 degrees I:, t . = .013 (2) inch has been established for amin
nominal .775 inch ID, I-@00 NA tubing. That analysis used a conservative
lower bound of 10,000 psi room temperature burst pressure for a nominal .875, x
.050 wall tubing.

Verif'ication for Collapse Re uireinent

A n~nber oi studies on the external pressure co11apse response o.C typical SG

tubing have been reported (1, 3) . L'ven though the tube ovality is known to
reduce significantly the resistance to colIapse, accurate anaIyticaI Formulation
is difficult to derive because of material anisotropy and increasing oval'ity under

pressure oading (that is, Lagrangian formulation) . Additionally, in the case

of'egraded tubes ~vith a -remaining wall on the order ol 25'. oE nominal, the
ef'Feet of .a''ure mode being clastic buckling rather than plastic collapse should

also be considered.

For the lack oC a comprehensive, uniFied theory encompassing the eHects of all
the above variables, the f:ollowing conservative approach is needed for verif-
,ication oE t „ against collapse.

From the results in ReFerence (3), it is observed that the limit analysis theory
correlates i ell with the test results of stress-relieved tubing which is believed
to have less anisotropic yield propert.ics th n as-manul:actured tubing. The

theoretical prcdiction is rathcz excellent for »peciments with small initial
ovalities. Nevertheless, in order to account lor cont:inued increase in ovality
under the externa1 pressure loading, a large-deform'ation finite element solution
(ANNOYS STIF48) using elastic-perFectly plastic shell behavior is utilized for the

actual verification. The f'inite clement solution along with the limit analysis

theory and actual test results is shown in Figure B-l.
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I:or the I:I'I. S('nit», the maxinnan secondary to Iirimary I>ressure due to I.OCA

is 770 psi (1). 'I'lie required minimum collapse iiressure in accordance with
tho Section III criterion is 8(iU lysi (770/.'.I). Since the iin.dieted strength
is in excess oi the reipiired oiiniiiami, t . = .OU inch is veri lied againstmin
f'ailure due tn collapse.





l. Vagins, M., et «l., "Stcam ('c'ncrator 'I'uI)c integrity I'rogram - Phase I
~ Report", NUIT'.(.'/Cl<-()718, ScIitcmhcr, 1979.

2. Smith, P.(:., and Sun, C.L., "CPI. Stcam (cncrator 'I'ube Plugging Criteria
Calculations", IffD-SM-77-058, Revision 1, July, 1977.

3. Small, N.C., "Plastic Collapse oC Oval Straig!ht Tubes Under External
Pressure," APiF. Paper 77-PVP-S7, Junc, 1!)77.

4. Tmjey Point Units 3. 8 4 LOCA Analyses.
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ATTACHMENT C

ATTACK'KNT — FPL SYSTEM LOAD CONDITIONS FOR JULY — OCTOBER 1981

FORECASTED PEAK L'OADS (MW)

JULY
9610

AUG.
9630

SEPT
9630

OCT.
8620

NOTE (1) These forecasted peaks could very probably be low, as last year'
actual July peak load was 9632 MW.

NOTE (2) The southeast Florida loads are 70% of the above system loads.

NOTE (3) The generation transfer limit into southeast Florida during this
summer (assuming the worst case transmission line out of service) is
1150 MW at the 9630 MW load level.

FPL'S TOTAL INSTALLED CONTINUOUS SUIRKR CAPABILXTY FOR SOUTHEAST FLORIDA.

7743 MW [6438 MW STEAM + 1305 MW DIESEL 6 GAS TURBINES] ~

NOW ASSUMING BOTH TURKEY POINT UNXTS ARE OUT OF SERVICE (646 MW PER UNIT).

7743 — 1292 = 6451 MW AVAILABLE

: SINCE IMPORT LIMIT IS 1150 MW:

6451 + 1150 ~ 7601 MW TOTAL AVAILABLE TO SOUTHEAST FLORIDA

SOUTHEAST FLORIDA FORECASTED PEAK LOAD FOR THIS SUMMER IS:

9630 MW X .7 6741 MW

RESERVES FOR SOUTHEAST FLORIDA ARE:

7601 MW — 6741 MW = 860 MW

860 MW

6741 MW = 12.8% RESERVE

THIS RESERVE IS CONSIDERABLY BELOW THE RECOMMENDED 20%. NOTE ALSO THAT THXS
CALCULATION ASSIES NO OTHER UNITS OUT OF SERVICE, HENCE ANY OTHER UNIT
PROBLEM WOULD MAKE THE CONDITION MORE SEVERE.





Attachment B

r)

r

FLORIDA POWER & LIGHT COMPANY

February 27, 1901
L-81-00

Office of Nuclear Reactor Regu'ation
Attention: Er. Steven A- Varga, Chief

.Opyrating Reactors Branch 81
Division of Licensing

U- S- tluclear Regulatory Commission
llashington, D. C. 20555

I

: Dear Hr- Vsrga: .
* r

I

Re 'ur~=v. Pot.nt Ua ~ 4
Docket 'io ~ 50-~51'

.~sa= c=-natato-.—.-oa-'Iaata'.In otmattonK=.

Amendment 54 to the 'Zur~ey Point Unit 4 Facility Operating License authorized
saic montns o'pera-inn s. bisect to the submiLtal of confirmatory data
regardiup tube wast~~ - ~~ received the pecific itens requested by the HRC
on Janus'0, 1og

The, attached repo - p=~l='=es the tube wastage predictions and other associated.
supplemental inforta ~- requested by the Staff. The analysis, using
consev; ti;e assump='ow, confirms tha" the currently authorized 6 month
operating period is conservatively bounded by 'the tube wastage pxedictions.
Xn addition, with res~ect to tube wastage, the analysis supports a minimum
opexating period '~ access of l4 equivalent full power months.

Very truly yours,

Rober'". crig
Vice President

'dvancedSys tKls tt:.= .aolog

j'ttach=

KMNM7.IIIIWVHK <all'Y
cc ~ J. - <'Reill —

o ~eaion XX

Late d "-. Rais, .squ- re

e
PEOPL'E... SERVING PEOPLE
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FLORIDA POWER AND LIGHT COMPANY

TURKEY POINT UNIT 4

SUPPLEMENTAL INFORMATION ON

S G TUBE WALL THINNING

During the 11/80 outage, the steam generator tubes at. Turkey Point Unit 4

were inspected as required by the stipulations in the plant operating license.
The eddy current testing (E~ indications showed some instances of apparent
tube degradation above the top of the,tubesheet. A review of the ECI'apes
from the previous inspection showed that in the steam generator "(B-cold leg)
with the highest apparent tube degradation, 46 tubes with indications had been
included in the preview inspection program. These '46 tubes with bm successive
estimates of tube wall degradation allow an. estimated corrosion rate to be
established.. The rate calculated for, these 46 tubes is 8.41< for 4.75 Elf.

s converts to 1.778 tube wall loss per EFPM. The detailed analysis of
the stean generator in~~ection is attached in Appendix A.

~ ~
~ ~ ~ ~ ~ ~

The establishment of an estimate corrosion rate allen an operating interval
to be determined. The present tube plugging criteria for Turkey Point Eu.t 4 -"

require that tubes witls ECI'ndications of 40: or greater shall be plugged.
%is means that the largest indication still in service is 39%. A 394 indication
converts to 61~ of the tube wall remaining.

The tubes in these steam generators are nominally 7/8 inch O.D. by .050 inch
wall. 'Ihe minimum tube wall that is required to maintain tube pressure in-
tegrity during-a plant fauXted condition event in the area near the top of the
tubesheet is .0.3 inches.'he 'detailed steam generator tube integrity evaluation
supporting .this a~man tube. wall"-is contained in'ttached Appendix B. A

remaining tube wall of .013 inches is 265 of t}.. nominal tube wall. 'Ihe diff-
'rence b'etween the minimum required'tube wall. (26~) and the @~ram> tube wall

I
~

~

~

~ ~

~

~

~

~

~
~

~ ~

~

~service (61') is the margin in tube wall'hickness if tube wall.degradati.on
hould continue; this margin is 35''f the tube wall. Using the estimated
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corrosion rate of 1.77 per EFPM, an operating period of 19.88 EFIM can be just-
ified. 'Ihe quantification of ECI'ndications has some tolerance associated

with the depth of the indication. The ECT tolerance applied by the NRC staff
. in the 5S~O to 40: range is 94. For conservatism, it shall be assumed that

K the largest indication still in service is increased by 9~~. Therefore, the 395

indication becanes 4@and the remaining wall is 524. The difference between

524and 268 is the conservative amount of .tube wall margin if tube
degradation should continue; 'Ihe 26 q tube wall'argin combined'ith the
estimated corrosion rate allows an operating period of 14.7 EFPM.

\

Considering the estimated operating intervals, a six month operating interval
for the Turkey Point Unit 4 is considered to be a conse'rvative operating
interval.

A

C = 3
~ AFC- I

I



C ~ ~

r



APPM)IX A

EDDY CAPT EVs'J.UNCTION

'RRKEY POINT RUT 4 N&PIBER, 1980

STEAt 1 GBiERATOR LNSPECTICN

X. INHKDUCTION

An evaluation of the eddy current data obtained in the November, 1980

steam generator inspection at Turkey Point Unit, 4 was made in response

to the MK request for additional information relative to Amend-.

ment 54 authorizing operation of the unit for six equivalent months

beginning January 15, 1981.

IX. EXPM)ED PROGRMl - NOVB1BER, 1980 INSPECZX(N

Allpluggable thinning indications were found during the original
eddy cur::ent testing program. The expanded program performed in
accordance with Regulatory Guide 1.83= did not reveal any additional
plugging indications.
EDDY CUR%f1'EADINGS

XXX. Figures .bl to A-6 show the distribution of eddy current indication
> 20~ for each leg of the three steam generators. The preponder-

ance of indications at 1ow percentages, i.e. less than 40~, strongly
suggests thinning as the nature of the tube degradation since detection
of cracking by eddy current techniques is insensitive below about 40<

wall penetration.

The eddy current readings for each, of the pluggable thiming indications
, found in the November, 1980 inspection, including the corespontiing

=readings obtained. in =April, 1979 and in May, 1980,'as requested by the
staff, as well as all previous indications recorded, are listed in
Table A-l.
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IV. AVERTS IYCPZKv7AL TfII;ZIYGCALCULATIONS ~BY, 1980 TO XOYBIBER 1980

'Ihe average incremental wall thinning increase (in terns of percent of
wall penetration) was calculated for each steza generator hot and cold
leg, relative to the 5hy, 1980 inspection for all tubes exhibiting thin-
ning indications equal to or greater than 20'; i~.Rpcerher, 1980 and
for which'indications equal to or greater than'U'<'were observed in the
May, 1980 inspection. The indications were observed at tube elevations
fram just above the top of the tubesheet to about 3 inches above the .

top of the tubesheet. No tubesheet crevice indications were observed
in either the hot or cold legs of any of the generators inspected. The

pertinent statistics are suan'ized in TAble A-2. For the case where
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the only positive average incremental thinning increase»'as observed
(steam generator B cold leg) the actual. data fram which the average was

calculated are given in Table A;3.

In addition, histograms (Figs. A-7 to A-11) are presented to graphically
display the number of indications obsemed"aver";each SS incremental
change in eddy current. readings between the hfay, 1980 and December, 1980

inspections for those tubes for which readings equal to or greater than
20$ were reported in both inspections. No histogram was prepared for
the steam generator C hot leg data since only one tube could be cam-

pared for the two inspections.

Fraa Table A-2, it is noted that except for the cold leg of steam
generator B, where a positive average increment was calculated, and the
hat leg af. steam. gene~z. C rdmm only a=szagle comparison ~ possible.
the xenaining four comparisons yielded apparently negati've average in-
cremental thinning for the period fram hfay, 1980 to November, 1980.
This result is not indicative of an actual decrease in tube thirsting.
Rather, it reflects the variability in the eddy current method itself as

well as possible human factors involved in evaluating We eddy current
signals. However, in each case (Steam Generator A, hot am@ cold leg;
Steam Generator B, hot leg; and Steam Generator C, Cold Leg) ~ these .

results suggest little or no thizaung has occurred in the time period
studied.

.In the case of Steam Generator C, hot leg, where only one indication
could be campared between the two inspection periods, only seven in-
dications E205 were observed, suggesting a low degree of 't1unning act-
ivity.

DISCUSSICN

In the case of Steam Generator B, cold leg, comparison of the average

incremental thinning increase with results-.from the other steam generator
legs suggests that there inay- be a small but finite increment in tube
thiining which may not be explainable solely on the basis of inherent
uncertainties in the eddy current method. However, comparisons of the

May, 1980 and November, 1980 eddy current signals fram the pl~gable
tubes suggest that the presence of new or increased denting
may have affected the estimates of the eddy
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current phase angles leading to possible overestimates of the depth

of penetration in some of the December, 1980 signals.

Photographs of the November, 1980 eddy current signa1s from all of
the plugged tubes, comparing November, 1980 eddy current signals with
previous inspections, are shen, in Figs. A-12to A-33. In most of the

photographs, denting can be seen to have affected the nature of the

eddy current signals. For example, in Figure A-20, the eddy current

signals and estimated. wallthirming(8) for tube R22-C44 are displayed

for the 4/79, 5/80 and 11/80 inspections. The component of the eddy

current signal due to denting (indicated by arrows marked "1" on the

figures) is seen'o have'ncreased in each of the inspections. The
'

effect of the contribution of denting to the signal is to rotate, or.

deflect the portion of the signal associated. with. wall penetration ....
(indicated by arrows marked "2" on the figures) turd higher phase

angles, or greater apparent wall penetration.

In the present state of the art of eddy current iappection techniques,

the effect of superimposition of denting and thinning signals cannot

be quantified. Nevertheless, based on the above discuss).on of the-

nature of generation of the observed eddy current signals, it, is be-

lieved that the actual tube wall penetration for many. of the (plugged)

tubes may be significantly less than has been reported.

Similar effects were observed for at least 12 of the 16 pluggable tubes

in this leg of Steam Generator B, including R17-C69, for which the

largest apparent increase of wall thinning was calculated from the re-

ported field data, as well as for the pluggable tubes found in the other

two steam generators.

Qa the basis of the highest calculated average incremental change fram

.May, 1980,to December; 1980, 8;415 in SG/B cold leg, the apparent-deg-

radation for this period of'peration consisting of 4.75 Effective Full
Power Months (EFBQ is 1.77~/EFPM. Assuming the same rate of .thinning

over the present operating period, a tube operating with the largest, un-

plugged indication of 39: might experience further wall loss of 10.6$

over an additional operating period of 6 EFPM. Allm~g for the staff's
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estimate oC 0'. for errors attrihutablc to the eddy current method, sucl;

a tube might show an indication oC 5!I". in terms oC wall penetration
aCtcr 6 I I:Ail oC operation. Thc remaining wall ligament wry>Iil then con-

sist oC 41'. oC tive original w;Ql tliickncss.

As shown in Appendix B to this submittal, the minimum wall rwluircmcnt
for postulat& accident conditions Cor straight sections of the tube

is 0.015 inches, or 26'. of the nominal 0.050 inch tube wall. This
limit would permit operation Cor up to 14.7 EI7M at thc calculated
rate of degradation, i.e. 1.77';- per EFPM. Further, if the tubes plugged
in steam generator B, cold leg, are deleted (on the basis that these

tubes have been removed from service) From the data base (Table A-3)

fran which the calculations werc made to determine the highest average

thinning rate, the calcul'ated average incremental thinning would be

'only 6 25't. rather than 8.41". and .the thinning rate calculated over
4.75 EFPM would be only 1.32"-. EFPM rather than the conservatively
calculated 1.77~ EFPM. Using a thinning rate of 1.32'. FFPM, and follow-
ing the same method of calculation described above, margin is
available for operation to 19.7 EFPM. Thus, ample margin is a~~lable.
.for operation in excess of 6 additional EFPN even given the conserva-
tisms assumed,.

VI. VERIFICATION OF INSPECI'ION GMRA(Z

A review will be made to verify that all unplugged tubes with reported
indications~20-". in previous inspections will be inspected at the next
outage.

* However,,Westinghouse believes that for indications in the range

of.40 - 504, a lower estimate, i.e. about 74, is more appropriate
for errors'ttributable to the eddy current method.
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SHEET, TUIUgÃ POIm'NIT 84
'IUBES PLUGGED FOR 'IHINNING

TABLE A-1
INDICATIONS FMN

SER,19&0 S'%AH GENERATOR INSPECI'ION

STESf
GEE RATOR

Hdd Current Indications Porcine actions Tested

A (HL)
I I II

I I I I

9

;-11 '-

6

- 21

22-

5

3& , 38

(20
~2

45

58

62

B (HL)

B

II I I

II II

I I ~ I I

9

14

12

23

24

81

29

30

39

39

, 36

39

28

32

36

420 (20
36 3&

r7
fl

9

23

(20
23

7 21 39

35

NDD'~

3&

35

31

51

46

53

43

44

24

ll
40

44

36

27

27-

27

gl
g7 29

0

24

24

36

8

41

10

11

46

46

46

<20 '. <'20

4 20 <20
37

39

33

45

Sl

II II

II II

II ll

I I I I

22

23

10

7

7

7

17

46

46

47

62

64

65

34

34

25

32

29

34

'5
25

29

'23

3r
28

~ 50

p
'27

. 27

36

32

30

420

<20

23,

32

35

22

31

NDD

20

32

32

39

22

47

41

47

42

57

42

44

ll II

C (CL)

44

10

53

53

46

36 '1
21

420

l

.35 34

2

31

33

49

51

44

NDD=No Detect e e ect
"'111>kS Ill(llCAto llo Dolt'i AVAilnblo
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TABLE A-2

4
SN&NRY OF TURKEY.POJNl WIT 44 STKAH AERATOR TUBING

1 . 1 9 November

S/G A

HL CL

S/G B

HL- CL

S/G C

HL CL

Average. xncrementaX.
wastage (; wall
thicRness) -3.825 -2.235 -1.14% 8.41$ 35 -1.65$

Number of Tubes
Campared

11 219 21 46 132

Standard Deviation 3.0 4.1 5.9 6.4 4.5
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TABLE A - 3

TORY PODT P,'I'T I'4

STEN| GYRATOR B COLD LEG

Tubes tUith + 20$ Eddv
In canons xn o

Current
an 5'(80"".-':

""'-'.=-'ube

I.D.
5/80

Indication
11/80

Indication

R C

14 29

12. 3Q,

IS 36

15
,

37

23 38

24 '9
24 40

11
44'2

44
- 21 — 45

7 46

8 46

. 10 46

11 46

13 46

15 46

21 46

22 46

23.',.= 46

: 24 46

25 46,8, 47

10 = 47

z6 a7

33

35

3Z

24

23

31

24

25

36

28

za

29

27

37

39

33

25

22

32

32

,28

25

28

39

31

21

;46

53.

39

28

44

41

39

53

a5

32

37'2

45

43

51

28

30

47
'1

38

36

38

47

39

29

13

1L

15

5

13

.17
14

17

.17

8

8

5

8

18

3

8

15

9

10

11

10

8

&

8

Page 1 of 2
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TABLE A - 3 Cont'd

0
TRULY POD'lIT 84

STEQf AERATOR B COLD LEG

Tubes Nith> 20'; Eddy Current
Endications in Bo& 11/&0 and 5/80

Tube E.D.
5/8Q

Indication
11/80

Indication

R -C

9 48

'10,, 48

1Z '8.
ZS -,

48'4

'"
48

25 48

.26 ": 4&

10 '-„w49
'24 "'"„.49 '

23, '0
24 -" 50-,

8 -. '56
7- 62

9- 62

17 -'" 62

18 63

8. 67

8 = 68

. 17 .=- 69

- 7.' '-'71

W

~ ~

..37

21
~ W

2l
.

30

34

27

24';

30

28

'32
27

,.'37
- 24

31

; 31
''

37

. '32

22

, 22

W

~ W

W

39

31

32.

~ 38

38

35
'3

,. 39

39

36

21

42

35

32

37

29

28

44 '.

27

W

W*

W

W P

' 'Total.,number of tubes. compared = 46 .

Average change ~ $ .414

. Standard Deviation ~ 6.38

Page 2 of 2
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TUM.Y POINT 4

S/G A HOI'EG
i

DISTRIBUTI(K OF EDDY CURRBlT IV)ICATICNS3'20~~
'EhSER 1480 Ii&PECTI(N

~I

25

20

22

10

12

8

0

1 1

20 25 30 35 40 45 50 55 60
to to to to to to to to to
24 29 34 39 44 49 54 59 64-

Percent Nail Penetration
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TUIM.Y POINT 4

S/G A GOLD LEG

E

DISTRIBUI'I(E OF EDDY QJI~T Pl)ICATIRB 20';

iNE~~1BER 1980 INSPECTION

100

90

96

80

th

O

cf

M

O

j

70

60

50

40

51

30—

20

10

0
20 25 30 35
to to to to
24 29 . 34 39

Percent Mall Penetration
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FIGURE A - 3

TURKEY POINT 4

S/G B IlOT LEG

DISTRIBUI'IGY OF EDDY GHENT I~K)ICATICXS+"O~o

N3VBSER 1980 INSPECTI(N

20

15

10

0 0 0

20 25 30 35 40 45
to 'o to to to to
24 29 34 39 44 49

50
to
54

Percent of Na11 Penetration





FIGUIU: A - 4

TUIM:Y POI.iT 4

S/G B COLD LEG

DISTRIBUl'ION OF EDDY CURRBT IIDIDTIC'8~20~
NE wilBER 1980

IYSPECTIO.'5

30 ~

z~
25

--3X

25

20
M

o, 15

$ 10

5 5

0—
20 25 30 35 40 45 50
to to to to to to to
24 29 34 39 44 49 54

Percent of Mall Penetration
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TUIQ"Y POIK'

S/G C MZ LEG

0 DISHGBUTIO." OF EDDY CURRENT P1)ICATIOXS ~ 0";

NOVEhSER 1980 I.'HPECTICN

4
al
V

~R
3 ~

0
2~

1 1 1 1

0
0 0

20 25 30 35 40 45 50
to to to to to to to
24 29 34 39 44 49 54

~ Percent of Nail Penetration
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TUR1ZY POINT 4
'/G

O COLD LEG

DISTRIBUTION OF EDDY CUMKXT IXDICATI(M~20"

NS'BEER 1980 I!GPECTION

-uo u9

loo

90;":

.80

70

76

,.60

'50'0

30

20 18

10„

0
2

'--.20 '25 '0 - 35 40
to to to to to
24 29 34 39 44

Percent of Mall Penetration
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TUR.ZY POINT 4

S/G A INLET

DISTRIBUTI(E OF 11iE (MANGE IN EDDY CURRB'7

INDICATICNS AT 'IHE TUBESHEET BEG>EEl THE

hQY'1980 M) NUBBER 1980 INSPECTIONS

Total Number of Points 11

Average Change -3.82

h

10'—
9—
-8-—

7
cd
V

6

5

o 4~
(Q 3

2'y

~ %- 't

0—
"10 -5 0
to to 'to

'6

-1 4

~ ~

Range of Change
- 4 of Nail M.coyness

,
~

~ w

,~

4
', P

1

**
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TURKEY POI iV 4

S/G A CUTU'T

DISTRIBUTION OF 1'.fE (KV;GE IN EDDY CU1%. iT

INDICATIONS AT THE TUBESHEET BETfEBl 'OK

hfAY 1980 AtiD NOVE fBER 1980 INSPECZIEB

110—

100—

105

Tota1 Number of. Point 219

Average Change 2023

90-

80

IH
4I-
0

70—

60-

50

59

40

30

20

10 10

-15 -10 -5 0 5 . 10
tb - ta "o to to to

-11 -. 6 -1 4 9 14

Range of Change
0 of Wall Thidmess
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TLKZY POISE 4

S/G B LiLET

DISTRIBUTI(E 00 'IIX GLZiGE IN EDDY CURiMiT

Ii'iDIDTICMAT TIIE TUBESHEET BEDKD 'IHE

hNY 1980 AV) YOVESER 1980 IiiPECI'IONS

( ((

Tota1 Number of Points 21

Average Change -1.14

10
10 .

2 ~
1-
0

-15. -10
to . to

-ll= - 6

2

-5. 0 5 10
to to to to
-1 4 9 14

Range of Change
0 of Mall 'sickness
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TKUZY POINT 4

S/G B OUTLET

DISTRIBUI'IO." OF 7rZ GL'XGE IN EDDY CURRB'T

DDICATIOlB AT TrE TUBESHEET BEO'ZBJ 'IHE

hQY 1980 AXD K(k~r. SER 1980 IXSPECTI SS

Total Number of Points
Average Change

L

7

9

8
'

.2

-10 -5 0 5 10 15 -20
to to, to , to '. to to 'to

- 6 -1 4 ',"14 19 24

'-" Range of Change
-, 4',5 'of Nail ThicRne'ss
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TUM!Y POIKIL 4

S/G C OUTLET

DISTRIBUTION OF TfK CHZXGE IN EDDY CUKMT
DDICATICKS AT 'IHE TUBESHEET BE'0'~e'HE
hNY 1980 AM) NGVBSER 1980 L'GPECTI(26

Total i%nnber of Points 132

Average Change . -1.65

60

30—

20

50—
P

CP
=. 40-

0
22

52

44

a

10-

0
-15 -10 -5 0 5 10
to to to to to to-ll - 6 -1 4 =-9 14

Range of Change
4 of Na1.1 Thickness
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FIGURES A-12 to A-33

EDDY CURRENI'IGNALS FRY< TUBES PLUGGED

IN NOVBiBER, 1980

Eh =I K ~

~ ~

TURKEY POIN1'NIT ~4
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4/79

V Qd 4A

S/G A H.L.
2 VOLTS/DXVISIGN 11/80

~ Not Quan~~ ~ R6C75 624 TIS

: Not Quantified, R11C22 58$ TTS

Not 'uantified
. R9C21 458 TZS
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muser POZm e4 (FLA)

S/G B H.L.
2 VOLTS/DD'ISICN

4/79 D/80

Not Quanta fie5 R9C81- 51% 1" ATS
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TRUE POINT I4(HA)

S/G-B C.L.

2 Volts/Division

4/79 .
*

I
a

5/80

Ip

39>o .. R14C29, '.-;;,','-,
'34'"

ATS- ''' ~
'' '";*

p 'I

11/80

464.'
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Taxer POZm «4(m)

, S/G-B C.L.

2 Volts/Division

4/7.9 5/80

35% R12C30

2" ATS

r
g ~

35$

11/80

534
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TUmar POEM; S4(HA)

S/G-B C.L.

2 Volts/Division

S/80

Not Tested

R23C39

2~r ATS

ll/80
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TUaZZr PalNr P4(HA)

S/G-B C.L.

2 Volts/Division

Plbo A-li5

5/80

R24C40

'P'TS
248

11/80





TURKEY POBK 84(FLA

S/G-B C.L.

2 Volts/Division

4/79 S/80

244 RllC44
~ 2" ATS.

I4F~ JL

36~o

11/80

53$
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'URKEY POINT 84(HA)

S/G-B C.L.

2 Vo1ts/Division

"'/79

5/&0

28+ R22C44'lfATS
28>o

11/80

45>o
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TURKEY POINI'4 (FLA)

S/G-B C.L.

2 Volts/Division-

4/79 S/80

R10C46

2" ATS

374

11/80

454
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TURKEY PQIHI'4(FLA) ~

S/G-.B C.L.

2 Volts/Division

HG. A-22

4/79 S/80

Not Tested
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APPIM)TX B

l7L (SI',RII:.S lh) Qi llfBli INA!GRT'IY fVAIlJA'I'l(N

Mir>.unuri IVall tliickness RwIuirement to S ~i@guard
Against Burst md Collapse ol't.'uhing With

Localized ~j<radation at the Top of Ibbesheet

On the basis of extensive testing oE typical PI% steam generator tubing, it
is Mown that -.or the straight length tuhing the minimum tube wall (t - )

... min
requirement to safeguard against burst or rupture during a postulated feed line
break (FLB) accident is always more..limiting than that for coU.apse follow-*
in'g a postulated LOCA '(1) . Thus, the approach used to establish the minimum

required wall thickness for tubing degraded loca11y at the top of. the tube-
sheet. (TTS) consists of (1) computing the t,- based on the burst pressure re-min
quirement:,and. (2) verifying that using this t . , the collapse requirement

min's

satisfied for a tube with the maximum expected ovality'in the TIS region of
the tube bundle. It is to be noted that both the. tube burst and collapse
strengths used in the following calculations are those associated with the
uniform thinning type of defect which is shown to be the most limiting (1) .

In reality, since thinning tends to be nonuniform, the assumption of minimum

ligament being uniform around the entire circumference lends to a somewhat

conservative estimate of'-
min.

Nominal Parameters for the FPL SG Tuhin

Outside Diameter, OD = .875 in.
Wall Thickness, t = .050 in.
Inside Diameter,,ID -~ .775 in.
Material, I-600 Mill-annealed

..'-. Lower-Bound Yield-Strengtlr (2),
S = 57.8 ksi at Room Temperature

S = 30.1 ksi at 600 degrees F
y

Maximum Chrality in Straight Legs, e = 1.5'.
0

~ Numbers in brackets designate references at end of Appendix B.
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1n order to account for the eCCects oC thin wall behavior and the anisotropic
yiehl properties, actual test results, shme in Figure.B-Z (1), oC uniformly

'hinned,as manufactured tubing are used. These tests wore run at 600 degrees F.

The material yield strength was 51.0 ksi at room temperature, and 42.0 ksi at
600 degrees F (based on 12.5~ reduction suggested by Figure 79 of Reference 1) .

Corresponding to a 74't wall egradation, (t - = .013 inch) the minimum, collapse
pressure P . from Figure B-2 is obtained to be 1760 psi (for a defect length of
.75 inch). This value is used as the reference collapse pressure of a perfectly

- ~zUnd, (this is a conservative assumption) as-manufactured tube thinned uniformly
to .013 inch ligament. This value is then adjusted for the actual FPL tubing
yield strength of 30,100 psi and ovality of 1.5. using the A?JSYS solution dis.-

— cussed above.

For the given ovality and R /t ratio, the collapse pressure is proportional to
the yield strength. Hence, the reference collapse pressure for 74: degraded

FPL tubing is

P ~ 1760 x 30,100/42000 = 1260, psi
C

From the ANSYS solution in Figure B-l, the ratio of normalized collapse pressure

o.f round tube to a 1.5': oval tube is:

po = .775 ~.8
Pl 5

. 97

llence, .the minirman predicted collapse pressure of 74K degraded FPL tubing in the

straight leg regions is:

Pl 5
8 x 1260 = 1000 psi.

Note that if the defects are in the.,proximity of the..tubesheet, the actual resis-
---'-.";..tance to-collapse-would'.be increased- somewhat- due.to'.the end constraint-.





~ ~ ~ ~

Burst Strength W lament»

The max.imum primary-to-secondary pres»urv ol "5(i0 (2) psi across tte tube wa11 occurs

during a postulated FLB accident. 'l'o saCeguard again»t tube nqiture under

this loading at 600 degrees F, t ..013 (2) inch has been established for amin
nominal .775 inch ID, 1-600 MA tubing. That analysis used a conservative
lower bound of. 10,000 psi room temperature burst pressure for a nominal .875 x
.050 wall tubing.

Verification for Colla se Re uirement

A number of studies .on the external pressure collapse response of typical SG

tubing have been reported (1, 3); L'ven though the tube ovality..is known to.
reduce significantly the resistance to coIIapse, accurate anaIytical formulation
is difficult to der'ive because ol material anisotropy and increasing 'ovality under

pressure loading (that is, Lagrangian formulation) . hdditionally., in the case
A

of degraded tubes with a remaining wall on'he order ol 25'f nominal, the

: -. ef fect. of ""lure mode" being-,jlastic buckling'ather than-plastic-collapse should

also be considered.
'

ll

For the lack oZ a comprehensive, uni'Fied theory encompassing the effects'f all
the above variables, the following conservative approach is needed for verif-
ication of t - against collapse.min

L

From the results in ReFerence (3), it is observed that the limit analysis theory

, correlates well with the test results af stress-relieved tubing which is believed
to have less anisotropic yield properties than as-manufactured tubing. The

theoretical prediction is rather excellent for »pcciments with small initial
ovalities. . Nevertheless,'.in order to account lor continued increase in ovality

.. under the external pressure loading, a large-defomation finite element solution
(ANNOYS STIF48) using elastic-pert:ectly plastic shell behavior is utilized for the

'- ..„:;.,-... , actual verifi.cation. „ glee..finite. element. solution. along. with the. limit analysis..
~

' theory and actual test results is shown in Figurc B-l.





I:or the 8'1 Sl unit», the maximun secondary to primary pressure due to LOCA
's

770 psi (4). The required minimum collapse pressure in accordance with
th«Section III criterion i» 8(iU psi (770).9). Since the predicted strength
is in excess ol th» r»quired mini~wm, t - ~ .013 .inch is veriiied against
failure due to collapse.
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ATTACHMENT - FPL SYSTEM LOAD CONDITIONS JULY - OCTOBER, 1981
FORECASTED'EAK LOADS (NW)

* JULY AUG. SEPT.
'

OCT.

9610 9630 9630 8620
NOTE (1) These forecasted peaks could very probably be low, as last year'

actual July peak load was 9632 NW.

NOTE (2) The southeast Florida loads are 7P/ of the above system
loads.'OTE

(3) The generation transfer limit into southeast Florida during this
summer (assuming the worst case transmission line out of service)
is 1150 MW at the 9630 NW load level.

FPL'S TOTAL INSTALLED CONTINUOUS SUMMER CAPABILITY FOR SOUTHEAST FLORIDA

7743 NW L6438 NW STEAN + 1305 NW DIESEL 8 GAS TURBINES).

NOW ASSUMING BOTH TURKEY POINT UNITS ARE OUT OF SERVICE (646 MW PER UNIT) ~

7743 - 1292 = 6451 MW AVAILABLE

SINCE IMPORT LIMIT IS 1150 MW:

6451 + 1150 = 7601 MW TOTAL AVAILABLETO SOUTHEAST FLORIDA

SOUTHEAST FLORIDA FORECASTED PEAK LOAD FOR THIS SUMMER IS:
9630 MW X .7 = 6741 MW

RESERVES FOR SOUTHEAST FLORIDA ARE:

7601 MW - 6741 MW =- 860 NW

860 NI4

6741 NW = 12 8/o RESERVE

THIS RESERVE IS CONSIDERABLY BELOW THE RECOMMENDED 2(@. NOTE ALSO THAT THIS

CALCULATION ASSUMES NO OTHER UNITS OUT OF SERVICE, HENCE ANY OTHER UNIT

PROBLEM WOULD MAKE THE CONDITION MORE SEVERE.

*SINCE THIS FORECAST WAS PREPARED 8 SUBMITTED, WE HAVE HAD AN ACTUAL JULY PEAK

OF 9738 NW, THUS INDICATING THAT ACTUAL SYSTEM CONDITIONS NAY BE EVEN MORE

SEVERE THAN FORECASTED.
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