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Office of Nuclear Reactor Regulation .

Attention: Mr. Steven A. Varga, Chief e

. Cperating Reactors Branch #1 APRO 31981>= .
Division of Liceusing ‘ Us S, PUCLEAR REGULATORY

U. S. Wuclear Regulatory 'Commission COMMISSION

Hashington, D. C. 20555

Dear M. Varga:
Foint Unit 4

, No. 50-251
eaxm Generator Tune Wastage: Information

Amenduent 54 to the Turkey Point Unilt 4 Facility Operating License authorized
six mounths of operation subject to the submittal of confirmatory data
vegarding cube wastage. FPL recelved the specific jtems requested by the NRC
on January 30, 198l.

The attached report pruvides the tube wastage predictionz and other associated
supplemautal jvformation requested by the Staff. The analysis, usiag
congervative assuxptions, confirms that the cerrently authorized 6 nonth
operating pericd is comservatively bounded by the tube wastage predictions.

T additlon, with respact to tube wastage, the analysis supports a miniuun
opevating period in axcaess of 14 equivalent full powex montlis.

Vexy truly yours,

i YE Wy

Robert E. Thrig

Vice President ' )

Advanced Systems & Tachaology /[,OC),
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‘maining tube wall of .013 inches is 26% of the nominal tube wall. The diff-
e

FLORIDA POWER AND LIGHT COMPANY.
TURKEY POINT UNIT 4
SUPPLEMENTAL INFORMATION ON
’ S/G TUBE WALL THINNING

During thé-11/80 outage, the steam generator tubes at Turkey Point Unit 4
were inspected as required by the stipulations in the plant Operatirig license.
The eddy current testing (ECT) indications showed some instances of apparent
tube degradation above ‘the top of the tubesheet. A review of the ECT tapes

- 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

Qtimates of tube wall degradation allow an estimated corrosion rate to be

tablished. The rate calculated for these 46 tubes is 8.41% for 4.75 EFPM.
This converts to 1.77% tube wall loss per EFPM. The detailed analysis of

the steam generator inspection is attached in Appendix A.

| BN

The establishment of an estimate corrosion rate allows an operating interval

to be determined., The present tube plugging criteria for Turkey Point Unit 4
require that tubes with ECT indications of 40% or greater shall be plugged.

- This means that the largest indication still in service is 39%. A 39% indication

converts to 61% of the tube wall remaining.

The tubes in these steam generators are nominally 7/8 inch 0.D. by .050 inch
wall, The minimm 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 .013 inches. The detailed steam generator tube integrity evaluation
supporting this minimum tube wall is contained in attached Appendix B. A

nce between the minimum required ‘tube wall (26%) and the minimm tube wall
in service (61%) is the margin in tube wall thickness-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 EFPM, an operating periocd of 19.88 EFPM can be just-
" ified. The ciuantification of ECT indications has some tolerance associated
‘with the depth of the indication. The ECT tolerance applied by the NRC staff

in the 35% to 40% range is f %. For conservatism, it shall be assumed that
the largest indication still in service is increased by 9%. Therefore, the 39%
indication becomes 48 and the remaining wall is 52%. The difference between
523and 26% 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 EFPM.

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

interval.
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APPENDIX A
EDDY CURRENT EVALUATION

TURKEY POINT UNIT 4, NOVEMBER, 1980 '
STEAM GENERATOR INSPECTION

INTRODUCTION

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 NRC request for additional information relative to Amend-
ment 54 authorizing operation of the unit for six equivalent months
beginning January 13, 1981, '

-EXPANDED PROGRAM - NOVEMBER, 1980 INSPECTION

All pluggable thinning indications were found during the original
eddy current testing program. The expanded program performed in
accordance with Regulatory Guide 1.83 did not reveal any additional
plugging indications. |

EDDY CURRENT READINGS

Figures A-1 to A-6 show the distribution of eddy current indication
2 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 thinning 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 rec_:ord.eds are listed in-
Table A-1.







AVERAGE INCREMENTAL THINMING CALCULATIONS, -MAY, 1980 TO NOVEMBER,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 May, 1980 inspection for all tubes exhibiting thin-

ning indications equal to or greater than 20% in.December, 1980 and
for which indications equal to or greater than'zu% wers ‘observed in the
May, 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. No 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 was observed
(stean. generator B cold leg) the actual data from 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 obsewred-overigach 5% incremental
change in eddy current readings between the May, 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 com-

. pared for the two inspections.

Frcm 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

hot leg of steam generator C, where only a single comparison was possible,

the remaining four comparisons yielded apparently negative avérage in-
cremental thinning for the periocd fram May, 1980 to November, 1980. _
This result is not indicative of an actual decrease in tube thinning.
Rather, it reflects the variability in the eddy current method itself as
well as possible human 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 220% were observed, suggesting a low degree of 'thinning act-

ivity.

. DISCUSSICN

In the case of Steam Generator B, cold leg, comparison of the average
jncremental 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, compariéons of the
May, 1980 and November, 1980 eddy current signals from the pluggable
tubes suggest that the presence of new or increased denting

cvmee Lmava allamimd wlaom ot ® e o d ~ e






current phase angles leading to possible overestimates of Vthe 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-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 wallthinning($) 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 to have increased 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) toward higher phase '
angles, or greater apparent wall penetration.

In the present state of the art of eddy current ingpection 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 mamy.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 calculdted from the re-
ported field data, as well as for the pluggable tubes found in the other
two steam generators.

On the basis of the highest calculated average incremental change from
May, 1980 to December; 1980, 8.41% in SG/B cold leg, the apparent deg-
radation for this period of operation consisting of 4.75 Effective Full.
Power Months (EFPM) .is 1.77%/EFPM. Assuming the same rate of thinning
over the present operatiﬂg 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. Allowing for the staff's







*
estimate of 9% for errors attributable to the cddy current method, wuch
a tube might show an indication ol 59% in terms of wall penetration
alter 6 LFPM of operation. The remaining wall lsament would then con-

sist ol 41% of the original wall thickness.

As shown in Appendix B to this submittal, the minimum wall requirement'
for postulated accident conditions for straight scctions of the tube

is 0.013 inches, or 26% of the nominal 0.050 inch tube wall. This

1imit would permit operation for up to 14.7 EFPM at the calculatcd

rate of degradation, i.e. 1.77% per EFPM. Further, if the tubes plugged
in steam generator B, cold leg, arc deleted (on the basis that these
tubes have been removed from service) from the data base (Table A-3)
from which the talculations were made to detcemmine 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 EFPM would be only 1.32% EFPM rather than the consérvatively
calculated 1.77% EFPM. Using a thinning ratc of 1.32% EFPM, and f&llow-
ing the same method of calculation described above, margin. is

available for operation to 19.7 EFPM. Thus, ample margin is available.
for operatdon in excess of 6 additional EFPM even given the conserva-
tisms assumed. g '

VERIFICATION OF INSPECTION COVERAGE

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 cstimate, i.c. about 7%, is more appropriate
for errors attributable to the eddy current method.
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WORK SHEET PUINL UNLL #4 EBpDI GURKRKENL INULCALLUNO .MMM

*ESTINGHOUST roi sos¢  TUBES PLUGCED FOR THINNING-NOVEMBER, ﬁ STEAM GENERATOR INSPECTION

STEAM TUBE # Eddy Current In ions For Inspections Tested . _ A
GENERATOR :
Row __Col, 8/74  5/75 _4/76 5/77__8/78 4/79  §/80 _11/80 .,
A (HL) 9 21 33 | 38 38 45 .
"o 11 22 22 | <20 58
n_ow 6 75 27 L | 62
B (HL) 9 81 <20 |<20 - 51
B (c) |14 | 29 36 | 38 27 | 21 |39 |33 |46
"o 12 30 | 36 28 27 23 35 35 53
TR 23 | 39 9 |32 | - |2 |<o0 |wo0®™* 43
noow 24 .. | 39 36 29 23 38 31 44
noou 24 40 36 27 21 23 |20 24 41
woow 11 44 27 | 27 27 |29 |24 |36 |53
w_ow 22 44 21 31 24 27 28 28 45
"oou 10 46 £20 |<20 37 45
nooon 11 46 <20 |<20 39 43
n__ . 13. 46 33 51
LI 22 46 34 35 | 32 36 32 32 47
L 23 46 34 | 34 28 32 35 32 41
woon 10 a7 \ 122 |39 47
oo 7 62 |- 37 35 .30 | 30 31 37 42
v 7 64 25 25 .| 22 |<20 |nNDD 57
noow 7 65 32 29 27 |20 42
oo 17 69 29 | 23 27 23 20 22 44
C_ (HL) 14 53 25 36 21 <20 : 9 |
noon 44 53 51
c (cL) -~ | 10 46 ' 32 21 35 34 31 31 44,
c (cy . -1 5 | s8 ﬂ_ 27 ’ 29 130 133044, i -

NDD=No Detectable Defect Rl BT e






TABLE A-2

SUMMARY OF TURKEY POINT 'UNTT #4 STEAM GENERATOR TUBING
INCREMENTAL WASTAGE FRGM MAY, 1980 TO November, 1980

S/G A S/G B S/G C
HL CL JHL CL HL CL
Average incremental
wastage (% wall
thickness) -3.82% -2.23% -1.14%5 8.41% 3% -1.65%
Number of Tubes 11 219 21 46 1 132

Compared







TABLE A - 3

TURKEY POINT UNIT =4
STEAM GENERATCR B COLD LEG

Tubes WithZ 20% Eddy Current . .
Indications in Both L1/80 and 5/80 :&'i "7 .

5/80 11/80

Tube I.D. Indication Indication Change (%)
(€)) (%)
R C
14 29 33 46 13
12 30 . 35 53 18
18 36 : 32 36 . &
15 37 24 39 15
23 38 23 28 5
24 39 31 44 13
24 G 24 a1 17
23 43 25 39 - 14
11 44 36 53 17
22 44 28 45 17
21 - 45 24 32 8
7 46 29 37 8
8 46 ? 27 32 5
10 46 37 45 8
11 46 39 43 4
13 46 33 51 18
15 46 25 28 3
21 46 22 30 8
22 46 32 47 15
23 46 32. 41 9
.24 46 28 38 - 10 .
25 46 25 36 ' 11
8 47 28 ; 38 10
10 47 _ 39 47
24 47 31 -39

26 47 . 21 29 8







TABLE A - 3 (Cont'd)

. TURKEY POINT UNIT %4
STEAM GENERATOR B COLD LEG

Tubes With 2 20% Eddy Current
Indications in Both 11/80 and 5/80

' 5/80 11/80

Tube I.D. Indication Indication

' (%) (3)
R c

9 48 37 39
10 48 21 31
12 48 ’ 33 32
23 48 21 N 38
24 48 30 ’ 38 .

‘ 25 48 34 38
26 48 : 27 35

10 49 ’ 24 "33
24 49 30 39 .
23 S0 28 39
24 50 32 36
8 56 27 21
7 - 62 37 42
9 62 24 35
17 62 31 32
18 63 ’ 31 37
8 67 37 29
8 68 32 28
17 69 22 ~ 44
7 71 22 27
Total number of tubes compared = 46 .
‘ ' Average change = 8.41%
Standard Deviation = 6,38 -

Daca 72 Af 7

Change. (%)







Number of Indications

titund: A - ¢
TURKEY POINT 4
S/G A HOT LEG

DISTRIBUTION OF EDDY CURRENT' INDICATIONS Z 209
NOVEMBER 1980 INSPECTION
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- TURKEY POINT 4
S/G A COLD LEG

_ DISTRIBUTION OF EDDY CURRENT INDICATIGNS>: 209
NOVEMBER 1980 INSPECTION
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e FIGURE A - 3
TURKEY POINT 4
S/G B HOT LEG

‘ DISTRIBUTICN OF EDDY CURRENT INDICATICNS Z20%
NOVEMBER 1980 INSPECTION
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FIGURE A - 4

TURKEY POINT 4
S/G B COLD LEG

DISTRIBUTION OF EDDY CURRENT INDICAT:iCNSZ20%

NOVEMBER 1980 INSPECTION
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MNumber of Indications

rLrouids N 7D

TURKEY POINT 4
S/G C HOT LEG

DISTRIBUTICN OF EDDY CURRENT INDICATIONS Z20%
NOVEMBER 1980 INSPECTION
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N . FIGURE A - ©

" TURKEY POINT 4
S/G C COLD LEG

‘ " DISTRIBUTION OF EDDY ENT INDICATIONS =205
NOVEMBER 1980 INSPECTION
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TURKEY POINT 4

‘ S/G A INLET

DISTRIBUTION OF THE GIANGE IN EDDY CURRE.\T
INDICATIONS AT THE TUBESHEET BETWEEN THE
MAY 1980 AND NOVEMBER 1980 INSPECTIONS

Total Number of Points 11
Average Change -3.82

Number of Indications
BN ¥, ]
| D |

~7<T10 -5 0
to to to

Range of Change
% of Wall Thickness







FIGURE A - 8

TURKEY POINT 4

‘ S/G A CUTLET

DISTRIBUTION OF THE CHANGE IN EDDY CURRENT
INDICATIONS AT THE TUBESHEET BETWEEN THE
MAY 1980 AND NOVEMBER 1980 INSPECTIONS

Total Number of Point 219

110 — Average Change -2.2%
105

100 -
50 —
80 — L e
70 -

60 - 59

Mumber of Indications

40 41

30

20

10 _ 10

2 2
0— 1

.15  -10 =5 0 S .10
tb to *0 to  to to
-11 -6 -1 4 9 14

‘ "+ Range of Change

% of Wall Thickness







Nunber of Indications

FIGURE A - 9

TURKEY PCINT 4
S/G B INLET

DISTRIBUTION OF TiE GLNGE IN ENDY CURRENT
INDICATIONS AT THE TUBESHEET BETWEEN THE
MAY 1980 AND NOVEMBER 1980 INSPECTIONS

Total Number of Points
Average Change

10

10 —
Q-
8 =
T =
6~
S—
4~
3
y -
j .

-15 -1 -5 0 5 10
to to to to to to
=11 -6 -1 4 9 14

Range of Change
% of Wall Thickness

21
‘1014






Number of Indications

FIGURE A - 10

TURKEY POINT ¢
S/G B QUTLET

DISTRIZUTION OF TriE
INDICATIONS AT TiE TUBESHEET BETWEEN THE
MAY 1980 AND NOVEMBER 1980 INSPECTIONS

1aN o
[T P ey

IN EDDY CURRENT

Total Number of Points
Average Change

20—~
17
5.
10 . 9
8
7
Se
2 2
i 1
0. ]
-10 -5 0 5 10 1s 20
to to to to to to to
-6 -1 4 9 14 19 24

Range of Change
% of Wall Thickness

46
8.41
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Number of Indications

FIGURE A - 11

TURKEY POINT 4
S/G C QUTLET

DISTRIBUTION OF THE CRFIANGE IN EDDY CURRENT
INDICATIONS AT THE TUBESHEET BETWEEN THE
MAY 1980 AND NOVEMBER 1980 INSPECTIONS

. Total Number of Points
Average Change

60 -
52
SO-—l
44
. 40 -
30—
22
20 = ‘
10 — i
7
4 | . 3
0 ]
-15 -10 -5 0 S 10
to to to to to to

-11 -6 -1 4 9 14

Range of Change
% of Wall Thickness

132
-1.65
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FIGURES A-12 to A-33

EDDY. CURRENT SIGNALS FROM TUBES PLUGGED
IN. NOVEMBER, 1980 ’

TURKEY POINT UNIT #4
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FIG A-15

TURKEY POINT #4 (FLA)
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. FIG. A-14
. TURKEY POINT #4(FLA)
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TURKEY POINT #4(FLA)
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TURKEY POINT #4(FLA)
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3 . FIG. A-17
) TURKEY POINT #4 (FLA)
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. FIG. A-18
. TURKEY POINT #4(FLA)
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. FIG. A-20
. TURKEY POINT #4(FLA)
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FIG. A2l
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. FIG. A- 23
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. FIG. A-24
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FIG. A-29
. TURKEY POINT #4(FLA)
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APPENDIX R

FPL (SERIES 44) SG TUBE INTECGRYTY BVALUATTON

Minimuri Wall thickness Requirement to Saleguard
Against Burst and Collapse of ‘Llubing With
Localized Degradation at the Top of 'fubeshect

On the basis of extensive testing of typical PWR steam generator tubing, it

is known that for the straight length tubing the minimum tube wall (t )

requirement to @aleguard against burst or rupture during a postulated teed line
break (FLB) accident is always more limiting than that for collapse follow-

"ing a postulatéd LOCA (1) Thus, the approach used to establish the minimum

required wall thickness for tubing degraded locally 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

’
is satisfied for a tube with the maximum expecgig ovality in the TTS region of
the tube bundle. It is to be noted that both the tube burst and collapqe
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 Teality, since thinning tends to be nonuniform, the assumption of minimum
ligament being uniform around the entire circumference lends to a somewhat
conservative estimate of toin.

Nominal Parameters for the FPL SG Tubing

Outside Diameter, OD = .875 in.
Wall Thickness, t = .050 ‘in.
Inside Diameter, ID = .775 in.
Material, I-600 Mill-anncaled
Lover Bound Yield Strength (2),
SY = 37.8 ksi at Room Temperature
S, = 30.1 ksi at 600 degrees F °
Maxjjm%,nn Ovality in Straight Legs, e,= 1.5%

.* Numbers in brackets designate rcferences at end of Appendix B.







In order to account for the effects of thin wall behavior and the anisotropic
yield properties, actual test results, shown in Figure B-2 (1), of wniformly -
thinned, as manufactured tubing are used. These tests were run at 600 degrees F.
The material yield strength was S51.0 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% wall degradation, (t = ,013 inch) the minimum collapse

pressure P_ from Figure B-2 is obtained to $;n1760 psi (for a defect length of
.76 inch). This value is used as the reference collapse pressure of a perfectly
vpund, (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 ANSYS solution dis-

cussed sbove.

For the given ovality and Rn/t ratio, ‘the ¢ollapse presdure 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-1, the ratio of normalized collapse pressure

of round tube to a 1.5% oval tube is:

Po=.775 ~ .8

1.5 -9

P

llence, the minimun predicted collapse pressure of 74% degraded FPL tubing in the

straight leg regions is:

P = .8 x 1260 = 1000 psi.

1.5

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 Requirements

The mﬁijnmml]mrimary-to-secondary pressure ol 2500 (2) psi across the tube wall occurs
during a postulated FLB accident. To saleguard against tube rupture under

min = 013 (2) inch has been established for a
nominal .775 inch ID, I-600 MA tubing. That analysis used a conservative

this loading at 600 degrees F, t

lower bound of 10,000 psi room temperature burst pressure for a nominal .875.x
.050 wall tubing. )

Verification for Collapse Requirement

A number of studies on the external pressure collapse response of typical SG
tubing have been reported (1, 3). Lven though the tube ovality is known to
reduce significantly the resistance to collapse, accurate analytical formulation

"is difficult to derive because of material anisotropy and increasing ovality under

pressure loading (that is, Lagrangian formulation). Additionally, in the case
of degraded tubes with a remaining wall on the order ol 25% of nominal, the
effect of failure mode being elastic buckling rather than plastic collapse should
also be considered.

.
.

For the lack of a comprehensive, unified theory encompassing the effects of all
the above variables, the following conservative approach is needed for verif-

ication of t

min against collapse.

From the results in Reference (3), it is obscrved that the limit anélysis theory

correlates well with the test results of stress-relieved tubing which is believed
to have less anisotropic yield properties than as-manufactured tubing. The
theoretical prediction is rather excellent for speciments with small initial
ovalities. Nevertheless, in order to account {or continued increasc in ovality
under the external pressure loading, a large-dcfommation finite element solution
(ANSYS STIF48) using elastic-perfectly plastic shell behavior is utilized for the
actual verification. The finite element solution along with the limit analysis

theory and actual test results is shown in Figure B-1.







bz

For the FPL SG units, the muximun secondary to primary pressure due to LOCA
is 770 psi (4). ‘The required minimm collapse pressure in accordance with
the Section TIT criterion is 800 psi (770/.9). Since the predicted strength
is in excess of the required mininun, tmin = 013 inch is veriflied against

failure due to collapsec.







Vagins, M., et al., "Steam Cenerator Tube I[ntegrity Program - Phase I
Report'", NURIG/CR-0718, September, 1979. ‘

Smith, P.G., and Sun, C.L., "CPL Steam Generator Tube Plugging Criteria
Calculations', WID-SM-77-058, Revision 1, July, 1977.

Small, N.C., '"Plastic Collapsc of Oval Straight Tubes Under External
Pressure,' ASME Paper 77-PVP-57, June, 1977.

Turkey Point Units 3. & 4 LOCA Analyses.
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ATTACHMENT C

ATTACHMENT - FPL SYSTEM LOAD CONDITIONS FOR JULY — OCTOBER 1981

FORECASTED PEAK LOADS (MW)

JULY AUG. - SEPT. OCT.
9610 9630 9630 8620

NOTE (1) These forecasted peaks could very probably be low, as last year's
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 SUMMER CAPABILITY FOR SOUTHEAST FLORIDA.
7743 MW [6438 MW STEAM + 1305 MW DIESEL & GAS TURBINES].
NOW ASSUMING BOTH TURKEY POINT UNITS ARE QUT OF SERVICE (646 MW PER UNIT).
7743 - 1292 = 6451 MW AVAILABLE
o SINCE IMPORT LIMIT IS 1150 MW: ‘
. 6451 + 1150 = 7601 MW TOTAL AVAILABLE TO SOUTHEAST FLOkIDA
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 THIS
CALCULATION ASSUMES NO OTHER UNITS OUT OF SERVICE, HENCE ANY OTHER UNIT
PROBLEM WOULD MAKE THE CONDITION MORE SEVERE.
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FLORIDA POWER & LIGHT COMPANY ‘

. February 27, 1981 |
' 1~-81-88 ’

‘Office of Nuclear Reactcr Regulation
Attention: Mr. Stéven A. Varga, Chief

.Operating Reactors Branch {1

Division of Licensing . v
U. S. ltuclear Regulatory Conmission -

Lashingto.., L. C. 20555 ‘ . ,
. . .y .. oLt . . T
- Dear Mr. Vsrga. . ‘,‘ Lo T Lo s
' Res Turkey. Poimt U:L.." £ C T a0 A .
) Dockes No. 502250 . . R
XStzez z-Gegerator Trbe Wastdpe-InformbabtlonX -7 iy ©7f 7w o Lmm Tumpmsssrs 0 oo

Amendment 34 to the Turkey Point Unit 4 Pacility Operating License authorized

. six montns of operatiom subject to the submittal of confirmatory data
regarding tube wastzge- IPL received the specific items requestéd by the NRC
on Jzausry 30, 198l. ) : " .
The .attached repo". p:m ricdes the tube wastage predictions' and other associated.
supplemencal ipforaztion requested by the Staff. The analysis, using

‘ conservative assump=ions, confirms that the current]ly authorized 6 month I

operating period is comsarvatively bounded by ‘the.tube wastage pr‘_dictlons.
In addition, with rzspect to tube wastage, the analysis supporxts a ninimun
operating period in zxcass of 14 equivalent full power months.

* [
A0

Very truly yours,

Rebert z. Thrrig .
Vice Presiient
Advanced Systens & Tsckhnelogy

REU/JEM/za o ‘ | .
<" PEGLATORY DOCKET FILE COPY
- ce: J. P. 0°Reilly, Region IX mme T , e e
Haroid F. Reisz, Zsguire : .

D\«a’-’-@ ‘ v PEOPLE...SERVING PEOPLE '
‘w *s*? L ¢‘f G ¢5 ‘79‘-3 e CMEE SRMRERES R FEEEPS I ST M FOM - S $T Geaae TIAE (SR i s FE L SR o R Yr e cm sk €t - . .- sﬁ-uﬁe-,*
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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 §utage,. 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 abmg the top of the tubesheet.
from the previous :Lnspectlon showed that in the steam generator‘(B-cold leg)
with the highest apparent tube degradation, 46 tubes with indications had been
included in the previcus inspection program. -
estimates of tube wall degradation allow an.estimated corrosion rate to be
stablished. ., "The rate calculated for these 46 tubes is 8.41% for 4.75 EFFM.
s converts to 1.77% tube wall loss per EFPM."

the stean generator mspecuon is attached m Append:.x A,

A

The establj.siunent of an estimate corrosion rate allows an operating interval

to be determined. The present tube plugging criteria for Turkey Point Unit 4 -
' reqtiire that tubes with ECT indications of 40% or greater shall be plugged.

This means that the largest indication still in service is 39%.

converts to 61% of the tube wall remaining.

The tubes in these:steam generators are nominally 7/8 inch 0.D. by .050 inch

wall, The minimm tube wall that is required to maintain tube pressure in- -
tegnty dunng -a plant faulted condition event in the area.near the top of the
tubesheet is .013 mches.

Ay
P

A review of the ECT tapes
- These '46 tubes with twovsuccessz.ve

The deta:l.led analys:.s of

A 39% indication

The deta:.led steam. generator tube mtegnty evaluatlon

I supporting t}us minimm tube.wall.is contained in’ attached Appendix B, A
remaining tube wall of-.013 mches is 26% of the nominal tube wall. The diff-
erence between the minimum rcqu:.red ‘tube wall- (26%) and the minimm tube wall

service (61“) is the margin in tube wall thlckness if tube wall- degradat:.on

ould ccmtmue, this margin is 35% of the tube wall.

Using the estimated
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éorrosion rate of 1.77 per EFPM, an opcr-atingg period of 19.88 EFPM 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 NRC staff
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 48 and the remaining wall is 52%. The difference between
S23and 26% 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 EFFM.

Considering the estimated operating intervals, a six month operating interval
for the Turkey Point Unit 4 is considered to be a conservative operating
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APPENDIX A
EDDY CURRENT EVALUATION
TURKEY POINT UNIT 4, NOVEMBER, 1980
STEAM GENERATOR INSPECTION

»

I, INTRODUCTION

An evaluation of the eddy cx.rrent data obtained in the November, 1980
steam generator mspect:.on at 'mrkey Point Unit 4 was made in response
to the NRC request for add1t10na1 information relative to: -‘-mend—

" ment 54 authonzmg operation of the umit for six equ:.valent months
begmm.ng Jarmary 13, 1981.

II. -EXPANDED PROGRAM - NOVEMBER, 1980 INSPECTICN

All pluggable thinning indications were found during the original
eddy curent testing program. The expanded program performed in |
accordance with Regulatory Guide 1.83 d1d not reveal any addltlonal
plugging md:.catlons. .

EDDY CURIENT READINGS

. III, Figures .\-1 to A-6 show the distribution of eddy current indication

220% 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 cﬁrrent readings for each.of the pluggable thinning indications
. found in the November, 1980 mspect:.on, mcludmg the coresponding
~read1ngs obtamed in -April, '1979 and in May, 1980, ‘as requested by the
" staff, as well as all previous indications recorded, are listed in

- Table A-1.
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AVERAGE INCPEMENTAL THINNING CALCULATIONS, MAY, 1980 TO NOVEMBER,1980

The average incremental wall thinning increase (in temms of percent of
wall penetration) was calculated for each steam generator hot and cold
leg, relative to the May, 1980 inspection for all tubes exhibiting thin-
ning indications equal to or greater than 20% in.Necember, 1980 and

for which indications equal to or greater than®:u% were observed in the
May, 1980 inspection. The indications were cbserved at tube elevations
from just above the top of the tubesheet to abcut 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 inspectéd. The
pertinent statistics are sumarized in TAble A-2. For the case where

£

J!a‘.
!
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the only positive average incremental thimning increase was observed
(steam generator B cold leg) the actual-data from 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 mumber of indications obsewed<overj:fdch 5% incremental
change in eddy current readings between the May, 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 s:.nce only one tube could be com-
pared for the two :mspect:.ons i

Fram Table A-2, it is noted that except for the cold leg of steam
generator B, where a positive average: increment was calcula.ted and the
bot: leg of. steam: generator C, where only “a-single comparison. was possible,
the remaining four cmxpansom yielded apparently negative average in-
cremental thinning for the period from May, 1980 to November, 1980.

This result. is not indicative of an actual decrease in tube thinning.
Rather, it reflécts the variability in the eddy current method itself as
well as possible human factors involved in evaluating ‘the eddy current
szgnals 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 ocaurred in the time penod
studied.

.In the case of Steam Generator C, hot leg, where only one indication
could be compared between the two inspection pericds, only seven in-
dications 220% were observed suggesting a low degree of thmrung act-

ivity.

DISCUSSION

In the case of Steam Generator B, cold ieg, comparison of the average
. incremental thinning increase with Tesults.from the other steam generator

legs suggestsethats there ina:y- be a small but finite inci:ement in tube
thinning which may not be explainable solely on the basis of inherent
uncertainties in the eddy'current method. However, comparisons of the
Miy, 1980 and NovembeF, 1980 eddy current signals fram the pluggable
tubes suggest that the presence of new or increased denting
may have affected the estimates of the eddy

“ap - 2 o .o







current phase engles leading to possible overestimates cf the depth
of penetration in same 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-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-zo; the eddy current
signals and estimated wallthinning(%)for tube R22-C44 are displayed
for the 4/79, 5/80 and 11/80 inspections. The component of the eddy
arrrent signal-due to denting (indicated by arrows marked "' on the
figures) is seen’ to have’ mcreased in each of the mspect:.mxs The
effect of the contribution of denting to the 51gnal is to retate',
deflect  the portion of the 51g11a1 associated with wall penetration ..
(indicated by arrcws marked 2" on the figures) toward higher phase )
angles, or greater apparent wall penetration.

In the present state of the art of eddy current inspecticn techniques,
. the effect of supemlpos:.tn.on 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 many.of the (plugged)
tubes may be signﬁicanﬁly 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. o |

" On the basis of the hlghest ‘calculated average :mcremental change fram
i< .May,. 1980 to December, 1980, 8:41% in SG/B cold leg,. the apparent- deg-
radation for this penod of operatn.on con515t1ng of 4,75 Effective Full
Power Months (EFPM) is 1.77%/EFPM. Assuming the same rate of thinning
over the present operating pezjiod; 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. Allowing for the staff’s







estimate of 9% for errors attributable to the eddy current method: such
a tube might show an indication of 5$9% in terms of wall penctration
after 0 LEIPM of operation. The remaining wall ligament would then con-
sist of 41% of the original wall thickness.

As shown in Appendix B to this submittal, the minimum wall requircment
for postulateéed accident conditions for straight scctions of the tube

is 0.013 inches, or 26% of the nominal 0.050 inch tubc wall. This

1limit would permit operation for up to 14.7 EITM at the 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 removcd from service) from the data base (Table A-3)
from which the calculauons were made to determine the highest average
thiming rate, the calculated average incremental thmmng would be

“only 6.25%. rather than §. 41 tand the th;nnmg 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% EFPM, and fo'llow-
ing the same method of calculation described above, margin is '
available for operation to 19.7 EFPM. Thus, ample margin is available.

for operatmon in excess of 6 additional IIFPM even given the conserva-

tisms assumed.

VERIFICATION OF INSPECTION COVERAGE

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, "Westirighouse believes that for indications.in the Tange
of 40 - 500, a lower cstimate, i.e. about 7%, is more appropriate
for errors' -attributable to the eddy current method.







TABLE A-1

INDICATIONS FROM

# NDD=No Detectable Defect

% Manks Indicate no Data Available .

SHEET . . TURKEY POINT UNIT #4
“wuouu romu 8295 TUBES PLUGGED FOR mmumcm STEAM GENERATOR INSPECTION _; i
’ STEAM - TUBE { Eddy Current Indications For Inspcctions Tested e
- GENERATOR
Row __Col, 8/74 __S/75° 4/76 _§/77__8/78 _4/79 _5/80__ 11/80
A (HL) 9 21 33 | 38 .| 38 CI 45
nooow B 15 L R B Y 22 (<2 | 58
n_u - 1 6. |15 27 62
B (HL) 9 |8 <20 |<20 51
B_(CL) 14 29 36 | 38 27 121 |3 |33 46
noow 12 30 36 | 28 - 27 |23 |35 |35 53 :
nom 23 | 39 39 | 32 .+ | <20 - |[no0®* 43
moom 124 | 39 36 20 |23 |38 |31~ |a4
woow 24" | 40 36 | 27 2 |23 K0 |24 a1
noow 11 44 27 | 27 27 |28 124 36 |s3 ‘
n__u 22 | a4 21 L 3 24 | 27 log |28 a5
woow 10 | 46 <20 . [<20 | 37 as
noom 11 46 <20 [|<20 39 43 |-~
n__ 13. | 46 . 33 51 _
noon 22 46 34 | 35 32 |36 |32 |32 47
noow 23 | 46 34 | 34 28 |32 |3 |2 |a B
noon 10 "} 47 B 22 |39 47 J
non 7 62 37 |35 -3 L3 |3 |37 42
n’om 7| 64 25 | 25 22 <20 |nop° 7
n_n 7| 65 32 | 20 ‘27 <20 ‘ 42
"o 17 | 69 "29 | 23 27 | 23 |20 |22 44
C__(HL) 14 53 25 36 | 21 <20 49
" " 44 53 ' 1 .‘, 51
c (CL) 10 | 46 32 | 21 35 |34 |3 3% 44
c_(CL) s | 58 | 21 ' _29 i3 i35 . laq_ 0. _
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SIMMARY OF TURKEY. POTNT UNTT, #4- STEAM GENERATOR TUBING
y 1 MAY, 19 November,

S/G A S/G B . s/ec
HoQ . HG HL CL

?:: ¢. " AVerage' - I i I . ) * s ;. : ' - - * s -ml . ,. s' s ® . '. P . - " ‘o’?. -:-' :-:'.:.E F el _:_A
wastage (% wall . .
thickness) -3.82% -2.23% -1.14% 8.41% 3% -1.65%

Mumber of Tubes o1 29 . 21 46 1 132

Standard Deviation 3.0 4.1 5.9 6.4 - 4.5
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a
a4

47 -

Tube I.D.
R ¢
‘14 29
12, 30
18 36
15 37
23 38
24 39
24 40
.23 43
11
22
21 - 45
7 46
8 46
.10 46
11 46
13 46
15 46
21 46
22 46
23." .- 46
247 46
25 46
8 47"
10 -
28 47
26

47

RS

STEAM GENEPATOR B COLD LEG

TABLE A - 3

TURKEY POINT UNIT

#4

Tubes With 2 20% Eddv Current

Indications in BOth 11780 and- 5/80-i% .3

5/80 11/80
Indication * Indication
(%) )]
33 -46
35 . ‘ 53.
32 ' 36
24 30
23 28
31 44
24 41
25 " 39
36 53
28 45
24 32
29 37
27 32
37 AS
39 43
33 51
25 28
22 30
32 47 "
22 4
.28 38 -
25 36
28 38
39 47
31 39
21 29

Page 1 of 2°

Change (%)

L

tn Ur".h'

13

.17

14
17

17

& 00 th 00 ©

18

0 W\

15

10

10
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" Tube I.D.

25,

10
®
' o2

17 -

18

.17

26,

i -
7
A7
.
:

&0

48
: 4& )1'
o4
48

48

48
S 49

49 - -

50, "L
50 .
‘56 .
62
62

62

63

67

.68
<. 69
<71

7+ %7 ‘Total.number of tubes. compared = 46

#

PECE

TABLE A - 3 (Cont'd)

TURKEY POINT UNIT 44 -°

' STEAM GENERATOR B COLD LEG

Tubes With2 20% Eddy Current

Indications in Both 11/80 and 5/80

.. §/80

. Indication

€)

LT
S
. 33_ .
2
L30 .
34
27
24
: 30 v
T
D32
27
3T
24
31
. 31
37
.32
.22
S22

Average change

39
- 31
32 -

38

.+ 38

38

. 33

397
T 39

36
21
42
35
32
37
29

11/80
Indication
%)

‘25

28 °

];z7

. Standard Deviation

Page 2 of 2

a4

= §.41%
= 6.38

1t






.o ' TURKEY POINT 4 C e

’ , . S/G A HOT LEG
i
- DISTRIBUTION OF EDDY CURRENT INDICATIONSZ20%
NOVEMBER 1980 INSPECTION
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- TURKEY POINT 4
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DISTRIBUTION OF EDDY CURRENT INDICATIONS 25 20%
NOVEMBER 1980 INSPECTION
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T © TURKEY POINT 4 2 S
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Number of Indications

T FIGURE A - 4 5

TURKEY POINT 4
S/GB COLD LEG _

DISTRIBUTION OF EDDY CURRENT INDICATIONSZ20%
NOVEMBER 1980 INSPECTION
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Muber 6f Indicatiens

" TURKEY POINT 4 -
S/G C COLD LEG

DISTRIBUTION OF EDDY CURRENT INDICATIONS >20%
NOVE*BER 1980 INSPECTION
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FIGURE A - 8

. TURKEY POINT 4
‘ ’ S/G A CUTLET

. DISTRIBUTION OF THE CHANGE IN EDDY CURRENT
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FIGURES A-12 to A-33
EDDY CURRENT SIGNALS FROM TUBES PLUGGED '
IN NOVEMBER, 1980
TURKEY POINT UNIT #
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APPENDTX B8

-
H

. IPL (SERIES 44) s TUBE INTECGRTTY EVALUATTON

Minimu Wall thickness Requirement to Saf eguard
Against Burst and Collapsc of ‘Llubing With
Localized 'Beg,mdatlon at the Top of Tubesheet

On the basis of extensive .teqting of typical PWR steam generator tubing, it
is known that ..or ‘the straight length tubing the mlmmum tuhe wall (tmm)
requirement to safeguard agamst burst or Tupture durmg a postulated feed line
break’ (FLB) accident is always more. 11mt1ng than that for collapse follow--
ing a postulated LOCA (1) Thus, the approach used to establish the minimum
required wall thickness for tubing degraded locally at the top of the tube-
" sheet. (TTS) consists of (1) comptiting the toi hased on the burst pressure re-
‘ .o . quirement;.and (2) verifying . that using thls t min’ the collapse requirement
' is satisfied for a tube with the maximum expected ovality'in the 'I'I‘S 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 ).
In reality, since thinning tends to be nonuniform, the assumption of minimum
ligament being uniform around the entire c1rcumference lends to a somewhat
conservatwe estimate of tmm.

Nominal Parameters for the FPL SG Tubing

Outside Diameter, OD = .875 1in.

Wall Thickness, t = .050 in.

Inside Diameter, .ID.> .77S in.

Material, I-600 Mill-anncaled

.. Lower.Bound Yield. Strenpth (2), - ' c T
S), = 37.8 ksi at Room Temperature
Sy = 30.1 ksi at 600 degrees F

‘ . Maximm Ovality in Straight Legs, e = 1.5%

* Numbexs in brackets designate rcferences at end of Appendix B.







“In order to account for the effects of thin wall behavior and the anisotropic
‘ yield properties, actual test results, shown in Figure B-2 (1), of uniformly -
thinned, as manufactured tubing are used. Thesc tests were run at 600 degrees F.

.The material yield strength was S51.0 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% wall degradatmn, (t min = -013 inch) the minimm, 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
“round, (this is a conservative assumptmn) as-manufactured tube thinned uniformly
" t0:.013 inch ligament. This value is then adjusted for the actual FPL tubing
y1e1d strength of 30,100 ‘psi and ovality of 1.5% using the ANSYS solution dis-
- cussed above. o 2 T R P

W For the’ given ovality and R, /1; ratio, the collapse pressure is proporticnal to
the yield strength. .Hence, the reference collapse pressure for 74% degraded
FPL tubing is:’ ‘

: -
' - Pc = 1760 x 30,100/42000 = 1260 psi - - .
From the ANSYS ‘solution in Figure B-1, the ratio of normalized collapse pressm‘ew
; of round tube to a 1.5% oval tube is:
Po = .775 ~ .8 )
97

P1.5
llence, .the minimun predicted collapse préssure of 74% degraded FPL tubing in the
straight leg regions is: ’

P, ¢ = -8 x 1260 = 1000 psi.

... Note that if the defects are in the, proximity.of . the. ‘tubesheet, the actual resis-
o ey citance to- collapsc would be increased~somewhat due: to- the end const'ramt.=







Burst Strength 'Rm;uircmenfs

The maximm primary-to-secondary pressure ol 2500 (2) psi across the tube wall occurs
. during a postulated FLB accident. To saleguard against tube rupture under

min = 013 (2) inch has been established for a
nominal .775 inch ID, I-600 MA tubing. That analysis used a conservative

lower bound of 10,000 psi room temperature bhurst pressure for a nominal .875 x

.50 wall tubing.

this loading at 600 degrees F, t

® . mm s as

vt
I

Verif icatioﬁ for Collapse Reqﬁirément )
A number of studies Jon the extemal pressure collapqe response of typrcal SG

_ tubing have been reported a, 3) Even though the tube ovality.is known to.
reduce 51gn1f1czmt1y the resistance to colIapse, accurate anaIytJ.cal formuIatmn

o
= amm——— -

" . is difficilt to defive because of material anisotropy and mcreasmg, ovality under
1 . “ pressure loading (that 1s, Lagrangian fornmlamon) Additionally, in the case

Iy of degraded tubes with a remaining wall on’ the order of 25% of nominal, the

a4 o effect'cf failure mode-being-, glastic bucklmg, rather than' plasnc-collapse should
. : 'a]so be considered. o .

. 17 "' For the lack of a comprehensive, unified "'thedry“ encompassing the effects of all
R . the above variables, the followmg conservatwc approach is needed for verif-

ication of toin against collapse.

From the results in Reference (3), it is observed that tf\e limit aﬁalysis theory

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

_ theoretical prediction is rather excellent for speciments with small initial !
ovalities. . Nevertheless, in order to account for con_tipued increase in ovality

T under the external pre::;sure' loading, a large-dcl_'onnation finite element solution

' T (ANSYS 'STIF48) using elastic-perfectly plastic shell behavior is utilized for the

-.. .actual.verification. . The..finite.element.solution.along.with.the.limit analysis...
 theory and actual test Tesults is shown in Figure B-1. . e &
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For the FPL SG units, the muxinmon seéondary to primary pressure due to LOCA -
is 770 psi (4).. The required mininum collapse pressure in accordance with
the Section III criterion is 800 psi (770/.9). Since the predicted strength
is in excess ol the required minimum, toin = -013 inch is verified against
failure due to collapse.
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Nnrnélized Collapse Pressure, Pcnmlsyt
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’ ATTACHMENT C
ATTACHMENT - FPL SYSTEM LOAD CONDITIONS JULY - OCTOBER, 1981
‘ FORECASTED' PEAK LOADS (MW)
*  JULY ~ AUG. SEPT. =~ 0CT.
9610 = - 9630 9630 8620

NOTE (1) These forecasted peaks could very probably be Tow, as Tas£ year's
. 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 Tine out of service)
is 1150 MW at the 9630 NW load level.

FPL'S TOTAL INSTALLED CONTINUOUS SUMMER CAPABILITY FOR SOUTHEAST FLORIDA

7743 MW [6438 MW STEAM + 1305 MW DIESEL & 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 MM 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 M
6741 MW = 12.8% RESERVE

THIS RESERVE IS CONSIDERABLY BELOW THE RECOMMENDED 20%. 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 & SUBMITTED, WE HAVE HAD AN ACTUAL JULY PEAK

OF 9738 MW, THUS INDICATING THAT ACTUAL SYSThM CONDITIONS MAY BE EVEN MORE

SEVERE THAN FORECASTED.
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