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TURKEY POINT 4 STEAM GENERATOR
" INSPECTION PROGRAM

INTRODUCTION

An extensive inspection program for the Turkey Point Unit 4 steam generators

was conducted in May, 1980. The following items“ﬁere accomplished:

1. Gauging of steam generator hot legs and cold legs - all steam éenerators.
2. Measurements of visible flow slots in all steam generators.
. 3. Eddy current inspection of small radius U-bends in steam generator B.
4., Regulatory Guide 1.83 eddy current measurements in the. hot legs and
cold legs of all steam generators.
5. Preventive plugging.

6. Profilometry of selected tubes.

Table 1 is a summary of the approximate number of steam genérator tubes inspected

* in each category and in each steam generator,

Table 1: Summary of Total Steam Generator Tubes Inspected.

E

A Hot Leg A Cold Leg" B Hot Leq B Cold Legq C Hot Leg C Cold Leg

Gauging 1205 .70 1276 140 1209 _179‘
U-Bend Rows 2-56 - | - - 55 - -

R.G. 1.83 301 360 283 169 146 - 275

This report summarizes the {nspections conducted, the results of -these inspections,

and. preventive plugging programs accomplished.

INSPECTION PROGRAMS

A. Gauging Program '

The tube gauging program in the tubelane area is based on previously defined
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regions vhere significant tube deformation has occurred. These regions
are also determined using finite element analysis technique which yield
tube hoop strain contours as a function of plate deformation. The boundary
in the peripheral tubelane areas ncar the three and nine o'clock wedge
locations is modified in the anlaysis to take into account the deformation
in this region of the plate determined by previous experience. Initially,
a 12.5% strain boundary was used in.the gauging program when little plant
specific data was available. After two initial inspections and four
reinspactions of the Turkey Point Plants, review of specific information
indicated the conservatism of the 12.5% boundary. Consequently, a 15%
boundary was adopted and used in the guaging program during the last
inspection. With the addition of the information gained from that
inspection (then totaling five reinspections), it became apparent that the
15%.boundé}y was also overly conservative and the 17.5% boundary would be
more appropriate. That is, the majority of the tubes inspected did not
restrict the .650 probe. In addition, all tubes restricting the .610 inch
or .540 inch probe in the tubelane area all fell within the inspection
boundary. This is significant since the .610 inch and .540 inch
restricted tubes form the basis for the plugging patterns in the tubelane
region. It is now apparent that the predicted 17.5% stain contour
progresses much more rapidly than what actually occurs in the S/G's (as
indicated by the plant inspection data). Since full closure of the
flowslots was observed in Turkey Point 4 steam generators during the May,
1977 inspection, Turkey Point 4 is regarded as beyond full closure by
approximately 25.5 EFPM's. Since the 17.5i contours at 24 months appears
to involve much of the hotleg tube bundle, the program was adjusted to
reflect prior experience. Additional inspection programs were defined for
the periphéry, wedge, and patch plate regions. These programs were based
on previous tube leekage histories at Turkey Point as well as previous
gauging results at the Turkey Point sites as deemed appropriate.
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Due to the current awareness of the potent1a1 for tube deformat1on on the

cold leg side, inspections of a]] three steam generator cold legs were

perforned

The gauging inspection boundaries for the May 1980 inspéction. are indicated

in Figure 1 (typical hot leg) and Figure 2 (typical cold leg), Tubes res=

 tricted to a-650 mil probe in previous inspections vere retested, If a

restricted tube was found close to the inspection boundary, the ihspection

was expanded in that area.

In addition to the specific_gauging inspection program, it shou]a be noted
that the central portion of the tube bundles from row 14 upward vere tested
with 700:mi] probes, providing early indications on any nev deformation which
might exist away from the regions usually regarded as active, i.e. the

tube]anp,,patch plate, wedges, and periphery,

Flow Slot Measurements

Photographs were taken in each steam generator through the secondary hand-
holes. These photographs vere then utilized to measure the openings in the
visible flqw slots. Results are discussed in Section I1I. Flow slow measure-
ments provide a gross measure of the continuation of denting, as reflected in

the rate of.flow slot hourglassing.

Other Denting Related Inspections

The U-bends of- unplugged tubes in rows 3 thru 5 in steam generator B were
éxamined with 100 kHz. These 1nspect1ons are performed to confirm the 1n«

tegrity of the small radius U-bends in Tow number rows,




D. Regulatory Guide 1.83 (R.G. 1.83 inspection)

The types and extent of inspections reqyired in this area are specified in
R.G. 1.83, Typical inspection plans are included (Figures 3 - 8 ). During
wthe inspections, expansion of‘the program in each steam generator was
accqmpTished'as required by R.G. 1.83. Results of the inspection are dis-

cussed later in this report (as available).

A, Gauging Programs

|
% I1I. Inspection Results
|

Results of the gauging inspections are -indicated in Figures 9 -~ 13 and are

summarized in Table 2.

Table 2: Tube Restriction Summary
Number of Tubes Restricting Passage of Gauge

SG Gauge Tubelane Periphery and ledge Patch Plate

Diameter | Hot Leg Cold Leg Hot Leg Cold Leg Hot Leg
SG A
650" . 20 o . 22 0 2
.610" 15 0 5 0 0
.540" 4 0 2 0 0
SG B °
.650" 23 0 32 0 6
.610" 9 0 5 2 0
0 2 0 0

540" 3




. . .
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+5G/Gauge Tube'la' ‘ : Periphery an,adge Patch Plate
Diameter Hot Leg Cold Leg Hot Leg Cold Leg Hot Leg
SG C .
©,650" ¢ 28 o 23 0 12
.610" 14 4 5 2 . 4
540" 3 a ( 1 0 0

Summary comments resulting from the review of tﬁis énd other data are as follows:

1. Tubes in the tubelane region that restr1ct the 0,650 inch probe lie adgacent
to the areas in wh1ch such restrictions occurred in prior exam1nat1ons.

2, There were no tubes restricting a 0.540-inch probe in the tubelane regions of
the‘co1d legs in any of the three SG's,

3. Tube restrictions were noted in the wedge areas and the patch plates'of all
three steam generators this activity appears cons1stent with previous ex-
perience at th1s and other units,

4. 1In steam generator B several tube restrictions appeared away from the pattérn'
of priorzresu1ts; these vere located in the Reg. Guide 1.83 inspection program
and appropriate expansions were performed. Three of the restrictions, four

in all, were located adjacent to a tube which had been pulled in Sept. 1975,

as part of the earliest field investigations of denting. The fourth tube
lay adjacent to the pgtch plate inspection area.

5. Only 1imited cold leg activity, i.e. restrictions less than 0.610 iﬁches,
was observed: No tubes in SG A, 2 in SG B, and 6 in SG C. The level of
cold leg activity remains quite Tow éompared to the hot leg experience.

‘6. No forced shutdowns because of tube Teakage occurred in 10 EFPM of operations,
though s1ightu1eakage was reported Igte in March, 1980, A post-plugging hydro
in SG A located‘R40C68 hot leg as the proBab]e source of TQakage.‘

7. Review of the gauging results shows that 80 tubes restricted the.0‘610 inch
lprobe after 10 months operation; this compares with 72 such restrictions ob-
served in Apri1, 1979 after 6 months operations, As a measure of denting ’
progression, the ;mailer per month figure (8 tubes with 0.610 inch restrictions/

mSnth) indaicates that someﬁs]owjng in the denting brocess may have occurred,

and/or-indicates an . over-conservative preventive plugging program.




B.
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Flow Slot ieasurements

The results of the flow slot measurements aée indicated in.Figure 19.
Only the lower support plates are visible in each S/G. The results are
consistent -with previous behavior.

Other Denting Related Inspections

The U-bends of unplugged tubes in rows 3 thru 5 in steam generator.B were

~examined at 100 kHz. No indications were noted in these small radius U-

bends. -

Regulatory Guide 1.83 Inspection Results and Evaluation

As a result of the periodic inservice eddy current testing done in
accordance with Reg. Guide 1.83, 14 tubes were plugged, as follows:

SG A : SG B . SG C
RSCLOHL ' ‘RIC47CL R8C34CL
R5C50CL R11C47CL - R14C46CL
R5C72HL R36CH55HL “ R18C27CL
R10C30CL

R22C57HL HL - Hot Leg Indication

R23C44CL CL - Cold Leg Indication

R25C57HL ‘

R26C49CL

The inspection results of these 14 tubes were evaluated to assure that
thinning rates were not escalating. The 1979 EC results for these tubes
vere Tooked at and compared to the present EC data. This comparison
indicated an average change (in wall thinning) of approximately 1%. The
difference in this year's results for these tubes compared to last year's
results, is explained more on the basis of differences between EC data
interpreters, than on significant degradation of the tubes.

Profilometry of Selected Tubes

This inspection (Figure 14) was perfonned primarily as a hardware field
check of an eddy current profilometry probe currently under development.
The resulting data (magnetic tape recordings) will be processed at a later

date, and used primarily to determine/refine the effectiveness of this
inépection technique. It is hoped that ultimately this technique will
provide an additional assessment of S/G condition.







Iv.

Plugging Cr1ter1a

A.

Gauging Program

The progression of strain contours over the intended operating period is
utilized as the basis for preventive plugging of tubes in the tubelane
region which are located in rows beyond 0.540" restricted tubes. In
earlier inspections theACTOSeness of the strain contour lines prevented

identification of the appropriate contour which most reasonably in-

"dicated the extent and progression of tubes with greatest deformation.

Initially, the 15% strain contour was chosen when Timited plant spec-

ific data was ava11ab]e and the stra1n contour 11nes indicated by

finite element analysis fell c]ose together on the plots Later,
review of the relationship- between the most restr1cted tubes at Turkey
Point Units 3 and 4 and the finite element ana]ys1s strain contours
indicated that the 17.5% strain contour more rea]isticalfy estimated
the boundary of these restricted tubes. Present data supports a prog-
ram whicq iycorporates a]] previously observed activity with several
rows margin beyond,plus a sampling of the central portion of thé tube

bundle to permit detection of new areas of denting/restriction activity.
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For six mon!!! operation proposed for Turkey Point #4, the‘practice

of plugging tubes two rows beyond any OL540 inch was retained, even
though review of the data over all prior 1nspect}ons indicateé that this
‘rate of brogression s not occurring on a general basis. Again, it
should be pointed out that there have been numerous cases of tubes

. vestricting the 0.540 inch probe for some time and not leaking., '

" The criterion established for plugging tubes in the region of the
patch-plate differs from that used for other regions of the bundle.
A1l leaks in the patchplate region have occurred at the perimeter of :
the plate or near to the patchplate boundahy, wheré.p]gg welds connect

the patchplate to the main body of the tube support plate. A1l ob-

served data indicate. that the phenomenon at the pa{ch plate is Tocal
in nature and is not consistent with the general strained staté”of the.
plate, - . .nor is the phenomenon represented by the finite element

. modé]. Due to thése factors, the regions of the patchplate are inspected
and a specific set of plugging criteria applied. Because of the fact_
that leakers in this region pave not always restricted 0.540 inch
probes, leakers and tubes that restrict the 0.540 inch probe should be
treated alike, and the surrounding tubes about both should be plugged. |
In addition, tubes that restrict the 0.610 inch probe should be plugged

and tubes on either side of the patchplate boundary (plate perimeter
on one side,the plug welds on the other three sides) that restrict

the 0.650 inch probe shou]d be plugged.

Due to the local plate cracking that is believed to occur at the peri-
phery and near wedge locations, tube leaks may occur here at lower
- levels o. tube restriction ‘than 1n the tubelane. Thus the wedge areas

should have their owm 1nspect10n program and p1uggmng cr1ter1a The

plugging criteria at hot ]eg wedge locations call for treat1ng 1eaker§
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and tubes that restrict the 0.540 inch probe in a similar manrer. In
addition, tubes that restrict the 0.610 inch probe and peripheral
tubes that restrict the 0.650 inch probe should be plugged. Cold leg

plugging will be based on the dearee of activity noted and rates of

progression observed from gauging.

Additionally, the observation of tube I.D. restrictions surrounding a
gap in the bundle, where a tube pull had been performed, was deemed a

local phenomenon requiring.only plugging of specific tubes restricting
% :

%
t

R

passage of the 0.610 inch or 0.540 inch probe. .

iThe plugging critgriq,which supports at least six months of operation
are: N - |
1. Al1 tubes which do not pass the 0,540 inch probe will be plugged.
2. - Additionally, twd (2) tubes beyond (i.e., higher row numbers) .
| any tube in columns 1-92 which did not pass«the 0.540 inch probé
| " in the tubelane region will be plugged,
‘ 3. A1l tubes which do not pass the 0.610 inch probe will be plugged.
’ 4. The tubes in any column for which plugging under criteria (1)
(2), or (3) above is implemented in the tubelane region will also
be p]uéged in the lower row numbered tubes back to the tubelane
if not already plugged.
5. As a conservative measﬁre, tubes completely sur(ounding any known
leaking tubes including the diagonally-next tube will be plugged
~if not already covered by the foregoing criteria,
B 6. In any given column which is surrounded by columns'containfng 7
tubes with significant tube restrictions or prior plugging, (there- .

by creafting a "plugging valley" in the pattern) engineering

judgment will be used to fi11 the bottom of the valley. -In the
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peripheral tubelane areas near the three and nine o'clock wedges,
tubes surrounded by previously plugged tubes or tubes exhibiting

high deformation activity will be plugged based on engineering judge-

ment,

- Additional preventive plugging will be implemented at the hot leg

wedge locations. This plugging will include all tubes that:

a. Restrict the 0.540 inch probe. ‘

b. Restrict the 0,610 inch probe.

c. Restrict the 0.650 inch probe at the periphery.

d. Surround leakers and tube§ that restrict the 0.540 inch probe.
including the diagonally next tube,

Application of the criteria specified in 7 above, will be made on

*the basis of engineering judgement for cold 1e§ viedge locations.

Additional preventive plugging will be implemented in the pat&h plate

region. This plugging will include all tubes that:

a. Restrict the 0.540 inch probe,

b. Restrict the 0.610 inch_probé.

c. Surround Jeakers and tubes that restrict the 0.540 inch probe
including tﬁe diagonally next tube.

d. Lie on either sides of the patchplate boun@ary (plate perimeter

. on one side, the plug welds on the other three) and restrict the

0.650 inch probe.

The six month operating peridd was also evaluated relative to a post-

ulated main steam line break accident (MSLB). In doiﬁg this, the.

finite element analysis plot 24 EFPM beyond é]o%ure (Figure 15)was

considered. This is considered to be representative of the conditions

of the Turkey Point Unit 3 steam generators. It was assumed that the

actual boundary of the 17.5% tube loop strain contour in the most

advanced steam generdtor (B) 1s indicated in the tubelane region by .

y
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the previous plugging boundéﬁy and the present .540" restricted

tubes. Us%ng the finite element analysis results above, the ad-

vancement of the 17:5% tube Toop strain contour over the next six

months was cénservatively assumec to be 2 rows. Assuming there are

92 tubes in a row, the total predicted tubes in the tubelane region

1ying within the 17.5% strain contour ét the end of the néxt six months 1is:
2 rows in six months x 92 tubes per row = 184 tubes

Subtracting out the tubes that were preventively plugged in this area

in steam generator B this time (14)'resu1ts in a total of 170 unplugged

" tubes within the 17.5% strain contour at the end gf the six month

operating period, Assuming one intersection involvement per tube
and assuming these tubes would Teak during a postulated main steam
Tine break, the total resulting leakage from these tubes would be:

170 tubes x 0.05 GPM = 8,50 GPM
tube

This added to the 0.3 GPM leakage assumed to. be present at the start

of a postulated main steam line break (which would increase to approx-
imately 0.7 GPM due to MSLB differential pressures) yield a total leak-
age less than 10 GPM, which has been determined {n previous submittals to
be an acceptable level of 1eakage during a postulated MSLB.

Regu]aiory Guide 1.83 '

The criteria for plugging tubes in this area are estqb1{shed in the

regulatory guide.

Preventive Plugging Accomplished

The preventive plugging programs that were implemented are indicated
in Fidures 16, 17 and 18, Both gauging and Regu1atorvauide 1.83

program p]ugginb are indicated. Table 3 summarizes this plugging. -
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TABLE 3 Summary of Tubes Plugged

* Gauging *'R.G:1:83
s6 A 64 | 8
SG B 45 ' 3

SG C 53 -3

162 14
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TURKEY POINT 4 STEAM GENERATOR
INSPECTION PROGRAM

- I, INTRODUCTIOM

An extensive inspection program for the Turkey Point Unit 4 steam geperatbrs

was conducted in May, 1980. The following items were accomplished:

1. Gauging of steam generator hot 1egsiand cold Tegs - all steam generators.
. Measurements of visible flow slots in 511 steam generatorsl

Eddy current inspection of small radius U-bends in steam genefatdr B.

S W N

Regulatory Guide 1.83 eddy current measurements in the- hot legs and

cold legs of all steam generators.
5. Preventive plugging.

6. Profilometry of selected tubes.

Table 1 is a sunmary of the approximate number of steam generator tubes inspected
" in each category and in each steam generator,

Table 1: Summary of Total Steam Generator Tubas Inspected.

A Hot Leg A Cold Leg B Hot Leg B Cold Leg C Hot Leg C Cold Leg

~ Gauging 1205. - 170. 1276 140 1209 179
U-Bend Rows 2-5 - - - 55 - -

R.G. 1.83 301 360 283 169 146 275

This report summarizes the inspections conducted, the result$ of these inspections, ’

and preventive plugging programs accomplished.

II. INSPECTION PROGRAMS ‘ , ‘ ,

A. Gauging Program ) ’ i

The tube gauging program in the tubelane area is based on previously defined
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