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VircIiNiaA EnrzcrrRic AND Power COMPANY

RicuMoND, VIRGINIA 23261

-
oy

w. L. Pnoém-rr‘

S Viex P.
State Corporation Commission ‘,,dwﬂwfffffri
P. 0. Box 1197 ' — s AL "M
Richmond, Virginia 23209 \ Taik Gt - |
co t MN{ 3 1191 \
QUARTERLY FUEL CLAUSE HEARING E R
CASE NO. 19883 -~ . !
bt . -
Gentlemen: \ R‘C\‘::L'.'L-- -

The Commission Staff requested in the March 15, 1978 Quarterly Fuel
Clause Hearing that Vepco submit certain information concerning the forced
outage of Surry Unit 2 from November 18, 1977 through November 27, 1977.
That information is enclosed with this letter.

In reviewing that information it is essential to remember that the
denting phenomena in the steam generator tubes experienced by the Surry units
and other Pressure Water Reactors (PWR) in recent years had no precedent in
the nuclear industry. The nature of this problem was of such serious propor-
tions that it could have resulted in the shutdown of all PWR units in the
country if a satisfactory solution had not been found. Needless to say, the
impact of such an action would have had a disastrous effect on the economic
well being of this Country. :

To define and arrest this unique condition complex and expensive
investigations were undertaken. Vepco, along with its nuclear steam supplier,
took the lead in developing the required techniques, equipment and procedures
to mitigate the consequence of the steam generator problem. As a direct
result of these efforts, Vepco has recently been able to maintain 6-moanth
run periods as compared with the typical one-month run periods achieved when
the denting problem was first identified.

The Commission should recognize the contributions that the Company has
made in bringing the Surry units to the high level of performance that has
been sustained during the past year. Although we have experienced outages
due to these steam generator problems the operating record for 1977 was well
above the national capacity factor average for nuclear units. The national
average was 64.47 while the Surry Station was 69.8%. This performance has
resulted in a record kilowatthour production and a tremendous savings to our

" customers.,
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We will be available to meet with you or your Staff at any time to
discuss this information further.

Sincerely fours,
W. L. Proffitt

Attachments
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An explanation of Vepco's.Surry Units steam generaﬁor inspection
program in effect prior to March, 1977, including, among other

thlngs, monitoring technlques and criteria for plugglng dented
tubes

The steam- generator iﬁspection program in effect prior to March,
1977 is contained in Vepco's submittal to the Nuclear Regulatory
Commission (NRC) for .the Surry 2 outage on February ll 1977.
This submittal is enclosed as Attachment A.

The criteria for plugging dented tubes (Preventive Plugging Program)

was based on field data of identified leaking dents and strain intensity
profiles, obtained from a finite element model analysis of the tube
support plates. With this information, a strain intensity level was
selected at which failure was felt to occur and this formed the basis
for tube plugging to provide a high degree of assurance that the steam
generators would operate for the time period permitted by the NRC before
reinspection of the steam generators were requlred
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Attachment A

' . S‘URRY UNIT 2 STEAM GENERATOR INSPECTION PROGRAIQ 4

A

Inspection of steam cenerator tubes and internals

A. Stecam generator tubss

1. U-bends: All available tubes in each steam generator, in rows
2 through 5, will be inspected through the U-bend using the 540
beaded-flex'" eddy current probe at 100 KHz. Any flaw indications

found in the U-bends will be rexnspected at 400 KHz Wlth the
"'540 beaded-flex'" probe.

. 2. Leaky dents: A special eddy current probe designed to provide

meaningful data in dented regions is not yet fully developed. )
The latest information from Westlnnhouse indicated the probe

will not be dev;lopod in a field worthy form before the end of

February 1977. Therefore, nmo eddy current inspection of dented

tubes is planned. Howevar, if a field worthy eddy current probe

becomes available, tubes in known dented regions will be in-

spected.

B. Steam generator internals
1. Tube support plates: The flow slots in the lovier tube support

. plate will bs auood This information will be used to verify
the tube support plate expansion rate.. .-

i

2. Other internals: Dstailed visual inspections will be conducted
through the handholes of each steam generator to assess the
general conditions of the steam generator internals. Photographic
anc video tapzs records of this inspection will be made if possible.’

Preventive plugcing

. . ‘.
sl v e e e f

A. The preventive pluo ing program shown in flgurc 1 will be-implemented

in cach stezm generator. Since Unit No. 2 steam generators already
have a significant number of tubes plugged, this program will result.
in all of row 1, 2, and the most strained tubes in row 3 being plugged.
The program for lea Ry dents will be the same as as that perfornance

on Unit No. 1.

Program-for continued operation

A. After completing 61l equivalent days and completion of the program described
herein, we request approval for Surry Unit No. 2 to operate for 60
equivalent days at a reactor coolant temperature greater than 350 degreces
F. The following restrictions -on reactor operation apply:

1. Unit KNo. 2 shall. be brought to the cold shutdown condition in
order to perform an inspection of the stcam generators$ within

- 60 equivalent days of operation from approval date. Nuclear- .
"Regulatory Coamission approval shall be obtained before resuming
power operation following this operating period.

.



For the purpose of this requirement, equivalent opevation is’

.

defined as operation with a primary coolant temperature greater
than 350 degrees F.-

Total primary to sccondary leakage shall be limited to 1.0 gom 2

and primary to secondary leakage through each steam’ generator

- shall be limited to 0.3 gpm. With any steam generator tube leak-

age greater than this limit the reactor shall bz brouchc to the
cold shutdown condition w1th1n 24 hours.

Reactor operation will be terminated if primary to secondar
leakage which is attributable to 2 or more tubes occuyrs durlno
a 20 day period. Muclear Regulatory Commission approval shall
be obtained before resuming reactox operation.

The concentration of radioiodine iu the primary coolant shall

be limited to 1 microcurie per gram during normal.operation and to
30 microcuries per gram during power transients as defined in the
Safety Evaluation.



.

An explanation of any changes in inspection program techniques or
criteria between March 1, 1977, and September 30, 1977.

In March, 1977 additional inspection techniques for Surry steam
generators was implemented. A method for guaging tubes was developed
that permitted us to monitor .the degree of denting in the steam generator
tubes. This method consisted of using three eddy-current probe sizes

to determine the dented diameter of tubes.

. The basic approach for a dented tube inspection is to predict the

regions in the steam geneator where severe denting is likely to occur.
This is done by the Westinghouse finite element computer model.

Within this region three guage sizes are used to determine the
approximate diameter of the dented tubes. This information is com-
pared to previous data to predict which tubes would become severely
dented during the proposed operating period. Any tube that is pre-—

dicted to become severely dented during the proposed operating period
would be plugged.

A report submitted to NRC on September 30,1977 for Surry Unit 2 shown
as Acttachment B, covers in detail the guaging techniques described
above and outlines the tube plugging criteria based on guaging data
obtained from the steam generator tubes. :



TUBE PLUGGING PATTERN ‘
FOR SURRY UNIT NO. 2

INSPECTION AND PLUGGING CRITERIA

As. with previous.evaluationé of the Surry steam generators, the results of

finite.element analyses were used together with previous inspection results

’

to-arrive at the appropriate inspection program for the current shutdown.

Figure 1 illustrates the sequence of computer rumns to current operation and

" 'for a period in excess of six additional months of operation. Figures 2

through 4 present the éube.hoop strain contours for these computer runs.

Tﬁe tube lane inspect%qn_program is defined, conservatively, by the 12.5%
strain contours from the computer run which defines tube héop strains at 5.5
EFPM bgyond full flow slét closure. This Fegion is identified in Figure S.
An'aﬁditional precautionary inspection qriteriqn has beén egtablished so

that the inspection will go two rows beyond ény tube that .restricts a..650

.inch probe. The basis for using the above criteria is the leazk history at

this and other plgnts, and the results of %ecent gauging programs. These
programs, whén-viewed in cdnjuncﬁion with the éompu;ér results have offered
considerable insight into the relative tube condition in the tube lane
regi§n. In.addition,'inépection programs are defined for the wadge and pat-
éh.plate'regions in Fighre‘é. These include inspection of tubes two rows be-
yond any tube which chtricts.a 0.650 inch- probe at the petch plate,‘and
0.610 inch probe gé éhg wedgcs. Thé entire inséection progran boundary is

/
shawn in Figure 6.

"~ The logic applied to develop the plugging criteria remains comsistent with

that applicd for the first Surry Unit No. 2 submittal. It is well to review

"‘that eriteria in view of minor changes in both the inspection and plugging
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criteria, and in view of the fact that this is the first reinspection.undcr‘
the gauging pr;gram. Locations of pre§ious leakcrs; investigatiéés which
have indicated that the stress corrosion cracks in the tube lané Tegion oc—.
cur when tubes are deformed to the'egggpt that they cannot pass 0.470 inch

probes, and the locatiéﬁ of tubes that cannot pass 0.540 and 0.610 inch pro-

be§ have given extensive infprmation on péogregsion of the specific regions
pf severely deformed tubes. Based on ;he hoop strain plots shown in Figures
2 through 4, the-growth of contours whicg.are representative of the straiﬁs
that exist at stress corrosion cracksvié appfoximately 1/3 tube row per month.'
over mosﬁ of thé tubé lane, and’l-fube TOowW pef_month'at the outside columms.
This is confirmed in Figgré 7. 1t wjll be fur;her confirmed by the evaluation
of the current inspection findings which are feviewed in the next section of

this submittal. The criteria still uses as the basis for plugging the occur-

‘rence of tubes that cannot pass 0.540 inch probes. This is'still-quite con—

servative in that.all of our data shows that leakage has occurred in the tube

lane region in tubes with 2 minimum diaweter considerably below 0.540 inch,

' i.e., 0.470 inches. Based on the rates of growth of the high strain regions,

each additional row beyond a tube which cannot pass a 0.540 probe affords 3

months of.operation over most of the bundle and 1 month of Operat;on at the
outside columns. ‘Indications are that tubes that cannot pass -0.610 probeé,-
but can p%ss 0.540 probes, cén suséain operation fof péribd§ close to 6 months.
However, as a rathér‘conser§atiye'measufe, al; tpr§~tha;J§p.nqtvpa§s the
0.610 -probe will also be plﬁgged at this time. The criterion established
for pluéging tubes in the region of the patch plate differs from that used

Y

for other‘regions'of'the bundle. 'Figure‘S shows all tubes in the vicinity

‘

of the patch blate which have either leaked or will not pass a 0.610 inch
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probe. They have all'occurred at thé Pcrimeter of cﬁé plate or next to the.
patch plate boundary, where plug wélds connect the patch plate to the main.
Body.of the. bundle. All data still indicates that the.phenomenon at the
patch plate is local in nature and should’not'be attributed;to the general
strained state of thelplate, nor can the phenomenon_ be represented by the
finite element ﬁodel. Whileithe hoop strains iﬁ thié region are not high
éndugh in themselves to cause severe tube.deformations, thej.are high enough
to act as catalysts for the local phenomeﬁon which occurs at the pétchrplate.
Due to these factors, the region of the'patch plate reﬁuires its own inspec-
tion program (Figure 6) and a corresponding plugging criferia. ‘Becagse of

the fact that leakers in the region have not always restricted 0.540 inch

'probes, leakers and tubes that restrict the 0.540 inch probe will be treated

alike, ‘and the immediataly adjacent tubes will be plugged. In addition,

tubes that restrict the 0.610 inch probe will be plugged, and as a final

'cénsa*vatism, tubes on either side of the patch plate boundary (plate peri-

meter on one side and plug welds on the other three) that restrict the 0.650

inch probe will be plugged. Finally, due to the relatively low strains and

‘the low rate'ongrowth of thése strains (Figures 2 tbrough 4) the plugging

criteria at the wedge locationms call for plugging leakers, tubes that restrict

0.540 and 0.610 inch probes, and‘tubes surrounding leakers.énd those that

restrict the 0.540 inch probe..

.

The completez plugging criteria which supports at least six months of opera-

+tion are:

a) All tubes which do not pass the 0.540 inch probe will be plugged.
b) Additionally, for in excess of six months'operatibn, two tubes beyond

‘(i.e., higher row numbers) acy tube in colums 15-79 which does’ not pass
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the 0.540 inch probe will be plugged; fpf such. tubes.in columns 1-14
and 80-94 six tubes beyond will be plugged.

q) All ﬁubes.which do not pas; the.0.6iO inch prdbe bili'be-plqgged.

d) . The tubes iﬁ,any,column for ﬁhiéh.pluggiﬁg.under‘criteria (a), .(b) .or

. ;(p) ébpve.is implemented will also be plugged in the louer.ré? numbered
tubes'back to the tube lane if rot already pluggéd._

g) " As a conservative measure, tubes completely surrounding an§ known lezky
tube§ ;ncludihg the diagonally adjacent tube will be plugged, if not al-
ready covered by the foreg;ipg criteria. '

£) Addifidnal pfeventive plugging will be impleﬁented in the paech plate
region. This pluggiqg'will include all tubes that:

. {1) restrict the 0.540 inch probe A
' (2) restrict the 0.610 inch probe
(3) S§rround leakers and tubes that réstrict the‘O.S&O'incﬁ'p;obg -
including the diagonally adjacent tube.

(g) Additiénal.preventive élugging will be implemented at the wedge locations.

This plugging will inclu?e'all tubes that:
(;) restrict'the O.SAO-inﬁh probe
(2) restrict the 0.610 inéh‘probe
(3) surround leskers and tubes that restrict the 0.540 inch probé -

including the diagonally next tube.

i
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Explain why the tube at location R5C26 in steam‘generator 2A was

not inspected during the inspection/refueling shutdown in September,
1977.

During the inspection/refueling outage in September, 1977 for Surry
Unit 2, a total of 6144 tubes were inspected; this included 421 tubes
in three steam generators which did not pass a 0.650 inch probe.during
the March, 1977 outage. The R5C26 tube was one of the tubes to be
reinspected but a review of inspection data shows that it was missed.
No reason for not probing the tube has been established. A sampling
of data sheets versus strip chart results was done to monitor the
accuracy of the data sheets. This corisisted of 15%, 127 and 157% in 24,
2B and 2C steam generators respectively. There were no differences
found between the data sheets and the strip chart records. The
results of the review provides reasonable assurance that no further
shecduled-to-be-inspected tubes were mlssed
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Q. d. The dollar amount of the net replacement energy costs associated with
‘ the forced outage of Surry Unit No. 2 from November 18, 1977 through
November 27, 1977. Supply the supporting data for the caluclatioms.

A. d. The net feplacement energy costs associated with the forced outagé of
Surry Unit 2 for the period November 18-27,4l977-is.$4,696,766. Sup~
porting data for this cost is shown on Attachment C.
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"Attachment C
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SURRY UNIT NO. 2 FORCED OUTAGE .
NOVEMBER 18-27, 1977

ADDITIONAL OPERATING EXPENSE STUDY

The ﬁurpose of this study 'Is to determine the additional cost of
generation and interchange receipts occasuoned by the forced out-
age of Surry unit No. 2.

Study Period - November 18, 1977 through November 27, 1977

‘Surry No. 2 capability during the outage period was estimated to

be 758 MW which was its average hourly output for the 31 day period
preceeding the outage. (See Detail Sheet 1)

It was assumed that had Surry MNo. 2 been in service during the study
period its energy output would have replaced equivalent energy from
the highest cost sources actually used. These were combustion tur-
bines, interchange received, and ''In System'" fossil steam generation.

Combustion turbine fuel cost ($/MWH) during the study period
was assumed to be equal to the monthly'average for November, 1977.
( See Detail Sheet '3) ' ; l :

In system fossil steam fuel cost ($/MWH) during the study period
was assumed to be equal to the monthly average for November, 1977.
(See Detail Sheet 3)

Interchange energy received costs used in the base study were based
upon actual costs in all cases except those related to CP&L trans-
actions which were based on estimated preliminary costs. Where actual
daily costs were available, such as.those for Economy transactions

and PJM Emergency transactions, they were used. In other cases monthly
average costs were used. (See Detail Sheet 4)

Interchange energy received costs used in the revised study were the
same as in the base study except those related to CPEL transactions.

In the revised study the hourly average of actual monthly costs, as
taken from the CP&L invoice, were used. (See Detail Sheet L-Revised)

Power Supply Department
12/22/77
CRW
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