7
{ kb
L 4 A
. .
» & A ;
’ ha Bk .
\ mdte p ’ s
r tE ¥ . ¢ Y B »
'
e \ X b th a2 ooy
. a - "
- $ ¢ *hg ¥ rey . 8 b
+ ’
« 'S -
e r t ! a | "t the NI b
. '
fot AMA \ ' . 2 . 4 5 4
3 | t . -
¢ Pak o ¢
\ * i SEL. » £ +%
Y ’ s » ¢
- w A forme ) p ¢
1 I 4 - %
- - .t
or " -~ * b

| TP T P IR e, g | . A T———_ - —— A conm

e ——




2

development of a design basis TGTR analysis methodology. Supplement 1 to
WCAP-10698 presents the evaluation of potential offsite doses for a design
basis SGTR in the absence of steam generator overfill, The subgroup also plans
to submit by November of 1985 an evaluation of the consequences of stoam

generator overfill resulting from an SGTR,

WCAP-10698 prosented results from the following tacks in the development of a
design basis SGTR analysis methodolegy: (1) development of LOFTTR], an
analytica) mode! which is a modified version of LOFTRAN, that incorporates
improved models for break flow and the steam generator secondary side, and 2n
improved capability to simulate the operator actions for SGTR recovery; (2)
determination of cperator action times for  ;ign basis application based on

the guidelines of Revision 1 of the WOG Emergency Response Guidelines fssued in
September 1983; (3) sensitivity studies to {dentify conservative values of plant
parameters; (4) single fatlu - analysis of the desfgn basis equipment; and

(5) application of the methodology to a reference plant.

The evaluation of offsite doses presented in Supplement 1 to WCAP-10698 used
steam release rates to thé environment and thermal and hydraulic parameters for
the primary and secondary sides which were calculated using the LOFTTR]
computer code, and operator action times developed in WCAP-10698, In addition,
the single fatlure ar2lysiz and sensitivity studies of Supplement | relied
heavily upon the corresponding results of WCAP-10698. it should also be noted
that staff review of the subgroup's evaluation of the consequence: of steam
generator overfill cou'd potentially lead to changes in the analysis
assumptions used in evaluating the radiological consequences of a design basis

S3TR accident, Thus, the results ang conclusions of this SER will be modified



as appropriate if staff review identifies the need for significant changes in
the design dasis SGTR analysis methodology presented in WCAP-10658, WCAP-10698
's currently under réview by the staff with SER fssuance for WCAP-10698 and for
the evaluation of overfill consequences projected for the second quarter of
FY1986, It should be noted, however, that the review of the dose analysis
methodology (Section 5,0) presented in Supplement 1 with fts assumptions and
models of coolant activity levels and iodine transport processes is not

dependent upon the results of the review of these other submittals.

Supplement 1 to WCAP-106938 presents the results of the following tasks:
selection of a refarence plant and site; single failure andlysis to determine
the worst single fatlure with respect to offsite doses; calculation of the mass
releases to the environment using the results of the LOFTTR] analyses from
WCAP-10698 for mass releases pricr to termination of the primary to secondary
leakage, and the results of an analysis based on a continuaticn of the SGTR
recovery actions in the W05 Emergency Response Cuidelines for mass releases
during the perfod between leakage termination and the end of the accident; and

the development of the dose analysis methodology.

DISCUSSION

The evaluation of offsite doses in Supplement 1 to WCAP-10698, was performed
for a reference plant ane site, Atmospheric dispersion factors which were
represencative for typical Westinghouse plants were used in the dose
calculations. The reference plant, as described in Section 4,1 of WCAP-10698,
was selected on the dasis of a preliminary analysis which provided estimates of

the reletive time to overfill for several representative kestinghouse plant



types. The calculations to determine the relative time to overfil) compared

the secondary si1de steam volume to the equilibrium break flow rate, defined as
the break flow rate at the primary pressure at whi:h o.tgoing break flow fs
balanced by incoming safety injection flow, The calculations did not consider

accident system response and operator actions.

The staff notes that the selection of a reference plant based on the above
estimates of the relative time to overfill does not assure the selection of the
most conservative plant design with respect to potertial offsite doses,
Operator action time and system response time, which depend on plant specific
equipment, operating procedures and individual plant design and parameters,
must be consicered in determining the duration and severity of the accident and
the amount of radicactivity released to the atmosphere, The evaluation
presented in Supplement 1 to WCAP-10658 was based on a reference plant with
representative atmospheric dispersion factors, instead of a conservative plant
design with bounding atmospheric cispersion factors. Th staff concludes that
the offsite cose calculations presented in Supplement 1 constitute
representative examples of the application of the proposed design basis SGTR
analysis methodology to a reference plant and site, but are not dbounding cases.
Plant specific analyses will be necessary to demonstrate that the radiological
conseq.unces of a postulated SGTR accident at an individual plant meet the
acceptanc2 criteria of Section 15.6.3 of the Standard Review Plan (NUREG-0800,
Rev, 2, July 1981).

The single failure analysis to determine the worst single fai'ure with respect
to offsite doses and sensitivity studies to identify conservative {with respect

to offsite doses) plant conditions, parameters, and other analysis assumptions




presented in Supplement | relied heavily upon the results of the single fatlure
analysis and sensitivity studies in WCAP-10698 which were used to identify
conservative assumptions with respect to margin to overfill, (The margin to
overfill is defined as the <team space volume remaining below the steam
generator outlet nozzle when the primary te secondary leakage 15 terminated).
As stated in Supplement i, it 1s espected that most of the conservative
assumptiony and inftia) conditions which were used in the evaluation of the
margin to overfill would also be conservative with respect to offsite doses.
This is based on the fact that both offsite doses and the potential for
overfill are primarily dependent upon the amount of primary to secondary

leakage and the amount of steam reieased from the ruptured steam generator,

The staff agrees that, in general, conditions and assumptions which are
conservaiive with respect to overfill would slso be cunservative for offsite
doses. The decrease in the margin to overfil] as a result of a postulated
single failure or a conservative analysis assumption 1s due to the increased
operator ac*ion time and system response time required to complete the recovery
action, The increased operator action time and sysiem response time would

prolong the accident and generally lead to increases in the release of

radicactivity to the environment,

As discussed in Supplement 1, however, a decrease in the margin to overfil!
represents the additional net accumulation of water In the secondary side of
the ruptured steam generator. Net accumylation of water increases wi'h
fncreases in the amount of primary to srcondary Jeakage, but decreases with
increases in the amount of stean released from the ruptured steam generator,

(This follows from mass continuity considerations {f one neglects



intercependency effects.) For those cases in which the amount of steam released
to the atmosphere does not change, conservative conditions with respect to
overfill would also be conservative with respect to offsite doses. In these
cases the decrease in the margin to overfill {s a result of an increase in the
amount of primary to secondary leakage due to increased operator action time

and system response time. This prolongs the accident and results in increa: 4

releases of radiocactivity tu the environment,

The single fatlure analysis presented in Supplement 1 has identified and

examined those cases which result in ircreases in the amount of steam released
from the ruptured steam generator. Ir addition, the analysis identified an
estimated proprietary hydraulic parameter which was conservative with respect

to offsite doses, but was not conservative with respect to margin to overfill,
This assumption is discussed in Section 5.2 of Supplement 1 and was fnvestigated
in various case compariscns, including a comparison of calculated doses for Cases

1 and 5. _

Based on the above findings, the staff concludes that the single faflure
analysis and sensitivity studfes in Supplement 1 have fdentified the worst
single failure and the analysis assumptions which are conservative with respect
to offsite doses. This conclusfon 1s based upon the following: staff revisw of
the sensitivity studies and equipment failure evaluation in WCAP-106%3 to

assure that conservative plant conditions, parameters, and analysis assumptions
and the worst single fatlure with respect to margin to overfill have been
properly {dentified; the generic applicability of the single fatlure analysis

in WCAP.10698; and the use of the assumption which was identitied in Tection

9.2 of Supplement 1 to be conservative with respect to offsite doses bui not
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were determined from an aralysis based on SGTR recovery operations in the WOG
Emergency Response Guidelines. Revision ] of the Emergency Response Guidelines
provides for three alternate meaus of performing the post - SGTR cooldown, The
method using steam dump, Guideline ES-3.), was selected for evaluation of the
mass releases since 1t results in conservative resulits for the offsite dose
evaluation, The £5-3.3 guideline specifies the actions required to bring the
Reactor Coclant System down to Residual Heat Removal System temperature and
pressure ievelc, This is accomplished by using steam dump to the condenser,

or using the power operated relief values of the intact and ruptured steam

genaratars if the condenser is unavailable.

The dose analysis methodology as presented in Supplement 1 %0 WCAP.-10598 uses
assumptions far the initia)l primary and secondary coolant activity
concentrations, the radiological consequences of 1odine spiking, a crolant
fodine spiking model for the accident initiated fodine spike case, and primary
to secondary-system leakage in the intact steam generators which are consistent
with those in Section 15.6.3 of the Standard Review Plan., In the determination
of fo¢ine transport to the atmosphere, the methodology presented in Supplement
1 discusses the volatilization of fodine in the primary coclant due to flashing
and atomization, and the scruhbing of fodine contained In the steam phise and
atomized droplets for release points which are below the steam generator water
level. It does not, however, explicitly describe the madels and assumptions
used in the determination of icdine transport in the faulted generator.

Thus, no staff review of the fodine transport models was possible, and
independent staff verification using the rodine transport models

referenced in the Standard Review Pian will be necessary on a casesby-case

basis. It is the staff's position that plant specific analyses should
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The rezuits and conclusions of this 3ER will be modi/ied as appropriate
f staff review of NCAP-1C698 and of the ctubgroup’s evaluation of the
consequences of steam generator overfill ‘dentifies th« neeq for
significant changes In the cesign basis SGTR anmalysis acthodology
presented in WCAP-10698.

IMPLEMENTATION

As discussed above, plant specific evaluations of offsite doses using
appropriate plant specific mass releases and thermal and hydraulfic
parameters for the primary and secondary systems will be necessary for
individual plants. The evaluation should consider the worst single
failure and plant conditions, parameters, and assumptions which are
conservative with respect to offsite doses. The results of the single
faflure analysis and sensitivity studies in Supplement | are acceptable,
provided thevsinile failure analysis in WCAP-1N698 is generically
appiicable &nd the staff review of WCAP-10698 does not fdentify the
need “or significant changes. [f, as a result of the staff review of
WCAP-10698, it is determined that the single failure analysis 1s not
generfcally applicable, then plant specific single failure analyses to
determine the worst single faflure with respect to offsite doses muy be
required. In additior, the plant specific evaluations cf offsite doses
should use the arc . ysis assumptinn which was identified in Section .2

of Supplement | to be conservative with respect to offsite doses but



1

which was not conservative with respect to margin to overfil),

The plant specific unalysis should provide sufficient informstion for

staff review, ircluding the following information as a function of time

during an SGTR, to allow an independent evaluation to be made by the staff

of the radiological consequences:

(1)

(2)

(3)

(4)

(5)

(€)

(7)

Total mass releases and mass release rates from the ruptured

steam generator to the atmosphere,

Total mass releases and mass release rates from the intact

steam generator(s) to the atmosphere,

Primary to secondary system leakage flow rate in the
foulted ,engrator (break flow rate),

Pressure differential between the RCS and the

ruptured steam jenerator,

water level above the break location in the ruptured

steam generator,

Mass of water in ruptured sieam genarator,

Pressure in the ,uptured steam generator, and




(8) RCS hot leg and cold leg temperatures in the rupturad

Yoop.

In addition, 1t 1s the staff's position that plant specific analyses should
include 3 detailed Aescription of, or reference, the explicit 1odine

transport models used in the analyses.
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MEMORANDUM FOR: E. Y., Chcng. Acting Chief

Materials nginoer ng Branch

Division of Engineering and Systems Technology
THRU: Kefth Wichman, Section Leader

Materfals Engineering Branch

Division of Evigineering and Systems Technology
FROM: Herbert F. Conrad

Materials Engineering Branch

Division of Engineering and Systems lechnology
SUBJECT: TRIP REPORT « NORTH ANNA | STEAM GENERATOR TURE

RUPTURE INVESTIGATION, JULY 22, 22, 29 AND 30, 1987
Summary

The 360° circumferentia) double ended break at the top of the uppermost col4
leg tube support plate is now believed by the licensee to be related to both
stress corrosion cracking and fatigue with the origin (ID or OD) not yet known.
The fracture location was last inspected in 1981, no crack indications

were found at that time. The Utility has committed to a comprehensive full
tube length, all steam generators inspection that will be the most extensive
and sensitive eddy current inspection program conducted on a U, S, Nuclear
Plant to date. Every effort will be made to remove a sample of the fractured
tube, bUt 1ts location within the bundle at the top near the U-bend (row 9,
column 51) makes removal and stabilization of the remaining tube end difficult.
The plant was shut down in an orderly manner after the rupture with all safety
limits and thermal margins maintained. The licensee's aralysis Indicates that
the event was bounded by the steam generator tube rupture event calculations

in the Plant Final Safety Analiysis Report, Radioactive releases via tne
condenser air ejector were lest than 1% of the Technical Specification Limit
and well within 10 CFR 100 Timits.

Ingroduction

1 traveled to the North Anna Nuclesr Power Plant on July 22, 1987 and joined with
Dr. C. V. Dodd, Oak Ridge Natiunal Laboratory, to participate on the Augmented
inspection Team (AIT) which was led by Floyd S. Cantrell of Recion II,

Dr. Dodd 1s under a technical assistance contract with the Materials Engineering
Branch for on-call consultation in the area of eddy current testing, He also
does research for the Office of Nuclear Regulatory Research., We participated

in the AIT Team activities on July 22 and 23 and returned to North Anna on

July 29 for tha meeting between North Anna management and J. Nelson Grace,

Region 11 Administrator and members of NRR management. On July 30 we

completed our input to the AJT Inspection Report covering eddy current testina.
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Steam Cenerator Tube Rupture

On Hadnesdag. Juiy 15, 1987, &t approximately 6:30 a.m,, Unft 1 of the North
Anna Power Station cxperienced a tube rupture in steem ?enerator C, ¢f tude
RGCE] at the top of the seventh suppoirt plate in the cold leq. This accident
occurred only about ¢4 hours after the reactor returned to 100% power after the
Spring 1987 refueling outage, The =xect chronolocy of this tube rupture event
is given in Attachment 1. The operators at the plant were able to bring the
reactor to & cold shutdown mode without further damage to the plant or any
significant radiation release to the environment due to appropriate execution
of the operating procedures. A review of the event, run on the training
simylator by the operators for the NRL staff, demonstrated the shutdown process
after the tudbe rupture, In addition to the training simylater, a model power
plant in a see-through glass case was shown, A simylated tube rupture showed
the locs of coolant in one steam Qenerator and the problems and effects of this
on the plant, The model had all the major components of a nuclear power plant,
{ncluding two steam generators, one once-through and one recirculating steam
generator, The water leve! and bolling in the varfous components could Le seen,

At the time of the {nitial meetings with the power station personnel, the
exact nature of the defective tube was not known, Or, Dodd and | were present
in the Westinghouse trailer on Tuesday afternoon (July 21) when the eddy
current tapes of the leaking tube were analyzed for the first time, They
showed an indication at the top of the seventh tube suppurt plate so laroe
that it saturated out the electrenics, The analysist insisted that 1t had the
signatuMe of a tube end. The utility at that time, however, reported 1t as a
§" to 1" long longitudinal crack even though calculations indicated that such
a short crack could not account for the observed leak rate (560-637 gpm). It
was not unti) the viceo fiber-optics examination Tuesiay night that the tube
was confirmed to be a 360° guillotire break with the ends approximately " to
1" apart. Detailed examinztion of the videotape examination of the fiber
optics scan of the tube by the VEPCD Metallurgist is given in attachment, My
own cbservations agree with his,

The full length of the tube was inspected in 1979 and again in 1881 by a
bobbin probe. It was inspected during the April 1987 refueling outage,

only to the seventh support plate on the hot leg side, not the full lenath
or around to the seventh cold leg support plate, The review ol the 1981
inspection tapes revealed nothing, These tap:s are analog and the present
inspection equipment (MIZ18) can give a far superior inspection, An investi-
gation of the background of the previous eddy-current inspections will be
parformed.

Background of Eddy-Current Tests

The generators were modified before cperation by explosively expanding the
tubes 1r: the tubesheet region, eliminating the crevice reafon that had been g
source of tube leaks at other plants in the 1970s. This, however, moved the
pxpansion vegion up the tube nzar the top of the tubesheet, which has caused
some eddy-current inspection problems, The history of eddy-current fnspections



and repairs s summarized in Attachment 3, The frspections in 1979 with the
bobbin type coils revealed that denting had occurred. This denting has
considerably complicated the subsequent eddy-current tests of the tubes &t the
{ntersection of the tubes and the tube supports and made the detection and
measurement of other modes of degradation much more difficult, Profilometry
data performed in subsequent inspection has revealed no growth in the denting,
but leaks have revezled the continued degradation of the generator. The early
eddy-current inspections were performed with single-fraquency eq.ipment and
recorded on analog tape,

More accurate inspections, performed with three-frequincy instruments usina
digital data reduction and analysis techniques, revealed what was referred to
as "distorted tube support plate indications,” These were first observed in
1984, and attempts to resolve these indications led to the use of the 8 x |
probe and the rotating pancake cofl (RPC), described in Atlachkent 4,
Inspectinns with these prubes resclved the distorted tubesheet siunals into
axial cracks for some of the tubes, with the others found to have no defects,
In addition to these, circumferentia) defects were located in the tubesheet
expansion region, These defects were detected by the 8 x 1 probe and veri“ied
and mepped by the RPC, About 150 tube support junctions in steam cenerators A
and B were also inspected with the RPC, These intersections had not revealed
any indications with the bobbin coil inspection, and they did not reveal any
indications in the RPC inspection, Tube pull data from the 1985 and 1987
putages revealed that there was {ntergranular cracking (165) at the top of the
first tube support plate, on the outer Jiameter of the tube, up tv 28% deep.
In addiTyion. there were circumferentia! cracks on the tule inner diameter at
the top of the tubesheet, assccfated with the explosive expansion ¢nd ardal
cracks at the tube supports, associated with the dents, Tube burst tests or

i pulled tube having an BAY defect, 150° arourd the tube, showed that 10,700
psi was required to fafl the tude.

Eddv-Current Inspection Plan

Aftes the faiiure of tube R9CS1 1n a circumferential manner at the top of the
seventh tubs support in the cold leg, an extensive eddy-current testing
prograr. was planned with emphasis on detectirg circumferentiai defects, This
orogram 1s 1isted in Attachment 5 and inciudes the fnspeciion of every tube
support junction (and the straight tube sections in between' in all three
steam generators with an 8 x 1 pancake array probe. This is Che most
extensive, sensitive, and ambitious inspection program attempted tu date fur
steam yenarator inspection. It will strain the avatladility of probes and
data analysts in the industry, This probe (8 X 1) hes the sensitivity to
detect all inner diameter defects. either axial or circumferential, 0% ur
deeper, with a length of 3/16 in. or longer. In addition, {t chould also be
able to detect outer diameter cracks aad intergranular attack ou either the
inrer or outer diameter, A1l indicatiors detected by the 8 x 1 probe will also
be tested using the KPC probe. The tubing standard uysed for the pancake coils
has a range of outer dismeter circumferential electrodischarged machined
notches ranging from 20 to 100%. The standard scans showed good depth
separation between the outer diameter rotches of different depths at 800 kMz,



and a gnod separation between the tude support signals and defect signals at
200 kHz, #)though some of the depth measurement ability was lost at this Tower
frequency. Although no notch standard was available for fnnar diameter
defects, they could certainly be detected and estimated from an interpretation
betwoen no defect and 100% defect.

Cvg)getion of Procedures and Analysis

We obtained a copy of the North Anna 1, "Analysis Ryles-Steam Generator
inspection Procedure Package" dated July 1987 and Dr, Dodd, ORNL, the NRC's
eddy current consultant reviewed the written procedures as well as observing
the actual eddy current data analysis in the Westinghouse Trafler at the North
Anna Site. He provided the following evaluaticn:

*I'he written data analysis methods are clear and detailed, with more
than adequate examples for all three types of eddy current inspections.
The senior data analysts are very experfenced with the facility, the
equipment, and the genera) types of {ube degradation that has occurred
at a)] other Westinghouse facilities end with the methods of detecting
tube degradation., The Intelligent Eddy Current Data Analysis System
(1E0A) 1s betng used as an aid in flagging suspect botbin coil
indications which are then dispositioned by the data analyst., The cdata
from pach tube is independently reviewed by two different analysts,

witn one using the Westinghouse [EDA system and the other usinc 2

Zeter Digital Data Aralysis System (DDA4), A1l the data aralysts

are-at least certivied _eve) 11, American Society of Nondestructive
Testing (ASNT) {n accordance with ASNT requirerents, This includes
indystry experience, class room trairing, 2 technical education, and
testing on both general 2ddy current knowledge and specific eddy current
knowledye for steam generatar {nspection. The analysts are given
additional traiairg by Westinchouse ard are required to pass a test that
covers the specific data analysis used for the three eddy current tests
at North Anpa 1."

furrent schedules call for return to power on September 3C, finish of

inspection on September 5 and for the removal of R3-CS1 *to begin on Aygust 11

by shrinking the tube with 3 longitudinal weld bead, The Utitity plans to
fesue dafly faspection Ltatus reports, the la “st of which Is included as
itachment &, [ wili keep you informed of a'  new deveiopments.

HE L omrad

Herbert F. Conrad

Materials Engineering Branch

Division of Engineeving and Systems
Technology

cc:  See wext pace
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CHRONOLCCY
STEAM ( ZNERATOR TJBE RUPTURE EVENT
NORTH. POVER STATION UNIT |
Y 15, 1587

To support the investigation of the Steam Cenerator Tube Rupture the
following chronology was reconstructed from the print outs of the alarm
typevriter attached to the Control Room P-250 process computer, the Sequence of
Events Recorder (Dranetz) driven by the Hathaway annunciator system, the data
printoufs extracted from the record kept by the ERF Computer in the Technical
Support Center, RO and SRO logs and intervievs, and strip charts from Control
Room recorders,

Selected data wvas transmitted from the various records based on the
significance of each datum as it {dentified a sub-event or demonstrated,
explicitly or implicitly, a sub-event in the sequence. The intent {s that this
chronology can be integrated with other analysis to deteraire the timeliness,
accuracy and effectiveness of the measures applied to mitigate the accident.

Once the data was transcribed, a review wasg performed to {dentify the
synchronism for time of the various data sources, The principal {tem selected
for synchronism vas the Automatic Pzr Lo-Lo S1. The SI action incorporates
several actions Including feedwvater isclation and normal charging isolation
that make it readily comparable over all records. The Sequence of Events
Recorder logged SI at 06:35:24:80%; the alarm typewriter on the P-250 logged SI
st 0619, However the earlier Reactor Manual Trip has caused the P=250 to alter
its scan rates. The P-250 Post Trip review logged S1 at 06:35:24 plus 1012
cycles, which equates to 06:35:40.86, The ERFC data set colilected at 06:J4: 14
records full normal charging flow and full power feed flow to the steam
generators, approximately 16 seconds after the reactor trip had been manually
initiated, By 06:34:21, the ERFC da set charging flov is reduced to 82.568
gpm and feed flows are about 600KLBH - . BOOKLEH, By 06:34:34, all flows had
reached a stable but low level. 1t sppeurs that SI occurred at or slightly
before 06:34:14, This chrorology will use 06:34:14,

For sutomatic initiation of Safety Injection, the clock comparisons
are as follows:

RECORDER TIME

Sequence of Events Recorder (SER) 06:135:24:805
P-250 Computer (Alarm Typewriter) 06:35:41
ERF Computer (ERFC) 06:34:14

For Reactor Manual Trip the clock comparisons are as follows:

RECORDER TIME
Sequence of Events Recorder (SER) 06:35:04:548
P-250 Computer (Alarm Typewriter) 06:35:24
ERF Computer (ERFC) 06:33:56
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July 14, 1987

2238
July

0630

oeN
0632

0633

0634

0615

Afr Ejector Radiation Monitor (RM-RMS~12]1) was declared ftoperable due
to erratic operation,

1987

An alarm vas received on the Unit | annunciator panel for Main Stean
(utgh Rarze) Radiation Monitor, When checked by backboard operator,
A" ars "B monitors were in “Alart" and “C" monfier war in "High"
alare.

Unit | CRO observed the pressurizer level decre sing rapidiy,

U2 SRO recalled the Shift Suparvisor and V-] 810 te the Contrel Room,
Uvl CRO took manua! centrol of charging and set FCV-1122 to full open,
Received Pressurizer lov pressure alarm at 2115 peig (Alamm
Typevwriter).

Ehiit Suparvisor entered the Control Room and directed letdown
isolation, CRO {nitiated seulignment of charging pump suction to RWET
and a 1T per minute turbine ramp down, Third CRO (Backhoards
Oparator) assumed BOP duties on Unit | Contrel Brard te assist Unit |
CRO, (Alarm Typevriter: Makesup tommenced, V(T low level alarm
20.3%.)

STA arrived in the Centrol Room,

Alarm Typewriter: Pressurizer Presasure 2109 psig.

Superintendent of Operations was notified and directed the Unit to be
wonually tripped,

At direct on of Shift Supervisor, U~]l CRO manually tripped the reactor
and turbine and initiated EP«0, CRO observed pressurizer level at
approximately 45% and pressurizer pressure at approximately 2100 psig
at the time of the manual trip,

POST TRIP REVIEW: 1Initial Event 06;35:24

Rx Manual trip (2) 0.00 sec.
Turbine Trip and P? 0.16

High Flux Rate Trip 0.33

Rx Manual trip (1) 0,60

Per = Lo Press Trip 2.80

Sta Cen B Lo-Lo Trip 4.2

Stm Gen C Lo~Lo Trip 6.8

PAGE |



0636

0637

0619

0bL0*
b4l

06a2

0644

0645

0646

0646

064/

0b4B*

0648

| 0649

T e e T —

PR I I — SN,

Stm Gen A Lo-Le Trip “. 5
frr Lo~lo §1 16,88
Manual S1 Train "A" (1) 43,08
Manual S1 Teain “B" (2) 44,97 seconds

Alers lypewriter: Auxiliary Teed Water Pumps Start, VCT level 32.1%
incteasiry (indicates that sharging pump suction shife to RWST s
completed.)

SER: Main Feedvater Pumps Trip (06:35:12Y)

Unit | CRU noted pressurizer pressure less than 1700 peig and
pressurizer level less than 5%,

Alarm Typevriter: Pressurizer level 2.7%. Main Feed pump Breakers
Lripped. "B Charging Pump Start, “A" and “B" LHSI pumps start.

Alare Typewriter: G-12 bresker open,

A Notiftcation of Unusual Event was declared. Unit 2 SRO assumed
duties as Interim Station Emergency Manager and initiated the EPIP's,
(Step 21 of EP-0)

Entered EP=3 from Step 23 of EP<D.

Alare Typewriter: TAVG less than 543°F, P<i2 interlock net,
Alarm Typevriter: "C" Steam Generato: level increasing abeve 183
narrow range.

Alarm Typewriter: S1 and Phase A reset, LHS1 pumps “A" and "B"
shutdown., (Steps 9, 10, and 13, respectively of EP-1)

Alarm Typevriter: “C" Steas Cenerator ot 25% narrow range and
increasing.

Auxiliary Feed Water to "C" Steam Generator {solated, (Shift
Supervisor confirmed Steam Generator Tute Rupture in “C" Steam
Generstor based on "C" Steam Cenerator Level continuing to rise.)

ERFC: "C" Main Steanm Trip Valve clesed.

Alarm Typevriter: "A" Steam Generator at 232 (Narrov Range) and
increasing.

Steam supply fros "C" Steam Cenerator to 1~FW=F=2 (Terry Turbine)
{solated, (Step & of EF-3)

ERFC: Craphs of pressurizer level and RCS pressure reveal increasing
level and pressure, (Also noted on the strip chart in the Control
Roow. )

Alarem Typewriter: Pressurizer Lo Press/Steam Line High Flow §1 circuit
blocked, (The Note prior to Step 15 of £P-3) Commenced rapid cooldown
on "A" and "3" steam dump valves. (Step 15 of EP-31) Alarm
Typevriter: 8" Steam Cenerator level at 251 (Narrow Range) and
incressing. Alarm Typewriter: Pressurizer level 8.5% and decreasing.
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Alare Typewriter: fressurizer heater *reakevs closed (Step 3 of
t"’)o

Alare Typewriter: Presrurizer heater breakers closed (Step 3. of
”'3).

Alare Typewriter: Sscured "C" and "B" RCP'e (Step 38 of EF-1),

Alare Typevriter: Spray demand 76%. (From this time forvard RCS
pressure is maintained by manusl contrel of spray and heaters,)

Superintendent of Operation and SRO-On-Call arrived in the Control
Roovs.

Transitioned vo ES 2.1 “POST-STEAM CENERATOR TUBE RUFTURE COOLDOWN
USING BACKFILL" (Step 42 of EP-]),

Station Manager arrived in the Contiol Koom,

Alare Typewriter: AFW Feed Pump 3A to “C" Steam Generator se ured,
Alarm Typewriter: Pressurizer level 73R and decreasing.

Alarm Typevriter: AFW Feed Pump 3B to "B" Steaw Cenerator secured,
(Subsequently AFV pumps are run intermittently to support Steam

Cenerator feed requirements )

Alars Typewriter: Started "B Condensate pump (Both "A" and "B
Condensate pumps now running®,

Began RCS cooldown in accordance with ES 3.1,

Assistant Station Manager arrives in Control Room and initiates
transition of EPIPs and communications from Control Reom to TSC,

Station Manager assumes Station Emergency Manager position,

Alarn Typevriter: Turbine on the turning gear,

Condenser Air Ejector manually diverted to containment,

Technical Support Center activated.

Alarm Typevriter: Secured "B" condensate pump.

Corporate Emergency Response Center activated,

Started "B" RHR pump for system warm-up (Step 9 of ES 3.1).

Alars Typevriter: Tlosed "A" MFP breakers, (Breakers in test to
permit opening of pump discharge valve to use Condensate FPumps for

fesd to Steam Cenerators,)

Alarm Typewriter: Open "B" MFP Breakers (To permit fsolation of “B"
MIP to stop spraying from "8 powp suction relief valve,

e e e e m i
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loose Parts Menitering System alarm on “C" Steam fenarator,

Locs: Esergency Offadte Facdlicy sctivated. Commenced using auxiliary
spray to supplement BCS depressurization,

Containment partial pressure excecded allovable set point due to Adr
Ejector exhuust diversion to containment.

Pressurizer PORV Key Switches to "AUTO" tor HDTT protection. (SRO
Log)

Entered Mode 4.
Cysled reactor trip breaker to re~enatle automatic Safety Injection,

Placed "A" and "B" charging pumps and "B" LHST pump in "Pulleto=lock"
{n accordance with 1-0P=3.3,

Placed RHE System in service to continue WCE coecldown (Step 9 of ES
3.1).

Secured "A" Reactor Coolant Pump. (SRO Log)

Main Steam Systew secured in sccordance with 1-0P-28,1,
Restored Alr B cctor exhaust to normal alignment,
Entered Mode 5

Station Emergency Manager terminated the emergency.

Notified Nuclear Regulatory Commission, State and local Governments of
termination of emergency Sfatus,

lmplemented Recovery Organizatien,

*Approximate time based on CRO, RO, and/or STA observation,
ssppproximate time based on computer or strip chart dara,

Gary ¢
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PRELIMINARY EVALUATION

G_TUBE FAILURE

NORTH ANNA UNIT 1, €
AT_SUPPORT PIAT

An evalustion was oade of the video tapes generated by Westinghouse,
using fiber optics, of the R9-CS! tube failure. The following observations

were made:

P

10.

The tube failed over 260 degrees of circumference and the severed
ends displeced in the axial direction approximately 4. The tube
failed just above support plate #7 on the cold leg side.

As viewed from the cold leg side upward at the bresk iocation, an
stea of 60 degress or less is noted to be angled te the tube 0.D
This may represent & final failure lecstion in tensiie overlcad or

eyclic bending.

The fracture surface is genevally rough and granular in appeavance.

As viewed from the side, from the tube 1D, the fracture edge is
irregular and appears to be circumferential {n orientation with
lirtle or no axial orientation of the slemants of the crack.

Where several small axial cracks, or tears, do appear, they seem to
be associsted with a small thin zone of final rupture. They de not

appeor to be individual axial cracks.

The fracture surface does not appeer to show a zone of flat fraciure
which mignt be associated in an initial fatigue crack, Although
some cyclic bending may have peen associated with the final rupture,
no indicstion of fatigue is obvious as & possible crack dnitiation

puint.

The rough irregular niture of the edge of the fracture is similar to
edge fea.ures produced by stlress corrosion sracking.

1here is no cluar indicetion that the fracture initiated from the iD
rether than the OD. The outside 0D edge of the fricture cuanct be

viewed by the fiber optics probe.

There are indications from the video tape that what may be a small
parallel zone of irreguiar circumferential cracking is visible in
the 90 degree &ngle tape. This small zone of cracking appears to be
Jjust below the priwary fracture which would place it at the level of

the tap of the No. 7 support plate,

The 158 of video tapes, without further 1sboratory work, is not
considered sufficient to clearly identify the cause and nature of

the failure,
V3 . HcAZoy
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i/ 2L/NT
¢ 1986 Refueling Outage
Tubes Inspected Leakage Tubes Plugged
$/G A« \00% available None §/GA- 10
$/GB - 100% available $/GBH -1
$/C L = 1005 available $/6C+5$

Profiiometry in a1 3 S/¢'s.

Comments: Pa-cial tube end repair performed. Attempted tube removal in A §/G.
Distortad indications cbserved. Foreign object located and removed
in §/G €. 2 tubes plugged preventively. Leakage rates 2 3 CPD in
A, and 10.8 GPD in C,

) athw /0 }I\?‘M/Q éA~ 'Z 0,{.“0 e :"4“"‘:’ ‘J v, («"O-OL

*1985 Qutage

Tubes Inspecied leakage Tubes Plugged
§/G A - 83C 3 Jeaking tubes $/G A~ 13

Comments: Distor:ed indications observed. Leakage v»te 213 GPD.

-

*19%5 Retfveling Outage

Tubes inspected Leakage Tubes Plugged

$/G A - 100% available™ None S/GA-9

5/G B - 100% available™ 2 leaks in B §/GB -~ 17

§/G C + 100% aveilable® 4 leaks in C $/6C - &7
Comments: Two tubes removed with & support plate intersections, 30 tubes from

the three steam generstors were plugged due to 'strong" distorted
indications. Sample specialized NDE applied in §/G C. Leakage rate
%0 GPD.

* 10e¥ avoilubie = al! bot ylw”el Aub o g
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sQ0ther Lven

“Uxtensive sxaminsiion of tubin

“Requested

Comments:

te Dursng 1946 thiv March 1987

g and materials with EPR] and Westinghouse

.Preparation and subsission of WCAP to NRC

and held meeting with NRC staff in March, 1987,

«Developed addy current role base for April 1987 Refue!ing.

*1687 Refueling Dutage

Tubes Inspected Leaknge Tubes Plugged
§/G A~ 100% nvaxlublo" None S/G A - 83
§/6B - 100% availcblo" 2 tubes in B §/GB - 62
§/G C - 100% uvcxlablc"' & tubes in C $/GC ~ 118

Extensive additional NDE performed included:

~Profilometry of more than 100 tubess in each 5/G.

— ‘
L .VJA "ﬁ.’ s Q= A

+8 X 1 probing of nearly 100% of available tubes.

-Rotating pancake probing of all identified tubesheet indications and

a sample of support plate intersections.

«AVBE indications first noted, primarily in B §/G. All indications

less than 40% and no tubes plugged.

Tube end Trepair completed, U-bend stress relief performed on all
available Row % tubes in al]l 3 steam generators. Support plate stress
relief demonstration performed in §/0 %, Two tubes removed from S8/CG A

containing 2 besheet indications snd one support plate intersection.
Leakage rate. 11, FD in % and IE t GPD in €.
.
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OUTAGE DATE

SEPTEMBER '79
JANUARY "84
MAY "84
AUGUST "85
NOVEMBER "85
APRIL '87

TOTAL

R B T RE———

NORTH ANNA UNIT 1
TUBE PLUGGING SUNMARY

STEAM GENERATOR

A
94
0
10
13
9

ar

B ¢
94 96
4 $
1 $
0 0
17 “7
62 118
178 271

209

(6.2%)(5.3%) (8.0%)

RN R R R R R R R R R RO,

Page &

07/21/87

TOTAL
TUBES
284

9
16
13
73

263

658
(6.5%)
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STEAM GENERATOR INSPECTION m;p MAINTENANCE
(S ) NLRATO

1987 REFUELING OUTAGE

¢ Eddy Current Inspection:

516 tubes .(nspected full length (186%)

247 tubes inspected thrcugh the hot leg to the #7 support plate, cold
leg side (7.6%).

- 2472 tubes inspected through the #7 support plate, hot leg side

(76.4%).

« Al]l available tubes inspected using 8 x 1. Inspection encompessed all

available tubes on the hot leg side (tube sheet arsa),

« RPC inspection performed on &1 tubes at top of tubesheet, hot leg side.

- Plugging of 118 tubes due to support plate ot tubesheet indications,

One (1) tube out of tetal plugged due to error. {(No indication in
tube).

- Profilometry inspection of 121 tubes through the £7 TSP Hot leg.

¢ Other Maintenance and Inspection Activities:

« Row 2 U-Bend Stress Relief (7% returned tu service)

Inspection of J-tubes (8 sampled). Also, visual examination of steam
drum.

Sludge Lance. Thirty (30) passes removed 1610 pounds of sludge.

Annulus Inspection of steam generator. Joth hot and cold leg side.

Flowslot photography

Removed and re-installed tube lane blocking devices.

d 4‘ )'-l4zJ
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on all 366) out of & total of 1374,

Aanaclgent R(cevl )
4! _§/G DATA SUMMARY

A

0 .

The 18 sample selected for the 'C' §/C inspection is based on the

1lovwing:

-« Satisfy 15 7.5, sample plan
Sampie shall include:

1)
2)

3)

all previously {dentified degra

as any callable in

dicaticon)

ded tubes (degraded defined

tubes identified by 3x) grid for rows 10-46 an' a Ixé grid
for rows 2-9 (tube will be excluded if previously plugged)
the 8 tubes surrounding the failed tube

To date the standard bobbin coil inspection has hean performed frum
the hot leg on a total of 366 tubes (Westinghouse analysis 1s cowmplete

from tubesheet to tubesheet.
plate on the cold leg side.

Row Column
16 10
9 32
) | 49
ol 19
34 49
25 58

Spring Data

Not identified

Not tested

Not identified

No flaw apparent

No flav apparent

No flawv apparent

Tubes in rows 10«46 were inspected

Rows 2+9 were inspected to the 7th support
Of the 366 tub:s analyzed there have been
five distorted indictations (DI1's) fjeucified and one clear indication.
The following summarizer these indications and provides a review of the
spring refueling outage data for these tubes,

Ju'ly Data

D1

D1

7C%

D1

D1

D1

Explanation

D1 is located at the 6th
suppor® plate on the hot leg.
Indication was missed in
spring inspection, Signal
appears the same nov as in
spring.

D! indication just above the
7th support plate on the cold
leg. This area was not
{nspecied during the spring
outage.

Indication is located approx.
1/2 in. sabove the tubesheet,
Indication was missed in
spring outage.

D. located just above the &th
support plate on the cold
leg. Signal appears to have
changed,

D1 located just above the lst
support plate on the hot leg.
Signal appears to have
changed,

D! located just below the 2nd
support plate on the hot leg.
Signal appears to have
changed.



In eddition te the standard bodbbin coil inspection, an 8x1]
{nepection has begun or 'C' S/G on the hot leg side to just past the 7th
support plate. T™he initial 8xl inspection plas consisted of
180 tubes in the columns around column 51, Of the tubes inspected
(107), 19 have been analyzed by Westinghouse. The tesults of these
analysis show tve possible indications, These indications have not been
verified with RPC. Neither of these tubes vere inspected bevond the hot
leg tubeshevt region during the spring refueling outage.

The indications are summarized belov:

Row Column Indication Location
1 ue Ard and 4th support plate hot leg

ub 50 1st support plate hot leg
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PRUBE TYPES USED FOR STEAM GENERATOR TESTS

OIFFERENTIAL BOBBIN PROBE

Cotls are coaxial with the tude, about 0,050 in, lonyg and asbout
0.060 in, apart. They are gsvally 0,720 1n, in diameter and are operated
in an absolute and differential bridge mode, With the M1Z18 eddy-current
instrument, they are driven at four multiplexed frequencies (10, 200, 400,
and 600 kMz). The eddy-current pattern in the tube 1§ also coaxial to the
tube,’ and any tube property that interrupts or changes the flow of eddy
currents will cause a change in the cotl impedance, These tube property
variations include tubesheets, tudbe supports, dents, magnetite on the tube
or in the crevice, defects in the tube, and intergranylar attack, Only
the axfal component of defects will interrupt the circumferential flow of
eddy currents produced by the bobbin cotl so that circumferential cefects,
with very little axial component, produce very low amplitude signals,
These signals can be easily lost among signals from other property

variations,

8 » 1 PROBE

fhis probe consists of eignt ingependent pancake coils operated in an
absolute mode, being ariven at 200 ang 400 M2, These probes are
typically 3/16 in, in diameter, ow® in, lony, and contoured to fit the
curvature of the tube, The eight toils are & ranged in two rings of four
coils each, and overlapped in a manner such that every point on the tube
passes under at least one cotl., Eaeh coil 1s individually spriny loaged
ajainst the tube 1o minimize distance between the coil and tube wall, or
“119t-0ff," Tne eddy-current flow pattern trom Lhese cotls is circular,
araund the coil axis, and & crack of any orientation will interrupt the
main flow of eddy currents. The coil 15 smaller than the bobbin coil ard
nas a more concentrated field, so a small defect causes 2 larger chln?e
in signal, The coil 15, however, more sensitive to the variations 1in
coll-to-conductor spacing or 1ift-off than the larger bobbin coil, wnhile
the spring loading against the tube wall helps, irregular and sharp dents
will give 2 substantial 1ift-off signal, Since information at only two
frequencies are recorded (200 and 400 kHz), this coil type does not have
as much Gata available as the bobbin or rotating pancake coil,

ROTATING PANCAKE COIL (RPC)

fhis probe 1% similar to tie individual B = 1 coils, but is smaller
(typically 0,125 ta,). It has o stild smaller focus, which gives better
resolution to small ocefects, sees less of tne tube outer diameter
artifacts, and is more sensitive to \ift-off. The probe head, containing
the coil, 1s rotated and the coll is sprung against the tyube wall, Data
are recorded at three frequencies (at least), and @ very fine and
t ime-consuming scan is made of a “suspected ares” of & tube, The spring
1oading and si . of this probe are such that it rides the surface fairly
well, and a th-.e-d.mensional plot of the aata yives a good contour of any

gefects.
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$TIAX GRNKRATOR INS7ACTION STATUS

DTy _08/07/87.

frandard
Sobdin Bxi RrC Profilomatyy
ggtcl ) !a'p.///f////////l////////////////////////////////////

A 1608 nm” i T80

”.-“.--.0.‘”.‘.-..”--..-----.-.--00-- ----.-.---.-----.......

» 662 3210 y THD

- -.--.--c-.m.h...h--.c---o----.--- O Ll b -

¢ 374(H) 17 36 50
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7o) 1566 (R)
604 (C) 50 e
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A 7 '0 .00.... - -

- -

B 1703 0 —— R
30(R) 104(H)
¢ 0(¢C) 11(6) i1 80

- - - - - ~-

8xl Cleared Verified Clear Fuabur Te
$/6 Di's Pri's By RFC By RPC Indications Be Mlugged
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¢ F3 13 10 1 1 e

Bx! testing iw cosplete, ALl of firet shift (total of 7) passed, others
sve being graded, RPC testing will be done on & limitad dasis
(approxinately 8).



