ENCLOSURE

UNITED STATES
NUCLEAR] REGULATORY COMMISSION
WASHINGTON, D. C 20885

September z4, 1987

Docket No, 50-338

MEMORANDIM FOR: Albert Gibson, Director
Division of Reactor Safety, RI!

FROM: Gus 5. Lainas, Assistant Director
for Regfon I1 Rcactors
Division of Reactor Projects (/11
Office of Nuclear Reactor Regulation

SUBJECT: TIA - NORTH ANNA UNIT 1 (NA-1) STEAM
GENERATOR TUBE FAILURE EVENT

The purpose of this memorandum s to update our interface agreement dated

July 28, 987, relative to the recent Norih Ann3, Unit 1, steam generator tube
rupture (SGTR‘ event. A copy of the July 28, 1987 interface agreement s pro-
vided in Enclosure 1. The first 3 ftems specified in this agreement have been
completad, Items 4 and 5 still remain to be done.

Virginia Electric and Power Company (VEPCO) ard Westinghouse (W) have been
wvaluatinge this event and have just recently finalized the tube break mechanism
and modifications required prior to =estart,

On September 10, 1987, VEPCD and W briefed the NRR and Regfon 11 (PI1) staff
or the NA-1 steam generator inspection, the 58TR failure mechanism and the
modificzticns to be made prior to restart. Final reports from VEPCO and W
were submitted to NRR on September 15, 1987, VEPCO and W met with the NRR and
the RI1 staff on September 21, 1387 to discuss questions from the staff re-
arding these Tiral reports. On Sedtember 23, 1987, YEPCO will submit & basis

or restart with plant uperations Vimited to 50% of full power pending staff
authorization of full power operation, The NRR Project Manager, Leon Engle,
has already discussed restart limited to 50% oY full power with RIl represen-
tat‘ves. R1so, on September 25, 1987, VEPCO will submit os part of {ts final
SGTR report, a safety evaluation revising dose rctes for the UFSAR SGTR acci-
dent analyses based or the installation of SG downcomer resistance plates,
Finaily, full power operaticn {s dependent on the NRR SER regarding the NA-1
£GTR event, and the evaluatian and adequacy cf the SG repairs.

Therefore, based on th: above, & revised interface agreement is necessary 2% is
an updated schedule for meeting major milestone requirements, A revised
schedule 1s provides in ‘nclosure 2 to this memorandum. The 1isted dates are
based on the best avaflable informatfon at this time,

The following actions specify both RI1 and NRR responsibilities, as well as the

foint actions required prior to restart (50% power) and full power operations
{100% power).
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RI1 an¢ NRR met with licensee on September 21, 1987,

The NRR draft SER for restart (50% power) {s scheduled to be prepared by
September 30, 1987, (The NRR NA project manager will have lead responsi.
bility for pisparing the draft SER.)

The NRR draft SER for restart (50% power) 1s scheduled to be sent 10 NRR
EMTR and PSB and RI1 for concurrance on September 30, 1987

NRR and R1T concurrence on draft SER (50% power) {s schedule
> . ~ \ 5
October 2, 1987,

NRR SER for restart (50% power) is scheduled to be
1987,

B |

R11 1s requested tu verify the following 1tems prior to restart (Mode 2)

The adequacy of the licensee's operating procedures for SC leakage rate
surveillance

That SG tube R9 C51 has been stabiifzed in conformance with vendor (W)
recommendations,

That flow restrictor plates have been {fnstalled in conformance with vendor
recommendations,

Trat applicable procedures have beer followed for loose parts accountability.

R11/NRR agreement on approval for rest =t (50% power) {s scheduled to be
completed by October 5, 1987,

1 1s scheduled to 1ssue not later than October 6, 1987 a revised CAL to
censee which would 1imit power operations to 50% power.
*'1 will verif,; the operability of the newly {nstalled N-16 monitor prior
to power ascension greate: than 30%.

NRR EMTB, PSR and PRBP SER 1nput for full power operations is scheduled tc
submitted to the PM by October 9, 198/

(100% power) is schedu)

concurrence on KRE

1.

ed Cctober 19, 1987,

power operations 1s scheduled to be complete




a

sl
I . 1t is noted that additfonal actfons and responsibilities way be fdentified as
I 5 the staff's review of theie matters progresses,

The contact for the above actions will be L. Engle, «ho can be reached on
3 FTS 49-29795,
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l ! Aus C, Lainas, Assistant Director

for Regiun 1] Reactors
Divis‘on of Reactor Projects 1/11]
Office of Nuclear Reactor dAegulation
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Docket Mo, 50-338

MEMNRANDUM TO: Luis A, Reyes, Directcr
Division of Profects, Region 1l

FROM: fius C, Lainas, Assistant Nirector
for Region 17 Rea.tors
Division of Reactor Profects-1/T!

SURJECT: SAFETY EVALUATINN RY THE OFFICE OF NUCLEAR REACTOR
REGULATIAN RELATED 0 RE_TART AND OPFRATION OF NORTH
ANNA, UNIT «9, 1 (NA<1), AT 50 PERCENT POWER

The subiect NA-1 Safety Evaluation (SE) dated Nctober 5, 1987 s enclosed in
accordance withthe revised T1A dated Se,tember 74, 1987 reqgarding the NA-1
steam generator tube rupture event,

As stated in the NA-1 SE, the NRR staff finds that interim operation at
reduced power (less than or egual to 50 percent power) is acceptable. Region
11 concurrence on the subiect SF was received on October 2, 1987 in a telecon
between F. Cantrell, Region 11, and the NRR Profect Manager, L. Engle,

Gus C. Lainas, Assistant Director
for Region JI Reactors
Division of Reactor Prniects~[/1!]

EnclosUre: As stated

cc w/enclosure:
T. Murley

J. Sniezek

R, Starostecki
F. Miraglia

J. Richardson
A, Thadani
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SAFETY EVALU

ATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

INTRODUCTION

By letter dated September 22, 1987, the Virginia Electr ¢ and Power Cempany
(the licensee) requestsu that the North An~1 Power Station, Unit No. i (NA-1)
be permitted to start up and operate at 50 percent of full power. Following the
July 15, 1987 NA-1 Steam Generator Tube Rupture (SGTR) event, the licensee
agreed to obtain concurrence from the NRC prior to NA-1 restart (Mode ?). This
agreement was specified in the NRC Confirmatory Action Letter (CAL) i:sued

July 22, 1987. The licensee has completed the evaluation of the SGIR event and
has submitted by letters dated September 15 and 25, 1987 the evaluation of the
SGTR event, including the SGTR failure mechanism and modifications to be made
prior to restart. The NRC review cf these matters may extend beyond early
October, 1987 when NA-1 is scheduled to be ready for restart. Therefore, as
noted above, the licensee has requested NRC concurrence for restart and opera-
tion of NA-1 at 50 percent of full power pending NRC authorization for full
power operations. In order to place these matters in proper perspective, a
brief wascription of the NA-1 SGTR event and the licansee's investigation of
this esant is provided below.

Prior to 0630 hours on July 15, 1987, nA-1 was operating at 100% power. At -
0630 hours, the Main Steam Line "C" radiation monitor registered a Hi-Hi alarm
and the Contro) Room Operator (CRO) noted pressurizer (PZR) level and pressure
docreasing. Therefore, the CRO increased charging flow to the Reactor Coolant
System (RCS). The unit was manually tripped at 0635 hours and approximately

70 seconds later a Lo-Lo pressure safety injection signal actuated automatic
trip. At 0639 hours a Notification of Unusual Event was declared and at 0650
hours feedwater flow to SG "C" was isolated. However, the leve! of SG "C" was
identitied to be increasing, indicating an SG tube rupture or break (SGTR). AL
0654 hours an alert was Ueclared and at 0705 hours Safety Injection (SI) was
terminated. At 0710 hours emergency procedures were initiated for post-SGTR
cooldown using backfill. The Technical Support Center was activated at 0757
hours ana the local emergency operations facility activated at 0915 hours. The
unit entered Mode 4 (Hot Shutdown) at 1108 hours and at 1218 hours the RHR
system was placed in service. The unit entered Mode 5 (Cola Shutdown) at 1330
hours and the event was terminated at 1335 hours.

No automatic actuatiun of primary or secondary safe relief valves occurred.
Total radicactivity release was less than 1% of Tecinical Specification (TS)
limits. The tube leakage rate (as determined later) was in the range of 560-637
gallons per minute (GPM). Gffsite environmental monitoring teams cetected no
increase in radicactivity above normal background levels. The SGTR event was
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determined to be bounded by the Upcated Final Safety Evaluation Report (UFSAR).
The maximum leak rate (560-637 ) was less than the UFSAR value of 710 gpm.
Core safety 1imits were not challenged and shutdown and thermal margins were
maintained.

Unce access to the NA-. $3s A, B, and C was gained, the licensee's evaluation of
the SGTR event was oriented to: (1) Detcr-‘nin? the root cause of the faflure;

(2) Ascertaining the condition of the $Gs, particularly with respect to the failure
mechanism; and (3) Performing the necessary corrective sctions to preclude the
future occurrence of a tube rupture event.

On July 21, 1987, VEPCO identified a ruptured tube in $G-C. The tube location
was Row 9, Column C51 (7 C51) on the cold leg side at the seventh support level.
A fiber optic examination identified the failed tube to be the classical double-
ended guillotine break. On August 12, 1987, VEPCO successfully completed the
removal of tube RY C51 on the cold leg side up to and including the break at

the seventh support level. The tube was immediately sent to Westinghouse

for an extensive nondestiuctive/destructive examination to det.rmine the frac-
ture morphology and the failure propagation mechanism. The results of these
examinations and the determination of the tube failure mechanism are provided

in the licensee's fina)l report dated September 1%, 1987, and are discussed below.

In order to provide justification for future restart of NA-1, VEPCO has con-
ducted an extensive inspection of all three 5Gs. The inspection has been the
most extensive eddy-current testing program undertaken at a U.S. domestic
facility with emphasis on detecting circumferential defects.

Eddy current testing (ECT) is the principal method used for performing tube
inspections. This inspection method involves the insertion of a test coil
inside-the tube that traverses the tube length. The test coil is excitec by an
alternating current, which creates a magnetic field that induces eddy currents
in the tube wall. Disturbances of the eddy currents caused by flaws in the
tube wall produces corresponding changes in the electrical impedance as seen at
the test coil terminals. Ins.» erts are used to translate these changes in
test ccil impedance into outp. voltages which can be monitored by the test
operator. The depth of tne flaw can be deter:ined by the observed phase angle
response. The test equipment is calibrated using tube specimens containing
artificially induced flaws of known depth.

The ECT testing program has included the inspection of every tube support
junction and straight tube sections in all three SGs with an 8x1l pancake

array pro2. This prcbe (8x1) nas the sensitivity to detect all inner-
diameter defects, either axiul or circumferential, and with defects 20% or
deeper and with a length of 3/16 of an inch or longer. Also, the 8x1 prob2

is able to detect outer-diameter cracks and intergranular attack on either the
inner-or outer-diameter. In addition, all indications detected by the 8xl
probe have been tested with the Rotating Pancake (RPC) prove. Finally, pro-
filometry has been conducted on selected intersections.

A Westinghouse Inte’ligent Eddy Current Data Analysis System (IEDA) has been
used as an aid in flagging suspect bobin coil indications, which are then
dispositioned by data analysts. The data from each tube has been independently
reviewed by two different analysts. One analyst has used the Westingnouse IEDA
system and the other analyst has used the Zetec Digital Data Anaiysis System.
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A1l data analysts are certified at least Level 1l in accordance with American
Society of Nondestructive Testing (ASNT) requirements. The analysts have bzen
given additiona)l training by Westinghouse and required to pass a test that
covers the specific data analysis being used for the present NA-1 eddy current
tests.

Finelly, 1t is noted that an NRC Augmented Inspection Team (Al was dispatched
to the NA facility. The AIT was charged with determining whether the licensee's
actions in response to the July 15, 1987 SGTR were adequate to protect the
health and safety of the public and that appropriate action was bein? initiated
to determine the cause of the event. In addition, the procedures followed by
the licensee relative to the SGTR were evaluated to assess the adequacy of
in-place procedures to cope with serious events of this type.

The NRC AIT Report was issued August 28, 1987. The Report, in part, concluded
that, "The overall results achieved were outstanding in that the operator

tripped the plant, isolated the leak and brought the plant to cold shutdown in
seven hours without using the S/G power-operated relief valves. This centributed
to a negligible release to the environment. "

Our discussion and evaluation of these matters with respect to restart of NA-1
for operations not to exc-ed 50% of full power are provided below.

DISCUSSION

Steam Generator Inspection

As noted above, the licensee conducted an extensive SG ECY inspection of the
NA-1 SGs A, B and C. Identified indications were either present in the April
1987 »efueling outage with no discernable change indicated or in previously
uninspected portions of each SG. Additionally, a review of the data from the
jast outage using the present analysis rules revealed severz] tuhes that should
have been plugged at the previous outage. This apparent, though not actual, .
change in the SG condition is due to the change in the analysis rules and in-
creased awareness by the anal;sts of North Anna specific ECT signals. A review
and comparison of the SG C hot leg data demonstrates that there i~ essentially
no change in tube condition from the April 1987 refueling outage to July 1987
(when the event occurred), Of significant importance was the facl that there
were no indications of circumferential nature found at any tube support plate
Incations, including the seventh tube support plate.

The number of tubes inspecter is shown below. Each steam generator contains
3388 tube: However, a numbe of tubes have been plugged from previous SG
inspections. The number of no. -plugged tubes are: SG A -~ 3179; SG B - 3210,
and SG C - 3117.

The number of tubes to be removed from service based on the SGT inspection by
indication type are indicated in the following table.






concluded tnat leakage occurred between the time of tota) through-wall develop-
ment of the crack front and the final circumferential break.

The orientation and spacing of the striations support the conclusion that
normal design operational loadings were not sufficient to lead to the fatigue
failure. Therefore, some other loading mechanism was acting on the tube to
produce -he failure Measurements of the striation spacing provided necessary
data to determine the range of loadings that led to eventual fatigue of the
tube. Adverse flow mechanisms were evaluuted, such as turbulence, vortex
shedding, and fluid elastic excitation. Review of the data supports the con-
clusion that fluid elastic excitation was ihe most pronable mechanism that
could provide sufficient loadings or alterneting stresses to induce fatigue.

An additional method was utilized to detarmire these loadings and verify the
striation spacing measurements and resultant loading conditions. This method
used tube dent data (obtained through profilometry and physical measurements)
and finite element analysis to establish mean stress data through the dent,
This mean stress data, the dented configuration and fatigue curve were then
used to determine the alternating stress intensity required to initiate a
fati?ue crack. This calculated range >f stress intensity supported the similar
conclusion determined from striation spacing measurements that tube failure was
induced by fatigue.

A fluid elastic stability ratio was defined for failed tube R9 Cii. The sta-
pility ratio represents a measure of the potential for tube vibration due o
instability during service. Values greater than unity (1.0) indicate fluid
elastic instability. The fluid elastic gtability ratio is defined as the
effective velocity divided by the critical velocity. The calculated flow ratio
was determined for current NA-1 flow parameters. falculations determined that
the tybe would be more susceptible to fluid elastic instability due to lower
damping caused by danting. Simulated shaker tests supported the conclusion that
in this regii. of low damping, tube R9 €51 would be fluid elastically unstable.

As discussed abov. the results of the present 5G Inspection indicated no eddy
current indicatior. of a circumferential nature at any seventh support plate
location. This is consistent with the fatigue mechan ism described above. The
majority of the fatigue process lies in the cyclic loading (via alternating
stress) to initiate a crack (or cracks) in the tube. Once the fatigue crack
initiates, the time required to propagate the crack is comparatively smail.

Antivibration Bars (AVBs) limit the high vibration amplitudes needed to achieve
the alternating stress necessary for fat. e crack initfation. The depths of
AVB penetration into the °G tube bundle can be estimatea from eddy current
indications that can then be translated to a SG inspection map which provides
an indication of non~uniform AVB insertion depths.

A large number of AVB indications were identified during the current 5G inspec~
iv5.. This is not unusual in a Series 51 Westinghouse SG. However, a few
incications were identified as far down as Row 8. Therefore, extensive eddy
current testing was performed to identify AVB indications. The inspection
revealed that the majority of the Row 9, 10 and 11 tubes were supported by
AVBs. However, failed tube R9 CS1 was not supported by an AVB.
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Docket No. 50-338

MEMORANDUM FOR: Herbert 3erkow, Director
Projact Directorate - 11-2
Lvision of Reactor Projects 1/11

FROA: John W. Craig, Chief
Plant Systems Branch
Division of Engineering and Systems Technology

SUBJECT: NORTH ANMA, UNIT 1 - MODIFICATIONS TO LEAKAGE DETECTION
CAPABILITY FOLLOWING THE JULY 15, 1987 STEAM GENERATOR
TUBE RUFTURE EVENT (TAC NO. 55791)

Plant Name: North Anna Power Station, Unit Nc. 1
Licensee: Virginia Electric and Power Company
Docket No.: 50-338

Roview Status:  Compiete

The Plant Systems Branch (PSB) has reviewed the Virginia Electric and Power
Company's submittals dated September 15 and 25, 198 regarcing the steam
generator tube rupture (SGTR) event of July 17, 1587 at North Anna, Unit 1.

B review was limited to the modifications for the augmented surveillance
program for monitoring steam generator primary-to-secondary leakage. This
program is based on the use 0 several existing radiation monitors and
sanp\ing systems, and the installation of a new N;¢ gamma detaction system
to quantify primary-to-secondary ieakage. The program is designed to detect
jeakage durin? the early stages of fatigue fzilure so that an orderly shutdown
can be accomp!ished prior tu an actual SGTR.

Based~on our review, we find the proposed primary-to-secondary leakage
surveillance program to be beyond the measu: es taken by thg jorit¥ of
utilities to detect a possible SGTR event and in excess of grrent licensing
criteria. The existing requirements on reactor coolant are identified
in current Technicai Specification Section ° 1.6.2 which speeifies an
allowable limit of one gpm unidentified leakage, one al primary-to-
secondary leakage throu? all steam generators not is d from the reactor
coclant systems, 5Su0 gallons ger day of leakage any one steam
?enerator not icolated from the reactor coolant stem, and 10 p?m identified
eakage from the reactor coolant system, With dny of the above leakage
conditions present, the plant is to be in at lwgst hot standby within 6 hours
and cold shutdown within the following 30 hours. The licensee plans to
install new Nyg monitors in addition to the existing leakage detection
capability for ensuring that the above technical specification limits are not
exceeded. These monitors will alarm in the control room and wili provide a
coniin.ous control room indication in gallons per day (gpd). The alarms will
have three settings of 10, 60, and 100 gpd above the initial reactor coolant
activit¥ level. One Nyg monitor will be installed on the wain steam header
initially (prior to restart) and subsequently one Ny¢ monitor will be
installed on each steam generator thus providing an immediate indication of
which steam generator has an excessively leaking tube. We find the Jicensees
proposed design to be acceptable.
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Plant Name:
Licensee:
Docket No.:

SER Subject:

PrRFORMANCE
PARAMETERS:

PERFORMANCE
PARAMETER

(1
(2)

(%)

(4)
{5)
(6)
(7

Overall Rating:

PSB SALP INPUT

North Anna Power Station, Unit No. 1
gér ;310 flectric and Power Company

Enclosure 2

Modifications to Leakage Detection Capability Followirg
the July 15, 1987 Steam Generator Tube Ruplure Event

(TAC No. 65791)

(1) Management Irvolvement in Assuring Quality
(2) Approach to Resolution of Technical lssues

from 4 Safety Stangpoint
(3] Response to NRC Initiatives
(4) Staffing (Including Management)

(5) Reporting and Analysis of Reportable Lvents

(6) Training and Qualification Effectiveness

(7) Any other SALP Functional Area

NARRATIVE DESCRIPTION OF
LICENSCE'S PERFORMANCE

Not appliceble

The licensee's proposed steam generatur
leakage detection capability is beyond
that required by existing criteria and
will insure early detection of steam
generator tube fatigue prior to occurrence
of a rupture.

The licensee was very prompt and responsive
to staff guestions and participated in two
meetings to assist the staff in performing
an expediocus review.

¥4 applicable

Noi applizable

Not applicabie

Not applicable

1

CATEGORY/RATING



