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MEMORANDUM FOR: Tolbert Young, Jr., (hief, Resctor Operations

Section 2 |
FROM Roger J. Mattson, Director, Division of Systems Integration
SUBJECT: CLARIFICATION OF A STEP IN OUR PRELIMINARY EVALUATION OF

OPERATOR ACTION FOR GINNA SG TUBE RUPTURE EVENT
Reference: Memoranium dated March 2, 1982, from Tolbert Young, M.,

tn R, Mattson

The remarks presented in the January 28th memo compared the actual urorltor
actions to the actions recommended in the Westinghouse generic guidelines,
The guidelines recommend that the operator depressurize the reactor conlant
system to the ruptured steam generator pressure us soon s the inftial coo'«
ing stage 1s over (1.e., the core evit tauperature 1s about 50°F below the
ruptured SG saturation tempcrature), Previous background faformation ac-
companying this recommendation Indicates that Westinghouse has been aware
of the possibilit{ of upper head volding. The background information for
the generic guideline, meant to be usad for operator training, states:

"If no RCP 1s running, volding in the upper head may occur (depending
on the ruptured steam generstor pressyre) during depressurizetion of
the primary to the ruptured steam generator pressure. This w111 re-
sult in a rapidly Increasing pressurizer level as water displaced from
the upper head, in addition to excess safety Injection flow, replaces
vented steam in the pressurizer, In addition, depressurization of the
primary will be slowed, Consaquently, pressurizer leve! may appioach
off-scale hiyl before primiry prassure decreases to the ruptured steam
enerator pressure, Pressurizour level must be monitored to prevent
1111ng the pressurizer.*

The Ginng event progressed as predicted in the text above, except for the stuck
open PORY, which resulted in complately filiing the pressurizer and RCS prassure
decrease about 100 psi below the ruptured SG pressure,

As mentionad in the memo, the 5G B pressure was lower than sxpected by Westing-
house, Thit lower pressure appears to be hecause the operators started to de-
crease the secondary pressure before the ruptured 56 8 was 1solated., We would
expect that 1f the guldelines had been strictly followed (Raninder: not the
actual Ginne procedures), the pressure in S6 B would have stabilfzed to a value
gbove 900 pst (1n most other Westinghouse plants, well above 1000 psi),
However, we should recognize that tripping the reactor coolant pump may leave
the upper head sufficiently hot thel flashing would take would take place at
event higher pressures. |
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We appreciste the comment you have made and agree that the
way reduce the potential for 11fting the steam safe
H-ning the amount of flashing in the reactor vesse

fle

16! be™ Young, Jr.

The Westingoouse generic
stions sent to Westing
shing In the reactor nuol upper head cm
m::m We have not ruled our the num

1daltne.

M1y e

fde) tnes are tt11] undar our review and, 1o & set of

e Ownars Group, we have asked that the pessibility of
the depressurizatics be further

nghouse end the staff may coafirm the viadil

ty of this

t{ that further evaluation by
portion of Lhe

generic If this would be the case, & note -t!u!n the possibility
of flashing may be added,

upper head,

step you have proposed
valves, at the same time
Howeyer, the

principal goal of deprescurizaticn 1s to terminate the primary-to-secondary leak

Ginna).

to prevent flooding of the steam Yines (which 1s 1ikely to have taken place in
The fmportance of this goal has to be taken Intu account when considering

the risks related to & steam bubble 1n the upper head (which will disappear when
the RCP 15 restarted).

The reactor vessel upper head voiding has been seen also during other events and

Jiscussfons with the licensees on the subject are underway.

for your information

we enclose & generic letter sent to all Vicensees of operating PWR's.

1f you have any questions aboutl our response to
discuss this subject further with us,

of my staff,
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UNITED §1A €8 !
' 'CLEAR REGULATORY COMMISS)
VALMINGION © € 20408 :

KAY & 1

Yo All LICEXIEES OF OPER‘?ING PRESSURIZED WATER NUCLEAR PONER REACIORS AND
APPLICANTS FOR OPERATING LICTNSES (EXCEPT FOR 8T, LuCIC, uNIT 40, 1)

Ge tlenen;

SUBJECT: NATURAL CIRCU! ATION COOL DOWN
{Ceneric Letter Ko, 81 )

On June 11, 19%0, the St, Lucie Plant, Unit No. 1, wes forced 1o coo) dowh

on natural clrculeiion as & resust of 4 co pongnt co¢!$ng weter ralfunction,
During the cuoldoun process, abnormally ropid incresses in pressurizer level
vere observed, Subsciuent enalysos Léve confirmed thet these sbnormal level
incresses were produced by fleshing of liguid in the vpprr hved of the resctor
vessel, 'or:ing water out of the vesse) and into the pressuricer, A wore
conplete des ription of the event énd circumstances involved s provided in
the erclosure which includes & letter sent to the PHR KS8S vendors «0liciting

their opiniong and corrents on the significence of the event and phencmencn
in gencral,

Besed on our review of the event ‘o date, wi belleve that core conling was
never lost during the $t. Lucie, Unit %o, 1 event, That specific cvent does
Aot conslitute a direct safety concern, Weo héve, howrver, identified two &1 eas
of cuncern appliceble to 411 pressurioed water reactors requiring prompt acticn:

. ?hl“f“ct eptebi'ity of Vessel Veidin Curing Ant{ ipated Cooldown
gz’mtois N~ furad TYCulation Oue ‘?311"61»5 of eof ,ﬁfs.i&srdt:tu!.
Tumps, elc,

fooldown with & significant steam void in the vessel requires controlling

a "two pressurizer” system, which is an undesirable challenge to the
operator, In fact, we are not awire of sny training faci)ities (similators)
today which would allow ¢n operator “"hands on® experience 1a practicing

such control, Moreover, it 1§ our opinfon that any significent vesse)

voin ? produced during controlled conldown conditions increases the '

tuscept bility of the piant ta nore serfous accidenty, for these reasong

reactor vessel voiding during contrelled natural circulation copldowns
should Le avoided,
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Consequently, we requast that you promptly review your current plant operationg
in light of the 5t. Lucfe, Unit No, | event end the discussions ehove end
implenent, a8 necessary, procedures and training which wil) ernsble operators

to avoid lif possidble), recognize end properly react 10 resctor vessel voiding
during naturdl circulation cooldown,

We conclude (hat the actions described etove should be ctopleted s soon 28
they ressvisbly can be (1.e., within € sonths for cperating reactors), In
eddition, /o Lthat we nay determine whither your 1icense should be acénded 1o
incorperaty ihese sctions a8 requirénents, licensees of Cpirating pressurized
weter reactors are recuested, pursuent 1o §80.54(f), 1o furnish, within 6
months of receipt of this letter, en etsessnent of your facility procedures
énd training program with respect to the metters descrided above, Your
assessmant should include:

V. @ cemonstration (e.g. enalysis and/or test) that controlled natural circudas
Lion cnoldewn Trom operating conditions 10 cold shutdonn conditions, conducted

in &ccordence with your procedure, should not vesult in resctor vessel
voiding;

2. verificstion that supplies of condensate-grade 2uxiliery feedwater are
sufficient to support your cooldown method: snd

[ “3. A duseription of {our training progrem end the provisiong of your procedures
o

(e.s: Vimited cooldown rats, respense to rupid change in pressurizer level)
tial" deal with prevention or mitigation of resctor vessel voiding,

Applicants for cperating licensees are requested to impletent the suhJect
procedures and training and provide the requested 2ssessoént within 6 months
of receipt of this letter or 4 menths prior to the staff's scheduled issuence
of its operating license Safety Evaluation Report, whichever is later,

Plezse refer to this letter in your response,

This request for information was approved by OMB under & blanket ¢learance
rurber R007¢ which expires December 31, 1981, Commerts on burden and duplication
may e directed to the Office of Management and Pudget, Reports Managemen!,

Room 3208, New Executive Office Building, Washington, 0.C, 20503,

S\ncerely,

J aves
Division of¥ Licensing
Office of Nuclear Reactor Reégulation

N & .
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aralyses (Chapter 18), e have sent o 1ist oplting vur
comcerns Lo the licensee. These questions el the
enclosure for your {nfurmation.

Ve are presently evaluating the need to pur;zﬂ"! with
a1} PUR Yicensees. Prior to taling any defi ry we dre
soliciting your technica) opinfon and edvise tial for
void formation under similar circumstances in you,
Specifically, we nced to know {1f you can just rhensngnon
cennot occur in [SSS's designed by you (or carmh [henprens
can be properly predicted by your trensient slind if it can
occur, is properly accounted far in cperati cooldown
”“‘55. oprrator guidelines, and operator tr he simlator)

The urgency of this matter requires you edviain (15) ;
vorking days after receipt of this letter (il information

svbmittal by you on the subject vould prec) ditiously
pursve this issue generically with your custe®
®
Paul §. Ofirector for
Flont ==
Diicion it o0

Office of MBeguiation
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GINNA STATION
B~STEAM GENERATOR
NRC MEETING
MARCH 23, 1982

AGENLA

© INTRODUCTION

° INSFECTION AND EXAMINATION RESULTS

© DAMAGE MECHANISM EVALUATION

o RECOVERY PROGRAM

© TECHNICAL BASI» FOR REPAIRS

© PLANT SCHEDULE

° CONCLUSION
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GINNA STATION ]
B-STEAM GENERATOR |

NRC MEETING ;
_MARCH 23, 1982 |

OBJECTIVES |
©  DETERMINE FULL EXTENT OF DEFECTS AND LOOSE PARTS L
@  DEVERMINE FAILURE MECHANISM(S) |

= RESTORE STEA/ GENERATOR TO A CONDITION WHICH 18 SAFE TO
OPERATE MAINTAINING RADIATION EXPOSURES As LOW As
REASONABLY ACHIEVABLE

(= OBTAIN NRC CONCURRENCE FOR RETURN TO POWER




GINNA STATION
B~STEAM GENERATOR
NRC MEETING
MARCH 23, 1982

PURPOSE OF MEETINT

TO REVIEW REEULTS OF INSPECTIONS TO DATE

TO OBTAIN CONCURRESCE WITH STEAM GENERATOR
PROGRAM CONCEPTS

TO OBTAIN APPROVAL FOR REMOVAL OF STEAM GENERATOR
TURE SECTIONS
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GINNA STATION
B=STEAM GENERATOR
NRC MEETING

MARCH 23, 1982

INSPECTION UPDATE
RO, 4 WEDGE AREA

5 -
R4SCH4 - _

“missing aﬁd severed at first support plate

' {
orf a ¢ ‘ L St

R44C54

~severed at top of tubesheet

R44CES
~severed at top of tubesheet

-partxally severed at first support plate

P
R43C55

~severed at top of tubesheet

R44C56

{

~migsing and severed at first support plate

R44CS57

-missing and severed at first support plate

E—







GINNA STATION
B-S (EAM GENERATOR
KKC MEETING

_MARCH 23, 1982

{ ABORATORY EXAMINATION REMOVED TUBING

® WEAR SURFACES
® PRIMARILY RUBBING WEAR C1RCUMFERENTIAL DIRECTION

@ NO EVIDENCE OF CORROSION INVOLVEMENT

® EVIDENCE OF SURFACE COLD WORKING

® FATIGUE STRIATION ON FRACTURE SURFACE

® TENSILE OVERLOAD BURST TUBE FAILURE SURFACE







MECHANISM EVALUA1:CY PROGRAM

INVESTIGATION OF VARIOUS INFLUENCES
MECHANTICAL LATERAL LOADS
GROSS FLUID 70ADS
ANIAL LOADS
LOCAL YLUID LUADS

MiSTORICAL INFORMATION REVIEW
INITIAL PERIMETER TUBE INVESTIGATION

LABORATORY EXAMINATION OF REMOVED TUBE SECTIONS
MODEL TESTING

LABORATORY COLLAPSE ANU FATIGUE TESTING

FIELD TESTING AND EXAMINATION
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LATERAL LDADS

EXTERNAL PRESSURE

TUBE OVALITY

ot
g2
»

VARYING (£VEL® 07 CONCINTRATED LOADS

VARYING LEVELS OF TUBE WALL THICKNESS

AXTAL LOAD AFFECT




@ FLUID ELASTIC INTERACTION ANALYSIS

FLOW VELOCITIES

TUBE CROSS SECTION
FLUID ELASTIC STABILITY
VORTEX SHEDDING

CROSS FLOW

@ EFFECT OF TUBE REMOVAL ON FLUID FLOW FIELD



AXIAL _LOADS

STRUCTURAL EVALUATION
TUBE-TO~SHELL MISMATCH
TUBE-~TO-TUBE MISMATCHM
MISALIGNMENT
TUBESHEET-SUPPORT PLATE MISMATCH
TUBESHEET ROTATION

STRESS CONCENTRATION

U«<BEND WITH REMO.EC SECTION



GINNA STATION
B-STEAM GENERATOR
NRC MEETING
MARCH 23, 1982

LABORATORY EXAMINATION REMOVED TURING

® WEALX BURFACES

® PRIMARILY RUBBING WEAR CIRCUMFERENTIAL DIRECTION
® NO EVIDENCE CF CO"ROSION INVOLVEMENT

® EVIDENCE OF SURFACE COLD WCRKING

® FATIGUE STRIATION ON FRACTURE SURFACE

® TENSILE OVERLOAD BURST TUBE FAILURE SURFACE
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LABORATORY TESTING

0 T'LAPSE TESTING
EXTERNAL PRESSURE
LATERAL LOADS

AXIAL LOAD

0 FATIGUE TESTING
AMPLITUDES
GEOMETRY
sOUNDARY CONDITION

AXTAL LOAD

R W mpm——

e L e N N T RN AR =,

T —




GINNA STATION
B-STEAM GENERATOK
NRC MEETING

MARCH 23, 1992
CORRECTIVE ACTIONS

© eddy current examination
o video inspections
0 obtain metallurgical samples
© remove structurally aagraded tube sections
o restore preventatively plugged tubes to service
o remove foreign objects and tubing fragments
© eddy current examine tubes adjacent to repairs
0 secondary side video inspection following repairs
-] primary and secondary hydrostatic £estl

© metal impact monitoring system

R e A e e e e D L fo
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GINNA STATION
B-STEAM GENERATOR
NRC MEETING

RERAIR OPTIONS

0 EDM cutting process

o mechanical cutters

o Fdraulic tube removal system

0 loose parts retrieval eguipment

0 remove from tubesheet end

(2 additional shell penetrations

° proven repair technigues
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SINNA STATION
B~STEAM GENERATOR
NO., 6 WEDGE AREA

COLUMN §2 91 90 B89 88 87 g6
O 19
O 18

AR - R« CRE ¢ SR ¢ R o SRR - S o B, S SR R, O
-0 0 -9 06 0 0O O 0 0

0 0.0 0 © 0. 0 © 0 ©

O 0 O

7 RW

b [ - 1 1 3 - 3 A N [ £
l sStructurally Degraded (5 rubeu

"‘ Vides OD Indication (5 tubes)

., g E -~ T 5
- Eddy Current Signal (I tube)
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GINNA STATION
B-STEAM GENERATOR
CATEGORIZAT:ON OF DEFECTS

Y O S T B R S i P R e TP S e L e . RN e TP TN SN AN AT AN SN TR T

R45C52 pulled April 1978,

NG. © R40G70 NO. 4 i 3 NO. 2
CATEGORY AEDGE AREA WEDGE AREA WEDGE AREA
§£?66€&?§ii}"“¢”“'”Hﬁ&sz'”"““‘”“" F42C55  R43CS59  p4dcssSm |
Degraded R11061 RA3CS3 R43CEO  R44CS6
R12091 R43C54M  R4A3CE1  R44CS7
i Ri4C90 R43IC55M  R44C52  RA4CSS
R15C90 RA3IC56M  RALCSIM RESCS53
R43C57 R44CS4  R4ASCSS
®43C59
Yideo 1T wece R3IACTI RA5C51
op Indication R10C91 R3IACT2
#13C90 RIGCEE
R16CH9 R3I9C69
E17C89 RISCTO
Eddy Currert | R15CA9 R3ISCTS #35C46 rRi2C2
signail RE0T67 R45C47M R2EC12
RAOCHH R45C46 R3IOCZ1S
R4iCES R45C49 E31C15
R45C50 R32C15
R32Cl16
' R3I3C15
Preventatively] x- G FER RAICS5
Plugged R42C54
R42C56
TOTALS ii a 28 7
aalliaghs et -
Metal lurgical Samples NRC Meeting
March: 23, 1982

P



GINNA STATION

B=STEAM GENERATOR
NO., 2 WEDGE ARET

-

Column 17 16 I8 14 13 12 1
Q 0O ) 34
© 0 e 1
o o~
.) 32
O O "' / ¥ o
/ 30
© O e 0 0 o /
. O 0O O O o/ 29
Vo
O 0 92 0 o @/ o) 28
- QO 00 © 9 0 © 27 ROW

W Structurally Degraded (no tubes)
-‘- Video QD Indication (no tubas)

@ Eddy Current Signal (6 tubes)
®12 C2 not shown

( ) Stay Bar
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RGE S/G-B POST TUBE REPAIR EVALUATION

CONDITIONS
- TUBE REMOYAL

- SURFACE IRREGULARITY WITHOUT COLLAPSE
- SEVERED TUBES AT FIRST TSP

HYORAUL ICS CONSTDERATIUNS:
« TUBE FATIGUE DUE TO FLULD INTERACTIONS

- FLUID-EiASTIC STABILITY

- VURTEX SHEDDING

- TURBULENCE

- LOCAL FLUID EFFECTS - EDDYS, CRACK

STABILITY
- FLOW VELOCITY AND QUALITY CHANGES

STRUCTURAL CONSTDERATICNS:
- FATIGUF MARGIN UNDER OFERATING TRANSIENTS
~ COLLAPSE INTLGRITY
~ STABILITY OF TUBE® SEVRRED EILOW TSP
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SUMMARY OF VOKTEX SHEDDING AND TURBULENCE

R — T ——

ANALYSES

= FIXED-FIXED BOUNDARICS

- CROSS-FLOW VELOCITY, 10,0 FPS

- DAMPING RATIO, 0.0

CROSS SECTION OF

VIBRATION AMPLITUDES, MILS

DISTORTED ZONE VORTEX SHEDDING TURBULENCE
CYLINDER (NOMINAL ) 0.77 0.8
10% OVALITY 0.79 0.83
KIDNEY 0.79 0.83
FLAT 2.13 1.53

-~

VIBRATION AMPLITUDE DUE TQ VORTEX SHEDDING AND CROSS-FLOW TURBULENCE

ARE RELATIVEL{ UNAFFECTED BY SMALL DISTORTIONS AND SURFACE IRREGULARITY
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FATIGUE EVALUATION OF SURFACE DAMAGED PLUGGED TUBE

(ASSUME FULL AXIAL RESTRAINT AT FIRST TSP)

® ENVELOPING TRANSIENT -~ PLANT LOADING/UNLOADING, 14,500 CYCLES

@ ASSOCIATED LOADS
¢ TEMPERATURE VARIATIONS
PRIM ARY THOT: 547F (HOT STANDBY) TO 602F (Y00% POWER)
SECONDARY TST: 5477 (HOT STANDBY) TO $18F (100% POWER)

¢ EXTERNAL PRESSURE RANGE: 795.1020 PSI

e AXIAL TUBE LOAD RANGES

e TUBE-TO-SHELL THERMAL MISMATCH: + 780 1bs.
ASSUMPTION - TUBE IN CONTINUOUS THERMAL EQUILIBRIUM
WITH SECONDARY FL™ID; STUB-BARREL WITH INFINITE
THERMAL INERTIA

¢ PLUGGED-TO-ACTIVE TUBE THERMAL MISMATCH: 0 7O + 1200 LBS.
ASSUMPTION - SINGLE PLUGGED TUBE WITHIN A CLUSTER OF
ACTIVE TUBES

@ AXIAL BENDING LOADS
e AS-BUILT MISALIGNMENT, 0.25 INCH
¢ TS5-TO-TSP THERMAL GROWTH MISMATCH, 0.05 INCH
® TS ROTATION DUE TO PRIM-TO-SEC ap, 0.08 INCH
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COLLAPSE INTEGRITY EVALUATIONS

P

BASED ON EXTENSIVE LABORATORY TESTING

- COLLAPSE PRESSURE FOR NOMINAL TUBINE - 5000 PSI

« COLLAPSE STRENGTH IS RELATIVELY UNAFFECTED BY SHORT
(¢ « TUBE DIAMETER), THROUGH-WALL TIGHT CRACKS

- [OR TUBE TOLLAPSE, DUE TO THE MAXIMUM ap - 1020 PSI
REQUIRED WALL DEGRADATION IS ~ 80%, IF UNIFORM, AND
> 90% IF LOCAL

TUBE COLLAPSE RESULTS FROM PLASTIC INSTABILITY AND REPRESENTS

AN INSTANTANEIUS FAILURE MODE. OFIALL,IHEIDADING CONDITIONS

FOR RGE TUBING, THE MAXIMUM ap (~ 1020 PSI) OCCURS DURING NORMAL
OPERATION WHICH, THEREFORT, REPRZSENTS A PROOF TEST.
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