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7.5 4 LOOP PLANT - NEUTRON SHIELD PADS ,

,,

Faulted Condition Study.

During the primary pipe rupture accident (Blowdown) combined with the Design
Basis Earthquake the following forces are applied to the neutron shield pads:

L
il

xA hradial FR"O R R

axial F = AP xAy y y

.

y H H * ^HA tangential F

4 t

I The pressure values were calculated using
'

F the Blowdown Code and the resulting j
U

[ ~I ,
' stresses are as follows:-l y -
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' - Stresses in the pin
'

, (
i- Maximum primary stresses o =0
.

4, x '

!= 55,697 psi bendingc
iY
\

!
:

T = 16,860 psi shear

Resulting stress intensity = 65,109 < Allowable stress = 1.05 Su = 77,000 psi
(1.5 x 0.7 Su)

- Fatigue analysis (10 cycles fully reversed)

Seq = 78,000 < Allowable stress = Sa = 650,000 psi I

(Section III)
- S_ tresses in the bolt i

'

|
1

- Maximum stresses a = 62,071 psi - bending j

!

T = 660 psi
I

!

Resulting stress intensity = 62,085 < Allowable stress = 1.05 Su
(1.5 x .7 Su)

1
77,000 psi=

- Fatigue Analysis (10 cycles fully reversed)
i

Seq = 155,000 < Allowable stress = Sa = 650,000 psi
(Section III)
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APPENDIX A
.

NEUTRON SHIELD PAD BOLT STUDY

F

Two neutron shield bolt tests were performed at the Westinghouse R&D Materials

Testing and Evaluation Laboratory.

Both tests were conducted on a fixture similar to that shown on Sketch A-1.
The objective of the test .was to subject the bolts, two per assembly, to a
fatigue loading in both shear and bending. Sketch A-1 indicates the direction

of loading.

The first test was conducted with the test bolts preloaded to 100% of the design

value. An LVDT (linear variable displacement transducer) control' maintained the

cyclic displacement constant throughout the test. Testing was initiated

and was not terminated until the bolts had been subjected to 370,000

cycles, the value specified in the test prospectus. Two minor problems were
encountered during the test which caused short shutdowns:

1. The initial load required to attain the specified deflection exceeded
the machine capacity. This was rectified by changing machines.

2. A stud in the test fixture broke, requiring replacement.

The second test was performed in the same manner as the first test with the
exception that the bolts were preloaded to 25 percent of their design value.
Displacement was ag'ain controlled to cycle between the same values and the test
was concluded after attaining 370,000 cycles. ,

During both tests cycling was limited to 0.3 Hz to avoid overheating of the
test specimens.

. . _ .

'

A-1
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Mr. James F. O'Reikly, Director ,
U. S. Nuclear Regulatory Corrnission
Iegion II

,

Suite 3100
, , .

101 Parietta Street, -

Atlanta, Georgia 30303
,

.

$1er Oconee Hucicar Statdon -

Docket No. _50-269
RO-269/81-11; Suppiesnent k

Dacr Mr. O'Reiliyi
;

My letter of July 24, 1981 provided Reportable Occurrence Repori RO-269/81-Ik.. . . . . t . i

concerning broken core barrel assembly thereal shield boltis... This letter
cupplements the initial submittal and provides itifbrr stion availabic,to date

_

from laboratory examinations of the fractured bolt sacples.

Other utilities witb B&W designed NSSS have been advised of results contained!

i heroin. Duke will continue to provide supple:nentary reports na significant
'

j octions are completed.

| -
.

| Very truly yours, .

.

YLD e |
Ulli.katn O. Parker; .$r.

blA/phP
,

Attechnent

ced h&URegulatoryResponseGroup: Director, Office of Managcaent

.$. 3. Mattimoe, SMUD, ChairTnan
,

J. H. Taylor, B&W Mr. T. M. Novak, V. S. Fuelear

W. C. Rowles. TECO. Regulatory Co: mission
,

D. C. Trieble , AP&L ,
,

G. Beatty, FPC Mr. Bill 1,avallee, Nuclear
-

R.. J. Wilson, CPU Safety Analysis Center

g60 0g9.40 4
<> V. .
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Dukte Power Company.

IOconee Nuclear Station
,

iInit 1

-
-

Ecport Numi>er R0-269/8i-ik,Supplementk- .

Reporf Datei August 5, 198i
| . , ,, . .

Occurrence Date: July 15, 1981
L , , . . . ... . . . ..

Fracility: Oconee Nuclear Station. Seneca, South Carolina-

Rdentification of Occurrences CoreEntrei.kssenbiyThermaiShieldBoltsBroken

Conditions Prior to Occurrencei Defueled

Supple:nentary Inform a tiont

i j .
. .

Additional information has been developed since the July 24, 1981, report which.. . . . . ,

may be useful to the Nuclear Reguistory Connission, npecifically in regard to
ths unaccounted for 2oose parts (listed on page 2 of the previous report) and
the information available to date from laboratory examinctions of fractured bolt

.ocmpleo.

With regard to the loose parts, except for one thermal shiek$ bolt head, ali
'

thermal shield attacincnt bolt parts previously identified as missing have been
located. The guide block and its attachments are still missing. Due_to the ,

completeness of the search to date and due to the size of the block, it is,
believed not to have been in place when the internals were last installed in
1976. ,The following table surenarizes the current status of . components missing,
locatod, and retrieved:

StilkInitially
- Missing Iocated ketrieved Missing (8/5/81)

_

<

Cuide Block [ 0 0 i

Cuide Block Dovei i 0 0 i

Guide Block Bolt 1 0 0 1 -

Guido Block Bolt i 0 0 i

Wacher
TheraniShieid b d d

Bolt Reads
ThermalShield k k d 0

Bolt Shanks
Thermalshield $ $ 0 0

'r- locking Clips

..

.. . ,

-

_ _ . _ _ _ _ ___



.
-

e ,
,

*
*

.

.

RO-269/81-ii, Suppler ni.1
Pagn 2 ,

.

Tha three bolt shanks and two boit. heads retrieved were sen't to the Lynchburg
Research Center (LP.C) of Babcock.6 Wilcox for examination. One bolt shank land one locking clip were located with remote video equipment in the flow

' distributor; one bolt head, tentatively identified as one of the nissing j

thermal sh$cid bolt heads, was located near the West upender in the Spent
| Tusi Pool, and _ two locking clips were located during the examination of dis-
| charged fuel in the Spent Puel Pool. Efforts are in progress to retrieve

,

|these parts. . i

I!ith regard to the examinations conducted k>y LRC, bhe resuIts of khe examina-
'

' .tieno are summarized in the f ollowing paragraphap ... ...., .

| k Scanning Electron Microscope (Sh.M) exa= Inst $on was performed on the best
fracture surface, following routing enerophotography work and di=ensional

'

s.nd esterial hardness checks. Meta 11ographic studies were also conducted.

.

The fracture surface covering most of the bolt cross section was found to be ,

intergranular with grain boundary corrosion attack and branch cracking evident.
, A smaller central region was found to be transgranular with some fatigue
'ovident. No evidence of shear lips or ductile tearing associated with over- ,

load was found. The f nilure mechanism identified frem this exnsination was .

determined to be a corrosion f atigue mechanism with low stress levels involved.

.Dua to,the nature of these findings. .[s review has been dnitiated in regard to
other A-286 (SA 453 GR 660) bolt applications in the reactor internals, Bolts

of different size but similar vr.aterial are used in the Core Barrel to Core
Support' Shield, Core Barrel to Lower Grid, Upper Thermal shield Restraint.
'Blocko, and Flow Distributor i;o Lower Crid Joints. These joints have been
jcarefully scanned with remote video equipment. The joints appear to be tight

As a precautionary ceasure,and no sbnormal conditions have been observed.
P cns are being nade to remove one or note bolts from these joints for detailedi

; examination.

While these joints appear to be In the as-installed condition, 5 revieu 'Is
currently in process to assess the potential consequences of bo3.t failure.
Tha.results of this review will be submitted to the NRC Staff upon completion.
Tho Oconee TSAR, Section 3.2.4. discusses the nechanical design of the reactor
internals. As stated there, in the unlikely event that a flange, circumf eren-
'tial' weld, or bolted joint eight f ail, core support luns velded to the inside
of the reactor vessel vill limit core drop to 4 inch or less. A h inch core
drop will not allow the lower end of the CRA rods to disengage from their
respective fuel assembly guide tubes, even if the CRAs are in the full-out
ponition. In this rod position, approximately 6 inches of rod length remain

. _ . _ _ =
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RO-269/81-11, Suppienent.k
Tage 3

_

in the uel ensembly guide tubes. 1 core drop ok k incii v$.lk not result In
a significant reactivity change. The core cannot rotate and bind the drive
lines, because rotation of the core support assetsbly is prevented by the guide
Lugo.

As indicated in the July 24, $981 Initial report; sensitivity checks on th1e
Loose Parts Monitoring Systens (LTMS) on Oconee Units 2 and 3 have been com-
picted and they have been recalibrated. The operators have been provided

'
cdditional guidance regarding the importance of the 1.FHS.

. . . . . 8 3| . **
,

Additional supplemental reports vill be proYided to advise the status of
completion of the corrective actions, and of any new developments that may
occur.
.

O

e

e

e

9

9

l

.

.
-

, a,. _ . .
,

.

.e

~
_ . _ _ _ _ _ _ _ , _ ___ __ __ _ _ . . _ __



-;a .
ae

.

.* /. ..
Is. :e , )a. ..

-
. ~. . . . a .- . , . . q.,,,,. . ,

.

; , . s-' .
,. * ..

.

,

.st.n:,-. . e. : , ; c .:. .,. . :

; - ;s ; . .: . : w. ; .
'. .- :, .. . <.*- ..;.. . .-

Y p..g Babcock & Wilcox4 - / ".L %1 woei.., p=.r o.n.r.uon om.i-

. t o..

""|7's

a Mcoermott company - " August 11, 1981 3315 Old Forest Road.

P.O. Box 1260 **

LynchburD. Virginia 24505

. . . - ?. - . n. ...
.. .

(804) 384 5111
..

-.
.:- .-

.,.
. . . . . . .

'

. m,... A, c:g. <m:e. ... -?;;. n:! n. .b. g.; .t.q:: ;- . y
p.;r . 7.. .

w. . .
.. .

q. v - .n.. . .: ;g : .; . yy . . . .
,.

~ . .....,....v... .,.:.. . . .

1:!N/fiMr.'JVictorStello,,1 Direct 6r# E M .@ 6 $. ....UM . ? 7.. . .
na4

. .s c. .
: .g,

M . F.-WW*:-WW .r Re gul atoryJ Comiss ion W M.w_,,.r.eJew.r..". N.W9yd'.y. . @.~, 3 : ,,. , u::e :},* 'Je .N;. k.g.|. United States .Nuclea.i and. Enf.o.r ceme~ nth-WF.ngz*,.S.._W.g.-'W.a.m:.W Offi.ce of. Inspectionr
\ s.'*m.,-

9. .. e ...:..-*,

.4 e, .h + c. --.:

. ,c . ,$..f. Washingtonf Df CM.20555 M.f.d.s.W:y w.o.:. u . .q.ww .w.v F ;;g:. 3.~EW; l.s- l' # O .:'.* 0 "- 9.. m.??.E ' ',.T .' 5. 2^f
~

.

:t. w..:y. % bkyn : <.:.. . . . . - ;q.::,
. .2:L

.

y:;~ % .y.~
,..... -

.1
.. ..

.+. - wmr.vem'..Sh.ie.~ld.cB61ts at. Ocon,ee Unitd.. -
.. .

_.,~ x.9 ,.fw;LcT,.w. .. , ~ , ro, .. r+,=.r..We 1 e#.s r ar.e4 Mea: r.w . . - -
. ..

: .9. . .,
.

.e .9 . :G.W;p. Subject: B ken -Th.e.r..ma.l. .

e .uc. v & ;. :.r.ri .

,;.. . . ;.

V w N-
- w .

..s . . . .J, ;.<.p.u ,5 :.,
--

'::fw. Dear.Hr. Stel'lo.nc.y. .my,q.p s.s=::';F.,.,Mvme.
4.. s..

-- . -
. ( .+ . :w w .;5m. - M. w- p' ..' 7.xn-

. w . w . w . m -n.&.h .. w%. 5.:; r:' m
. . . .

;

4. u m f pJw.7 ~- . W, . n ?.= = i . .ej.:. . .L m:.n %w.w.y-m.+.. w . M:
+., .

-
. . . . - .. . . .-

L u :w N. .. : -
, ...

reactor". internals bolt problems. .", . n .~'.7%y n..The Re'g' ion ~-'II 01E' ifswaFi~ of'.i cient'zw . . w.w, . x . . .> .a . .
. e .. .

g.w. QR |(~.

. #w. " obser.u . ..qvic.'.4.w.:6.w.NI: . ten,"g.ph.e : v..y4 These. ; problems were L ;/r :n.
~u.y '. e..:g. .:a . .

*

..~
n .- . ved during.the Oconee: Uni.t. year. inspection. . .,., W;A

.R$~Mg.w w :wu n-v.p.w n.ne:t;. mne~.w.,r.c-:<:.~c ; 1',gx&p and August;.5, 1981*;.C:R. '.;.. .f v '.W.g'.,.
'

c. n . .- .x:z- . .
.

. % ...p.w. .. 4,.:.
,.~.- ..to OIE ~ d ated . July 24 J 198:-documentedlin reports;

... .-- * . e . .gu .~ . .--w.,- s.n . w yo.. s ..c . . ',
.

' The purpose of this letter i+s .to advise OIE headquarters.of this matter
.

.T'" .: -... ~. 2 . .

' ~ - and to provide some additional information regarding the potential
~

applicability to other operating plants. In addition to these written
. . . . . . . ..

g.,. ,
comunications, NRR has been informed through the B&W Regulatory Response Group

. ,

E-"'@Nnd Mssrs?Serdti Economos', and Fiii of The OIE were briefed on A'ugu'st 6. - 1-
~

. . .

. . . : .i. . . y,. Q, ,. 1981, at B&W's-Lynchburg Research Center. :
. ;g.

. . ... . ,.

... . . . . . . . . . , . . . . , . . . , , . .s.a .. 1 g ,3... . . . ..n. . . . .. , . , , . x .c. e, ;. . ..
.

.
. ... .

.
-., . . . . . . . . ,....t ., J. ;

..

. . - Description of Observations and Inspections _ c.1 . ,, - .

. *g |J. g.'. c_.-
, , , . .. . ,,

; ..,::% - * *;- . ..
L *. . . .

,:,;% y : V :. . ,s . u:.
. ;. s ,.. , . ? *A-

. .. .

7.~
- P.,-During the' visual examination"of t'he' Oconee I reactor vessel' intern.al. 5S..

,. , ~. . . . .

::. +. G-
- --w - - ,m . . .-.

.

r ' t..
'

t . July 15, 1981, unexpehted" conditions were obser.ved. TheT~'.
<.n:. xcomponen s on r -

- ... . . . . . . . .. . . . :c. . . m . .. . . . . . . - . . v. ,.-
. ...,

l. Wih .' .following = table .sumarizes the~ results,'iof:the initial . visual examination: . . . .. n . . ..k
.. w n a.s. ' .

9 :; - .- .v. : w ~ . ~ c - s-v + .
. .

??&T'*1r." Four of 96 bolts connecting the, thermal shield to ' the lower grid tflow- - -'

..n. distributor flange were missing. u w ..
~.,. w .a.m.w ...- .,..:.a.......~. . . , .m . .

.. . . .

9ji| 3tyx - . . v. .
. ..

:cG rA~q,
- . .

*
f

-

b-
.

' e. . , ' . ! ~ i.,,'.h'h

$.a. i.#- 2. . Approximately 80. percent of the remaining thermal shield bolts were. backed .W - 1.-
m

,:. u.~ v ,~....L out from 0.1 to 0.5 . inches.'T h,. g &c.pp &.py.. .. . v
. '

, 3 . .- . .: . . . > :.cn m : r.c - . . . . ..

^' '

. - %..
.

,. .v.n.. . . . .
. . .........: o : v.. ,.. . . . .

. ,. .

7 ~.i. . .E c . . Three bolt " locking cups were missing.'~
. .

'

3., .

.

.
. .. w .

W 1. 4. One locking cup was partially attached.
.p. .. _ .. .. . .m.

, .. 5.,. One guide block on the Y-axis.was missing.
\..

' ^$1* 'The above ~ results are shown on Attachment 1. Attachment 2 is a photograph
~

of the lower portion of the internals. ~

,
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,

The following discussions of pertinent portions of the internals are
provided for background. Attachment. 3 provides a cross-section view o'f the 177

. ..

.
3.~}.; . . >Q,. .. 1..

. - .
'

FA reactor internals.
, . , , ,

.

.

=. z..n...... . . . .

.J . .f. ;..The thermal shield .Lis_..+
. _ ... . . -.

.

:w r.qq;.. .u.mauc.c.ylinder surrounding .the core barrel;a' 2-inch-thick _c;

.? : . . . . e; . .-.

.it, extends the : length..i f thercore-regio.n.9 Its function is to. provide *3'.9--*
. .: . . . . . . , . . ..

,

em r o -

: :. v : . . , a. .v w . m :~ . . .
-

. .. , .. .

. ., a, ' . additional shielding against'.'.'ganna. and; neutron' flux effects on the ' reactor.;.,u
. ,s . .m . :.w

vessel wall in the core: region -to. reduce gimna heating in the reactor-vessel ' . ..s: . .c
s .: : . . . . :. a-. .....:......:.. w .. m a.> -:,-r , s . g .../.. . .. , 1 ;,. = . .~ -

/J.". .n. ,.
wall and radiation' effects'on?the' vessel mater.ials.. -The bottom support is , . * .'2,.. T. .., . ~g+. . . ...~.-...u. . . . , . ,m . . ..

. sh'o'wn' in Attachment 4.i...:Th,e ID ~of' theMerm. al shield, is., machined to" clear ~ th'e
'

>

-:. .. .- ~ -

"'f '.i.-)|.
bottom flange' of the core barr~e'lTaid'y.:;g .to lengage the' lower grid with a ^diametral . .

: . . w a .. .
. ...

- - . : .

..

2. W' :,; . .. n . . . c .&. . . .L :. . .:.*Y.S. .- .. :.
.

. . .

u@?.%::-._interference fiti 'Ninety-six'.1-inch-diamete. r,' high-strength bolts,. secure the-

e

bottom' ehd of the' thermal
..v..n.
.= . ..> m... shield to the ' lower grid plate.(The four missing _'

. : . . :.. : u - .,
. .

- -

S ' '.'
~

bolts were from this' location.)-
~

The thermal shield's upper support (shown in Attachment 5) consists of a
Stellite clamp and shim pad that are contoured to the. thermal shield and core!

barrel curvature. Twenty of these assemblies are placed at equal. interv.als
around the top end of.the thermal shield and secured to the coreIarrel by
high-strength bolts (three in' each assembly). The design restrains the thermal
shield radially both inward [nd outwafd, and allows axial mo' tion to accomodate

'

longitudin.a1 differential thermal grodth between the core barrel and the
'

,

. ~: . .. .
.

.

thermal shield. ; Ph _ .
-

'

l

[* . .. Attached to the ex'teribr'of the lower internals ~ are 12 pairs of lateral
.

._
. . . . .

P restraint guide blocks. Each half of- the blocks is about 3" x 6.5" x 5" and
j~~~ weighs about 18 lbs. Each pair of blocks straddles one of the 12 core support

1. 2. lugs. One of these 24 guide blocks was.. observed to be missing. , a.,.. .

..

E' A visual examination of the core internals and the reactor vessel was
; conducted. The' examination 'was designed to carefully inspect important areas

,

of the reactor vessel internals und the inside of the vessel, and to locate the.
''

missing parts.
The following table sumarizes the current status of components missing

and those retrieved at the bottom of the reactor vessel:

'

.- . ._

.

e . * @

- - - - . - - _ _ _ _ , _ - - _- -, m.. . . - . _ . - - - - -_
- - - - - - - - - - - ---
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.

.

Weight Initially
- (lbs) Dimensions Missing Located ,

GuideBlock 18.0 'I 3" x '6.5" x 5" 1 0
_ . ' . Guide. Block Dowel . 2.3 4.5"p l.5"D 1 . 0

. .
.y . Guide Block' Bolt M O.902F N.s.' .

. ml .- -. . . . . 0 * . m .
. . .

. J.

. .Ditl.%.'$|.2@21.%.3h.X .. i.Y$i.W6Cl2%TG.9100'. .4.1% 1.7"D,T..i.:
*

.-,

7 ..1.; * ' - 2. , '
...

: W2 ' ': Guide B1ock Bolt ~ -S.S.085.th.2",?0D,- 1.0 ID ' ~
O 2. .:: '.1,.N T' .* .

. !1. 0-

* g .,'. ''.' Washer'. .
^^

'
~

.
.,

|40.582 e.a k l.'375.", 1.75"D 5.
,

4.-1

d.:i . b Thermal Shield .
c .

:rs W a n 5h.. Bolt Heads .= - 9sh ::2G X&MW . - , - .. .

'. ::' . Z::Ther~ mal Shield.1 7.% 0.669T(t.25.125 1~.0D4 4

.

'

,

, .$5'jit?. Bolt Shanks ?~ .1395,'Z.W.3'%$ijk.Y:;m. gl . ' f.
. . ?? .
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, .
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.O. r
.. ..

x J'.. L.~,<.?.ocking C1ips9. 4. i
_. - ,.c.

-

.. . . .s .
* .c,.c.c..:; O e r.

*0bserved broken end.in7 attachment hoTeS w.s ; e. . =-- ,.;. '"-

. ..

. .

.. ...<..,:.., . .p;9; . . a;a.w.cy.; .. -
.

.-
r . .

.e .. . c.. -: 1. s... .

. . . . . . , . ... + :. .+%..a% 9::;g9]W . : .. . ;
'* eM'-- 4

. F~ ~'ei ?." "
.-

., ;. . ; x ..
.

As shown above except for one thermal shield bolt head, all thermal shield
.

attachment bolt parts have been located. The guide block and its attachments
are still missing. Due to the completeness of the search to date and due to

,

the size of. the block, it is believed not to have been in place when the
internals were last installed in 1976.

. .. .

'
* The visual examination has reveale'd no other significant abnormal

h
~ conditions. The .following -table sumarizes the inspection result's: '

i - Thermal shield to lower ' grid. joint No distress of metal'

Upper thermal shield restraint Locking clips intact; no visual evidence
,' of wearar.

.- .7
_. , . - . . . ..

. Welds intact; indication of guide block

. ... ..
|

.,- .
.

... . . .
.

' ' . "
.

Core guide blocks -

and lug contact
.

. . . .

Flow distributor, outside . No indication of impact damage '
q .- ,;. , .

.
r .e

.
. .

: :.: . ~
-

'

Incore instrument guide tubes No indication of impact damage
.

. RV guide lugs - Some indication of contact

Core barrel to core support ~No indication of. joint degradation
shield joint

Core barrel to lower grid No indication of joint degradation
joint.- . _ . -

.

Flow distributor to lower grid No indication of joint degradation
joint

!.. - . ..
, ,
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gboratory Examinations
.

*
As part of the investigation of the thermal shield bolt failure mec.hanism,

three bolt sha' nks and two bolt heads were shipped to the Lynchburg Research -

,'p
,,, Center of Babcock.& Wilcoxj o,r[examinat $n?,j,f..,..,

'

:
'

,
.. 3, ;, ,. . . . . ..

_
. ., . . ,. . .3 ,. , ,...

R. I '.".'.-: ' ... The results' of these''eiaminationslo';date' are sunrnarized' as follows: -
.-

0
.

7; . 9; 33. .,g.o.g.pg g -.- . , . . . . . ..

Of the five' fractureDurface's', two!w'ere damaged from impacting to such an ~

,,

# ". . extent that' examination'wis" pre.cl.uded.'.f The Yemaining three fracture surfaces . . .
f, -.-

(two bolt shanks and one bolt head) were examined and 'found to contain similar: -
..- -

.- :. . :. . v ,.x - - - -
, , . ~

|*$. .' t . .. .. . r A ? %*.s. s.. . : .*::- *i.- *
.g.. ' - fracture. features. A Scannin'g ' Electron Micioscope '(SEM) examination was'?T " ' M.

'

.

.m .. . . . . . . . . , -.- e, .. . .

:f . performed on the best fracture. surface,1following rointine macrophotography work..- . - .. . . .w . m , a .:: . -

T. 'and dimensional' and material hardness', checks. Metallographic st'udies'were also -
~

......~,.s.... , ..
.

~~'
_. .. _ . . _ .

v" - conducted on a second bolt shank," fracture ' surface.
The fracture surface covering most of the bolt cross-section was found to

be intergranular with grain boundary corrosion attack and branch cracking
evident. A smaller central region was found to be transgranular with some
fatigue evident. No evidence of shear lips or ductile tearing associated with
overload was found. The failure mechanism identified from this examination was
determined to be a corrosion fatigue mechanism with low stress levels ' involved.

..
-

.

_

Analysis of Occurrence
^ ,

- = .: -.
-

An evaluation has been made of the safety implications of the observed
'

conditions. . This safety eval'uation considered the following:
- 1. - Structural implications of the thermal' shield bolt failures

2. Structural implications of. the guide block f ailures.
3. Loose part implications, i.e., damage to the fuel, interference with

- CRD motion and damage to other RCS. componeats due to loose parts.
Due to .the function served by the thermal shield and the manner in which

'

it is structurally considered in the accident analyses, the cbserved conditions.

are not believed to have significant public health and safety implication.
Each of the above three types of safety implications is discussed in.

detail below.

.- -
-.

,

- , . -. __ _ _ _ . _ _ _ _ _
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>
. .

'

A. Thermal Shield Bolts f |
,

' The thermal shield .is not a principal' load carrying member of the reactor *
,

.~ . . . . . . .

. . . .. internals; i.e., its function 'is to reduce radiation effects on the -~ ~-
.

.
. . . .

. .

i$b .3.51$.L react i vesse,1. ,.Injisp,pe ob'this$. function, however,. several consequences .

Mv..v.MM E5 of joint'degradationMrIIton11''"rNt the upper and lower end/of the .
~

.

de
- .c.. +. . a i o :. . m :.>. p e.v

.x;;g:~' thermal shield.. If;the' upper restraint becomes loose, the thermal shield
...

' s ;.:. . . .- .
- . .c ,. . .

h . s.u-a. response due to fluid loadings.will' change with the most likely
..

.

consequence being..,: e'ductio.-c .in n.muatural frequency of th'e shield. This
w- --u.ar ;-w..us.. :a . .. . . ... a re nr

-
~

g x ~.w . re.we,w.s. +. :/ w . ~- ': -W. ;. b:m. ..# ..,. could lead to an increase-in'..the'. cyclic', stresses if the lower e'nd
:

;>-

m .: . . . +. . . . : . . , . ,. . .. . . . :u ::. 4 .4. a.
.

attachment)olts. } As loosene'ss,,at"the' upper restraint develops, 'any' ..$. :M A
'

y

9. m';/ u n-y significant metals.to'.,meti1. impact' would be 'most likely detected by.the
#p

- .r:. w ::.:.<. m .e.-.~ ...
y. .i loose parts monitoring system.(LPMS).'. Detection becomes. increasinglyk- .

probable at high'er frequencies. Should the lower attachment bolts fail, -'

-

,

the shrink fit between the lower grid flange and the thermal shield could
then loosen and vertical motion.would be possible. In the upward

direction, motion would be limited tiy the core barrel flange and stop.' In,

'the downward direction, motion is limited since the thermal shield rests
on the lower grid flange. Therefore, vertical motion is constrained in

,

(, both directions but should signficiant vertical motion occur, -

.

.

metal-to-metal impact would also occur and the LPMS would indicate the
~

N . _ .

condition before serious damage would occur. Before vertical motion and~

, associated impacting.could occur, numerous loose parts (i.e., . bolts, ,

,

..
' locking cups, etc.) would also esiis't in the system and again the

.

. probability of detection by the LPMS is high.
Although not considered credible, the extreme condition considered was

,' complets failure of the lower grid flange to which the thermal shield is
'

> -

attached. Even under this extreme condition, the core suppr' assembly
,

-

-

would. remain intact but the thermal shield could conceivably .3 - 1 short

distance and then be restrained by the twelve core support lugs. These
,

core support lugs are designed to accomodate the design weight of the
core and thermal shield, which together, are 13 times the we,ight of the
thermal shield alone. The failure of the lower grid flange is considered

. . -

to be an extremely remote possibility but nevertheless one in which core
~

cooling would be unaffected.

.. . .. , . _ ,
^

_ _ _ _ _ . _ _ _ _ __ -
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.

I'n sumary, evaluation of failure consequences considerably more severe
than those observed are not considered tr, represent a significant. risk to'
public health' and safety. because of the purpose served by the thermal
shield and the lack' of advers'e effe't on core cooling. .c,

/- [ (,B. GuideBlock's7'.,h . hh f,1f{ fig. ;, '- ,, -; ' -

'

<
, .

~ < The guide blocks are attached ~to the lower RV' internals and.in the
. v . .

original design they we' eLto' provide |laterial (s'ide) restraint for seismic .r..,

loadings. During recentiinalyses, hiiw'ever, including the analysis of the
,,

'.: effects o.f LOCA-induc'e'd"asyme'tr'id..,, forces, no restraint was' assumed at the-
-

.....x.. . , , - , . . .
.

..

"
- bottom of the ' core iu'pportlassembif.'and all' stresses. were found..to be"

' within ASME c$de A11$wa51S$ '.ThefeIhri, the gdide blocks are Act -
-

...,-u. .c. . .....r. .
- - -

-. . .

essential to ' assuring' the intergrity of the reactor internals under ~.
.

- _. -

accident loads.. Furthermore, 'it appears that the guide block. failure is-
'

independent of the thermal shield bolt failures and would seem to be an
isolated event based on the nor.$al appearance of the dowel pins and
attachment bolts in the other '23 guide blocks. The sin'gle guide block
failure appears to be an isolated event but even if this were not the
case, additional failures would not have significant safety consequences

,

~

aside from the ' loose parts implications which are addressed below.-

C. Loose Parts -

f-
The size of the loose parts 'which have resulted from these failures vary

'

widely - from the. locking clip or a fraction thereof to the guide block.
' Any loose parts in .the'1'ower head - lower internals ' region of the reactor

,, , '

vessel which are larger than the flow passages in the fuel assembly end
fittings would be precluded from passing through the core or entering the
reaminder of the reactor coolant system. Pieces which are small enough to

pass through the fuel assemblies and into the reactor coolant ' system are
not large enough to seriously degrade the RCS pressure boundary with the

' '

possible exception of the steam generator tubing or tube to tubesheet
joint. Impacts on the generator upper tubesheet from an object as small
as 1.3 oz. have been detected by the Loose Parts Monitoring System. Even

if not detected, however, the most significant consequences would be
,.

primary to secondary leakage which is detectable and would not interfere
with'an orderly shutdown.

_ ~: .__. __
, :-
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*
.

In no case is it anticipated that fuel damage would occur due to either
mechanical effects or flow blockage. This is because pieces which are- -

,

sinali enough to pass through the fuel assembly end fitting would be

. . . . . .; a . expected to pass on through the' core, and out of reactor vessel. Should a

g# '. 5.9. F., -.'
. :. .:-

small'. piece' lodg$.,nin ~. .. :.
. . .e,. .u

a fuel'atsenbI
. 7, . ,..s. .u;n . . . . f. ., grid spacer . tile effect."would be . ,

-

w , .~ , .s,: .. . .. . . .. ..

quite localized and!could ~ oncehabli~cause localized fuel damage. Any~~ ' 'r! ". c.

O '

O ,

fuel damage great |enough to breach 'the cladding would be readily

/m 1 ifetected. . f? Zf rp,- :M y~p - -
'I

.

,. ,

'

E , I C.. :;- The remote possibilith also exi.sts th'at a larger. piece could cause some
. u :, . ,,,.m. :. . ..

.. .. . .

;N'.iS flow blockage in the]ower grid area but because the lower end of the;,
, ..n_.., ,

,

' '
active core operates ~at' reduced heat. rates, no fuel damage would be-c .-m -

anticipated. ./[ I ''|d.!- [ Y 2.? .. '"~l-'

.
,. ., .. . . .

T.e possible effects of loose parts were considered in connection with _
interference between control rod pins and guide tubes. This is not
considered likely because of the small diameter (1/8") coolant entry at

'

the lower end of each guide tun. This would require not only a very
small piece but also a precise flow direction to enter the guide tube.

" Furthermore, the velocity in the guide tube, imediately past the entrance
decreases siglificantly s'o that a metallic object is not likely to be

'

supported by the vertical fluid stream. However, although control pin
' interference is considered 'ver.y improbable, if it were . assumed to occur,"

it would very like.ly be detected during control rod exercise programs.
This is not considered to be a probicm because any pieces small eriough toh. -

. . . .

reach the upper plentzn area would' 'not be expected to lodge between a
|.

' control pin and guide tube but rather pass on through the upper plenum.:
.

b If a loose part were to reside in the lower plentsn of the reactor vessel,
damage to the incore guid5' tubes or incore nozzles could occur if the part

,

were located in a highly turbulent area. These, however, are not pressure

| boundary parts. . Furthermore, repeated impacts from a loose part
(approximately a 2 lb. RC pump impeller nut) have been detected in the
past by the LPMS. Somewhat smaller parts,than the pump impeller nut

should also be detectable in this area.
~~ The effects of loose parts in the reactor coolant system do not represent

a treat to public safety. Experiences in several operating reactors have

proven this to be the case.

- - - r. __
,

_ _. _ _ _ _ _ _ . ___
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Potential Sianificance of Laboratory Examinations

The thermal shield lower attachment bolts which failed are made of A-286 '
(A,453 GR 660) material. ~

~

Due to the laboratory examinations which indicated a

. . corrosion process, a review has be.en '.ini,tia.ted in regard to other A-286 bolt
'

. . . .- u .v. . . - o . , .x .;., . . .
.

- : i- . . . ..
.

.- _ applications in the. reactor. internals:(. Bolts of .different size but(similar . .

material are' used in the' Core ' Barre.1'_t;i_ Core ' Support Shield, Core Barrel to.
~

,

Lower Grid, Upper Ther.1al Shield Restraint Blocks, and Flow Distributor to -

''

Lower Grid Joints. As indicated'above[these joints have been carefully- ' '' "-
-

scanned with remote . video" equipment.' and no ' areas of dist'ress were evident.. ' As''
~

'

-
*

a precautionary measure," plans ar[bei5g ~made to' remove' one or mre' bolts from

these joints for detailed ' examination.'.' Also, archive bolt samples wi.ll be
. given detailed examinatio'n"and material records for the bolts -are being

~'
~ '

reviewed. -
-

Pending the outcome of these examinations and reviews which are expected
to be complete by the end of August, the need for further examination will be
determined.

The bolted joint configuration and bolt material specifications are the
same for the following B&W 177 fuel assembly reactor internals.

Oconee %2', 3 O'Y' 4 ''' T ' #'7' W# ' ' ' ~

Crystal. iver-3 ,tafv-R J

Arkansas Nuclear 1 Unit"1
Rancho'Seco -

'

-

Davis Besse*
:

*The bolted joint configuration is the same for Davis Besse except the
core barrel flanges (upper and lower) are 1/2 inch thicker with 1/2 inch

..

longer bolts'. T
.

-
-

._

The bolt material for TMI-1 and 2 is Inc' nel X750 at the above entioned 'o

joints. There are also more (120) thermal shield lower attachment bolts.

_

M * &

a *. **

- , . .



. ..

. .
.

. .

., .

. . .

-

BABC0CK L'WILC0X -9- August 11., 1981

.

Sumary
F

. The thermal shield bolt failures observed to date are not a significant
safety concern. The cause of these failures. appears to be corrosion-f atima.

CS.~n .'. .; Additional work''is underway to"determ'ind.'the.' initiating cause.
~

......~..v...:=..
. The same- ,-

42- . material is used 'in' other, joints 'in' t. ,he,p .; -
, .. . , . . . .,

reactor' internals. While these other
. :. =~ e '

s
~

. .g .,. . ,

joints have more structural significance than the thermal shield to lower gridw;' '
L...

.

-
.

fn; _ ' . , joint, there is no indication at this, t'ime"..of, any degradation of these joints.. . . . .. . .. . .. ... . . . .:,,.,.g.,. . . . . . .

i .. This. infor,mation is based on, examinations of the Oconee Unit I RV Interna % as-
. ~ . - . - - .n :.. ... . . . . . ..- ..
'- of August 7, 1981.

- -

. . . .
- ..< - -

B&W has . issued guidance to the operating plants regarueng
. . . a .

the importance of proper. calibration .and operation of the loose parts -c. : . . . . ,
; - -:.

.. . . . ..

g. ( 3, monitoring system. Similar'.information|Jas been transmitted to the op'erating.

i plants regarding neutron noise' measurements.- While.these precautionary steps
' ~

have been recomended, it is not at all clear that the problem at Oconee Unit I-
.

is generic. This is because of the many variables that could contribute to the
f ailures, i.e., bolt lubricants, torquing procedures, materials properties,
etc. A plan for the inspection of other bolts and other joints in Oconee Unit
I has been developed and is being implemented. The selection of a possible

.

alternate bolting material for the thermal shield bolts is underway. .
- Pending the outcome of the 'above investigations, the need for further

,

investigations at Oconee and other plants will be determined. These above.
,

investigations should be completed by late August 1981.
-

; ,.- -
.

.
- - :.
- Very truly yours,.

.

.

-

1
,

'
e

-/
J. H. aylor 6'o'!'fL,,g,'-

>
'

.

Manager, Licensing r~ ~

JHT/fch

.
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PRELIMINARY NOTIFICATION OF EVENT OR UNUSUA1. OCCURRENCE PNO-II-81-528 -

,

t i )
This preliminary notification constitutes EARI.Y notice of events of POSSIBLE safety)or l

public interest signi.ficance. The information is as initially received without'verffi-
cation or evaluation, aod is basically all that is known by IE staff on this date.

\ s

FACILITY: Duke' Power Compani Licensee Emerge.ncy jlassificationq
Oconee Nuclear Station Units 1. T. *-1 |and 3
Docket Nos. 50-269, 270, and 287

_ Notification et Unusual Event.

Alert
Site Area Emeri;encySeneca, South Carolina

%neral Em_ergencyGe
t Applicable.i

SU8 JECT:' LOOSE PARTS IDENTIFIED IN REACTOR COOLANT SYSTEM

This Preliminary Nott fication supplements PNO-II-81-52 of July 16. and its supplemens
52A if August 7, which described the identification of loose parts in :the reactor
vessel.

.
.

On July 15, while performing an inspection of the reactor vessel intirnals as part of
the 10 year inservice inspection program, the licensee discovered loose parts in the
bottom of the Unit I vessel and identified them as parts missing from the lower flow |;
distributor plate. Initial licensee and vendor (D&W) reviews attributed the failural to
inadequate nodifications that were unique to Unit 1. Informatione provided by the I

licensee and B&W on Septeinber 25, revealed that Units 2 and 3 and other B&W fa:111tibs
night also be affected in that the bolt failure could be generic. Current indications
are that the failure mechanism could be material failure due to fabr.ication techniques.
B&W stated that 600.of the suspect type bolts were released for use in the thennal !

shield modification. '

-

!. . .

A meeting between NRC. the licensee, and B&W is scheduled for early Oc.tober to discups?.he issue. The licensee is continuing the investigation.
I

No eJia interest has resulted since the press release of July 29. Neither the !licensee nor the NRC plans further news releases at this time. - - -

| Contact: J. C. Bryant, RII 242-5537; P. J. Kello99, RII 242-5581,,, , , '
'

D!STRIBUi10N: '
I % St. NMBB Phillips.I N / E/W W111ste ' Landow'

Chairran Palladino EDO NRR r IE ~ te4SS OIA ;'Com Gilinsky AE00 i RES :
'

,

Cara. Bradford PA Air Rights
'

INPO IE:TAS
MAIL: '

k(,Com. Ahearne MPA SP
'

Com. Rober%n
.

I ELD NSAC_ ADN: Doc. Mgt.' Br--

| ACRS A h,A'pp11 cable Resident Site _
_- NSOC: S. EbbinsSEcY 4 ~-3tppional Offices i

CA 44 (. Applicable utility _ |.
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pmm'o,e UNITED STATES
[ .j NUCLEAR REGULATORY COMMISSION ~
.L '

wAssiscTon, o. c. 2ossse

,i [ September 30, 1981
..... -

Dockets Nos. 50-269, 50-270 ''

and 50-287
.

.
-

.

Mr. William O. Parker, Jr. .
Vice President - Steam Production
Duke Power Company
P. O. Box 33189
422 South Church Street
Charlotte, North Carolina 28242

Dearfir. Parker:

The NRR staff has been reviewing the broken thermal shield bolt probsem at
the Oconee Nuclear Station, Unit 1 and we have determined that additional
information is necessary for us to reach a conclusion on an acceptable
course of action to resolve this problem. Since we feel an expeditious
resolution is necessary, we request that you meet with us in Bethesda,
Paryland during the week of October 5,1981. We have enclosed a list of
topics we would like to discuss during our meeting which can serve as an
agenda. Because of the possible generic implications of this. problem,
some of the topics necessarily involve information related to other B&W
plants. Our plan is to invite representatives from each operating B&W
plant because of what we believe to be generic concerns and because of this
view would welcome any recormendations on . topics to be added to the meeting
agenda.

If you have any questions on the agenda topics and to finalize a meeting
- date, please contact your NRC Project Panager.

'

Sincerely ,.

'

Thomas M. Novak, Assistant Director
*

for Operating Reactors
Division of Licensing

. Enclosure:'
,,

Agenda / Discussion Topics . -

cc w/ enclosure:
See next page
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Duke Power Company
.

','Ec' w/ enclosure (s):

Mr. William L. Porter ' **.

Duke Power Company *

P. O. Box 33189.

-
422 South C'1urch Street Office of Intergovernmental Relations

.

Charlotte, North Carolina 28242 116 West Jones Street
~

Raleigh, North Carolina 27603
Oconee County Library -

501 West Southbroad Street
-

Mr. William Ca'vanaugh, III
Walhalla, South Carolina 29691 Senior Vice President, Energy Supply

Arkansas Power & Light Company
'

Honorable James M. Phinney P. O. Box 551
County Supervisor of Oconee County little Rock, Arkansas 72203
Halhalla, South Carolina 29621

Mr. J. A. Hancock.

Assistant Vice President, Nuclear
Operations

~ Florida Power Corporation
P. O. Box 14042, M. A. C. H.'2.
St. Petersburg, Florida 33733

. -

Mr. Richard P. Crouse
Vice President, Nuclear
Toledo Edison Company

Regional Rad'iation Representative *"
pg d n Ave eEPA Region IV

345 Courtland Street, N.E. Toledo, Ohio 43652
,

Atlanta, Georgia 30308
Mr. J. J. Mattimoe

Mr. Francis Jape Assistant General Manager and
U.S. Nuclear Regulatory Commission Chief Engineer. .

Route 2, Box 610 Sacramento Municipal Utility District
6201 S Street

. Seneca, South Carolina 29678
.

P. O. Box 15830

Mr. Robert B. Borsum *
.

Babcock & Wilcox Mr. Henry D. Hukill, Vice PresidentNuclear Power Generation Division. ..

and Director - TMI-1Suite 420, 7735 Old Georgetown Road Metropolitan Edison CompanyBethesda, Maryland 20014 P. O. Box 480, .

| Middletown, Pennsylvania 17057Manager, LISi

NUS Corporation
.2536 Countryside Boulevard'

-

Clearwater, Florida 33515
,

J. Michael'McGarry..III, Esq.!

DeBevo'se & Liberman
1200 17th Street, N.W.
1.'ashington, D. C. 20036
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Enclosure. , ,. .

AGENDA / DISCUSSION TOPICS FOR MEETING ON BROKEN THERMAL SHIELD
.

,

BOLTS ON OCONEE UNIT 1 -

' Describe the differences between the modifications made to the Oconee 1
1.

thernal shield and other Oconee units including such items as'

bolting material and fabrication, modification procedures (shop or'

field), installation and preloading procedures.
f

2. Provide the details of the bolt failure investigation available'to date
(metallography, etc.), describe the fa'ilure mode and describe the condition

-

of the other bolts.

3. Describe the differences in hydraulic loads between the inside and '

outside surfaces of the thermal shield,
c

4. Describe the Loose Parts Monitoring System at Oconee 1 and explain why it
was ineffective in detecting these broken bolts and its sensitivity to thermal
shield vibrations (i.e. , is it sensitive such to preclude damage).

5. Provide additional d.iscussion regarding the missing guide block, dowel,
bolt and washer investigation.

6. Describe any planned inspection of'Oconee 2 including sample' size, ins' pection
procedures and resolution for TV inspections.

,
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