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D \Tr. OF E\TN1 : May 14, 1980 ;;
.

,

I PACl l.ITY : Dav i s--Dei ne Un i t 1
i '
!

IDEN !'I F ICAT J OS OF OCCURRENCr.: Failed f uel assembly hold-down sprity;s ''

.

4 i

!

-.on d i t i o n s P r _i.o r__t_o. Oc e n.t r e n_.c.e_: The unit was in Mode 6 wit h Power (M'JT) O andC
- - - - - - . --<

: Load (Gror M i:) + 0.
1

i

f ! lhmeript ion of Occurrence: During an inspect ion of t he reactor core followinp con-
fuel assembl y hol d-down <:p r i ng weis found to bepletion of t he 19;:0 re f nel ing, one'

broken. This nosor:bJ y tan previously irradiated in the cycle 1 core.'

4

Subumuent review of available videotapes uncovered several other appatently broken
1 npriny'. All were da med prior to removal of the reactor vessel upper plenum
I before re f ue l ing. Further video inspection cf al1 113 cycle 1 fuel a mer:b!ies re-

m. tining in the core for cycle 2 and the i4 arnembiins trannferred to the spent fuel
j pool identi'ied a tot al of twenty (20) broken hold-down np r i ng: Of thene, 18 were.

i in the core and two were in the spent fuel pool.
:
,

i

j Most failure: involved a single break near t he transi t ico region between the " dead"
i and " live" coils of a npring. The singl: major exception was one spring whicl. had

one break at t he low"r transition region and anot her about 1/3 coil up, leaving a
spring nection approxinately five inchen lony; wedged betueen the " dead" and " live" ,

coils.
t

| 1
i

( .ksignatinn of Ayya ren t Caune of Occurrence: Invest inat ion into the cause of the
npring failures covered neveral areas * metallographic examinations of broken and
unbrohen i rradiat ed springs and of Inconel M- A0 r.pring raterial archive samplea; '

investigation of sprinp :ranufactoriup, records and the materit.1 heats froa whIch they
produced; and evaluation of reactor operat ing hist ory.vere

If>tallurgte:l exanination of broken springs has determined thnt the fuitiating mech-
anisa for apring faiInre wan fatigue induced by either wear and/or inherent unterial
defect: Final breaLige was can %d primarily by stress corrosion cracking but May.

have been aided by continued fetigue. I:xaninat Ion of archive spring material and

brohen and unbroken .pr l' int, rn ealed increaned noncep:.fhility to both fatiguo and
t, t re s- corronion crackin;t beyond cur rently accepted .; t a nda rd s . The netal exhibited

I large grain st ructin e at the nurface, wh ich increanes the likelihood of fatigue '

failure, and duple interian grain ntructero (combined large and urall grain) which
is undes fiable for utres corronion crackinn. Such a grain st ruct.ure in indicative
of improper he:t treatment. This pos ;ibl" var f at inn in heat treateout is jud,,ed a
primry cont ributor t o spring breakage. Samples of mat erial f ailed to pasa etch
teste and rising load tents confirming rusceptibility to strens corrosion cracking.
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Evaltation of plant operating history sbowed neveral areas which nay have cont.ri-
buted to s p r i n); faiiure. Tle- high ntatie stress on hold-down sprinc, was increased

.

by both reactor coolant flow and various plant t rannient:. so.:h as heatop and cool-

i doun, leadin;. t o increased fatigue c jc l i np. , Fairly long perto.h, of reactor opera-
; t ion at hat shutdrun, in the range 200-30'J"P, could have pravided the catalyst to i

j induce st re:, corroxion cracking,
f
t

t

Ana l _v n i n___o_f O c c_u r_r_e__n c_e_ : '1here was no danger to the} .ith and safety of the public |
i

or to station personnel. !
!

l
l

nabcock and 1-|ilcox conduct ed an extennive malysis into the consec,utnces of continued
;
'

plout opet at ion with one or more brolen hold-down springs. Arcan of coi.rern in-

eluded fuel a. enhly hydraulic lift force analysin, hold-dotm capabil i t y of a broken
spring, effects of brohen apring fragnents, control rod interference and potentialj

; con :erpiences of operation with fuel amwably lif t. Results of this accl:. sis assure
| that the plant can be operat.ed safely with broken springs.
I

!

| At no t ine du ring operat 10u wi t h brohen nprings did any of these postulated events j

| occur. All spring fragments were retained within the fuel nuaenbly upper end fittinga; j

there is no evidence of fuel arsenbly movenunt and all contrel rods properly insert ed
|
, during the reactor shutdw n. Urief elaboration of each analynis paint iollowa.

l
fThe la w et sprinp f ra gan t which can escape a fuel assenbly upper end fitting into

1
the Pm etor Cooiant Systen is lenn than a full coil (3/4 point) and would not cause )

j dan ve affecting safe plant operation. Spring failure rades hav. been pentulated |
which can induce additional drag on a control rod. This would increare red drop tire |

for that control rod but the overall react ivity insertion ef f ect is acceptable for the |

tafety analysit In the extrenely unlikely event that a frannent night prevent a con-.

trol rod fron insert ing, no conditicur adverwly affecting pinnt sa fety would occur.
Tho s hutdova inrnin alway' awn =es failure of tha hirbent worth red t o innert and !

such a rod weuld be deterred in conthly control rod carcini:m required by Technical f
Siccifications.i

A naxinua of 56 fuel asm eblics can lif t with no hold-down force; however, tesclug

on nirola ted breakn sha , t hat even .. spring uith a double break wilI retain suffi-
cient force to prevent lifting. Even if a fuel anenbly did lift, there vould be j
no advers. consequences v!Lh respect to fuel asseubly or control component danage,
react :s it y im ertjon (0.12: 6 K/K if a11 rodded anscicbl*es 1ift.), or safe piant opern-
tioa,,

a

corrective Act ion: The hold-do.en springs on cl1 133 fuel anre.blies from cycle 1
that are used in cycle 2 were repla ud between June 26, 1%G and July 6, 1980 under !

I Facility change licqut s t 80-162. Rcplneenent of springs on al1 fuel austublies in t he |

upent fuel pool uas cenplet ed by Juno 16, 1981. The rep 1 c e.ent springs were ranu- |!

f act ured to current specifications, Incorpora t ing inproviments in grain :1:e control, j| annealing procern, ceiling and dimensional s t a nda rds , and neveral other arean.'

I i
! ' l.1:n f8s 040 s

;

!
|
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i

i
: i

l The spring, on all 4!. fresh fuel ascenblies were manufactured to theco specifica- |j

j | tiena originally so did net require rcplactment. 'lhe:m new sprinr,s are much les: !

j ; nuspect ible to fatir.ne nnJ strew corronien crackinr, and are expected to perform I
1 satisfactoriiv.i
,

.I

j Hold-do , ' :inc.s on all cycle 2 fuel. assetbliec will be videotaped at the :,ccond,

I re f ue l ing, out aa t o conf i er: their acceptability. In the extremely unlikely event'

1' of spriun failure prfor ta that tice continued plant operation ul11 not be affeeted, ,

} as jm;ti f ied by the afety analynis results, th wever, routine surveillance should |
4 i uncover pom: Ible sinniticant effects. Technical Specifleations require conthly

f | exe rc i s i r., of control rod., to detect interference. A12 0, the vibration and loose |

[
par t s mon i t or i ng :,y ,t ea c.m detec t spring frarnents down to four cunres (1/3 coll) |1

I should any pieces escape the upper end fitting. t',

I

| Tlo se correct ive ac t ions and supporting safety evaluations lead to the conc.lucion
I that con t i r.ned unic e;'e rr.t lon o f Da v i s-Ce: <,e is assured.i

I h
[

Fa i l u r,: Data: There have been no previcus similar reportable occurrences. (
,
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