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I. I;iTP.0 DUCTION

Fuel failure data for corrercial lignt water reactors were presentec
by M. D. Freshley in the FY-1972 resort (*) pre;ared by Battelle Pacific
iiorthwest Laboratories for the Quality Assurance Branch, Directorate of
Licensing, USAEC. During FY-1974, the literature (especially that pub-
lished af ter mid-1972) was reviewed and over 150 entries of possible
interest were located and nany of tnese were examined for relevancy. Tne
previously submitted tables sum.arizing fuel failure data from commercial
boiling water and pressurized water power reactors (plus some heavy water
reactors) have been updated. The updated tables (Tables 1 and 2) are

shown in Section 11 and now inciude entries for 50 reactors.

(a) M. D. Freshley, "VI. Task 5 - Types and Causes of Fuel Failure," f'uclear
Fuel Reliability-A Preliminary Study, July 1972.

1
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s II. SUMMARY

Fuel failure data are summarized in Tables 1 and 2.

Through 1973, a total of about two million Zircaloy-clad UO f"*I
2

rods have been irradiated in commercial water-cooled nuclear power reac-
tors as described below. Through 1973, General Electric Company has
acquired experience with over 10,000 Zircaloy-clad 00 fuel assemblies

2
(over500,000 fuel rods) and less than 1% of the fuel rods have been,

affected by failure mechanisms.(a) GE reported earlier (i.e., for over!

440,000 fuel rods), only about 0.2% had been detected as having perfora-
tions of the cladding and before the problem of internal hydriding arose,
the cumulative percentage of fuel rod failures was 0.1%.ID) A total of

450,000 Zircaloy-clad fuel rods, designed and fabricated by Westinghouse
Electric Corporation, have been operated in 17 comercial PWRs through

the end of 1973 and the number of defected fuel rods (based on coolant
chemistry) is on the order of 1/2 to 2 per 10,000.(c) As of May 1973,
the Canadians have irradiated over 45,000 Zircaloy-clad U0 fuel assem-

2
6blies (50,000 fuel assemblies represents over 10 fuel rods) in nine

CAliDU power reactors and have experienced a failure rate of less than
0.5%.(d) r,raf twerk Union AG (KWU) experience includes operation of about
112,000 Zircaloy-clad fuel rods in three reactors (MZFR, KWO, KKS).I*)

(a) H. E. Williamson, " Operating Experience with Boiling Water Reactor,

Fuel," Trans. Am. Nucl. Soc., Vol. 18, pp. 248-249, June 1974.

(b) "Nuclex '72-Report on Technical Meeting, Part 1," huclear Engineering
International, pp. 1027-1030, December 1972.

(c) T. B. Burley, J. DeStefano, and J. B. Melehan, "PWR Fuel: Experience
and Current Development Problems," Trans. Am. Nucl . Soc., Vol .18,
p. 249, June 1974.

(d) J. A. L. Robertson, R. D. Page, and L. L. Bodie, Canadian Fuel Perfor-
. mance, AECL-4520, May 1973.

(e) D. Kn6dler and H. Stehle, "PWR Fuel Reliability and Quality Assurance,"
BNES Conference, October 15-19, 1973.

3
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In ilovember 1973, Gulf United Huclear Fuels Corporation reported that
since 1968 they have had more than 20,000 Zircaloy-clad UO fuel rods irra-

2
diated in both BWRs and PWRs.(a) Another 20,000 Zircdoy-clad fuel rods
were fabricated under Westinghouse license and were installed in an over-
seas PWR.(b)

i Stainless steel-clad fuel rods were used in nost early Westinghouse
1
j fuel assemblies. With the %200,000 stainless steel-clad fuel rods irradi-
|
| ated in six PWRs (Yankee, Indian Point-1, Haddam Neck, San Onofre, Chooz,

! and Trino), the overall defect rate is estimated to be only about 1/10,000
fuel rods. (c)

As of June 18, 1974, there were 46 nuclear plants (represents approxi-
mately 6.3% of total U.S. electric generating capacity) with operating
licenses, 54 with construction permits,110 on order, and 12 with letters
of intent / options.(d) As of January 1973, the average burnup of all U.S.

I discharged fuel was 15,000 mwd /MTU, the average burnup of all U.S. fuel cur-
ently in core was 4.593 mwd /MTV, and the average burnup of all world-wide
discharged Zircaloy-clad fuel was 10,336 mwd /MTU.(*) For Zircaloy-clad

fuel and on a world-wide basis as of January 1973, the highest discharge
I'

burnup for quantities of fuel of 2.5 MTU was %23,000 mwd /MTU for BWRs and
%27,000 mwd /MTU for PWRs.( }

(a) R. B. Holden, ii. Fuhrman, and L. Raven, "In-Reactor Densification
Experience with Gulf United Fuel," Trans. Am. liucl . Soc. , Vol .17,
pp. 169-170, November 1973.

(b) U. J. Dollard and F. W. Kramer, " Westinghouse lluclear Fuel Operating
Experience," American Power Conference, April 1972.

; (c) H. M. Ferrari, " Nuclear Fuel Experience in Westinghouse Pressurized
Water Reactors," Trans. Ar.i. flucl . Soc. , Vol .16, p.101, June 1973.

(d) Atomic Industrial Forum, INFO Bulletin, June 19, 1974.

I (e) Nuclear Assurance Corporation, Nuclear Industry Status, p. 29,
: January 1973.

(f) liuclear Assurance Corporation, Nuclear Power Plant Performance,
pp. 24-25, January 1973.

i 4
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TABLE 1. Fuel Failure Summary Cateaorization
,

Category See item No. in Table 2:

Cladding strain as a result ic, id, Sb, 59,16a, 40b, 41d, 42b.
of fuel-cladding mechanical

; interaction
1

Crud-related fuel failure Sc, 6b, 6c, 6e, 44a. 44b.
from accelerated high-
temperature corrosion

Internal hydrogenous contaminants Ic, 2a, 2b, 2c, 2d, 2e, 2f, 3c, 5b, Sc, 5f, Sg Sh(?), 6c,
6e, 7b 9a, 10b, lla, 12a, 14a(?), 15a(?), 16a, 16c(?),
18a, 18b, 18c, 26a, 26b, 27a, 27d, 30b, 44a, 44b, 45a,
48a, 49a , 50a.

; Manufacturing defects la, Ib, 2a, 4d, 5b, 5f Sh. Si, 8a(?),13a(?),16a,16c,
16d,22a(?),24c,31a,32a,43a,45a.47a,50a.

u,

Fretting and wear 3a, Sa, 5b, Sc, 5d, Sf, 5 , 8a(?), 10b, 18c.9

Hechanical damage 20a, 20b, 20c, 20d, 21a(?), 21c, 21e, 21f, 24a, 25a, 31c,
32a, 38a, 40a, 41a, 47a.

1 Accelerated corrosion from rod bowing la.

Stress corrosion cracking 40b, 41c, 41d, 42b, 50a.

Power increase or cycling 40b, 41b, 41c, 41e, 42a, 42c, 46a, 50a.

Design deficiencies la, 69,13a(?), 21a(?), 21b, 25b, 26a, 26b, 26c, 27d, 27e,
27f, 27 , 27h, 28b, 29b, 30b, 31b, 44b, 45a.9

Unknown or type unreported 2a , 2 f, 3b, 4a , Se, 6a , 6d, 6f, 7a , Ba ,10a ,14a , 14b,
15a,16b,17a,19a, 20e, 20f, 21<1, 22b, 23a, 24b, 27h,
28a, 29a, 29c, 29d, 29e, 30a, 30c, 30d, 32b, 32c, 33a,
34a, 34b, 35a, 36a, 37a, 393, 49b.

<

Other (commercial fuel) 6h, 9b, 27b, 27c, 29c, 44b.

Other (experimental fuel) 4b, 4c, 6f, 44b, 50a.



-
.

. -

TABLE 2. Fuel Failure Data for Comercial Boiling Water
and Pressurized Water Reactors

Appros tma te
Peak Rod Opers tlag

item Beac tor F uel fuel Rod Rurnus Poe t ed Ref erem e
_ Iso Reac tor Jp_e T ype Cladding (*rel/4?m[ 7 art raI Appres taate f a t tore Freque* icy Fat f ure T pe X {pate]y

la Dresdeo-1 9d Type 1 2 t re a l oy- 2 11.R00 1%0 Ser t . Of 77.l A4 fuel sewnts. 22 f ailed five fue t .e<y-nf6 f ailes bei ause of aueter- 1 Spe lag.
l%9 ( s0. l t ) . Ten of these f all*d dar 6ag a'ed corros tra d e to twaiag, flee f at led 1971

f ourth operat **9 cycle ('tsy I M5- b= _ me of tater =al coret sson due to end plug
l et'rwar y 1967 ) . str emp'es, a*J 17 f at ted he(avse of des egn

def t(tencies (inadequate space for espanston
and fisitsa c'. retesse)

It Dresdes-1 Fwe Type til 9 lirtaley-7 1%.SrJO (V) Frtor to Sept . Of a&1 fuel asseabiles i f ailed une.ri.a t., in net t eo c.f 4 of these 5 assee- I l'11
til I. V Sec t . 1969 1969 The 5 leabe s en 4<10 asse=4illes Islies s es a tes; no f eet cod f a tteres T he

could resul't frne taperfec t 6eas la fif ts asu=Y, hat one fuel rod with a cretted

5 out of 13.0f10 twel rods 0 0.It hotta= e id-plug wels .
def ec t s ) .

IC Dresdea- 1 Rd Type !!! 4. It re e ley -7 Sept 29 fuel sue'=ei tes f a t ted () T ype F t he f eel rod f at tures, appres tmately half 14 spe teg

til f. V 1969 It! 9,19 fype Ill F. F fype 1). da* t * thrittle leagitudenal cladding cre,ls 1971. 'tay
outage ran*f ? y strain oor al trat toa and hal* due to 1977 and

internal hy1-tding Ape t t
1917
resp

Id Dresdee-1 Pd l ype lij ft. Tirraloy-2 Sept . Stpple; results at ced of t .rtle 4 ** L3 f ailed f uel evh hai beltt 'e Inaf tv- *1 Ma y 1977

1317. V 19ft (Sept.1%98 **1ecated 29 'ese tag Giaal ra.t s (** arac terist tc o' pet tet-to
.

and

f eet eueme>14es sa f at en1 # c le *1 ~g enterme f los: an~. hsel se ( t riaq ' ' u t i na l Ape t t

(yt te F (Sept. 19?ll anot her 7 81 s r es t ifreni los a 9 4 ? 4 '. tor f at teres) 19 F2.
teat tag f uel ane=el ses, to t he re.p

49 ancealees. 51 f aitej foel

rods noted ( 41 at of the 14.477
fuel rods of I rpe 1115. til I,

and V reload fuell

2a Drnden-2 Bd lertatoy 2 jun, $,9ngf gcaet of f gas release f oar f # v Ml'es 1 a .sentile4 an! *ael 21 A ly saq

1970 obweved as early as fir 1t week rods re teenad D. * e , es q . erred ere w ie r

of Ma y 19 M d9r ea9 oper et ton ani sai -er* ; na s t e 5,11 t.l e ters .* t ed -

test lag at 50'. of rated poe=r. vidual roa. the t i tst. r + :st ate boghir
4 total of 131 fue l as'entit*s lat allied Gee *( el r. w ' esa a Ine (84.te aq.

were sipped out of the core and t'te f os a t e.* ? fioint of tea t oon are ta 6 t t ia
27 assemel tes identified as f at ted 5 caw f ail *$ f ,el .45 lin ate 4 is area s of t he

on bests of sip signals. T wo f ore roes t ses ahl v remo,c t t us the high
other feel asse4 lies revined out pe nbabilit e +.v'rer t a eas def ened by flue

o' core on basis of visual f aip*C* t t 1 t tp1 Lawie of the Vi f at ivres has not
tion results. taen determined at this t erie. but it is samt

i nely due f, en ermorgt condittoa totre-
duced doc trg f eel inanuf er turtag. The 29
de fe( t t.e f ue + assembt les were replaced et tet
ident e r al nees u serg l ieg that had tneen

f abritated f n* Cresden-)



.

.

. .

ew -
v .-. . . .-. . .-

-
e

.

.e
.d- '

- -
e

-e, s
*e *

. L' " .

i k. IIk 2222 h
, .

*

.&
. . . .--
# ~-

e e.-..-.I -.

e. .. .e. . .% o L ,: ,
-

.c
.:. .s

, s .-
,

c-

4 s*

e.(.er
,

j ..

.! - I.I
.

e- -. - ec.

*i! ;I.: %-
,-

;; t ! $, ~ * . . )F .. c .

. .

: i. a . a. I e.r 3 .
.s -te ,s.. c.

- .g

-

e
. :}e .s .s. s-ss. .e. --";s
. i :;

I, .v. '. . ; . i. : E J k, e.g , t_ a, ', .s t i.,
3 s>a .ts .p.ss s- .s

-k ".- s a .s, . I T,*. I *I)71.$ 2.
~j* 4 -i..* +,.

- - e4 e. - -. :.

f ' j '~ ~) 3 ! 4-v.21 %***. vi it-A. * 7t E .2 ?*f5 -[.ii ,2'* ..:
- .c -

1.~ e .7.ag
eem..cs : ,.2-rc- . , - - :-3 .. g - s -

s weas....-r s- .
-

~

. . . ' 5. 4J. ' ', 4tI i 5 .,c.t. *7's*
* ie* . e.- 1 , ,- . . - ..a.-.L

-

s. .- . :,e,m.s, 4
. + . g

._.,
. .. - - , .c-

. -sz
s

a- . : .
. 3.-: :

- .1s . -a- -t . -e-

--1 1 . :. .: 1. ,5 , -: 2, r,es*1 .. 4 2 ,.0
.

.:
2

L. e. .-r.. ..c - .- . sn
~-. s- :r : .

.t !. *, I. I . s. 2. -i.!.411- , . . t !. *.2..**.st s ,
4 :

.c,-n..s - e .c .4 e- ,y.- .b. 3
.

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

24 v. ,
. .>s .

s. . . e. a. . -- Es g ...,z
er ,.-

T'it-
r4 .e. m. -

,, g
,. 2 '. T *T +1.13 i '. e s. .t i

- ~

-..3.,.% .t , i
y *

. -. .% -- , .- -=,1 te.. .
,

si,a aessse- ,,.o .-
s. < . ,-a

. . se , . s e t , , v. .w..e~- . -. s c :, %,I ,. ,e <e .
. sw

. ,.e.e.--,.s. - , I. Lc. - .
-

g ,c . bs:s.:
%. -.,6.s.. . . . .4 ...,..e.. . .s -..

,

.e
.

.

..- - e._ , .1 m
, . , - .s 2y = c .%. E-

w. eI -.,~.s
o.el .

. .

..i. e. > ,-%s..,.,.. .E.,se .

.~mm
..... . = -. -

e
- e . .. .

,* 1. f * "."s . - * ~ . . ' . w'.".le
m_ . s ,

. - . . . - * .** ** .

s -v. .s. a s L, ~ .e

.. . s * *

.s .e
- m-

.s,.., ..--,e tw . ces .
.

e . .% , e l. ,.1. .
. .se.. 4 5 . .>

44.- , s.... s,-.
. e.s

i . 4 . e g ;i. g - 44. .x

. . . . c .% .e .I .4.A. . . L.,s % .h .'. 'o.
1 2,,- Rf -k,,,L"la 0- * * 2 2 .. A

O ~-e ,L s e s.~.c... >, . - . ce-.. oy .c-. o.s,.

v
1 I

i,t- . -s.a a * ~ '
t* i g: 1: SE 4: 4' : . *

N, [%'. i g g 3r 1; 2E *E '30 *
|

a~- tw :' i
_J L2. i e ?

"

4 h' .a. -

E, _
. .e x

-
.

PmW e
~

s<
.

-

1 = g 2

~

l" .
g Z* *&

5 .
&

?. .-
~*eE~ .#* e35 E, _

tt "., & *

& " 2' aI d .E A

= - "a. .,s .=s
.=

-

,

$ ~., ,t
. W. gg

-

, . "
#

.O E.t N. ~.,
~3 . . , ** * * -

%a 2 3 2

I. 3
> . . .

** : : t :
-

[ .c. . .,.. .. .. ..

f *, .

.
e

g
-, . | sa

* *
.% E, 4.* 4, =.

ar ~-
. m -

-e
$% & ** .

g.,

.A .k .& w
*O

f "*.

2.1.I .h
9 9 1 4 .% 3 .-.P 1t= . . . ..f

SY

| .

o
e,

ett

I.t , i
E C.=

. r. Ag
v. f

*

- -
~ ~~ =.= e

C
'f

a T 9- * T- 1-
" ,.t 6 s% 4 t9 &9

64

(E eE . E $9 D 4 h

A A at at AS A5 !

4 i. T..
! $ 6

t
wh ' f. .

~ ~- ~ ~ ..
T 4 . p {i ~

M
/

_



.
.

.

TABLE 2. (contd)

..,...e.,
...4 n,er . i i.,

s tee Reet ter f uel f uel Ref turnus Per ted Re f er om e
R*_ __TyJL, ,11eddlag, , _ fietyN._ [[f.ter_t]~[~ ]n3 ] __appro.imate_ f a t tse Fregocacy , _ _ , , _ _*- 8**'''' I _. f e t Ivre T pe__ _ __ ,__ }li{ j pet e,y

la r.orgilano 9WR f rpe A Itrialor ? 7 0.1'F) 19ti l Dec . 1969 Of I t ,'n/ f ue l se.pwa t t , one f a i le4 One twe l ev.aeeilf => tn a f ailed f uel e .4 was t '. p. i ,
detec ted *"4 reve4 dur iaq sweer 1%M shut - 1973
de nna Ielles e dae 'c e ladflag f eet t ing towsed
liv 4 $re 6 en to t%ce c heet.ce and seg t%g gen-
tef a ted tv the t sol gere verme= e .

3b f.orgilene BefR fype A t err e lop. ? - 14,fm ) June 9170 1 leab y f urt enc 41'es ideat t fled t he 1 f ape F ft *f e . . vlies h4J ea ceded F % , 1 877
tir s tpping t he i r de s t a e... ,.ere t p several s tums ee t3

N t' Io I n t $ wre t yf f wfv& pMaert

)t- 74r1314 se Re# I ppe ' ' , 13 /yr) t%8 June. 1174 4 legt g fuel e g g,.tl ees t tent if s,4 * * * 3 f.v % f e l o g ,,eweit eeg e ,6 e t< i se t ther- ? seay 1177
by $1pgr lhq3 e rf 'i( s of e4f i t life hy fe l j, (di t ereg

@
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TABLE 2. (contd)

Aporo. .et,
Peet Rad Opera t ing

I t ee Deer. tar F uel f uel toi kraup Period Ref eres e
_eg Deec ter _1g 1,rfe Cle44te L f of_.*Iil{ Jeet[]{ _ , Ageos tee,te 5 1 t_ure Fregwearg

,_ F e i t ere _Tyyv Tei>[]Det{
4e EAtt Red f irs.al sp-2 71 ,4 % 196J Aw*J 19t=3 Core (cata taed 13M f sel se ywatt , 7 t + use t e s seteet t.-n 314 aot reveel sey cle14teg i be t ag

teat r f eel esses blies reported. r*r %re t 'oa s - f * * f ure t rue vee'v4==. 1911

46 EArit 4dt feitte4 lt re e ley -? Jvae 1%I I f ct est sa i eer ar weat el e u.e - 64 4 'es t avt t,ah41 f or tetsted t ese nice- 9 Nr 1911a

t epe bty f e t f ed e t 91% alle / w!Is bly su r b + * , fr i ' =; <* 'er t ) . ley-? tones

are g# je. t t o k,4myn est r i tt leeret due to
smel t tuc h *s t

4c sAet PsR F ,tila g Aust eat lC # ,'4'#J I??O 1 of 4 tewsales f ai f ed at b2ra se 8iv' anet ne' .- t tg na f eel rod es cer eurif ered 9 %yIMI
s 4*r*weter s t ee l , l ate n ) of it pt ane l "'4 / er mi , t ar t up r.. r et i.m part was g e ssed by
b andles f ac occ i , e t c ..iel t c. s obe et hm alvi e f e. tor

44 RArt See Il rc e by ver, t., f a '1 f eil ar es r*ps . t-4 ty i b,' *of f ++ 1. , F 1 e3 leeks is inc ca4- IS 'is c 19??
AM A. At um p ' e ise t * * fw t-> ' r,1 * , T if. .-11 tag s r x e4 are

eat *is wly 6 'i%ee r e .e of f a s t.s*es in a warce-
e. * al l y de l i -r -1 f ee' f et * *c ete4 liy 4'; t t A t e *

be * knerousningen-i SeE type A li rt e t sy .* 19 t Jut y let of tv fue: es se+' 'es stee wir !*e .1 f el re4 * n ! e s .a r. ew e 1 % 'r et - I ' rit taa

( tie ) IwT en4 9.et ha of teet W. Dre f a dai t a a 's =* e .' ele a '+ * : ee .e% e of hr IU)
rod foun t da ees h s' tt e* f ul e nt e ste r t el i+ 't....es) in f .,, I

euecef ies tenu ted e w=edi l ~

Sc * Gumfreuer te gen -I Ed# f yre A f l ec e l oy -1 ' l l. i N th7 19t,9 Appr > + ime t et , Ng o f tse f e t est'*- hr e 'ma f a s e aae re t f e ' * ** f e il ve es e, re 1 %r 4 it1, ' e3 f,c, n i .* a* If e da*n t r r e ve rs t . 11'1W ti tes give . vie in stc et toa o f tee 6
ing . f eie J ; tted e.wnwat e sa rc . c . f o.ar t h . .c a .c t ' t #< f 's.s ' ' v e *4s

reelei 12 ' f eil ed ro ts c 4 e ' t.r- 42' u2 f d e b at t a (Ici to stes h .11 sg
11,111 m the rear tor. Se s e 1/' t ua ' , era r e * ur a e. re t- 19 et' s t 6,

rods pies the 1 defe,t 6,? ruds 4" tnt ar+ e l i t.r i i n . It e . 4 tee 941 v . tr .1
tet.ted og IM1 met, e tetel vf I ld t %q '

in servko f ellores out of oritta el
core toesteg of 11,244 rods (t .e .
.It).

x Guad c'en'agea : rea lait tei to,e lirtein r e .m io, i%f, ei+im i n w,i,tt es r,rei re1. 'd eel *e 'er - ' ' v- t e r s . ' 1 '- . e . - > +1 **tt<.r ' . '' , I w t

4 4 ~ e'' 81e I ( q vg re3js arggrt8ed 10 .It Qf gr'sTie r% ka(44e!fy AtlI e P% . ( re *r S Nt'* 1 Il e rwi b]v
(It.e, ge , . fi a l gr s . F < t t e = l * b i r e< 6 6 . Innqs t itnel IU?,h" l * *

F ve f e ll .s e, f. r , t e- 'te ssf rei.fiI( t ec k ,, and e si

hol*> l y p o t el es t 'ea e.' $8 be el hv4 idm 2.
Or ig n me t req f r me '*e ta . t , ts,1?a ". ef6*f te I)d t-

ei tM t r ac k s r.re t e ed t p he ear l y ,' e re of

tbt s f pgw. of ste s s f l a.1 pl e's d , f e 's 1 %e' Oa-e
1 sty de f ev t t ) s.r e tien tr'a-t I y f ws'id c 88 f eeI reef %
wi ts eN r tr fet t '. A s elerated . orens i m
Oh .erved la % Jee r e ".e '. e t BM , 8%I'f%le t ly F Iase
to g at ar r oete t p ;'a's , and Jac to t atper

e oftf ent cf pr toery oA *er
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TABLE 2. (contd)

Appresise te
Peah Rod Operating

itee Reac tor f ael f uel Rod Burnup Period Re f eeent e
4o . Deac toe Typ_e fyce C l add ing lphasiftl 5 tart E nd appros tmate f ailure f req.vencL f atlure Type 'C" Date -

Sd Gn.ndresumin gan- 1 Bwk initial core Z i rc o loy -2 12,000 * 1d-1969 June 117) 31cfective bundles identtf ted. Inves t les t i 9 *ia f 19 71still Setog'sn of eae twadle shn.e4 f ailuresg aased t y lit tle =*res and movino( s PS ) and second
c. ore . etthin the c irc u i t .

Se Gundraceingen-1 SWR fype 4 Z i rc a lsy.2 s 22,4 ]O IWg June 1971 100% of core sipped and 26 teaks f a tigee t ype wahnowa; fac1 auentljeg had not 2, } Ma y
( s.pg ) fuel assenelles identif ted. Deen es amined ta det sil yet . 19t2 and

4pe t t
1172,
reso.

$f Gundresumingen-1 Bwe Type A 21 rc a ley-2 19b0 Operated with 1ent sag fucI for HrJride- ausco f uel f ailures in produr t ton tot - 3 Ant t i
(sRS) about 2 years, let f uel were 8 erst *nt oetered by rg in the Ig?2

initial core N1 of the K#il reac tor. [namine.
tion of f eel ef ter a few samths of operation
had dm'c e s ecly cladJtnis penetrat tove vlue to
f retting near by estra.ieeus mater tal trapped
in the spacer. I s.tmtest ions of fuel 96bse-
quently pretes and trradiated shrwM ev t.

deme en the f atie3 fuel of an undetecte t tart-
abilite ta prods t een (oistianing).

'3g GundNin9Pn-1 88't its tier of leaker ten t'es has f uel per fo, siaat.e hu f,Ilowed tyetcal RWe prob to Der
I E'dl) decreased ferem 181 to 23 which tems wwit n nac Isde three f ailisre mechanisms: 1972-

amouets to appront*ately 0.13 of mechanic ,1 f ailur e cauei t y claddie<s abraston
f Jet rods eEper tenc tHQ L 199dlP'| ( a f.g j $v ea tt aneaWi mf res f rnmi the staans gepa -
f a t t ore . litstory of leaking r a 's , c la1!irg hor idtag f ailures , a'id 1137-

d fuel elemento Z ir< alor teterat t e.m
Cycle 1 67 leak ing feel elevnts. 29 re-

paire1 and returned ta servite

Cycle 2 33 teaklag feel elenicats, of
which 6 were repatred fuel
cl erient s

Cyste 3 38 leak ing fuel elements, of
weti h a were repaired fuel
eleiurnt s

Cycle 4 31 teaking fuel elements.

5h Gondresumingen 1 Boa laittal Zircaloy-2 Wet tipoing tests used to de- % t a.cli e.anonit 'nes c sr e ted out with es t st - 11 Oc t .
@RB) core tect defected fuel tes% t uhed eethan el.4,s * d voc alized h<rtride 1973

af ter eat.h c rt le. a l t 95 6. tn v t( te t y of the | ae ,910nable area Pf
c la td ing, 19#, dest ion gf whether primary :sr
se(psdary h, ire.itvq r.J i e4 the c laddlen 1efec t
rouma nns still u* answered. Stein area of toter
est on t he lues t ' ort was tb origtnal agistgre
content s.f f ergt c ar e f u l . *141 gt er ical * ap-e

prost t f a iled t ci tasa 'he moisture ha4 not
been m>asured dise qq u+anaf at tur6ng of first core
f w l s Mr t'R'l end t hl,.
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TABLE 2. (contd)

Appres lain te
Peak Re,d Opera t ing

i t em Beac ter fpl f uel Rod turnup Per ted Re f erens e
h. Beat ter Jpe_ _ ._fype_ (leddtag _ J8ta1/stml ]t'a'r t"" ' ]a2] _Approa lms te f a t I e e .f r*'{u. nty _ f.at lure I }+ __ [k ' i,.,(la'e[i r e J

si rundrmien9p . ) eine first core s trc a io,-z f el 6*S'e f a 'l a"* '"e5 " "' $'
D* " ' ad " * k ** ' r" ''"* ' '' ' a' 3 ='t "ue e' e '

' 25 " ' ' ""
ppg g (cre f uel have been nearly const ant f6uenop on f sel f 6 61 see t a'e f at rate of

t hrough 4 operal tarl t y< les. D ' B.'t .st f ore t tore f uel sm ecases ist th In
re ess ing lierer e oit pi=cr . Overall s tat is t i.

t al behav ior and f ai t that etisolute f at iore
rate sb miH h IPwer ellh la'er f uel flatt hes.
r a t her indtcate that these f ailures escre dp
to %bstandard f uel qual t t y Ptieser ghanges
ilue 10 f eel *buf fling were f aunit to have no
inf f urns e on t he lupi te i e bt Iity.a

IUI * ' ' '''I"'' ' ) I I P* D'd '""" I ""6a Olg ADE k Potat RhfR Iype I l t ri a loy-2 Q9,*aqM) I 9f.1 l)f 9 t hogent f alIue el aftsi t'hree were tw) j g'l j
f yge $ fJelsuspel ted If aberg in

a us'unh) t e, ,

hb Sig Rot.k Polet lidit f ype 8 and l e rt a lo y-1 v1,'se10 1%1 19t>9 tlur ing April 19h1 ref uel'e9 nota 9p. I hr it.' t e * f ur i rod tallur es were of t he 1 $pr i ng

t ype i dry stpping revestro 7 le ah y f ue l saae rhara. t 4 In all f uel types insper ted and 1971
anedl tes (O Pre I and I Iype I) 2 mes e I mt led 19 20 la nf at t t te f uel l eng t h

in .ger t ion Of 7 Irpe' O an j ? I pI* I t a any q t ve.a p oJ The f uel rod f at l.sres re'
teater f uel suest:l'es reveale.t % wl f e.f * , m hea v, t ut t.I ,rt of c rud se ale that

sped 9 f a iled f eel rod'. , rest'et - cayseit the g lartif taq Sut t ai rs tit overtiest to
t ise1 y ( AIso ftDied were d f ae Ipil af trusilIy pie gh f gn.qg eg e T u'es { l . e , , an ieIer
f uel ends en centermelt develms'ient a*e1 r uarosion due to t ed)
fuel suent ly D- %ft )a

.,,,,,a

6c Sig anx k Point RWR f yl* 8 lirt alcy.2 q ,t m) 1961 f eb.1910 10p1 of the sore sippe1 and 14 Irak, t i tr'"na t ion o f the Tyne B an l I teet u e nem ? %, pry

Irge I f irt a loy-2 s h,500 BAA f eb. 1910 fuel assemitilles ident ified {$ f ygm 8. ht I*s ind ti.ated fillures are eeedeuninent t,
I ppe t G lletaloy ? sli . finn Apr il , 11 f ype E .1 f ype t f.) . i rud rela ted (i .e . au cler ate t a.ce rns ton Jue

19M feb. 1910 ts tro.9) T he t yre ( 6 f uc t f ailures gave to-
14(a t Inst of ear Ip Iife hy d* l'ltn 1,

64 Sig Roe.t Potat flWR lirtaloy P lan. lill June 1911 sever a l f uel anewel tes f a s ted . Pr*aistiat e f et tur e of several I fuel assemblieb ?? Aun 1978

6e 8tg Ru< t Potat R6|lt T ype 8 f orcatoy-2 H61 f eb.1911 100s of the core sipped amt I P leaty ( semina t ion t mi a + eted that the f yre 9 anst f * %y 1977

Irpe i lt re a t oy -7 l h>8 f eb. 1911 fuel sueeelles ident $ f te t (5 f ope C. leaber anspet:lles ae, nred e nnantl y o f the
f yte t G llegaley.7 Apr t 1 Il f ygv t , and i f yre (G) thar ts ter of t he e.s u t tela ted f ailures erev 4 <

1969 f eti. 1911 ously dese rthed ( s .c , a t elerated cor res ton
due to t rvf) T he f vpe l's f a t *ures appeareit
to Ile dt vide j roqsqhl y tvetwswet i rud related
arW$ car 1y I bIe 19 47 e 4* ta t 1yt es ,

6f Bl9 Ruth Point edR Jan. 1912 Ju*ie 31 of a4 fuel 4.s.,mba tes were fr ans the f a i te t twel an .c blies sons t sted of le 4.g 1177

1911 to have f a t teit, 4 t ypes of eag.er imient el f uel landleg ,
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TABLE 2. (contd)

.,er.. . te
f ee k Rod Operallag

lie * 8eet ter F#1 f uel G.>d Sure p Per t ed 8ef ere*( eu

b '#
_ - -- @ D_ 1". .k .1. _ _.A. ff!''_'** 8b _''Nf f- - -- EW -

6q Slg Oct Point $we " *7 h C JD8II 18r1rt r'adt in 4 f eel euen- f#1 tasget t i me jeterataej that general of the 76 , Neth
19 I b| tes ber.ene een lot t ed . cot at t to' get ret s ha.! t+t*=e v9 lor te4 to f our ?F an d

f ee l esteesel ees . T he laose robalt 104, impre April

f enested and 29 f wel ausebl tet retheresed ent0 1973,
outer enw . la t he f or e Aaalysts shows ponere resp
peat tag = til a?t ot twe ; also thenge ist f l ow
digtettsut top m'lt et ha ve e large ef f Mt. the.
la s tet retuf ted frte t#%uf f tt lent forte t# t he
Spring that Ins ted the ends en patition Emil-
f tret tw anade that tat res 4*% f arte regdtred te
valoi.h target rods { t e. lentall*1 aus tllery
sp+ tot wh t(h hat Ic< t tag forte of I4 16) .

O $89 E0't Potat BufE I {tecatoy 2 g ge gi,g y,,1,,d f i, c,wg f,mi *I' t yre fuel towadle ee@es tedl y R Itos
f owM on spect f ael pool . Illi

le Emeeldt Sep-) BleR Iype Il (get a toy - Z VI.8@ 118A 19t>'8 ) lese y f pl auerettes *tet tei ty f a llere t,pe gr anoir. the I teater *wel a nas- 7 the r
g t pp in g . bi tes he.f ess re-tr4 the ir geogn espr sure le 7!

Ib pl#troldt Sa.f. ] $WE Iype Ill g i rt g ley.2 g| 4, yg 1909 I%, || ),,ge, # gel gueetillet i den t i - Ihe fe 'l e f f uel * W la the le st er f el aure- ? Ny
f eed. bi tes t a* st e t t ha a hav e< t er t s t u s o f ea r t ,16 f. 1972

Dydr b ia f ellw rg

sipped and a',StA ,fwl es tell teil 4-r %' e t afe vet r*we .
101)E of t or e f eilu set det si te4 cuantnet ten sta ,Ra f arepuc-l tiss d irteley ? 113.1U0 Ny I M1 A t . 1171

ica f,i ane*i res d ic e . T.n mutt.ie c e aes -t eaaed evi_a

N 64 tant i f i d . (I f f ret t the sete by 4 teae %eparator et reg , er
(7) fdf f et rtrate1 ?r t Se to t e' rads t te'n of
ver wise ou'94, ptot eu step der t ag f s* et r e' lese

%e Oyster Creek l BWE 2 6ct alay.1 sl l, UJ Jane 1961 Se pt . 1001 ef core (%0 feel anamtliet) f wel eM f e t ivres titeet t f 6*d r-e e tceinsatly h 34 ' eq. ,

1971 stppet and at feety feel asses- chare < ter tst e t s of earl y-I t f e hrde nde at t et t 19'?
bl ieg ident t f led QF ttd 49 l ea n er (se' eueed l ieg, 70 wer e

repa t ret ( t * . f a 'l* ! 'a n reclares] ans
rec haried tato ree +nr

9h Oyster Creet -l piet f t rc eley-2 t.iec . 1969 Jueie ljut of core (W fuel asseeti tes) Relat tont.hir teetween f eel sue-ely est feel 46 June
Ps dle rod f all are f rewe . y IMic ates sosre pnge t t ee 19f11973 s epped ductag eac h out age. a

f allure (at.t let t y relet te (9 CMI- Cor relet tie in f eel rewt t*ha e tor with te est
sat) is 4ae to only a few perfo- a s seat'I r abs-r** t < 1vster sag of f a il ures is
rate 4 ends .ane, the s a 1. en fei t due to i .ilar 6t , i. oger at io, e t coa.$

at %sesh l y . Igel PSI f a lliere rete airet within +4 eneet;ly rather than t aggal
we t =D $5. even for earliest f a t ture tatera< t ie septhen ttog tets**e rods

tyt le5

10e eine 4'le Potat 648 liet alcy-7 Ja* . 3911 Jaa, Above-anewal of f -gas activity %s tauri rese t* p wee will tie llet tei ant il 75 jun,

1316 tadteated lac reasing f set -rod fise t is r*rf er ed 1979
leet e ge .
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TABLE 2e (contd)

e, pro. s.i.e ,.ree .t 0,ereiin,
lie ,ee, tor f el f.ei .s n.,,io, eer io.l pet,r en, e~

fj( _ ,,,, fype .,,,,, Qa44 !ag _ _ W/MJW), . ][[]%] _ A} pros t_ mete _f ellore f regweniy _ _ f e,tlere Type llo] ])eteun Deer toe f

lob * wine mile Point fina liri.eley.7 m , e'xa te p t . sept . Im 1 of c ore (5 :2 foot etwat, lies) T he leeter f eel es eat lies shi.wed pre 4nes - 7 m,e
4%9 1911 serpe4 and P 19467 f uel a ttem- # ant f a t t ure r hece ter ist it s of ceri r-Ilfe 11F?

bi tes 14e-f if 6ed. t ieddlag hy4r 6 le et tei b . hr, sever.10 of the-

leeker e twat.lles had f uel red f elleres
at t elheted to f rett ing weee f ress 4che t s
t repted to spar ers Of the 19 f eeter fieel
sueelies. /7 wer* v ens tre t (f e t ted rods
replet ed ) and le of the 7' rec hernest tato

rear f or

II8* Il#4'3# , t e n e l<sy-F - 12,fNej (W . 1969 5ept . $tpping has locatifie4 Tester .e6 T he f eited fue l ends he,e the ther ei ter ts - 2 Me r
1911 e uesib i le t t i' t o f in* eer l y'll f e fivir ide f ailureg eb- 1917

wr ve S in either s eer f org witte nonout' letted
fel t he in e t 'st e ove fuel le t suruire weg
ant S t' te se 81#14%)r'i

lle* f uk a@ tan . ) Itwa lirt elos 7 ~ 4,4 +10 Now , 1910 5,rt *lppin9 81ent if f ei R teat r fel the f el e >t f e t t ue es es er tent ed were early. 2 me ,,

1918 ence+ lies en the t ore (sist 4'MJ feel llfe e.y4r trse 'fp t e e , internal hy4 t49ng) 19 '?
enentil let )

1 14 f ot osh t me - t swa finalor-i Mei ssen si el enter t-r . w e he t e +wel by ele f.1 Jan .
t henne t t an.f r unt r ol bl a tes on * ". ret. l9f t

" 14e* Mlligtone ILWil linatray 1 S.JH llow I'#1'l Sept . Of f jes trend su rle.'s smer fuel roi f enlare f ree rent nown ; rei f ,el in m t ion t- 7 ge ,eW relat 1 19/l f 4 8 3 *f's '8 8 5% 8" the core (his iM da te . N f r.el rad f ee lyan a,e u, ee4 1917
fuel sueathf les) . to be early-life hyJride f ellures. Onl y e

port ina of the snit tel r ore f al encinhl tes
v ontain f uel auds wh t,h have faren get ute.
Oqt ge%%e j

14b tel l i s t one EdM lirr elor-i 7, liF) 'ept . Of 19? f eel encumbi ses dig herged. ho witwel eMm t lan re. ult s e elf et te yet . 16 .i en
Po t a t I (e vere je) 1917 14110 feekers determined by tip p y

(Cy11e t) tipping out of tore.

Igee ut.n t lt el le Rd8 IINeICF-I 'I.9MJ l eb , 1911 Sept . Of f jes trerad sug lests that soesa II9 f uel Impet t ion perfwica yet . l et rod 7 sq ,
11/1 f el rem! feileret have ot turred in f e t lwres penhetd y ef e et eerl y li fe h,.je 64 Ivy9

the core thes 4 54 fuel ence+1 tes ) . Ing . Init tel tore f uel lese 4*.1 to emt scel b

was ant ver een out geued durines f at.r i. et ion

Igo in. pes (fd ) t!WR llet e lof -I Play 19WI Autet t 44 en.'s (defe. t 6ve er et leet t Defer f s a leu i f pe.f in f. lln t o.e accer - yt t % My
1910 sv*.ges t ) e 6 t hdr awn f r.es ?6 t<wa- t ret er oket'*1 heles . 9 ! bel ys, poe t l y wi th 1971

dieg f l1 f uel reef s ( * **== t.09nef ) t r en n t , i; longitg.linel c rev e s , en4 49 con
f r en ei-st t ion 51 t..mdies alw p1w1 f ee lves t .n f arl reefs did not c oll < t
withdre n fd eu.eme4 t > have an y ( rw1 (9 Imse r r to e t rontetas ont, st ein
11 def ec t rate f eu steel) De' en e r a tele t tan @ep Wween

ee'te (trale of i'g p ing g ben el, the lwarngp, and
nasnttr of rief er t e ve hee l ree in a lignile (we

Ieble k la ref.wr t l .

I bb L in'Pn (f d ) SeR Bolttel llrreley 2 1%5 1910 About it or the f arl rods of tem f're 1 h ted t co.,ps .cr e .f,teined in a sat isf ei - 41
%,;,core in 6t lei r ore f a iled t e e, .ona r bye the or,henica n per for.en,e of t 7

t he f uel ses rett set t s f et tery ,
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TABLE 2. ( con t.d )

e Appros lee te
ee.n e.d oper. i t.,

i tsas Reac tor f eel f eel Red Bureup Per f
_'% *": '*'' ht' . _'tP* _ 31*4'* ?"1 - 1*i*L ~ %Y ^p~ T Ref erear e

*er'n '~Y !M L*! ''*1*2 -- * * * ' ** hr*. - - . T' ^ ~ ' 0* * * '
264 Seinae - ) Pet lirrelev 4 g l i,fMf) June |M9 i messe 1971 (hast(al emelygig indttated t oolent Direc t e'id f y ylwal en eminat ions plug led e . 4 Ayr lll

as.l f elly le Seget . IT69 (we 10 f ue l TidwSI f el 4sgr4phly Ie4h testg df tt leged 1 $17

leets (9111). that le cht t eve f rame ene tore reglove (Regloal
1) an.f tendei to e nnfire previovg papelate

that Ist allici (l e.11 tag hydridtog regel tlag
f rium eeregg t ve migt see in feel cellet s weg

tane of fuel e st .te f es tg . Olsternetlong also

dele leio f a misulw v of redt le ser loug Regico
l fuel sueenblies eith tallepte l set t lostg

(l/ ?- to i I/ 2 le long) tmt no indiret tost of
tea g la aos o t he f sel eggeehlieg < aatala-
in't < 911ence 'uel rrufg .f

( 8 16 Bef aae- l FisR lirteley 4 1111 0 et, based on pr iaiery e ont sat e< . 4 t 44v . el t rwwwt v owel caseinet toa, led l e t e.t 10 liar .4

tif tly e4W Iy la f ir s t r yt te , tstu. asigt prf*beble ( 9g4* t "t he 49f er#41 bydr t4 5Mg 1977
pisted t yr le (additi scal Mwl derg) dise to a nigt are ohl. h ees later tonfirmedm

fr 0s 14 Th i s , *WM i'If ellOAg le f.sel trrodgg-8with het f esy t hef de f e#$ ff 484 4t lef55

t ion h44 twee ta'endys ed te ellmleste thig
g ing e e t h g4 been empet to i les edillion,
DtPter W4I I Ing hf sidPat @d*I aggMI les gh81wed

g nall n apFer of redg et th Shor t gee t trung g et .

14pge ' ( b,t en leet lad tt elleseg l, sno jor $ t y of
t hage 8'egsEPle' leg lef t SIS I"tr ge ipend a yr Tg

M
over et teny

A.e seine e .1 roe lirrelny.g t vil t'r tor 'o 1971, orgt la9 uce * * c 'n.1 ha 1 se t Il ni t .h
e sp** ie-Pas e4 f # 1 rest f I 9I t en letl I I 4 I t ** teel } q? )
f eel corig wee , f ir gt def e tel te liegion || Of

Se#'ta f l dear lui t he { ya le I re fgella.1 O sl lif [ ,
A g en+ple flot t em a len. 'h of in A t n 's la

the espper i et of ibe f ue l unlisse' f ervath weg
itMerve t 189 llepret t4n4tel y /I O f time rod) IR
Oc g 409 Il f uel r8blg in Regisyseg | gegd | | | es
b 8 blf ed 99 f |4 9 ten (m) 4( t h., t t beste , fware per , a
gfne l l f ref t trie o f t he ea g l<sst | f asej rrwig esere

fQUpd TO tw f la t t em'f 4 4r 1859 I P'e res eent ( rt. le

!! refuelles All c l adillait fle' tralag of

served to ds te hos er w re4 lo unp<egge,r tie t
fis4I y 4ett . f el -lenti f icell AM and 48 041 ge t

owne nf IS.en f erma 'Ileuse f were 5 dent e f led at # -

t t48% I4 f uel ( 9I eies g uphis h lei (4 f !(f leMiPWSt

O f a. eelding tpei 4 ege Of theremu l and lf f edia -
t trt9 *phAM ei f reep Of the y laidlnst gn.te* t he

+ FoI496 pf emu'e L l e id ldes| fl At,#en 6 Mal $ t et
m ted et migner e epowi e g in g,. c,f the

pf egeregggr l fe j f.se l r04%e4' IIP 9 81**. S )*ts QI
t int e t he pt'#g t .ere l e ve l t 4We f*redtiled t4 the
tews I >m to g,re,ent e l e.filnsg flat teninst



- .

TABLE 2. (contd)

Approwlinate
Peak mod Opere t tag

itse Reac tor F uel Fuel Rod Burnup Period Refereme
1 Reac tor j_ Jpe_ Cle11tng paid /NTM) 5 tart E nd Agyroste, ate f ailure f requeno f ailure tge ~C' Nite ~

27a Cinna Pwn 2trceloy-4 - 25.000 mov.1%9 Marcn Coolant acttetty insreases otiserves twaay f se! assancites tJentified by visual es- 4 Aortl 1972
19'1 in March 1970. Leaks were confines amenations end test testing f eatuation of 24 and 'ept .

to 12 fuel assae$l tes in Regten 3. observatto's suglested f o;al hydridine result- 1711

Reptsetn1 the 12 leaker asseiablies eat from fuet -contained sicistus e as the Itkely resp .
with fresh eees re4"ced activ'ty to cause or the Irake.(4) it was later confirmed
#5out half the fevel prtoe to that squ-f e of lean s s ai wiotsture contained in

outage . the bel .

21b Glana Pat lircaloy-4 Oc t . E.nd plug separated fram fuel rod Durinu retveling operat eans, one fuel element 59 Or t . 1972
1972 ocu1J not tettJD P. per I g . pretruding I/2 in

abnve other cere a'i n.il tes four days later
en end pf ve '-on a R, e i ~ 'wel assesely was

retrieved fest t'ar t*eter core alate. Plue
to be cassined to sa. why it separated from
the f ue' rod.

27c Glena PdR liccaloy-4 June Dec . Fuel rod ecd-plug recovered. ho Abnut 13 dass : equtred for replateaent of 29 F eb. 197 3

1972 1972 indicators of fuel deterioration a'l uno-assort ae f uel asse=*ltes and re-
observed after 48 fuel ass =cibi tes eovery of a fort rod end-plug from the

were replaced with etner lower cor*-support plate.

assemhi tes.

274 6tana PWR 21 rcal ay- 4 0.St. based on prtmary coolant Stefy. withe at visual enanteation. lad 4 ated 10 tec . 1972

activity early in first cycle; mest em%f te cause to te fe'e rnal hedeldineW went additional 400 days before ow to rio 6st re which was liter t -ef erinc4M further defects indicated. Prior to this. *oJ' f s. atioa , la f uel pre fur-

t W ha s t'ece int rodw ed te ell *icete tu a
stece it h.iJ tcen espe ted fur tnq * prings
refuell eno. .ollapsed rots ot Serva 1 att's cel-
!ap.a1 sections remeng f rom 4-8 c* in leaa.t k
and are the result of e+ad ja; creep +=n of
cladotag over en unsupported lene?h due ts
Ngh di f feractial preuure.

die Gtena PWR lircoloy-4 Cyrie I s.,r ing (yc 'e i .c% I) tna, a l a ae netwe of 45 Jans 117)
Nel rods we e swr ved to be 1+ *nter f ere.w r
s'th the 15e milles anf a f = of t he** rod'.
wer e bn**d Dad lateeferenc e and tmns =?*e
$ue to larwr-? nan-cepa ted Itrt aloy graeth

du*les t re a 4 a t ian .

flattened f u l rods etr.ervaa in Fontens I. II. 31 Oct . 19 73e
27f Genna PWR 2 t rce loy-4 1972 and ||1 (af t ue prew,et red fue11 diertne t%e

Cycle i refuel 6c4 to ' P2. See last three
sea *ences un4*r Bernau 1 (ent ry 26c ).

in t 197350*e fur l '315 'alla* sed because of in-reat- 35 c

27g Etana PWR lircaloy-4 July tor dr st ficat *on of f ue l . Dens t f l< a t tona
39/2 PSenvenen report *d t v AEC tr, occ ur at lin*4r

%ea* rates rs low as i to 2 kil/f t '31 to
6r h/ce).s
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TABLE 2. (contd)

Appron tma te
Peak Rod Opera ting

item Reactor f wel f uel aso eurnap Per God Ref erence~
_"D.:. Beac tor ,,,,,fyg.,,, Jype_ ClaQng _ ,WEML ]!ar_t_ _ Fad _Appres,tmate f ailure, f requency_ _ f a t ture_fype [No[] fete
27h 6tana PWa 2 tn a loy-4 22.000 Oc t . 1972 f uel f ations and collapsed cladding noted 16 J an . 197)

{a,erag,) (Cycle 3) Final 48 nonpreuvreted fuel rods d6scharee6
few core.

28a Nt hema - 1 Pan 21 cc o loy.4 sl6,000 July 1970 Nov . 1971 Coolant attivity 6adicated crewnte f ailure tyte waknavn. Coolant activity never 4 April 1972
of a few leaning fuel rods in tore eshtbited a sharp tacreaw stattar to that
at start-up (0 0351). otserves at Branau anf Ginna Mtheme.1 has

pienur lici f uel etnis. Also, amee stringent
controls on fuel solsture specifications and
quell'y control prt> edures apol ted le aanw-
f acture of 4'h 4-1 fuel (and att other fueli

delt wered since Bernae and Ghana).

7A 4t hema-l PWR lirtaley 197) During the put few ==inths, fuel rot flatten- 13 Or t.197 3
ing has twen oMerved to Weslan I fuel (un-

preuur t re 1) . See last three sententes under
Bernau-l (entry 26(). Ito collapsed claddfog
observe 4 in atner reitons which contain pms-
sortred fuel.

29s Polet Beach-1 PWR Z irc alcy - 4 s19.0ml Jan . "71" tow-level coolant activity observed f a t ture t rp, unannwn. 4 April
from beginning indt(ating one or two 1912
leaking feel rods.

29b Polet 9each-l Pd 21rcatoy 4 Fall 1970 Sept. 70 fuel rods in 26 unprenurtred tasminattae performed by binocular obser- 61 ti t.1972t

1972 fuel aucablies showed ladications v a t ion , At 16me of shutdown, core had l j.W1
of collapse, reprewating a collapse ef f ac tive f ull pn er hours , Prepreuur t red
rette of 3 51. rods eehibt ted no evidence of (ofley e.

29c Potet Ge4(h-1 P@ 21rtaloy.4 IInv . 1972 Of 105 fuel aucentes sleped. 21 Weat relation.hte found between lealy fuel 11 Mav . 1972
were leaners and I was sospect. auce616es and taew with collaps4 f uel ends.

Nn torrelation was found between (011aP%es and
core location, bue nue, or fwei-auely
inser t s .

29d Potat Beac h-1 Pd 2 t rc e ley -4 1973 During the past few annths. flattened f uel 31 Ot t.1971
rods have t een observed in Region I f uel (un-
preuer t red ). See last three senten(es under
Bernav-I (entry 26t) Nn collapsei cladding
otnerved in other reitons which contain
preuur s ted f uel .

29e Point Beath-1 Pd lirt aloy-4 18.84 F 5ep t . 25 f uel aswadilles with f ailed th Jan . 1973
(everage' 1972 rods (collapses and leah). 6

(Cycle t) feel asse%I tes with collapsed
sect tons have no leaks.
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TABLE 2. (contd)

Approu tee te
Feat Rod Opere t tag

Itee Reac tor F uel f uel lied Burnup period Ref er enc e
3 Reac tor JL Type Cladding _ yesprTM) 5 tart , End Arproaimate f ailure Frequency fallvee Type T6oT ' ~ ~ Baie-

30s Obrighelm (ft) PW llecator 1969 In first core, f test refuelitag re- 10 Dec . I t '2
wealed signs of damage in about IDE il and 1912
of fuel asseseltes, but the aw+er re so .
of defective f uel rods did not es-
ceed II. During first refuelling.
11 fuel asse#' **s with def ec tive

rods were c',rlag getond ref uel t t ag,
vrly found by wet

s t pp lag . .

3 fuel as %Ites eith defectl e
rods were weed .

ylb Obefghete (Rid)) PW liccaloy 4 %38.000 March Defective f6 1 rods were only a all defective f uel r.h fourd af ter the first 12 Jan./f eb.
1969 probles during the first td) opera. c yrte were f roa *he san * f abrication seriet 40 1911 emt.

tional cycle. The overall f atlure Pref erent tal alignment end crateritte appear- Oc t .
rate is smelter than 0.11. ith a'ic e of the setet ts stroagty peinted to in- 1973.
enst of the fuel defects occuretng ternal contamtratten of fuel rods as cause of re sp.
in one batch of the initial core f allu*e (p4 Wing and autor. laving of empty
loading. tubes o' fuel rois w4s ellotaated on or af ter

the f orst f d? reload), visual taspectior of

f( f uel asm, lies during f *+ 5t ref w l'ing
cerfirmed the peeblem of irradiation at th
of ilet alaw; 14 f uel assemel .es f rari annr of
ht ;lhest rese ttempet were repair =d hy replac log
lower *e<! flat ure of aweely eith a new noe

N w*' t c h P. S l iet* *inre an'el clearante for fuel
rSd eu ans tw. Ceu.! ms tt ern was vassaal'yg
ht sh dur mo ' to t r ycle bat c au ad e o de-
f et t s f ir .t ere f al en ts were not pre -

rrea.;r t re.e. % re drev e of c i s iding e allapse
wa s f und

30c Obrighete (Ed)) FW first core Ztetaicy 4 m 36.M) March Marth On a fuel rt ' bis t s, the *E t t y, 44 kn*
1969 1974 rate is 0 211. 3W

30d Obrighele (rm) pvp Retoad s riccatoy.e ,33,930 g g,th March On a f eet red bas t .. t he f at tura J'M
** ene

Cyc le 19?4 rate is 3.0171. I

3ta H. 3. Robleton-2 PS 21rceloy-4 agey 19,*) Rod-control cluster f ailure in one *N se rW * trol c le t *r e r. a 'ur t a c cin- 5. 5 Ma , 197 3
_.

f uel ass **ibly . b' F separated f aren the spider ne * our inq
operat lee Teil e t occurrei in tit afe jutnt.
no (ause f nan; and to other f s elure was f ound.

31b M. S. Robinson-2 FW lirceloy 1973 Dur 'ng the rat f ew anntes, flattened f uel 33 Oc t . 197 3
rods have been 4. crved in Feqion I f uel

(une' essu< t ted ) ice last three senfences
un'1er Be:9au ! teat ry ?6c ), se collapsed
c l e-$d ing observed in other renions wheth
concoln pressucited f uel.
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TABLE 2. (contd)

.p ro.i-te
Pese Eod Operettng

| tee 9eactor F uel Feel sod pureup Pertad Ref erence

1 Beat tar j_ Type (l add tag i'8tafL8f1 5 tert I ad Apprea tea te f a t ivec f rggg f atIare Type ~7 Bah ~

3fc so. p. so6tason-2 PW met h est . 1973 One grid trap os one beidle fue small sections of a feel assemely spring 14 Dec . 1973
1971 f ailed. Clty grid strap anase of lacenel usere dis-

go.ered te steam generetor enruial eeM ter
(polant flew isould readily Carry the grid

strar tec tions *nto the stese senerator
C*aarel hesi. ?te 197 489 C 169 geld ple(el
Case from a Sta;le torner area af one Ertdi
We, Stu f wet rodt are parttally tp*Sup-
p(eted at the o-v 9e to Io:st ion. * Ins t
I tsely reple*It toa 11 t' hat the geld edge
taught on tree P9rtlost of an adjacent
8%%e8$1r at the ef fected atte41y man betag
inserted teto itS sett festiton during re-

'sel te; ce*rattent Detblts Svegelt tftet

t4 3 eld pieces are f rom eresiously ters-
dia ted fuel Dortna forthcmog ref uellas
outale, Confrehees see feet teggelt ton t@
be f estdJC tej to detereite lO(aTioR eI

damag*1 ' vel alterb*y and et f ee t , if aae
op % Jrroundtag f Wel assenet tes

12e statee yanece PW lief alay-d $ert . One fuel atteably reef sted be(avie **Oet conta talog ten ore load aq def e(t3* 72 llow IUI

1972 of damaged ytds. One f uel assco- me Detai removed and tavo*t under ho1S-deen
en adje,s ent f uel ethe4a l

f, Ilf t teebly he t t@ H sedified O' erg of
g g, J 31 q,,,,g ,,as as=1 eaanagi nget ef e

I tra; er ytJg. Ihr f ac ' auestply eat re-
N ola:ed with a grare. Tao it419e.tlly IM at ed
- - * twMkirt. plate eligveat peng were fouet to

t.* out of al tgruvet if *b 6 tat son error ).
a ' Al elfairet hai 13 tar smd t t ted t y en -

larglag the psaho <es tw f ore 9; esteld fit
prM*r l y

32b meine Vaatee FA f frat core 2 trcaloy-4 !974 Hi gher than avera te (641a41 et tiv- f a t tore 1 14 nat 6nd 6c ated yet . Eear tne t$ % 19747

tty tadtCatel that goce 'Wel Pod 1 edy og thut d Jer in JJne 1970 Mtgenally
have f a t ied. gibeduled f ir ecf uelieeg nest year l to Cor-

ret t constit t *

84 Jaae 19'8
32c na tae f aahee FnR first core f ort aley -4 C 3,400 Dec , 1972 starch De a fuel rod liasis. the f atiore

te erst 1974 rate is <0.11
Cycle)

33a Oconee-I rap mart 9 Itetaloy-4 34,000 may 1973 June Coolant act s.9tv tevels ot ser.e4 ?*-re has le 6 er y itttle chenw in 42 June It's

1978 tpreespons to f tst on gas ts: ape actie t ty levet as a f unt tlee o' t tee state 41 and Jan.
i

through satell pinhcler tier tJe se t hese leaners me, tic classed 1974,
as * taf inite e;' f alt ties" and are morest res p.

f ar a ' test ef e tied unit. le January

1 U 3. One. P a l # of fggl weg reple;ed ent t%
precresse sted f uel reds.
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j Approstan te
t Peat Rod Operating
I Itsee Reactor fuel Fuel tod Burgue Perted eetereme

tas. Reac tor iE _Ty Cladd tag JItas/eme) 5 tart 7C _Amrostante Failure Fregency f a t tereJpe he . Fale'
| 34a Stade-I (RKS) PW If rtaloy-4 %38.000 hrch Coolant activity was already de- Failure type untnown. Response to poner 32 Jan./f eb.
; 1972 tected dertng low power pertos of chan9es by acttutty peaks agg rather rapid. 40 1971 and
4 reactor operation. It increase) ttnIfke tid) espertence. the 3 391ep activity nas Oc t.
I temendiately when full ptaser was very low ad just at the detection llett. 1973.4

achieved and has stayed there Fuel it to be insper'ed during scheduled resp.

since then. refuel 14a9 in July / August 1973,

34b $tede-I (EET) PW First core 2t realoy-4 375.0r , br(h mcch The f ailure rate on a fuel red 44 June 1974
j 1972 1974 basis is 40%. I
* (Second
| Cycle)
I

,
35a Paltsades PW First core Zircatoy-4 s13.100 Aug.1972 hrch On a fuel rod balls, the f atture 44 June 1974

4 (f trst 1974 is =0.11.
Cycle)*

36a Fort Calhoun-1 PW f erst core 2trcaley-4 4 .000 Sept.1973 mrch On a fuel rad basts, the fatture 44 June 1974
(f trst 1974 rate is *0.011.4

Cycle)

37a Turkey Point-3 PW July Coolant activity increases caused 66 July 1973
1973 by fuel-cladding defects (such

,
less than it).

i

[
N 38a Turkey Point 4 Ptst Zero 1 fuel asscuhly drepred during Fuel asse=61y dropped 4 er 5 tnches (cable 61 Apr i t i

- N taittal fuel loading. Claeps did not getp cable) while being raised 1973 L

! to the cert 6 cal posttion, Sneleton of fuel

asseaealy repleted before sue-bly was load..d.j

394 9erssele (808) Ptit first core 2trtaley-4 > 4.000 Sept.1973 hech On a fuel rod bests the fatture 44 June 1974
(I test 1974 rate is <0.11.
Cycle)

[,

'

40s itPO-2 Bladt 1962 May 1973 Of 3.328 bundles.11 have f ati4. Scwe faltures were the result of mhantcal II. by and
(Rolphton) The even f ailure rate is one damage by fuelltag eachtnes during unusual 47 Juna

bundle / year or r0.45. maneuvers (e.9. . reverse fuelling of a chan. 197J.
- nell and a few may have t>een damagat by the resp.

g.
handling equitment only of tar distharge. 9J
evidence of sheath collapse into interpellet
gaps has been observed in NPD or other CAiOU

? reac tors.

sost probabte de .4.t hanis.s. ac ting sepa- 34 net.197:e
i 40b ar0-r east riccatoy-a nose is73 ror iir0 2 pousia. Potet. and

.
(RolpPton) Pickering reactors, the defe(t rately or together, are stress terrosion

4 care is well beto= lt of all crettin9 by itsston prodwis er rupture of

high ste.on-ema.esttled cladding in regions ofbundles fuelled. the neutrj n .nd serein comentrat.ons, see
entry (4lc) us der Ibuglas Potat. t

7

-
|
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5

Approutea te
Peek 904 operating

item 9eactor f uel Fuel Red turnisp perted g,y,7,g,

A teac tor Type Type _ Cladding (snad/Iffel) 5 tart End Appresteste f attore frequency f ativre Tyse no. BatF

i 41a Douglas Potat P'edt Zircaley-2. -d 19.800 Prior to 5 fuel f attures detected out of All fuel fattures attributed to maleperetten I Spring

(1950 ptsy 1968 94.282 fuel rods (335 fuel of fuel-feeding equisument. Ig71

] Pst ) essemelles.

j elb Douglas Polat Pistfl liccalcy-2. -4 play 1973 Of 5.387 bundles. 6g have f ailed. Progree te arinttor fuel performance at Douglas it. Jan. ..

The cumnu1stive f atture rate is Point and Pickerthg revealed a small but sig- II. Blev, and
e ele. Up to end-Ig71, less then af ficant 19c-tese in fuel failure rate. Plany 43 June.

II of all bund'es f atted, inclwetag of the failed bundles had undergone power in- 1973,
,' those suspected of having failed creases shortly before gteleg evidence e8 resp.

but in which a defect tould not f atture. Tests confirmed that increasing the
'

be posttively Identtf ted. at power teaptd increase is not reautred) of fuel
mid is72, the figure was sttil that has already l'een apprectably teredteted
under 11 and, indaed, had de- does indeed Cause fa)1eres. The delay be-
creased significantly. The tween egcreasteg the fuel's power and any
current fatture rate is about evidence of a sheath f allere ran range free
one fuel bundle per year, a few stastes t9 several days, teamination

SI f all*d l>unG e. shewed E4Mb bydeldingI
damage. however, a1aly* ls revealed that

I hydenen in the sheeth ceintsted largely
t of th* deutertue tsetope, se auch of the

obsersed damage was the conseguence of the
originet failure rather than its cause.fV

I' (Al
41c Douglas Point pHIft Itrcaley.2. 4 1973 for Douglas Point. IIPD-7 and 199 ootenttal mechantses toent ef ted: 34 Oc t,

Ptchering reactors, the defect (1) thereal neutron fluses higher than feet 1973j

i rate is well below 15 of all Gesign value; (2) eechanical damage dJring
1 bundles fuelled. fuel handitng. (3) faulty coswonents, poor
i design. or manuf acturtog errert (4) strain {
j reversal at longitudinal ridges in cled. fin 31

(5) enternal corresten of claddlag; (6) et-*

gratios of verantles t3 fore we'ds in the
2trcaley; g?) low cycle f atiter f ailure of
claddtag; ($' internal contaminatlose by hy-
druuenoa matertal te cause $1eddtag hy-

j detsing; (g) stress corrosion crocking of

L)
claddtag; ani (?3| tensile f ailure of t adting
entertttled by f ast steutron irradletion.

j posslisly aggravated by stress concentrations.
9tany of the defects in esperimental fuelt'
were ascribed to one or more of the first
eight defect Wiechanism%; however, same de*i

fects. including the major 6ty of these 6n,

power reart9r fuel.did not fit these eerha -
nisms but did have a commune characterestic
(f.e.. they were assxtated m th sudriena

1 increases in the power output of the furth
*j Detects occur sn Jerestoy. clad UO; fuel rods

if tfietr oower output is increased stqntf t-
} cantly af ter a burnup of 50 buhr/kg 18. The
s investigsters state that the two most pre-
t trble defert om hanisms, acting separately

er together. ere stress corrostop cracting
e by fission penducts, or rupture of the' neutren.eehrittled cladding to regions

of high stress and strain concentrativos.
!
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TABLE 2. (contd)

Appron tma te
Peat Rod Opere ttag

itee Reac tor f uel f uel Rod Burnap Per ful
~%. MI

Re'erence
40. Reac tor Type _ Type Cladden _(wWdjM1 5 tart

'

Ind __ Apprptmate falluce Freguency F a t ture_ Jge

44b $G14dB Bdt lircefoy-2 18.503 Jan. 1968 April Nre than 49 defective fuet eless pts The defects match ha e oc curred 6e %mst feel 30 Oc t . 19 7 3
(Pres- (earlier )gf 3 egein,ed f rom reactee. * laments, apart fram those attethed to crud

sure cores and special esperiments, have not been re lated
tube) < 10.000) to design or operating conditions tmt are all

belteved to tie de to def ects in casiponents.

Some fort elements h.rf to be discharged pre-
naturely becaese fuel pin estal growth en-
ceeded design alf wam. Deaemful crud (thtch,
copper-r f ce) deposit hm caused 33 defec ts. Of
15 ether def ec t s . 8 =*e in *>tgm risit" en-
periernts; the re*c 6ng 7 acre of perp trular
interest sense in 2 cases the cleotog rapidly
erweloped multiple at ron.stre holes and tne
cther 5 eierents tavolved laternally auto-
clavad cla4diaq (<es id%st hvorogen led to
ot6ervad mu' t tele hp 4 sie " sunbursts" and
sonettmes transwersa c e er t s ). f retting noted

on 2 first core ele =nts at bottne end
f ound ) fuel element; in reactor enich had
(W(tm@ deta'.hed f f oe hangar herg and were
lodged at to tJe of presskre tubei de" ager

to efemaats pas very slight.

45a Earlsruhe PHidR llecaloy-2 %$.9M Dec., igf>6 Mlf t fuel performed with a f ellare The f ew f uel rod f a 41greg olmrved sNe t t y j? , Jan if ch.FQ
I"U I I rate of <0 C71. The first defec- af ter startup gave a beele inf oreit t w f or 40 1979 and(J1

tive fuel rod was recorded at a f abrication toerovemen t s . The first def er. Oc t .

burnup as low as 'dl8 aud/Mi'J. ttee roi revealed a "Pydt ide sont*urst ." the 1913
Scurce of h Jroq*a mis ea.tl y t r ac ed t*w n t o r e*.p .r

motsture trappel to tne f uel rod duct't! is-

br ic a t ion. 9ms' other f uel rods f at led at
their f * mal end tilog =*1N the standard
steam autocta=a test routtnely used did not
reveel these pone quality welds. Residual
air ins de fuel rod was cause of heavy erld
contamina t ion . Dimentimt (hert of almost
20T of MITR f irst core f uel elements revealed
problem of irrein st ion gen =th of 2 trialny
c ladd lag.

Cause of the f a61ures of the LN17 fuel ele- 31 Oc t . 197346a Vulcain Pd UO -pug Stainless 45.00'1
(37 que) p).g) ,7,, fuel ef amretThe one UD -ruff2 2 engac t; ho.. ,,nts (37 f uel plas/eTeacat. teth stainless 32 and Jan./steel
ever, f ailures were induced la steel and Zircef of-4 cladding have beca used) f eh . 1973

UOg f uel elements, was operet ton in a regimie wiere first halfe

was at steady Lewar and second half involved
a period of twe c yc ling.

c
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TABLE 2. (contd)

Appro s tena te
Peak mod Opera ting

Itee Reactor F uel bel Rod Burnup e rted Ref erem ee

A Reac tor j_ T ype Clarfdy_ fwf/MN) 5 tart Ind _Approutmete Failure f reguemy f at f ure Type llo. ' - Da tI

47a Agesta PHW UO 'P"0 fircaley-Z sll .6 )0 Of 4 fuel elements (50 f uel pins), 0-e fue e t reec* f ailed twause of sechaettel 31 Or t . 197 3
2 2 2 fuel elements f ailed de*4oe car,ed t y a $aedi sog soc ident. I hr

other f eilure was due to a crac k which devel-
Oped in a meld .

Saa CffR Pp 2 t rep toy.4 si g ,3 )n prior to 5 fuel rod fatteres were detected tvidence suq1*0s t%at the falteres were 1 5pring

Aug. 1968 in the total of 1390 fuel rods reused ey internal sources of hydrogen which 1971

(<0.5% f attures), led to local hydendtog of the Zircator clad-
d'aq (t e. . gn-phase hydriding). Peat es-
posures (8 hat /*'*) of the 5 f ailed rods were*
13,6N, 6,800. l?,Br10; 18,990; and 19,100.

49a Sa nton Pd UO 'P"0 2 t rce loy -4 .C10 1%6 1%9 h leshing fuel rods. Blisters f armed as a result of la teres t 5 May 19?0
2 2 bydr id ing .

49b Sa nton PWR Care 3 May 1972 7 leaking fuel assee6f tes 3 'aak eno fuel assemblies sent to Fl and 67 Oc t. 19'l
1 vnt to deitz mitt s,te. ; ore 3 had

5,811 *dd c' cperet ton.

50m Cirene w wwR.1 2 6rc eloy-2 s9,830 1966 1973 Of )(3 fuel rods which have com. atwat lao of t%e nn ir-adia'ed f uet rod *, N. Jan./f eb.
Ra tina) pleted teradletion (in other were enamered in Pot cells- 23 fuel rad 36 , 1911,

reactors such as p-Iden use, f ulares tend ca.senetrating defe:ts on 13 and Oc t .
Agesta ,155'N, etc. ), 31 f uel ether fuel rods ) .ere <.aused by 1sta tifed M 197 3, ams

rods f881*4 anJ 10 feet rois at tad s by interna s hydrogen and, to a 1 '.sec Oc t .
N had honreactrating defects esteet, defec ts at the est plug welds; 7 1913,
m other f uel rois fe!Ied as a conseguens e of resp.

a Stress corrosion methanise due tN powv
ramps ; an f i f uel rod f ailed hc. ac.e c.f er
en tra (ami long) oogepaeser t ran'. j ent . T he

7 fuel ruts all f ailed either eith small
an tal cracts it r ednes on the (la t4'n1 or
alth c ir s-fe *ntial cra< ts in the eni plug

welds its s *cale rod f ailed because of a
povtrat sgs ( ra 6 in t'ee c ladJ eng .

N
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