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bec 30 /jBD

J. Raq , chairmn>> '

19 c/oc Powd.5ysdorn s I?elin hi|i|y .Subcomen|flet

In accorciance wilh our receni con verso-liin, .

.

1 have rewewed NUREG D666 " 9 Probabi|ir|ic. Jo|el .
'

y >

Anal sis of DC Powe< Jupp)y li'eguiremen/s o| Noc/ eofy

Power Planis'.' The .5]vch confinns lhn|dc. foi/urej

consliIvfe5 j'1 o1 -/he probob,|;|y o| foilure lo
yernove resMaal hen} and is Jherelove a significan)

ccrr/vilw|c/ in need c/ correclibn.
'

.

Tite s|udy owever has examihed a mmNnalh
-

el c. 5yslem and,inasmucli as o// plan /s employ more
4han 4he rnintinun),|he It), ding mus| be recjaYded

as beincj somewha|pessanis}ic., There| ore lhe

propo. sed proc,rorn for correcdion would,r{ success-fu'l,
reduce core rnellprobabih h by ess /hnn n fac/a/l

of -lwo, as,d would seern nol do juslif a lo'etey

expencitivre of ellod. By corr |rasi lhe A7ws mylihalion
pro 9 rams propose lo reduce Jhc prolsohiI;1of lhoI

9

y orders of magn',Iude.mechanism b
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Idavinc3correcded less Ihnn hol1 of cove met /
proba bil;}9 by rneons oI knprovemen/s Jo Ih e d. c.
dSy em, olher means m v.54 he sough 4 lo o,spl je

ihe remaininq /c(9er fra clion, H would he
wo rdh wh;le J o con sider a sing le prog <a m Jk n / ivo v/d
redo c e by signdaanl/ rnore Jhon a lo clo< ol dwo,

.
'

dhe pic boh:I;I cJ fn'ilvie io vernove resiavni h ea-|,
,

in con.siderin 9 Jhe conj <ibuddn o / henI remova|

Jo cove mellp<chobilil ,ilis impo<lnnl k recoynite ./hey

eti5-|encc o[n n2cre uffen-| rieerl. The li'ea r /v/ Sn/el
,

y.5|ud ha5 poinded oud /hn|one tore rne)[even) is le bey

expec|ed in 20,000 L w/L years of ofefalion hul Wu]h
eva cun]< ort jJ(Ocedures,promp) Sn-|o }n|te s would be <

e x'pe c|ed in on|) on e even d in [i fd . No to, o [ der '

expoviencing Jhe Browns Ferry and Tin) erends,1[
hecomes cleo/ ~/ho) Jhe more urgen| pro />lem is Jhe
.speclacle al lhe ofern|0v's 3| rug 9 es do remore/

residua I hen } hy use of enern | purpose sys / ems {7
iuh,'cI, hn <c h ecome r/amager) or unava} |a hle lh vs
coerleibu4in9 qveall Jc Jh e pvhiic's percep is n e J

,

l

h JC/cu f VI4/G
|

The Brotuns Ferry. nnd Ti1l even|s occ urver)
ad a bo v] Jh e ra de of one per 20o Lua yea rs, eu role

|

.
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Lwn yeov vodetoo li| ries c;ren}vy /hai, -|he 20,000'
;

,

for core mell, As a resull, evacuo} ion c/ Jhe
in l<en serio usly arid i fpopuladkn is now heinc

4he 200 ejear role were, la persisl,we micj hl expecl
s er, wdk 206 L wit s in s erva e,3 vr h even|s iic

once pe/ c,ea/,wherein Jhe poputolibn wdhin a den
.

mile vndiv.s el |he plon| would b e cyn rvaled.This ;

wovid be en/Nely v,,a ccepin ble. Il is lhereic <e
u rg eni1 9 recjvived 4had mensvies he adop ed

t

enn 6 hnq vesidual heal ven7 ova l wdhov| req uirinc; j
llhe operalv/ Jo sirv99 e in Jhe public view w'i k

'

/

syslems ihnl ha ve become ihopera ble,
. .

Th is s ubjec / is disc uss ed in e; renlev dela ( in.
onnu,/ien to-7(m) 17esen ych neinorandurn "fornmcn

-

Mcde Fnilove of J wit sysdems: who/ Ro5 6een Leoened''
onl< niWc,e thsocialed Univeysdies,//nslilule fo/ Energy
paaI sis, Joinc o| Jhe more sigsidica nl poih a <e

y

as Jo llo ws .

Durinc, lhe reaclo/ developmeniperior), over'
4wo dozen even/5 occvvved wheve]n a cv's-lical
assem h1 becom e- une o nIrollo ble regoivin c, Jhad

1
}he excursion be |ermina|ed by violen| dissassembl
ol Jhe con fija/ alan.This led to a n oxlens&c proy>m6f

-y
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Jhe
cierelopmcn| c/ -|echnicjves (cv ensurin e;lemThese

'

ol Ihc Rench Shuldow,, Ss
rehabi|i|t;]cvs were sma(// and Jhe residval hen |'

y
-

ea rlo rea c

rem:rai pechlem correspondih / smoll, so lha /
7f

off-lhe -shoff lechnigves k/ henJ removnI wore
deemed k he adepunde. Over lhe yea /5 lhe reacinMlq

'

lhe ded/caled 17eacio/excursion has been Jamed by
Shddown S s}en), plus 4he dopplev fueI lempera|vre
coeKicien} yand Jhe app itolan e l Zirc a llocla dd, h cl

9 i}he r' demperalvves . Thusinpal>ie cd wNhslandih h

lhe reaclivi/y excursibn has become n. min o v problen1
a.hile lhe removoI cl residual hen | fecm Jhe much
largef LwRs has becorne lhe domilinn| prcblen?-
cWJhc -shelf -lechniques ma y ndeed ha ve heer1 adey valei

kr Jhe sinali earl reaclors, bul we con nc /onge/
y

akvd k ignore lhe lechniques emplot,ed ir,
'

con 4roling he lhsion process a herein a dediended,l
sell conlaine<J syslem, which is used k/ no eJhe/
papcsc, perlo<ms udhovd Jhe need k/ opeyoJW
indervendian.

An imporlan) lechhic ve emplot ed k ebda r'n
relin hihl is lhe applica d,is n of kuo,ai more .

y

inclependend redundand drains. Etisling )sys| ems
icy head removal are requir ed k m ee ane

t

,e'*
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smjle failure ce)len'on, which does no more }han

.

. (1vc h mo/eassure lhe opph*calion c( rtdundonc
lhon Jhd hocoeve/,11 re7vited k assure veljah:liG.
NUREG out recognit.es lhis and hos pobded cul
Jhal Jhe erisIonce o|Jhe bus h'e breohe/ des}<oys
4h c in dc 1 enri enc e of / he redunda n d rL c. /vo in s,3

and recominends 4had iIs us e h e proh;h eled. There

a re.h oweren c/her more seni>vs violalidns of
qcod pra c/ae,

The vilal cl.c. services , which are essenlin {

for Jhe ofeinlibir of circud breal<en, va (ves and
thSlrumen/s, ore also used do supply 7enero I pwpose

p/nni lends. As on exainplo lhe lo v9 e oI| pumps.
}
I

/uln iln lin g system ,
Jvch as J he dv < 6in e eme(9 en < t; d clis c h o yg ed Jh e

5 overloaded nnhare repender|/
bn flevies . A cledit o |ed hen / rein o vo I s ysle,n u.,c v/d

proiu'h;} Jhe use oJ -lhis vifal ser vice Jo< ony
pwpose cdhe/ /han L heoI <emovaI.

The failure of a pyclec-liin syslen, con ho
Jolerader) >f Jhe unavn;la:lil occurs al a. Lire
olhe/ Jhnn u. hen pro 4 oc-|idn

s needed. For ,lhis

|

. . _ . . . . .. . . . ' . . . . . . . . - . . . - . _ .
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Yeaton || ho s bi'en recoji7t2Lcl n3 tmjoov|on| -|hn )
'

'

*

dhe sys)em.s kr conlieI on,i profec|kn he covelvil
-

Sepofaked So a5 No rn}ntmite }he possihs1)[[ o.{

'lhe?V concurrend foilvvf, This sefover|ibn has been
y'eleVYe r.] $c| ca s "ch u rc h n no}'s}a +e , hio s v c h.

sepo vcr|tbn is ernp10yer) in syslems k esiolun1

head fernoval,in fa cl, no .se ova le sysdem exisls ..
-

19s et res ull iue ho <e vej7eo edl seen Jhe forluie
of a vilal service , suc h eu r),c. , i<..hich kn > ta vseni.

pla n } sh v | clown a nd in
lv vn, lh e n eeol lo v lha ]

s er vice lo operale brea kers a nd va lves lev'' resin \un [
h ea l remo va l, Tru e, o nly c ne el Jwo dra|n s wo ut,j

i

cedin a <iI h e e cme unn vailo hle, b v) i | |s linpc>lo n|
y '

J ha | 4he pinn),uhen lerced inis lhe residua l hen]
re m u > a l m a de e l cpera licm fro,ri u hic h dhere is

n o es cape, hn < c a vaila ble two ope <a hle ha in s , (Tm
vh hl wouid he ciled 4/ v'ioin Ian i| ]cch. Spe<s if

4 h e reo c loi were lo be sdar}erl op J|h one train
sh u tline down , e sco p e u.ovlilvern vniInl>le, and by

Or Jha] cn se he possihie) ,A sepa vn le declic.olto[ ,

Sysicm for residual heal removal would he ikcopa ble
oJ <ausing plon) shuldown.

>

7..
.

In o rde r lo v redu n</a n c
kbeelle<|s*ve,d

I
dhal cornpenen | oi{vve5 he n!cleclenIis neces5a v

N'.
~
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by perioda les|h1 . H is repuired Ihnl such le.sl.s he
performed wdhool]knpoirmen/ ol /he nhilil)t no

.

to

p<oIec4 duvd,q or toilowihg he les-l.19/ TriI

such provisibn wn3 |morpornled in /he destyn o|

Hie Aux Feedwa-|e/.sysdem. In fa c| < / is alle7 ed

Jha } -lhe alifnrnen/ of valves ic/ le.slih 9 was so '

unhond Jhad lhes were allowed lo remoin ist
lhe lesi po.si|iin 'unhl the nex t Jesi perkd. as ,
a res v|| }he lwo elec|rI<. Jenin.s a nd Ihe Imhine
driven lynir> were oli volved cul and una vailable
when needed, // h k he noled Jhal lidr woulo nall

be remeddd h,sclhe proposo I la i|nprove lh e.
.W-c.

J 7f /efI enli/ely
s ys Je m . N i'

- nolewodhy ha l leslih3
Je lhe o,oeta kJs devk e s , en n h e do wnrig h ) dony arous,
7he Browns Ferry [Ne was tavsed by es/ing- w?4hl

a candle,

These s sdems meel Ihe . single for{vre.
buJ Jhe desI ne<s ha <e nof adopled

re gu;<emon 5

Ihe princEpies ern lo y ed in |h e design o / r

dedicaled p|rolec isn sy.slem,sut h ns indopendent+
of redundan l/ains, use of proloclion lealvves 10/
n o olhe/ purpose, .separalibn of proleclibn o nd

condec.' and provisibn (c/ periodit le.slihg widhoul
impairmoni ol lhe n hd|}y lo prole <l, Ins tead,

b e ertheavy relih n c e has

_ . . .
..
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re.$ ?k On |le 0,0 Cr0 O(, fVeM 30
'

C/en Itn e,

lo majnlain ccclii,c vain 9 cwolloble allernalives |
'

whkh exisdin consi; erable dep]h , Eo Idr sludiesd
such n3 NUREG 0305, emphaSi2.c -|ha| Jhe .second

cl.c. .s upjol mv3] foil w;}h|n 3e . seconds le flo win 9 Jheq
/os.s el eI(sile power, and Jhis probobl|$ is less

4han to-! The currend sludu aIso emphasites repealedIq
}hn) one hco,'is avoilable Jb dhe opevolov fc/

reslorodion cf sys}em3 lo normal opernlion, and Jhoekby
preven] core damn 9 e, 7hese observa-lions lend la
encou.ag c lhe belicf Jhod 4ho] Jhe opora |cv would .

'

.sucteer) in sp le of Sysdem la||vres Operalinq
experience, howeve/ .shows 4his Ic he highli

egli nislic. a.s illo.slvoler) by lhe followin e xa mp le s.

Al H. 6,nebinson lhe parasi|n. luth >he
emerc,ency luhe ali ump remcrined on lesi beyondp
Jhe nilowa ble lwo hours and caused deplelion

o[ ]he hafiery charf C, ln sp||e of malliple warnings
such as dan pilol lignis and faiIvre al Jhc
pinni compulef, lhe overload was allowed to
persis4 unlil Scram occurred, a nd as et resuil
lh e J u/ bin e h ea rin cjs were wip ed oul. Id ad 4 h e
hu.s lie breaher been in Jhe cIcsed pcsilicn

.

w
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civvif 4his period, holl, bnflevies could have been j

disc /wr7ed. In /ha| case, offs;|c power wo uld have
been unavailable and holk holdevies wov)d have
loiled be[cre bhe so sec. nIlown ble period, fuy.|her,
in consideralibn of }he innbilil ol' 4he opero-|iny
.s}nff Jo recocjnite lhe (niling cond: lion el lhe d.c.
supp)y , ha d belk buses iniled and a;Ik a.c.

Y' power unnva;In ble , & is un kh el lha i tonihli6ns '

ivovid in vn via hl be res|ofed lo nonno) wdhin
on e h our, li, lh e Id. B. Ro bin s o n even | Jh e hihir,e

b ea vinc7 5co uld hn < e h e e n sa ved ha d !" opero ling
sin (f, du<in9 )he L hew perad a vo rla hie, heen

~

a bic h rccovnite lh e prehlem o nd ino n un Ii
cicsc c;rev; breake>s k reslore eilho/ lhe a.c w ~

d.c. s upp> 9 6 Jhe oil syslem . .

Al Quad G/d3, oc7c/n la/7e poras||ic /c od,s
caused -lhe baflery chove,e/ brenhey lo jny on overlooci,
and al Jhe saine Mne lhe /ransien-| caused /he veoclov
fo scrain. 77?e /nyped breake>' wn s nnn uncio |ed, hv J

4he operadine, sk{{ believed /he a nnuncin|ibn k he
,

.sp ur[o vS , The reac|or' was reslovled ivi|k Jhe haNorq
clin tg e idcj>leded , a nd tan din u ed in ope ro diin for
21 hours, Durin.; Jhis like wi]h dhe dhoV9ef unavaI|o b|f,

.._
,
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|ht bn flor- rendinurd h: he tJischa(7ed by|hefnensi||c-
'

/ cods, ka /ly , ns a resvil c1 pipe vih <a Jib n, on
b7defenden/ pren /, olhe Y 5,. i|ure.s occ erver] As r

res ull 4he plon / become inopernh/e a nd -

wa s n g oin Sc> ced lo sh vd dc a n a s ,lh e ren c ier wo mmcef,
//ar) ihe independen| eron|,insdend al p;pe vib ro k;n
nnd substguend fai|ures, been Jhe fo1[vic c/ lhe second
d.c, s upply , of ain lh e plo n-| wo v/d hn ie h e e n Joeced
|c shed down bul wdh polla cl. c. s upplie r uno va i fa lale .

The.se exoinples dc /;///e lo encouraye Jhe befiel
tha | Jhc opera |c / would in ra rn'> bly .ru c t red o r Jh a l
o ne hov/,c/ even J o seconds, wc uld n /wn ys he

a va ila ble,

tuo qs in .which lhe generaipurpose plon| sysdemsLil<e lhe Browns Ferry five , Jh ere o <e mon g} h)mi

h e <Jo rnac,ed so os lo mn )<e Jh orn in copn }>le o f remo ving
residuo I hen), and ni lhe some June, by cavsin9 plon)
shv] dows;, make residun) hen) removal necessay9
.5vc b occurrenc es tuov/d include /nrge fires (iluluding

'

baffery ives) explosions, hurricanes,n nd sn />o |oje.These ~l

wovid nel on l doina ge Jh e ,:>la n) hud mig h ) a lso .y

) h e ope ro la r from I h e h vi Ir}in g . Th u s a p to let h.)d v7ye

.

%

'
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. ._ . -- . - - _ . . - .. . ..



n

-.

.

.

self conlained .sys]em lo/ head removo| whit k would
be unaliecied b y hese condilibns, ni,d suhi& wa vi,)4 ~

opetale wilh Jhe minimon, of human in4erven-lion,
would serve boJh k vedvie ihe prohnh:lil of co<e

'

m ell n nd, o I rnore immedia |e b ene|;|, n|| nim (2.e
} h e n erd 50/ preco v|tbn n vy era rva|lon of |h e .

^

pop ula|1bn , Th eve is, h o w eve /, y el o n o/he/ impwla nl
bene $ib bo be deVIVer) by mean.s of n dedicn|ed
and prodec-fed hen | yeyncro | Scy3|en1,

771e A EC /)nd rnair\|ot n ed jh e posifibn Jho ]
'

Si|ii\g n n d $n fel nie ve vn reln |ed by ren.so n 4 h n |
s e rious n <<idc>nd Ic Jhe plon | tculd be ruledcx

o uj a.s hig h I impvo h a l> le , f-2.3 a res u /J o / 7nt,
hocuere{, -|his foskibn hns been o bondoned a nd

O G 2 5 00|ll1125 a n eco 3 ||ihg joolt c da l< thq
'

/VUlitEG
'

1nbo a c counk pofv/a libn elen si|5 , 6 re/ h n// o]
'

pla nis now in o e <n 15 n o/ undo r to ns/vucIdn,
wo u ld n c { rn e e) p|h e p ropos e d recj uikem en |S , Som e|

c5 dhe.Se f on|3 mi}h| be |cffed $c .shv| down , odhe/5l

mt} hI to n hin v e of ein||b h w*s h ndr|Pr| sn.[el $en|ufes
nnel n||,0f mo3Y, mt9 | h e unsvi|n h/e |ofc>ypons/on,'h
(This inHe/ could be unfordunole ns odd;4ibnal un>.(s
a <e api k he . sole / n5 a res vil oJ /en<ne g). || wout<l

_ ._ . . . . - . . . . . - . . .

_
_
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seem , Jhevelo <c , -lha | Jhe addilan o f a dedu n Jed

sysdem kv' re> Nun ) hea d remo vo) -lhn d w ould
minim itc 4he need k/ era eva-hin, mi h) beg

con s} d ered to b e a rea s o n a b le p ric e J o p n k .

keep Jhese pion |s in op ern Ja n, a nd in some
s.,,,,, 4,s-lances errn n llow 4he msinlin k of odd;-lknol

f) nib ,

wilh Jhe.se loc /cys in min,) il clearl would be
desiroble lo in}|kle a slud lendin le ./he
developmen| of cnlev& kV he a rid; io'n el m
dedicaded ant} predec|ed sys|er?) k eviMi plonds.
The leam conduc-ling he 3dvd should ||uludeJ

individunis lhorov7 h/3 ac7uninled w'sIk lh e
prineiples appl &d k -lhe &esign aJ Jhe Rencle/
Shv|down Scys|ern, a1 well o3 on eg ua|| Jh c ro urg ,1

t/nt]efslondir1] of |Jen! Yemo/n | ho/dwOYP,

Some '70|t o n el Jh e e S[ec -|ive ness of .such n s sden)
mI h | be o b|nin er.) by a compodson M|h lhe Reac /

q

Sh u ldown .5ys-|em , which loke et hen | romo va) 5ys|em
would be taller) upon Ic opevo le s*> x or more difnes

p er yea r,. ollho v9 h in man in s lo m es lhe m:Un , ,

eo nd era s e/ novId remo]n a va;/n ble /c < hea l removo L

,. _.. _ . - _ . . _ . _ .__ .
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Th e .s>>.uc 3 d em , h e- e , e /, n e e,h to ,-es p o nd on /3y

hen | remo val sc,sdem musimctnen Invils wherens et
ope < ale ionunvous|5 o<er a. lene, Jerm, wh,le hepenk9
en . sources el electrica I power ond eccianI, riesidu,,I ;

hca I remova ) is clearl -lhe me-e diNic o)) pn flem

e,e1 -lhe Reo c|cv' Shu|down J s}em ha s,in Jhe ATaisy
~ mafler', been hild lo be innde7 vale, On Jhis bn sis

}he fr>iIvre la remove residuoI hea] mighl remoin
n mnjo/ condvihulot /s tore mell, hocuever lhe

succ ess l'ul ih inini,n a a,5
.sys4em should be em'nen||y's sdev7 ales lo remove-lhe spec-loele eJ lhe opera lot
residual hea/ b Jhe use el generoJpv/ pose plon,Iy

sys? cms uhich have beccme mopevable, and ahich nol
onl becomes o. media even), hvJ in many ins |ome.s

y
wovfd en e,.a e nn unneeded era rva h6n el the

popula|5n ,

FinnII ,having recocjnited Jhe need {ct n. more
conservalike siling polic9 and a corresponding,
bnprovemen| in evacund5n procedures,il would
.Seem -|hal no obsdncle shoulil remoIn lo preven )

4he niknewlec|9emen) o1 lhe neer) lov a. dediia|-ed
end prodecled sysdem lc/ residvn! hen J remo<o L

. - . . . . . . ..
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