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5epte:ber -

Unt: 24, 1977, a settes o' even:s o:c, .

:or al operating pressu:e of 2133 psi to 900 p i1 which resulted.is dep:essuri:a:1on of the ;;1l ^| urred 2: che r.is$ A nsse*

.aq sy'4." "** *

cinutes, and the release of app =xt=stely 11000h a; prox 9-d 'E* Is

the form of s:ca= vithi:
i

*

quench tank ruptura disc. :he concai::es:
gallons e t s *!*T ~*',

. .
2 mu;h :he pressu;Dd*

On the af ter: con cf Saturdav.
..

.

shut dow to repai; a leak in a presse:e se,nsi1977, the =ais :n @ * ""*
5sp:e:he: 24.,'

line f:ca the tur'oise governing valves to the turbid
,

%. . ng c:nnet:fon M a staan
ac:or was being held c hical 4: e 1:lat. U* #*~.. .

app:::1:ately $~ der.s.1 PJ''T'*: I 'A. .

213f. hours, a spurious half t is occurred h D
#

_-

7.upture Coe:: \S; 31 Sys:c= (Sn::5).
*

e *:ca: Ted*"8'#.

ve.1ve on the lio, 2 s:ca: * is caused the s:a;;up f a J"d* *#n
1

this power level ge erats:
:o close. (which is the :::=.a.1 fcad PdO *.-

. '

Fo. 2 s:can gener)ater level, which O sa reClosure of this valve resu h ed in d
. *

1***:

1:itia:1:n closes both main steam isc'a:ic* the SEC5 'or this co .dition and hi:da:i=asul:ed is a ::r:al (".v::05
' U **,#, ~

of de SMCO.
* .. vate.:

flov to both s:sa= gs: ara:c;s f := their indi
"*

== va.1ves a..d ir.1:14 * * ,'eed-.. - **

au:c1112 *

7 *eedp.::ps.
- , . vidual :: t''#'".,~

*- .

The 'hal* trip and resul:1:3 full ::1
-

in hea: re= oval fic: -

,-,

..

p; essure rise 1 the ;;i=sry sys:e:7 cf the 57?.C3 caused a :=d" hs.-
*.

and a c==the pri .ary syste . ~ne pressure: esp:nding t**i'* - ,j,.

syste= caused the pressurizer pava rise a che l' * * - U
:hes rapidly esci11sted closed-:o-ope:relin' v:1ve to lif , ': W "* **

.
, .

.

. .*

:e.=aised h the full opes posi:ic:.
.

app:= .-inately ahe :1=** ""d.

.r
..

"'he te=perature rise i= t'he ;;ica- sy
, ,

*
*

pressurize .

high pressurizelevel, a:d the operate: s:e= caused a "

.

.
in cre.w I" gi "

level appy:2:i=ately. rso sinutes ther et.zzually tripped Gerc.*#"*
-

on the S ECS occurred. '

ha d "#1?
The pressuriter power re

..

' . '
reduced' he pri ary sys: lief valve, in the hil open p$si:iun,

-,

8 d l ' d"' '''Systes (5?AS) ::1p oc::; red 4:e= ; essure, and a Saf e:y Tea:ures tst'."*"
*,''*"

.
**

system.

The poder relief valve discharge gets to nthe 16C0 ysi se:pch:of :53 8
~

Pf '"" * Iquench task
which bets:e overicated and ever;;essurh dl.h =inu:es a,*

e
e pressu:W*'*

to over;;essur:e, venting :he steam i7 :he ru;:::e disc in this :ank r* G"[f due '
reat :: ::1 e . .: n d " W' ' ~ s _ , u , ..- .

' ' ' ' '

20 =inutes af ter :eacts: nts the co.::in=e::. A v i' ''" * '~'~
** *

the primary system depressurha: Son::1;. the opera: ors diagnosed der** *"" g*i,
. .

,' .

and from the control cen closed the m tas being de pcvar reliat1"

*

power relief valve, ter=isa:1=g :he less of prio ori:ed block valve aba'd *l'.g*
.

.

coc: air.=ent. * "

=:rf coolast 8 y ' '' * *. . ..

Subsequent"eperato; acti=n ushg takeup pumps sad hipe=;>s stabilized the pri=:.y sys:c . gh p;c.wa'* * aj e ction*

- ; :; con: olled shutdown to cold shu: don *condizipressure and pres surher J ** '''*, ud a-:

. . _ .e , ons followed.. .: ; w, .. . .
-

.

. n. .
.

- .
.

.. .

. . . . . . . . . . .,

. . .
.

w--_ . .e,y- < -
~:n;Syy.n.m%q: g.;m 2.- .-- _ -. p.c amf,y,a:@C":#:s.g h ~|$. .C5h.

- .- T..'
.

. - * . . ra%.ra

$p'd' ?@' .MF*E.8.m.~.;Ti-J;.X. :y;.Eg;:f*M'i"'' ...,&. Q'''N . :
.

G

5 '.r m' y ;yf'?h.":$:1>'W.*kh'{ , g.%.q-p=:.. n .

.. .. . . . ~ .;r% --
'. .

: ;.:e &:q. .'.Q.;.:.:.,.. .. p@.
c.o. .s : :... ?:: . .:- :. .. .>- , ., t* .

Q'; i :r.Q:..Y:- :y. 3.c~.~i.' :y,.

M% 4::.s.
.

:~. % w . - . IMO.5N; 3[.S W y'=a? p'm.-'.%'.~**

# '*:s.M: . s;Mqd@...r s.c.;c kcu::..C.::f.;p%?d?:p: .n@.v.:%. ..~9:.y:?$) uff.'
Mdy j:..?. . :

. . .

,
- . J;;$$SM. N~~n

: .T , .,
'

hM3 -~ u
~ ~;.:

.:::::5

f:&A'Qe i.'9&;7 .p;& .
:5 t! $f. ~1 .

:.r.
::'y..&. =m'in. w. t'; :4.::.M.":r. y : f.:e d R s e; g % g , 2 _'.;.r 3 4. c. :.:.5; T . r.;Si g r'd; & : ;.::rg.7MM .n.E-

->::y. :: $/.:#i:. ~r~*. m. c; ~... t p- M id',v.

w : .1.:<~... . c. 9. .'.%.pyg,. * . 3.: ,. .'.Y.
i -

' @. .. S. .O.
' . ;.- -. .e ~. '

. . . .~
. s , ., : : h . *

m. _..,c.c . wtw. ;,w,-p . ;~::.. .ni A.n.g.-ir-u; * .y.
.c. , .... :.s e. ve ..>

" 3 ;',% 'Q. : -.v.s.
.

p, f e...
.

~:,,. .;:.r v
..

,.,. i n y., ^ : . .y ..

r _ ,: , . . . . . .v-

, .3 '. ~.9,p.m.Q'g.';:~ s.::~r,'.}.'.n.
n . .. . t.< . . m: . . r..;.

: .:. ' ,DP: .G.: * . - - ~- ,. . ., ,., r .. . . . i.. . .. .s . ~ .
. - - -- .- - -.- .. . o. . -.. s . --

. :...,s.,. - .
.

f ;-; ...'-.... *. - ~ ,.

. . . . . . , . . s
... ... -.'v.'. ..::

. s .. .y..
. ~.,...a........ . . . ,.. . .

. v.
, - .s

:
' * T .. . . . ' ~'.. - . . .. .-

, , . . .. r.: .
,, '

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

. *. .. . ...
,

.
. -..... . . -. . . , . .~. ,.. ... -.

. . . . . .
& . . . ..

.

.

, . - . . . y,, - . . - . . - ._.-..,y. _ _ , _ . , _ .



----

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

.

.

,
,

..

--

g -~ \

. . . . . . . . .Qi.' ~~2.'""*.O'.**W ' C'*~.~.~~~;;
*~-~ .*|'; : 7.,, *:- : q.3-

' ' ' ' ~ ' , . ..

.
*

i '

!
. . *..

. . . .{ d .; . .y. .
,

+
*

- -e, t.
. . , .

. *
.c... , .,,j- . . .

.
* .

We cajor physic:1 da= age fec:r

the 2:ide:: vainsulation c:,

.ccived the jetthe 1=uer part of :he 1 o. I stea: to the refle'
';* *

* * .

of stess cc=in; fic: genera:or, s~

ventilating duct in :he area of the quand tank vas di= l dthe pressurher cuench ::-

s::ai;htenia;.

k requi:ed repla:ctent.7.pey-three panels of reflec:ive =etal insu; .
pe .

"ntry into the centaince::,

| $ septe:he: 25, 1977, for cleanup opera:icas. vas =.ade a:I
'

|
*

.:.
i- * *

| j Another event oc=: ed 1: \* .

( con:ribute =a:eriany :o the above even:s, bu:the course of this incident that di
.

'

steam :enera:or :ci=; dry. did result in,
.

feedpu=p to ==== up to fun speed f=11cui:g :he sacs tripnis was the facu:e of the no.1feedpu=p ca=e up to app:cximately 2600 rp:
,

| .

with to flou :o the stes
.

and s':ayed at this.
* 5 : cera::: c::11 appec::izz:ely 12 21:I a':::.

'' reacto; ::17, whe: the opera:c:s placed it:
- brought i:

up :o fu*1 speed (c ==ench: cone:cl in :
.

- feedva:e flou to the
..

~ ~ . s generator),
t .

.

2 .- .

Le depressurisa-fen of the pri=.::y sys:en resul:ed in stes
,. ..

is :he p:1.=ary systa=, bu: f
, . . **

-

i be'li=2 in the c= re. evalua:ica has sh: there vas no a
.

systa= c =p:ne::s heludhg :he s ets ge: erat:r reac:s.~he p: essure /te:pera:::e ::ansients 12
.

.

. :* *

. and fuel sere severe, bu:,

ccola.

:.be.se ::ansis :s are withi:a:217 sis and subseque::. *. shown tha:t . .

pu p testi::.

*
,.

no decri=as:41 affects a:e to *ot the desi;;. allevables e
or fuel. .. es;se: d on the ;;i=ary sys:e:,

, * '
*

Sys:en/cs= pones:,

(hal"-: rip inhia:isn)-.alepera:ics or failu:e oc::: ed i= three a:e:
.

; *
**5* pressurht: ;cva:

failics in the open pes,i: ion) and anniliary feed >c=prelief valve'(oscill:
. .. * *

up to ,f un spe ed) . (falh e :
.

i=vestiga:ed and c=::ts:1ve ac:te:"'ne causes of these =alopera:ic / fail
-

ures rt Addition:1 syste:/eeuip=en take . :s preves: recu.Tence.
:=hiated. and addi:ii::.1 ::aisi:; has bes: modi'ita:i:ss izve heat

-

c =pleted :-

the sys:e=s intelligenea available to :he cpera:ini:iated to s:Te--
,

1 opera:or ac: fos
- o:s a:d 'acilh

.

At rio tima durir.g the sequence o' eve .:s vas there a
health and safe:7 of :ht.public or plan: ny jec;ardy

. -
*

release o' radica::tr.:7 to the envi :::en:.cpera: ors, and there v.
.

,

<

', the com:ai .:.ast at nc time i=peded c:::ah:ent
.

A::ivi:7 levels v:
access., .* -

All safety sys:e s perfor:ed their desi;
.

8 . =a:ne r. Operato: ! .c:1cas It o' events. action was ti:ely and ;:cpe; th:=ughou:the p =p<

1, the s.;
-

.
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. .
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At the ti= this incider.:
, .,

.

sys:en was in service which recorded a: occur:ed, the reac:i=eter da:a log;h;e

high speed a nu.ber of -
* sytte:

* ha*: vauld no: have bee:
para =eters*

:

base :hrough no:=21 sta: ion ins: *=en:ation c:d re:sedsavailable on such a ti==
.

.

fo=stica, to;echer:vi:h :he ec=pute; Alar:|
,

*:his in-* .

a very detailed plo::hg o*f the transien: leg; b;, has pe;=1::edI ;
* ,

and seccedary's s:e=s keyed to the sys:e=, co=po:nens is the pri=arycondi Loc; *

Tigure 1 is ao 11-ci=uce plot of pri=ary systeYnis da:a is plac ed ce four yigures is I.xhibt:
a ctions.. and operator*

* -
,

1I one (1) isu:a pri ; to eve::.

para.= stars f;c=i i=hia: ion (Sn:5, half : rip).
Tigures 3 ani 4 are '5-=inu:a ple s of pressure and ce:pe:a:Tigure 2 is a 1.20-=tsute plot of th:ee pri=ary systes pa:a= :

*

. , , ' . . .
'; [ e ers.for s:ca:.

.

gensrators No.1 and 1:o. 2 respec:1vely. ::et.
.

}
The eve :, .

. s:ar:ed at ti=s 21:34:20 (! = 0) on Septa =her 24, 1977The plan:

zhu:dsva earlin i= the evenh:vas 6 2d.mde 1 v.:h ?over c :--) - 252.
, .

- *. ,

Tha .:urbine had bet:I :
as i=st v=ss: cc =ec:ic:to repair a leak.1: the =ais s:ca:lise a:*

:
the high ;;essu:e :urbhe. be: vets the t= ht e stop valves and

.
,

,

A:

7eedua:a ?.up:1:e Cen:::1 Sys:s= (En:5) was huta:ed bythis :i== a half rip of :hs 5:ta:
.

and. . .
, ca u.s a..

The trip closed :.he s::::up feedva:er valve :o 1:o an unknown
*. . genera:::

power level de =ah feedva:eand s =pped all feedva:e; to this generater (at.:his Icv. 2 staa:* **~"~~ ~ *
bleet. valve is closed, isc1::ia; he-**"=.s h'feedva:e:

*
.

.)o. 2 staa c:::::1 valve).
.no lov level alar: vas reached i=.

.

sese:a:=r a: 7 = 24 sec.identify and cc :::: 7.cfore the opera:or could; .

gent:stor estrectly p;sduced a ic11 t:1p of the 57705:he p;chle=, this icv level in 1:c. 2'.::aac
( .

closed the =ain s: a= isola: ion valves a=d feedue :: iscla:ic
.

This ::17. .

in both.'staa: ze: era.: ors a valves*

both auxiliarf feedva:e (! = f 3 sec.). SG05 huia:1:n also started
. , .

pe=ps.
'in: ended, however, n.=ber tso auxfliThe nu=her ene p . p perf =ed as*

. ary feedva:eto 2500 ry=, 1:sufficie:: pu= cal
to feed its stea= ge:::a:::;(;;o.y ca=e up2).

The loss of feedva:er, firs:,

caused a.. increase i= =cacto; cocla::to one a:1 then bo:h s:ma:generato:s,"

a= ine: ease 1:
2255 ? SIC :he ;;essuri:=pressurher level and reac :ta=; era:ure, w,hich resulted ir.

, ,
* '

A: coolen syste: pressur'.*

open signal. During the nex:elec:::=::1c relief valve received an s,

si;:als, cy: led clese-to-open she :1=es and the:40 set: ds, it received spen.and cl se%
provided a con:1:u=us vent re=s hed spen. Inis

pressuri:e; level :sse to 2?0", the c;erats: path f;:= the pressurh er to the quenchtank. rae.,

::1pped. the reac:== (T e* ..

the elec::s=stic relief 1 =in. 47 sec.).
=anually

Iner.y escaphs th;ou;h%

rapid cooldne and depressurha: ion of :he :: actor coolantTalve and =ais stes= relia! valves caused a .
, .

F.eac:or coolant
.

. .

sys:e= pressure dropped :o systes.

This started the hi:h pressure 1sjet:ics pu ps and cl51 sec.) innf ath; the safe:y Tes:ures Aciuatica Syst1500 75"C C = 1 sin.e: (Sns) .
con:ahment isola: ion valves. osed certain
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{.
- Vith the elec:::=stic relief valve ::Tupture disc vptu;td (T - 6 ein.) 111 open. the quench :ank.

, relieving stea: in:o thecon,cain=ent..
. .. .

-

Les the~reae:o .

coolan:-

1500 psig f ull high pressure in$cetion flow vas as:abli h dsystes pressure d*c yed to caproxt stelystarted to raise pressurhe: level. A:
,

| se and
sto; ped the 'cigh pressure injee: ion pu::s.! = 6 min. 14 sec. the

operato
'

. had been heavily hvolved.before this the in regair.h; seal injec-(Le operators*

, , .
tion' flow co the rea::o; coolan: g

.

STAS ac:uatier..
By T - 5 cis. 20 sec. the appropria:e Sias signalspeeps which had been stopped by the ..

had been ove::iddes and co::.s1 flows res:ored to da se l
*

.

pu:ps). Reme:o; esolanc a s of the!
sa:ura: ion pressure was ::systes p:ssse:e conti:ued to decrease un:11

.

' ..

* ** g,' I coolanc systes (appec:ct=ataly T = 3. is).ached a:d steam oegas to for= it.

the reac:
vater into the Fressuri er and d e .:essur he:nis caused as hsurge of4~ -

at 320 inches. level vet: cff scalei
average reactc; cool.act syste::uring this level h:: case de opera:::

'

;.
*

,seeing; .

=1screasing, s: ; ped ene reac:o to:perature and pressu;ue level'

c alta:.

to reduce he hea: 1:pe into the reactor coolas:pu=p in ead loep (T = 9 is
,

. *

:/ stem.*

Due to decreasha pressu ain :~e. 2 staa:. ...
s . gave a lov. pressu;e gestra:or, the 57?.05 syste:

.,

{ aler:ed ce ope:aso;bloch per:1:
* .*

signal a T = 14 =12. 13 sec. L
:o the lov level a:4 feed

18. sec.), took :.asua,. bloc.ked the ice pressure ::c:nditi== of 1:o. 2,isstes= gsnera:::. Ze.
_

-

'
-

17(T=13sh.
vate; ps=p, which co==enced full ferdvnter flev to ::scon:: i of de speed of !!o. I au.cilury feed-

-

i
z-

generator (T - 16 =is.). L e cpera:c . I steam '

,**

cold feedva:e
isto ::o. 2 s:can :enera: tor cas drop;ing the reactor

sav de rapid addhion of*

' * * * coola::
systa= : :pera:ure and redu:=d the feedvate:this generator.g .. addi: ion to-; .

'
a

A:- .

approxi=a:ely T = 21 =12.,
, , *

valve vas : :abh; opes and the tic k valve vas cloh was de:s;=ised tha:
; .

the power reli :he power relief i

of the reec:c ef valve on 'ne pressurizer and s:sp;hs :he vestir.;red, isola:iaz,. esclas: sys:e:
level c:=e beck. c:to the quench tank.pressurize A: T = 31 ein.,**

icale. A:
star:ed a secend takeup pc=p to : 7 and s:cp de ;7 - 41 s h.he o'perater* ,

decrease. This addhien:1 cold va:e started the reae:c:n level'essuri*
.

i syste
en a slev decreasing te=perature ::ansie::. coolent

pressurize level reached the lov level interlock andA-J T = &1 uin.,pressurite: he a :e rs.
A: 0 = 4 9 =12. the opera:a cu: off the.

pressure injec:ica pu=p to : 7 and s:=p .he dec:essh;
* * . s:ar:ed a high1evel.

p sssurizer
- -

The level and pressure in ::o. 2 stems generator a
the point vhere the STROS.gsve a lov press gth des: cased to
The operato; a;ain blocked the ::ip and, ure block ser:1: signal.
of its aur.111s;y feedvater pi. p, restored icvel andthrough =anual speed control

.

-

steam generator (T = 31 ' 1:.) pressu:e in ::o. 2.
.. . . ..

..
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Vith pressurizer level vell on 1:s vay to recov
.

. 1

\8 - .

s:opped the high pressure injecti:n pump erh;, the operster
t

.
. -

$' . ~ - 57 cin. he restored reae:or coola::: '= hC * D th. 24 sec.).
,

A:
s:opped the slow decreasin; reas:o eup flev to no.r al, n-cool n:which star:ed at.T.= 41 =in. All plan te:pe sture transian:

; .: u:dar con:rol and the plan part==:::s were now fully
. .

vas brough:
and a corr.a1 plan cooldeva started. to a steady state conih i=:.-

. .- :q .
.

- .
. .-

aw -

3. -

*
. TTSTD*.!PJT?T. :' mLm: .' '

.

.
- *

* .

A. Ceneral ,
, s*

. .

r.. .

| .
.

failu:e oerurred du-1:3 the event.Dere vere :,hree syste=s/co:ponents whe:e cal =pe'ra:i== or
.

.

l,'. I . *

t
! -

These cre:.

g. 1.
Stea= 7eedva:er hacu=z Can:rel Sys:e= - Sn 3 (half-trip

,
.

t
f .

initia:1c=)..
. *

.

2. 7ever Relief valve
- . . .*

(oscilla:icn.med fai16; 6 the opas ,
'

'

positic ). . .
- ' *

{ * * **

., 3..

Au :iliary Teedpu:p (f ailure to es=e up to full speed)! .
.

*

Le SCCI is a safe:7 sys e= desi :ed to p; ovide feedvater to
-. .. -- .-. _.

the.
s:ca="ge:erator/s for re=sval of decay . '

s

system ur. der a varie:y of by;otheshed plast c;e:ath; candi:le:f r:s :he pri:ary
nes:

s
.

nese h> pethesized cc:di.:icas include loss of n===al feedvater
,

**

flov, staa:

line treths and feteva:er lhe 'oreaks.
*

.

ne,n:s of this sys:e= include se .shg syste=s, logic and ini:h i
.

Le cc:po .*

systems. =a'n stea= isola:ics valves, stea:
* *

. ::.

aus:111ary feed.:ater pu=ps, feedvater isola:ica valv stufaine-drives*
' *

staa:

de'scriptics of this systeand fe,dua:er su; ply valves and cross cc . net:auxiliarye .
, valves. A

report. is c=ntained b ?.:1.thit C of this*

A half trip cf the SUOS inhiated this even:
..

. ~ *

resulted 6 a 'ull trip due to lev stem:startup feeduater valve to the ::s.1 sta:s ;enera ci-by c'losht the
* .

.,

, which
spurious of hadverten: ;e erator level. nis

occurrir.s. are discussed in :::a detail belc . half trip, a:d passible rassins for 1:.. . .

. -

, . .

ne pressurizer pcver relief valve is a 2h'* pi1=:-a::uaced
. -

.
.,

.

relief valve c:nnes:ed to the top cf the pressurizer eith a
*

*
. .

* zotor-operated isola:io ,

i==ediately ahead of .he :elief valve.or block valve loca:ed in the'line
- .

* **

n e purpose of :his
power relief valve is to provide a =iea:s of relievhg peessu:iter pressure withou:

,

taquiris: opera: ion of :h: -

A5:3 Code relief valves.
. .

.
.. , spring-loaded

.
..
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8 k rin; this event, .

. oscillated closed-to-open and then failed to close ar.dthe power-opers: d relief valve ope =ed,i .

* ; . *

rec 2ined is the open positics.' ' , i Cperato; ac:ica fro: :he
relief valve aho;:: control roo= closed the isola:ica valve ahead of the peue:i

lo cimu:es af:e
*. .

! reactor t p.*

talief valve to close. are discussed in more de: ail b lLe reasons for the oscillattens and the failure of the pove*
,

1
.

'-

.
. . - e ow.

ne steam'eurbi=e-drives au::111ary feedvater pu=ps are a par:
.,

.

of the STac3.,

staan supply valve to the feenva:eItpon initiatica of the 5T103,,the aur.iliary
.

!

called for, pe:p tu:h ba opened as

vp to 2600 :r= and remaised at this, spsed rather* than es:-ne No. 2 auxilia:y feedvater pur.; :::51== ce=a
j . . '

f f \*

:Su1=; up to 36C0 rys, which is the desi;3 3 **

action at la bu:as af::: speed. Cperator1
* reac:c: ::17 5:=ught this pe=p u

:o desigs speed by placi 3 the c==::st (is the c==::or :so=)p
#*

in =anual.
=atarially c==:1hu:e to this eve :, hu:Tailure of this

p.=== to c=:e up to speed did nos .
* .**

'

*

did resul is theNo. 2 staca sena:a:::.

condition in the pri=a:y syste .boili 3 dry, which added en :he ::assian:N
*

*
.

.
. . ..

. -

. De reasons for this feedva er pe=p :=: bite :o c==
*

are discussed is de: ail telev.
, . . .

up :s speed. . .

. . ..
. *

.. . .1. _5720s
. ,

.

. .. ,.- , .
-

.. '
u

ne initiating even: *

vas a Stea and Tendva::: 7.'up:v:e control
*

Sys:es (57%C3) Cha nel 2.:::en:ary o=s-half ::1p f t:s as usk:c-.

cause th : va.:
hach to nor:a1 S.efere the s:s:

.
.

1ca c== muter could. . . re:ord the source.
"cis ent-hal! ::17 cau. sed :he folle -ing

.. eve::s: .
.

/* .
. * . .. .

*

1. Le s:ar:=p feedva: :
.

==n:::1 valva ($?7A) es stea.s .

**

Senstato 1:s . I closed..
*

n is caused a icss of feed.a:aincide : en stez: genera':o,

To. 2..** . -

A on bhalf trip en cha:nel 2 sealed is on be:h =ai:
s 2. *
-

.
i

s:cas line isol2:ic= valves (ESI?).
** ,

nis one-half ::1pdesnergi:ed a:
leas: ene solensid valve c each P.S!".

and resulted in a *i!s 5:n Is= 1 (1) 7:b1" a* c = on :he '
.

statica ec=;u: : !s: to h P.3P."s.
,

*
.

.

This ta=enta y ene-half ::1p could have been caused by
*

.

a spurious centas:
,

vire in a $~RCS inputopenins or a loose c=. net:ica is a'

pressure switch, a s::as ;eneratosignal f =s a staa= ;enera:olov .

low. level histahla or
*

a main feecua:e high p;essu:e dif fere :ial sv':ch. . ne=enentary one-half ::1
.. trouble internal to the STT.C3 cabiness.7 coult, also have been caused by

.

causes were investi;sted. All. passible
.
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A, Transi,ng,.
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During this rapid dep ressu-*3 a
<-83* and Er.b'b'- . 4.,rures 7.s

* event (se seC..<on 2 abe
. , .a

Pressun d;sapeg g;,, ,3,,t }g);;g..g
.

* 8. he ne::: g,,y,ne- *.

7% tinutes and - ~.s
e

ua .v .s Ps-g to aoou: 930 psiI ~-.

4

gsee Tigure 4 1), , .ecovered o 13..

I
outlet,te pera:ure d sp ed a va3;;g3g g3g, 7, ,,,, ["C0 '7:13 12 tuo hour.

l e nac c; coola:to about 533 y, Ap 7
ta=perature change .p;,,gg,g,~y )g 7. .ates f t:= about $so-.

his ist-fa;a se: cad slove' and - -.,

change ' fro: 34o T to 505 T occu- : Te:Pua ureTollowing this sec==t e: u,...y ef over a 21-:inu:e perioc.; gradually inege288f ove ease.
coolant it.lec =a:e :a....r a 2-5$ pe;-;od :o 323 7.:he , temperature

.

I*
. . ne ;e,'.s--. e e...3:es and.. g3esa o, the Tr.ac :: du a < ss vare simila IA aesage " ...,e. .'e:3 erat,ute (see Figure

.

- - - - *.
,

L e secondary side 7 ess"
s. .

-

15 cimutas (sae <- e - f"",<eas"e,m 2ese: ate; re- 1 reached
.

nazi =us e lo3 g 7, g * ,~. ,
- :s abou: 360 psi + .4 se.

n
*

i ~
4

-

: 3)*
| s:ean senera:or ::o. .2 * * * ' a d a =a ' 7 sida ' pressure <
* '., e " 3 4: --

* -

.l* to 610 psig 1:. a - "
-

* *

i t :inu: s s . "a ''' ; e .'~~--' gag psig, decrease*

* *

I"en:7 c'mu:ss la: :
..

" d- M E in 2 p1=.psi * - / ,,',_,, e . , ,.

. decreased to 61::
Period (see rig;;e 4. {, - be.N, y~:s*u**v*e* red over a 2-hour '.

--.-- .

3e3 era:or ::o. 2 ae.
~

-Lj, .

; . * -

8 L .

Analis's of the x,, ... .ec.a.: Svsne-- - .
*

.. --

.

, f ,,I-t er= effe e:, ,, = ;3, r,[A 0 e sep a:he: 24 :::.sies 'o ad a g, ,
coolaan sys:e= ce;3. c-~1 '.

tinir usu=ed at: :n ,.,:. ' *., ;,,,= eval =a:1e= 1:I 3e -

:e:nn vu conse_..ej the 17.1:1,1 ;,g ,- ,{,;- 8det:caseoccurred$:
. .

-
.

, , ~Coola:t ou:le: - .,

: = pen;;;, ,y,_- e"e de rea, 6 -< b-a period.,

Thedesign,specifgg,;,..
!

,.. ,

included a decrease ' ~6svalua: ion.o g to eye; ,",'7;, p* *{,,,
* "

na Ed: 1 :equg.ed the.

47:essurizatica evc :
--.

uh'e-

to 800 ps12.*

*[*[c3 clan:C"lan pressure f:ctta=perature f c:a change <' ;- 2200'

, . acccadarysys:enpressuj,~,,!,[=3[g
~

563 7 e sTs t= average,,
.

-

*= [ ecreasesl 4 ,g
ne _ajo. d.,.,.,arence 'e...

-

i s ..s

transient la tha ra:e e- enssie=* and the des'-
'"a a.

. -"a
t e:Pe ra:ure cha ..e < . .he re ace = .

. coola - sys ta=. h
-

e ac ..a* - " - .

the rate o' the des *< *- II ~sies:. .' ::he --- iPe**:ure change vaa c '-
,

~ '
1 " anwas '"1 au: :1 7 d3 of tha of t

-

'- z .e:?erature cha-

that the 'a ,;us usa:ge e,he -gas.4 .
-

..ansien:* -.. as net resul:- ., e

e sa=a as tha: predic: d .s$ ene g , ,- -usurizatio*n is 45
'

. .

= d u ira ::aasie-. . . ,. ,

.

.
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.# I As a este diree: .

co ;ariscs
ar.alyzed for the reac:or ves. the c:ans'ca

.

(* ' .

eves ides:'! 4d' ,

M sel shc11 and cc pared to the del t ar.sient.. * ~

ne resul:s were th::% :hs range in ther=al radici i
g gradien

range of ther=al radial :adient s::ess for the design c :ess: ess for the ac:ual ::ansient was 5f.03 psi and t
.

h, . .

was 6600 psi.(
thicknesses n roughout.~nis cecparison would be :apresen=a:ive of ot;

.

boundary. the reac:or coolant pys:c: pressure.

* _.. - . . - . , . .

ne. .c.o.n.c.itisicas of. de an21ysis.are.:
.

.~
: . . . .

d ! .(1) 3:[ esses in the pressure bound .

already calculated on a design,ary did,no: ex:end those.0 ; .*

f ' oasis. '"his is verifiedby the ac: cal pressu:e no:
*

1 .-*.* ( I ther= sal ::a:sies: bei=g less severe tha: exceeding 2500 psig and :he
2
2 .de. sis

- .** , . a es=hination o::ansiests ic; a rapid de,2:essurizatics a:d a
-

( reacto. .

trip./
* . . *

.

(2). Tatigue life of the reae:or coolan:{
* '' . ..

i. *

affec:ed il c e cycle of the cac.o es:p,osen:s is no:
* '

*

and tvo cycles of a rapid depre'ssuri::.:i:n desip'stan itrip desip ::ansic:
*

'

i

are considered to be used fc:
* *

stI '.
..

of d e rapid d pressuri:atic: this ::ansiert. *:'*o cycle:* ..

E ::anzien
cause :he.h?! sys:e= vas actua:ed reica duri:; the eve :

are necessary he-. *

I.
.and :vo cycles are necessary to reflect tha the:=al t:::.ss

$
.

~ -~i. hie ~"*ci~gh pressure injec:1ca scarla
. . .1s|

*

U
.

. . . * *

0 ihe effec:i .

s:ca= ge: era:o:s can be acccussed for by using one cycleof de enti;e ever.t en the facigue life of de
. .

$
'

| d e desi n tra:sie== fe! ,

of the desip c :nsies: rapid de;;essuri:::ica and one c'1 1.

h | fer loss of feedvater :c, one sece:
. ,

* .'* ..,

? "' . i (3) :he effec:
-.

cf de cha:ge in va e**

: } has a ve:/ siner effe:: level on de pressuri:a:I on the pressurizer shell s:: esses.
'

ne pressurizer has baan p;eviously analyzed for the ther:
*

!
*

ef'e: of va:er-s:aa:
.

i terface*

| .does ne: affec: da: c:a. lysis. , 4 d na cha gs of level..
*

.

1
*

~
J '. (4) No sipifics :'

be:ause the hea:ers were dea::ivated due :o a icvther=al shock should occur to* ne heaters
. *.

i

| level sense: ,.

a:d no: vate;
j rasc:ivated u::11 se level racove:ac(5)

No dyna =ic effects were caused by the :apid pres
,

-
, ;

No specific analysis was dose. but a
dy---*- esp :e decre

*
.

su.

.#
shells vould requi:e a large pressure change in Ge cedonse of ::*

=1111 seconds. and :he ac:ual change was en tha scal
.
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.| The reduced feedwater flod to s:es= generato; ::o.
*

su!"icient 1 vas not.
*. .t,

| to =ain::in a vs:== level durin; the ft :: five
; sinutes of the event and :his stem genera:n 'sciled dry. The

* .
.

-

pri=ary concern vhh a d.-'I gsne:ato: is the tu'sa to shell ta -. *
' .

|
perature difference. In this even:

a vatar level was established
.

before :he sys:gs tooldsen was s:ar:ed, and ac:estable tse ts
,

shall te=cerature dif fereness vera th:thed, n is conditionis si=ilar to the loss of feedvatar desig. ::ansient,
'

folleved
by restart of a . dry pressurized gana:a:me ushs the ac '.11ary** feedwatar systan.- .

*i

/ . ;... . . . .

s
j n a burst =vpture di...sc on the p;sssurizar quench tan.s resuhed is

.. . ,.,-
*

a streas of staa= and vata: impiasis; on s:ea= ssnarato: ':o. 2."

I This s::sas re=oved a sec: ion of insula:ica 10' hi;h and 10' vide
'

.;*
\ from the lover 'shall of the generacer s=d imph ad diree:1*

'* I 7 onthe gsners:or shell., 'l Da ca=ps stura of the it;hsing va:ar vas*

assumed to be 112' T. A conser rs:1ve aval;.a:io: of :hs rapid*

.

0 ta=pera:ure change is this local ra;i:s of :he vtssal shall vas. perfor=ed.
The 'esul s of :his eva hatica ind ut:a that this one

r*
*

event used less than 1: cf :he :o:a1 fa:igue life of :he vessel.
'

.
* .

-La predic:ad f a:igue u. sags f ac:or f:: the 40-year desigs life of*

the vassel in this area was less tha: 0.10. '"his ja: i=pingssan:
** .

*

did not sig=ifican:17 : duca :he fa:igue life of :he s::a= gemara:
,

' ,
. -

! **
**

Le :eae:or coola::
*

. during the Septa =her 24 :: nsia::.pu=ps (RC?) a::ps:1asted the !=11cving conditic
. .,

.

.
.

.

All four AC pu=ps were sdjec:ed :o the fo11ovi=3:, .

**
.* ** 6

0:C0 Reac:c.t trip
.

. .
. * *. 1:10 STAS ::1p. -

*

1:11 Seal re:urs valves she: for 1:15
.

4 . .,.

.- I 1:13 . Seal 1:Jecti : valves sh:: fe: 1:51 ,, ,-
. .

All four y= ;s cperated for 1:15 vi:h no seal
i=jec:ica asi =o seal recurs fiev durks the* *

'XCS de-pressuri:a: ion *- 2:28 Seal ::: urn valves coen* 1:05.. Seal i=jec:1:. valves open- 6:00 Steam for=ation*
-

. ,

Pressuce oscilla:i=g nea: ?sg !== 20 ta
.

*

45 =isu:as
36:07 . Total seal 1:'ac:ien flav lov alar:s

.
* * Pu=p 1-1:, . .

g- .*
* . * ..? 7:04 ?t=:p :;i; ped.*

7:45 Shaf: stopped.
'

, *- 36:07 About ene =ing:e of lov seal hjec: ton flov*

(near 1 g =).

riov imbala:ce s:arved seal hjection
-

36:30*

seal re:urs valve shut.
"

1:12:55 standpipe level high .
. *

1:17:07 standpipe l'evel r.or=al.
_ ,,

,
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76 p 2-1: '
-, , .. -

*
.

.s .
* * ,

4:10fg , ,

31;h vibratica, *

7:04 Fu=> ::1; ped- .,
36:07 Los:

* * *

36:22 seal injec:1:n Joe abou: ,-

i. one =1su:e
Seal return valve shut for abou:

* .

40 seconds. .
6

.

Checkout of the reac:o; coolant ;=ps was inizia:ed to ass
whether .ain:er.ance and/c:

.

ess.

.- the trassians. :spair vas required as a re.sul: of= .. ,c . .
- ..

..
. *

Operational checks -vere regi: fred to de=ons::::a :ha:
, ,,

*, .' .

da= age had occur:ed to :he pu=p bearings,' sha":
can:- no sip' *i-'.,
ne firs: series of tests were perfor:ed in Mode. 5 due toand seals.*

: .

operational res::ictions.- ' ,

| , i . is Hoda 3. 7.ach pu=p vas to "oe opera:ed individually for a1.ater opera:ional checks were perfo:=ed
*

*,

i e.

duratics =oc to exceed tes (10) =1 u:es, ;;oviding all defined'*,

. .

pa:ameters re.=Ained .1:his es:ablished 14=its.
.

.I
*;.. -

-
* ** . . .

.Le . op e r,s :. Local sequeoce vas. .. ... .
.

- .
. as follows:.! ~

* *
. . '*.

. * *
. .. . .1. Lif:

. .:
Torque valuas were ac:pu=ps vera started and ==pshaf:s esta:ed * 7 har.d.

* .
. .

* '

:o exceed 203 f:-lbs. A stethoscope* .. -

. . housi=g are a. -vas previded :o detect any ususual techanical :sises in seal
, ,

* -:-
~ .. . (his was sa:isfactorily ec=ple:ed on 10/3/77);

-
. . .

. . . . . . -.

2. Hoda 3.,.tes:its a: 223 pri:.
, ... .. . . .

-

.
..

t

2.1 las :==.::st'on Required:
,

..
,

, ,
,

.
, ., - -

. , ,
.

Upper and icver cavi:y pressures - all f=ur pe=ps
a. .,

. , .
..

* .
.. -.

.
,f

.
).

3cth heri:o::al vi~orati:n ;;obes - a.11 'our pu=ps.
.. , , , .. ,

.. .
,

.-

* .c.. Syste .. .

pre:sure a; sue:ico pressure. . . , ,. .,. ,
..

. d. Vertical p:che en 2-2 pe=p. '. .
,

Standpipe leaka:e was collected a:d =tasured during
a..

. . the test..

4.

2.2.Co=pute; ta:a -, .
,

.
.

Printou:.

MIS special su==a 7 ::end.fo:
.

., n every 2.5 seccads. :.:ening RC?.

-

7 ..
*

2.3 The following li=1ts vare no:
to me ==ceeded:. . *

.

,

. Shai vibra:1on - 15 =ils p'eak to peak.
a.

.

.
.

..
. .-

.
.- . ,

, . .. ..
., , . ,.

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

.
-

. . , . . . .
.* .

: ...-r . . . .v. . .. . . .-.g. .. . . . - .....
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b. To:
21 s:andpipe leakage (upper seal leakage) plus "

, . ,
,

seal re u:n should not exceed 0.6 :::.
,

, ,: .

this lici: If. durings
the :es:! gxig:s of an coen seal.is exceeded, the possibill:y

{ In no case vill :o:a1 seal
.

3eakage be allowed to ==cest 1.5 : =.8 * *

II :his 11=:.:is exceeded. = in:enance vill be required before
-

,

fur:her pu.=p opera:ica.

~~- ci ... . . - -
. .

-
.

.
.

- A1.1 c:ha.: cc:=Al plan 14=its and precau: Loss prsvai
. . .
. . ..- -

2.4 -Sequence of Cpera:ics: ..
.

. .

. | o.. .

.% cure s:acdpipe flush.t .. a. *

! a. *

' A 1 -
.

: J ' b. I.s::blish seal 1: jet:1 : 1:- *

opera:1== procedu:e. a::ord nce .".:h plas .".*

*, . .
*
. .'.

_ .

. *
* *

Feass:e and ree::d standpipe leakage and return fisv.. c. .

Confi:= tha:.,

* . . . - to:a1 lealage li:its a:e not. . -
*

exceeded.
, *.. .d.

Assu:e cc==utica:ica be:vaan :::::a1 roc:.

ced perseer
s:sticned A: ?."7 sta.=dpip6 leakass d.:ai: l'ae.

.

.. -
..

. * .-

~- . e.. Cour.:dev f:c: 10 to 3
.

. .. . . "
.. -. . .. .

.. .. .._ . .
. ....

Star. strip char: re==rdsrs 'at high s esd;
. .

.

** , *

5:ar: T.e a c::: Coolas: N=p 1-1 tr. at:=: dance with .*

plan: cperating ;;ccedure.*
- .

Af:e. . . 3
appec '- :e1711 se:. , :sdu== strip char:

.

' speed
.i , f. 7.::= pe p fc,

two (2) =1:::es unless a:7 above 14=its
* ,.

*

are extkeded.* *
. * ..... .. *

*

,. ,,
. ,

.
g. ":a:a assess =en by 25'J and 2 ;=s-Jcch:::

.

. 7.

represer.:sti
'h.

7elleving assess:::: cf da:a, pu=p =ay be is: for a:.

add':icnal five (5) =inu:es to allow for ve::ta;
..

= . ;racadure require::::s..

.- . .

1.
7o11cv above seque::: on.1-1,1-2and5.1.

.
j.

Assess:e== of this da:a vill da:er:ii e whethe:
.

'

.

tain:enance is required before high p =ssure cperatier
any

is alleved. . *
-*

3. ..

Si=ila; tests vere repee:ed with syste: .

pressure a: grea:erthan 1300 psig before a final de:c::ination o.

the condi: ionof the pu=ps was =.sde.
*

.
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All four reac:or cool nc pu=;s were run on 10/3/77 .ri:h the. .
.

'

.' :. following :=sults:, . .
.

s,
. .

. . . .
*

-
.

' *

2CP 2-2 10/5/77 7.un (2 ei . . ) :
.

i .

t. .
'

Steas pre ~ss:*re 225 psis 2:d Seti leakage.
*

2nd Seal cavi:y pressure 165 psig plus seal re: = flow <.
. 3rd Seal c vity pressure 122.9 pris

,

Rori:en=a.1 vibracica 3 - 7.5 =11s.
,

* . .

Vert.ical vihrz:fon .25 "*. *
,

.. .. m
>

.
.. .

the pu=p uas :.; . for 10 =inu:es for
.

.

After the 2-chute :=n,. .
,

sys:e= ve :h z. About 30 secc=ds before':he pu=p vas shu:d: :.
,

| there was a step increase is ver:ical vibra:los to 2.5 =11s.. .

f j, The pu=p vas ru: agais on 10/6/77 for 10 -d- :es to check ou:
*

.a thi.s phene-ancs. De var:iza! rib 2:ics was azah .25 =11s .-

# ;
un:11 abou: 5 secends before shu:d:vs. when h increased to,

;
2.3 =ils. To allev a lenger re ti=e, 2-1 and 2-2 pcys. " ' ' * '*, .* * *

vere r.:. :nge:her fer 10 ='nu:es, the: 2,2 was run alone for. .
*

10 =isu:es. De vertical vibracien s:ayed a: .2.5 =il.s for-

-

: the entire run. This was =eni:ored du 53 pu..p ru .s during
pla : hea up. h should be oted t; a: the s:sp he: ease i=. .' *. .: * .

,. var:ical vihrz:ic:. vas la::: assessed :o be spuricus ins::u= r.

-

- noise as a :esuh of a le=se cecnes:c: c: as 6s::=ent line..
*

After the connec:c uas ti;h:e ed, var:1:21 vibra:ics re=aise-*
.

7 ,- - *1ess tha .*.25 =ils ;eak-:e yeak a.:pli:sde. ** '

. .,
.

.
* RC? 2-1 *

*

.

.
.

gStaa= pressure 225 psi: 3:d Seal leakass-

|
*

2nd Seal *cavi:7 pressure 122 psig plus re:u== fle.i
.

#
...,* 3rd . Seal cavi:7 pressu:e 70 psig *"

* ***-

Eeriscatal vibra:1c 5 .7.5 -' e
* * * * , * * * _. .. . *

. . ..*.
- -

. *

7.CP 1-2 *.
. .., .

'
.

.Sys:e= pressure 225 psig 2:d Seal leakage
.

2=d Seal cavity pressure t0.29 ;si phs re:u = flow <*-

'

3rd Seal ca.:i:7 pressure El.3 psig. .

'*

* * . Ecrisc=:a1 vibra:ics 5 - 7.5 cils-

. .
,

.R ? 1-1, .
.

. . . -

,[ *

Systes pressure 223 psig * 2:d Seal leakage 4. * , 2nd Seal cavi:y p'ressure 77.93 psig ;1us re:urs flev
j 3rd Seal cavuy pressure 69.27 psi- ,

., .
* .

Eorizon:a1 vibratic: 5 - 7.5 =11s
. ..

, . . . *.
.. ..

.
. .

.-
,

-
. *

- .

, ,-

. .
, ;>. . ..c

.
, . . . . . . . . . . . ..

. .
[ 4.w ,

.
. . - . > , . . . .. .

.
. ... .'
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D e apparen: discrepancy on seal cavi:y pressures on 1-1.

. . ~ ~ -

and 1-2 was che:::ed on 10/4/77 by installing p;sssure ;augss
the pressure ::ans 1::ses. . Le gau;;s read as follows:*5 . a:r* .

.
.

.

1-1: *
.

. .

2nd Seal cavi:y Pressure Ici psi--

3rd Seal cavi:y 7: assure . . n1 psig.

. .,
* .

.1-2: .
.....,7,

*... 72nd."Saal cavi:y ? essure ,
184 psig-.

* 3rd Seal cavicy ?:sssure..

11 2.psig-
.

* .

De readings isdicate the seals are s:agi=g p;=perly..
. . .,

.
.*.*;' I .

2ased on*the above perfor=.ancs, SPJ saw no c cce: 9.ich voult
*

J.
jus:1fy =ai. :::ar.:s at ths :12:a.. *

.
. .

! i
*

. *. . Zy 10/13/N *all four reac::: c= clan'. pu=ps 'had bass run a:
-

! ,*- a
. .syst.en pressure g;ea: : :ha: 1300 psig... .

. -., .
. . . .

. .
. *

IC ?u ps 2-1 ar.d 2-2 have c:=.f.:tund to run *::= the inicial*
.

cold pe=p starts. 3elow is a typical line of da:a f c: each. .
. . .*

. . . - pu=p..
....s .

. . ., ., . .. ..
;. .

xcr 2-1 - . . ... .. . ..-_..- --,

.

... .- .-.

!.

: Systeo 7: essure 1650 psig-!' -
.

2nd Seal cavity ? essurs 1C31 psig. *. -
. .

3rd Seal Cavicy Pressurs., . .
-

. SCO psig ,-
-,. Zorizon a1 Tibratic .. , ,

3 "' ' .-
- *

, .
. ..

. #. RC? 2-2*
.

*, .
- . .

y . .
. *,. .j* Systes ?ressu;e

. .
7 . . .

1550 psig,-
* ,

i 2nd Seal Cavi;y ? essurs .- 1075 psig*
* 3rd Seal cavi:y Pressure 538 psig-

! *1o:1: ental Vit:stics.. '3.3 r.i.ls* -

~t . .

i .RC? 1-1. .

|
* **

Steas Pressure 1650 psig-"

2nd Seal cavi:7 ?: essure. -

1056 psig.!
-* .

3rd Seal cavi:y ? essure 540 psig-; . ** . - * Rorizontal Vibration 4 r11.s-

I ..
'

:* RCP1-2
] . t, .

8 System ?ressure'
f*

1550 psig-

2nd Seal Cavity Pressu:= ,

920 psig-*

I- 3rd Seal cavi:/ Fressure 320 psig-*

Eo:izontal vibracion 3 r.ils-

1
.

*
.

. .
.

.. .

. . ..
. .

.

. .
.

i
. . . . . .

'

.:a % . '.
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in good operstin; condi: ion andEased on the above da: . 24*J fth c
. '

.
,

I <

a all fo
. , *

*

time than periodh =sthorias require non*:ur pu:ps were*

; :sts at th:t'
.

.

has concluded th::St.*J has reviewed the results of th
. .

*

no detectable da= ass has c::ur:ed t5e opera:ic:a1 chachs and
*

pu:p co=ponents.
3&~.* c=nsiders the reactor coola ;be servicea' ale fo: the

'with :s require ents for =ah:esancesustainct full opera:1esal cocci:1o
r pu ps t.

. .

. i. .. . . .
, ns.. .;

thers.s1 conditions du:= ore de: ailed analysis was es ple:ed to a.ssess th
,

* * .*

eve:s at Davis-lesse Unh 11 ; the Sep:tcher ,2f. de;:sssuriza ie co;e.

.

to (1) deter =ine if s:ca.= va.Core co:.dhim:s vara a:aly:,a4tcg

.* t

de archa the cazi:um internal fuel
n produced i:. .

the c,

.a

::ansien, and (3) Jace=ise if =:.:':==d ;; essure =rt.duris; the
(1)[ ro-

the 2. hit.I

|
$ lih !=:ct e.xtsedec

.

Figure f.-3 shovs ::ansits:
. * .

..;

the reae:i=ater.
.

*:ta syste:the a.1 c=nthi::s as =en h ored b
'

.
*. *

.
*

pressure tap, which is approni=a:aly 65 fpressure is =sasured 4:the core..

the , ,,
* **

..e 7.0 p sssure a:
*

ua ccoverable and elevatica prasseunely 50 psi.hi;her than the :tasured pn e top of :hs c::e is apy:cxiaisve the top e
es:.

*.,
.

,,

71gure t-6, ths ;;edincd co;a eco~rt* losses.ressu:e because of
-

,

hi;her tha.n the =hi=u.: As shevn f.s*.att,ta:pt ::*

ceasured pr sa:::a:ict te:; era:ure'ure is slish::
the =casurr: essure):hou ve:)

.

that scoe va;s:: and the ;tedictic:.there is sett
(based cyce

te

,'
Lave oc=urred vhhi:. the cirabubble fo:=.stio=, (s:en bdbles hL s:sfore, h is possib1

us:s.::ah:y h*5c:*-

*

data
.. the satura:1cn pressues fe(Tigure 4-7) hdha:es ha:An er.a.: ha:1cs af tha : tac: h

vate:) c.ou, .
' -

' ,

this *:ite period the pressureless dan e ?.is p:essu:e lev l was e
#/

* e'

one hour and that durit,,50 psi.*
'

core could have bet:Derefcts the tax'-' e period doscillned vih a variatics of*

hour.
If bubbles uere 'ct:sd during thissubjected to *oubbly 21cv vas less dauring vhich O-

uould.be h the licuid as well as
.. n c-

*fc=.atics hc= a ho: period. :he fo- ,, -

L'hh the te:psra:uresde su:facs, as cppo= sed
c sti:

dura: ion, and type of forr.aricasurfa:e.;. . *

cc=posent :ize
vould be p;sdicted. , no sig:ifica n effect on a s

.
*

*

hier to the dep:essurizati:n ~opera:ing a:
to reac:or trip ths pous; le15: .pove; for approxi:ately ene* ve:sk'..a d b e e n.even: the ::a::: . '

.

Prio:
j j

*:he core bu:=up vas 1 TT?D

60-cinu:e ti== puiod in which thges production had occurred and none v:hsrefore novel vas f:: of rated power!==ediace!
i !4 *

.'

si; 'fican fissiot,.
as :alessed. Durin the

.

esthated to vary fres SCO to 1000 p ie indicated 743 ;; essure;.vasthe average coolant
significant heat generatico occur:ed ite perature vas less than $40' Ts a n de top 9! the core.

. . .

a=d no
n the fuel. As inhial.
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evalua: ion had p :dic:ed ::::ile s:: esses in the cladiin;8
, ,

.hased upon a maxi =us pressure differen:ial across the.

: cladding of 2a0 to 3::0 psi. This evaluatic: had beta b sedf. ..

( *

upon a E0I TA3T analysis vi:t an arbi::a.-/ safe:.; fagge;added to, e ,;sure tha: ac:tal c:nditions would be bounded by'
the predic ion. A =ste recen: analysis. again usin. 7;7;.

has resulted is a predi :ec =a::i=us incer a1 fuel ad pr. sun
of 10wo psia. ~his analysis considered as-buil: usi p;op.;.1, e

and hot,,near ze:o power c ndi:i=ns a & c3clas: averags
.

.
* ta=perature of 3108 T.

On :.he basis of this anal sis <- 's.

concluded tha: the fuel sd cladding was no subj c: d o any
-

.
,:

sissi*ican: level of tensile s:: ass duri.nz :he subje''. .

1depressuriza:1ca eve =:.*
. . *

1.
*

|*

:. -. . .

3ecause the claddi== vas no: subjec:ed :o a large, lang ,;=
*

, tan'sile s:: ass, no si;=' fica::. -

lon: :::3 effe :: en th- c%d-
*he tessile s::essas which c=uld have ec:::hed vob"- |I

.,

5, resulted.
,z have 11::le e*fec: on the cladding due to :he s=all. s:: ass leve ',

,,

* and .the sher di:=ation a* s :he ceasti. ;,,3,. . ;.

* . .
,

, .
.

Assu=ing a coclas: te:pera:u e of $37 7 and 150 X 106 lb/ '-*

systen flev (;e Tisu:4s 4-3 .nd 4 9), :3*, n,g itg. f orce' ill~~
.

, ,
- *

. be less than 373 lb. De :ari=u: allevable lif: force is
*

.

472 lb.. nerefera, we con:1ude :ha: fual asse:b.'v
*

. . . ''* **. . .

.no: occur.. - . ....-o..
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/.. The p:nsis are .*ormed to the contou c.' -ha.
.
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t and a:: ached to the enterin on a ' ste:: ::nerator. -

Euckles and c1'ps .'a s ten the pantis co~-~.,e* * pper the wee-i..
'~ 'o su 1

* '-,.
a, f . .--

.

** *18 1c'n'"--groo the steam se srato- fess ,
8

.o -ne floor * 3r 3.43= anda , 3 3.< gat.,on c.u in .s
.

. .

were. repaired.e: ant - eus ed. c-h n es ,naa,-..--y. Se:t panels
--

-.ie < a ,. .e vic- s e <.
4 .. . .. *

.-

o be - ,
.

. da= aged panels were intac: but vera ber.:.
.. -

* *"" * ' ' ".,. ,t.. - . . , ..
. C. *f.esair ., -.-... - .

.

,

.
..

,
. . . _. . ... . t . ; y.

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

; -- C .*: .' ** * . AU da= aged equipces:* '

vas 'a a"'- d - 7"P18Ce fas: u:entach
,

7 | ' 2 s. and equi;=e..: is the area
e e'.s

4
,

.da= age frem the susa: asted .or possiblej . ..|- .

'-

and va:ar., , , , ,
' s . .. .'

, den:7-chree (13) panels o ' : ''*' * '-<"' ,- 814:1:n vere rep. laces
.

1*. --- .
,

I Int other s t c:,4 paa 3, y,,,
'* e

f ,
,. . . "q .. e, eminstalled on,the staa: 33:aratE ,*

,.*
*

.'E** 18"*d 4 d*- .

.
.. .

- A,1. ., - ..*. . .

essas: Sal a=d a. +--a.<-ai.,7-e-'"one 7:sssur,::: he an:s
1. . '

----. s
vara retu.ned to se-ve a.-- !;

..s .4. pr 3.. ,.t. s i. --- . .
---

were baked. hLa:ed o. a4. d..<ed .o 'es.- < U.,* - c usistas:,j
-eam cahlss;

J..,
. - . . i* .

. . - . o ve=do ^ec:::tadad values. C
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gronad vara replaced vi..s. . .-
. . .

-

. an othe- .to are on ,orda .3
-..- -

---
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A. STR:3. *. ., *.
... -
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. 1 .' . .
*s

The Davis-3 esse !=== use:: and Co :::1 (I&O) C:=up has :es:edf* +G
logic channels 2 :..4 & (channel 2) cf de 57203. since 1:~

* - * vas
i= dica:'ad tha: :he :losure of 5?7A (s:::bup feedva: : valves)' led.* *

.. s. *

to the sequence of erents ca 9/24/77 Lo-1: cha els 2 and /. are |A: M...s the only 572C5 ch::ncls tha; ac: a:e S?7A.. . 4

. ' .~.
o..

.'f .' . -

". Os 9/26/77, fiaintenan t 7::h 0:4:: C.70) IC-622-77 vas vri::as
-

:' ?T. .* "
.
*

:o check the~nain 's:ca= 11== ;;essura svitches ?S 3537A 2:o=:h*.

}m '
'

~~
75 3667?.' 'A calibratica check vas c==placed c: 9/27/77. All*

r.- r.'
(.*. .~X. ~*

pressure svitches acEua:ei vithis ^2 ;si: of the 612 psi; sat-.

points. I&c persensel, had nothi:3 to tport I:::- da visual *''y * .-

hspection.* s. .m. . .
.5 .. .* ..

.? i. ". Cn' 9/27/77, 20:0 Ib-636-77 vas vri::e:
*
.+'

o hvas:igate de
.',Y *s remaining inps:s :o the 577:S. ? sssure diff erastial svi::has.

.*

. './ * ;, ; 2686C, 258td, 25:3A a:125U3 vare ces:ed per 17 5031.14,I D* |- d: See:1e 6.3. Tne sa: poi:: of :he pressure diffs:as:ial svitches .
*

.
* * .* f. ..

*
i

-

.$. tasted ranged f == 176 psi; :o IE7 psi;. de se: poi : oeing 8
alp,.~.

*

.! *
t *177 ^10 psig. *

** *. e. - *
,.* .

4.i) I .

. -

na s: a 2e=ars::: level inputs :o the 577.05 vc a :estad par.

'. * * * ** .
' *f ; ST 3031.1&, Se::1c 6.4 Agai ,1:;1: cha =els 2 a:d 4 vere

-

*-@ .
*.

:es:ed. A.11 bis:ablse ::ipped a: the desi:ed se:pcis:s. Tae, - .

. D.. * * ** *

desiref : ip sa::it*' is .30i .'. 01, v 1':s and da range o.f
- .

M.'L
f.

*

d: I volta es for .hs his:dles ses:ed vare f::: .305? vel:s to *'
, .509 vol:s. I addi:i==, d e level ::ans=1:::: calthra:ica'

.'

I
*

vas checked per ST 5031.15. 71.0 :es:e1 f:: a:7 :::-
g@. .

*

! *

lineari:iss be:ves.. : 2:s:1::er'hpu: and cu:p=:. especially
.-

.

j . a: the lover ras ss. L7-5?!A3.17-3??A9. *.T-3??35, a:t LTA ,.

c..r @
,

.

5?537 vere vell withi: the acce;:d it lisi:s as specified by
. .

t L. ,L,w ., - | ST !50.31J16 a:d so.::n-lhaari:iss were observed.
* .

q .
|

.
. .-.

.[* j Tne 1: puts to the 57?.~.3 f::= de 1:ss of 4 rea:::: *ct,elas:
.

- * .,

.j', , ;
pu=ps vare no: as:ed st=:s this h pc: ac::a:es au-#* * ar7 .W- | feedva:ar ,anly. T.-is 1:;::'dses not aff ec: n a feedva:a:

-

..$. | valves or =a h s:sa: isola:i== valves.
J %. .* .

-
..

.u . . ,.

|
.'7;g':
. In addi:fon == =asti:; all de 5;u: devices,250che:hed. s

j '

, 's C5732. This is the ca'*- - 'c: 1::i: ,cht=nels 2 a:1 4 All
* *

f inputs and eu:;u:s v ;e ..:::al f:: e::isti:2 plant c: ii:ic=s.
*

X.* ,,
,

# c # :. I&C checked =acha . ital c:::a::1::s at de i..;;: 'a:d ev:;u:, -

. ;J
buffers, d indu:ed meda ical vibra:ics en the hpu: buffers,

* .
, .

-

t output buf f ers, mais lo:i: pansls, and ou:;u: relays vi:hou:' *

%*y |*
*,-t

. . .: ar.y system affae:. "he cais le;ic pa:els were hea:ed slighdy,?
.. r. s. ** .*".:h a heat la=p a:.d slowly cooled to che:h !==

:ha==:1 varia.
..J.C.;. .

tiens, but this had == effec: os :he syr.::=..
7,,. %. b *

. . .
.v u. .: .. . ...

* .. ..,.

: r.g * ..

.
.* .. . .

*

..
1 .s'. ,..

t. 4 -
. .., . . . . s. . , . , . . . .l ... . .. . . ... -

c. . . ..m
-

*
. .

s . w,. .. , .

..

..

.ee . , :.
i *

.
.

. .-
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-. -.. , w . .; .

.g. .; .s
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.
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. . . .

.
... - . - - +

?:.:;
. + :..s , ;

2,o - -m, -

..

.v ..

.;,,; e ..y
.

. ~ v-.e .u.n 3.;. , .a .
. .

h.. :. :.:,.,. . ..m..w y:p & . : ~
,;.c* .:rg.~..:. :;; n.u ; .a,.'o<a ;i;,..

"

..
w.~. % /.

,:.u'.w>,c.QW,.:.f:y...g.:t.,s s..e.
~.. -

~. .{*.h, yp. ,
g. 4,,

4
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. .
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.. .

- ..,
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.
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v.7f.rg;s.r* .v,7:
..

: e*a

..

. . . , . 9 :,3-||*:. r. . . . . _ , , , ~ , .
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Cn Septensber 29. ILC corple:id : heir chs !: e t 577.:.3 g ,-,.
followin; are :he results of tha: chech: ,,**** The ;-

--

*I
i *

* 1.*

Screws on T337 (yellav t, blu=) ve:e :i-:. e ed 1/2 ,y, a g
. .

*

.s an impu: :c ,the Sorenson 13 vol: lagt supply ,, g;.
. _ W-, "

[ .. 2. In C57:1 (7sedva:e- pani) ene 1 3,

_ermin:1 17 (les s<.* o, , .
. .u M-- u %---41.
.

-- - . .s.:..s se:e: requir ed "' * "- "$ ..

to thorou-hly :1 h:en. This is a . t 4- ~ - . . " ". .

; , to ogic chassel 2.
s.ea pressure s~< . ,~:P':*

-
. .

. ..

*
.. . .

*
.: 3. In C5721'/ 21227 had 3 loose scrav . Ter=t a1 ~s y ( , s..

|
-

Ter=i=al Soard) had c~o ~be ci-h:ened
* ' ,

.. '.I * "-
.

.e.n -1. - .
.

. .

s:e.2m pressure svite.h inpu: to lo-ic e.ha::ci 3, ' * s 1.s a r.a'sr :
.

1 - .
2

* I. Terminal 18 (righ: sid e c.' . e. e..a.* i..ard) a d .o b e 'd -s .- s
: *

i.

This is a pressure diff ere::ial s '.:ch 1-'.e- $' "I.I"c~m/"
. . . 1j

*
. - *; - a turn.

, osic cha e' 3 .e 4 *
-

.. - - ' - - - - -,

- ' ,
-

- 1 :i . e.: s:.ca of TI) had :s he -< e. . s-
. *. s 2.1..i

.

j; ,.
'" "y* .;*. 4. s 13 a :.a,.: s:ca: --

pressure sv-l.:ch 1 pui :o the Syp, ;,., ,

. .
. C: Septe:ber 30. E13. t.370 A a:d C ' vere ti;h:and :o ,:$.4.. ,

hes e are s:acke.' s 3 --s.s. --, - - . . ..
- - -- - .ne s.,.::h u:1:s :ht=selves vere s, . u., ,.he en:., e pacha e vaa ,,,,, ,* s* e -- ..

- --- *
- - .*'...^ ,, * _.-* 8 52- C, --

b*'=; * e:se vould ;; bably co: have affe :ei sys:e= p.. .,' -. - "C' !
. . -"

"
,

i.Z"J:::M'F .2'M. . *.s".,'"*.5.ou^= '= dv=== = i= L,GdM,.*... ,- i
~

-

. -
. . . -. . .

.. . . .
,

j
On Cetobe 5.1977. th's 1:ez= centra:= level 1-*.- u;'. 2 ., - ..as c.

. .*

! out. it.C uas :? - Y3coc4:: .c a-- - as:4e ,.~

causedane[-one,'C<*d1n
- ::ise 3:ihes s".- ,

.

g
- a e._, save| . s --4- 33 ---

1:bsapp(typical) A r.ois e.
: "2e ," 20 %I *y

,

"I. Cu Cc:ober 3, 1977. cish: 6 cha.=e1 char: ;se::g,3 y, , ? g". .s ,," " - - *
*

,the system .e: con-# u.rus -~d -~< - * * :: *:8

, ,,,

I '-
.

~ 3*
| the a:: ached- shse.s. ..s.a sys:e= ves ches che:hed ou: vere C::nec:ed per

*.

*: ePe.a.,., y.
,

, essure dd88
.. . < - * a .. e. ea= enera-- 9 v 4 eve.T ..<.ps were :ested

s -. .. *
. -

3, . , .h e S...
was b*.ocked due :o le. s:aa. e- ess- . .*

--
.. 4 ,.-a

trirs ve 4 .e...< a .e a s pressure r its... . .-.5e <~~-. o -* ,85,: V48 verified hv a vo --.. "- -'
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3efore describing the =ad'fiestices cade' to the aurilia
.*

.

feedpt::p turbina . 7;

resulted in the binding vill be cascribed.(AT77) gewerner. the gover:cr a::1ce which*

drawing o' *the* "voodward coverso: yigure 5-1 is a
shoving the FO-?L spesi se::i=g eachanis
of evenes c:= govern =: is the bound up conchi:2.

..s .;;. chls..cssdi:1on is as Isihvs: ne sepance ,4 ting. - * *

--:.
.

. 1.
When the '3odins =otor va's at a =ini=us speed sec:i.

,-

;-

speed set:ing shaf: =g. th s '
s. *

*

rahed the co112 . cut was fully to the lef:. L e link
;. i* raisi ; it and the "T* * car to ac::: acting :he base'spesd setting =u:.

. . ,

beart.ng would *oe con =ac:h; ..he ficathz lever. idle c 7.di:i=r..ns piv-
.

. .
.

't

*. 3=cause the gove:::: is to:.

. . . . . ' servo re=au s 6 a fixed pcsitic:::a:ing. the speed se::i=g}
~ a idle (as sh: -). 1:

.
.

.. -canno: eve un:11 oil pressure is available..- . -
.

. . ..
* ,

3.
Tee chu:bscrev 'is c=stac:iss .he lov speed st=p pi?

.

.

*., , . .

As the 3odina speed se::h
. .... , . 4. .

*
.

t =sts
-

peed, the follevhg eve::a occur:b rc:a:sd =cvard high,
. .

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

...- ,. . . .

. 4.1 ne speed ser:h shah cus sves.
.. .

.

speed s:op ph. tocards the high.
.

4.2-

n e linh.s11=vs the enllar to ==ve d: :vard.
.

. .
4.3 ghe colla

.

:oving d=.mva:d. alh vs the base speed
.

.. '
. -

setting =u:8

ast. ";" har a.sse:bly to ==ve dow::vard.
-,

. , .
* . . . . .-

' 4.4 .

n e fica:1:g lever is fizzd a:
, .., .s .

servo pis:ss end. the spesi setti=3.

..
. .

. . . s
. 4.5

ne lov speed sto'p 76 end of the li:k pushes 2:vn
*. * ,

.

cs the :hs:: hse:ev.,'
which pushes d:._ cc. :he speed

. *

. ' .
se::ing pi1J:
the dashpor plug. valve ustil the dashpo: land c=n:ac:s

. * *

.. .
. .

, 4.6 Secause the floath; levt:
g 2.i . . it stops soving. b :15'hed en, he:h ends,,,

.

. . . ..
s . . . .

4.7
ne ";"-har c == Sues dovnvard. fellevi s :he collar... .
ne pivo:* .; .

.

bearing leaves the fica:i=g lever.. J ". -
'

"g**-bar con: Sues de.=vard Le..

con: acts the ficaci=; lever.unt'l the re:ainer se:ev,
.

. ..

- 4.8 ' ne collar separates ';s= the b*
-

' . ..
~

. . . ' . *
ase speed se::6 g nut

shaft contacts the s::p pin in the speed set:ing shahand continu'es ces .vard until the s:op pin in the' speed
-
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4.9 3ecause the Sodine = cts:
,

cen:inues :s :sitte the
=snuel speed se::in; F.ach. slippin the clutch, a*

i

:orque is placed on the speed se::::g shaf:*
i 11sk and collar. nu:.*

L is :m:que age hs: the "T**-ma:
causes 1 *ction th : lock.s the "-**-har 6 place., . ,

.

5. Unen the*:urbine is s:ar:ed. :he s?eed setthg se: <o
piston anves cov:Vard vi h i::::asi=g cil flov, ine casi:
the speed se::h; of de gove:cor. Vaan the floating les

. .
.

coc: acts. th'e p''.vst h*e' art =g, the speed sa: ing pilo:* . . begins es raise.' velve. *
. .. *'

.* .
.6. Vaan :he p!.Io:* .

.

s. the speed. se::i=g servo pists: valve c:::::1 la:d covers the ==:ering pe:
*

*
.

. . s= ops =sv'=g.
'. a .

* *

7. 3ecause the :oreue is ::in p:ezes:
.

*j. ~

de speed ses:ingc
shaft, tha "~'-bar is bound up, a:d ce 3svers : is a:

* .a.
,2200-2500 rp=.. . ..o . -.

8 .'" - .
.

.
. *

t'aea the 1sdize speed se::hs ===== is backet off f c:
.

..
.

th
the "-"-bar falls d: ~ :o us high speed s:op, drop:

stop,,

* -,

the pivo: heariar. Tae pilo: valve ::ves dev .Jard, incre.** *
, ..*

. .
,

cil flov to the speed se::1:3 se:vo until the high speed
**

.. co:'i:'c is reach de.~ . . .-
. .. .

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

.
, . .

.9.
J.ny changes is s eed set:i.g s.haf: . .=siti:: ara now mor a:

.. .

;

followed by the "?"-oar. pive: bet:1:g, ;ilo: valve, and,

,

8.

speed sattu: se:vo pis:c...

*
' .' * *

,*

rma the )..?" gova:ic:s artitei a: the Taodward Cevernor.C==pa*
.

. .

factory, cas of the g: verse:s was phted .cn de :ss:
. .. *

*

. e$ servi 3 the ope:stics of de sp eed se::1:; l'.r.hage, stand.,*.
.,

' *

7 avideng th.a:.

i: beca:.

a shple link f;s: de speed se::its ;ilo: v:.1ve.

(plusser) to the fles:ing leve v:sid al*!:v : == val of de bel
.

, coupling spr':g, *1cv spe.ed ph, **C" ihk and dash; :
. .

.

plug in :speed ses:h s pilo: valve sleeve (see T*;ure 2). Teis vauld
.

.

.allov de speed se::ing p'lo: vaha :n over avel then the =s:
.
**

was set is a hi;h speed es=di:1:- " ,

vith the speed se : tag se v:at the =1:i=== postste: (see Tig::e 6-.3).
,

i ,
. <' -

' .
* *

.
- *

Tne .raquired par:s vare satufac:sted, the v .eeded par:s re:mv
.

.

and,the govern:: vere reasse=tled.
.at the L*cedvard fac:c:v Le geva::::s vare tes:e:.

* . .

and the tes:s c sfir=ed faa; the. . . . ' .

/sodifica:icas did re==ve all pessibili:y of :he undesired bind
-

* '.

ing of' ce governors.. .j

'.5
also confi =ed tha.:

Sc:veillance testing a:* *

:he s:ati n has
.; f.u.nction properly. the aur.'.liary feedpu=p ::: bha governors
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t . C. Pressuriter ? eve- 7tM e f Valve. *

. . s * *
-

.

September '23.1977. :$e valve" vas c::<>le:ely dis:sse blad
.

C:.

Le sain valve was found to be cleas. La seats on the no::.and .ais esWe disc vare 1. typed. ne puo: ':alve was found
. .

'
stuck in the open positica and it was thou;h:,

tha: the pCa=stem was bent so the. pilot s es was' replaced asi the no:21s
*

guida area va's;66t?.~h'p~to recove the =a:ks *:s= the galli:
~

*
* *.

of the fore.ign =.act:111.'-
D e valve was retssa hied and on

- * "

October 12, 1977 the valve was s::ched si:: (5) ti=as'vish
.

-

a p;essuri=a
p;sssure of approxir.ately, 600 psi. During thi:

,

tasting he pilo:
had to be closed. valva again stuck a:d F.a isola: ion valva.-.

.i * ..
1

*. . .
. .. *- t .

Le valva vas ess' disasse: bled and unde *.:s er cbsarvatice '
, . .
'* '

1: was found tha he pile: v.1ve s::: vas :svias :co far
,*

"r
O/8"~ vs 1/8" desired). 1:{ be':veen the pilo: vas also "susd tha: tha clearance

* . .. *

( 0005" vs desirad ini=us of 001").s::.= and the no::la guida vars cs amall|
La clearancas vare'

*

epened up and the s::ake of the pilo: vas s':::: et by.

adj us.=an: of solanoid pesi:1cn. La valve was testad agais.
*

' . .

successfully by s::sking 1: velva.(1 ) :i=es on Cctober 15
.,

*. . 1977, at a pressurize:.< - ,

p; essure of app ::.1:t:aly 100 psi and. -

one ti=a.a: a pressu:a of 2200 psi...
..

.'h% ..
,,.-s D. 7elsv/Tuse/t:t-i : Checks

. .. 6 g ..

: .' 8 . .
..

*

3ecause of the missing relay in :he pressuri ::
.

tie:- c=i:icrelief valve c=== 31'circut:.
, .

. a.. a ::::1ve eview p:=gra= of
checking * al.1 othe: talay cabine:s was pt:fer:st. All relay

.
*. * cabinses is cht pla.=:** * ..

vare inspected fer issia; piu;-in'' ,

i relays and fuses.' .

A detaned : viav sf dravi=;s was :.ada -* '.

j to decer isa the sarvics ,cf each =issf=31:a= a:d its'effac:
.

. on pla=: ope ra:i=:s ..

found ._issi:;, vara rt;1s':L e cza addi:1 a1 relay a..? ten "uses
,

.

3d. n ata ve t :. -

,affec:ed by the addi:1cnal :Is' sits :alay and' fuses.essas:tal *unc: ice1.

=issi=g "uses a 4 tel: vara for generats Le..
.

: '- ise ;hase hus. *

cont:ol, alars and i dizaticas; talay cabina s y=ver su; ply'.: . -

and hes:e
=ask level indi:atiet: supply circui:s; =ata feed p p ::: hine 1sbe oil.

.*
* --

and reac:s: c= Cat:. cooling wate r :scu'rs valva -ccacrol. pu=p ::= pones:., . ,

'...
.~ ..s'

( 1:eitb'ar' the =1ssing relay n=:
* *

, . . .

thz fuses vs:s cen::alled v daj a
. . the stacios jt.=:e and liftad wire cesr.rel procedurs.' '

1

. . . .

.ct+ indicates the fuses and relay were ra:sved be unk .sva
*

nis**.. - . persons a., tar checkout and tas:iss.. .
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I To11 vint :his inciden:'

a.t ainfn; pr:::: vas develeped atprese. ed. T'his' pro;; :*

inst v::ica and discussien coverin:vas a;;;o::iss:tly sigh (3) hoursg .
.

.

ths avests of this inci
iscludia a da:ailes covernst o' the transien and the a G i

p
-

*

*

.
;

taken by the cperators, and a refreshs:-

*

'. ing the operation of the s:ca.: ::tinia: sessi:n c:
sys:es. and feedvateN .

:,:ptu:e cc::::.
.

.

.

The ::af =in:'vas.przsan:ad :o all 1:* .

the epera-1.: shif: c:
the r.a: age:ie:~:Tind s:aff icval e:: inters and the

. . .-
.A/qi. s:sf.
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C. Svstem D scel7:fe' * *. .

. **
t .

*

,t - St eam and Teedvs:er ?a::u e -Con: s! Svstes
I * .

(
.

1. . .

1
-

., 1. Ceneral_
.

1* .
i

**-
.

Tha s:eas and f eedv s er ru;:ure c==::a1 syste-i (57?.::53 is as su:c=a::..
syste:'desi:;ned :s pic:sc: ag41:s: :he fall.svh; heitents:

*
*

Mais steam lhe. .q. gre; ci.;,...e:
. -z....a. _ . . . .

..

r, -
- ups::tas or devas::aas of -.<- .,

see.:= isola:iss Valie'' (:153*) . This c:ndhur., if alhved go
-

*- :
proceed, could rapidly blo,e d=vn both stea,

in a rapid F.CS cool d=v: ge:e:a: ors. resul.1 : !:* . . .

.

inse ion under cer:ais c=:e condi:1oss.and therafere s. rapii reae:ivity
*

.
.

..
.

. *.

.
, b. 2*.ais feedva:e: li:e ::;:ure. If en the s:ea . ., ;

se:e.ra::: side. . ..
of de feedva ar check valve this is app::=i= :aly :he sa:e I

'*

acciden: as de s:ca: 16 e ru. ::e; c: the feeduater side of,
- ';. the f eedva:e:

.
.

. feedva:er. c.hech valve this :esv.1:s 6 a to:a1 loss of.
,
.
-.

-
. . ..*

. . .*

.- *
c.

loss of all feedva:er. ."' tis (as well as de aieve in:idents)
, -

-

could resuh h boil 1== *sch stea.

ge: era:::s cry. If this
*

happens, there v=uld be no s:ca: ava11thle fe:
.

.
* *

.
. f~eedva:e: pu:;s to re=mve decay hea:. ru::h; auxiliar; -...

.

~ ~ .~ ~ ~ * * ~ ~ .- - - - - - - -

* *
d. Loss of I. rea::::- - - - -- -- --( ?. ? ) .- . -~his. .resuhs 'h losscoola: ;u=;s .

* *
.*

of reae:o cocla=:* .

f1=v and dere'ere au e111ary feetva:er i.s
... needed to e.s:ablish rea:::: c:ela=: natural circula:i= fice..

*

Tha 577.C5, upca hdica:i: . cf condi:icas a. b and c above vill isola:e..
- .

.' **

noth s:ca.c ::: era:::s (: lose d e =ah !eedva: :
-

{* line valves ind ::ip de turkhe) a:d :::: valves and rais s:cas.

i :te su::iliary Iesiva er
8 -

systa=.
Auxiliary f eedvater is 1 hhted to keep stems avai.laole for

be au: cilia:/ f eed pu=y tu:hhes and :o.re==ve decay ' heat(. - *

, coolan: syste:. f;c de ~ eac:or
be. gin a cool de. 1Cace this is .ac ==:lished, the ope: :::

;;

as orderly canne='. vill have th e to.

*
'

*

*1. Derite criteris_
. , ,

*
.. *

, . , ,- . *
=

The desi; cri:eria, fc he SI?.05 a:d the auxiliary feedva:e
.

s/s:es are a.s',iollo.s: *
...e.

_
-

. .. .
.

a. The sys:e= :::. . -

perfor= 1:s safe:y fune:icn af ter a sissle*

active failure has cecurred.,.

T. is wea:s tha: the s h;le.i
failure of 'a=y pcue supply, pump, turk h a, hs::::en or.3

._,costrol sys:e= lesh, chanzel vill no: preven: tha sys:es f :s*
=c=oving dacay heat fees the reac:o coolas sys:e:..

* . .*

" A ma'in ::e4= lise break ups::n= of de E.' or * **i:b.*' *

~
.

'dUsNe one s:tas generator.of the main feedvacer isolation valve vil-f*%C*#brc'ak de .stresT il ' ..Y
After :his eve:: bed aus at . .%,.s.D.:

. .
fac'd pd:ps and tur..ncs ,31'

.

"his c:sining s:ca= gent ::or . ah 05 - f.3C,-
r u -- bc .i t ned to :he res. ' - -

*

--e+steam eenersto;.
. . . . ~ , . . , . .- y..;. :..ly .- ".. ."**. . ..W..- systc=,$ 'to"c:ove the dec:y heag tec= the reae:or coolant

nas ac.cqu, e.capac'i
--

~: ... . ~

~ . . . ' . .s* ':i : W. g ~~.=

.

. . . e. .,.sc.r.P :y *. . . m ... .u
.: -. .

,,
C- .- *

. ~. . - . *. . .

.*
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.
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y ..
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.. -.

QYmi.:w w x.t
.M.n., A&#.wm. ++i.pe,.v~~m==.m.s.;e=.
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** 3. Tune:f e s1 te sc ristien (Kefer to inclosu:c: I anc 2):
t'

* i
, ; The,577.CS is divided f or redundsacy, div,ershy. sad :es::bilhy .

i ! in:o four logi: channels.. Lc:ic cha:nels 1 and 5 for: cha.n=1 1,
* *

.
*

| snd logic cha . .els 2 and 4 for: ch: nel 2.* In ene cahint: ene
i logic channel has a.n 4C pavar su; ply, de one a 00 supply:
. .

. .
. . . .

1.331: ?s

Channal Cabin e: '7ever sussiv.

.

: u;f .e.s . . I *~ ~r.-.,
. .. m.~

.
-

. . .

1
-

C57621
. . .

T1 (1207 AC)1* *

2 C5772 Y (12CV AC)
-

',

'

: 3 c5762A D1? (123v : )
- -

*

. I. C5792 022 (1237 DC)
,

. .

/* i Iach Icgic cha==e1 re=tives the f oll:ei=; h;uts whi:': vill ca'use
. .

- a . . . , . -4.p ... . .. . ..
. ,,

.r
a.- Six ;;essura svn:hes, :vs en eac . :th s:ez: 16 se: .t

', ' a5 6C0 psig de: aasi:: and c=s c: ca n = a h s :za.: 1.1= t .,.

; se: a:,653 psig dac: sash:..

.,
.

,

.
* b. . o =ah f eedvater ;:essurt diffc:::iial sv u n es, c s.

*
,

fc e.a 6 =21: feedvate 11:= (see h elesure 1 f:: sensh;. - *.

' . . -
. po hts) sa: a: 177 psid z:::.= e .e:at:: ;; essure h' her

- .ha =ais f eedva - ''- ;; essure.
.. ... .

.
*

c. Two level. ::ans=h:ers -ith bi.s: ables, one en each s:e*a=.'
. .

ge: era::: sa: a: 17" de::tasi:- level c: the s::::up. .

. . . - ra:se .
.

. . ...
. . .

*

.d.,, A es::a=: ft:: ?.?S pu:p ;:ver sessh: cir::h; c= :act-
- - - e?e s c: loss of a.11 h u: ?.:? ' s .-

.

.. *
. . . .

-

.

The 572 5 cabhe:s censis: basi = ally of a.n A* and a : ;=ver supply.
1:pu: buffers, 1=;1: ==dules, and su:pu: relays. The ou:;u: relays.

de-e:er-i:n to at:ca:e neu arsm' ia:ed equi;=t .:. They also tu:=
out a light c: the cabice: vhes i= tha ::1; ped s:2:e.

- *.* ' Iach 1:;ut to STRCS has a :es: svi:n and II:;h: so da: a ::17-

.
of that h ;u: ca: le hi:ia:ed f : :es .h purposes.

. .
.

.

The ouf;urs 'f ci the 57?.C5 are con a::s f::= the =u:;u: relays. -
.

*
. These contacts are 1: the co:::a1 ci :ui:s fo: the $77.03 actua:cd

,

a equi;: n. 2:ss: c==ronen:s tquire evo 57205 1c-i: ch:nnels to '..
-

. ;. trip :o actua:e. See helesure 2 !=: a listing cf =c::::ed ..
' e quip:.e::c .- - - *.

-
., .

. .
. .There is a block fea:cre associa:ed d:h de low s:ez: pressure.

. .

. . . ::1p. To preven: the sys:e f:c ac:uac h s on czold: c., each iccic
. ,ch:nnel.has. a " block" puchu::es on C57:1 cad on :hs $7?.03 c:bhet, .~.

' ' *

* . ., ,;;,;.,. k'han'sfeaFidessure goes beloe 550 psi: a block per issive lish:
. :. . *. S" -T ' 'i: received on C57:1 alen; vin an:vn:ia:or and c: ;uta; 41:::s.

. ..,.1.E:2. 5, .7:. ' t' hen the 'olock bu::.on is pushed, :he chann'el vill not ::ip on 1=v, -

"* %./ @' r"P"!s* Y ~* l- I'.e--i.:,E *"=iM ;ic.ssui5. And' a "25 $T!! LO".* ?T.!SS TT.I? 3CC'* 11:h: is aetus::d'-
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) The: is ess ect ble:h w.hich is u:ili:ed on coold:.-.
'

.
. -

.

If the| decay he:: sys:n suc: ion valves i:c: the its::or c=olas
..

.

/ (:W.11 :nd 12) are open this blod vill prevca: sys:c:
th: cpenis ofthe stc u inle: valves es :he sus:ili :y fend pump :urbi =s.

,,
, ,

,% - . prevents the 57105 f:== s:artin; the suniliary fest pu ps wh=nThis
all reactor coola.:y pumps a:e secu:ed on shu:c:.m.

-. aut===:ically rc=mved when the decay heat syste: This *alcek" is
4 =* is shu: de.n on'

s :a:=up. * *J -
.

4 Syste: toeid
.

.. . . . . - -
.

(
*.

.
-- .w .. . , . . . . . .,

j ', # a.
.

. .h .::=.,.:.|t*.-- . ..

The ecspesse of the 'a'ctuated co:pe:c=:s depe:fs c
. . . *

5

of trip: (refer to 7 closure 2) the type.
.

- . "
* 6

< * 1. C: Icv stes: .

pressure on ene "=af.a s:eas line. *no.h stea=
.

*' .
, genera:= s are iscla ed. 1* *

feed pu :s are aligned :s d e s:ca:addizi==. *:cth aus: ilia:y:'; 3
.

above 6CO psig. :::::ator . chic is.

.
. ..

.
,d: . I5 to:h s:ca

I" ge e t ::s a:e isola:ed a:4 no a" d">y f etiva: : generators go *mel=v 600 psi; *:s:h s:ta=
* -

, .

.

ici:ia:ed.- ' is, ..
. . . .

.

* * .

.I.f a y c her ::17 (such as lev s:ca:- ,

gest:a :: level). . .

ace ==panies a icv s.:ca: p: essure ::1;, de valves vill.

. .-
.

all pr.: Icv s:ta:

.- ~ ~- - .- ... - . . ._.. .
pressure : rip lo;it. -

. .*

?. . C: high feedva:e
.. . _ .

..

pressure differen:ial or icv s:eer ,,*

generats: level c: cas stez.= ;ent:att:, *ncth s:aa:
generato:s are isola:ed : d ea:a auniliary f asdv::e';
Fu=p is ali; d : . f eed it.s respective s .ta= :t==:a:o:

*

(1 to 1 and 2 :o 2). -
. -.

* . .

, 3. c: less of all f:ur :eacts; co:las:.

pu=;s, can au::iliaryf eedvater p.u ; is aligned to i:s :espse:1ve s:ca
ene:st::

-

"he stea: ::: era .o:s are ecc isols:ed. ,. *

. - r
*

'4.
C=,all of de a~oove even:s. :he turhise. is ::1pped *sy -

.

the 577. :.. ...
. s *.

.: b. The auxilia y feedvate: pu=p ::ve:::: c::::31 sv'i::h *: :he* * *

cos::a1 :ce: bus has 3 positic s:
--

.1 -

w . Au:~-Issen:ial (572CS)o . -
.

. :1c5, .

, P.anual.4. . *
.

# *. .
..

. n 1: the auto essen:ial posician. he aur.il'ar. feedv::e
*

*

is i= auto-esssa:ial level coc::al. In the ICS posi: ice..pu p .
-

. *

the auxiliary !c'edvs:e* ,"
. ICS; via ne Hand-Auto stacios.pu p is on level enstrol f =. the

1: 22nual. :he a.0:lliarf feed--.
.,.''.. ~~.*.v3ter pu=p is enn::elled by the operator vith the 7. ise-Lower~'
' - . '* '.ch.
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De 57?.05 s::::in;, of the au..ili ry f:eN::::e.
estically resst

once the ::1p c:ndi: en on :ne;=np;u: vill su:o-
s*

.

3:ome of the v:lves h=vever. vill *:e:urs :o th:
i is re:mve:

, ,

position un:11 opers:cd hdividually f:== the con::cl so:2 ori;inal -3
- .

.

s oev ::ip c.oncition occa:s.v or .f .

4 .

3. Sve -: es e ra :#ess

I .
. e **

.
.

. .

la order to unders:and the cpera:Lon of the 572.03 sys:e=. M isbes: :o follov 28.v8:iouS ys:e:s
The foll=i-i ; cases s-111 he censkered:ac: ices under several a :iden:

.
conditions.

* .
.

Suez = lise 7.upeurea. .
*

.
b. Teedva:e line P.up:ura .

. .

d
* *,

; Isss of 7eedvater ?:=psc. . . . .
**

.' .
* .., d. Loss of Tour Reactor : selas: ?u=ps

.
* * , -** * .

4 .. *

.
*; ,

. . .
*

Iselosures 1 a:d 1 should *se used as as aid :s : dars:andi: thi
.

I
, ;* .*

descrip:ics. All discussi==s.assu:e IC:::| #
.? cpera:h: at,s: art.

Oo=e acn-5??.CS actions a:e c== side:ei .= aid is u:de:s a:di:,; de
*

*

:::nsien:. *,
,

-. *
* -

.(1)
5:eas iine heture - Assu=a stem = line 1 shea:s de.-*.strea:

* .

og ns;V. 5:ea: .. {7: essure vill ::pidly d:c;.-

.- * ~a t . eice: I= cess ge.nera::: rea:hes =

* '.
vill ::1p, isela:h s both s:ca:6CC psis, all her 1 ;i: channels. .

,
I.. ;ene:c:crs. (See hel=sure 2 )for specifi: valves.) The us!V takes fiv* *

the ai: feedvarer isola: ton velve 15 se:y se:: ds to shut,
..

.
,

:nds. I::h s:ca: .
lines vill ;;:bably d:=p *oelev 600 psi;, derefsre, auxiliary

*

Iceiva:e 5.-111 n : scar:
to above 600 psi:. us:i1 _e e stem: ;eners::: .

. res= vers *

dest:1* sed h See:ima 3 above :s feed the s:ta: sentratorAuxiliary f ee: veer pu:pe vill slip as .
*

- .
*

that fits: recovers to
.

~he 577.:3 vill ::ip de :::line.600 psi;, vi:h had ac=111ary feed
'

pu':p s.
.

*

"'he re:::c vill *% . ::1p on lov ;;ess:Te,
.

* ~ . ,
. ,, , .. ,

tihen bo:h s:ea= ge:ers:ers,are above 600 psig
. -. -*

tien au:ess:ic' ally :ltars and the a::: spheric ven:the : rip condi-
.

.
f

say be used fer pressure c==::cl ecolds.s 1.f retched andvalves\
. provided'no othe,

::1ps are ,present...
* -

'

(2) Teedvat er te :tre Line - ics== feedv' e:
,

lhe 1 She2:5
. .

:::ta= of ::: les:va:e line che:h valve. 7eedvate. pecssure
' UP-

'E vill rapidly drop.
*

177 piig less th2: k~nen either feefva:e hatter d =;s to. . .* *
stet: r,anera:c*

isolate be:h s:ca: pressure. e.he 577.05 vill,*

gene:at :s and ali; de at::iliti/ feed .
,

,5 pu=ps to thei
respes:ive staan generator (1 to 1: 2 to 2). .

. m The reseto
::1p the turbine. vill ::1p on high pressure and he 171CS vill

34 *

*,
. ,

'

..
%:s' of Tour Icacter coolan:(3)'

. . .

?uess - If all f au:. . . ..
.

..e..E ,u=ps_ :17, the tu: tine vill ' e ::1p;ed by :he 577.05 and thel. . a reac:o coelan:.
.. f *.

*

. Teactor. pro:ection syste vill trip :he rest:or.. . _S. .r.
- . g * W:..' '.'- . . e.o tS til ini:is: auxilisey feed ater. The 5.,.CS.. .

,. .

isolat The :: as :;tnerato:s vill
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