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k. Introductien

Dunig tae s aliclaton of Syplom Based Emaigens s Oparating Poocedwies Ton VVER 440
unils of Koyloduy PP 2 number of caleulstions have hoen analyzed usnyg the RELAPS/MOGS 2
coanpoiel code One of them i lexk (rom secondary <ide 1n Lt of double -ended Steatm }one Brezh
(IC 433 mn) upsucam of BZOK RELAPS computer model wepresents Unit 4 at Kogleduy NPP
T umil w0 VVER 440230 piewsunzed water reacton (hat poduced 1375 MW thermal power
and pencrates 4490 MW ehecine power The YWER44D dev o sncludes wa coolant loops. cach anc
incjuding give mam coalant pump and one honzental slean seacatoe

Sieam Line Breuh event 1z characienzed by rapid decteasng of pressure i the imled Sicam
Generated and w the Man Steam Headers Other symptoms wiclude decreawng ol waler level inthe
faled SG and decieasmg of primary system lemperitoie and pressore Afier o while pomary
pressare will redch the set pomnt for HPLS aciwation, which ot automatcally A o mesull of thae
prima y sde essne incresses while the coslat emperaue decicases samdly Inthis siluabon the
rnasimm challenged Crucal Salery Funcnon s pimiany ~ude Intepginy

Tu analy e the S1eam Line Break cvent for Y VERAUVY2ZI the 1dlowing acceplance
rriteria are nsed:
o Sale and steudy linal saie
o Pievaiie Temperaiare relaton must rematn on D feln sde of the P-T b
«  Temperaure decieasans i aill BCS cold legs owast ieman less than &0"C i the last 60
nunues
1. Methndy

The avaly s oo 1he ~econdary {eahs wo~ perlmned ey RELAPSMOD 2 computes vode
The gt mode] 1 propaned do0 analyzing ol the S1eam Lt Bieak cvent Operaton actions aie
mickled oo the Taae ol Techmed] Docomentanen and experence ol (e uperators Al thes e
peceswt 1ol e detcinnme the cesetves ol ome and paiclne ot al parameters that the
e A0 B Ao the sospersien ol oL cetan seoilen
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L g ',;Ll:'u.u FERC R H‘ql'l'lpll'll'i'l o atlable 1 oa (NEERNI NI ul E|'|I1.:.:||n LY TP | SIS
Pine Break o was taben dicram oo culeulatmos oie Bk vcaton shippdas i caomdopons b g
v Nl opciating pressae ond onperatoee 1o thal 1 reacBon oo sabonbical amed fies obec s By at
wossamied 1 the S1LE acendent Begins gt Jull il s s poomtany ancnags fonipeidiuee and
pressane woll pnbabby decreaae rapediy boae aber ot the dueas weat pomweiatod ol e
armedediely will e Lo 1estene Uhe pronat y (omreraiode i pae ssne

A g bounding Concligm i owas alsg assiined Uhal the aoner evel i all 50e < nnmmal -
202 bthes way thee s oo decumubated bl in secoisday side

L el Deseriplion

T~ sectpm comtame & desonpion of the expected plam 1o spanse wed posdolaied Swcam L
Bicah acerdemt and (he schons manual god ademane which mas ovew dwng (he egovery A
doubile cuded gullanne break (1D 437 omd upascam of the BZOK & evumed 19 b e maling
crenl I swcuns when the plant poser i " reae’ B the prmany pressane dmd wmpeiaine g
wonminal E s asoined that the ek oo the 3G 81 bos For Linge Seconday Break anomimediane
pressune decieaang i faulied ~ieant bioe and man seam hesdos (MSHS) ocoas Tressune i the
SSH« 1eaches the e poant 33 hgl/em™ o appoaanch 20 d scvoids wloch tesolis m o bme
wpn Thes yeedds o Beacton SCRAM aler dosng Twibine Sop Vaboe {153¥0 ol the sl woihing
twriune Av o comcidence of wupid secondiny presane deveasng thee n decicaang nl avgrage
conhimt wempeenne m poamary side and promany presanie decicasing. Due 1o SG pressure Sigrial
P, < 35 Lgmnf - there v actuaiion of BZOK cloung the laulicd 3G » nolled hom deedwaiem
e and the MOP on damaged lagp swiiches oll The fow pomany ssde pressuie signal o8 the signal
Ten low Pressuoect wates level aciuates the safely mipecnion systenm

In the boammng of the tansacotl an uncoabolled presse deceasing o the faulied 5G could
be obrerved and this 3G s completely depressunzed The alher sympioms include decigaang of
water level in the faulted steam generator and an mtlly dewicasing of promas pressure and
wmperature A rapid exilensave cogldown of pnimary ~ystem ozewis The heat transfer 1o Lthe taulled
sigam penerar will be ieduced and primary syslem coaldown wall be reduced too ax the phimary
wvstein iemperaime dieps This isend will conlinug 1o the point where the pnmary coolant shninkage
foaed by the cooldown) v avercome due to work o HPIS Acwanon HPP. tesuli wr promary
[e-ae ere ang and pressurizer water level resionauon

1V, Scenaria

The Following scenand has beel preparcd sl the pantoapaton of e Jeading sppecndne:
hiom Koezloduy NPP i supportmg of Sympiom Based Emer gency Opmanng Procedug e

(T TETRN TS

11 Powel 0% hot shutdown condoms Mo decay hoat dhol shadoan jeacun shadown
condiiois dl ponmal operaung pressare and @mpratne) Minnnal pessunser water level of 4 %)
w {nmmum gocumulated hedt inponery wde)

12 Allthree Safety sysiems are available

17 Operaten donot inietact dunng the aosgdent Reacios Syt pesgnomd sorliom e aie
el

14 10 sssomed thal the 3Gy weaten level i 202 0 %00 pulatons (VA T3 002 i dutamans
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I Sehedole o bt amd vpecner dclions

.1 By vcaching aoser poam bow seater fevel m Gudied $C - 202 w0 e Bmergency
Peedhwuler pognpy staets oo inject in 300 1o this case the Energeny s foedwales punip stirs faom the
P gmimnng of transicns,

1.2 I sccordinee ke the signal Py, < 35 k:;l]h.'m: the MO ol the daanaged SG switches of .
This sipnal alse isolates e divmaged 55 Fromn Feod Waer Line (WL By clising VE-1Y wulve and
foonn the Man Steam Header (MSH) by clasing BZOK il isolamy valve P-1. The isolating vidve
P- | duphicates the Tunction of BZOX. The Emergency Teedwater line is isolated aiter reaching ihis
sighal, oo .

LL3. By renching Pug g > 002 kolfeme in 500 box start an injecton of sprinkler sysiem,

(1.4, In wcoordance w the signals Py < 100 k;__rfﬂ.'m! all 1essurirer heaters are swilched on
awomatically. Aher decreasing of water level in Presawrizer with 3.2 o Voo nonvinal water Jevel of
52 mall Pressurizer healers are switched ofT autonically.

115, In accondance 1o the signals Py < 103 kglfan or decreaming of water level in Pressurizer
with 3.2 from the naminal water level off 5.2 moure switched on all three High Pressure Pumips
{HPP). Temperature of delivered emerzency waler wae assimned (o be mindmal 55 "C,

¥, Resulis

The cadculated sequence af evemis Tor “Integriny™ investiguuion i presented in Tuble 1.

Table 1.

[ Event i Time, 5

! Doute-ended Steam Line Break of sieam Jine #) LAY
MOCP #1 ix tripped T
BZOK al faulted SG # cioses 119
Isoiation of feed water to SG 21 l49
Minimum Pressurizer Waler Level — 2.0m L 194.6
Starting of all three HPPs ; 1946
Stabilization of primary circuil pressurct al 3.3 MPa | 3300
Dryout of 5G #1 (8G water Jevel 3om ) | 2840

The mast imponant purameler behuviar i< shewn in Figuee | through & The caleulimion was
pevtormed op 1a 2000 % inlg Lhe transienl lime,
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Fig 5. Fiz. b

Rewctor sysien i subendical al bt conditions. Core ead wemperione For bot conditions was
meepied 3360 K,

Should astcam line break appear, MCP #1 is tripped a0 4.9 sec, dug o the signals Psg < 35
kpifome. Buc 1o ihe same signal the damaged BG iy isohied from Feed Wuer Line {(FWL) by
closing VP-13 valve ang from the Main Steam Header LIM3H) by closing BZOK and asolating valve
P.1. The isolaung valve duplicales the function of BZOK.

The important cy=tem paraneler repd for thi< bresk woan uneontrolled pressure decressing
i faulled 3G and this SO ix complelely depressurized to the 5G box pressure. After increasing 8G
box pressiure with 0.2 kgffem® stans sprinkler system - the event comes afler 1.0 sec. The behavior
ol faulied 3G pressure s presented m Figure 1) The olber symploms inclode decreasing sieam
eenernor water level of lwlied 3G (presencd in Fieare 50 and initially decreasing primary
piessure {presemed o Figure 1) and 1empersture (presented o Figure 4.3 A pid, exlensive
peEmary system conldown accurs aihe beginming of transient. Privaary wo sevondary heal icansfer s
presentes] in Figure 2 The primary sysiem cosldewn e and The heat iransfer to the sieam
sencrter laulied $G) e redueedd afler Nic BO00 sec. due we almest devout of Tavlied 5G and
diereang of primary sysient emperatune. Hea transler oy Taalued SO deops v §22 MW alter dryow
of SG# hekow 7 om at 16 sev. Maximum bear wansfer 1542 MW from pimary 10 seconduary
side 1 Fanlied S5G was reached it 15.0 see. {see Figore 3.0,

Bohavior of cold and hot leg liguid 1emperatone i presented in Figuee 4. Afer 440 zac,
izl 50w stan to heat primury side. This trend continges too 3300 see. when primary system
temperiture becomes again woee than secondary lemperowe o the mewl SGx. Pnrn.nry conlant i
Beaed by Pressorizer healers Al nwcreasing ol p-rct.t.un, meae i 124 I;UI.I"I:m only 5 & & group
Bouners Cworking Deitersh conlinue 10 Wk,

The stcaun genenntor blowdown is wlmoest compbewed o SE0 see. Ader thad nine mosdnly the
HEPPs and the feehwaten low e U other S8 contiol Torihwr coctldoo noof peimary systeme. Afler
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HIWE s Lot farewe comebdows ol gl s sosdena as kgl genlpolbel b ilwe 1P deed s,
o o e ol 560 aned Piessanirser beareds

Combpanvson ol pressune i oy ot sevenebare side as b g |

g the whole tnasaent o tere s everwe Cowe e Theoughe Bnilied = capsed by
stk ol other tive (CP

Ml bk Thos vate s peeseniod o Figme b Steane Blsesalowen Doan ~teane o asamms
e tan 1 03 ksl ghe moment of breab opempg amd cdecesses Tinee wy ool s presenicd in
Figwre 2 Upsiresunt vondd Tragtion ol brouk is sgual oo [ durmg the entie tiansae ol T ¢aiep te
b val of e beoween 1LE sec soned 240 o0 when apetrean sond Tenedron i hetwedn 9H5 angd 1,1,
The Ve cischarge woelficiemts ot te break me ssuneed o bes LA TO The break thow rie from
M Steann Header stele 15 reduced wr b3 kgdoalter 0 due fooclosang of BZOK The musimuin
ek tlota pane ol BO3 kads fiom 56 ade wos aeached an | e and the masmnm beuk fhow e
of AV hefs fronm MEH sidde was veached at 172w

Frzwee 6. presems the befinoor of Prewsaner waer level The Pressoriger waten eyl wis
aomed o be 4 9 mom hot conditions wstead of 5 2 a0 s nennnal, The Make uposoaem docsa 'l
weirrh. PP start 10 wonk inosappont of bow ool i prossanger afer reaclone 2.0 v V893 & oaeo
o ahe Dot 1946 wee the Tast decreising ol Pressunser waen level conoes due 1o conddionn of
poman g side il o Causes primaey spstem wae olune shoekage, when the pesane doops
capd Iy The peasom of ekeasing e Prescsanegr soter evel alien the fiust 20000 e come from
npestem ol HPPs iprimiiny system,

VI. Conclusions

The caleulaion shows thal with vommom esoices and without operat actions the
cosdoiown rue is in accepiable margin, The veactor system pasumeiers ane et in e dange pos, anca
vorresponding (a cold aver pressurizalion. .

The maain conclusion lor this calcofation is thal the slely systems are efieclive lor an
alomatie plant recovery,

The analyses have been possible theweh the pgicipateon of leading specialises from
Kusloluy NPP and with assistance of e Ulwaed Sties Department <) Enerey (USDOE) - Contract
Mo | 503,07 2004,
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