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In rlus papa an piesented tlte icsidts <// theimiil Inditiidic iiniih ws c// Steam Line 
Hi i ok (SLB) (i(( idciii m snppoiiim; <>/ Ssmpioin liased I mi i i;cnc ^ Opeialun; Pun t dines 
///is kind of minis s<'s cue designed to pio\ ule die lespiinsi <// nioinloied plant paiaim lei s 
to idenlif\ \\inpUim\ a\adahle to the opeiatoi \ timim; of the loss of miaul \atit\ 
filiations and tuninv, of opeiatoi actions to as old tin low oj aitual sajets functions 01 
cow damage RLLAPVMODl 2 computet code has In in used to simulate the SLB 
in c idem in a VVLR440 NPP model This model \\ us de\ eloped at the Institute foi Nuc lem 
Resecuih and Niuleai Li/en's foi iinalwi s of ope laliomil m i in i< mes ahnoi mal e\enls 
and di sign basis steinuios 7 lie model pi oxides a si^m/it ant tinalstit al t apahihts foi the 
spec icilists u oikint; m the field ol NPP safets 

I. Introduction 

Dunng the validation ol Symptom Based Emeigeiu\ Opeiating Pioceduies loi VVER 440 
units at Ko/loduy NPP a numbei ol calculations have been analyzed using the RELAP5/MOD3 2 
tomputei code One of them is leak fiom secondary side in case ot double-ended Sleam .Line Break 
(ID 413 mm) upstieam of BZOK RELAP5 compute! model icpresents Unit 4 at Kozloduy NPP 
This unit is a VVER 440/V230 piessurized water reactoi that pioduced 1375 MW thermal power 
and generates 440 MW electric power The VVER440 design includes six coolant loops, each one 
including one main coolant pump and one horizontal steam geneiator 

Steam Line Break esent is characterized by rapid decieasing ot pressure in the tailed Steam 
Geneiatoi and in the Main Steam Headers Other symptoms include decreasing ot watei level in the 
failed SG and decieasing of primary system tempeiatuie and piessure After a while pnmary 
piessure will teach the set point for HPIS actuation, which staits automatically As a resull of this 
primaiy side piessuie increases while the coolant tempeiatuie deueases uipidly In this situation the 
maximum challenged Ci meal Safety Function is primaiy side In'.cginy 

To analyze the Steam Line Break event for VVER440/V230 the following acceptance 
criteria are used: 

• Sate and steady final state 
• Piessuie Temperature relation must remain on the led side ot the P-T limit 
• Tempeiature decieasing in all RCS cold legs must icmain less than 60 C in the last 60 

minutes 
II. Methods 

The analysis ol the sccondaiy leaks was pciloimed using RELAPVMOD3 2 computei code 
The input model is picpaicd loi analyzing ol the Steam Line IJieak event Opeiatoi actions aie 
modeled on the base ol Technical Documentation and evpenencc ot the opeiatois All this î  
ncccssais, in oulci to deteinunc the leseises ol tune and paiticulai uidcal paiameteis thai the 
opeiatoi has duiin» (IK suspension ol a ceitain accident 
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Mithodolos-'N loi validation and \enlitalion ol SB lOI 's IU|UIKS ihc IIUM M.SU m/iiil 
conditions lo be chosen I his ensuies the possibilits loi ssulu application ol acciiain pioccduic in 
c 'si ^ he n a ceitain ssmptom is available loi investigation ol Intcgiitv ( SI in i ist ol Sic.mi 
1 IIK Bieak it \s as laken decision to urn calculations on hoi n.ai.101 shutdos\n conditions bui at 
noimal opeiadng piessuie and (cnipeialuie It means that (lit icactoi is suhciMtc.il and no deca\ heat 
\sas assumed If ihc SLB accidcnl begins at lull initial powei tin. piimatv avuagc (cmpcialuic and 
piessuie will ifiiticill\ decrease lapidly bill atlei ih.it the dcca\ heal gcnciatcd in tin. coit 
immcdiaielv will begin lo icstoic ihc pnmaiy tempeiatuie and piessuie 

As a bounding condition il was also assumed thai the waiei lesel in all SGs is minimal -
2 02 in hi this way ihcie is minimum accumulated heat in sctondai\ side 

III. E>ent Description 

This section contains a dcsuipiion ol ihc expected plani Rspouse lo a postulated Sleam Line 
Bieak accident and the actions manual and automatic which may occui dunng the tecoveiy A 
double ended guillotine break (ID 433 mm) upstieam ol the BZOK is assumed to be the initialing 
esent It occuis when the plani powei is ' / c i o ' but the pnmaiy piessuie and tempeiatuie aie 
nominal II is assumed thai ihe bieak is in the SG #1 box Foi Laige Secondaiy Bieak an immediate 
piessuie decieasing in taulied steam line and mam steam headeis (MSHs) occuis Piessuie in the 
MSHs icaches the set point 39 kgl/cm" in appicmmatelv 2 4 seconds which lesults in tin bine 
tups This yields a Rcacioi SCRAM aftei closing Tuibmc Slop Valse (TSV) ol ilv last woikmg 
luibme As a coincidence of lapid sccond.iiy piessuie decieasing theic is decieasing1 ol avciage 
coolant tempeiatuie in pnmary side and pnmaiy prcssuic decicasmg Due to SG piessure signal 
Psc, < 35 kgl/cm - there is actuation of BZOK closing the laulicd SG is isolated horn feedwatei 
line and the MCP on damaged loop switches oil The low pnmaiy side piessuie signal oi the signal 
lot low Piessunzei watei level actuates the safety m|eciion systems 

In the beginning ot the tiansient an uncontiolled piessuie decreasing in the faulted SG could 
be observed and this SG is completely depressurized The othei symptoms include decieasing of 
watei level in the faulted steam generator and an initially decieasing of pnmais pressure and 
temperature A rapid extensive cooldown of primary system occuis The heal iransfei to the faulted 
steam generatoi will be leduced and primary system cooldown will be reduced too as the pnmaiy 
system temperatuie diops This tiend will continue to the point wheie the primary coolant shrtnkage 
(caused by the cooldown) is overcome due to woik of HPIS Actuation HPPs lesults in pnmarv 
piessuie increasing and pressunzer water level restoiation 

IV. Scenario 

The following scenario has been prepared with the paiticipaiion ol the leading specialist1 

horn Kozloduy NPP in supporting of Symptom Based Emeigentv Opciating Pioceduies 

I Initial status 
I I Powei 0 0% hot shutdown conditions No decay heat (hot shutdown leactoi shutdown 

conditions at noimal operating pressure and tempeiatuie) Minimal piessunzei watei level of 4 90 
m (minimum accumulated heat in pnmary side) 

I 2 All three Safety systems are available 
I 3 Opeiatoi do not mteiact dunng the accident Reactoi S\stems lespond without opeiatoi 

actions 
14 II is assumed that the SGs watei level is 2 02 m SG icgulaiois (VA 13) aie in automatic 

lemme 
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II. Schedule ol automatic and opeiatoi actions 
II. I. By reaching a set point low watei level in faulted SG - 2.02 m ihc Emergency 

feedwalei pump starts lo inject in SG. In this case the Ijnergeiu v Iccdvvatei pump starts from the 
beginning of transient. 

11.2. In accordance to the signal PS(; < 35 kgl/enr ihc MCP ol the damaged SG switches off. 
This signal also isolates the damaged SG from Feed Water Line i l :W|.) by closing VP-13 valve and 
from the Main Steam Header (MSH) by closing BZOK and isolating valve P-l . The isolating valve 
P-l duplicates the function of BZOK. The Emergency feedwater line is isolated after reaching this 
signal, too. 

11.3. By reaching P.sGhm > 0.2 kgf/cnr in SG box starts an injection of sprinkler system. 
11.4. In accordance to the signals P| < 120 kgf/cnr all Pressurizer heaters arc switched on 

automatically. After decreasing of water level in Pressurizer with 3.2 in from nominal water level of 
5.2 m all Pressurizer heaters are switched off automatically. 

11.5. In accordance to the signals Pi < 105 kgf/cnr or decieasing of water level in Pressurizer 
with 3.2 from the nominal water level of 5.2 m arc switched on all three High Pressure Pumps 
(HPPs). Temperature of delivered emergency water was assumed to be minimal 55 "C. 

V. Results 

The calculated sequence of events for "Integrity"' investigation is presented in Table I.: 

Table 1. 
Event 
Double-ended Steam Line Break of steam line #1 
MCP#I is tripped 
BZOK at faulted SG #1 closes 
Isolation of feed water to SG #1 
Minimum Pressurizer Water Level - 2.0 m 
Starting of all three HPPs 
Stabilization of primary circuit piessure at 13.3 MPa 
Dryout of SG #1 (SG water level 3 cm.) 

Time, s 
().() 
4.9 
4.9 
4.9 
194.6 
194.6 
350.0 
2000.0 

The most important parameter behavior is shown in Figure 1 through 6 The calculation was 
performed up to 2000 s into the transient time. 
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Fit;. 3 

1000 0 1500 0 

h;:. 4 

Pii- ,«.unzor Water Level i 

5 ,0 

Fiii. 6 

Reactor system is subcritical at hot conditions. Core exit temperature for hot conditions was 
accepted 536.0 K. 

Should a steam line break appear. M C P #1 is nipped at 4.9 sec. due to the signals Psr, < 35 
kgf /cnr . Due to the same signal the damaged SG is isolated from Feed Water Line (FWL) by 
closing VP-13 valve and f rom the Main Steam Header (MSH) by closing BZOK and isolating valve 
P- l . The isolating valve duplicates the function of B Z O K . 

The important system parameter trend for this break is an uncontrolled pressure decreasing 
in faulted SG and this SG is completely depressurized to the SG box pressure. After increasing SG 
box pressure with 0.2 kg f /cnr starts sprinkler system - the event comes after 1.0 sec. The behavior 
of faulted SG pressure is presented in Figure 1. The other symptoms include decreasing steam 
generator water level of faulted SG (presented in Figure 5.) and init ial ly decreasing primary 
pressure (presented in Figure 1.) and temperature (presented in Figure 4.). A rapid, extensive 
primary system cooldown occurs at the beginning of transient. Primary to secondary heat transfer is 
presented in Figure 3. The primary system cooldown rate and the heat transfer to the steam 
generator (faulted SG) are reduced after first 800.0 sec. due to almost dryout of faulted SG and 
decreasing of primary system temperature. Heal transfer in faulted SG drops to 1.2 M W after dryout 
of SG#1 below 7 cm at 1600 sec. M a x i m u m heat transfer 154.2 M W from primary to secondary 
side in faulted SG was reached at 75.0 sec. (see Figure 3.). 

Behavior of cold and hot leg l iquid temperature is presented in Figure 4. After 44.0 sec. 
intact SGs start to heat primary side. This trend continues to 830:0 sec. when primary system 
temperature becomes again more than secondary temperature in the intact SGs. Primary coolant is 
heated by Pressurizer heaters Aftei increasing of pressure mote than 126 kgf /cnr only 5 & 6 group 
healers (working heaters) continue to work. 

The sleam generaioi b lowdown is almost completed in 400 sec. After that time mainly the 
HPPs and the leeclvvalei flow to the other SGs control furlhei cooldown of primary system. After 
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SOO sei 11.II is lent lime cooldown ol the pnm.ii v wstein is lol.illv con! lolled bv tin' HPPs leedvvatei 
Now in the oilici SGs diid Picssuii/ei lieaieis 

( onipai ison ol piessuie in piimai v and secoiidai v side is show n in I iguie I 

Dunng the whole transient time iheie is .1 icvcise flow late thiough laulied SG caused by 
woik ol oihei live MCPs 

flic bieak How rate is piescnted in 1-igine 2 Steam blow down horn steam line amounts 
moie than 1 400 kg/s at the moment of break opening and decieascs latei on as it is piesenlcd in 
1-iguie 2 Upstream void fraction ol break is equal to 1.0 during the entire tiansieni time except the 
inteival of tune between 1.5 sec and 12.0 sec when upstream void fraction is between 0.965 and 1.0. 
The flow discharge coefficients at the break aie assumed to be: 1.0. I 0 The break How rate from 
Mam Steam Header side is reduced to 0.0 kg/s alter 20 sec due lo closing of BZOK The maximum 
bieak I loss rale ol 805 kg/s fiom SG side was icached at I 4o sec and the maximum bieak flow rate 
ol 614 kg/s fiom MSH side was reached at I 72 see 

Figure 6. presents the behavior of Pressun/ei svaiei level The Pressurize! watei level was 
assumed to be 4 9 in in hot conditions instead of 5 2 m as in nominal. The Make up system doesn't 
work. HPPs start to work in support of low level in piessunzer after reaching 2.0 in at 194 6 sec. 
Foi the fust 194 6 sec the fast decreasing of Piessun/ei watei level comes due to cooldown of 
pnniaiv side and it causes primary system svaiei volume shiinkage. when the piessuie drops 
lapicllv The icason ol incieusmg the Piessun/ei watei level afict the fiist 200 0 sec conies I mm 
injection ol HPPs in primary system. 

VI. Conclusions 
The calculation shows that with minimum icsouiccs and without operatoi actions the 

cooldown rate is in acceptable margin. The reactor system parameters are not in the dangerous area 
corresponding to cold over pressurization. 

The main conclusion for this calculation is that the safety systems are effective for an 
automatic plant recovery. 

This analysis have been possible through the paiticipation of leading specialists from 
Kozloduy NPP and with assistance of the United States Department ot Energy (USDOE) - Contract 
No 15/03.07.2000. 
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