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C. Basso (ENEA-Dipartimento Reattori Termici, Roma) 

INSEGNAMENTI EMERGENTI DALLA ESPERIENZA D'ESERCIZIO PER LA 
PROGETTAZIONE DELLE FUTURE CENTRALI NUCLEARI 

/tàusurto-L'ampia e dettagliata documentazione esistente od campo della esperienza 
d'esercizio deOe centrali nucleari USA consente di valutare su basi statistiche quali sono 
l'affidabilità e la disponibilità reali dei componenti e degli impianti. 
Tuttavia la interconnessione dei componenti meccanici, elettrici, chimici, strutturali, etc., 
in un unico complesso funzionale fa si che i guasti in frequenti casi non sono attribuibili ad 
uno specifico componente, in quanto derivano da cause generali aventi orìgine nella im
perfetta progettazione d'assieme della centrale. 
Conseguentemente l'accertamento della affidabilità dei singoli componenti fornisce un 
dato preliminare di riferimento per valutare la sicurezza deUa centrale nel suo complesso e 
per guidare le azioni tendenti a migliorare la sua disponibilità operativa. La conferma o 
non della validità di questo riferimento preliminare può essere ottenuta soltanto con l'ana
lisi dri dati di guasto eseguiu a Hvetmdtiiistema interconnesso, u q ^ 
re alle cause più remote e quindi ai veri punti deboli del progetto. 
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G. Basso (ENEA-Dipartimento Reattori Termici, Roma) 

LESSONS LEARNED FROM OPERATING EXPERIENCE CAN IMPROVE FUTU
RE LIGHT WATER REACTOR DESIGN 

Summary- The abundant and detailed documentation already existing in the field of opera
ting ixperkme of U.S.A. nuclear plants «flows us to evaluate on a statistical basis the real 
reliability and availability of specific classes of components and systems. 
However the multiple connections of mechanical, electrical, electronic, chemical, structu
ral components, which interact each other in many different modes and constitute indeed 
a single functional complex, make the causal linkage of failures and abnormal occurrences 
to individual components in some extent arbitrary. In fact many failures and abnormal oc
currences originate from generic problems and design deficiencies which do not pertain to 
the effected components. As a consequence of this, the verification of component realiabi-
lity may be considered a preliminary step m the process of assessing the safety level of a 
nuclear plant or improving its operating availability. Further analysis of failure data in the 
context of the overall interconnected plant are required for bringing to light the real, re
mote causes. 

ENEART/D1SP(S3H 

G. Petrangdi, A. Valeri (ENEA-Diiezione Sicurezza Nucleare e Protezione Sanitaria, Ro
ma) 

PROBABILISTIC RISK ASSESSMENT (PRA) ON THE EFFECTIVENESS OF A CO
RE RESCUE SYSTEM (SSN) FOR PWRs 

Riassunto-Sono stati recentemente studiati sistemi di sicurezza per la prevenzione di gravi 
danni al nocciolo di reattori ad acqua leggera, basali sulla depressurizzazione automatica 
del primario e su iniezione di acqua borala mediante accumulatori a bassa pressione. 
Questi sistemi sono siati chiamati "Sistemi di Salvataggio del Nocciolo" (SSN). 
Lo studio qui presentato valuta lo riduzione nella probabilità di fusione del nocciolo pro
vocata dalla installazione di un sistema SSN sul reattore ad acqua pressurizzata studiala 
nel Reactor Safety Study, WASH 1400 (Surry I). 
Il risultato calcolato i una riduzione della probabilità di fusione pari a un fattore di circa 
250. Se si tiene conto dell'effetto di possibili eventi incogniti di origine estema o intema 
all'impianto, di probabilità piccola benché non conosciuta, si conclude che un sistema 
SSN può rendere un impianto almeno dieci volte più' sicuro. 
E' allegata al rapporto la prima parte (commenti generali ) di una revisione dello studio 
eseguila dal Prof. N.C. Rasmussen del MIT (Massachussets Institute of Technology). 
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G. Petrangeli, A. Valeri (ENEA-Dirczione Sicurezza Nucleare e Protezione Sanitaria, Ro
ma) 

PROBABILISTIC RISK ASSESSMENT (PRA) ON THE EFFECTIVENESS OF A CO
RE RESCUE SYSTEM (SSN) FOR PWRs 

Summary-Safety systems for the prevention of LWR core severe damage have recently 
been nudità, which are based on automatic primary system depressurization and on bora-
ted water injection by low pressure accumulators. 
These systems have been named Core Rescue Systems (SSN). 
The present study evaluates the reduction in core melt probability brought about by the in
stallation of a SSN system on the RSS (WASH 1400) PWR plani (Surry I). 
The calculated result is a core melt probability reduction factor of about 250. 
Taking into account the possible effect of external or internal unknown events of negligi
ble, yet undefined, probability it is concluded that a SSN system can make a plant ten ti
mes safer. 
The first part of a review report by Prof. N.C. Rasmussen, MIT, dealing with general 
comments, is attached. 
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1. 

1 - Purpose of this report 

Ref .1 describes the conceptual features of a proposed safe

ty system for PWR , which has been named SSN after the acro

nym of the italian words for "Core Rescue System". 

The following chapter 2 gives a summary description of the 

same system. 

The purpose of this report is to make a first assessment of 

the overall risk reduction potential of SSN. 



3. 

2 - Summary description of SSN and comments on its main cha

racteristics 

The main components and functions of the system are: 

- a depressurization line and valves attached to the top of 

the pressurizer; their function is to perform automatic 

or manual emergency depre.ssurization of the primary sy

stem; 

- an additional set of passive low pressure (18 atm) injec

tion accumulators whose function is to assure long term 

core cooling^ 

- a direct-contact condenser (emergency condenser) which ser-

ves the triple function of: condensing the liquid dischar

ged by the depressurization line, dissipating heat to the 

environment and provindir.g an additional reserve of borated 

water for possible long term recirculation injection into 

the primary system through pumps. 

A gravity (or pressure) driver, spray system assures coo

ling of the emergency condenser wall. (Besides the concep

tual solutions shown in Ref. 1, others can be taken into 

consideration. For example, in order to save spray water, 

the emergency condenser tank could be located in a nor

mally ary pool; spray water would so collect in the pool, 

submerging after some time the condenser itself). 

- Depressurization valves actuation circuits: 

- sensors and logics for actuation on high core exit tempe

rature or low-low vessel water level signals; 

- actuation circuits on "failed scram" signal (which would 

compare the presence of a scram signal at the entrance 

of the scram breakers with the neutron flux signal from 

the nuclear instrumentation: in case of presence of both 
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a scram signal and of a significant neutron flux signal, 

the circuits would actuate depressurization. 

The main objectives of SSN are: 

- to detect directly core overheating and unwanted critica-

lity conditions; 

- to provide for essentially passive core nuclear shutdown and 

cooling for many hours after and accident (at leat 10 

hours for almost all initiating events, inclunding S2 breaks; 

comparatively lower protection time for larger breaks see 

Appendix A, chapter- 1-3); core nuclear shutdown is assured 

by void formation following decressurization and, subse

quently by accunulator water injection. Core cooling id 

assured by core submersion and pool boiling. Steam genera

tor and power conversion system fur.ctior.ability ir- r<.••' nee

ded; during the above mentioned protection times, no ele-

tric power is needed either, except for the instrumenta

tion and for the actuation of the cepressurization and of 

the condenser spray valves. 

The depressur.'latior. line diameter has been set equal to 6" 

in order to take care of /'TWS situations and of uncertain

ties. Furthsr confirmation of this and of other preliminary 

design parameters is presently been performed using refined 

calculation mcdels. 

A time delay of 100 • 200 sec in the depressurization actua

tion seems advisable in order to allow operator intervention 

in cases cf clearly spuriuos actuation signsls. 

Because SSN offers a relatively long period of automatic co

re protection, consideration of repair inteventions and of 

"juri rigging" actions during this period cf time is warran

ted. 
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Moreover SSN allows use of both high pressure and of low 

pressure water injection means because of its depressuriza-

tion function. 

The emergency condeser provides a safe and investment-protec

ting means for disposing of primary safety/relief valves quench 

tank overflow and of secondary safety/relief valves dischar

ge. 

In those countries where an automatic core cooling system 

is required for sabotage protection, SSN may provide a par

ticularly tamper-proof solution. 
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3 - Design assumptions made in the analysis 

Besides the general SSN characteristic listed in Ref. 1, the 

following further assumptions have here been made. 

The number of accumulators has initially been set equal to 

12:6 at hifLh (40 atm) and 6 at low (15 atm) pressure. 

Analysis results (,see Appendix A) have shown that 6 accumu

lators are adequate (1 for each loop and for each pressure). 

The number of depressurization valves has initially been set 

equal to 3, 2 of them assuring the 6" equivalent flow area. 

Here again analysis has shown that 2 or more valves without 

redundancy is an adequate solution. 

It has been assumed that a low flow-rate recirculation line 

and pumps be provided from the emergency condenser to the 

primary system, having a reliability comparable to an usual 

LPRS (see symbols at the end of the report). 

RWST refill with borated water in the long term has been con

sidered possible, provided electric power is available. 

Connections for emergency water injection into the primary 

system form outside the plant have been assumed available 

(see Appendix A, chaoter 1.5). 
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4 - Analysis method 

Although the plant likely to be proposed for construction 

in Italy should use a Westinghouse 312, 3 loop reactor,this 

analysis has been performed for the WASH 1400 PWR, ideally 

supposed as provided with a SSN system. 

The 78 WASH 1400 "dominant sequences" for PWRs have been con

sidered. For the most significant among them, 12 in number, 

a quantitative evaluation has been performed of the core melt 

probability reduction due to SSN. 

For the V sequence it has been found that SSN affects a chan

ge of the consequences from release Category PWR2 to relea

se Category PWR 8 or 9. 

As the core melt probability reduction factor has resulted 

high for any examined sequence and taking into account the 

mentioned SSN effect on the V sequence, it is concluded that 

the reduction factor calculated for core melt probability 

applies to overall plant risk as well. 

It has to be noted that, besides the quantitative evaluation 

of the 12 above mentioned sequences, a qualitative assessment 

has been performed on the remaining 78-12 = 66 dominant se

quences in order to check that for them too a probability 

reduction to the same order of magnitude is brought about 

by SSN. The result of such a check has been positive for all 

the sequences, except that nc reduction obviously affect3 

the catastrophic vessel rapture R, which anyway has a calcu-
- 7 / • • 

lated probability of 10 year. 
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5- Analysis results 

The calculated core melt probability reduction factor due 

to the presence of SSN has come out to be 246. 

Even the combined increase of unavailability figures for 

some of the more sensitive systems does not decrease such 

a reduction factor by more than a factor of 10. 

The analysis than shows a SSN core melt probability reduc

tion potential certainly higher than 10 and likely of the 

order of 100. 

Risk reduction factors higher than these are not considered 

realistically obtainable by plant systems upgrade or modifi

cations . 

Other events of negligible, yet undefined probability may 

become indeed overwhelming at the corresponding probability 

levels. 

Morevover, for a more recent plant design than the one here 

considered, a smaller calculated reduction factor due to SSN 

should be expected. This effect is connected with system de

sign upgrade and consequent increased relevance of system 

independent sequences (e.g. vessel rupture R sequence, RSS 

Table V - 3 - 11); 
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Function and emergency interventions considered in 

this analysis in addition to those of the RSS 

SSN depressurization function 

This function allows intermediate and low pressure shut

down and core cooling systems to intervene in those ia-

ses where such a depressurization does not occur thro

ugh a postulated break in the primary circuit. 

The presence of such a function might alleviate the 

need for an higlhy reliable high pressure injection sy

stem (FPIS) . 

In those event sequences where a break is postulated, 

actuation of the depressurization by a failed scram 

or a core overheating or a low-low vessel water level 

signal helps to minimize the amount of coolant relea

sed through the break, diverting part of it into the 

SSN emergency condenser. In the following analysis, 

such an effect has been taken into account only for 

S2 size breaks. 

As a first trial, three valves in parallel have been 

assumed, the opening of any two of them being defined 

as the success configuration. 

The unavailability of the depressurization function 

has thus been evaluated by the fault tree in fig. -1. 

A subsequent sensitivity analysis has shown (Ch. 7) 

that a 3 over 3 ora 2 over 2 success configuration 

is acceptable as well. 

The number of valves to be chosen for the given flow 

area (assumed equal to a 6" opening) has therefore to 

be selected or. the basis of acceptability of the spu-
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rious opening of one valve from the point of vlew of 

fuel integrity and of thermo-mechanical effects on the 

primary circuit. 

DC power to such valves, if necessary, shall have suf

ficient self-reliance time in order to maintain energy 

supply for a long period of time. 

1.2- SSN emergency condenser 

The unavailability of the emergency condenser external 

spray has been evaluated on the basis of the following 

considerations. 

Failure to operate causes the rupture disk to blow re

leasing steam to the inside of the containment. There

fore failure of this spray system to operate does not 

affect SSN success in preventing core melt. On the 

contrary, operation of the emergency condenser spray 

http://iCtll.lt
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is needed to avoid containment over pressure if other 

PAHR system do not operate after several nours (RSS 

pg. 1 -16). 

In any case it can be conservatively assumed that the 

same unreliability figure holds for this system as for 

the automatic vessel depressurization function (2 over 

3 valves opening lead to system succes): 

-4 
Q = 5 x 10 
ec 

Conservative factors: 

- low pressure, normally accessible system; 

- easyness of jury-rigging interventions. 

The combined depressurization plus emergency conden-
-4 

ser cooling unavailability is therefore: (5 x 10 ) + 

+ (5 x 10"11) = 10"3. 

SSN accumulator injection 

The following first tiial assumpions have been made: 

- 3 - loop PWR (W -312); 

- 4 accumulators per loop (2 at 40 atm and 2 at 15 atm); 

- Success configuration: at least 3 M accumulators of 

two loops operating for each set (40 and 15 atm); 

- Each accumulator system equal to the RSS (WASH 1400) 

ones (Q = total unavailability for each accumulator 

= 4.15 xi0-1\ RSS pag. II - 136) 

Total unavailability Qt 

a) LOCA: Q = (6 Q2) x 2 = 2 10" 

b) Transient: Q = «<ft 10* 

A subsequent sensitivity analysis has shown that a to-



tal of 6 accumulators for a 3-loop plant is acceptable 

as well (see Ch. 7) . 

Moreover the three additional low-pressure accumulators 

car. be located outside the containment building. 

The self-reliance time (endurance) of the accumulators 

varies, for LOCA sequences, according to the break si

ze . 

It ca be assumed as: 

- 10 hours for S2 breaks 

- 8 " " S I " 

U » » A " 

-3 

These figures assume a total of ^50 m"" available for 

injection ir the two unbroken legs. 

Both accumulator volume and self-reliance ti'e ev-, '.:,';..-• 

tior.s rely, for the moment, on rough e s t i rr;a ; ;.• .-.•; , •; -

though che first results of more refined <.ra 1 "uJ a: j <.>r : 

tend io confirm such estimates. 

S.':N rccirculatior. 

It is assumed that initially thf emergency condenser 

contains 500 m of borated water. In case of S.SN ri-?-

pressurization actuation, such amount increases with ti

me . 

It is also assumed that a recirculation system is pro

vided from the emergency condenser water to the prima

ry circuit. 

This system is here considered as an additional mean 

for injecting water into the core after 3i>N accumula

tors have been voided (4 to 10 hours, see paragraph 

1.3). 
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The amount of water needed at such a long time after 

an accident is small (of the order of 10 Kg/sec=600 

1/min and a 2" line is sufficient to deliver this flow 

rate) . 

It is assumed that at least two redundant pumps be pro

vided . Therefore the unavailability of this system has 
-2 

been set equal to that of the LPRS, namely 1.3 x10 

3 
The initially present 500 m of water can las.. 15 hours 

at such a flow rate. Continuing operation of this sy

stem after this time has only been assumed in the fol

lowing analysis for cases involving S2 breaks, i.e. 

the smallest ones considered in RSS. For cases invol

ving SI and A breaks and for the V case (6" break) it 

has been conservatively assumed that most of the wa

ter leaving the primary circuit is directed into the 

containment building or outiside it. 

Emergency borated (EBW) and fresh (EW) water supply 

with intervention of fire-fighting Corps 

It has beer, assumed in the following analysis that 

borated or fresh water for core injection and for emer

gency condenser cooling can also be provided in the long 

term using portable motor pumps . In the following this has 

been considered a viable optionafter Uto 10 hours after the accident. 

The reason for which it is thought that this possibili

ty should be taken into account and designed for, con

sists in the general and quick availability of the 

needed pumps through the italian national fire-Corps. 

It is thought that the same situation holds for many 

other nations. The-required flow rate is of the order 



of 10 Kg/sec corresponding to 600 1/min with a head 

of at least 6-atmospheres (see Ref. 1 Appendix 2 -

chapter A2, Transients). The usual portable motor pumps 

of the fire Corps are of the 900/8 class, namely their 

nominal flow rate is 900 1/min at 8 atm head. 

Each fire-engine carries at least one of them. Experts 

of the national fire Corp?, which have been intervie

wed on such a matter, state that a number of such pumps 

can be brought within a short time (of the order of 

less than one hour) on any likely italian nuclear si

te . 

They quote an instance when 380 of these pumps have 

been installed in a town overnight. 

Such pumps are thought to be more reliable than in plan 

permanently stored similar devices. 

Removable pipe lines of the type used for irrigation 

can also be installed over a lenght of 1 to 2 Kilo

meters in a short time. 

In order, however, to take advantage of this last-ditch 

core cooling mean, some design arrangements have to 

be incorporated into the plant. Namely one, or even 

better two, safe and clean connections to the primary 

system should be provided. 

In Italy the normalized UNI 70 connection seems the 

most adequate. Boron mixing tanks or pools should al

so be available, the more suitable arrangement being 

that in which one pump delivers fresh water to the 

boron mixing tank and a second pump takes suction from 

it and delivers to the primary circuit. 

Poor water quality can be tolerated under the assumed 
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extreiue emergency condition. If sea water is the only 

one available, compatibility with boric acid has to 

be ascertained. 

No boron mixing tank is obviously needed for condenser 

spray service. 

Although the presence of a SSN system with its inhe

rent many hours of "safe time" encourages the use of 

emergency means like the one here described, it should 

be thought of; the opportunity to provide any plant with 

design provisions allowing the use of them. 

Unavailability of such system has been very conserva-
-1 -2 

tively set equal to 10 after 10 hours and to 10 
after 24 hours. 

Rsfueling water storage tank (RWST) periodic refill 

(RWR) 

It has also been assumed in the analysis that after voi

ding of the RWST and for times longer than 10 hours 

after the accident, it can be continuously or periodi

cally refilled with borated water. It must be remem

bered that the needed flow rate at such long times af

ter shutdown is very small (of the order of 10 Kg/sec). 

Unvailability of such a source of water has been conser-
-1 -2 

vatively set equal to 10 after 10 hours and to 10 
after 24 hours. 

A detailed fault tree analysis of this long term addi

tional cooling mean is warranted also in order to de

tect advisable design provisions capable to facilita

te the refill operations. 



Repair actions on plant systems 

A detailed analysis of possible repair actions during 

the 10 or more hours of "safe time" afforded by SSN 

has only been performed in the following analysis for 

the S2C sequence involving failure of the Containment 

Spray Injection System. 

The choice between repairable and not repairable faults 

has been done using engineering judgement. A check with 

maintenance experts is in program. 

Such an assumption has moreover to be substantiated 

by a detailed check of component accessibility after 

an accident and by the adoption of the needed design 

arrangements. 
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2 - Summary of additional system and/or special interven

tions considered in this analysis for each sequence 

- TMLB : - S (SSN Depressurization, Accumulators, Con

denser) . 

- Repair of diesels (in 13 hours) 

or 

Repair of external net (in 13 hours) 

or 

EBW and EW (in 13 hours) (see symbol meaning 

at the end of the 

report) 

- TML - S (Depress, Ace, Cond * ) 

- TKQ and TKMQ 

- V 

S2C 

- K (S upon failed scram signal) 

or 

S (upon core overheating or low water level) 

- S (Accumulators) 

- S (Recirculation). 

or 

EBW 

or 

RWST periodic refill (RWR)^ 

- E B W "J 

or < After 24 hours 

RWR J 

- S (Depressurization, Accumulators, Condenser) 

- CSIS limited repairs After 15 hours (indeed 

After 10 hours 

or 

S (Recirculation) 

or 

the 6" opening of SSN 

is large enough to acco 

i modate both maximum HPIS 
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- S2D 

- S2H : 

- S1D : 

RWR 

or 

EBW 

flow rate and accumulai 

tors flow rate with a 

low primary pressure) 

> 
After 10 hours 

S (Depressurization, Accumulators, Condenser) 

HPIS limited repair,, 

or 

LPIS (RWST) 

or 

LPRS 

or 

S (recirculation) 

or 

EBW 

LPRS and SSN recirculation 

or 

RWR Long term 

and HPIS or LPIS )(> 24 hours) 

or 

EBW 

S (Ace, Condenser) 

HPRS or LPRS limited repair 

or 

RWR 

and HPIS or LPIS 

or 

S (recirculation, which 
lasts more than 14 hours) 

or 

EBW 

as S2D above with time intervals reduced from 

10 to 6 hours and from 24 to 20 hours (becau

se of the shorter SSN accumulators endurance). 

After about 15 

hours (RWST and 

> SSN Accumulators 

endurance) 
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After k- hours 

> 

as S2H above with time interval reduced from 

15 to 11 hours (Accumulators endurance). 

S (Accumulators, Condenser) 

LPIS or HPIS limited repair"! 

or 

LPRS 

or 

S (recirculation) 

or 

EBW 

LPRS 

or 

RWR 

and HPIS or LPIS 

or 

EBWS 

> 

After 

18 hours * 

S (Accumulators, Condenser) 

LPRS limiter repair 

or 

RWR 

and HPIS or LPIS 

or 

S (recirculation) 

or 

EBW 

LPRS limited repair 

or 

RWR 

and HPIS or LPIS 

or 

EBW 

After 5 hours 

After 

19 hours * 



S (recirculation) is not shown here because it is sup

posed that the emergency condenser is not supplied with 

water by the primary system due to the large flow ra

te of the assumed break. 
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3. - Event trees with SSN 

3.1 - Sequence TMLB -5 (2*10*°). RSS Table V. 3 - U 

- RSS Seauence 
-

See (RSS): 

- V-39, V-46 

- Fig. I, D-llil, 4 -Hi 

- Table V, 4-1 

- Table 2, page V, 75 

Sequence of events: 

- Offsite AT is lost (and therefore main feedwater is 

lost) (4x10~2 = (2 X 10"1), x (2 x 10"1), R3Spg. V 39) . 

-4 

- Failure of Auxiliary Feedwater (1.5 x 10 ) due to 

failure of on-site emergency power and to failure 

of steam driven pump. 
- v mode cent, failure protab.: 0.56. 

- Corresponding sequence with SSN 

At a maximum time cf 2 to 3 hours (start of core melt 

(RSS pg. V-38) SSN opens the depressurization line al

lowing accumulator discharge and core cooling for at 

least additional 10 hours (SSN actuation by high core 

exit temperature or low vessel water level). 

- Cooling after 1C hours from SSN initiation 

In the transient sequence here considered, unavailabi

lity of core cooling essentially comes from failure of 

off-site and of cn-site electric power. 

At the end of the self-reliance time of SSN (10 to 12 

hours after the transient) the probability of not ha-



vmg recovered on-site electric power can be estimated 

equal to: 

Q r10-1 

e 
(probability of not recovering diesel power between 

3 and 10 + 13 hours,RSS Fig. Ill, 5 - 3 , see also pa

ge V-39). The probability of restoring off-site power 

after 13 hours has also to be considered together with 

the probability of attaining borated water (EBW) jr.-

jr-ction into the primary circuit (at a maximum pres

sure of 6 atm*) and fresh water (EW) emergency conden

ser spray by emergency interventions (on-site mobile 

motor pumps and fire-fighting Corps intervention). 

To tnis end, the SSN design (similarly to what seems 

being done in some countries) shall incorporate acces

sible connections in order to allow water feeding to 

the primary system and to the emergency condenser by 

such emergency means. 

Taking into account the above listed actions, a conser

vative upper bound for the unavailability of core coo

ling means other than SSN after 13 hours can be set 

equal to: 

0,3 7 ,0- 2 

An evaluation of the probability of the net not retur

ning to service after 13 hours is (RSS pg. II 9*0: 

Qia ,. = e " 1 3 = 2.3 x 10~6 13,net • 

Having neglected this factor in the previuos evaluation 

result in a very conservative estimate. 

* See Ref. 1, Appendix 2: Transients 
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It is, however, preferred to hold this assumption in 

order to account for events happening outside the 

plant, whose probability strongly depends on the gene

ral context assumed for RSS. 

Transient event tree with SSN 

The transient event tree, taking into account SSN and 

additional repair and or emergency actions after 13 

hours is therefore modified (see Fig. 2) as compared 

to that shown in RSS Fig. I, 4 - 11. 

T K 

imo" 

L S(5S») EH 

10"' 

3.6x10"'" 

TMLS 
art b of 

to"' 

IO*3 

.(,'• 

KiK. I 

m-2 

,,,-2 

U - 11 in BOG) 

Cure fond. 

OK 
OK 

Melt 

Kelt 

OK 

\jK 

Kelt 

Kelt 

Proba t.11 tty 

'.xnr" 
.4 

Cr 0 

es. u 

f i t . 2 
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Where: 

T, loss of off-site power event 

K, M, reactor protection system and power conv. system 

L, auxiliary feedwater system; 

S, SSN actuation (combined unavailability of depressu-

rization or emergency condenser spray or of accumu-
- h -H -3 

lators set equal to 5x10 + 5x10 + Cfo =10 

EM, emergency actions after 13 hours from the transient 

(repair of diesel or of off-site power or emergen

cy feed of borated and fresh water to primary sy

stem and to emergency condenser). 

3.2 - Sequence TML - £ (6 x 15" ), RSS Table V. 3 - 1JJ 

The sequence of events is the following (RSS): 

- Transient due to 

loss of Power Conversion System (10 x 10 ). 

-5 
- Loss of Auxiliary Feedwater (10 ); failure probabi-

-5 
lity lower than in previous case 3.1 (1.5 x 10 ) 

because one diesel is shared between two facilities 

when off-site power is lost. 

The event tree with SSN is presented. 

Considerations and symbol meaning of the previous pa

ragraph 3.1. are valid. 

3.3 - Sequence TK Q - (3 x 10"6), RSS Table V, 3 - 14 

- RSS sequence : 

Transient ( 10) 
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ì 
1 T K M I S 

10 

TO 
- 2 

10 - 5 

10 -3 

OK 

OK 

OK 

Italt 

1.6x10 S*« TKO 

TML 
( see part a o f F i g . I , K - 11 in «SS 

10 

t i t ; . 3 

* Note that, in this sequence, electric power is not 
lo3t and therefore no water injection problem in the 
reactor circuit exists after SSN depressurization. 

- Failure of RPS (3.6x10~5) 
_2 

- Failure of safety or relief valve to reclose (10 ), 

RSS Table V, J» -1. 

- Corresponding sequence with SSN 

- Transient (10) 
-5, -: Failure of RPS (3.6x10 ) 

- Failure of SSN signal coming from detection 

of "failed scram" (1.5 x 10~1); this figure 

corresponds to the ratio between unavailable 

lity of the circuit part common to RPS and 

to SSN and total RPS unavailability. 

(5.4x10" /3-6x10"5 = 1.5x10"1,RSS pg..II-101j 
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> 

the figure 5.6x10 conservatively includes 

the effect of breaker failures). 
-1 1 

1.5x10 is assumed to represent K unavaila_ 

bility once K has happened; it is therefore 

assumed that the SSN circuit which compares 

the presence of scram signal with neutron 

flux doesn't increase the overall K unreabi_ 

lity. 

- Or: failure of SSN depressuziation actuation 

upon SSN failed scram signal (6x10 . see pa_ 

gè A2). 

- Or: failure of accumulators (.<< 10 6) (Failure 

of emergency condenser spray is not conside

red because of availability of electric power 

for PAHR in the containment after rupture disk 

blows). 

Combined 

unavaiLa 

bility 

1.5x10 - 1 

- 2 , 
- Failure of safety or r e l i e f valve to reclose (10 )* 

i « > » » Cor. C*n41lltft r»ta»iu>r 

m 
i 

\m~iiT 

"^-n^. • • 

* The time delay which is assumed to be incorporated 
into the SSN depressurization actuation (150 + 200 
sec, see Ref. 1) allows relief and/or safety valves 
to open upon scram failure (Ref. k\. So event Q has 
to be considered even in case of K success. 

file:///m~iiT
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- Failure of depressurization function and of accu

mulators upon a "high core exit temperature" or a 

"low low vessel water level" signal ( 5.10 , 

page A2). 

K : SSN actuation and core shut-down upon "failed 

scram" signal 

S : SSN actuation upon "core overheating" or "low 

low vessel water level signal" . 

1 
Once K or S have occurred, core is permanently shut 

down due to accumulator water boron content. Thus the 

fact that SSN self reliance time is limited to 10 

hours does not generate possible failure condition. 

3.4 - Sequence TKMQ - (1x10~6), Table V. 3 -14 RSS 

Result with SSN is similar to the TKQ - since power 

conversion system availability is immaterial to SSN 

functionability. 

3.5 - Sequence V (4x10~°), RSS pg. V - 44 

Corresponding sequence with SSN 

- LPIS Check valve rupture (4x10~ ) (6"break). 

- SSN accumulator intervention ( 2x10 ) aith or wi-
-4 

thout SSN depressurization line opening (5x10 ) 

with or without HPIS operating. 

- After 10 hours: 

- Failure of SSN recirculation syster. 

_2 

(assumed 1.3x10 , as the LPRS una

vailability in the RSS) 

And : - Failure of emergency borated water 

availability (EBW: 10*1; refill of . 
_1 -** 

RWST: 10 ). 

Combined 

1.3x10-2 

x10" x 

x10~1 

10-* 
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- After 24 hours 

(500 m minimum in the em. condenser last 

14 hours at 10 1/sec injection, sufficient 

to keep the core covered) 

- Failure of emergency borated water availa

bility and of periodic RWST refill (10~2 x 
- 2 - 4 -1 

10 =10 a factor of 10 being applied to each 
event with reference to the previous time period) 

In any case periodic testing of checkvalves cuts the 

V secqunce probability down; 

- Yearly testing : 6.8x10 / year (instead of 4x10" ) 
o 

- Montlhly testing : 6x10~ / year ( " " " " ) 

S Ucc . ) 

1.10 -6 

S (Reo) • £BW « RWH LOW • RWR (Tint- 21 huiir.s) 

Interval 
10-21 hours 

clO 

10 

to 

I0li9»<in»rii" Pr - l - . i ! ' ! i i ! v 

PWH/8 

H e l l 

Hcit 

Hell 

Fig . 5 

S (Ace) 

S (Recirc) 

EBW 

SSN accumulator functionability 

SSN recirculation 

Emergency Borated Water; PWR, RWST Pe

riodic Refill. 
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Note on consequences: 

Effect of SSN is to make core melt probability negli
gible and to shift the V event consequence from PWR2 
to PWR8 (Large LOCA with high containment leakage) on 
to PWRQ (Large LOCA with normal containment leakage). 

Even if the consequence category in PWR8 the ratio of 
its releases to those of Category 2 are of the order 
of 10 • 10 . It can then be concluded that SSN cuts 
the contribution of the V sequence to overall risk down 
to about zero. 

However, in view of avoiding unwarranted releases in 
Category 8, the need holds for reducing the V sequen
ce probability by a suitable periodic test program of 
the check valves. 
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3.6 - Sequence S2C - (2x10~ , RSS page V 3 D 

Sequence with SSN: 

- S2 break (IO-3 / Year), RSS Table III 6 -9. 

- CSIS failure (2.4x10 , page II - 111) and HWST wa

ter consumption (4 to 30 hours, depending on more 

or less skillful water flowrate controll by opera

tor) . * 

- SSN actuation after ~ 1 to 2 hours (core overheating 

or low water level, RSS page V - 47; Ref. 1, Fig. 

10, Case 6) 
-1 -6 -3 

(2x5x10 + 2x10 Ci 10 , page A2 and A3). 

- Failure to restore CSIS functionability after 10 hours 

of SSN operation, or failure of SSN recirculation 

or of RWST periodic refill or of Emergency Borated 

Water. SSN recirculation availability has not beer. 

taken into account because, due to the presence of 

the oreak,ithas a limited, although long duration. 

Moreover, one can think of cases where water prefe

rentially :accumulates in the containment bottom and 

not in the emergency condenser. 

Main contributions ot CSIS failure are: 

- Recirculation (test and mixing lines) valves VA2" 

and VB2 left open during periodic tests (manual 

valves outside containment). 

- Misc3libration of automatic CSIS actuation chain 

and failure to manually actuate CSIS. 

1.9x10J 

RSS 

t 

pg. 11-115 

(Provided a verification is made of accessibility of 

VA2 and VB2 valves after the initiating accident, both 

of these contributions can be set equal to zero, given 

* Water availability will be carefully evaluated in a next 
revision. 
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the 10 hours time available for intervention). 

-4 
- Hardware faults (3.2x10 ,RSS pg. II - 114); 

(The following faults have been considered as repai^ 

rable in 10 hours or solvable by manual action, RSS 

(Table II - 5 - 10 and Fig. II - 5 - 16): 

- GCL01, GCL02 : CLCS failure to automatically ac

tuate CSIS; 

: Loss of power to discarge MOV. 

: Manual valve VA left closed; 

: Motor operated valve left inadver

tently close: 

: Manual valve V2 left inadvertently 

open; 

: Plugged Filter; 

: Failure of pump electric controls; 

: No power to pump circuit breakers. 

- JH00, JGO0 

- CXVA004X 

- CMU100AC 

- CX/A002X 

- CFLAOIAP 

- CST1A01F 

- JD00 

The following faults are considered not repairable in 10 

hours: 

- CCL1A01G , Motor drive c.lucth disengages 

- CPMA01AA , Failure of pump to start 

- CPMA01AF , Pump discontinues running 

- CCVA001C , Check valve fails closed 

- CNZA001P , Spray Nozzles plugged 

Taking into account the above listed possibilities of 

repair ana manual action, the CSIS unavailability due 

to hardware failure changes from 

(1.87x10~*)2 = 3.5x10"4 

to 

(1.5x10~V 2.3x10 Ì 
Reduction ratio: 

3.5 x 10-4 

2.3 x 10 
-6 

150 
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- Test and Maintenance ( RSS page II -115) 

The two main contributions are: 

- Unavailability due to return valves set open during 

montly test; (1 .94x1c"0) 

- Unavailability due to pump maintenance (2.2x10 ). 

The first situation listed is considered solvable in 

the 10 hours available. On the contrary, althoutgh the 

mean pump maintenance duration is 7.1 hours (<10 hours) 

it is here conservatively assumed that, if one pump 

is being maintained at the onset of an S2 accident, 

it cannot be made to operate within the available ti

me of about 10 hours. 

The T & M unavailability is then: 

2x (2.2x10~3) x (1.5x10~3) = 6.6x10* (instead of 1 .5x 
-4 

x 10 without SSN) 

The overall CSIS unavailability after 10 hours of SSN 

operation is therefore: 

(2.3x10~6) + (6.6x10~6) = 8.9 x 10~6 = 3.7 x 10~3 

2.4 x 10~3 2.1 x 10*3 

Taking into account RWR and EBW, total unavailability 

of core cooling after 15 hours from the start of the 

accident is: 

(3.7 x 10"3) x 10~1 x 10*1 = 3.7 x 10"5 

S, SSN operation 

C (15h), CSIS repair or manual actuation after 15 hours 

from the start of the accident. 

Taking into account SSN and reasonable repair interven

tions during the ten hours of its operation the S2C 
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-6 
sequence probability is then changed fron 2 x 10 to 

-9 3 x 10 . 

C(iSi i )* S(Keel re) 
.HWfl.HIW 

Conseguano* 

10-3 

?.tx10 ,-: 

3.7x10 

10 -3 

OK 

OK 

Melt 

Hell 

Probability 

S2C 

of 0 

3 x 1 0 

Fig . 6 

3.7 - Sequence S2D - (9 x 10 ), RSS Table V. 3 - 14 

Sequence with SSN; 

- S2 break ( 10 / year); 

- HPIS failure (8.6 x 10-3, RSS page II, 144); 

- SSN failure (10~3); 

- LPIS failure after 10 hours of SSN operation * 
,-3 

.-2, 
(4.7 x 10 J, RSS pg. II, 137); 

or SSN recirculation failure (1.3 x 10~*") or LPRS 

failure (if the break is large enough to accumualate 

enough water in the containment bottom) or failure 

to repair HPIS or failure to provide EBW (overall 

unavailability conservatively 3et equal 4.7 x 10 

x 1.3 x 10"2 = 6 x 10-5); 

- Failure of injection systems called into operation 

-3 

* See footnote on page A - 21 
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in the long term (>24 hours) if previous water sour

ce has been exhausted: 
-2 -2 

LPRS and SSN recirculation (1.3x10 + 1.3 x 10 
2 

= 1.3 x 10-2) RWR (10~2), EBW (10*2); 
_2 

cumulative unavailability set equal to (-1.3 x 10 ) x 
O p f\ 

x 10~ x 10~ = 1.3 x 10~ . 

Unavailabilities of LPRS and. of SSN recirculation 

.have been averaged in order to obtain combined una

vailability; water will collect in the emergency con

denser and in the containment bottom; preferential

ly in one or in the other place, according to break 

size and containment and condenser pressure tran

sient . 

Varluos nysleirt 
a f ter <?'l hour» 

10 

H.f,xl0 

, . - 3 

_6xl ( f •" 

Conseguane* i 'ruhubl l l i > 

10 -3 

SiU 

OK 

OK 

Melt 

Kelt 

Kelt 

e : 0 

c : 10 

eie. 7 
3.8 - Sequence S2H - ( 6 x 10 ) RSS Table V. 3 - 14 

Sequence.with SSN: 

- S2 pipe failure ( 10 / year) 

- Failure of Emergency Cooling Recirculation given a 

small Loca (2 x 10-2, HPRS, RSS page II - 185) 

- SSN failure (103) 
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- LPRS failure after 10 hours of SSN operation 

( 5 x 10~\ RSS pg. II - 184 and '185; the LPRS fai

lure probability, once HPRS has failed is indeed 50%) 

or failure to repair HPRS or LPRS in 15 hours (5 hours 

HIPS and 10 hours SSN) or RWR failure in 15 hours 

(10_1) or SSN recirculation failure (1-3 x 10 ) or 

EBW failure (10~ ); 

cumulative probability conservatively set equal to 

(5 x 10~1) x 10~1 x (1.3 x 10~2) x 10_1 = 6.5 x 10~ 

- Failure of injection systems called into operation 

in the long term (> 29 hours i 15 hours + 14 hours 

of minimum SSN recirculation endurance) if water in

jection in the previous period has been assumed by 

SSN recirculation; 

cumulative unavailability : 

10"2 (RWR) x 10~2 (EBW) = 10~ without taking into 

account the possibility of repairing HPRS or LPRS 

nor the possibility of continuing operation of SSN 

recirculation. 

- I 

.n-3 

S?H -

HP n^ 

«-xlO-2 

5 
Various system 
after 15 hour» 

RWR-KBW 

• , 0 - " 

li.lxio"5 

io*3 

Consequences 

UK 

UK 

Melt 

Kelt 

Melt 

Proli.ihiUly 1 

.9 
2 » 10 

-9 
I.J » 10 * 

? n II»'" 

FU. r, 
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3-9 - Sequence S l D - £ ( 3 x l O ), RSS Table V, 3 - W 

Sequence with SSN 

- SI break (3 x 10 , RSS Table III 6 - 5) 

- Further events equal to sequence S2D - £. above \. S:-.M 

accumulators self-reliance time is reduced, f<?r breaks 

in the S1 range, from 10 to about 6 hours cue t-o the 

smaller average pressure in the primary circuit ir.c 

to the ensuing smaller time for voiding the accur.i--

lators: this fact has no praticai effect on inr --

quences). 

Therefore : : 

Melt probability with SSN: 

-8 -Q 
10 £ 3 x 1 0 ' 
3 

r -6 
3.10- Sequence S IH - 6 (3 x 10 ), RSS Table V.3 - '' 

Sequence with SSX: 
-

- S1 break (3 x 10* ) 

- Further events equal to sequence S2H -£aoove 

Therefore : 

Melt probability with SSN: 

-3 -q 
2 x 10 7 x 10 V 

3 

3.11- Sequence AD -£(2 x 10" ) RSS Table V. 3 - Ut 

Sequence with SSN: 

- Large LOCA (;0'4( R s s ? T a b l e m 6 - 5 ) 
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- SSN Accumulator failure ( 2 x 10~ , pg. A3). 

Therefore : 

Core Melt probability with SSNSO 

It must be noted that the SSN accumulators self relian

ce time is reduced to about 4 hours for the largest 

design basis break, due to the smaller primary system 

pressure and to the ensuing smaller time for voiding 

the accumulators. After this time various means are 

available for core cooling as shown in chapter 2 and 

analyzed for the S2D sequence above. 

Sequence AH - £ (1 x 10 ), RSS Table V. 3 -14 

Sequence with SSN; 

- Large LOCA (10~ ) 

- Failure of LPRS (1.3 x IO-2) 

- After at least 5 hr of SSN operation, failure of SSN 
_2 

recirculation system ( 1.3 x 10 , page 9) 

Therefore : 

Core melt probability with SSN: 

IO-4 x (1.3 x 10"2) x (1.3 x 1(f2) ̂ _2_x_1Q"__ 

In case of SSN recirculation success , it lasts about 

14 hours in keeping the core covered and cooled. The

refore, after a total time of about 19 hours along 

this sequence, either the LPRS must have been repaired 

or RWST periodically refilled or EBW supplied, as shown 

in chapter 2 and analyzed in sequence S2H above. No 

significant contribution to core melt probability is 

expected by these event tree branches. 
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4 - Further remarks originating from _ a qualitative 

inspection of all the sequences of RSS Table V, 

3 - 14, besides the 12 sequences above considered in 

detail 

~ Sequence AF (Large Loca and Failure of containment 

spray recirculation system) 

LPRS fails (cavitation) as consequence of F and of 

containment failure, (PSS pg. I - 41 and Fig. I, 4 -

2), SSN recirculation allows 14 hours cooling af

ter failure of CSRS has been detected. See V sequen

ce above for possible actions after this time. 

It is advisable to assure post-accident accessibi

lity to CSRS components located outside the contain^ 

ment. 

- Sequence AG (Large Loca and failure of containment 

heat removal system) 

LPRS fails (cavitation) as a consequence of G (RSS 

pg. I - 41 and Fig. I, 4 -2). Situation similar to 

sequence AF above (need to assure post-accident ac

cessibility to CHRS components). 

- Sequences AB, ACD, AHF, S1B, S1CD, S1F, S1G, S1HF, 

S1DF, S2B, S2F, S2G, S2CD, S2C, S2HF, S2DG, not con

sidered in detail in the above analysis. SSN has 

the effect of reducing core melt porbability and 

risk by a factor of the same order of magnitude as 

that evaluated for the above analyzed cases. 

" Sequence R (reactor vessel rupture) 

SSN has a core melt probability reduction effect 

for all sequences entailing vessel ruptures within 

the ECC capability. For these sequences core melt 
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could happen only upon vessel failure combined with 

failure of some ECC related system. 

SSN has no effect on postulated vessel failures 

beyond the ECC capability. 
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- Summary tables 

The following two tables present a summary of the re

sults, without (Table 1) and with (Table 2) SSN. 

Table 1: Dominat accident sequences considered in this 

report (without SSN) 
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Notes: 

* 0.7 x 10 added as in RSS table V, 3 - 1U 

« * 0.3 x 10" added as in RSS table V, 3 - 1-4 

-5 
Overall total probability of core melt: 5. b"> x in 

-5 (against 6 x 10 for the sequences listed in RSS 

table V, 3 - 1*4 : ̂ */x = 0.08 = 8% ) . 

The small difference in overall core melt probabili

ty indicates that the 12 sequences considered in the 

present report are representative of the complete set 

of dominant sequences (78) shown in RSS Table V, 3 -

- 14. 



Table 2 : Dominat accident sequences considered in 

this report (with SSN) 
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Overall total core melt probability: 1.2 x 10 (resul-
-7 

ting from the sum of the totals of Table 2) + 10 
_7 

(R probability, see chapter 12) = 2.2 x 10 . 

In conclusion, SSN has the effect of reducing the pro

bability of almost all of the dominant accident sequen_ 

ces and its effect on the overall core melt probabili-
_5 

ty is a reduction factor of_246 (= 5.42 x 10 /2.2 x 

x 10"7). 

However it is believed that reduction factors higher 

than 10 + 100 may be illusory due to the possible o-

verwhelming effect of other factors, like unforesea-

ble earthquakes. 

It is therefore here concluded that SSN introduces 

an effective reduction factor in core melt probabili-

risk higher than 10 and likely of the order of 10u. 
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Such effect is due to the fact that SSN is conceived 

to assure, by means which are independent from the 

particular sequence of events, core shutdown and coo

ling through injection for M to 10 hours (according 

to the area of possible breaks in the primary circuit) 

and, if electric power is available, more than I1» hours 

of core protection in the recirculation mode. During 

these periods in time, many repair and emergency ac

tions can be taken in order to assure subsequent co

re integrity. 
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6 - Possibility of core melt sequences originated by the 

adoption of a SSN system 

The following events could be originated by the incor

poration of a SSN system into a plant design and gi

ve rise to additional or different accident sequences: 

1 - Spurious actuation of one or more of the depres-

surization valves; 

2 - Increased possibility for LOCA into interfacing 

low pressure systems due to the presence of addi

tional accumulators; 

3 - Excessive leakage from tha emergency condenser 

wall (not double contained); 

4 - Increased possibility of primary water leakage 

or of uncontained LOCA due to the presence of 

connections for mergency borated water injection 

into the primary system after 10 hours of SSN o-

peration (bee paragraph 1.4 of this appendix). 

The possible consequences of these events on the plant 

risk are in the following evaluated. 

6.1 - Spurious actuation of depressurization valves 

As it is mentioned in Ref. 1, even the spurious ope

ning of all the valves originated a 6" LOCA which is 

of no consequence to the fuel cans integrity. 

The ensuing thermo-mechanical transient on the pres

sure boundary has however to be included in the mecha

nical design of pressure retaining parts . 

The same situation exists in BWRS in connection with 

the possible spurious actuation of the ADS sustem: 
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adequate mechanical design takes care of the corre

sponding transient. 

No consequence therefore can be detected on plant risk 

because of the addition of a depressurization function. 

6.2 - Increased possibility of LOCA into intergacing systems 

due to the additional accumulators 

The analysis developed in the previous chapters impli

citly assumes that the additional accumulators be lo

cated, as the usual ones, inside the containment buil

ding. Under this assumption, no additional accident 

sequence needs be considered because of the addi*. Lo-

nal accumulators . 

However, because of layout and accessibility conve

nience, it may be decided by the designer to locate 

the additional accumulators outside the cointainment 

building, e.g. inside the auxiliary ECC building (3). 

In this case, the possibility arises of an additional 

uncontained LOCA for each accumulator located outsi

de the container*. Indeed, each accumulator system 

low pressure side is separated by the primary circuit 

by two check valves in series plus one normally open 

motor- operated valve, as it is the case for each 

LPIS leg. 

Under the RSS assumptions (see chapter 4 of this Ap

pendix) and furtherly assuming that 3 additional ac

cumulators be located outside the containment the V se

quence probability rises from 4 x 10" to 8 x 10" . 

Consequently the overall core melt probability goes 

* This event has been conservatively considered equi
valent to a V sequence. 
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from 2.2 x 10 to 2.204 x 10 . 

It can, therefore» be concluded that locating the ad

ditional accumulators outside the primary containment 

does not significantly increase the plant risk. 

This conclusion obviously holds if the accumulator 

explosion, which has to be asusmed to take place in 

case of a V - tupe event in its discharge line (one 

check valve rupturing and the other stuck open), and 

in absence of adequate safety valves, cannot damage 

the other accumulators or other necessary safety sy

stems. This assumption requires that these systems 

be protected by design against the accumulators ex

plosion. The same requirement holds for possible da

maging effects ensuing from a V sequence in the LPIS 

discharge lines . 

Other possible events which may happen in connection 

with the location of accumulators outside the contain 

ment have only trivial consequnces (e.g. accumulators 

safety valves leakage, drain or test line rupture and 

so on ) . 

Althoutgh the calculated additional risk has now been 

shown to be minor, it is however deemed necessary to 

envisage periodic testing of the check valves integri 

ty and functionability, whose effect it to furtherly 

reduce the V sequence probability, as shown in RSS 

Section V, 4.4 and quoted in previous chapter 3-5. 

Should tne designer wish to establish a still firmer 

barrier against any possible radioactivity release 

to the enviroment in case of a V sequence happening 
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is one of the ouside-located accumulator linee, then the ac 

cumulators should be designed for the saturation pres

sure of the primary system water (about 70 atm) and 

the accumulator gas volume be such to accomodate the 

pressurizer water volume when it is compressed from 

its normal pressure ( 40 Or 15 atm) to 70 atm. 

This requires a gas volume of about 50 m for each 

40 atm accumulator gas space and about 30 m for the 

corresponding volume of each 15 atm accumulator. 

Other solution can be examined using safety valv".: 

on the accumulators with their discharge routed to 

the emergency condenser. 

6.3 - Leakage from the condenser wall 

Because of the need for easy accessibility for emer

gency cooling and because of the significant amount 

of steam produced at the condenser wall during the 

spray or submersion cooling, the same wall, or at 

least most part of it, should be in contact with the 

outside atmosfere. It is not, therefore wholly double 

contained . 

Every penetration in it can, on the contrary, be de

signed in such a way to be double contained (see Ref. 

1 and its Supplement 1). 

Single containment, therefore, is provided only for 

the plain, unpenetrated, part of the emergency con

denser wall or for a portion of it. 

In these conditions, full assurance of the absence 

of singificant uncontained leakage can be otained . 
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The situation is not dissimilar from that of some par

tially-double-contained reactor buildings (e.g. the 

Trino Vercelles plant) and from the situation of so

me process lines which extend, without openings or 

leakage-prone components, beyond the secondary con

tainment, being them selves in communication with 

the primary containment or with the primary reactor 

cooling circuit inside. 

Good accessibility, for periodic inspection and for 

local vacum bow leak testing, of the uncontained por

tion of the emergency condenser wall shall be assu

red . 

It is concluded that also this feature of SNrt does 

not impact on the overall plant risk. 

6.4- Possibility of leakage or of uncontained LOCA due to 

connections for emergency borated water addition to 

the primary circuit 

The connections needed for the emergency water addition 

operations mentioned in paragraph 1.4 of this Appendix 

are not dissimilar, as far as unwanted consequences 

are concerned, from any part of the low pressure emer

gency cooling systems extending outside the contain

ment. THiS, of course, holds provided good detailed 

design is adopted. In particular the possibly needed 

connection for a hose line could be tight sealed by 

a removable bolted flange. 

Accesibility to the connection shall be assured by 

design previsions such to allow periodic and/or befo-

re-use decontamination. 
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No adverse effect on plant risk is, in conclusion, 

here detectable. 
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7 - Sensitivity of the results to design assumptions 

In the following the sensitivity of the results to so

me assumptions made during the preceeding analyses 

is evaluated. Such assumptions directely or indirec-

tely pertain to SSN system design features. 

7.1 - Assumption of two accumulators per loop for each of 

the two pressures (40 atm and 15 atm) 

The design solution of having one accumulator per loop 

for each pressure might prove more convenient than 

the here hypothesized solution. In this case, each 

accumulator to oe installed (for a 3 - loop plant) 

falls from 12 to 6. 

If the minimum accumulator volume is also chosen, then 

each accumulator shall contain 50% more water and the 

operation of at least two accumulators for each pres

sure will be needed. 

In this case, the unavailability figures of paragraph 

1.3 above are thus changed: 

a) LOCA : Q = (2Q) x 2 = 1.7 x 1G~3; 
2 6 

b) Transient : Q = ( 3Q ) x 2 = 10" ; 

The affected sequences among the 12 examined in detail 

and the corresponding core melt probability shift a-

re the following: 

- S2C, from 3 x.10 to 8 x 10~9 

- S2D, from 10" to 2.7 x 10" 
Q ti 

- S2H, from 2.3 x 10* to 5.7 x 10~ 

- S1D, from 3 x 10~9 to 8 x 10-9 

- S1H, from 7 x 10_9 to 1.9 x 10-8 

- AD , from Si 0 to 1.7 x 10"7 



i 
t 

A - «J4 

The overall probability of core melt consequently chan-
-7 -7 

ges from 2.2 x 10 to 4,63 x 10 . 

The conclusion can be drawn that 6 accumulators in

stead of 12 can be adopted without significant preju

dice of the overall SSN effectivenees. 

7.2 - Assumption that operation of 2 over 3 valves define 

the success of the depressurization system. 

The consequences of assuming a 3 over 3 success con

figuration definition is here evaluated. 

-4 
The depressurization unavailability goes from 5 x 10 

(par. 1.3) to 10_1 x 5 x 10-3 * 3 x 1.4 x 10 = 4,7 
-3 

x 10 ^ 

Affected sequences and probability changes are as fol

lows : 

- TMLB1 

- TML 

- TKQ 

- TKMQ 

- S2C 

- S2D 

- S2H 

- S1D 

- S1H 

- £ 
- 1 

-

- £ 

-i 
- £ 

-i 
- £ 

-I 

The overallc 

x 10~7 to 4,i 

On the basis 

ver 3 success configuration is not warranted on a risk 

evaluation basis and that a 3 over 3 or 2 over 2 vai-

from 

from 

from 

from 

from 

from 

from 

from 

from 

4.4 x 10" 
-9 

10 ' 
1 0 

a o 
-9 

3 x 10 

,o-8 

2.3 x 10* 
-9 

3 x 10 
-9 

7 x 10 

8 

8 

to 

to 

to 

to 

to 

to 

to 

to 

to 

6,1 

5,2 

2,6 

2,6 

1,6 

5 

1 

2,1 

3,5 

X 

X 

X 

X 

X 

X 

X 

X 

X 

,o-6 

,o"9 

,o"9 

,o"9 

,o"8 

,o"8 

157 

,o"8 

,o"8 

:>re melt probability changes from 2.2 x 

! x 10~7. 

of this analysis it appears that a 2 o-
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ves concept is acceptable as well. 

As for tlae accumulators case, redundancy may here be 

required by consideration pertaining to plant conti

nuity of operation (need to shutdown the plant in ca

se of component unoperability). 

Assumptions on availability of emergency water after 

SSN has operated for 10 hours. 

In the study of some sequences taken into considera

tion in the previous analysis, evaluations of unavai

lability of emergency borated and fresh water after 

SSN operation have been made (see, for example, para

graph 1.4 and chapter 4). 

Although the used unavailability figures should be 

conservative under the assumption of adequate prepa

ration to possible emergencies, an evaluation is here 

presented of the consequence of increasing such una

vailability estimate by a factor of 10. 

Affected sequences and core melt probability variation: 

are the following: 

- 8 
- THLB 

- V 

- S2H 

- S1H 

C 
0 

- I 

- I 

f r o m . 4 . 4 x 1 0 

f r o m C 0 

from 2 . 3 x 10* 

from 7 x 10* 

to 4.04 x 10 

to 8 x 10 

to 3.5 x 10 

to 1.2 x 10 

-9 

-9 

-8 

As a consequence the overall calculated core melt pro-
-7 -7 

bability goes from 2.2 x 10 to 5.8 x 10 . The core 
melt probability reduction factor is changed from 246 

to 93. 

Althought not d r a m a t i c , t h i s change i s s i g n i f i c a n t and 

the conclusion must be drawn t h a t , as i t could be ex-



pected, particular care must be given to advance ar

rangements capable to assure availability of water 

to the plant by emergency means after the 4 + 1 0 hours 

operation of the SSN systems . 

7.5 - Assumption concerning the probability of failure of 

SSN actuation in a "failed scram" condition 

In chapter 2 the unavailability figure for SSN actua

tion signal upon a "failed scram" condition has been 

set equal to 5.4 x 10~ . This figure is the RSS fai

lure probability of the scrma signal (RSS, page II, 

101). The assumption is therefore made that the una

vailability of the SSN own actuation logic is much 

smaller and, therefore, not such to add a signifi

cant contribution to the 5.4 x 10 figure. 

A sensitivy evalutation to this assumption is here 

presented, using an unavailability figure ten t.trnes 

higher (i.e. 5.4 x 10 ); 

Affected sequences and cahnges in core melt probabi

lities are as follows: 

- TKQ - , from 1.8 x 10" 11 to 9 x 10~11 

- TKMQ - , similar effect. 

Both of these sequences, although affected by the cha.ige, 

continue to have negligible probabilities if SSN is 

taken into account. 

7.6 - Assumption concerning SSN actuation upon high core 

exit temperature "or" low-low vessel water level 

During the analysis it has been assumed that both core 

exit temperature and vesse water level originate actu_a 

ting logic unavailability has, however, been conserva 

tively set equal to that of the BWR-ADS (5 x 10 ) see ch. 1 

Such an high unavailability level logically does 

not agree with the assumption of the presence of redun-
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This choice, however, has been kept trhoughout the a-

nalysis for sake of conservatism and in order ot take 

into account the uncertainly connected with the still 

developmental nature of the vessel water level instru

mentation . 

An evaluation, however, is here presented in which the 

assumption is made that the unavailability of the SSN 

depressurization logic for core overheating is ten ti-
-4 

mes lower (i.e. 5 x 10 ). 

Affected sequences and core melt probability changes 

are as follows: 

,-8 
— 

-

— 

-

-

-

-

TMLB 1 

TML 

S2C 

S3E 

S2H 

S1D 

S1H 

- S 
-I 
-i 
'I 
'I 
-£ 
-e 

from 

from 

from 

from 

from 

from 

, from 

4.4 x 

IO"9 

3 x 

io'8 

2.3 x 

3 x 

7 x 

10 

10 

10 

10 

10 

-9 

-8 

-9 

-9 

to 4.22 x 10 

to 5.5 x 10 

to 1.3 x 10 

to 5.5 x 10 

to 1.3 x 10 

to 1.5 x 10 

to 4 x 10 

-8 

-10 

-9 

-9 

-8 

-9 

-9 

As an overall result core melt probability slightly 
— 7 —8 

changes from 2.2 x 10~ to 9.8 x 10~ . 

7.6 - Assumption concerning HPIS unavailability 

HPIS unavailability as been set equal, as for other 

systems, to that calculated in RSS (namely 8.6 x 10 

for one charging pump needed). 

However, because of the presence of the SSN system, 

it could be thought of simplifying the HPIS at some 

cost in terms of unavailability. 

-3 

Assuming a ten times higher value for such unavailabi-
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lity, the overall core melt probability rises from 
-7 -7 

2.2 x 10 to about 3-4 x 10 . 
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8 - Conclusion 

Consideration of SSN effect and of reasonable repair 

or emergency actions after accidents, brings about a 

core melt probability and risk reduction factor cer

tainly higher than 10 and very likely higher 100 (the 

calculated factor is indeed 246). 

Below the corresponding risk levels, events other than 

those which can be coped with by emergency systems (in

cluded a core rescue system like SSN) may assume an 

overriding importance. 

(e.g.: unforeseable earthquakes of negligibly small, 

yet undetermined, probability). 
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Ing. Gianni Petrangell 
ENEA 
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E Delle Energie Alternative 
Direzione Sicurezza Nucleare 
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I l Directtore 
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Viale Regina Margherita, 125 - Tel. 85281 

Dear Dr. Petrangeli: 

Enclosed please find my comments on your draft report entitled 
Probabilistic Risk Assessment of the Effectiveness of a Core Rescue 
System (SSN) for PWR's by G. Petrangeli and V. Valeri. 

I hope these comments will be useful and 1f you have any further 
questions you will feel free to contact me. 

Very truly yours, 

Norman C. Rasmussen 
Professor 
Nuclear Engineering 

NCR/sc 
enclosure: 1 
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PRA ON EFFECTIVENESS OF A CORE RESCUE 

SYSTE.M (SSN) FOR PHR's 

Submitted by 

Norman C. Rasmussen 
Professor of Nuclear Engineering 

M.I.T. 
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It is well recognized as a result of analysis (such as WASH UOO) of 

PWR's that a significant part of the risk of core melt is associated one or 

more of the following characteristics of current designs: . 

(a) Difficulty in depressurizing the primary system following small 
LOCA. Thus a failure of the high pressure injection system (HPIS) be
comes a very serious condition in these events. 

(b) Even when emergency core cooling is provided it is also essential 
that the system for removing heat from the containment function or 
serious consequences are possible. 

(c) Failures between the high pressure primary system and the low 
pressure injection system can possibly lead to core damage and 
violation of containment both and are therefore particularly serious 
kinds of failures. 

The SSN described in the report is an attempt to provide further pro

tection against each of the serious events. It accomplishes this by 

providing a much increased volume of accumulator water requiring on passive 

systems to accomplish injection, a methods to depressurize the primary system, 

as an alternate path of heat removal from containment through the use of a 

special condenser with an independent cooling systems. If this system can 

be designed to accomplish these functions under a broad set of postulated 

accident conditions then there seems to me to be little doubt that a substan

tial reduction in the likelihood of severe core damage and core melt can be 

achieved. 

In order to achieve this reduction the system must have certain charac

teristics. 

(a) A highly reliable accuation system for both accumulators and the 
operation of the blow down valves. 

(b) A-power supply that is highly reliable and Independent of other 
station power. 
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(c) A hydraunc design that assures the volumes of water needed can be 
supplied for the lengths of time needed. 

I believe these characteristics can be achieved by good engineering de

sign. In fact the design proposed in the report seems to me to be quite a 

sensible way to go about it. The analysis of the reduction in core melt 

frequency seems reasonable and assumes failure rates for the proposed system 

that are well within the range of what Is achievable by good engineering 

practice. It appears to me that a reduction of a factor of ten in core 

damage frequency over that obtained is WASH 1400 should be readily achievable 

if the system is carefully designed. Whether a larger reduction can in fact 

be attained depends upon careful evaluation of events neglected in WASH 1400 

because they were not significant. This especially applies to certain exter

nal events such as earthquakes and other external events. 

In my judgement the most important next step is to do a very tnorough 

thermal-hydraulic analysis to verify the values used in the report concerning 

the availability of accumulator water can be achieved. My judgement (based. 

upon no calculations) is that it may be difficult to have four hours of 

accumulator water supply in the event of a large LOCA (double ended break of 

largest pipe). I would want to see a detailed thermal-hydraulic analysis of 

this to be convinced. 

Detailed comments on the report are attached. 

Overall I believe this is a sound approach to reducing the probability of 

core melt. It addresses the dominate contributors to such events and 1f fur

ther reduction in the likelihood of core damage 1s felt to be needed it 

represents a good engineering approach for achieving this end. 

(detailed comments follow) 



Large break LOCA (6") 

Alternating current power 

Automatic Depressurization System 

Electric power 

Boiling water reactor 

CSIS failure 

Containment spray injection system 

HPIS failure 

Emergency borated water from mobile site motor 

pumps or from fire-fighting Corps; 

Emergency core cooling 

Emergency actions after 10-13 hours from transient 

initiation (repair of diesels, emergency feed of 

borated water into the primary circuit and of fresh 

water to emergency condenser spray) 

Emergency fresh water from mobile site motor pumps 

or form fire-fighting Corps 

Failure of Containment Spray Recirculation System 

Failure of Containment Heat Removal system 

LPRS failure 

Reactor high pressure injection system 

High pressure recirculation system 

Reactor scram 

SSN actuation and core shut-down upon "failed 

scram" signal 

Auxiliary feedwater system 

Loss of Coolant Accident 

Reactor low pressure injection system 



Low pressure coolant recirculation 

Post accident heat removal system 

Pressurizated water reactor 

Pressurizer safety-relief valve stuck open 

Unavailability 

Reactor vessel rupture 

Reactor protection system (scram) 

Reactor Safety Study (WASH-1400) 

Refueling water storage tank 

SSN system 

Small break LOCA (2" - 6") 

Small break LOCA (1/2" - 2") 

Core rescue system (from the acronym of the ita_ 

lian name, Sistema di Salvataggio del Nocciolo) 

LOCA sequence into interfacing low pressure sy

stems 

Italian governmental fire Corps 

Containment failure by overpressure 

Containment failure by mat penetration 
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