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Summar

Requirements made by Federal German lirensing authorities called for the analysis of the secondary-side residual
heat removel systems of new FWR plants with regard to availability, possible weak points and the balanced nature
of the overall syatem for different incident sequences,

Following a description of the generic concept end the process and safety-related systems for steam generator
feed and mein steam discherge, the raliability of the latter is analyzed for the small break LOCA and emergency
power mode incidents, yeak points im the process systems identified, remedial measures of a system-specific and
test-strategic nature presented and their contribution to improving system availebility quantified, A compari-

son with the results of the German Risk Study on Nuclear Pover Plants (GRS} shows & distinct reduction in core
meltdown frequency,
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1 Purpose

The code to be applied in the Federal Republic of Germany for the design of nuclear power plants is without a
doubt oriented fowerds deterministic criteria. In the general safety criterias of the Federal Mimistry for the
Interior, explicit allowance is however made For the fact thet, in addition to overall assessment of the safety
of a nuclear pover plant, the reliability of safety-related systems may be determined using probabilistic mekth-
ods., Some of the cbjectives of these realiability analyses are:

~ recognition of viable possibilities for improvements within the system itself

~ verification of adequate system reliability and

- establishment of a balanced safety concept with regard to the incidents to be mitigated and to safety func-~
tions,

Basing on these criteria and in response to the incident sequence analyses of the German Risk Study on Nuclear
Power Plants (GRS), /1/, the independent experts for the follow-up plants {Grohnde, Philippsburg 2} to the ref-
erence plant of the GRS (Biblis B), wheose licensability has already been proven on the basis of deterministic
criteria, celled for a guantitative analysis of the most importent safety-related systems in respect of their
balanced nature in the event of various incident sequences, Depending on the varying incident-specific relevance
of the systems, the required system reliability is oriented cn the probability of occurence of the incidents,

In order to meet this requirement, the first step should be to perform a detailed probabilistic reliability ana-
lysis of the systems designed for secondary-side residual heat removal in order to establish dominant fault paths,
The second step should be to identify the influence of different system modifications with the aid of a sensitiv-
ity enalysis. For reasons of conaistency, the process systems connected immediately upstream the safety systems
should also be included in the analysis since these systems reduce the demand-mode frequency of safety-related
ayatems in the present concept,

Although primary-side system functions ere alsoc tequired for incident mitigation, only the secondary-side system
should be included in this investigation since these systems are of primary importance in the refarence plant
of the GRS,

2 Description of the System Concept

The generic concept for secondary-side residual heat removal {steam generator feed, main-steam discharge) is il-
lustrated using the example of the latest 1300 WY PWR plants (e,g, lsar 2}, and the system structure and the func-
tion of availsble systems are described.

2,1 5team Generator Feed

In the event of incidenta, both process equipment and safety features are available Lo provide steam generator
feed (Fig, 1).

In respect of procesa-related functions

-~ & feedwater system (3 pumps) and
-~ a startup and shutdown system {2 pumps)

ere available
and for safety-related functicns

- an emergency feed system (4 subsystems).

The process-related pump systems trensfer hot water From the feedvater tank via steam-generator-specific valve
stations into the steam generators. Meke-up feed is pumped into the feedwater tank by three main condensate pumps,
or alternatively, if the ultimate heat sink is not available, it is drawn from the demineralized water storage

tank using the two demineralized water pumps. The startup and shutdown as well as the demineralized water pumps
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with the associated auxiliary eguipments and valve stations are connected to the emergency pover supply system
and their capacity is euch that one startup and shutdown pump together with ome demineralized water pump are ca-
pable of transferring the necessary feed inkto the ateam generator(s) for the removal of residual heak,

The emargency feed system designed on the basis of safety-related criteria is characterized by ita consistent
four-train configuration with separate steam generator inlet nozzle, It is accommodated in the external impacts-
proof {aircraft crash, explosion blast wave, earthquake, sabotege) emergency feed building and each of its trains
is essentially mede up of a demineralized water paol, emergency feed pump with electric and diesel drive, gener-
ator, cooling equipment and connecting piping and valves. Each of the four reduncant subsystems is capable of
conveying the necessary demineralized water flow into the associated steem generator for the removal of residual
heat., A manually operable connecting line between the four discharge trains makes it possible to feed each steam
generator vith any of the four subsystems. The stored media inventory (deminerslized vater, diesel 0il) and the
degree of automation allow independent operation of the system in the event of external impacts lasting more than
ten hours,

Figure 2 features a general outline of the stepped concept to ensure steam generator feed (feedvater, startup
and shutdown, emergency feed system) and illustrates the allocation of power supply and mechanical equipment for
process and safety-related systems, The electric emergency feed drive conceived for the latest plants is the re-
sult of a requirement imposed by independent experts which specifies that long-term assured steam generator feed
should be provided in the event of incidents involving the failure of the process feedwater supply syBtem but
vith a power supply from the intecconncected grid available. This means that long-term operation of the diesel
drives may be dispensed with,

2,2 Main Steam Discharge

For reesons of conservativenesa, this paper will not deal with the possibility of main steam discharge to the
ulkimate heat sink via the main steam bypass station,

If the ultimate heat sink is not available, residual heat is removed via the steam-generator-specific safety-
related main steam exhaust stations which each essentially comprise one main steam isolating valve, one iso-
latable exhaust control valve and one isolatable safety valve, The safety-related design features of each of the
four redundant stations ere such that all the residual heat generated after shutdown and the stored heat present
can be removed completely. The four exhaust stations are accomodated in a valve compertment located adjacent to
the reactor building; they are physically separated and protected against all forms of external impact. The mein
steam header, which is arranged in the turbine building and which interconnects the four mein steam lines, is
part of the process system but mey, however, also be put into use in the event of tranmsients and LOCAs,

3 System Analysis

The 'small br;ak LOCA' and ‘emergency power mode! incident sequences which play a predominant role in Ehe GRS

af core meltdown frequency within the scope of event sequence anglyses were investigated with regard to the non-
availability of systems for secondary-side residual heat removal in the form of a fault-tree analysis, The avail-
able and included syatems (clearly illustrated in tha form of main components) and the asscciated effectiveness
reguirements (minimum requirements made of system function} are shown in Figures 3 and 4 in relation to incidents,

Fosaibilities for steam generator feed and main steam discharge including use of the mein steam header are shown
in Fig, 5 using the example of the small break LOCA. Even if only one steam generator is fed with the aid of one
emargency feed pump and one startup and shutdown pump (double steem generator feed), the rapid temperature re-
duction (100 ¥/h) planned in the event of this incident can be achieved via any one of the main steam exhaust
stations. In order to preserve clarity, this possibility was not taken into consideration in Fig., 4, but included
“in the enalysis,

Detailed incident-specific fault trees reflecting the actual status were preparéd which take into account both
the mechanicel aystems and their actustion and power supply,
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The non-availability of the aystems was determined using the IASAPL computar program /2/, This included applica-
tion of the failure ratea generally accepted in the Federal Republic of Germeny and took account of system and
component-specific testing strategies, In the initial calculation only the non-availability of safety systems
was determined vhereas the second calculation included the above-mentioned proceas systems,

There were no dominant fault paths to be found in either the emergency feed system or in the main steam exhaust
stations vhich meant that pessibla systom-specific modifications would result in an increase in reliability in
only a limited number of cases; the systems under consideration have already been optimized in the early stage
of their development with in respect of structure, arrangement, minimum requirement and testing strategy.

Possibilities for improvements were established in the process systems, A flow limiter valve arranged in the header
line dowmstream of the two startup and shutdown pumps and a feedwater tank feed control valve likewise arranged

in the header line downstreem of the demineralized water pumps were the primery cause of the non-availability

of these systems. Aa indicated in Fig. 6, improvements were achieved by employing redundant design features. The
effect was an increase in the availability of these syatems (using the example of the emergency power mode) from
70 to 80 %, Since a further increase in availability by installing a third train appeared possible, but would

ba linked with a considerable amount of wark, it was decided instead to upgrade the standby systems {normally

only used for startup and shutdown, and for process-related demineralized vater back-up feed) which have a mini-
mum demand mode frequency of once per ennum, by introducing a regular inwservice inspection, It was evident that
an optimized intervel between in.service inapection of 3 months in the startup and shutdown, and demineralized
vater system would rasult in a marked increase in availability from 70 to 92 %, These two measures-syatem.spe.-
cific and teet-strategic-result in an inerease in the evailability of the considered process systems for steam
generator feed from 70 to 97 % which means that in only 3 % (previously 30 %) of all emergency power modes a safe—
ty system (emergency feed system) demand mode is to be anticipated,

4 Findings

By comparison with the reference plant of the GRS, about 10 years of Further development in the field of plant
engineering have been incorporated in PWR plants based on present-day concepts. This development confirmed the
generic concept on safety, elbeit a number of points were changed. These changes are the result of probabilistic
and deterministic syatsm analyses and discussions, system and component-specific developments, as well as operat-
ing experience end site-specific conditions, The non-mitigated plant condition "core meltdown" as defined in the
GRS is applied sa a yardstick for a comparative evaluation vhere the condition is the sum of the incident fre.
quency end the non.svailability of the systems required for incident mitigaktiaon.

To be able to make 5 comparison with tha findings of the GRS, this investigation {and the GRS) was based for rea-
sons of conservativenesa on a dieael common-mode failure of 10"3/demand made which, in the opinion of KWU and

that of German power plant owner/operators is considered unrealistic and extremely conservative; this is confirmed
by the operating experience gained with dieael engines of this kind. For the two incident sequences investigated
in which the secondary aide plays a major role, the systems engineering incorporated and the above-mentioned modi-
fications result in a marked increase in availability which is alas eyvident in the reduction in core meltdown
frequency. Even if a diesel common.-mode failure is postulated, the non-aveilability of the secondary side is at
least as low as that of the primery aide which means thet the letter no longer plays the major role established

in the GRS,

Thus we obtain a balanced concept for the various safety functions which are required for incident mitigation,

Figure 7 featurea a comperiscn with the findings of the GRS, The frequency of accurrenece of the small-break LOCA
vas taken from the GRS; in the case of the emergency pover mode, a bettar value was used for the new plants since
provision was made for improved grid integration,

Following on frem the already low level of core meltdown frequency in the GRS, a further decrease is evident in

the case of new planta. In both sequences graphic representation is terminsted at a core meltdoun frequency of
-5

107 /a,
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5 Conclusion

The process and safety systems for secondary-side residual heat removal in new PWR plants were investigated with

the aid of probabilistic reliability analyses with regard to the non-availebility of these systems For two major

incident sequences, In keeping with the set objective,

an improvement of the oversell system was achieved by means of the detection of possible weak points in the

startup and shutdown as well as the demineralized water system and with the aid of remedial measures involy-

ing modifications to system engineering end e reduction of the interval betueen inservice inspections,

proof of adequate system reliability was furnished end

it was established that the measures heve resulted in a balenced safety concept. The quantitative comparisen

with the findings of the GRS indicates - where an extremely conservative diesel common-mode Failure is applied

in each case -~ an oversll improvement in the incident sequences having a primary effect on core meltdoun fre-

quency .

& References

/1/ Deutsche Risikostudie Kernkraftwerke
Hauptband, Verlag TUV Rheinland, 1979

/2/ F. ¥, Heuser and Y, Rosenhauer

"SAP.l Ein neues Programm zur Berechnung von Zuverlissigkeitbsgrifen komplexer Systemet

Atomuirtschaft, 17, 2 (1972}

==
!?ontainmcnt

Turbine building

1

*|
i
i I
Let! ai
7 «:i Main steam and @ 14

|

3

%

<-§ " feedwater valve

]

hal

p

Reactor
building
anndus

fe

JITEE

2
3

=S
g o

Bl

Sa o

1t =
% X 22
— 1 1
Demine— i 63 6
;mi]zing \ f J
isys!em X 3
{building

3
el s

Emergency )
feed + + 1.

i buildin_g_' 1 1 = & £ i
1 Steam generators 11 Feedwater tank RAAA —— 3
2 Valve compariments 12 Feedwater pumps . ;

Fig, 1 3 Stop and control valves 13 Startup and shutdown pumps 20 19
* 4  Bypass station 14 HP feed heater system |

5 Reheater 15 Demineralized water storage tank |
G HP turbine 16 Demireralized water pumps b
7 LP turbine 17 Emergency feed pumps Goaling water
8 Condenser 1B Circulating water pumps pump building
9 Main cordensate pumps 19 Injection water valves

10 LP feed heater system 20 Closed=loop coaling system

1300 MW PWR (420 m2)

Systems for Secondary-side Heat Removal (Survey)

— 349 —

EG3096C

M 6/8



Fig, 2

Fig. 3
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Fig. 6

Fig, 7
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