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PROTECTION OF NUCLEAR POWER PLANTS

AGAINST EXTERNAL EVENTS

P. KINET (Traction & Electricitfi), M. ROCH (Electsrobel)

In the past years increasing attention has been paid to nuclear

power plants environment considered as a source of hazards. This

paper deals with the protection of such plants against man-made

external hazards with particular emphasis on the four Belgian plants

now under construction, i.e. Doel 3 and 4 and Tihange 2 and 3.

The first two plants being built, namely Doel 3 and Tihange 2,

are both of the 900 MW class and use a PWR, the designer of which

is FRAMACECO a joint venture of FRAMATOME, ACEC & COCKERILL.

The next two plants, namely Doel 4 and Tihange 3, are both of

the 1000 MW class and use also a PWR, the designer of which is

ACECOWEN a joint venture of WESTINGHOUSE NUCLEAR EUROPE, ACEC

& COCKERILL.

Safety criteria

Among the potential events occurring outside the above plants

and leading to consequences which can affect their safe operation,

airplane crash and gas cloud explosion are the most likely

to occur.

This is the reason why, before any site analysis was made, one

of each such type of accidents was chosen as reference external

accident for the new Belgian plants, in early 1974. In the course

of the same year 1974, the Belgian Authorities have indicated that

the said four Belgian plants should follow the safety rules

adopted by the U.S. licensing Authorities.

In September 1974, the USAEC published its first rule covering

the area of man-made external hazards, Regulatory Guide 1.70.8. £l]r

which was followed in 1975 by section 2.2.3. of the USNRC

Standard Review Plan [2] .

According to those documents, the definition of a design basis

event requires that for each category of external event a

complete analysis be carried out, with the objective of evaluating
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the probability of occurrence of each event as well as the

associated radiological consequences.

This probabilistic approach opposes the deterministic approach

used by some licensing Authorities like the ones of the Federal

Republic of Germany, where standardized design events are imposed

on any site.

Site analysis

The first two plants to be built (Doel 3 and Tihange 2) were initially

designed, on a deterministic basis, against the following events :

- airplane cr&sh, the impact curve of which is shown on figure 1 ;

this curve is representative of the impact of a civil carrier,

weighing 91 tons and crashing at a speed of about 300 Jcm/h ;

- gas cloud explosion, the pressure curve of which is also

shown on figure 1 ;

- large fire due to an outside source (for the Tihange site it

has proven to be the fire occurring as a result of an airplane

crash, while for the Doel site this is the fire resulting from the

collision of a large oil carrier with the water intake structure).

Following publication by the USKRC of the above-mentionned rules,

site analyses were started, with the prime objective to establish

the design basis events for the last two plants to be built

(Doel 4 and Tihange 3), and to evaluate the level of probability

associated with the above events for the first two plants (Doel3

and Tihange 2) in order to take remedial actions if it was

judged necessary to do so.

The Tihange sits is located on the right side of the river Heuse,

25 km upstream of the city of Liege. No important industry is

located in the vicinity of the.plant.

Analysis of the "airplane crash" category of accident has shown

that the probability goal of 10~ /year could not be reached as

the design basis impact which had been chosen at the beginning

of the project accounted properly for accidents involving civil

carriers, but dit not account properly for accidents involving,

military airplanes. As a consequence of this, an additional
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design basis impact was defined, representative of an airplane

of the fighter class, weighing 13 tons and crashing at 540 km/h.

Confirmatory calculations have been performed to show that the

existing structures can withstand this impact.

The Doel site is located on the left side of the river schelde,

some 13 km N.W. of the city of Antwerpen and 3 km away from

the Dutch border.

A number of petrochemical factories and storage tank farms are

located on the east bank of the Schelde, in front of the Doel

site and some other are situated on the west bank of the river

south of the site; those factories constitute together with river

traffic the most important source of potential hazards.

The analysis demonstrated that all facilities and routes are

sufficiently remote, i.e. the effects of potential industrial

accidents are attenuated by distance in such a way that safe

operation of the plants as ini-tially designed could be maintained

under all circumstances.

Design criteria

The design objective being to keep the radiological exposure to

the public within limits of the same order of magnitude as those

considered in case of internal accident, the only consequences of

the external accident to consider are radioactive releases.

In case of such an accident, these releases have two main causes.

On the one hand, the reactor core itself can, as in the case of

an internal accident be subjected to a transient that may increase

the radioactive isotope content of the primary coolant which can

then find its way to the environment through unavoidable or

accidental pathways. While on the other hand, other containers

of radioactive products can also be damaged and release part of or

all their content. This supplementary cause of potential release

which must now also be accounted for within the exposure limits

make it mandatory to avoid for the core any situation close to

LOCA. The reactor building has thus to be hardened and the KSSS

to be designed to withstand in this building the mechanical loads

consequent to the accident.

The performance of the dual containment system which has been
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systematically adopted for the large Belgian Plants bas resulted

in rather low doses associated to internal accident conditions.

An external accident design objective consistent with these

low doses does not allow for large quantities of radioactive

products to be left unprotected and part of the nuclear auxili-

aries and fuel buildings have also to be hardened.

From there on the designer still has a wide range of options :

underground siting in natural or man-made caverns or by the cut

and cover technique which both provide total protection by

avoiding any damage ; dissemination which relies on geographi-

cally separate safeguards that afford enough protection whatever

the immediate destructive consequence of the external event are ;

or any intermediate solution in which some structures are hardened

and some systems made redundant.

In this context the following choices are still open :

use the essential systems and safeguards that already exist to

bring the plant to safe shutdown and mitigate the consequences of

an internal accident or use dedicated systems.

An argument in favor of dedicated systems has already been

presented f3^ . Their function being unique, their operating

procedures will be straightforward and operators will "be able to

face physical emergencies with forceful and effective counter-

actions without the fear of making a bad situation even worse".

If additional systems are used, the building that houses them can

be an integral part of the plant and hardened or geographically

separated so that distance will make sure that it is not damaged

together with the plant.

All these elements have.been weighed to prepare the design criteria

and the following concept was adopted as an economical compromise :

partial hardening of the plant and use of dedicated systems in a

hardened building integrated in the plant.

For the systems, the main criteria were :

- afford protection for the plant at power, hot shutdown, cold

shutdown and in refueling, no coincidence of an external event

with an independent internal accident condition being considered

- allow that no operator action be necessary immediately after

the accident

- make operator control of the damaged plant possible as soon as
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access is restored, all necessary systems being installed

- account for the effects of the possible destruction of the non

hardened zones of the plant ; however, design a protection system

without reliance on direct detection of the mechanical

consequences of the external event.

It was also considered mandatory that the presence of a new set

of dedicated systems should in no way lead to a degradation of the

performance of the normal safeguards.

The Belgian Plants

Fig. 2 is a typical layout of the plants.

The hardened structures in the nuclear island are the reactor

building, part of the nuclear auxiliaries building, part of the

fuel building and an extended main steam and feed water isolation

valves compartment between the reactor building and the turbine

hall : this so called "bunker" houses the additional engineered

safeguards.

Essentially, the other parts of the auxiliaries and fuel buildings,

the main electrical building and the balance of plant are not

hardened.

Thus, the following items are located in hardened areas :

- reactor coolant pressure boundary

- residual heat removal system

- spent fuel storage, pool and its cooling system

- fresh fuel storage area

- gaseous effluents storage tanks

- contamined resins

- main steam and main feedwater isolation valves

- reactor trip breakers.

The functions which are covered by the bunker systems are :

- core protection and reactor coolant Inventory make up

- reactivity control and residual heat removal.

To accomplish these safety functions the following additional

systems were designed :

- a separate charging and borating system

- a separate auxiliary feedwater system
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- a separate cooling water system

- separate power supplies (including separate diesel-generators)

- a separate reactor trip system (-this system sharing however

the trip breakers with the normal trip system).

No separate systems were provided when systems were already

located in a hardened building. As an example of this latter

type of system let us mention the residual heat removal system,

located inside the reactor containment. It is therefore

controlled from two separate locations : the plant main control

room, located in the electrical building (not hardened) and the

control rooms in the bunker.

The first two fluid systems are shown on figure 3..

Feedwater to the steam generators is taken from a cooling pond

on the Doel site and from three separate wells and from the

river Meuse on the Tihange site.

Demineralized water is however stored in the bunker, in case

of a spurious actuation of the bunker system. This precaution

avoids time consuming clean-up operations following introduction

of pond or river water into the steam generators that could lead

to a quite long plant outage.

Borated water is stored inside the bunker to allow both of the

following functions :

- boration, to compensate for the core reactivity insertion due

to cooldown and to xenon decay,

- make-up to compensate for the reactor coolant water contraction

due to cooldown as well as for the reactor coolant system

possible leakage.

In case the amount of stored borated water is insufficient, in

the long run, new borated water could be prepared from pond

water (Doel site) or from well water or river water (Tihange site).

A complete power distribution system is provided in the bunker,

including three diesel-generators, which power all equipments

necessary to carry out the protection functions of the bunker

systems. Combustion air for the diesels as well as ventilation

air are taken from redundant air intakes, physically separated

from each other.
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The bunker also houses the necessary isolation devices to avoid

spurious command and damage of equipment from the potentially

destroyed main electrical building.

Figure 4 shows sections through the bunker with the arrangement

of the main equipment.

A separate protection system is also provided in the bunker,

to actuate the engineered protection functions. This protection

system takes signals from sensors which are different from those

used by the usual protection system.

As it has been already said, no "external accident signal" has

been used to trip the reactor and actuate the safeguards. The

design of a suitable protection system has proved to be one of

the most challenging tasks me.t by the reactor suppliers.

Different approaches have been used. One could ascertain as

soon as possible an "external accident situation" by monitoring

the absence of a reactor trip in presence of one or more of

the occurrences that appear in case of an internal accident and

then put all the bunker systems in operation. One could also

replace any unprotected system failing on demand by a bunker

counterpart tripping the reactor if necessary at the first

such occurrence.

Up to now, analyses have shown that the performance of both

systems could be satisfactory but the influence of their

structure on the choice of their setpoints and thus on the

unavailability of the plants due to spurious actuation remains

to be tested.

As. already said, the possible interference of unprotected

systems including the normal safeguards has always been considered

on ix "worst case" basis.

It is also important to realize that apart from actuation of

the dedicated safeguards, the protection of the plant calls for

many actions throughout the hardened area under control of the

bunker protection system. For instance all lines connected

to the reactor coolant system are closed to minimize inventory

losses. Pressurizer relief valves are energized by the bunker

power system to avoid opening of the safety valves. Many other
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similar instances have been resolved.

An important concern has been to provide the plant with a

suitable ultimate heat sink. At Doel, it consists of the

cooling ponds (one for each plant and one spare) with closed

loop circulation.

At Tihange water is drawn from the wells as well as from the

river Meuse and cools the plant in a once through system.

Fig. 5 gives schematic flow diagrams of the systems.

Finally, a word may be said on the protection afforded against

industrial sabotage. A hierarchy of accessibility controls

is enforced : site, plant, restricted area (including the control

room) and hardened area. Any unauthorized presence is likely

to be detected well before the intruders reach the control room.

Even then access to the hardened area is not immediate.

This or similar measures will afford a protection commensurate

to the magnitude of the risk without resorting to means

unacceptable in this country.
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Fiq. 2 General lay-out
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Fig. 4 Bunker sections
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