
XA04N2804

INIS-XA-N-231

UNESA
Unidad Eléctrica S.A.

The Chernobyl

and the Spanish

nuclear power plants





UMESA

(UNIDAD ELÉCTRICA. S.A.)

TECHNICAL REPORT

ON THE CHERNOBYL ACCIDENT

AND THE SPANISH NUCLEAR POWER PLANTS

November 1986

SCT N° 1933D/1934D





NOTE

This document is a

translation from the

original presented

in Spanish





INDEX

FOREWORD

1. CONCLUSIONS

2. REPORT SUMMARY

2.1 Description of Chernobyl

2.2 The Accident and its Causes

2.3 Differences with Spanish Plants

2.4 Comparison with possible Accidents in Western Plants

2.5 Radiation Impact

2.6 Operation

2.7 Possible Impact of the Accident

3. DIFFERENTIAL ASPECTS BETWEEN THE CHERNOBYL DESIGN AND THE SPANISH NPPs

3.1 Introduction

3.2 General Layout

3.3 Nuclear Design Features and Reactivity Control

3.4 Nuclear Steam Supply System

3.5 Safeguard Systems

3.6 Containment system

Cont'd/...



INDEX (Cont'd)

4. COMPARISON OF THE ACCIDENT PHENOMENOLOGY AND ITS RADIOLOGICAL IMPACT

WITH SEVERE ACCIDENTS IN WESTERN COUNTRIES

4.1 Introduction

4.2 Sequence of the Accident

4.3 Severity of the Accident - Accident Analysis Techniques

4.4 Damage caused in the Plant

4.5 Harm caused to the Population. Radiation Impact

4.6 Emergency Response inside the Plant and Post-Accident Monitoring

5. COMPARISON OF THE OPERATIONAL ASPECTS OF CHERNOBYL WITH THOSE OF

SPANISH NPPs

5.1 Introduction

5.2 Inspection of Plant Operation by the Regulatory Body

5.3 selection and Training of Personnel

5.4 Technical Specifications and Operating Procedures

6. REFERENCES



FOREWORD





FOREWORD

On the morning of April 26, 1986, Unit 4 of the Chernobyl

Nuclear Power Plant (Ukraine, USSR) suffered an accident of the

greatest magnitude among those which have taken place in

nuclear energy installations employed for peaceful uses. The

accident reached a degree of severity unknown up to now in

nuclear energy generating plants, both with respect to the loss

of human lives and the effects caused to the neighboring

population (as well as to other nations within a wide radius of

radioactivity dispersal), and also with respect to the damage

caused in the nuclear plant itself.

In the light of the anxiety created internationally, the USSR

State Committee for the Utilization of Atomic Energy prepared a

report (1), based on the conclusions of the Governmental

Commission entrusted to study the causes of the accident, which

was presented at the international meeting of experts held at

the International Atomic Energy Agency (IAEA) headquarters in

Vienna from August 25 to 29, 1986.

The present technical report has been prepared by the Spanish

nuclear power plants within the framework of UNIDAD ELÉCTRICA,

S.A. (UNESA) - the Association of Spanish electric utilities -

in collaboration with EMPRESARIOS AGRUPADOS, S.A. The report

reflects the utilities' analyses of the causes and consequences

of the accident and, based on similarities and differences with

Spanish plants under construction and in operation, intends to:

a. Evaluate the possibility of an accident with similar

consequences occurring in a Spanish plant
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b. Identify possible design and operation modifications

indicated by the lessons learned from this accident
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1. CONCLUSIONS

The Electric Utilities consider the safe operation of nuclear

power plants to be the basic condition permitting the use of

nuclear energy in the generation of electrical energy. By law,

this condition is to be fulfilled by the electric utility

owners of the plants.

What happened at the Soviet Chernobyl plant, although employing

a completely different technology from that used in Spain, has

provoked the need to analyze available data and make their

comparative evaluation possible with the aim of drawing

conclusions and learning lessons that could make the continuous

improvement of nuclear safety in our plants.

1. This report has been prepared using the information

available to date and indicates, throughout, the most

important differences that exist from the point of view of

design, operation, personnel training, and other aspects

between Soviet RBMK plants and those installed in our

country. These differences are, in general, applicable to

the majority of reactors presently in operation in the

Western World.

In the light of these differences, it is evident that an

accident similar to the one in the Chernobyl NPP would be

impossible in nuclear plants operating in Spain.

2. The phenomenology of severe accidents with core melt and

release of large amounts of radioactive products, although

of very low probability, has constituted the grounds for
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study and analysis in the Western World, from the outset

of peaceful applications of nuclear energy. In this

regard, significant resources have been devoted to

numerous national and international research programsin

this area, in some of which Spanish Institutions have

participated and continue to participate.

The results of these programs demonstrate that the

consequences of a severe accident in Western reactors

would be radically different from those produced by the

Chernobyl accident, mainly due to the impossibility of

accidents occurring that lead to an immediate containment

break.

3. As a consequence of the foregoing, the present emergency

plans in Spain maintain their consistency with these

severe accidents and their evolution through time.

4. These conclusions are in agreement with those reached by

different experts and organizations both international and

of the Western countries that are more advanced in the

development of nuclear technology.

5. It is precisely due to the differences that exist between

the technologies and operating practices of Soviet RBMK

reactors and those of the Western countries that the

lessons which can be learned from this accident and the

experience gained therefrom are not of such wide and

immediate application to Western nuclear power plants as

those which, at the time, were derived from the Three Mile

Island accident (TMI-2), even though the off-site

consequences of this accident were of little significance.
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The first lessons learned from the Chernobyl accident are

precisely those that support and confirm the decisions

which, with sound criteria, were adopted after the TMI-2

accident, some oriented towards accident prevention and

others tending to mitigate their consequences in the event

that they occurred.

In this regard, we should stress, among others, the

improvements introduced since then in operator training

programs, optimization of emergency operating procedures,

addition of improved plant parameter display systems,

reexamination of control rooms and man-machine interface,

and the creation of operator technical support centers for

accident situations.

7. In addition to the lessons learned from TMI-2, the Western

nuclear industry has set up organizations and systems for

exchanging both operational experience and research

program results, with a view to continuously and

progressively incorporating improvements into the design

and operation of nuclear power plants, with the final

objective of reducing the possibility and consequences of

accidents.

8. Just as the TMI-2 accident and the operational accidents

in other nuclear power plants have been analyzed to assess

the suitability of incorporating changes into plant design

and operation, the Chernobyl accident is undergoing a

similar process by certain international organisms and by

the more advanced Western countries in the nuclear field.

However, although no great changes are presently foreseen,

in view of the important differences in design and
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operation between Western reactors and Soviet RBMK

reactors, it is premature to anticipate areas or channels

of action or impact on the nuclear power plants operating

in Spain, since such a short time has elapsed since the

accident occurred and information and documentation on the

event are still scarce.

A prudent attitude, before taking any decisions or

initiative, should be based on the knowledge and

participation, whenever possible, of the line of action

adopted by European countries with nuclear programs,

particularly the members of the European Communities, as

well as those adopted by the country of origin of the

technology employed in the majority of reactors operating

in Spain.

9. To fulfill this common, agreed objective to improve the

safe operation of nuclear power plants, the Electric

Utilities are prepared to participate and offer to

collaborate in any effort aimed at studying in depth the

causes and consequences of the accident.

1-4



2. REPORT SUMMARY





2. REPORT SUMMARY

This Chapter gives a summary of the analysis performed in this report, and

the differential characteristics of Spanish nuclear power plants as

compared to those of the Soviet plant in relation with the events of the

accident which occurred on April 26.

2.I DESCRIPTION OF CHERNOBYL NPP

The Chernobyl Nuclear Power Plant has four 1000 MWe units in commercial

operation, each equipped with a RBMK-1000 reactor, and two more under

construction: it is located to the east of Byelorussia and the Ukraine

(USSR), some 100 Km north of Kiev.

The RBMK is a pressurized tube type reactor moderated by graphite and

cooled by light boiling water. It is of Soviet design, large in size,

hybrid and has characteristics essentially different from Western

reactors, for example, the absence of a pressure vor.nel as tn light water

reactor plants.

The RBMK-1000 reactor's thermal power is 3200 MW; it is equipped with two

identical cooling loops. Connected to each loop are 840 parallel vertical

channels containing fuel assemblies. Each loop has 4 reactor coolant

circulating pumps.

The following are the main design characteristics of RBMK reactors:
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Vertical channels containing fuel and coolant, which permit local

refuel with the reactor in operation

Fuel in the form of cylindrical fuel element bundles composed of

uranium dioxide with tube-type zirconium cladding

Graphite moderator between fuel channels

Light boiling water coolant, with direct steam supply to the turbine

The reactor is surrounded by a cylindrical stool shell containing a

mixture of nitrogen and helium to limit, oxidation and control the graphite

temperature.

The boiling water from the reactor fuel channels passes on to 4 drum

separators, located at a higher level than the reactor and at either side

of it. The steam is driven directly to two turbines, to each of which a

500 MWe generator is coupled.

The water from the drum separators is passed through downcomers to the

suction side of the reactor coolant circulating pumps. The main turbine

condensate is returned to the drum separators by a conventional condensate

and feedwater system.

Plants equipped with RBMK-1000 reactors have been designed for basic

operation and their control system designed, accordingly, to minimize the

number of reactor scrams by automatically reducing power in many

transients and, in certain cases only, performing reactor shutdown.

Figure 2.1 is a schematic diagram of a RBMK-1000 reactor.
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2.2 THE ACCIDENT AND ITS CAUSES

According to what has been indicated by Soviet experts, the Chernobyl

accident was a consequence of multiple deliberate, conscious violations of

the operating procedures and rules by operators during the test. Valery

Legasov, leader of the Soviet delegation at the Vienna meeting, after

admitting the violations, added that the errors which led to the accident

had begun in the design itself where it was "evident from the beginning

that the designers made a tremendous psychological mistake 3n not

foreseeing the possibility of such gross operator errors" (16).

The object of the test was to check the turbine-generator's capacity,

during rundown, as a short-term power supply source for certain emergency

cooling system electrical loads. According to Legasov, performance of

this test has been subject, in the USSR, to "a lot of discussion on the

justification of this test in general" (16).

A procedure had been prepared for performance of the test which, according

to available information, contained deficiencies with respect to safety

aspects (1).

The test was to be performed at a reactor power of 700-1000 MWt. Due to

operator error, disconnection from the local automatic power regulation

mode to overall automatic mode caused a power reduction to 30 MWt, since

it was not possible to eliminate the resultant power unbalance quickly

enough.

In their effort to increase power, the operators withdrew an excess number

of control rods with the manual control system, giving rise to neutron

flux distribution and a reduction in the available reactivity margin.
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A substantial xenon increase, caused by low-power operation, made it

impossible to raise the power beyond 200 MWt. It was, nevertheless,

decided to perform the test at this power.

In accordance with the test procedure, the eight reactor cooling pumps

were started up. The flow produced was excessive for the reactor power

level, giving rise to a reduction in steam generation and a consequent

drop in pressure and drum separator level. The reactor trip signal

generated by these variables was cancelled by the operators.

on the other hand, simultaneous operation of the eight reactor cooling

pumps, with the power and pressure generated in the channels, signified a

cooling condition close to saturation with the consequent risk of flashing.

To maintain the water level in the drum separators, the feedwater flow

increased, causing a drop in coolant temperature and steam generation and

the consequent decrease in reactivity, giving rise to automatic and,

later, manual control rod withdrawal.

The information that the operators had, indicated that the reactivity

margin was significantly lower than that permitted (6-8 rods) and required

immediate reactor shutdown. The reactor parameters were, however,

relatively stable and it was decided to go ahead with the test.

The regulations state that, without the special authorization of the Plant

Manager, the reactivity margin should never be less than 30 rods. Legasov

said (2) that if the margin falls below 15 equivalent rods, "nobody in the

whole world - not even the Prime Minister - can authorize continued

operation of the reactor".
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Each plant unit has two parallel turbine-generatorr, fad by a reactor.

Performance of the test required the trip of one of the two turbine-

generators. The operators had blocked the reactor trip signal initiated

by the trip of the turbine-generator still in operation.

Tripping of the turbine-generator on which the test was to be performed

brought about a sudden reduction in the flow through the core as a

consequence of shutdown of the four reactor cooling pumps fed by the

turbine-generator in operation. This led to a large increase in steam

generation and a substantial increase in reactivity and reactor thermal

power.

The operators then tripped the reactor manually, but it was already too

late. The control and scram rods began their insertion into the core but,

after a few seconds, several shocks were felt and the rods halted without

reaching the lower stops. Power continued to increase quickly and

resulted in a steam explosion due to excess pressure in the Fuel

channels. This explosion destroyed the reactor and part of the building

housing it, producing ejection from the core of the partially inserted

control rods. These circumstances motivated a reactor excursion from 600

to 1000 percent per second, causing a second steam explosion similar to

the previous one although, according to some observers, it could have been

due to the mixture, in the reactor cavity, of air with hydrogen and carbon

monoxide.

The following paragraphs give a detailed description of the different

design aspects, followed by an evaluation of the different states of the

art with respect to support system capability in case of accident,

comparing the internal and external damages occasioned in the Chernobyl

and TMT-2 Plants. Finally, t.ho differences in operational aspects between

Spanish nuclear power plants and Chernobyl are reviewed.
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In all cases, attention is focused on the differences in areas that have

some relation with the accident.
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2.3 DIFFERENCES WITH SPANISH PLANTS

The Chernobyl accident described above was not due only to a chain of

operating errors, as has sometimes been said. Although these were of

major importance, there are characteristics in the design of the soviet

reactor that contribute to an accident of the dimensions and implications

of that at Chernobyl.

Of the differentiating design characteristics which facilitated the

occurrence of the accident or did not help to mitigate its consequences,

but which could have done so according to the design of Spanish plants,

the following are highlighted:

Nuclear Characteristics

Due to their large size, reactors of the Chernobyl type suffer instability

in the distribution of neutron flux (and, therefore, of power) and in the

distribution of coolant. The latter, owing to the positive void

coefficient, can bring about fast local power variations.

The local power variations produce reactivity oscillations due to the

disappearance and formation of xenon.

Such instability involves greater control system actuation and greater

possibilities of failure or error.
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Reactor

The nuclear system used - slightly enriched Uranium Oxide as fuel, light

water as coolant, and graphite as moderator - lead to a positive void

coefficient, i.e. the reactivity (and, therefore, the power) increases

with the amount of steam. Since the amount of steam increases when

reactor power is greater, if the control and other parameters that

influence reactivity did not intervene, this would bring about an

inherently unstable reactor. On the other hand, the light-water reactors

operating in our country have a fundamentally negative void coefficient

since the coolant also acts as moderator. As the power and steam

increase, the moderation ratio decreases and the power stabilizes.

In relation to the nuclear system of Chernobyl, it is as well to note the

incompatibility between the water-steam and the graphite at temperatures

greater than that of design that can be reached during accidents. At high

temperatures, the graphite can react with the steam producing carbon

monoxide in an endothermal reaction.

Control system

The control system is complicated and has a greater need and frequency of

actuation.

In this respect, it should be noted that the drastic reduction in power,

which was the origin of the power and reactivity problems giving rise to

the accident, was, apparently, due to operator error or delay in fixing

the setpoint when the automatic control system was connected for low power.
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Reactor Protection System

In all the channels or redundancies of the Chernobyl reactor protection

system, it is possible to cancel certain safeguard and reactor trip

actuation signals when operating at full power, as understood from the

information furnished on operator actions during the accident.

Cancellation of reactor trip signals during full-power operation is not

permitted in Spanish nuclear power plants and, if permitted in one channel

for tests, there are always sufficient redundant signals to actuate

reactor trip in the event of an anomalous situation.

Main Steam System

The main steam system in the Chernobyl plant is, mainly, located outside

the accident confinement barrier, with no provision for isolation valves.

A perturbation in the steam circuit can give rise to leaks which would

take a long time to control, with the consequent perturbing effect on the

core.

In Spanish boiling water reactor plants, the main steam piping is

furnished with two isolation valves that automatically separate the core

from the steam circuit in the event of circuit leaks which are larger than

those permitted.

Spanish pressurized water reactor or graphite-gas plants have a secondary

circuit for steam production, independent of the primary coolant circuit.

2-9



All Spanish plants have a containment housing the primary circuit and

associated components, preventing the dispersion of radioactive materials

in the event of an accident involving core damage.

Compared with Western containment design criteria, the containments in

Soviet plants extend only to a series of compartments, including neither

the reactor nor most of the recirculation loops. This substantial

difference gave rise to the enormous implications of the accident insofar

as radioactive release is concerned, since the reactor cavity is designed

for only one reactor channel pressure tube break.
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2.4 COMPARISON WITH POSSIBLE ACCIDENTS IN WESTERN PLANTS

An immediate analysis of the accident led certain experts in the

international nuclear field to conclude that such an event is impossible

in the Western World. On May 1, Lord Marshall, President of the Central

Electricity Generating Board, commented (23): "Could such an accident

happen here in the United Kingdom? I am sure the answer is "NO", because

our safety systems, our technical standards, the responsibilities placed

upon the utilities and the oversight provided by the Independent Nuclear

Inspector ensure that a reactor with a number of unsatisfactory

characteristics like the Russian reactor would never be built or licensed

here".

Review of the Chernobyl-4 accident should be carried out in comparison

with the most severe accident postulated in the Western World and bearing

in mind the accident which took place in the Three Mile Island Plant

(TMI-2). From this analysis, it seems to be evident that the new impetus

given to research in industry degraded core rulemaking (IDCOR) and the

introduction of improvements in design and commercial operation which has

positively affected Western plants, has not influenced the more modern

Soviet plants (remember that Chernobyl-4 was connected to the grid in

1983).

One consequence of the TMI-2 accident was the improvement in analysis

techniques, focusing attention on diagnosis and mitigation of accidents

originated by virtually minor failures, especially those due to operating

errors.

The details of the accident analyses performed on Soviet plants are

unknown. According to the official information presented in Vienna, the
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design did not allow for safety protection systems capable of preventing

the accident, "since it was considered that the combination of such events

was impossible" (1).

Another conclusion derived from the TMI-2 accident was the necessity that,

during an accident, operating personnel had clear and precise information

on the state of the main parameters from the point of view of safety, as

well as a suitable, independent technical support which, without relieving

the operating team from its responsibilities, would increase their

capacity for analysis and reaction, while organizing the means to palliate

the consequences of the accident.

These needs became evident during the Chernobyl accident, as indicated in

the official report, but since they were not accounted for, it was only

possible to take incomplete measures which were, in any case, delayed.

The adoption in our country of the recommendations derived from the

analysis of the TMI-2 accident has led to the incorporation of such

requirements with respect to post-accident instrumentation, large capacity

recording and storage of safety parameters and the constitution of

technical support teams, as indicated in the Emergency Plans prepared and

approved by the licensing authority prior to Plant operation.

When speaking of the Three Mile Island accident, the greatest in magnitude

which has occurred in a plant of Western design, it is essential to

compare the damage occasioned both to the plant itself and to the

population with those originated by the Chernobyl Plant.
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In relation with the damages produced to the plant, there were certain

equivalent phenomena in both cases: core melt, H generation and

explosions. The damages occasioned were considerable in both

installations.

With respect to the core, in Chernobyl it is estimated that 3.5% of the

fuel material and 10% graphite were shot into the air outside the core.

In TMI-2 the core was badly damaged, leaving only 15% of the fuel rods

intact; there was, however, no release to the atmosphere of fuel mass and

the reactor vessel suffered no loss of integrity.

The great difference in relation with the damage caused to equipment is

based on the propagation of the fire in Chernobyl, without comparison in

TMI-2. The design against fires has received special attention in the

Western World and would, in any case, have limited its propagation.

The buildings in Chernobyl were more seriously damaged than those in

TMI-2. This was partly due to the unique nature of the accident which, in

Chernobyl, prevented limiting damage to its interior.

The basic conclusion is that the Western design avoided exterior damage in

an accident which involved core destruction in both cases.

With regard to the injuries caused to the population, the difference in

immediate lessons should be noted since, while in TMI-2 nobody received a

dose higher than the maximum permissible, the Chernobyl accident caused,

apart from massive radiation to the population, 31 deaths (up to the

beginning of September 1984) among the 203 people who were at the plant

and suffered a severe radiation syndrome.
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2.5 RADIATION IMPACT

Detailed differences in the radiation and ecological impact caused in the

surroundings are given in the report. It is enough to indicate here, as a

representative datum, that the release of 1-131 in the TMI-2 accident had

a value 2.5 million less than in Chernobyl. This is explained by two

important differences in the design:

Western reactors do not release particles since it is practically

impossible for the fuel to be ejected from the reactor vessel and, in

any case, they would remain inside the containment. The content of

what is originally released, the "source term", is therefore much less

The existence of the containment, which includes the reactor

enclosure, also lessens the release of volatile elements by their

retention in water and walls and elimination by containment

atmosphere cleaning systems
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2.6 OPERATION

The official report on the accident presented at the Vienna meeting held

from August 25 to 29 1986 (1), without making reference to the design

characteristics, states "the prime cause of the accident was an extremely

improbable combination of violations of instructions and operating rules

committed by the staff of the unit". It was previously indicated,

however, that "the working program (for performing the tests) ... was not

properly prepared and had not received the requisite approval".

These paragraphs summarize the series of violations of operating

procedures and the poor preparation with which the test that caused the

accident was undertaken. On this basis, the following conclusions are

drawn with respect to operational aspects:

The need for suitable, independent inspection of plant operation both

by the electrical utility owner and by the Government, controlling

Plant operating conditions and tests. These controls are carried out

on Spanish plants both by the operation organization and by the

owner's independent nuclear safety committees. Moreover, the Nuclear

Safety Council supervises Plant Commercial Operation.

From the information gathered, ambiguous in this area, it seems that

in the Soviet Union, at a ministerial level, the organization

carrying out regulatory and inspection functions converges with that

responsible for the control and planning of production, taking away

the independence and power of decision from the former.

On the other hand, the repeated violations by the operators of the

Technical Operating Rules, which seem to be the equivalent of the

Technical Specifications in Spain, indicate that this transgression

is not unusual and the control over its fulfillment not very strict,
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an aspect on which experts who have commented on the accident

coincide.

The Technical Specifications, approved in Spain by the CSN, regulate

the safe operation of reactors and establish the actions to be taken

in cases where the degree of safety might have temporarily

diminished. Moreover, the CSN demands notification, within a maximum

of 24 hours, of those situations that involve a decrease in the

degree of Plant safety.

From the description of the circumstances of the accident, judging

from the decisions that can be taken in anomalous Plant situations it

can be deduced that the operator has extensive autonomy and a great

amount of trust is placed on the designer.

The official report (1) states that "the failure to adhere to instructions

in preparing for and carrying out the tests, the non-compliance with the

testing programme itself and the carelessness in handling the reactor

facility are evidence that the staff was insufficiently familiar with the

special features of the technological processes in a nuclear reactor ",

and, among the priority measures, indicates "that organizational steps are

being taken to reinforce technological discipline and improve the quality

of operations".

In Spain, following Western standards, priority has been given to operator

training, for which a specialized company exists with more than ten years'

experience in the training of both national and foreign operators.

The CSN (Nuclear Safety Council) defines the requirements for plant

operating personnel and controls their knowledge of the matter.
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After the TMI-2 accident, even more attention was paid to the training of

operators, following the recommendations of the Kemeny report. Spanish

electrical utilities, owners of nuclear power plants, are members of the

INPO (Institute of Nuclear Power Operations), created in 1980 in the

U.S.A. and whose functions include the preparation and evaluation of

training programs, and the authorization of training institutions.

As a result of international concern to improve operator training, the

training requirements of the US NRC (United States Nuclear Regulatory

Commission) are being applied in parallel in Spain. The requirements of

the Nuclear Safety Council safety guide GSl-1, "Qualifications for the

Obtainment and Use of Licences for Nuclear Power Plant Operating

Personnel", are being followed in Spanish nuclear power plants.
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2.7 POSSIBLE IMPACT OF THE ACCIDENT

On an international level, it would appear that there will be no impact on

the design of Western plants . in this respect, it should be noted that,

at its meeting on the 18 and 19 September 1986 (18), the Management

Committee of the OECD Nuclear Energy Agency indicated, "This Committee

first takes note of the conclusion reached up to the present by the

Nuclear Installation Safety commission (NISC), according to which no

immediate measure is necessary that affects the design and operation of

nuclear power plants in the area of the OECD".

From the point of view of licensing regulations and requirements, no

significant changes are expected. Thus, Lando Zech and Harold Dentón,

President and Director of the NRC, respectively, confirmed their opinion

that the accident does not suggest any need to change the licensing

standards or requirements (19). This opinion was also confirmed by J.K.

Asseltine (20), delegate of the NRC, when he said, "In my judgment, there

are several lessons that apply to the U.S. nuclear program. Some of these

lessons reinforce previous safety decisions made. In this vein, the

Chernobyl accident seems to demonstrate the wisdom of some of the new

safety requirements adopted in the United States in the wake of the TMI-2

accident".

An important aspect to be considered is that relative to the definition of

source terms in the aftermath of severe accidents. No significant changes

are foreseen in this area either; the data collected after the Chernobyl

accident do not infer great impacts on the estimates obtained from the

IDCOR program. In this respect, Anthony Buhl, director of IDCOR, states,

"On the whole, we see nothing drastically different either in the

chemistry or in the behavior of the source terms, in connection with that

which could have been foreseen to occur" (21).
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From the information revealed in this report, it may be concluded that

there is no need for changes or improvements in the design, or emergency

procedures and plans for Spanish plants, where an accident like

Chernobyl-4 is unthinkable.

It can, however, be deduced that great international efforts will be made

in the future to improve the transmission of information among users of

different nuclear technologies, and to achieve safety criteria uniqueness

in the design and operation of nuclear power plants. On the other hand,

the severity of the accident and its transnational nature make it

necessary, among other aspects, to make an in-depth study of long-distance

atmospheric diffusion, decontamination in the wake of the accident, and

treatment of contaminated personnel. In this regard, the International

Nuclear Safety Assessment Group (INSAG) of the IAEA indicate their

recommendations in the official report on the accident (22).
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3. DIFFERENTIAL ASPECTS BETWEEN THE CHERNOBYL DESIGN AND SPANISH NPPs

3.1 INTRODUCTION

One of the most immediate questions in the light of the Chernobyl accident

is the possibility of a similar accident in Spanish plants. In response

to this query, this chapter analyzes the different design techniques

employed in the Soviet plant and those of our country.

The most relevant technical aspects have been chosen, based on the actual

sequence of the accident.

In the first place, the general layout of the buildings and systems is

considered, as well as their repercussion on accident prevention and

mitigation.

One of the most significant aspects of the accident was the nuclear design

of the Soviet reactor and the complexity of the reactivity control

systems. These aspects are analyzed in depth in section 3.3 of this

chapter, both for light water and graphite-gas, comparing them with

Spanish nuclear designs.

The nuclear steam supply system, and safeguard and containment systems are

dealt with in the final sections of this chapter.

The differential features are highlighted throughout the chapter and the

differences are evaluated to draw a conclusion concerning the design of

Spanish plants in the light of this accident.
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3.2 GENERAL LAYOUT

3.2.1 General Approach

This section analyzes the differential aspects of the general layout

between Chernobyl and Spanish plants, with repercussion on accident

prevention and mitigation.

The influence of the general layout on interfaces between buildings,

systems and components is considered.

3.2.2 Plot Plan of Buildings

The Chernobyl plant employs the general layout concept formed by pairs or

blocks of two units. This concept implies the location of reactors 3 and

4 in the same building, and the four turbine-generators (2 per unit) in

another common building. Fig. 3.1 reflects the plot plan of units 3 and

4, and Figures 3.2 and 3.3 show the two sections of the buildings.

The physical layout of the Chernobyl plant forms a contrast with the

general layout of those Spanish plants with which it could be compared,

i.e. those that have two units. The reactor buildings are completely

separated, minimizing the possibility of interference between them.

In some Spanish plants, the turbine building is common to two units; but

it must be pointed out that in these plants, no safety equipment is housed

in that building. Interferences between the components of both units do

not, therefore, create safety problems.
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There is no specific building for housing safeguards in the block of main

buildings of the Soviet plant.

Spanish plants have auxiliary buildings, safeguard buildings or switchgear

buildings with special requisites for housing this type of equipment and

preventing its collapse, even in highly improbable situations: safe

shutdown earthquake, loads associated with compartment pipe breaks, etc.,

as well as conventional loads.

3.2.3 System and Equipment Layout

The following aspects should be noted with respect to systems and

equipment: control room layout, segregation of redundant equipment and

shared systems.

Chernobyl has a main control room common to both units and a further

control room specific to each of them. This distribution is initially

more complex than in Spanish plants, which have one control room per unit

(in some cases the control rooms of both units are adjacent but

functionally independent). Specific control rooms are located in the

intermediate building between the reactor and the turbine-generator. The

main or common control room has not been located in the information

provided. In any event, from the point of view of man-machine interface,

the Soviet layout creates greater problems between equipment interfaces in

the two (main and specific) control rooms and among the people responsible

for them.

The segregation of redundant safeguard equipment in Spanish plants

signifies housing equipment designed to perform a common function in

separate cabinets, or providing them with physical protection so that
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damage generated in a control room is not propagated to the standard

equipment room. A pipe break - with all its associated effects, missile

generation, or fire outbreak are considered to be damage initiators.

The (ifiPini tion of physical barriers as a primary measure for fire

protection has received close attention since the fire at the Browns Ferry

plant. It employs the philosophy of plant division into fire zones.

These zones are established separating redundant equipment items necessary

for safe shutdown from one another and from remaining conventional plant

equipment. In Chernobyl, the propagation of the fire from one building to

another and the time required to extinguish it, discussed in more detail

in section 4.4, seems to indicate that the philosophy employed was

different from the Spanish one.

Some of the systems in Chernobyl are shared by the two units. This is the

case, for example, of the main control room, previously discussed, and the

ventilation system. Initially, not having intervened directly in the

accident, detailed information has not been supplied on parts of the

ventilation system which are safety-related and have a specific function.

Under these circumstances, it can only be said that in the Western World,

plants are designed following criteria that avoid shared systems, unless

it can be demonstrated in each specific case that system sharing does not

reduce safety.
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3.3 NUCLEAR DESIGN FEATURES AND REACTIVITY CONTROL

3.3.1 General

Few similarities can be established between the nuclear design features of

the RBMK-1000 reactor and the light-water reactors (PWR or BWR) or even

the graphite-gas reactor (Vandellós-I NPP) existing in Spain, where the

design philosophy is coherent with that of other Wester countries.

With respect to the latter, it operates under a continuous refuel regime

and is moderated by graphite, but these are the only similarities

encountered, since the fuel used by the Vandellós-I graphite gas reactor

is natural uranium and the coolant is CO , the cycle is not direct and

the steam that drives the turbine is generated in heat exchangers which do

not exist in Chernobyl. These differences are significant if an analysis

is to be performed on a similar event. The graphite-gas reactor, using

CO_ as the coolant fluid, has the following advantages from the point of

view of safety of its nuclear design:

Unlike water, CO is not a moderator and, therefore, does not

influence reactor kinetics

The combination of natural uranium and graphite-gas is less

overmoder at ing than in the case of Chernobyl. According to the

bibliography published (1), one of the improvements being studied by

the Soviets is to increase fuel enrichment precisely to compensate

the effect that the water positive void coefficient has on the

kinetics
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The most significant design parameters of the nuclear design are given in

Table 3-1 for comparison.

The nuclear design of the Chernobyl reactor presents greater neutron

complexity due to its heterogeneity.

Examination of the nuclear design parameters and the reactivity control

characteristics, discussed below, makes one wonder to what extent the

series of human errors were determinative in the accident, and to what

extent the complexity of the design made these errors possible.

3.3.2 Reactivity Coefficients

The choice of a determined type of reactor implies, as a fundamental

aspect, a careful analysis of the reactivity coefficients associated with

the fuel, coolant and moderator. This aspect is essential since it

directly affects reactor control under safety conditions.

In reactors moderated and cooled by light water (PWR and BWR), the

temperature coefficients associated with the fuel and moderator are

negative at power operation.

The fuel negative temperature coefficient responds to the so-called

"Doppler Effect", which consists in a broadening, with temperature, of the
238 240

neutron absorption resonances of U and Pu isotopes, with the
consequent elimination of available neutrons for thermal fission.
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In reactors moderated and cooled by light water, the temperature

reactivity coefficient is negative, since moderator density decreases with

temperature, except in certain cases during initial cycle startup, due to

the boron effect.

Moreover, in boiling water reactors, consideration must be given to the

void reactivity coefficient which is more negative than that of the

temperature (and for the same reason) and inclined therefore to stabilize

the reactor if the load tends to increase. Owing to this feature, coolant

flow decrease results in a decrease in the neutron flux apt for thermal

fission and, consequently, has a significant negative effect on the

reactivity.

In a pressurized water reactor (PWR), the temperature coefficient

associated with the moderator is negative and the boron concentration in

the light water is regulated so that this coefficient becomes negative

during the complete cycle, but can be slightly positive at low power

during initial cycle startup. The void coefficient associated with the

moderator in a PWR is negative, although it is obviously not as important

as in a BWR.

Lastly, in graphite-gas reactors, the temperature coefficient associated

with the fuel by the aforementioned Doppler effect is negative, but the

temperature coefficient associated with the moderator (graphite) could be

positive due to Pu-239 production originated by irradiation. However, a

factor to be considered is the time constant associated with the speed of

this positive variation with the temperature. This effect in a graphite-

gas reactor, although positive, is slow, due to graphite mass thermal

inertia, and is therefore easier to control.
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A differentiating aspect of the Chernobyl reactor with respect to PWR, BWR

and graphite-gas reactors is that, being moderated by graphite and cooled

by boiling water, it has a positive reactivity coefficient associated with

the graphite and water. In particular, the positive coolant coefficient

(void coefficient) plays an important role in this reactor and complicates

its control, since a load increase tends to raise the quantity of steam,

decreasing the neutron absorbent effect and the water cooling capacity,

and increasing the effectiveness of the moderator. This intrinsic,

specific feature of the RBMK-1000 reactor makes it inherently unstable,

which does not mean that it cannot operate under safe conditions, but

makes control difficult and complex so that any instrumentation failure or

operator errors may produce a loss of reactivity margin with serious

consequences. In other words, with this RBMK-1000 reactor, an

insignificant incident, if not controlled in time, could provoke a serious

accident.

3.3.3 Flux Flattening. Reactor Stability

An important aspect highlighted in this section is that relative to the

design features incorporated into reactors to attain suitable neutron flux

flattening during the cycle and the capacity to absorb operating

transients, or other events that involve spacial instability such as

neutron poison transients or erroneous control rod withdrawal.

According to the literature (1), the Chernobyl reactor is particularly

complex in this regard, due to the heterogeneity of its channel layout by

different neutron characteristics, and also because it has independent

channels for the nuclear instrumentation and control system with their own

cooling circuit using water at 40°C. This leads to the belief that the

probability of peaks in individual channels is high and it is, therefore,

of utmost importance to have reliable knowledge of local parameters to be

able to compensate these effects, especially when considering the size of
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the core which is so large that it does not behave as a unique,

homogeneous whole, on the other hand, according to the bibliography (1),

reactor heterogeneity is greater during the first few years of service due

to the fact that, in addition to the aforementioned channels, there are

others whose composition varies, there being water channels and channels

where fuel with different degrees of burnup is unloaded. In other words,

the structure of reactor power distribution depends on multiple factors

and it is extremely complex to establish "a priori" the critical channels

and critical points.

It is reasonable to think that any variation in reactor power level

implies extreme precaution in rod insertion, so that their "actuation" is

appropriate to local flux changes. Moreover, the comment made above on

the positive void coefficient must not be forgotten, i.e. that during

these transients it does not act on the safety side.

Both radial and axial flux flattening is attained in light water reactors

like those existing in Spain, through the design and operative strategy

with the establishment of corresponding total axial, radial and peak local

factors, hot channel factors and axial flow differences within calculated

operating bands. These factors are monitored throughout the cycle and are

compensated by control rod movement and the intrinsic negative reactivity

features of the moderator. The geometric configuration of these light-

water reactors and the selection of core positions for control rod

insertion, together with the measurement supplied by the neutron flux

detectors and core thermocouples, make free xenon oscillations on the

axial and radial planes unlikely. Operating experience with these

reactors has confirmed that such instability does not occur, and if it

were to occur in any direction it would be easily controllable.

"A priori" prediction of power distribution behavior and the setting of

operating limits - monitored throughout the cycle life by corresponding
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flow maps to obtain the power distribution on planes XY for each core

height, and the measurement of the neutron flux detectors and core

thermocouples - along with the effects of quick compensation induced by

the negative moderator coefficient, makes the behavior of these light-

water reactors stable and the distortions in power distribution are

compensated by the control system and, lastly, by the quick reactor

shutdown system.

In the case of a graphite-gas reactor, like Vandellós I, already operating

in its equilibrium cycle, flux distribution variations are attained

through control rod movement and the establishment of a predetermined fuel

unloading sequence. From the point of view of neutron flux distortions

and power increases in one channel, it may be said that, unlike Chernobyl,

the reactor operating mode is not subject to the tests and examinations

which are characteristic when approaching the equilibrium cycle, that cell

uniformity is greater, and that the control system is more efficient to

compensate local reactivity variations, when positive insertion effects by

the steam voids do not exist and specific net operating power is lower.

3.3.4 Reactivity Control

3.3.4.1 Control of Initial Reactivity

At the beginning of the cycle, excess core reactivity exists that can be

compensated by fuel burnup and the accumulation of neutron poison produced

as a consequence of the fission process as the cycle goes on. This excess

is compensated by neutron absorbers.

The method used to compensate these effects varies depending on the type

of reactor. In a boiling water reactor, the effect is a combination of
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control rods - composed of solid neutron absorbers and other chemical

poisons mixed with the fuel (gadolinia), and in a pressurized water

reactor, the effect is a combination of control rods composed of solid

neutron absorbers - burnable poison rods and neutron absorbers dissolved

in the water. "Compensation" control rods are used in graphite-gas

reactors although, due to Pu-239 generation, maximum reactivity is

attained when a certain degree of irradiation is reached in the core.

3.3.4.2 Shutdown Margin Concept

The Technical specifications, generally used in Western plants, establish

the limit at which the available negative reactivity margin should be

maintained to be able to compensate positive reactivity insertions

provoked by uncontrolled rod removal, or other unstabilizing effects.

Analysis of the DNB (Departure from Nucleate Boiling) and MCPR (Minimum

Critical Power Ratio) performed for Western reactors, during normal

operation and postulated accidents, take into account that the rod with

the highest anti-reactivity gets stuck and cannot be inserted into the

core, demonstrating that in all the cases analyzed, the DNB/MCPR is not

reached in the critical fuel rod. Trips due to neutron flux, and other

variables such as coolant pressure, temperature, etc., would cause control

rod insertion, introducing sufficient negative reactivity to make the

reactor subcritical.

The shutdown margin is defined in the Technical Specifications as the

quantity of reactivity by which the reactor is or could be subcritical,

assuming that all control rods are completely inserted, except for the rod

with the highest anti-reactivity value which is assumed to be completely

removed. The reactor condition for which the design shutdown margin is

fixed, corresponds to the moment during the cycle at which the worst

conditions are assumed to exist from the point of view of other effects

that affect core reactivity (e.g. burnup and water temperature).
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One of the methods to determine that the shutdown reactivity margin is

available throughout reactor operation includes a combined monitoring

effect of selected parameters that depend on the type of reactor. In

PWRs, these parameters are typically control rod position indication,

reactor cooling system boron concentration, coolant average temperature,

fuel burnup based on the integral generation of thermal energy, and

concentration of neutron poisons such as xenon and samarium. In BWRs,

where the shutdown margin is fixed at cold conditions (T - 20°C) and free

of xenon, determination is based on control rod position at the beginning

of the cycle and during operation.

The shutdown margin is measured before initial operation and after each

refueling outage, as well as during the cycle. The frequency of shutdown

margin determination during the cycle increases if a control rod becomes

inoperable and, in this case, corrective actions must be taken to recover

the anti-reactivity of this rod. These actions are clearly established in

the Plant Technical Specifications. Loss of shutdown margin requires

immediate action for its recovery or, failing this, reactor shutdown.

3.3.4.3 Reactivity Control in Light-Water Reactors

In general, reactivity control during normal operation is performed by

control rods (control banks), whose control function movement is limited

by design and their position in the core pre-established, with alarms for

deviation or inoperability.

Control rod movement in a light-water reactor is programmed so that only

slight rod movement is necessary per day, to compensate the effects of

fuel reactivity decreases with burnup. The basic principle is to reduce

rod movement which, on the other hand, reduces the probability of operator

error.
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In a BWR, the control rods are used mainly to control the power

distribution and compensate long-term reactivity changes produced by fuel

burnup. Fast reactivity variations (load changes) are compensated through

the reactor coolant flow control function.

In a PVR, the long-terra reactivity variations are compensated through

boron concentration variation in the reactor coolant, while the control

rods are used almost exclusively during outages, since load changes are

preferably performed with the boron concentration variation and average

coolant temperature.

In both reactors, upon receipt of a reactor scram signal, the rods are

inserted into the core, these systems being very fast. In a BWR, the

maximum core insertion time per signal for reactor scram can be between

0.5 seconds and 3.5 seconds for complete rod removal. In a PWR, this time

is less than 2.2 seconds.

3.3.4.4 Reactivity Control in a Graphite-Gas Reactor

The nuclear system in Vandellós I constitutes an assembly with low

reactivity available. However, the reactivity increases during
239

irradiation caused by the formation of fissible Pu , and again drops
239

at the end of the cycle when the consumption of Pu is greater than

its formation. As a result of these variations in fuel constitution, the

moderator temperature coefficient varies from slightly negative (-3.4 .

10~5 Ak/k / °C) to positive (15 . 10~5 Ak/k / °C), for normal

design irradiation.

The fuel temperature coefficient (by Doppler effect) es negative (-1.55

10 Ak/k / °C) and varies little, depending on core conditions.
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Since in the event of a fuel (or coolant) temperature increase the Doppler

effect would actuate before the positive moderation coefficient (owing to

the great thermal inertia of the graphite), the core would be easily

controllable in the light of temperature variations. On the other hand,

in reactors like that of Chernobyl, there is also a positive coefficient

of temperature in the moderator and voids in the coolant, making reactor

control more difficult in the light of variations in coolant inlet flow or

temperature.

In a graphite-gas reactor, both long- and short-term reactivity variations

are performed by the movement of the control rod groups provided for this

purpose. The slight load variations and distribution are carried out by

the precision control rod group.

Local instability which could generate power excursions is controllable

since, contrary to the case of Chernobyl, the aforementioned positive

coefficient of voids does not act. Insofar as the instability originated

by neutron flux variations is concerned (Xe buildup), it is also less

because reactor power and power density are less.

3.3.4.5 Differential Aspects of Reactivity Control in Chernobyl

From the foregoing, it is worth noting the following differential aspects

with the Chernobyl reactor, that reasonably permit us to associate the

accident with a specific design and a particular form of operation:

1. The probability of human failure is considerably higher in Chernobyl

owing to the greater need for control rod movement to be able to

compensate the effects of reactivity changes and power distribution

control. Moreover, an interlocking device or system to prevent rod
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movement beyond the values that guarantee the safety margin is not

known to have existed in Chernobyl. In this way, the reactivity

margin was reduced from 30 rods, the minimum permitted value, to 6-8,

due to operator error.

Insertion into the core of control rods, upon receipt of a reactor

scram signal, is slower in the Chernobyl plant that in light-water

reactors. According to the Soviet report, the control rods in

Chernobyl drop at a speed of 0.4 m/sec. Taking into account the

height of the core (7 m), a total insertion time of 17.5 seconds is

obtained.

3. The Chernobyl control system is more complex. in addition to the

manual rods for power distribution control, there are two automatic

control systems - one controls the average reactor power and the

other regulates local power. Change from the local power control

system to the average power control system requires precise manual

actions. On April 26, 1986, significant power destabilization

occurred in the Chernobyl reactor, due primarily to an error in the

execution of this operation.

4. The speed at which the kinetic features change in the Chernobyl

reactor is great when compared with Western plants, due mainly to the

positive reactivity coefficients.

It is deduced from the bibliography (1) that the probability of

exceeding the maximum heat flux permitted in one channel is

relatively high. This is, in fact, accounted for and the channel can

be isolated, but this leads us to thinking about the susceptibility

of the phenomenon occurring when confronted with an unstable reactor

situation.
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3.4 NUCLEAR STEAM SUPPLY SYSTEM (NSSS)

Figure 3.10 is a sketch of the water-steam cycle in the Chernobyl plant.

It may be inferred from the information available on the Chernobyl plant

that the main steam lines that carry the steam from the reactor to the

turbine are not contained within the containment barrier and are not

furnished with isolation valves, meaning t.hat isolation in the event of a

pipe break is not possible. In this case, the reactor coolant would

discharge through the break, outside the suppression pool.

Spanish BWR plants have two isolation valves on each main steam line, one

inside the drywell and the other outside containment, that automatically

close in case of a main steam line break downstream of the valves.

Closure of these valves ensures isolation of the NSSS on the steam side.

In the event of a pipe break between the reactor vessel and the first

isolation valve, the reactor coolant discharges to the suppression pool

which supplies the water necessary for long-term operation of the

emergency core cooling systems (ECCS).

In Spanish PWR and graphite-gas plants, the main steam is separated from

the primary coolant by the pressure boundary constituted by the steam

generator tubes and also have an isolation valve outside containment which

closes automatically in case of accident, including a pipe break beyond

the isolation valves.
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3.5 SAFEGUARD SYSTEMS

In the light of the characteristics of the Chernobyl accident, it may be

said that the safeguard systems installed in the plant, at least from the

point of view of their design, did not significantly contribute to the

evolution of the accident since, due to repeated cancellation of their

actuation by the operators, they did not enter into operation.

Due both to that indicated above and to the information available - scarce

with respect to its design and practically non-existent with respect to

operating experience - it is difficult to make a comparison between the

design and effectiveness of the safeguard systems installed in the

Chernobyl plant and those installed in Spanish plants. Such comparison

would be more difficult if, in addition to the design, it were intended to

compare other aspects related to system tests, availability, etc.

With such limitations, indicated below are the most significant design

characteristics of some safeguard systems that basically make them

different from those installed in Spanish plants.

3.5.1 Emergency Core Cooling System Design

The Chernobyl reactor has an emergency core cooling system with three

trains, each with 50% capacity for core cooling requirements during a

design basis accident (see Fig. 3.11). This system is designed to perform

its function even in the event of failure of an active component or a

passive component with moving parts (check valves, etc.). it is

surprising, however, that the injection lines of the three trains are

connected at the end of their run to a single line (header) of the reactor

cooling circuit. This applies to each of the two reactor cooling loops.
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In Spanish light-water plants, water supply to the reactor in the event of

accident is performed by systems which inject water into different points

of the reactor coolant loops or the reactor vessel.

In PWR plants with three loops, which is generally the case in Spain, the

ECCS safety injection is carried out in the three loops so that, in the

event of a break in one of the loops, the injection through the unaffected

loops is sufficient to cool the core.

In the particular case of the José Cabrera plant which has just one loop,

in the event of a loss of coolant accident (LOCA), the coolant is injected

directly into the reactor vessel through three independent lines.

There is a large variety of safety systems in BWR plants that can supply

water to the reactor vessel: HPCS/HPCI, LPCS, LPCI-A, LPCI-B, LPCI-C.

RCIC and isolation condenser.

In light-water reactors, all safety systems supply water to the reactor

vessel through independent lines that run from the suction point up to

their connection with the reactor vessel.

In the Vandellos-I graphite-gas plant, residual heat resulting from a LOCA

is removed by the primary coolant through 4 turboblowers fed by auxiliary

steam, either by the steam generators (in which case, one turboblower is

sufficient), or by heat exchangers specific for the purpose. On the other

hand, the integral design of the containment, built of prestressed

concrete and enclosing the complete primary circuit and steam generators,

is such that any primary coolant leaks would be slow (crack formation) and

not catastrophic. Although means exist for the purpose, residual heat

removal during accidents with depressurization is ensured without having

to supply more coolant to the reactor loop.
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3.5.2 The Chernobyl Reactor Protection System Design

As became evident during the Chernobyl accident sequence, the design of

the reactor protection system permits the reactor protection signals to be

blocked from the control room. It proved possible to block several

parameters selected for reactor trip, as well as signals for power

reduction in the event of transients. According to information available,

these signals can be blocked for tests during operation.

One of the causes of the accident was precisely the blocking of certain

reactor trip signals during the turbine-generator test.

The design of the reactor protection system for Spanish nuclear plants

does not permit reactor trip signals to be blocked during full power

operation.

With regard to the reactor shutdown system, in the Chernobyl design there

is no alternative to the control rod system.

In Spanish light-water plants, it is a basic design criterion to have two

reactivity control systems, one for immediate actuation (fast control rod

insertion) and the other for delayed actuation in the event that the first

one fails, with the following features:

1. BWR plants have a sodium pentaborate injection system designed to

attain reactor subcriticality as an alternative to rod control

insertion
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2. In BWR plants, it is possible to inject borate water into the primary-

circuit through the ECCS and through the volume control system

3. In the particular case of Trillo, a safety system for borate water

injection to the primary circuit is provided in addition to the

chemical and volumetric control system and the ECCS

Among the improvements planned for Soviet plants as a result of the

accident, mention is made of a fast shutdown system in addition to the rod

control system.

3.5.3 Safeguard System Availability

In the design of the Chernobyl ECCS, electricity for the feedwater pump of

one of the fast acting circuits is supplied by one of the turbine-

generators so that in the event of a simultaneous accident and loss of

offsite power, and even loss of power supply from the diesel generators,

the pump can be powered by the current generated by the turbine-generator

during rundown.

The purpose of the test performed on April 26 was to check the correct

power supply from the busbars of the turbine-generator during rundown.

According to information provided by the Soviet delegation at the meeting

in Vienna on August 25 to 29, this test had already been performed in 1982

and 1984; it was verified that the voltage dropped too quickly and

another generator was tested. If this meant that the ECCS feedwater pump

was not receiving sufficient power, it is strange that plant operation was

permitted under these conditions.

In Spanish plants, testing of the ECCS and its power supplies is

obligatory before its operation can be authorized, and it has been
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demonstrated that switchover to diesel generator supply can be performed

without any intermediate power supply.

3.5.4 Redundancy Separation Criteria

There is insufficient information to verify whether the separation of ECCS

trains in Chernobyl extends to the support systems. However, by analyzing

the information provided with the report presented by the soviet

delegation in Vienna, one can appreciate details which indicate that the

support systems might not have the same degree of separation as the ECCS

trains. For example, on observing the cooling system for the three heat

exchangers corresponding to the three ECCS trains, it can be verified that

the cooling water is supplied through a single pipe, as is the case for

water return.

In Spanish nuclear power plants, the redundancy and separation of trains

is applied to every safety system and the whole chain of supporting

systems.

3.5.5 Power Supply Diversity

From the information available, it would seem that Chernobyl has no system

with turbine-driven pumps that could cool the reactor core in the event of

a total loss of a.c. power supply, whether onsite or offsite.

Spanish BWR plants are provided with turbine-driven pumps capable of

supplying water to the reactor vessel after trip: HPCI or RCIC. The

BWR-6 plants also have pumps powered by a diesel generator specific for

the purpose (HPCS).
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PWR plants in Spain are provided with turbine-driven pumps for water

supply to the steam generators. In the particular case of Trillo, this

redundant water supply is performed by pumps directly driven by four

diesel generators which are independent from the safeguard diesel

generators and are basically dedicated to this end.

In the Vandellos-I plant, coolant circulation is ensured, if necessary, by

auxiliary steam from the boilers which are independently associated with

each of the primary circuit turboblowers.
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3.6 CONTAINMENT SYSTEM

3.6.1 Containment Concept

There is a significant difference between the containment system concept

or confinement of radioactive products in the event of accident used in

the Chernobyl design and that employed in Spanish plants.

In Chernobyl» the containment is constituted simply by a group of

compartments located inside the reactor building; the building as a whole

is not designed according to confinement boundary requirements.

The Chernobyl containment compartments, shown in Fig. 3.4, contain:

a. The main coolant pumps (leaktight compartments 1 and 2)

b. The main coolant feedwater pipes (compartments 3 and 4)

c. The 2 suppression pools (compartments 6 and 7)

d. The steam distribution room (compartment 5)

Outside containment are the steam separators, main steam lines, downcomers

from the separators, and the reactor cavity. The different containment

compartments are connected by valves (see Fig. 3.4) and discharge to the

pool through the steam lines.
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in Spanish light-water plants, the containment concept (see Fig. 3.5 to

3.9) is applied to the complete building housing the NSSS. In some models

of Spanish plants, the secondary containment concept is also introduced as

the primary containment boundary, the atmosphere of which is controlled

and hermetic, thus forming an additional barrier to effluent release.

The Vandellós-I containment consists of an area whose interior houses the

reactor core, the blowers and primary CO loop, and the steam

generators. It is constructed of prestressed concrete and steel-lined to

ensure leaktightness. The complete primary circuit is included in the

containment of Vandellós-I, whereas in Chernobyl the steam outlet is

completely outside the containment. In this respect, Vandellós-I can also

be considered among the plants with total containment.

In this context, it should be considered that in the Chernobyl accident, a

break in the pressure pipes (channels), produced by the explosion, took

place in a zone not comprised within the containment, since the latter

does not house all the main components. It should be taken into

consideration that the reactor cavity has a low design pressure (0.8

manometric atmospheres), based only on a break in one channel (pressure

pipe). Reactor cavity failure results in the discharge of effluents to

some reactor building cubicles which do not form part of the containment

boundary. In Spanish plants, the reactor is always located inside

containment.

3.6.2 Containment Design Criteria

in Chernobyl, each of the containment compartments is designed to

withstand a break in the main coolant piping contained therein. This

signifies a different design pressure for each compartment. Reinforced

hermetic compartments are thus designed to withstand a break in the main
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discharge header (0.9 m diameter) of the coolant pump. The design

pressure is 4.5 monometric atmospheres, far greater than the rest of the

containment compartments (0.8 man. atmos.), designed for a 0.3 m diameter

pipe break.

Containments in Spanish light-water plants are designed to withstand the

pressure and temperature produced by the most unfavorable pipe break

(steam or water), considering the simultaneous loads of a safe shutdown

earthquake (SSE). An essential difference lies in the consideration of

steam line breaks, not contemplated in Chernobyl, and in that there is a

significant aspect of the design which provides a higher margin:

consideration of the maximum load, including earthquake, for the complete

containment, except in the case of Trillo for which loads corresponding to

earthquake, external event, and LOCA are separated.

It is worth referencing the studies performed by IDCOR (a team of

specialists dedicated to investigating severe accidents in the U.S.A.) on

the structural capacity of containments in Western PWR and BWR plants.

Conclusions of the report (3) are:

a. A steam explosion of sufficient magnitude to destroy the containment

is considered physically impossible

b. Containment pressure increases slowly

c. The biggest threat to the containment is long-term, due to successive

pressure increase produced by steam generation and non-condensables

d. Containment failure pressure (maximum structural capacity under creep

conditions) is generally 2 - 4 times the design pressure
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3.6.3 Pressure Suppression System

At first glance, a comparison could easily be established between the

concept of the Chernobyl pressure suppression pool and that of boiling

water reactors. The simplified functions of both concepts are the same:

condensation of the steam generated by pipe break and that which might be

discharged through the main steam circuit safety valves.

However, there is an essential difference in the concept of the

suppression pool in the Soviet reactor and that in BWRs. In the case of

Chernobyl, the suppression pool condenses the steam generated by pipe

breaks in the containment compartments, but does not condense the

potentially contaminated steam from breaks outside the compartments (steam

lines, feedwater, separator downcomers, etc.). The suppression pool in

Spanish BWRs receives the steam from all the drywell breaks (steam or hot

water). This guarantees retention' of all fission products released from

these breaks and steam condensation, minimizing the threat to containment

integrity.

3.6.4 Hydrogen Control

The H control system in the Soviet plant consists of two parts:

concentration monitoring by analyzers located in the containment and

removal-recombining. Both functions are covered by systems equivalent to

those used in Spanish plants. It should be noted, however, that the

Soviet system is triply redundant (3 x 100%). It would also be

appropriate to analyze the possible causes of this difference. The

hydrogen generated in RBMK reactors might result from reactions of

graphite-water, metal (zirconium)-water or radiolysis reactions, while in

Spanish reactors, the graphite-water reaction is not produced and there is

less metal available (Chernobyl has more than double that of Spanish

reactors) for reaction with water.
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This situation might have urged the soviet designers to increase the

reliability of H control systems by introducing three redundancies,

although their intervention at the time of the accident was not relevant

to prevent the explosion. It must be emphasized, however, that the H

control system in Chernobyl only serves the hermetic and containment

compartments and, therefore, the generation of H in the reactor zone

will not be controlled until it passes on to the former compartments. In

Spanish reactors, the H control is performed in the complete

containment. To facilitate dilution in all compartments, some Spanish

plants have forced or natural draft mixing systems that prevent the

formation of uncontrolled pockets, thus ensuring recombining of the

complete containment volume. In other plants (Mark I), the containment

atmosphere is inertized.

Hydrogen formation is a problem which does not affect graphite-gas

reactors, since there is no water in the primary system.
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POWER

Thermal (MWt)

Electric (MWe)

TYPE

TABLE 3.1

COMPARATIVE TABLE OF NUCLEAR DESIGN PARAMETERS
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Pressurized
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PWR

2,686*
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PWR
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similar power have been taken as a reference; the graphite-gas reactor corresponds to Vandellos-I

** Of the 1884 channels, 1661 contain fuel, 211 contain control elements and 12 are used for instrumentation
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600
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Temperature (°C)

Inlet
Outlet
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COMPARATIVE TABLE OF NUCLEAR DESIGN PARAMETERS
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327

17 x 17

Zircaloy-4
9.42
8.86

Light Water

283

Boiling Light
Water

73.12

278*
288

8 x 8

Zircaloy-2
12.26
10.64

GRAPHITE-GAS

Graphite

480 (max)

CO2

29.9

225
400

Mg-Zr Alloy
45.5
43.5

* The feedwater inlet temperature is 216°C



TABLE 3.1 (Conf d)

COMPARATIVE TABLE OF NUCLEAR DESIGN PARAMETERS
FOR THE CHERNOBYL PLANT AND REACTORS IN SPAIN

Sheet 3 of 3

FUEL

Type

Enrichment

Diameter of Pellets (mm)

Nominal Burnup (Mwd/Kg)

Uranium Mass (MT)

CONTROL RODS

Absorbent

Cladding

REACTIVITY COEFFICIENT

Coolant Void Reactivity
Coefficient

CHERNOBYL

U02

1.8 - 2

11.5

20

192

B4C

Al

Positive

PWR BWR GRAPHITE-GAS

uo2

3 - 4

8.12

33

72

Ag-Tn-Cd

SS-304

UO2

3 - 4

10.41

33

114

B4C

SS-304

Metallic Uranium

Natural Uranium

Tube 23/43

5

450

B4C or stainless steel

stainless steel

Negative Negative

Moderator Temperature
Reactivity Coefficient Positive

Fuel Temperature Reac-
tivity Coefficient Negative

Negative

Negative

Negative

Negative

Positive

Negative



FIG. 3.1 GENERAL LAYOUT OF CHERNOBYL UNITS 3 AND 4



FIG. 3.2 CROSS-SECTION OF THE MAIN BUILDING

CHERNOBYL TYPE PLANT
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LEGEND - FIGURE 3.2

Figure 3.2: Cross-Section of the Main Building. Chernobyl type Plant

1. First stage condensate pump
2. 125/20-t bridge crane
3. Steam separator reheater
4. Steam turbine K-500-65/3000
5. Condenser
6. Additional chiller
7. Low-pressure heater
8. Deaerator
9. Bridge crane
10. Main circulation pump
11. Main circulation pump electric motor
12. Steam separator
13. 50/10t remote controlled bridge crane
14. Refueling mechanism
15. RBMK-1000 reactor
16. Containment valves
17. Suppression pool
18. Piping room
19. Unit control room
20. Zone below the control room
21. Switch room
22. Ventilation outlet zones
23. Ventilation plenum zones



FIG. 3.3 LONGITUDINAL SECTION CHERNOBYL UNITS 3 AND 4



FIG. 3 .4 CONTAINMENT AND REACTOR BUILDING
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FIG. 3 . 5 BWR-MARK I CONTAINMENT
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FÍG.3.6 BWR-MARK III CONTAINMENT
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FIG. 3.7. PWR (W) CONTAINMENT
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FIG. 3,3 PWR (KWU) CONTAINMENT
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FIG. 3.10

STEAM-WATER CYCLE DIAGRAM .



LEGEND - FIGURE 3.10

1 - Reactor

2 - Steam separators

3 - Circulation pumps

4 - Low-pressure heat exchangers

5 - Feedwater pumps

6 - Degasifier tanks

7 - Turbines

8 - Generator

9 - Condensers

10 - Safety valves

11 - Heaters

12 - First stage condensate pump

13 - Processing station

14 - Second stage condensate pump

15 - Suction header

16 - Pressure header

A - Discharge to the suppression pool

B - Emergency Core Cooling system Injection

C - Discharge to condenser (Turbine bypass)

D - Auxiliary steam
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4. COMPARISON OF THE ACCIDENT PHENOMENOLOGY

AND ITS RADIOLOGICAL IMPACT

WITH SEVERE ACCIDENTS IN WESTERN COUNTRIES

4.1 INTRODUCTION

This chapter contains an analysis of the phenomena which occurred in the

Chernobyl accident as compared to those postulated in severe accidents at

Western power plants and to TMI-2, the most important accident prior to

Chernobyl.

To begin with, the accident sequence is schematized, giving the causes of

the various events and their consequences, to provide a clear idea on

which the comparison can be based.

The severity of the accident is described in the following section.

considering its possible classification within the range of accidents

postulated in Spanish nuclear power plants.

The damages caused in the plant and to the population are described below,

with a clear reference to the TMI-2 events in which there were major

damages to equipment but minimum repercussions outside the plant.

The final section analyzes the emergency response, with reference to

accident control inside the plant and its follow-up. The advantageous

situation of Spanish NPPs, which incorporated improvements developed in

this field after the TMI-2 accident, is conspicuous.
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4.2 SEQUENCE OF THE ACCIDENT

The Chernobyl NPP accident occurred basically as a consequence of a series

of deliberate errors committed by the operators during the performance of

a test. Certain characteristics inherent to the reactor design also

constituted fundamental contributing factors.

The purpose of the test (sometimes qualified as an experiment) to be

performed was to verify if the turbine-generator driven by inertia, after

turbine trip, was capable of adequately supplying certain electrical loads.

As mentioned before, this test had been performed in the years 1982 and

1984, but without satisfactory results.

Table 4.1 describes the automatic and manual actions carried out during

the accident, the reason for these actions and their consequences.

According to available information, most of the accident (from 1:19:00

hours) has been reconstructed using a mathematical model, since the

information received from the computerized plant records was insufficient

as most of the recording capacity was dedicated to obtaining data related

to the test being performed.

From analysis of the Chernobyl accident sequence, it may be concluded that

the following errors committed by the operators were the main immediate

causes of the accident:

a. Maintaining reactor operation with a reactivity margin below the

permissible value
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b. Trying to perform the test at a power level lower than the one

foreseen

c. Maintaining an excessive coolant flow through the reactor core

d. Blocking the reactor trip signal produced by tripping of both

turbine-generators

e. Blocking reactor protection system initiation by low level and low

pressure in the drum separators

f. Switching off the emergency core-cooling system

Considering the sequence of events in the Chernobyl NPP accident and owing

to substantial differences in design between this plant and Spanish NPPs,

it is difficult to conceive a sequence of events which could give rise to

a similar accident in the latter, particularly when considering the

existence of devices which foresee the multiplicity of operator errors and

a plant design which is intrinsically different.
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4.3 SEVERITY OF THE ACCIDENT - ACCIDENT ANALYSIS TECHNIQUES

4.3.1 Classification of Nuclear Accidents

Legislation on nuclear energy internationally accepted in Western

countries and applied in Spain requires the postulation of a series of

maximum credible accidents. Evaluation of a nuclear power plant design

includes a strict analysis of plant response to such accidents. This

ensures that their possible impact on the health and safety of the

population is limited.

For the purpose of evaluating the impact these accidents could have on the

environment, the USNRC Regulatory Guide 4.2 established a classification

method which is widely employed by the Western nuclear industry, including

Spain.

Potential reactor accidents may be divided into classes 1 to 9, each class

being characterized by two parameters:

a. Occurrence rate or probability

b. Consequences

The attached Table 4-2 gives an example of classification into classes 1

to 8 of the accidents whose postulation is required in light-water

reactors in the West. For a different reactor model, the classification

could differ, since the intrinsic design characteristics determine the

accidents which could physically occur and their probability. In other

words, a specific design could render a postulable accident in another

reactor impossible or, at least, alter the probability of its occurrence.
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Class 1 includes all events, with trivial consequences, which could occur

during normal plant operation.

At the other extreme, the events included in Class 8 are those which are

considered as plant design-base accidents, for the purpose of establishing

not only highly conservative hypotheses, but also operational requirements

of engineering safeguards or mitigation systems which the plants

incorporate as a consequence of the "in-depth defence" and "multiple

barriers" criteria. It must be pointed out that these kinds of events are

estimated to have such a low occurrence probability, that they would not

be considered possible in any other industrial activity.

Nevertheless, the safety objectives established in the nuclear industry

call for plant designs with sufficient capacity to deal with Class 8

events, although it is highly improbable that these could occur during

plant operation.

The accident sequences which must be considered as Class 9, take into

account the postulation of a set number of multiple failures with an

extremely low occurrence probability, of the order of 10 per

reactor-year, to the point where the possible occurrence of similar events

can be ruled out and, although the consequences would be very important,

and lower than the safety objectives established by the U.S. regulatory

body, the total risk involved is extremely low.

In the Soviet accident, a significant phenomenon was the occurrence of

several explosions in a very short period of time. In reactors

constructed with Western technology and according to studies performed by

IDCOR, steam explosions of a magnitude sufficient to endanger the primary

system integrity are not physically credible, even less so in such a brief

period. As there is more time available in Western plants, there is a

4-5



greater margin of actuation in an emergency, as opposed to the situation

in Chernobyl.

4.3.2 Severity of the Chernobyl Accident

When evaluating and classifying the severity of an event such as that of

Chernobyl, it is necessary to analyze its consequences. For this purpose,

it must be considered as a Class 9 accident, though its probability is not

sufficiently low to consider it unlikely. The design should, therefore,

have been capable of dealing with the accident and, as a result, health

and safety consequences would not have been so severe.

It appears that this criterion is considered in the official Soviet report

delivered at the meeting in Vienna, when it says:

"The designers of the reactor facility did not provide for protective

safety systems capable of preventing an accident in the combination

of circumstances prevailing in Unit 4; namely the deliberate

switching off of Engineered Safety Features coupled with violations

of the operating regulations, since they considered such a

conjunction of events to be impossible.

Thus, the prime cause of the accident was an extremely improbable

combination of violations of instructions and operating rules

committed by the staff of the unit."

The paragraph clearly acknowledges defects in the reactor design, as the

designers did not have the adequate technical means to deal with such an

event.
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Enlarging on the above, it must be considered whether the safety objective

established for this reactor, i.e. "maximum credible accidents" as against

those designed by engineering safeguards, is comparable to the safety

objective established in reactors which comply with the standards of

Western countries. In this respect, the impression received is that the

design placed very little confidence in automatic interlocks, crediting

the operator with an extraordinary capacity to distinguish which actions

should not be performed. Vital bypass of automatic protection signals,

such as those performed during tests before the accident, cannot be

carried out by an operator in reactors of a Western design.

The impression obtained from the design description is that, in a plant

with the characteristics described, training and responsibility of

operators are factors which have a stronger influence on the degree of

plant safety than in Western reactors.

4.3.3 Accident Analysis Techniques

The deterministic methodologies of safety evaluation have proved to be

efficacious in the West to guarantee safe operation of nuclear reactors.

in the TMI-2 occurrence with a scenario of multiple failures (mainly

human), the "in-depth defence" philosophy and the conservatism applied in

the design were instrumental in avoiding significant radiological

consequences outside the plant, although severe damages were produced in

the reactor core. In spite of such confirmation, however, a reevaluation

was carried out of safety criteria and standards applicable to the design,

according to the experience gained from this accident. Currently, various

research programs which are based on this accident are underway.

Among the recommendations of the official soviet report for safety

improvement, it is surprising, therefore, to encounter a large number of
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the lessons already learnt from the TMI-2 accident, as if these had not

been considered applicable to a reactor such as that of Chernobyl. Thus,

the improvement of "training" and "responsibility" of operating personnel

or the extension of research on safety analysis are conclusions contained

in reports issued on TMI-2 but which do not appear to have been given much

importance in Chernobyl.
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4.4 DAMAGE CAUSED IN THE PLANT

4.4.1 Origin of the Damages

According to the results of the accident reconstructed with the aid of a

SKALA computer mathematical model, the accident was originated by the

rapid excursion of reactivity with subsequent steam explosions, though the

cause of the second explosion which took place in an interval of 2 to 4

seconds is more difficult to explain. The rapid excursion of reactivity

took the reactor to a power of more than 530 MW in less than 3 seconds and

produced the following effects:

1. Continuous reduction in the water flow through the fuel channels,

which gave rise to a high steam production, reaching the nucleate

boiling state

2. Fuel fragmentation and destruction

3. Rapid increase in coolant boiling (with destroyed fuel particles

subsequently entering into contact with the coolant)

4. Rapid pressure increase in the fuel channels, leading to their

destruction, giving rise to the explosions, destruction of the

reactor and part of the buildings, with the release of radioactive

fission products to the atmosphere

The second reactivity excursion took the reactor to almost 1000 MWt. The

mathematical model also showed that only because of the fuel channel
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break, was the flow from the main circulation pumps partially restored; at

this stage, however, the water from the pumps was no longer directed into

intact channels, but into the reactor space where there was a mass of

damaged zirconium and graphite at a high temperature.

The steam formation and rapid rise of temperature in the core created

appropriate conditions for a steam-zirconium reaction and other exothermal

chemical reactions.

4.4.2 Damages in the Chernobyl MPP

Severe damages were produced as a consequence of the first reactivity

excursion, not only in the fuel assemblies but also in the reactor core

channels. As a result of the exothermal reactions produced in the reactor

core, a mixture of gases was formed containing H_ and CO which, when

mixing with the 0_ in the reactor air, could have caused the second

explosion.

Witnesses observed these reactions as small explosions with the expulsion

of glowing particles and fragments from Unit 4.

This mixture of gases (H_, CO and 0_) was possible, owing to the fact

that the reactor area had been emptied and destroyed. The first explosion

flung the upper reactor building plate into the air and it landed in an

angle on the other side of the reactor. At the same time, all the fuel

channels and the control rods - approximately 2000 in all - were

completely cut off and open.
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It is worth pointing out that the plate was designed to support 2

atmospheres. The original pressures reached "tens" of atmospheres

(verbatim quote from the Soviet report), which resulted in its being flung

into the air.

As a result of the explosions which occurred in the reactor, fire broke

out after the accident in more than 30 plant locations, and core fragments

heated to high temperatures were flung into the air and scattered along

the roofs of the different plant buildings.

The graphite at high temperature, the shortcircuits produced and the

intense thermal radiation were the origin of fire outbreaks in the reactor

building and adjacent buildings.

In the turbine building, the turbine lubricating oil and the H of the

generators caused the fire to spread to Unit 3 and even to Units 1 and 2

since, in the RBMK reactor design, these units are in the same building.

Partial destruction of not only plant equipment but also of plant

structures is graphically evident. The plant situation before and after

the accident can be seen in Figures 4.1 and 4.2. According to the

analysis of these figures, it is not appropriate to speak of damages, but

of almost total destruction, or the disappearance of a high percentage of

Unit 4 of the plant.

A more detailed analysis of the present state of the plant based on the

video presented in Vienna on the damaged reactor, showed some damaged

equipment items in the reactor building while, at lower levels, there were

still many equipment items practically intact. On one side of the

reactor, the rooms containing four of the main recirculation pumps were
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intact; on the other side, some distance away from the turbine building

wall, the other four pumps were visible above the wreckage.

4.4.3 Comparison of Damages with Those Produced in TMI-2

In order to perform a comparative evaluation of the damages caused in

Chernobyl with the potentiality of similar consequences in Western plants,

the TMI-2 accident is being used as a reference. In fact, as indicated

below, since the damages in the plant were caused by a core melt, the

TMI-2 accident serves as a real, practical reference although, owing to

its design and safety characteristics, it had very different repercussions

both inside and outside.

The following sections, therefore, analyze the relationship between the

damages in Chernobyl and their origin, and those verified in TMI-2.

4.4.3.1 Causes of the Damages

Generation of H

The Soviet report indicates that the second explosion was caused by the

reaction of hydrogen and carbon monoxide with oxygen of the air. In

TMI-2, explosions also occurred, but there was a substantial difference.

The only appreciable damages were those which affected unimportant

structures and equipment (e.g. the elevator) (4).

Though the damages caused by the H explosion in TMI-2 were negligible,

plants constructed with Western technology initiated a series of actions
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in 1980, dealing with the subject of hydrogen control under accident

conditions.

In 1980, the Atomic Industrial Forum supported the participation of the

industry, engineering companies and main suppliers in a program to define

hydrogen control. IDCOR (Industry Degraded Core Rulemaking) was created.

Its objective was to tackle a series of technical jobs, among which were

the generation and control of hydrogen. Several BWR and PWR plants with

different types of containment were selected.

The following were the main conclusions of the report:

a. Large PWR-type containments are not susceptible to failure caused by

a hydrogen explosion

b. In MARK i-type containments, such as that of the Santa María de

Garoña NPP, it is necessary to reduce the concentration of o

through inertization methods. This was considered in this plant.

In the case of MARK Ill-type BWRs, additional studies were performed in

connection with the generation of hydrogen, so as to determine the need to

take decisions in this respect. The following is significant:

a. Through probabilistic methods, General Electric has determined that

the probability of generation by metal-water reaction of large

quantities of hydrogen is of the order of 5 x 10 /year (5), a

value too low to be considered in the design

b. Even when large quantities of hydrogen are generated, containment

function would be maintained and fission products retained (5)
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c. The containment spraying operation, together with high temperature

conditions in the containment after a potential severe accident,

would cause large amounts of saturated steam to be present in the air

of the building, which would be converted into an inertization agent,

according to experiments carried out (6)

d. To generate hydrogen in large quantities the following conditions

would be necessary:

No system can supply water to the core

- The cladding is exposed for some time to oxidation at

temperatures higher than the lower temperature limit of reaction

(1800°F> (7)

Film boiling is not produced; in this case the steam layer would

substantially mitigate the reaction

A situation similar to that of Chernobyl would be very unlikely in Western

reactors, owing to the design aspects considered in the above paragraphs.

Moreover, in these reactors, the amount of zirconium in the core is

approximately half that in the Soviet reactor.

Concerning the Vandellós I MPP, graphite-gas plants do not generate H

in relevant quantities, as the fuel claddings are Mg materials with a very

low percentage of Zr.

Fires

The fires in the Chernobyl NPP core were the main reason why the accident

was further aggravated. In this respect, there is a fundamental

4-14



difference when comparing with the Spanish NPPs; in the latter, such a

possibility is remote, in view of the following factors:

The LWR plants have no graphite in the core and graphite-gas plants

operate with C0_ and a lower graphite temperature, which makes

ignition of the graphite highly unlikely and reaction with the

coolant (C0_), as in Chernobyl, impossible

Spanish plants are designed with a strict program of fire prevention

and automatic extinguishing. Such a program was not very evident in

Chernobyl, in view of the importance attributed to the role of the

fire brigade

Lastly, the buildings are so designed and constructed as to prevent

fires from spreading among areas in the same building and from one

building to another. It may be assumed, however, that in Chernobyl

such structures and their general layout did not prevent the fires

from spreading

Finally, it is worth mentioning that there is no evidence of significant

shortcircuits or fires in cables during the TMI-2 accident, in spite of

its complex features.

4.4.3.2 Effects of the accident

It is estimated that approximately 3.5% of the fuel material was ejected

from the core and approximately 10% of the graphite was discharged.

Between 0.4 and 0.5% of the fuel was deposited as heavy particles (some

tens of a micron) on the site. Between 1.5 and 2% was distributed within
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an area of 20 km, while 1 - 1.5% was distributed in small particles (under

one micron) over the rest of the evacuation area of 30 km.

It is estimated that in Chernobyl, approximately 25% of the total

graphite, about 250 TM, was consumed in the fire provoked by the graphite.

Information regarding the damages produced in the TMI-2 core is given in

Table 4.3. Of special significance is the extreme seriousness of the

damages suffered in both reactors, with such different consequences to the

public. Figure 4.4 demonstrates the post-accident condition of the TMI-2

core.

The damages caused in Chernobyl have been indicated above; they have a

very high magnitude.

In the TMI-2 case, as confirmed by the large volume of information

published on the damages caused, the decontamination program for the

reactor equipment and building has helped to verify that major damages

occurred inside the reactor core, while damages to the structures were

minimal.

Although, in TMI-2, highly radioactive water was released, all of it

remained within the containment and auxiliary building area, and

contamination did not spread to other buildings. There was, therefore, no

transmission of contamination through the airconditioning systems, while

in Chernobyl there was a high degree of contamination in Units 1, 2 and 3,

transmitted through the ventilating systems.
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In TMI-2, owing to the adverse conditions to which the equipment was

subjected, some of the instrumentation was damaged. This constituted

major damages, apart from internal contamination.

4.4.3.3 Post-Accident Repairs

In TMI-2, primary removal of part of the damaged core has been effected

and decontamination is still being carried out. Complete removal of the

melted core and damaged equipment remains to be effected, together with

decontamination of the entire plant, while Chernobyl 4 is to be buried.

In the process to be carried out in Chernobyl, besides the sand, dolomite

and other elements sprayed from helicopters during the first few days

after the accident to prevent the release of radioactivity to the

environment and surrounding areas of the other units, the following

structures will be set up, so that the unit will resemble the arrangement

in Figure 4.3.

Protective outer walls all along the perimeter

Concrete dividing walls in the turbine room between Units 3 and 4

A metal dividing wall in the turbine room, between Units 2 and 3

A protective roof on the turbine building

In addition to the above, measures were taken to prevent contaminated

water from filtering through the ground and to avoid the danger of

pollution in rivers near the plant cooling reservoir.
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4.5 HARM CAUSED TO THE POPULATION. RADIOLOGICAL IMPACT

4.5.1 Radioactive Release to the Atmosphere

Evaluation of the quantity and composition of fission products, released

as a consequence of the Chernobyl accident, is based on gamma radiation

measurements in the plant and surrounding areas and on analysis of aerosol

and precipitation samples, owing to the loss of plant radiation detection

systems, and also to direct release, it was not possible to obtain a

realistic evaluation of the activity released, as opposed to the TMI-2

case.

The release of radionuclides to the atmosphere occurred during a prolonged

period of time which can be divided into several phases.

First Phase: The isotopic composition of the material released

corresponded to that of the spent fuel, but was enriched with volatile

isotopes of iodine, cesium and noble gases.

Second Phase: Radioactive release slowed down and isotopic composition

was the similar to that of the spent fuel.

Third Phase: The release rate increased abruptly. In the initial stage

of this phase, there were mainly iodine releases. Subsequently, however,

the isotopic composition again became similar to that of the irradiated

fuel.
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Fourth Phase: (From May 6). This was characterized by a rapid decrease

in radioactive matter release.

The total release of fission products (excluding noble gases) was

approximately 50 MCi, which represents 3.5% of the inventory existing in

the reactor at the time of the accident. Table 4.4 indicates the releases

in Chernobyl and TMI-2. It may be seen that, in TMI-2, a small amount of

iodine and negligible amounts of particles were released, while in

Chernobyl the releases were much higher. This is because of design

differences between the Soviet RBMK reactors and the Western LWRs. These

differences are described in another section of this report.

4.5.2 Soil and Water Contamination

The release of radioactive products from the Chernobyl NPP caused soil and

water contamination in the region and a considerable radiological impact

on the population. The main areas of soil contamination were to the west

and north of the plant. The exposure rate, 15 days after the accident,

was 5 mrem/h at 50 - 60 tan west of the plant; in the north, the rate was

the same, but at a distance of 35 - 40 km. In Kiev, rates of 0.5 - 0.8

rarem/h were reached.

On examining samples of water bodies in the area, a higher degree of

contamination was observed in the Kiev reservoir, with a value of

3 x 10 Ci/1 of 1-131. According to the experts' estimates, the dose

received by aquatic organisms in the Kiev reservoir will not have serious

effects on the dose level of its population.

The level of soil contamination will change during the coming months owing

to biological and atmospheric processes (wind, rain, plant growth and
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harvesting, etc.) and will only settle after 1 - 2 years. To bring back

the population and recultivate the land, it is necessary to know the

contamination levels of long-life radionuclides (Sr-90 and Cs-137).

4.5.3 Dose to Plant Operating Personnel

A certain number of plant operating personnel received high doses (more

than 100 rem). A plant worker died at 6:00 hours on April 26, as a

consequence of severe burns; another disappeared, probably when working in

an area affected by the explosion. Out of those participating in plant

operations on April 26, 203 were affected by a severe radiation syndrome.

Of the 22 people who were very seriously affected by the syndrome, 19

died, 14 of them from skin radiation. Of the 23 people with injuries to

the marrow, 7 died. By the beginning of September, a total number of 31

people had died from burns and the severe radiation syndrome, all of them

belonging to plant staff and emergency services.

It is estimated that operating personnel who were affected received doses

higher than 1 Gy, and 35 of them received doses higher than 4 Gy (12-16

Gy). 50 people also suffered from beta irradiation on most of the skin.

Almost all the patients had inhaled iodine, cesium, zirconium, niobium and

ruthenium isotopes in lower quantities than those which produce

significant clinical effects. Within 10 days of the accident, 94% of the

patients had less than 50 v-Ci of iodine in the thyroids.
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4.5.4 Radiological Impact on the Population

According to the official Soviet report, none of the population received

doses high enough to cause the severe radiation syndrome. As a

consequence of the accident, 135,000 people were evacuated. Because of

this and other measures, it was possible to maintain exposure to the

population within the established limits.

According to the official Soviet report, the promptness with which the

authorities took pertinent measures to protect the population in the

vicinity of the plant is creditable, but it is to be regretted that they

did not warn neighboring countries so that these could take appropriate

action.

At 7:00 hours on April 27, radiation levels in some streets of the town of

Pripyat' fluctuated between 180-600 mrem/h. Pripyat' has a population of

45,000 inhabitants, most of them plant workers and their families.

Evacuation of the population commenced at 14:00 hours and at 17:00 hours,

after evacuation, some points of the town reached 700 - 1000 mrem/h. It

may be estimated that the external gamma dose due to the passage of the

radioactive cloud was 10 - 15 rem in the hours following the accident.

By following the recommendation to stay inside their houses during April

26 and 27, the population of Pripyat1 probably received doses from 2 to 5

times less than those registered in the street. For most of the

inhabitants, a dose is estimated of 1.5-5 rad gamma and 10 - 20 rad beta

to the skin, values much lower than those which produce significant

effects. In 97% of the 206 cases examined, the iodine accumulated in the

thyroids indicated a dose lower than 30 rem. Here, the massive use of

potassium iodide tablets and the prohibition of milk consumption played an

important role.
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As there was a continuous discharge of radionuclides during the days

following the accident, it was decided to evacuate 90,000 more people from

the 30-km area, which brought the total of evacuees to 145,000. This

decision helped to bring down the body doses to most of the population to

less than 25 rem.

Table 4.5 gives an estimate of the collective dose to population living

within a radius of 30 km from the plant, which works out to 1.6 million

rem/man.

As regards internal exposure, it has been estimated that the doses are due

to the consumption of contaminated food products (mainly milk) rather than

to inhalation during passage of the cloud. Specialized teams have

examined the iodine content in the thyroids of the population evacuated

from the 30-km area and adjacent areas, paying special attention to the

children. The examinations show that for the majority of the population

evacuated from the 30-km area, the content in the thyroids is lower than

the permissible limits.

It has been estimated that the Soviet population located in the ten most

contaminated regions outside the 30-km radius will have received an

average dose of 1.5 rem by the end of 1986 and 5 rem within 50 years,

which is not considered a health risk. A collective dose is estimated of

8.6 million man-rem to this population in 1986 and 29 million man-rem

within the next 50 years. In comparison, the annual collective dose from

the environment is 10 million man-rem for the same number of inhabitants.

It is estimated that the death rate will increase by less than 0.05% over

the 9.5 million natural cancer cases in 70 years in the same population.

4-22



4.5.5 Differences between Chernobyl and Western LWRs as regards

Radiation Consequences of Accidents

Considerable core melting was produced both in Chernobyl and in TMI-2,

together with plant contamination. However, offsite effects have been

radically different.

In the case of the soviet power plant, large areas around the plant became

contaminated, activity was spread all over Europe and tens of plant

workers died. In TMI-2, no decontamination, was necessary outside; the

activity which spread was negligible and no one inside or outside the

plant was injured.

As can be observed from Table 4.4, in TMI-2 there was no release of

particles to the atmosphere both because of the existence of the

containment, as well as the fact that, owing to their design, it is

impossible for Western LWRs to eject fuel into the atmosphere even in the

case of core melt. It can also be observed that the release of iodine

from TMI-2 was millions of times lower than that of Chernobyl, because of

the existence of a containment, retention of iodine in water and

containment walls and its elimination through containment air cleaning

systems.

The differences in effects are due to the differences between the design

of Soviet RBMK reactors and that of Western LWRs. Although there are

conspicuous differences in the design as regards core characteristics and

the safety system concept, this section will analyze more closely the

differences in relation to the use of a containment, as this aspect is

significant when attempting to minimize consequences outside the plant.
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As indicated elsewhere in this report, only a part of the primary system

is enclosed in leaktight areas; in no case is there a containment which

protects the reactor itself. It is not evident, either, that the

penetrations of these areas are provided with the capacity for automatic

isolation (main steam isolation valves, electrical and mechanical

penetrations, etc.).

There are obvious advantages to the existence of a real containment, such

as that in Western LWRs. The containment retains radioactive products in

the event of accident, and releases, if any, are negligible and not

instantaneous.

Recent studies indicate that the probability of containment failure is

minimal. Failure, if any, would occur several hours after initiation of

the accident and would not be of catastrophic dimensions, but reasonably

controllable.

4.5.6 Source Terms in Western Reactors

Studies currently underway, and those which have been carried out over the

years for Western LWR plants, indicate that ejection of fuel from the

reactor vessel into the exterior is practically impossible. In the event

of core melt, therefore, a high proportion of radioactive products would

be absorbed in the water or deposited on the containment surface. Iodine

is predominantly present in the atmosphere, in the form of Csl which, in

accident conditions inside the containment, is in the form of particles

deposited on the surface. In the USNRC NUREG-0956, a document which

contains the latest information on source terms, the conclusion is reached

that only 0.5% of iodine is found in the gaseous form in containment air

which can leak out, a realistic value in contrast to the value of 25%
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which, according to the USNRC Regulatory Guide 1.4, is to be considered

today in Safety Analyses of LWR-type plants.

The small magnitude of the source term and the low probability of failure,

at least of early failure, of the containment guarantee an extra margin

when defining emergency plans and areas to be considered.

4 5.7 Radiological Impact of Spanish Reactors in Postulated

Accidents

In Spanish plants, a radiological analysis is performed of the

consequences of postulated accidents, following the guidelines of the

Western countries supplying Spanish nuclear reactors.

The results obtained involve the activity released from the core,

retention in the plant safeguard systems and the atmospheric conditions

which contribute to the spreading of effluents.

In a sparsely-populated area around a typical Spanish plant (from 1 to 10

km around the plant, according to its characteristics), within 30 days of

a design basis accident, the dose values obtained are lower than 1 rem to

the whole body (radiation y) and of the order of very few rems to the

thyroids.

On comparing these values with those obtained in Chernobyl, it can be

observed that, on the first day, the dose received was higher than that

corresponding to 30 days after the most severe accident postulated in the

Spanish plant design.
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It must be borne in mind that the calculations are based on highly

conservative hypotheses, which may considerably be reduced by the latest

investigations, as explained in the foregoing section.
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4.6 EMERGENCY RESPONSE INSIDE THE PLANT AND FOLLOW-UP OF ACCIDENTS

4.6.1 Introduction

One of the lessons learnt in the aftermath of the TMI-2 accident, was that

of the need for operating personnel to utilize clear and precise

information, at all times, on the status of parameters important from the

safety point of view.

Together with this information on the status of vital plant variables, the

need arose to improve emergency operating procedures and to create a

technical support center which, in case of accident, would follow the

evolution of plant status in the right perspective, in order to advise

operating personnel in the control Room on pertinent measures to be taken

in each case.

These conclusions, obtained from TMI-2, led the licensing authorities,

suppliers and owners in the United States and West European countries -

Spain, among these - to initiate studies destined towards developing and

resolving the matters mentioned before.

The following are the results of these studies:

a. Post-accident instrumentation, required to inform the operator on

important parameters from the safety point of view, has been

identified. Such instrumentation and its design requirements are

defined in the USNRC Regulatory Guide 1.97 [8] (for plants employing

American technology) and Standard KTA-3502 [10] (for plants employing

German technology).
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b. Systems have been developed to record, process and store the

information derived from post-accident instrumentation. Such systems

are provided with data displays which inform the operator,

ergonomically and precisely, of the status of vital parameters.

c. Work has been performed to optimize emergency operation procedures so

that operator actions are initiated on detection of a dangerous

tendency of a vital parameter, although the origin of the accident is

unknown.

d. Provisions have been made in plants so that Control Room operating

staff can be advised, from a Technical Support Centre, on what

actions are to be taken.

4.6.2 Evaluation of the Emergency Response in Chernobyl

The experience gained from the TMI-2 accident described in the previous

section is being repeated in Chernobyl. It is significant that, in this

plant, the corresponding preventive measures were not taken, as was done

in other countries.

The following paragraphs, quoted from the official reports (1), clearly

emphasize the importance, for this event, of the aspects mentioned before,

i.e. post-accident instrumentation, recording capacity of parameters and

offsite support to the operator.

A. Post-Accident Instrumentation

"Once it was known that the lower reactor building compartments were

intact, it was possible to initiate corrective actions after

installation of emergency surveillance instruments.
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Gages for neutron flux, exposure rate, temperature and thermal

gradient were installed in the supression pool. Redundant means of

temperature detection were also installed.

A general strategy was established to measure doses, contamination,

activity and temperature in the intact structures and required access

areas.

When the accident occurred, the official system of meteorological

observation, radiation and public health surveillance began to

function in emergency conditions."

The above paragraphs demonstrate that in Chernobyl, as in TMI-2, it was

necessary to install additional instrumentation to know the plant status

before initiating corrective actions. It was therefore necessary to

ensure accessibility to places from where such actions could be taken.

In compliance with the standards mentioned before (Regulatory Guide 1.97

or Standard KTA 3502, according to the origin of the plant technology),

instrumentation is being installed in Spanish plants, in addition to that

initially envisaged, to monitor the most important parameters from the

safety point of view during normal and accident conditions of operation.

Such instrumentation is redundant, it is qualified to withstand accident

conditions, and its operability is ensured during the entire plant

operation, by means of periodic tests.

Besides providing monitoring instrumentation, detailed studies have been

carried out on areas to which access would be required after the

accident. To ensure such accessibility, special shielding has been

provided.
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B. Recording and Management of Parameters

"To reconstruct the accident, data from the diagnostic parameter

recording program (DPRP) of the Skala system were used, together with

readings from other instruments.

The position of each automatic control rod was recorded.

Unfortunately, a small number of reactor variables was recorded as

most of the system capacity was used to register secondary variables

relating to the test underway."

From the above paragraphs, it may be deduced that the parameter recording

and management capacity was not sufficient for plant requirements, as it

was necessary to eliminate the reactor signals in order to introduce

measurements of the secondary side.

Spanish plants are provided with systems which record and manage operating

parameters, and which have a large capacity and resolution power. Such

systems constantly record and store not only normal operation variables,

but also the signals proceeding from post-accident instrumentation. In

order to have this information readily available, a memory independent

from that used to record the remaining plant parameters is being

incorporated for this instrumentation.

Besides the recording system, new systems which represent safety

parameters are being installed, to guide the operator as to the tendencies

of these parameters. This display helps the operator to take decisions

regarding corrective actions and informs him of the effectiveness of

safety systems.

C. Technical Support

"As soon as the magnitude of the accident is known, monitoring is

intensified with groups of experts and technicians.
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In view of the singular nature of the accident, an operating team was

organized and entrusted with coordinating the activities necessary to

eliminate the consequences of the accident."

These paragraphs quoted from the official Soviet report clearly

demonstrate the need for offsite assistance to operators in Chernobyl.

Such backing does not relieve the operators of their responsibility, but

supports them in moments when unusual existing conditions reduce their

capacity to react.

In the same way as for the emergency response instrumentation systems

dealt with above, Spanish plants make provision for a group of experts

located outside the control room, but on the plant site itself, to advise

operating personnel. This group of experts is suitably accommodated and

provided with adequate means of information to enable it to recommend the

corrective measures necessary in each case.

An offsite emergency supporting organization is also available.

The structure of these groups, working procedures and functions are

detailed in the Emergency Programs defined for each plant; their efficacy

is verified regularly, through the corresponding simulacra.

4.6.3 Evaluation of Spanish Plants

Clear conclusions can be derived from what has been discussed in the above

section. These are summarized as follows:

4-31



a. In Chernobyl, as in TMI-2, the need was perceived to improve

post-accident instrumentation and the capacity of recording systems,

and to organize technical consultancy for operators.

b. Following the lessons learnt from TMI-2, such requirements have

either already been incorporated in Spanish plants, or their

implementation is being finalized.

It may be concluded that, because of the technical and financial efforts

made in the nuclear field to improve emergency response systems available

to the operator, Spanish plants are in an advantageous position from the

safety point of view, to tackle and control transient effects.
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TABLE 4.1 (Sheet 1 of 4)

SECMJBMCB OF THE ACCIDENT

| DATE

J
TIME BVENT CAUSE CONSEQUENCES

|April
|25
¡1986

1:00:00

13:05:00

14:00:00

|April
|26
11986

23:10:00

0:28:00

1:00:00

1:03:00

1:07:00

Reduction of reactor power commences

Turbine-generator N° 7 is tripped

Power supply to equipment in operation
is switched to Turbine-generator N° 8
busbars

The emergency core cooling system is
isolated

It is decided to postpone the test

Power reduction is resumed

switching of automatic local bar control
to automatic control. Unbalance of the
automatic control instruments is produced!

Power is stabilized at 200 HW (t). but
it cannot be increased

The fourth pump of one side of the pri-
mary circuit is started up. (The other
three are already in operation)

The fourth pump of the other side of the
primary circuit is started up. (The
other three are already in operation)

According to the procedure established
for the test, this should have been done
at a power of 700 to 1000 MW (t)

The test should have been performed with
Turbine-generator N" 8

To avoid initiation of the ECCS during thej
test, on shutdown of the coolant pumps
after tripping of Turbine-generator N° 8

Load, requested from local dispatching
office

To reach a power of 700-1000 MW (t)

Operator error in not synchronizing the
system with the required setpoint, quickly|
enough

Presence of xenon generated during the
decrease of power to 30 MW (t) and subse-
quent operation at low power

On termination of the test, the four
pumps, supplied by offsite power, should
continue to operate. The other four would
stop during the test, on tripping of
Turbine-generator N" 8, in case it were
necessary to repeat the test

Loss of the possibility of reducing the
scale of the accident

Operation during 9 hours with the ECCS
isolated

Automatic power reduction to 30 MW (t),
far lower than the power at which the
test should have been performed

The reactor is in a condition difficult
to control, owing to the instabilities
produced at low power levels

It is decided to perform the test at
200 MW (t)

Excessive flow through the core for the
power level at which it is operating
(The hydraulic resistance of the core
and of the cooling circuit decreases as
the power decreases)

Reduction of steam generation and an in-
crease in temperature approaching satura-
tion conditions in reactor coolant pump
suction, with the risk of rapid vaporiza-
tion in the event of a slight rise in
temperature



TABLE 4.1 (Sheet 2 of 4)

SEQUENCE OF THE ACCIDBWT

j DATE
I

TIME EVENT CAUSE CONSEQUENCES

lApril
|26
11986

1:07:00

1:19:00

1:19:30

1:19:58

1:21:50

1:22:10

1:22:30

An effort is made to manually maintain
drum separator pressure and level, but
this is not achieved entirely

The operators block reactor trip signals
by drum separator pressure and level sig-|
nals

Feedwater supply is effected to the drum
separators (the second since 1:00)

Maintenance of drum separator level
is achieved

Automatic lifting of the control rods

The supply of water continues and, after
one minute, the level is four times that
of the initial level

The control rods are manually removed.
(This action does not appear in the
daily operation log but, without it,
the power could not have been maintained
at 200 MW (t))

Closure of the turbine bypass valve

Feedwater flow to the drum separators is
reduced

Automatic dropping of control rods

The operator observes that the margin of
reactivity has reached a level requiring
reactor trip

To stabilize the system for initiation of
the test

To avoid reactor trip because of low
level (at this moment, it was below the
emergency set-point) and low pressure
(which was dropping)

To reestablish the level in the drum
separators

To maintain reactor power at 200 MW (t)

To prevent the pressure from dropping

To stop the level in the drum separators
from rising

To compensate the reactivity increase

Some reactor coolant pumps operate at
an inadmissible flow rate

Drop in drum separator pressure and
water level down to emergency levels

The reactor protection system based on
these parameters is cut off

The coldest water from the drum separa-
tors reaches the reactor core, substan-
tially reducing steam generation and
pressure, causing the control rods to
rise automatically, to compensate
the decrease in reactivity

Available antlreactivity is reduced.
In this type of reactor, the fact that
there is a greater number of control rods|
outside the core, does not necessarily
indicate a safer situation for tripping

Coolant temperature rise at the reactor
inlet, increase of reactivity

The reactor emergency shutdown system
was not effective for the neutronlc flux
distribution present at that moment



TABLE 4.1 (Sheet 3 of 4)

SEQUENCE OF THE ACCIDENT

DATE TIME EVENT CAUSE CONSEQUENCES

|April
126
11986

1:23:00

1:23:04

1:23:04

1:23:10

1:23:21

1:23:31

1:23:40

Available antireactivity was equivalent
to that of 6 - 8 rods, while the minimum
required is that equivalent to 30 rods

The test Is initiated Reactor operation parameters were rela-
tively stable at the moment

The Turbine-generator N°
valves are closed

8 shutoff Turbine-generator N°
initiated

8 shutdown is

Before this, the reactor trip signal had
been cut off because of shutdown of the
two turbine-generators (Turbine-generator!
U° 7 had stopped at 13.05 on April 25)

After Turbine-generator N° 8 trips, four
reactor coolant pumps are still in opera-
tion

Automatic lifting of the control rods

Automatic dropping of control rods

Initiation of overall reactivity increase!

The operator carries out manual reactor
trip

The operator disconnects supply to the
devices holding the rods

To avoid reactor trip in case it were
necessary to repeat the test. The proce-
dure did not take into account blocking
of this signal

Four reactor coolant pumps are supplied
by Turbine-generator N° 8, and the other
four by the offsite network

Reduction in steam generation, owing to
the rise in pressure because of turbine
trip

Reduction of flow through the core, owing
to the shutdown of four reactor coolant
pumps and flow of warmer water into the
reactor

The automatic control rods cannot compen-
sate the reactivity increase, owing to
the increase in steam generation

Doubts exist as to the reason for this
action:
a. Operator response when confronted

with the small margin of reactivity
b. Operator response when confronted

with the power rise
c. Termination of the test

To facilitate the dropping of the rods
into the core

Rise In reactor pressure

Loss of automatic reactor shutdown func-
tion owing to shutdown of the two
turbine-generators

The coolant flow through the reactor
core is reduced

The shutdown rods are partially inserted
in the reactor core



TABLE 4.1 (Sheet 4 of 4)

SBQOENCB OF THE ACCIDENT

DATE

lApril
|26
j 1986

I
|

1
I

|

I
I
I
|
I
1
1
1
1

TIME

1:23:40

1:23:47

1:24
(approx.)

EVENT

Sudden Increase of power to 530 MW (t)

Intensified generation of steam

Fuel fragmentation

Pressure rise in the fuel channels

Thermal explosion

Increase in reactor coolant pump flow

CAUSE

Heavy generation of steam

Continuous reduction of flow through the
core during excursion of reactivity

Fuel temperature rise. (At 1:23:45. a
second power excursion is produced at
1000 MW (t))

Sudden vaporization in the fuel channels
owing to fuel-coolant interaction

Fuel channel break

CONSEQUENCES j

Period ( 3 sec j

witnesses to the accident could hear two consecutive explosions. The first (thermal explosion) was caused by failure of the |
fuel claddings and the interaction of the fuel with the coolant. The consequence of this explosion was the loss of inert gas I
of the reactor space. According to the Soviet report, this permitted reaction of the hydrogen (produced by steal» graphite and j
steam-zirconium reactions) with the oxygen, which probably caused the second explosion. The second explosion could also have |
been due to the interaction of a disintegrated material In contact with the coolant still present in the core. Further lnves- |
tigatlon is required to determine the nature of these explosions. I

1
i



TABLE 4.2 (Sheet 1 of 2)

CLASSIFICATION OF ACCIDENTS FOR ENVIRONMENTAL IMPACT STUDIES

1.0 Trivial incidents

2.0 Small releases outside the containment

3.0 Failures in the radwaste treatment system

3.1 Leakage or malfunctioning of equipment

3.2 Gaseous radwaste storage tank content releases

3.3 Liquid radwaste storage tank content releases

4.0 Fission products into the primary system (BWR)

4.1 Fuel cladding failures

4.2 Transients not considered in the design, which cause more

than the expected fuel failures

5.0 Fission products into the primary and secondary systems (PWR)

5.1 Failures in the fuel claddings and leakage from the steam

generators

5.2 Transients not considered in the design, which cause more

than the expected fuel failures and leakage from the steam

generators

5.3 Steam generator tube breaks

6.0 Refueling accidents

6.1 Fuel element drop

6.2 Dropping of heavy loads onto the fuel in the core



TABLE 4.2 (Sheet 2 of 2)

CLASSIFICATION OF ACCIDENTS FOR ENVIRONMENTAL IMPACT STUDIES

7.0 Accident while handling spent fuel

7.1 Dropping of the fuel assembly into the fuel storage pool

7.2 Dropping of heavy loads onto the fuel storage rack

7.3 Dropping of the spent fuel shipping cask

8.0 Events which cause accidents considered in the design basis

evaluations of the safety analysis

8.1 Loss of coolant accidents

8.2 Break in instrumentation piping proceeding from the primary

system and going through the containment

8.2a Control rod ejection accident (PWR)

8.2b Control rod drop accident (BWR)

8.3a Steam piping breaks (PWR, outside containment)

8.3b Steam piping breaks (BWR)



TABLE 4.3

DAMAGES TO THE CORE IN TMI-2

Fraction of Core Mass (%)

Intact rods 15

Slag upper crust 20

Consolidated mass 45

Vessel bottom 20



TABLE 4.4

RELEASES TO THE ENVIRONMENT (Ci)

1 1-131
i1
| Cs-137
11
| Sr-90

| Noble gases

CHERNOBYL*

7.3 X 106

1 x 106

2.2 X 105

5 X 107

TMI-2 |

20 I

0 1

0 1

107 |
1

* Information with ± 50% margin of error. Activity

discharged up to May 6, 1986. The activity discharged from

this date is not significant in comparison with these values



TABLE 4.5

CALCULATIONS OP COLLECTIVE DOSE THROUGH EXTERNAL EXPOSURE

TO THE POPULATION EVACUATED IN CHERNOBYL

I Distance
1 km

| 0-3

| 4-7
1
| 7 -10

| 10-15

| 15-20

| 20-25

| 25-30

| TOTAL

| Population

45,000

7,000

9,000

8,200

11,600

14,900

39,200 ,|

135,000 |

1 Collective Dose
million rem/man

0.15

0.38

0.41

0.29

0.06

0.09

0.18

1.6 |



FIG. 4.1 CHERNOBYL BEFORE THE ACCIDENT



FIG. 4 . 2 CHERNOBYL AFTER THE ACCIDENT
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FIG. 4.3 PROJECTED BURIAL OF CHERNOBYL PLANT



FIG. 4 . 4 END STATE TMI-2 CORE CONDITIONS
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5. COMPARISON OF THE OPERATIONAL ASPECTS OF CHERNOBYL

WITH THOSE OF SPANISH NPPs





5. COMPARISON OF THE OPERATIONAL ASPECTS OF CHERNOBYL

WITH THOSE OF SPANISH NPPs

5.1 INTRODUCTION

On studying the Chernobyl accident, a series of defects in relation to the

plant operating system is observed. The contrast with the practice in

Spanish plants is worth analyzing.

In the first place, it is necessary to point out that, according to

Spanish legislation, it is the electrical utility owner who is responsible

for safe operation of the installation, and it is in his interest that

such installations be furnished with all elements considered necessary to

achieve the maximum degree of safety.

On the other hand, the role of the Spanish regulatory body (CSN) must be

mentioned in relation to plant operation, highlighting the importance of

its plant supervision and inspection activities. When compared with the

Soviet policy deduced from information contained in the report, it may be

seen that operation control by an independent body such as the CSN helps

towards achieving safe plant operation.

The importance given to a suitable program of personnel training and

selection in Spanish plants is conspicuous, when compared with the

conclusions of the Soviet report and analysis of operator action during

the accident. Also worth noting is the evolution of Spanish training in

recent years, following the TMI-2 accident.
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Finally, the role played in Spanish plant operation by the set of

requirements established in the technical specifications is analyzed.

These specifications constitute the framework for development of plant

operation in safe conditions. The application of certain equivalent

requirements in the Soviet plant should have required plant shutdown long

before the accident.
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5.2 INSPECTION OF PLANT OPERATION BY THE REGULATORY BODY

5.2.1 Inspection in the USSR

The similarities which may be encountered between a state organizational

structure such as that of the USSR and that of Western countries, with

companies responsible for operation, and regulatory bodies and independent

inspectors, are minimal.

Nevertheless, based on the official Soviet report on Chernobyl, certain

impressions may be obtained as regards organizational modifications made

necessary by the accident.

The Nuclear-Electric Energy State Supervisory Committee coordinates and

directs the activities of all official bodies participating in the

preparation and coordination of the corresponding scientific and technical

documents.

This Committee (established in 1983) is the official body which has at

least some of the functions proper to an regulatory body, but such

functions do not seem to be shared with other ministries or official

bodies, in view of the dismissals effected. The President of this

Committee was one of the four people in charge at ministerial level whose

resignation was sought as a consequence of the accident.

The creation, by the State, of a Ministry for Nuclear-Electric Energy and

the adoption of measures to improve nuclear safety monitoring appear to be

geared towards reinforcing control and inspection functions, as the human
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errors committed demonstrate the insufficient importance given to nuclear

safety in the light of the reasonable objective of production optimization.

5.2.2 Inspection in Spain

From the time the applications of nuclear energey were initiated in Spain,

both legislation and regulatory bodies have evolved, adapting themselves

to the development taking place.

At present, the Nuclear Safety Council (CSN) constituted by Law 15/1980 -

and independent of the State Government - is the authority on subjects

relating to nuclear safety and radiation protection.

The regulatory functions of the CSN range from its compulsory action in

granting preliminary authorizations up to closure of nuclear or

radioactive installations, including their authorization, startup and

operation.

Mention must be made of the authority it possesses, not only to halt

construction of nuclear facilities in the event anomalies affecting safety

crop up, but also to suspend operation - after startup - for the same

reasons. In particular, the CSN supervises those preoperational and

operational tests which it considers to be more important to safety.

The activities related to nuclear power plant operation are governed at

all times by the official documents approved by the CSN, i.e. Operating

Procedures, Internal Emergency Program, Technical Specifications, etc.
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The CSN must be notified immediately of non-compliance or transgression of

the stipulations established in the Technical Specifications, punishable

according to its seriousness.

In normal practice, as clearly expressed in an Operating License, the CSN

demands to be informed daily by telex of the plant operating status and

also of significant operational incidents for safety reasons, irrespective

of the fact that some plants have a resident inspector.

Moreover, the electrical utility owners have set up Nuclear Safety

Committees for the purpose of evaluating and reviewing plant operation and

verifying that such operation is carried out according to the applicable

licences and regulations. The constitution of such committees is demanded

by the CSN and controlled according to the Technical Specifications.

The CSN also requires electric utility owners to perform an analysis of

the applicability to their plant of the requirements of the regulatory

body of the country of origin of the project for plants of a similar

design, introducing new requirements so as to update the levels of nuclear

safety.

The requirements and working methods described in the above paragraphs are

representative of the high degree of supervision and regulation - from the

nuclear safety perspective - to which the operation of nuclear plants in

our country is subjected.

In conclusion, operation supervision and control by the CSN independently

of, and apart from the production process, constitutes an additional

guarantee of commercial operation according to safety criteria.
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5.3 SELECTION AND TRAINING OF PERSONNEL

5.3.1 Situation in Chernobyl

The Soviet report includes some aspects which demonstrate how the lack of

preparation influenced development of the accident. Defects are observed

in the test definition, in the qualifications of the personnel in charge

and in performance of the test.

As explained by the Soviet delegation at the meeting in Vienna, the

accident occurred as a consequence of various actions and test procedures

which were incorrectly planned (2).

The specific test schedule was inadequately prepared and the section on

safety measures was written as a mere formality, with only a reference

made to the request for permission required for the various actions and

plant instructions in the event of an emergency.

The officer in charge of the test was not a specialist in reactors, but an

electrical engineer. As the test was electrical in nature, this approach

could have been correct in a conventional plant, but inadmissible when

concerning a test in a nuclear plant which requires training in the

integral plant behaviour.

The personnel in charge of the tests were not sufficiently trained in

safety matters according to the official report. The same observation is

applicable as in the previous paragraph. In Spain, in order to operate a

reactor, training and a licence granted by the CSN are necessary, both of

which ensure preparation of the operators for development of the activity.
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In general, a lack of attention to instructions during test preparation

and performance has been observed. On various occasions, the procedure

was not followed and reactor operation was carried out negligently. It

may be deduced that the operators were not aware of their responsibility

in following established procedures. The importance of responsibility for

compliance with the actions established must be brought out in the

training program.

The recommendations of the Soviet official report indicate that it is

essential to improve the quality of personnel training and specializing

activities, and also necessary to increase their responsibility in areas

relating to subsequent efficacy and safety of nuclear power plants in

operation. Russian engineers have clearly acknowledged their desire to

update their simulator programs for improved modelling of their accident

situations. Apparently, the RBMK simulator located in Smolensk is mainly

used to model normal operations (4.3.5). It appears that less attention

has been given to the man-machine interface than in the West.

5.3.2 Training of Operating Personnel in Spain

The training of operators and supervisors in Spanish power plants, the

only persons who can operate or direct the operations of a plant, has

received close attention right from the time the first power plants came

into existence, with the development of specific standards and creation of

an organization specialized in instructing operators, whose services have

also been hired by foreign companies.

The nuclear power plant team is selected from among personnel who are

highly-qualified in thermal or hydraulic power plant operation, selection

is made on the basis of psychosomatic aptitude, basic and specialized

knowledge, experience in operation or maintenance and the capacity for
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study and training in new techniques. Both the Nuclear Safety Council and

the Spanish Nuclear Society have defined the requirements for operating

personnel. Those concerning selection are listed in the GSN-02 (11),

GSN-05 (12), SNE-1 (13) and GS 1.1 (24).

Training includes:

a. Basic reactor operation and plant technology

b. Operating practice on a simulator, in which the trainee is

familiarized with normal and abnormal operating situations, from a

Control Room connected to a computer which simulates the sequence of

events programmed

c. Familiarization with the plant itself, with integration into main

supplier training programs and specific programs imparted by the

Spanish teaching organization created for the purpose; participation

in preparation of the Operating Manual and also in preoperational and

startup tests

d. Requalification, which includes both theoretical concepts for

application to operation, as well as exercises in respect of

maneuvers less frequently practised in the plant

5.3.3 Recent Improvements in Training

The TMI-2 accident demanded a closer look at the selection and training of

personnel. The Kemeny report (14) contains four basic recommendations:

a. The training institutes must be accredited
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b. Refresher courses for operators are required

c. Simulation methods must be improved so as to systematize operator

training

d. More attention must be paid to the interaction between man and machine

Among the functions of the INPO (Institute of Nuclear Plant operation),

created in 1980 by American electrical companies, are the organization and

evaluation of training programs and the accreditation of training

institutions. The Spanish electric companies are members of the INPO and

bear in mind their recommendations regarding sound operating methods when

training their operators.

The US Nuclear Regulatory Commission (USNRC) raised the level

qualification requirements for operators, but not that of their basic

training, which is lower than that of intermediate-grade technicians in

Spain. The NRC enlarged the examination syllabus to give more emphasis to

heat transmission and fluid theory, insisting on a greater use of

simulators with specific practical examinations. It placed special

importance on two important subjects: Training in investigation of core

damages and training in low power testing, with emphasis on the natural

circulation test.

The action taken by the Electrical Sector and the Government in the area

of training after TMI-2, was on a par with that of the U.S., and prompt,

in spite of having personnel with better basic training. When granting

plant operating licences, compliance with training requirements already

decided upon in the United states and in the USNRC programs of action

constituted a conditioning factor.
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Additional subjects were incorporated into the training programs;

compliance with Standard ANS 5-1 (17) - the latest American code of

practice in this regard - was demanded, and an annual examination in the

simulator was imposed.

In the current training program, an integrated system is followed, which

incorporates the results of previous training in the program revision and

analyzes the operating experience of supervisors and operators in order to

optimize the following program. In this way, an analysis is performed of

operational defects, operating modes and significant operations (startup,

trip, etc.) carried out by the operator since the last training period, in

order to deal with them during the following training period.

The training group participates in the definition of training programs,

together with the plant chief, heads of production and operation.

Government is notified of these programs, indicates the appropriate

recommendations, and also conducts audits on program follow-up.

The operators and supervisors receive individual licences, after

satisfactorily passing a theory and practical examination held by the

CSN. The licences have to be renewed periodically, after passing the

corresponding theory-practice examination.

We understand that the present system for selection and training of

operating personnel in Spain does not require modification because of the

conclusions derived from the Chernobyl accident unless, as a consequence

of the lessons learnt, in-depth analyses are performed at an international

level which demonstrate the need to incorporate certain measures.
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5.4 TECHNICAL SPECIFICATIONS AND OPERATING PROCEDURES

5.4.1 Antiregulatory Actions Performed in Chernobyl

A comparison of the kind of undue manual actions which caused the TMI-2

accident with those which originated the Chernobyl accident brings to

light a significant qualitative difference.

Undue human actions performed in TMI-2 could be qualified as omissions

(valves of the auxiliary feedwater system which remained closed after

testing), or erroneous actions during the accident, due to inability to

correctly diagnose what was going on.

On the contrary, of the six (6) main incorrect operator actions at

Chernobyl, four (4) of them constituted serious transgressions of

Operating Procedures. This document appears to cover, among others, the

functions of the Technical Specifications of Spanish power plants.

Another action, that of disconnecting the emergency core cooling system,

also constitutes a clear transgression of the Operating Procedures, but

this time on the part of the authors of the "Work Schedule for Experiments

in the Chernobyl NPP Turbine-Generator N° 8". However, it is worth

pointing out that this final violation had, apparently, only a slight

influence on the sequence of the accident.

Additionally, it is necessary to emphasize that, according to the

description of the plant emergency cooling system, the work schedule

contained certain characteristics of a test, besides those of an

experiment, the importance of which is analyzed below.
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5.4.2 Program of Experimental Work Executed in Chernobyl

The emergency core cooling system is subdivided into two sections or parts:

a. The section of rapid actuation (with 3 channels or divisions)

b. The long-term residual heat removal section

Attention must be focussed on the first section. This consists of 3

channels or divisions, each of which guarantees not less than 50% of the

total cooling capacity required.

During the initial accident stage, this section supplies the quantity of

water required by the channels of the damaged half of the reactor.

This section of the system is therefore required to guarantee prompt and

adequate cooling of the reactor, at least until the section of the system

which cools the reactor on a long-term basis is in a condition to fulfil

its function according to the design hypothesis.

In the event of a design basis accident coinciding with loss of power

supply, one of the three divisions or trains of the rapid actuation

section benefits from turbine-generator mechanical energy, so as to

guarantee supply of water to the reactor during 45-50 seconds through the

electric feedwater pump.
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This operating mode - in theory physically possible - requires

verification in practice by means of a test, which should be of the

preoperational type, as it concerns the emergency core cooling system.

This was the test which they tried to perform in Chernobyl and which

caused the accident. The terra "experiment" used in the report is due to

the fact that the test had failed on previous occasions. On this

occasion, an effort was being made to test a generator magnetic field

regulator which would prevent the voltage drop in buses which occurred

during other tests.

It would appear from the above, that the Chernobyl reactor had been in

operation from December 1983 till April 1986 with one division or train of

the emergency cooling system rapid actuation section in conditions of

functional inoperability and, consequently, with the rated system capacity

reduced. This constituted a situation which, in a Spanish nuclear power

plant would have been enough for non-authorization of startup or, in the

event of verification during operation, to force the plant to shut down

within a period of about 3 days. Any action to the contrary would have

constituted a serious transgression of the Technical Specifications.

5.4.3 Conclusions Regarding the Technical Specifications

The number of serious transgressions of requirements which must be listed

in the Chernobyl Operating Instructions or Procedures cannot be explained

as a mere coincidence of the casual attitude, ignorance or carelessness of

the shift foremen.

The only explanation possible is that these kinds of deviations were not

unusual in this plant.
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For the same reason, the Operating Procedures mentioned do not appear to

be a document of a regulatory and binding nature, as is the case with the

Technical Specifications which constitute the basic document controlling

safe operation of reactors in Spain and which establish the actions to be

taken to return the plant to safe operating conditions when, because of

any circumstance, the safety level is observed to be lower.

The Technical Specifications also demand prompt notification to the CSN -

within a maximum period of 24 hours - of situations involving a reduction

in the safety level, such as the transgression of limiting operating

conditions or loss of safety functions. This fully guarantees the CSM's

authority to control and supervise safety in nuclear power plants.
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