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INTRODUCTION

On 26 April 1986 at 1.23 a.m. an accident occurred at the fourth unit
of the Chernobyl' Nuclear Power Plant which resulted in the destruction of the
reactor core and part of the building in which it was housed.

The accident took place prior to shut-down of the unit for planned
maintenance during operating mode tests on one of the turbogenerators. There
was a sudden power surge on the reactor leading to the destruction of the
reactor and the release into the atmosphere of part of the radioactive
products which had accumulated in the core.

During the accident the nuclear reaction in the fourth unit was
stopped. The fire which occurred was extinguished and work was begun to limit
and eliminate the consequences of the accident.

The population from the areas in the immediate vicinity of the nuclear
power plant and from a 30 tan-radius zone around the plant was evacuated.

In view of the extraordinary nature of the Chernobyl' accident, an
operational team headed by the President of the USSR Council of Ministers,
N.I. Kyzhkov, was organized in the Politburo of the CPSU Central Committee to
co-ordinate the activities carried out by the ministries and other state
departments to eliminate the consequences of the accident and to assist '-.he
population. A government commission was set up to study the causes of the
accident and to implement the requisite emergency and rehabilitation
measures. The necessary scientific, technical and economic resources of the
Soviet Union were mobilized.

Representatives of the IAEA were invited to the USSR and given the
opportunity to familiarize themselves with the state of affairs at the
Chernobyl' power plant and the measures taken to control the accident. They
informed the world community of their evaluation.

Governments of a number of countries and many governmental, public and
private organizations and individuals from different countries made offers of
assistance to various Soviet organizations to help eliminate the consequences
of the accident. Some of these offers were accepted.

During the thirty years of its development, nuclear power has occupied
an important place in world energy-production and on the whole has
demonstrated a very good record of safety for mankind and the environment. It
is impossible to envisage the future of the world economy without nuclear
power. However, itc further development must be accompanied by still greater
scientific and technical efforts to guarantee operational reliability and
safety.

The Chernobyl' accident resulted from a combination of several unlikely
events. The Soviet Union is drawing the appropriate conclusions from the
accident.
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Abandonment of nuclear energy sources would require a significant
increase in the extraction and consumption of organic fuels. This would
undoubtedly increase the risk of disease for mankind, and increase the
destruction of waters and forests as a result of the constant release of
harmful chemical substances into the biosphere.

In addition to its advantages as a source of energy and as e, means of
conserving natural resources, the world-wide development of nuclear power also
has inherent dangers of an international character. These include
transboundary transfers of radioactivity, particularly in the event of serious
radiation accidents, and the proliferaton of nuclear weapons, the danger of
international terrorism and the specific danger represented by nuclear
facilities in the event of war. All this emphasizes the crucial need for
close international co-operation in the development of nuclear power and in
ensuring its safety.

That is the reality of the situation.

The fact that the contemporary world is full of potentially dangerous
industrial production processes significantly aggravating the consequences of
military actions gives a new perspective to the senselessness and
inadmissibility of war in today's world.

In his speech on Soviet television on 14 May, M.S. Gorbachev said:
"For us the indisputable lesson of Chernobyl' is that, with the further
development of the scientific and technical revolution, questions of the
reliability and safety of technology, questions of discipline, order and
organization acquire paramount importance. The strictest possible
requirements will have to be applied everywhere and to everything.

"Furthermore we consider that co-operation within the International
Atomic Energy Agency should be further enhanced."
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1. DESCRIPTION OF THE CHERNOBYL' NUCLEAR POWER STATION WITH RBMK-1000
REACTORS

1.1. Desinn data

The design power output of the Chernobyl' nuclear power plant is 6 GW;
as of 1 January 1986 the power of the four operating units of the station was
4 GW. The third end fourth units belong to the second construction stage of
the Chernobyl1 nuclear power plant and to the second generation of plants of
that type.

1.2. Description of the reactor in the fourth unit of the Chernobyl' nuclear
power plant

The chief design features of RBKK reactors are the following:

(1) Vertical channels containing the fuel and coolant, enabling local
refuelling while the reactor is in operation;

(2) Fuel in the form of bundles of cylindrical fuel elements made of
uranium dioxide in zirconium tube-type cladding;

(3) A graphite moderator between the channels;

(4> A boiling light-water coolant in the multiple forced circulation
circuit (MFCC), with direct steam feed to the turbine.

These design features, as a group, determine all the main
characteristics of the reactor and the nuclear power plant both as regards its
merits, which include: the absence of cumbersome pressure vessels which are
difficult to manufacture and limit the reactor's unit power and production
base; absence of a complex and costly steam generator; the possibility of
continuous refuelling and a good neutron balance; a flexible fuel cycle easily
adapted to the fluctuations of the fuel market; the possibility of nuclear
•team superheating; high thermal reliability and durability of the reactor
through channel-by-channel control of coolant flow, channel failure detection,
monitoring of the parameters and coolant activity in each channel and on-load
replacement of leaking assemblies; and as regards its shortcomings: the
possibility that there may be a positive void coefficient of reactivity due to
the presence of a phase transition in the coolant, which governs the behaviour
of the neutron-flux-determined power during accidents; high sensitivity of the
neutron field to reactivity perturbations of different kinds, requiring a
complicated control system to stabilize the power density distribution in the
core; complex branching of the coolant delivery and removal system for each
channel; a large amount of heat energy accumulating in the metal structures,
fuel elements and graphite structure; and slightly radioactive steam in the
turbine.

The RBMK-1000 reactor with a power output of 3200 MW(th) (Fig. 1) is
•quipped with two identical cooling loops; to each loop are joined
840 parallel vertical channels containing the fuel assemblies.
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The cooling loop has four parallel sain circulation pumps (three of
which are operational and feed 7000 t/h of water at a pressure of ~ l.S HPa,
while one is redundant).

The water in the channels is heated to boiling point and partially
evaporates. The Bteam-water mixture with a mean mass steam quality of 14% is
led off through the top of the channel and steam-water communication line to
two horizontal gravity-type separators. The dry steam (less than 0.1%
moisture content) separated in them is fed at a pressure of 7 MPa from each
separator via two steam pipes to two turbines with an output of 500 HU(e)
each, (all eight steam pipes of the four separators are joined in a common
"ring"), while the water, after nixing with the steam condensate, is fed
through 12 downcoaers to the section header of the main circulation pumps.

The condensate from the spent steam in the turbines is recycled through
the separators by feed pumps to the top of the downcomers, thereby subcooling
the water to saturation temperature at the main circulation pump inlet.

As a whole, the reactor consists of a set of vertical fuel and coolant
channels inserted into cylindrical openings in the graphite columns, and in
the top and bottom shielding plates. A light cylindrical cowling encloses the
space occupied by the graphite structure.

This structure consists of graphite blocks assembled in the form of
columns, with a square cross-section and cylindrical axial openings. It rests
on a bottom plate, which transmits the weight of the reactor to a concrete
vault.

About 5% of the reactor power is released in the graphite through the
slowing-down of neutrons and absorption of ganma quanta. To reduce thermal
resistance and prevent oxidation of the graphite, the cavity in the stack is
filled with a slowly circulating mixture of helium and nitrogen, which serves
at the same time to monitor the integrity of the channels on the basis of
variations in moisture content and temperature of the gas.

Below the bottom plate and above the top plate there are spaces for
laying the coolant pipes along the routes from the drum separators and
distributing headers to •ach channel.

The robot, i.e. the refuelling machine, after removal of the relevant
section of floor and lining up with the channel co-ordinates, couples onto the
head of the channel, equalizes its own pressure and the channel pressure,
unseals the channel, removes the burnt-up fuel assembly and replaces it with a
fresh one, reseals the channel, uncouples and transports the spent assembly to
the cooling pond. For as long as the refuelling machine is joined to the fuel
channel cavity, a small flow of clean water is fed from it, through the
thermohydraulic sealing, into the fuel channel, thereby creating a "barrier"
to the penetration of hot radioactive water into the refuelling machine from
the channel.



The control and protection system (CPS) of the reactor is based on the
movement of 211 solid absorber rods in specially separated channels cooled by
water from an autonomous circuit. The system ensures: automatic maintenance
of a set power level; rapid reduction in power by the automatic control rods
and radial controllers on the basis of signals indicating main equipment
failure; emergency stoppage of the chain reaction by the scram rods on the
basis of signals indicating dangerous deviations of the unit parameters or
equipment failure; compensation for reactivity fluctuations when the reactor
is heated up and brought up to power; and control of the power density
distribution through the core.

RBMK reactors are fitted with a large number of independent regulators,
which are inserted into the core at a rate of 0.4 m/s when the emergency
protection system is triggered. The comparatively slow motion of the
regulators is offset by their large number.

The CPS includes sub-systems for local automatic control and local
emergency protection working on the basis of signals from in-core ionization
chambers. The local automatic control system automatically stabilizes the
principal harmonics of the radial-azimuthal power density distribution, while
the local emergency protection system ensures that the reactor is protected in
an emergency against the subassemblies exceeding the set power in different
regions of the core. To regulate the vertical fields there are shortened
absorber rods, inserted into the core from below (24 rods).

Apart from the CPS, the RBMK-1000 reactor has the following main
monitoring and control systems:

<1) System for physical monitoring of the radial power density field
(more than 100 channels) and the vertical power density field
(12 channels), using direct-charge sensors;

(2) System for monitoring startup (reactivity meters, removable startup
ionization chambers);

(3) System for monitoring water flow through each channel by means of
ball-type flowmeters;

(4) System for fuel failure detection from the short-lived activity of
volatile fission products in the steam-water communication lines at
the outlet from each channel; the activity is detected successively
in each channel over the corresponding optimal energy ranges
("windows") by means of a photoaultiplier moved by a special
carriage from one steam-water pipe to another;

(5) System for monitoring channel tube integrity from the moisture
content and temperature of the gas flushing the channel*.

All the data are fed to computers. The information is issued to the
operators in the form of deviation signals, readings (when called for) and
recorder data.
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RBMK-1000 units are used predominantly for base-load operation (at
constant power).

In view of the high power of the unit, the reactor is shut down
automatically only when the readings for power, pressure and water level in
the separator go outside permissible limits; when there is a total loss of
current; when two turbogenerators or two main circulation pumps cut out at
ones; when there is a drop of more than a factor of two in the feedwater flow;
or when a rupture occurs over the whole cross-section of the 900 mm diam. main
circulation pump pressure header. In other cases where the equipment fails,
provision is made only for an automatically controlled drop in power (to a
level corresponding to the power of the equipment still operating).

1.3. Principal physical characteristics of the reactor

The RBMK-1000 nuclear power reactor is a heterogeneous channel-type
thermal reactor in which uranium dioxide slightly enriched in ?35U is used
as fuel, graphite is used as moderator and boiling light water is used as
coolant. The reactor has the following principal characteristics:

Thermal power 3200 HW

Fuel enrichment 2.0%

Mass of uranium in fuel assembly 114.7 kg

Number/diameter of fuel elements in
a fuel subassembly 18/13.6 mm

Fuel burnup 20 MW.d/kg

Coefficient of nonuniformity in radial
power density - 1.48

Coefficient of nonuniformity in vertical
power density 1.4

Maximum design channel power 3250 kV

Isotopic composition of unloaded fuel:

Uranium-235 4.5 kg/t

Uranium-236 2.4 kg/t

Plutonium-239 2.6 kg/t

Plutoniua-240 1.8 kg/t

Plutonium-241 0.5 kg/t
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Void coefficient of reactivity a^ 2.0 x 10~6 vol.*
at working point steam

Fast power coefficient of reactivity ay

at working point -0.5 x 10-6/MW

Temperature coefficient of fuel oT -1.2 x 10~5/°C

Temperature coefficient of graphite ô . 6 x 10~5/°C

Minimum "weight" of CPS rods, AK 10.5%

Worth of manual control rods, AK 7.5%

Effect of replacing spent fuel
by fresh fuel (average) 0.02%
An important physical characteristic from the standpoint of reactor

control and safety is a quantity known as the operative reactivity margin or
excess reactivity. This is defined in terms of a certain number of CPS rods
inserted into the core in the region of high differential worth, for fully
inserted rods.

The excess reactivity for RBMK-1000 reactors is taken as equalivalent
to 30 manual regulating rods. The rate of insertion of negative reactivity,
when the emergency protection system is triggered is 1 p/s (p is the
fraction of delayed neutrons), which is sufficient to compensate for positive
reactivity effects.

The nature of the relationship between the effective multiplication
factor and the coolant density in RBMK reactors is largely determined by the
different types of absorbers in the core. With the initial loading of the
emergency protection system, which comprises about 240 additional absorbers
with boron, loss of water draining leads to a negative reactivity effect.

At the same time, a slight increase in steam quality at rated power,
with a reactivity margin of 30 rods, results in a reactivity increase
(p - 2 x 10-Vvol.% «t«am).

In the case of a boiling water graphite-moderated reactor, the main
parameters relevant to operational reliability and thermal safety are the
temperature of the fuel elements, the margin to nucleate boiling margin and
the graphite temperature.

A series of programs has been devised for RBMK reactors which allow
prompt calculations by the plant computers to ensure thermal stability with
continuous refuelling and with the valves at the channel inlets in any
position. This makes it possible to determine the thermal parameter* of the
reactor for any channel flow frequency and for any type of control (on the
basis of outlet steam quality or the critical power margin) and for any degree
of pre-throttling of the core.
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To determine the power density fields through the core, the plant
relies on physical monitorings based on in-core measurement of the vertical
and radial neutron flux. In addition to the physical monitoring system
readings, the plant computer also receives data characterizing the core
composition, the energy output of each fuel channel, position of the control
rods, distribution of water flow through the core channels, and readings from
the sensors indicating coolant pressure and temperature. The PSIZMA program
calculations carried out by the computer periodically give the operator a
digital printout of core configurations, indicating the type of core loading,
the position of the control rods, the arrangement of in-core sensors, the
power distribution, the critical power margins and margins for the maziaum
permissible thermal loads on the fuel elements for each fuel channel in the
reactor. The plant computer also calculates the overall thermal power of the
reactor, the distribution of steam-water mixture flow through the separators,
the integral power output, the outlet steam quality from each fuel channel and
various other parameters needed to monitor and control the reactor plant.

Experience in operating actual RBMK reactors shows that with the
existing means of monitoring and controlling these reactors there is no
difficulty in maintaining the temperatures of the fuel and graphite and the
critical heat margins at the permissible level.

1.4. Safety systems (Figs 2 and 3)

1.4.1. Protective safety systems

The emergency core cooling system (ECCS) is a protective safety system
designed to draw off the residual heat from the core by feeding an appropriate
volume of water into the reactor channels in the event of accidents which
damage the main core cooling system. Associated with such accidents are
ruptures in the large-diameter MFCC pipelines, as well as ruptures in the
steam pipes and in the feedwater pipelines.

The system for preventing excess pressure in the vain coolant circuit
is designed to ensure an acceptable pressure level in the circuit by drawing
off steam into a pressure suppression pool where it will condense.

The system for protecting the reactor space is designed to ensure that
acceptable pressure within the reactor space is not exceeded in an emergency
situation involving the rupture of one fuel channel; it does this by
transferring the steam and gas mixture from the reactor space into the *t«an
and gas disposal compartment of the pressure suppression pool and later into
the pressure suppression pool itself with simultaneous suppression of the
chain reaction by the emergency protection system. The ECCS and the reactor
space cooling system can be used to introduce appropriate neutron absorbers
(boron salt and 3He).

1.4.2. Localizing (confining) safety systems

The accident localization system as used on the fourth unit of the
Chernobyl* nuclear power station is designed to localize aad contain
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radioactive emissions in accidents involving loss of integrity in any of the
pipes of the reactor's coolant circuit, with the exception of the pipework of
the steam-water communication lines, the upper parts of the fuel channels and
that part of the downcomers which is situated in the drum separator
compartment, and the pipework for the steam and gas discharges from the
reactor space.

The main component of the localization system is a system of lealctight
enclosures, including the following compartments within the reactor
compartment:

Reinforced leaktight compartments, distributed symmetrically in
relation to the reactor axis and designed for an excess pressure
of 0.45 MPa;

Compartments of the distributing group headers and lower water
communication lineB; these compartments are designed in line with
the strength of the elements used in the reactor construction, not
to permit a rise of over 0.08 MPa in the excess pressure level and
are calculated to this magnitude.

The compartments containing the reinforced leaktight compartments and
steam distribution corridor are connected to the water volume of the bubble
condenser by steam discharge channels.

The system of cut-off and sealing devices is designed to ensure
leaktightness in the accident localization area by cutting off the pipelines
linking the sealed and unsealed compartments.

The bubble condenser is designed to condense the steam formed:

In the course of an accident involving loss of integrity of the
reactor circuit;

Through operation of the main safety valves;

By flows through the main safety valves during normal operation.

1.4.3. Safety-assurance systems (service safety systems)

Electricity supply to the plant

The userB of electricity at the power plant are divided into three
groups, according to the degree of reliability of supply required:

(1) Those unable to tolerate a break in supply lasting from fractions
of a second to several seconds under any circumstances, including
complete loss of alternating-current voltage from the plant's own
working and stand-by transformers, and requiring an assured supply
after the reactor's emergency protection system has come into
operation;
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(2) Those which, under the same conditions, can tolerate a break in
supply lasting from tens of seconds to tens of minutes, and which
require an assured supply after the reactor's emergency protection
system has come into operation;

(3) Those which do not require a supply in the event of loss of
voltage from the plant's own working and stand-by transformers,
and which, with the unit operating normally, will tolerate a break
in supply during the time taken to transfer from the working,
transformer to the plant's own stand-by transformer.

1.4.4. Control safety systems

The control safety systems are designed to automatically bring into
operation the protection, localizing and safety assurance systems and to
monitor their functioning.

1.4.5. Radiation control system

The power plant's radiation control system, which forms an integral
part (i.e. a subsystem) of its automated control system, is designed to
collect, process and display data relating to the radiation situation within
the plant premises and in the external environment, the condition of equipment
and circuits and staff radiation exposure, in accordance with the standards
and legislation, in force.

1.4.6. Power plant control points

There are two levels of control at the plant, namely station level and
unit level.

All systems related to power plant safety are controlled at unit level.

1.5. Description of the site of the Chernobyl' nuclear power station and of
the surrounding region

1.5.1. Description of the region

The Chernobyl' nuclear power station is situated in the eastern part of
a large region, known as the Byelorussian-Ukrainian Woodlands, beside the
River Pripyat', which flows into the Dnepr. The region is characterized by a
relatively flat landscape with very minor slopes down to the river or its
tributaries.

The total length of the Pripyat' before it flows into the Dnepr is
748 km, and its catchment area at the point where it passes the power plant is
106 000 km2. The river is 200-300 m wide, with an average flow rate of
0.4-0.5 m/sec. The long-time average volume flow is 400 m3/sec.
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The water-bearing horizon used for the above region's drinking water
supply lies at a depth of 10-15 m in relation to the present level of the
Pripyat' and is separated from the Quaternary deposits by relatively
impermeable argillaceous marls.

The Byelorussian-Ukrainian Woodland region is on the whole
characterized by a low population density (up to the start of construction
work on the Chernobyl' power plant the average population density of the
region was approximately 70 inhabitants per km2).

At the beginning of 1986 the total population within a region of
30 kilometre radius around the power plant was approximately 100 000, 49 000
of whom lived in the town of Pripyat', situated to the west of the plant's
three-kilometre safety zone, and 12 500 of whom lived in the town of
Chernobyl', the regional centre, situated 15 km to the south east of the plant.

1.5.2. Description of the power plant site and its buildings

The first stage of the Chernobyl' power plant, two units with RBHX-1000
reactors, was constructed between 1970 and 1977. Work on the two power units
comprising the second construction stage was completed on the sane site in
late 1983.

In 1981 work was begun on the construction of two more power units
using the sane reactors (the third construction stage) at a distance of 1.5 km
to the south-east of the existing site.

To the south east of the power plant site and directly within the
Pripyat' valley, a 22 km? cooling water pond was constructed to provide
cooling water for the turbine condensers and the other heat exchangers of the
first four units. The normal breast-wall level of the water in the cooling
pond is taken to be 3.5 m below the design level of the power plant site.

Under the third construction stage, two powerful water-cooling towers
(•ach with a hydraulic capacity of 100 000 «3/h) are being built; these will
be capable of functioning in parallel with the coding pond.

The area reserved for the construction base and warehouse facilities is
situated to the w&st and north of the site of the first and second stages.

1.5.3. Information on the number of staff at the power plant site at the time
of the accident

On the night of 25-26 April 1986 there were 176 duty operational staff
•nd workers from different departments and maintenance services on the ait* of
th* first and second construction stages.

In addition to this there were 268 builders and assemblers working on
the night shift on the site of the third construction stage.
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1.5.4. Information on equipment situated on-site and previously in operation
in the complex containing the damaged reactor, and on equipment used in
bringing the accident under control

Construction of the Chernobyl' nuclear power station is being carried
out in stages, each comprising two power units with common on-site special
water purification systems and auxiliary facilities, among which are:

A storage facility for liquid and solid radioactive wastes;

Open distributive systems;

- Gas supply unit;

Stand-by diesel power plants;

Hydraulic and other facilities.

The liquid radioactive waste storage facility, built as part of
construction stage two, is intended for the receipt and temporary storage of
the liquid radioactive wastes arising from the operation of the third and
fourth units, and tlso to receive water from washing operation* and to return
it for processing. The liquid radioactive wastes are channelled from the main
vessel through pipes laid along the lower deck of the pipe bridge, while the
solid radioactvie wastes reach the storage facility through the upper corridor
of '-he pipe bridge in electric trolley-cars.

The nitrogen-oxygen station is designed to supply the needs of the
plant's third and fourth units.

The gas supply unit comprises a compressor unit, electrolysis unit and
helium and argon containers; its purpose is to supply the plant's third and
fourth units with compressed air, hydrogen, helium and argon. Receptacle* for
storing the nitrogen and hydrogen are situated in the open.

The stand-by diesel power plant is an independent emergency source of
electricity to supply those systems which are important to the safety of each
unit. Each stand-by diesel power plant of the third and fourth units is
equipped with three diesel generators having a unit output of 5.5 HW. These
plants are served by an intermediate and a base diesel fuel depot, fuel
transfer pumps and emergency fuel and oil discharge tanks.

The service water for the third and fourth units is supplied by the
cooling water pond.

The water for the circulation pumps, which serves both tha third and
fourth units, enters the pressure basin and from there flows by gravity to the
turbine condensers.



In the case of those users requiring an uninterrupted supply of service
water, this is provided for by separate pumping stations for the third and
fourth units. A stand-by power supply from the diesel generators is available
to these pumping stations.

On 25 April 1986, all four units of the first and second construction
stages were in operation, »s were all auxiliary systems and on-site facilities
associated with their normal operation.
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2. CHRONOLOGICAL ACCOUNT OF HOW THE ACCIDENT EVOLVED

The fourth unit of the Chernobyl' nuclear power plant went into
operation in December 1983. At the time when the reactor was to be shut down
for intermediate maintenance, planned for 25 April 1986, the core contained
1659 fuel assemblies with an average burnup of 10.3 MWd/kg, one additional
absorber and one unloaded channel. Most of the fuel assemblies (75%) were
first load bundles with a burnup of 12 to 15 HWd/kg.

Before shutdown, tests were to be carried out on turbogenerator No. 8
in a regime whereby the turbine would be supplying plant power requirements
during the run down. The purpose of these experiments was to test the
possibility of utilizing the mechanical energy of the rotor in a turbo-
generator cut off from the steam supply to sustain the unit's own power
requirements during a power failure. This regime is in fact used in one
sub-system of the reactor's fast-acting emergency core cooling system (ECCS).
If carried out in an appropriate way with the requisite additional safety
measures, such an experiment would not be forbidden on an operating power
plant.

Similar tests had already been carried out »i the Chernobyl' plant. At
that time it had been found that the voltage on the generator busbars falls
off long before the mechanical energy of the rotor is expended during the run-
down. In the tests planned for 25 April 1986 the experimenters intended to
use a special generator magnetic field regulator to eliminate this problem.
However, the "Working Programme for Experiments on Turbogenerator No. 8 of the
Chernobyl' Nuclear Power Plant", in accordance with which these tests were to
be performed, was not properly prepared and had not received the requisite
approval.

The quality of the programme was poor and the section on safety
measures wa6 drafted in a purely formal way. {The safety section said merely
that all switching operations carried out during the experiments were to have
the permission of the plant shift foreman, that in the event of an emergency
the staff were to act in accordance with plant instructions and that before
the experiments were started the officer in charge - an electrical engineer,
incidentally, who was not a specialist in reactor plants - would advise the
security officer on duty accordingly.> Apart from the fact that the programme
Bade essentially no provision for additional safety measures, it called for
shutting off the reactor's emergency core cooling system. This meant that
during the whole test period, i.e. about four hours, the safety of the reactor
would be substantially reduced.

Because the question of safety in these experiments had not received
the necessary attention, the staff involved were not adequately prepared for
th« tests and were not aware . the possible dangers. Moreover, as we shall
see in what follows, the staff departed from the prograane and thereby created
the conditions for the energoncy situation.
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On 25 April at exactly 1:00 hours the staff began to reduce the reactor
power (up to then the unit had been operating at rated parameters) and at
13:05 hours turbogenerator No. 7 was switched off with the reactor at
1600 MW(th). The electric power required for the unit's own needs (four main
circulation pumps, two electrical feed pumps and other equipment) was switched
to the busbars of turbogenerator No. 8.

At 14:00 hours the reactor's emergency core cooling system was
disconnected from the multiple forced circulation circuit (MFCC) in accordance
with the experimental programme. However, because of control room
requirements the removal of the unit from operation was delayed. Thus, the
unit then continued to operate with the emergency cooling system switched off,
in violation of the operating rules.

At 23:10 hours, the power reduction was resumed. Under the test
programme, the rundown of the generator with simultaneous provision of unit
power requirements was to be carried out at a reactor power of
700-1000 HW(th). However, when the local automatic regulation system was shut
off, which under the operating rules is supposed to be done at low power, the
operator was unable to eliminate the resultant unbalance in the measuring part
of the automatic regulator quickly enough. As a result of this, the power
fell below 30 MW(th). Only at 1:00 on 26 April did the operator succeed in
stabilizing it at 200MW(th). Since the "poisoning" of the reactor was
continuing at the same time, a further increase in power was hindered by the
small excess reactivity available, which at that moment was substantially
below what the regulations called for.

Even so, it was decided to conduct the experiments. At 1:03 and at
1:07 one additional main circulation pump was switched in from either side to
join the six pumps already operating, so that when the experiment was
finished - during which four main circulation pumps were to be operating
through the rundown - four pumps would remain available on the MFCC for safe
cooling of the reactor cora.

Since the reactor power, and consequently the hydraulic resistance of
the core and the MFCC were substantially lower than the planned level and
since all eight main circulation pumps were in operation, the total coolant
flow rate through the reactor rose to (56 000-58 000 w?/h, and at some
individual pumps to 8000 »3/h, which meant a violation of the operating
rules. An operating regime of this kind is forbidden because of the danger of
pump breakdown and the possibility of vibrations arising in the aain coolant
pipes owing to cavity formation. The switching in of the additional main
circulation pumps and the resulting increase in water flow through the reactor
brought about a reduction of steam formation, a fall in steam pressure in th»
drum separators, and changes in other reactor parameters. The operator*
attempted manually to sustain the main parameters of the system - steam
pressure and the water level in the drum separators - but they did not
entirely succeed in doing so. At this stage they saw the steam pressure in
the drum separators sag by 0.5-0.6 MPa and the water level drop below the
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emergency nark. In order to avoid shutting down the reactor in such
conditions, the staff blocked the emergency protection signals relating to
these parameters.

At the same time, the reactivity continued to drop slowly. At 1:22:30,
the operator saw from a printout of the fast reactivity evaluation program
that the available excess reactivity had reached a level requiring immediate
shutdown of the reactor. Nevertheless, the staff were not stopped by this and
began with the experiments.

At 1:23:04, the emergency regulating valves of turbogenerator Mo. 8
shut. The reactor continued to operate at a power of about 200 HW(th). The
available emergency protection from the closing of the emergency regulating
valves on two turbogenerators (turbogenerator No. 7 had been shut off on
25 April) was blocked so that it would be possible to repeat the experiment if
the first attempt proved unsuccessful. This meant a further departure from
the experimental programme, which did not call for blocking the reactor's
emergency protection with the switching off of two turbogenerators.

Shortly after the beginning of the experiment the reactor power began
to rise slowly.

At 1:23:40, the unit shift foreman gave the order to press button AZ-5,
which would send all control and scram rods into the core. The rods fell, but
after a few seconds a number of shocks were felt and the operator saw that the
absorber rods had halted without plunging fully to the lower stops. He then
cut off the current to the sleeves of the servo drives so that the rods would
fall into the core under their own weight.

According to observers outside unit 4, at about 1:24 there occurred two
explosions one after the other; burning lumps of material and sparks shot into
the air above the reactor, some of which fell onto the roof of the machine
room and started a firs.
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3. ANALYSIS OF THE ACCIDENT USING A MATHEMATICAL MODEL

The "Skala" centralized control system of the KBMK-1000 reactor has a
program for diagnostic parameter recording (DPRP) under which several hundred
analog and discrete parameters are periodically examined and stored in
accordance with a specified cycle (minimum cycle time 1 second).

In connection with the experiments, only those parameters were recorded
with great frequency which were important for an analysis of the experimental
results. Therefore, in trying to reconstruct the course of the accident, we
used a mathematical model incorporating not only the DPRP print-out but also
instrument readings and the results of questioning of the staff.

To perform a rapid analysis of different variants and versions of the
accident situation under consideration, we used an integral mathematical
computer model of the RBMK-1OOO unit in real time. The dependences of
reactivity on steam content and on absorber rod movements were determined from
calculations based on three-dimensional neutron physics dispersion models.

In reconstructing the course of the accident, it was particularly
important to be sure that the mathematical model correctly described the
behaviour of the recctor and other equipment and systems in precisely those
conditions which prevailed just before the destruction of the unit. As we
have already noted in the previous chapter, the reactor was operating unstably
after 1:00 hours on 26 April 1986 and the operators were almost continualy
introducing new "perturbations" into the controlled system in order to
stabilize its parameters. This has made it possible, for a fairly long time
interval involving various influences on the reactor, to compare factual data
established fairly reliably by the recording systems with the data obtained
through numerical modelling. The results of this comparison have proved to
be highly satisfactory, which suggests that the mathematical model
satisfactorily reproduced the actual plant.

In order to get as clear an idea ts possible of the influence of
preceding events on the development of the accident, we analysed data
b:gi..ning at 1:19:00, i.«. 4 minutes before the beginning of the turbo-
generator run down experiment (Fig. 4). This Movement is convenient in the
•ense that the operator was then starting one of the operations involved in
the drum-separator make up (the necond since 1:00 hours) which produced
powerful perturbatioi s in the controlled system. At this moment th« DPBP
recorded the position of the rods of all three automatic regulators - in other
words, the initial conditions of tha calculation ware vary clearly established.

Tha operator began the drum separator stake up in order to prevent a
radical drop in tha water level of the separators. After 30 seconds h*
succ««dad in maintaining tha level by increasing tha input flow of make up
watar by a factor of more than thraa. It would seam that tha operator had
decided not only to maintain tha watar laval but to raisa it. For that reason
tha watar flow continued to increase and after about a minute was already four
times tha initial valua.
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As Boon as the colder water from the drum separators reached the core,
steam generation was substantially reduced, and this in turn reduced the
volumetric steam quality, raising the automatic regulator rods. Within about
30 seconds the rods rose to the upper stops and the operator had to "help"
them with the manual control rods, thereby reducing the available excess
reactivity (this operation was not recorded in the daily operating log, but
without it the operator could not possibly have maintained the power at
200 MW). By moving the manual rods upwards the operator brought about an
over-compensation and one of the groups of automatic regulator rods dropped
1.8 metres.

The reduction in steam generation brought about a small drop in
pressure. Within about a minute, at 1:19:58, the fast-acting steam dump
system was closed off, through which excess steam had been slipping to the
condenser. This slowed down the rate of pressure drop a little. Even so, up
to the beginning of the experiment the pressure continued to fall off slowly.
During this period it changed by more than 0.5 MPa. At 1:22:30 the "Skala**
centralized control system provided a print-out of the actual power density
fields and of all regulatory rod positions. It was for this instant in time
that we attempted to correlate the calculated and recorded neutron fields.

The overall neutron field characteristic at this moment can be
described as follows: in the radial-azimuthal direction it showed for all
practical purposes a smooth convex shape, but in the vertical direction the
curve was double-humped, on average, with a greater release of energy in the
upper part of the core. A neutron field distribution of this kind would be
completely natural for the state prevailing in the reactor at that moment: a
burnt-out core, practically all regulating rods up, volumetric steam quality
in the upper part of the core much more than lower down, and greater 135j[e
poisoning in the centrel parts of the reactor than on the periphery.

At 1:22:30 the excess reactivity was only 6-8 rods, in other words not
more than half of the minimum permissible value laid down in the operating
regulations. The reactor was in an unusual and impermissible state, and to
assess the subsequent course of events it was extremely important to determine
the differential rod worths of the control rods and the scram rods for real
neutron fields and real core multiplication characteristics. Numerical
analysis showed that the error in determining the control rod worths was
extremely sensitive to the error in re-establishing the vertical power density
field. Add to this the fact that at such low power levels (approximately
6-7%) the relative error in measuring the field is much greater than in rated
power conditions, then it becomes clear that a vast number of calculational
variants will have to be analysed before one can be confident of the Tightness
or wrongness of any given version.

At 1:23 hours the reactor parameters were closer to stable than at any
other time in the interval we are considering, and the experiments began. A
minute before this the operator had abruptly reduced the flow of make-up
water, and this increased the water temperature at the reactor inlet within a
time equivalent to that required for the coolant to pass from the drum
separators to the reactor. At 1:23:04 the operator closed the emergency
regulating valves of turbogenerator No. 8 and the turbogenerator rundown
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began. Because of the reduced flow of steam from the drum separators, the
steam pressure began to rise slowly (on average at a rate of 6 IcPa/s). The
total flow of water through the reactor began to fall off owing to the fact
that four of the eight main circulation pumps were working off the "running
down" turbogenerator.

The increase in steam pressure on the one hand and the reduced flow of
water through the reactor together with the reduced input of make-up water to
the drum separators, on the other hand, are competing factors in determining
the volumetric steam quality and hence the power of the reactor. A point that
deserves particular stress is that in the state the reactor had now reached a
small change in power would mean that the volumetric steam quality - which has
a direct effect on reactivity - would increase much more than at nominal
power. The competition between these factors led in the final analysis to a
power rise, and this was the circumstance which triggered the pressing of
button AZ-5.

Button AZ-S was pushed at 1:23:40 and the insertion of"the scram rods
began. At this time the automatic regulator rods, partially compensating for
the previous power rise, were already in the lower part of the core, but the
fact that the staff were operating with an impermissibly small excess
reactivity meant that virtually all other absorber rods were in the upper part
of the core.

In the conditions that had now arisen, the violations committed by the
staff had seriously reduced the effectiveness of the emergency protection
system. The overall positive reactivity appearing in the core began to
increase. Within three seconds the power rose above S30 KW, and the total
period of the excursion was much less than 20 seconds. The positive void
coefficient of reactivity worsened the situation. The only thing that
partially compensated for the reactivity inserted at this time was the Doppler
effect.

The continuing reduction of water flew through the fuel channels as the
power rose led to rn intensive steam formation and tl><»n to nucleate boiling,
over-heating of the fuel, destruction of the fuel, a vapid surge of coolant
boiling with particles of destroyed fuel entering the crolant, a rapid and
abrupt increase of pressure in the fuel channels, destruction of the fuel
channels, and finally an explosion which destroyed the reactor and part of the
building and released radioactive fission products to the environment.

In the mathematical model, the destruction of the fuel was simulated by
an abrupt increase in effective heat exchange surface when the power density
in the fuel exceeded 300 cal/g. It was precisely at that Moment that the
pressure in the core had risen to the point where an abrupt reduction of water
supply from the main circulation pumps occurred (the check valves ware
cloced). This is quite plain from the results obtained with the mathematical
model and from the results and measurements recorded by the DPRP. Only the
rupture of the fuel channels partially restored the flow fro* the main
circulation pumps; however, the water from the pumps was at this stage no
longer directed into intact channels but Into the reactor space.
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The steam formation and rapid rise of temperature in the core created
appropriate conditions for a steam-zirconium reaction and other exothermal
chemical reactions. Witnesses observed these reactions in the form of a
fireworks display of glowing particles and fragments, escaping from the units.

As a result of these reactions, a mixture of gases was formed
containing hydrogen and carbon monoxide, which then led to a thermal explosion
upon mixing with the oxygen of the air. This mixing became possible after the
reactor space had been vented and destroyed.
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4. CAUSES OF THE ACCIDENT

As shown by the analysis presented above, the accident in the fourth
unit of the Chernobyl' nuclear power plant belongs to the category of
accidents associated with the introduction of excess reactivity. The design
of the reactor facility provided for protection against this type of accident
with allowance for the physical characteristics of the reactor, including a
positive steam void coefficient of reactivity.

The technical means of protection include systems for controlling the
reactor and protecting it against a power overshoot, for reducing the
examination period, and for self-shielding and protection against
malfunctioning in switching operations involving the equipment and systems of
the power-generating unit and the emergency core cooling system.

Apart from the technical means of protection, there are also strict
rules and instructions for carrying out technological processer at a nuclear
power plant, specified in regulations for the operation of each power-
generating unit. Among the most important regulations are stipulations
referring to the inadmissibility of reducing the operational excess reactivity
(reactivity margin) to fewer than 30 rods.

In the process of preparing for and conducting the turbogenerator
tests, in which the turbine was to supply the unit's requirements during the
run-down, the staff switched off a number of important protection systems and
violated the most important provisions of the operating regulations for safe
management of technological process.

The table below lists the most dangerous violations of the operating
rules committed by the staff of the fourth unit of the Chernobyl' nuclear
power plant.

No. Violation
2

Motivation
3

Consequences
4

1. Seducing the operational
reactivity margin sub-
stantially below the
permissible value

2. Power dip well below the
level provided for by
the test programme

3. Connecting of all the
main circulation pumps
to the reactor, with
individual pump dis-
charges exceeding the
levels specified in the
regulations

Attempt to emerge
from "iodine well"

Operator error in
switching off local
automatic control

Meeting the
requirements of
the tests

Emergency protection
system of reactor was
ineffective

Reactor proved to be in
a condition difficult to
control

Coolant temperature in
the multiple forced
circulation circuit
approached saturation
temperature
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4. Blocking of reactor
protection system relying
on shutdown signal from
two turbogenerators

Blocking of protection
systems relying on water
level and strain pressure
in the drum-separator

Switching off of the
protection system for the
design-basis accident
(switching off of the
emergency core cooling
system)

Intention, if
necessary, of
repeating the
experiment with
turbogenerators
switched off

Effort to perform
tests despite
unstable reactor
operation

Wish to avoid
spurious triggering
of the emergency
core cooling system
while the experiment
was going on

Loss of possibility of
automatic shutdown of
the reactor

Reactor protection system
based on heat parameters
was completely cut off

Loss of the possibility
of reducing the scale of
the accident

The chief motive of the staff was to complete the tests as expeditiously
as possible. 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 also that they had lost any
feeling for the hazards involved.

The designers of the reactor facility did not provide for protective
safety systems capble of preventing an accident in the combination of
circumstances prevailing in unit 4, namely the deliberate switching off of
technical protection systems 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 accident assumed catastrophic proportions because the rector was
taken by the staff into a non-regulation state in which the positive void
coefficient of reactivity was able substantially to enhance the power
excursion.
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5. PRIORITY MEASURES FOR IMPROVING THE SAFETY OF NUCLEAR POWER PLANTS WITH
RBMK REACTORS

It har been decided, for existing nuclear power plants with RBMK
reactors, to alter the limit stop switches of the control rods in such a way
that, in the extreme position, all the rods are inserted in the core to a
depth of 1.2 m. This measure will increase the speed of effective protection
and eliminate the possibility of a continuing increase in the multiplying
characteristics of the core in its lower part as the rods move down from the
upper stops. At the same time, the number of absorber-type control rods
constantly present in the core will be increased to 70-80, thereby reducing
the void coefficient to a permissible value. This is a temporary measure
which will be replaced later on by a conversion of RBMK reactors to fuel with
an initial enrichment of 2.4% and by the insertion of additional absorbers in
the core to ensure that a positive overshoot of reactivity does not exceed
1 fS for any change in coolant density.

A number of additional indicators of the cavitation margin of the main
circulating pumps are being installed, and also a system for automatic
calculation of reactivity with an emergency shutdown rignal when th<* excess
reactivity falls below a specified level. These measures will have t- somewhat
adverse effect on the economic parameters of nuclear power plants with RBMK
reactors but they will guarantee safe operation.

In addition to the technical measures, organizational steps are being
taken to reinforce technological discipline and to improve the quality of
operations.
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6. CONTAINMENT OF THE ACCIDENT AND ALLEVIATION OF ITS CONSEQUENCES

6.1. Fighting the fire at the nuclear power station

The most important task after the accident at the reactor was to fight
the fire. Fire had broken out in over 30 places as a result of the explosions
in the reactor which had ejected fragments of its core, heated to high
temperatures, onto the roofs above several areas housing the reactor section,
the de-aeration stages and the machine hall. Because of damage to some oil
pipes, electric cable short circuits and the intense heat radiation from the
reactor, focuses of fire formed in the machine hall over turbogenerator
number 7, in the reactor hall and in the adjoining, partially destroyed
buildings. At 01.30, the firemen on duty with the subsection of the fire
division responsible for the power station set out from the towns of Pripyat'
and Chernobyl' to the scene of the accident. In view of the immediate threat
that the fire would spread along the top of the machine bsll to the adjoining
thir^ unit, and as it was rapidly increasing in strength, the first set of
measures taken was directed towards putting out the fire in this critical
area. It was therefore decided that the fires inside the buildings should be
put out with fire extinguishers and the fire hydrants installed inside. The
main focuses had been overcome by 02.10 for the machine hall roof and by 02.30
for the roof of the reactor section. The fire was out ty 05.00.

6.2. Evaluation of the state of the fuel after the accident

The accident partially destroyed the reactor core and completely
destroyed its cooling system. This being the case, conditions in the reactor
vault were determined from:

Residual heat released by the fuel as a result of the decay of
fission products;

- Heat production from various chemical reactions in the reactor
vault (hydrogen burning, oxidation of graphite and zirconium and
so on);

Heat removal from the reactor vault through cooling by atmospheric
air through openings in the previously hermetic compartments
around the core.

In order to prevent the accident from spreading and limit its
after-effects, significants efforts were directed during the very first bourn
after the accident towards evaluating the condition of the fuel and any
possible change in that condition with the passage of time. Tc this and, it
was necessary to carry out investigations as follows:

To evaluate the possible scale of melting (as a result of residual
heat production) of the fuel in the reactor vault;

To study the interaction between the melted fuel and the reactor
structural materials and vault (metals, concrete and fo on);
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To evaluate the possibility that the reactor structural materials
and vault night melt because of the heat released by the fuel.

In the first place, calculations were carried out to evaluate the state
of the fuel in the reactor vault, taking into account the leakage of fission
products as a function of the time elapsed since the accident.

An analysis of the dynamics of fission product leakage from the reactor
in the first few days after the accident indicated tUat the change in fuel
temperature with the passage of time was not monotonic. It could be assumed
that there had been several stages in the f^z? temperature regime. At the
Moment of the explosion, the fuel had heated up. An estimate of temperature
based on the relative leakage of the iodine nuclides (that fraction of the
total isotope content of the fuel which was escaping at any one moment)
indicated that the effective temperature of the fuel remaining in the reactor
building was 1600-1800 K after the explosion. During the next few tens of
minutes, the fuel temperature decreased through heat transfer to the graphite
structure and structural materials. There was therefore a corresponding
reduction in the leakage of volatile fission products from the fuel.

It was considered that the quantity of fission products ejected from
the reactor vault was fundamentally determined during this period by graphite
burning and the related migration processes of the finely dispersed fuel and
fission products embedded in the graphite as a result of the explosion in the
reactor. Subsequently, the fuel temperature began to increase because of
residual heat production. As a result, the leakage of volatile radionuclides
from the fuel increased (inert gases, iodine, tellurium and caesium). When
the fuel temperature had increased further, other, non-volatile radionuclides
began to escape. By 4-5 May the effective temperature of the fuel still in
the reactor had stabilized and then began to decrease.

The results from the numerical calculation of the condition of the fuel
are shown in Fig. S. The figure shows the residual radionuclide content of
the fuel, and also the variation in the fuel temperature taking into account
the leakage of fission products as a function of time elapsed since the
accident.

The calculations show:

That the maximum fuel temperature could not have reached the
•siting point of the fuel;

That the fission products were coning to the fual surface in
batches, which could lead to only local overheating at th«
fuel-cladding Interface.

The fission products leaving th» fuel settled on the structural and
other Materials surrounding the reactor in the unit, according to their
temperatures of condensation and precipitation. Virtually all the krypton and
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xenon rcdionuclides left the unit, some of the volatile fission products
(iodine, caesium) did S3, and practically all the rest stayed within the
reactor building. The energy from the fission products was thus dispersed
throughout the reactor unit.

These factors indicate that melting of the materials surrounding the
fuel and movement of the fuel were unlikely.

6.3. Limiting the consequences of the accident in the core

The potential danger that some melted fuel would concentrate, creating
conditions in which a critical mass might be reached and a spontaneous chain
reaction occur, made it necessary to take appropriate precautions. In
addition, the damaged reactor was releasing significant amounts of
radioactivity into the environment.

Immediately after the accident, an attempt was made to reduce the
temperature in the reactor vault and to prevent the graphite structure
igniting by using the emergency auxiliary feed pumps to supply watsr to the
core space. This attempt proved ineffective.

One of two decisions had to be taken immediately:

To contain the accident at source by covering the reactor shaft
with heat absorbent and filtering materials;

To allow the combustion processes in the reactor shaft to come to
an end of their own accord.

The first line of action was chosen, as the second carried within
itself the danger that a significant area would suffer radioactive
contamination and the health of the inhabitants of major cities sight be
threatened.

A group of specialises began to cover the damaged reactor by dropping
compounds of boron, dolomite, sand, clay and lead froa military helicoptors.
About 5000 t in all were dropped between 27 April and 10 May, mostly between
28 April and 2 May. As a result, the reactor was covered with a friable layer
of material which strongly absorbed aerosol particles. By 6 Hay, the release
of radioactivity had ceased to be a major factor, having decreased to a few
hundred Ci, and fell to a few tens of Ci per day by the end of the month.

The problem of reducing the fuel temperature was solved at the same
time. To bring down the temperature and reduce oxygen concentration, nitrogen
was pumped under pressure from the compressor station into the space beneath
the reactor vault. By 6 May, the temperature increase in the reactor vault
bad ceased, and had begun to reverse itself with the formation of a stable
convective flow of air through the cora into the open atmosphere.

A* a form of double insurance against tha extremely low risk (although
it was a possibility in the first few days after the accident) of the lower
levels of the structure being destroyed, the decision was takftn to construct,
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•s a matter of urgency, an artificial beat-removal horizon beneath the
foundations of the building. Thi6 took the form of a flat heat-exchanger on a
concrete slab, This had been done by the end of June.

Experience has shown that the decisions which were taken were basically
correct.

A significant degree of Btabilization has taken place since the end of
May. The damaged parts of the reactor building are stable, and the radiation
situation is improving now that the short-lived isotopes have decayed. The
exposure dose rate is in the single rontgens per hour range in the areas
adjoining the reactor, the machine hall and cont-ol and protection areas. Any
uptake of radiosctivity from the unit into the atmosphere is basically caused
by wind removing aerosols. The activity of the releases does not exceed some
tens of curies per day. The temperature regime in the reactor vault is
stable. The maximum temperatures of the various reactor parts are a few
hundreds of degrees centigrede and they have a steady tendency to fall at
about 0.5°C per day. The slab at the base of the reactor vault is intact,
and the fuel is mostly (~ 96%) localized within the reactor vault, and the
compartments of the steam-water and lower water lines.

6.4. Measures taken at units 1. 2 and 3

After the accident in the fourth unit, the following measures were
taken at units 1, 2 and 3:

Units 1 and 2 were shut down at 01.13 and 02.13 respectively on
27 April;

Unit 3, which is closely linked technically with the. damaged
fourth unit, but which suffered practically no damage from the
explosion, was shut down at 05.00 on 26 April;

Units 1 to 3 were prepared for a lengthy cold shutdown;

After the accident, the power station equipment was placed in the
cold reserve state.

Units 1 to 3 and the power station equipment are checked by the staff
on duty. Significant radioactive contamination of the equipment and buildings
of units 1 to 3 of the power station was caused by radioactive materials
coming through the ventilation system, which continued to operate for some
tin* after the accident. There was a significant degree of radiation in socw
part* of the machine hall, which was contaminated through the damaged roof of
the third unit.

The Government Commission ordered that da-contamination and othor work
should be carried out on the first, second and third units with th* aim of
preparing them eventually for startup and operation again.
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Special solutions were used for decontamination. Their composition
depended on the material being cleaned (plastic, steel, concrete, various
coverings) and the type and level of surface contamination. After
decontamination, gamma radiation levels dropped by a factor of 10 to 15. Dose
rates within the first and second units were between 2 and 10 mE/h in June.
Final decontamination and stabilization of the radiation situation at the
first, second and third units can only take place when decontamination worlc
has been completed for the rest of the power station area and when the damaged
unit has been entombed.

6.5. Monitoring and diagnosis of the state of the damaged unit

The organization of diagnostic measurements envisaged the resolution of
the following basic problems:

Establishment of reliable monitoring of fuel displacement;

Determination of the scale of contamination in the area adjacent
to the nuclear power plant;

Evaluation of damage and dosimetric survey inside the unit, and
determination of possibilities of work in the surviving premises;

Determination of the distribution of fuel, fission products etc.
in order to work out the basic data for designing structures for
entombment.

Apart from evaluation of the radiation situation in and around the
plant, the priority measurements included monitoring of the condition of the
reactor from the air. Helicopters were used to carry out radiation
measurements, an infrared survey of the damaged reactor building and its
components with a view to measuring the temperature field distribution,
analysis of the chemical composition of gases emitted from the reactor vault
and a number of other measurements. After it had been determined that the
premises and equipment had survived in the lower part of the reactor building,
it became possible to conduct initial measurements and to install emergency
monitoring instruments. First of all, instruments for measuring neutron flux,
gamma dose rate, temperature and heat flow were installed in the evacuated
pressure suppression pool. Redundancy was provided for the thermoaetric
instruments. Evaluation of the situation in the pressure suppression pool
showed that there was no iminent danger of melting of structural parts. This
afforded the assurance that work on construction of a protective slab beneath
the unit could be carried out under safe conditions.

The general measurement strategy was cormulated along the following
lines:

Dosimetric and visual survey insid* the damaged unit;

Badioaetric and visual survey from helicopters;
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Measurement of the most important parameters (radioactivity,
temperature and air flow) in the surviving structures and
accessible premises.

The main measurement efforts at the initial stage were concentrated on
monitoring any downward displacement of the fuel that might occur.

Solution of the diagnostic problem was complicated by the following
factors:

The regular measurement system had broken down completely;

- The outputs of any detectors which might have survived were
inaccessible to the personnel;

Information on the condition of compartments rnd rooms, and on the
radiation situation in them, was limited.

At the next stage it was necessary to determine the location in the
bu.lding of the fuel ejected from the reactor vault and to evaluate its
temperature and heat removal.

Conventional or dosimetric survey methods were used to deal with this
problem; in addition, some surviving process pipelines were found through
which the measurement probes could be inserted. As a result of these
investigations, the distribution of the fuel inside the building was largely
determined.

The temperature in the compartments under the reactor did not exceed
4S°C as from June, indicating good heat removal.

The monitoring and diagnostic methods were refined on the basis of the
data obtained.

6.6. Decontamination of the site

At the time of the accident radioactive materials were scattered over
the site and fell on the roof of the turbine hall, the roof of the third unit
and on me' al pipe supports.

The site as a whole as well as the walls and tops of buildings likewise
had substantial contamination as a result of deposition of radioactive
aerosols and radioactive dust. The contamination of the site was not uniform.

With a view to reducing the spread of radioactive dust from the site,
the roof of the turbine hall and the road shoulders were treated with various
polymerizing solutions in order to immobilize the upper layers of soil and
prevent dust from rising.

The plant area was divided into separate zones with a view to
compehensive decontamination operations. Decontamination is being carrlad out
in the following sequence:
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Removal of refuse and contaminated equipment from the site;

Decontamination of roofs and outer surfaces of buildings;

- Removal of a 5-10 cm layer of soil and its transfer in containers
to the solid waste repository of the fifth unit;

Laying, if necessary, of concrete slabs on the soil or filling
with clean earth;

Coating of the slabs and of the non-concrete area with
film-forming compounds.

As a result of the above measures, it has been possible to reduce the
total gamma background in the area r>f the first unit to 20-30 nR/h. This
residual background is due mainly to external sources (damaged unit),
indicating that the decontamination of the site and buildings has been
sufficiently effective.

6.7. Long-term entombment of the fourth unit

Entombment of the fourth unit should ensure a normal radiation
situation in the surrounding area and in the atmosphere and preclude escape of
radioactivity into the environment.

For purposes of entombment of the unit it is intended to build the
following engineering structures (Pigs 6-8):

- Outer protective walls along the perimeter;

Inner concrete partition walls in the turbine hall between the
third and fourth units, in the "B" block and in the de-aerator
room along the turbine hall and on the side of the debris by the
tank room of the emergency core cooling system;

A metal partition wall in the turbine hall between the second and
third units;

A protective roof over the turbine hall.

Furthermore, it is planned to seal off the central hall and other
reactor rooms and to pour concrete over the debris by the tank room of the
•mergency core cooling system and over the rooms of the northern main
circulation pumps to isolate the debris and to provide protection against
radioactive radiation from the reactor sector.

The thickness of the protective concrete walls will be 1 • or nr«,
depending on the design solutions adopted and the radiation situation.
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Two variants are considered in the ventilation design:

An open system with purification of air by aerosol filters aid
release into the atmosphere through the existing stack of the
central ventilation plant;

A closed system with removal of heat into the heat exchanger
located in the upper part of the space to be ventilated and
maintenance of negative pressure inside the building to be ensured
by pumping of air from the upper part of the space and its
discharge through filters and the stack into the atmosphere.

The above activities are to be carried out in the following sequence:

1. The surface layer of soil in the area adjacent to the unit is to
be removed to local sites by means of special technology;

2. The area will be covered with concrete and the surface levelled to
ensure the movement of self-propelled cranes and other machinery;

3. The roofs and walls of buildings are to be decontaminated.

At locations where radioactivity is high, special polymer adhesive
pastes of various compositions will be used;

4. After the site has been cleaned and covered with concrete, the
metal frames for the protective walls will be assembled and then
concrete will be provided;

5. As the walls are built, work will proceed with the construction of
the main civil engineering structures which are to ensure complete
entombment of the fourth unit.

6.8. Decontamination of the 30 km zone and its rehabilitation for economic
use

Significant radioactive contamination of the areas adjacent to the
power plant made it imperative to take a number of extreme decisions involving
the establishment of surveillance zones, evacuation of the population, bans or
restrictions on economic usa of land and »o on.

It was decided to establish three surveillance zones: a special zone,
a 10 km zone and a 30 km zone. In these zones, strict dosiaetric Monitoring
of all transport has been organized and decontamination points have been
established. At the zone boundaries there ere arrangements for transferring
working personnel from one vehicle to another in order to reduce transmission
of radioactive substances.
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The -radiation situation within the 30 km zone will continue to change,
especially in areas with a high gradient of contamination levels. There will
occur a substantial redistribution of radionuclides over the different parts
of the landscape, depending on the characteristics of the topography. The
question of re-establishing of the population can be raised only after the
radiation situation over the whole contaminated area has been stabilized, by
entombment of the fourth unit, decontamination of the plant site and
immobilization of radioactivity in locations with a high contamination level.

In June, construction of a complex of hydraulic engineering structures
began with a view to protecting from contamination the ground water and
surface water in the Chernobyl* nuclear power station area. These include:

A filtration-proof wall in the soil along part of the perimeter of
the industrial site of the power plant and wells for lowering the
water table;

- A drainage barrier for the cooling pond;

- A drainage cut-off barrier on the right bank of the river Pripyat*;

A drainage interception barrier in the south-western sector of the
power plant;

Drainage water purification facilities.

On the basis of an assessment of the soil and plant contamination in
the 30 km zone, special agro-engineering and decontamination measures have
been worked out and are now being implemented. Work aimed at restoration of
the contaminated land to economic use has yet started, thanks to these
measures, which include: changes in the conventional systems of soil
treatment in this region, use of special compositions for dust suppression,
modification of harvesting and crop processing methods, and so on.



7. MONITORING OF ENVIRONMENTAL RADIOACTIVE CONTAMINATION AND HEALTH OF THE
POPULATION

7.1. Assessment of the quantity, composition and dynamics of the release of
fission products from the damaned reactor

The assessment was based on the results of the following:

Systematic analyses of the radioisotopic composition of aerosol
samples collected at points above the damaged unit from
26 April 1986 on;

Airborne gamma survey of the plant area;

Analysis of fallout samples;

- Systematic measurement data from the country's meteorological
stations.

The release of radioisotopes from the damaged unit took place over an
extended period of time which can be divided into several stages.

In the first stage there was a release of dispersed fuel from the
damaged reactor. The radioisotopic composition at this point corresponded
roughly to that of the irradiated fuel, but enriched by volatile isotopes of
iodine, tellurium, caesium and inert gases.

In the second stage - from 26 April to 2 May 1986 - the rate of release
from the unit decreased as a result of the measures taken to stop the graphite
burning and to filter the releases. During this period the composition of the
radioisotopes being released was again similar to that in the fuel. During
this stage finely dispersed fuel was being carried out of the reactor by a
flow of hot air and the graphite combustion products.

The third stage was marked by a sharp increase in the rate of release
of fission products from the unit. In the initial phase of this stage, the
release was composed mainly of volatile components, especially iodine, but
then the radioisotopic composition once more became similar to that of the
irradiated fuel (on 6 May 1986). The reason for this was the heating of the
fuel in the core to a temperature exceeding 1700°C as a result of the
raactor after-heat. The temperature caused the migration of fission products
and the chemical transformation of uranium oxide, which in turn led to an
•scape of fission products from the fuel matrix and their relsease in aerosol
form on the graphite combustion products.

The fourth and last stage, which began after 6 May, was characterized
by a rapid drop in releases (Table 1). This was a consequence of the special
measures tak«n, the formation of more infusible fission product compounds as a
ratult of their interaction with the materials introduced, and the
stabilization and subsequent lowering of the fual temperature.
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The radioisotopic composition of the releases is shown in Table 2.

The fission products in the air and fallout samples were in the form of
individual radioisotopes (mainly volatile ones) and were part of the
composition of the fuel particles. Particles (associates) with an elevated
content of individual radioisotopes (Cs, Ru etc.) were identified, these
having formed as a result of the migration of fission products in the fuel and
the filling and structural materials and of sorption on surfaces.

The total release of fission products (excluding radioactive inert
gases) was approximately SO MCi, or about 3.5% of the total inventory of
radioisotopes in the reactor at the tine of the accident. These figures were
calculated on 6 May 1986 and take into account radioactive decay. The release
of radioactive materials virtually ceased on that day.

The composition of the radioisotopes released during the accident
corresponded approximately to that of the fuel of the damaged reactor, the
difference being that the former had a higher content of volatile iodine,
tellurium, caesium and inert gases.

7.2. Monitoring system

When the accident occurred, the official meteorological, radiation and
public health monitoring system began to operate on an emergency footing. As
soon as the scale of the accident became evident, the monitoring system was
widened to bring in additional groups of experts and technicians. In the
first days after the accident, efforts were concentrated on the most urgent
radiation, public health and biomedical monitoring tasks.

During ths period the monitoring system began to be extended to cover
long-term problems also. Among the organizations involved in the
establishment of the system were the State Committee on Hydrometeorology and
Environmental Protection, the Ministries of Health of the USSR and of the
Union Republics, the Academies of Science of the USSR, the Ukrainian SSR and
the Russian SSR, the State Committee on the Utilization of Atomic Energy and
the State Agro-industrial Committee.

The help of specialized medical institutions in Moscow and Kiev was
enlisted to treat those exposed to radiation.

In addition to setting up a monitoring system, a programme of
radioecological, biomedical and other scientific studies to evaluate and
predict the effects of the ionizing radiation on man, the flora and fauna was
drawn up and began to be implemented.

The priority objective of the monitoring programme were a* follows:

Assessment of the possible internal and external exposures of
plant personnel and the population of Pripyat' and th* 30 lea zone;
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Assessment of the possible exposure of the population of a number
of areas outside the 30 km zone, the level of radioactive
contamination in which could have exceeded the permissible limits;

- Preparation of recommendations on measures to protect the
population and staff from exposures in excess of the established
limits.

These recommendations included:

- Evacuation of the population;

Restrictions or a ban on the use of food products containing
increased amounts of radioactive substances;

Recommendations on what action people at home and in open places
should take.

In order to solve these priority problems, systematic monitoring was
introduced in respect of the following:

The level of gamma radiation in contaminated areas;

- The concentration of biologically significant radioisotopes in the
air and water of water bodies, particularly those supplying
drinking water;

- The degree of radioactive contamination of the soil and vegetation
and its radioisotopic composition;

The amount of radioactive substances in food products, especially
I in pi

- Radioactive contamination of working and non-working clothes,
footwear, means of transport etc.;

Build up of radioisotopes in internal organs of people etc.

7.3. Main characteristics of the radioactive contamination of the atmosphere
and ground and possible ecological consequences

The determining factors in the radioactive contamination of the
environment as a result of the Chernobyl' accident were the dynamics of the
radioactive releases and the meteorological conditions.

The radioactively contaminated plume moved first to the west and north;
during the 2-3 days after the accident - to the north; and, for a faw days
from 29 April - to the south. The contaminated air masses then dispersed for
great distances over the Byelorussian, Ukrainian and Russian Soviet Socialist
Republics. The height of the plume on 27 April excaoded 1200 m, while the
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radiation levels in it were 1000 mR/h at a distance of 5-10 Ion from the
accident site. The plume and the radioactive track which was forming were
regularly surveyed by the airplanes of the State Committee on Hydronteteorology
and Environmental Protection, which were equipped with sampling and gamma
spectrometry equipment and Roentgen meters, and by the network of
meteorological stations.

Fission and induced activity products (239Np and 134Cs) were
identified in the air samples.

The main zones of ground contamination after the accident were to the
west, north-west and north-east of the Chernobyl' plant, and subsequently -
and to a lesser extent - to the south. Radiation levels near the plant
exceeded 100 mR/h; on the western track the maximum radiation levels 15 days
after the accident were 5 mR/h at a distance of 50-60 km from the accident
zone (maximum distances), and the same to the north at a distance of
35-40 km. In Kiev the radiation levels at the beginning of May reached
0.5-0.8 mR/h.

In the zone of the radioactive track near the plant, in addition to the
isotopes listed above, plutonium isotopes were identified (their distribution
on the ground was insignificant). In this zone isotope fractionation was
insignificant, but on the remote radioactive track the radioactive products
were considerably enriched by tellurium, iodine and caesium isotopes.

By integrating the contaminated areas it was possible to determine the
total activity of the radioactive fallout outside the plant site. In the
nearby and remote fallout areas on the European territory of the Soviet Union
it amounted to about 3.5% (see subsection 7.1) of the total activity of the
fission and activation products accumulated in the reactor (about 1.5-2% on
the nearby trail).

Summing the activity (which was determined by taking ground samples) of
the radioisotopic fallout on the nearby track yielded an approximate value of
between 0.8% and 1.9%.

The plutonium isotope contamination levels in the zones mentioned above
were not the determining as regards decontamination work and decisions of an
economic nature.

Information on the radioactive contamination of rivers and water bodies
was obtained by regularly analysing water samples from the Rivers Pripyat',
Irpen', Teterev, Desna and the Dnieper water intake. From 26 April 1986 on
water samples were collected from the whole water area of the Kiev reservoir.
The highest 131j concentrations were observed in the Kiev reservoir on
3 Hay 1986, the figure being 3.10"8 Ci/L. It should be noted that the
spatial distribution of radioisotopes in the aquatic environment was very
uneven.
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From the first days of the accident, monitoring of the radioisotopic
content of sediments at the bottom of water bodies both inside and outside the
30 Ian zone was organized. The radioisotope concentration in sediments on the
bottom of individual parts of the Kiev reservoir adjacent to the accident
region was 10-7-10-8 Ci/kg and 10~ 1 0 Ci/L in water during the period
10-20 June 1986.

The radiation dose to which the aquatic organisms in the Kiev reservoir
were exposed will not have any serious effect on the population level.
Significant radiation effects on the aquatic ecosystem may be observed only in
the Chernobyl' plant cooling pond.

The hydrobionts populating the cooling pond were subjected to the
highest radiation burdens. For some species of water plant, the internal dose
received was as much as 10 rad/h, while near the bottom of the cooling pond
the average external exposure was 4 rad/h (at the end of May 1986).

According to expert evaluations, exposure levels of up to 10~^ rad/d
produce no noticeable effect on terrestrial ecosystems. Inside the 30 km zone
around the Chernobyl' plant, higher radiation levels were observed at
individual parts of the area contaminated by fallout: this may result in
significant changes in the state of radiosensitive plant species at these
points.

Radiation levels outside the 30 km zone cannot produce a noticeable
effect on the species of which the plant and animal associations are
composed.

The results obtained are preliminary in nature. Studies of the effects
of the Chernobyl' accident on living organisms and ecosystems are continuing.

7.4. Population exposures in the 30 tan zone around the Chernobyl* plant

On the basis of an analysis of the radioactive contamination of the
environment in this zone, assessments were made of the actual and future
radiation doses received by the population of towns, villages, settlements and
other inhabited places. Following of these assessments, decisions were taken
to evacuate the population of Pripyat' and a number of other inhabited places:
135 000 people were evacuated.

As a result of these and other measures, it proved possible to keep
population exposures within the established limits.

The radiological effect* on the population in the next few decades were
evaluated. The effects will be insignificant against the natural background
of cancerous and genetic diteases.

7.5. Data on the exposure of plant and emergency service personnel. Medical
treatment

As a result of their participation in measures to combat the accident
in the first few hours after its occurrence, a number of plant and emergency



service personnel received high radiation doses (more than 100 rem) and also
suffered burns during their efforts to extinguish the fire. All those
affected were given immediate medical attention. By 6:00 hours on
26 April 1986, 108 people had been hospitalized and in the course of the day a
further 24 persons out of those examined were admitted to hospital. One
person died from severe burns at 6:00 hours on 26 April and one of those
working at the damaged unit was not found. It is possible that he was working
in the area where structures had collapsed and there was high activity.

As a result of the early diagnosis procedures used in the Soviet Union,
within 36 hours persons in whom the development of acute radiation syndrome
was diagnosed as extremely likely had been identified for immediate
hospitalization. The hospitals selected were the clinical institutes in Kiev
closest to the site of the accident and a specialized unit in Moscow, the aim
being to provide the maximum amount of assistance and expert analysis of the
results of examinations.

One hundred and twenty-nine patients were sent to Moscow in the first
two days. Of these, in the first three days 84 were identified as suffering
from degrees XI-IV of acute radiation syndrome and 27 as degree I of acute
radiation syndrome. In Kiev there were 17 patients suffering from degrees
II-IV and 55 from degree I.

Details of the methods and results of the treatment of these patients
is given in the Annex.

The total number of fatalities caused by burns and acute radiation
syndrome among ersonnel stood at 28 at the beginning of July. None of the
population received high doses which would have resulted in acute radiation
syndrome.



Table 1. Daily release, q, of radioactive substances to the atmosphere
trom the damaged unit (excluding radioactive inert gases)*.

Date
Days after
the accident

26.04
27.04
28.04
29.04
30.04
01.05
02.05
03.05
04.05
05.05
06.05
09.05
23.05

0
1
2
3
4
5
6
7

8
9

10
14
28

q, MCi **

12

4.0

3,4

2.6

2.0

2.0

4,0

5,0

7,0

8.0

0.1

-0.01

20.10"6

'^Release evaluation error ^50%. It is composed of the error
of the dosimetric instruments, of the radiometric measurements
of the radioisotopic composition of air and soil samples and
of the error due to averaging the fallout over the area.

**The values of q were calculated on 6 May 1986 taking into
account radioactive decay. (At the time of the release on
26 April 1986, the activity was 20-22 MCi.) For the
composition of the release, see Table 2.



Table 2. Assessment of the radioisotopic composition of the release
from the dairaged unit*.

Isotope**
Activity of release, MCi

26.04.86 06.05.86* ••»

Amount of activity
released from the
reactor by 06.05.86,

'Xc
mKr

i 1 1 .

' Ki.

'( c

Vi-
"'Sr

' nS>

M l

1 !•>

I'U

I'll

( m

5

0.15

4.5

4

0.15

0,3

0.15

0.45

0.6

0.2

0,5

0.4

0.45

0,25

0.015

0,1.10-'

o.i.io-'

0.2.10"'

0,02

0.3.10

0,3.10

2.7

-I

45 Possibly up to 100

0.9
7,3

1.3
0,5

1,0
3,0
3,8
3.2
1.6
4,3
2,8
2.4
2,2
0,22
0.8.10 "J

0.7.10"'
1.10"'
0,14
2.10"*
2,1.10''
1.2

20

15

10
13

2.3
3.2

2,9
2.9
5.6
2,3
2.B

4,0
4,0
3,0
3.0
3.0
3,0
3.0
3.0
3,2

'•'•Evaluation error +^50%. For explanation, see footnote
on Table 1.

**Data on the activity of the main radioisotopes measured
in the radiometric analysis.

***Total release by 6 May 1986.
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8. RECOMMENDATIONS FOR IMPROVING NUCLEAR POWER SAFETY

8.1. Scientific and technical aspects

In 1985 the Consultative Council for Co-ordination of Scientific
Research on Nuclear Safety approved a "List of Priority Tasks", which
constitutes the basis for planning experimental and theoretical studies on
nuclear safety in the USSR aimed at providing a more detailed justification
for safety specifications, evaluating the actual level of nuclear safety and
enabling nuclear power plants commissioned beforo 1985 to be brought up to
that level in accordance with the specifications laid down.

After the accident at the Chernobyl' nuclear power plant, the status of
theoretical and experimental research on nuclear safety has been reviewed and
evaluated, and measures for extending, improving and intensifying it have been
developed.

Computer programs for analysing the safe behaviour of nuclear power
pla-.its in all possible transient and accident regimes - including conditions
not anticipated at the design stage - are being improved, and modelling
systems and complexes are being developed.

Research on the possibility of building reactors with passive safety
systems - so called "intrinsically safe" reactors, the cores of which cannot
be destroyed in any type of accident - is being expanded.

There will be an expansion of research on quantitative probabilistic
analysis of safety, on the analysis of risks from nuclear power and on the
development of a conceptual and methodological basis for optimizing radiation
safety and for comparing radiation hazards with other industrial hazards.

8.2. Organizational and technical measures

The system of monitoring and technical standards in force in the USSR
covers all the basic questions of nuclear safety and is continually
improving. In 1985 a Summary List and Development Plan for USSR nuclear power
regulations and standards was drawn up under the auspices of the State Nuclear
Power Supervisory Board (Gosatomehnergonadzor); this co-ordinates and directs
the activities of all official bodies involved in the development and
co-ordination of the corresponding scientific and technical documents.

A comparison between the existing Soviet document relating to nuclear
power station design and operation with similar foreign documents docs not
reveal any major differences. In general, the nuclear safety standards in
fore* do not require revision. However, more careful verification of their
implementation in practice is necessary. The quality of training and
retraining of staff needs to be improved and design and construction staff
•ust verify more carefully the quality of plant components during manufacture,
assembly and adjustment during commissioning; their responsibility for tha
subsequent effectiveness and safety of operating nuclear power plants mist b*
increased.



Since the Chernobyl' accident, organizational measures have been taken
to improve the safety of nuclear power plants. These can be divided into two
stages.

The first stage, which was carried out before a detailed scientific and
technical analysis of the course of the accident had been made and in the
light of preliminary information from the site, relates to operating nuclear
power plants with reactors of the RBMK type and involves operational measures
at those plants. The main purpose of these measures is to prevent any
recurrence of operating conditions such as those which immediately preceding
the accident.

The second stage relates to measures arising from the scientific and
technical analysis of the accident and includes steps aimed at improving the
safety of nuclear power plants of all types.

The measures that are planned should be adequate to ensure the stfe
operation of nuclear power plants with reactors of the RBMK type.

For power plants with other types of reactor, the intention is to carry
out safety enhancement measures foreseen earlier, which relate mainly to the
latest advances in science and technology, operating experience, the
possibility of diagnosing the condition of metal in piping and other plant
components, automatic process control systems, and so on.

With a view to raising the level of leadership and responsibility for
the development of nuclear power and to improving the operation of nuclear
power plants, an All-Union Ministry of Nuclear Power has been established.

A whole range of measures to improve State monitoring of nuclear safety
is also to be carried out.

8.3. International measures

In the light of the Chernobyl' accident, the Soviet Union, paying due
regard to the international nuclear safety work currently being done and
desiring to strengthen international security further, has put forward some
proposals about the establishment of an international regime of safe nuclear
power development and the expansion of international co-operation In this
sphere. These proposals are contained in statements by the General Secretary
of the Central Committee of the Communist Party of the Soviet Union,
M.S. Gorbachev, on 14 May and 9 June 1986.

An international regime of safe nuclear power development would take
the form of a system of international legal instruments, of international
organizations and structures and also of organizational measure* and
activities to preserve the health of the public and protect the environment in
the context of world-wide nuclear power activities. The establishment of such
a regime could be achieved by drawing up international agreements, signing the
corresponding international conventions and supplementary agreements, carrying
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out joint co-ordinated research programmes on nuclear safety problems,
exchanging scientific and technical information, setting up international data
banks and banks of material resources needed for safety purposes, and so on.

Funds could be set up, with the direct participation of international
organizations, for providing emergency assistance, including that required
with the urgent provision of the necessary special medical supplies and
dosimetric and diagnostic equipment and instruments and with the supply of
food, fodder and other material assistance. It is also necessary to set up a
system of early notification and provision of information in the event of
accidents at nuclear power plants - in particular, those with transboundary
consequences. Attention needs to be paid, moreover, to the question of the
material, moral and psychological damage associated with such accidents.

There is yet an ther aspect of nuclear safety, that of the prevention
of nuclear terrorism. L task of overriding importance in this connection is
the development of a reliable system of measures to prevent nuclear terrorism
in any form.

An important role in the establishment of an international regime of
safe nuclear power development must be played by the IAEA.

It is gratifying to note that initial steps have already been taken to
carry out the proposals in respect of the establishment of an international
regime of safe nuclear power development. Intensive work has begun on
preparations for the conclusion of two international conventions, relating to
early notification of nuclear accidents and to assistance in the event of
nuclear accidents and radiological emergencies. Certain aspects of the
expansion of international co-operation, in particular, the IAEA's research
programmes on nuclear safety, are being actively discussed.

The proposals for establishment of an international regime of safe
nuclear power development are inextricably linked with problems of military
detente and nuclear disarmament. The Chernobyl' accident has demonstrated
once again the danger of nuclear energy getting out of control and has made
people aware of the devastating consequences which would ensue from its
military application or from damage to peaceful nuclear installations in the
course of military action. It is absurd, at the same time as discussing and
solving problems of the safe utilization of nuclear energy, to develop ways
and means of applying it in the most dangerous and inhuman way possible.



9. THE DEVELOPMENT OF NUCLEAR POWER IN THE USSR

Owing to the extremely rapid development of nuclear power, a reduction
in the consumption of organic fuel by thermal power plants in the European
part of the country is planned in the Soviet Union's energy programme. The
contribution of oil to electric power production is to be cut by more than
half. Nuclear power should then cover most of the economy's increased
electricity requirements. There are plans for the maximum possible use of
nuclear fuel for centralized heating and industrial heat supply, and for the
creation of nuclear industrial complexes.

The Soviet Union is a pioneer in the peaceful uses of atomic energy.
The world's first nuclear power plant, with a uranium-graphite channel-type
reactor, has been operating for thirty-two years. The subsequent programme
for the establishment in the USSR of so-called demonstration power reactors
for nuclear power plants with relatively low power capacities made it possible
to select the most promising of these for further development and improvement.

The three types of reactor adopted in the USSR for the needs of the
country's growing nuclear power programme allow great flexibility and
reliability of energy supply, more efficient use of nuclear fuel resources
than would otherwise be possible, and are also well adapted to the special
requirements of a developing power engineering infrastructure.

The nuclear power plants being built in the USSR are based on the WWER,
RBMK and fast breeder reactors. The first two are thermal reactors with
light-water coolant. The fast breeder reactors use liquid sodium as coolant
and are being built at present with a view to full-scale industrial testing of
the technical solutions which have been adopted and the gradual future
development of a closed fuel cycle based on plutonium.

At present, nuclear power plants with WJKR and RBMK reactors provide
the basic nuclear power production in the USSR. The country's installed
capacity has reached nearly 30 million kilowatts. The Soviet nuclear power
plants are characterized by high operational availability. The utilization
factor of the installed capacity at nuclear power plants during recent years
has been relatively high.

In accordance with the "Main Lines of Economic and Social Development
of the USSR for 1986-1990 and up sntil the year 2000", it ic expected that
nuclear power will be developed extremely rapidly in the European part of the
country and in the Urals. In 1985, power generation at nuclear plants reached
nearly 170 000 million kWh and by the year 2000 it will increase by 5-7 tiaes.

This development means that it will be primarily nuclear plant* that
provide the additional capacity needed for the energy systems of the European
part, relieving us of the need to build new thermal plants burning organic
fuel for base load operation.



The Soviet Union is also developing nuclear sources of heat supply
based on high-temperature gas-cooled reactors. The construction of safe
plants with such reactors trill make it possible to produce high-temperature
heat for a number of industrial technological processes.

The Soviet Union is actively participating in international
collaboration in the nuclear power field, co-operating effectively in the
competent bodies and commissions of the United Nations, in the IAEA, the World
Energy Conference and others.

The development of nuclear energy in the USSR is being carried out in
close co-operation with CMEA countries.



List of principal installations of the main block of the plant

No. Installation or item

Unit
Measurement weight No. pe

unit in tons NPP un

Keactor section

1 Graphite stack
2 System "S" metal structures
3 System "OK" metal structures
4 System "E" metal structures
5 System "KZh" metal structures
6 System "A" metal structures
7 System "D" metal structures
8 Drum-type steam separator
9 Main circulation pump TsVN-8
10 Main circulation pump electric motor
11 Main isolating gate valve (diameter 800)
12 Intake header
13 Pressure header
14 Distributing group header
15 Lower water communication lines
16 Steam-water communication lines
17 Downcomers (diameter 300)
17a Primary coolant circuit pipes (diameter 800)
18 Refuelling machine
19 Overhead crane of central hall Q50/10ts
20 Overhead crane of main circulation pump room

Q50/10ts
21 Supply fan, type VDN at level +43.0
22 Exhaust ventilator at level + 35.0
23 Controlled leakage tank
24 Controlled leakage heat exchanger
25 Scheduled preventive maintenance tank
26 Metal structures and pipes of the accident

confinement zone
27 Check valves of the lower water communication

line room
23 Accident confinement system release valve
29 Accident confinement system condensers
30 Carriage container
31 Crane in gas activity reduction system room

Q30/5ts
Carbon steel pipes
Stainless steel pipes

Machine room

32 Turbo-unit K-5O0-65/30OO
33 Moisture separator/reheater SPP-500
34 Low-pressure heater
35 First stage condensate pump units
36 Ovarhead crane of machine room Q 125 ts

Carbon steel pipes
Stainless, steel pipes

37 De-aerator

Assembly
tt

tt

n

tt

tt

n

pc
tt

tt

tt

«

tt

tt

Set
tt

tt

tt

tt

pc

•f

H

n

«t

H

M

1850
126
280
450
79

592
236
278
67
33
5.7
41
46.0
1.3

400
450
16
350
450
121

176
3.5
3.5
1.4
0.2
25

1
1
1
1
1
1
1
4
8
8
8
2
2
44
1
1
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Fig. 1. Cross-section through the lain structures of a power plant with an HBBK-1OOO reactor (with localization zone)



fio. 2. Scheaatic diagrai of the eaergency core cooling systea (ECCS):
I. Reactor; 2. Steaa separator; 3. Suction header; *. Hain circulation puap; 5. High pressure header; 6. Pressure suppression pond;
7. ECCS vessels; 8. ECCS puaps for cooling the daaaged half of the reactor; 9. Heat exchanger; 10. Clean condensate tank;
II. ECCS puaps for coaliag the undaaaged half of the reactor; 12. Oeaerator; 13. Feed puap.
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Fig. 3. Cross-section through the reactor sector of a nuclear power plant with an RBHK-1000 reactor (with localization zone)
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Fig. 5. Variation of activity and temperature of the fuel uith tiae
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Fig. 6. Diagraa shoving one scheae for the isolation and

encaseaent of unit K (horizontal cross-section)
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Fig. 8. General view of one scheae for the isolation and encaseaent of unit


