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Major events leading to the
accident on April 26, 1986
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~ Twenty years ago, operators
committed a fatal series of -
__errors here in the control room
of reactor number four.
“~ The explosion that followed
still blights land and lives.




RBMK Reactor

RBMK reactors do not have
what is known as a
containment structure, a
concrete and steel dome over
the reactor itself designed to
keep radiation inside the plant
in the event of such an
accident. Consequently,
radioactive elements including
plutonium, iodine, strontium
and caesium were scattered
over a wide area. |n addition,
the graphite blocks used as a
moderating material in the
RBMK caught fire at high
temperature as air entered the
reactor core, which contributed
to emission of radioactive
materials into the environment.




On April 26, 1986, the Number
Four RBMK reactor at the
nuclear power plant at
Chernobyl, Ukraine, went out
of control during a test at low-
power, leading to an explosion
and fire that demolished the
reactor building and released
large amounts of radiation into
the atmosphere. Safety
measures were ignored, the
uranium fuel in the reactor
overheated and melted
through the protective barriers.




Radionuclide release

The total activity of all the
radioactive matter released in the
accident is today estimated to
have been around 1.2 x 1019 Bq,
including some 7 x 1018 Bq due to
noble gases. About 3% of the
used fuel in the reactor at the time
of the accident as well as up to
100% of noble gases and 20-60%
of the volatile radionuciides were
released. This current estimate of
activity of the matter at the time of
its release is higher than the
estimate advanced in 1986 by the
authorities of the former USSR,
compiled by calculating the activity
of the matter deposited within the
countries of the former USSR on 6
May 1986.




Location of Chernobyl Nuclear

Power Plant
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The radioactive matter released
into the atmosphere was widely
dispersed and eventually deposited
onto the ground surface. It was
measurable over practically the
entire northern hemisphere. Most of
the material was deposited in the
region around the plant site, with
wide variations in deposition density.
The areas of the surrounding
territories of Belarus, Russia and
Ukraine in which activity levels of
137Cs in excess of 37 kBg/m2 were
measured were estimated at 46.560
km2, 57,000 km2 and 41,300 km2
respectively.




The Initial state of the unit just
before the accident at 01:23 On
26.04.1986 was as follows: power: 200
MW (thermal output), operating
reactivity capacity of 8 manually
controlled rods. Neither the output
power of the reactor nor any other
parameters af the reactor installation
demanded any intervention by
personnel or automatic devices during
the period from when tests began to
the pressing of the reactor emergency
cloa;,e down button AZ-5 (at 01:23:40
am).

This caused the destruction of the
reactor unit and the discharge of
radionuclides from the core. The loss
of cooling of remnants in the core
caused the spent fuel to ignite on
account of the residual energy
production, priming a farther release of
radionuctides.
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nating gas, and borne by the wind in a northwesterly direction,
across Byelorussia and the Baltic republics and beyond the bound-
aries of the Sovier Union.

The fact that the radioactive plume moved at an altitude of be-
tween 3,300 and 36,000 feer (1-11 km) was indirectly confirmed
by the restimony of a service technician named Antonov at
Sheremetyevo airport, who reported thar arriving aircraft were
being decontaminated for one week after the explosion at Cher-
nobyl. Today's airliners, of course, fly at altitudes of up to 43,000
feet (13 km).

In this way, about 50 tons of nuclear fuel evaporated and were
released by the explosion into the armosphere as finely dispersed
particles of uranium dioxide, highly radicactive radionuclides of
iodine-131, pl i 239, nepruni 139, cesium-137, strontium-
90, and many other radioactive isotopes with a variety of half-lives.
In addition, abour 70 tons were ejected sideways from the periphery
of the core, mingling with a pile of structural debris, onto the roof
of the de-aerator, the roof of the turbine hall where it adjoined No.
4 unit, and also onro the grounds of the plant.

Part of the fuel landed on equi on the
formers, on the generator bus-bars, on the roof of the central hall
of No. 3 reactor unit, and on the plant’s venrilarion stack.

I must emphasize that the radicactivity of the ejected fuel reached
15,000-20,000 roentgens per hour; and that a powerful radiation
field, practically equal to the radioactivity of the ejected fuel (the
radioactivity of the nuclear explosion) was immediately formed
around the damaged reactor unit.* With increased distance from the
pile of structural and mechanical debris formed by the explosion, the
radioactivity declined in proportion to the square of that distance.

Another point to bear in mind is that the evaporated part of the
fuel formed a large atmospheric reservoir of highly radioactive
aerosols, which was particularly dense and powerful in the vicinity
of the damaged unit and, indeed, throughout the whole plant. This
reservoir, which was rapidly growing, spread out in all directions,
and, carried away by shifting winds, took on the shape of an enor-
mous, sinister flower head.

1} 0N trans-

*Far permissible human doses of rudinactivity, see page 114.—Fad.
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Some 50 tons of nuclear fuel and 800 tons of reactor graphite (from
a graphite stack weighing a roral of nearly 1,700 tons) remained in the
reactor vault, where it formed a pit reminiscent of a voleanic crater.
(The graphite still in the reacror burned up complerely in the next
few days.) Through the holes that had by then been formed, pulver-
ized nuclear debris filrered down info the space beneath the reactor,
reaching the foundations of the building, as the lower water commu-
nication lines had been smashed by the explosion.

I have dwelt on rhese derails in order to depict the true extent of
radioactive co ination in and d the reactor unit, so that the
reader may be able to visualize the horrendous conditions under
which the firefighters and operational staff had to work, while they
still did not realize what had acrually happened.

To grasp the true magnitude of the radivactive release, one
should merely remember thar the atomic bomb dropped on Hiro-
shima weighed almost 4.5 tons; in other words, the mass of the
radivactive substances formed when it was detonated amounted o
almost 4.5 tons.

However, the reactor of No. 4 unit at Chernobyl spewed into the
atmosphere almost 50 tons of evaporared fuel, thus creating a colos-
sal armospheric reservoir of long-lived radionuclides: in other
words, ten Hiroshima bombs, without the initial blast and firestorm
effects, plus almost 70 tons of fuel and some 700 tons of radioactive
reactor graphite which settled in the vicinity of the damaged unir.

On the basis of preliminary findings, we can say that radioactiviry
in the vicinity of the damaged reactor unit ranged from 1,000 to
20,000 roentgens per hour. Admittedly, there were remote and
sheltered spots where levels were significantly lower.

This being so, what is one to make of the reassuring srarements
made by Deputy Chairman Shcherbina of the Council of Ministers
of the USSR, Yuri A. lzrael, chairman of Goskomgidromer (USSR
State Committee for Meteorology), and by his deputy, Yu. . Sedu-
nov, at the press conference on 6 May 1986 in Moscow, when they
said thar radioactivity in the vicinity of the damaged reactor unit was
only 15 milli gens (0.015 roentgen) per hour? Inaccuracy on
this scale is, to put it mildly, unforgivable.

In the town of Pripyat alone, radioactivity on the streets through-
out the whole of 26 April and several days thereafier measured

™




On 7 May, the radiation situation in the disaster area, received by
the Ministry of Energy secretariat on the high-frequency lme, was
as follows:

¢ In and around the vicinity of the nuclear power station: graphite
(close up)—2,000 roentgens per hour; fuel—up to 15,000 roent-
gens per hour. In general, the background radiation around the
unit: 1,200 roentgens per hour (m the dn'ectnon of the pllc of
rubble). '
* Pripyat—approximately 0.5 to 1.0 rocntgen per hour (axr) Roads,
- asphalt—from 10 to 60 roentgens per hour. |
* Roof of the solid and liquid waste storage fac111ty——40 roentgens .
per hour.
* Chernobyl—15 milliroentgens per hour (anr), ground—-—up to 20
~ roentgens per hour. .
¢ Ivankov (37 miles [60 km] from Chernobyl)—-—S mtlhroentgens
per hour |




How many people died as an immediate result of the accident?

The initial explosion resulted in the death of two workers. Twenty-eight of
the firemen and emergency clean-up workers died in the first three months
after the explosion from Acute Radiation Sickness and one of cardiac arrest.

How many people were evacuated?

The entire town of Pripyat (population 49,360), which lay only three
kilometres from the plant was completely evacuated 36 hours after the
accident. During the subsequent weeks and months an additional 67,000
people were evacuated from their homes in contaminated areas and
relocated on government order. In total some 200,0000 people are believed
to have been relocated as a result of the accident.




Emergency measures had to be taken to bring the release of
radioactive material under control, to deal with the debris from the
reactor, and subsequently to construct a confinement structure, the so-
called “sarcophagus”, which was completed in November 1986, to
contain the remains of the reactor core.

In order to reduce this blow-out and eliminate the possibility of
the self-sustained chain fission reaction (SCFR) occurring, about 5,000
tonnes of different materials were dropped by helicopters into the
reactor ruins:

2,400 tonnes of lead (to cool the fuel),

40 tonnes of boron carbide (to prevent SCFR occurrence),
800 tonnes of dolomite (to generate carbon dioxide),

1,800 tonnes of sand and clay (to -filter radioactive blow-out).

Moreover, water was channelled through the remainder of the
emergency cooling system to cool the core.
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The response to the
accident was carried out
by a large number of ad
hoc workers, including
operators of the plant,
emergency volunteers

such as fire-fighters, and
military personnel, as well
as many non-professional
personnel. All these
people became known by
the Russian term
likvidator.




LIKVIDATORS

About 200,000 “liquidators” worked
the region of Chernobyl during the
period 1986-1987, when radiation
exposures were highest. They were
among some 600,000 to 300,000
persons who were registered as
involved in activities relating to
alleviating the consequences of the
accident.
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The Major Health Effects for
Exposed Population

There have been at least 1800
documented cases of thyroid cancer
children who were between 0 and 14
years of age when the accident
occurred., which is far higher than
normal. The thyroid gland of young
children is particularly susceptible to
the uptake of radioactive iodine, which
can trigger cancers, treatable both by
surgery and medication. Health studies
of the registered cleanup workers
called in (so-called “liquidators”) have
failed to show any direct correlation
between their radiation exposure and
an increase in other forms of cancer or
disease. The psychological affects of
Chernobyl were and remain
widespread and profound, and have
resulted for instance in suicides,
drinking problems and apathy
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LILUAL KOu 1 pazopoe 0 coAepR L HeOGXOANMOE KOAHICCTRD OCHOBNEX
NHILEBME BEMECTD: GeAKOR, MHPOE, MOULCH, RITIAMIHOD, MMBCPAALIILX
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HHBOTHD NPONCXONICHAR, COACPH We noaxonennee Geakn

C ueapi 00OTAmEnIA PRINOND DETAMHTAMA 0 MIHEPAARHIMI BeilecT-
DAMI, B TOM UHCAC HMEACI0M  (NPOTHUOHHEMHYE i da I\|I!]1], cieanenio
HeolXOANMO B MCHI0 BRANSOTL CBEMNe Onowi, GpykTe, Aroau

INMoansuramnnm, Kak W pee ApYTHE JeKapcincHENe Nponapard, Opi-
HIMATE TOABKD 10 PEKOMENAIENN Bpata.

lMosmunre, uro agoposse samiern peGelka ceroand, KIK § BCeraa, ia-
MUCHT OT DOC, NPpAnIILIG OprannInpanaory pemisa, nocToRHHOM 3aka-
FUTETIEN

ITo ncem Bonpocam pes OTAMXE, NHTIHHA '|Jl'l:‘1.'!|Kﬂ PeROMCIAYCM
OGpALIATHCH K YHACTROBOMY 002
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Current Situation

Average radioactive
phone at the CNPS -
300-600 uR/h in
2006. The increasing
of radiactive phone

did’t find during last
years
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SARCOPHAGUS

WORKING AT A DISTANCE

A few hundred yards away

from the hazardous reactor,
maetal-clad arches are erect-
od (1) and joined (2) to form
the structure.

MOVING THE SHELTER

The structure, 500 feet long,
B840 feet wide, and taller
than the Statue of Liberty,
I8 slid into place (3) along
concrete foundations.

350 feet

Confinement
structure
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Sliding path — ¢
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