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Chernoby!: what happened and why?

by CM Meyer, technical journalist

This is the fifth in a series of articles being published in Energize tracing the history of nuclear energy throughout the world.

“Now if the flow of cooling water is suddenly
sfopped, and if the confrol rods fail to
operate, the heat of fission will vaporise the
water and gject most of it from the reactor.
If the automatic confrol devices operate
satisfactorily, the reactor is safeguarded, but
they cannot be completely infallible. If they
fail, the activity may build up so quickly as
to cause the fuel elements to vaporise and
disinfegrate.” [Hinton, 1958:29]

Sir Christopher Hinton, designer of the first
British nuclear reactors, was describing the
possible scenario of an accident in an early
graphite-moderated water-cooled reactor
in 1958, 28 years before the Chernobyl
disaster.

What exactly happened at Chernobyl, and
why? In effect, basically what Sir Christopher
Hinton wrote in 1958 in the above paragraph.
One of the clearest overviews of the accident
is contained in a brochure “Chemobyl — a
Canadian perspective” [Ref. 13] AECL, which
compares the operation of the RBMK reactor
with that of the Canadian CANDU reactor.
While there are many far more detailed
reports available, for reasons of brevity and
clarity, this report will be used as a base.
Persons wishing for a more detailed technical
evaluation are free to consult Reference 14.
Why the RBMK reactor design was selected
for Chemobyl is a story in its own right, and
will not be discussed here.

But before looking at the scenario outlined
in the next section, one needs to first
understand why the ultimate culprit for the
accident was not the unforgiving design of
the RBMK reactor, not the incomplete training
of the operators, not the interference from
politicians (although they are later identified
as important factors), but a noble radioactive
gas, xenon.The most important isotope of
xenon here is xenon-135, for reasons that
will soon become apparent. By allowing the
concentration of xenon-135 to build up in the
Chernobyl reactor (simply by forgetting to set
the right electrical confroller), the operator
had unwittingly created the conditions for the
disaster that followed.

Ironically, the effect of xenon-135 and other
noble gases had been a key factor in reactor
design as early as September 1944, and
was well-known to the Soviets. Xenon —-135

had brought the production of plutonium at
Hanford to a dead stop because it caused
what is known as reactor poisoning [Rhodes,
1986a; 558-560].

And xenon and other noble gases (including
argon) had also brought the first industrial
reactor at Chelyabinsk-40 (the A-plant) o a
complete stop in 1948 but not from reactor
poisoning. Here, these gases had caused
the uranium fuel slugs to swell up and distort,
blocking the discharge tubes and making
plutonium production impossible, forcing a
redesign of the channels housing the uranium
fuel slugs [Rhodes, 19860;332].

Not all uranium-235 atoms fission to form
krypton and barium. Some 135l is formed,
which decays in 6,68 hours (that is, its half-
life is 6,68 hours) to form xenon-135 (with a
half-life of 9, 13 hours [Rhodes 1986a: 59]).
In non-technical terms, xenon-135 has an
incredible appetite for neutrons, “a whopping
150 times as great as the most absorptive
element previously known, cadmium”
[Rhodes, 1986b; 216]. The solution found af
Hanford was to increase the power of the
reactor (by increasing the amount of uranium
in the reactor by some 30 %) [Rhodes, 1986a,
559-560].

At Chemobyl (as at Hanford), the effect of
the 135Xe was to bring the chain reaction
to an almost complete stop. By unwittingly
decreasing the power to 1% (by forgetting
to reset a controller), the operators at
Chernoby! allowed large amounts of 135Xe
to form, making it virtually impossible to
raise the reactor’'s power back to the 30%
required to do the experiment. It was as if
the reactor had suddenly gained a whole
extra set of control rods (over and above the
boron carbide rods normally inserted into the
reactor to slow down power, and withdrawn
to increase power). Thereafter it was like
“trying to drive a car with the accelerator
floored and the brakes on”, an “abnormal
and unstable” situation [Ref. 13; 10]. And the
reactor had never been designed 1o be run
at low power.

And as the power decreased, water in the
reactor’s pressure tubes, normally boiling at
a temperature of 290°C (because of the
pressure), now sank to a temperature just
below boiling. This meant that the water now
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absorbed far more neutrons than the steam.
Any power surge would now result in a large
amount of sfeam suddenly being released.
And because steam absorbs fewer neutrons
than water, this would mean a further rise in
power (called a positive void coefficient in
fechnical terms).

On its own, a Canadian analysis showed this
effect “would be too small to start a bad
accident”. But, if a rise in power was started
by another source (as it was later by badly-
designed control rods), the effect would
“accelerate arise in power” [ Ref. 13; 10]. The
stage was set for the worst nuclear disaster in
the 20th century.

Ironically, this disaster was to be caused by
a safety test. This was an experiment “fo see
how long a spinning furbine could provide
electrical power to certain systems in the
plant” before backup diesel generators kicked
in, if the reactor had o be shut down in an
emergency [Ref. 13; 10]. By trying fo create
a virtually uninterruptable power supply to the
plant, the safety test not only interrupted but
virtually destroyed nuclear power as an option
in many countries around the world.

More fatal errors

‘After about half an hour of frying fo stabilize
the reactor, by 01h22 (on 26 April 1986) the
operators felt that things were as steady as
they were going fo be, and decided tfo start
the test. But first they disabled one more signal
for aqutomatic shutdown” [Ref. 13; 10].

By 01h22 on the morning of 26 April 1986,
the plant’'s operators were confronted with
the task of what they thought would be just
another roufine test. But fate was against
them. Unaware of the xenon buildup in the
core, they were also unaware of what would
be the consequences of withdrawing all but
six fo eight control rods in the core as they
aftempted to get the reactor’s power up.
By violating operating procedures (which
stipulated at least 30 control rods being in
the core), they managed to get the power up
to 7%: just enough to do the fest. At 01h23,
“the turbine was disconnected and its energy
fed fo four of the eight main pumps”.

The water in the core was now moving more
slowly over the hot core (which functioned
with its graphite at 700°C), and the water
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began to boil. This meant that the power
began to increase as more and more of the
water in the pressure tubes (which had been
at just below boiling point) started to boail.
This led to an unexpected power rise, which,
on its own need not have led to disaster
[Ref. 13; 10-11]. But then an operator pressed
the stop button.

Like all the operators there, he believed
that pressing the stop button would stop the
reactor. According to a simulation carried out
by the Canadians, (and described in more
detail in Ref. 6 on p22 of Ref. 13), it furned
out that pressing the stop button in those
conditions had exactly the opposite effect - it
resulted in a “large, fast power rise”.

Briefly put, just before the shutdown button
was pushed, most of the control rods had
been pulled out so far above the reactor that
the graphite displacers at the very bottom of
the control rods were above the bottom of
the reactor tubes, and that water filled the
bottom of the tubes. Water, besides cooling
the reactor core (which normally operated
at 700°C) was also a very good absorber
of neutrons and therefore af slowing down
the chain reaction. Normally that would not

have affected things, but the reactor was now
operating in abnormal conditions. Indeed,
it appears that most of the huge reactor’s
power was coming from a “mini-reactor” at
the bottom, and that all that was controlling it
was the water in the very bottom of the tubes
[Ref. 143; 11].

When the stop button was pressed, the
control rods slowly slid downwards, but long
before the boron carbide in them could
start to absorb neutrons, the small amount
of water at the very bottom was pushed out
by the graphite displacers. And because the
graphite slows down but does not absorb
neutrons, the result was a totally unexpected
power surge. Within four seconds, “the power
had risen to perhaps 100 times full power and
had destroyed the reactor” [ Ref. 13; 11].

Looking up and looking back

"From where | stood, | could see a huge
beam of projected light flooding up into
infinity from the reactor. It was like a laser
light, caused by the ionisation of the air. It
was light bluish, and it was very beautiful.”
Alexander Yuvchenko [Ref. 7; 46]

Looking into the ruins of the reactor hall after
the explosion at Chernobyl-4, Alexander
Yuvchenko, one of the engineers on duty,
was distracted by an awesome spectacle,
the “huge beam of projected light...from
the reactor... flooding up into infinity.”
Fortunately for him, someone behind him
pulled him back. A few minutes of radiation
and Yuvchenko “would probably have died
on the spot because of the gamma rays
and neutrons and everything else that was
spewing out”. As it was, three workers he
accompanied in going to get a clearer view
of the damage died “very soon afterwards”
from radiation.

Within months, according to a National
Geographic article, “22 plant workers and six
fire fighters” died from huge doses of radiation
[Ref. 21; 42). The firemen had been exposed
to radiation as they put out fires caused by the
reactor on the roofs of adjacent buildings.

Twenty years after Chemobyl, at the time of
writing, the World Health Organization notes
that “as of mid-2005, fewer than 50 deaths”
resulted directly from radiation sickness
following the disaster [Ref. 28; 1]. The WHO
also estimates that there “may be up to 4000
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additional cancer deaths among the three
highest exposed groups over their lifetime”.
These groups are the 240 000 liquidators
(all those involved in the cleanup) 116 000
evacuees and the 270 000 residents of the
SCZs (Strictly Controlled Zones, that is, the
most contaminated areas). These projected
additional cancer deaths reduce to 3 to 4%
above the normal incidence (of more than
120 000 deaths) of cancers from all causes. In
other words more than 120 000 people from
these three high-risk groups would normally
be expected to die from various cancers had
Chernobyl not happened [Ref. 12; 4].

Regarding the 5-million residents in Belarus,
the Russian Federation and the Ukraine who
received lower doses of radiation, it is now
estimated that up to 5 000 additional cancer
deaths may occur, which is about 0,6% of the
cancer deaths expected in this population
due to other causes (Ref. 12; 4).

But the picture for thyroid cancer is very
different. Currently nearly 5 000 cases of
thyroid cancer have now been diagnosed
to date among children who were up to
18 years old at the time of the accident.
This was largely from radioactive iodine
(mostly iodine-131) released by Chermnobyl
and absorbed by cows into milk and
leafy vegetables. Had no locally supplied
contaminated milk and leafy vegetables
been given to children for a few months after
the accident (by which time, the radioactive
iodine would have decayed), most of these
cases probably would not have resulted
[Ref.12; 3]. While a recent article in National
Geographic quotes only some nine children

actually having died from the cancer, this is
still nine children too many [Ref. 21; 32-53].
Fortunately, the most common types of
thyroid cancer are also relatively easy to
treat successfully. The WHO notes in another
document that “except for nine deaths, all of
them have recovered” [Ref. 28; 2].

Ironically, the same radioactive isotope
(iodine-131) that probably caused most of
the thyroid cancer cases after Chemobyl also
makes it possible to treat the most common
types of thyroid cancers (known as papillary
and follicular) so successfully. Thyroid cells are
unique in the human body in that only they
have the ability to absorb and concentrate
iodine. This can work negatively, as thyroid
cells can absorb radioactive iodine, mutate,
and become cancerous. This is basically
what happened after Chernobyl, when
children and adolescents were particularly
vulnerable to absorbing iodine-131 released
by the reactor accident.

But this can also work positively, as most
cancerous thyroid cells (that is, of papillary
and follicular cancer) still retain the ability o
retain and concentrate iodine. (Fortunately,
it is the less common, medullary, and least
common, anaplastic, types of thyroid cancer
that are more difficult to treat). After a thyroid
gland is surgically removed, iodine-131,
typically administered in the form of a single
pil, can then be used as chemotherapy to
kil any thyroid cancer cells that might have
been left behind [Ref. 29, 30, 31]. However,
these patients will then need drugs for the rest
of their lives, to replace those that would have
been produced by the thyroid [Ref. 28; 3].
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Role of the shutdown rodsin the cause of the Chernoby! disaster. Snell and Howieson [Ref. 13] as
reproduced in CANTEACH, with permission
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Who was to blame for Chemobyl? Was it the
operator who forgot to set the confroller?
Was it the authorities who interfered with the
normal schedule of the test and demanded
electricity production come first? Or was
it those who designed the RBMK reactor,
which allowed for that fatal controller and
no containment dome if the very worst were
to happen? Probably it was a mixture of all
three.

But those who died at and because of
Chemobyl! did not die in vain. Because of it,
Soviet authorities were forced to re-examine
not only the RBMK reactors but their entire
nuclear planning. Since the time of Stalin,
nuclear safety had come second to directives
from a centralised, dictatorial system, af first
demanding ever more plutonium and then
ever more electricity.

Not only did the Chernobyl disaster help to
beak up Stalin’s creation, the USSR, it also
forced everyone to realise that safety in
nuclear planning had to be the first priority,
and not the last.

Lessons for the future

‘I'm fine about (nuclear power), as long as
safety is put head and shoulders above any
concern, financial or whatever. If you keep
safety as your number one priorify at all stages
of planning and running a plant, it should be
OK”, Alexander Yuvchenko (Ref. 7; 47)

What of the future of nuclear power in Russia?
Should not all the RBMK reactors operating in
Russia and its former satellites be shut down
and decommissioned immediately? Several
are even more primitive than the “model
plant” that was Chernobyl-4.

While such a step would satisfy many;, it shows
ignorance of “the factors driving continued
operation of Soviet-designed reactors: the
fact that nuclear energy plays a significant
role in electricity supply, the desperate state
of fossil-fuel plants — many of them old,
inefficient and short of fuel, the lack of money
to build replacement plants and, in some
cases, the need to sell fossil fuels or electricity
abroad for hard currency”, and “national
pride in a long-established nuclear industry”
(Ref. 25; 4). And decommissioning does
not happen overnight: decommissioning
of the Calder Hall, the first atomic power
station in the UK will take between 25 and
100 years [Ref. 24; 1] In short, “the transition
to safer nuclear technology - and a more
stable economy - [in the former USSR and
its satfellites] won't happen without Western
help” (Ref. 25; 4).

The IAEA regards it as a wiser option fo assist
the Russians to modify, monitor and upgrade
these plants, until it is eventually possible to
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replace them with the far safer VWER 1000
reactors, which are practically equivalent
to the pressurised water reactors used in the
West [Ref. 25; 1-320], [Ref. 5; 1-6]. Even the
Mayak reprocessing plant at Chelyabinsk-
40, the source of much contamination
and the Kyshtym disaster, has its uses.|t is
the only facility that can safely dispose of
the radioactive fuel in the now-defunct
fleet of Soviet nuclear submarines slowly
rusting in their anchorage [Ref. 16; 2]. Here,
some “32 000 fuel elements have yet to be
removed from inactive submarines”, and a
similar number of fuel elements are stored in
“dilopidated buildings and storage facilities or
aboard storage vessels” [Ref. 26; 4] awaiting
reprocessing at Mayak.

There is another little-known option - to use fast
breeder reactors (also known as fast neutron
reactors) to create a truly sustainable use of
nuclear power, use nuclear waste as part of
the fuel, and virtually eliminate the need for
the extraction and reprocessing of plutonium.
In their article “Smarter use of nuclear waste”,
Hannum et al point o an unpleasant reality.
They note that, if ftoo many countries were to
go the nuclear power option, then supplies
of uranium ore would be used up in a few
decades [Hannum, 2005; 66]. In short, as
Hannum et al state, the current generation
of nuclear reactors, even if they may be
“passively” safe (like PWRs) or “inherently safe”
(like certain types of gas-cooled reactors), are
nonetheless inefficient. This is because they
use only (at most) about 6% of the energy
in original reactor fuel, and discard 94 % as
radioactive waste [Hannum, 2005;70], which
needs to be stored somewhere for tens of
thousands of years.

But, as Hannum et al point out in their
article, a fast neutron reactor of the type
they describe would more than reverse
these figures, burning more than 99%
of the energy in its fuel (which could be
prepared from discarded radioactive waste
- specifically, bypyrometallurgical processing
of spent thermal reactor fuel). And the waste
produced would be of a different type
and only need to be stored for 500 years
[Hannum, 2005;64-71].

Put another way, conventional reactors are
inefficient because they use uranium-235,
which only occurs as 0,7% of the uranium
found in nature. But fast neutron reactors (so-
called because they do not need moderators
o slow down neutrons to cause fission) can
also utilise the uranium-238, which occurs as
more than 99% of natural uranium.

Used towards this purpose, fast neutron
reactors can be seen in a positive light.
A safe, economical fuel cycle using fast

neutron reactors to achieve the safe,
sustainable use of uranium “for thousands
of years” would also have another function,
particularly in Russia.

It would serve as a living monument to
those thousands of prisoners and civilians
whose forced labour built the Soviet nuclear
programme out of nothing in record time, to
those victims of radioactive contfamination
fromn Chelyabinsk-40, and those who died or
will die from the accident at Chemobyl.
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