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At 11:55 p.m. on April 25, 1986, arguably the worst disaster in the history of
nuclear technology began to unfold at reactor no. 4 in the Chernobyl nuclear
power plant in Ukraine. Only the accident at the Fukushima reactor in Japan
in 2011 was comparable. The great difference between the two events was
that the one at Fukushima was caused by an earthquake that generated a
tsunami, whereas the one at Chernobyl was caused by human stupidity.
Much has been written about this accident, and now in “Midnight in
Chernobyl” the journalist Adam Higginbotham presents an account that
reads almost like the script for a movie.

This Chernobyl reactor, completed in 1983, was of a design that could
produce both electric power and plutonium for use in nuclear weapons. On
April 25, a test had been scheduled on a safety system for the reactor.
Because the individual who was supposed to be supervising the test had not
shown up, a very green operator was put at the controls. He was being
supervised by a man whose experience was with military projects and who
insisted that any order he gave should be obeyed without question. To carry
out the test, the reactor was to be powered down. There was a limit below
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which powering it down was dangerous, because the neutron-absorbing
safety rods could no longer be inserted electrically. A disagreement broke
out as to whether, for purposes of the test, this limit should be ignored, and
the young operator was ordered to ignore it. This decision is what initiated
the sequence of events that not only destroyed the reactor but released a
cloud of radiation whose effect could be felt as far as Scandinavia. “At 1:24
a.m.,” Mr. Higginbotham writes, “there was a tremendous roar. . . . The
entire building shuddered as Reactor Number Four was torn apart by a
catastrophic explosion, equivalent to as much as sixty tonnes of TNT. The
blast caromed off the walls of the reactor vessel . . . and smashed open the
concrete roof, revealing the night sky beyond.”

Like almost all reactors, the
Chernobyl reactor was
powered by the fission
(splitting) of uranium atoms.
Uranium, when it is mined, is
composed of essentially two

isotopes: U-235 and the far more prevalent U-238. The two isotopes have the
same chemical properties, but their nuclear properties are very different.
For U-238 to be fissioned by a bombarding neutron, the neutron has to be
above a certain threshold energy. U-235, by contrast, can be fissioned by a
neutron of any energy. What makes a reactor operate is the chain reaction in
which neutrons produced during the fission of one nucleus can produce
fissions in other nuclei. These neutrons are produced with a spectrum of
different energies, which means that many of them can’t fission U-238. That
is why some U-235 has to be put into the mix. But plutonium is created after
U-238 captures a neutron, so if you want to make plutonium abundantly you
must maximize the amount of U-238 in the fuel. To make the chain reaction
work you also must be able to slow down the neutrons, and for this purpose
a “moderator” is introduced. Water is often used, but when the percentage
of U-235 is high, water is not good enough, and graphite is added. That is
why the Chernobyl reactor was water-graphite moderated—not for
economic reasons, as Mr. Higginbotham suggests. It was the presence of the
graphite that made the accident so much worse.
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For reasons of economy this reactor had not been fitted with a containment
dome. The attitude was that Russian nuclear technology was so superior
that no such accident was possible. After the explosion, the graphite from
the core caught fire and burned for days, spewing radioactive particles into
the air. Not only did the radioactive detritus from the reactor go into the
atmosphere, there was a real risk that it would penetrate the Earth down to
the water table, making much of the water in this part of Ukraine unsafe to
drink. The Soviet authorities decided at first to keep the incident a secret,
which became impossible when in the course of time thousands of people
were forcibly evacuated from their homes, many ending up in hospitals.
Finally the central government accepted assistance, and Mr. Higginbotham
describes the work of Dr. Robert Gale, an American expert on bone-marrow
transplants who came to the Soviet Union and helped save lives. He seems to
have done the same thing in Fukushima.

Mr. Higginbotham has captured the terrible drama, though his account has
flaws. He doesn’t seem to understand fully the physics of the situation.
Some of the dialogue he includes sounds stagey, perhaps because it is
translated from Russian (“Lads, we’ve got to get water into the reactor”).
There are also minor errors, as in his statement that “in 1938 a trio of
scientists in Germany discovered that when atoms of the heavy metal
uranium are bombarded with neutrons, their nuclei can, in fact, be broken
apart.” The briefest glance at Wikipedia would have informed him that
there were only two Germans, Otto Hahn and Fritz Strassmann. Elsewhere,
my old friend Richard Wilson, who recently died, is identified as an “MIT
physicist,” whereas he spent his career at Harvard.

Mr. Higginbotham’s last chapters cover the long aftermath of the accident.
After the explosion, many of the graphite blocks that were once part of the
composition of the reactor core lay strewn on the ground. They were so
radioactive that even being in their presence for minutes could be fatal.
They were, in a sense, a metaphor for the whole catastrophe, and they had to
be buried along with the rest of the rubble. A structure suitably named the
Sarcophagus was erected. One of the better chapters in Mr. Higginbotham’s
book describes this enterprise. “The engineers . . . lay siege to the reactor,”
he writes, “advancing on it slowly from behind a series of ‘pioneer walls’ to
shield building workers from the invisible fusillade of gamma rays
streaming from within the ruins.” They could not literally seal the reactor
since heat would build up from the still-radioactive material and cause
another explosion. Also they had to locate the hundreds of tons of uranium
from the core, otherwise the chain reactions might begin again. It took years
to find all of it. Crews worked night and day under extreme conditions.
There were criminal trials, and some people went to prison. Now the other
reactors at Chernobyl have been decommissioned as too dangerous to
operate. In 2016, a new containment structure was completed, placed over
the top of the decaying Sarcophagus. The ruins underneath will be
dangerous for thousands of years.

—Mr. Bernstein’s books include “Plutonium: A History of the World’s Most

Dangerous Element.”
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The Chernobyl reactor was capable of producing both power and plutonium.
An earlier version of this review implied that it was in fact used for both
purposes.


