

























































































safer, cleaner, and forever free from the sort of catastrophe we remember on this important

anniversary.

That’s why in the past two years, the United States has delivered one hundm‘d -of tons of
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med1cal supphes to the hospitals of Ukraine, Bcla.tus and Russxa In @ on W1th soveral
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_Bt that’s not.altzOnfyadew weeks ago, we watched proudly as President Clinton joined
aF e

hn‘{-‘r:7 and Russian counterparts at the nuclear summit in Moscow to work towards the day
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vﬁmo Chornobyl e‘an ever happen again. - During this summlt, Presxdcnt Kuchma announced’

Already wo’ve provided $61 million in dircct assistance to Ukraine to help promow greater

nuclear safety. As we speak, our experts are working side by sidc with their colleagu'es‘in



TUkraine to improve the safety of their nuclear plants and to strengthen its nuclear regulatory

~ body.
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And as importantly, as part of a broader cncrgy eﬁﬁc:cncy mmaﬁve now uaéﬁway, we've
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also becn working with thc great industrial nations -- known. -aq the G-Z—ﬁmp Ukra.me hnnor
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billion every year by the year 2000. 1am plcased to nogjfhat at th""Moscow evu‘“um i,
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President Kuchma pledged to close one of the two Chorﬁ%ﬂgﬁrs by the end of the year
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which is wcll ahead of schedu.le ‘But we still have muﬁﬁ' work ﬁiﬁmms:

Lan we meet these gonls? | bchcv&" Fwe can Bﬁtﬂi@% ""t'deal of fundmg still
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the job do.n__,ﬁgd tbrow o go}ce of the’f_'ﬁiﬁgﬁ’legacy once and for all.
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' cfmrt‘peeded to modcrmze its energy system and face the future free from the burdenq of its




Chomobyl, after all, wasn’t simply mistake of science. It was caused first and foremost
by man. It was product of closed authoritarian system that had little concern for the wglfare of
its people. The Soviets failed to design safe nuclear plant. They failed to operate it safely.

When it disintegrated, they failed to contain the damage and Fauled to evacuatc and.:.—_

decontaminate promptly And in the end, they falled utterly ta be hon m ak
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the Sov1ct system also imploded into ash and dust. Chom‘d%;perhaps more than any other .
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Secretary of State Christopher nghtly said whemﬁ visitedKiev last mé‘iﬁﬁ, and I quote, “onc of
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Today, at long last, the people of Ukyaine and Bélarus and Russia have enormous -

opportunities before them. The promise of democracy and reform bums brightly, and the drcam



ofa Eurolﬁc no longer at risk of nuclear disastcr sldle is bccoming real.ity. But the‘- future of
reform is not ccﬁain. " A grand struggle is underway bctwce_n those who would move forward,
and those who. would retreat back. Pres'ident Cljntbn and I -- and each of us i:erc éoday -- are not
- neutral bystanders. We know which forces we want to prevail. Aﬁd we have a stake in their
prevaiiiﬂg. Wc have the bapaci*:ykhrough eéénornic assistance, through t..he, generous private and
- voluntery efforts, and through rig_oxj_c.ms diplomacy. to hclp- them do so. | And Iknowl we will ot

fai], that we shall never waiver.

" Thank you all very much.









CONFRONTING THE Nuc_u_zAR LEGACcY—PART I

Ten Years

of the Chornobyl Era

The environmental and bealth effects
of nuclear power’s greatest calamity
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hese words were written to me

in 1986 by the head of the shift

operating the reactor that ex-
ploded at the Chornobyl nuclear power
plant in northern Ukraine. The explo-
sion and a resulting fire showered radio-
active debris over much of eastern Eu-
rope. The author of the words above,
along with several others, was later jailed
for his role in the disaster, although he
never admitted guilt.

Subsequent official investigations have
shown, however, that responsibility for
this extraordinary tragedy reaches far
beyond just those on duty at the planton
the night of April 25 and early moming
of April 26, 1986. The consequences,
likewise, have spread far beyond the nu-
clear energy industry and raise funda-
mental questions for a technological
civilization. Before the explosion, Chor-
nobyl was a small city hardly known
to the outside world. Since then, the
name—often known by its Russian spell-
ing, Chernobyl—has entered the chron-
icle of the 20th century as the worst
technogenic environmental disaster in
history. It is an internationally known
metaphor for catastrophe as potent as
“Stalingrad” or “Bhopal.” Indeed, it is

now clear that the political repercussions

will last for generations

by Yuri M. Shcherbak

“It seemed as if the world was coming toanend....I could
not believe my eyes; I saw the reactor ruined by the explo-
sion. [ was the first man in the world to see this. As a nu-
clear engineer I realized all the consequences of what had

bappened. It was a nuclear bell. I was gripped by fear.”

from Chornobyl accelerated the col-
lapse of the Soviet empire.

Because of the importance of this ca-
lamity for all of humanity, it is vital that
the world understands both the reasons
it happened and the consequences. The
events that led up to the explosion are
well known. Reactor number four, a
1,000-megawatt RBMK-1000 design,
produced steam that drove generators to
make electricity. On the night of the ac-
cident, operators were conducting a test
to see how long the generators would
run without power. For this pucpose,
they greatly reduced the power being
produced in the reactor and blocked the
flow of steam to the generators.

Unfortunately, the RBMK-1000 has
a design flaw that makes its operation at
low power unstable. In this mode of op-
eration, any spurious increase in the pro-
duction of steam can boost the rate of
energy production in the reactor. If that
extra energy generates still more steam,
theresult can be a runaway power surge.
In addition, the operators had disabled
safety systems that could have averted
the reactor’s destruction, because the sys-
temns might have interfered with the re-
sults of the test.

At 1:23 and 40 seconds on the momn-

ing of April 26, realizing belatedly that
the situadonhad become hazardous, an
operator pressed a button to activate the
automatic protection system. The action
was intended to shut the reactor down,
but by this time it was too late. What
actually happened can be likened to a
driver who presses the brake pedal to
slow down a car but finds instead that it
accelerates tremendously.

Within three seconds, power produc-
tion in the reactor’s core surged to 100
times the normal maximum level, and
there was a drastic increase in tempera-
ture. The result was two explosions that
blew off the 2,000-metric-ton metal
plate that sealed the top of the reactor,
destroying the building housing it. The
nuclear genie had been liberated.

Despite heroic attempts to quell the
ensuing fire, hundreds of tons of graph-
ite that had served as a moderator in the
reactor burned for 10 days. Rising hot
gases carried into the environment aero-
solized fuel as well as fission products,
isotopes that are created when uranium
atoms split apart. The fuel consisted
principally of uranium; mixed in with it
was some plutonium created as a by-
product of normal operation. Plutoni-
um is the most toxic element known,
and some of the fission products were
far more radioactive than uranium or
plutonium. Among the most dangerous
were iodine 131, strontium 90 and ce-
sium 137.

A plume containing these radioiso-
topes moved with prevailing winds to
the north and west, raining radioactive
particles on areas thanaands of miles
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FORBIDDEN ZONE: militiaman controls access to a town in
the district of Narodichi, a region evacuated after the explosion

away. Regions affected included not only
Ukraine itself but also Belarus, Russia,
Georgia, Poland, Sweden, Germany, Tur-
key and others. Even such distant lands
as the U.S. and Japan received measur-
able amounts of radiation. In Poland,
Germany, Austria and Hungary as well
as Ukraine, crops and milk were so con-
taminated they had to be destroyed. In
Finland, Sweden and Norway, carcasses
of reindeer that had grazed on contam-
inated vegetation had to be dumped.

Widespread Effects

he total amount of radioactivity re-

leased will never be known, but the
official Soviet figure of 90 million curies
represents a minimum. Other estimates
suggest that the total might have been
several times higher. It is fair to say that
in terms of the amount of radioactive
fallout—though not, of course, the heat
and blast effects—the accident was com-
parable to a medium-size nuclear strike.
In the immediate aftermath of the ex-
plosion and fire, 187 people fell ill from
acute radiation sickness; 31 of these died.

Ten Years of the Chornobyl Era

Most of these early casualties were fire-
fighters who combated the blaze.

The destroyed reactor liberated hun-
dreds of times more radiation than was
produced by the atomic bombings of Hi-
roshima and Nagasaki. The intensity of
gamma radiation on the site of the pow-
er plant reached more than 100 roent-
gens an hour. This level produces in an
hour doses hundreds of times the maxi-
mum dose the International Commis-
sion on Radiological Protection recom-
mends for members of the public a year.
On the roof of the destroyed reactor
building, radiation levels reached a
frightening 100,000 roentgens an hour.

The human dimensions of the tragedy
are vast and heartbreaking. At the time
of the accident, [ was working as a med-
ical researcher at the Institute of Epide-
miology and Infectious Diseases in Kiev,
some 60 miles from the Chomobyl plant.
Sometime on April 26 a friend told me
that people had been arriving at hospi-
tals for treatment of burns sustained in
an accident at the plant, but we had no
idea of its seriousness. There was little
official news during the next few days,

and fire at the nearby Chornoby! plant caused a shower of dan-
gerously radioactive fallout across eastern Europe.

and what there was suggested the danger
was not great. The authorities jammed
most foreign broadcasts, although we
could listen as Swedish radio reported
the detection of high levels of radioac-
tivity in that country and elsewhere. |
and some other physicians decided to
drive toward the accident site to investi-
gate and help as we could.

We set off cheerfully enough, but as
we got closer we started to see signs of
mass panic. People with connections to
officialdom had used their influence to
send children away by air and rail. Oth-
ers without special connections were
waiting in long lines for tckets or occa-
sionally storming trains to try to escape.
Families had become split up. The only
comparable social upheaval I had seen
was during a cholera epidemic. Already
many workers from the plant had been
hospitalized.

Thedistribution of the fallout was ex-
tremely patchy. One corner of a field
might be highly dangerous, while just a
few yards away levels scemed low. Nev-
ertheless, huge areas were affected. Al-
though iodine 131 has a half-lifc of only
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BURNED-OUT REACTOR was photographed from the air not
long after the disaster (left). A concrete-and-steel sarcophagus
was hastily built (right) to contain dangerous radioisotopes; it is

arry, woodland people, and polishchuks,
inhabitants of the Polissya region.
Unique architectural features and other
artifacts of their spiritual and material
culture have been effectively lost as
abandoned towns and villages have fall-
en into disrepaic. Much of the beautiful
landscape is now unsafe for humans.
The Ukrainian government, which is
in a severe economic crisis, is today
obliged to spend more than 5 percent of
its budget dealing with the aftermath of
Chornobyl. The money provides bene-
fits such as free housing to about three
million people who have been officially
recognized as having suffered from the
catastrophe, including 356,000 liquida-
tors and 870,000 children. Ukraine has
introduced a special income tax corre-
sponding to 12 percent of earnings to
raise the necessary revenue, but it is un-
clear how long the government can
maintain benefits at current levels.
Today the Chornobyl zone is one of
the most dangerously radioactive places
in the world. In the debris of the ruined
reactor are tens of thousands of metric
tons of nuclear fuel with a total radio-
activity level of some 20 million curies.
The radiation level in the reactor itself,
at several thousand roentgens per hour,
is lethal for any form of life. But the dan-
ger is spread far and wide. In the 30-
kilometer zone surrounding the reactor
are about 800 hastily created burial
sites where highly radioactive waste, in-
cluding trees that absorbed radioiso-
“topes from the atmosphere, has been
simply dumped iy 1.
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These dumps may account for the sub-
stantial contamination of the sediments
of the Dnieper River and its tributary
the Pripyat, which supply water for 30
million people. Sediments of the Pripyat
adjacent to Chornobyl contain an est-
mated 10,000 curies of strontium 90,
12,000 curies of cesium 137 and 2,000
curies of plutonium. In order to prevent
soluble compounds from further con-
taminating water sources, the wastes
must be removed to properly designed
and equipped storage facilities—facili-
ties that do not yet exist.

Cost of Cleanup

he two reactors that are still in op-

eration at the Chornobyl plant also
pose a major problem (a fire put a third
out of action in 1992). These generate
up to 5 percent of Ukraine's power; the
nuclear energy sector altogether produc-
es 40 percent of the country’s electricity.
Even so, Ukraine and the Group of Seven
industrial nadons last December signed
a formal agreement on a cooperative
plan to shut down the whole Chorno-
byl plant by the year 2000. The agree-
ment establishes that the European
Union and the U.S. will help Ukraine
devise plans to mitigate the effects of
the shutdown on local populations. It
also sets up mechanisms to allow donor
countries to expedite safety improve-
ments at one of the reactors still in use.
In addition, the agreement provides for
international cooperation on decom-
missioning the plant, as well as on the
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now decaying at an alarming rate. An international consortium
proposes to surround it with a stronger structure, but construc-
tion would cost about $300 million and take five years.

biggest problem of all: an ecologically
sound, long-term replacement for the
sarcophagus that was built around the
ruin of reactor number four.

The 10-story sarcophagus, which is
built largely of concrete and large slabs
of metal and has walls over six meters
thick, was designed for a lifetime of 30
years. But it was constructed in a great
hurry under conditions of high radiation.
As a result, the quality of the work was
poor, and today the structure is in need
of immediate repair. Metal used in the
edifice has rusted, and more than 1,000
square meters of concrete have become
seriously cracked. Rain and snow can
get inside. If the sarcophagus were to
collapse—which could happen if there
were an earthquake—the rubble would
very likely release large amounts of ra-
dioacave dust.

In 1993 an international competition
was held to find the best long-term so-
lution. Six prospective projects were
chosen for further evaluation (out of 94
proposals), and the next year a winner
was selected—Alliance, a consortium led
by Campenon Bernard of France. The
consortium’s proposal, which entails the
construction of a “supersarcophagus”
around the existing one, unites firms
from France, Germany, Britain, Russia
and Ukraine. The group has already
conducted feasibility studies. If the proj-
ect goes forward, design work will cost
$20 million to $30 million, and consonuc-
tion—which would take five years—
upwards of $300 million. Final disposal
of the waste from the accident will take




30 years. One possibility being explored

is that the waste might be encased in a
special glass.

Chomobyl was not simply another
disaster of the sort that humankind has
experienced throughout history, like a
fire or an earthquake or a flood. It is a
global environmental event of a new
kind. It is characterized by the presence
of thousands of environmental refugees;
long-term contamination of land, water
and air; and possibly irreparable dam-
age to ecosystems. Chornobyl demon-
strates the ever growing threat of tech-
nology run amok.

The designers of the plant, which did
not conform to international safety re-
quirements, are surely culpable at least
as much as the operators. The RBMK-
1000 is an adaptation of a military reac-
tor originally designed to produce ma-
terial for nuclear weapons. There was
no reinforced containment structure
around the reactor to limit the effects of
an accdent. That RBMK reactors are
stll in operation in Ukraine, Lithuania
and Russia should be cause for alarm.

The disaster illustrates the great re-
sponsibility that falls on the shoulders
of scientific and other experts who give
advice to politcians on technical mat-
ters. Moreover, I would argue that the
former Soviet Union’s communist lead-
ership must share the blame. Despite
then President Mikhail S. Gorbachev's
professed support for glasnost, or open-
ness, the regime hypocritically closed
ranks in the aftermath of the tragedy in
a futile and ultimately harmful attempt
to gloss over the enormity of what had
occurred.

The event offers a vivid demonstration
of the failures of the monopolistic Soviet
political and scientific system. The em-
phasis under that regime was on secre-
cy and on simplifying safety features in
order to make construction as cheap as
possible. International experience with
reactor safety was simply disregarded.
The calamity underscores, further, the

GHOST TOWN: Pripyat, a once vibrant dity of 45,000, was home to many of the work-
ers from the Chomobyl plant. It was evacuated after the acddent and remains deserted.

danger that nuclear power plants could
pose in regions where wars are being
fought. Of course, all such plants are po-
tentially vulnerable to terrorist attack.
Chornobyl has taught the nations of
the world a dreadful lesson about the

necessity for preparedness if we are to
rely on nuclear technology. Humankind
lost a sort of innocence on April 26,
1986. We have embarked on a new,
post-Chornobyl era, and we have yet to
comprehend all the consequences. @
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April 21, 1996, Sunday, Late Edition - Final
SECTION: Section 4; Page 7; Column 1; Week in Review Desk
LENGTH: 1637 words

HEADLINE: Word for Word: Chernobyl Witnesses;
After Meltdown, Unsung Heroes Talk of Rads, Duty and Vodka

BODY :

NUCLEAR safeguards were at the top of the agenda last week as President
Clinton and other leaders gathered in Moscow for a nuclear summit conference.
The meeting coincided with 10th-anniversary commemorations of the explosion and
fire at the Chernobyl reactor complex in Ukraine, which killed untold numbers of
people and spewed radiation across much of Europe.

The participants probably didn't need any reminder of the shortcomings of the
former Soviet Union's nuclear program, but for vivid new insights they can turn
to the latest Bulletin of the Atomic Scientists. It includes in-depth interviews
with a handful of workers close to the Chernobyl accident, which occurred 10
years ago this Friday. Now there are plans to shut the reactor. And all of the
workers are middle-aged and have ailments presumably stemming from the radiation
they endured. They were interviewed by Sergei Kiselyov, a correspondent for
Literaturnaya Gazeta. Excerpts follow.

Yuri Korneev was a turbine operator at Chernobyl's ill-fated Unit 4 in the
early-morning hours of April 26, 1986. His task was to shut down a turbine
during a test of emergency power systems -- the test that touched off the
explosion and fire at the reactor:

Usually I went through the procedure without any problems. But this time
something went wrong. At the moment when the turbine stopped working, there was
a sudden explosion in the area of the tubing corridor. I saw it with my own
eyes, heard it with my own ears. I saw pieces of the reinforced concrete wall
begin to crumble, and the reinforced concrete roof of our Turbine 7 began to
fall.

In a few seconds the diesel apparatus kicked in, and emergency lights went
on. I immediately looked at the roof of the engine room. It was crumbling in
layers. Falling pieces of concrete were slowly coming closer to my turbine.

A Lucky Moment

It was all so unexpected. It was difficult to figure out what was happening.
The explosion and crumbling of the roof took only a minute, maybe even less.
Right after that, a shift supervisor, Boris Rogoshin, and the [now] deceased
deputy chief engineer ran into the turbine room from the control center. I was
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ordered to take care of Turbine 8 and not to pay attention to anything else.

I will not go into the technical details. Let me just say that I got lucky
when, as a result of the explosion, the ceiling slabs fell from the reactor on
the top of the seventh turbine room, which was turned off, and not on my Turbine
8. I was also lucky when, a few minutes after the explosion, a multi-ton lead
plug that closed a reactor channel fell within a meter of where I stood.

I was completely in the dark . . . While I was busy with the turbine, an
electrician, Baranov -- who later died in the hospital in Moscow -- ran in and
started pumping out the hydrogen that cooled the turbine generator. His actions
prevented another explosion.

After everything was done, an eerie silence fell on the turbine room. There
was a small balcony; Baranov and I went out for a smoke. Underneath us on the
street, we saw pieces of Unit 4 and chunks of graphite thrown there by the
explosion. Only later we realized what the radiation level was like on that
balcony, and how many extra roentgens we were exposed to during our smoke.

Nikolai Gorbachenko was a radiation monitor at the power station:

My shift began at midnight on April 26. I had to take measurements in the
reactor rooms of Units 3 and 4, and check the data units. I checked Unit 3; but
on my way to Unit 4 I remembered it was in the process of being shut down, so I
decided there was nothing for me to do there. I was really lucky that I wasn't
at the reactor when it exploded.

I returned to my duty room to have some tea. Then we heard a flat and
powerful thud. My colleague and I decided the turbine operator had produced a
hydraulic hit, which sometimes happens during the shutdown of a turbine. At that
moment we heard another flat thud. The lights went out; the light on the control
panel of Unit 4 went out as well. Just as in a horror film, the blast blew out
the double doors that had been latched. Black-red dust started coming out of the
ventilation vent. In a few seconds the emergency lights went on. We put on our
gas masks

My boss sent me to Unit 4 to find out what the radiation situation was like
there. . . . With my low-power dosimeter I wasn't able to measure the radiation
level. I returned to my post and told my superiors what I had seen.

Then two guys walked in. They said: "Hey, buddies, help us find a comrade of
ours, Vladimir Shoshunok. He's been gone for 30 minutes and we haven't heard
from him. He's supposed to be in the upper landing across from the turbine
room. "

A Burn From a Hand

So I went with the two men to look for their comrade. In the darkness we made
our way through piles of rubble, and went up to the landing. Everything was in
shambles, steam was coming out in bursts, and we were up to our ankles in water.
We made our way to the structure where the man we were looking for was supposed
to be.

Suddenly we saw him lying unconscious on his side, with bloody foam cominé
out of his mouth making bubbling sounds. We picked him up by the armpits and
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