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The Explosions That Shook the World 
Researchers know what led up to the explosion of the Chernobyl reactor on 26 April 1986, and they are 

getting an idea of its legacy of health effects. But they are still debating where some of the fuel went 

CHERNOBYL., UKRAINE-In the 10 years 
since the world's worst nuclear accident 
turned this obscure town's name into a house- 
hold word, armies of scientists have been 
trying to figure out exactly what happened 
inside reactor number 4 of the Chemobyl 
nuclear power plant on 26 April 1 9 8 6 a n d  
what is likely to happen to the health of the 
surrounding population as a result. Researchers 
are confident they know what triggered the 
accident, and preliminary results from some 
of the medical studies are trickling in: Aside 
from a sharp increase in the incidence of 
childhood thyroid cancer, much of the medi- 
cal news so far is reassuring (see page 357). 
But for a small band of 200 scientists based in 
a former kindergarten here, an urgent ques- 
tion remains unanswered: What happened 
to the 190 tons of uranium oxide fuel that 
originally resided in the destroyed reactor? 

Estimates of the amounts released into 
the atmosphere and the tally so far of the fuel in 
the rubble beneath the reactor leave between 
10 and 50 tons unaccounted for. Three dif- 
ferent scenarios have emerged to explain this 
discrepancy: Some or all of the missing fuel 
may have been ejected in the initial explo- 
sion, or it may have been spewed out in the 
subsequent fire, or it may be as yet undiscov- 
ered beneath the reactor. Each of these alter- 
natives is based on different views of what 
occurred in the early stages of the accident- 
a period of this much-studied event that re- 
mains a topic of considerable scientific debate. 

Figuring out how the accident progressed 
and where the missing fuel ended up is 
largely the job of the 200 researchers in this 
ghost town who belong to the Ukrainian Na- 
tional Academy of S C ~ '  nces' 
(UNAS's) Intersectorial Sci- 
entific and Technical Center 
(ISTC). Because most of the 
reactor's monitoring equip- 
ment was lost in the two ex- 
plosions that destroyed reac- 

During an electrical power test, 
reactor becomes unstable and 

Deadly rubble. Workers in the sarcophagus 
trying to determine what happened to the core. 

tor 4, these nuclear detectives are trying to 
piece events together by rooting around inside 
the sarcophagus--the hastily built concrete 
shelter covering the wreckage. And this dan- 
gerous work is of more than theoretical interest. 

Exactly what happened bears closely on 
the total amount of radionuclides released 
into the environment. Also, finding the miss- 
ing fuel "is an extremely important question 
for us-the nuclear safety of the [reactor] 
depends on it," says Edward Pazukhin, who 
heads ISTC's department of nuclear and ra- 
diation safety. The reason: A growing pool of 
water in the bowels of the reactor building 
could theoretically cause a portion of the 
remaining fuel to go critical, says ISTC 
deputy director Vladimir Shcherbin. But be- 
cause researchers do not know how much 
fuel is in the warren of rooms beneath the 

reactor, they do not know 
how likely such a reaction 
is, says Pazukhin. 

Adding to this anxiety 
is growing concern over the 
state of the sarcophagus it- 
self. It is full of holes, and an 
engineering report released 

last year concluded that it would collapse in an 
earthquake measuring 6 or more on the Rich- 
ter scale-an event estimated to strike the 
Chemobyl region on average once a cen- 
tury-releasing clouds of radioactive dust. Says 
nuclear safety expert David Schwarzbach of 
Princeton University, "It's ironic that as we 
approach the 10th anniversary of the Cher- 
nobyl accident, it is at Chernobyl that we 
have the greatest risk of a major accident." 

Ex~losive theories 
piicing together the events that preceded 
the explosion has proved to be relatively 
easy, thanks to records that have survived 
from the control room. During a low-power 
safety test, operators removed the control 
rods and decreased the flow of cooling water 
around the nuclear fuel cells. However, they 
decreased the flow so much that there was 
insufficient coolant to absorb the energy be- 
ing generated by the fuel. After a series of 
fruitless steps to stabilize the reactor, opera- 
tors tried to slow the nuclear reaction by 
pressing a "scram" button that inserted con- 
trol rods. But the tips of the control rods were 
made of carbon, which for a split second 
boosted the chain reaction in the fuel be- 
cause carbon slows down, or "moderates," 
neutrons emitted by fission to a speed where 
they can trigger more fission reactions. The 
Dower increase heated the water further. 
leading to an uncontrollable power surge. 

Observers outside the ~ l a n t  heard a 
muffled explosion, followed by a louder ex- 
plosion several seconds later accompanied by 
a bright flash and the destruction of reactor 
4. Scientists have long debated the nature of 
the two explosions and the resulting release 
of radionuclides into the atmosphere. Based 
largely on work at ISTC, two recent reports 
propose different interpretations of the ex- 
~losions and their aftermath. The reDorts 
have, however, provoked a bitter dispute 
that has divided ISTC researchers. 

The first report was issued last April by 

graphite moderator core. and radioactive releases rise. 
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nuclear ~h~s i c i s t  Edward Purvis, a consult- the building had occurred in the reactor cav- 
ant based in Damascus, Maryland, who ity it would have done considerable damage 
headed the U.S. Department of Energy's task to this wall? Purvis saps. , ~ k m ,  
force on Chemobyl in the late 1980s. Purvis Several researchers have chal- 
visited Chemobyl again in January 1994 on lenged this scenario, however. "I 
behalf of several companies keen to do busi- doubt there was a nuclear reaction in 
ness there, and during his visit, Purvis says, midair? Harvard University physi- 
Viktor lhyalchtar, vice president for natural cist Richad W h n  taldS&mx. And 
sciences of the W A S ,  asked him to prepare Sich, who now works on nuclear 
a report based on ISTC's work. safety~esfortheEuropeanBankfor 

After analyzing photographs of the dam- ,Reconstruction and Development in 
aged reactor chamber, computer simulations, London, offered a critique of h i s ' s  
and physical data gathered by ISTC and theory in last November's N& 
other researchers, Purvis concluded that the Engbwrhg 1P.rtematianal. Calling the 
first explosion was caused by rapid heating of theory "questionable on anumber of 
the coolant water coupled with a breakneck unmts," he criticized Puwis's focus on 
rise in the reactor's power level, events that the failure of the lower joints to the exc tor Vladimir Tokarevsky. 
caused the fuel to break apart. According to of the upper joints. He also contends the see- "A lot of information was gathered only by 
Purvis's report, "the fuel fragmented because nario is flawedbecauseUmost ofthe melted core these stalkers: says Tokarevsky, who adds 
it had gotten too hot, too quick, much as an has been located in the lower regions of the that their work "was very dangerous, and 
egg explodes in a microwave oven." reactor building, precluding a nuc1ear explo- practically illegaln because of the "fantasti- 

Most researchers agree with Purvis up to sion above the nominal position of the core." cally htgW dam they received. 
that poi~t .  They differ, however, an what If Purvis is comct, much of the missing Soon after the accident, stalkers tiad deter- 
happened next The most widely accepted fuel would have been ejected in the initial mined that reactor fuel existed in three states: 
view, put forward by Alexander Sich, a explosion and deposited in the surrounding ejected fragments of the core, such as pieces 
nuclear engineer who spent 18 months living countryside. Ironically, although Sich dis- of fuel rods; uranium- and plutonium-laced 
and working inChemoby1 in the early 1990s, agrees with Purvis's explosion theory, he too dust known as "hot particles"; and solidified 
is that thii initial exptosion in the reactor thii that is where a lot of the material lava, a mixture of uranium oxide and graph- 
core lifted the reactor lid up to 10 meters into ended up. In the first few days after the acci- ite from the reactor core and melted concrete 
the air, carrying with it "a small portion of dent, Soviet helicopters dumped more than and zirconium from the reactor housing. 
the core still connected by pressure tubes." 5000 tons of materiah+ncluding sand, bo- From analyses of the lava's composition, 

Purvis offers a more radical theory: He ron, lead, and dolhte-into the destroyed Pazukhin estimated that the maximum tem- 
argues that the fragmenting fuel sent a shock reactor building in an effort to cool what perature of the explosion was about 2255 &- 
wave rippling through the cooling water, they thought was the smoldering fuel. Soviet grees M i u s  and that the l a w  must have been 
splitting joints at the reactor's base and con- expests assumed that this buried the fuel, and held at a temperature greater than 1660 de- 
verting the water to steam. The seam ex- hence a total of 5 0  million curies of radionu- greesfor at leas 4 days. He believes that when 
ploded through the fissures in the joints and clides escaped the reactor. the reactor exploded, chunks of concrete from 
catapulted the entire cote assembly-the But Sich's analysis of data gathered in the walls collapsed into the reactor chamber. 
fuel, the graphite moderator rods, and the the sarcophagus suggests that the helicopter The fuel rods heated to the point that their 
reactor vessel lid-some 14 meters into the crews, through no fault of their own, mostly zirconium cladding melted, exposing the ura- 
air, causing any remaining cooling water to missed the burning fuel, which continued to nium oxide fuel. About 4 hours later, melting 
flood out of the reactor cure. spew debris into theenvironment, in the end concrete, zirconium, and uranium oxide be- 

Near the apex of its flight, M s  contin- releasing 150 million curies. "Sich is right," gan to mix with about 145 t- of the min- 
ues, the nuclear fuel in the core assembly says Wilson. "I think the uranium core is in eral serpentine which was packedaround the 
exploded, throwing pieces of fuel rods and bits and pieces all over the dump sites in the reactor as heat insularion. Within haK an 
graphite ontosthe roofs of nearby buildings, [exclusion] zone." hour the serpentine heated to more than 400 
setting them alight and dispersing radionu- degrees Celsius and began to decompose, re- 
clides into the air. Puntis supports this sce- Probing the depths leasing 19 tons of superheated water as vapor. 
nario with ISTC photographs of the inside of However, Pazukhin, a radiochemist, believes The melted materials caked for another 60 
the reactor hall after the explosion, which that most of the missing fuel is still under- hours, forming a lava that flowed into several 
depict an undamaged wall only a couple of neath the reactor. He bases this on evidence damaged moms beneath the reactor chamber. 
centimeters thick gathered by some P\K~ dozen ISTC Shcheibin rhinks that much of the miss- 
that had shielded physicists and enginem, dubbed ing fuel will be found in one of those nwms, 
personnel from the "stalkers," during  foray^ into the number 30712, which is blocked by debris. 
blast. "If the explo- 5 bowls of the sarcophagus. These Scientists have drilled 144 holes in the west 
sion that destroyed k scientists "ace a rare bred*  says wall tt.uarrgh which they have inserted 

fire exkgukhed, and 

s h i  mdemmm 

areas of Ukraine outside 
exclusion zone. 
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  robes that have measured heavv doses of tion of eallium nitrite to absorb neutrons. - 
gamma rays and high neutron flux. "We have The neutron flux readings then fell away, 
found at least some of the missing fuel," says Shcherbin. 
Shcherbin told Science. Since then, ISTC scientists, along with 

Locatine the missine fuel is crucial to de- technicians from the Chemobvl nuclear 
fining the iazard posedV by water inside the power plant, which maintains the sarcopha- 
sarcophagus. Water can act as a moderator, gus, have been trying to plug the estimated 
slowing down neutrons emitted by fission 1000 square meters of gaps in the sarcophagus 
reactions so they can trigger more fission re- walls. However, up to 3000 cubic meters of 
actions in a chain reaction. The big question water may still be trapped inside. ''Without 
is whether enough water from rain, condensa- the water, the fuel-containing masses would be 
tion, drilling solutions, and dust suppressants absolutely safe," says Tokarevsky. Purvis says 
might accumulate in the sarcophagus to allow the solution is obvious: "Get rid of the damn 
an uncontrolled chain reaction in the re- water." Chemobvl officials sav thev are con- , , 
maining fuel, possibly triggering an explo- sidering such a measure, but first must find a 
sion. "In principle, it is quite possible to have suitable place to store it. 
a self-sustained fission reaction" if there is In the meantime, ISTC scientists spray a 
enough water and enough uranium in certain kilogram of gallium solution into various sar- 
lava configurations, says Shcherbin. cophagus rooms every 2 weeks. They are also 

A worrisome sign of this possibility oc- designing a gallium-based foam to spray in ac- 
curred in Tune 1990. when for 2 weeks after cessible rooms with a lot of lava. 'The situation 
a period of heavy rain a detector registered a makes me nervous," admits Pazukhin. "There's 
60-fold increase in neutron flux in reactor no guarantee that this eallium mixture will 

its $3 million budget, ISTC management on 
1 February fired some 500 staff members, in- 
cludine 200 scientists. and demoted Tokar- 
evsky. h e  new director, physicist Aleksander 
Klvuchnikov. declined to be interviewed for 
this article, but in an address to staff in Febru- 
ary, says Shcherbin, Klyuchnikov announced 
that 90% of ISTC's work would be directly 
connected with physical studies of reactor 4. 
Radioecological, medical, and other studies 
are now being curtailed, Shcherbin says. 

Personnel changes are not the only threat 
to science. Conditions inside the sarcopha- 
gus are deteriorating. "Very high humidity 
has destroyed many of the devices inside," 
savs Tokarevskv. The humiditv has also 
foiced the cherkobyl plant to t u k  off elec- 
tricity to the interior. "We have no ~ossibilitv 
to do any kind of research without a real power 
supply," Tokarevsky says. With working con- 
ditions worsening and money getting tight, 
the ISTC's search for the missing fuel is begin- 
ning to look ever more desperate. The ques- c, " 

4's room 30413. "People were alarmed," says penetrate all the rooms and floors equally." 
Shcherbin-so alarmed that Victor Popov, 
a nuclear physicist with the Complex Expe- A lingering threat 
dition, which main- 2 In spite of these unanswered 
tained a lab inside the 2 questions, ISTC's efforts to 
sarcophagus until 1992, 8 study all aspects of the accident 
dashed into room 3041 are threatened by political tur- 
3 and dumped a solu- % moil at the center. To  reduce 

3 

Hundreds of thousands of 
people tested for radioactive Construction of 
iodine in their thyroid glands. sarcophagus begins. 

tion for many is how long they can continue 
workine in such a difficult environment- " 
and other scientists are not exactly queuing 
up to replace them. Asks physicist Edward 
Denisenko, who maintains ISTC's archives, 
"If people from the West and Russia don't 
want to work here, who will? God?The devil!" 

-Richard Stone 

Construction of 
sarcophagus 

Chernobyl reactor 1 completed. Reactor 
resumes operation. 2 resumes operation. 

6017 people evar;ualeu lrulrl areas  
of Belarus outside exclusion zone. 

Relocation of affected 
population completed. 
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