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Abstract

The Chernobyl nuclear power plant is located north of Kiev, the capital of Ukraine.  The fourth reactor exploded during a test on April 26, 1986 in the early morning hours.  More than 200,000 people were forced out of their homes and the immediate body count was set at 31 people.  Due to the long lasting effects of radiation, the death toll is still increasing and the environment continues to rehabilitate itself.  The power plant was finally shut down in December of 2000 and it has since been turned into a memorial.

Introduction

Located approximately 80 miles north of Kiev (the capital of Ukraine) in North central Ukraine, the town of Chernobyl is home to a nuclear power plant, which consisted of 4 nuclear reactors.
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In the early hours of April 26, 1986, the explosion of the number 4 reactor at the Chernobyl nuclear power plant occurred, sending millions of radioactive particles into the atmosphere.  The initial death toll was thought to be just 2 of the staff members working that morning, but it was later raised to 31 because of exposure to radiation.  Key officials and operators of the plant were tried (Chernobyl Accident).

Construction of the plant began in the 1970’s with the first reactor, which was later put into service in 1977.  The second reactor was added in 1978, followed by number 3 in 1981, and finally the number 4 reactor that was activated in 1983.  Collectively, these 4 reactors produced 10 percent of Ukraine’s power.  At the time of the accident, 2 more reactors were under construction, each capable of producing 1,000 megawatts of power (Chernobyl Accident).

The cause of the explosion is believed to be combination of events.  The first of which would be the lack of safety procedures that were followed at the plant.  Next, the operators were running reactor 4 at low capacity.  Without the proper computer settings, running this reactor caused it to be unstable.  Finally, a build up of excess steam caused the actual explosion of the reactor (Chernobyl Accident).  A more detailed discussion of the problems and explosion will follow.

About 36 hours after the explosion, nearby towns and cities were evacuated.  After the first few weeks following the disaster, more than 1,000 thousand people were forced to evacuate their homes.  Through 1991 to 1993, about 30,000 more people were forced to relocate.  By the end of the ordeal more than 200,000 people had to move.  In December of 2000, the plant was completely shut down and the immediate evacuation zone has since been turned into a national park (Chernobyl Accident).

Since the disaster, there have been many health issues.  There has been a vast increase in thyroid cancer.   Also, there has been at least 1 new type of cancer produced because of the Chernobyl disaster.  Therefore, it is safe to say the death toll has risen and will keep rising due to the long lasting effects of this horrific event (Chernobyl Accident).

Chernobyl Construction Flaws

The Chernobyl nuclear power plant has been a flaw from the beginning of its operation in 1978.  During the first year of operation the plant suffered large quantities of injuries.  Those losses of manpower directly affected the operations of the plant causing a very large downtime on the worker time.  In the first three-quarters of 1978, there were 170 individuals that suffered work-related injuries, which amounted to a loss of work time totaling 3,366 workdays (Andropov).  What were the causes of these large numbers of injuries?  There are many factors that have contributed to the injuries of the power plant.  Those causes were due to the structural flaws the nuclear power plant contained from its initial construction.  


According to data that was delivered to the KGB in the USSR, there were many design deviations and violations of construction and assembly technology (Andropov).  When the first reports of these flaws were found, the construction of the second reactor (which was shut down in 1991) was underway.  It was reported that these deviations in design could become dangerous, and cause accidents in the operation of the plant. 

The flaws in the construction mostly affected the structure of the reactors.  To start, the structural pillars of the generator room were built with a deviation of about 100 mm from the reference axis (Andropov).  Also, the horizontal connectors that ran between the pillars were absent in many places.  The wall panels were installed with a deviation of up to 150 mm from the axis (Andropov).  As a result of the many construction errors, the placement of the roof plate did not conform to the designer’s specifications.  Lastly, of the immediate construction flaws, the crane track and stop-ways had vertical drops of up to 100 mm and in places had a slope of up to 8 degrees (Andropov).

There were other flaws in the construction of the Chernobyl reactors besides the immediate construction.  In some places, around the foundation of the reactors, the vertical waterproofing was damaged.  Those areas were ordered to be back-filled.  The damaged waterproofing could have potentially led to ground water seepage into the station, and radioactive contamination of the water (Andropov).  Without the proper structure of the foundation, the quality of the construction deteriorated.  One of the problems with the foundation was while pouring the cement the workers were allowed to stop.  These interruptions caused gaps and air bubbles in the cement for the foundation.

RBMK Reactor Operations

The Chernobyl plant was designed to include 6 graphite-moderated reactors.  Each reactor would have a 1,000 MW capacity (Novokshchenov).  Reactor 4, was housed in power unit 4 in building 3.  This building also contained power unit 3, in which reactor 3 was housed.  An auxiliary system block separated the 2 units.  The expansion joints on both sides of the block ran down into the top of the 1.6 m thick reinforced-concrete mat foundation.  Each power unit contained a central hall, a reactor vault, and a pool bubbler beneath the vault for emergency discharge of excess steam (Novokshchenov).  The lower part of building 3, up to an elevation of 12.5 m, consisted of cast-in-place concrete walls having a 6x6 m grid pattern.  Above the lower part of the building, there were columns of precast reinforced concrete beams in rigid frame connections, and composite cast-in-place and precast ribbed reinforced-concrete wall panels for .35 m to 1.4 m thick (Novokshchenov).  The reactor 3 building had a common deaerator gallery (also known as DG), and a turbine hall (also known as TH).  The DG was on the south side of the reactor building.  It was a 16 m wide multistory building constructed from reinforced concrete.  The TH, south of the DG, was a 51 m wide, single-story building, 400 m long and 30 m high (Novokshchenov).

The reactors worked as follows.  First, in the core, a reaction occurs allowing the uranium fuel to become hot.  Since the RBMK (Reactor Bolshoi Moschnosti Kanalynyi) reactors are water-cooled reactors, water is pumped through the core to remove the heat from the fuel.  The water then boils and turns into steam, which turns the turbines in the TH.  The turbines spin electrical generators creating electricity.  The water is then cooled and the process continues over and over.  Diagram 1 depicts the reactor used in the Chernobyl plant.  It shows the pool at the bottom in which the water sits.  It also shows the pump in which water is pushed through the pipes and into the core.  It travels up into the steam separators, where the steam pushes the turbines and creates the electricity.  It is then cooled and the path of the water pipes return to the pump.
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Void Coefficient

The void coefficient of a water-cooled nuclear reactor serves as an indication of the reactor’s overall safety.  Generally, water-cooled reactors have a negative void coefficient.  This means steam pockets, or voids, form inside the coolant lines and hinders fission in the core, thereby reducing power.  Reactors with negative void coefficients rely on water as a moderator and coolant, meaning that water is used to control the speed of the neutrons as well as remove excess heat from the core.  When there are many pockets of steam, the neutrons move too fast for a chain reaction to occur, thus reducing the power generated (World-Nuclear, 2002).  Unfortunately, not all water-cooled reactors have negative void coefficients.  Chernobyl’s RBMK reactors are graphite moderated and have positive void coefficients.  When voids form in these reactors, neutrons move freely to other areas of the core and the graphite moderator maintains the proper speed of the neutron.  This, in turn, causes more fission.  More fission leads to more heat; heat then causes steam.  Eventually, more neutrons escape and increase fusion again.  This is a rapid and viscous cycle that forces a reactor to overload once started.  In addition, reactors with positive void coefficients are unstable at low power and are prone to power surges.  With a surge, there is a possibility for more steam, which can lead to an out of control chain reaction.  The accident at Chernobyl started with an out of control chain reaction which is known as a “criticality failure” (Malte, 2002).  A positive void coefficient was not the only inherent problem in the RBMK reactor.

Unsafe Reactor

The control rods of the RBMK reactor had a small, but dangerous fault.  The RBMK’s control rods themselves worked fine when fully inserted.  Ideally, a control rod would descend and inhibit fission as it extended fully into the reactor.  This is not the case with the RBMK reactor.  Before one of its control rods lowers, it pushes a graphite rider ahead of it.  This pushes the water out of the way and makes room for the control rod (World-Nuclear, 2002).  At the moment, this does not appear to be a problem.  Neutrons are absorbed fairly well by water and very well by a control rod.  However, neutrons can pass directly through graphite.  So basically, for the time it takes for a control rod to fully descend into the reactor, there is a void at the bottom of the reactor, which the most active part.  With this design, trying to activate an emergency shutdown would briefly worsen any problems within the core.  Aside from that, the housing of the reactor is concrete lined, as opposed to steel reinforced housing used in other countries (World-Nuclear, 2002).  The form of containment does not make a large difference during normal operation of the reactor.  However, in the event of an external disaster or an internal mishap, a simple concrete lining lacks the resilience needed for containment of radioactive particles.

Simple Analysis of Events

The events associated with the explosion of reactor 4’s core were a breach of safety and common sense.  The triggering event was a simple test, reduce steam flow to the turbine and see if there the turbine still generates enough electricity to run the water pump before the diesel generator kicks in.  As stated, the RBMK reactor is extremely unstable at low power.  Also stated is that excess pockets of steam or air in the water lines can cause a surge in fission which can potentially cause a criticality failure.  Shortly into the test, the reactor exploded due to a criticality failure (Malte, 2002).

After Chernobyl, the USSR corrected their original mistakes in the RBMK reactor.  They corrected the control rod issues, decreased emergency shut-down time from 18 to 12 seconds (World-Nuclear, 2002), and implemented new mathematical modeling in order to better understand and represent the workings of nuclear reactors (IBRAE, 1996).  Currently there are 13 RBMK’s safely operating throughout Russia and Lithuania, although all are scheduled for closing within 25 years (World-Nuclear, 2002).

Lasting Effects

The aftermath of the Chernobyl accident was the worst of the accident.  Immediately following the accident, officials tried to conceal the accident, delaying the evacuation of people living in nearby cities for days.  Rescue workers were not informed about the dangers of what they were getting into.  They wore little to no protection to protect themselves from the harmful radiation.  As a result of the governments denial and such of the accident immediately following the incident, the number of deaths and injuries due to radiation were higher than they should have been.  More than 4,000 cleanup workers have died since the accident and another 70,000 people have been disabled by radiation alone in the Ukraine.  About 3.4 million of Ukraine’s 50 million people have been considered affected by the Chernobyl accident. (Chernobyl Shut Down For Good)

The thyroidal cancer rate in Ukraine increased about 800 percent during the years of 1986-1997 if compared from previous years of 1981 through 1985.  They also found that 64 percent of all the thyroid cancer patients of ages 15 and older lived in the closest regions surrounding the Chernobyl power plant.  There are also reports of increases in other types of cancer (Moss,2003).


Just after the Chernobyl accident, a large radioactive cloud drifted across the UK.  This left a radioactive layer of hazardous cesium-137 over the country.  To this day, 386 British farms are still being monitored for radioactive contamination from the Chernobyl accident.  In these areas, sheep are monitored with a Geiger counter before they are sold in order to prevent the spread of contaminated meat (Moss, 2003).


This accident put about 400 times as much radioactive material in the Earth’s atmosphere than the atomic bomb dropped on Hiroshima.  More than 100 radioactive elements were released into the Earth’s atmosphere when the Chernobyl accident occurred.  The majority of these elements have a very short half-life therefore decaying rapidly thus producing little to no effects.  However, the most dangerous elements were iodine, strontium and cesium.  They have half-lives of 8 days, 29 years, and 30 years respectively.  To this day the radioactive isotopes cesium-137 and strontium-90 are present in the Chernobyl accident area.   Iodine has been linked to thyroid cancer and strontium has been found to increase rates of leukemia.  Cesium has been the most harmful radioactive element.  It spread the farthest and stays around the longest.  Its effects harm the whole body.  (IAEA).  Numerous psychological affects on the people have also been linked to the accident (Visscher).

The most severe of environmental impacts were only short term while low-level radiation contamination will persist for decades. (IAEA)  Radioactive cesium was deposited on the ground after the accident, which initially caused devastation to crops and forests.  This radiation then seeped into the soil which will continue to create low-level radiation contamination.  Drinking water from rivers and reservoirs near the plant were found to contain cesium and strontium radionuclides.  These elements quickly disappeared.  By today’s criteria this water is drinkable.  Animals and plants within the Chernobyl region continue to show high cesium levels that surpass nationally accepted levels which is also the case in parts of the Nordic countries and the United Kingdom (IAEA).

A concrete sarcophagus was erected around the reactor to stop further contamination of the environment.  Today the sarcophagus is falling apart and it is unclear how much longer it will remain standing.  Nearly 600,000 emergency workers, or liquidators as they are commonly called, have been involved with the clean up of the accident.  Liquidators have worked on the decontamination and major construction around the Chernobyl site.  An area known as the “forbidden zone” surrounds the Chernobyl site with a 30 kilometer radius and for the most part is uninhabited.  There are nearly 187 small towns in this “forbidden zone” and for the most part are uninhabited.  Children are not allowed to live in this area; however, some adults chose to return to their homes (IAEA).

The Chernobyl Plant was shutdown for good on December 15, 2000.  The total estimated cost of the accident is around 235 billion dollars and that isn’t necessarily the final price tag of the accident (Why KIO3).

Closing Thoughts

This disaster was due to running a test that was intended to be very important.  We feel that if the design of the reactor was better, the accident would not have occurred.  However, since none of us are nuclear scientists and we are not able to validly make such statements, we will say that the accident would not have been as severe if the power plant had a better design.  Because of the shoddy construction, unnecessary amounts of radiation escaped the building.  Safety procedures should have been followed, and workers should not have been so careless.  If you know that a car is unstable at high speeds, you probably would not drive it.  The same principle applies here.
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