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SEL. World total primary energy consumption by fuel in [2]. World energy consumption is the
total energy produced and used by humans. Typically measured per year, it involves all energy
harnessed from every energy source applied towards activity across all industrial and
technological sectors, in every country. It does not include energy from food. World energy
consumption has implications for the socio-economic-political sphere. Improved data and
understanding of world energy consumption may reveal systemic trends and patterns, which
could help frame current energy issues and encourage movement towards collectively useful
solutions. Closely related to energy consumption is the concept of total primary energy supply
TPES , which â€” on a global level â€” is the sum of energy production minus storage changes.
Since changes of energy storage over the year are minor, TPES values can be used as an
estimator for energy consumption. However, TPES ignores conversion efficiency, overstating
forms of energy with poor conversion efficiency e. The use of oil and natural gas also had
considerable growth, followed by hydropower and renewable energy. Renewable energy grew at
a rate faster than any other time in history during this period. The demand for nuclear energy
decreased, in part due to nuclear disasters Three Mile Island in , Chernobyl in , and Fukushima
in World total primary energy supply TPES , or "primary energy" differs from the world final
energy consumption because much of the energy that is acquired by humans is lost as other
forms of energy during the process of its refinement into usable forms of energy and its
transport from its initial place of supply to consumers. For instance, when oil is extracted from
the ground it must be refined into gasoline, so that it can be used in a car, and transported over
long distances to gas stations where it can be used by consumers. World final energy

consumption refers to the fraction of the world's primary energy that is used in its final form by
humanity. Also one needs to bear in mind that there are different qualities of energy. Heat,
especially at a relatively low temperature, is low-quality energy, whereas electricity is
high-quality energy. But by the same token, a kilowatt-hour of this high-quality electricity can be
used to pump several kilowatt-hours of heat into a building using a heat pump. And electricity
can be used in many ways in which heat cannot. So the "loss" of energy incurred when
generating electricity is not the same as a loss due to, say, resistance in power lines. This
non-energy use amounted to 9, TWh Mtoe in For , estimated world energy consumption was 5.
By the end of , the total installed electricity generating capacity worldwide was nearly 6. Coal
and natural gas were the most used energy fuels for generating electricity. Cogeneration CHP
power stations use some of the heat that is otherwise wasted for use in buildings or industrial
processes. Recently there has been a large increase in international agreements and national
Energy Action Plans, such as the EU Renewable Energy Directive, to increase the use of
renewable energy due to the growing concerns about pollution from energy sources that come
from fossil fuels such as oil, coal, and natural gas. During this period, oil, coal, and natural gas
continued to grow and had increases that were much higher than the increase in renewable
energy. The following figures illustrate the growth in consumption of fossil fuels such as oil,
coal, and natural gas as well as renewable sources of energy during this period. The economic
crisis is largely responsible for this slow growth. For several years now, the world energy
demand is characterized by the bullish Chinese and Indian markets, while developed countries
struggle with stagnant economies, high oil prices, resulting in stable or decreasing energy
consumption. In , total worldwide primary energy consumption was , terawatt-hours TWh or
exajoules EJ. In , world energy consumption decreased for the first time in 30 years by 1.
Conversely, in OECD, consumption was severely cut by 4. Most energy is used in the country of
origin, since it is cheaper to transport final products than raw materials. Most of the world's
high energy resources are from the conversion of the sun's rays to other energy forms after
being incident upon the planet. The total solar irradiance is measured by satellite to be roughly
watts per square meter see solar constant , though it fluctuates by about 6. The estimates of
remaining non-renewable worldwide energy resources vary, with the remaining fossil fuels
totaling an estimated 0. Fossil fuels range from 0. The total power flux from the sun intercepting
the Earth is 5. If action is not taken before , CO 2 emissions would be locked-in by energy
infrastructure existing in Global warming emissions resulting from energy production are an
environmental problem. Efforts to resolve this include the Kyoto Protocol and the Paris
Agreement , international governmental agreements aiming to reduce harmful climate impacts ,
which a number of nations have signed. Limiting global temperature increase to 2 degrees
Celsius, thought to be a risk by the SEI , is now doubtful. In , the emissions of energy
production continued rising regardless of the consensus of the basic problem. Hypothetically,
according to Robert Engelman Worldwatch Institute , in order to prevent collapse, human
civilization would have to stop increasing emissions within a decade regardless of the economy
or population Greenhouse gases are not the only emissions of energy production and
consumption. Large amounts of pollutants such as sulphurous oxides SO x , nitrous oxides NO
x , and particulate matter PM are produced from the combustion of fossil fuels and biomass; the
World Health Organization estimates that 7 million premature deaths are caused each year by
air pollution. Total primary energy supply of 13, Mtoe by source in IEA, [15]. The twentieth
century saw a rapid twenty-fold increase in the use of fossil fuels. The single greatest
coal-consuming country is China. In practice, the majority of this growth occurred in China and
the rest in other Asia. Coal is the largest source of carbon dioxide emissions in the world.
According to James Hansen the single most important action needed to tackle the climate crisis
is to reduce CO 2 emissions from coal. Coal fueled the industrial revolution in the 18th and 19th
century. With the advent of the automobile, aeroplanes and the spreading use of electricity, oil
became the dominant fuel during the twentieth century. The growth of oil as the largest fossil
fuel was further enabled by steadily dropping prices from until After the oil shocks of and ,
during which the price of oil increased from 5 to 45 US dollars per barrel, there was a shift away
from oil. In the U. Japan, which bore the brunt of the oil shocks, made spectacular
improvements and now [ when? From to , coal was the fastest growing fossil fuel. It is
estimated that between and billion tonnes of oil has been consumed between and the present.
Others include the Middle East, Asia, and Africa. The gas supply increased also in the previous
regions: 8. Renewable energy is generally defined as energy that comes from resources that are
not significantly depleted by their use, such as sunlight , wind , rain , tides , waves and
geothermal heat. Based on REN21 's report, renewables contributed This energy consumption
is divided as 7. Rapid deployment of renewable energy and energy efficiency is resulting in
significant energy security , climate change mitigation , and economic benefits. National

renewable energy markets are projected to continue to grow strongly in the coming decade and
beyond. From to the total renewable energy use has increased by 6, TWh and total energy use
by 40, TWh. Hydroelectricity is the term referring to electricity generated by hydropower ; the
production of electrical power through the use of the kinetic energy of falling or flowing water.
In hydropower generated Solar energy, radiant light and heat from the sun , has been harnessed
by humans since ancient times using a range of ever-evolving technologies. Solar energy
technologies include solar heating , solar photovoltaics , concentrated solar power and solar
architecture , which can make considerable contributions to solving some of the most urgent
problems the world now faces. The International Energy Agency projected that solar power
could provide "a third of the global final energy demand after , while CO 2 emissions would be
reduced to very low levels. Active solar techniques include the use of photovoltaic systems and
solar thermal collectors to harness the energy. Passive solar techniques include orienting a
building to the Sun, selecting materials with favorable thermal mass or light dispersing
properties, and designing spaces that naturally circulate air. In it make up 0. Geothermal energy
is used commercially in over 70 countries. Until the beginning of the nineteenth-century
biomass was the predominant fuel, today it has only a small share of the overall energy supply.
The use of biomass fires for cooking is excluded. Marine energy , also known as ocean energy
and marine and hydrokinetic energy MHK includes tidal and wave power and is a relatively new
sector of renewable energy, with most projects still in the pilot phase, but the theoretical
potential is equivalent to 4â€”18 Mtoe. MHK development in U. As of 1 July , the world had
operable grid-electric nuclear fission power reactors with 62 others under construction. Annual
generation of nuclear power has been on a slight downward trend since , decreasing 1. Nuclear
power met While all the commercial reactors today use nuclear fission energy, there are plans
to use nuclear fusion energy for future power plants. Several international nuclear fusion
reactor experiments exist or are being constructed, including ITER. World total final
consumption of 9, Mtoe by region in IEA, [15]. In developing countries, particularly those that
are sub-tropical or tropical such as India, the per person energy use rate is closer to 0.
Bangladesh has the lowest consumption rate with 0. Its population of 1. One measurement of
efficiency is energy intensity. This is a measure of the amount of energy it takes a country to
produce a dollar of gross domestic product. World total final consumption of The table to the
right shows the amounts of energy consumed worldwide in by four sectors, according to the
Energy Information Administration of the US Department of Energy :. Coal is the most common
fuel for the world's electricity plants. Another report gives different values for the sectors,
apparently due to different definitions. Division was about the same in the year From Wikipedia,
the free encyclopedia. See also: World energy resources and Worldwide energy supply. This
article may be in need of reorganization to comply with Wikipedia's layout guidelines. Please
help by editing the article to make improvements to the overall structure. May Learn how and
when to remove this template message. Total energy produced and used by humans. Natural
Gas Hydro renewables 6. Nuclear 4. Oil Further information: Primary energy and List of
countries by total primary energy consumption and production. This section needs to be
updated. Please update this article to reflect recent events or newly available information.
November Natural gas Biofuels and waste 9. Hydro electricity 2. Others renewables 1. Main
article: Fossil fuel. Main articles: Coal and List of countries by coal production. January Main
articles: Petroleum , List of countries by oil production , and List of countries by oil
consumption. Main articles: Natural Gas , List of countries by natural gas production , and List
of countries by natural gas consumption. Main articles: Renewable energy , List of renewable
energy topics by country and territory , and Renewable energy commercialization. Strong public
support for renewables worldwide in [52]. Main articles: Hydroelectricity and Hydropower. Main
articles: Wind power and Wind power by country. Main articles: Solar energy , Solar power , and
Solar power by country. Main articles: Geothermal energy and Geothermal power. Main articles:
Biomass , Biogas , and Biofuel. Main article: Marine energy. Main article: Nuclear Power. Main
article: List of renewable energy topics by country. See also: Energy by country , Worldwide
energy supply , and List of countries by energy consumption per capita. Middle East 5. China
Rest of Asia Africa 6. International aviation and marine bunkers 4. Main article: Petroleum. Main
articles: List of countries by coal production and Coal. Main article: Natural gas. Renewable
energy portal Energy portal. Life-cycle greenhouse-gas emissions of energy sources Cubic mile
of oil Domestic energy consumption Earth's energy budget Electric energy consumption Energy
demand management Energy development Energy intensity Energy policy Environmental
impact of aviation Energy security and renewable technology Kardashev scale Peak oil
Renewable energy commercialization List of renewable energy topics by country Sustainable
energy World Energy Outlook Lists List of countries by carbon dioxide emissions List of
countries by electricity consumption List of countries by electricity production List of countries

by total primary energy consumption and production List of countries by energy consumption
per capita List of countries by energy intensity List of countries by greenhouse gas emissions
List of countries by renewable electricity production. Our World in Data. Retrieved 8 November
Retrieved 17 February Retrieved 6 April Retrieved 27 September Archived PDF from the original
on 3 July Archived from the original PDF on 6 July Retrieved 1 July Archived PDF from the
original on 5 April September Retrieved 5 September International Energy Agency. Retrieved 7
December Archived from the original on 29 April Shell International BV. Retrieved 28 October
Global energy: perspectives. Energy Information Administration. Retrieved 5 June Energy
Information Administration , U. Department of Energy. Archived from the original XLS on 6
February Retrieved 3 April Japan Ministry of Internal Affairs and Communications. Statistical
Review of World Energy Archived from the original XLS on 26 July Retrieved 24 October
European Investment Bank. Retrieved 17 September MIT Faculty Newsletter. Retrieved 10
September Bloomberg News. Retrieved 4 June Swedish Energy Agency. Archived from the
original PDF on 14 October Archived from the original PDF on 1 March Retrieved 8 August
Archived from the original PDF on 12 October Retrieved March Bulletin of the Atomic Scientists.
Retrieved 3 October Renewables Global Status Report p. United Nations Environment
Programme. Archived PDF from the original on 4 March Retrieved 13 October Worldwatch
Institute. Archived from the original on 24 September Renewable Energy World. Retrieved 14
January World Wind Energy Association. February Archived from the original PDF on 4
September Retrieved 30 April Archived from the original on 10 August Retrieved 22 November
Archived from the original PDF on 10 March Retrieved 7 February Renewable Energy Policy
Network for the 21st century. Archived from the original PDF on 18 July Hohmeyer and T. Trittin
ed. Luebeck, Germany: 59â€” Archived from the original PDF on 22 July March United Nations.
Archived from the original on 21 March Retrieved 19 July Global Wind Energy Commission.
Retrieved 15 March Retrieved 29 March Archived from the original on 27 July Archived from the
original on 4 February Retrieved 21 January World Coal Institute. Archived from the original
PDF on 17 May Retrieved 8 April Retrieved 21 June A new Directive on Energy Efficiency.
Retrieved 11 October Outline History Index. Energy engineering Oil refinery Electric power
Fossil fuel power station Cogeneration Integrated gasification combined cycle Nuclear power
Nuclear power plant Radioisotope thermoelectric generator Solar power Photovoltaic system
Concentrated solar power Solar thermal energy Solar power tower Solar furnace Wind power
Wind farm Airborne wind energy Hydropower Hydroelectricity Wave farm Tidal power
Geothermal power Biomass. Jevons paradox Carbon footprint. Category Commons Portal
WikiProject. Renewable energy by country and territory. Argentina Brazil Chile Colombia.
Category Portals: Energy Renewable energy. Petroleum industry. Petroleum Primary energy.
Acronyms Oil shale gas Peak oil mitigation timing People Petrocurrency Petrodollar recycling
Shale band Shale gas Swing producer Unconventional oil heavy crude oil sands oil shale tight
oil. Companies and organisations. Major petroleum companies. National oil companies. Major
services companies. Global human population. Biocapacity Demographics of the world
Optimum population Overpopulation Malthusian catastrophe Population Population ethics
Population momentum Sustainable development Women's reproductive rights Zero population
growth. Family planning Pledge two or fewer Human population planning One-child policy
Two-child policy Population biology Population decline Population density Physiological
density Population dynamics Population growth Population model Population pyramid
Projections of population growth. Deforestation Desalination Desertification Environmental
impact of agriculture of aviation of biodiesel of concrete of electricity generation of the energy
industry of fishing of irrigation of mining of off-roading of oil shale industry of palm oil of paper
of the petroleum industry of reservoirs of shipping of war Industrialisation Land degradation
Land reclamation Overconsumption Pollution Quarrying Urbanization Loss of green belts Urban
sprawl Waste Water scarcity Overdrafting. Population ecology. Population and Environment
Population and Development Review. Population and housing censuses by country
Metropolitan areas by population Population milestone babies. Commons Human
overpopulation Human activities with impact on the environment Human migration. Lists of
countries by population statistics. Current population Demographics of the world. World cities
National capitals Megacities Megalopolises. Past and future population World population
estimates 1 Population milestones. Current density Past and future population density Current
real density based on food growing capacity. Population growth rate Natural increase Birth rate
Mortality rate Fertility rate Past fertility rate. Age at first marriage Age structure Dependency
ratio Divorce rate Ethnic and cultural diversity level Immigrant population Linguistic diversity
Median age Net migration rate Number of households Sex ratio Urban population Urbanization.
List of international rankings List of top international rankings by country Lists by country.
Journals Outline Studies. Alter-globalization Anti-globalization Cultural globalization

Deglobalization Democratic globalization Economic globalization Environmental globalization
Financial globalization Global citizenship education Global governance Global politics Global
health History of archaic early modern Military globalization Political globalization Trade
globalization Workforce globalization. Brain drain reverse Care drain Development aid
Economic inequality Endangered languages Fair trade Forced displacement Human rights Illicit
financial flows Imperialism academic cultural linguistic media scientific social Invasive species
Investor-state disputes Leprechaun economics McDonaldization New international division of
labour Northâ€”South divide Offshoring Race to the bottom pollution havens Transnational
crime Westernization World war. Capital accumulation Dependency Development Earth system
Fiscal localism Modernization ecological history of Primitive accumulation Social change World
history World-systems. Arjun Appadurai Daniele Archibugi K. Saul Vandana Shiva. Hidden
categories: Pages with reference errors Pages with broken reference names Webarchive
template wayback links Articles with Swedish-language sources sv Harv and Sfn no-target
errors All articles with dead external links Articles with dead external links from January
Articles with permanently dead external links CS1 errors: missing periodical CS1 maint:
location Wikipedia articles needing reorganization from May Use dmy dates from September
Articles with short description Short description is different from Wikidata All articles with
unsourced statements Articles with unsourced statements from July Wikipedia articles in need
of updating from November All Wikipedia articles in need of updating Wikipedia articles in need
of updating from January All articles with vague or ambiguous time Vague or ambiguous time
from January Namespaces Article Talk. Views Read Edit View history. Help Learn to edit
Community portal Recent changes Upload file. Download as PDF Printable version. The use of
energy varies between the "other countries": E. South Africa. Investment in new renewable
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are the end use of energy Percentages rounded. A greenhouse gas sometimes abbreviated GHG
is a gas that absorbs and emits radiant energy within the thermal infrared range, causing the
greenhouse effect. The vast majority of anthropogenic carbon dioxide emissions come from
combustion of fossil fuels , principally coal , petroleum including oil and natural gas , with
additional contributions coming from deforestation and other changes in land use. Hence they
are almost totally unaffected by infrared radiation. Some molecules containing just two atoms of
different elements, such as carbon monoxide CO and hydrogen chloride HCl , do absorb
infrared radiation, but these molecules are short-lived in the atmosphere owing to their
reactivity or solubility. Therefore, they do not contribute significantly to the greenhouse effect
and often are omitted when discussing greenhouse gases. Greenhouse gases are those that
absorb and emit infrared radiation in the wavelength range emitted by Earth. In order, the most
abundant [ clarification needed ] greenhouse gases in Earth's atmosphere are: [ citation needed
]. Atmospheric concentrations are determined by the balance between sources emissions of the
gas from human activities and natural systems and sinks the removal of the gas from the
atmosphere by conversion to a different chemical compound or absorption by bodies of water.
The annual airborne fraction is the ratio of the atmospheric increase in a given year to that
year's total emissions. As of the annual airborne fraction for CO 2 was about 0. The annual
airborne fraction increased at a rate of 0. Some gases have indirect radiative effects whether or
not they are greenhouse gases themselves. This happens in two main ways. One way is that
when they break down in the atmosphere they produce another greenhouse gas. For example,
methane and carbon monoxide CO are oxidized to give carbon dioxide and methane oxidation
also produces water vapor. Oxidation of CO to CO 2 directly produces an unambiguous
increase in radiative forcing although the reason is subtle. On the other hand, the single CO
vibrational band only absorbs IR at much shorter wavelengths 4. Oxidation of methane to CO 2 ,
which requires reactions with the OH radical, produces an instantaneous reduction in radiative
absorption and emission since CO 2 is a weaker greenhouse gas than methane. In any case, the
calculation of the total radiative effect includes both direct and indirect forcing. A second type
of indirect effect happens when chemical reactions in the atmosphere involving these gases
change the concentrations of greenhouse gases. For example, the destruction of non-methane
volatile organic compounds NMVOCs in the atmosphere can produce ozone. The size of the
indirect effect can depend strongly on where and when the gas is emitted. Methane has indirect
effects in addition to forming CO 2. The main chemical that reacts with methane in the
atmosphere is the hydroxyl radical OH , thus more methane means that the concentration of OH
goes down. Effectively, methane increases its own atmospheric lifetime and therefore its overall
radiative effect. The oxidation of methane can produce both ozone and water; and is a major
source of water vapor in the normally dry stratosphere. They remove OH from the atmosphere,
and this leads to higher concentrations of methane. The surprising effect of this is that the
global warming potential of CO is three times that of CO 2. Halocarbons have an indirect effect

because they destroy stratospheric ozone. Finally, hydrogen can lead to ozone production and
CH 4 increases as well as producing stratospheric water vapor. The major non-gas contributor
to Earth's greenhouse effect, clouds , also absorb and emit infrared radiation and thus have an
effect on greenhouse gas radiative properties. Clouds are water droplets or ice crystals
suspended in the atmosphere. The contribution of each gas to the greenhouse effect is
determined by the characteristics of that gas, its abundance, and any indirect effects it may
cause. For example, the direct radiative effect of a mass of methane is about 84 times stronger
than the same mass of carbon dioxide over a year time frame [25] but it is present in much
smaller concentrations so that its total direct radiative effect has so far been smaller, in part due
to its shorter atmospheric lifetime in the absence of additional carbon sequestration. On the
other hand, in addition to its direct radiative impact, methane has a large, indirect radiative
effect because it contributes to ozone formation. Shindell et al. When ranked by their direct
contribution to the greenhouse effect, the most important are: [21] [ failed verification ]. A Water
vapor strongly varies locally [29] B The concentration in stratosphere. In addition to the main
greenhouse gases listed above, other greenhouse gases include sulfur hexafluoride ,
hydrofluorocarbons and perfluorocarbons see IPCC list of greenhouse gases. Some
greenhouse gases are not often listed. For example, nitrogen trifluoride has a high global
warming potential GWP but is only present in very small quantities. It is not possible to state
that a certain gas causes an exact percentage of the greenhouse effect. This is because some of
the gases absorb and emit radiation at the same frequencies as others, so that the total
greenhouse effect is not simply the sum of the influence of each gas. The higher ends of the
ranges quoted are for each gas alone; the lower ends account for overlaps with the other gases.
Aside from water vapor , which has a residence time of about nine days, [32] major greenhouse
gases are well mixed and take many years to leave the atmosphere. The atmospheric lifetime of
a species therefore measures the time required to restore equilibrium following a sudden
increase or decrease in its concentration in the atmosphere. Individual atoms or molecules may
be lost or deposited to sinks such as the soil, the oceans and other waters, or vegetation and
other biological systems, reducing the excess to background concentrations. The average time
taken to achieve this is the mean lifetime. Carbon dioxide has a variable atmospheric lifetime,
and cannot be specified precisely. N 2 O has a mean atmospheric lifetime of years. Earth
absorbs some of the radiant energy received from the sun, reflects some of it as light and
reflects or radiates the rest back to space as heat. Earth's surface temperature depends on this
balance between incoming and outgoing energy. If this energy balance is shifted, Earth's
surface becomes warmer or cooler, leading to a variety of changes in global climate. A number
of natural and man-made mechanisms can affect the global energy balance and force changes
in Earth's climate. Greenhouse gases are one such mechanism. Greenhouse gases absorb and
emit some of the outgoing energy radiated from Earth's surface, causing that heat to be
retained in the lower atmosphere. Radiative forcing quantifies in Watts per square meter the
effect of factors that influence Earth's energy balance; including changes in the concentrations
of greenhouse gases. Positive radiative forcing leads to warming by increasing the net
incoming energy, whereas negative radiative forcing leads to cooling. The Annual Greenhouse
Gas Index AGGI is defined by atmospheric scientists at NOAA as the ratio of total direct
radiative forcing due to long-lived and well-mixed greenhouse gases for any year for which
adequate global measurements exist, to that present in year It is based on the highest quality
atmospheric observations from sites around the world. Its uncertainty is very low. The global
warming potential GWP depends on both the efficiency of the molecule as a greenhouse gas
and its atmospheric lifetime. GWP is measured relative to the same mass of CO 2 and evaluated
for a specific timescale. Thus, if a gas has a high positive radiative forcing but also a short
lifetime, it will have a large GWP on a year scale but a small one on a year scale. Conversely, if a
molecule has a longer atmospheric lifetime than CO 2 its GWP will increase when the timescale
is considered. Carbon dioxide is defined to have a GWP of 1 over all time periods. Examples of
the atmospheric lifetime and GWP relative to CO 2 for several greenhouse gases are given in
the following table:. The use of CFC except some essential uses has been phased out due to its
ozone depleting properties. Aside from purely human-produced synthetic halocarbons, most
greenhouse gases have both natural and human-caused sources. During the pre-industrial
Holocene , concentrations of existing gases were roughly constant, because the large natural
sources and sinks roughly balanced. In the industrial era, human activities have added
greenhouse gases to the atmosphere, mainly through the burning of fossil fuels and clearing of
forests. The Fourth Assessment Report compiled by the IPCC AR4 noted that "changes in
atmospheric concentrations of greenhouse gases and aerosols, land cover and solar radiation
alter the energy balance of the climate system", and concluded that "increases in
anthropogenic greenhouse gas concentrations is very likely to have caused most of the

increases in global average temperatures since the midth century". Ice cores provide evidence
for greenhouse gas concentration variations over the past , years see the following section.
Both CO 2 and CH 4 vary between glacial and interglacial phases, and concentrations of these
gases correlate strongly with temperature. No volcanic carbon dioxide emission of comparable
scale has occurred since. In the modern era, emissions to the atmosphere from volcanoes are
approximately 0. Measurements from Antarctic ice cores show that before industrial emissions
started atmospheric CO 2 mole fractions were about parts per million ppm , and stayed between
and during the preceding ten thousand years. Since the beginning of the Industrial Revolution ,
the concentrations of many of the greenhouse gases have increased. Recent data also shows
that the concentration is increasing at a higher rate. Today, [ when? The other greenhouse
gases produced from human activity show similar increases in both amount and rate of
increase. Many observations are available online in a variety of Atmospheric Chemistry
Observational Databases. Indirectly, human activity that increases global temperatures will
increase water vapor concentrations, a process known as water vapor feedback. The average
residence time of a water molecule in the atmosphere is only about nine days, compared to
years or centuries for other greenhouse gases such as CH 4 and CO 2. The
Clausiusâ€”Clapeyron relation establishes that more water vapor will be present per unit
volume at elevated temperatures. This and other basic principles indicate that warming
associated with increased concentrations of the other greenhouse gases also will increase the
concentration of water vapor assuming that the relative humidity remains approximately
constant; modeling and observational studies find that this is indeed so. Because water vapor
is a greenhouse gas, this results in further warming and so is a " positive feedback " that
amplifies the original warming. Eventually other earth processes [ which? Since about human
activity has increased the concentration of carbon dioxide and other greenhouse gases. As a
result of this balance, the atmospheric mole fraction of carbon dioxide remained between and
parts per million for the 10, years between the end of the last glacial maximum and the start of
the industrial era. It is likely that anthropogenic i. The seven sources of CO 2 from fossil fuel
combustion are with percentage contributions for â€” : [98]. This list needs updating, as it uses
an out of date source. Carbon dioxide , methane , nitrous oxide N 2 O and three groups of
fluorinated gases sulfur hexafluoride SF 6 , hydrofluorocarbons HFCs , and perfluorocarbons
PFCs are the major anthropogenic greenhouse gases, [99] : [] and are regulated under the
Kyoto Protocol international treaty , which came into force in Although CFCs are greenhouse
gases, they are regulated by the Montreal Protocol , which was motivated by CFCs' contribution
to ozone depletion rather than by their contribution to global warming. Note that ozone
depletion has only a minor role in greenhouse warming, though the two processes often are
confused in the media. On 15 October , negotiators from over nations meeting at the summit of
the United Nations Environment Programme reached a legally binding accord to phase out
hydrofluorocarbons HFCs in an amendment to the Montreal Protocol. Global greenhouse gas
emissions can be attributed to different sectors of the economy. This provides a picture of the
varying contributions of different types of economic activity to global warming, and helps in
understanding the changes required to mitigate climate change. Manmade greenhouse gas
emissions can be divided into those that arise from the combustion of fuels to produce energy,
and those generated by other processes. Around two thirds of greenhouse gas emissions arise
from the combustion of fuels. Energy may be produced at the point of consumption, or by a
generator for consumption by others. Thus emissions arising from energy production may be
categorised according to where they are emitted, or where the resulting energy is consumed.
The remaining third of emissions arise from processes other than energy production. As of
[update] Secunda CTL is the world's largest single emitter, at Electricity generation emits over a
quarter of global greenhouse gases. According to UNEP , global tourism is closely linked to
climate change. Tourism is a significant contributor to the increasing concentrations of
greenhouse gases in the atmosphere. Rapidly expanding air traffic contributes about 2. Plastic
is produced mainly from fossil fuels. Plastic manufacturing is estimated to use 8 percent of
yearly global oil production. The EPA estimates [ citation needed ] as many as five mass units
of carbon dioxide are emitted for each mass unit of polyethylene terephthalate PET
producedâ€”the type of plastic most commonly used for beverage bottles, [] the transportation
produce greenhouse gases also. In research claimed that some of the most common plastics in
the environment release the greenhouse gases methane and ethylene when exposed to sunlight
in an amount that can affect the earth climate. From the other side, if it is placed in a landfill, it
becomes a carbon sink [] although biodegradable plastics have caused methane emissions. In a
new report "Plastic and Climate" was published. In current trend, annual emissions will grow to
1. The pharmaceutical industry emitted 52 megatonnes of carbon dioxide into the atmosphere in
This is more than the automotive sector. However this analysis used the combined emissions of

conglomerates which produce pharmaceuticals as well as other products. Approximately 3. The
impact of the sector on climate in the late 20 years had doubled, but the part of the contribution
of the sector in comparison to other sectors did not change because other sectors grew as well.
In the digital sector produced 3. Wastewater as well as sanitation systems are known to
contribute to greenhouse-gas emissions GHG mainly through the breakdown of excreta during
the treatment process. This results in the generation of methane gas, that is then released into
the environment. Emissions from the sanitation and wastewater sector have been focused
mainly on treatment systems, particularly treatment plants, and this accounts for the bulk of the
carbon footprint for the sector. In as much as climate impacts from wastewater and sanitation
systems present global risks, low-income countries experience greater risks in many cases. In
recent years, attention to adaptation needs within the sanitation sector is just beginning to gain
momentum. There are several ways of measuring greenhouse gas emissions, for example, see
World Bank [] : for tables of national emissions data. Some variables that have been reported []
include:. There are arguments for the adoption of a common measurement tool, or at least the
development of communication between different tools. Emissions may be measured over long
time periods. This measurement type is called historical or cumulative emissions. Cumulative
emissions give some indication of who is responsible for the build-up in the atmospheric
concentration of greenhouse gases IEA, , p. The national accounts balance would be positively
related to carbon emissions. The national accounts balance shows the difference between
exports and imports. For many richer nations, such as the United States, the accounts balance
is negative because more goods are imported than they are exported. This is mostly due to the
fact that it is cheaper to produce goods outside of developed countries, leading the economies
of developed countries to become increasingly dependent on services and not goods. We
believed that a positive accounts balance would means that more production was occurring in a
country, so more factories working would increase carbon emission levels. Emissions may also
be measured across shorter time periods. Emissions changes may, for example, be measured
against a base year of Another measurement is of per capita emissions. This divides a country's
total annual emissions by its mid-year population. While cities are sometimes considered to be
disproportionate contributors to emissions, per-capita emissions tend to be lower for cities than
the averages in their countries. Land-use change, e. There are substantial uncertainties in the
measurement of net carbon emissions. Greenhouse gas intensity is a ratio between greenhouse
gas emissions and another metric, e. The terms "carbon intensity" and " emissions intensity "
are also sometimes used. Cumulative anthropogenic i. Developing countries accounted for
industrial CO 2 emissions of The estimate of total CO 2 emissions includes biotic carbon
emissions, mainly from deforestation. Banuri et al. The ratio in per capita emissions between
industrialized countries and developing countries was estimated at more than 10 to 1. Including
biotic emissions brings about the same controversy mentioned earlier regarding carbon sinks
and land-use change Banuri et al. China was responsible for most of global growth in emissions
during this period. Localised plummeting emissions associated with the collapse of the Soviet
Union have been followed by slow emissions growth in this region due to more efficient energy
use , made necessary by the increasing proportion of it that is exported. Using different base
years for measuring emissions has an effect on estimates of national contributions to global
warming. Choosing between base years of , , , and has a significant effect for most countries.
These countries have a long history of CO 2 emissions see the section on Cumulative and
historical emissions. Annual per capita emissions in the industrialized countries are typically as
much as ten times the average in developing countries. On the other hand, annual per capita
emissions of the EU and the US are gradually decreasing over time. Energy statistics for fast
growing economies are less accurate than those for the industrialized countries. The
greenhouse gas footprint refers to the emissions resulting from the creation of products or
services. It is more comprehensive than the commonly used carbon footprint , which measures
only carbon dioxide, one of many greenhouse gases. In , the annual top ten emitting countries
accounted for about two-thirds of the world's annual energy-related CO 2 emissions. One way
of attributing greenhouse gas emissions is to measure the embedded emissions also referred to
as "embodied emissions" of goods that are being consumed. Emissions are usually measured
according to production, rather than consumption. Under a consumption-based accounting of
emissions, embedded emissions on imported goods are attributed to the importing country,
rather than the exporting, country. Davis and Caldeira [] : 4 found that a substantial proportion
of CO 2 emissions are traded internationally. The net effect of trade was to export emissions
from China and other emerging markets to consumers in the US, Japan, and Western Europe.
Based on annual emissions data from the year , and on a per-capita consumption basis, the
top-5 emitting countries were found to be in t CO 2 per person, per year : Luxembourg
Governments have taken action to reduce greenhouse gas emissions to mitigate climate

change. The projected emissions saving of 1. The total projected Annex I saving of 1. A wide
range of projections of future emissions have been produced. Rogner et al. This conclusion was
based on "much evidence" and "high agreement" in the literature. One liter of gasoline, when
used as a fuel, produces 2. One US gallon produces Below are the CO 2 emission values that
fell at the 50th percentile of all studies surveyed. Greenhouse gases can be removed from the
atmosphere by various processes, as a consequence of:. A number of technologies remove
greenhouse gases emissions from the atmosphere. Most widely analysed are those that remove
carbon dioxide from the atmosphere, either to geologic formations such as bio-energy with
carbon capture and storage and carbon dioxide air capture , [] or to the soil as in the case with
biochar. In the late 19th century scientists experimentally discovered that N 2 and O 2 do not
absorb infrared radiation called, at that time, "dark radiation" , while water both as true vapor
and condensed in the form of microscopic droplets suspended in clouds and CO 2 and other
poly-atomic gaseous molecules do absorb infrared radiation. During the late 20th century, a
scientific consensus evolved that increasing concentrations of greenhouse gases in the
atmosphere cause a substantial rise in global temperatures and changes to other parts of the
climate system, [] with consequences for the environment and for human health. From
Wikipedia, the free encyclopedia. This is the latest accepted revision , reviewed on 25 January
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and theory Measurements Satellite measurements. The global water crisis also involves water
pollution. For water to be useful for drinking and irrigation, it must not be polluted beyond
certain thresholds. At the same time, about 2. Each year approximately 1. Compounding the
water crisis is the issue of social justice; poor people more commonly lack clean water and
sanitation than wealthy people in similar areas. In addition to the global waterborne disease
crisis, chemical pollution from agriculture, industry, cities, and mining threatens global water
quality. Some chemical pollutants have serious and well-known health effects, whereas many
others have poorly known long-term health effects. In the U. In Gallup public polls conducted
over the past decade Americans consistently put water pollution and water supply as the top
environmental concerns over issues such as air pollution, deforestation, species extinction, and
global warming. Any natural water contains dissolved chemicals, some of which are important
human nutrients while others can be harmful to human health. The concentration of a water
pollutant is commonly given in very small units such as parts per million ppm or even parts per
billion ppb. An arsenic concentration of 1 ppm means 1 part of arsenic per million parts of
water. This is equivalent to one drop of arsenic in 50 liters of water. To give you a different
perspective on appreciating small concentration units, converting 1 ppm to length units is 1 cm
0. Total dissolved solids TDS represent the total amount of dissolved material in water. Average
TDS values for rainwater, river water, and seawater are about 4 ppm, ppm, and 35, ppm,
respectively. The level of water pollution depends on the abundance of the pollutant, the
ecological impact of the pollutant, and the use of the water. Pollutants are derived from
biological, chemical, or physical processes. Although natural processes such as volcanic
eruptions or evaporation sometimes can cause water pollution, most pollution is derived from
human, land-based activities Figure 2. Water pollutants can move through different water
reservoirs, as the water carrying them progresses through stages of the water cycle Figure 3.
Water residence time the average time that a water molecule spends in a water reservoir is very
important to pollution problems because it affects pollution potential. Water in rivers has a
relatively short residence time, so pollution usually is there only briefly. Of course, pollution in
rivers may simply move to another reservoir, such as the ocean, where it can cause further

problems. Groundwater is typically characterized by slow flow and longer residence time, which
can make groundwater pollution particularly problematic. Finally, pollution residence time can
be much greater than the water residence time because a pollutant may be taken up for a long
time within the ecosystem or absorbed onto sediment. Figure 3. Sources of Water
Contamination. Sources of some water pollutants and movement of pollutants into different
water reservoirs of the water cycle. Source: U. Geological Survey Figure 4. Large animal farms
are often referred to as concentrated feeding operations CFOs. These farms are considered
potential point sources of pollution because untreated animal waste may enter nearby
waterbodies as untreated sewage. Credit: ehp. Point sources of pollution include animal factory
farms Figure 4 that raise a large number and high density of livestock such as cows, pigs, and
chickens. Also, pipes included are pipes from a factories or sewage treatment plants. During
heavy rain, storm water runoff may exceed sewer capacity, causing it to back up and spilling
untreated sewage directly into surface waters Figure 5. Nonpoint sources of pollution include
agricultural fields, cities, and abandoned mines. Rainfall runs over the land and through the
ground, picking up pollutants such as herbicides, pesticides, and fertilizer from agricultural
fields and lawns; oil, antifreeze, animal waste, and road salt from urban areas; and acid and
toxic elements from abandoned mines. Then, this pollution is carried into surface water bodies
and groundwater. Nonpoint source pollution, which is the leading cause of water pollution in
the U. Most surface water in contact with the atmosphere has a small amount of dissolved
oxygen, which is needed by aquatic organisms for cellular respiration. Bacteria decompose
dead organic matter and remove dissolved oxygen O 2 according to the following reaction:. Too
much decaying organic matter in water is a pollutant because it removes oxygen from water,
which can kill fish, shellfish, and aquatic insects. The major source of dead organic matter in
many natural waters is sewage; grass and leaves are smaller sources. An unpolluted water
body with respect to BOD is a turbulent river that flows through a natural forest. The dissolved
oxygen content in such a river ranges from 10 to 14 ppm O 2 , BOD is low, and clean-water fish
such as trout. A polluted water body with respect to oxygen is a stagnant deep lake in an urban
setting with a combined sewer system. This system favors a high input of dead organic carbon
from sewage overflows and limited chance for water circulation and contact with the
atmosphere. Excessive plant nutrients, particularly nitrogen N and phosphorous P , are
pollutants closely related to oxygen-demanding waste. Aquatic plants require about 15 nutrients
for growth, most of which are plentiful in water. This explains why N and P are major ingredients
in most fertilizer. Thick mats of floating algae or rooted plants lead to a form of water pollution
that damages the ecosystem by clogging fish gills and blocking sunlight. A small percentage of
algal species produce toxins that can kill animals, including humans. In addition, the size and
number of marine hypoxic zones have grown dramatically over the past 50 years including a
very large dead zone located offshore Louisiana in the Gulf of Mexico. Cultural eutrophication
and hypoxia are difficult to combat, because they are caused primarily by nonpoint source
pollution, which is difficult to regulate, and N and P, which are difficult to remove from
wastewater. Pathogens are the major cause of the water pollution crisis discussed at the
beginning of this section. Unfortunately nearly a billion people around the world are exposed to
waterborne pathogen pollution daily and around 1. Pathogens enter water primarily from human
and animal fecal waste due to inadequate sewage treatment. In many underdeveloped countries,
sewage is discharged into local waters either untreated or after only rudimentary treatment. In
developed countries untreated sewage discharge can occur from overflows of combined sewer
systems, poorly managed livestock factory farms, and leaky or broken sewage collection
systems. Water with pathogens can be remediated by adding chlorine or ozone, by boiling, or
by treating the sewage in the first place. Oil spills can result from supertanker accidents such
as the Exxon Valdez in , which spilled 10 million gallons of oil into the rich ecosystem of coastal
Alaska and killed massive numbers of animals. The largest marine oil spill was the Deepwater
Horizon disaster, which began with a natural gas explosion Figure 6 at an oil well 65 km
offshore of Louisiana and flowed for 3 months in , releasing an estimated million gallons of oil.
The worst oil spill ever occurred during the Persian Gulf war of , when Iraq deliberately dumped
approximately million gallons of oil in offshore Kuwait and set more than oil well fires that
released enormous clouds of smoke and acid rain for over nine months. During an oil spill on
water, oil floats to the surface because it is less dense than water, and the lightest
hydrocarbons evaporate, decreasing the size of the spill but polluting the air. Then, bacteria
begin to decompose the remaining oil, in a process that can take many years. Persistent
organic pollutants POPs are long-lived in the environment, biomagnify through the food chain,
and can be toxic. Heavy metals are commonly produced by industry and at metallic ore mines.
Arsenic and mercury are discussed in more detail below. Only recently have scientists
recognized that health problems can be caused by drinking small arsenic concentrations in

water over a long time. It enters the water supply naturally from weathering of arsenic-rich
minerals and from human activities such as coal burning and smelting of metallic ores. The
worst case of arsenic poisoning occurred in the densely populated impoverished country of
Bangladesh, which had experienced ,s of deaths from diarrhea and cholera each year from
drinking surface water contaminated with pathogens due to improper sewage treatment. In the s
the United Nations provided aid for millions of shallow water wells, which resulted in a dramatic
drop in pathogenic diseases. Unfortunately, many of the wells produced water naturally rich in
arsenic. Tragically, there are an estimated 77 million people about half of the population who
inadvertently may have been exposed to toxic levels of arsenic in Bangladesh as a result. The
World Health Organization has called it the largest mass poisoning of a population in history.
Mercury acts on the central nervous system and can cause loss of sight, feeling, and hearing as
well as nervousness, shakiness, and death. Like arsenic, mercury enters the water supply
naturally from weathering of mercury-rich minerals and from human activities such as coal
burning and metal processing. A famous mercury poisoning case in Minamata, Japan involved
methylmercury-rich industrial discharge that caused high Hg levels in fish. People in the local
fishing villages ate fish up to three times per day for over 30 years, which resulted in over 2,
deaths. During that time the responsible company and national government did little to mitigate,
help alleviate, or even acknowledge the problem. Water softeners remove calcium and
magnesium, which allows the water to lather easily and resist scale formation. Hard water
develops naturally from the dissolution of calcium and magnesium carbonate minerals in soil; it
does not have negative health effects in people. Groundwater pollution can occur from
underground sources and all of the pollution sources that contaminate surface waters.
Common sources of groundwater pollution are leaking underground storage tanks for fuel,
septic tanks, agricultural activity, landfills, and fossil fuel extraction. Common groundwater
pollutants include nitrate, pesticides, volatile organic compounds, and petroleum products.
Another troublesome feature of groundwater pollution is that small amounts of certain
pollutants, e. In Denver, Colorado 80 liters of several organic solvents contaminated 4. Fuel
tanks commonly are stored underground at gas stations to reduce explosion hazards. Before in
the U. Now, leak detectors are required and the metal storage tanks are supposed to be
protected from corrosion or replaced with fiberglass tanks. Currently there are around ,
underground fuel storage tanks in the U. Environmental Biology by Matthew R. Fisher is
licensed under a Creative Commons Attribution 4. Skip to content The global water crisis also
involves water pollution. Figure 1. Figure 5. Combined Sewer System A combined sewer system
is a possible major point source of water pollution during heavy rain due to overflow of
untreated sewage. During dry weather and small storms , all flows are handled by the publicly
owned treatment works POTW. During large storms, the relief structure allows some of the
combined stormwater and sewage to be discharged untreated to an adjacent water body.
Environmental Protection Agency at Wikimedia Commons. Previous: 7. Next: 7. License
Environmental Biology by Matthew R. Share This Book Share on Twitter. The Chernobyl
disaster was caused by a nuclear accident that occurred on Saturday 26 April , at the No. The
accident started during a safety test on an RBMK-type nuclear reactor , which was commonly
used throughout the Soviet Union. The test was a simulation of an electrical power outage to aid
the development of a safety procedure for maintaining reactor cooling water circulation until the
back-up electrical generators could provide power. This gap was about one minute and had
been identified as a potential safety problem that could cause the nuclear reactor core to
overheat. It was hoped to prove during a scheduled reactor power-down that the residual
rotational energy in a turbine generator could provide enough power to cover the gap. Three
such tests had been conducted since , but they had failed to provide a solution. On this fourth
attempt, an unexpected hour delay meant that an unprepared operating shift was on duty.
During the planned decrease of reactor power in preparation for the electrical test, the power
unexpectedly dropped to a near-zero level. The operators were able to only partially restore the
specified test power, which put the reactor in a potentially unstable condition. This risk was not
made evident in the operating instructions, so the operators proceeded with the electrical test.
Upon test completion, the operators triggered a reactor shutdown, but a combination of
unstable conditions and reactor design flaws caused an uncontrolled nuclear chain reaction
instead. A large amount of energy was suddenly released, vaporising superheated cooling
water and rupturing the reactor core in a highly destructive steam explosion. The reactor
explosion killed two of the reactor operating staff. In the emergency response that followed,
station staff and firemen were hospitalized with acute radiation syndrome due to absorbing high
doses of ionizing radiation. To reduce the spread of radioactive contamination from the
wreckage and protect it from weathering, the protective Chernobyl Nuclear Power Plant
sarcophagus was built by December It also provided radiological protection for the crews of the

undamaged reactors at the site, which continued operating. Due to the continued deterioration
of the sarcophagus, it was further enclosed in by the Chernobyl New Safe Confinement , a
larger enclosure that allows the removal of both the sarcophagus and the reactor debris, while
containing the radioactive hazard. Nuclear clean-up is scheduled for completion in The
Chernobyl disaster is considered the worst nuclear power plant accident in history, both in
terms of cost and casualties. According to the INSAG-7 report published by the IAEA in , the
accident occurred because the reactor was "brought to a state not specified by procedures or
investigated by an independent safety body. Most importantly, the physical characteristics of
the reactor made possible its unstable behaviour. This decay heat continues for some time after
the fission chain reaction has been stopped, such as following a reactor shutdown, either
emergency or planned, and continued pumped circulation of coolant is essential to prevent core
overheating, or in the worst case, core meltdown. Reactor No. To guard against an electrical
power failure to the pumps, each of Chernobyl's reactors had three backup diesel generators ,
but they took 60â€”75 seconds to attain full speed [26] : 15 and generate the 5. It had been
theorized that the rotational momentum of a steam turbine could be used to generate the
required electrical power to cover this gap. The turbine's speed would run down as energy was
taken from it, but analysis indicated that there might be sufficient energy to provide electrical
power to run the coolant pumps for 45 seconds, [26] : This would not quite bridge the gap
between an external power failure and the full availability of the emergency generators, but
would alleviate the situation. The turbine run-down energy capability still needed to be
confirmed experimentally, and previous tests had ended unsuccessfully. An initial test carried
out in indicated that the excitation voltage of the turbine-generator was insufficient; it did not
maintain the desired magnetic field after the turbine trip. The electrical system was modified,
and the test was repeated in but again proved unsuccessful. In , the test was conducted a third
time but also yielded negative results. The test procedure was to be run again in , and was
scheduled to take place during a controlled power-down of reactor No. A test procedure had
been written, but the authors were not aware of the unusual RBMK reactor behaviour under the
planned operating conditions. According to the regulations in place at the time, such a test did
not require approval by either the chief design authority for the reactor NIKIET , or the Soviet
nuclear safety regulator. The test was to be conducted during the day-shift of 25 April as part of
a scheduled reactor shut down. The day shift crew had been instructed in advance on the
reactor operating conditions to run the test and in addition, a special team of electrical
engineers was present to conduct the one-minute test of the new voltage regulating system
once the correct conditions had been reached. The day shift performed many unrelated
maintenance tasks, and was scheduled to perform the test at [29] : 3 and preparations for the
test were carried out, including the disabling of the emergency core cooling system. The
Chernobyl plant director [ citation needed ] agreed, and postponed the test. Soon, the day shift
was replaced by the evening shift. Allowing the reactor to run for 11 hours outside of the test
without emergency protection was indicative of a general lack of safety culture. At , the Kiev
grid controller allowed the reactor shutdown to resume. This delay had some serious
consequences: the day shift had long since departed, the evening shift was also preparing to
leave, and the night shift would not take over until midnight, well into the job. According to plan,
the test should have been finished during the day shift, and the night shift would only have had
to maintain decay heat cooling systems in an otherwise shut-down plant. The night shift had
very limited time to prepare for and carry out the experiment. Anatoly Dyatlov , deputy
chief-engineer of the entire Chernobyl Nuclear Power Plant , was present to supervise and
direct the experiment; as he out-ranked all other supervisory personnel present, his orders and
instructions overrode any objections of other senior personnel present during the test and its
preparation. Serving under Dyatlov, Aleksandr Akimov was chief of the night shift, and Leonid
Toptunov was the operator responsible for the reactor's operational regimen, including the
movement of the control rods. Toptunov was a young engineer who had worked independently
as a senior engineer for approximately three months. The test plan called for a gradual decrease
in power output from reactor No. In steady-state operation, this is avoided because xenon is
"burned off" as quickly as it is created from decaying iodine by the absorption of neutrons from
the ongoing chain reaction, becoming highly stable xenon With the reactor power reduced,
previously produced high quantities of iodine were decaying into the neutron-absorbing xenon
faster than the reduced neutron flux could burn it off. The exact circumstances that caused the
power fall are unknown because Akimov died in hospital on 10 May and Toptunov on 14 May;
early reports attributed it to Toptunov's mistake, but it has also been suggested it was due to an
equipment failure. Control-room personnel had to raise power by disconnecting most of the
reactor control rods from the automatic control rod regulation system and manually extracted
the majority of rods to their upper limits in order to promote reactivity and counteract the effect

of the poisoning. The operation of the reactor at the low power level and high poisoning level
was accompanied by unstable core temperatures and coolant flow, and possibly by instability
of neutron flux, which triggered alarms. Between and , emergency alarm signals concerning
thermal-hydraulic parameters were ignored, apparently to preserve the reactor power level. As
part of the test plan, extra water pumps were activated at , increasing the water flow. The
increased coolant flow rate through the reactor produced an increase in the inlet coolant
temperature of the reactor core the coolant no longer having sufficient time to release its heat in
the turbine and cooling towers , which now more closely approached the nucleate boiling
temperature of water, reducing the safety margin. The flow exceeded the allowed limit at ,
triggering an alarm of low steam pressure in the steam separators. At the same time, the extra
water flow lowered the overall core temperature and reduced the existing steam voids in the
core and the steam separators. The crew responded by turning off two of the circulation pumps
to reduce feedwater flow in an effort to increase steam pressure, and by removing more manual
control rods to maintain power. The combined effect of these various actions was an extremely
unstable reactor configuration. Nearly all of the control rods had been extracted manually,
including all but 18 of the "fail-safe" manually operated rods of the minimum 28 that were
supposed to remain fully inserted to control the reactor even in the event of a loss of coolant.
Unlike other light-water reactor designs, the RBMK design at that time had a positive void
coefficient of reactivity at low power levels. This meant that the formation of steam bubbles
voids from boiling cooling water intensified the nuclear chain reaction owing to voids having
lower neutron absorption than water. The consequent power increase then produced more
voids which further intensified the chain reaction, and so on. Given this characteristic, reactor
No. The reduction of reactor coolant pumping and the reduction of neutron absorbing control
rods now left little safety margin. The reactor was now very sensitive to the regenerative effect
of steam voids on reactor power. At , the test began. The steam to the turbines was shut off,
beginning a run-down of the turbine generator. The diesel generators started and sequentially
picked up loads; the generators were to have completely picked up the MCPs' power needs by
In the interim, the power for the MCPs was to be supplied by the turbine generator as it coasted
down. As the momentum of the turbine generator decreased, so did the power it produced for
the pumps. The water flow rate decreased, leading to increased formation of steam voids in the
coolant flowing up through the fuel pressure tubes. At , as recorded by the SKALA centralized
control system, a scram emergency shutdown of the reactor was initiated [40] as the experiment
was wrapping up. The mechanism would be used even to routinely shut down the reactor after
the experiment for the planned maintenance [41] and the scram likely preceded the sharp
increase in power. When the AZ-5 button was pressed, the insertion of control rods into the
reactor core began. The control rod insertion mechanism moved the rods at 0. A bigger problem
was the design of the RBMK control rods , each of which had a graphite neutron moderator
section attached to its end to boost reactor output by displacing water when the control rod
section had been fully withdrawn from the reactor, i. Consequently, injecting a control rod
downward into the reactor in a scram initially displaced neutron-absorbing water in the lower
portion of the reactor with neutron-moderating graphite. Thus, an emergency scram initially
increased the reaction rate in the lower part of the core. Procedural countermeasures were not
implemented in response to Ignalina. However, they did appear in almost every detail in the
course of the actions leading to the Chernobyl accident. A few seconds into the scram, a power
spike did occur and the core overheated, causing some of the fuel rods to fracture, blocking the
control rod columns and jamming the control rods at one-third insertion, with the graphite
water-displacers still in the lower part of the core. The subsequent course of events was not
registered by instruments; it has been reconstructed through mathematical simulation. Per the
simulation, the power spike would have caused an increase in fuel temperature and steam
buildup, leading to a rapid increase in steam pressure. This caused the fuel cladding to fail,
releasing the fuel elements into the coolant, and rupturing the channels in which these elements
were located. Some estimate the power spike may have gone 10 times higher than that. It was
not possible to reconstruct the precise sequence of the processes that led to the destruction of
the reactor and the power unit building, but a steam explosion , like the explosion of a steam
boiler from excess vapour pressure, appears to have been the next event. There is a general
understanding that it was explosive steam pressure from the damaged fuel channels escaping
into the reactor's exterior cooling structure that caused the explosion that destroyed the reactor
casing, tearing off and blasting the upper plate called the upper biological shield, [47] to which
the entire reactor assembly is fastened, through the roof of the reactor building. This is believed
to be the first explosion that many heard. This explosion ruptured further fuel channels, as well
as severing most of the coolant lines feeding the reactor chamber, and as a result, the
remaining coolant flashed to steam and escaped the reactor core. The total water loss in

combination with a high positive void coefficient further increased the reactor's thermal power.
A second, more powerful explosion occurred about two or three seconds after the first; this
explosion dispersed the damaged core and effectively terminated the nuclear chain reaction.
This explosion also compromised more of the reactor containment vessel and ejected hot
lumps of graphite moderator. The ejected graphite and the demolished channels still in the
remains of the reactor vessel caught fire on exposure to air, greatly contributing to the spread
of radioactive fallout and the contamination of outlying areas. According to observers outside
Unit 4, burning lumps of material and sparks shot into the air above the reactor. Some of them
fell onto the roof of the machine hall and started a fire. Parts of the graphite blocks and fuel
channels were out of the reactor building. As a result of the damage to the building an airflow
through the core was established by the high temperature of the core. The air ignited the hot
graphite and started a graphite fire. After the larger explosion, a number of employees at the
power station went outside to get a clearer view of the extent of the damage. One such survivor,
Alexander Yuvchenko, recounts that once he stepped outside and looked up towards the
reactor hall, he saw a "very beautiful" laser-like beam of blue light caused by the ionized-air
glow that appeared to "flood up into infinity". There were initially several hypotheses about the
nature of the second explosion. One view was that the second explosion was caused by the
combustion of hydrogen , which had been produced either by the overheated steam- zirconium
reaction or by the reaction of red-hot graphite with steam that produced hydrogen and carbon
monoxide. Another hypothesis, by Konstantin Checherov, published in , was that the second
explosion was a thermal explosion of the reactor as a result of the uncontrollable escape of fast
neutrons caused by the complete water loss in the reactor core. According to this version, the
first explosion was a more minor steam explosion in the circulating loop, causing a loss of
coolant flow and pressure that in turn caused the water still in the core to flash to steam; this
second explosion then caused the majority of the damage to the reactor and containment
building. Contrary to safety regulations, bitumen , a combustible material, had been used in the
construction of the roof of the reactor building and the turbine hall. Ejected material ignited at
least five fires on the roof of the adjacent reactor No. It was imperative to put those fires out and
protect the cooling systems of reactor No. The operators were given respirators and potassium
iodide tablets and told to continue working. At , Bagdasarov made his own decision to shut
down the reactor. Shortly after the accident, at , firefighters arrived to try to extinguish the fires.
They were not told how dangerously radioactive the smoke and the debris were, and may not
even have known that the accident was anything more than a regular electrical fire: "We didn't
know it was the reactor. No one had told us. We arrived there at 10 or 15 minutes to two in the
morning We saw graphite scattered about. Misha asked: "Is that graphite? But one of the
fighters on the other truck picked it up. Even those who worked there had no idea. There was no
water left in the trucks. Misha filled a cistern and we aimed the water at the top. Then those boys
who died went up to the roofâ€”Vashchik, Kolya and others, and Volodya Pravik They went up
the ladder Anatoli Zakharov, a fireman stationed in Chernobyl since , offered a different
description in "I remember joking to the others, 'There must be an incredible amount of
radiation here. We'll be lucky if we're all still alive in the morning. If we'd followed regulations,
we would never have gone near the reactor. But it was a moral obligationâ€”our duty. We were
like kamikaze. The immediate priority was to extinguish fires on the roof of the station and the
area around the building containing Reactor No. The fires were extinguished by , but many
firefighters received high doses of radiation. The fire inside reactor No. It was thought by some
that the core fire was extinguished by a combined effort of helicopters dropping more than 5,
tonnes 5, short tons of sand, lead, clay, and neutron-absorbing boron onto the burning reactor.
It is now known that virtually none of the neutron absorbers reached the core. From eyewitness
accounts of the firefighters involved before they died as reported on the CBC television series
Witness , one described his experience of the radiation as "tasting like metal", and feeling a
sensation similar to that of pins and needles all over his face. This is consistent to the
description given by Louis Slotin , a Manhattan Project physicist who died days after a fatal
radiation overdose from a criticality accident. The explosion and fire threw hot particles of the
nuclear fuel and also far more dangerous fission products , radioactive isotopes such as
caesium , iodine , strontium , and other radionuclides , into the air. The residents of the
surrounding area observed the radioactive cloud on the night of the explosion. The ionizing
radiation levels in the worst-hit areas of the reactor building have been estimated to be 5. All
remaining dosimeters had limits of 0. Thus, the reactor crew could ascertain only that the
radiation levels were somewhere above 0. Because of the inaccurate low readings, the reactor
crew chief Aleksandr Akimov assumed that the reactor was intact. The evidence of pieces of
graphite and reactor fuel lying around the building was ignored, and the readings of another
dosimeter brought in by were dismissed under the assumption that the new dosimeter must

have been defective. None of them wore any protective gear. Most, including Akimov, died from
radiation exposure within three weeks. The nearby city of Pripyat was not immediately
evacuated. The townspeople, in the early hours of the morning, at local time, went about their
usual business, completely oblivious to what had just happened. However, within a few hours of
the explosion, dozens of people fell ill. Later, they reported severe headaches and metallic
tastes in their mouths, along with uncontrollable fits of coughing and vomiting. Valentyna
Shevchenko , then Chairwoman of the Presidium of Verkhovna Rada Supreme Soviet of the
Ukrainian SSR, recalls that Ukraine's acting Minister of Internal Affairs Vasyl Durdynets phoned
her at work at to report current affairs; only at the end of the conversation did he add that there
had been a fire at the Chernobyl nuclear power plant, but it was extinguished and everything
was fine. When Shevchenko asked "How are the people? Shevchenko then spoke over the
phone to Volodymyr Shcherbytsky , general secretary of the Communist Party of Ukraine and
de facto head of state, who said he anticipated a delegation of the state commission headed by
Boris Shcherbina , the deputy chairman of the Council of Ministers of the USSR. A commission
was established later in the day to investigate the accident. They flew to Boryspil International
Airport and arrived at the power plant in the evening of 26 April. The delegation soon had ample
evidence that the reactor was destroyed and extremely high levels of radiation had caused a
number of cases of radiation exposure. Initially it was decided to evacuate the population for
three days; later this was made permanent. By on 27 April, buses had arrived in Pripyat to start
the evacuation. A translated excerpt of the evacuation announcement follows:. For the attention
of the residents of Pripyat! The City Council informs you that due to the accident at Chernobyl
Power Station in the city of Pripyat the radioactive conditions in the vicinity are deteriorating.
The Communist Party, its officials and the armed forces are taking necessary steps to combat
this. Nevertheless, with the view to keep people as safe and healthy as possible, the children
being top priority, we need to temporarily evacuate the citizens in the nearest towns of Kiev
region. For these reasons, starting from 27 April , each apartment block will be able to have a
bus at its disposal, supervised by the police and the city officials. It is highly advisable to take
your documents, some vital personal belongings and a certain amount of food, just in case,
with you. The senior executives of public and industrial facilities of the city has decided on the
list of employees needed to stay in Pripyat to maintain these facilities in a good working order.
All the houses will be guarded by the police during the evacuation period. Comrades, leaving
your residences temporarily please make sure you have turned off the lights, electrical
equipment and water and shut the windows. Please keep calm and orderly in the process of this
short-term evacuation. To expedite the evacuation, residents were told to bring only what was
necessary, and that they would remain evacuated for approximately three days. As a result,
most personal belongings were left behind, and remain there today. By , 53, people were
evacuated to various villages of the Kiev region. The surveying and detection of isolated fallout
hotspots outside this zone over the following year eventually resulted in , long-term evacuees in
total agreeing to be moved. Evacuation began one and a half days before the accident was
publicly acknowledged by the Soviet Union. Workers at Forsmark reported the case to the
Swedish Radiation Safety Authority , which determined that the radiation had originated
elsewhere. That day, the Swedish government contacted the Soviet government to inquire about
whether there had been a nuclear accident in the Soviet Union. The Soviets initially denied it,
and it was only after the Swedish government suggested they were about to file an official alert
with the International Atomic Energy Agency , that the Soviet government admitted that an
accident had taken place at Chernobyl. At first, the Soviets only conceded that a minor accident
had occurred, but once they began evacuating more than , people, the full scale of the situation
was realized by the global community. One of the nuclear reactors was damaged. The effects of
the accident are being remedied. Assistance has been provided for any affected people. An
investigative commission has been set up. This was the entire announcement, and the first time
the Soviet Union officially announced a nuclear accident. The mention of a commission,
however, indicated to observers the seriousness of the incident, [70] and subsequent state
radio broadcasts were replaced with classical music, which was a common method of preparing
the public for an announcement of a tragedy. Around the same time, ABC News released its
report about the disaster. There she spoke with members of medical staff and people, who were
calm and hopeful that they could soon return to their homes. Shevchenko returned home near
midnight, stopping at a radiological checkpoint in Vilcha, one of the first that were set up soon
after the accident. There was a notification from Moscow that there was no reason to postpone
the 1 May International Workers' Day celebrations in Kiev including the annual parade , but on
30 April a meeting of the Political bureau of the Central Committee of the CPSU took place to
discuss the plan for the upcoming celebration. Scientists were reporting that the radiological
background level in Kiev was normal. At the meeting, which was finished at , it was decided to

shorten celebrations from the regular three and a half to four hours to under two hours. These
included the Jupiter factory which closed in and the Azure Swimming Pool , used by the
Chernobyl liquidators for recreation during the clean-up, which closed in Two floors of bubbler
pools beneath the reactor served as a large water reservoir for the emergency cooling pumps
and as a pressure suppression system capable of condensing steam in case of a small broken
steam pipe; the third floor above them, below the reactor, served as a steam tunnel. The steam
released by a broken pipe was supposed to enter the steam tunnel and be led into the pools to
bubble through a layer of water. After the disaster, the pools and the basement were flooded
because of ruptured cooling water pipes and accumulated firefighting water, thus constituting a
serious steam explosion risk. It became necessary to drain the pool. The bubbler pool could be
drained by opening its sluice gates. The valves controlling it, however, were located in a flooded
corridor. Volunteers in wetsuits and respirators for protection against radioactive aerosols , and
equipped with dosimeters , entered the knee-deep radioactive water and managed to open the
valves. Research by Andrew Leatherbarrow, author of Chernobyl , [79] determined that the
frequently recounted story that suggests that all three men died just days after the incident is
false. Alexei Ananenko continues to work in the nuclear energy industry, and rebuffs the growth
of the Chernobyl media sensationalism surrounding him. Once the bubbler pool gates were
opened by the Ananenko team, fire brigade pumps were then used to drain the basement. The
operation was not completed until 8 May, after 20, tonnes 20, long tons; 22, short tons of water
were pumped out. With the bubbler pool gone, a meltdown was less likely to produce a powerful
steam explosion. To do so, the molten core would now have to reach the water table below the
reactor. To reduce the likelihood of this, it was decided to freeze the earth beneath the reactor,
which would also stabilize the foundations. Using oil well drilling equipment, the injection of
liquid nitrogen began on 4 May. As an alternative, coal miners were deployed to excavate a
tunnel below the reactor to make room for a cooling system. The final makeshift design for the
cooling system was to incorporate a coiled formation of pipes cooled with water and covered on
top with a thin thermally conductive graphite layer. The graphite layer as a natural refractory
material would rapidly cool the suspected molten uranium oxide without burn through. This
graphite cooling plate layer was to be encapsulated between two concrete layers, each one
meter thick for stabilisation. This system was designed by Bolshov, the director of the Institute
for Nuclear Safety and Development formed in Bolshov's graphite-concrete "sandwich" would
be similar in concept to later core catchers that are now part of many nuclear reactor designs.
Bolshov's graphite cooling plate, alongside the prior nitrogen injection proposal, were not used
following the drop in aerial temperatures and indicative reports that the fuel melt had stopped. It
was later determined that the fuel had passed through three storeys before coming to rest in
one of a number of basement rooms. The precautionary underground channel with its active
cooling was therefore deemed redundant, as the fuel was self-cooling. The excavation was then
simply filled with concrete to strengthen the foundation below the reactor. In the months after
the explosion attention turned to removing the radioactive debris from the roof. The Soviets
used approximately 60 remote-controlled robots, most of them built in the Soviet Union itself.
Many failed due to the effect of high levels of radiation on their electronic controls; [90] in ,
Valery Legasov , first deputy director of the Kurchatov Institute of Atomic Energy in Moscow,
said: "We learned that robots are not the great remedy for everything. Where there was very
high radiation, the robot ceased to be a robotâ€”the electronics quit working. Though the
soldiers were only supposed to perform the role of the "bio-robot" a maximum of once, some
soldiers reported having done this task five or six times. With the extinguishing of the open air
reactor fire, the next step was to prevent the spread of contamination. This could be due to wind
action which could carry away loose contamination, and by birds which could land within the
wreckage and then carry contamination elsewhere. In addition, rainwater could wash
contamination away from the reactor area and into the sub-surface water table, where it could
migrate outside the site area. Rainwater falling on the wreckage could also weaken the
remaining reactor structure by accelerating corrosion of steelwork. A further challenge was to
reduce the large amount of emitted gamma radiation which was a hazard to the workforce
operating the adjacent reactor No. The solution chosen was to enclose the wrecked reactor by
the construction of a huge composite steel and concrete shelter, which became known as the
"Sarcophagus". It had to be erected quickly and within the constraints of high levels of ambient
gamma radiation. The design started on 20 May , 24 days after the disaster, and construction
was from June to late November [92] This major construction project was carried out under the
very difficult circumstances of high levels of radiation both from the core remnants and the
deposited radioactive contamination around it. The construction workers had to be protected
from radiation, and techniques such as crane drivers working from lead-lined control cabins
were employed. The construction work included: erection of walls round the perimeter, clearing

and surface concreting of surrounding ground to remove sources of radiation and to allow
access for large construction machinery, construction of a thick radiation shielding wall to
protect the workers in reactor No. During the construction of the sarcophagus, a scientific team
re-entered the reactor as part of an investigation dubbed "Complex Expedition", to locate and
contain nuclear fuel in a way that could not lead to another explosion. These scientists
manually collected cold fuel rods, but great heat was still emanating from the core. Rates of
radiation in different parts of the building were monitored by drilling holes into the reactor and
inserting long metal detector tubes. The scientists were exposed to high levels of radiation and
radioactive dust. The concrete beneath the reactor was steaming hot, and was breached by
now-solidified lava and spectacular unknown crystalline forms termed chernobylite. It was
concluded that there was no further risk of explosion. The official contaminated zones saw a
massive clean-up effort lasting seven months. Defence forces must have done much of the
work. Yet this land was of marginal agricultural value. According to historian David Marples, the
administration had a psychological purpose for the clean-up: they wished to forestall panic
regarding nuclear energy, and even to restart the Chernobyl power station. Scavengers have
since removed many functioning, but highly radioactive, parts. Many, if not most of them,
exceeded radiation safety limits. The urban decontamination liquidators first washed buildings
and roads with "Bourda", a sticky polymerizing fluid DeconGel , designed to entrain radioactive
dust and, when dry, could then be peeled off and compacted into configurations, akin to carpet
rolls, in preparation for burial. A unique "clean up" medal was given to the clean-up workers,
known as "liquidators". This was stated to be inherent not only in operations but also during
design, engineering, construction, manufacture and regulation. Views of the main causes were
heavily lobbied by different groups, including the reactor's designers, power plant personnel,
and the Soviet and Ukrainian governments. This was due to the uncertainty about the actual
sequence of events and plant parameters. After INSAG-1 more information became available,
and more powerful computing has allowed better forensic simulations. The first Soviet official
explanation of the accident was by means of presentations from leading Soviet scientists and
engineers to a large number of representatives from IAEA member states and other
international organisations at the first Post-Accident Review Meeting, held at the IAEA in Vienna
between 25 and 29 August This explanation effectively placed the blame on the power plant
operators. For instance; "During preparation and testing of the turbine generator under
run-down conditions using the auxiliary load, personnel disconnected a series of technical
protection systems and breached the most important operational safety provisions for
conducting a technical exercise. Personnel had an insufficient understanding of technical
procedures involved with the nuclear reactor, and knowingly ignored regulations to expedite the
electrical test completion. The main process computer, SKALA, was running in such a way that
the main control computer could not shut down the reactor or even reduce power. Normally the
computer would have started to insert all of the control rods. The computer would have also
started the "Emergency Core Protection System" that introduces 24 control rods into the active
zone within 2. All control was transferred from the process computer to the human operators. It
was held that the designers of the reactor considered this combination of events to be
impossible and therefore did not allow for the creation of emergency protection systems
capable of preventing the combination of events that led to the crisis, namely the intentional
disabling of emergency protection equipment plus the violation of operating procedures. Thus
the primary cause of the accident was the extremely improbable combination of rule
infringement plus the operational routine allowed by the power station staff. On the
disconnection of safety systems, Valery Legasov said in , "It was like airplane pilots
experimenting with the engines in flight. This view was reflected in numerous publications and
artistic works on the theme of the Chernobyl accident that appeared immediately after the
accident, [26] and for a long time remained dominant in the public consciousness and in
popular publications. The trial took place from 7 to 30 July in a temporary courtroom set up in
the House of Culture in the city of Chernobyl, Ukraine. Five plant employees the former deputy
chief engineer Anatoly S. Dyatlov ; the former plant director Viktor P. Bryukhanov ; the former
chief engineer Nikolai M. Fomin ; the shift director of Reactor 4, Boris V. Rogozhin ; and the
chief of Reactor 4, Aleksandr P. Laushkin were sentenced to 10, 10, 10, five, three and two years
respectively in labor camps. Anatoly Dyatlov was found guilty "of criminal mismanagement of
potentially explosive enterprises" and sentenced to 10 years imprisonmentâ€”of which he
would serve three [] â€”for the role that his oversight of the experiment played in the ensuing
accident. By the time of this report, Ukraine had declassified a number of KGB documents from
the period between and related to the Chernobyl plant. It mentioned, for example, previous
reports of structural damage caused by negligence during construction of the plant such as
splitting of concrete layers that were never acted upon. They documented more than 29

emergency situations in the plant during this period, eight of which were caused by negligence
or poor competence on the part of personnel. In the INSAG-7 report, most of the earlier
accusations against staff for breach of regulations were acknowledged to be either erroneous,
being based on incorrect information obtained in August , or less relevant. The INSAG-7 report
also reflected the view of the USSR State Commission account which held that the operators'
actions in turning off the Emergency Core Cooling System, interfering with the settings on the
protection equipment, and blocking the level and pressure in the separator drum did not
contribute to the original cause of the accident and its magnitude, although they may have been
a breach of regulations. In fact, turning off the emergency system designed to prevent the two
turbine generators from stopping was not a violation of regulations. The primary design cause
of the accident, as determined by INSAG-7, was a major deficiency in safety features, [4] : 22 in
particular the "positive scram" effect due to the control rods' graphite tips that actually initially
increased reactivity when control rods entered the core to reduce reactivity. Yet "post-accident
studies have shown that the way in which the real role of the ORM is reflected in the Operating
Procedures and design documentation for the RBMK is extremely contradictory", and
furthermore, "ORM was not treated as an operational safety limit, violation of which could lead
to an accident". Even in this revised analysis, the human factor remained identified as a major
factor in causing the accident; particularly the operating crew's deviation from the test
programme. The assertions of Soviet experts notwithstanding, regulations did not prohibit
operating the reactor at this low power level. INSAG-7 also said, "The poor quality of operating
procedures and instructions, and their conflicting character, put a heavy burden on the
operating crew, including the chief engineer. The accident can be said to have flowed from a
deficient safety culture, not only at the Chernobyl plant, but throughout the Soviet design,
operating and regulatory organizations for nuclear power that existed at that time. In summary,
the major factors were: [4] : 18â€” The reactor had a dangerously large positive void coefficient
of reactivity. The void coefficient is a measurement of how a reactor responds to increased
steam formation in the water coolant. Most other reactor designs have a negative coefficient, i.
Faster neutrons are less likely to split uranium atoms, so the reactor produces less power
negative feedback effect. Chernobyl's RBMK reactor, however, used solid graphite as a neutron
moderator to slow down the neutrons , and the cooling water acted as a neutron absorber. Thus
neutrons are moderated by the graphite even if steam bubbles form in the water. Furthermore,
because steam absorbs neutrons much less readily than water, increasing the voids means that
more moderated neutrons are able to split uranium atoms, increasing the reactor's power
output. This was a positive feedback regenerative process which makes the RBMK design very
unstable at low power levels, and prone to sudden energy surges to a dangerous level. Not only
was this behaviour counter-intuitive, this property of the reactor under certain extreme
conditions was unknown to the crew. There was a significant flaw in the design of the control
rods that were inserted into the reactor to slow down the reaction rate by neutron absorption. In
the RBMK design, the bottom tip of each control rod was made of graphite and was 1. Only the
upper part of the rod was made of boron carbide , which absorbs neutrons and thereby slows
the reaction. With this design, when a rod was inserted from the fully retracted position, the
graphite tip displaced neutron-absorbing water, initially causing fewer neutrons to be absorbed
and increasing reactivity. For the first few seconds of rod deployment, reactor core power was
therefore increased, rather than reduced. This feature of control rod operation was
counter-intuitive and not known to the reactor operators. Other deficiencies were noted in the
RBMK reactor design, as were its non-compliance with accepted standards and with the
requirements of nuclear reactor safety. These contributing factors include:. The force of the
second explosion and the ratio of xenon radioisotopes released after the accident led Yuri V.
Dubasov in to theorise that the second explosion could have been an extremely fast nuclear
power transient resulting from core material melting in the absence of its water coolant and
moderator. Dubasov argued that there was no delayed supercritical increase in power but a
runaway prompt criticality which would have developed much faster. He felt the physics of this
would be more similar to the explosion of a fizzled nuclear weapon , and it produced the second
explosion. Khlopin Radium Institute measured anomalous high levels of xenon â€”a short
half-life isotopeâ€”four days after the explosion. This meant that a nuclear event in the reactor
may have ejected xenon to higher altitudes in the atmosphere than the later fire did, allowing
widespread movement of xenon to remote locations. Both his and analyses argue that the
nuclear fizzle event, whether producing the second or first explosion, consisted of a prompt
chain reaction that was limited to a small portion of the reactor core, since self-disassembly
occurs rapidly in fizzle events. Dubasov's nuclear fizzle hypothesis was examined in by
physicist Lars-Erik De Geer who put the hypothesized fizzle event as the more probable cause
of the first explosion. This jet then rammed the tubes' kg plugs, continued through the roof and

travelled into the atmosphere to altitudes of 2. The steam explosion which ruptured the reactor
vessel occurred some 2. Although it is difficult to compare releases between the Chernobyl
accident and a deliberate air burst nuclear detonation, it has still been estimated that about four
hundred times more radioactive material was released from Chernobyl than by the atomic
bombing of Hiroshima and Nagasaki together. However, the Chernobyl accident only released
about one hundredth to one thousandth of the total amount of radioactivity released during
nuclear weapons testing at the height of the Cold War ; the wide estimate being due to the
different abundances of isotopes released. The initial evidence that a major release of
radioactive material was affecting other countries came not from Soviet sources, but from
Sweden. It was Sweden's search for the source of radioactivity, after they had determined there
was no leak at the Swedish plant, that at noon on 28 April, led to the first hint of a serious
nuclear problem in the western Soviet Union. Hence the evacuation of Pripyat on 27 April 36
hours after the initial explosions was silently completed before the disaster became known
outside the Soviet Union. The rise in radiation levels had at that time already been measured in
Finland, but a civil service strike delayed the response and publication. Contamination from the
Chernobyl accident was scattered irregularly depending on weather conditions, much of it
deposited on mountainous regions such as the Alps , the Welsh mountains and the Scottish
Highlands , where adiabatic cooling caused radioactive rainfall. The resulting patches of
contamination were often highly localized, and localised water-flows contributed to large
variations in radioactivity over small areas. Sweden and Norway also received heavy fallout
when the contaminated air collided with a cold front, bringing rain. Heavy, black-coloured rain
fell on the city of Gomel. A large area in Russia south of Bryansk was also contaminated, as
were parts of northwestern Ukraine. Studies in surrounding countries indicate that more than
one million people could have been affected by radiation. Recently published data from a
long-term monitoring program The Korma Report II [] shows a decrease in internal radiation
exposure of the inhabitants of a region in Belarus close to Gomel. Resettlement may even be
possible in prohibited areas provided that people comply with appropriate dietary rules. In
Western Europe, precautionary measures taken in response to the radiation included banning
the importation of certain foods. In France officials stated that the Chernobyl accident had no
adverse effects. The Chernobyl release was characterised by the physical and chemical
properties of the radio-isotopes in the core. Particularly dangerous were the highly radioactive
fission products , those with high nuclear decay rates that accumulate in the food chain, such
as some of the isotopes of iodine , caesium and strontium. Iodine was and caesium remains the
two most responsible for the radiation exposure received by the general population. Detailed
reports on the release of radioisotopes from the site were published in [] and , [] with the latter
report updated in At different times after the accident, different isotopes were responsible for
the majority of the external dose. The release of radioisotopes from the nuclear fuel was largely
controlled by their boiling points , and the majority of the radioactivity present in the core was
retained in the reactor. Two sizes of particles were released: small particles of 0. The dose that
was calculated is the relative external gamma dose rate for a person standing in the open. The
exact dose to a person in the real world who would spend most of their time sleeping indoors in
a shelter and then venturing out to consume an internal dose from the inhalation or ingestion of
a radioisotope , requires a personnel specific radiation dose reconstruction analysis and whole
body count exams, of which 16, were conducted in Ukraine by Soviet medical personnel in The
Chernobyl nuclear power plant is located next to the Pripyat River, which feeds into the Dnieper
reservoir system, one of the largest surface water systems in Europe, which at the time
supplied water to Kiev's 2. Despite this, two months after the disaster the Kiev water supply was
switched from the Dnieper to the Desna River. Groundwater was not badly affected by the
Chernobyl accident since radionuclides with short half-lives decayed away long before they
could affect groundwater supplies, and longer-lived radionuclides such as radiocaesium and
radiostrontium were adsorbed to surface soils before they could transfer to groundwater.
Although there is a potential for transfer of radionuclides from these disposal sites off-site i.
Bio-accumulation of radioactivity in fish [] resulted in concentrations both in western Europe
and in the former Soviet Union that in many cases were significantly [ vague ] above guideline
maximum levels for consumption. The 55 Cs provides a sharp, maximal, data point in
radioactivity of the core sample at the depth, and acts as a date check on the depth of the 82 Pb
in the core sample. After the disaster, four square kilometres 1. The next generation appeared to
be normal. On farms in Narodychi Raion of Ukraine it is claimed that from to nearly animals
were born with gross deformities such as missing or extra limbs, missing eyes, heads or ribs,
or deformed skulls; in comparison, only three abnormal births had been registered in the five
years prior. In , Soviet medical teams conducted some 16, whole-body count examinations on
inhabitants in otherwise comparatively lightly contaminated regions with good prospects for

recovery. This was to determine the effect of banning local food and using only food imports on
the internal body burden of radionuclides in inhabitants. Concurrent agricultural
countermeasures were used when cultivation did occur, to further reduce the soil to human
transfer as much as possible. The expected highest body activity was in the first few years,
where the unabated ingestion of local food, primarily milk consumption, resulted in the transfer
of activity from soil to body; after the dissolution of the USSR, the now-reduced scale initiative
to monitor the human body activity in these regions of Ukraine, recorded a small and gradual
half-decadal-long rise, in internal committed dose , before returning to the previous trend of
observing ever lower body counts each year. This momentary rise is hypothesized to be due to
the cessation of the Soviet food imports together with many villagers returning to older dairy
food cultivation practices and large increases in wild berry and mushroom foraging, the latter of
which have similar peaty soil to fruiting body, radiocaesium transfer coefficients. In a paper, a
robot sent into the reactor itself returned with samples of black, melanin -rich radiotrophic fungi
that grow on the reactor's walls. Of the , wild boar killed in the hunting season in Germany,
approximately one thousand were contaminated with levels of radiation above the permitted
limit of becquerels of caesium per kilogram, of dry weight, due to residual radioactivity from
Chernobyl. The caesium contamination issue has historically reached some uniquely isolated
and high levels approaching 20, Becquerels of caesium per kilogram in some specific tests;
however, it has not been observed in the wild boar population of Fukushima after the accident.
In , long-term empirical data showed no evidence of a negative influence of radiation on
mammal abundance. On high ground, such as mountain ranges, there is increased precipitation
due to adiabatic cooling. This effect occurred on high ground in Norway and the UK. The
Norwegian Agricultural Authority reported that in a total of 18, livestock in Norway required
uncontaminated feed for a period before slaughter, to ensure that their meat had an activity
below the government permitted value of caesium per kilogram deemed suitable for human
consumption. This contamination was due to residual radioactivity from Chernobyl in the
mountain plants they graze on in the wild during the summer. The United Kingdom restricted
the movement of sheep from upland areas when radioactive caesium fell across parts of
Northern Ireland, Wales, Scotland, and northern England. In the immediate aftermath of the
disaster in , the movement of a total of 4,, sheep was restricted across a total of 9, farms, to
prevent contaminated meat entering the human food chain. Northern Ireland was released from
all restrictions in , and by , farms containing around , sheep remained under the restrictions in
Wales, Cumbria, and northern Scotland. The legislation used to control sheep movement and
compensate farmers farmers were latterly compensated per animal to cover additional costs in
holding animals prior to radiation monitoring was revoked during October and November , by
the relevant authorities in the UK. In the accident's aftermath, people suffered from acute
radiation sickness , of whom 31 died within the first three months. In September , the I. In
reporter Grigori Medvedev's book on the accident, there were a number of fishermen on the
reservoir a half-kilometer from the reactor to the east. With the exception of plant employee
Shashenock, injured by the blast and never fully regaining consciousness, all serious cases of
ARS were treated by the world specialist Dr. Robert Peter Gale , who documented a first of its
kind treatment. In the first few minutes to days, largely due to Np, a 2. Many of the surviving
firefighters, continue to have skin that is atrophied, spider veined with underlying fibrosis due
to experiencing extensive beta burns. The eventual medical report states that 28 people died
from acute radiation syndrome over the following days to months. The report says it represents
the consensus view of the eight UN organizations. Of all 66, Belarusian emergency workers, by
the mids their government reported that only roughly 0. The four most harmful radionuclides
spread from Chernobyl were iodine , caesium , caesium and strontium , with half-lives of 8. The
total ingested dose was largely from iodine and, unlike the other fission products, rapidly found
its way from dairy farms to human ingestion. Long term hazards such as caesium tends to
accumulate in vital organs such as the heart, [] while strontium accumulates in bones and may
thus be a risk to bone-marrow and lymphocytes. In adult mammals cell division is slow, except
in hair follicles, skin, bone marrow and the gastrointestinal tract, which is why vomiting and hair
loss are common symptoms of acute radiation sickness. By the year , the number of Ukrainians
claiming to be radiation 'sufferers' poterpili and receiving state benefits had jumped to 3. Many
of these are populations resettled from contaminated zones or former or current Chernobyl
plant workers. The World Health Organization states, "children conceived before or after their
father's exposure showed no statistically significant differences in mutation frequencies". The
two primary individuals involved with the attempt to suggest that the mutation rate among
animals was, and continues to be, higher in the Chernobyl zone, are the Anders Moller and
Timothy Mousseau group. In , geneticist colleagues Ronald Chesser and Robert Baker
published a paper on the thriving vole population within the exclusion zone, in which the central

conclusion of their work was essentially that "The mutation rate in these animals is hundreds
and probably thousands of times greater than normal". This claim occurred after they had done
a comparison of the mitochondrial DNA of the "Chernobyl voles" with that of a control group of
voles from outside the region. Following the accident, journalists mistrusted many medical
professionals such as the spokesman from the UK National Radiological Protection Board , and
in turn encouraged the public to mistrust them. In Greece, following the accident, many
obstetricians were unable to resist requests from worried pregnant mothers over fears of
radiation. Worldwide, an estimated excess of about , elective abortions may have been
performed on otherwise healthy pregnancies out of fears of radiation from Chernobyl,
according to Robert Baker and ultimately a article published by Linda E. The available statistical
data excludes the Sovietâ€”Ukraineâ€”Belarus abortion rates, as they are presently unavailable.
From the available data, an increase in the number of abortions in what were healthy developing
human offspring in Denmark occurred in the months following the accident, at a rate of about
cases. As no Chernobyl impacts were detected, the researchers conclude "in retrospect, the
widespread fear in the population about the possible effects of exposure on the unborn fetus
was not justified". In very high doses , it was known at the time that radiation could cause a
physiological increase in the rate of pregnancy anomalies, but unlike the dominant linear
no-threshold model of radiation and cancer rate increases, it was known, by researchers
familiar with both the prior human exposure data and animal testing, that the "Malformation of
organs appears to be a deterministic effect with a threshold dose " below which, no rate
increase is observed. When the vast amount of pregnancy data does not support this
perception as no women took part in the most radioactive liquidator operations, no in-utero
individuals would have been expected to have received a threshold dose. These findings may
be due to confounding factors or random chance; however, it is also possible that the doses
received by the children were larger than initially believed. The Chernobyl liquidators ,
essentially an all-male civil defense emergency workforce, would go on to father normal
children, without an increase in developmental anomalies or a statistically significant increase
in the frequencies of germline mutations in their progeny. A report by the International Atomic
Energy Agency examines the environmental consequences of the accident. Estimates of the
number of deaths that will eventually result from the accident vary enormously; disparities
reflect both the lack of solid scientific data and the different methodologies used to quantify
mortalityâ€”whether the discussion is confined to specific geographical areas or extends
worldwide, and whether the deaths are immediate, short term, or long term. In , thirty-one
deaths were directly attributed to the accident , all among the reactor staff and emergency
workers. In a peer-reviewed paper in the International Journal of Cancer in , the authors
expanded the discussion on those exposed to all of Europe but following a different conclusion
methodology to the Chernobyl Forum study, which arrived at the total predicted death toll of 4,
after cancer survival rates were factored in they stated, without entering into a discussion on
deaths, that in terms of total excess cancers attributed to the accident: []. The risk projections
suggest that by now [] Chernobyl may have caused about cases of thyroid cancer and cases of
other cancers in Europe, representing about 0. Models predict that by about 16, cases of thyroid
cancer and 25, cases of other cancers may be expected due to radiation from the accident,
whereas several hundred million cancer cases are expected from other causes. Two
anti-nuclear advocacy groups have publicized non-peer-reviewed estimates that include
mortality estimates for those who were exposed to even smaller amounts of radiation. Yet the
death rate from thyroid cancer has remained the same as prior to the technology. This is due to
the ingestion of contaminated dairy products, along with the inhalation of the short-lived, highly
radioactive isotope, Iodine It is important to note that there was no evidence of an increase in
solid cancers or leukemia. It said that there was an increase in psychological problems among
the affected population. According to the United Nations Scientific Committee on the Effects of
Atomic Radiation, up to the year , an excess of more than 6, cases of thyroid cancer had been
reported. That is, over the estimated pre-accident baseline thyroid cancer rate, more than 6,
casual cases of thyroid cancer have been reported in children and adolescents exposed at the
time of the accident, a number that is expected to increase. They concluded that there is no
other evidence of major health impacts from the radiation exposure. The report went into depth
about the risks to mental health of exaggerated fears about the effects of radiation. The IAEA
says that this may have led to behaviour that has caused further health effects. Fred Mettler
commented that 20 years later: "The population remains largely unsure of what the effects of
radiation actually are and retain a sense of foreboding. A number of adolescents and young
adults who have been exposed to modest or small amounts of radiation feel that they are
somehow fatally flawed and there is no downside to using illicit drugs or having unprotected
sex. To reverse such attitudes and behaviours will likely take years, although some youth

groups have begun programs that have promise. The number of potential deaths arising from
the Chernobyl disaster is heavily debated. The World Health Organization 's prediction of 4,
future cancer deaths in surrounding countries [] is based on the Linear no-threshold model LNT
, which assumes that the damage inflicted by radiation at low doses is directly proportional to
the dose. According to the Union of Concerned Scientists the number of excess cancer deaths
worldwide including all contaminated areas is approximately 27, based on the same LNT.
Another study critical of the Chernobyl Forum report was commissioned by Greenpeace, which
asserted that the most recently published figures indicate that in Belarus, Russia and Ukraine
the accident could have resulted in 10,â€”, additional deaths in the period between and Balonov
from the Institute of Radiation Hygiene in St. Petersburg, who described them as biased,
drawing from sources that were difficult to independently verify and lacking a proper scientific
base. Balanov expressed his opinion that "the authors unfortunately did not appropriately
analyze the content of the Russian-language publications, for example, to separate them into
those that contain scientific evidence and those based on hasty impressions and ignorant
conclusions". According to U. Nuclear Regulatory Commission member and Professor of Health
Physics Kenneth Mossman, [] the "LNT philosophy is overly conservative, and low-level
radiation may be less dangerous than commonly believed. Another significant issue is
establishing consistent data on which to base the analysis of the impact of the Chernobyl
accident. Since , large social and political changes have occurred within the affected regions
and these changes have had significant impact on the administration of health care, on
socio-economic stability, and the manner in which statistical data is collected. It is difficult to
establish the total economic cost of the disaster. While much of this has been returned to use,
agricultural production costs have risen due to the need for special cultivation techniques,
fertilizers and additives. Many Ukrainians viewed the Chernobyl disaster as another attempt by
Russians to destroy them, comparable to the Holodomor. Following the accident, questions
arose about the future of the plant and its eventual fate. All work on the unfinished reactors No.
However, the trouble at the Chernobyl plant did not end with the disaster in reactor No. The
Ukrainian government allowed the three remaining reactors to continue operating because of an
energy shortage in the country. In October , a fire broke out in the turbine building of reactor
No. Soon after the accident, the reactor building was quickly encased by a mammoth concrete
sarcophagus in a notable feat of construction under severe conditions. Crane operators worked
blindly from inside lead-lined cabins taking instructions from distant radio observers, while
gargantuan-sized pieces of concrete were moved to the site on custom-made vehicles. The
purpose of the sarcophagus was to stop any further release of radioactive particles into the
atmosphere, mitigate damage should the core go critical and explode, and provide safety for the
continued operations of adjacent reactors one through three. At first it was assumed that the
roof collapsed because of the weight of snow, however the amount of snow was not
exceptional, and the report of a Ukrainian fact-finding panel concluded that the collapse was the
result of sloppy repair work and aging of the structure. Experts warned the sarcophagus itself
was on the verge of collapse. In , the international Chernobyl Shelter Fund was founded to
design and build a more permanent cover for the unstable and short-lived sarcophagus. The
new shelter was named the New Safe Confinement and construction began in The New Safe
Confinement was completed in and slid into place over top the sarcophagus on 29 November.
Used fuel from units 1â€”3 was stored in the units' cooling ponds, and in an interim spent fuel
storage facility pond, ISF-1, which now holds most of the spent fuel from units 1â€”3, allowing
those reactors to be decommissioned under less restrictive conditions. Approximately 50 of the
fuel assemblies from units 1 and 2 were damaged and required special handling. Fuel transfers
to ISF-1 were completed in June A need for larger, longer-term radioactive waste management
at the Chernobyl site is to be fulfilled by a new facility designated ISF This facility is to serve as
dry storage for used fuel assemblies from units 1â€”3 and other operational wastes, as well as
material from decommissioning units 1â€”3 which will be the first RBMK units decommissioned
anywhere. In , after a significant part of the storage structures had been built, technical
deficiencies in the design concept became apparent. The new design was approved in , work
started in , and construction was completed in August ISF-2 is the world's largest nuclear fuel
storage facility, expected to hold more than 21, fuel assemblies for at least years. The project
includes a processing facility able to cut the RBMK fuel assemblies and to place the material in
canisters, to be filled with inert gas and welded shut. The canisters are then to be transported to
dry storage vaults , where the fuel containers will be enclosed for up to years. Expected
processing capacity is 2, fuel assemblies per year. The radioactive material consists of core
fragments, dust, and lava-like "fuel containing materials" FCM â€”also called " corium "â€”that
flowed through the wrecked reactor building before hardening into a ceramic form. Three
different lavas are present in the basement of the reactor building: black, brown, and a porous

ceramic. The lava materials are silicate glasses with inclusions of other materials within them.
The porous lava is brown lava that dropped into water and thus cooled rapidly. It is unclear how
long the ceramic form will retard the release of radioactivity. From to , a series of published
papers suggested that the self-irradiation of the lava would convert all 1, tonnes 1, long tons; 1,
short tons into a submicrometre and mobile powder within a few weeks. It has been reported
that the degradation of the lava is likely to be a slow, gradual process, rather than sudden and
rapid. Even today, radiation levels are so high that the workers responsible for rebuilding the
sarcophagus are only allowed to work five hours a day for one month before taking 15 days of
rest. In , Ukraine opened up the sealed zone around the Chernobyl reactor to tourists who wish
to learn more about the tragedy that occurred in During the dry seasons, a perennial concern is
forests that have been contaminated by radioactive material catching on fire. The dry conditions
and build-up of debris make the forests a ripe breeding ground for wildfires. In April , forest
fires spread through the exclusion zone reaching over 20, ha and caused an increase of
radiation resulting from release of caesium and strontium from the ground and biomass at
levels that were detectable by the monitoring network but did not pose any threat to human
health. The average dose of radiation for residents of Kyiv as a result of the fires was estimated
at 1 nSv. The plan calls for transforming the site into an ecologically safe condition by means of
stabilization of the sarcophagus followed by construction of a New Safe Confinement NSC. The
NSC was moved into position in November and is expected to be completed in late The main
goal of the CRDP's activities is supporting the Government of Ukraine in mitigating long-term
social, economic, and ecological consequences of the Chernobyl catastrophe. These funds
were divided among Ukraine, Belarus, and Russia, the three main affected countries, for further
investigation of health effects. As there was significant corruption in former Soviet countries,
most of the foreign aid was given to Russia, and no positive outcome from this money has been
demonstrated. In , it became known that the then-current Ukrainian government aimed to make
Chernobyl a tourist attraction. The Chernobyl accident attracted a great deal of interest.
Because of the distrust that many people [ who? Because of defective intelligence based on
satellite imagery, it was thought that unit number three had also suffered a dire accident. The
accident also raised concerns about the cavalier safety culture in the Soviet nuclear power
industry, slowing industry growth and forcing the Soviet government to become less secretive
about its procedures. In Italy, the Chernobyl accident was reflected in the outcome of the
referendum. As a result of that referendum, Italy began phasing out its nuclear power plants in ,
a decision that was effectively reversed in A referendum reiterated Italians' strong objections to
nuclear power, thus abrogating the government's decision of In Germany, the Chernobyl
accident led to the creation of a federal environment ministry, after several states had already
created such a post. The minister was given the authority over reactor safety as well, which the
current minister still holds as of [update]. In direct response to the Chernobyl disaster, a
conference to create a Convention on Early Notification of a Nuclear Accident was called in by
the International Atomic Energy Agency. The resulting treaty has bound signatory member
states to provide notification of any nuclear and radiation accidents that occur within its
jurisdiction that could affect other states, along with the Convention on Assistance in the Case
of a Nuclear Accident or Radiological Emergency. The Chernobyl, along with the space shuttle
Challenger disaster , the Three Mile Island accident , and the Bhopal disaster have been used
together as case studies, both by the US government and by third parties, in research
concerning the root causes of such disasters, such as sleep deprivation [] and mismanagement.
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