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COAL

America has more coal than any other fossil fuel resource. The United States also has more coal reserves than any other single country in the world. In fact, 1/4 of of all the known coal in the world is in the United States. The United States has more coal that can be mined than the rest of the world has oil that can be pumped from the ground.

Large coal deposits can be found in 38 of the 50 states.

	

	Coal-fired power plants like this one supply more than 1/2 of the electricity in the United States. 
	


Coal is used primarily in the United States to generate electricity. In fact, it is burned in power plants to produce more than half of the electricity we use. If your family uses an electric stove, you use about half a ton of coal a year. If your water heater is electric, you are using about two tons of coal a year. If you have an electric refrigerator, that's another half-ton a year. Even though you may never see coal, you use several tons of it every year!

The material that formed fossil fuels varied greatly over time as each layer was buried. [Read more about how coal was formed.] As a result of these variations and the length of time the coal was forming, several types of coal were created. Depending upon its composition, each type of coal burns differently and releases different types of emissions [You'll learn more about this in the later section Cleaning Up Coal].

The four types (or "ranks") of coal mined today are: anthracite, bituminous, subbituminous, and lignite.

· Lignite: The largest portion of the world's coal reserves is made up of lignite, a soft, brownish-black coal that forms the lowest level of the coal family. You can even see the texture of the original wood in some pieces of lignite that is found west of the Mississippi River in the United States. 

· Subbituminous: Next up the scale is subbituminous coal, a dull black coal. It gives off a little more energy (heat) than lignite when it burns. It is mined mostly in Montana, Wyoming and a few other western states. 

· Bituminous: Still more energy is packed into bituminous coal, sometimes called "soft coal." In the United States, it is found primarily east of the Mississippi River in midwestern states like Ohio and Illinois and in the Appalachian mountain range from Kentucky to Pennsylvania. 

· Anthracite: Anthracite is the hardest coal and gives off a great amount of heat when it burns. Unfortunately, in the United States, as elsewhere in the world, there is little anthracite coal to be mined. The U.S. reserves of anthracite are located primarily in Pennsylvania. 

Coal is not only our most abundant fossil fuel, it is also the one with perhaps the longest history. If you are interested in the early discovery and uses of coal...

The History of Coal Use 

	Skip ahead to:
Mining & Transport
Cleaning Up Coal

Go back to:
Coal - Introduction 


Coal is the most plentiful fuel in the fossil family and it has the longest and, perhaps, the most varied history. Coal has been used for heating since the cave man. Archeologists have also found evidence that the Romans in England used it in the second and third centuries (100-200 AD).

In the 1700s, the English found that coal could produce a fuel that burned cleaner and hotter than wood charcoal. However, it was the overwhelming need for energy to run the new technologies invented during the Industrial Revolution that provided the real opportunity for coal to fill Its first role as a dominant worldwide supplier of energy.

In North American, the Hopi Indians during the 1300s in what is now the U.S. Southwest used coal for cooking, heating and to bake the pottery they made from clay. Coal was later rediscovered in the United States by explorers in 1673. However, commercial coal mines did not start operation until the 1740s in Virginia.

The Industrial Revolution played a major role in expanding the use of coal. A man named James Watt invented the steam engine which made it possible for machines to do work previously done by humans and animals. Mr. Watt used coal to make the steam to run his engine.
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	In the 1800s, one of the primary uses of coal was to fuel steam engines used to power locomotives.


	


During the first half of the 1800s, the Industrial Revolution spread to the United States. Steamships and steam-powered railroads were becoming the chief forms of transportation, and they used coal to fuel their boilers.

In the second half of the 1800s, more uses for coal were found. During the Civil War, weapons factories were beginning to use coal. By 1875, coke (which is made from coal) replaced charcoal as the primary fuel for iron blast furnaces to make steel.

The burning of coal to generate electricity is a relative newcomer in the long history of this fossil fuel. It was in the 1880s when coal was first used to generate electricity for homes and factories.

Long after homes were being lighted by electricity produced by coal, many of them continued to have furnaces for heating and some had stoves for cooking that were fueled by coal.

Today we use a lot of coal, primarily because we have a lot of it and we know where it is in the United States. To find out more about how coal is mined....

Coal Mining and Transportation

	Skip ahead to:
Cleaning Up Coal

Go back to:
Coal - Introduction
History of Coal


In the centuries since early man learned the pieces of black rock he picked up on the ground would produce heat when burned, we have had to look for coal beyond the places where we could find it on the ground. One of the areas it was easiest to find was where it appeared as one of many layers of materials along the side of a hill.

	



	One type of mining, called "longwall mining", uses a rotating blade to shear coal away from the underground seam.
(Click on photo for larger version). 
	


Then we found we could follow the coal layer (seam) deeper and deeper into the ground. Some mining sites today in the United States may be close to 500 feet underground.

Mining is classified by the method needed to reach the coal seam. When the coal is found close to the Earth's crust and taking away the overlying layers of material is not too expensive, surface mining is used to remove the top layers of materials and expose the coal.

If coal is found in layers far from the surface, underground mining is the preferred technique. Vertical or slanted holes ("shafts") are cut down to the mining area underground for ventilation for the workers and for transporting the miners, equipment, and coal. Common types of underground mining are the drift, shaft, and slope mining methods.

In the mine, coal is loaded in small coal cars or on conveyor belts which carry it outside the mine to where the larger chunks of coal are loaded into trucks that take it to be crushed (smaller pieces of coal are easier to ship, clean, burn, etc.).

The crushed coal can then be sent by truck, ship, railroad, or barge. You may be surprised to know that coal can also be shipped by pipeline. Crushed coal can be mixed with oil or water (the mixture is called a slurry) and sent by pipeline to an industrial user.

COAL is our most abundant fossil fuel. The United States has more coal than the rest of the world has oil. There is still enough coal underground in this country to provide energy for the next 200 to 300 years.

But coal is not a perfect fuel.

	learn more about...
- How coal was formed
- How coal is mined


Trapped inside coal are traces of impurities like sulfur and nitrogen. When coal burns, these impurities are released into the air. While floating in the air, these substances can combine with water vapor (for example, in clouds) and form droplets that fall to earth as weak forms of sulfuric and nitric acid – scientists call it "acid rain."

There are also tiny specks of minerals – including common dirt – mixed in coal. These tiny particles don't burn and make up the ash left behind in a coal combustor. Some of the tiny particles also get caught up in the swirling combustion gases and, along with water vapor, form the smoke that comes out of a coal plant's smokestack. Some of these particles are so small that 30 of them laid side-by-side would barely equal the width of a human hair!

Also, coal like all fossil fuels is formed out of carbon. All living things - even people - are made up of carbon. (Remember - coal started out as living plants.) But when coal burns, its carbon combines with oxygen in the air and forms carbon dioxide. Carbon dioxide is a colorless, odorless gas, but in the atmosphere, it is one of several gases that can trap the earth's heat. Many scientists believe this is causing the earth's temperature to rise, and this warming could be altering the earth's climate (read more about the "greenhouse effect").

Sounds like coal is a dirty fuel to burn. Many years ago, it was. But things have changed. Especially in the last 20 years, scientists have developed ways to capture the pollutants trapped in coal before the impurities can escape into the atmosphere. Today, we have technology that can filter out 99 percent of the tiny particles and remove more than 95 percent of the acid rain pollutants in coal.

We also have new technologies that cut back on the release of carbon dioxide by burning coal more efficiently.

Many of these technologies belong to a family of energy systems called "clean coal technologies." Since the mid-1980s, the U.S. Government has invested more than $2 billion in developing and testing these processes in power plants and factories around the country. Private companies and State governments have been part of this program. In fact, they have contributed more than $4 billion to these projects.

The Clean Coal Technology Program 
The Clean Coal Technology Program began in 1985 when the United States and Canada decided that something had to be done about the "acid rain" that was believed to be damaging rivers, lakes, forests, and buildings in both countries. Since many of the pollutants that formed "acid rain" were coming from big coal-burning power plants in the United States, the U.S. Government took the lead in finding a solution.

One of the steps taken by the U.S. Department of Energy was to create a partnership program between the Government, several States, and private companies to test new methods developed by scientists to make coal burning much cleaner. This became the "Clean Coal Technology Program."

How do you make coal use cleaner? Actually there are several ways.

Take sulfur, for example. Sulfur is a yellowish substance that exists in tiny amounts in coal. In some coals found in Ohio, Pennsylvania, West Virginia and other eastern states, sulfur makes up from 3 to 10 percent of the weight of coal. For some coals found in Wyoming, Montana and other western states (as well as some places in the East), the sulfur can be only 1/100ths (or less than 1 percent) of the weight of the coal. Still, it is important that most of this sulfur be removed before it goes up a power plant's smokestack.
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	Although coal is primarily a mixture of carbon (black) and hydrogen (red) atoms, sulfur atoms (yellow) are also trapped in coal, primarily in two forms. In one form, the sulfur is a separate particle often linked with iron (green) with no connection to the carbon atoms, as in the center of the drawing. In the second form, sulfur is chemically bound to the carbon atoms, such as in the upper left. 


One way is to clean the coal before it arrives at the power plant. One of the ways this is done is by simply crushing the coal into small chunks and washing it. Some of the sulfur that exists in tiny specks in coal (called "pyritic sulfur " because it is combined with iron to form iron pyrite, otherwise known as "fool's gold) can be washed out of the coal in this manner. Typically, in one washing process, the coal chunks are fed into a large water-filled tank. The coal floats to the surface while the sulfur impurities sink. There are facilities around the country called "coal preparation plants" that clean coal this way.

Not all of coal's sulfur can be removed like this, however. Some of the sulfur in coal is actually chemically connected to coal's carbon molecules instead of existing as separate particles. This type of sulfur is called "organic sulfur," and washing won't remove it. Several process have been tested to mix the coal with chemicals that break the sulfur away from the coal molecules, but most of these processes have proven too expensive. Scientists are still working to reduce the cost of these chemical cleaning processes.

Most modern power plants — and all plants built after 1978 — are required to have special devices installed that clean the sulfur from the coal's combustion gases before the gases go up the smokestack. The technical name for these devices is "flue gas desulfurization units," but most people just call them "scrubbers" — because they "scrub" the sulfur out of the smoke released by coal-burning boilers.

How do scrubbers work?

Most scrubbers rely on a very common substance found in nature called "limestone." We literally have mountains of limestone throughout this country. When crushed and processed, limestone can be made into a white powder. Limestone can be made to absorb sulfur gases under the right conditions — much like a sponge absorbs water.

In most scrubbers, limestone (or another similar material called lime) is mixed with water and sprayed into the coal combustion gases (called "flue gases"). The limestone captures the sulfur and "pulls" it out of the gases. The limestone and sulfur combine with each other to form either a wet paste (it looks like toothpaste!), or in some newer scrubbers, a dry powder. In either case, the sulfur is trapped and prevented from escaping into the air.

The Clean Coal Technology Program tested several new types of scrubbers that proved to be more effective, lower cost, and more reliable than older scrubbers. The program also tested other types of devices that sprayed limestone inside the tubing (or "ductwork') of a power plant to absorb sulfur pollutants.

But what about nitrogen pollutants? That's another part of the Clean Coal story.

Knocking the NOx Out of Coal 

	    How NOx Forms
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	Air is mostly nitrogen molecules (green in the above diagram) and oxygen molecules (purple). When heated hot enough (around 3000 degrees F), the molecules break apart and oxygen atoms link with the nitrogen atoms to form NOx, an air pollutant. 


Nitrogen is the most common part of the air we breathe. In fact, about 80% of the air is nitrogen. Normally, nitrogen atoms float around joined to each other like chemical couples. But when air is heated — in a coal boiler's flame, for example — these nitrogen atoms break apart and join with oxygen. This forms "nitrogen oxides" — or, as it is sometimes called, "NOx" (rhymes with "socks"). NOx can also be formed from the atoms of nitrogen that are trapped inside coal.

In the air, NOx is a pollutant. It can cause smog, the brown haze you sometimes see around big cities. It is also one of the pollutants that forms "acid rain." And it can help form something called "groundlevel ozone," another type of pollutant that can make the air dingy.

NOx can be produced by any fuel that burns hot enough. Automobiles, for example, produce NOx when they burn gasoline. But a lot of NOx comes from coal-burning power plants, so the Clean Coal Technology Program developed new ways to reduce this pollutant.

One of the best ways to reduce NOx is to prevent it from forming in the first place. Scientists have found ways to burn coal (and other fuels) in burners where there is more fuel than air in the hottest combustion chambers. Under these conditions, most of the oxygen in air combines with the fuel, rather than with the nitrogen. The burning mixture is then sent into a second combustion chamber where a similar process is repeated until all the fuel is burned.

This concept is called "staged combustion" because coal is burned in stages. A new family of coal burners called "low-NOx burners" has been developed using this way of burning coal. These burners can reduce the amount of NOx released into the air by more than half. Today, because of research and the Clean Coal Technology Program, more than half of all the large coal-burning boilers in the United States will be using these types of burners. By the year 2000, more than 3 out of every four boilers will have been outfitted with these new clean coal technologies.

There is also a family of new technologies that work like "scubbers" (see the previous page) by cleaning NOx from the flue gases (the smoke) of coal burners. Some of these devices use special chemicals called "catalysts" that break apart the NOx into non-polluting gases. Although these devices are more expensive than "low-NOx burners," they can remove up to 90 percent of NOx pollutants.

But in the future, there may be an even cleaner way to burn coal in a power plant. Or maybe, there may be a way that doesn't burn the coal at all.

"Fluidizing" Pollutants out of Coal 
It was a wet, chilly day in Washington DC in 1979 when a few scientists and engineers joined with government and college officials on the campus of Georgetown University to celebrate the completion of one of the world's most advanced coal combustors.

It was a small coal burner by today's standards, but large enough to provide heat and steam for much of the university campus. But the new boiler built beside the campus tennis courts was unlike most other boilers in the world.

	 A Fluidized Bed Boiler
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	In a fluidized bed boiler, upward blowing jets of air suspend burning coal, allowing it to mix with limestone that absorbs sulfur pollutants. 


It was called a "fluidized bed boiler." In a typical coal boiler, coal would be crushed into very fine particles, blown into the boiler, and ignited to form a long, lazy flame. Or in other types of boilers, the burning coal would rest on grates. But in a "fluidized bed boiler," crushed coal particles float inside the boiler, suspended on upward-blowing jets of air. The red-hot mass of floating coal — called the "bed" — would bubble and tumble around like boiling lava inside a volcano. Scientists call this being "fluidized." That's how the name "fluidized bed boiler" came about.

Why does a "fluidized bed boiler" burn coal cleaner?

There are two major reasons. One, the tumbling action allows limestone to be mixed in with the coal. Remember limestone from a couple of pages ago (go back)? Limestone is a sulfur sponge — it absorbs sulfur pollutants. As coal burns in a fluidized bed boiler, it releases sulfur. But just as rapidly, the limestone tumbling around beside the coal captures the sulfur. A chemical reaction occurs, and the sulfur gases are changed into a dry powder that can be removed from the boiler. (This dry powder — called calcium sulfate — can be processed into the wallboard we use for building walls inside our houses.)

The second reason a fluidized bed boiler burns cleaner is that it burns "cooler." Now, cooler in this sense is still pretty hot — about 1400 degrees F. But older coal boilers operate at temperatures nearly twice that (almost 3000 degrees F). Remember NOx from the page before (go back)? NOx forms when a fuel burns hot enough to break apart nitrogen molecules in the air and cause the nitrogen atoms to join with oxygen atoms. But 1400 degrees isn't hot enough for that to happen, so very little NOx forms in a fluidized bed boiler.

The result is that a fluidized bed boiler can burn very dirty coal and remove 90% or more of the sulfur and nitrogen pollutants while the coal is burning. Fluidized bed boilers can also burn just about anything else — wood, ground-up railroad ties, even soggy coffee grounds. A hospital in Lebanon, Pennsylvania, is mixing old bandages, plastic syringes, and other medical wastes in with the coal and burning them safely.

Today, fluidized bed boilers are operating or being built that are 10 to 20 times larger than the small unit built almost 20 years ago at Georgetown University. There are more than 300 of these boilers around this country and the world. The Clean Coal Technology Program helped test one of these boilers in Colorado and another in Ohio. Power plants being built in Florida plan to use these systems.

	



	The Ohio Power Company built this advanced pressurized fluidized bed boiler near the town of Brilliant, OH, as part of a joint project with the U.S. Department of Energy.
(Click on photo for larger version.)




	


A new type of fluidized bed boiler makes a major improvement in the basic system. It encases the entire boiler inside a large pressure vessel, much like the pressure cooker used in homes for canning fruits and vegetables — except the ones used in power plants are the size of a small house! Burning coal in a "pressurized fluidized bed boiler" produces a high-pressure stream of combustion gases that can spin a gas turbine to make electricity, then boil water for a steam turbine — two sources of electricity from the same fuel!

A "pressurized fluidized bed boiler" is a more efficient way to burn coal. In fact, future boilers using this system will be able to generate 50% more electricity from coal than a regular power plant from the same amount of coal. That's like getting 3 units of power when you used to get only 2. Because it uses less fuel to produce the same amount of power, a more efficient "pressurized fluidized bed boiler" will reduce the amount of carbon dioxide (a greenhouse gas) released from coal-burning power plants.

"Pressurized fluidized bed boilers" are one of the newest ways to burn coal cleanly. But there is another new way that doesn't actually burn the coal at all.

The Cleanest Coal Technology — a Real Gas! 
Don't think of coal as a solid black rock. Think of it as a mass of atoms. Most of the atoms are carbon. A few are hydrogen. And there are some others, like sulfur and nitrogen, mixed in. Chemists can take this mass of atoms, break it apart, and make new substances — like gas!

	



	One of the most advanced - and cleanest - coal power plants in the world is the Piñon Pine plant near Reno, Nevada. Rather than burning coal, it turns coal into a gas that can be cleaned of almost all pollutants.
(Click on photo for larger version.) 
	


How do you break apart the atoms of coal? You may think it would take a sledgehammer, but actually all it takes is water and heat. Heat coal hot enough inside a big metal vessel, blast it with steam (the water), and it breaks apart. Into what?

The carbon atoms join with oxygen that is in the air (or pure oxygen can be injected into the vessel). The hydrogen atoms join with each other. The result is a mixture of carbon monoxide and hydrogen — a gas.

Now, what do you do with the gas?

You can burn it and uses the hot combustion gases to spin a gas turbine to generate electricity. The exhaust gases coming out of the gas turbine are hot enough to boil water to make steam that can spin another type of turbine to generate even more electricity. But why go to all the trouble to turn the coal into gas if all you are going to do is burn it?

A major reason is that the impurities in coal — like sulfur, nitrogen and many other trace elements — can be almost entirely filtered out when coal is changed into a gas (a process called gasification). In fact, scientists have ways to remove 99.9% of the sulfur and small dirt particles from the coal gas. Gasifying coal is one of the best ways to clean pollutants out of coal.

Another reason is that the coal gases — carbon monoxide and hydrogen — don't have to be burned. They can also be used as valuable chemicals. Scientists have developed chemical reactions that turn carbon monoxide and hydrogen into everything from liquid fuels for cars and trucks to plastic toothbrushes!

Today, in Tampa, Florida, Terre Haute, Indiana, and Reno, Nevada, there are power plants generating electricity by gasifying coal, rather than burning it. At a plant in Kingsport, Tennessee, coal gas is being used to make plastic for photographic film and to make methanol (a fuel that can be burned in automobile engines).

Coal gasification could be one of the most promising ways to use coal in the future to generate electricity and other valuable products. Yet, it is only one of an entirely new family of energy processes called "Clean Coal Technologies" — technologies that can make fossil fuels future fuels.

Oil keeps our country moving. Almost our entire transportation fleet – our cars, trucks, trains and airplanes – depends on fuels made from oil. Lubricants made from oil keep the machinery in our factories running. The fertilizer we use to grow our food is made from oil. We make plastics from oil. It is quite likely that the toothbrush you used this morning, the plastic bottle that holds your milk, and the plastic ink pen that you write or draw with are all made from oil.

In fact, we use more oil in the United States than any other form of energy. Oil supplies 40 percent of all the energy this country consumes.
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	The amount of oil the world uses in a year would fill a lake 10 miles long, 9 miles wide and 60 feet deep. 
	


Imagine a lake 10 miles long, 9 miles wide and 60 feet deep. Fill that lake with oil. That would be about as much oil as the entire world uses in one year. The United States would use about 1/4 of it.

The problem that the United States cannot produce enough oil to satisfy our needs. In fact, today, only about half the oil consumed in the United States is actually produced in the United States. The rest is pumped from oil fields in other countries and sold to the United States. We spend billions of dollars a year to buy oil from other countries.

The second problem is that the oil fields in the United States are among some of the oldest fields still producing in the world. Some have been pumping for 50 years or more. Most of the easiest oil has already been pumped out.

You will read later in this section that there is still a lot of oil left in the ground. In fact, for every one barrel of oil we produce, we leave two barrels behind. In the history of oil fields in this country – a history stretching back almost 150 years – we have produced almost 175 billion barrels of oil. But there are more than 350 billion barrels of oil remaining in the ground that we know exist. Perhaps there are billions more in fields yet to be discovered. But this oil is hard to find and even harder to produce.

If we can find a way to locate and produce more of this oil, the United States won't have to buy as much from other countries. This section of our Web Site describes some of the ways being developed to find and produce some of the untapped energy wealth still under the ground.

But first, we should examine a little of the history of oil.

The History of Oil 

	Skip ahead to:
Looking Down an Oil Well

Go back to:
Oil - General 


Around 300 B.C., Alexander the Great supposedly used burning oil or "petroleum" to frighten the war elephants of his enemies.

Marco Polo during his trips in the 13th Century recorded oil seeping from underground in the Caspian Sea region. Inscriptions found by archeologists indicate that oil and asphalt (a hard form of oil) were even used in 4000 B.C. in this area. Asphalt was also used by the ancient Egyptians to embalm mummies.

Ruins of early ships found by archeologists indicate that those vessels were caulked (cracks sealed to keep water out) with a form of asphalt, sometimes called bitumen or pitch.

In what is now the United States, petroleum was reported by Juan Rodriquez, a Spanish explorer, in 1542 near Santa Barbara, California. Oil residues from surface seepages near Nacogdoches, Texas, were used to repair the boats of the DeSoto expedition in 1593.

	



	The U.S.'s first commercial oil well was drilled in 1859 near Titusville, Pennsylvania, by Edwin Drake, in top hat.
(Click on photo for larger version.) 
	


Today's oil industry actually began almost 150 years ago -- in 1859. In those days, an oily fuel for lamps and lubricants was made by melting the fact of whales. But whale oil had become expensive. A company called the Pennsylvania Rock Oil Company became interested in digging for natural oil. Oily rocks had been encountered in Pennsylvania by people drilling for salt. At first, this "rock oil" had been used as a medicine, but if enough of it could be found, perhaps it might be a cheaper substitute for whale oil.

Digging huge pits, however, was a time-consuming, expensive operation, so the Pennsylvania Rock Oil Company came up with the idea of drilling for oil. Not everyone was convinced, however. One banker who was asked to lend some of the money for the venture remarked, "Oil coming out of the ground, pumping oil out of the earth as you pump water? Nonsense!"

But the Pennsylvania Rock Oil Company was convinced that drilling for oil -- rather than digging for it -- was the way to go. They hired a part-time railroad conductor named Edwin L. Drake to go to Titusville, Pennsylvania and see if he couldn't drill for oil. (Some books call him "Colonel" Drake, but he invented that title only to impress the local townspeople.)

Drake spent almost a year -- from 1858 to 1859 -- getting the money and building the equipment (including a steam engine) he needed to drill. In the spring of 1859, he built the derrick and started to drill. It was slow going. The investors became nervous, and late that summer, they sent a letter to Drake directing that he cease operations, pay off his debts, and give up.

	



	Within a couple of years of Edwin Drake's discovery of oil in Pennsylvania, America's oil industry was booming as this photo of Pioneer Run Creek in Pennsylvania shows.
(Click on photo for larger version.) 
	


The letter was slow in arriving at Titusville. Before he got it, Drake had drilled about 69 feet. Then, the drill dropped into an underground crevice and abruptly slid down another 6 inches. Work stopped, but the next day one of the Drakes employees went out to check the drill rig. He peered down into the pipe that had been left in the hole. There, floating on top of water in the pipe, was oil. Drake had struck oil. A new industry was born.

Today, in the United States, the oil industry employs more than 300,000 workers. More than 8,000 companies produce oil in the United States. Oil flows from reservoirs underneath more than 30 States.

But in the almost 150 years since Edwin L. Drake drilled the very first U.S. oil well, a lot of oil fields have gone dry. Very little oil, for example, is still produced in Pennsylvania where the industry was born. In places like Texas, Oklahoma, Louisiana, and California, oil fields continue to produce millions of barrels of oil each day. But even these fields are slowing down.

That doesn't mean we are running out of oil, however. It means that we are running out of "easy" oil. There is still more oil left in fields that have been pumping for 20,30 or even 50 years. To find out the new ways being developed to produce this oil, we must be able to look down an oil well....

OIL — Ever wonder what oil looks like underground, down deep, hundreds or thousands of feet below the surface, buried under millions of tons of rock and dirt?

If you could look down an oil well and see oil where Nature created it, you might be surprised. You wouldn't see a big underground lake, as a lot of people think. Oil doesn't exist in deep, black pools. In fact, an underground oil formation - called an "oil reservoir" - looks very much like any other rock formation. It looks a lot like...well, rock.
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	When reservoir rock is magnified, the tiny pores that contain trapped oil droplets can be seen. 
	


Oil exists underground as tiny droplets trapped inside the open spaces, called "pores," inside rocks. The "pores" and the oil droplets can be seen only through a microscope. The droplets cling to the rock, like drops of water cling to a window pane.

How do oil companies break these tiny droplets away from the rock thousands of feet underground? How does this oil move through the dense rock and into wells that take it to the surface? How do the tiny droplets combine into the billions of gallons of oil that the United States and the rest of the world use each day?

Squeezing Oil out of Rocks 
Imagine trying to force oil through a rock. Can't be done, you say? Actually, it can.

In fact, oil droplets can squeeze through the tiny pores of underground rock on their own, pushed by the tremendous pressures that exist deep beneath the surface. How does this happen?

Imagine a balloon, blown up to its fullest. The air in the balloon is under pressure. It wants to get out. Stick a pin in the balloon and the air escapes with a bang!

Oil in a reservoir acts something like the air in a balloon. The pressure comes from millions of tons of rock lying on the oil and from the earth's natural heat that builds up in an oil reservoir and expands any gases that may be in the rock. The result is that when an oil well strikes an underground oil reservoir, the natural pressure is released - like the air escaping from a balloon. The pressure forces the oil through the rock and up the well to the surface.

If there are fractures in the reservoir -- fractures are tiny cracks in the rock -- the oil squeezes into them. If the fractures run in the right direction toward the oil well, they can act as tiny underground "pipelines" through which oil flows to a well.

Oil producers need to know a lot about an oil reservoir before they start drilling a lot of expensive wells. They need to know about the size and number of pores in a reservoir rock. They need to know how fast oil droplets will move through these pores. They need to know where the natural fractures are in a reservoir so that they know where to drill their wells.

	[image: image12.png]




	Modern-day oil prospecters use sound waves to locate oil. In one technique, (1) a signal is sent into the rock by a vibrator turck, (2) the reflected waves are received by geophones, and (3) the data is transmitted to a laboratory truck.
Animation courtesy of Elf Aquitaine. 
	


Today, scientists have invented many new ways to learn about the characteristics of an oil reservoir. They have developed ways to send sound waves through reservoir rock. Sound waves travel at different speeds through different types of rocks. By listening to soundwaves using devices called "geophones," scientists can measure the speed at which the sound moves through the rock and determine where there might be rocks with oil in them.

Scientists also measure how electric current moves through rock. Rocks with a lot of water in the tiny pores will conduct electricity better than rocks with oil in the pores. Sending electric current through the rock can often reveal oil-bearing rocks.

Finally, oil companies will look at the rocks themselves. An exploratory well will be drilled, rock samples, called "cores," will be brought to the surface. Scientists will look at the core samples under a microscope. Often they can see tiny oil droplets trapped inside the rock.

When companies are convinced that they have found the right kind of underground rock formation that is likely to contain oil, they begin drilling production wells. When the wells first hit the reservoir, some of the oil begins coming to the surface immediately.

Many years ago, when oil field equipment wasn't very good, it was sometimes difficult to prevent the oil from spurting hundreds of feet out the ground. This was called a "gusher." Today, however, oil companies install special equipment on their wells called "blowout preventors," that prevent "gushers", like putting a cork in a bottle.

When a new oil field first begins producing oil, Nature does most of the work. The natural pressures in the reservoir force the oil through the rock pores, into fractures, and up production wells. This natural flow of oil is called "primary production." It can go on for days or years. But after a while, an oil reservoir begins to lose pressure, like the air leaving a balloon. The natural oil flow begins dropped off, and oil companies use pumps (like the drawing at the very top of the page) to bring the oil to the surface.

In some fields, natural gas is produced along with the oil. In some cases, oil companies separate the gas from the oil and inject it back into the reservoir. Like putting air back into a balloon, injecting natural gas into the underground reservoir keeps enough pressure in the reservoir to keep oil flowing.

Eventually, however, the pressure drops to a point where the oil flow, even with pumps and gas injection, drops off to a trickle. Yet, there is actually a lot of oil left in the reservoir. How much? In many reservoirs, as many as 3 barrels can be left in the ground for every 1 barrel that is produced. In other words, if oil production stopped after "primary production," almost 3/4ths of the oil would be left behind!

That's why oil producers often turn to "secondary recovery" processes to squeeze some of this remaing oil out of the ground. What are "secondary recovery" processes? 

Washing More Oil from Rocks 
A lot of oil can be left behind after "primary production." Often, it is clinging tightly to the underground rocks, and the natural reservoir pressure has dwindled to the point where it can't force the oil to the surface.

Imagine spilling a can of oil on the concrete floor of a garage. Some of it can be wiped up. But the thin film of oil that's left on the floor is much more difficult to remove. How would you clean up this oil?

The first thing you might do is get out a garden hose and spray the floor with water. That would wash away some of the oil. That's exactly what oil producers do in an oil reservoir. They drill wells called "injection wells" and use them like gigantic hoses to pump water into an oil reservoir. The water washes some of the remaining oil out of the rock pores and pushes it through the reservoir to production wells. The process is called "waterflooding." 

How effective is waterflooding?

Let's assume that an oil reservoir had 10 barrels of oil in it at the start (an actual reservoir can have millions of barrels of oil). This is called "original oil in place." Of those original 10 barrels, primary production will produce about two and a half barrels (2½). "Waterflooding" will produce another one-half to one barrel.

That means that in our imaginary oil reservoir of 10 barrels, there will still be 6½ to 7 barrels of oil left behind after primary production and waterflooding are finished. In other words, for every barrel of oil we produce, we will leave around 2 barrels behind in the ground.

That is the situation faced by today's oil companies. In the history of the United States oil industry, more than 160 billion barrels of oil have been produced. But more than 330 billion barrels have been left in the ground. Unfortunately, we don't yet know how to produce most of this oil.

Petroleum scientists are working on ways to produce this huge amount of remaining oil. Several new methods look promising. Oil companies, in the future, might use a family of chemicals that act like soap to wash out some of the oil that's left behind. Or possibly, they might grow tiny living organisms in the reservoir, called microbes, that can help free more oil from reservoir rock. Sound interesting? 

Soap, Bugs and Other Ways to Produce Oil 
Remember the oil spilled on the garage floor in the previous page? Washing it with water would only remove some of the oil. There would still be a black, oily stain on the floor. How would you get that oil up?

You would probably add some soap to the water — perhaps some detergent that you use in a washing machine. That would help wash away a little more of the oil. Oil researchers are studying ways to inject chemicals similar to detergents into an oil reservoir. The researchers call these chemicals "surfactants." Surfactants keep the tiny oil droplets from clinging to the rock much like a soapy film keeps water droplets from clinging to the side of a glass.
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	Steam is injected into many oil fields where the oil is thicker and heavier than normal crude oil. 
	


Temperature can also be important in freeing oil from underground reservoirs. In some oil reservoirs -- in much of California, for example -- the oil is thicker and heavier. It hardly flows out of a jar, much less out of an oil reservoir. But if the oil is heated, it becomes thinner and more slippery. To heat heavy oil in a reservoir, oil companies boil water in huge pressure vessels on the surface and send the steam down wells. The steam works its way through the oil reservoir, heating the oil and making it easier to pump to the surface.

Another way to free trapped oil is to inject carbon dioxide. Some carbon dioxide exists naturally underground, and companies often pump it out of the ground, then back in to oil reservoirs to help produce more oil. Carbon dioxide is also given off when anything burns. Many power plants that produce our electricity burn coal, natural gas and other fuels. These plants produce large amounts of carbon dioxide as do factories. Even you produce carbon dioxide when you breathe. It would be very hard to capture the carbon dioxide of every breathing person, but it may be possible in the future to capture carbon dioxide from big power plants or factories. This carbon dioxide can be injected into an oil reservoir to mix with the oil, break it away from the underground rock, and push it toward oil wells.
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	Microbes inside an oil drop. The average size of these single cell organisms is about 25,000ths of an inch. 
	


Still another technique being studied uses microscopic organisms called "microbes." Even though some scientists jokingly call these tiny microbes "bugs," they really don't have heads or legs or bodies. Instead, they are more like bacteria — tiny, single-cell organisms that can grow and multiply inside the rocks deep within oil reservoirs.

How can microbes be used to produce more oil? Actually, several ways. Some microbes can feed on nutrients in a reservoir and release gas as part of their digestive process. The gas collects in the reservoir, like air inside a balloon, building up pressure that can force more oil droplets out of the rock pores and toward oil wells. To get microbes to grow and multiply fast enough, oil scientists are testing ways to inject nutrients, or food, for the microbes into a reservoir.

Microbes can also be used to block off portions of a reservoir. After many years of waterflooding, most of the water eventually finds the easiest path through the oil reservoir. Oil trapped in the rocks along that path is washed out of the reservoir, but oil in other parts of the reservoir may be left untouched. To send the water to other parts of the reservoir, scientists mix microbes, along with food for the microbes, into the waterflood. As the microbes move along with the water, they injest the food, grow and multiply. Eventually, enough microbes are created to block off the tiny passageways. Now, scientists can inject fresh water and send it to portions of the reservoir that haven't been swept clean by the earlier waterflood, and more oil can be produced.

Scientists are also developing new chemicals called "polymers" that can help produce more oil. A "polymer" is long chain of atoms joined together in one large molecule. The molecule is small enough to fit through the pores of a reservoir rock, but large enough to break loose an oil droplet. In fact, scientists are developing a special type of polymer that performs two functions: one end of the molecule acts like a microscopic "sledgehammer" to break loose the oil droplet, while the other end acts like a surfactant (see above) to keep the oil sliding through the rock to an oil well.

All of these techniques show promise, but all add costs to the oil production process. Not every technique can be used in every oil reservoir. Some are better than others. But even if some, or all, of these techniques are proven to be practical, they won't get out all of the oil remaining in a reservoir.

In fact, the very best methods being tested today will allow oil companies to produce only half to, in some cases, three-fourths of the oil in a reservoir. It may not be possible to get the rest of the oil out. But even getting this amount of additional oil out of our oil fields can be very important for our energy future. 

And who knows? Someday, scientists might find a way to get even more of the vast quantities of oil that we leave behind today down at the bottom of oil wells.
Natural Gas:  It is colorless, shapeless, and in its pure form, odorless.

For many years, it was discarded as worthless. Even today, some countries (although not the United States) still get rid of it by burning it in giant flares, so large they can be seen from the Space Shuttle. Yet, it is one of the most valuable fuels we have.

Natural gas is made up mainly of a chemical called methane, a simple, compound that has a carbon atom surrounded by four hydrogen atoms. Methane is highly flammable and burns almost completely. There is no ash and very little air pollution.

Natural gas provides one-fifth of all the energy used in the United States. It is especially important in homes, where it supplies nearly half of all the energy used for cooking, heating, and for fueling other types of home appliances.

Because natural gas has no odor, gas companies add a chemical to it that smells a little like rotten eggs. The odor makes it easy to smell if there is a gas leak in your house.

	  Where We Find Natural Gas [image: image15.png]




	These are the areas of the United States and Canada where natural gas formations are found. 
	


The United States has a lot of natural gas, enough to last for at least another 60 years and probably a lot longer. Our neighbor to the north, Canada, also has a lot of gas, and some gas pipelines that begin in Canada run into the United States.

The United States is looking for more ways to use gas, largely because it is easy to pipe from one location to another and because it burns very cleanly. More and more, we are using gas in power plants to generate electricity. Factories are using more gas, both as a fuel and as an ingredient for a variety of chemicals.

While natural gas is plentiful, there is still some uncertainty about how much it will cost to get it out of the ground in the future. Like oil, there is "easy" gas that can be produced from underground formations, and there is gas that is not so easy. If we can find better and cheaper ways to find more of the "easy" gas and produce some of the more difficult gas, we can rely increasingly on natural gas in the future.

Before we explore ways to do that, let's look back briefly at the history of natural gas. 

The History of Natural Gas 
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	One of the earliest uses of natural gas was to fuel street lights in the 1800s. 
	


The ancient "eternal fires" in the area of present day Iraq that were reported in Plutarch's writings around 100 to 125 A.D. probably were from natural gas escaping from cracks in the ground and ignited by lightning.

In 1821 in Fredonia, New York, William A. Hart drilled a 27 foot deep well in an effort to get a larger flow of gas from a surface seepage of natural gas. This was the first well intentionally drilled to obtain natural gas.

For most of the 1800s, natural gas was used almost exclusively as a fuel for lamps. Because there were no pipelines to bring gas into individual homes, most of the gas went to light city streets. After the 1890s, however, many cities began converting their street lamps to electricity. Gas producers began looking for new markets for their product.

In 1885, Robert Bunsen invented a burner that mixed air with natural gas. The "Bunsen burner" showed how gas could be used to provide heat for cooking and warming buildings.

It took the construction of pipelines to bring natural gas to new markets. Although one of the first lengthy pipelines was built in 1891 -it was 120 miles long and carried gas from fields in central Indiana to Chicago - there were very few pipelines built until after World War II in the 1940s.

Improvements in metals, welding techniques and pipe making during the War made pipeline construction more economically attractive. After World War II, the nation began building its pipeline network. Throughout the 1950s and 1960s, thousands of miles of pipeline were constructed throughout the United States. Today, the U.S. pipeline network, laid end-to-end, would stretch to the moon and back twice.

How Natural Gas is Produced

	Go Back To:
Gas - General
History of Natural Gas


Natural gas is, in many ways, the ideal fossil fuel. It is clean, easy to transport, and convenient to use. Industrial users use almost half of the gas produced in the U.S. A large portion is also used in homes for heating, lighting, and cooking. However, there are limits on how much natural gas we can find and get out of the ground with today's technologies.
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	Natural gas from underground formations flows through pipes on the surface sometimes called a "Christmas Tree." 
Photo: NGSA 
	


Researchers are continuing to study about how natural gas was formed and where it has collected within the earth's crust. They have found that gas is not only found in pockets by itself but in many cases, with oil. Often, both oil and gas flow to the surface from the same underground formation.

Like oil production, some natural gas flows freely to wells because the natural pressure of the underground reservoir forces the gas through the reservoir rocks. These types of gas wells require only a ""Christmas tree", or a series of pipes and valves on the surface, to control the flow of gas.

Only a small number of these free-flowing gas formations still exist in many U.S. gas fields, however. Almost always, some type of pumping system will be required to extract the gas present in the underground formation. 
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	A "horse head" pump.
Source: API 
	


One of the most common is the "horse head" pump (see photo) which rocks up and down to lift a rod in and out of a well bore, bringing gas and oil to the surface. 

Often, the flow of gas through a reservoir can be improved by creating tiny cracks in the rock, called "fractures," that serve as open pathways for the gas to flow. In a technique called "hydraulic fracturing," drillers force high pressure fluids (like water) into a formation to crack the rock. A "propping agent", like sand or tiny glass beads, is added to the fluid to prop open the fractures when the pressure is decreased.

Natural gas can be found in a variety of different underground formations, including:

1. shale formations, 

2. sandstone beds, 

3. coal seams, and 

4. deep, salt water aquifers (underground ponds of water). 

Some of these formations are more difficult and more expensive to produce than others, but they hold the potential for vastly increasing the nation's available gas supply. 

The Department of Energy is funding research into how to obtain and use gas from these sources. Some of the work has been in Devonian shales, which are rock formations of organic rich clay where gas has been trapped. Dating back nearly 350 million years (to the Devonian Period), these black or brownish shales were formed from sediments deposited in the basins of inland seas during the erosion that formed the Appalachian Mountains.

Devonian shale actually gave birth to the natural gas industry in this country. The first commercial natural gas well was drilled into a shale formation in New York. It produced only a few thousand cubic feet of gas per day for 35 years, but it heralded a new energy source.

Other sources of unconventional gas include "tight sand lenses". These deposits are called "tight" because the holes that hold the gas in the sandstone are very small. It is hard for the gas to flow through these tiny spaces. To get the gas out, drillers must first crack the dense rock structure to create ribbon-thin passageways through which the gas can flow.

Coalbed methane gas that is found in all coal deposits was once regarded as only a safety hazard to miners but now, due to research, is viewed as a valuable potential source of gas.

Department funded scientists are studying the causes of a type of gas, called methane hydrate, found in deep ocean beds or in cold areas of the world, such as the North Slope of Alaska or Siberia in Russia. A methane hydrate is a tiny cage of ice, inside of which are trapped molecules of natural gas.

Research is also continuing on a theory that gas pockets that were not formed from decaying matter but were formed during the creation of the Earth may be found deep in the ground.

Once natural gas is produced from underground rock formations, it is sent by pipelines to storage facilities, then by smaller pipes to homes and factories.

So the next time, you see the blue flame on top of the kitchen stove, remember that the natural gas that is being burned likely came from an underground rock formation hundreds if not thousands of miles away.

Glossary 

ANTHRACITE: A hard, jet black substance with a high luster. It is the highest rank of coal, almost purely carbon. It is primarily mined in northeast Pennsylvania.

ASSOCIATED GAS: Gas combined with oil. Known also as gas cap gas and solution gas, it provides the force (also called the drive mechanism) needed to force oil to the surface of a well. Associated gas is normally present in an oil reservoir in the early stages of production.

BARREL: The standard unit of measure of liquids in the oil industry; it contains 42 U.S. standard gallons.

BASIN: A depression of the earth's surface into which the sediments that can form oil and natural gas are deposited; a broad area of the earth beneath which layers of rock are inclined, usually from the sides toward the center.

BITUMINOUS COAL: Most common type of solid fossil fuel. It is soft, dense, and black with well defined bands of bright and dull material. It is mined chiefly east of the Mississippi River.

BLOWOUT: An uncontrolled flow of gas, oil, or other fluids from a well into the air. A well may blow out when pressure deep in the reservoir exceeds the weight of the column of drilling fluid inside the well hole.

BLOWOUT PREVENTER: A special assembly of heavy-duty valves installed on top of a well which can be closed to prevent high-pressure oil or gas from escaping (a blowout) from the well hole during drilling operations.

BOILER: A tank in which water is heated by burning a fuel like coal, natural gas, or oil to produce steam for spinning a steam turbine to generate electricity or for use in a variety of industrial manufacturing processes.

BOREHOLE: The hole in the earth made by the drill; the uncased drill hole from the surface to the bottom of the well.

Btu (BRITISH THERMAL UNIT): A standard unit for measuring the quantity of heat required to raise the temperature of 1 pound of water by 1 degree F.

CARBON DIOXIDE: A colorless, odorless gas that is produced when animals (including humans) breathe or when carbon-containing materials (including fossil fuels) are burned. Carbon dioxide is essential to the photosynthesis process that sustains plant and animal life, however, it can accummulate in the air and trap heat near the Earth's surface (the "greenhouse effect").

CASING: Steel pipe used in oil wells to seal off fluids in the rocks from the bore hole and to prevent the walls of the hole from caving.

CLEAN COAL TECHNOLOGIES: New ways to burn or use coal that significantly reduce the release of pollutants and offer greater environmental protection and, often, better economic performance than older coal technologies.

COAL: A black or brownish-black solid combustive substance formed by the partial decomposition of vegetable matter without access to air.

COKE: A hard, dry carbon substances produced by heating coal to a very high temperature in the absence of air. Coke is used in the manufacture of iron and steel.

COMBUSTOR: The part of a boiler or a turbine in which fuel is burned. 

CRUDE OIL: Unrefined petroleum that reaches the surface of the ground in a liquid state.

DIRECTIONAL DRILLING: The technique of drilling at an angle from the vertical by deflecting the drill bit. Directional wells are often drilled to reach an oil- or gas-bearing reservoir where drilling cannot be done, such as beneath a shipping lane in the ocean. Directional drilling is being used increasingly to intersect reservoirs at angles that exposes more of the rock to the wellbore and increases the amount of oil or gas that flows into the well.

DRAGLINE: A coal mining machine that uses a bucket operated and suspended by lines or cables, one of which lowers the bucket from the boom; the other, from which the name of the machine is derived, allows the bucket to swing out from the machine or to be dragged toward the machine to remove the ground above a coal seam (called overburden).

DRILL CUTTINGS: Chips and small fragments of drilled rock that are brought to the surface by the flow of the drilling mud as it is circulated.

DRILL PIPE: Heavy, thich walled, hollow steel pipe used in rotary drilling to turn the drill bit and to provide a conduit for the drilling mud.

DRILLING MUD: A special mixture of clay, water, or refined oil, and chemical additives pumped downhole through the drill pipe and drill bit. The mud cools the rapidly rotating bit; lubricates the drill pipe as it turns in the well bore; carries rock cuttings to the surface; serves as a plaster to prevent the wall of the borehole from crumbling or collapsing; and provides the weight or hydrostatic head to prevent extraneous fluids from entering the well bore and to control downhole pressures that may be encountered.

DRY HOLE: A well drilled to a certain depth without finding commercially exploitable hydrocarbons.

DRY GAS: Natural gas from the well that is free of liquid hydrocarbons; gas that has been treated to remove all liquids making it suitable for shipping in a pipeline.

ELECTROSTATIC PRECIPITATOR: An electrically charged device for removing fine particles (fly ash) from combustion gases prior to the release from a power plant's stack. The device passes combustion gases through positively and negatively charged plates that attract the tiny particles using static electricity.

EXPLORATION: The process of searching for minerals, like oil and gas, before development and production. Exploration activities include (1) geophysical surveys, (2) drilling to locate an oil or gas reservoir, and (3) the drilling of additional wells after a discovery to determine the boundaries of an underground reservoir. It enables an oil or gas company to determine whether to proceed with development and production.

FLUIDIZED BED COMBUSTION: An advanced way of burning crushed coal (or other fuels) by suspending the coal on a upward stream of hot air. In the fluid-like mixing process, limestone can be injected into the "bed" (floating layer) of coal to absorb sulfur pollutants before they can escape out the smokestack. The mixing process also lowers the temperature of the burning coal below the point where nitrogen oxides, another pollutant, are formed.

FOSSIL FUEL: Any naturally occurring fuel of an organic nature formed by the decomposition of plants or animals; includes coal, natural gas, and petroleum.

FIELD: A geographical area in which one or more oil or gas wells produce. A single field may include several reservoirs separated either horizontally or vertically.

GASIFICATION: A group of processes that turn coal into a combustible gas by breaking apart the coal using heat and pressure and, in many cases, with hot steam.

GREENHOUSE EFFECT: The warming of the Earth's surface and lower atmosphere caused by the trapping of radiated heat, much the same way the coated window panes of a agricultural greenhouse keep heat inside the greenhouse. Several gases, like carbon dioxide and methane, can keep heat from escaping from the Earth into space and are called "greenhouse gases."

HYDROCARBONS: A class of compounds containing hydrogen and carbon formed by the decomposition of plant and animal remains. These compounds include coal, oil, natural gas, and other substances occurring in rocks.

LIQUEFACTION: Processes that convert coal into a liquid fuel, similar in nature to crude oil and/or refined products.

LIGNITE: The lowest rank of coal, which is brownish-black and has a high moisture content. Used mainly to generate electricity, it is mined in Montana, North Dakota, and Texas.

METALLURGICAL COAL: The type of coal which is converted to coke for use in manufacturing steel; often referred to as coking coal.

METHANE: A colorless, odorless gas that is the most simple of the hydrocarbons formed naturally from the decay of organic matter. Each methane molecule contains a carbon atom surrounded by four hydrogen atoms. It is the principal component of natural gas.

NATURAL GAS: A mixture of gaseous hydrocarbons, composed primarily of methane, occurring naturally in the Earth - often among petroleum deposits - that is used as a fuel.

NONASSOCIATED GAS: Dry gas that is not associated with oil in a productive reservoir, as opposed to associated gas or solution gas.

OIL PRODUCTS: Products ready for consumption through the processing of crude oil and natural gas. Refined products include jet fuel, kerosene, waxes, asphalt, motor gasoline, petrochemical feedstocks, lubricants, etc.

OUTER CONTINENTAL SHELF(OCS): All submerged lands seaward and outside the area of lands beneath navigable waters. Lands beneath navigable waters are interpreted as extending from the coastline 3 nautical miles into the Atlantic Ocean, the Pacific Ocean, the Arctic Ocean, and the Gulf of Mexico excluding the coastal waters off Texas and western Florida.

OVERBURDEN: Layers of earth and rock covering a coal seam. In surface mining operations, overburden is removed using large equipment and is either used to backfill areas previously mined or is hauled to dumping areas.

OZONE: A bluish, toxic gas with a pungent odor formed by three oxygen atoms rather than the usual two. Ozone occures in the stratosphere and plays a role in filtering out ultraviolet radiation from the sun's rays. At ground level ozone is a major component of smog.

PEAT: A dark brown or black deposit resulting from the partial decomposition of vegetative matter in marshes and swamps.

PETROLEUM: A term applied to crude oil and oil products in all forms.

PROVED RESERVES: The estimated quantities of crude oil and natural gas in the ground that geological data demonstrate with reasonable certainty to be recoverable under existing economic conditions with current recovery technology.

RESERVES IN PLACE: The amount of oil or gas physically contained in a reservoir (a place - usually totally underground -where oil or natural gas has collected naturally over millions of years). The "proved reserves" may only be 15 to 35 percent of the "reserves in place."

SCRUBBER: A device that removes gaseous pollutants from the combustion gases of burning fuels, typically by spraying into the gases a mixture of water and special chemicals (like lime or limestone) that will absorb the pollutants. Scrubbers are primarily used to remove sulfur pollutants from the combustion gases of coal burning.

SUBBITUMINOUS COAL: A dull, black coal often referred to as black lignite. It is used for generating electricity and space heating. It ranks between bituminous and lignite and is mined in the western U.S.

TURBINE: A machine that has propellar-like blades which can be moved by flowing gas (such as steam or combustion gases) to spin a rotor in a generator to produce electricity.

UNIT TRAIN: A train, typically consisting of approximately 100 cars, which is dedicated to the transport of a single commodity such as coal.

WELL: A hole drilled or bored into the earth, usually cased with metal pipe, for the production of gas or oil. A hole for the injection under pressure of water or gas into a subsurface rock formation.

WORKOVER: Operation on a shut-in or producing well to restore or increase its production.

	Frequently Asked Questions
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	What are "fossil fuels" and why are they called that?
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	The most common fossil fuels are coal, oil (also called petroleum) and natural gas. Some other fuels, like oil shale and peat (a very young form of coal), also are part of the fossil fuel family. These fuels were formed millions of years ago from plants and animals that died and decomposed beneath tons of soil and rock. At the same time (and for millions of years afterward), ancient plants and animals left their outlines in mud which later dried and solidified into rocks. These outlines, along with hardened bone fragments from the prehistoric animals, are called "fossils." [More information on how fossil fuels were created]
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	Why did some decaying material become coal while other ancient material became oil and natural gas?
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	Coal was formed from plant debris while natural gas and oil were formed from tiny organisms that settled to the bottom of ancient seas and rivers. Differences in temperatures and pressures, along with the amount of time the organisms decayed underground, typically determined whether oil or natural gas was formed. Generally, where the underground temperature was hotter or the pressures were the greatest, natural gas formed. 
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	How much buried plant matter did it take to make coal?
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	It took 10 feet of dead plant material to make 1 foot of coal.
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	What keeps oil and natural gas from escaping to the surface of the Earth?
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	Oil and natural gas are often found under rock formations called "caprock" that are dense enough to trap the oil and gas and keep it from seeping to the surface. Some oil and natural gas have been found at the surface of the Earth. Marco Polo, an Italian explorer, wrote of seepages of oil in the Caspian Sea region. The "eternal fires" reported by Plutarich, a Greek historian, in the area of present day Iraq probably were natural gas seepages that had been ignited by lightning.
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	Why do we need to use fossil fuels for energy?
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	For two reasons, primarily: 

First, the United States has enough fossil fuels - especially coal and natural gas - to provide energy for decades and possibly, for centuries. At the rate we currently use coal, for example, this country has enough to last for more than 250 years. There is enough natural gas to last until well after the year 2060, possibly enough to last for a hundred years or more. There is even a lot of oil left in the ground, even though the United States produces only half of the oil it uses. 

Second, the cost of these fuels is lower than most other energy sources. The cost of energy is a big part of the cost of making many of the products we use every day. Keeping energy costs low is a way to keep other things affordable.
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	How much of our energy comes from fossil fuels?
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	More than 85 percent of the energy used by the United States comes from fossil fuels. Oil supplies about 40 percent of our energy; natural gas provides about 25 percent, while coal provides about 20 percent.
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	What do we use fossil fuels for?
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	Fossil fuels touch every moment of our lives - when we wake up or sleep, when we eat, when we use our eyes to see, when we play or work, or when we are ill. For example, oil not only can be refined into fuels, such as gasoline, to power engines, it can also be processed into petrochemicals from which plastics, medicines, paints, etc. can be made. The plastic used to make the alarm clocks that wakes us up can come from petrochemicals (chemicals made from "petroleum," another name from oil). The farmer who raises our food depends on fossil fuels like oil and natural gas to make fertilizers (recently, one company has begun making fertilizer from coal). When we read, our eyeglass frames or lenses may be of plastic made from oil. When we listen to a CD player or telephone we are using equipment made from oil and natural gas. The synthetic fibers that are used to make fabrics for our clothes are produced from fossil fuels. Photographic film for our cameras is also make from petroleum as are many medicines. 

Even our schools were built using fossil fuels. Coal, for example, may have provided the heat for the ovens that were used to make bricks. Petroleum was probably used for tarring and waterproofing the roof. The heat in our homes or schools may come from natural gas, as does the fuel used for cooking on stoves and in ovens.

Coal is used primarily as a fuel in electric power plants. In fact, more than half of the electricity generated in the United States comes from plants that burn coal. Coal is also used to make a substance called "coke" that is used in making steel and other metals.


