Environmental Science Chapter 11 Review Sheet
EddY
Use of X-Ray
· Examine bones for fractures
· Treat cancer with radiations

· Diagnose disease with the use of radioactive isotopes
Atomic structure

Radioactive isotope- the nuclei of these atoms are unstable and spontaneously decompose
Neutrons, electrons, protons, and other lager particles are released during nuclear disintegration
Radioactive half-life- the time it takes for one half of the radioactive material to spontaneously decompose
Alpha radiation- a moving particle with 2 neutrons and 2 protons (He-4); travel through air within 1m; can be stopped by paper

Beta radiation- electrons release from nuclei; travel rapidly; can be stopped by clothing, glass, aluminum
Gamma radiation- photons, electromagnetic radiation, include X-ray, light, radio waves, can pass through concrete
	
	Charge
	Atomic number
	Mass number
	Symbol
	Note
	Description

	Helium
	2
	2
	4
	He (4  2)
	Alpha
	Least powerful, stopped by paper

	Neutron
	0
	0
	1
	n (1  0)
	
	

	Proton
	1
	1
	1
	p (1  1)
	
	

	Electron
	-1
	-1
	0
	e (0  -1)
	Beta
	Powerful, stopped by clothing, glass, etc.

	Positron
	1
	1
	0
	e (0  1)
	
	

	Photon
	0
	0
	0
	γ (0  0)
	Gamma
	Most powerful, stopped by concrete


Nuclear fission- the decomposition of an atom’s nucleus with the release of particles and energy
Nuclear chain reaction- a continuous process in which a splitting nucleus releases neutrons that strike and split nuclei of other atoms, releasing nuclear energy (the reaction rate is exponential)
Two materials used in nuclear reaction( uranium-235 and plutonium-239
The history of nuclear energy
United States( the first country to develop atomic bomb
1945 U.S. military dropped atomic bombs on Japanese cities Hiroshima and Nagasaki
1951, U.S. built the world’s first electricity generating reactor
The life expectancy of a nuclear reactor is 60 years
Nuclear reactor- a device that permits a controlled fission chain reaction
Neutrons are used to cause a controlled fission of heavy atoms
Nuclear reactor accounts for 7% of world’s energy source
How to stop a chain reaction?
Chain reaction continues until fuel is spent or neutrons are prevented from striking other.
Rod

Fuel rod- contain uranium
Control rod- non-fissionable material used to control fission rate by absorbing neutrons
Moderator- materials that absorb energy from neutrons released by fission and slows neutrons, thus enable neutrons to split nuclei more. U-235 undergoes fission( energy of the fast moving neutrons is transferred to water ( neutrons slow down, water is heated
Nuclear-power reactor- it produces heat, which converts water to steam to operate a turbine that generates electricity
Water is the most common used reactor-core coolant and serves as neutron moderator
Light water reactor
Steam is formed directly in the reactor and transferred to turbine, and generate electricity
1. The pump pumps the water to reactor
2. The nuclear reaction occurs in the core, generating heat and converts water to steam
3. The containment structure shields the radiation and the control rod stops the nuclear reaction
4. The steam flows to the generator, which converts the thermal energy from steam to electricity
5. The steam passes through the coolant loop to be cooled and recycled
Advantages( cheap to build, because there is only one loop
Disadvantages( steam must be treated to remove radiation, generating building must be shielded

Pressurized-water reactor
Water in the reactor is kept at high pressure and steam is formed in a secondary loop to turn turbine and generate electricity
1. Inside the first loop, pressurized water at high temperature constantly flows through the reactor core
2. The pump in the second loop pumps water to the first loop. While it gains thermal energy, the pressurized water is cooled.
3. This stream of water is then turned into steam and turns the turbine, which generates electricity
4. The steam passes through the coolant loop to be cooled and recycled
Advantages- reduce risk of radiation in steam
Disadvantages- high cost of construction due to second loop; high cost to pressurize the water
Heavy-water reactor
Water that contains the hydrogen isotope deuterium in its molecular structure as reactor-core coolant and moderator
Advantages
· Natural uranium isotopic mixture serves as suitable fuel; while other reactors require U-235 be enriched 
· Heavy water is better a neutron moderator than regular water

· Lower cost than light-water reactor
Disadvantages
· produce more plutonium and tritium as by-products than light water reactors, which are hazardous radioactive substances
· heavy water is more expensive than light water
Gas cooled reactor

Carbon dioxide serves as a coolant for a graphite-moderated core. 
Advantages

· Natural isotopic mixtures of uranium are used as fuel (same as heavy-water reactor)
· Carbon dioxide has a higher heat capacity, which means that it can absorb more heat per unit of mass.
Plans for new reactors worldwide
· The rate of growth installed nuclear-generating capacity over the next year will be low
· Most significant nuclear power growth is expected to continue only in Asia and former Soviet Union. U.S. has the largest number of nuclear power plants now.
· Germany, Italy, Austria have abandoned nuclear power
· Russia replaced retired nuclear capacity with new construction to optimize the use of established infrastructure and personnel. Most planned reactors are in Asia ( because of fast-growing economies and electricity demand
· Lifetime of nuclear power plant is 40 years. But many countries are trying to extend plant life.
Nuclear breeder reactors- nuclear fission reactor that produces heat to be converted to steam to generate electricity and also forms a new supply of radioactive isotope. (Plutonium-239 is produced ( 2 e (0 1) + n (1 0) + U (238 92) ( Pu (239 94))
Liquid metal fast-breeder reactor- nuclear reactor using liquid sodium as the moderator and heat transfer medium; produces radioactive plutonium-239, which can be used as a nuclear fuel. No breeder reactors are used commercially in the US.
Drawbacks
· Sodium reacts violently in water or air. If system fails, sodium boils and allows chain reaction to proceed at a faster rate and damage reactor( nuclear accident
· High cost equipment to contain and pump sodium
· Rapid reaction rate, difficult to regulate
· Product of a breeder reactor plutonium 239 is extremely hazardous to human who come in contact
Nuclear fusion- the union of smaller nuclei to form a heavier nucleus accompanied by the release of energy 
Sun’s energy is from nuclear fusion by the following reactions:
H (2 1) + H (2 1) ( He (3 2) + n (1 0) + energy (deuterium and deuterium form helium-4 and neutron)
H (2 1) + H (3 1) ( He (4 2) + n (1 0) + energy (deuterium and tritium form helium-4 and neutron)
	The nuclear fuel cycle
	Each step poses radiation exposure problem

	1. Low grade ore is obtained by underground or surface mining. The ore contains only 0.2% uranium.
	Exposure to low-level radiation increases lung cancer rate

	2. After uranium is mined, the ore goes to milling process ( crushed and treated with solvent to concentrate uranium. At this stage, the concentration would increase to 70-90% uranium oxide.
	Release radioactive dust into atmosphere and mine tailings are dispersed into environment

	3. Natural occurring uranium is 99.3% non-fissionable U-238 and 0.7% fissionable U-235. After enrichment, goes up to 3%.
	Exposure of radioactive material into environment

	4. Fuel fabrication converts enriched material into powder ( compacted into pellets and sealed into metal fuel rods and loaded into reactor
	Radioactive material can be released in traffic accidents.
Fuel rod also poses risk of radiation exposure

	5. Spent fuel is reprocessed and enriched to manufacture new fuel rods or undergo waste storage
	The exposure of workers and possible theft of rods or reprocessed material by terrorist organization


How to deal with low-level radioactive wastes?
· Burying wastes
· Pumping nuclear waste into the ground
· Storing wastes in ponds
· Releasing waste into river

Chernobyl accident was a result of overheated core. The core produced a lot of steam and the reactor exploded.
There were some immediate deaths, but what were more detrimental were its delayed effects, which include an increase in thyroid cancer in exposed children and fetuses. The thyroid gland accumulates iodine, the iodine-131 radioactive isotope, which was released from Chernobyl. Thus, nuclear fission reactors will decline in the future.
Exposure to radiation
· Mutation- changes in the genetic messages in cells. Mutations in body tissue cause cancer

· Rem (roentgen equivalent man)​- a measure of the biological damage to tissue
Thermal pollution- the addition of waste heat into the environment, because not all heat is used in generating electricity. After the steam turns the turbine, the heat is low in quality.
In fossil fuel plant, 50% of heat energy produces electricity, and 50% is lost as waste heat.
In nuclear power plant ( 1/3 is used, 2/3 is wasted.
What is decommissioning?
Removing the fuel, cleaning surfaces, permanently preventing people from coming into contacts with the contaminated building or equipment
Three decommissioning options

· Decontaminate and dismantle the plant as soon as it is shut down
· Shut the plant down for 20-100 years to allow radioactive materials with short half-life to disintegrate and then dismantle plant
· Entomb the plant by covering the reactor with reinforced concrete and placing a barrier around the plant ( disadvantage: long half-life material and groundwater decontamination
Give examples of high-level wastes

Spent fuel-rods, waste materials from reprocessing, 
How to deal with high-level wastes?

· Highly radioactive spent fuel rods are stored in ponds or sent to reprocessing plants. 
· At this time, no country has a permanent solution for the disposal of high level radioactive waste. 
· Most experts feel that the best solution is to bury it in a stable geologic formation.
· In 2002, under Bush administration, the Yucca Mountain was qualified to dispose spent fuel rods, but governor of Nevada disapproved
Give examples of low-level wastes

Cooling water from nuclear reactors, material from decommissioned reactors, radioactive material used in medical field, protective clothing
How to deal with low-level wastes?

Much is not disposed of properly. In 1970, U.S. halted the dumping of radioactive waste in oceans.
In Asia, nuclear power plants are currently under construction in China, South Korea, India, Taiwan, Japan.
