Chapter 9
I. Atomic Energy

a. The Atomic Model

i. Only in the 1960s did nuclear energy begin to contribute to our energy resources

ii. Several features make it attractive
1. Lessen dependence on fossil fuels

2. Does not cause easily seen pollution

3. Does not add to the “Greenhouse Effect”

iii. Atoms are comprised of smaller units

1. Nucleus: center where most of the mass is concentrated; small, very dens and positively charged

2. Nucleons: nuclear particles found in the nucleus; all have about the same mass; 2 types
a. Protons (p): positively charged

b. Neutrons  (n): neutral

3. Electrons (e): very small particles that have virtually no mass, having a negative charge; they rotate around the nucleus

iv. Atomic Number: the number of protons in an atom’s nucleus

v. Mass number: the number of nucleons in an atom’s nucleus

vi. Isotopes: atoms of the same element that differ in the number of neutrons they contain; named by their mass numbers

vii. Radioactive: atomic nuclei that are unstable and emit radiation ot gain stability

1. Reasons for instability:

a. Neutron-proton ratio that is too high or too low

b. Some nuclei are in an excited state

c. Some nuclei are too heavy for stability

2. 3 most common types of nuclear decay:

a. ( particle emission: nuclei of fast moving He atoms; easily absorbed by paper/ few cm of air

b. ( particle emission: fast moving electrons; can penetrate a few mm Al or about 100 cm of air

c. ( particle emission: electromagnetic radiation of very high frequencies have an indeterminate range in matter on average can penetrate long distance through air or several cm of lead

3. When alpha or beta particles are emitted by a nucleus, the atoms becomes a new element

a. Radioactive decay is a random event
i. Most radioactive samples contain billions of nuclei so decay appears “smooth”

4. Half-life: amount of time it takes half of the unstable in a sample to decay into more stable nuclei

a. Each element has a unique half-life

i. Used to identify type of radioactive element

ii. (graph page 350)

b. Sources of Nuclear Energy

i. Nuclear Energy: energy released by a nuclear reaction (fission or fusion) or by radioactive decay

1. Dependent upon changes in nuclear particles

2. Fission: the splitting of a heavy nucleus into 2 approximately equal fission fragments (nucleus of lighter elements)

a. Always accompanied by release of relatively large amounts of energy

b. Generally accompanied by loss of one or more neutrons

c. Can occur spontaneously

d. Usually caused by nuclear absorption of gamma rays, neutrons, or other particles

e. Diagram page 357

3. Fusion: the combining of 2 lighter nuclei (such as hydrogen isotopes) to form a heavier nucleus

a. Releases energy (hydrogen bomb)

c. Fissionable Isotopes

i. U-235: only naturally occurring

ii. 2 human made fissionable isotope

1. Pu-239

a. Made from U-238

2. U-233

a. Made from Th-232

iii. 2 reasons that U-233 , U-235, and Pu-239 are fissionable fuels:

1. When bombarded with neutrons, they split into lighter elements and release huge amounts of energy

2. When they split, they release more than 1 neutron, making a chain reaction possible

3. Diagram page 358

d. Fusion Fuels

i. Light nuclei are hydrogen isotopes

1. Deuterium

a. Found in water ( huge potential source of energy

2. Tritium
a. Made from Lithium

ii. And Lithium 6

1. Scarce element: only 7.4% of natural lithium

iii. Diagram page 358

II. The Nuclear Fuel Cycle
a. Exploration and Mining

i. Most rocks contain some Uranium

ii. Must be concentrated to be profitable

iii. Mined in an open pit and underground methods

b. Milling

i. Yellowcake: product that results when crude uranium ore (U3O8) is crushed, sampled, and concentrated

ii. Mill tailings: leftovers after Uranium is removed; radioactive

1. In the past, these piled up at mine sites

2. Now, the government is working to store them as hazardous waste

c. Conversion and Enrichment:

i. In natural state, 0.7% or Uranium is U-235

1. Must be increased to 3-4% for nuclear fuel rods

ii. Most difficult, energy consuming step

iii. Gaseous diffusion is the most common technique
1. Yellowcake ( uranium hexafluoride (UF6)

a. Contains lighter U-235 instead of U-238

2. Passed through hundreds of porous barriers

a. Eventually concentrates U-235

iv. Newer enrichment techniques

1. Ultracentrifuge: separates differing masses

2. Lasers selectively excites U-235 so chemical separation can be performed

d. Fuel Fabrication

i. Enriched gas converter to ceramic powder UO2 (uranium oxide) or UC (uranium carbide)

ii. Formed into pellets inserted into fuel rods

e. Fuel burning

i. Inserted into the reactor core

ii. About 1/3 of reactor’s fuel is replaced yearly
1. Only ~1% of energy in U is converted ( fuel, rods must be removed before all U-235 is fissioned

a. Build-up of fission products interferes with reactor operation

f. Spent Fuel Rods Reprocessing

i. Fuel rods contain

1. Highly radioactive wastes (fission products)

2. Some unused U-235

3. Some Pu-239 produced by neutron absorption by some of the U-238

4. Fuel rods stored under water for several months

a. Lets short-lived fission products decay

i. Currently, this is the only step in the U.S.

ii. Creating storage problems

ii. Fuel rods dissolved in acid

iii. Radioactive wastes separated out/removed for hazardous waste storage

iv. Could remove Pu and sent to fuel fabrication

v. Could remove unused U and send for enrichment

vi. Waste Storage: highly radioactive and will remain so for possibly thousands of years

vii. Necessary to consider type of radiation and half-life

viii. Divided into 5 categories:

1. Spent Fuel: waste from commercial nuclear power plants
2. High-Level Waste: from production of nuclear materials for US defense activities (highly radioactive)

3. Transuranic Waster: left indirectly from the production of nuclear weapons

a. Clothing, tools, rags, etc.

b. Contain trace amounts of radioactive elements (mostly Pu)

i. Alpha particles, half-lives>20 years

4. Low-Level Waste: doesn’t fall into any other category

a. Generated at diverse places:

i. Nuclear Power Plants

ii. Hospitals

iii. Research facilities/universities

iv. Industry

5. Uranium Mill Tailings: naturally occurring radioactive rock/soil waste products of mining/milling operations
ix. Disposal is primarily through burial

1. Mill tailings usually buried on site

2. Each state is responsible for own low-level radioactive waste

a. May form compacts with other states

3. Waste Isolation Pilot Plant (WIPP) in SE NM is designated site for transuranic waste from production of weapons plant cleanups
4. Yucca Mountain in NV is proposed site for spent fuel and high-level waste

III. Nuclear Power Plants Radiation: Benefits and Problems
a. Nuclear Power Plants

i. Differ from other types of power plants only in how energy is availed for turning the turbine.

1. Nuclear Reactor: produces heat, used to produce steam to drive turbine

ii. A nuclear reactor has 5 main parts:

1. Fuel: ceramic pellets of UO2 or UC

a. Stacked end to end in long metal tubes- fuel rods

b. Arranged as bundles within the reactor

c. Have spaces between them for control rods

d. Water flows through the bundles removing heat

2. Moderator: Element or compound that serves to slow down high-velocity neutrons released from the chain reaction in fission; increases the likelihood of continuing fission.

a. Graphite, heavy water (D2O), water (used in most U.S. reactors
3. Control System:

a. Critical Mass: minimum amount of fuel required for a reactor to work
b. Control Rods (“neutron sponges”): adjustable neutron-absorbing rods containing boron or cadmium; when pushed into the fuel assembly, they soak up neutrons cooling and slowing down the fission reaction

4. Heat removal system:

a. Heat is generated by kinetic energy of fission products

i. Must be cooled to prevent overheating and melting of the core

ii. Cooled using gases , water, and liquid metals

b. Forced circulation system: carries heat to steam generator

5. Radiation Shield: energy that doesn’t appear as heat appears as penetrating radiation

a. Internal steel lining that protects the walls of the reactor vessel from radiation damage.

b. Outer “biological” lining: (containment structure) to protect workers from radiation exposure.  Typically several feet of high-density concrete surrounding reactor.

iii. Diagram of A Typical Nuclear Power Plant

1. pg 373

b. Radiation: Benefits and Problems

i. Biological Effects of Radiation:

1. Radiation spreads out in all directions from its source

2. To be helpful harmful they must interact with the medium they are passing through

3. Ion: atom carrying an electric charge

a. Chemical properties are different than those of the atoms from which they came

4. Ionizing Radiation: radiation that produces ions
a. Alpha, beta, gamma, and x-rays may result in mutations; random changes in cells
i. May be beneficial or harmful

5. Alpha and Beta particles interact continuously with matter
6. X-Rays and Gamma particles have discrete interactions
7. The environment has natural radiation from Earth and Outer Space

8. Cosmic Radiation: particles of very high energy striking the Earth’s atmosphere from outer space
a. Directly from sun’s rays
b. Indirectly by creating radioactive carbon dioxide (12CO2)

9. Many radioactive elements occur naturally in our bodies:

a. 14C

b. Potassium 40

c. Radium 226

d. Strontium 90
e. Cesium 137

f. Iodine 131

10. External Hazards: ionizing radiation that can penetrate deep into wood, water, and humans

a. Gamma Rays

b. X-rays

11. Internal Hazards: radiation that intensely ionize materials through which they pass

a. Alpha rays

b. Beta rays

ii. Measuring Radiation: the units

1. Common units were developed first:

a. Curie (Ci)

b. Roentgen (R)

c. Rad

d. Rem

2. Common units have been converted to SI

a. Becquerel (Bq): measures the number of nuclear transformations (disintegrations) which occur in a certain time period.

i. 1 Bq = 1 disintegration/sec

b. Roentgen (R): measures the exposure (ionization) of air by X-rays and gamma rays

c. Gray (Gy): Measures the energy deposited in any material by any type of ionizing radiation

d. Sievert (Sr): an estimate of the biolodical damage or health risk to humans due to the absorption of ionizing radiation

3. Beneficial Uses of Radiation:

a. Medicine

i. Imaging

b. Industry

i. Satellites
c. Agriculture

i. Food safety

d. Research

i. Radiometric (age) dating of artifacts

e. Home

i. Microwaves

IV. Looking to the Future of Nuclear Power

a. The Breeder Option
i. Breeder Reactor: U-235, spare neutrons are captured by “useless” U-238

1. U-238 changes to Pu-239

a. Can be split by neutrons to produce heat in a reactor

b. Same thing can be done to Th-232 which changes into U-233

2. Pu-239 and Th-232 can be mined and are in natural state

3. Makes fuel as it operates

4. Could increase fuel available by 60x

ii. Generalized Breeder reaction

a. Pg 382

iii. Advantages to a breeder based program:

1. Significant amount of energy available

2. Significant shift to nuclear energy could reduce dependence on fossil fuels and foreign sources of petroleum

3. Make fuel as they run, extend lifetime of nuclear fuel reserves.

iv. Disadvantages to breeder based technology:

1. Produce long-lived nuclear wastes
a. If increase energy by 60x, nuclear waste also increased by 60x

2. Produce large amounts of “waste” heat which is released into air and water

3. Countries w/ capability to become nuclear power (terrorists)

4. Reactor producing 300 kg of Pu-239 theoretically produces equivalent of ~30 nuclear bombs

5. Potential for biological effects

b. The Fusion Future
i. Difficult to create fusion reactions on Earth due to extremely high temperatures (100 million degrees (C, F, or K)) required

1. 2 attempts to get around this problem

a. Magnetic Confinement Fusion

i. Contain hot nuclei plasma in a strong magnetic field 

b. Laser Fusion

i. Deuterium confined inside a small glass pellet and zapped with powerful laser beams

ii. Advantages of fusion over future energy sources

1. Abundant deuterium available to all countries

2. Involves no chemical combustion contributing to air pollution

3. No threat of diversion for making weapons

4. No possibility of nuclear explosion, meltdown, or reactor-core cooling problems.

c. The Future of Nuclear Power

i. Currently no expanding as an energy option

1. Several social, political, and economic concerns that must be addressed.

a. What are long-term effects of exposure to low-levels of radiation?

b. Where will a respiratory for high-level waste be built?

c. Can nuclear wast be disposed of and kept out of the environment for 1000’s of years?

d. Can nuclear waste be transported safely?
e. Are further security measures needed to protect against terrorism?

2. These questions must be answered before nuclear power will more ahead of fossil fuel use

