Thermal Pollution
What is thermal pollution? 

Thermal pollution is the degradation of water quality by any process that changes ambient water temperature.
Thermal pollution is usually associated with increases of water temperatures in a stream, lake, or ocean due to the discharge of heated water from industrial processes, such as the generation of electricity.
There are also situations in which the effects of colder-than-normal water temperatures may be observed. For example, the discharge of cold bottom water from deep-water reservoirs.
Sources of thermal pollution

The production of energy from a fuel source can be direct, such as the burning of wood in a fireplace to create heat, or by the conversion of heat energy into mechanical energy by the use of a heat engine. Thermal power generation (using oil, gas, peat, coal or nuclear fission to heat and steam to drive turbines) requires large volumes of cooling water to remove waste heat. The waste heat is transferred to cooling water obtained from local water bodies such as a river, lake, or ocean.
Heat engines can only convert 30 to 50 percent of the available input energy in the fuel source into mechanical energy, and the highest efficiencies are obtained when the input temperature is as high as possible and the sink temperature is as low as possible. Water is a very efficient and economical sink for heat engines and it is commonly used in electrical generating stations.
Effects of thermal pollution on the marine environment 

Natural sea surface temperatures vary widely; ranging from -2(C to 30(C in open oceans and -2(C to 43(C in coastal waters.  Diurnal (day-night) fluctuations at the sea surface are rarely more than 1(C, but can be as much as 2(C in shallow seas.  Most thermal effluents are discharged into coastal waters, where physical and biological effects are likely to be greater.  The temperatures of thermal discharges from power stations are typically 8-12(C higher than the natural ambient water temperature, though at some sites, particularly nuclear power stations, temperature rises can exceed 15(C.  In some tropical coastal waters the temperature of the waste water has reached 42(C though 35-38(C is more typical.  The temperature fluctuations associated with this, is clearly far greater than natural temperature fluctuations.

Once discharged into the sea a typical thermal effluent will spread and form a three-dimensional layer with the temperature decreasing with distance from the outfall. This effect is known as a thermal plume. The behaviour and size of the plume depends on the design and siting of the outfall, the tidal currents, the degree of exposure and the volume and temperature of the waste water. Few discharges occur more than 1 km from the shore.  
The primary effects of thermal pollution are direct thermal shock, changes in dissolved oxygen, and the redistribution of organisms in the local community. Because water can absorb thermal energy with only small changes in temperature, most aquatic organisms have developed enzyme systems that operate in only narrow ranges of temperature. These stenothermic organisms can be killed by sudden temperature changes that are beyond the tolerance limits of their metabolic systems. The cooling water discharges of power plants are designed to minimize heat effects on local fish communities. However, periodic heat treatments used to keep the cooling system clear of fouling organisms that clog the intake pipes can cause fish mortality. A heat treatment reverses the flow and increases the temperature of the discharge to kill the mussels and other fouling organisms in the intake pipes. Southern California Edison had developed a "fish-chase" procedure in which the water temperature of the heat treatment is increased gradually, instead of rapidly, to drive fish away from the intake pipes before the temperature reaches lethal levels. The fish chase procedure has significantly reduced fish kills related to heat treatments.

Small chronic changes in temperature can also adversely affect the reproductive systems of these organisms and also make them more susceptible to disease. Cold water contains more oxygen than hot water so increases in temperature also decrease the oxygen-carrying capacity of water. In addition, raising the water temperature increases the decomposition rate of organic matter in water, which also depletes dissolved oxygen. These decreases in the oxygen content of the water occur at the same time that the metabolic rates of the aquatic organisms, which are dependent on a sufficient oxygen supply, are rising because of the increasing temperature.

The composition and diversity of communities in the vicinity of cooling water discharges from power plants can be adversely affected by the direct mortality of organisms or movement of organisms away from unfavourable temperature or oxygen environments (see the Coral Example). The populations of some species can also be enhanced by the presence of cooling water discharges (see the Sea Turtle example).
Corals in Nanwan Bay, Taiwan
A nuclear power-generating station on Nanwan Bay in Taiwan caused bleaching of corals in the vicinity of the discharge channel when the plant first began operation in 1988. Studies of the coral Acropora grandis in 1988 showed that the coral was bleached within two days of exposure to temperatures of 91.4°F. In 1990 samples of coral taken from the same area did not start bleaching until six days after exposure to the same temperature. It appears that the thermotolerance of these corals was enhanced by the production of heat-shock proteins that help to protect many organisms from potentially damaging changes in temperature. 
Sea Turtles in California, USA
The only large population of sea turtles in California, for example, is found in the southern portion of San Diego Bay near the discharge of an electrical generating station.
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