
methods of control of rate of fusion reaction 
The only known way to control a fusion reaction is with an extremely strong and 

shaped/focused magnetic field. With today's technology we cannot yet make it strong enough. It 

breaks up in milliseconds after the reaction, stopping the reaction. 

types of nuclear materials 

Nuclear material refers to the metals uranium, plutonium, and thorium, in any form, according 

to the IAEA. This is differentiated further into "source material", consisting of natural and 

depleted uranium, and "special fissionable material", consisting of enriched uranium (U-

235), uranium-233, and plutonium-239. 

fissile and fertile materials 

Fertile material Fertile material is a material that, although not itself fissionable by thermal 

neutrons, can be converted into a fissile material by neutron absorption and subsequent nuclei 

conversions In nuclear engineering, fertile material (nuclide) is material that can be converted 

to fissile material by neutron. 

Nuclear reactors elements 

A nuclear reactor, formerly known as an atomic pile, is a device used to initiate and control a self-

sustained nuclear chain reaction. Nuclear reactors are used at nuclear power plants for electricity 

generation and in nuclear marine propulsion. Heat from nuclear fission is passed to a working 

fluid (water or gas), which in turn runs through steam turbines. These either drive a 

ship's propellers or turn electrical generators' shafts. Nuclear generated steam in principle can be 

used for industrial process heat or for district heating. Some reactors are used to 

produce isotopes for medical and industrial use, or for production of weapons-grade plutonium. As of 

early 2019, the IAEA reports there are 454 nuclear power reactors and 226 nuclear research 

reactors in operation around the world. 

Reactor types[edit] 
 

   PWR: 277 (63.2%) 

   BWR: 80 (18.3%) 

   GCR: 15 (3.4%) 

   PHWR: 49 (11.2%) 

   LWGR: 15 (3.4%) 

   FBR: 2 (0.5%) 

Number of reactors by type (end 2014)[21] 

 

   PWR: 257.2 (68.3%) 

   BWR: 75.5 (20.1%) 
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   GCR: 8.2 (2.2%) 

   PHWR: 24.6 (6.5%) 

   LWGR: 10.2 (2.7%) 

   FBR: 0.6 (0.2%) 

Net power capacity (GWe) by type (end 2014)[21] 

 

NC State's PULSTAR Reactor is a 1 MW pool-type research reactor with 4% enriched, pin-type fuel consisting 

of UO2 pellets in zircaloy cladding. 

Classifications[edit] 

By type of nuclear reaction[edit] 

All commercial power reactors are based on nuclear fission. They generally use uranium and its 
product plutonium as nuclear fuel, though a thorium fuel cycle is also possible. Fission reactors can 
be divided roughly into two classes, depending on the energy of the neutrons that sustain the 
fission chain reaction: 

 Thermal neutron reactors (the most common type of nuclear reactor) use slowed or thermal 
neutrons to keep up the fission of their fuel. Almost all current reactors are of this type. These 
contain neutron moderator materials that slow neutrons until their neutron 
temperature is thermalized, that is, until their kinetic energy approaches the average kinetic 
energy of the surrounding particles. Thermal neutrons have a far higher cross 
section (probability) of fissioning the fissile nuclei uranium-235, plutonium-239, and plutonium-
241, and a relatively lower probability of neutron capture by uranium-238 (U-238) compared to 
the faster neutrons that originally result from fission, allowing use of low-enriched uranium or 
even natural uranium fuel. The moderator is often also the coolant, usually water under high 
pressure to increase the boiling point. These are surrounded by a reactor vessel, 
instrumentation to monitor and control the reactor, radiation shielding, and a containment 
building. 

 Fast neutron reactors use fast neutrons to cause fission in their fuel. They do not have a neutron 
moderator, and use less-moderating coolants. Maintaining a chain reaction requires the fuel to 
be more highly enriched in fissile material (about 20% or more) due to the relatively lower 
probability of fission versus capture by U-238. Fast reactors have the potential to produce 
less transuranic waste because all actinides are fissionable with fast neutrons,[22] but they are 
more difficult to build and more expensive to operate. Overall, fast reactors are less common 
than thermal reactors in most applications. Some early power stations were fast reactors, as are 
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some Russian naval propulsion units. Construction of prototypes is continuing (see fast 
breeder or generation IV reactors). 

In principle, fusion power could be produced by nuclear fusion of elements such as 
the deuterium isotope of hydrogen. While an ongoing rich research topic since at least the 1940s, no 
self-sustaining fusion reactor for power generation has ever been built. 

By moderator material[edit] 

Used by thermal reactors: 

 Graphite-moderated reactors 

 Water moderated reactors 

o Heavy-water reactors (Used in Canada,[23] India, Argentina, China, Pakistan, Romania and 
South Korea).[24] 

o Light-water-moderated reactors (LWRs). Light-water reactors (the most common type of 
thermal reactor) use ordinary water to moderate and cool the reactors.[23] When at operating 
temperature, if the temperature of the water increases, its density drops, and fewer neutrons 
passing through it are slowed enough to trigger further reactions. That negative 
feedback stabilizes the reaction rate. Graphite and heavy-water reactors tend to be more 
thoroughly thermalized than light water reactors. Due to the extra thermalization, these types 
can use natural uranium/unenriched fuel. 

 Light-element-moderated reactors. 

o Molten salt reactors (MSRs) are moderated by light elements such as lithium or beryllium, 
which are constituents of the coolant/fuel matrix salts LiF and BeF2. 

o Liquid metal cooled reactors, such as those whose coolant is a mixture of lead and bismuth, 
may use BeO as a moderator. 

 Organically moderated reactors (OMR) use biphenyl and terphenyl as moderator and coolant. 

By coolant[edit] 

 

Treatment of the interior part of a VVER-1000 reactor frame on Atommash. 
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In thermal nuclear reactors (LWRs in specific), the coolant acts as a moderator that must slow down the 

neutrons before they can be efficiently absorbed by the fuel. 

 Water cooled reactor. These constitute the great majority of operational nuclear reactors: as of 
2014, 93% of the world's nuclear reactors are water cooled, providing about 95% of the world's 
total nuclear generation capacity.[21] 

o Pressurized water reactor (PWR) Pressurized water reactors constitute the large majority of 
all Western nuclear power plants. 

 A primary characteristic of PWRs is a pressurizer, a specialized pressure vessel. Most 
commercial PWRs and naval reactors use pressurizers. During normal operation, a 
pressurizer is partially filled with water, and a steam bubble is maintained above it by 
heating the water with submerged heaters. During normal operation, the pressurizer is 
connected to the primary reactor pressure vessel (RPV) and the pressurizer "bubble" 
provides an expansion space for changes in water volume in the reactor. This 
arrangement also provides a means of pressure control for the reactor by increasing or 
decreasing the steam pressure in the pressurizer using the pressurizer heaters. 

 Pressurized heavy water reactors are a subset of pressurized water reactors, sharing 
the use of a pressurized, isolated heat transport loop, but using heavy water as coolant 
and moderator for the greater neutron economies it offers. 

o Boiling water reactor (BWR) 

 BWRs are characterized by boiling water around the fuel rods in the lower portion of a 
primary reactor pressure vessel. A boiling water reactor uses 235U, enriched as uranium 
dioxide, as its fuel. The fuel is assembled into rods housed in a steel vessel that is 
submerged in water. The nuclear fission causes the water to boil, generating steam. 
This steam flows through pipes into turbines. The turbines are driven by the steam, and 
this process generates electricity.[25] During normal operation, pressure is controlled by 
the amount of steam flowing from the reactor pressure vessel to the turbine. 

o Pool-type reactor 

 Liquid metal cooled reactor. Since water is a moderator, it cannot be used as a coolant in a fast 
reactor. Liquid metal coolants have included sodium, NaK, lead, lead-bismuth eutectic, and in 
early reactors, mercury. 

o Sodium-cooled fast reactor 

o Lead-cooled fast reactor 

 Gas cooled reactors are cooled by a circulating inert gas, often helium in high-temperature 
designs, while carbon dioxide has been used in past British and French nuclear power 
plants. Nitrogen has also been used.[26] Utilization of the heat varies, depending on the reactor. 
Some reactors run hot enough that the gas can directly power a gas turbine. Older designs 
usually run the gas through a heat exchanger to make steam for a steam turbine. 

 Molten salt reactors (MSRs) are cooled by circulating a molten salt, typically a eutectic mixture of 
fluoride salts, such as FLiBe. In a typical MSR, the coolant is also used as a matrix in which the 
fissile material is dissolved. 
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By generation[edit] 

 Generation I reactor (early prototypes, research reactors, non-commercial power producing 
reactors) 

 Generation II reactor (most current nuclear power plants 1965–1996) 

 Generation III reactor (evolutionary improvements of existing designs 1996–present) 

 Generation IV reactor (technologies still under development unknown start date, possibly 
2030)[27] 

In 2003, the French Commissariat à l'Énergie Atomique (CEA) was the first to refer to "Gen II" types 
in Nucleonics Week.[28] 

The first mentioning of "Gen III" was in 2000, in conjunction with the launch of the Generation IV 
International Forum (GIF) plans. 

"Gen IV" was named in 2000, by the United States Department of Energy (DOE) for developing new 
plant types.[29] 

By phase of fuel[edit] 

 Solid fueled 

 Fluid fueled 

o Aqueous homogeneous reactor 

o Molten salt reactor 

 Gas fueled (theoretical) 

By shape of the core[edit] 

 Cubical 

 Cylindrical 

 Octagonal 

 Spherical 

 Slab 

 Annulus 

By use[edit] 

 Electricity 

o Nuclear power plants including small modular reactors 

 Propulsion, see nuclear propulsion 

o Nuclear marine propulsion 

o Various proposed forms of rocket propulsion 

 Other uses of heat 

o Desalination 

o Heat for domestic and industrial heating 

o Hydrogen production for use in a hydrogen economy 

 Production reactors for transmutation of elements 

o Breeder reactors are capable of producing more fissile material than they consume during 
the fission chain reaction (by converting fertile U-238 to Pu-239, or Th-232 to U-233). Thus, 
a uranium breeder reactor, once running, can be refueled with natural or even depleted 
uranium, and a thorium breeder reactor can be refueled with thorium; however, an initial 
stock of fissile material is required.[30] 
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o Creating various radioactive isotopes, such as americium for use in smoke detectors, and 
cobalt-60, molybdenum-99 and others, used for imaging and medical treatment. 

o Production of materials for nuclear weapons such as weapons-grade plutonium 

 Providing a source of neutron radiation (for example with the pulsed Godiva device) and positron 
radiation[clarification needed] (e.g. neutron activation analysis and potassium-argon dating[clarification needed]) 

 Research reactor: Typically reactors used for research and training, materials testing, or the 
production of radioisotopes for medicine and industry. These are much smaller than power 
reactors or those propelling ships, and many are on university campuses. There are about 280 
such reactors operating, in 56 countries. Some operate with high-enriched uranium fuel, and 
international efforts are underway to substitute low-enriched fuel.[31] 
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