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1. For a chain reaction to take place in a nuclear reactor there needs to be a critical mass of enriched fuel
(fissionable material), such as uranium-235, and neutrons that are allowed to travel at controlled speeds. In
addition, the fission reaction itself needs to be controlled, and the heat generated needs to be removed.

2. If each nuclear fission event in a chain reaction caused 1.5 further fissions, the number of reactions taking
place in the fifth step would be 1.55 {or 7.59), and in the twentieth step would be 1.520 (or 3325.26)

3. Uranium-238 absorbs neutrons without undergoing fission

4. In a nuclear reactor, uranium-235 is a fuel for a nuclear fission chain reaction. The nucleus of a uranium-235
atom can absorb a relatively slow neutron to become a nucleus of uranium-236, and the latter undergoes
fission to produce two daughter nuclei, two or three neutrons, and a lot of heat. Those neutrons can in turn
cause additional fission reactions, thus leading to a chain reaction. The heat produced by the chain reaction i
hamessed to produce electricity.

5. The rate of a fission reaction in a nuclear reactor is controlled by control rods, which are generally made of
cadmium or boron.

6. In a nuclear fission reaction, the neutrons are emitted at high speed, but uranium-235 nuclei absorb only sloy
moving neutrons. A moderator is needed to slow down the neutrons.

7. Heavy water is chemically identical to water, but its molecules contain deuterium (2H) instead of ordinary
hydrogen (IH) atoms. Heavy water can be used as a moderator because it slows down neutrons that move
through i, without absorbing them. In contrast, the hydrogen atoms of ordinary water tend to absorb neutron

8. As heat is generated by a nuclear reactor, a coolant is needed to transport the heat away from the reactor
core. The heat energy is then tapped to produce electricity. Without a coolant, the reactor core could becom
extremely hot, leading to a meltdown

9. Generally, the coolant takes up heat from the reactor core and transfers it to fresh water. This water boils an
is converted to steam that drives a turbine, which turns a generator. The generator produces electricity.
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The name is derived from the words CANadian, Deuterium, and Uranium. The CANDU nuclear reactor was
designed in Canada, utiizes heavy water (dideuterium oxide) as a moderator and coolant, and has natural
uranium as the fuel

Ordinary water or light water) consists of moleoules with the formula H,0, whereas heavy water consists of
molecules with the formula D,0, where D stands for deuterium (:H). D,0 is called heavy water because
deuterium s a heavier isotops of hydrogen (;H) and the molar mass of D, is higher than that of H,0

The advantages of using water or graphite as moderators are that they are readily available and inexpensive
In contrast, heavy water is expensive to produce. The disadvantage of using light water or graphite as
moderators is that the fuel needs to be uranium enriched in U-235, which is expensive to produce

Freshly prepared fuel rods contain uranium isotopes (U-238, U-235, U-234) that are radioactive but have very

long halffives. These isotopes emit alpha particles that are mostly absorbed by the metal casing of each fuel

rod. On a practical level, thersfore, the radioactivity of the fuel rods is negligible. Spent fuel rods, in contrast,
contain mixtures of radicisotopes with both short and long half-ives, emitting alpha, beta, and gamma radiation

Heavy water is expensive to prepare, whereas fresh water is readily available and inexpensive. Thus, although

heavy water is used s a moderator and coolant, the heat it acquires from the reactor core is transferred to

fresh water, which is converted to steam that drives the turbines to produce electricity.

(a) Pressurized water reactors were originally designed to power nuclear submarines.

(b) These reactors use normal water (ordinary water or light water) as moderator and coolant. Because normal
water absorbs neutrons, these reactors must use uranium fuel that is enriched in U-235. The reactor’s
coolant loop is at high pressure and needs to be made of high-strength materials, increasing the cost of
the system. In addition, the reactor must be shut down every 12 to 18 months for refuelling.





