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The key factor in any fission power reactor is the neutron balance. On average about 2.5 neutrons are
produced per fission but some are absorbed or otherwise lost in the moderator, fuel cladding, reactor
structure and physically lost through the walls of the reactor. Others are absorbed in the non-fissile U-
238 and in non-fissile (capture) reactions in U-235. In a PWR the moderator is light water and the fuel
cladding is a zirconium alloy, both of which have relatively high neutron absorption cross-sections.
Hence it would be impossible to maintain a critical neutron balance using natural uranium in a PWR

I enriched fuel were not available it would be necessary to change both the fuel cladding and the
moderator. The only two commercial moderators used for natural uranium fuel are graphite and heavy
water (D;0). Possible fuel claddings are aluminium and magnesium alloys.

Because an isotopic separation is required it must be by physical rather than by chemical means. Al
established techniques make use of the difference in density between U-235 and U-238. The only
compound of U that is suitable for density separation is Uranium Hexafloride (usually know as HEX).
HEX is a gas at just above ambient temperature so advantage can be taken in the difference in gas

density. The original process was based on gaseous diffusion using a counter-current cascade as
shown in Figs 1.

ENRICHMENT PROCESSES

GASEQUS DIFFUSION

ENRICHED UF6

Fraction U235 =y

FEED DEPLETED UFé

Fraction U235 = x

SEPARATION FACTORa = y(1 - X)

X(1-y)

The separation Factor is the ratio of the diffusion rate
which equals the ratio of the square root of the molecular
weight

a= /MAU23Bhex = = %:
/MW U235 hex = 49

= 1.00429

Thus many stage are needed to give a reasonable degree of enrichment. In order to produce a typical
PWR fuel at 3% U-235 from natural Uranium at 0.7% and a tails composition of 0.2% would require

1272 stages. As each stage needs a compressor and a cooler the energy costs of this process are
enormous.

The alternative process uses high-speed gas centrifuges, again relying on density difference. Because
it is possible to get a much greater degree of separation per stage only 25 centrifuge stages are
needed per 1000 diffusion stages and the power consumption is about one tenth. The main problems

are engineering, the centrifugal forces are several thousand g needing very expensive materials and
very accurate design.

The centrifuge process has not totally replaced the diffusion process partly because of various
complex cross subsidies that keeps it going in the USA, the Russian Federation and France.

Other techniques have been tried and one based on laser technology using Uranium vapour has
shown some promise. The Uranium vapour is excited by a tuned laser and the U-235 is selectively
ionised allowing separation by means of strong electrical fields. The engineering would be very
complex and expensive so it is still at the development stage.



Thermal power = 1100 + 0.3 = 3667 MW
Reactor power is given by: N X dave X O; X @

Where N is no of atoms of fissile material
ave is average neutron flux = 4.0E17 n/m%s
o is fission cross section = 580 barn = 580E-28 m?
 is energy per fission = 200 MeV = 200E6 x 1.6E-19 J

=z
i

3667E6 + (4E17 x 580E-28 x 200 x 1.6E-13)

4.939E27 atoms U235

i

i

4.939E27 x 235 + 6.022E26 = 1927.4 kg U235
Enrichment is 3.5% thus mass of fuel (as U) is given by:
1927.4 + 0.035 = 55068 kg U
Mass balance across enrichment plant:
F=P+W
Component balance across enrichment plant:
Fxi = Px, + Wx,
Thus F = 55068 + W
0.007F = 1927.4 + 0.003W
Hence F = 440549 kg U
W = 385481 kg U
Separation work is given by:
P(-In0.035) + W(-In0.003) - F(-In0.007)

= 184610 + 2239314 - 2185936 = 237988 kg SWU
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