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1. (20%, each 5%) Briefly explain the following terms:
A. Neutron diffusion and Fick’s law
B. Neutron cross sections and the mean free path
C. Generation IV nuclear reactors
D. Nuclear Doppler effect

The following information is taken from the technical documents of a nuclear power
plant: active core height = 3.5 m, totoal fuel loading = 90000 kg; density of UO, = 10
g/cm?®; enrichment = 3 wit%; 150 fuel assemblies; 200 fuel pins per assembly;
electrical generating capacity = 1000 MW; plant thermal efficiency = 30%.

2. (20%) Based on the above information, (a) What is the approximate thermal
power output of the core? (b) What is the atom density of U-235 in the core? What
is the mass of U-235 in the core?

3. (20%) Based on the above information, the core operates at full power for one
year and then shuts down for refueling. During refueling, one-third of the fuel is
replaced. What is the average burnup in units of megawatt days per metric ton
(MWD/MTU) for the one-thid of the core initially removed?

4. (20%) Consider an infinite planar source emitting S neutrons per cm?/sec in an
infinite diffusing medium. (a) Write down the diffusion equation and the
corresponding source and boundary conditions; (b) Derive an expression for the
neutron flux in full space.

5. (20%) For a homogeneous mixture of U-235 and sodium in which the uranium is
present in a percentage of x wt%, (a) calulate the fuel utilization factor f and the
infinite multiplication factor £« as a function of x; (b) estimate the critical uranium
concentration (x=7).

TABLE 6.1 NOMINAL ONE-GROUP CONSTANTS FOR A FAST REACTOR"

Elementor ,
Isotope g, ay a, Oy v ]
Na 0.0008 0 00008 33

Al 0.002 0 0.002 KN |

Fe 0.006 0 0006 2.7 — —
nsy 0.25 1.4 1.65 6.8 26 22
ey 0.16 0.095 0.255 69 26 097
mp 0.26 1.85 2.1 6.8 298 261

*From Reactor Physics Constants, 2nd ed., Argonne National Laboratory report ANL-5800, 1963.






