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Exercises of today
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Divide in groups of 5:

• you will solve the exercises in group 

• we will correct them together at the board

• We split exercise 1 in (a) – (b-c) – (d-e) 



1. An example nuclear power plant
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𝑃𝑡ℎ =
900 𝑀𝑊𝑒

0.33
~ = 2700 𝑀𝑊𝑡ℎ

Divide the electric output by the 

efficiency to get the thermal output:

Consider 200 MeV as energy released 

per fission, convert this to Joules:

1 MeV = 1.6021766339999E-13 J

Get the fission rate by dividing the thermal 

output by the energy released by one fission

𝐹 =
2700 × 106 𝐽/𝑠

200 ∗ 1.60E−13 J
= 8.4 × 1019

𝑓𝑖𝑠𝑠𝑖𝑜𝑛𝑠

𝑠
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(b) The volume of the core is 27 𝒎𝟑 which represents an equivalent radius of 1.52 m when in 

the form of a cylinder: 

𝑅 =
𝐴 ∗ 𝑁𝐴𝑆𝑆𝐸𝑀𝐵𝐿𝐼𝐸𝑆 ∗ 𝐻

𝜋 ∗ 𝐻

The volume V of the fuel is 8 𝒎𝟑, where the mass is M and the density is D:

𝑉 = 𝑀/𝐷

i.e. 30% of the core volume.

Fast forward question: a typical W2LOOP PWR of the same size has 55% water, 21% fuel, the rest

is zirconium and structural materials. Would this reactor have a higher or lower thermal utilization

factor f?

(c) Divide this power by the volumes. The power is 𝟏𝟎𝟎𝑴𝑾/𝒎𝟑 of core, or 𝟑𝟒𝟎𝑴𝑾/𝒎𝟑 of fuel.
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(d) The molar mass of UO2 with 3 at% U-235 is given by : 

𝑀𝑈𝑂2 = 0.03×235+0.97×238 +2×16 g/mol

The number of moles of UO2:

𝑛 =
𝜌𝑈𝑂2
𝑀𝑈𝑂2

= 3.816×104 mol/𝑚3

There is one uranium atom in every mole of UO2

𝑁𝑈 = 𝑛 𝑁𝐴

Three percent of these atoms are U235, from which we can compute the macroXS and the flux

𝑁𝑈235 = 0.03 𝑁𝑈 = 6.89×1026 atoms/m3

Σf = N235 σf ​≈ 6.89×1026 × 582 × 10−28 ≈ 40.1 m−1

𝝓 =
𝒒′′′

𝚺𝒇∗𝑬𝒇
≈ 3.0×10^17 m−2s−1

(e) For monokinetic neutrons, 𝝓 = 𝒏𝒗 hence 𝒏 = 𝚽/𝒗



3. Energy released by a fission chain
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In case the criticality condition is met, what is the limit of this sum?



4. Concentration of a fission product
E

x
e
rc

is
e
 S

e
s
s
io

n
 3

E
x
e
rc

is
e
 S

e
s
s
io

n
 3

9



4. Concentration of a fission product
E

x
e
rc

is
e
 S

e
s
s
io

n
 3

E
x
e
rc

is
e
 S

e
s
s
io

n
 3

10

0 =



2. Activity of fission products

▪ P - nominal power of the reactor  [MWth]

▪ T – operation time [days]

▪ t – time following the shutdown [days]

𝑨𝒇𝒑 = 𝟏. 𝟒 × 𝟏𝟎𝟔𝑷 𝒕−𝟎.𝟐 − (𝒕 + 𝑻)−𝟎.𝟐 [𝐂𝐢]

- Reactor loaded with 120 fuel elements

- Operation of 1 year at 100MWth       fuel discharge

Ci = 𝟑. 𝟕 × 𝟏𝟎𝟏𝟎𝐁𝐪
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▪ P - nominal power of the reactor  [MWth]
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- Reactor loaded with 120 fuel elements

- Operation of 1 year at 100MWth       fuel discharge

Ci = 𝟑. 𝟕 × 𝟏𝟎𝟏𝟎𝐁𝐪

What is the average

FP activity in 

becquerels of a 

single fuel

element 1 day after 

discharge?



2. Activity of fission products

▪ P - nominal power of the reactor  [MWth]

▪ T – operation time [days]

▪ t – time following the shutdown [days]

𝑨𝒇𝒑 = 𝟏. 𝟒 × 𝟏𝟎𝟔𝑷 𝒕−𝟎.𝟐 − (𝒕 + 𝑻)−𝟎.𝟐 [𝐂𝐢]

Ci = 𝟑. 𝟕 × 𝟏𝟎𝟏𝟎𝐁𝐪

What is (usually) the 

thermal power of a 

commercial LWR?

What is its FP 

activity 1 day after 

the shutdown (order 

of magnitude)?
- Operation of 1 year



2. Activity of fission products

Why does the residual 

thermal power depend 

on the operation time 

before shutdown?

Ci = 𝟑. 𝟕 × 𝟏𝟎𝟏𝟎𝐁𝐪

• 120 fuel elements

• Operation of 1 year at 100MWth



2. Activity of fission products

Give a coarse estimate 

of fraction of power 

still produced, in the 

seconds following the 

reactor shutdown.

Ci = 𝟑. 𝟕 × 𝟏𝟎𝟏𝟎𝐁𝐪

• 120 fuel elements

• Operation of 1 year at 100MWth



2. Activity of fission products

Estimate the average 

residual thermal power 

of single fuel element 

using the graph

(1 day after discharge)

Ci = 𝟑. 𝟕 × 𝟏𝟎𝟏𝟎𝐁𝐪

• 120 fuel elements

• Operation of 1 year at 100MWth
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Fuel plate

.
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