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March 5 Homework Assignment
1
(a)
Calculate the mass deficit (m) in atomic mass units (amu) of the following fission reaction.  (Use literature values for the exact masses of the isotopes and neutrons.)

235U + n → 139Xe + 95Sr + 2n

(b)
Calculate the energy (MeV) released per one fission.

(c)
Calculate the energy released per kilogram of 235U and compare it to the energy released in the combustion of 1 kg of carbon.

(d) If the uranium feed to a reactor has a U235 concentration of 3% and the spend fuel has a U235 concentration of 0.8%, what weight of UO2 fuel is required for a 1000 MWe plant that runs for one year at a 95% capacity factor with an efficiency of 33%?

Use the atomic mass data shown in the table below.

	Nucleus
	Mass (amu)
	Reference

	235U
	235.04394
	Fay and Golomb, Energy and the Environment, p 121.

	n
	1.008665
	Class notes (taken from NIST web site)

	139Xe
	138.9187869
	www2.bnl.gov/CoN/nuc/X/Xe139.shtml

	95Sr
	94.9193582
	www2.bnl.gov/ton/cgi-bin/nuclide?nuc=Sr95


2
(a) Calculate the mass deficit (m) in atomic mass units (amu) of the following fusion reaction.
2D + 3T → 4He + n

(b) Calculate the energy (MeV) released per one fusion.

(c) Calculate the energy released per kilogram of deuterium.

Use the atomic mass data shown in the table below.

	Nucleus
	Mass (amu)
	Reference

	2D
	2.014102   
	http://www.sisweb.com/referenc/source/exactmaa.htm

	n
	1.008665
	Class notes (taken from NIST web site

	3T
	3.0160493
	http://www2.bnl.gov/ton/cgi-bin/nuclide?nuc=H3

	4He
	4.002603  
	http://www.sisweb.com/referenc/source/exactmaa.htm


3. The isotope 129I has a half-life of 15.7 years.  In a nuclear power plant accident, 1 kg of the isotope is dispersed into the surroundings of the plant.  How much of the iodine isotope will remain in the surroundings after 1, 10, and 100 years.

4. The lecture presentation on nuclear energy discussed separative work units, SWU, defined by the following equation: SWU = PV(NP) + TV(NV) – FV(NF), where V(N) is the value function defined in the notes.  The meanings of there terms and the following equations were defined in the notes: F = P + T; FNF = PNP + TNV.  Use the three equations in this paragraph to show that the product-to-feed ratio, the SWU-to-feed ratio, and the SWU-to-product ratio are given by the following equations.
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Use these equations to verify the SWU calculations on slide 36 of the presentation that for NP = 3%, 3.8 SWU required if NT = 0.25%, or 5.0 SWU if NT = 0.15%.  Recall that the value of NF for natural uranium is 0.71%.  Note that the results on that slide are for the SWU-to-product ratio, SWU/P.
5. For many years now there has been only little development of new nuclear power plants worldwide and none in the US.  Recently the issue of global warming has prompted a reconsideration of nuclear power as a source of power that is free of CO2 emissions.  Find a website of either (a) an environmental organization or (b) a company or industrial organization that favors nuclear power and summarize the arguments you find there.  Give a brief critique of the arguments you find.  Do this in one to two pages.
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