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�
nuclear material attractivenss to a proliferator, A





A = N/(P*R), 


where,





	N = Annual production rate of critical masses (cm/reactor-yr)


	P = Fizzle yield probability = 1 - � EMBED Equation.3  ���, where


		n = Expected number of neutrons emitted during device 


	= � EMBED Equation.3  ���


		� EMBED Equation.3  ���= Spontaneous fission decay constant


		� EMBED Equation.3  ���= Mean neutron yield per spontaneous fission


		� EMBED Equation.3  ���= Supercritical device assembly time scale


		y = maximum probability achieved that a neutron released within the 


			assembly will lead to a chain reaction


�
nuclear material attractivenss to a proliferator, A (continued)








	R = � EMBED Equation.3  ���, where


	Cf =	the cost of obtaining the material of interest from the annual spent fuel from the reactor, and


	Co =	the cost of disposing of the high level wastes produced annually by the reactor


�
nuclear material handling difficulty











� EMBED Equation.3  ���


where


	Mf = 	mass of spherical shielding required to surround a critical mass of the material of interest plus any “spiking additive” materials in order to limit the resulting shielding surface dose rate to a specified value , and


	M0 =	mass of spherical shielding required to surround a critical mass of the material of interest from the reactor in order to limit the resulting shielding surface dose rate to an occupationally acceptable value


�
nuclear material dIVERSION RELIABILITY, F(E)











F(E) = Diversion Reliability (expenditure = E),


where 


	� EMBED Equation.3  ���, where


		dPD = f(E)dE, and 


dPD is the increase in the diversion reliability achieved by an incremental expenditure taking total expenditures from E to       E + dE


�
FIGURE 1.  DIVERSION RELIABILITY FUNCTION FOR PROBABILITY OF SUCCESS OF MATERIAL OF INTEREST  DIVERSION, 


GIVEN AN EXPENDITURE OF RESOURCES OF VALUE, E











�


�
Table 1.  Comparative Data to Plutonium Produced 


from a 3400 MWt PWR and the RTF [Galperin, et al., 1999]





Quantity�
PWR-Pu�
RTF Seed-Pu�
�
Spent Fuel Production Rate (T/yr)�
27.0�
8.6�
�
Critical Mass (kg)�
5.5�
5.9�
�
Annual Pu Production Rate (kg/yr)�
250�
37.9�
�
Plutonium Mass Percentages:�
�
�
�
	Pu-238�
1.0�
5.9�
�
	Pu-239�
59.0�
46.6�
�
	Pu-240�
21.0�
23.6�
�
	Pu-241�
14.0�
15.1�
�
	Pu-242�
5.0�
8.8�
�
Probability:�
�
�
�
	Nominal Yield�
0.07�
0.006�
�
	Fizzle Yield�
0.35�
0.55�
�
Decay Power (kW/Critical Mass)�
88�
250�
�
�
Table 2.  Proliferation Resistance Metrics Comparing the 


Plutonium Separated from the Spend Fuel of a 3400 MWt PWR and RTF








Quantity�



PWR-Pu�



RTF Seed-Pu�
Ratio                 (RTF-Pu/PWR-Pu)�
�
Annual Critical Mass Production Rate, N 


(Critical Mass/Reactor-yr)�
45.5�
6.42�
0.14�
�
Fizzle Yield Probability, P�
0.35�
0.55�
1.57�
�
Relative Cost of Obtaining Material of Interest, R�
1.80�
1.26�
0.70�
�
Nuclear Weapons Attractiveness of Material of Interest, A, where         A = N/(P*R)�
72.2*�
11.5*�
0.16*�
�
* Estimates based upon the following assumptions:  Cost of terrestrial high level waste repository ≈ $7.0 billion, cost of 1000 T/yr reprocessing plant ≈ $3.0 billion, amortization period = 20 yr.





�
FIGURE 2.  PROBABILITY DENSITY FUNCTIONS FOR THE NUMBER OF DETECTOR EVENTS FOR EQUAL MASS SAMPLES OF PLUTONIUM FROM THE PWR AND RTF, RESPECTIVELY; 


WHERE THE EXPECTED NUMBER OF EVENTS FOR THE 


FORMER IS 500





�


�
FIGURE 3.  DIVERSION RELIABILITY DENSITY FUNCTIONS FOR DIVERSION SUCCESS, GIVEN EXPENDITURE, E








�


�
detection example:  thermal neutron interrogation of sample





Quantity�
Value�
�
Expected Number of Detector Events:�
�
�
PWR-Pu�
500�
�
RTF-Pu�
430�
�
Thershold Number of Detector Events�
420�
�
Detection Confidence Level:�
�
�
PWR-Pu�
0.9999�
�
RTF-Pu�
0.685�
�
With 1 m H2O Shielding from Neutron Sources, of Fission Radiation from Pu:�
�
�
Expected Number of Detector Events�
0.008�
�
Probability of Zero Events�
0.99�
�
Probability of One Event�
0.01�
�
Shielding, S = (Mf + Mo)/Mo:�
�
�
SUnshielded�
1�
�
Structural Cost, Unshielded�
$100�
�
SShielded�
200�
�
Structural Cost, Shielded�
$100,000�
�



