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The

  90% of the Fuel Temperature reactivity worth is due to 238 U(n,γ γ γ γ) broadening 235 U component is weak (0.1% 0.1% 0.1% 0.1%), due to cancellation of (n,f) and (n,γ γ γ γ) contributions 16 O(n,n) positive component amounts to 10 % (thermal spectrum shift effect). 35% of 238 U(n,γ γ γ γ) Doppler effect comes from the first 3 resonances broadening. 60% of 238 U(n,γ γ γ γ) Doppler effect comes from E n = [60eV;2keV],unless capture rate is only 20%

  Resonance energetic self-shielding comes with fuel rod spatial self-shielding 238 U resonances are more self-shielded at the center of fuel pellet (shadow effect) ⇒ 238 U capture and 239 Pu build-up is higher on pellet boundary ⇒ thermomechanic 'rim effect' (Bu is twice !) UAM-9, Madrid 20-22 May 2015 | PAGE 6 Rim effect Exact Perturbation Theory supplies the following spatial informations: 60% of the 238 U(n,γ γ γ γ) Doppler effect comes from the first 800µm of the pellet The rim effect is significant in the Doppler worth: both τ 238 U(n,γ) and ∆ ∆ ∆ ∆τ 238 U(n,γ) present a non-uniform spatial distribution

  induces 30% Doppler contribution for the 5% pellet periphery ⇒ ⇒ ⇒ ⇒ temperature at fuel surface should be accounted for 1 rst calculation challenge : space-dependent self-shielding formalisms require crossed probability tables to account for non-broadened resonance contribution almost the same in MOx and UOx fuels • Doppler level increases by about 30% due to 240 Pu broadening -A. Santamarina, Conf. M&C2003, Gatlinburg, April 6-11

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

80 Gwd/t 40 Gwd/t 12 Gwd/t Rim effect ->

  

		4,0E-04						
		3,5E-04	12 GWj/t				
	Pu239 conc (1. E24 at/cm3)	5,0E-05 1,0E-04 1,5E-04 2,0E-04 2,5E-04 3,0E-04	40 GWj/t 80 GWj/t					Space-dependent self-shielding is required for accurate LWR calc. 4 concentric rings : 5%, 15%, 30%, 50% in volume
		0,0E+0	6,0E-2	1,2E-1	1,8E-1	2,4E-1	3,0E-1	3,6E-1	4,2E-1
					Radius (cm)		

Isotopic components obtained from Perturbation Theory :

  

			FTC components in LWR UO2 assemblies
	UOX fuel	Fuel region 1	Fuel region 2	Fuel region 3	Fuel region 4	Full Fuel
	238 U			-42.9		-36.2		-38.2	-29.4	-146.7
	235 U	Rim effect (800µm)	+0.1		0.0	Rim effect (800µm)	0.0	0.0	+0.1
	16 O								+12.9
	Total			-42.8		-36.2		-38.2	-29.4	-133.7
				(n,γ γ γ γ)	(n,f)	(n,n)	σ σ σ σ s g'→ → → →g	Total
				-148.2	+0.6		+1.5	+12.4	-133.7
									UAM-9, Madrid 20-22 May 2015	| PAGE 7

The Asymptotic Kernel (AK): T = 0K -target at rest