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 Transplutonium-element yield and fission loss during thermal neutron irradiation of plutonium 
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Assembly and core characteristics SFR V2B 

Thermal power 3600 MWth 

Net electrical power 1450 MWe 

Core management 5 × 410 EFPD 

Number of fissile assemblies 453 

Heavy nuclide volume fraction (%vol)1 43.7 

Na volume fraction (%vol) 27.6 

Average core power density (W/cm3)2 207 

Reloading frequency 5 

Average burnup (GWd/tons) ~100 

Maximum burn-up (GWd/tons) 139 

Average Pu content (%vol fuel) 15.8 

Equivalent 239Pu weight content (%) 11.0 

Initial Pu mass (tons)3 12.0 

Total heavy nuclides mass (tons) 74.0 

Average instantaneous breeding gain BOC/EOC +0.01 

Void effect ($) EOC 4.9 

 
 

                                                           



Fabrication 

Fuel fabrication time 2 years 

Reprocessing 

Cooling time before 
reprocessing 

SFR blankets: 5 years 

SFR fuel: 5 years, 

Reprocessing losses 
Scenario 1 : 0.1% U, Pu, Am, Np, Cm 

Scenario 2: 0.1% U, Pu, Am, 100% Np, Cm 

Priorities for reprocessing Chronologic order 

 

 

 



 

 

 

 

 

 

Radiotoxic inventory (ingestion) in the HLW per TWhe
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Cooling time 50 70 100 200 300 

Current glasses 1 1 1 1 1 

40% AM in radial  blankets -24.7 -28.6 -38.7 -81.4 -95.3 

40% AM in radial  blankets except CM 57.3 30.8 -3.1 -67.8 -80.4 

AM transmutation homogeneous -23.7 -27.8 -38.4 -82.3 -96.3 

10% AM in radial  blankets -27.3 -31.1 -41.1 -82.7 -96.1 

 

Decay heat of the HLW

Equilibrium calculations
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Footprint 
(m/W) 

Ptot (W) PAm/Ptot 

C0 0.161 155 4.50% 

C1 0.172 465 18.50% 

C2 0.172 489 17.60% 
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PUREX
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U Pu Np I Tc

Raffinate

Cs F.P.

An + Ln

Am

Ln

F.P..

SESAME

Cm

Am+Cm
Step 1

Step 2

Step 3



 

 

 

 

Am ~ 0.015 %

Cm < 0.002 %
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Extr.- scub.Extraction Scrubbing Back-extr.

Diamide

0.65 M

Feed

HNO3

Am, Cm

HNO3

HNO3

0.1 M

UV-vis spectro. 

monitoring

> 99 % Cm

< 1 %   Am

> 99 % Am

< 1 %   Cm

< 0.1 % Am

< 0.1 % Cm
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La, Ce 
Pr, Nd

Fe

HEDTA + citric acid
pH 3

FEED
HNO3 > 4 M

DMDOHEMA  + 
HDEHP  in HTP

EXTRACTION / Scrubbing

Ln, Fe strippingLn scrubbing/Am stripping

HNO3 1 M

TEDGA

HNO
3 

Mo, Pd, Ru

Mo stripping

Buffer

pH 3

NaOH

32 stages

Am

non extractible F.P.

+Cm+Eu+Sm+Gd +Y +Zr

Complexing

agent

TEDGA

8 stages

8 stages
20 stages
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Isotope Half-life 
(y) 

Neutron emission 
(g-1s-1) 

Decay heat 
(W g-1) 

237Np 2.14106 0.90 0.00002 

238Pu 87.7 3.6 104 0.56 

239Pu 2.41104 96 0.002 

240Pu 6.54103 1.3 103 0.007 

241Pu 14.4 1.23 0.004 

242Pu 3.76105 2.0 103 0.0001 

241Am 432.2 7.0 103 0.11 

243Am 7.38103 5.4102 0.0071 

242Cm 0.446 2.9 107 120 

243Cm 28.5 1.3 105 1.7 

244Cm 18.11 1.2 107 2.8 

      * Spontaneous fission and (, n) reaction 

 



Symbol Reactor and fuel Burn-up Initial composition 

LWR-45G LWR UO2 fuel 
45 GWd/t 

(38MW/t×1184.2d) 
4.5% U-235 

LWR-60G LWR UO2 fuel 
60 GWd/t 

(38MW/t×1578.9d) 
4.5% U-235 

LWR-MOX LWR MOX fuel 
45 GWd/t 

(38MW/t×1184.2d) 
6.0% Pu + NU 

FBR-MOX 
FBR in OECD/NEA benchmark 

exercise 
78.8 GWd/t 

(72MW/t×1095d) 
17.0% Pu + DU(0.3%) 

FBR-MA 

FBR with MA recycle 
Core fuel 

147.1 GWd/t 
(44.1MW/t×3335d) 

19.8% Pu + DU(0.3%) 

0.92% MA 

Blanket fuel 21 GWd/t DU 

NU:natural uranium,  DU:depleted uranium,  MA:
237

Np, 
241

Am, 
243

Am, 
244

Cm 

 



 LWR-45G LWR-60G LWR-MOX FBR-MOX FBR-MA* 

232U 2.17E-03  3.98E-03  9.36E-04  2.59E-03  1.52E-02  

233U 2.32E-03  2.66E-03  1.53E-03  5.92E-03  1.15E-02  

234U 1.39E+01  2.48E+01  8.86E+01  2.24E+02  1.83E+02  

235U 1.13E+04  6.18E+03  3.00E+03  1.18E+03  8.67E+02  

236U 5.70E+03  6.16E+03  7.21E+02  3.31E+02  4.39E+02  

237U 4.27E-05  5.13E-05  1.88E-04  2.66E-04  1.63E-04  

238U 9.24E+05  9.11E+05  9.06E+05  7.45E+05  7.36E+05  

239U 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  

236Np 7.96E-04  1.16E-03  5.72E-04  2.45E-03  1.18E-02  

237Np 6.59E+02  8.93E+02  2.12E+02  2.83E+02  5.70E+02  

238Np 1.54E-07  2.07E-07  3.63E-06  2.90E-05  3.24E-05  

239Np 1.19E-04  2.71E-04  1.10E-03  1.14E-03  1.23E-03  

236Pu 7.31E-04  1.26E-03  3.07E-04  8.57E-04  2.65E-03  

238Pu 2.57E+02  4.80E+02  1.62E+03  3.60E+03  2.03E+03  

239Pu 6.62E+03  6.65E+03  1.46E+04  9.62E+04  8.42E+04  

240Pu 2.60E+03  3.20E+03  1.28E+04  4.57E+04  4.72E+04  

241Pu 1.38E+03  1.66E+03  6.06E+03  8.59E+03  5.28E+03  

242Pu 6.57E+02  1.17E+03  5.12E+03  1.18E+04  5.54E+03  

243Pu 1.40E-13  1.28E-12  3.43E-12  9.50E-13  1.20E-10  

244Pu 4.54E-02  1.44E-01  5.18E-01  1.78E-01  4.53E-01  

241Am 4.30E+02  5.21E+02  2.37E+03  5.19E+03  3.89E+03  

242mAm 8.19E-01  1.11E+00  1.94E+01  1.54E+02  1.73E+02  

242Am 9.80E-06  1.32E-05  2.32E-04  1.85E-03  2.06E-03  

243Am 1.38E+02  3.15E+02  1.28E+03  1.32E+03  1.44E+03  

244mAm 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  

244Am 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  

242Cm 1.06E-02  1.72E-02  1.42E-01  4.79E-01  4.75E-01  

243Cm 4.13E-01  9.20E-01  8.87E+00  1.69E+01  1.28E+01  

244Cm 3.94E+01  1.31E+02  5.39E+02  2.61E+02  1.14E+03  

245Cm 3.30E+00  1.37E+01  7.37E+01  2.01E+01  2.60E+02  

246Cm 3.07E-01  2.00E+00  5.20E+00  8.73E-01  4.30E+01  

247Cm 3.94E-03  3.60E-02  9.63E-02  2.67E-02  3.36E+00  

248Cm 2.81E-04  3.89E-03  6.40E-03  8.39E-04  3.10E-01  

           

Total An 9.54E+05  9.38E+05  9.54E+05  9.20E+05  8.90E+05  

* Composition of FBR-MA was calculated as a mixture of core fuel and axial blanket with a ratio of 69 to 31. 
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 Mass (g/ton) Decay heat (W/ton) 

 1 y 5 y 30 y 1 y 5 y 30 y 

241
Am 135 407 1.272 15.3 46.4 145 

243
Am 105 105 105 0.67 0.67 0.67 

Total Am 240 512 1.377 16.0 47.1 146 

242
Cm 3.84 0.11 0.0026 467 1.3 0.32 

244
Cm 35.3 30.3 11.6 100 85.6 32.9 

245
Cm 2.2 2.2 2.2 0.01 0.01 0.01 

Total Cm 41.9 33.0 14.2 568 87.6 33.6 

%Cm in Am-Cm 14.9 6.1 1.02 97.3 65.0 18.7 



 

  Spontaneous  

 Decay fission  

 heatb neutronsb Photonsb 

Pu 45% 0.6% 18% 

Np 0% 0.0% 0% 

Am 11% 0.02% 70% 

Cm 44% 99.4% 12% 

 

%Cm in 

Am-Cm 

 

80 

 

~100 

 

14.6 

a Based on calculations by J. Stillman, “Proliferation Resistance 
Metrics for Separated Streams of Reactor Grade Transuranics,” Trans.              
Am. Nucl. Soc., 92, 282–283 (June 2005).    

b Used fuel that has been irradiated for 55 GWd/MT and decayed for 
   5 years. 

  

 

 

 

 



4 Managed by UT-Battelle
for the Department of Energy
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