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Analogies of experience in the United States  
Transuranium Element Production Program with partitioning  

and transmutation of transuranic actinides in commercial used fuels 

Abstract 
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Introduction 

Figure 1: Vision of a unified heavy element production programme 

Transplutonium element yields 

Heavy element production 



• The field of new  transuranium elements is entering an era where the participating scientists in this country cannot go much further without some  
unified national effort which can only be authorised and co-ordinated by the Atomic Energy Commission itself. 

• The future progress in this area depends on substantial weighable quantities (say milligrams) of berkelium, californium and einsteinium. The 
acquiring of this depends upon our country’s entrance into a two-fold programme. 

• The irradiation of substantial quantities of  239 Pu as reactor fuel element ,  
and the  reirradiation of the products…to form hundred gram amounts  
of  244 Cm and higher curium isotopes… 

• The irradiation of the curium in the suggested “very high flux reactor”. 
G.T. Seaborg 
Berkeley, 24 October 1957 

Vision of a Unified Heavy Element Production Programme 
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Figure 2: Transplutonium-element yield and fission  
loss during thermal neutron irradiation of plutonium 

239Pu
242Pu
244Cm
252Cf

242Pu
244Cm
252Cf
257Fm

3n, 90% fission loss
2n, ~1% fission loss
8n, ~8.7% fission/decay loss
5n, ~0.3% fission/decay loss

251Cf

36%

252Cf
245Cm

250Cf
250Bk

249Bk
249Cm

248Cm
247Cm

246Cm
244Cm244Am243Am243Pu242Pu241Pu240Pu239Pu

26%

10%

Fission
Products

Fission
Products

Fission
Products

0.8%
Fission
Products

0.4%
Fission
Products

64%

0.3%
1.5%

8.5%

 

Figure 3: Heavy element production for DOE research programmes and 
252

Cf neutron sources 
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Figure 4: Production rate for 
252

Cf 
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Figure 5: Comparison of fission versus absorption in a  
pressurised water reactor (PWR) and a sodium fast reactor (SFR) 
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Figure 6: Transplutonium-element yield and fission loss during irradiation of plutonium 
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Figure 7: Transplutonium-element yield and fission loss during irradiation of 
242

Pu 
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Figures 8(a) and 8(b): P-T scenarios evaluated 

Separations

U to Re-enrichment

Low Heat
FP Waste to Repository

2000 MT/y

FR Used Fuel

U-TRU-Zr
Fuel Fab

Fast Reactor 
Irradiation

~3 y

Separations

U-Pu-Np
MOX Fuel

Fab

LWR
Irradiation

4.5-6 y

U-Am-Cm
Targets

LWR
Irradiation

4.5-6 y

U to Re-enrichment

Low Heat
FP Wastes to Repository

2000 MT/y
LWR UO2

Used Fuel
30-40 y Cooled

MOX Used Fuel Storage

Irradiated MA Target Storage

LWR UO2

Used Fuel
30-40 y Cooled



ANALOGIES OF EXPERIENCE IN THE UNITED STATES TRANSURANIUM ELEMENT PRODUCTION PROGRAM 

ACTINIDE AND FISSION PRODUCT PARTITIONING AND TRANSMUTATION, ISBN 978-92-64-99174-3, © OECD 2012 7 

Figure 9: Burn-up of TRU actinides in one P-T cycle irradiation 
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Figure 10: Comparison of total TRU and element inventories in  
the total recycle from each cycle during multiple P-T cycles 
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