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• Safety !!! (after Chernobyl accident)

• Closed fuel cycle (fuel reproduction)

• Ecological problems (nuclear waste utilization)

• Nonproliferation of fissile materials (nuclear terrorism resistance)

Nuclear Power Problems

Atomic Bomb House, Hiroshima
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Nuclear plants are provided with Uranium-235 only until 2035!

Explored Earth reserves of Uranium
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Th-U fuel cycle

U-Pu fuel cycle

Nuclear fuel reproduction
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Fast Reactors

fast reactorsthermal reactors

Thermal Reactors

50 kt/year

115 kt/year

240 kt/year



History of the B’n’B and TWR Concepts

Breed’n’Burn concept

S.M.Feinberg and E.P.Kunegin, 1958: "Nuclear 
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V.Ya.Goldin, D.Yu. Anistratov, 1992: “Mathematical 
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Traveling Wave concept
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physically safe reactor. Preprint IAE-4605/4;    & 1989:
“Neutron-fission wave”, Sov. Phys. Doklady, v.34, p.1071. 

“Variant of safe reactor”, Nature, v.1, p.  (in Russian)

A.I.Akhiezer et al.,1999: “Propagation of a Nuclear Chain 
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Lev Feoktistov (USSR, 1988):

Nuclear Burning Wave

L.P. Feoktistov. Preprint IAE-4605/4, 1988.

L.P. Feoktistov. Sov. Phys. Doklady, 34 (1989) 1071.
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Edward Teller (USA, 1997):        Traveling Wave Reactor   Monte Carlo simulation

E.Teller. Preprint UCRL-JC-129547, LLNL,1997. Th-U fuel cycle

Hiroshi Sekimoto (Japan, 2001): CANDLE   Deterministic approach

H.Sekimoto et al., Nucl. Sci. Eng., 139 (2001) 306. U-Pu fuel cycle, Stationary problem: x = z + Vt

238U (n,γ) → 239U (β) → 239Np (β) → 239Pu (n,fission) ...
T1/2 ≈≈≈≈ 2.35 days

Concept  &  Analytical approach
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Goldin & Anistratov (USSR, 1992):  Nuclear Burning Wave Deterministic approach

V. Goldin, D. Anistratov. Preprint IMM RAS # 43, 1992. U-Pu fuel cycle         1d non-stationary problem



Edward Teller (LLNL, USA) 1997: Traveling Wave Reactor

E.Teller, 1997. Nuclear Energy for the Third Millennium. Preprint UCRL-JC-129547, LLNL.
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Non-Stationary Theory of Nuclear Burning Wave

S. Fomin, Yu. Mel’nik, V. Pilipenko, N. Shul’ga, A. Fomin (1st IC “Global 2009”, Paris, paper 9456)

Nuclear Burning Wave

( )
/ / / / / /

/ / /

1 1

1

1 1 1

1 1

( ) ( )

g g g
g g g g g g g g g g

a in mod in modg

gG G
g g g j j g g j j j g g g

f f f d l f f l d l l inj l j l
g g g

rD D
v t r r r z z

Cχ ν χ β ν χ λ

→ − −

−
→

= = =

∂Φ ∂ ∂Φ ∂ ∂Φ
− − + Σ +Σ +Σ −Σ Φ − Σ Φ =

∂ ∂ ∂ ∂ ∂

= Σ Φ − Σ Φ + + Σ Φ∑ ∑ ∑ ∑ ∑ ∑ ∑

( 1) ( 1) ( 1)

g gg gl
al l l c l l l

g g

N
N N

t
σ σ − − −

   ∂
= − Φ +Λ + Φ +Λ   

∂    
∑ ∑

Non-Stationary Non-Linear Multi-Group Diffusion Equation of Neutron Transport

Together with Fuel Burn-up Equations and Equations of Nuclear Kinetics 

of Precursor Nuclei of Delayed Neutrons
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Metal fuel (44%)

Pb-Bi coolant (36%)

CM - Fe (20%)



Nuclear Burning Wave in Fast Reactor with U-Pu Fuel 

Reactor radius R=117cm, Reactor composition (volume fractions): 
Fuel (238U) = 44%,  Coolant (Pb-Bi) = 36%,  Constr. material (Fe) = 20%

Neutron Flux ΦΦΦΦ (r, z, t)  &   Plutonium Concentration NPu (r, z, t)

, 1017 cм-2 s-1

, 1021 cм-3



The 2D-distribution NU(r,z) (××××1021 cm-3) of the 238U isotope 

in the NBW regime at different time moments



Fuel burn-up

238U

239Pu

Fission
products



Nuclear burning wave in 5m length cylindrical FR

for different reactor radius R

S. Fomin et al.,  Progress in Nuclear Energy, 50 (2008) 163-169. 

NBW velocity V , cm/day   Integral neutron flux ФI , ×1017cm-1s-1

R = 150 cm (red line) ;  120 cm (green line) ;  R = 110 cm (blue line)
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Dependence of the NBW velocity V on the reactor radius R

S. Fomin et al., Global 2009 (Paris, France) paper 9456
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Reactor Power Control by Reflector Efficiency
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2009:   NBW reactor with mixed Th-U-Pu fuel cycle

Example: Metallic fuel 232Th (62%) + 238U (48%) volume fraction = 55%, 
fuel porosity p = 0.35; Coolant (Pb-Bi eutectic) vol. frac. = 30%,

Constr. materials (Fe) vol. frac. = 15%;   R = 390 cm
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NBW reactor with mixed Th-U-Pu fuel cycle

Example:  Metallic fuel 232Th (62%) + 238U (48%) volume fraction = 55%, fuel porosity p = 0.35;
Coolant (Pb-Bi eutectic) vol. frac. = 30%, Constr. materials (Fe) vol. frac. = 15%;   R = 390 cm
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c)

FIG. 3. the axial distributions (z, cm) of the nbw 

characteristics: (a) scalar neutron flux 
Φ (×1015 cm-2 s-1); (b) concentration n (×1021 cm-3) for 
239Pu (solid curves) and 233U (dots); (c) fuel burn-up 
depth b (%) for the fuel components 238U–Pu (solid 
curves) and 232Th (dots) for calculation variant 1 for 
time moments t1 = 4, t2 = 100 days, t3 = 10, t4 = 30, 
t5 = 45, t6 = 60 and t7 = 70 years.



Fuel burn-up for Th-U-Pu cycle



Perturbation of integral neutron flux Fint (××××1022 cm/s) caused by an external neutron source 

via time t (days).  The source with intensity Qext = 2××××1011 (cm-3 s-1) starts at t0 = 3650 days, 

lasts during 1 hour and is situated at 160 < z < 170 cm
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Stability of the NBW Regime

R = 230 cm

ττττ ≈ 2.5 days



Negative Reactivity Feedback
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Variation of the reactivity ρ (dollars) with time t (days) 
along the variation of the volume-averaged neutron flux Fav (×1015 cм-2 с-1)

Negative Reactivity Feedback: Stability of the NBW Regime
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- negative feedback on reactivity - intrinsic safety (human factor excluding)

- long-term (decades) operation without refueling and external control

- possibility of 232Th and 238U utilization as a fuel

- production of 239Pu (4%) and 233U (4%) for a “future” reactor fuel

- fuel burn-up depth for both 238U and 232Th ≈ 50%

- neutron flux in active zone ≈ 2·1015 n/сm2s                      

- neutron fluence during the whole reactor campaign ≈ 3·1024 n/сm2

- energy production density in active zone ≈ 200 W/сm3

- total power at the steady-state regime ≈ 1.2 GW                

- wave velocity at the steady-state regime ≈ 2 сm/year 

- possibility of nuclear waste burn out (expected)

Main features of NBW reactor with mixed Th-U-Pu fuel cycle

Reactor composition (vol. frac.):

Fuel = 55%  (FTh = 62%,  p = 0.20), Coolant = 30%, CM = 15%, R = 215 cm
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Thank you for attention !
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Startup problem of the NBW Reactor

(10-3 b-1cm-1) (10-3 b-1cm-1)
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Neutron flux Φ, b-1day-1



Smooth Startup of the NBW Reactor
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