National Science Center

“Kharkov Institute of Physics and Technology”

HIGH EFFICIENCY OF MIXED Th-U FUEL UTILISATION
IN INNOVATIVE NUCLEAR BURNING WAVE REACTOR

Sergii Fomin, A. Fomin, Yu. Mel'nik, V. Pilipenko, N. Shul'ga

Akhiezer Institute for Theoretical Physics, NSC KIPT, Kharkov, Ukraine

e-mail: sfomin@kipt.kharkov.ua

IAEA TM FR 11-13 September 2013 AITP NSC KIPT



Nuclear Power Problems

Atomic Bomb House, Hiroshima

Closed fuel cycle (fuel reproduction)

Ecological problems (nuclear waste utilization)
* Nonproliferation of fissile materials (nuclear terrorism resistance)



Explored Earth reserves of Uranium
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Nuclear plants are provided with Uranium-235 only until 2035!



Nuclear fuel reproduction 237N
T T, = 6.75 days

233 — s 234y — s 235 — s 236 — s 237

T T, =27 days
233p4 Th-U fuel cycle
1‘ T, =22.2 min
232Th — 233Th 241Am 243Am
TTVZ = 14,3 years TTVZ = 4.98 hours

239py —> 240py —> 241py —> 242py —> 243py

T T, =235 days
239N
E U-Pu fuel cycle
1‘ T, = 23.5 min
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Forecast world demand for Uranium up to 2100
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The Evolution of the Traveling-Wave /Concept
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Lev Feoktistov (USSR, 1988):

Nuclear Burning Wave  _
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Concept & Analytical approach

238U (n,y) — 239U (B) — 2*°Np (B) — 2*°Pu (n,fission) ...
T,,~2.35 days
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Edward Teller (LLNL, USA) 1997: Traveling Wave Reactor
E.Teller, 1997. Nuclear Energy for the Third Millennium. Preprint UCRL-JC-129547, LLNL.

High—Reliability Afterheat-Dumping System
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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)
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Non-Stationary Non-Linear Multi-Group Diffusion Equation of Neutron Transport
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Together with Fuel Burn-up Equations and Equations of Nuclear Kinetics
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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 ® (r, z, t) & Plutonium Concentration Ny, (r, z, t)

, 1017 CM_2 S_1 t = 0 months
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The 2D-distribution N(r,z) (x10%! cm-3) of the 238U isotope

in the NBW regime at different time moments

Ny
20
15
10
5
0 100 200 300 400 500 0
Z, cm
t=6 years
Ny : — Ny
20 = 20
18 T _ — 15
HiHH 4
10 : s 10
— 117
5 — \. T, Cm 5
. 0
0 100 200 500 y

t=2years

e T LK B 1 | 147

100 200 300 400 500

t=10 years

100 200




Fuel burn-up
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Nuclear burning wave in 5m length cylindrical FR

for different reactor radius R
S. Fominetal., Progress in Nuclear Energy, 50 (2008) 163-169.

NBW velocity V, cm/day
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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

R=110 cm
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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

238U 50 %

232Th 50 %

/\

Ignition zone

Breeding zone




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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Fuel burn-up for Th-U-Pu cycle

Fuel t= Odays
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Stability of the NBW Regime
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Perturbation of integral neutron flux F, ; (x10% cm/s) caused by an external neutron source
via time t (days). The source with intensity Q.= 2x10" (cm? s!) starts at ¢, = 3650 days,
lasts during 1 hour and is situated at 160 <z<170 cm



Negative Reactivity Feedback R =230 cm
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Negative Reactivity Feedback: Stability of the NBW Regime
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Main features of NBW reactor with mixed Th-U-Pu fuel cycle

Reactor composition (vol. frac.):
Fuel =55% (F+, =62%, p =0.20), Coolant = 30%, CM =15%, R =215 cm

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 23°Pu (4%) and 233U (4%) for a “future” reactor fuel

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

neutron flux in active zone = 2:10"° n/cm?s
neutron fluence during the whole reactor campaign = 3:10%4 n/cm?

energy production density in active zone =200 W/cm3

total power at the steady-state regime = 1.2 GW
wave velocity at the steady-state regime = 2 cm/year

possibility of nuclear waste burn out (expected)
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Thank you for attention



ER}{APOWER Technology Entertainment Design, USA (February 12, 2010)
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Startup problem of the NBW Reactor

Neutron flux @, b-'day"
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Smooth Startup of the NBW Reactor
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