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Points for Discussion:

1. Homogeneous mixture of 232Th and 238U:
neutron resonance structure;

2. On neutron multiplication properties
of 233U and 239Pu;

3. Neutronics of fuel lattice in SCLWR;

4. Increase of (233U + 232Th + 238U)-fuel burn-up;

5. On Proliferation Resistance of Closed Fuel Cycle



Super-Critical LWR concepts

Fuel Moderator

Option for analysis
Some part of fuel elements in SA

is replaced by moderator



Water properties under   p = 25 МPа
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Neutron Capture of 238U and 232Th vs. neutron energy
(1 ÷÷÷÷ 1000 eV)
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Pu-239U-233Pu-239U-233U-238Th-232

= 0,4 g/сm3= 0,72 g/сm3Fraction, %

αααα = σσσσc / σσσσf vs. neutron spectrum of SCLWR (         = 0,72 ÷÷÷÷ 0,4 g/сm3)
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ννννf (239Pu) = 2,89 →→→→ ννννeff (239Pu) = 1,83

Multiplication properties of 233U are more preferable than that for 239Pu
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Multiplication properties of 233U are more preferable than that for 239Pu



Multiplication factor К∞∞∞∞ and Breeding Ratio (233U + 239Pu)
Fuel: (4% 233U + 96% [232Th + 238U])O2
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Multiplication factor К∞∞∞∞ and Breeding Ratio (233U + 239Pu)
(4% 233U + 96% [232Th + 238U])O2 (10% 233U + 90% [232Th + 238U])O2
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= 0,72 g/cm3 = 0,4 g/cm3

Temperature Coefficient of Reactivityand 233U & 239Pu breeding(per one fission)
Fuel: (4% 233U + 96% [232Th + 238U])O2
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Dependence of KDependence of K∞∞∞∞∞∞∞∞ on fuel burnon fuel burn--upup
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Closed Fuel Cycle with (U-Th)-fuel
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Facility

Fuel feed
Proliferation Protection Criteria of IAEA
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Analogue for (233U + 238U)-mixture
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(20% 233U + 80% 238U) can be denatured
by admixture of 232U

Fresh Fuel: (233U + 238U + Th)

Spent Fuel: (233U + 238U + Th + Pu + MA)



232U  as  a  doping isotope
232U → 228Th → 224Ra → … → 208Pb (stable)αααα αααααααα

69 yr 3.7 d1.9 yr

QSF (Spontaneous Fission Neutrons) = 1.3·10+3 n / (s·kg 232U);
Q
α,n (Uranium Dioxide) = 15·10+6 n / (s·kg 232U) (·20 – equilibrium);

232U–leader among U isotopes as a spontaneous neutrons generator.

6 αααα-decays
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Example: (Th-U-Pu) Closed Fuel Cycle Protected

International  Centers
for  fuel  reprocessing

&  manufacturing

Thermal / Mechanical
Fuel  Regeneration, in situ

Natural (U+Th)

Fuel  Feed
(20%3U+78%8U+2%2U)+50%Th

Regenerated  Fuel
(11.6%3U+1.3%2U+8U)
+0.6%Pu+0.1%MA+Th

+10%FPs

Upper
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Spent  Fuel
(6.5%3U+0.8%2U+8U)

+0.9%Pu+0.14%MA+Th
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Conclusions

1. Within the SCLWR operation range of water density (from 0.78g/cm3 to
0.1g/cm3), 233U remains remarkably more preferable than 239Pu
on neutron multiplying properties: νeff(

233U) = 2.22; ν eff(
239Pu) = 1.82.

2. Homogeneous mixed (233U – 232Th – 238U)-based fuel composition
provides higher values of achievable fuel burn-up than 232Th-based and
238U-based fuel compositions, respectively.

3. A three-to-one ratio of 232Th and 238U contentsin mixed (232Th –
238U)-based fuel composition provides maximal values of fuel breeding 
ratio and achievable fuel burn-up.

4. Uranium fraction of this fuel (233U + 238U) can be effectively doped by
232U isotope admixture to enhance proliferation protection.

5. Plutonium breeding is suppresseddue to small fraction of 238U in fuel.


