Simultaneous Satisfaction of Resource Demand
and Environmental Protection

within the Confines of Assets of Nuclear Fission Reaction
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Energy Balance(Table A)

Energy
Items (MeV fission)
Produced 1. fission reaction
Energy thermal energy Ef 200
1. Energy loss at power plant
energy loss due to conversion Er1 118
other consumptions Er2 8
Consumed
Energy 2. Energy loss at fuel cycle
reprocessing & fabrication Ecl <0.2
LLFP nuclide separation Ec2 <1
LLFP multi-recycling Ec3 <0.1
Usable 1. Obtained energy
Energy electricity Ee 73




SCNES neutron balance

number of neutrons per fission

oxide fuel core

metal fuel core

Consumption
1. Chain reaction
fissile fission
fertile fission
2. Breeding (fertile capture) (BR=1.0)
3. FP tfransumutaion (with isotope separation)
4. Parasitic capture
fissile capture
others

5. Parent nuclide capture for non-proliferation

0.8
0.2

0.24

0.2

0.25
0.2 (available)

0.72
0.28
0.85
0.24

0.13
0.2
0.5 (available)

Fission yield

2.9

2.9

It is required to achieve non-proliferation by the addition of Np237, Am241 and
Am243 to fuel under the condition of the available neutrons.




Future Nuclear Energy System needs
Fuel Cycle with Isotope Separation

A Nuclear Fission generates about 2.9 neutrons

- for chain reaction needs 1 neutron

- for fuel production needs more than 1 neutron

- for transmutation of radioactive FP needs about 0.6 neutron
(considering neutron absorption and leakage)

Isotope separation below makes it possible

FP T,,, lower limit(Year) 1 3 10 20 30 100 200 2000 50000

Absorption Element-wise Separation 6.78 2.07 1.99 1.23 1.12 1.07 0.95 0.95 0.95

. | —wi 1
(n/fiss)  [lootope-wise Separation 55 94 024 024 024 022 022 022 022




Neutron Balance in SCNES with Proliferation Resistance
-Pu Grade Target: Reactor Grade Pu-

Neutron Reactions Core Fuel Requirement
MOX Metal
1. For Chain Reaction 1.00 1.00 N1t N2 =1.0
Pu Fissile Fission (Ng;) 0.80 0.72
Others Fission (N,) 0.20 0.28
2. For Fuel Production (Pu Fissile Production) 0.98 0.83 Breeding Ratio =
2381, 238Pu, 240Puy, capture (N,,) 0.98 0.83 | (NytN,)/(Ng tN,;) =1.0
3. For Pu Protection (Taget: Rea. Grade Pu, (Np)) 0.24 0.16 (N,)/N,=0.18
Pu Fisslie,?,>*!Pu, capture (N, 0.20 0.13 = Reactor Grade Pu
»Np, **' Am Capture (N ;) 0.02 0.02 or Ngpy [n/s/kgPu]
>3 Am Capture (N;;) 0.02 0.01 = Reactor Grade Pu
4. For LLFP Transmutation 0.24 0.24 T,, > 1 year FP Transmutation
LLFP capture (Ng,) 0.24 0.24 with isotope separation
5. Others 0.21 0.17
Total 2.69 2.42
Generated Neutron by Fission 2.90 2.90

1) Fundamental Data are delived from “Yoichi Fujiie’, Masao Suzuki, “Nuclear Energy System for a Sustainable Development
Perspective -Self-Consistent Nuclear Energy System-,” Progress in Nuclear Energy, Vol. 40, No. 3-4, pp. 265-283, 2002”
Re-composed by H. Sagara

2) MA composition data at equilibrium state are delived from “A. Mizutani, A. Shono and M. Ishikawa, “Investigation of
Equilibrium Core by Recycling MA and LLFP in Fast Reactor Cycle(l),” JNC TN9400 99-043 (1999)




Safety of SCNES with Re-criticality
Free Reactor Core

The safety aspects of a nuclear energy system are discussed sometimes from its inherent safety
characteristics. In other words stop, cool and contain. The essential safety measure is to avoid that
the radioactive material should have mobility to move outside the system to the environment
during meltdown of the core.

Especially in fast reactor system, since the criticality issues for both normal and abnormal operation
condition are related to the principal safety characteristics of fast reactor core configuration. It
means that the core does not show the maximum reactivity configuration related to the material
relocation.

On the contrary, concerning to the cooling ability of the system it is possible to apply a system with
high heat transport material with low pressure operation like sodium cooled system

Treatment of HCDA issues like UTOP and ULOF have been made for the safety assessment of FBR in
the world even the occurrence probability is negligibly small like 10-7/(reactor x year).

In SCNES we also put our focus on the re-criticality problem.

If we consider the low occurrence probability, it is not possible to equip such a system with active
element as a safety circuit. We decided to introduce a safety system to make use of physical
properties like a melting point and relocation due to phase change in the existence of gravity.

a fast reactor system.



Objective and outline of EAGLE-project

Objective:

Confirm that the “re-criticality issue” would be eliminated from
the CDA scenario by the early fuel-discharge from the core
region, with clarifying the necessary design conditions for the
re-criticality free core.

Approach:
- Use IGR and Out-of-pile apparatus of the NNC/Kazakhstan

Fuel pin

Example of discharge-enhancing design IGR (Impulse Graphite Reactor)
and discharge phenomena ) ’
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