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Adv.-ORIENT Cycle Since 2006

Advanced Qptimization by Recycling Instructive Elements Cycle
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NRM in FBR (Adv.-ORIENT Cycle)
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Nuclear Creation of Rare Metal (_4prés ORIENT )

®P&T : Transmutation of MA ( 2*Am,etc ) , LLFP ( %Tc, etc ) < Decrease of
Environmental Burden, Increase of Proliferation Resistance

®@Positive P&T : Transmutation of Radioactive FP to Highly Valuable Rare Metal FP<
Element Strategy, Decrease of Environmental Burden, Increase of Proliferation
Resistance = Irradiation Experiments in Japan, Russia, etc in future?
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From “Separation” to “Creation”(Aprés ORIENT) — °
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Composition of Actinides and Irradiation Conditions
for Calculation

Economy tipe core (B.R. =1.03)

O/M ratio = 1.05

Loaded fuel (kg/batch)

Pucontent| U235 | U238 | Pu238 | Pu239 | Pu240 | Pu241 | Pu242 | Np237 | Am241 | Am243 | Cm244
Region %) kg | (k) | (k) | (kg) | (ko) | (ko) | (ko) | (ko) | (kg) | (ko) | (kg)
Inner core 18.3|  22.3| 74075 194 955 566.5| 75.9 68.9 8.8/ 353 17.6 17.7
Outer core 21.1] 205 68025/ 21.3] 1048 621.8 833] 756 9.7, 388 194 194
Axial Blanket 0] 207 6885 0] 0| 0] 0] 0 0 0 0 0

Table Operation condition of Japanese fast

Jovoreactor Commercial
MONJU 1E1
MK-I1 React At
Thermal output == = 5 =2 _,.;:F’j = E:Lhﬁ
1 714 7 8 1E3 £
(MWt ) 00 3570 g s H_,j_,a =i
3
Power fraction 0.95 0.53 0.50 = 1E5 L
Number of g 1E6 L
5
subassembly 67 108 288 Z E7 J”J F H
= T
Lattice pitch ( mm ) 815 1156 206.0 3 es - J‘:I:r oL
Stack length ( mm ) 550 930 1000 §_ 1E9 £ LL H I_rA
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'?Cc"c"f core volume 211974 1162393 10584188 2 I e o
Power densi 1812 —— Moy
(Wice ) Y 448 326 168 BT B0 1BM B2 1B 1Ed 1B 1% 1B
Neutron flux Neutron Energy [eV]
n.cm2st 3.05x1015 4.09%1015 2.27%105 . .
((E 201 Me)v) Fig. Neutron energy spectra at inner core

Irradiation result of single element by ORIGEN2.2

Composition before irradiation
U235 | U238 | Pu238 | Pu239 | Pu240 | Pu24l | Pu242 | Np237 | Am241 | Am243 | Cm244
Mass(Kg) | 22.3 | 7407.5 | 19.4 955 | 5665 | 759 | 68.9 8.8 35.3 17.6 17.7

Irradiation: 800day/cycle * 4cycle

Regular checkup time between cycles: 45.5days Analysis condition

Reactor type: FER
Composition of Ru after element partitioning (Cooling time: Syears) Nuclear data: JENDL3.2
Rug9 | Ru100 | Rul01 | Rul02 | Rul03 | Rul04 | Rul06 | Total ENDF/B-VI

" * 15 2
Mass(Kg) 0.0 5.3 37.5 47.7 0.0 415 0.2 132.2 Flux: 2.27*10%[n/cm ?S]
Burn and decay chain:

Loading: Inner core ORIGEN-2/82

Irradiation: 800day/cycle * decycle
Regular checkup time between cycles: 45.5days
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Time Dependence of Specific activity (Baq/g) by Abundance

Irradiation of FP Ru (> Ru, Rh, Pd) |
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Transmutation ratio:3 .7%(shutdown)
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Time Dependence of Specific activity (Bg/q) by Abundance

‘ Irradiation of FP Tc (- Tc, Ru) ‘

Lron t Loading Tc: 34.4kg
3 e Tc < Ru Shutdown: Tc 25.5kg, Ru 8.98kg
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Index of Proliferation Resistance of 23°Pu

CURRENT DEFINITION OF
ATTRACTIVENESS

Saito’s ATTR

a, \ Peculiarity of
=, o Explosive Energy
s DH SN RD Release

DH238 g SIVQBB < RDIBS

Technical Difficulty

Q.. : Rossi-alpha of Infinite Mass

DH: Decay Heat [W/kg]

SN: Spontaneous Fission Neutron Emission Rate [n/g-sec]
RD: Radiation Dose Rate [Sv/hr]

Rossi-a The Rapidness of Neutron Population Change
Explosive Yield* ;  Y(t) ~ &?, a=(k-1) /1
k-1: super-criticality
I: prompt neutron life time

14

239py Proliferation Resistance by Recycling of FP (Ln, etc)
- Technical Difficulty

- Detection Probability Index of Material Type(MT)
- Material Type is estimated for
- Proliferation Cost predominant pathway

- Proliferation Time
- Safeguards Cost

Doping - MA (¥"Np- 24LAm)
. - Rad. Ln (#4Ce, 47Pm, 151Sm,
How increase of PR of 23°Pu ? 154 (
Eu)
- 99Tc (as a reference), etc

Estimation; Increase of interatomic distance of 2%°Pu and decrease of atomic density (p) of 2°Pu. Might
increase of critical mass of 23°Pu
= Decrease of infinite multiplication factor (K, ) and maximum burn-up
= Decrease of Rossi-a, increase of RD and DH?, decrease of SN
Question;  + Which Ln nuclide is the most effective to affect PR?
Are there any threhold numbers like 238Pu or 24°Pu for doped Lns between WG- and RG-
Pu?

Is there any rational necessity to separate Lns from MA for those recycling in those poin&5
of




Conclusions

Rare metals are inevitable in the leading industries, and thus hold the national GDP.
Nuclear fission reaction will create 31 rare metals as well as energy. Now, SF and
HLLW should be considered as not a waste but a new artificial ore.

Adv.-ORIENT Cycle has been dealt with , chemical separation and utilization of
nuclear rare metals (NRM) as the second resources.

Aprés ORIENT will deal with positive transmutation to produce highly valuable
& strategic elements. i
SFPA (N, yfz FPA*L NRMA*1=Strategic Utilization
where, ,,,FPA*tare ( Ru~) Ru, Rh,Pd, ( Tc>) Ru, (Cd-) In, (
Pr-) Pr,
Nd, etc: - -
Proposed distribution of An and FP will be,
Category 1; All actinide and some radioactive FP (“raw elements”, ,FPA) for
incineration / transmutation / creation in the reactor.
Category 2; Valuable and stable, or acceptably less radiotoxic FP for industry .
Category 3; Other radioactive, less valuable FPs for disposal.
where, proliferation resistance is the key issue for Category1l.
Mo/Tc/Ru, 5% period transition metals , are considered as “raw elements” to
produce highly valuable & strategic elements from the nuclear fuel cycle. 16




Pd,gaom-induced CEE, as a Separation tool for PGM/Tc/Re °

OCEE (Catalytlc Electrolytic Extractlon) based on UPD (Under Potential Deposition)
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PGM, Tc, Re Deposits as Catalysts for Electrolytic H,
Production
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Lessons learned in the Past Research (Adv.-ORIENT Cycle)
on Utilization of NRM-deposit Electrodes

1) Highest catalytic reactivity has been assigned to the quaternary deposit (Pd-Ru-Rh-Re
(3.5:4:1:1)) electrode, in electrolysis either in NaOH or artificial sea water (Global2007).

2) Noblest @H,; (>-1.05V) was observed on NRM deposit electrodes from S-HLLW (HCI,
HNO,)

3) Energy consumption of such electrodes on H, production was about half of smooth Pt
electrode, specifically in artificial sea water (ibid.).

4) Those (including the deposit from S-HLLW) reactivity surpassed that of Pt-black
electrode as well as smooth Pt (ibid.).

5) A high reactivity would attribute to higher numbers of Ru and Rh atoms at the surface
(Global2007, 2009). Higher adsorption sites for H* by them was responsible.

6) Pd was independent of such a reactivity, but caused UPD by Pd_,om-

7) Tc showed the same or higher reactivity than that of Re, in/off the combination with Rh
(ibid.).




