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World Energy Challenge

Nov 24, 2018, 02:54pm

Pro-Nuclear Activists Win
Landslide Electoral VictoryIn

4 28 Sep 2018, 12:24 pm | Sven Egenter
Talwan )
oo~ Auditors: German govt

O i it must manage Energiewende
better, need CO2 price

# #Cost & Prices #Energiewende
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Union of Concerned Scientists calls for policy to preserve
nuclear

09 November 2018
< Share

The Union of Concerned Scientists (UCS) has called for federal and state policies in the USA to help
preserve safely operating nuclear power plants that are at risk of premature closure to ensure their low-
carbon energy is not replaced by fossil fuels.

201812-SRF-Hwang



Innovative SNF Waste Burden Minimization
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Innovative SNF Waste Burden Minimization
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SNF Repository as Potential Pu Mine

> Spent fuels, bury or eliminate? : safeguards problems

Solutions to safeguards problems

1. “DIVissue”

— Provision of Design information through the whole life (all phases) of the
repository

* Inspectorates shall have access to the site to verify the Design-as-built
anytime

2. “Graveyard” issue
— It is imperative not to dispose any NM without verifying it
— Verification of all fuel and C-o-K of NM before encapsulation
— Maintaing the C-o-K of Canisters until final disposal
— R&D needed

3. Longterm “Plutonium mine” issue

— Detecting potetial undeclared activities at later stages
* Time scales of 10 000y !!

* Remains for burden for next generations and societies - we need to raise our
kids in a way they can take the responsibility..

SATEILYTURVAKESKUS * STRALSAKERHETSCENTRALEN Tapani Honkamaa 2014
RADIATION AND NUCLEAR SAFETY AUTHORITY

June. 30,2015 NUTRECK Meeting



Environment-friendliness predicted by GoldSime@

Direct Disposal
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Human Intrusion

Dose Upon Human Intrusion after the Institutional Control Period
(from EU-Red Impact Study Results & SNU Study on WIPP)
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SNF Repository as Potential Pu Mine

» Geological repository: practical, sustaining barrier?

Averaged Tunnel Construction Time (year/km)

INFCE, 1970 Peterson, 1996
Scenarios . . . . . :
Repository in granite Repository in salt YuccaMountain
Shaft drilling * 4 months « 2~6 months « 6~8 weeks
e 25M$
Tunnel excavation |[¢ 12~18 months |« 12~18 months |+ 6 ~ 12 months
« 100 M$ e 25~7.4M$
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1) Vertical Drill
1.43 km/day in 1997 on the Satun
A-17 well by Unocal Thailand.

2) Horizontal Drill
2.23 km/day in 2014 by Baker

World drilling speed record:




Multi-recycling of TRU, Tc & | with the
Stabilization of Cs & Sr (Level 5)
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Immediate Goals: Eliminating HLW

® Intermediate Level Waste (ILW) which can satisfy WIPP waste acceptance criteria
can remove the risk
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Global Partnership for Spent Nuclear Fuels :
Nonproliferation and Security

Nuclear Reactor

TRU, LLFP Multi-recycling with Cs, Sr Removal

Spent Nuclear Fuel

ILW Repository

for less than
300 year Control

LLW Repository
for less than
100 year Control

Improved Partitioning TRU

Cs, Sr Removal & Storage

TRU Waste
ILW

LLFP

Transmutation
Target N
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Innovative SNF Waste Burden Minimization
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Levelized Approach for SNF WBM (IAEA)

(#) denotes Level for IAEA WBM Level
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Pyroprocess Level 4 & 5;: Tc & | Voloxidation

Level 4 Pyroprocessing : KAERI Case
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Cd for Pyro Level 4 vs. Bi for Pyro Level 5

Redox Potential at Various Cathodes
Y. Sakanmira ef al, Proc. GLOBAL99. August 29-Sept. 3. 1999. Jackson Hole, USA.

Inert cathode
v Suitable for separating

_the elements each other Cd cathode )
49 L— U v'Capable to collect all actinides together.
il ';: v Easy to remove Cd by distillation.
- : v'Compatible with Fe material.
1.2 po === Nd \__ P : PR
A
S U,Np,P ; ;
Q ’ p’Anl: X Table Separation factor with respt.act to Nd
‘?‘; -1.4 —U——ce _flta Inert cathode| Cd cathode | Bi cathode
< Gd - U 2.0 x 10" 25 1300
E4 ) — Np [ 2.1x107 16 200
T 1.6 NP cm— Pu | 2.7x10° 18 130
= = Am 710 10 67
§ 2 Y 0.37 0.0053 0.0012
C 1.8 FaAm2t La 0.090 0.28 0.59
_— Ce 0.78 0.76 2.0
Gd ——— Nd 1 1 1
2.0 [ N e o Gd 14 0.25 s
i [
Inert cathode  Cd cathode Bi cathode Bi cathode

v' Separation of actinides from lanthanides
Fig. Redox potential of M3*/M couple in LiCI-KCI eutectic is easier for Bi than for Cd.

September 23,2015 2015 Global, Paris, France



Densities of Bi, Actinides and Lanthanide

LaBi
8.11

Lanthanides

—
YBi CeBi
8.07 8.42

s L L
SmBi
9.27

GdBi
9.281

LU

YCd,
7.546

L

Investigated to show density
separation in this study

—

B

LuBi
Liquid Bi
at 773K 19-°
. L/
9.751

NpBi PuBi, UBi, HfBi D ”
11.46 11.7 12.38 13.3 (;:rsr'.g
® © o Ol-»
ThBi, AmBi
11.48 11.79
Actinides

Density distribution of Cd and Cd-M intermetallics (M=An and Ln)

Lanthanides Actinides
LaCd,, NdcCd,, GdCd, NpCd,, ThCd,, PuCd,, Density
8.424 8.57 8.80 9.16 9.17 9.22 (g/cm?3)
SRR e e o e o CEENOR e | 4
CeCd,, PrCd,, SmcCd,, ucd,,
7.974 8.49 8.61 9.16

e Unlike Cd, the density of Bi at 500°C lies between lanthanides and actinides.
* Solubility of An and Ln is low enough (~1.2 at.%), to form IMC




Densities of Bi, Actinides and Lanthanide
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Y¥Bi.
T.455~

PrBi,

B8.212~

T. 761

o

L—

8.466

L

L—_

NdBi,
g8.458~

8.753

LaBi,
T.7T88~
10.016

CeBi,
8.359~
9.426

L -

L

SmBi,
8.907~
10.45

GdBi
9.281

b

Actinides
NpBi PuBi, .
Liquid Bi 11.461 11.679~ Density
at TT3K 12.374 (g/em=)
- J
9.751 ThBix UBi, AmBi

U,; nanoparticle formation

B
T

RDF (arb. units)
N

(=
T

—=— U-Bi bond length |

UBio crystal

25

* Ab-initio modeling on Bi-U formation
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September 23,2015

2015 Global, Paris, France
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Densities of Bi, Actinides and Lanthanide

Electrodeposition at
Bi surface

Dissolution and
intermetallic
formation

Intermetallic density
based distribution

TRUBI,

Intermetallics
Separation
by Density




Zr-Hull Electrorefining for ILW Volume Minimization

TRU and FPinside irradiated cladding ILW Reduction
TU'U E‘ ol 1P
] = 100 'FP 1 (s, S
6001 o ® TRU(Pu+ ™™y + M am) z a %
1 — I Class C Limi E :
R ] TRU Class C Limit : ] o M Acde = Ofher st
_E-IJ SU'U'_ H 0
g 1° :
2 400 S 99.99% Uranium
B ] E Recovery in_
2 00 A : pyroprocessing
= ] & 30
Z200] ILw
2 ] e . B
J 100 . e . ; 3 %  99% Zirconium
L
0 g % ° o i
i LLW i
] a 10
0 20 40 60 80 100 120 140 160 180 200 ¥ o
Surface Penetration Depth (1tm) 5 bbbl Aerlrradation - Afler Penprociving Miee r vsmvers

{Tracy §. Rudisill, 2009)
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Pioneering Study by Dr. Fujita Group

¢ Fujita et. Al- Toshiba Corp.- Study (2005) — BWR Channel Box [

ey | .
\ 1 L

s A spiece of the real spent chanmel The cathode after The cathode after
tiocopdfiie box before elecrorefining tests Ist electrorefining 2nd electrorefining
/] cell 156
l 1‘ F a 180 ° Low-levelwaste regulation value (1.11x 10’Bg/g at Co-60)")
Molten salts AR
f N \
f 150

I \

) Very Low-levelavaste regulation value (8.1x 10°Bg/g at Co-60)"
: ®
L ]
Reference electrode

i
8

Anode Cathode

Radioactivity (Bq/g)

i
B

Figl. The Schematic experimental apparatus 150 s M8 Clearance level 0.4Bq/g at Co-60 J)
for electrorefining 150 — . N
Before Ist 2nd 3rd
Table 1 Electrorefining test conditions The number of tines of electrore fining tests
Molten salts LiCl-KCl1-ZrCl-LiF
Anode Stainless steel Fig2. The results of electrorefining tests in molten salts
cathode Low carbon steel
Temperature (K) 923 - . ~
Aide catent delS AV | 01 After the Electrorefining, DF of the Co = 200/Step

e Operating temperature is still high and fluoride corrosion could also occur.

Ref [1] R.Fujita, et al., DEVELOPMENT OF ZIRCONIUM RECOVERY PROCESS FOR ZIRCALOY CLADDINGS AND CHANN
EL BOXES FROM BOILING WATER REACTORS BY ELECTROREFINING IN MOLTEN SALTS, ICAPP 2005
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Cs & Sr Separation and Stabilization

» U.S.A. R&D on Cs & Sr Separation from Aqueous Processes
*  Chlorinated Cobalt Dicarbollide.Polyethylene Glycol (ChCoDi1C/PEG)
*  99% recovery

*  Fission Product Extraction (FPEX)
* 99.9% recovery

» Russia’s Pilot Facility (UE-35) for Cs & Sr Extraction at RT-1
* ChCoDiC extractant [ Differenttypesof HLW |

e 50,000 kCiremoved | Fﬂ{avon ] —

»  Recovery not reported [ Ewcir el = ]
[ Extract washing ] Fmﬂnum
[ Stripping oftQSr and 7Cs ]—.( Strip s;lémo:;: ;af“er
| Regeneranon of extractant | To vinificalion
[ Recy cle extractant |

Fig.l. Key extraction flowsheet for reprocessing af HLW with the use of ChCaDi( ar
industrial facility UE-35 in "Mayak" PAe




Cs & Sr Separation and Stabilization

» India’s Post PUREX Process
HLLW Extraction into heat-generating group and alpha-emitters
* (s & Sr Stabilization for Long-term Storage
e  Vitrification of 200,000 Ci of Cs in Borosilicate & Interim Stabilization
*  Cs-pensil for Blood Irradiation Sources

e Srrecovered and used for Clinical Trials

HLWS U/Pu Cs Sr-Ac-Ln Short
Recovery Recovery Separation lived FP
Pure Cs R—
. . ]
_______________ Cs Recovery of NMuclear Glass
Vitrification Sr {a bearing)
Cs- glass Pure Sr ;,......................._
; ¥
Cs glass for Societal Societal
applications applications
: ; +
After Disposing from | | Interim storage L] Sr
societal applications {100 — 200 years) |e-------------1 Vitrification

IV Disposal Geological
facility Disposal Facility

L Fig 2. Refererce flow sheet for fission prodiict partitt onirmng



Cs & Sr Separation and Stabilization

» JAEA’s Post-PUREX Process for Cs & Sr
e (s & Sr Extraction from HLLW
e Stabilization Vitrification in Borosilicate & Interim Stabilization
*  Vitrification in Heat-resistant Calcined Zeolite for Long-term Storage

- - ngl"l i
5 = Stabiliz
SF from F:""| re level =hEr atl] - ""ta_l:'_lll“a—pﬂt-:-rage— Wage —» Disposal
LWERS liqquid s tion
waste

* Others | Wa%e | »Storage———»  Disposal

“Inhibit |,
M Waste | —mStorage *» |Disposal
W1 | er ! £ |
- Stabiliza -
s A tion T—*>torage—sTransmutation
W2 . -

» JAEA’s 4-Group Extraction for MA, Cs & Sr (Improvement)

(Ref. 4. OECD/NEA NSC/WPFC/DOC(2012)15, SNF Flowsheet, June 2012)



Cs & Sr Separation and Stabilization

» ROK — US Pyroprocess
* Cs from Voloxidation up to 98%
* Sr from Carbonate process up to 98.4%
» PyroGreen (SNU)
* Additional “Salt Zone Refining-Multi-Pass”
* (Csand Srup to 99.7%,

» Summary: Cs & Sr

Recovery, % |TRU__|Tc 1[G st

JAEA 4-Group : Level 5 Hydro 99.998 96.6 99.99 99.99
(Decontamination Factor) (50,000) (30) (10,000) (10,000)
SNU PyroGreen :Level 5 Pyro 99.995 98 98 99.7 99.7
(Decontamination Factor) (20,000) (50) (50) (300) (300)
ROK-US Pyroprocess : Level4 99.9 98 99 >99 98.4
(Decontamination Factor) (1,000) (50) (100) (>100) (100)
US Aqueous (FPEX) 99.9

(Decontamination Factor) (1,000)



Summary

Recovery, % (DF)

Type
YP TRU Tc I Cs Sr
Industrial PUREX >99.9 Pu
(1995+) (>1,000)
99.997 . :
+
UREX+3(US) - high | High
Hydro- >99.9 >99
process| ACSEPT (France) >1,000) | (>100)
ACSEPT(UK)- >99.99 Py
continuous (>14,000)
G ] 99.998 96.6 99.99 | 99.99
p{J4p (50,000) (30) (10,000) | (10,000)
. 99.9 99 98 99
Pyro- Pyroprocessing (ROK) (1,000) (100) (50) (100)
process 99.995 98 | 98 | 99.7 99.7
PyroGreen (ROK) (20,000) 50) | (50) | (300) | (300)
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Deep Isolation in Shale or Welded Tuff Layers

Professor Richard Muller https://www.deepisolation.com/
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