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NuSAC Philosophy of Nuclear Energy

We believe the followings:
1. Solution for Issue of Uranium Shortage

(1) Commercialization of uranium recovery from sea water
will work a back stop of the world uranium supply.

(2) Any countries have a right to recover uranium.
(3) Uranium must be utilized for only peaceful use.

2. Solution for Issue of Highly Enriched U-23%

(1) Principle of enrichment must be totally different from
established enrichment technologies.

(2) Itis the time to prepare the inherently proliferation
resistant enrichment technology of U-235,
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Concentration of Elements in Seawater

Element PP DI\\“g' Element | " P ?\\pg/
L i 178 U 3.3
R b 124 As 2
Sb 59 v 1.39
| 30 Sc 1.29
Cs 12 Al 1
M o 11 Zr 1

UO, ( CO,; ) * innatural sea water

(pH8.2)

1000 m3 of seawater contains 3.3 gram of uranium

Transported Metal Elements by Kuroshio Current

Element ppb 106tonU/y | tonU/y: m?2
Li 170 2840 2420
Mo 10 16 0.5
U 3.3 5* 0.15
V 1.3 0.1
Zr 1 0.05
Co 0.4 0.6 0.02

*Demand of Uranium in Japan is 8000 ton/year




Soccer Goal submerged in Kuroshio Current
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Latest and Largest Demonstrationk

1. Selective Adsorption for Uranium

2. Large Capacity of Adsorption

3. Rapid Adsorption Rate

r

% Okinawa

1| 2003-2004

Amidoxime Adsorbent fabric was
successfully fabricated *BABE, FAES. MOLE, BAEX ABE
., BSE—. BXRRFHELHE. Vol .43, N
0.10(2001)
Charatereaction *EMES, BWEHH, LHH. AkEX BERT

HELFE. Vol .5, No4 (2006)
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Adsorption Characteristics

2gram of Uranium /Kg-Adsorbent was demonstrated
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Cost Estimation %
Capacity 1200ton/year

Percentage of Cost

Table 2 Cost for production of adsorbent Elution and
purification
Cost Percenta 2%
Ttems (102 million ~ ©°" gl) 8
yen/yr) 0
Depreciation expenses 20 2.8
Interest of seed money 5.7 08
Land rent 0.1 0.01 apécs’g‘r‘;ggt" of
Cost of labors 28 3.9
Utility cost 64 88
Chemicals and materials 599 824 ) )
Maintenance for p]ant 7 11 Fig. 5 Breakdown of current recovery cost of uranium
Maintenance for building 2.2 0.3 Cost Reduction is
Sum 721 100 necessary

*BEBRE. FHES. BOBB, BkEX, AREH, BEE—. BARFH¥LH,. Vol .43 ,No.
10(2001)
*EHIES, BMHHHA, THFE, FKEX, BERFHELHE,. Vol .5 ,No4(2006)

Cost of Uranium from Seawater
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*Masao Tamada ,"Current Status of Technology for Collection of
Uranium from Seawater”, ERICE Seminar 2009




Another Approach for Adsorbent

Rapid Collection
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FIG. 4. Time course of uranium recovery from natural seawater by the immobilized tannin.
Twelve milligrams of the adsorbent were suspended in 5 L of natural scawater sampled at
the coast of Miyazaki at 30°C.

* Takashi Sakaguchi, “Recovery of Uranium from Seawater by Immobilized Tannin”,
Separation Science and Technology, 1987, 22(6 ) ,pp1609-1623

New Approach

1 . Little Use of High Price Chemical
Material

2. Simple Process
3 . Everything Low Price

Example




Development of Low Tech. Adsorbent

(Lab Test)
Adsorbent (100mg)was shook in 1 litter natural Seawater for 24 hr
70
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Amidoxime Persimmon Tannin Marine Test is

Under Patent Process planned

Conclusion

1. Cost of uranium from seawater is still
higher than that of mining.

2. NUSAC is convinced that the progress of
technology development will give a
solution to uranium shortage issue.

3. NuSAC will continue the technology
development.




Proposed Additional Technologies

REQUIREMENTS

Uranium ’H.h f : Sort t‘
Recovery Ign perrormance uranium adsorben

........ . @ cosT ~2.5 times
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o

Process that inherently difficult
for production of highly enriched
uranium with present safequard

*4 ......... , system
Fuel Fabrication 2

® For LWR

‘ Integrated cost evaluation here

(4]

Additional Fuel Supply System ( 0+®+® )

Utilization System of Recovered Uranium

Uranium from Sea Water

—| AcEP Enrichment | -
DU p— Blanket Fuel
| N
*%k
(LD LWR ’ Fast Reactor

S R G

| Conditioning *

Conditioning *
¥ A4
’ HLW; Reduced Volume and Free of Minor Actinides (M.A.) ‘
¥
HLW Disposal Sites ( Secured Long term

- { _ .
*CONDITIONING= Electrorefining of s%éar'\ft?ué. )J,Pu,M.A.. inherently co-deposition on the
electrode — No pure plutonium recovery - Inherently proliferation resistant fuel recycle.

*EAST REACTOR; Fast spectrum reactor designed for burner or breeder of actinides and
for enhancement of inherent safety of core.




Fig 3 Nature of Sea Water
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Chemical State of Uranium

Change of Priority for Spent Fuel Treatment

PastDay = —> Future
(1) The first priority of R
reprocess was Pu @ Pyroprocess* or
extraction (PUREX) , advanced
(2)The second priority @ | PUREX will be
of reprocess was
volume reduction of > reaccessed
spent fuel to HLW I
glass and minor Pu extraction will be
(3) Proliferation ©) priority of spent fuel
potential was the ) treatment

primary concern for
reprocessing.

* Originally developed by Argonne National Laboratory and
Japan is the successor of pyroprocess.




Roles of LWR and Fast Reactor (FR)

(1)LWRs yield inevitably Pu, and long lived elements (Minor
Actinides,M.A.)

(2)Direct disposal would be unrealistic, then spent fuel
treatment is necessary for volume reduction.

(3) Inherently, Pyroprocess electrorefiner cannot separate
Pu from M.A.. All actinides (U,Pu,M.A.) are recovered

together. These material cannot be directly used for
explosive devices at all.

(1) Introduction of Fast Reactor (FR) is the evolution of
safety. Inherent safety by metallic fueled core was
demonstrated at EBR-Il,Idaho,1984 .

(2)Fast neutrons destroy all actinides . This will decrease
the burden of HLW coming from both LWR and FR.

(3) Same as (3) of LWR.

Change of HLW Position
Recovered Uranium from Sea Water

Past day ——— Future

Yucca Mountain

Direct Disposal Site| = | Direct Di al Site

Believed to be unrealistic in
specific countries to discharge large
amount of spent fuels

Believed to be realistic to find site




Chemical Process for Spent Fuels

New Fuel ‘ ‘ Spent Fuel ‘
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Utilization of Recovered Uranium

U from Sea Water

— Enrichment
Chemical Method _\DE/ Blanket Fuel
|
Fast Reactor**
Qo [LWR | | |
—1 Conditioning * Conditioning *
¥ 4
’ HLW:; Reduced Volume and Partitioned Minor Actinides ‘
]

Disposal Sites ( Long term Safety )

*Pyroprocess in which Pu is Inherently difficult to recove and Inherient Proliferation Resistant Recycle
by Pyroprocess of Spent Fuel.
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** Fast Spectrum Reactor (Burner for Actinides). Enhanced Passive Safety by Metallic Fuel

* ) N iﬁﬁ%ﬁsﬁ 1200 8 >/
BEENTSE [ (HEAFRE0EBERE )

(IRERE. B 2000~200 GBI 25 - - B
) 4 i
o 1 \
By |7 hoKoWEA (REEEH )
FfKe| | g 4 g/KgRAR
]
lI:X| R 6 g/KgBAEH (
2 Iy
08F2A| K k :
3.1 AIKg . ) fHEiE
T T A e T )
BEMOHRE ( * * ) ERDREEHHN %fﬁfffﬁfﬁ 237_7; I;jm BAR
S7OTI U RNEEDESR JARNY 2 . 5EMACHEE > (BE)

OFEEMDEEBN6I% EREV-RE L EMREFRBRBI LHREMORR (LAEMBE RERK )
OBE DRV IR ERATREMEN 7~8FICELTZI-RBETEREN B BVHEMORG

R BRIANN 2%RFBNTEBVWASKIZUCERBEOU ABRITA/NNFILABNFRATERL
OCNETRHABE ERIUIB-FPIRIR FBIEEOFS AT L (REL DX ) ORRELBEMT
ORFNBEARENNEK, HMEIVS UV BRHETIRE-RECMEEZEC IOV NIV RELTRIEZTE L

*EAES. WERHA, EHE, BKER : "TE-LRERSATLALCLIBKISVAROIRNRANL | BRRFHFLE, Vol5N04,2006, 11
**HP, 8}, EX, "RRAARRDCRDBRISOREHOWE . BOHFHEHERE. 2008




ZIIBDRFH

&Mt

2009%12AM

2 0 FEIORR

BEKIETE HRFHEEE> L BRETHHEE> k.
BRI arIXA BWAKBZEEHY, BFEFEA HREORVE B H S HAICER
TVHAELABVEREE ERMA

it —B. RI70RILRIRU,O0,K [HM10 RILRYKRU,0, &<, §
EiR(BREE40RIBE) REBRICHBIDERShTVE
BAKUZY OMmE HUVERHATHLYZO02. 5 | BKIVZVOIAANGHWLDT D
RBREETIANEFr@E- 1 BHEeRmeEshi(**)
R¥hER%H COLHHAEBIA SERRRLL | IR ERONRTEL, BLE
TORMMFBRE hE WHRIZILE—AOBRZHEN
BAO70YMIY RBE | ERZREGtEBEOE L TEE | wBREALGT, &R0
%gﬂﬁﬁﬁw&%ﬂl’&'%tvt 1FI—2%BHTS CLRRERSA
MGV T HtaRED HROMEOEIFES RALT | BVROSHABRBEIZ LSO
HrWEEnD A BEEB TV
BB BAEBEHORCIr BEENT | T2 TESH 2 K. BALRES
W3, HCEREVS > OBER | FBEELTVWE(NPT)
MOTLBF RROEREFEE &>

Ter
*EHOBFRI ST NEQEICLIDERRETIRF LARBEM (29 U/K g BEH)
DRREBHFOBAKSO7O—EFEOT—NREEAMORBPORRTENEE -

** FIRCHENTOERMIRERAORARR, KRBT 2 REMOMEFEIEL, 1986F ‘

BEARRBF RO VTR EM DM EEFTMEAEREE R (20094 128 10H )

U RN
e | 5 s | smsmar, | BRIER A Uk s &
mm || R AEOR el Y UTER | gk - |momsk (9% |imo- U o
[Hg/L] S5 ) AD]
[ug/ 1]
PA 33 813/- 3113 00004 0187 00| 00000
P oy 33 813/ 3101 00009 0199 00| 00000
A-21001 P/\ e 33| 814/- 3127 00005 0173 00 00000
o] p— RISLIR 0D 33[812/808 3258 | 00017 0042 01 00000
Pz * 331811/805 3107 00031 0193 01 00000
=) 33[812/805 2968 00031 0332 01 00000
=¥ 33[s800/808 3186 | 00105 0114 03| 00001
=] 33[810/808 2616 | 05067 0684 154 | 00051
P/\ 33[811/808 3214 00004 0086 03| 00001
B-21051 |P— A 33|811/807 2752 | 05001 0548 152 | 00050
BISLIE + BRE [P \”‘30//— 33/811/806 2932 | 00917 0368 28] 00009
5 P- ~ (%) 3.3/807/806 2742 01574 0558 48 00016
Cc 331809/808 2841 02763 0459 84 00028
c— 33[800/805 2052 | 03054 0348 93| 00031
C 33[811/806 20943| 02399 0357 73| 00024
PA 331809/813 3173 00196 0127 06 00002
PO 33[808/800] 0664 | 10376 2636 314| 00104
P/\ 33[811/805 3078| 00233 0222 07| 00002
B-21053 |B— TEMAAR 33ls08/802 1922 | 14318 1378 434 00143
B + BEE [Pk = 33[807/808 2935 01510 0365 46| 00015
Hits P (3% ) 33/806/806 1438 | 1.5342 1862 465| 00153
cn 33[813/803] 0646 07345 2654 223 00073
c— 33807807 2084 | 12864 1216 300| 00129
[O2AN 3.3|8.10/804| 0.795 | 2.1165 2505 64 1 0.0212
P L (HEH ) 33 8512

onfheniol




=SIEENREM ( AD ) OHE

Bl R R A
1. 8HEBT. 2~10gU/KgA
D

2 ®HEJAR50~500M8/K
gAD

BKUZTOBARR

% INITTOF: £: 32 2 (4 |6 . ISVBAADBA |
DZVMABADNAFI)—F>2T
VIVEBUCTAVEAN S OBRERY

1

2.
3.
4 .
g

L e B TS D =W NI AV L:




