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Abstract : The development of manganese nodule mining technology is very important in order to secure a
long-term and stable supply of rare strategic metals. In the twenty years following the R&D activities with
the international consortia in the 1970s, studies on mining technologies have been carried out by several
national projects in Korea. The current metal prices such as copper, nickel, cobalt, and manganese have
been drastically changed since 2002. Rapid economic growth of Asian countries, especially China, have
induced the situation. And the possibility of copper shortage is looming just around the corner. Because of
the imbalance between production and consumption, copper is fundamentally the most threatened metal in
the future in terms of potential metal shortage. Manganese nodules contain a considerable percentage of
copper as the future metal resource. Therefore, it is necessary to concentrate our efforts on developing these
resources. This paper introduces our evaluation of R&D progress for the development of manganese
nodules. The issue and role of manganese nodules during the difficult period of a potential future metal
shortage period is discussed and its prospect outlined. Also, this paper tried to emphasize the necessity of
continuous R&D efforts for the commercial development of such mineral resources.

Key words : %7+%¥](manganese nodule), 7|& 7' (R&D), T 7 (metal price), & -5 (copper
shortage), A "H(prospect)

< ule] FAakslehe o498 Y3t YA TEE

A AFEAY F 2o s 7FsAel e AL
2 FES wol@ wzigkul = 20000 =R A 7)ol A
A FLGTHASBAG/A/N8)FH FAFTHIE X
(ISBA/6/LTC/CRP2)| A& g wtel Faide] 2Rl
FR2A7E nFEH AT

LU F453E e A FIT J
Ao} 7)1ERF e §% 7Y T F Y=

*Corresponding author. E-mail : shpark@kordi.re.kr

Z371#o 2 FIFAAALITFY, W20 FF) 5
o] o7 A NLEOKEAY, A ¥, AW, FAITH
7t 5ol Fodste] A AFEALMNEE A8 SAAF
AKdol 1994378 A Ch 1971(94-960) 7%
FA A} 29tA(97-029) A4 8 x7)E AE3t A,
2213 AE 2010400 UL NFSFAAA A wet
Adse 93k 71 A7 EEA F31EH5 U
@A 2001; B FAHE 2003).

29, AlslA] i o) A el dig] AlSAA
ARE 7 5 ASA Tdo] A gk o] ARAo]



478 Park, S.-H. et al.

ot 2, 97 JNEvEs4d H7HAndrews et al.
1983; Charles et al. 1990)EF-€ 15-200] A3 A=,
Aol 2EE F A 7% - AAE st &
2 AAEA AMNEL Jek. AAER] A7stRAE Al
A wzigEd) e e S5FEAYY] FaEEH
TVAAE 5 A7) Wkl 71EAl A7iNsEAE
NeNEe) Ao we A4A - AR 5 A9
Ao WgE AFY & JAHCIE 1996; Hong and
Choi 2001; i£MH 2004).

Ho) ol3g A WHelE nigoE vF, Myt 5
d 5 AMAFEL HsA Ade-g SrbAgARe s
At A S2YS AN Qo] AaiA F
2279 NdrksAde] dAlE FEEI vh

B A7e AaiA g Adae) AV e RS
Bosa o /e 7he e A Bt g A F
29 F&548 Fhet 9] g 4714 sl sl
F9 SAREARQY £35S F47H T 2 S
viete] AaiA wzaE 493 Aee A% g9l 13-
o AY, 3393 F ddY g A4S A
Eslyz) g}, o) ulgo g FHFvt 53] 4 Ve
M BAS Eala] 4Lkl divlek ek wieke &
Aty 71EAEE st FF A 9eH g
Arde] AJALE AlAE Astaat gt

2. F8 SAFEA oY

3 BRICs(Brazil - Russia - India - China) & 215734
=7t A A e we) 4350 R 75, 27
354 AR AR - AA SzEsi] e 3E B
Fe Qzbshs ARt} NG FE] o2 Ut

Soutake] Aol slojAl o9 glo] olest Aol &
A wuich F7p AAgeFoll Az BAZ tiFEo &
oo, zdA ek} 72he ©@Y1ARl 1SN o AT ¢
uhell gl T2 FofdS HolHA Y& 7
Ao gH3] FTPAEA Betagleos 283 3l
o}, Selvele] 4538 U 20008 509 Bl
20043901 Fgfo)] 80 &l oj2Z8 497 60%2 T
7HeS Boln Yf9t o] FE5FEAYE 2010014
SAFUGEA I o]2A] F ROZE g SEHI UTKTable

DWorld Metal Statistics 1994-2004.

1). o] gk F3re FHFEAY s Mg 9 FFol
se] =7 A Yol A Nt YL
2 slsleiolshe ojmgitt

o oke] Atz AmE s APYH] Fool E
5 248 2408 SAFEAY $FFEE AL
Z} ek, Fig, 12 olAlel & Awl=e) 3L, Fig. 28
3o T £29 TFARVE ek T Fo351
oA ofAlo} F7VES) B 53] ol oA v
AGS B AdAA o] FA g SuiAEE da
2 sl Frie) sk ool v FHEF R
o =&t JUTHERH 2004). =3 Fig. 32 FFER
A wE g AA g3y WIS yepdch FiE
o7 otste}l A2 FALAL vlF Fo2 s ©§EE
Fo] 19983 0|32 A3 A e AS & T
Act.

g3 220 2008300 Hlo)W-&HH 3 2010839 33}
o] wulg}s]E FH|FA Jlo] FEFaE ASIA F
74 Ao g FAAEIES AYsia gley olHF
F B4 4L ANHY FAE X AeE Joe
3 UTHGEA 2004). WA AlA 22 AYAoE A
R UM e Aol ziede) A2 FRAFTE
F719kR ¢} A o] A&l ANE F¢E Aot

Table 1. Self-efficiency and imports for mineral resources

in Korea.
Year Self-e:'fi c4i)ency Imp or;s grl(‘):‘st ‘;ll:llpt(:l:ts
(%) (MS$) (%)
1994 2.52 2526.8 2.47
1995 1.77 4958.0 3.67
1996 1.79 7790.9 5.18
1997 1.36 8933.0 6.18
1998 0.77 6593.8 6.08
1999 0.67 5736.2 6.42
2000 0.55 5090.8 4.52
2001 0.21 4595.1 4.90
2002 0.27 4501.7 4.57
2003 0.33 61019 481
2004 0.75 7946.6 4.79

DAME Mineral Economics Copper Outlook 2005. Raw Materials Data 2005.

IRoskill's Metals Databook 2000. http:/www.kores.orkr/3=2I0A BAH] 2=, A9GH,

9353e AFEEUNAIMT) | 4EE U FFIR 2005, AR - FAAAYR7Y.

NFEHE FUNEPIAIE)  MEE FUE FFEY. 2005, WAL - A A7,

OZsQlalZE ZaE 4ol MR EUIPARSRIY ASY)  MAE FUE FFEF 2005 AR - A EAI AT,
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Fig. 2. Copper supply

3. 3o =01 %

A2 347449 5L I AAVEIE) 5%
£ 98 ge Pge s WEE ok 7180 A%

U, 12, ILEES ¥ FE7140] 3 ARAE
Ao BN Fd Wyt e Ao dFsEAT
(B 2001), 20033 o) Fe] I, Ad), §2), del=z
o700 7}AE S B, W Aaet FFEQ T8

Cobalt price: Platt's Metals Week®] MW 99.8% US Spot Cathode 7H4.



480 Park, S.-H. et al.

o Major 41 Co.
& 8 Junior L
2,500 ¢ —a—"Total cost 5,000
i
2,000 : 4,000
g g
£ 1,50 300 8
< i [~
2 £
3 s
1,000 ‘
0 ..... . 1%8

v 4o, BB 1 2ms | 2e0 | 20
Junior LO6T 1234 213 2600 1682
Haax cost | 2900 | 3500 . 4600 |

Fig. 3. World mine cost for nonferrous metals in 1994-2002.
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Fig. 4. Trend of main metal prices.
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Table 2. Research Vessel Comparisons between Korea's Onnuri and Japan's Hakureimaru No. 2.

Korea (Onnuri)

Japan (Hakureimaru No. 2)

+ Multi-Beam Echo Sounder

« Nallow-beam Sub-Bottom Profiler

- Side Scan Sonar

- Conductivity-Temp.-Depth Sensor

Exploration Equipments - Precision Depth Recorder

+ Multi-Beam Echo Sounder

+ Multi-Frequency Exploration System
* Nallow-beam Sub-Bottom Profiler

- Side Scan Sonar

» Conductivity-Temp.-Depth Sensor

- Gravimeter » Precision Depth Recorder
* Mannetometer + Proton Gradio Meter
- Finder-installed Deepsea Camera
+ Continuous Deepsea Camera
- Box Corer(BC) + Boring Machine System(BMS)
+ Multiple Corer(MC) + Finder Power Grab(FPG)
+ Piston Corer(PC) * Free-Fall Grab(FG)
Sampling Equipments - Dradge Bucket - Spade Corer(SC)
+ Piston Corer(PC)
+ Large-caliber Corer(LC)
+ Dradge Bucket
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Fig. 5. Equipment characteristic of Japan's Hakureimaru No. 2.
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Table 3. Japan's national research program for manganese nodule mining system.

Annual 1 2 3 4 5 6 7 8 9 10 i1 12 13 1 14 15 | 6 | 17
Year 81 82 : 83 84 85 86 87 28 88 20 94 92 a3 94 g5 96 97
Qverall
Original Elemental technologies R&D Oesign%sézr&:cxure Qcean
Plan Test
T Mid-estimation 1 1989.03 the first modification (R&D term: 9 years—14 years)
Overall
First Elemental technologies R&D Systems Ocean
L Japan « France Design - Manufacture
modification technical cooperation research l 9 Test
4 1992.03 the second modification
{R&D term: 14 years—16 years, add the offshore ol drilfing)
Second Systems Overall)
finati Elemental technologies R&D . Ocean
modification 9 Design - Manufacture | ottshore Gt Driting | Test
4 1994.03 the third modification
(R&D term: 16 years—17 years, add Cobalt-rich crusts)
Third Ovarall]
. Systems
i Elemental technologies R&D Ocean
modification 00 Daesign - Manufacture [ Oftshore Oil Drilling Test
1996.03 the fourth medification 4
{Comprehensive ocean test was changed as ocean test: Budget cutting)
Fourth
modification i _ Systems Ocean
Elemental fechnologies R&D Design + Manutacture l Offshore Ol Driling Test
Original Total
Budget 0.5 6 18 24 40 40 30 20 21.8 B¥
Revised Total
Budge! 0.5 9 12 14 1" 10 8 10 1 10 8 9 10 13 10 10 14 17.0 8%

Source: AAEERITHAHIZINT, 2004,

Table 4. Korea's national research program for manganese nodule mining system.

Annual 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 18 17
Year o4 | 95 | 96 | 97 e8| 99 | 00 01 02 | 03 04 | 05 ] 06 | 07 | 08 09 10
Original Overall
rigina Elemental technologies R&D Systems design-manufacture ocean
Plan test
Fi Overall
First Elemental technologies R&D Systems designmanufacture ocean
modification test
. Total
Budget { 1.8 1 27 1371557541 50151177 17.5{24.0126.0130.0 14.1BW

1 #2006 oAbl BB A],

AAxze) BAHAS, F22] UgtwE A, 271%F o A AeARL FNEDE ddeR 312 &
A%, BT AAHHS}, Y FPUI, Flexible FHAE H7IH L FAFA 2L 71EHAE ol FA
Hose, FEAA 0171 A Soe e ad 44 Rycke 37k 23 sl

2 peakz YA 1997900 444 2,200 m A A olol| Ha) F=e) FrpLEAE “p7haT] AFAILT
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Fig. 6. Mining system for manganese nodule development in Korea (Jeft) and Japan (right).
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Fig. 7. India's proposed Flexible riser mining system.
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Fig. 8. Norway's proposed Guided wireline lifting system.
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Fig. 9. Project studies on metallurgical processing of manganese nodules.
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ZITHISOPE 2002; Radziejewska et al. 2003).
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Table 5. Supply potentials of resources on land.
(Unit: thousand tons)

Production Reserves Reserve Supp! Y
Metals A) (B) base potentials
© B/A C/A
Cu 14,500 470,000 940,000 32 67
Ni 1,400 62,000 140,000 44 100
Co 47 7,000 13,000 149 277
Mn 11,000 380,000 5,100,000 35 464

Source: USGS, Mineral Commodity Summaries, 2005. 1.
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