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The Republic of the Marshall Zsl.ands  RKZ! is one of

three major archipelagoes in the Trust Territory of the Pacific

Zslands,  Ed.! Zohn Carter 15th.ed. p.

longitude.. Nitijela

of the Republic of the Marshall Islands p. 3 �984! . The atolls

form two parallel chains. The Eastern  Ratak! chain consists of

15 atolls and islands, and the Western  Ralik! chain consists of

16 atolls and islands.

Nitijela of the Repub3.ic of- the Marshall Islands p. 3

�984!. 2Gthough the Republic is spread over same 500,000 square

miles of sea, the total land area of the Marshall Islands is but

70 square mi3.es. V

Nitijela of the Republic of the Marshall Islands p. 3 �984! .

The islands are rarely more than 400 yards in width, and none

rise mare than a few feet above sea level.

Steven C. Smith, p. 2 �986! .

Mal&

The c3;imate in the Marshalls is predominantly tropica3.:

warm and humid year-round, with a mean temperature of 80 degrees

Farenheit.

High

Commissioner, Trust Territory of the Pacific Islands, p. 1

454 �984, reprinted 1986!, and consists of 31 atolls and islands

lying between 4 and 14 deg. N. latitude and 160 and 173 dog. E.



�978!- Tradewinds provide same cooling breezes, especially from

December to March. Since the Marshall Islands are so close to

the equator, the islanders enjoy about 12-1/4 hours of daylight

each day.

e , Steven C. Smith, p- 6

�986! .

The Marshall Islands usually have 15 to 20 days of rain

per month, with uy to 6 inches per day not heing uncommon.

Steven C. Smith, p. 3

�986! . The monthly rainfall average is 12-15 inches, and the

wettest months are October and November. 'v

Nitijela of the Republic of the

Marshall Islands p. 3 �984!. Although it sometimes rains

heavily during the typhoon season, the Marshalls are not really

within a typhoon belt.

Steven

C- Smith, p. 3 �986!. The atolls are, however, low-lying and

therefore easily flooded during storms and tidal surges,

v e v Republic of the Marshall

Islands y. 4 �984!, and hurricanes are also a possibility.

Picific  Saffron Walden, Essex! p. 119

�984!.



C.

The population of RMI is 36,667. Office of Planning

atand Statistics,

3. The total Marshall Island population, Majuro, the district

center, accounts for 14,004 people.

a . A government estimate shows an even further

increase in population hy 1990 with a projected population of

Office of45,569.

Planning and Statistics p. 9 �985!. Therefore, it should be no

surprise that the population growth in the Marshall Islands ranks

among the highest in the world, d

Marshall Islands, p. 12 �986!, and is expected to increase at a

v o trate of 3.44 yer year.

Marshall Islands political Status Commission

Special Planning Committee, p. 1 �981!. Currently 504 of the

present and future rapid population growth.

11 ! d . !. 
 !!!86!.

The population explosion is not the only potential

problem facing the Republic today. Twenty-two percent of the

males and 27% of the females who were in the labor force in 1980

were' unemployed.

Hitijela of the Republic of the Marshall Islands p. 23 �984! .

Additionally, the EG has a low per capita i~come, with a 1981

estimate of $1,619. This figure is somewhat misleading because

the lowest 254 of' money income earners receive less than 34 of

the total income, while the highest 64 receive greater than 25%

population is under 15 years of age, which further indicates both



Vof the total.

Nitigela of the Republic of' the Marshall Islands, p. 23 �984!.

English is the official language of the Marshall

Pacific  Saffron Walden, Essex!,Islands,

 Kd.! Zohn Carter, 15th ed. p. 437 �984,

reprinted 1986!, many Marshallese are nevertheless not fluent in

English.

Steven C. Smith, p. 21V

 ~<M! . This is reflected in comparative literacy rates:
4

English, 254; Marshallese, 904.

1RIl.-ORB. l i1 f th p 1~ ' t th I 11 1 I .

�984! . Since cultural pres'ervation is important to the

Marshallese, part of which is reflected in retaining their

language, which they use it in everyday conversation, this is

understandable.

Steven C. Smith,

p. 21 �986! .

E.

Zn 1947, the United States entered into a trusteeship

agreement with the United Nations, placing the Marshall Islands

 along with the Cardenas and the Northern Marianas � except for

Guam! under United States Administration.

d , U.N. Department of Political

p. 118 �984! . Although it is almost universally spoken, Pgi~~c



Affairs, p. 8 {1980! . The Territory had formerly been held by

the Japanese under mandate in accordance with Art;icle 22 of the

Covenant of the League of Nations.

U.N. Department of Political Affairs, p.

51  Art. 1! �980!. Before that, the Marshalls were dominated by

various trading groups and companies beginning in the middle of

the 19th Century with the trading partnership of Capelle and

DeSrun, when Copra was king. Bezel,

db.. d tb P t b pg 't

 Article 6!, the United States agreed to: foster development of

political insMtutions as are suitable; promote development of

the inhabitants toward self-government for independence; and to

P i ~ i i., d d i i ~ gggddlb

U.N. Department of

Political Affairs, p. 52  Art. 6! �980!.. This agreement was

different from other United Nations trusteeship agreements in

that the Trust Territory of the Pacific Islands was designated as

a strategic area. This designation permitted the United States

to use the islands militarily.

Steven C. Smith, p. 55 �986! . The details of the Trusteeship

g92 ti ~ tlibi b tb

of the Republic remains so little changed under the present

compact of Free Association with the United States.



t Unde the1. Po Gave

Under the terms of the Trusteeship Agreement with

the United Nations, the United States was granted full

administrative, legislative, and judicial power over the

Territory in 1947. The U.S. President delegated the

administrative responsibilities to the U.S. Secretary of the Navy

 Executive Order 9875 - July 18, 1947! and appointed a High

Commissioner who was vested with all powers of the government and

jurisdiction over the Trust Territory, yet subject to the

direction of the Secretary.

U.N. Department of Political Affairs, p. 11

�98O!.

�958!, Marshalls �958!, Yap �959!, and Marianas �962! . ~Luce
4

U.N. Department of

Political Affairs, p. 11 n. 43 �980!. A judicial system was

established in 1952, consisting of a High Court, which was

presided over by a Chief Justice  appointed by the Secretary of

the Interior!; and a District Court for each Administrative

In 1951, the administrative responsibilities were

transferred to the Department of the Interior and headed hy the

Secretary of the Interior. By then, 3.16 municipalities had been

established, which took the form of either elective or

traditional type of government, depending on the circumstances of

the particular municipality. Eventually, six district

legislatures were created: Palau �955!, Truk �957!, Ponape



District.

U.N. Department of Political Affaizs, p. 11 �980!.

A tezritorial-wide legislative body emerged in

1964, with the evolution of the elected Congress of Micronesia.

The Congress was a bicameral legislature, consisting of a House

of Delegates �2 members: 2 from each of the 6 Districts: term

- 4 years!, and a General Assembly �1 members: 2 or more

Assemblymen from each District, according to population; term - 2

years!. The legislature operated in a manner similar to the U.S.

House and Senate, vith a bill originating in either the House or

the Assembly, and then becoming amended, altered, or rejected.

Passage of a bill required a majority of bath the House and the

Assembly. The High Commissioner  vho retained Executive Pover!

could submit proposed Legislation, and could also veto bills

passed by the legislature. The High Commissioner  vith the

approval of the Secretary of the Interior! could also declare a

bill "passed" if he designated it as urgent, even though the

LegisL,ature had failed to pass it.

U.N. Department of Political Affairs, p.

12-13 �980!.

This bicameral legislature was authorized to

legislate only on subjects of local application, and vas

prohibited from passing any bills which were inconsistent vith

Executive Orders of the U.S. President and the Secretary of the

Interior; U.S. Treaties and International Agreements; U.S. laws

applicable in the Trust Territory; or the Bill of Rights of the

Trust Territory Code. The legislature vas also forbidden to tax



property held by the United States, and to apply a higher tax to

U.N. Department of

Political Affairs, pp. 12-13 �980!.

A major issue considered by the 1965 legislature

was the Trust Territory's right to self-determination as stated

in Article 6 of the Trusteeship Agreement. Zn 1969, the Congress

of Micronesia established a status commission, which recommended

that the Trust Territory should become either self-governing in

Free Association with the United States, or completely

independent. t e a

U.N. Department Political Affairs, p. i4 �980!.

Talks with the United States ensued at 'a slow

United States to maintain full authority and responsibility for

security and defense for at least 15 years  subject to

renegotiation thereafter!. Although either side could

unilaterally terminate the Compact Agreement, if it is terminated

paCe, and seven yearS later, in 1976, the United States entered

into a separate Commonwealth agreement with the Northern

Marianas, while negotiations continued with the rest of the Trust

Territory. Zn 1978  by then, the Trust Territory had been

divided into 4 units: Northern Marianas, Federated States of

Micronesia  FSM!, Republic of the Marshall Zslands  RKX!, and

Palau!, Palau, the FSM, and the RMZ agreed to the "Statement of

Agreed Principles for Free Association," which provided that the

"Micronesians"  whom the people of the Trust Territory had become

known as! shall enjoy full internal selfgovernment, but with the



by any party other than the United States, or if terminated by

mutual consent, the United States would no longer be obligated to

provide the same amount of economic assistance previously agreed

U.N.upon'

Department of Political Affairs, p. 14 �980!.

That same year, 1978, the Congress of Micronesia

was abolished by the Secretary of the X'nterior. This was done

subsequent to the division of the Trust Territory into 4

U.N. Department of

Political Affairs, p. 13 �980! .

To prepare for the assumption of self~overnment,

each of the remaining districts � Palau, FSM, and the RMX

established their own constitutional governments.

Office for Micronesian Status Negotiations, p. 21

�984!. The RNX adopted its own Constitution in 1978, which was

to ta3ce effect on May 1, 1979. The Constitution provided for a

modified Parliamentary system of government.

U.N. Department of Political

Af f airs, p. 22 �980! .

Under the R1G Constitution, the legislative

authority became vested in the Nitijela, which replaced the now

abolished Congress of Micronesia, at the District level. The

Nitijela was given full legislative authority within its

jurisdiction, but subject to certain limitations which preserved

the responsibilities of the United States under the Trusteeship
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Agreement.

Office for Micronesian Status Negotiations,

y- 21 �984!. The Nitijela consists of 33 members, who are

elected from electoral districts which are apportioned by

population. The members themselves elect a speaker, who presides

over the Nitijela. c

U.N. Department of Political Affairs, y. 22 �980!.

Most of the executive authority previously

exercised by the High Commissioner at the territory-wide level

has now become vested in the Cabinet.

Office for

Micronesian Status Negotiations, p. 22 �984!. The Cabinet

consists of a President  Head of State!, who is elected by a

majority vote of the Nitijela, and ten Ministers  Finance,

Foreign Affairs, Resource and Development, Transport and

Ccneamication, Social Services, Public Sorks, Education, Health

Services, Justice, and Interior and Outer Island Affairs! who are

appointed by the President. The Ministers must be members of the

Nitijela.

I h I I' ' I CI P. ' .I !: Zirggiu

Reyhased for 1986-1987�

1990/91, at p. 6.

The Constitution also provides for a Council of

1roij, which primarily has consultative duties.

Xddddddd. !Jd.! J 1 C A . I CP d. p. I ~ 1!PP, p I 1 d

1986!. The Council consists of 12 members � are iroij laplaps

from the Ralik chain, and 7 are iroij laplaps from the Ratak



ds:chain! .

Development Through Self-Reliance, Inc. p. 49 �986!.

sec ~ 2  pit e

11 �979!.

There are also 24 local governments consisting of:

council, mayor, appointed officials, and a police force. The

right to local government is guaranteed in the Constitution.

These often share responsibilities with the central government.

Nitijela of the

Republic of the Marshall Islands pp. 6-7 {1987!.

The RMZ Constitution also provides for a High

Court, with unlimited original jurisdiction to hear civil and

criminal cases, and which as appellate jurisdiction over cases

originally filed in subordinate courts. A Supreme Court serves

as the final Court of Appeals. The Chief Justice in both the

High Court and the Supreme Court are appointed by the Cabinet

 with the approval of the Nitijela!.

U.N. Department of Political

JLf f airs, p. 22 �980! .

The Council's function is to consider matters concerning the RMI,

and then may express their opinions to the Cabinet. The members

may also request the reconsideration of any bill affecting:

customary law/traditional practice, land tenure, or any related

matter which has been adopted on third reading by the Nitijela.
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2.

October 21, 1986 marked the beginning of the

Compact of Free Association between the United States and the

RNZ. What the Compact Agreement entails is essentially: sizable

United States economic aid to the RNZ in exchange for long-term

use of the United States missile testing range at Ewajalein

Marshall Islands, pp. 36AAtoll.

�986! .

Under the Compact, the RNX would have full

capacity to conduct it's own internal and foreign affairs

including: matters relating to the Law of the sea and the marine

resources; foreign commercial, diplomatic, economic, and trade

1 i dkt tilde

U.N..Department of

PoLitical Affairs, p. 26 �980!. However, the United States

would retain full authority over security and defense in the RNX.

Steven C. Smith, p. 50

�986! .

The RNI will receive an estimated $750 million

during the duration of the Compact period, including a $10

million development fund to encourage and attract foreign

investors for joint venture business activity; technicial

assistance from numerous federaL agencies at the request of the

RNI; nuclear clean-up of the Bikini atoll; a $150 milLion fund to

settle claims of the Marshallese arising from U.S. nuclear

testing and to provide them with continuing medical treatment.
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Marshall Islands, p. 36A �986! .

According to the Compact, the purpose of the United States

economic assistance is to aid Micronesian governments in

advancing the economic self-sufficiency of their people.

The Micronesian Seminar, p. 63 �984!.

During the 15 year Compact period, the funding will be graduated,

and will decrease after the fifth and tenth years. It is

expected that 404 of the designated funds will go towards

economic development, including: infrastructure programs,

maintenance, and other revenue gathering projects. The United

States will also continue to provide other unrestricted grants

and Federal program assistance, including: postal service, FAA

service, CAB service, weather prediction service, and Federal

Emergency Management Agency fo'r assistance  for disasters!.

Steven C. Smith, p. 51

�986! . But whether or not the United States funding vill

actually promote self-reliance in Micronesia vill depend on hov

the government leaders decide to utilize the economic assistance.

The Micronesian Seminar, p.

63 �984!. Previously, grants have been devoted primarily

towards social services and welfare programs instead of

development of the infrastructure and income-producing activities

that were arguably intended. Same of the expenditures vhich vere

allotted for capital improvements vere used to encourage



t e 'tconsumption of imported goods.

U.N. Department of Political Affairs, p. 31

�980!. There also have been allegations of fraud and

mismanagement, together with calls for legislation to ensure

resource accountability-

U.N. Department of Political Affairs, p. 31

�980!. Therefore, the United States government now requires a

development plan, periodic audits and annual reports on plan

implementation, under the Compact Agreement.

As noted above, the United States agrees to defend

the RMI against. outside forces to the same degree as U.S.

citizens are defended. In return, the United States has the

option to foreclose access or use of the QG by any military

forces of a third country. The RMZ also agrees to refrain from

actions which the United States determines to be imcomyatible

with its obligation to defend the RMZ.

Elluatmm Steven C. Smith, y. 51 �986! ~

The Compact also allows the Marshallese to freely

enter the United States to take employment without special

authorization. Likewise, Americans are also allowed to enter the

Marshall Islands for employment, but subject to local laws.

Marshall Islands, p. 36A �986! .

Finally, under the Compact, the United States .will

recognize Micronesia's marine sovereignty: Micronesia's right to



harvest, regulate, and exploit living and nonliving resources

from the sea, as recognized by international law. Therefore, the-

Micronesians could arguably negotiate and implement fishery and

ocean mining agreements.

dtthddLL * * - ~ . N.

As also noted above, the Compact Agreement can be

unilaterally terminated by either party. Zf terminated by the

RMZ, or by mutual consent, the V.S. will not be obligated to

provide the same amount of economic assistance. However, the

security and defense agreements would still remain in force.

U.N.

Department of the Political Affairs, p. 28 �980!.

F. Zaxha

Majuro has an ocean port lying at 7 deg. 08' N. Long.

and 171 deg. 22' E. Lat. The entrance channel is 333.5m. wide,

22.32km. long, and 34m. deep. The commercial dock is 63m. long,

and there are 4 warehouses available for use. There is also one

30t crawler and one 25t mobile crane available.

dlh t,t,:Llyd'd.i.

�987! . The port, however, lacks the capability of efficient and

secure handling and storage of international cargo. The port

also requires a new fender system.

5ULlgjlK N'1 j 1 t th yd L' t th h 11 1 d

p. 347.
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The current five year development plan includes a

project to correct the faulty fender system and to repair damages

to the dock, as veil as the construction of a container freight

service yard to accommodate several hundred containers.

Nitijela of the Republic of

the Marshall Islands p. 354 �984!. Construction appears

presently to be undervay.

Land transportation systems are currently found

principally on Majuro and Ebeye. Majuro has the longest paved

road - 30 miles � in all 'of Micronesia. The other islands and

atolls use cleared paths as roads for automobiles  vhich are fev

in number! .

Steven C. Smith, p.

42 �986! .

The RMI plans to upgrade the road program in the 1985-

1989 plan period by: constructing eight box culverts to

alleviate the problem of sea vater flooding; reseaZing the road

in Majuro; constructing curbs and gutters on that road; and

improving drainage. The plan also calls for improving traffic

congestion and safety by: installing road safety devices;

conducting driver education courses; requiring safety checks for

automobiles; and checking street lights. ' e

Nitijela of the Republic of the

Marshall Islands pp. 338-342 �984!.
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Since all of the islands/atolls are surrounded by

water, it would be only natural that water passage is the most

important mode of transportation.

V

Steven C. Smith, p. 42 �986!. Currently, an inter-

island field trip service provides transportation for hath cargo

vand passengers between the outer islands.

Office for

Micronesian Status Negotiations, pp. 34-35 �984!. But this

service is not operated on a regular basis due to diversion for

medical emergencies, frequent breakdowns, and lack of outer

island l'oad centers. The current plan hayes to remedy this

problem by purchasing two landing crafts, which are much more

economical than the micro-ships currently being used. Also in

the plan are an island load center project, and an intra-atoll

lagoon boat project. ' 'v V

a t o

Niti!ela of the Republic of the Marshall Islands pp. 351-352

�984!.

Additionally, shipping services are provided by eight

shipping companies: United Micronesia Development Association

 Tiger Line!, Saiyan Shipping Company, Palau Shippping Company,

and Oceania Line, Znc.  all of which axe Micronesian-owned and

operated companies!; and Matson Navigation, Daiwa Navigation,

Nauru Pacific Line, mid Philippines, Micronesia and Orient

Navigation Company  all owned and operated by foreign companies!.
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Office for Micronesian Status Negotiations, pp. 34-

35 �984! .

Air transportation is also available, and provided by:

Air Nauru, Air Tungaru, Continental Air Micronesia, and South

Pacific Xsland Airways. They all service the Majuro

Pacific  SaffronInternational Airport..

Warden, Essex!, p. 119 �984! . Additionally, Air Marshall

Zslands  a government corporation! provides passenger, mail, and

some cargo service to the outer islands which have airstrips.

Niti j ela o f the

Republic of the Marshall Islands p. 362 �984!.

H. g~gg

There are electricity generating plants on Majuro,

Zbeye, and Jaluit of the EG. Just about all of the electricity

generated at the plants are generated by imported petroleum

to run on "black oil." Zt is operated by a joint government-

private company. Costs for power was $0.088 per kilowatt in

1984. The 1985-1989 Plan has, budgeted S26 million for energy

and electric projects, most of which vill go toward building a

power/desalination plant in Ebeye.

t v ew

Steven C. Smith, pp. 47-49 �986! .

fuels. Currently the biggest problem is the dependency on

imported fuel. The plant on Majuro is a 14 megawatt plant, built



Fresh water in the RMI appears to be sufficient, and

will probably be adequate for the ever growing population. It is

supplied by water catchments, and wells which tap the fresh water

lenses.

Marshall Islands Political Status Commission Special Planning

Committee, p. 69 �981!. There is currently a public water

system operating in Majuro which consists of: a water treatment

plant; 11 miles of water mains; a 17 million gallon municipal

storage facility; and a further 1.5 million catchment at the

airport. Another 12 million gallon reservoir is planned during

the 1985-1989 period.

Steven

C. Smith, p. 48 �986!.

Garbage will create a serious problem in the future

because of the scarcity of land in Micronesia generally.

Currently, it does not present a problem because the land fill

areas for garbage dumps are removed from the population centers.

Marshall

Islands Political Status Commission Special Planning Committee,

p- 70 �981! .

Sewage disposal presents a far more serious problem.

This is reflected by the prevalence of gastro-intestinal

diseases, which ranks as RNZ's third leading cause of illness and

death.



Marshall Islands Political Status Commission Special Planning

Committee, p. 70 �981!. However, a Majuro sewer project that

began in late 1986 is now nearly completed.

1111 1, y.

Telecommunication is accomplished in the RMZ by:

telephone, satellite, and high frequency radio links. The RMI is

also linked to the rest of the world by te3.ex and cable services.

Steven C. Smith, p. 44

�986! . '

Although intra-island communication is done by

telephone, only 2% of the households, have a telephone. Service

is often unreliable, and there are often complaints of poor

transmission.

e , Steven C. Smith,

p. 44  X986! .

Inter-island communication between Majuro and outer

islands is done via single side band high frequency radio. Since

these calls can be heard by everyone on the system, there is no

privacy in such a conversation. There is currently a public

service high frequency system, which is primarily used for

relaying government, health care, or emergency messages. Also,

the local AM radio stations often broadcast messages to the

public, or to individuals.
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C. Smith, p. 44 �986! .

International telecommunication is provided on the RMZ

by 10 satellite circuits � to Hawaiian Telephone and beyond; 1

to Japan; 1 for the ZTT telex and telegram; 1 to Saipan!-

Although the calls are easy to make, they are expensive.

Telephone and telex signals are transmitted by 10-meter "standard

B" earth stations which are owned and operated by CQKSAT.

Terminals are located only in Majuro and Zbeye. The satellites

that receive and transmit the signals orbit 22,300 miles above

the equator and are a part of the International

Telecomamnications Satellite Organization's global network.

Satellite traffic is then routed to the switching facilities in

Hawaii and then continues via a satellite hop or undersea cable.

Currently, $11.3 million has been budgeted for the 1985-89

development period to improve the telecommunication system.

Steven C. Smith, pp. 43-44

�985! .

Land is a scarce resource in the REX, and therefore

plays an important role in society. Land ownership in the RMI is

limited to RKZ citizens, and the customary land tenure system

 which is similar to the feudal system! currently remains in

effect under the Trust Territory Code, as there are virtually no
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statutes dealing with real property. Therefore, in the absence

of such laws, customary law is enforced. Ma

 California

State Bar Zournal v. 52, No. 6!, Thomas Paine Dunlap, p. 500

 Nov./Dec. 1977!.

The Marshallese do not "own" land on an individual

basis, in fee simple, as is customary in Europe and North

America. Land is held by the entire clan, with the family

members each holding a generally nontransferable interest in the

entire family parcel. This lineage "holding" consists of four

I

Individual parcels of the lineage land are assigned to

1 h h ' L ' l iJR1$1 rights, as workers of the

land. They are responsible for cultivating the land and for

paying a tribute to the alab from the proceeds. The .+Q  clan

head! is responsible for assigning parcles of land to the ~~

which arise between the worker and the clan head. Also, no

permanent disposition of land can be made without his consent.

He also receives proceeds from the cultivated land. Above the

'XQllLL1L l. th ' llllilll t hit! . *H .' t e 1 d t

a member of the clan. The chief may have obtained his intereet

through war victories. He has the final word on land interest

distribution, and is also the prime dispute resolver between

other interest holders. Like the clan head and the sub-chief,

the chief receives a portion of the proceeds from the land.
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 California State Bar Journal v. 52, No. 6!, Thomas

however, become excluded.

 California State SarWe

Journal v. 52, No. 6!, Thomas Paine Dunlap, p. 502  Nov./Dec.

1977!.

Although an interest in lineal land is inherited, a
I

clan member can become divested of this right if he fails to

fulfill his obligation. Divestment of this interest, however,

could only occur with the consent of the chief, and must be made

for good cause. w'

 California State Bar Journal v.

52, No. 6!, Thomas Paine Dunlap, pp. 502-503  Nov./Dec. 1977!.

Since lineage land belongs to the entire clan, it may

not be permanently alienated without the consent of all interest

holders. An interest holder may not assign his own rights

without the consent of the other holders.

V w  California

State Bar Journal v.,52, No. 6!, Thomas Paipe Dunlap, p. 503

 Nov./Dec. 1977! .

This can represent a

virtually insurmountable obstacle for foreign business

Paine Dunlap, p. 501  Nov./Dec. 1977!.

Generally, inheritance of lineal lands is matrilineal.

For example, if A  a female! is the founder of a lineage, all of

her children may become a clan head. After the death of all of

A's children, the eldest child of A's eldest daughter becomes the

clan head and so forth. The children of A's male children,
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Ninnin land is that which a male worker gives to his children

contrary to the usual matrilineal custom. This gift can only

occur, however, with the unanimous consent of the clan, the head,

and the chief. This new land right can then be passed

matrilineally, or again as ninnin in the future. Kotra  Mo Land!

is land in which only the chief owns all interests, with no one

else having any vested rights. The workers are strictly paid a

vage for working the land. Kithe is land which a male gives to

his wife when they become married. This gift, like ninnin,

requires unanimous consent of the rest of the clan, and the

chief. The right of succession usually then becomes vested in

the wife's lineage. ese o w: C a e ee

 California State Bar Journal v.

52, No. 6!, Thomas Paine Dunlap, p. 504  Nov./Dec. 1977!.

Some of the Marshallese citizens transfer their

interests in land by vill. However, this too is subject to the

consent of the chief, just as an inter vivos gift of land would

be. The chief is required to follow the normal customary

. standard and may only depart from the standard f' or good cause.

1'f ' t B J 1 . ~ 2, . !, Th

Paine Dunlap, p. 505  Nov./Dec. 1977! .

organizations attempting large-scale, long-term ventures

dependent upon a secure real property interest for purposes of

financing and business planning.

Besides sale and leasing of land, there are a fev other

traditional methods of alienation which results in new lineages.
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shB.

Although RKX laws

yitiaml, lX 'd * P F LIIH

public or private lands for commercial purposes and for

residential purposes connected with the business. Before the

land can be leased, a business permit must be obtained, and the

tgh J. A t pp f th 1 . IaeatJII

High Commissioner, Trust

Territory of the Pacific Islands, p. 13 �978!.

A lease for private land is often both difficult to

obtain, and time consuming because of the customary laws

discussed above. Negotiation of the terms and conditions of

private leases are the responsibility of the parties involved,

but subject to District regulations. Moreover, as noted in the

previous section, security of leasehold tenure is difficult if

not impossible to ascertain under the current systems as there

appears to be no central registry setting out with certainty who

holds what interests in land. Therefore it is extremely

difficult to ascertain � as one must under customary law - who

one's lessors are.

Rental rates for public and private land are calculated

in the same manner. Et is usually based on a percentage per year

 usually 7%! return to the owner on the appraised or negotiated

value of the land. However, in the case of a major business

which has significant intrinsic or extrinsic value, this
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calculated fixed minimum rental amount is often credited against

g'I tgg I'

High Commissioner, Trust,

Territory of the Pacific Islands, p. 13 �978!.

Xn 1984, the Nitijela of the RMX enacted a statutory

scheme for internal water, archipelagic vater, territorial sea,

exclusive economic zone, and contiguous zone in the Republic.

The provisions, however, are to be read subject to the provisions

of any treaty ar other international obligation which is finally

I Y * I II Ytt IIII I

Nitijela of the Marshall Islands �984! .

Under the Act, ' t v is all the water on the

landward side of the ba'seline from which the breadth of the

territorial sea is measured; and where closing lines are drawn,

the water inland off the closing lines to the extent that they

 if any! comprisesare outside the baseline.

all areas of sea which is contained vithin the baselines

 baselines are determined by the Cabinet in accordance with the

rules of international law!. ' are those areas of

the sea which are vithin 12 nautical miles from the baseline of

the RMZ. The sovereignty of the RMZ extends beyond its Land

area, over internal vaters, archipelagic vaters, and the

territorial seas, and includes the airspace over them, the seabed



and subsoil under them, and the zesources contained therein.

ttl l 9th hllll d� ~ 8

are the areas of the sea within 24

nautical miles seaward from the baseline from which the breadth

of the territorial sea is measured. Within the contiguous zone,

the RMI has all rights which are necessary to: prevent

infringement of customs, fiscal immigration, sanitary laws, and

regulations within the territory; and to punish such

18 t.~. ltl� 9th dhll1 1 d

�984! .

v  KZZ! are the areas of the

sea which have as their inner limits, the outer limits of the

territorial sea �2 nauticaL miles from the baseline!. The mone

has as its outer limits an area of' 200 nautical miles seaward

from the baselines from which the breadth of the territorial sea

is measured. Within this zone, the RMZ has sovereign rights for

the purpose of exploring, exploiting, conserving, and managing

the natural resources of the seabed, subsoil, and waters; and

with regard to other activities f' or economic

exploitation/exploration of the zone  ~~, energy from water

currents!. In addition, the RMX has whatever other rights which

are conferred or recognized by international law.

Nitijela of the Marshall Islands �984!. Currently, there is no

effective enforcement of the KEZ. However, the 1985-1989 Plan

indicates the RMX's intention to purchase two patrol boats to

police the EZZ.

Nitifela of the Republic of the Marshall Islands, p. 3S5 �984!.



Islands �984!.

The Nitijela has also established a Marshall Islands

Maritime Authority  MIMA! to regulate economic use of the RMI's

waters. Besides acting as agent for fishing fleets, MIMA issues

fishing and mineral exploratibn yermits, certificates of

seaworthiness and proficiency, regulates the use of port

facilities, and is responsible for the maintenance of

navigational bids. Nitijela of

the Republic of the Marshall Islands, p. 346 �984!.

So far, preliminary surveys have revealed the presence

of large deposits of manganese nodules within the 200 mile EEZ.

Steven CD Smith, p. 47Voo e c

�986!. Therefore, under this Act, the RMI would be entitled to

regulate exploitation of such minerals. More surveys are planned

for the 1985-1989 plan period.

Ove ew

The Act also gives the Cabinet the power to make regulations  in

accordance with the rules of international law! to: regulate

scientific research within the EZZ; to regulate the

exploration/exploitation of the ZEZ for the production of energy

and other economic purposes; regulate the construction, operation

and use of artificial islands, and structures within the EZZ;

prescribe measures for the protection of the marine environment

of the EEZ; and to provide for such other matters as are

necessary to give effect to the rights and obligations of the RMI
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Steven C. Smith, p. 47 �986!. See Part IZ of ths report for a

detailed explanation of the effect of these laws and policies on

the extraction of crusts from waters under RNX's control.

ZZZ

There are several land use and planning laws which would

presently affect the way in which manganese cursts could be

processed in a large industrial facility in the RMX. None of

these, individually or collectively, are as prohibitive as the

previously discussed difficulties with secuzity of land tenure

under RMZ's traditional ways of holding interests in real

property.

A.

The Land Planning Act �1 TTC chap. l! establishes

district land planning commissions, provides for the development

of comprehensive planning programs, and establishes regulations

for the protection and promotion of public health, safety, and

general welfare within the particular district. its goal is to

encourage the most appropriate use of land, to provide open

space, prevent undue population concentration, to conserve

natural environment, and to assure adequate provisions for

llttl d tel'tt . ~   !. ' th

responsibility of the commissi'on to prepare and recommend for

adoption by the legislature a proposed master plan; subsidiary

plans; development programs; and land use control laws that are

proper for implementing the plan.
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In implementing the master plan, the Nitijela may enact

zoning and land use laws for the master plan area in order to

loosen congestion; secure safety; promote health and welfare; to

provide adequate light and air; to avoid overcrowding; to

facilitate adequate transportation, water, sewage, schools and

parks; to protect zeal property value; and to safeguard and

enhance the master plan area. The zoning law shall conform to

and shall implement the master plan. Use zones  which appear to

be continuances from the Trust Territory Code! are: Residential-

1  low density single family!; Residential-2  medium density

single family!; Residential-3  multi-family!; Residential-

Commercial  mixed!; Commercial;- Resort; Transportation,

Industrial-1  warehousing and limited commercial!'; Industrial-2

 offensive industrial uses!: Public; Village; Agriculture;

Conservation; Watershed; Historic Preservation; Planned

Development; and Floating Zone. Land is not allowed to be used

in any way unless it is in conformity with the master plan.

�980! .

The Nitijela passed an additional planning act in 1987

 P.L. 1987-8, Planning and Zoning Act 1987! adding to the powers

of the planning commissions, the Chief Planner, and local

planning offices. First, both the planning commissions and

planning offices are made mandatory at local levels  ss. 4.1 and

6.1!. While the commissions are to be advisory to the council

and execute all its land use and planning policies �.2!, it is

composed primarily of the elected mayor and members of council

�.2!. The mandatory planning office must have a pla~ning
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officer, whose duties also appear to be to carry out and execute

all matters relating to planning and zoning prescribed by the

ordinances of the council as well as to grant building and

construction permits. �.4.!

In the absence of such mandatory commissions and if a

local council neglects to "make ordinances for proper planning

and zoning as contemplated under this Act...the Minister may

appoint the Government Chief Planner to perform all or any of the

functions and duties conferred on the Planning Commission or the

local government under this Act." �.1.! Among the duties

specifically delegable by the Minister are the powers to make-

plans and zoning regulations. However, the regulations so made

are effective only after the national legislature � the Niti!ela

- approves them. �.2 and 7.3.! Among the land use regulations

which each local government is specifically required to pass are

those requiring a building permit from the district commission

for any building, the placement of all new buildings, and

providing for the adequacy of catchment areas for a supply of

water for every building and industry.  9.1 a!- c! .! suggested

zone classifications for each district ordinance are residential,

commercial, inchxstrial, resort, public and watershed. �2.1.!

The industrial zone is to provide not only for infrastructure but

is specifically directed to be located away from residential and

commercial areas. {12.l. c!.! Without a Certificate of-

Conformity from either the appropriate local government agency or

the Cavernment Chief Planner, certifying compliance with the

applicable zoning ordinances, occupancy of any building is an
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offense punishable by fine. �6.1 and 16.2.! However, by the

terms of the Act, only Majuro and Kwajalein are subject to its

provisions unless and until the Minister for Planning declares it

applicable to other local government councils.  s. 23 and s.

10.! So far, there is no zoning ordinance for either local

government authorized. to undertake local zoning, though Majuro is

seeking advice on how to proceed. Interview with Mayor Kabua,

June, 1988, in Majuro.

It is perhaps worth noting that the Constitution of the

BMI specifically guarantees to the people of the Marshalls the

right to local government  Articles IX and XIII! but the

"municipal code" enacted by the legislature  Local Government Act

of 1980, P.L. 1981-2! first' requires that each local government

adopt its own "constitution" which is subject to approval and.

amendment by the Minister for Local Government matters.  s. 9 +

~.! The boundaries of local governments are particularly

reviewable by the said Minister, but, other things being ecpxal,

the boundaries extend seaward for a distance of 5 miles.

 Constitution, Art. IX.! There are 24 local government councils

in the RKI, which are aided in their administration by a

collection of model ordinances, procedures and memoranda together

with summaries of applicable laws all provided by the Department

of Interior and Outer Island Affairs.  Interview with Mill

Allan, Internal Affairs, Zune 28, 1988, in Majuro. !
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While the

 rev'd, 1986-87 - 1990-91! contains a few elements of land master

planning in its 400+ pages, it is essentially an economic plan.

There are, to be sure, a few pages on environmental protection,

physical planning  Ch. 19! and manganese crust mining  Ch. 18!.

The comprehensive land use development plan noted in the

Development Plan  at p. 330! appears to be mainly a collection of

models and was not completed in a form which would serve as a

comprehensive guide for land use decisions at the time of our

last site visit in 1988. As noted in the previous section on

1 dlltttld, tt 198 81 ' 8 d ' 8 t it9211,9981

has not yet been implemented, and local governments in the RKZ�

including Majuro - are in the early stages of implementation

through soning.  Interview/Mayor Kahua, June, 1988, in Majuro-!

So far, we could find no existing zoning ordinance. Hence, a

brief description of the old plan follows.

The final submission of the Master Plan for Majuro

 islands of Darrit, Uliga, and Dalap! took place in November,

1968. Although the entire RMZ is 70 square miles, Majuro makes

up a mere 3.5 square miles. Therefore, to the thousands who make

their home there, land is a precious commodity. This is a

significant factor that was taken into consideration when the

master plan was made. Another important factor is that Majuro is

strategically located - it is the eastern gateway to Micronesia.

Therefore, it is the entry point for passengers and cargo

8 ' d 8 t tt 8 8 9 lt V. ggaE21g
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Hawaii Architects and Engineers, Inc., pp. 4-6

�968!.

The Plan proposed: that an intercontinental airfield

be developed in Majuro; that docking and harbor facilities be

considerably expanded to accommodate large ships, a small craft

harbor, and all warehousing and open storage needs; that some of

the streets be reaLigned, all streets paved, and sidewalks

constructed; that Darrit remain as a low-density residential

comununity; that high-density residential areas be developed in

Uliga and Dalap; that a compact town center be developed adjacent

to the harbor; that a resort complex be located in Dalap; that

industrial areas be established near the dock and airfield; that

ten nursery, four elementary, two middle, and one high school be

constructed; that recreation facilities be developed; and that

adequate water, power, and sewer facilities be provided. pygmy~

Hawaii Architects and Engineers, Inc. {1968! .

The Master Plan also includes land use provisions,

which: establish locations and densities for residential

development; designates areas for orderly growth of commercial,

industrial and resort activities; and allocates land for

agricultural use. The plan allows for a town center in Uliga,

which should include the business district, dock, harbor,

warehouses, private industry, civic center, central park,

recreation facilities, school, churches, and housing. However,

with the total land area of Uliga being only 505 acres, the plan

allows only 60 acres for industriaL use.

~M Q~>, Hawaii Architects and Engineers, Inc., p. 16 �968!. The
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area needed for a manganese nodule processing plant alone exceeds

this zoning allotment.

Section 161 b! of the Compact of Free Association obligates

the RNX to develop standards for environmental protection which

are substantively similar to that of the United States. g~~

33333333 3 .f 3 I. g, I ~

�984! . Prior to 1984, the Trust Territory Environmental

Protection Board  TTEPB! covered environmental matters in the

RNZ. However, an Act was drafted to provide for an Environmental

3 3&92Att tt3.~,3333 ~

Sou~ Pacific Commission, p. 46 �984!.

The National Environmental Protection Act of 1984  P.L. 1984-31!

provides for the establishment of a National Environmental

Protection Authority for the protection and management of the

environment. The authority is a corporate body, whose primary

ob!ect is the preservation and improvement of the quality of the

environment. Zt consists of a chairman, and four other members

� with adequate qualifications and experience in the subject of

environment; 1 with adequate skill and experience in

environmental management; 1 representative of the general

public}. The chairman and the four members vill be appointed by

the RMZ President, in consultation with the Minister in charge of



-36-

98 -3 , Nitijela of the Marshall Islandsh 1 h

�984! .

The authority functions to: administer the provisions

of the act; recommend to the Minister, national environmental

policy and criteria for the protection of the environment;

undertake investigations as to causes, extent, nature, and

prevention of pollution; conduct research related ta any aspect

of envirommental degradation; specify standards, norms and

criteria for the protection and maintenance of the environment;

publish reports with respect to environmental protection; specify

methods to he adopted in carrying.out tests; provide information

to the public regarding improvement of the environment; establish

liaison with other countries with respect to environmental

protection; advise the Minister as to the need for any new

legislatian;. promote long-range planning in environmental

protection; to promote methods of converting residues; and to

classify land, water and air according to present and future

'j 1 lhhhhllll

To accomplish their objectives, the authority is

empowered to: make regulations with respect to primary and
e

secondary drinking water, pollutants, use of pesticides and other

harmful chemicals, hazardous waste, and historical preservation;

acquire land for the purpase of its own use, conservation or

rehabilitation; acquire land-vehicle, seacraft, aircraft or other

machinery ta carry out its duties, or if an emergency, to
requisition the machinery; obtain advice/services of any person
in the RNI with or without payment of a fee; make contracts for
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goods and services which are necessary to perform its functions;

expend money to carry out its duties; borrow money  with the

Minister's approval! as it requires for its purposes; accept

grants or other monetary assistance; detect and prosecute

offenses in contravention of the regulations of this act;

whenever necessary and when duly authorized by the Authority or

the Court may enter an establishment to detect offenses in

t' tth' t. ~, 't'1 1 1 th

Marshall Zslands �984!.

Section 23 of the act provides for regulations to be

made to require a permit. for the discharge of a pollutant into or

on the air, land or- water, or the conduction of an activity which

results in the discharge of a pollutant into or on the air, land

or water. Regulations will be made for the issuing,

modification, suspension, revocation and termination .of the

required permit, along with regulations providing for the posting

1 hl 1 ' ~ 1/ ' 1 1 hl'
1

Nitije3.a of the Marshall Islands �984! . So far, the Authority

is in preliminary stages of development and only the EES portion

of its legislative charge has been implemented. Interview with

Will Swain, EPA, June, 1988, Majuro.

Under Article 13  Mining and Coastal Erosion! of the

Convention for the Protection of the Natural Resources and

Environment of the South Pacific Region of 1986, the Mf is

responsible to take all appropriate measures to prevent, reduce,

and control environmental damage within the 200 nautical mile

zone established in accordance with international law. This
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~ ' ' I. I d ' ' ~ ' ' . thdd. h

presently any mining regulations in the Trust Territory Code, or

the Marshall Islands Code. Interviews with Will Swain, EPA,

June, 1988, Majuro. However, since the end of World War II, U-S-

mining regulations have been applied in Micronesia. Under these

regulations, mineral rights to all natural resources beneath the

land surface belong to the land owner.

ve ea v v o e

v v

v ,. permission will be given to those who are

interested to undertake exploration of offshore minerals on a bid

basis.

Congress of Micronesia, p.7e ev o me

152 �976!. Exploitation of RÃI mineral resources  specifically

including cobalt-rich manganese crusts! is a specific objective

d t t gf f th IIII ~ It ~ I dl. 13-

14! .

Zt should also be noted that under sections 224 and 226

of the Compact, the RNI is granted access to federal funds and

Congress of Micronesia, p. 152 �976! . Under the RHZ land tenure

system, mining rights would therefore belong to all the interest

holders in the land. Thus, before a mining company could obtain

a lease, it must first get the cons'ent of all intereat holders.

 See previous section on traditional property rights and

difficulties with security of tenure, discussed therein.!

However, a manganese nodule processor is more concerned

tt ffh ~ 3 I.
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technical assistance to formulate and implement environmental

programs. This is to ensure that the intent of both parties to

the Compact, to prevent damage to the Micronesian environment and

to enrich the general understanding of the natural resources, is

implemented.

Ofi'ice for Micronesian Status

Negotiations, p. 68 �984!.

V.

The Sea Port Charges Act of 1983 empowers the Cabinet

 rather than the Marshall Islands Development Authority! to make

regulations rising reasonable charges for the use and en!oyment

of sea ports. The fees must be paid into the Sea Ports Trust

Pund, which will be utilized for the improvement and/or

Qli .~,tjl t

Marshall Islands �983! .

RMI welcomes, foreign investment capital as long as it will

make a positive contribution toward economic development. In

fact, private investment  domestic and foreign! is encouraged in

Micronesia generally, with an emphasis on reducing the trade gap,

stimulating production, and,increasing per capita income. ~gy.lt

High Commissioner, Trust

Territory of the Pacific Islands, p. 4 �978!. Investment is

made simpler in the RÃI since the standard currency is the U.S.
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U.$. Department of thedollar.

evidence of financial responsibility.

High Commissioner, Trust Territory of the

Pacific Islands, p. 4 �978!.

In keeping with the requirement that foreign investment is

encouraged as long as it will make a positive contribution toward

economic development, all non-citizen  a "non-citizen" ! is: a

person who is not a RMZ citizen; a person who is marxied to a

person who is not a RMZ citizen; a person who is undex' the age of

18 who is adopted by parents, at least one of whom is not a RMI

citizen; ax any company, corporation, or association in which a

person who is not a RMI citizen owns any interest! investors are

required to obtain a business permit prior to engaging in any

Interior, p. 1 {Fall 1986!. The summaries which follow are based

on laws and reports of laws passed both during Trust Territory

and Republic periods f' or the Marshalls and it appears to the

authors that those laws which are cited are still applicable and

unrepealed by the RMI Nitijela, except as noted in the following

text.

Entry into the Trust Territory to establish a business

appears to be relatively straightforward. As long as entrance is

made via a licensed carrier, for a period of less than 30 days,

and not for the purpose of seeking employment, no entry permit or

U,S. visa is required. U.S. citizens merely, need to show proof

of citizenship. Visitors, however, are required to have received

proper immunizations, a roundtrip  or onward ticket!, and
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business enterprise in the RMZ.   1980! ~

Under the Foreign Investors Business Permit Act �3 TTC sec. 1!,

the prospective investor must complete an "Application for

Business Permit"  Farm 997 revised!. This completed form must he

submitted to the Department of Resources and Development along

with a nonrefundable filing fee of $100.

High Commissioner, Trust Territory of the

Pacific Islands, p. 4 �978!.

The application must include: name of the business; form of

business organization; names of officers, directors, and

proposed/existing stockholders and their citizenship; proposed

site of principal office in the RM1; District in which applicant

wishes to do business; purpose, scope and objective of the

business; total capital anticipated to he, initially invested;

detailed investment analysis for the first 3 years; and any other

informatian that the Director of Resources and Development or the

board may deem necessary. The application must also cantain the

follawing propasals: the initial issuance of stocks the

consideration per share of stock issued; subsecpxent contemplated

issuance of stock; agreeing not to revalue stock shares not

issued, without the permission from the Board; agreeing not to

restrict the issuance/sale of stock which would be available to

RMZ citizens; agreeing to offer shares of stock at principal

place of business in the RMZ; detailing stock purchase programs

for employees; proposal to establish a RMI Corporation; proposal

for management participation to be allowed to RMI citizens; that



employment preferences be accorded to RNI citizens; proposal for

training programs for RMI citizens; proposal for vage/benefit

program; proposed economic and social program that the applicant

t 1 1 t.

The Director of Resource and Development will then review

each application and request any other information which he

believes will be useful to the Board. After the Board has

reviewed the file, they shall undertake an investigation of the

desirability of allowing the applicant to do business in the

particular District. The Board will then determine. whether

allowing the applicant to do business would promote the economic

advancement of the citizens of the particular District and the

RMI. Criteria. for the Board s decision include: economic need

for the proposed service/activity; the degree to which such an

operation will effect a net izcrease in exports an+or decrease

imports; extent to vhich the operation vill deplete a

nonrenewable natural resource: extent of participation by the RMZ

citizens at the outset; degree of willingness to form a RMI

Corporation in the future; willingness of the applicant to give

employment preference to RMI citizens: extent to which skills

required for such an enterprise is available among the RMZ

citizens; extent to which such an operation vill contribute to

economic well being of the District. In granting the permit to

the applicant, the Board may also determine the conditions under

which the permit may be granted. Then, if the Board determines

that the permit should be granted, and if the High Commissioner

approves, the permit shall be issued. �980! .



-43-

Additionally, any person, partnership, corporation, or

association engaging in: importing; exporting; banking  or

savings and loan!; dealing securities; insurance; operation of a

hotel: the practice of law, medicine, dentistry, or accountingt

the operation of a commercial airline; the operation of

commercial shipping; trading, travel, or commercial agency; or a

small business is required to obtain a business license.

~i!, Nitijela of the Marshall Islands �983!. This

requirement will be applicable to the manganese nodule processor

if he engages in export of the minerals.

Another regulation under the former Trust Territory Code

which is applicable to the manganese nodule processor is Title 49

 Protection of Resident Workers Act!, which deals with

nonresident workers. The Congress of Micronesia determined that

it was essential to a balanced and stable economy that the Trust

Territory citizens be given preference in employment in

occupations and industries in the then Trust Territory.

M!~ �980!. Therefore, work permits are required for all

skilled nonresident workers  nonskilled foreign workers are not

allowed to be imported for work!, and, they shall be employed

only to supplement the labor force of available and qualified

resident workers, and only in accordance with the regulations of

th AA. ~ t !. T 11 h 92 1d d t t

one of the purposes of promoting foreign investment � increasing

the per capita income.

The Act established a Trust Territory employment service

 within the department of resources and development!. The



purpose of the service is to create a system of free public

employment offices in the Trust Territory for workers seeking

ply t, dt ply k' g k*

{1980! .

Under the Act, an employer desiring to import nonresident

employees faces a long series of process. First, the employer

must file an application with the RNX employment service. The

application must state: the place and nature of the business;

number of workers desired, along vith the required

qualifications; wages to be paid; and date on which the workers

are desired, and the district s! in which they are desired. The

employment service vill then attempt to fill the available

positions from a list of Trust Territory residents who had

registered vith the service and who are qualified for the

particular positions. Zf the employment service is unable to .

fill the positions with qualified residents, they must then

publicize the available job openings for a period of thirty days.

The importation of nonresident workers will only be considered if

the service fails to locate qualified resident workers at the end

of the 30-day period. When this occurs, the Chief of the

Division of Labor is notified, and he then determines whether the

employment of nonresident workers will be in the best interest of

the RMI. He is also empowered to determine what length of time

and under what conditions the employer will be authorized to hire

nonresident workers for the available positions. If the Chief

decides to allow nonresident workers, a nonresident employment

agreement must be entered into between the employer, and the
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government- The agreement will contain: a statement. that the

employer requires nonresident workers for immediate employment;

statement of intended wages; an agreement to comply with the

minimum employment conditions; period of time the nonresidents

are permitted to work; a statement of the employer's

resyonsibi3,ity for return  to home! transportation of the

 9 9 9 . ~ �99

Additionally, before any nonresident. worker is allowed entry

into the Trust Territory, he must present a sworn affidavit

indicating that he has a minimum of 2 years experience in the

particular line of work; marital status: whether he has children;

and that he had not been convicted of a felony or crime invalvi'ng

moral turpitude. �980!.

The employer who imports a nonresident worker shall lodge

with the chief employment officer a security in cash or bond in

an amount not to exceed $3.000, as the chief immigration officer

requires. This security shall be available to the government to

defray the costs of the removal of the worker. to his place of

origin at the conclusion of his employment. This security will

be returned if the employee eventually becomes a RKZ citizen.

1 '9 1 11 1 1   1

Setting aside the strict business license and nonresident

workers' regulations that a prospective manganese nodule

processor faces, there is the advantage of tax incentives that

will be applicable to the foreign investor. To encourage foreign

investment in the NI, the Compact will apply the same tax

exemptions that are currently being applied to American



businessmen operating in other U.S. Territox'ies and possessions.

Also, contributions to nonprofit Micronesian institutions may

'es:also be deductibLe. V

The

Micronesian Seminar, p. 87 �984!-

Another attractive incentive for doing business in the RMX

is the low wages paid to private sector employees. The average

yearly wage of Nicronesians working in the private sector was

Office of$3,241.

Planning Statistics, p. 39 �985!.

VXX

The legal impediments to the construction and operation of a

manganese crusts pxocessing plant are neither numerous nor

onerous. This is perhaps to Ee expected in an emerging nation

with fax more interest in development of a sound economic base

than in land pLanning and regulation and environmental

protection. Moreover, the development of such a Large industxial

project is of such comparatively enormous size and impact that it

is difficult to conceive of its proceeding without special

legislative consideration by the Nitije2a and, correspondingly, a

special legal, planning and environmental regime tailored

expressly to govern it, provided the Nitijela is minded to permit

such a development in the RMX. Such legislation would obviously

supercede all local ordinances and regulations of the local

governments unless it could be argued that the Constitutional

pxovisions guaranteeing the Marshallese local government are by



-47-

such laws somehow abrogated. Likewise, the Nitijela could

override, supplant and otherwise supercede any previous national

legislation such as the environmental laws and regulations and

the national planning framework.

However, assuming these laws remain in place, it is likely

that a processing plant~ould need to go through the

environmental impact assessment process as set out in RMI's

environmental laws, together with whatever air and water

pollution standards the Agency eventually promulgates. Morever,

while such a processing plant seems to fit well within the

parameters of the Five Year Development Plan, it may not fit so

well within whatever zoning Majurd eventually adopts, if any,

under national zoning and planning enabling legislation  the

legislation is arguably directive depending upon how one reads

the provisions relating to planning commissions!. Technically,

Majuro must act or the national planner will act for it.

However, it. is worth noting that the current mayor of Majuro is

the daughter of the current President of the BMt who is also a

chief, and so it is presumably unlikely that such draconian

measures would be undertaken by the national government against.

the local government of Majuro.

Of far greater significance is the traditional tenurial

relationships among the Marshallese with respect to their land.

There appears to be no mechanism for even the national government

to transfer interests in fee simple to foreign corporations, even

under traditional real property notions of eminent domain. Thus

the only mechanism for an international consortium to obtain
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sufficient interests in land to develop such a long-term

installation as a processing plant would be through leasehold,

short of amending the constitution of the RHI, surely too extreme

a solution even for the economic benefits of such a plant.

While it is clear the mechanism exists for the granting of

such a leasehold, the traditional land tenure system with the

multiple interests of multiple parties makes it extremely

difficult to account for all of them so that all interested

"owners" become party to the lease. Since land holdings

traditionally extend a reasonable distance out into the ocean

 particularly onto reefs! going offshore or on landfill does not

alter the complexity of the problem of ownership. Discussions

with both government, business and expatriot officials on Najuro

lead the authors to conclude that this indefiniteness of

ownership interests produces sufficient uncertainty with respect

to the security of a leasehold that it. threatens the development

not only of a manganese crusts processing plant, but virtually

any substantial investment in the RMI. Not only are the risks

considerable for the entrepreneur, but for the lender providing

developmental funds for commercial development. Indeed, there

are already several instances of individuals claiming interests

in leased property coming forward well after a lease is executed

and claiming additional compensation in the form of rent. While

this may well be the exception and represent a modest breakdown

in traditional methods of resolving such disputes  such

individuals are supposed to go to their chiefs with such

complaints, not the lessee, according to one cabinet minister in



a. position to speak with authority on the subject! this is

relatively cold comfort to a foreign investor and his lending

institution, both of whom could end up in court over the matter,

where the common law of the United States is as likely to be

applied as the traditional law of the Marshallese.

It strikes the authors that there are two possible

solutions to this problem of multiple interests. First, and most

comprehensive, the RMI could establish a special land court to

establish conclusively all interests in given  or all! parcels of

land in the RMI by holding well-publicized hearings over a period

of months or years. These interests would then be reduced to a

certificate and that certificate recorded on an appropriate

register. What is suggested is a form of the land court or

torrens system of title registration which is used with mixed

results in parts of the United States and, we understand, in

Australia and New Zealand. Second, the national government of

the RMI could theoretically take the property by eminent domain,

or the leasehold interests only, and transfer the leasehold

interest to the investor/developer for purposes of approved

development. This is a quick-fix, and probably contrary to

traditional notions of land tenure in the RHI. It is conceivably

also unconstitutional. In any event, either solution would

require statutory authority by means of carefully drafted

legislation passed by the Nitijela.
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IHTRCIDUCT ION

The 200-nautical-mile Exclusive Economic 2 one  hereaf ter

EEZ! of the Marshall Islands includes an ocean area of about two

million square kilometers  km2! . There are 89 seamount areas

within the EKZ of the Marshall Islands that have been identified

as having permissive areas of cobalt-rich manganese crusts

 hereaf ter crusts! with possible commercial exploitation

potential. Figure 1 shows the approximate  unof f icial ! EEZ

boundaries for the Marshall Islands, the 89 known seamount areas,

and the location and numbers of crust dredge sites. Based on the

limited data on the distribution of crusts in the Pacif ic, it

appears that the Marshall Islands ranks among the top three most

prospective areas in the Pacific to have crusts  Johnson et al..

1986; Clark et al. 1985; Hein et al. 1987! . The Marshall Islands

provides a good example of the issues that will be addressed. in

moving f rom crust exploration to possible mining and processing

in the early part of the 21st century.

Associated with the commercial mining of a crust deposit in

the Marshall Islands EEZ would be consideration of alternative

sites for processing crusts. Transnational corporations  TNCs!

will decide whether to pr ocess crusts in the Marshal 1 Islands

where transportation costs and taxes are expected to be low, or

to process crusts at a distant site, such as Australia or Canada,

where ener gy and water co sts ar e expected to be much lower,

suitable ports and plant sites exist, but transportation costs,

environmental regulations, and taxes will probably be greater.

The decision on where to locate a crust pr ocessing
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plant, vill be heavily influenced by economics as well as by TNC

obj ectives and strategies.

HISTORICAL M5TZER OP THC INTEREST ZN MRlSE

SC6!QLRSg CRUST MRD POLTIIBTALLIC SQLPZDB DEPOSITS

During the 1970s a number of TNC consortiums were actively

interested in developing mining and processing technologies to

mine deep seabed nodules at depths greater than 4,000 meters. A

ma j or assumption behind this RaD activity was that. co sts of

production from land-based mines would increase, metal pt ice s

would rise in constant dollars, and competitive seabed mining

' technologies could be developed.

By the end of the 1970s, TNCs had changed their views on the

commercial potential for seabed nodule mining. Land-based mines

were not encountering higher mining costs, long-term metal prices

were not rising in constant dollar terms, and the technology for

deep seabed nodule mining was far more expensive than originally

envisioned. Xn addition, the outlook was becoming less favorable

that acceptable mining terms would be included in the Law of the

Sea Treaty, which applies to mining outside the limits of the EEZ

where the best, known nodule deposits exist. As a consequence,

TNCs shelved their ocean mining plans.

During the early 1980 s, government and academic research

interests turned to recently discovered cobal t.� r ich cr usts and

deep seabed polymetallic massive sulf ide deposits. A maj or

difference in the research activity in the 1980 s is that

governments are supporting most. of the research, and industry has



played a minor role to date. The reverse was true in the 1970s

when private industry took the lead in nodule RkD  Johnson and

Clark 1988! .

Dur ing the 1980 s, TNCs in mining have undergone maj or

changes in their priorities and strategies. The causes of the

changes are complex, but they center around a failure to sustain

satisfactory profits--many firms operated in the red for most of

the first half of the 1980s. TMCs have eliminated most major

expenditure activities that either were not expected to generate

acceptable profits within a few years or were considered high

risk. On both counts, ocean mining failed to pass the test for

continued THC investment interest. The assessment of the mining

industry is that there wiLL be no 'commercial mining of nodules,

crusts, or sulfides during this century. The time required to

develop a commercial crust operation is a minimum of ten years

compared to land-based projects that can be developed in about

f ive years.

Second, TNCs consider the risks associated with ocean mining

much higher than with land-based mines. TNCs commonly adj ust for

a higher level of risk by requiring a hi gher r eturn on

investments. However, no reputable analyst believes high prof it

rates are likely with first-generation seabed mining

technologies. The combination of a long proj ect development

period, high risks, and a high probability of lover-than-average

profits have led major TSCs to shelve their plans for commercial

se a be d mining.



The above gloomy assessment of seabed mining by MCs has

resulted in a dramatic decrease in marine exploration supported

by TNCs. However, substantial scientific exploration activity of

crust deposits has been supported by the West German Japanese,

and U.S. governments. Some of this research is in conjunction

with the private sector--most notably in Japan and West Germany.

The reasons for increased interest in marine minerals by

governments appear to be the result of a number of factors,

First, the establishment of the 200-nauti cal-mile EEZ in the

early 1980 s transf er red vast quantities of mar ine mineral

resources from international to national responsibility. Second,

governments have a much longer planning horizon than private

TMCs, plus governments are also concerned vith strategic issues

associated with ocean metals.

A few companies have been interested in obtaining mining

rights over prospective arias for ma!or crust deposits, and this

activity is expected to increase in the l990s. The strategy of

these TSCs appears to be to acquire important exploration areas,

but with modest exploration obligations. Agreements between

governments and private consortiums made between naw and the end

of this century could determine where and by whom commercial

developments vill be made in the next century.

NRsICZES AND QSJRCLXVES TNfkRD MARINE NIHZXR

Although the government of the Marshall Islands does not

have a specific policy document with respect to marine mining, it

clea~ly states its intentions to encourage pr ivate sector



investment in exploration and development of seabed mineral s in

its five-year development plan. Specifically, the Marshall

Islands

 rephased for 1986/87-1990/91!, 1988, lists 'large-scale mining

of seabed minerals including cobalt and manganese' as one of the

proj ects where pr ivate sector investment, is encouraged by the

outlined in the .  rephased

f or 1986/87-1990/93.!, l988, follow:

o assist the establ ishment and growth of viable pr ivate

enterprises in the economy to develop domestic resources

o assist the growth of commercial production in the rural

areas in agriculture, fishing industries, and services;

o assist the devel opment of sel f-aaployment oppor tuni tes;

o develop a substantial tax base in the private sector to

generate revenue for the public sector.

government.

At pr esent, the pr ivate sector contr ibutes less than 10

percent of government revenues. The government is anxious to

promote private sector development that can produce export

earnings and is likely to give substantial tax incentives to

maj or investors interested in commercial development of manganese

crusts.

The objectives and strategies for private sector develogaent



o create the necessary phy si cal and institutional

inf r astx uct ur e;

o of f er tax incentives to encourage f or ei gn and domesti c

investments;

o f acil i tate the gr owth of an adeq ua te fl ow of bank ing,

finance and credit facility; and

o assist the establishment of necessary links with foreign

investors and markets through an investment pr omotion

campa i gn ~

MEeCX I EalSORSlaM laa lÃM%laePN XS MRXla

III!IERAX S

The following government agencies would pr obably have

primary responsibility for manganese crust mining.and processing.

The initial point of contact for any organization wanting to

explore for manganese crusts in the Marshall Islands EEZ is the

Ministry of Foreign Affairs. To date, all activity has been of a

scientific nature, and permission has been readily obtained for

research vessels fram the Vnited States, Nest Germany, and the

People's Republic of China to sample and evaluate manganese crust

resources. Marine minerals exploration data is submitted to the

Mini stry of For eign Af fairs. However, the only library of

exploration data that was located during the author's visit to

the Marshall Islands was compiled by James Abernathy, a private



geologist, who makes the information available to the government

on request. The Ministry of For ei gn Af fairs san ctime s put

r epr esentatives on f or ei gn r ese ar ch vessel s ope r a ting within the

Marshall Islands EEZ in order to view research activities. These

representatives are not scientists.

This ministry has the r esponsi bil ity for activ iti es

associated with the exploitation of mineral resources. However,

to date, the ministry has not been active in the minerals area.

This Authority was established in 1988 to provide for

exploration, exploitation, regulation, corporation and management

of marine resources'  Nitij ela ef the Marshall Islands 1988! .

The Authority reports to the Nitij ela  Pari iament! through the

Minister of Resources and Development.

Most of the act establish ing the Autho r ity Be al s with

f ishery issues--the only existing commercial activity involved

with resources in the Marshall Islands EEZ. The following powers

and dut i es oi the Author ity appear to be of 'par ti cula r

signif icance to ocean mining  Nitij ela of the Marshall Islands

1988!:

to conserve, manage and control the exploration and
exploitation of all living and non-living resources in
the Fishery Haters and seabed and subsoil
thereunder...,

to issue licences for the exploration and exploitation
of the seabed and subsoil of the Fishery Waters;



to pa rti cipate in the planning and execution of
programs r el ated to..., or the exploration or
exploitation of non-living resources of the ... seabed
or subsoil thereof, in which the Gavernment or any
agency of instr umental ity ther eof has a pr o pr ietary
inter est, direct or indi rect, by way of stock
ownership, partnership, joint venture or otherwise.

With respect to the terms and conditions for the issuance of

licenses the following appear important:

Section 28.

The Authority, or Director on its behalf/ SR'
issue licenses for the exploitation and
exploration of the non-living resources of the
Pishery Waters, and seabed and subsoil thereunder,
subj ect to such terms and conditions it may
prescribe from time to time by regulation.

S h92 29. 'gRIRK2$M

There shall be payable in respect to each license
issued by the Authority such fees, royalties or
other char ges as may be pr escr ibed by the
Author ity.

To date, the Author ity has not been invol ved in any

activities pertaining to exploration or mining of manganese

cr usts.

This Board was established by an act of the Nitijela of the

Marshal 1 Islands in 1987. The purpose of the Boar d is "to

promote, encourage and study foreign investment and therefore to

promote and facilitate economic development of the Marshall

Islands and f or matters connected therewith and incidenta1

thereto. '
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The Board reviews all investments and makes recommendations

to the Cabinet, which must approve or disapprove a3.1 investments.

To date, the Board has had few investment proposals to consider.

However, government officials report that it is not efficient to

handle all investments in this manner, and recommendations are

being made to give the relevant minister the authority to approve

or disapprove small investment proposals.

The Board consists of the following seven members:

 a! The minister of resources and development  chairman!

 b! The minister of foreign affairs

 c! The chief secretary

 d! The secretary of finance

 e! The secretary of the interior and outer island affairs

 f!. Two other persons appointed by the president

mams sr ups amxvxrcss ra ma aaaaearZ Zarmmn

A number of consultants from private companies have proposed

that minerals policy and marine minerals exploration activities

in the Marshall islands be paid for by the Marshall Zslands

government. None of these pr oposal s f all in the category of

pr ivate sector investment in cr ust exploration--as campani es

proposing these investments are not p3.arming to risk their own

f inancial resour ces.

For the past two or three years there has been a proposal by

a major U.S. diamond dealer to obtain rights to the prospective

areas for manganese crusts within the Marshall Zslands ZEZ. The
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terms and conditions of the proposal are not known but appear to

involve giving the diamond dealer a period of time to form a

consortium of mining companies that would begin exploration for

manganese crust deposits in the Marshall Islands EEZ. Apparently

the agreeaent under discussion proposes, in lieu of taxes that

are very low, a higher sales royalty of betareen 8 and 15 percent.

A three-man team has been appointed by the president of the

Marshall Zslands to negotiate the terms of the manganese crust

exploration and development agreement. The attorney general and

a private geologist are on the negotiating team.

The Marshall Zslands government encourages pr ivate sector

investment f rom Western countries � par ti cula rly the Uni ted

States. But, the investment environment for large-scale private

investments in the Marshall Zslands is untested because no large

private investments now exist. Zn the context of the Marshall

Islands a private investment of a few million dollars is

considered large. However, a manganese processing plant will

require an investment of over US$500 million, which is many times

' the next largest private investment in the Marshall Islands.

The pr esent Marshall Islands government is likely to give

high priority and substantial tax concessions in order to attract

investments for manganese crust exploration and devel opaent.

However, the 3.ack of negotiating ability within government with

respect to mineral pr o j ect s and the tendency f or impar tant

projects to bypass established investment guidelines could result
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in agreements that are not in the long-term interests of the

Marshall Islands. The present, strong president probably will

not be in power when actual commercial seabed mining and

processing developments occur.

Maj or investments in marine mining and pr ocessing in the

Marshall Islands would probably be made by a consor tium of

companies, and a special Mineral s Devel opnent Agreeaent would

have to be negotiated and probably enacted into legislation by

the Nitijela.

CRUST RBSOURCBS IR THB NARSMZJ ZSLkNDS

There have been .a number of scientif ic cruises to collect
r

manganese crusts f rom seaaounts in the Marshal 1 Islands.

Although these cruises have only sampled a very small percentage

of the area of the Marshall Islands, they have established the

Marshall Islands as one of the most premising areas in the

Pacific for the occurrence of large manganese crust, deposits that

may hsve commercial potenti al over the next 25 years  see

Campbell 198lg Clark et al. 1984! Clark et al. 1.9851 Duennebier

and Schlanger 1988; Bein et al. 1986; Bein et al. 1987; Hein et

al. 1988; Hein, personal comm. 1988 g Midpac 3/1 and 3/2, 1987 g

Halbach, personal comm. 1988!.

Table 1 provides two rankings of the crust potential within

the EZZs of various Pacific countries and areas. Both research

studies rank the Marshall Islands among the top two areas in the

Pacific with the largest crust potential. Due to the uncertainty

of these estimates, it is suggested that the Marshall Islands is
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Table 1

Estimated Total Resource Pc4emtLal af
Crusts in Various Pacific Island Countries and Areas

Relative
Pacif ic Arm Rmking2 Poteati,al2

Relative
Pacific Area Ranicing> Poteatial1

Narsha13. Islands
RLcramsia

Ncrthern Nsrianas
KLngssn-Pity ra
Jckumtan Zal,ancm
Bar aii-RLhray
Balan  Palau!

1Jdmem et al. 1986
2HeLn et al. 1987.

XaIoe
Qma

Her1s Baker
Jaaris
Smoa

8

9
10
1l
12

Kirihati Zslands
Jh,rshal3. Islands
HLcrcimsLa
Jcku~on Zsl and
KQ~~Palmyra

Preach PeiLyrasia
Harei5;MLhrey
Wake

Hcwlan&8akir

Northern lhrianas
Jiff is~
Sseea
Belau  Palam!
Gma

1 Hi@
2 H.gh
3 Hi+
4 Hi@
5 High

6 Sedilia
7 Meek ca
8 MecKoa
9 Sedilia

10 Lcm
11 Lee
12 La@
13 Lear

14 Lao
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among the top three most important areas for crust deposits in

the Pacific and probably the world.

Estimates have been made of the crust potenti al of the

Marshall Islands based on the limited available data. As such/

the spe cif ic estimates of total potential, av era ge cr ust

thickness, and metal grade should be used with caution, because

these estimates will change as moz e expl or ation data become

available. The estimates- in this report should be usef ul in

examining the overall potentiaL of the Marshall Zslands. Two

models have been used to provide estimates. The first model was

used to estimate the in-place resource potentiaL  which is ~ an

indication of the economic potential of these resources! . The

second model attmpts to define the characteristics and size of a

possible commer cial mine si te that mi ght occur within the

Marshall Xslands.

Figure 2 is a schematic cross section showing the locations

of crust and nodule occurrences of possible commerciaL interest.

Nodules commonly occur as small potato-shaped concretions on the

sof t sediment-covered seabed at depths greater than 4, 000

meters. L Crusts aze widespread throughout the marine environment

It should be noted that recent reports of concentrations of
nodules at depths of approximately 2,000 meters on the Horizon
Quyot  Bein et al. 1985! and 1,200 meters on a seamount in the.
Minami-Torishima area  MaSuda, perSOnal COmm. l988! SuggeSt that
substantial nodule f iel ds gyp occur at depths comparable to
crusts within the Ebs of Pacific countries and have similar
compositions. Because of the lack of. data and the scope of the
present study, no attempt was made to estimate the potential for
nodule deposits within the Marshall Xslands EEZ, even though

 Footnote continued!



- 1.5-

Figure 2. Schematic cross-section showing the locations of crust and-
noduie occurrences of possible commercial interest.
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wherever a solid substrate occurs. Most exposed rock surfaces

appear to be associated with higher than average ocean currents

and sl oping topography. Theref ore, as shown in Figur e 2, the

sides of seamounts are prospective sites for crust deposits.

A simple resource estimation model was developed by CLark et

al. �984! to estimate crust resources. This model was used in a

1985 study  Clark et al. 1985! that included the Marshall

Islands. The same model is used in this study but includes

additional expl oration data. Eight imper tant par ameters f or

estimating. crust resources are discussed below.

To date, the most imgertant' occurrences of crusts have been

found between 15 S and 20oN latitudes in the Pacific Ocean. The

Marshall Islands EEZ falls appr oximately between 4 oN and 17 N

latitudes and ther ef or e is totally within the most favorable

latitudes for thick crust accumulations.

2 ~ .

Crusts appear to grow at widely different rates depending on

a number of physical and chaaical factors; however, a range of

1  continued!
nodule deposits are expected to occur. Therefore, although the
f ocus of this study is on crust pr ocessing in the Marshal 1
Islands, it should be assumed that either crusts or nodules
might be mined and processed in the Marshall Islands.
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2.5 to S.D mm per million years has been reported by Hein et al.

�987! . To obtain crusts of possible commercial interest of 5 cm

�0 mm! would require 10 to 20 million years. To date the best

crust deposits have been located on seamounts greater than 25

million years in age. Within the Marshall Islands, est or all

of We seamounts are believed to have ages substantially older

than 2S million years. Crusts examined to date have had ages

less than 20 million years.

3.

At least half the value of crusts is accounted for by its

cobalt content. A number of researchers have observed that the

cobalt content varies inversely with depth  Cronan 1977' Halbach

et al. 1982; McKelvey et al. 1983 g Hein et al. 1987! . The

highest cobalt grades and thickest crusts found to date have been

recovered fram between 800 and 2,400 meters. Ther ef or e, the

resource estimates for the Marshall Islands include only crusts

between 800 and 2,400 meters, even though substantial resources

of lower quality crusts are expected to occur below 2,400 meters.

The total permissive area of the 89 seamounts in the

Marshall Islands was estimated f rom the best publicly available

bathymetric maps. Estimated areas for individual seameunts are

shown in Appendix A. The total permissive area between 800 and

2400 meters, ad  usted f or slope, is estimated to be

approximately 58,200 km2. Given the uncertainty af the maps used
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for the estimates it should be assumed that there may be a +20

percent error in the 58,200 km2 estimate. Therefore, the total

permissive area might be as low as approximately 45,000 km2 or as

high as approximately 70,000 km2. The best estimate af 58,200

km2 is assumed for all resource estimates in this study.

5.

Table 2 shows recently published estimates of average metal

contents of crusts from selected areas of the Central Pacif ic,

including the Marshall Zslands, plus the average for the Central

Pacific and the total Pacific.

'Based on the limited number of sample analyses to date �5

to 63 depending on the metal analyzed!, for the critical metal

cabal t the average metal grades f or the Marshal 1 Islands are

slightly lower than the average f or the- Central Pacif ic. The

hi ghest per cent co bal t repor ted f rom Marshall Islands cr ust

samples is 1.42 percent  Bein et al. 1987! . Sampl,es f ran

individual seamounts have cobalt contents substantially above the

average grade indicated in Table 2.

Zn the following resource assessment, the values in Table 3

ar e use d, except f or pl ati num which is an estimate based on

limited analyses on crusts fram other areas of the Pacific. Law

and high subj ective estimates are shown and are based on the

range of values throughout the Central Pacif ic. The author ' s

subj ective estimate is that there is a' 90 percent probability

that the metal grade will be as high or higher than the low



Table 2

Cobal t NickelAreas Copper Manganese

Central Pacific

Hawai i- Midway

Johnston Xsland

Palmy ra-Kingman

Mar shall Islands

0.0620.69 0.37 20

0 70 0.43 0.11 22

1.10 0.51 0 ~ 06 27

0.74 0.080.45 21

Average Central Pacific 0.78 0.44 0. 08 22

22Average Total Pacific 0.63 0.44 0.08

lJohnson et, al'. 1985
2 Estimate

 Hein et al. 1987!

Average Metal Content for Crusts from the
Marshall Islands, Central Pacific and the Total Pacific

 weight percent, of samples from less than 2,500 m!
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Table 3

Metal Grade Jesmrptions far
Crusts fzcm the Marshall Islands

 weight penent!

0.750.68 0.95

0.40 0.45 0.55

0.06 0.08 0.09

21.00 21.00 24.00

0.25 0.4 0.65

Cobalt

Nickel

Copper

Manganese

Platinaa  g/t!

Law Best KstiasLte High



-21-

estimate, and a 10 percent probability that metal grade will be

as high or higher than the high estimate.

6.

A critical eleaent in preparing a resource assessment of the

Mar shall Islands is the determination of the average cr ust

thickness. The present technologies for sampling crusts result

in pr ef erential cellection of loose cobbles and slabs that

usually hav e thinner crusts than underlying cr ust paveoents

  Johnson et al. 1985! . Second, scientists have not yet

systematically measured the thicknesses of the recovered crusts.

Thir d, fr iabl e cr usts tend t:o be broken dur ing dr edging,

resulting in underrepresenhation of crusts in some dredge hauls.

The most impor tant factors controlling crust thickness

appear to be �! age of the seamount, �! location relative to

the equatoriaL zone, �! depth af crust accretion, �! substrate,

and �! currents.

Previous resource assessments in the Central Pacific have

used average thicknesses of 2.0 to 2.5 cm  Clark et al. 19841

Clark et al. 1985!. Scientific cruises to the Marshall Islands

areas have recovered a few exceptionally thick crust samples � up

to about 15 cm in thickness  Duennebier and Schlanger 1988! .

However, such thicknesses do not indicate average thicknesses.

It was reported that the average thickness on one seamount

appeared to be at Least three aa  Halbach, personal comm. 1988! .

It will require much more sampling to establish a reliable

average crust thickness for the Marshall, Islands. Based on
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limited available inf ormation on crust thicknesses, the likely

age of the seamounts, and location in the Pacific, the following

subj ective estimates of average crust thicknesses are used in

this study: Low--2.0 cm, best estimate--2.5 cm, and high � 3.25

7.

Seamounts are usually partially covered by

sediments � par ti cularly on the flat tops of seamount s where

sediments can readily accumulate. In earlier studies it has been

assumed that 40 percent average crust cover will occur over

seamounts in the central Pacific. This is a subjective estimate.

based on discussions with various research scienti sts and

observations of bottom photographs aver seamounts. Zn the

pr esent study SeaÃARC II si de- scan image data  an acoustic

equivalent of an aerial photograph of the seafloor! of a seamount

in the Marshall Islands were examined in detail. The estimated

crust coverage for this seamount is shown in Appendix B. The

r esul ting q uanti tative estimate is 42 per cent probable cr ust

cover. This is close to the previous subjective estimates of a

40 percent crust cover, and the average estimate of 40 percent

crust cover appears reasonable for an assessment in the MarshaLl

Islands.

Crust densities for wet crusts recovered fram seamounts vary

fram about l.85 to 2.10 gm/cd with a typical density of about
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1-95 gm/cm3. Metal grade estimates are based on dry crusts. Dxy

cx ust densities vary f xom about 1.15 to 1.55 gm/cm3 with a

typical density of 1.34 gm/cm3  Johnson et al. 1985!. An average

density of 134 is assumed in the resource estimates for the

Marshall Islands.

An estimate of the amount of in-place crust resources was

estimated by the following formulas

Crust Resources ~  Area!  Cover!  Thickness!  Densi+!  Units!

�8~200! �.4! � 5! �.34! �0,000!

~ 780 million tonnes

~ km2 of pexmissive area for crusts between
800 and 2,400 meters.

Wher e:  a! Area

 b! Cover ~ share of permissive azea covered by
crusts.

 c! Thickness ~ average thickness of crusts in cm.

 d! Density density of crusts.

 e! Units ~ standard aQ ustment far different units
in equation.

The total crust potential within the 800- to 2,400-meter

depth range af the Marshall Islands is estimated to range between

about 625 and 1,015 million tonnes with a best estimate of 78D

million tonnes.
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Table 4 gives the crust and metal resource estimates for the

Marshall Islands-. As shown in Table 4, the best estimates of the

in"place resources are as follows: 780 million tonnes of crust,

5.9 million tonnes of cobalt, 3.5 million tonnes of nickel> 160

million tones of manganese, and 310 tonnes of platinum. Copper

is not shown but is estimated at less than one million tonnes.

NXME SXTS

The resource estimates discussed above do not indicate the

amount of crusts that may be eventually mined. The small amount

of scientif ic sampling of crusts is inadequate to def ine the

parameters of a mine site � no mine site has yet been found in the

Pacif ic. The best crust deposit examined to date is south of

Johnston Zsland. Hawever, suf f icient information is availa4!le to

make a rough estimate of the parameters of a mine site that could

exist in the Mar shal1 Islands and might be of commer ci al

interest. The deposits of greatest commercial interest vill be

those deposits with metal grades and crust thicknesses

substantially above the averages used in the resource estimates.
r

K and-based depo sits may pr ov ide some guidance as to the

per centage of total resources that may be comme r cial ly mined.

For most mineral commodities, between 1 and 5 percent of the

deposits examined are of si gnif icant commer cial interest. For

the Marshall Zslands it is assumed that between 1 and 5 percent

of the 5 8,200 km2 of pe rmissive ar ea will suppor t. mining

activities by the first generation of marine mining technologies.



Table 4

Crust and Metal Resource Estimates for the Marshall Islands>
 million tonnes except platinum in tonnes!

Low2 Best> High4Commodity

Crust5

Cobal t

Nickel

Man ganese5

Platinum6

780 1,015625

4.3 5.9 9.6

2.5 3.5 5 ~ 6

130 160 240

660310155

Estimated total in-place resources, ~ recoverable reserves.

2 Estimate assumes an average crust thickness of 2.0 cm and the
low percent estimates for individual metals.

3Estimate assumes an average crust thickness of 2.5 cm and the
metal content shown in Table 2 for the Marshall Islands.

5Rounded to the nearest 10 million tonnes.

6Rounded to the nearest 5 tonnes.

4Estimate assumes an average crust thickness af 3.25 cm and the
high percent estimates for individual metals.
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This is equal to an area of 582 to 2,910 km2, with a mean of 3.0

percent or about l,750 km2. This assumption is based on the

assumption that the distribution of high quality deposits vill be

similar to the distribution on land.

Table 5 presents the author's estimates of the parameters

that may exist for a mine site in the Marshall Islands.

Assuming 3 pe r cent of the permissive area within the

Marshall Islands contains deposits having the assumed parameters

shown in Table 5, then the production levels shown in Table 6

could apply. An estimated 87.5 million tonnes of dry crust is

contained in the 1,750 km> of mine sites  and would probably

include a number of seamounts! . Theref ore, each square kilometer

contains about 50,000 tonnes of in-place crust and will produce

about 33,500 tonnes of mined crusts assuming two- thirds of

in-place crust is recovered. Ther ef ore, 30 km2 vould be mined

each year .to produce one million tonnes of dry crust per year,

and if 3 percent of the permissive area in the Marshall Islands

could support mining, mining would last for about 60 years.

The market value of the final products produced frora crusts

vill depend en metal prices, which fluctuate widely fraa year to

year. Theref ore, estimated long-term prices of metal s in

constant 1988 U S. dollars are used in Table 7 to obtain
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Table 5

Mine Site Parameters of Possible Commercial Interest
in the MarshaLl Islands

Possible Range
in Parameters Assumed ParameterParameters

5.0l. Mean crust thickness 3 .5-6.5 cm

2. Crust, specific gravity
1.34  dry!

1.95   wet!1.95  wet!
1.34  dry!

1,750 km2700-3,400 km2

5-20o

75%

7. Substrate types
hy al ocl ast,i cs
phosphor ite

basal t

10. Production
 '000 dry t/y! 1,000700-1,500

Revised estimates from Table 3-18 in State of Hawaii, Department
of Planning and Economic Development and U. S. Department of
Interior, Minerals Management Service, 1987.

3. Mineable area

4. Crust grade

5. Seamount. slope

6. Crust coverage

8. Depth

9. Crust recovery

Co

Ni
Nn
CLI

Pt

0 .8-1.1%
0.5-0. 65%
22-25%
0.06-0.09%
0.4-0.8 g/t

20o

60-90%

basal t

hyal ocl asti cs
phosphor ite

800-2,400

50-75%

0.9%
0.55%
23%
0.08%
0.6 g/t

1,000-2,000

66.7%
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Table 6

Annual Production Laurels from a Hypothetical Nine Site*

Thousand Tonnes Metal

Recovered to
Metal ProductParameter In Ore

9.01. Cobal t

2. Nickel

3. Coppe r

8.1

4.85.5

0.8 0.4

4. Nanganese

5. Platinum  '000 troy ounces!

230.0 200.0

19. 3 9.6

Assumes one million dry tons of crust is mined per year.
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Table 7

Market value of Metals Produced from a One-Million-Tonne
Crust Mining and Processing Operationl

Cammo8ity

50143

37

0.23/ jb 101 35

400/troy os.

Total
100286

>See Table 5 for quantities of metals.
2Author ' s estimat,es.

Cobal t

Copper

Nickel

Perromanganese

Platinum

Price per Unit Sales Value per Year Percent
{1988 OSO! 2 �988 US$ millions! of Total

8 ~ 00/lb

0.75/lh

3 .50/ lb
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estimates of the annual sales value of a one-million-tonne-per-
year crust operation.

As shown in Table 7, cabal t accounts for hal f the metal

value assuming that five metaLs are recovered. Ferromanganese

accounts for 35 percent of the value, assuming the process used

can recovex the manganese  most of the process options considered

f or nodules do not assume recovery of manganese ! . Nickel

contributes about l3 pexcent to total revenues, and both platinum

and copper contribute an insignificant amount to total revenues.

Xt is too early to def ine with conf idence the . mining

technology that will be developed to mine crusts. A possible

h t I pdbyS&kydt th

  U. S. Department of Enterio r,

Mineral s Management Service and the State of Hawaii, Department

of Planning and Economic Developaent, L988! . The proposed mining

system is illustrated scheaatically in Figure 3. The miner would

be sel f-pr opel led and woul d cr awl al ong a seamount sur f ace

breaking up the f x iabl e crusts using a x otating cut ter head

similar in concept to cutters used in the coal mining industry.

There would probably be some form of gravity' separation at the

mining sitey then the crusts would be pumped in a water slurry to
the mine ship.

The proposed mining machine would weigh about 100 tonnes out

of the water and have dimensions of about 8 meters in width, l3

meters in length, and 6 meters in height.
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Figure 3.

Source:

-,ble erupt mining >Yst+Schematic diagram of a plavsi e

of Hawaii, Department of Planning
U S Department of Interior,

Figvre
and Economic Developme, U epa
Mlnera s Management Servic&, 198
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PROCESSING EXACT

h92 e ' 1 b d

U. S. D 0 92 t 8 I t ' , II% 1 N g t

Serv ice and the State of Baeraii, Department of Planning and

Eco nom i c Devel opaent; and a document de rived f rom th is I IB

research titled

g 1 987, State of Hawai i, Depa rtment of Planni ng

and Economic Devel opment, and U. S. Depa r trent of Inter ior

Mineral s Management Service. These studies are 'the only known

public documents that examine metallurgical processing options

f or cr usts.

A metallurgical processing facility will, be required that

viLL process 1.0 to 1.8 million tonnes of wet crust per year  or

about 0 . 7 to 1.2S mill ion tonnes dry cr ust!, pl us an

indeterminate amount of barren substrate  say, O.l to 0.5 million

tonnes wet substrata! . Zt should be noted that the scale of

operation assumed in the previous section on mining assumes an

operation of 1.0 million tonnes dry crust per year. However, the

seal e assumed in this pr ocessing chapter is only 0.7 mil lion

tonnes per year of dry crust. Theref ore, the estimates in this

section should be considered the minimum necessary, as a larger

size project is more likely.

There are numerous options that vill need to be considered

in selecting a best-process option and site for the processing
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facilities. The two main process options that are likely to be

considered are py rametal3. ur gical and hydrametall ur gica3.

processing plants. Figure 4, which shows twa processing options,

gives a simpl if ied overv iew af cr ust mining, tr anspar t,

pr acessing, and mar keti ng. Zn the pyrcmetal 1 ur gical option<

large amounts of energy are required to smelt the ore, but the

nonairborne waste products may be mare manageable f rom an

environmental perspective. In the hydrometallurgical option, the

metals are recovered through high pressure leaching that requires

much less energy but produces much larger, quantities of waste

water that may be more dif f i cult to dispose of in an

environmentally acceptable manner.

As mined, crust will probably include 20 to 40 peicent

barren substrate  waste! that can either be separated on the

seamount, on the mining ship  pr oviding an env iranmental ly

acceptabLe disposaL method can be developed!, or anshare. Ore

transpart ships are assumed to carry 24,000 tonnes of ore

 including 25 percent substrate! . Abaut 60 deliveries wiLL be

required each year for 1.4 million tannes of wet cr ust and

substr ate. An or e tr anspar t ship will arrive at the par t

approximately every five days. The ore will be reslurried at the

port and pumped to the adjacent ore storage area. A stockpile

area of about 25 acres will be needed at the part.

The ore materials wiLL be processed with hat process water

 90oC! ta reaove salt that would be detrimental in processing the
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I
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Figure 0. Simplified overview of crust mining, transport, processing
and marketing system.

Source: Figure 5-1 from State of Hawaii, Department of Planning
and ECOnoIIIic Development, and U.S. Department of Interior,
Minerals Nlanagemerit Service, l 987.



-35-

crusts. The substrate will be removed in a subsequent step by

fl otation � either the crust or the substr ate will be

pref erentially floated and separated.

Figure 5 is a scheaati c diagram of ore pr eparation for

700.000 dry tonnes of crust per year.

Figure 6 is a schematic of a pyrcmetallurgical plant that

will aielt and refine the prepared ore from the ore preparation

facility. The following description of the energy, other input

t, I 0 92 I. f h

U. S. Department of Interior,

Niner.als Management Service, and the State of Hawaii, Department

of Planning and Economic Derelopaent, 1988:

The f uel and ener gy requi reeents ef the f ully
integrated eaelting process are very large. For the
plant without f er romanganese pr oducti on, they are
annually about 290,000 megawatt hour s  MÃh! of
electricity, 260,000 t of coal for various uses, and
75,000 t of coke f or reduction. Ther e are al so
substantial «equireaents for silica flux  about 290,000
t! and sul f i ding agent  about 21,000 t of anhy dr ous
gypsum! . Depending upon the quantity af substrate
assumed to be present in the mined ore, process water
and total steam requirenents are 3-4 million cubic
meters  m3! and 250,000-420,000 t, respectively. with
or without f err omanganese product ion, cool ing water
req~ireaents for anelting are appreciable, estimated at
13 to l4 million' aP annually for once-through cooling,
or roughly 0.7 in the same uni ts f or cool ing tower
make-up.

The annual consumption of coal for all uses would be
mote than doubled by the production of ferromanganese.
In additi on, el ectr ical ener gF consumpti on woul d be
incr eased to as high as 780,000 Sfh. The gr eatly
incr eased l ime r equi r ement  about 200,000 t f or
maintaining a suitahl e slag composi tion in the
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ferromanganese furnace! would dictate installation of a
Lime kiln to calcine about 390,000 t of limestone/yr.

Waste str earns f rom sael ting/ref ining waul d consist
mainly af sme3.ter and converter slags, about 900,000 t
annually, and smal3, amaunts af collected smelter dusts
and of iron oxide pr ecipitate   f rom the cobal t
ref inery! . Disposal of these materials is assumed to
take place on site. In addition, about 55,000 tg
including accampanying vater, of gypsum sludge would be
produced in neutralization and would require�
appropriate treatment for dispoal on 3.and. The s3.ags,
however, would most likely be inert, vitreous
substances that might f ind use as aggregate in road
construction, as land f QL, etc. Assuming that slags
wil3. pass the EPA toxicity test and other applicable
1 eachabil ity tests  EFA Elutr iatian tests f or toxic
metals vere performed on glass generated at the Bureau
of Mines Avondal e Laborator ies recently. Na
significant metaL releases were detected, and the slags
passed the KPA requirement for sanitary landfill...!,
they could probably be stored on land without further
treatment. On the order of 1.6 hectares-  ha! � acres!
of land would be required for storage of one year' s
praduction of slag. If the Local situation is not
atypical, land so used could be reclaimed., The
feasibility of disposal of the slag at sea could also
be considered, in 1 ogisti c as well as environmental
aspects....

Disposal on land of the large quantity of substrate
tail ings �.7-1.8 million t, including accompanying
water! fram ore benef iciation would entail 3-4 times
the land requirement as for the granuLated slags. The
main impediments to returning substrate tailings to the
sea are their relatively fine state of subdivision and
the passible presence of residual flotation reagents.
In this, as in ather significant aspects, it would be
hi gh3.y desi rabl e to rej ect as much substrate as
possible on the acean floor during mining of the crust.

Tabl e 8 summar iz es the above pr oce ss requi reaents,

production, and waste for a pyrametallur gical plant processing

mQ lion tonnes of wet crusts and 0 27 millian tonnes of

substrate per year. Options with and without ferromanganese

recovery are included in Table 8. There may be substanti al

pr obL ees in producing commer cial ferramanganese because of
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Table 8

Annual Process Requirements and Waste Products
from a Pyrometallurgical Process Plant

{ '000s!

Three Metal s Pour Metals
Recovered Recovered

 no ferro-  with ferro-
Units manganese! manganese!Item

Utilities
Electricity
Steam

Cooling water
Process water

<780
250

15,000
3,500

285
250

14,000
3,500

Nfh
t
m3
m3

740
880

740
880

55
3,400,000
2,500,000

t *

t 55
m3 2,400,000
m3 1,900,000

~ Less than 1,000 tannes.

~iud!~: Derived from Table A-7, V. S. Department of Interior
Minerals Management Service, and State of Hawaii,
Department of Planning and Economic Develogaent, 1988.

Major raw materials
Ore  crust and

substrate!
Benef iciated crust,
Coke
Sil ica
Calcium sul fate
L ime

Limestone

Oxygen
Carbon electrodes
Coal
Other

Waste

Tailings  solids and
water!

Slag
Smelter dust and

iron oxide precipitate
Gypsum  solids and water!
Process gases
Ventilation gases

1,370
l,000

75
287

21

9

12

259
*

1,370
1,000

75
287

21

. 390
19

4
593

*



probable impurities of phosphorous, alkaline metals, and copper.

If manganese recovery proves to be uneconomic, then the manganese

vill have to be di scar ded as a waste pr oduct and the gross

revenues from metal products will be reduced by about one third.

Figure 7 is a schematic diagram of a by drometall ur gical

leaching plant f or processing manganese crusts. The following

description is f rom the U. S. Department of Interior, Mineral s

Mana gem ent Serv i ce, and the State of Hawaii, Depa r tment of

Planning and Economic Development., 1988:

The process materials requireaents and metal production
and waste generation rates are summariz ed for the
sulfuric acid pressure leach plant in Table [9l. The
quantities shown were estimated on the basis that only
the nonf er rous metal val ues  cobal t, ni ckel, copper f
and zinc! are recovered.

Of the maj or process materials, eLementaL sulf ur is
used to produce suLfuric acid on-site for leaching the
benef iciated ore and to generate hydrogen sulfide for
selectively precipitating the nonf errous metals f ram
the pregnant leach solution. An estimated 58,000 t of
limestone  shown as 32,500 t of equivalent, lime! is
used mainly to neutralize residual sulfuric acid in the
acid leach liquor and in the barren solutions af ter
precipitation of the metal sulfides. The remainder is
converted to slaked lime  calcium hydroxide slurry! and
used to recover ammoni a f rom the raf f inate of the
cobalt ref inery. In these uses, the limestone becomes
conver ted into gy psum, which is ul timately discarded
f rom the plant with the pr essur e leach residue, or
tail ings.

A aaall quantity of anhydrous ammonia is required as
make-up in the co bal t r ef ine ry. Rel atively saal 1
q uanti ti es of hy drogen   for on- si te manuf act ur e of
hydrogr en sulf ide!, solvent extraction reagents
 make- up f or the cobal t ref inery!, and flotati on
reagents are also consumed in the hydrametallurgical
complex.
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Filter Cake Steam

reaaure
m 52 t/cf

and OlaooaalTo Cobalt Refinery

Figure 1.

Figure 5-9 from State of Hawaii, Department of Planning
and Economic Development, and U.S. Department of Interior,
Minerals Management Service. 1987.

Source:

Schematic diagram of a hydrometallurgical plant--leaching and
sulfide precipitation.
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Table 9

Annual Process Requirements and Waste Products
from a Hydrametallurgical Process Plant

  'ooos!

Three Metal s Recovered
 no manganese!Uni tsItem

Util ities
Electricity
Cooling water
Process water

+ah
m3
N3

86

3,300
5,410

~ Less than 1,000 tonnes.

<Qllri~: Derived from Table A-9, U. S. Department of Interior
Minerals Management Service, and State of Hawaii,
Department of Planning and Economic Development, 1988.

Major raw materials
Ore  crust and substrate!
Beneficiated ore
Sulf ur
Lime

Hydrogen
Coal

Other  ammoni a, solvent
and flotation reagents!

Waste

Substrate and water
Leach tailings and water
Gypsum and water
Iron oxide precipitate
Process gases

t

t t
m3
t

t t
t t
m3

1,370
1,00'0

66
33

100
83

740

1 i200
80

*

500,000
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Fuel is required for the generation of electric power
and steam. Zt is estimated that about 83,000 t of coal
would be consumed annually for these purposes at the
lower ore delivery rate of 1,370,000 t/yr and that
99,000 t of coal would be needed for 1,910,000 t/yr of
ore. The increase in coal consumption is attributed to
the steam enercp needed to heat the larger quantities
of ore and process water.

Electricity ..~ is employed in the hydraaetallurgical
plant primarily to drive pumps, mechanical agitators in
r eactor tanks, and mechani cal equipment such as
thickeners, flotation cells, sulfuric acid plant, etc.
At 86,000 Sfhjyr, the electrical energy consumption is
only about 30 per'cent of that for the pyrometallurgical
pr ocess without manganese recovery. Net steam
consumption, mainly for the pressure leaching step and
for the elutriation  salt extraction! step is estimated
at 510,000 and 680,000 t for the lower and higher ore
del ivery rates, respectively.

aerxsaasemm.rsmsa

Environmental impacts occur at the mining, transpor tation,

and pr ocessing stages. Substanti al wor k has been done on

environmental impacts associated with manganese nodule projects.

However, the only study pertaining to crusts is the

1988, prepared for the U. S.

Depar tment of Inter ior, Mineral s Mana gement Serv ice, and the

State of Hawaii, Department of Planning and Economic Development.

With respect to the mining environment mining is expected
r

to occur between depths of 800 and 2,400 meters on hard seamount

surfaces. Densities of bottea-dwelling organisms in this depth

range are quf.te low compared to shallower depths  Less than about

500 meters!. There are a range of biological resources that have

been identif ied on crust surf aces in the Hawaiian Zslands,

including corals, anemones, starfish, several species of fish,
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pr ecious cor al, and deep- sea shrimp. Although pz el iminary

studies indicate law concentrations of biological life an crusts

bel ow 80 0 meter s, it will be necessary to under take ba sel ine

studies of prospective mine sites within the Marshall Islands

prior to commercial mining activities. Such studies shauld be

included in the Environmental Impact Studies. Mining activities

will probably disturb from 20 to 40 km2 of seamount surface each

year. Over a 20-year period af commercial mining, 0.7 to 1.4

percent of the estimated seamount surface area within the depth

range of 800 to 2,400 meters will be disturbed.

Separation of crusts f rom rock substrate may occur at the

seamount surface, on board the mining ship at the acean surface,

or on share at the processing plant. At each of these sites

substantial nontoxic substrate will be produced that may require

during processing. These potenti al impact s will vary

considerably depending on the process option chosen. Tables 8

and 9 provide estimates of the quantities of waste products that

are anti cipa ted f zom py zametal1 ur gical and hy dr aaetal 1 ur gical

process options. aasically, the pyrametalluzgical option emits

special handl ing to reduce detrimental impacts on the

env izonment.

During transportation, there should be minimal environmental

impacts unless a ship sinks. As the crust ore and substrate are

relatively nontoxic, it should not pase a widespread or long-term

env izonmental pr oblem if such an acci dent occur red. However,

there might be a substantial local impact.

The 1ar gest potenti al env ironmental impact coul d occur



-45-

much larger waste streams into the atmosphere, and produces a

1 ar ge tonna ge of rel atively stabl e, incr t slag that appears

suitable for landf iLL. The hydrometallurgical option produces

much less air pollution but generates a much larger amount of

liquid wastes that may not be inert, as well as limited amounts

of material suitable for landf ill. Appendix C prov ides a

detailed description of the waste products and potential hazards

associated with the two process options.

CRUST PROTECT ECONOMICS

lt is important to eaphasize that it is premature to make

accurate - estimates of the economics of cr ust, mining and

processing operations. However, very prel iminary estimates have

been pr epar ed f or the Final Env ironmental Zmpact Statement

prepared for the State of Hawaii. These estimates indicate that

crust mining and processing is ~ economic under the assumptions

used in the study. Table 10 shows the estimated capital and

operating costs of pF rometall ur gical and bydrametal 1 ur gical

plants in 1984 U.S. dollars. Table 11 shows the annual revenues

and cash operating costs for a crust mining and pyrometallurgical

pr ocessing pr oj ect pr oducing 700,000 dry tonnes per year of

crusts with the grades assumed for a mine site in Table 5. The

]~alga required return on investment of US$750 million in a

mining and pyraaetallur,gical processing project is on the order

of US$100 million per year, plus tax obligations. Table 12 shows

the annual revenues and cash operating costs for a crust mining

and hydrometallurgical pro! ect processing operation.
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Table 10

Estimated Capital and Operating Costs
for Crust Mining and Processing Project

�984 US$ millions!

Py r�- oHydr�-
metall ur gical metall ur gical

Process ProcessCosts

Capital co sts

Total capi tal 575750

Operating costs

Total cash operating costs 93160

Appendix C, U. S. Department of Enter ior, Mineral s
Management Service, and State of Hawaii, Department of
Planning and Economic Developnent, 1988.

Mining
Ships/terminal
Processing plant
Other

K ahor
Maintenance and repair
Operating material s
Utilities and fuel
insurance and other

193

173

366
18

26

14
13
91
16

193

163
201

18

26 8
38
12

9
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Table 11

EMimated Annual Rsrenms and Costs for a
Crust !MLng and PyrcmetiLlurgical Prccessing Prcrject*

 assunes 700,000 dry tcerms af crust per year!

100Hereness: Cotelt 5,670

3,500

140

133,000 67

6,752

Cash oy.rating rereiuas

Direct operating costs 160

Operating prof it before tams and return on imreshneht 37

Note:

~Besrsred mined grades and  mtalt.urgicaL rex~red grades! are as fallcvs:
cobralt 0.9% �.81%! g nic3al OB% �.5%! g copper 0.08% �.0%!;
ferrcaranganem 23% �9%! t and ylati.nba 0.6 g/t �.3 g/t!.

Ccppar

Per aaangamm

Platinaa

Out~ Long-texm Tbtal rsrenms
 tonrirs! prices in 1988 US$  U$$ mQ~ns!

B.on/lb

3.59~ lb.

0.75/lb.

0.23 /lb.

40Qf tr.' m.
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Table 12

Estimted Annal Hereness and Costs for a
Crust Nx~g and Bydrcmetallurqf.eel Processing Project*

 aasaaes 700,000 dry tonrms af crust per year!

5i250

3,360 26

6,752

Total rerenms

Direct operating costs

GperatLag profit before turns and return on imrestment 30

Note:

"Assoc  mine grades and  mtallurgical recovered grades! are as follcws:
cobalt 0.9% �.75%! r nickel 0.5% �.48%!; copy.r 0.08% �.06%!; m9 pIlatinua
0.6 gjt �.3 pe!.

Rerems. Cobalt

Nickel

Copper

~put Long-term . Tbtal rar ends
 tonms! prices in l988 US$  U8$ mQUons!

8.DO/lb.

3.5+'lb.

0.75/lb.

40 Vtr. cs',.
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The ~~a required return on an investment of US$575

million in a mining and hydrametallurgicaL processing project is

on the order of U$$75 million per year, plus tax obligations.

Both the py ranetallur gical and bydrametallur gical pr oj ect

options would not, be commercially viable under the assumptions

used in Tables 10, ll, and 12. It is important to n~e that the

project' s economics might be considerably improved by considering

a larger operation  perhaps 50 to 100 percent Larger than the

70D,OOO dry tonnes per year pr oj ect sel ected f or the Her aii

study! . Also, operating cost assumptions would change

substantially if the plant were located near a Low-cost energy

source t i. e., Queensland, Austral ia, or B riti sh Col umbia,

Canada! .

Zt is important to emphasis e that there has been very
' ~

Limited RaD on mining technologies for. crusts, and therefore all

economic analyses at this early stage of Raa should be considered

specuLative. In addition, processing technology deveL opaent has

not focused on designing technologies that would be best suited

to tropical island environments.

SQZTARZLITT OI' ERR RhRSBAL4 ~~BS FOR 4 PROCFd38ZNe PLKllT

TNC investors will consider a range of factors in

determining the suitabil ity of the Marshall Islands f or

pr ocessiag cr usts. In this section, impor tant phy si cal,

economic< and politicaL factors are examined in the context of

the Marshall Islands. An attempt is made to consi der these

factors from the perspective of the TMC, because it is the TRC
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that will probably determine whether or not a processing plant

vill be located in the Marshall Islands.

1. Cactt1aa .L tl g p g 'pl t th I h&1

Islands would be the best option with respect to crust transport

distances and costs. Transport would probably be under 500 km

versus a few thousand km to a processing site in Japan,

Australia, Canada, or the United States  see Figure 8! . The

transport savings per tonne of wet ore shipped to a site in the

Mar shall Islands voul d pr obably range f rom US$5 to US%15,

depending . on the six e of ships used and distances to . the

processing site.

2 ~ It is probable that a new

port would have to be dredged in the Marshall Islands to handle

the lar ge amounts of crust and raw material s inputs to the

processing plant. Ships of up to at least 60,000 deadveight

tonnes, with a draft of about L2.0 meters, vould be require for

the processing plant and power station. This would result in

substantial port development costs that may not, be necessary at
P

some of the alternative sites in Australia and Canada where deep-

water ports already exist.

3. El ect r i cal gener ati ng

capacity in the Marshall Islands is quite inadequate for a crust

processing plant. The capital and most populated island, Maj uzo,

Presently has about l3 Nf of el ectr i cal capacity. For a

pyrometallurgical plant, the requireaents are about 35 %T without
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Approximate distances to processing sites outside of
the Marshall islands. Processing sites within the
the Marshall islands will probably be SO-500 km from
mining operations.
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ferromanganese recovery and 115 !%f with ferromanganese recovery,

not including standby capacity. In contrast. a hydro-

metallurgical plant would use only about ll MN of electricity.

The most efficient power plant that could be considered for the

Marshall Islands would have electricity costs of two to four

times the costs f or electricity in Queensland  Austral ia! or

British Columbia  Canada! . Costs to large industrial users in

Queensland and British Columbia vary from about 1.5 to 3.0 V.S.

cents per kilowatt hour. Costs for a new «fficient power plant

in the Marshall Islands would probably be fram 7 to 12 U.S. cents

per kilowatt hour.

4 ~ There is limited water availability

on all atolls of the Pacific. However, there is high rainfall in

the Marshall Islands averaging over 170 inches per year in the

south and 70 inches per year in the north.

On Maj uro, the airpor t runway rainwater collection system

prov ides an average of 630,000 gallons of water per day. The

problem is that annual variations in rainfall can be quite large,

resul ting in a need f or lar ge water storage f acil iti es. In

addition, groundwater sour ces in the Laura area of Maj uro are

being developed to produce a qustainable yield of 400,000 gallons

per day. The total of about one million gallons per day to be

produced on Majuro, could possibly be developed on same of the

other large atolls. Given the wide range of uncertainty about

the total amount of water avail abl e, a range of 500,000 to

1,500,000 gallons per day appears plausible on some atolls in the

Marshall Islands. This is equivalent to about 1,900 to 5,700
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meter s per day or about 0 . 7 to 2.1 million m3 per y ear.

Population demands for water would probably substantially reduce

the total availability of water for a crust processing plant on

any of the larger atolls.

The water demands for a processing plant will include both

sal t water and scar ce f resh water. It is assumed that the

cooling water requirements could be met by salt water, but, the

process water would be fresh water. Cooling towers are assumed,

but the ef f iciency in the warm, humid climate of the Ãarsha13,

Islands would probably be lower than in more temperate areas.

Table 13 summarizes possible f reshwater availability and water

r eq ui rements for two pr ocessing plant options. As pr ev iously

noted,' the optimum commercial siz e plan"ight be at least 50

percent larger than the size used in this study. If all process

water is' f resh water, then there will be serious problems in

meeting the water requirements under the assumptions used here.

Clearly, larger freshwater sources would need to be established

the Mar shall Isl ands than ar e assumed in this study. The

problems appear particularly serious with regard to the water

requireeents of a hydrometallur gical plant. The cost of a

distillation plant to produce f resh water would probably be

pr ohibitive.

5.. The entire land area of the Marshall

Islands, which spreads over 31 atolls and islands, is only 171

km2. The land area of individual atolls varies frcm less than

1 km2 to several km2. This can be contr asted to a land



Table l3

Possible Water Availability and Water Requireaents
for a Crust Processing Plant in the Marshall Islands

{assumes 700,000 tonnes of dry crust per year!

Million m3

Sal t

Fresh water*

13.9

2.9-4. 1

3.4

5.4-7.0

Possible water availability

Pyrometallurgical plant water requireaents*»

Sal t water  cooling!

Fresh water  process!

Hydraaetal1 ur gical plant water requirements**

Salt water  cooling!

Fresh water  process!

Notes:

*Author ' s estimates.
* Fraa Tables 8 and 9.

na limits

0.7-2. l
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requirement of 1.L to 2.2 km2 for a py rametallurgical plant and

1.9 to 3.5 km2 for a hydrometallurgical plant, including disposal

area.

I'ith respect to a pyrometallurgical plant, the requireaents

for existing land may be substantially lower than the 1.1 to 2.2

km2 indicated perhaps as low as 0.5 to 0.75 km2. The large

tonnage of  probably! inert slag produced each year could be used

for landfill. However, for planning purposes an area of at Least

1 km2 in close proximity to suitable port facilities should be

assumed.

th L & t h&1Y f

disposal sites is particularly important for' snail,,ecologically
i

fragile coral atolls such as those found in the Marshall Islands.

The large amounts of liquid wastes associated with a Qdro-

metallurgical plant could pose a serious env ironmentaL problem.

If stored on land in large ponds, there would be the danger of

seepage into porous coral bedrock. If treated and dumped into

the ocean, there could be substantial danger to the fragile reef

environment and perhaps humans

The lar ge amount of sol id slag waste  appar ently

environmentally safe! from a pyrometallurgicaL plant might reduce

the six e of the waste disposal pr oblma. However, stack gas

emissions would be much greater.  See Appendix C for a more

detmiled discussion of wastes.!

7. The Labor requirements of from 450

to 600 people for mining and processing are ma1l relative to

most economies but would be significant for the MarshaLL Islands.
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The present papulation af the Marshall Islands is about 40,000

with an annual high growth rate of about 4.0 percent per year.

Within the active aaplayment age group of 20 to 54 years, there

are about 13,000 peaple, 51 percent of whom are men. A mining

and processing plant eeplaying 85 percent Marshallese would

account far 3 to 5 percent af the total potential active

workf or ce. However, because of the lar ge per centage of youths

and high papulatian growth rates, the impact on employment during

the period 1995-2015  when the first cammercial mining crusts or

nodules might occur! would be much smaller.

In the Marshall Islands, there is very little emp3.oyment in

any expor t-oriented industrial activity, and one cr ust pr oj ect

coul d become the 1 ar gest empl ay er of any expor t- or iented

industry.

These issues are discussed in detail in the legal section of

this study. However, it is clear that the uncertainty associated

with land awnership wauld be considered a substantial risk factor

to potential WC investors.

With respect to political stability, the Marshallese

gavernment is pr o-Western and str ongly enco ur ages f or ei gn

investment. But the following underlying risk factors might be

considered significant by most TNC investors.

o The government is young  only a f ew years ol d! and

inexperienced in dealing with major investments.
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o The nation is overly dependent on f unds f rom the U. S.

government to keep the economy growing.

o The pr esent strong r ol e of the pr esi de nt in push ing

projects forward could change with future Leaders who

might, have less power.

o Some Pacific island nations are in a state of political

change that couLd extend through the L990s. Investors

are concerned that, political unrest might spread to other

Pacif ic island countries, including the Marshall Islands.

Investors considering a 25-year investment in the Marshall

Islands must assume substanti ally higher risks than simil ar

investments in countries such as Australia, Canada, and Japan.

This is reflected in economic terms in a requireaent for higher

required prof itability for investments in the Marshall Islands.

Put another way, the economic benef its f ram processing crusts in

the Marshall Zslands must be greater than elsewhere.

The present tax rates in the MarshaLL Islands are lower than

most other countries in the world. At present, taxes are at a

rate of 3.0 percent of gross revenues. Basically, this tax is

similar to a sales royalty. The tax systea has recently been

reviewed and a company tax rate of about lS percent  assume on

taxabL e pr of its! has been suggested by a Uni ted Nati ons

consultant to the government.

A maj or investment, pr obably exceeding a hal f billion

dollars, will have a negotiated tax regime. The tax rate that
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woul d come out of such ne gati ati ons woul d pr obably be

substantially hi gher than existing rates, but lover than

competing sites in Austral ia, Canada, and the United States.

Most mining and processing agreements have tax regimes that are

heavily prof it-based rather than royal ty-based. Potential

investors are likely to argue for a profit-based tax regime.

The government's tax revenue from the mining and processing

of crusts is dependent on the economics af the operations and the

form and level of taxes. A broad indication of plausible tax

revenues is that the government might obtain the 'equivalent' of

5' to l5 percent of total grass revenues. Therefore, far a crust

operation of 700,000 dry tonnes per year, the government might

obtain tax revenues within the ranges shown in Table l4.

STRRHKIC NXHERALS SXGIIIPXQLSCR OF TRR llhR%ULIJ ISLMES

The strategic minerals significance of seabed minerals is

commonly eaphasixed by those who would benef it from a "strategic

classi f ication'--scienti st s wanting f ede ral resear ch f unds,

companies wanting government protection and assistance, political

Leaders, and the news media. However, there are lower-cost,

Land-based alternatives for all of the metals contained in crusts

and nadules. Hast minerals industry analysts would agree that

the supply of cobalt is mare uncertain than other crust metals

because of the high level af production coming f rom Zaire �7

percent! and Z ambia  IL per cent!  U. S. Department of Interior,

L988! - This uncertainty has caused industry to design away iraa

cobalt--resulting in only modest growth in the cobalt market over
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Table 14

Plausible Range of Government Tax
Revenues for a Crust Mining and Processing Plant

 assumes 700,000 tonnes dry crust per year!

Type of operation

3-lo

Mining and pyrametallurgical processing
 with ferramanganese! in the Marsha3.1 Islands 3.0-30

Mining and pyrometallurgical processing
 without ferromanganese! in the Marshall Xslands 7-20

Mining and hydrometallurgical processing
in the Marshall Islands 6-18

Note c

*The above estimates are not based on a formal cash flow analysis
of a mining and processing plant but are the author's estimates
of plausible, effective tax take that might occur.

Mining in the Marshall Islands,
processing elsewhere

Plausible range in
average annual tax revenue

�988 US$ millions!
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the past decade and generally low cobalt prices. If substantial

al ternative sources of supply were devel oped  such as in the

Marshall Islands!, there would be a greater incentive to design

cobalt back into products and expand this market.

The significance to the United States of mining crusts in

the Marshall Islands is:  l! it weuld probably delay commercial

crust developments within the United States' EEZ; {2! the United

States would have alternative sources of supply other than the

more volatile African environment; and �! U.S. companies would

be likely candidates for participation both as equity partners

and in supplying mining and processing equipment. These three

paints are briefly examined below.

The reason that development of aommercial crust mining in

the Marshall Islands would probably delay developaents within the

United States' EEZ is because only one operation could be added

without substanti ally depr essing the market price of the key

metal cobalt. One crust mining operation would add 15 to 20

percent to world supplies of cobalt. In addition, the company

that established a commercial operation would probably be able to

expand existing operations at much lower costs than a new entrant

to the industry. That is why the author has sometimes used the

term "first in, last in," with respect to crust mining in the

Pacif ic.

A plausible scenario would have a Japanese-U. S.-European

consorti.um becoming involved in the first commercial developnent.

In order to obtain financing for the project, it is probable that

long-term sales contracts would be necessary for cobal t. These
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contracts are likely to be with companies in the host countries

of the consortium members. Xn addition, because of the risky

nature of the first project and its strategic significance, host

governments, including the United States, might provide same form

of proj ect guarantees in exchange for guaranteed access to the

metal products from the projects. The West German government has

used such a strategy for certain land-based projects producing

critical metals needed by W'est Germany.

The original technologies for seabed mining vere developed

primarily in the United States, and the leaders of the major

consartiums planning seabed mining of nodules in the 1970s were

U. S. companies; The U. S. mining industry had a comparative

advantage in mining technol ogy and experience throughout the

1970s. However, this industry advantage may be rapidly eroding

as the U.S. mining industry has had no significant interest in

ocean mining for mast of the 1980s.

The Japanese government, through MXTT and other government

agencies, has had an active US$160-million program to explore

seabed deposits and develop nodule mining technologies for trial

mining in the early 1990s. In addition, there is significant

research on both crusts and seabed sulf ide deposits in Japan.

Prance has a significant program pertaining to nodule exploration

and mining. Ther e has been substantial government suppor t of

scientific research related to crust and sulfide deposits during

the 1980 s; however, industry participation remains quite los.

Zn conclusion, the strategic significance to the United

States of commercial crust or nodule developments in the Marshall
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Islands is positive f rom the perspective of broadening the

sour ce s of supply. However, the economic and str ate gic

importance of more sources of supply to the United States is

probably modest. The U. S. government al ready has a lar ge

strategic stockpile of cobalt and is insulated from major damage

resulting from disruptions in supply of coba1t.

Nore impor tant than strategic mineral s considerations is

that the United States may be losing its lead in ocean technology

and may not be a major player in commer cial crust or nodule

developments in the Marshall Islands or elsewhere in the Pacific

in the 21st century.

PRRPARX3% N!R TRB FUTURE

The f utur e commer cial potential for cr ust and/or nodule

mining in the Marshall Islands - is yet to be demonstrated.

Optimists can paint a br i ght f utur e< whil e others bel ieve the

1arge size and law costs of mining land-based deposits will delay

commer ci al cr ust and nodule mining until f ar into the next

century or later.

With respect to the strategies that might be fo3.lowed by the

Marshall Islands government, the following point is important.

If the Narshall Islands government prepares for the management of

exploration, mining, and processing of cr usts and it does not

occur, there. would be a modest loss because the resources and

expertise expended on the project could have been used on other

projects.. However, if the Marshall Islands fails to prepare for
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exploration> mining, and processing of ocean minerals and it does

occur, then much Larger costs to the nation could result.

Mistakes coul d include giving control of all of the best

resources to one company, failure to develop a solid data base of

research results to guide decision making, unacceptable levels of

environmental damage in both mining and pr oce ssing, and

consumption of most of the available water on the major atoll

where processing is located. The government might also simply

get a poor agr eeaent and minimum economic benef its through

ignorance of what constitutes a good agreement for large minerals

proj ects.

Successful mining developments from both the investor's and

government' s perspective do not occur without a great deal of

effort and specialized knowledge. At present, there is little

indication that within the government ther'e is suf f icient

expertise to manage future exploration and commercial development

of crusts or nodules. Because of the long period of time f ram

the commencement of exploration to commercial mining � to 15+

Years! i the government could phase in its involvement and costs.

The following is a brief outline of the types of activities that

the Marshall'Zslands government might undertake.

Sci enti f i c expl or ati on of cr ust depa si ts in the Marshal l

Isl ands has been under waY for a number of year s. This

exploration activity has been funded by the U.S. and Nest German

governments. With r espect to government- f unded sci enti f ic
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exploration activities, the Marshall Islands government does not

need to give up any commercial rights to their marine resources.

The main responsibilities of the government are to ensure that

r esear ch cr ui ses are legitimate and that all of the survey

results, as well as representative crust samples, are turned over

to government. This will require storage facilities for samples

and a small scientific library, neither of which appear to exist

to date in the Marshall Xslands.

Second, approval and monitoring of all research activities

should be under the ministry responsible f or resources. There

shoul d be at 1 east one government person, with a geological

background, reaponsible for scientif ic research, data, and sample

storage. Zn addition, in reviewing requests for scientific

expeditions, the government sh oui d sug gest modest additional

sampling that it believes is necessary to better define the crust

and nodule potential within its EEZ. Under this proposal, the

role of the Ministry of Foreign Affairs would shift more to

security issues.

The Marshall islands government shoul d co nsi de r the

possibility of obtaining outside aid f unding, specif ically for

one or mor e expeditions, to sy stemati cally sample cr usts and

nodules within the Marshall Islands EEZ.

During the scientific exploration stage, the main activities

that will occur incl ude: de tail ed mapping of seamount s using

echoso under and si de scan sonar surveys g sampl ing cr usta using

dredges  primarily! and core devices; bottam photo coverage of

portions of seamount surfaces; samples of the water column; and
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analysis of crusts and substrates for constituents including

metals. Zt may also include collecting biological information

that could be usef ul in future Environmental Impact Studies.

At the end of each scientific cruise an "Expedition Report"

is pr epared descr ibing all ma j or shipboar d activities. Zn

addition, scienti sts usually pr epare a number of pr of essi onal

papers and/or "open file reports.' Samples are often shared with

scienti sts in a number of dif f erent universities and r esearch

f acil ities, and z esul ts f zom thei r research will be published

over a number of y,ears.

Dredges are commonly about one to two meters in width at the

mouth. Individual expeditions recover a few tonaes of crust and

substrate. Zn advanced stages of scientif ic exploration, manned

submeisibles may be used for closer observation and sampling of

seamount surf aces.

Common pr obl ems are a lack of attention to sy stemati c

measuring of the thicknesses of crusts, a tendency for dredges to

recover nonrepresentative samples, and loss of crust information

when the focus of the scientific cruise is not on crusts. Also,

potentially valuable baseline biological information may not be

sy stemati cally coll ected.

Although TRCs are not at present active in exploration for

crusts or nodules, these resources appear to have sufficient

long-term commer cial potential to attract some TNC activity ower

the next decade. Zt sh oui d be anti cipa ted that TSCs will



and . technical resources to carry out the pr oposed

exploration program. This will probably be a medium-to-

large mining company--companies with annual mineral s

sales of at least US8250 million.

2. The company should submit a real isti c explor ati on

pro gr am and expe ndi tur e commitment. A minimum

exploration expenditure of US$200,000 to US$500,000 per

year is pr obably required to under take a si gnif icant

crust exploration program.

3. There should be a relinquishment plan to ensure active

exploratian and to prevent' one company fram holding all

prospective crust areas.

4. There should be clearly def ined reporting procedures to

the government, with a minimus of biannual repor ts

covering all exploration and analyses. Xn addition, a

portion of all exploration samples should be retained by

the government.
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approach the Marshall Islands government for exploration and

mining rights. The Marshall Islands government has no experience

in dealing with companies involved in mineral exploration and

mining and ther ef are should seek prof essional experience f ram

Lawyers and mineral economists who have been actively involved in

minerals legislation and agreaaents in developing countries. Par

example, the United Nations Centre on Transnational Corporations

provides such assistance to governments.

The following four issues are of particular importance in

considering exploration licenses ta a TSC:

l. The company should be a legitimate one with financial
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A plausible scenario for leasing would be to give limited

exclusive rights to the entire EEZ for a maximum 1 1/2 years,

pr ov iding a minimum annual expenditur e of, say, US$100,000 to

US$500,000 on exploration, and a nominal annual 1icense fee of

US$10 >000 to VS$25 000 per year is paid to the government to

cover a por tion of the co sts of moni tor ing activities and

ana3.yxing research results. At the end of the 1 1/2 year period

the company would have to relinquish a minimum of 50 percent of

the areas held, and after an additional two years, a minimum of

50 percent of the remaining area would have to be relinquished.

With a total estimated area af 58,200 km2, the maximum areas

held by an explogation company might be as shown in Table 15.

The estimates in Table 15 are based on a situation where there is

no active bidding for exploration areas. If there was active

bidding by a number of companies, then the initial license areas

should be much smaller. In the example shown in Table 15, the

requirement to progressively relinquish areas is an incentive to

continue active exploration.

Although not examined here< there is a need to consider the

shapes of license areas and how these can be subdivided when

relinquishments occur � otherwise, a company may reserve the best

area on each seamount and effectively block the entry of any new

explor ation companies.

Exploration by' THCs will pr obably result in subsganti ally

1ar ger cr ust and substr ate sampl ing pr ogr am s than scienti f ic

cruises can provide. Each cruise might recover tens of tonnes of

crust and substrate.
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Table 15

Plausible Lease Areas and Relinquishment Schedule
for the Marshall Xslands

Maximum Permissive Area Held by a Canpany

thousand knP 4 of total areaYear

0-2 58,200

29,100

14,550

2,910

100

3-4 50

25

Nate:

This table applies in the case of one investor only and would
not apply if there were applications from mare than one
investor.
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At the sta ge wher e pt at otype mining activ iti es ar e

undertaken on an identified mine site, the total amount of crust

and substrate material recovered will probably be between a few

hundred and a few thousand tonnes.

After a commercial deposit has been proven and a prototype

mining system deve1oped and tested, a full feasibility study will

be prepared that will include:

l. the geology of the deposits to be mined, including reserve

estimates;

2. 'the mining technology to be used, recoveries and production

ratesg

3. the processing method, metallurgi,cal recoveries, and

location of the processing facilities;

4. the transportation plans and related inf rastructure~

5. the utilities required  most important if processing is to

occur in the Marshall Islands! g

6. services and infrastructure  most important if processing is

to occur in the Marshall Islands!g

7. personnel requirements, and training ahd localisation plans;

B- environmental impacts associated with all phases af mining,

transport, and processing of crusts and substrate;

9. capital and operating costs of the project;

10. market analysis for metals to be produced; and
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ll. economic evaluation of the project  includes cash flows out

to 20 year s ' pr oducti on, th e estimated internal rate of

return of the project, and risk analysis!.

The government will probably have to negotiate a "mineral

deveL opment agr cement' bef or e commer cial devel oynent will

pr oceed. Such arrangements lay out the de tail ed terms and

conditions for commercial development and operation of mining and

processing projects. For Large projects in developing countries

these agreements usually fix the tax regime for the life of the

agr eea ent g incl ude guarantees that the investor can r cpa tr iate

af tertax prof itsy include an agreement for arbitration bF a

neutral third party in the erent of maj or unr esolved disputes

between the investor and the government; incl ude tr aining and

localization plans; and define requireaents pert,aining to the

environment, and a range of other issues.

The tax regime is of critical importance to the investor and

the government, as this lays out the formula f or dividing the

prof its from the project. The present gross rerenue-based tax

regime in the Marshall Islands is not appropr iate f or taxing

l ar ge miner al pr oj ect s. Most tax r egime s in mining and

processing are heavily based on prof its, plus a modest sales

royalty. The MarshaLL Islands will need to obtain expert advice

in developing a tax regime for crust mining and processing. The

tax regime should be primarily prof it based.

A key requirement, f or any commercial mining and processing

dev el opment in the Mar shall Zsl ands shoul d be a f ull

Env ironmental Impact Study.
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The duration of mining and processing licenses in developing

countries rarely exceeds 25 years, as the economics of projects

are ignored by investors beyond this period. There of ten are

pr ovisions f or renewal cf licenses, but there are usually no

guarantees that the conditions will be the same.

CONC' USIONS

The Marshall Islands ranks among the top three Pacif ic

Island areas with respect to its prospectivity for deposits of

crusts that may have commercial potential. The government of the

Marshall Islands is clearly interested' in promoting exploration

and. developaent of crust deposits and probably will encourage

processing in the Marshall Islands.

However, the MarshaLL Islands, like most other Pacific

Islands, does not appear to be as favorable a site for processing

as either Austral ia or Canada. The transportation disadvantage

to distant processing sites would probably be more than offset by

the advantages of good port sites, low-cost energy and water, and

available land f or plants and waste disposal. In addition,

investors wilL have concerns about major investments of over a

half billion dollars in a young nation with no history of large

private investments. Finally, the complicated land ownership

pr obl em in the Mar shall Isl ands will be of concern to any

potential investor. On the positive side, the Marshall Islands

government would probably negotiate a favorable tax regime for a

major crust mining and processing project.
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The outlook is for some TNC exploration for crusts in the

Mar shall Islands over the next decade. If commer cial

developments do occur in the Pacific, the Marshall Islands will

be one of the top candidates. With respect to pr ocessing of

cr usts, both technical and economic f actor s appear to f avor

transport oi crusts to a site in one of the maj or countries

around the Pacif ic  Australia, Canada, or the United States! .

Options for encouraging processing crusts in the Marshall Islands

should be actively examined when private investors have located a

possible crust mine site. Environmental baseline studies should

begin during the exploration period. Commercial mining of crusts

or nodules is unlikely to occur anywhere in. the Pacific bef ore

the year 2000.
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ISLAN$8 EEmPRINZSSZVE ARMS OI' XRAfN SRAJC!UNTS XM THE RLRSHALL

T ocation
Latitude Longitude

Area

 km2 >
Name or

Water Depth  fathoms!

 continue s!

Ol
02
03

04
OS

06
07
08

09
10

ll
lg
13
14
15

16
17.
18

19
20

21
22
23
24
25

26
27
28

29
30

31
32
33
34
35

1 ~000
635

l ~125
950

Taongi/8ybilia

720

530
649
903

1,000

600
l ~250

624
750

1 il00

645
810
700

750
Bikini/Sylvani a

490
680

Rongr ik/Nell u
900
830

930
Dav son

1,260
520

Utr it/Taka

780

1 i234
980

1 i100
Me! it

l7op0' N,
16o30 ' Ng
15o00 ' N,
15o20 ' N,
14o30 ' N,

14opp ' N,
14o30' N,
13o30 N
14o00 ' N,
14opp ' N,

14o30 ' N,
o08' N,

13opp'N,
13o00 iN,
12o00 ' N~

12o00 ' N~
12o20 ' N~
llo40 IN,
13o00 ' N~
12opp ' N~

12o10 ' N,
12olp ' N

llo50 ' Ng
12o40 s Nr
13olp' N,

14o40 ' N,
12ol5'N,
11 o55 ' N~
12ol5 ' Nr
llol0' N,

11o00' N,
llo20 I Na
11o25 ' N,
llo20 ' Np
llo15' N,

168o30 ' E
l67oGD ' E
167o00 ' E
168o40 ' E
L69opp ' E

167o30 v E
166o00 ' E

164o30' E
163ol5' E
162opp ' E

161 olp ' E
161o45 ' E
162o45 r E
164o30 ' E
161o20 ' E

161o25 ' E
162ol5 ' E
163o00 ' E
164030 s E
165opp I E

166o20 ' E
166o40 ' E
163o00' E
168o10 ' E
169o30 ' E

169o30 ' E
17Pa05' E
170o05'E
168450 ' E
169a45 i E

170o05 ' E
l70o00' E
171o00 ' E
171o00 ' E
171o00' E

ill
393

23
32

567

2,133
704

2 g953
544

45

550
11

330
67

62

164
84

195
184

2,407

628
147

5,933
72

318

68
509

23
502

1009

80
9

45

29
180
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continue d

Location
Lati tude Longi tide

Noae or
Water Depth  fathoms!

Area
 km2 !Number

Ewaj al ein
Lib
Nam u

842

Likiep/Wotj e/Erikub

  continue s!

36

37
38

39
40

41
42
43
44
45

46

47
48
49
50

51
52
53

54
55

56

57
58
59
60

61
62
63
64
65

66

67
68

69
70

Ail uk
Jeae

700
1 g265

Wotho

580
1 g240

Enewetak
800

870

1 ~000
900
940
825
840

760

800

1 F000
Uj clang

950

650
1 i230
1,091
1,000
1 pl00

650

600
Uj ae

880
Lae

Appendix A,

10o50 ~ Nr
10olp' N,
10o50 'N,
lpo50 ~ N,
10 oPP N

lpolp 'Ne
lpo2S ' Np
llo30 'N,
11o45 ' N,
llo30' N,

llolS ' N,
llolP i N
llolp 'N,
lpo50 ' N,
10o30 ' N,

lpop5' N,
9o40 ' N,
8o20 'N,
9o50' N,

lpolP ' N,

9o50 ' M,
9o45 ' N,
9o2p N

9opp ' Nr
8o30 'N,

7o4p I N,
8o45 ~ N

9opp ' N,
9o30 ~ N,
9opp' N,

9400 'N,
8o20 ' N,
Bopp ' N,
8o45' N,

10 o00 Ne

170o00 ' E
169o30 ' E
166o20 ' E
l66o35 ' E
166o00 ' E

162opp ' E
l63opp ' E
162o15' E
161o35 ' E
161o05 ' E

159olp ' E
160elp ' E
161 opp ' E

161o30 ' E
160o40 ' E

16po30 ' E
160o35 ' E
160o40 ' E
161o00 ' E
162o00 ' E

162o20 ' E
162o05' E
162e20 ' E
162 ol
162o40 ' E

163o00 ' E
163 e10 '
165o35 r E
l66olp ' E
l66olp ' E

167o30 ' E
167o20 ' E
168opp ' E
168o45 ' E
169o00 ' E

713
257
617

10
378

3363
7

2064

353
325

82

33
408
772

1676

446
209
563
909
592

837
10

145
25
10

746
568
674

389
281

1,679
350

1,033
68

3,689
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Appendix A, continued

Name or Location
Water Depth   f athoms! Latitude Longitude

Area
 km2!Number

Total 58,229

71
72
73
74
75

76

77
78
79
80

81
82
83

84
85

86
87
88

89

770
1,000

Aur/Mal del ap
1,000

674

Jabber ot/Ail ingl apl ap
Namor ik
Ebon
Kil i
Jal uit

665
680

Keats
950

1,150
678

Maj uro/Arno
720

8o50 ' N
9o20 ' N,
8o15'N,
7o50 N
7o30' N,

7o25' N,
5o30 ' N,
«40r N,
5o40'NF
6ooo'N,

6o00 ' N,
5o30 ' N,
4o40'N,
6O00 r Nr
6o40'N,

6o50r N,
7o20 ' N,
7o00' N,
7o20' N,

169o45 ' E
170o45 ' E

171o00 ' E
171o00 ' E
169o30 ' E

168o50 ' E
168o00 ' E
168a40 ' E
169 o10 ' E
169o30 ' E

172o00 E
172 o20 ' E
172o35' E

173 o15' E
172o20 ' E

171o55 ' E
172o20 ' E
171o20 ' E
171o20 ' E

477
73

1,839
471
933

1,762
587
269

95
798

1,014
1,115

188
235

93

87
279

2,457
70
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APPBMDIX C

WAS'.HE PRODUCTS ARD POSSISLB MP'IINBIESTAIe IMPACTS
OP CRUST PROl2LSSI3%

The following description is from the U.S. Department of

Interior, ~nerals Management Service, and the State of Hawaii,

1988.

The major wastes of the bydrometal.lurgical process ...
are the substrate tailings, the pr essur e leach
residues, or tailings, gypsum< CaS04 ~ H20, and spent
process liquor. Treatment, and disposal strategies are
proposed ... for the last-named, aqueous waste stream.
The other three waste streams contain solids in the
f orm of a washed slurry. The type of treatment
required for disposal on land will be determined by
whether the wastes are considered hazardous by virtue
of the content and leachability of toxic or otherwise
environmentally deleterious constituents.

Any hazardous designation of the substrate tailings
would likely be a consequence of reagents added during
the benef iciatkon step for reaoval from the desired
crust. It is likely that waste substrate, if disposed
of on the land, would be kept separate from the leach
tailings and the waste gypsum. Here and there, gypsum
produced in sulfuric acid neutralization is utilized as
a by-product for such end-uses as wallboard< retarder
in cement, and soil conditioner and nutrient. Por the
most part, however, natural gypsum is enployed for
these uses, and waste grpsum is discarded. In general@
one cannot count on finding beneficial uses for the
gypsum that would be produced by the Qdrometallurgical
plant. Thus, land disposal is indicated for at least a
major portion of the waste gypsum, as well as for the
leach tailings. Indeed, unless a beneficial use, or an
economical treatment making possible at-sea disposal,
might be developed for either or both solid wastes,
they would probably be disposed of together.

The severity of probleas associated with disposal of
these solid wastes on land will be affected very much
bF weather and by how much the intended disposal sites
are net evaporation, or transpiration, areas. This
site-specific characteristic is determined by climatic
conditions: tsmperatur e, relative humidity, rainf all,
wind, and seasonal variations thereof. In the
phosphate regions of central Florida, which are flat
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and experience heavy rainfall, the waste gypsum of
phosphoric acid production is commonly stared on the
ground in huge< lang heaps, ar 'stacks. "

In the same Florida phosphate regions, the voluminous
clay wastes of phosphate rack beneficiation are
impounded within big earthen "dams. " The environmental
drawbacks to this disposal method are equally as
obvious as fox the gypsum stacks. It wauld appear,
then, that the land-fill method af dispasal Xs the most
appx opx'iate f or sol id wastes generated by the
concept ua1 hydr ometall ur gi cal plant and f or whi ch
at-sea disposal is not feasible. [This option may be
dif f icul t in the Marshall Islands where land is
scarce. J The stringency of the regulatians gaverning
construction and maintenance of the disposal facilities
depends, of course, an whether the waste is considered
haz ar do us.

The minimum treatment of the solid wastes pr iar to
di sposal is thorough wash ing sa as ta remove ta
acceptable levels any possibly deleterious salutes from
the associated slurry water. The major soXid wastes
f rom the hydrametallurgical processing of cobalt-rich
cxust should be sufficiently stable toward degradation
and f ur ther leaching by alurry water and rainwater as
to avoid an of f icial hazardous classif ication. This
view is suggested bF theix composition and chemistry
and supper ted by leachabil ity tests pe r f armed an
simil iar wastes f r am mangane se nod ul es pr oce ssing
 Haynes and Law, 1982!. Should this favorable result
be conf irmed an actual cr ust pr ocessing wastes, a
simple land-f ill technique shauld suf f ice. Dispasal
areas would then be relatively simply constructed and
maintained and subsequently reclaimed by distribution
of reaoved top-soil, recontouring as appropr iate and
r evegetating.

For the warst-case situation, where one or more of the
wastes unexpectedly does not qualify for classification
as innocuous, di sposal requi renents woul d be mor e
stringent, as summariz ed in the fallowing excerpt
 Rahane et al., 1985!:

a Incorporate liner to prevent migration of waste aut
of facility during its active life.

o Collect and remove leachate f rom the facil ity and
ensure that leachate depth aver the liner does not
exceed 1 ft �.45 m!.

o Design ta control flow during at least 25-yr storm.
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o Cover waste or manage uni t to contr ol wind
di spe r sal.

o Prevent overtopping or overf illing.

o Znstall sy stem to monitor groundwater in uppermost
aqui f er.

o Zmylement compliance monitoring program if hazardous
constituent is detected.

o Upon closure, design final cover  cap! over waste
unit to minimize infiltration of precipitation,

o Maintain elf ectiveness of f inal cover.

o Operate leachate collection and removal system.

o Maintain groundwater monitoring system  and leak
detection system where double liner is used!.

o Continue 30 years after closure.

Process plants for cobalt-rich ferromanganese oxide
crust will be large and complex industrial facilities
through which large quantities of material in solid,
liquid and gaseous form will pass. Whi3.e much of this
material is innocuous and is transferred or processed
at ambient conditions, some is pr ocessed at hi gh
temperatures and/or pr essur es. Accidental rel ease, or.
discharge, of more than an insignificant quantity could
result in its widespread dispersion and the development
of a hazardous situation. Hazards could al so result
f rom the uncontr oiled rel ease of flammabl e or toxi c
liquids or gases, or of other material s that could
cause environmental damage if dispered. Chroni c
rel eases of small er amounts of material, as f rom
undetected accidents, improperly desi gned equipment, or
misoperati on of the yr oce ss, coul d al sa cr cate
hazar dous situations.

The possibility of the release of such materials and
the consequences of their release are recognized in the
detail ed pl ant desi gn, and measur es ar e taken to
decrease the risks to an acceptable level. Since the
pr esent analysis is based on conceptual de si gns of
crust processing plants, it is not possible to describe
in detail the measures that would be taken to reduce
risks or to quantify the consequences of an accidental
rel ease. However, it is possible to descr ibe the
amounts and types of materials that would be of concern
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if accidentally released f rom crust processing plants.
These are speci f i c to the process use d, e. g.,
pyrametallurgial ar hydrometallurgical, while the ather
categories apply to any type of process plant.

Al though about 150,000 t af wet mined or e is
inventoried in the are storage area, the prabability af
its accidental release would be very low for a properly
designed plant and selected site. The storage pand
wauld be in-ground; dusting would' not be troublesome,
because the solids would be covered with water. About
2500 t of gr ound sal i ds ar e inventor ied in the
salt.-extraction reactions in sl ur ry form, but
uncontrol 1 ed rel ease of thi s amount of material is
highly unlikely, since the elutriation area wauld be
diked to contain spillage. Comparable amounts of
material are inventoried in bins as filter cakes, and
abaut 200 t/hr of coarsely milled ore could be moved as
mai st sal ids to and f rom the el utr iatian tanks by
encl ased convey or s.. Good maintenance and car ef ul
hausekeeping wauld be required ta prevent dispersal of
manganese and other oxide constituents af the ore, in
the form of dusts 'emitted f rom the equipment or
resulting from spillage and drying. The reactors and
filters-would be hooded to control steam eaissians, for
aperatianal as well as for enviranmental reasons.

Appr oximately 10,000 t af f inely ground or e is
inventoried in the are benef iciation plant with about
two-thirds af the total being hei d as slur ries in
in-ground thickener tanks and, therefore, not of major
concern. The separated substrate wastes are pumped ta
disposal in slurry form, while the washed, benef iciated
crusts are filtered and transported as filter cake to
the metall ur gical pLant f or recovery af the metal
values. The previously mentianed techniques would be
used to control dusting and spillage. Relatively small
amounts, possibly af the order af 10 kilagrems per hour
 kg/hr!, ar liquid flatatian agents will be added ta
the pulp to effect separation of crust from substrate.
While odorous, and hazardous by virtue of flammability,
these reagents are generally either absorbed on the
salids or dissolved in the slurry water and, or, are
not likely to be dispersed in their original form in
the event af a release in the flotation area.

The major environmental and health hazards in the ore
storage, elutriation, and benef iciation sections of the
plant would be chronic releases of fine manganese oxide
and ather oxide-containing dusts. Chronic releases can
generally be pr ev ented ar substantially reduced by
pr oper p3. ant desi gn, ape r ation, maintenance and
housekeeping.
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In keeping with the or i gina3. sti pulati on, the
py rometall ur gical plant pr oper is considered, for
purpase s of this analy si s, not to incl ude a co bal t
ref inery. The in-plant inventor ies or consumption
rates of hazardous materials and the conditions under
which they are stored or processed are summarized for
the pyrometallurgicaL process in Table 16. This list
is not intended to be fully comprehensive since it does
nat include minor or incidental materials commonly used
in processing, such as anti-dusting agents, chemicals
for process water treatment, chlorine used for patable
water purification, etc. While release of these minor
materials could be hazardous, . their in-plant inventory
is small and their properties are well known;
accordingly, they are usualLy censidered to be of Less
concern than major process materials.

Mal ten slags or alloys pose an obvious immediate
hazard. However, they generally cannot be transported
bey ond the pLant boundaries by accidental di schar ge,
because they solidify rapidly. They are innacuous as
solids and, theref ore, are nat included The solids
which are listed in Table 16 are included because they
can be dispersed as airborne particulates.

Al though hot, dusty, and toxi c by vir tue of thei r
compasition, carbon manoxide and sul f ur-containing
gases produced in the dryers, furnaces and canverters
are present in relatively small amounts. The equipment
in which they are produced is normally maintained at
slighLy subatmospheric pressure, so that the production
of these gases can be stopped rapidly if a release is
detected. Reducing gases, containing carbon monoxide,
waul d be burned in waste heat boil ers f or ener gy
recovery prior to rel ease. A11 of f-gases would be
scrubbed, if necessary, to meet eaission Limits on
nitrogen and sulfur oxides.

Oxygen is included in the hazardous materials
inventory, because it suppor ts combustion of other
materials. Signif5.cant amounts of oxygen are held in
inventory as pressurized liquid and would vaporize and
disperse rapidly if the containment vessel were
ruptured or if Leaks devel oped in transf er piping.
Fuels are included for obvious reasons, although the
in-pLant inventory of 3.iquid fuels for vehicles and
process uses is small, and its storage is conventional.

The movement of Large amounts of fine> dry sol ids
through a py rameta3.Lurgical process plant results in
the gener ation of substanti al amounts of dusts and
presents a possible hazard from either sudden chronic
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Table 16

Hazardous Material s Inventory, Pyrametallur gical Process

Compo si ti an
 par ti culates! ConditionMaterial/Origin/Use

B. Liquids
Oxygen

2. Fuel s
10 atm, 150o C

Ambient
200

50 t

U. S. Department, of Interior, Mineral s Management
Service, and State of Haaraii, 1988.

A. Gases  STP!
l. Prereduction kiln
2. Smelting f urnace
3. Sulfiding converter
4. PeMn f urnace
5. Oxygen to process

C. Sol ids

1. Coke
2. Coal
3. Dried crust  ore!
4. Pre-reduced solids
5 . Proce ss dust s
6. Fume

CQ
CD

CDg S
CD

1 atm, 900o C
1 atm, 1,4QQ C
1 atm 1 400o C
1 atm, 1,500o C
3 atm, 50o C

Ambient

Ambient
i50 - 200 C

825 C
150o - 825o C

Variabl e

900 m3/min
250 m3/min
100 m3/min
300 m3/min
15 IP/min

20 x 103 t
60 x 103' t

2 x 103 t
3 x103 t

500
5



-89-

releases of particulates. Solids conveyors would be
encl ose d, and tr ansi er poi nt s woul d be hooded and
ventilated to reduce emission to the plant environment.
Caref ul housekeeping would pr event spills f zam being
dispersed. ALL process exhaust streams  such as dryer
or furnace off-gases! and fugitives control streams  as
f rom transf er-point hoods! waul d be passed through
baghouses, electrostatic precipitators or other devices
to reaove particulates.

The discontinuous, ferroalloy phase of the pze-reduced
crust solids is pyrophoric. Zgnition is prevented by
maintaining it under reducing conditions. Transfer of
molten material s $zom the smel ting f urnaces,
converters, and fezzomanganese reduction f urnaces via
ladles or launders will result in the production of
f ine particulates or sul f urous gases f umed f ram the
very high temperature fluids. Por process reasans, the
f urnaces themselves, incl uding char ging par ts,
penetrations for electrodes oz lances, etc., would be
carefully sealed and hooded to minimixe infiltration of
air. Tap hales and skim bays would be hooded and
provided with high-volume ventilation for controL of
f ugitives g exhaust gases would be passed through
baghauses or pzecipitators to remove dust, which would
be recycled to the extent' possible. Slag and matte
granulators and cooling pits would also be hooded and
ventilated ta control vapars and particulate emissions.

The inventory of dried solids, dusts and fume in the
pl ant is relatively small, and the pr obabil ity of
massive rel ease and dispersal is quite smaLL, since
these materials are held at atmospheric pressure and
mostly within buil clings. The maj or conce ms in a
pyrametallurgical plant would be the release of noxious
gases dur ing upset conditions and /or the chroni c
release of particulates fram a variety of sources.

Coal and coke storage requizeaents are modest and would
be handl ed in a conventional manner. Anti-dusting
acfents would be used to control dispersion of
particulates during storage and retrievaL.

The properties of all the materials listed in Table 16
ar e well known, and a11 operations in the
pyrometallurgical ~ocess plant are knawn from practice
for analogous terrestriaL ores. Zt is not likely that
new or untested designs wauld be required oz that new
standards would need to be developed for the design oz
operation of the plant described. Based on historical
data, expected failure rates of equipment or systens
that woul d lead to uncontz oiled rel eases of these
materials would be of the order of 10-3 to 10-6 events
per year.... Theref or e, the pr obabil ity af an
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accidental release occurring during the 20-year plant
operating life is very law.

For the pur pa se af thi s analy si s, the
hydrametallur gical tr eatment is considered to be
carried out as an integrated process, from are leaching
to metal s ref ining. The in-plant inventary ar
consumption rate of hazardous material s and the
conditians under which they are stored ar processed is
summar iz ed f or the hydr ometall ur gi cal pr ocess in
Table 17. The list is not fully comprehensive, since
minor and incidental material s commonly used in
processing are excluded, as for %e pyraaetallurgical
process. Parti ally processed crust material is
included although, based on analogy with similar types
of tail ings, the leached solids theaselves are nat
likely to be. toxic.

The lar ge flow of sulf ur diaxide, triaxide-containing
gases occurs in the on-site sulfuric acid plant, and
the mall flaw 'of hydrogen, sulfur, hydrogen sulf ide
occurs in the on-site hydrogen sulf ide plant. The
hydragen sulfide is compressed and used to precipitate
the value metals as sulfides; ammania is used in the
cobalt ref inersg and hydrogen is generated and stored
on site for use in the production of hydrogen sulfide-
The gas inventories in the sulfuric acid and hydrogen
sulfide plants are small; operating pressures are near
ambient > and the praductian processes ar e easily
contr all ed. Accor dingly, massive rel ease s of these
gases are very unlikely. Gas generation can be halted
q ui ckly if a r el ease ia det,ected in any of these
plants.

Substantial inventories of leach liquors are in pracess
under pressure and at moderately high temperatures in
the leaching operations of the hydrametallurgical plant
and co bal t ref inc ry. Loss of vessel inte gr ity or
f ail ur e of piping components waul d r esul t in rapi d
depressurization, with the release af boiling acidic,
metal-bearing 1 iquor s and the generation of vapors
containing acid mists-

Since the leach liquors at reaction temperatures are
highly corrosive, the large reactian vessels and their
appurtenances wauld be inspected regularly. The area
sur rounding the vessel s waul d be diked to contain
spills. All components of process piping would be
maintained car ef ully ta pr event leakage af these
liquors, which would be very corrosive to unprot.ected
eq uipment.
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Much lar ger inv entories of acidic, metal-bear ing
pregnant liquars, tankhause electrolytes and ather
aq ueaus streams and of or gani c l iq uid- ion-exchange
solutions, reagents and salvents are contained in. the
pl ant, but are hei d at ambient pr essur e and
near-ambient tempezatures. Most of these liquids would
be in equipment located within indiv idually bermed,
sumped, or diked areas or, in the case of thickeners,
in in-ground tanks. Theref ore, seepage af Ilail
amounts is a more likely accuzrence than is a large
uncantralled release. Since mast of these fluids are
fl ammahl e or cor rosive, as well as toxic to some
degree, inspection and maintenance wauld be carried aut
on a regular schedule to prevent spillage.

Storage and containment of liquid fuels and sulfuric
acid waul d be in conventional tanks located within
diked areas. Hydragen sulfide and ammonia, stored as
liquids under pr essur e, would vapor ix e and disperse
rapidly, if storage vessel integrity were lost. Bath
af these material s are very toxic, especially the
former. However, they are, widely used, and design and
operating practices for their safe use are well known.

l

Except f or the . inventory of leach residue s, or
tailings, held in in-ground thickeners, the amount af
solids in the hydrametallurgical pracess plant would be
substantially less than in the pFrometallurgical plant.
Furthermore, sol'ids within the former are produced and
transported as slurries and, so, are not as likely to
be dispersed as are dry dusts. Spillage or leakage of
small amounts of sl ur ries cauld, if allowed to dry,
result in the release of particulates.

The leach residues  washed free of attendant liquors!
are nat likely ta be hazardous. The smaller amount of
precipitated sulfides, on the other hand, will be very
finely divided and subj ect to oxidation and possible
cambustion. This could lead to the release of fumes or
metal-bear ing parti culates.

Coal storage waul d be conventional. Sul f ur is
cansi der ed as a has ar do us material because it is
combustible and, in powder farm is subject to disyersal
by dusting. Sodium hp drosulf ide is taxi c and
additianally haxardous because it can generate hydrogen
sulf ide an hydrolysis ar, particularly, if contacted
with acidic salutions.

Xn contr ast with the pF rometall ur gical plant, narmal
emissions af gases, dusts and fumes would be very law
f or the bydrometall ur gi cal plant. Small amounts of
aci d mist, gener ated in the co bal t and ni ckel
tankhouses, wauld be controlled by directed high-volume
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ventilation. Other process vents and exhausts, being
small, would be scrubbed or treated as required. The
major concerns in the hydrometallurgical plant would be
the uncontrolled release of pressurized, boiling leach
liquors or toxic liquids stored under pressure, due to
equipment failure or misoperation. Undetected seepage
of acidi,c, metal-bearing solutions would al so be of
concern, although the hazard would be less immediate.

As in the case f or the py raaetallur gical process, the
properties of the identif ied hazardous material s are
we1l lmown, and no unusual or new processing operations
are involved. Based on. historical data, fail ure rates
of equipment or system s 1eading to unco ntr oil ed
releases would be expected to be on the order of 10-3
to 10-6 per y ear.


