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MANGANESE NODULES

Issue Definition

Ferromanganese nodules, small potato-shaped, reddish-brown or 
black objects that litter the bottom of the world's oceans, have 
precipitated a political and technological nightmare and a multi - 
billion dollar dream. They were first collected by HMS Challenger 
in 1872, but over the last two decades have become a potentially 
valuable resource whose ownership is in dispute. The nodules contain 
copper, nickel, and cobalt as well as iron and manganese, plus traces 
of more than 20 other metals, all of which have great value for 
American industry.

Manganese Nodule Characteristics

The stones range in texture from hard to crumbly, in form from 
spherical or disc-shaped to lumpy, and in size from 0.5 inch to 
6 inches in diameter. The mineral content of the nodules and their 
concentration in different ocean regions have been found to vary as 
a function of sediment conditions, plant and animal life, the compo­
sition of the waters, the presence of bacteria that may precipitate 
the metals, and the geological characteristics of the seabed.

Cobalt-rich deposits seem to lie in the north Pacific ocean 
southwest of Hawaii and north of the Equator. Nodules rich in copper 
and nickel are found a few hundred miles southeast of Hawaii. These 
sites are thought to provide the most suitable conditions for large- 
scale mining operations--a relatively smooth terrain averaging 2 
pounds of nodules per square foot over a considerable portion of an 
area of at least 20,000 square miles.

Researchers are investigating several questions about the presence 
of manganese nodules on the ocean floor.

(1) How are manganese nodules formed? Do the metals come from 
the seawater, from the biological activity of marine organisms, or 
from some other source? Why do the nodules form around a nucleus 
such as a bit of coral?

(2) Why are nodules more common in some waters than in others?

(3) What factors account for varying concentrations of metals 
within the nodules and for the arrangement of the metals within the 
nodules?



(4) What factors account for the variable growth rates of the 
nodules?

(5) Why are nodules found resting on the sea floor or only shallowly 
buried in the sediment and not at greater depths?

Technological Issues

Technology for sampling, harvesting, transporting, and extracting 
or processing minerals from marine manganese nodules is complicated, 
expensive, and currently in the process of being tested and refined. 
Sampling mechanisms, needed to help locate high-yield mine sites, 
include the free-fall grab sampler and the underwater television camera. 
Promising mining methods include the dredge head system, which uses a 
hydraulic lift mechanism to rake or suck up nodules, and the continuous 
line bucket system, which consists of a loop of cable with buckets 
attached at intervals. There are problems, however, with the mechanical 
efficiency of the gear and the means of ejecting sediment brought up 
from the ocean bottom along with the nodules. Overall cost effective­
ness, in terms of the expected yield of valuable minerals, will be the 
determining factor.

Social Issues

The possibility of large-scale harvesting of manganese nodules from 
the sea has raised economic, political, legal, and environmental issues. 
Stated briefly, the major question is: "Who owns the ocean's resources 
beyond a nation's territorial waters?"

The industrialized nations, those with the greatest need for the 
minerals and the better able to afford the costs of developing and 
managing a marine mining industry, expect to reap the benefits of their 
investment. The United Nations has affirmed that the ocean is "the 
common heritage of all mankind," and thus the nonindustrialized developing 
nations expect that the profits of ocean resource use be shared, 
especially with those who cannot afford to invest heavily in ocean 
mining at this time.

This conflict, debated since 1973 by the United Nations Conference 
on the Law of the Sea, has spawned secondary issues such as the sharing 
of mining and extraction technology with other nations through an inter­
national enterprise and the approval of mine sites by an International 
Seabed Authority.

Economic issues relate not only to the costs of technological 
development and mining operations—and it is estimated that corporations 
and national governments have already invested $150 million--but also 
to the relative amounts of public and private funds that should be
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committed to manganese nodule mining. A third issue involves the effect 
on world markets should large amounts of these minerals suddenly become 
available. Countries in Latin America, Africa, and Asia, major suppliers 
of copper, nickel, cobalt, and other minerals, and which do not have 
sufficient industry to use them, could be adversely affected by a flood 
of these commodities on the world market.

Environmental issues include the effects of mining operations on 
the ocean bottom and the possible pollution caused by ocean-based and 
land-based processing facilities, such as disturbance of the sediment, 
changes in oxygen content and temperature of the water, effects on 
marine organisms, and possible damage to fisheries.

Various U.S. government agencies and research laboratories are 
studying these issues, and the U.S. Congress is considering legislation 
with regard to the development of the hard mineral resources of the 
deep seabed. The place of ocean mining within the framework of U.S. 
ocean policy for the development, management, and conservation of 
ocean resources is also a matter of concern, as are the possible 
consequences of any such legislation for the outcome of the Law of 
the Sea Conference.

Information Sources

A wealth of material is available on various issues in the use 
of manganese nodules. The references provided here are intended as an 
introduction to the literature.

For the latest developments with regard to U.S. ocean mining 
policy or the U.N. Conference on the Law of the Sea, the reader should 
consult the appropriate offices listed below or the professional news­
letters in ocean resources, for example, OCEAN SCIENCE NEWS (Nautilus 
Press).

UNITED NATIONS INFORMATION CENTER. (202) 296-5370. The next session 
of the Law of the Sea Conference will be held July 16-August 24,
1979, in New York City. The Hon. Elliot L. Richardson is chairman 
of the U.S. delegation.

UNITED STATES CONGRESS. BILL STATUS OFFICE. This telephone service 
provides information on pending legislation. House: (202) 225- 
1772; Senate: (202) 224-2971. HR.2759 and HR.3268 have been 
referred to subcommittees under Merchant Marine and Fisheries,
Foreign Affairs, and Interior. S.493 has been referred to committees 
on Energy and Natural Resources, Commerce, and Foreign Relations. 
(Information as of June 1, 1979)
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International Decade of Ocean Exploration Office, National Science 
Foundation, Washington, DC 20550. (202) 632-7356
IDOE supports a series of international symposia and MANOP 
(Manganese Nodule Project), a research program begun in 1977.

Marine Minerals Office, National Oceanic and Atmospheric Administration, 
Rockville, MD 20852. (301) 443-8323.
NOAA sponsors a long-range environmental assessment program for 
deep ocean mining, the DOMES (Deep Ocean Mining Environmental Study) 
project, and programs on costs, nodule transport, and waste disposal. 
(See bibliography below.)

Ocean Mining Administration, Department of the Interior, Washington, DC 
20240. (202) 343-2125.
This agency shares responsibility for seabed mineral resources.

Ocean Programs Branch, Office of Water and Hazardous Materials, 
Environmental Protection Agency, Washington, DC 20460 
(202) 245-3054.
This agency will share responsibility for ocean programs relating 
to deepsea mining of manganese nodules once legislation has been 
enacted.

Lamont-Doherty Geological Observatory, Columbia University, Palisades,
NY 10964.
Among the marine mining research supported by Lamont-Doherty 
is an investigation of the possible connection between manganese 
nodules and volcanic formations.

Scripps Institution of Oceanography, University of California, La Jolla,
CA 92093.
Scripps supports the Sediment Data Bank and a manganese nodule 
dating program.

Bibliographies

BROWN, R. J.
1975. Ocean law: A bibliography with abstracts. Available for 

purchase from the National Technical Information Service,
5285 Port Royal Road, Springfield, VA 22151.
Covers international law, mineral deposits, underwater mininq, 
water pollution, and fishing rights.

GLASBY, G. P., ed.
1977. Marine manganese deposits. Amsterdam: Elsevier.

Includes a 50-page bibliography on distribution and geochemistry 
of manganese nodules; extraction of minerals; and economic, 
environmental, and legal aspects of nodule mining.



GLASBY, G. P. and HUBRED, G. L.
1976. Comprehensive Bibliography of Marine Manganese Nodules. 

Wellington: New Zealand Oceanographic Institute Memoir 71.
A 55-page comprehensive bibliography on the occurrence, 
mineralogy, geochemistry, and extractive metallurgy of marine 
manganese nodules. Contains 2077 items through December 1973.

KOERS, ALBERT W.
1970. The Debate on the Legal Regime for the Exploration of 

Ocean Resources: A Bibliography for the First Decade, 1960-1970. 
Kingston: Rhode Island University Law of the Sea Institute 
Special Publication 1.
A 45-page bibliography.

LEHMANN, E. J.
1973. Underwater Construction and Mining: A Bibliography with 

Abstracts.
A bibliography of government-funded research, compiled by and 
available from NTIS.

MEYLAN, M. A., DUGOLINSKY, B. K., and FORTIN, J.
1976. Bibliography and Index to Literature on Manganese Nodules 

(1874-1975). Honolulu: University of Hawaii, IDOE-NSF Manganese 
Nodule Technical Report 14. Available from NTIS.
A 425-page bibliography that updates Glasby and Hubred through 
1975 with decreased emphasis on terrestrial manganese occurrences 
and increased emphasis on trace elements in the waters and sediments 
associated with manganese nodules. Covers general references, 
bibliographies, data collections, and expedition reports.

MONGET, J. M., MURRAY, J. W., and MASCLE, J.
1976. A World-Wide Compilation of Published, Multicomponent/Analyses 

of Ferromanganese Concretions. IDOE-NSF Manganese Nodule Project 
TR 12.
Contains a bibliography and tables of chemical analyses of 
manganese nodules, published through August 1973. 173 pages.

NOAA
1971. Environmental Disturbances of Concern to Marine Mining 

Research: A Selected Annotated Bibliography. NOAA Technical 
Memorandum ERL-MMTC-3,July 1971.
Contains items relating to effects of mining, coastal engineering, 
and drilling.

NOAA, EDIS
1977. Manganese Nodules. Packaged Literature Search 76-2.

Contains citations from the OCEANIC ABSTRACTS data base for 
1964 through June 1976,
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NOAA, EDIS
1978. Marine Mining. Packaged Literature Search 78-2.

Contains citations from the OCEANIC ABSTRACTS data base for 
1964 through December 1977, excluding material in Packaged 
Search 76-2.

Selected General References

GLASBY, G. P., ed.
1977. Marine Manganese Deposits. Amsterdam: Elsevier. 523 p. 

Contains fourteen invited chapters including an historical 
introduction to the topic; the distribution and geochemistry 
of manganese nodules; mineralogy; extractive metal 1urgy; and 
economic, environmental, and legal aspects of nodule mining.

HAMMOND, ALLEN L.
1974. Manganese nodules (I): Mineral resources on the deep 

seabed; (II): Prospects for deep sea mining. Science 183 
(February 8): 502-503; (February 15):644-646.

HAMMOND, ALLEN L.
1976. Mining the abyss: treasures, troubles. Audubon 78 

(November): 122-128.
Stresses the environmental impact of ocean mining and its 
place in U.S. ocean policy.

HEATH, G. ROSS. co
1978. Deep-sea manganese nodules. Oceanus 21 (Winter):60-68. 

Includes a discussion of the activities of the international 
mining cartels.

HORN, D. R., HORN, B. M., and DELACH, M. N.
1973. International Decade of Ocean Exploration. National Science 

Foundation Technical Report 4, NSF-GX-33616.

MENARD, H. W., and FRAZER, J. Z.
1978. Manganese nodules on the sea floor. Science 199 

(March 3):969-971.

MERO, JOHN L. . .
1978. Ocean mining—an historical perspective. Marine Mining 

1:243-255.
Reviews worldwide mining efforts and technologies to the present 
day, including manganese nodule mining and processing technology 
from the 1870's to date. Mero is the author of an early standard 
reference work, "The Mineral Resources of the Sea, Amsterdam, 
Elsevier, 1965.
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PENNINGTON, HOWARD.
1976. The restrained race for an ocean resource. Oceans 9 

(March-April):36-43.

VICTORY, J. J.
1977. Mining manganese nodules from the ocean floor. Mechanical 

Engineering 99 (August):20-25

WERTENBAKER, W.
1977. Mining the wealth of the ocean deep. New York Times 

Magazine, July 17, 1977, 14-16.

Manganese Nodule Characteristics

BONATTI, ENRICO
1978. Origin of metal deposits in the oceanic lithosphere. 

Scientific American 238 (February):54-61.
Describes the formation of seabed metal-rich minerals such as 
manganese nodules.

BURNS, R. G. and BURNS, V. M.
1975. Mechanism for nucleation and growth of manganese nodules. 

Nature 255 (May 8):130-131.

CALVERT, S. E., and PRICE, N. B.
1977. Geochemical variation in ferromanganese nodules and 

associated sediments from the Pacific Ocean. Marine Chemistry 
5 (February):43-74.

CRAIG, J. D.
1979. The relationship between bathymetry and ferromanganese 

deposits in the north equatorial Pacific. Marine Geology 29 
(January):165-186.
Surveys of the seafloor revealed a variety of bathymetric 
settings and a corresponding variety of manganese nodule 
deposits. Rough areas contained generally higher coverages 
of nodules more variable in bulk chemical composition and 
seafloor distribution than deposits in smoother areas.

CRAIG, J. D., and ANDREWS, J. E.
1978. A factor analysis study of deep sea ferromanganese deposits 

in the Equatorial North Pacific Ocean. Marine Mining 1 (4): 
305-326.
Examines data on location, chemical composition, and physical 
characteristics of nodule samples.

EMERY, K. 0., and SKINNER, BRIAN J.
1977. Mineral deposits of the deep-ocean floor. Marine Mining 1 

(1-2):1-71.
Describes types and composition of ocean floor rocks and mineral 
deposits based on geological constraints. Includes 21 pages of 
references.
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FRAZER, JANE Z.
1977. Manganese nodule reserves: an updated estimate. Marine 

Mining 1 (1-2):103-123.
Potential world ocean manganese nodule reserves were estimated 
at 1.37 million km2 from information in the SIO Sediment Data 
Bank. Frazer revises downward the estimate of the number of 
public domain mine sites. Prime nodule areas are identified 
as in the eastern, northern, and southern Pacific Ocean, with 
some reported in the Indian and Atlantic Oceans.

GREENSLATE, J.
1977. Manganese concentration wet density: a marine geochemistry 

constant. Marine Mining 1 (1-2):125-148.
Measured wet mass and water content of manganese nodules from 
the Pacific Ocean Basin and proposes a model to account for the 
findings. Suggests that differences in bulk wet densities will 
largely determine the equipment capable of efficient nodule 
recovery from the ocean bottom.

GRILL, E. V.
1978. The effect of sediment-water exchange on manganese 

deposition and nodule growth in Jervis Inlet, British, Columbia. 
Geochimica et Cosmochimica Acta 42 (May):485-494.
Studied processes controlling manganese deposition near a nodule 
site and found that growth occurs in areas of strong currents 
and low sedimentation rate where the rocks on the bottom act as 
centers to which manganese-oxide particles suspended in the 
bottom waters are apparently being cemented.

HALBACH, R., REHM, E., and MARCHIG, V.
1979. Distribution of Si, Mn, Fe, Ni, Cu, Co, Zn, Pb, Mg, and

Ca in grain-size fractions of sediment samples from a manganese 
nodule field in the central Pacific Ocean. Marine Geology 29 
(January):237-252.

JONES, HUGH A.
1978. Recent studies of the manganese nodule field southwest of 

Australia. Marine Mining 1 (4):349-351.
Reports the results of analyses of nodules obtained in a limited 
sampling program in the Indian Ocean off western Australia.

REPECHKA, M. A., and GRAMM-OSIPOV, L. M.
1976. Manganese crusts on the floor of the Sea of Japan. 

Oceanology 15 (August):460-462.

Technological Issues

BINDER, PAUL
1978. Hawaii site selected for ocean mineral test processing 

plant. Marine Technology Society Journal 12 (October-November): 
36-37.
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CLAUSS, GUENTHER . .
1978. Hydraulic lifting in deep-sea mining. Marine Mining 1 

(3):189-208.
Reviews data on hydraulic methods in the design of deep-sea 
conveyor systems.

ENGELMANN, H. E. ...
1978. Vertical hydraulic lifting of large solids: a contribution 

to marine mining. Marine Technology 9 (August):115-123.
Describes tests of a method for conveying nodules from the 
ocean floor to the surface.

KR00NENBERG, H. H. VAN DEN
1978. A new approach to the design of offshore mining equipment. 

Marine Mining 1 (4):327-347.
Describes design process for mining methods and equipment for 
different water depths and bottom conditions.

Marine Minerals Office, NOAA
1977. Description of Manganese Nodule Processing Activities for 

Environmental Studies. Volume 1: Processing Systems Summary; 
Volume 2: Transportation and Waste Disposal Systems; Volume 3: 
Processing Systems, Technical Analysis. Available from NTIS. 
Brings together technological information pertinent to the 
processing of marine manganese nodules and the effects of 
nodule processing activities on land and marine environments.

Offshore Technology Conference
1978. Proceedings, Volumes 1-4. Held in Houston, May 8-10, 1978. 

Includes the following reports: Model tests on continuous line 
bucket mining system, Volume 2, pages 725-730, by N. Yamakado,
K. Handa, and T. Usami; and An experimental nodule collection 
vehical, design and testing, Volume 2, pages 741-750, by 0. R. 
Heine and S. L. Suh.

Social Issues

AMOS, ANTHONY F., and R0ELS, OSWALD A.
1977. Environmental aspects of manganese nodule mining. Marine 

Policy 1 (Apri1):156-163.
Describes environmental baseline conditions in the nodule zone 
of the eastern equatorial Pacific and considers the impact of 
full-scale mining operations. Offers recommendations to minimize 
adverse effects.

ANDERSON, JAMES J.
1978. Deep ocean mining and the ecology of the tropical north 

Pacific. Special Report 83, N0AA-03-6-022-35117. Available 
from NTIS.
Describes nutrient, oxygen, phytoplankton, zooplankton, and 
fish models of the processes controlling chemical/biological
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oceanography in the tropical north Pacific and infers the 
effects of mining on these factors, especially the impact on 
the tuna fishery.

ANDREWS, BENJAMIN V.
1978. Relative costs of U.S. and foreign nodule transport ships. 

Marine Minerals Office, NOAA. Available from NTIS.
Reports a study to identify relative cost differences of U.S. 
and foreign shipping services for transporting manganese nodules 
from a deep seabed mining area in the Pacific Ocean to shore 
for processing.

CAMERON, EUGENE N.
1977. Our mineral problems—the context of ocean mining. Marine 

Mining 1 (1-2):73-84.
Describes U.S. needs for raw mineral materials including cobalt, 
manganese, and nickel, potential products from deepsea nodules.

DARMAN, R. G.
1978. Law of the Sea: rethinking U.S. interests. Foreign Affairs 

56 (April):660-665.

Deep Ocean Mining Environmental Study - Phase I (DOMES)
1976. Reports the results of an extensive review by scientists 
involved in the Deep Ocean Mining Environmental Study Project 
and by others from industry, environmental groups, government, 
and the academia. The study includes consideration of potential 
biological impacts. Available from a limited supply from Marine 
Ecosystems Analysis Program Office, NOAA, RX-4, Boulder, CO 
80303.

FRANK, RICHARD A.
1976. Deepsea mining and the environment: a report of the working 

group on Environmental Regulation of Deepsea Mining, American 
Society of International Law.
Discusses environmental issues surrounding deep seabed mining 
for manganese nodules and potential federal and international 
regulation.

FRIEDMAN, ALAN G.
1977. Deepsea mining legislation. Marine Policy 1 (October): 

341-342.
Review congressional action on deepsea mining legislation.

GERARD, R.
1976. Environmental effects of deepsea mining. Marine Technology 

Society Journal 10:7-16.
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HUDSON, R.
1977. International struggle for a law of the sea. Bulletin 

of the Atomic Scientists 33:14-20.

JOHNSTON, JAMES L.
1978. Economics of mineral cartels and the Law of the Sea, IV.

Marine Technology Society Journal 12(2):35-37.
Continues the debate from the following articles: Seabed 
Minerals and the U.S. Economy: A Second Look, MTS Journal 
1976 (June):12-18, by Richard C. Raymond; Seabed Minerals and 
the U.S. Economy: A Comment, MTS Journal 1977 11(1):37-38, by 
James L. Johnston; and Seabed Minerals, the United States, and 
Cartelization: A Rejoinder, MTS Journal 1978 11(5-6):38-40, 
by Alan G. Friedman.

LANE, AMOR L.
1978. NOAA's program in deep seabed mining. Marine Technology 

Society Journal 12(3):14-18.

LEIPZIGER, DANNY M., and MUDGE, JAMES L.
1977. Seabed Mineral Resources and the Economic Interests of 

Developing Countries. Cambridge, Mass.: Ballinger. 241 pages. 
Discusses economic aspects of exploitation of manganese nodule 
and hydrocarbon resources.

Marine Minerals Office, NOAA
1978. Deep ocean mining of manganese nodules in the north Pacific: 

Pre-mining environmental conditions and anticipated mining effects: 
Phase 1. Available from NTIS.
A report on the MESA program from the Environmental Research 
Laboratories, Boulder, Colorado.

NIGRELLI, V. J.
1978. Ocean mineral revenue sharing. Ocean Development and 

International Law Journal 5 (2-3):153-180.
Discusses ocean mineral revenue sharing for manganese nodules 
of the deep seabed and oil and gas of the continental margin 
at the United Nations Conference on the Law of the Sea.

NORDQUIST, MYRON
1978. Deep seabed mining: Who should pay? Marine Technology 

Society Journal 12(2):23-26.
Discusses financial risks and responsibilities of deepsea mining 
development and the role of the U.S. government and international 
authorities.
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NYHART, J. D., ANTRIM, L., CAPSTAFF, A., KOHLER, A. D., and LESHAW, D. 
1978. A Cost Model of Deep Ocean Mining and Associated Regulatory 

Issues. Cambridge, Mass.: MIT Press.
Describes a program for analyzing international and domestic 
policy options in relation to deep ocean mining.

Ocean Mining Administration, Department of the Interior
1976. Manganese Nodule Resources and Mine Site Availability.
1976. Ocean Mining: An Economic Evaluation.

Both available from NTIS.

Operational Safety in Marine Mining Panel, National Research Council, 
National Academy of Sciences

1975. Mining in the outer continental shelf and in the deep ocean. 
Evaluates legal, regulatory, jurisdictional, and environmental 
problems in ocean mining.

P0NTEC0RV0, G., and WILKINSON M.
1978. From cornucopia to scarcity: the current status of ocean 

resource use. Ocean Development and International Law Journal 
5(2-3):383-395.
Discusses demand and technology for exploitation of ocean resources 
and the need for sound economic use and management. Briefly 
considers ocean management practices relating to deepsea mining 
of manganese nodules.

RICHARDSON, ELLIOT L. (interviews)
1978. Free-for-all over riches of seas? U.S. News 85 (August 28): 

59-60.
1978. Law of the Sea. Current 207 (November):49-54.
1979. Law of the Sea Conference sails on and on and on. Science 

204 (April 6):34.

SLAPPEY, S. G.
1978. Who will reap the mineral riches of the deep? Nations 

Business 66 (March):24-28.

SWING, JOHN TEMPLE
1977. Law of the Sea at the brink. Oceans 10 (September-October: 

4-5.

WALSH, DON, ed.
1977. The Law of the Sea: Issues in Ocean Resource Management.

New York: Praeger, 1977.
Includes chapters on problems in ocean resource use and consider­
ations in sharing with the developing world. See, specifically,
Where are we on the Law of the Sea?, pages 77-81, by R. B. Kreuger; 
and An International Seabed Authority, pages 172-225, by C. Q. Cristol.
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATI

The National Oceanic and Atmospheric Administration was established as part of the D
Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeco
of natural and technological changes in the environment and to monitor and predict the state of th
the oceans and their living resources, the atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and tec
tion in the following kinds of publications:

PROFESSIONAL PAPERS — Important definitive 
research results, major techniques, and special inves­
tigations.

CONTRACT AND GRANT REPORTS — Reports 
prepared by contractors or grantees under NOAA 
sponsorship.

ATLAS — Presentation of analyzed data generally 
in the form of maps showing distribution of rainfall, 
chemical and physical conditions of oceans and at­
mosphere, distribution of fishes and marine mam­
mals, ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS — Re­
ports containing data, observations, instructions, etc. 
A partial listing includes data serials; prediction and 
outlook periodicals; technical manuals, training pa­
pers, planning reports, and information serials; and 
miscellaneous technical publications.

TECHNICAL REPORTS — Journal quality with 
extensive details, mathematical developments, or data 
listings.

TECHNICAL MEMORANDUMS — Reports of 
preliminary, partial, or negative research or technol­
ogy results, interim instructions, and the like.

F

Information on availability of NOAA publications can be obtained from:

ENVIRONMENTAL SCIENCE INFORMATION CENTER (D822) 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE

6009 Executive Boulevard 
Rockville, MD 20852
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