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ES1.0 INTRODUCTION
ES1.1 Historical and Regulatory Perspective

In addition to offshore oil, gas, and sulfur resources, there are approximately
90 different mineral commaodities available in the marine environment. Industry interest in
mining of U.S. marine minerals has focused on sand and gravel, precious and heavy metal
placers, cobalt-rich manganese crusts, polymetallic sulfides, and phosphorites. International
interest has also been oriented towards a wide array of prospects, including (1) sand and
gravel in Denmark, France, Japan, the Netherlands, and the United Kingdom; (2) tin in
Burma, Indonesia, and Thailand; (3) diamonds off southwest Africa; (4) phosphorite off New
Zealand; and (5) metalliferous muds (containing copper, silver, and zinc) in the Red Sea.

The U.S. recognizes a strategic importance and potential economic benefit of
marine mining, as well as the potential for environmental impacts associated with marine
mining activities. The U.S. Department of the Interior's (USDOI), Minerals Management
Service (MMS) is responsible for the management of exploration and development of
mineral resources on submerged Federal lands on the Outer Continental Shelf (OCS)
seaward of State boundaries. On behalf of the MMS, its Office of International Activities and
Marine Minerals (INTERMAR) functions as a liaison for agency involvement in international
activities, and provides policy direction for management and regulation of marine mineral
resource activities on the OCS for minerals other than oil, gas, and sulfur.

Under the Environmental Studies Program (ESP), the MMS has funded
numerous studies relating to potential environmental impacts of OCS oil and gas activities.
Although considerable information from these ESP studies is transferable to an evaluation
of potential impacts of marine hard minerals mining, the MMS has sponsored only limited
research on non-fuel marine minerals, due primarily to the lack of marine mining industry
activity. Until recently, the level of domestic marine mining activity may have been inhibited
by marginal economics, high risk, and the lack of comprehensive regulations applicable to
the recovery of non-energy minerals. This is in contrast to Europe, Asia, and other
international locations where marine mining industries have developed within a framework
of supportive government regulation. Domestic rules and regulations have recently been
designed to dispel uncertainty and demonstrate governmental commitment to
environmentally compatible OCS marine minerals development and production.

The MMS has a strong mandate with respect to the potential environmental
impacts of marine mining. Existing rules and regulations governing domestic marine mining
provide a framework for comprehensive environmental protection during prospecting and
scientific research activities and postlease operations (e.g., 30 CFR Parts 280, 281,
and 282). Requirements exist for site-specific and commodity-specific evaluations and lease
stipulations that include appropriate mitigation measures.

Guidelines for protecting the environment stem from a wide variety of laws,
including the OCS Lands Act (OCSLA), National Environmental Policy Act (NEPA),
Endangered Species Act, Marine Mammal Protection Act, National Historic Preservation Act,
Clean Water Act, and others. The provisions require activities to be conducted in a safe



manner to prevent or minimize the likelihood of any occurrences that may cause damage
to the environment. Such provisions also permit the cancellation or suspension of
operations if there is a threat of serious, irreparable, or immediate harm to the marine,
coastal, or human environments. The MMS takes a case-by-case approach in conducting
environmental analyses, as required by NEPA and the Council on Environmental Quality
regulations (40 CFR Parts 1500-1508). Protection of the environment is a high priority at
each stage of the marine mining process, from prospecting through postlease operations.

Under the OCSLA, the MMS is required to conduct environmental studies to
obtain information useful for decisions related to marine mineral activities. The MMS has
developed an environmental strategy to provide this information. Several efforts are
currently in progress. Existing State-Federal task forces are being directed to identify key
environmental issues and develop action plans to address issues of concern. The Marine
Minerals Technology Center (MMTC) and Sea Grant Program are developing
environmentally-sound technology applicable to marine mining. The MMS has also initiated
the design of generically-oriented environmental studies to provide information for
programmatic marine mining decisions at MMS Headquarters and OCS Regional Offices.

This manuscript and attendant deliverables represent the first environmental
program to be administered through the MMS Office of International Activities and Marine
Minerals using ESP funds. Entitled "Synthesis and Analysis of Existing Information
Regarding Environmental Effects of Marine Mining," this study effort was initiated by
Continental Shelf Associates, Inc. (CSA) in September 1991 under MMS Contract
No. 14-35-0001-30588. In addition to CSA scientific, editorial, and support staff, this study
effort employed the marine mining expertise of Drs. Michael J. Cruickshank and Charles L.
Morgan who served as consultants to CSA and are associated with the University of Hawaii.

ES1.2 Study Objectives

The primary objectives of this study were as follows:

. To survey and analyze existing literature regarding the environmental
impacts of marine mining; and
. To summarize this literature in a single, monograph-style manuscript.

In addition to addressing the environmental impacts of marine mining, the
secondary objectives of this study were as follows:

. To summarize the various marine mining technologies currently
available and the respective target minerals and/or deposits of interest;

. To discuss viable mitigation measures;

. To evaluate models designed to predict the fate of mining-related
discharges and determine the biological impacts of mining operations;
and

. To identify data gaps and research needs.

Select environmental documents consulted during the study have been
annotated and compiled in both printed form and in a electronic format that will aliow them



to be incorporated into the Minerals/Mining Reference Database administered by the MMS
Office of International Activities and Marine Minerals. In meeting these objectives, the
manuscript and associated deliverables should prove invaluable in the preparation of more
accurate and detailed lease sale environmental impact statements and assessments, and
for making other decisions concerning potential offshore non-energy minerals activities.

ES1.3 Study Methods

The major tasks and milestones for this study effort are outlined in
Figure ES1.1. Tasks were organized into the following categories and subcategories:

Information Collection and Annotation

. Information Collection
. Reference Citation
. Reference Description

Information Analyses

. Analysis of Extent of Environmental Information
. Analysis of Mitigation Measures and Techniques
. Analysis of Models

Identification of Data Gaps and Research Needs

Preparation of Study Products

. Preparation of Manuscript
. Executive Summary
. Technical Summary
. Reference Database

ES1.3.1 Information Collection and Annotation

ES1.3.1.1 Computer Searches and Telephone Contacts, Review of Documents and
Citations, and Document Collection

The information collection aspects of the program had two primary goals: (1) to
provide literature and data to be considered for inclusion in respective chapters of the
manuscript; and (2) to produce an annotated bibliography. Information collection and
annotation initially involved the development and review of citation listings, searching for
appropriate references for annotation.

in an iterative process involving marine mining experts and MMS technical staff,
a series of computer searches were conducted using the Lockheed DIALOG Information
Retrieval Service. Thirteen separate databases were searched. Final searches provided a
complete entry (i.e., author, title, key words, abstract) for each data source. Key words
selected and the specific databases accessed were determined based on professional
experience of CSA technical staff and its consultants. Other databases and bibliographies
from various government agencies were also reviewed, including a preliminary database on
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marine minerals from the U.S. Department of Commerce (USDOC), National Oceanic and
Atmospheric Administration (NOAA), National Geophysical Data Center.

To supplement the citation lists developed from searches of the computerized
databases and in-house library files, numerous individuals and organizations involved in
marine mining were contacted. Requests were made for pertinent references,
bibliographies, recent publications, etc. on environmental aspects of marine mining.

Review of potentially salient references led to development of an edited citation
list. Listed documents were secured through corporate and consultants’ libraries, as well
as through library and interlibrary loan.

ES1.3.1.2 Preparation of Annotated Bibliography (Reference Citations and
Description Forms)

References to be annotated were selected based upon discussions between
CSA and the MMS. References from the master list of documents cited in the manuscript
were reviewed and prioritized. Pertinent references concerning potential impacts to various
components of the environment were chosen for annotation. In most cases, citations
concerning technology, policy, mitigation, and models were not considered as priority items
for annotation. Individual annotated citations were assembled into an Annotated
Bibliography and included as Appendix A to the main manuscript. Each annotation was
completed on a standard reference description form and included (1) a unique entry
number; (2) complete citation; (3) type(s) of study; (4) geographic location(s) of study;
(5) applicable OCS Planning Area(s); (6) type(s) of environment(s); (7) mineral(s) of interest;
(8) type(s) of mining operation(s); (3) environmental resource(s) affected; (10) date(s) of
study; (11) study technique(s); (12) conclusion(s); and (13) key words. Data from the
standard reference description form were entered in dBASE Il PLUS format to develop the
Reference Database.

ES1.3.2 Information Analyses
ES1.3.2.1 Analysis of Extent of Environmental Information

The purpose of this task was to evaluate the state of knowledge regarding
environmental impacts of marine mining. Six basic mineral resource groups were subject
to examination, including industrial minerals, mineral sands, phosphorites, metalliferous
oxides, hydrothermal deposits, and dissolved minerals.

Discussions of operational methods and technology were separated into four
categories, including mining techniques, processing of ores and disposal of waste,
transportation, and cycling of materials. Mining techniques included scraping, excavation,
tunneling, and fluidizing. Land- and sea-based processing by traditional and non-traditional
methods were evaluated. Transportation and cycling of materials within both onshore and
offshore environments were considered.



In terms of the affected environment, four separate classifications were used
in the analysis, including deep ocean, continental shelf (i.e., beyond the three-mile boundary
or beyond the seaward extent of territorial waters), coastal (i.e., estuarine and coastal
waters within three miles), and onshore. Each marine-related classification was further
sub-divided according to respective environmental components, including atmospheric,
oceanic or aquatic, geological, biological, and socioeconomic.

ES1.3.2.2 Analysis of Mitigation Measures and Techniques

An analysis of mitigation measures and techniques was undertaken to identify
feasible approaches which could be implemented to lessen, minimize, or avoid
environmental impacts attributed to marine mining operations. The summary was grouped
according to the resource to which the mitigation measure applies (e.g., air quality, water
quality, geological resources, biological resources, social and economic resources).
Strengths and weaknesses of each mitigation measure were discussed.

The criteria used to determine the suitability of the various mitigation methods
included evaluations of technical and socioeconomic factors. Technical ranking was based
on successful actions reported, experience, and theoretical estimates of the success of the
method being ranked. Because of extreme variability in environments and mining activities
examined, this analysis was necessarily complex. The socioeconomic factors considered
related to management techniques and involved the ranking of alternative approaches.
Cost factors were a significant factor in the ranking of alternative methods, however the
paucity of verifiable data from actual operations imposed severe constraints on these
evaluations. The need for flexibility in mitigation management was determined.

ES1.3.2.3 Analysis of Models

An analysis of computer simulation models applicable to marine mining
activities was undertaken. The purpose of this task was to review (1) models that have
been used to predict the environmental impacts and fate of discharged particulate matter
into the water column as a consequence of mining operations; and (2) models useful in
evaluating impacts associated with seabed disturbance resulting from marine mining. The
strengths and weaknesses of each model were discussed.

The synthesis effort on models focused primarily on what can be done with
existing technologies, rather than on extensive documentation of what has been done with
old technologies. The synthesis was organized in four parts. The first part summarized the
types of models available and appropriate for the major discharge types expected from
marine mining. The second part described the constraints of predictive models. The third
part discussed field tools for describing sites and tracking plumes. The fourth part reviewed
the status of predictive success obtained to date for actual mining discharges and other
discharges similar to those expected from mining operations. This organization permitted
a straightforward assessment of the areas where more data acquisition and technique
development are necessary.



ES1.3.2.4 Identification of Data Gaps, Research Needs, and Recommendations

In the process of reviewing the environmental information, perceived
shortcomings in existing databases were noted. Efforts were made to identify and assess
data gaps and information needed to determine potential environmental impacts. Criteria
used to describe gaps included such factors as type of technical activity, geographic
coverage, environmental characteristics, and resources affected. Findings were
summarized, and research projects to fill the data gaps were recommended.

ES1.3.3 Manuscript Organization and Additional Study Products

The main manuscript was organized in seven major chapters as follows:

. Chapter 1 Introduction

. Chapter 2 Environmental Considerations

. Chapter 3 Summary of Mitigation Measures and Their Effects

. Chapter 4 Predictive Models

. Chapter 5 Data Gaps, Research Needs, and Recommendations
. Chapter 6 Summary and Conclusions

. Chapter 7 Literature Cited

Chapters 2 through 5 and Chapter 7 were prepared by Drs. Cruickshank and
Morgan, with technical editorial input provided by CSA. Chapter 1 was prepared by CSA,
while Chapter 6 represents a cooperative effort between CSA and its consultants.

In addition to the main manuscript, several other study products were prepared
by CSA under this study effort, including (1) this Executive Summary; (2) an Annotated
Bibliography; (3) Technical Summary; and (4) Reference Database. As noted previously,
the Annotated Bibliography was incorporated into the main manuscript as Appendix A,
creating a complete report deliverable.

A Technical Summary was prepared as a separate deliverable according to
MMS criteria. The summary consisted of a three-page description which outlined
(1) contractual specifications for the study; (2) report and deliverable specifications; and
(3) the study’s significant findings (i.e., background, objectives, description, significant
conclusions, study results, and study products).

The last deliverable, the Reference Database, is an electronic version of the
Annotated Bibliography. The Reference Database was prepared in dBASE Ill PLUS format
and submitted separately to the MMS.
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ES2.0 SUMMARY OF ENVIRONMENTAL CONSIDERATIONS

In Chapter 2 (Environmental Considerations) of the manuscript, the state of
knowledge regarding the environmental effects of marine mining was discussed and
evaluated. Discussions addressed (1) the potential mineral resource groups or targets
(Section 2.1); (2) the operational methods and technology applicable to marine mining
(Section 2.2); (3) the environments potentially affected by selected marine mining
operations (Section 2.3); (4) a characterization of the literature evaluated (Section 2.4); and
(5) a summary of environmental effects by resource affected (Section 2.5). The summary
discussion addressed the information on environmental effects under the categories of air
quality, water quality, and geological, biological, and socioeconomic resources.

Mineral resources were defined as any mineral deposit found in the marine
environment, other than oil and gas but including salt, sulfur, geothermal resources, and
precious corals. These resources were classified into six groups, including industrial
minerals, mineral sands, phosphorites, metalliferous oxides, hydrothermal deposits, and
dissolved minerals. Mineral resources are differentiated largely on the basis of the
characteristics of the deposits and the technology required for their mining or recovery.
The classification is universal and each class was discussed separately with emphasis on
the nature and distribution of the deposits.

The term “mining industry,” as applied during this study, generally encompassed
companies whose activities are directed towards mineral exploration, development, mining,
processing of ores, and marketing of mined materials. The marine mining industry is
influenced by a heterogeneous mix of international entrepreneurs, advanced engineering
companies, politicians, environmentalists, legal experts, long-time dredge operators, and
a few old-line mining companies. Despite setbacks, many aspects of the work done to date
have been serious and well founded.

It was concluded that it is still early to generalize about marine mining
technology and the environment. Examination of each activity on a "case-by-case" basis
remains the most reasonable approach at this time. Despite the fact that every mine is
different, there are only four basic methods of mineral extraction on land or at sea, including
(1) scraping; (2) excavating; (3) tunneling; and (4) fluidizing (i.e., extracting the mineral
through a bore hole or other conduit as a fluid). All mining methods are based on varia-
tions of these technologies. The specifics of each mining method have been summarized
in Table ES2.1.

There are three areas in which the processing of marine ores call for special
treatment compared to the processing of terrestrial ores. One is the effect of platform
motion on separation processes carried out at sea. The second is the effect of complete
submergence on beneficiation processes. The third is in the extraction of metals from
specific marine ores (e.g., manganese nodules and crusts). Some industrial materials, such
as specialty sands, may require washing to remove salt water. For the most part, marine
ores do hot otherwise differ from those on land and use conventional methods of treatment.
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Materials handling in the marine environment is complicated by the motions of
the platform and the need in most cases for closed-cycle systems and stringent controls
to avoid spillage or contamination. These issues are normally addressed in environmental
analyses that are a part of the planning process. In the case of marine mining, the
problems would be addressed on a case-by-case basis.

The nature of the various environments (e.g., deep ocean, continental shelf,
coastal zone, onshore) in which marine mining may take place and the anticipated effects
of mining operations on those environments are discussed in Section 2.3. Where possible,
real examples of operations were cited and discussed, rather than speculative methods.
The geographic extent of the environments under consideration in this analysis was global,
even if the U.S. Exclusive Economic Zone (EEZ) was the only region for which a particular
mining operation or environmental effect was documented. The descriptive material was
directed to areas selected by the authors as being representative of possible future mine
sites. Examples from areas outside of the U.S. were commonly used, including southeast
Asia, Europe, and the Pacific Basin.

The nature of the available and salient literature acquired during this study was
discussed in Section 2.4. The general nature of its content was analyzed in a qualitative
manner. Thirteen major documents exist that together address the state of knowledge at
the time of compilation. These volumes alone contain more than 5,000 references selected
for their relevance to the subject matter addressed, many of which pertain to environmental
effects of mining. During the present analysis, more than 3,570 references were scanned,
over 1,100 selected titles were categorized, and approximately 350 sources were used as
references. Analysis of the documents categorized indicated that 54% were not country
specific; of those that were, 66% pertained to North America. More than half of the
literature sources did not specify to which environment they pertained; of those that did,
75% were coastal and only 3% of the total referred to the OCS. Only 17% of the
documents reviewed pertained specifically to mineral deposits; of those, 80% applied to
deep ocean oxides and hydrothermal deposits. Nearly 50% of the sources reviewed were
office studies, while nearly 30% were based directly on field work, and 10% were based on
laboratory studies. More than 20% of the sources evaluated did not specify which resource
was affected; of those that did, three resource categories were prevalent, including biology
(41%), water quality (35%), and geology (18%). Socioeconomics and air quality were
identified in only 5% and <1% of the resource-specific citations, respectively. The bulk of
the work appears to have centered on North American coastal biology.

Based on limited information available from actual operations, a general
approach was used in Section 2.5 in summarizing the environmental effects of marine
mining in the deep ocean, continental shelf, coastal region, and where appropriate, onshore.
Marine mining operations affect both natural resources (e.g., atmosphere, land, sea surface,
water column, seabed, and all living things therein) and artificial resources which have been
developed to suit human social needs (e.g., governance, commercial activities, technology,
economics, and aesthetics). The direct or primary effects of marine mining on the
environment may include (1) removal of the mined material; (2) introduction of new
materials as processing wastes, tailings, and discharges, or of energy as heat, light, or
seismic and acoustic waves; (3) perturbation or mixing at the seafloor due to the mining
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operation; and (4) subsequent replacement of mined material as waste, tailings, or
discharges. These primary effects result in physical, chemical, and biological changes such
as alteration of the shape or character of the seabed; changes in the quality of the air and
water in the vicinity of the operation; and impacts on biological and other resources.

The key environmental concerns expressed in the literature have focused on
air quality, water quality, seabed perturbation, biological resources, and socioeconomic
resources (including commercial and recreational fisheries). These aspects form the basis
of the summary discussion, but it was stressed that a reliable analysis of effects, or
environmental impacts, of any mining operation must be based on commodity-specific, site-
specific, and technology-specific information. A synopsis of findings for each resource
affected has been presented in Table ES2.2,
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ES3.0 SUMMARY OF MITIGATION MEASURES AND
THEIR EFFECTS

Chapter 3 summarizes viable mitigation measures and their effects. Mitigation
with respect to marine mining is potentially a subjective concept. For purposes of this
analysis, mitigation was defined as actions taken to make the effects of marine mining as
harmless to the environment as possible. Council on Environmental Quality (CEQ)
Regulations (40 CFR 1508.20) define mitigation to include (1) avoiding the impact all
together by not taking a certain action or parts of an action; (2) minimizing impacts by
limiting the degree or magnitude of the action and its implementation; (3) rectifying the
impact by repairing, rehabilitating, or restoring the affected environment; (4) reducing or
eliminating the impact over time by preservation and maintenance operations during the
lifetime of the action; and/or (5) compensating for the impact by replacing or providing
substitute resources or environments (U.S. Council on Environmental Quality 1978).

For the U.S., the mineral resources of the marine environment are managed in
territorial waters by the adjacent States. In OCS waters, mineral resources are managed
by the USDOI, MMS. In the seabeds beyond national jurisdiction, the USDOC, NOAA
retains primary management responsibility within the U.S. Federal government. In OCS
waters, the USDOI operates under the sometimes conflicting authority of 35 Federal laws,
24 of which are applicable to operations for minerals other than oil and gas. Environmental
issues have been an important and contentious element in OCS leasing policy since the
time of the Santa Barbara oil spill in 1969. Even for minerals other than oil and gas, this
air of controversy has affected the stance of policy makers for marine minerals development
at the State, national, and international levels. In attempting to institutionalize the
management needs for marine minerals, however, the assignment of specific weights to
environmental risks is extremely difficult, particulary for an industry in the early stages of
development.

To deal with these factors in a productive way, the USDOI has assigned
regulatory controls to be applied on a case-by-case basis. The type of risk that might be
applicable to mining development includes effects on air and water quality; interference with
natural shoreline processes; alteration of habitats and species distributions; and conflicts
with fishing, recreation, or other commercial activities. The mitigation of these risks or
effects by the application of optimal engineering design, generally referred to as internal
costs, can be reasonably calculated. However, if the effect is imposed on others such as
fishermen, recreational boaters, or other categorical opponents, with or without
compensation of some kind, the cost becomes an external cost and is difficult to assess.

This analysis has focused on one of the most important mitigation measures
possible, the acquisition and promulgation of facts concerning the marine minerals
environment and the effects of mining. Whereas mitigation itself is specific to specific
operations in specific environments, the form of the mitigation is strongly influenced by
institutional procedures and perceptions. These “institutional aspects of mitigation are
discussed at some length in Section 3.1, while Section 3.2 outlines some of the important
aspects of actual mitigation measures which have been proposed or implemented.

A summary of potential mitigation measures is presented in Table ES3.1 onthe
basis of resources affected.
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ES4.0 SUMMARY OF PREDICTIVE MODELS

Chapter 4 addresses the state-of-the-art and use of mathematical models to
predict impacts resulting from marine mining activities. Models for the portrayal of natural
dynamic functions have been widely used in forecasting and predicting events and effects.
The advent of powerful desktop computers has made these previously expensive tools
available to a wide range of users. For the purposes of this analysis, the use of models in
marine mining environmental analyses was limited to the study of physical dispersion
through the water column and sedimentation on the seabed; air emission, chemical
transformation, and demographic processes were considered too site-specific to warrant
useful consideration in this analysis. Although numerous sediment transport and dispersion
models have been devised in recent years, most testing has been via computer simulation.
Useful field testing of dispersion models has been limited to less than a dozen separate
efforts. Despite these efforts, the predictive capabilities of the present generation of
dispersion models is stiil limited, due to insufficient testing/tuning and the inability to include
enough important parameters in sufficient detail to afford accurate predictive results.
Typically, the effects of unusual bathymetry cannot be accounted for; only relatively simple
flow fields can be accommodated; and the influences of complex shorelines can only
crudely be considered. The effects of turbulence on various length scales further
complicates the modeling process. The use of eddy diffusivity coefficients which crudely
describe complex flows does not provide good near-field predictive capability. Finite
element models, with their variable gridding capabilities, are expected to play a greater
modeling role in future efforts.

Near-field predictive capability is relatively good in close proximity to a
discharge or sediment dump location (i.e., before the full effects of the turbulent flow field
occur). Within even a few hundred meters of a discharge, the ability to predict
concentrations within an order of magnitude at any particular location becomes limited. If,
however, average concentrations are considered within bounded regions increasing in size
with increasing distance from the discharge, predictive capability is improved.

Testing of far-field predictive capabilities of dispersion models has been
hampered by numerous difficulties, including the need for large numbers of measurements
over large spatial and temporal scales. Plumes of suspended material originating from
human activity have not been effectively generated on large scales for the purposes of
testing dispersion models. The effects of large-scale natural phenomena (e.g., continental
rivers, oceanic rivers such as the Gulf Stream, and other mixing processes) have been
extensively studied, and provide better source material for empirical far-field studies. Far-
field predictive capabilities of sediment transport models are rather poor, with predictive
capability degrading with increasing distance from the source. What is considered far-field
depends on the context. For typical regional water quality concerns, distances exceeding
15 km are clearly considered far-field. At such distances, with present day models,
prediction of concentrations within one to two orders of magnitude is difficult at any chosen
location. The development and refinement of water quality criteria and standards for
distances greater than 15 km from a discharge will have to be undertaken with considerable
caution if reasonable expectations for measurement and compliance are to be met.
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The continued development and testing of mathematical models, especially
those predicting suspended sediment and dispersion characteristics through the use of
finite-difference and finite-element modeling methods, will improve predictive capabilities.
Based on the present analysis, it is feasible that reasonable predictions can be made in the
near future for certain classes of materials at scales of regional concern.
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ES5.0 SUMMARY OF DATA GAPS, RESEARCH NEEDS,
AND RECOMMENDATIONS

Chapter § addresses data gaps, research needs, and recommendations in
those areas where environmental studies have been described in the literature or of which
the authors have a personal knowiedge. Discussion focuses on the gaps still apparent in
the data and information available from the published literature, and presents
recommendations for further work including field studies. There are significant data gaps
in the U.S. knowledge base, as indicated by the literature, in the areas of (1) water quality
modeling (i.e., the generation and dispersion of particulate and dissolved materials in the
water column based on, or at least confirmed by, empirical data acquired from marine
mining operations); (2) effects of significant alterations of the seabed on adjacent coastlines;
(3) understanding of the characteristics, behavior, and recolonization response of organisms
in various mine site areas (e.g., deep seabed, seamounts, guyots, OCS, and coastal) under
the stress of production operations; (4) impacts of processing discharges from onshore
mines on coastal biota; and (5) understanding the realities of mining in perspective with
other natural processes and man-induced activities. Other less significant areas of concern
that may not yet have been adequately addressed by research activities have been
presented under the respective headings of air quality, water quality, geological resources,
biological resources, and socioeconomic concerns.

Substantive principles for resolving marine use conflicts have not been
developed by the courts under the public trust doctrine. Related judicial approaches legally
separating exploration rights from development rights aids the resolution of marine use
management conflicts significantly. These legal approaches to mitigation are of concern
to the MMS and should be considered appropriately.

Extensive mathematical and computer programming efforts have been made
to predict the dispersive behavior of discharged materials in marine environments.
Adequate mathematical and computer-based tools are available. Unfortunately at this time,
sufficient field efforts have not been completed to confirm these tools and to adequately
discriminate among them.

Priorities for individual research needs at the project level are very subjective.
In the long term, however, the authors believe that two major data gaps should be
addressed concurrently as a first priority, including (1) the verification of very extensive
models that have been developed for plume dispersion; and (2) the opportunity to utilize
ongoing operations in areas outside of the U.S. to verify existing models and to develop a
database on other environmental needs determined from actual mining operations.

A considerable amount of useful data are available with regard to the
environmental effects of marine mining. An adequate collation of these data, particuiarly
in the foreign grey literature has not been possible within the constraints of the present
study. At present, there is no global database directed to address these matters. New data
are needed to address many specific aspects of concern. In many cases, such data could
be acquired at low cost in cooperation with foreign governments and operators. Economic
decisions on marine minerals development may be based on the perceived cost of
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overcoming implied environmental effects which are defined on the basis of supposition
rather than measurement. The acquisition of data and information to verify such conceptual
models is of the highest importance.
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ES6.0 SUMMARY AND CONCLUSIONS

The primary objective of the study, to examine and analyze the existing
literature regarding the environmental impacts of marine mining, has resulted in the
disclosure of considerably more written material on this subject than initially expected. At
least 10,000 documents are in the public domain, many in the areas of grey literature, and
it was suggested that many more would be disclosed, given simpler access to foreign
sources. The second objective of the study, to summarize the literature in a single,
monograph-style manuscript, was met with the development of the manuscript. The
manuscript addressed the literature from several points of view, including environmental
considerations, viable mitigation measures, predictive models, and data gaps, research
needs, and recommendations.
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