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CHAPTER 1 INTRODUCTION

1.1 Historical and Regulatory Perspective

In addition to offshore oil, gas, and sulfur resources, there are approximately
90 different mineral commodities available in the marine environment. In this document,
these commodities are referred to as marine minerals, whereas petroleum minerals are
referred to as oil and gas. 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 (PMS), and phosphorites (Figure 1.1). 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 (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. The MMS has
set four priority goals to meet the management responsibilities for marine minerals:

. To evaluate and achieve the potential of the U.S. OCS as a domestic
supply source for strategic and other non-energy mineral resources;

■ To provide an effective consultation process for coastal States and the
Federal Government on marine minerals;

● To assure that OCS mineral activities are fully coordinated and
compatible with other uses of the ocean; and

m To safeguard the ocean and coastal environments by assuring that all
OCS mineral activiiy is environmentally sound and acceptable.

Under the Environmental Studies Program (ESP), the MMS has funded
numerous studies relating to potential environmental impacts of OCS oil and gas activities
(USDOI,  MMS 1990a). Although considerable information from these ESP studies is
transferable to an evaluation of potential impacts of marine mining, the MMS has sponsored
only limited research on marine minerals, due primarily to the lack of marine mining industty
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 marine 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

1
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Figure 1.1. Domestic off shore mineral deposits of interest to the marine mining industry.



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 Unds Act (OCSLA),  National Environmental Policy Act (NEPA),
Endangered Species Act, Marine Mammal Protection Act, National Historic Preservation Act
(NHPA), 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
(CEQ) 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.

In recent years, there has been increasing interest in marine mining on the OCS
and in the U.S. Exclusive Economic Zone (EEZ). Examples of documents prepared by or
for the MMS in connection with planned, proposed, or ongoing activities include the
following:

■ An Environmental impact Statement (EIS) for a proposed minerals lease
sale in Norton Sound off the coast of Alaska (USDOI,  MMS 1991);

9 A workshop to design baseline and monitoring studies for the OCS
mining program in Norton Sound, Alaska (Hood 1990);

● An EIS for exploitation of manganese crust deposits in the EEZ adjacent
to Hawaii and Johnston Island (USDOI, MMS and State of Hawaii,
Department of Business and Economic Development [Hi, DBED] 1990);

■ A preliminary overview of environmental effects of marine mining
(Cruickshank  et al. 1987);

m An EIS for a proposed arctic sand and gravel lease sale (USDOI, MMS
1983a); and

■ A draft EIS for a poiymetallic sulfide mineral lease offering in the Gorda
Ridge area offshore Oregon and northern California (USDOI, MMS
1983 b).

The MMS has set a premium on effective public communication, outreach, and
interaction. As of December 1992, nine State-Federal task forces, cooperative agreements,
and arrangements existed to ensure substantive government and public involvement and



attention to regional, State, and local issues including leasing, engineering, economic, and
environmental aspects of marine mining (Figure 1.2).

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 program 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 Charfes L.
Morgan who served as consultants to CSA and are associated with the University of Hawaii.

1.2 Study Objectives

The primary objectives of this study were as follows:

m 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:

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

m To discuss viable mitigation measures;
8 To evaluate models designed to predict the fate of mining-related

discharges and determine the biological impacts of mining operations;
and

m 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 allow 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, this
manuscript should prove invaluable in the preparation of more accurate and detailed lease
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sale environmental impact statements and assessments, and
concerning potential offshore non-energy minerals activities.

for making other decisions

1.3 Study Methods

The major tasks and milestones for this study effort are outlined in Figure 1.3.
Methods used for each of the tasks are described in greater detail in the following text.
Aside from management and meetings, tasks were organized into the following categories
and subcategories:

Information Collection and Annotation
~ Information Collection
I 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

Information collection and annotation, and information analyses are discussed
in Sections 1.3,1 and 1.3.2,  respective y. The organization of this manuscript and a
summary of additional study products is presented in Section 1.4.

1.3.1 Information Collection and Annotation

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 to be included in the manuscript.
The term “annotated bibliography” encompasses the reference citations and reference
description forms, both of which are discussed in the following text.

Information collection and annotation was the responsibility of CSA. In
conjunction with its independent consultants, CSA developed and reviewed lists of citations,
searching for appropriate references for annotation. This approach also provided access
to the extensive library maintained by the independent consultants applicable to marine
mining, including environmental aspects.

The sequence of events comprising information identification, collection, and
annotation is described below.
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1.3.1.1 Computer Searches

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. In an attempt to maximize search success, preliminary searches were
limited (i.e., only the number of identified sources, or “hits”, with a specific key word
combination were listed). The 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. Databases searched included the following:

.

.
m

.

.

.

■

m

■

●

■

m

m

AQUATIC SCIENCE AND FISHERIES ABSTRACTS
BIOSIS PREVIEWS (Biological Abstracts)
CA SEARCH (Chemical Abstracts)
CONFERENCE PAPERS INDEX
DISSERTATION ABSTRACTS
DOE ENERGY
GEOREF
LIFE SCIENCES COLLECTION
METEOROLOGICAL/GEOASTROPHYSICAL  ABSTRACTS
NTIS (National Technical Information Service)
OCEANIC ABSTRACTS
POLLUTION ABSTRACTS
SCISEARCH DATABASE (Science Ctiation  Index)

Literature searches were coordinated through Harbor Branch Oceanographic
Institution, Fort Pierce, FL. Other databases and bibliographies from various government
agencies were also reviewed, including a preliminary database on marine minerals from the
U.S. Department of Commerce (USDOC),  National Oceanic and Atmospheric Administration
(NOAA), National Geophysical Data Center (NGDC).

1.3.1.2 Telephone Contacts

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.

1.3.1.3 Review of Documents and Citations and Document Collection

Review of potentially salient references led to development of an edited citation
list. Listed documents were secured through CSA and consultants’ libraries, as well as
through library and interlibrary loan (i.e., from and through the Harbor Branch
Oceanographic Institution),

8
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1.3.1.4 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
(i.e., Chapter 7, Ltierature Ctied) 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 have
been assembled into the Annotated Bibliography (Appendix A).

Each annotation was completed on a standard reference description form
(Figure 1.4) and included (1) a unique entry numbec (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);
(9) 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 onto CSA’S computer system using dBASE Ill PLUS to develop the Reference
Database.

1.3.2 Information Analyses

1.3.2.1 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. knd- 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 this analysis, including deep ocean, continental shelf (i.e., beyond the three-mile
boundaty or beyond the seaward extent of territorial waters), coastal (Le., estuarine and
coastal waters within three miles), and onshore. Each marine-related classification was
further subdivided into atmospheric environment, oceanic or aquatic environment,
geological environment, biological environment, and social and economic environments.

1.3.2.2 Analysis of Mitigation Measures and Techniques

The purpose of this task was to review information on the techniques available
to lessen, minimize, or avoid environmental impacts attributed to marine mining operations.



REFERENCE DESCRIPTION FORM

Entry Number:

Citation:

Type(s) of Study:

Geographic Location(s):

OCS Planning Area(s):

Type(s) of Environment(s):

Mineral(s):

Type(s) of Mining Operation(s):

Environmental Resource(s):

Date(s) of Study:

Study Technique(s):

Conclusion(s):

Key Words:

Figure 1.4 Reference description form for citations pertaining to environmental impacts
of marine mining.



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. This analysis was complex because of the variety of environments
and activities examined. The socioeconomic factors considered related to management
techniques and involved the ranking of alternative approaches (e.g., autocratic management
imposed by inspection and negative deterrents; application of economic incentives based
on market characteristics). In both cases, cost factors were a significant factor in the
ranking of alternative methods, however the pauc”~ of verifiable data from actual operations
imposed severe restraints on these evaluations. The need for flexibility in mitigation
management was determined.

1.3.2.3 Analysis of Models

The purpose of this task was to review information about (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 extensively documenting what has been done with old
technologies. The discussion 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.

1.3.2.4 Identification of Data Gaps, Research Needs, and Recommendations

In the process of reviewing the environmental information as described above,
perceived shortcomings in existing databases were noted. Efforts were made to identify
and assess data gaps and information needed to determine potential environmental
impacts. Criieria used to describe gaps included such factors as type of technical activity,
geographic coverage, environmental characteristics, and resources affected. The findings
were summarized, and research projects to fill the data gaps were recommended.
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1.4 Manuscript Organization and Additional Study Products

The manuscript

m Chapter 1
m Chapter 2
m Chapter 3
. Chapter 4
■ Chapter 5
. Chapter 6
. Chapter 7

was organized in seven major chapters as follows:

Introduction
Environmental Considerations
Summary of Mitigation Measures and Their Effects
Predictive Models
Data Gaps, Research Needs, and Recommendations
Summary and Conclusions
Ltierature  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 (Figure 1.3), including (1) an Annotated Bibliography; (2) an
Executive Summary; (3) a Technical Summary and (4) a Reference Database. The
Annotated Bibliography was described in Section 1.3.1.4 and incorporated into this
manuscript as Appendix A, creating a complete report deliverable.

The Executive Summary was prepared as a separate document. The Executive
Summary briefly describes the study methods and technical findings, as presented within
this manuscript, with text oriented towards a technically-literate reader.

A Technical Summary, another separate deliverable, was prepared according
to MMS criteria. The summary consisted of a three-page description which outlines
(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 Reference Database is the electronic version of the Annotated Bibliography.
The Reference Database was prepared in dBASE Ill PLUS format and submitted separately
to the MMS.

12



CHAPTER 2 ENVIRONMENTAL CONSIDERATIONS

Pollution of the marine environment means the introduction by man, directly
or indirectly, of substances or energy into the marine environment, including
estuaries, which results or is like/y to result in such deleterious effects as
harm to living resources and marine life, hazards to human health, hindrance
to marine activities, including fishing and other legitimate uses of the sea,
impairment of quality for use of seawater and reduction of amenities.

United Nations Convention on the Law of the Sea, Article 1:1 (4).

In this chapter, the state of knowledge regarding the environmental effects of
marine mining is discussed and evaluated. In logical sequence, the discussions address
the potential mineral resource groups or targets (Section 2.1), the operational methods and
technology applicable to marine mining (Section 2.2), the environments potentially affected
by selected marine mining operations (Section 2.3), and a characterization of the literature
evaluated (Section 2.4). The summary discussion in Section 2.5 addresses the information
on environmental effects in terms of the environmental resources affected, under the
categories of air quality, water quality, and geological, biological, and socioeconomic
resources.

2.1 Mineral Resource Groups

For the purpose of this study, mineral resources are defined as any minerai
deposit found in the marine environment, other than oil and gas but including salt, sulfur,
geotherma/ resources, and precious cora/s.  The mineral resources are classified in six
groups: industrial minerals, mineral sands, phosphorites, metalliferous oxides, hydrothermal
deposits, and dissolved minerals. These groups are differentiated largely on the basis of the
character of the deposits and the technical requirements for their mining or recovery. The
classification is universal and each class is discussed separately in the text that follows, with
emphasis on the nature and distribution of the mineral deposits.

The nature and distribution of the apparent global marine mineral resource is
highly significant though quantitative determinations at this time are for the most part
speculative. Several publications have addressed the issue in some detail (Cruickshank
1974a; McKelvey 1986; Earney 1990; Table 2.1; Figure 2.1). Current geological research
and exploration continue to suppotl many of the optimistic forecasts that the oceans may
contain mineral deposits of even greater potential than those presently found onshore
(Cruickshank and Kincaid 1990). Comparative values were developed in Table 2.2 for
“apparent marine mineral resources” for 90 mineral commodities tracked by the U.S. Bureau
of Mines (USBM). In every case where data were available and where deficiencies had
been predicted, alternative marine resources were indicated which exceed existing land
resources, with the exception of asbestos, graphite, platinum, and quartz crystal
(Cruickshank  1978).
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Table 2.1. Classification of global marine mineral resources (From: Cruickshank 1992).
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It is useful to define the terms ore, rnheral resources, and ore reserves which
appear commonly in the literature and are often misunderstood. A more definitive
discussion of the principles of the resource/reserve classification for minerals and
forecasting methods used in the U.S. is given in USDOI, USBM and U.S. Geological Survey
(USGS) (1980) and Teleki et al. (1985). A comparison of U.S. and accepted United Nations
resource categories is given in Figure 2.2.

J3EJ  is a natural aggregate of miners/ mater;als which can be mhed at a profit
(American Geological Institute 1972). Prices of metals and other mineral derived
commodities fluctuate widely over time due to a variety of technical, economic, political,
and social factors such as engineering capabilities, supply and demand, wars and
embargoes, or needs and fashions. What is ore in the ground today may be a scientific
curiosity tomorrow, and vice versa. A prime example of this occurred with the repeal of the
$35/02 gold standard in 1968 which led to a rise in price to $400 in 1980. Similar elasticity
of price can be seen for cobalt, copper, silver, and others metals.

Mineral Resources include all potentia//y  recoverable minerals in a specified
area, inciuding measured ore resewes and undiscovered speculative deposits. Most
marine mineral deposits, because they are still speculative, are presently classed as mineral
resources.

Ore Reserves are currently economic mineral resources that have been
measured, indicated, or inferred from acquired geological data; only those reserves which
are measured or indicated will normally be used in the evaluation of a mineral propetiy.
There are few ore resetves  in the marine environment other than those of operating mines
because, by definition, the deposit must be currently mineable.  Most marine mining
technology is still in the development stage.

Classified mineral resource groups are discussed in greater detail in the
following pages.

2.1.1 Industrial Minerals

Industrial minerals are those bulk materials which are recovered for use directly
as an industrial commodity rather than for their metal content. They include sand and gravel
derived from glacial and alluvial sources; biogenic materials such as shell, coral, and
carbonate sands; aragonite, a denser and harder form of calcium carbonate commonly of
marine origin; salt; sulfur; and precious corals. Phosphorites  are treated as a special case
because of the maturity and complexity of the U.S. phosphate industry. A key
distinguishing feature of the industrial mineral class is that a major percentage (6o% to
100%) of the deposits is composed of saleable material and only simple beneficiation  may
be required to prepare the commodity for market. Within the U. S., the most important
commodity appears to be unconsolidated deposits of sand and gravel for use in coastal
protection, beach replenishment, and industrial construction.

Sand and Gravel are terms used for different size classifications of
unconsolidated sedimentary material composed of numerous rock types. The major
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RESOURCES OF [commodity name)
AREA: (mine. district, field, State. etc.) UNITS: (tons,  barrels, ouncas,  etc.)

❑ ,

IDENTIFIED RESOURCES
Cumulative

UNDISCOVERED RESOURCES

Production Demonstrated Probab&t;  Range
Inferred

Measurad Indicated Hypothetical I Spacuiative
I Iu‘-“‘ECONOMIC Reserves Inferred Rcserwes

-—— J.—— — — — . 1

MARGINAUY Inferred
ECONOMIC Marginal Resewss Marginal Reserves

_ _ - .  .  .————— -
Demonstrated

Inferred
SU8 - Subeconomic

ECONOMIC Subeconomic  Resources Resources

J

ml Includes nonconventional and low-grade materials

R’
IN SITU RESOURCES-

Quantities of economic interest
for the next few decades

RI R2 R3
KNOWN DEPOSITS— EXTENSIONS OF KNOWN AND UNDISCOVERED DEPOSITS-

Reliable estimates NEWLY DISCOVERED DEPOSITS— Tentative estimates
A Preliminary estimates

RIE/’R/M\R,, R2E R2S
Economically Marginally Subeconomic Economically Subeconomic
exploitable economic exploitable

“The capital “R” denotes resources in situ; a lower case ‘r- expresses the corresponding recoverable resources
for each category and subcatego~.  Thus, rl E is the recoverable equivalent of RIE.

Figure 2.2. Categories of mineral resources and ore reserves used by the U.S. Bureau oi
Mines and U.S. Geological Survey (upper) compared with that used by the
United Nations (lower) (Adapted from: U.S. Depa~ment of the Interior> Bureau
of Mines and U.S. Geological Survey 1980).
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constituent of sand is normally quartz, although other minerals such as rock fragments or
carbonates may be present, and may even be dominant, as is the case with tropical
reefderived sands. Gravel, because of its larger size, usually consists of muki-grained  rock
fragments. Sand is generally defined as material that passes through a #4 mesh
(0.475 cm) U.S. Standard sieve and is retained on a #2OO mesh (0.0074 cm) U.S. Standard
sieve. Gravel diameter ranges from 0.475 to 7.62 cm. Table 2.3 provides an indication of
the areal extent and estimated offshore sand resources for the U.S. Resources of sand and
gravel in the U.S. EEZ appear to be not only adequate, but almost ubiquitous; McKelvey
(1986) cites resources of more than two trillion metric tons (ret). However, on the OCS
(U.S. seabeds seaward of the territorial limits of the States), it is doubtful if there are any
known deposits that could be classified at this time (1993) as commercial reserves. The
reason for this is that resource information is quite sparse. To evaluate a deposit for
commercial use, it is necessary to know the specifications of the material needed for sale
in that particular market. Similarly, it is necessary to ascertain that sufficient tonnage of
saleable material exists within the deposit to sustain a profitable operation. This means that
not only the areal extent, but the volume of the deposit, the grain size, the nature and
quality of the grains, and the percentage and location of unsalable material within the
deposit must be ascertained. It is likely that, of the vast quantities indicated as resources,
a considerably lesser amount will in fact be mineable.  There is little doubt that very
substantial, mineable resources of sand and gravel aggregates exist off the U.S. coasts
(Cruickshank 1988). Deposits of pure silica sand which are valuable for optical and other
special purposes are found in certain environments. Methods for the exploration of sand
and gravel deposits are both conventional and satisfactory, and many references to such
exploration technology are available (Parkinson 1970; Cruickshank  and Marsden 1973;
Macdonald 1983). Some 20% of total sand and gravel production in Japan (Okamura 1992)
and 15°4 in the United Kingdom (Earney 1990) is currently obtained from offshore.

Bioaenic materials are formed by living creatures and include shells, reef corals,
foraminifera,  and associated carbonate sands. Deposits of oyster, clam, and mollusc shells
are commonly found in temperate waters in embayments  or near the coast (Bouma 1976).
Reef corals form coastal deposits in tropical or subtropical waters (Dollar 1979).
Foraminifera, which are the skeletal remains of calcareous plankton, are found extensively
in deep equatorial waters above the calcium carbonate compensation depth of 4,000 to
5,000 m.

Araaonite (CaCO~)  is a common deposit in shallow tropical waters as a
constituent of muds or in the upper part of coral reefs. Extensive deposits are mined for
industrial purposes in the Bahamas for export to the U.S. (Earney 1990).

Precious corals are important deep seabed resources with worldwide
distribution. Although the richest beds are found on seamounts  in the western North Pacific
Ocean and the western Mediterranean Sea, the industry extends worldwide. The USBM lists
corals in its mineral statistics reports, although most countries (including the U. S.) regulate
the industry as fisheries. Precious coral fisheries have existed in the Mediterranean Sea
since ancient times. Beds of commercial density were not developed elsewhere until the
early 19th century off Japan. In 1966, about 95% of the world’s coral was dredged off
Japan, Okinawa, and Taiwan, Overfishing led to stock depletion while intensive exploration
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Area surveyed
Geographic area

SanO volume
Seismic mtles Cores (mile2) [x106 cubic  yards)

New England:
Maine, .  ., .,, .  ., .  ., ., .  .,..,,.., 10 123
M a s s a c h u s e t t s  (Boston)....,,,,,, 175 57
R h o d e  island......,...,.....,.. 25 141
Connecticut (Long Island Sound) 50 130

Area [olals,  . . . . . . . . . . . . . . . . . . . . 1,900 280 260 531
Soulhshore  Long Island:

Gardiners.Napeague  B a y s 100 162
Montauk  t o  Moricheslnlet 160 1,912
Moriches to Fire Island Inlet . . . . . . . . . . . . . . . . 350 2,AOA
F!re Island to East Rockaway Inlet 125 1,359
Rockaway  . . . . . . . . . . . . . . . . . . . . 50 1.031

Area total s . . . . . . . . . . . . . . 955 122 785 6.868
New Jersey:

Sandy Hook . . . . . . . . . . . . . . . . . . . 255 10 50 1.000
Manasquan . . . . . . . . . . . . . . . . . . . 86 25 60
Barnegal  . . . . . . . . . . . . . . . . . . . . . 200 ;; 75 448
L!ltle Egg . . . . . . . . . . . . . . . . . . . . . 3B9 38 120 180
Cape May . . . . . . . . . . . . . . . . . . . . . 760 107 340 1.880

Area tolals . . . . . . . . . . . . . . . . . 1,660 198 610 3.568
VIrglnia:

Notiolk  . . . . . . . . . . . . . . . . . . . . 26o 57 180 20
Delmarva  . . . . . . . . . . . . . . . . . . . . . . . . 435 7a 310 225
Norfh  Carol !na . . . . . . . . . . . . . . . . 734 112 950 218
Florida:

Northern
Fernan6ina—  Caoe  C a n a v e r a l 1.32E 197 1,65o

Soulnern:
295

Cape Canaveral . . . . . . . . . . . . . . . . . . . . . 356 91 350 2,000
Cape  C a n a v e r a l — P a l m  B e a c h 611 72 450 92
P a l m  B e a c h  — M i a m i  . . , , , . , 176 31 141 581

Area totals . . . . . . . . . . . . . . . . . . . . 2,A71 391 2.591 2.673
California

NewDon  —PLDume  . . . . . . . . . 360 69 140 491
P t .  Dume—Santa  Barbara .  .  .  . 145 34 90 90

Area lotals  . . . . . . . . . . . . . . . . . . . 505 103 230 599
Hawall . . . . . . . . . . . . . . . . . . . . . Unknown Unknown Unknown Unknown
Great  Lakes:

be . . . . . . . . . . . . . . . . . . Unknown Unknown Unknown Unknown
Granolotals, . . . . . . . . . . . . . . . . . . . . 8.920 1.341 7,266 15.011

SOLIWS5  P.mme.  ..3 unwalmnea  reDOns  of U.S Army CorIIs  .! Engmeem  Coastal  Enc,neermc  Re$earc!!  Cenl% Davoa S Duane.  %wammnr?,t!on  ama  ocean
EnSmeermg:  Placer  Mineral Resources ‘ Mama Sealment TransDOn  ma Enwfo.memal  Man#9emen1,  DJ.  Stanley ma D.J.P, swill  leas.)  (New  York. NY
John W81eY  & S0”s. 19761, D 550

-,,  -- . .,. . .
I aDIe Z.S. Areas  surveyed and est!mated offshore sand resources of the United States

(From: US. Congress, Office of Technology Assessment 1987),
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led to discoveries off Hawaii (i.e., at the junction of the Emperor Seamounts and the Hawaii
Ridge system, about 805 km west of Midway). In 1980, these corals represented about 90%
of the world’s precious coral production. Although the production of pink coral from
Midway was about 140,000 kg in 1983, only about 10% of the beds lie within the U.S. EEZ
and the fishery is virtually unregulated. Through history, precious coral production has
followed the pattern of exploration, discovery, exploitation, and depletion. Precious corals
are particularly long lived and beds are characterized by low rates of recruitment and high
natural mortality rates. These factors make the “mining” of corals a non-sustainable activii
(Western Pacific Regional Fishery Management Council [WPRFMC] 1990). U.S.
participation in coral production began in 1966 when commercial corals were discovered
off Makapu’u Point in Hawaii. In 1988, regulations (50 CFR 880) were issued by the U.S.
National Marine Fisheries Service (NMFS) to control these activities in the EEZS of Hawaii
and the U.S. Pacific island possessions. At present, there is no production of precious
corals from within U.S. waters.

2.1.2 Mineral Sands

Mineral sands is the current generic industry term for sands containing gold,
precious gemstones, or minerals of tin (cassiterite),  titanium (rutile, Ieucoxene, ilmenite), and
other metals derived from the breakdown of rocks by weathering. Other terms commonly
used in the literature are placer, alluvial, and heavy mineral deposits. The major distinction
between industrial minerals and mineral sands is that the commercially valuable portion of
the mineral sands is rarely more than a few percent of the amount dredged. As a
consequence, the WaSte prOdUCt from these operations is generally over 95Y. of the total
material mined and processed. For the special cases of gold and platinum, the amount of
saleable metal is measured in parts per million (ppm); for diamonds, measurements in parts
per billion (ppb) are common. For all mineral sands or placers, the beneficiation  processes
are usually based on the physical differences between the ore mineral and the waste
materials and rarely employ chemical additives. Mineral sands are widely distributed
throughout the world (Table 2.4; Figure 2.1), generally in coastal areas. However, the
occurrence of many mineral sands deposits has also been indicated for the U.S. OCS
(Grosz and Escowitz 1983). The occurrence of gold placers in submarine sand channels
at depths greater than 2,500 m has been postulated by Dobson (1990), based on new side-
scan imagery of the U.S. EEZ off southeastern Alaska, an interesting potential for future
deep seabed activities.

2.1.3 Phosphorites

Phosphorites are industrial minerals which have been classed separately
because of their special significance (i.e., in terms of an already established and complex
industry) and the variety of technologies proposed for their mining offshore. The deposits
are most commonly bedded marine rocks of carbonate fluonapatite in the form of Iaminae,
nodules, oolites, pellets, and skeletal or shell fragments. The commercial term “phosphate
rocl# includes phosphatized  limestones, sandstones, shales, and igneous rocks containing
apatite.  Marine phosphorites  vary in character depending on their genesis and are found
as crusts, nodules, and sands in shallow basins, submerged plateaux, on the slopes of
islands, and in tropical lagoons. Extensive bedded deposits are indicated offshore of the
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N
.P iron sands

Commodity Country Currenl Status———-— —-..—— .——__— ._. ___ .— .__ —-. . .
Placer Minerals

cassiterite (tin) Indonesia  Thailand; U. S. S. R.;
United Kingdom;

offshore mining
offshore pilot- scale mining

New Zealand; offshore exploration
Australia previous beach and offshore exploration

chromite (chromium) U. S. A.; previous beach mining and
offshore exploration

Mozambique previous offshore exploration
diamonds Namibia beach and offshore mining
gofd Canada; New Zealand; previous beach mining/offshore

exploration
Philippines; previous offshore mining; present

status unknown
U. S. A.; previous beach mining,

offshore exploration and mining
U. S. S. R.; offshore exploration/mining
Fiji; estuarine mining operation
India offshore exploration
Brazil; previous offshore mining;

present status unknown
Fiji; South Africa; beach mining
Japan; previous beach and offshore mining
Australizq New Zealand; Florida, U. S. A.; previous beach mining
Philippines; previous beach mining,

present status unknown
Mozambique; S.W. India; previous or ongoing offshore exploration
Sri Lanka beach mining, offshore exploration

monazite Australia previous beach mining
(rare earths and thorium) S.W. fndia; offshore exploration

Brazil; Sri Lank~ beach mining
phosphorite (phosphorous) Austrafia;  Mexico; Ne,w Zealand; past or ongoing offshore

U.S.A. exploration
platinum U.S.A. previous beach mining, and

ongoing exploration
rutile Austrafi~ Brazif; S.W, India; Sri Lanka beach mining, offshore exploration

Canada previous offshore exploration
zircon Sri Lanka; beach mining, offshore exploration

Canada; previous exploration
Australia; previous offshore exploration
Mozambique

-,, A . - . . . . . . . . . . . . . . . . . . . .
I af31e Z.4. Summary OT gloDal beach and OftShOre mlnlng aCtlVltleS (Adapted from: Hale and McLaren 1984)



eastern U.S. Marine phosphorites commonly contain minor quantities of uranium/thorium,
platinum, cadmium, and rare earths (Manheim et al. 1980; Riggs et al. 1987). The
widespread distribution of phosphorites  in continental margins is indicated in Table 2.5 and
in Figure 2.1.

2.1.4 Metalliferous  Oxides

Metalliferous  oxides are primarily oxides of manganese and iron. These
ubiquitous seabed deposits contain potentially commercial quantities of manganese (20 to
30%), cobalt, copper, and nickel (less than 3% combined). They occur in all oceans
primarily as discrete potato-sized nodules overlying soft sediments in water depths between
4,000 and 6,000 m (Figure 2.3) or as encrustations up to 40 cm, but more commonly 3 to
5 cm thick, on the exposed rocks of island slopes, seamounts, or submerged plateaux in
water depths between 800 and 2,400 m (Figure 2.4). The ncdules  are commonly referred
to as manganese nodules, or polymetallic  nodules and are primarily valued for their nickel
content (Table 2.6). The crusts are commonly referred to as manganese crust, cobalt
crust, or high-cobalt manganese crust and are primarily evaluated on the basis of their
cobalt content; the crusts are commonly associated with platinum and phosphoriies. The
deposits apparently form directly on the seabed through chemical precipitation from
seawater and sediment pore-water fluids. Iron and manganese are the two most common
transition metals in the earth’s crust. The precipitation process is apparently occurring
virtually everywhere on the seabed where the bottom water is oxygenated and represents
an end result of the transport of these metals from terrigenous rocks. Such deposits seem
to form commonly where natural sedimentation rates are not high enough to overwhelm
chemical accretion processes.

Extensive research has been conducted to elucidate and quantify deposit
formation processes. Interest has been prompted by the prevalence of these deposits in
the oceans of the world and apparent links with the global processes of weathering, primary
production, and transport of metals through the world’s marine ecosystems.

Large deposits of manganese nodules with relatively large concentrations of
cobalt, copper, and nickel are found on the seabed surface in the major oceanic basins.
Deposits in several areas have been investigated for commercial recovery potential,
including the following:

■ Clarion-Clippetion region of the northeastern tropical Pacific Ocean
(approximately lat. 5’ to 20° N, long. 110° to 155° W);

m Central Indian Ocean south of India (approximately lat. 5“ to 10° S, long.
75° to 88° E);

m EEZ of the Cook Islands in the South Pacific (approximately lat. 15° to
25° S, long. 155° to 165° W); and

■ Blake Plateau off the Atlantic coast of the U.S. (approximately lat. 30° to
35” N, long. 65° to ExY W).

Excellent summaries describing what is known of formation processes and the
geological setting of these deposits have been assembled (Wogman  et al. 1973; Bischoff
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CONTINENTAL MARGIN R E G I O N

East Atlantic: Portugal, Northwest Africa through South Africa, and

Agulhas Bank

West Atlantic: North Carolina through Florida, Cuba, Venezuela,

and Argentina

East Pacific: California through Baja California, Mexico, and Peru

through Chile

West Pacific: Sakalin Island, Sea of Japan, Indonesia, Chatham

Rise east of New Zealand, and East Australian shelf

Table 2.5. Distribution of phosphorites in Miocene sediments along continental margins (From: Riggs et al. 1987).
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Figure 2,3. Belt of high grade manganese nodules between the Clarion and Clipperton
Fracture Zones in the Pacific (From: Teleki et al. 1985).
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Conpc-  Price
ncllt ($/kg

co 27.56
Ml 4.98

Cu 1.77
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i dry Z wet $/t vet $IIFJ2
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0.55 0.36 17.93 0.361 0.L9 0.32 15.94 0.3211.21 0.79 39.34 0.39
O.OT 0.05 0.89 I0.02 0.07 O.ah 0.71 0.01] 1.00 0.65 1 1 . 5 1 0.12
0.06 0.04 b.23 0.08/ 0 . 0 6 O.oi h.23 o.0810.ok 0.03 3.17 0.03

25.0 16.25 2h7.00
1

11.911  211.6 15.99 2~3. @5 L.86125.2  1 6 . 3 8  2b8.98 2.b9
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2 5 . 0  16.25 9L .25 1.8912L6 15.99 92. Th 1.85 2 5 . 2  16.38 95.C43 0.95

lA9.19 a.g8 IIOL. J9 8.08 3117.10---------—— 3.IL7-— ---- ---- -—— ----- ----
296. UI 5.93 254.18 5.07 193.12 1.93

Table 2.6. Examples of metal grades and values for crusts and nodules (From: Riggs et al. 1987).



and Piper 1979; Cronan 1980; Halbach et al. 1988). Recent listings of nodule compositions
for these and other areas have been compiled in reports (Botbol and Evenden 1989; Japan
International Cooperation Agency 1991 ) and, for many sites, are available as computer
databases maintained by the USDOC, NOAA, NGDC.

Although research into the genesis, composition, and distribution of
ferromanganese crust deposits has lagged behind that for manganese nodules, there have
been significant advances during the past 10 years. Recently, a comprehensive tabulation
of crust compositions for worldwide occurrences has been assembled by Manheim and
Lane-Bostwick  (1989).

It is currently believed that both crusts and nodules grow as precipitates on the
seabed surface. Two general sources for the metals seem to dominate: (1) pore-water
solutions and colloidal suspensions within the host sediments; and (2) seawater itself.
Copper, manganese, and nickel seem to be relatively more impotiant components in the
pore-water source, while cobalt and iron are relatively more important in the seawater
source. Deep seabed manganese nodules are derived from mixtures from these two
sources, usually with the pore waters providing the majority of the material. Manganese
crust deposits seem to be composed almost entirely of material derived directly from
seawater.

Growth rates for the deposits have been determined using several techniques
(Heye 1975; Mangini and Sonntag  1977; Segl et al. 1984; Mangini et al. 1986), These vary
between less than 1 mm of growth per million years (mm/My) to more than 20 mm/My.
Crusts grow at the lower bound of this range, several times more slowly than the nodules.
Though some aspects of these dating techniques are subject to doubt, the correlation of
results among different techniques suggests that the range of values described here are
fairly accurate.

Because crust deposits are derived almost completely from direct precipitation
from seawater, they offer a potentially important record of the ocean’s chemical
environment during the past 80 to 100 My. In contrast, nodule deposits are primarily the
products of multiple episodes of precipitation and partial dissolution. Previous work
(Halbach and Puteanus 1984; DeCarlo 1991; Hein et al. 1992) on Pacific deposits indicates
that the layers of deep ocean seamount deposits show significant differences that are
related to regional, and perhaps global, changes in the marine chemical environment.
Future research on the crusts can be expected to produce at least a partial history of
seabed chemistry reaching back for at least 80 My. As the links between the deposit
formation and seawater chemistry are more fully understood, it is quite possible that the
crustdeposit stratigraphic record will enable the establishment of basic constraints to the
variability of basic parameters of current interest (e.g., the long-term oceanic rates of
absorption of C02, heavy metals, and other pollutants). The association of crusts with the
rare earth metals has also been described by DeCarlo (1991).

2.1.5 Hydrothermal Deposits

Hydrothermal mineral deposits are formed by the action of circulating waters
which dissolve, transport, and redeposit the elements and compounds in the earth’s crust.

I .
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Most of the familiar hard rock mineral lodes of barite, copper, gold, lead, silver, and tin on
land or in the submerged continental shelves are hydrothermally deriied. Recently
discovered and potentially significant, deep seabed hydrothermal sulfide deposits
(McMurray 1990) are commonly referred to as metalliferous or polymetallic sulfides (PMS).
These deposits may carry sulfides of almost any of the metallic elements, including copper,
gold, lead, silver, and zinc. They are formed in the vicinity of active diverging plate
boundaries throughout the world’s oceans. Figure 2.5 indicates their known distribution
in the Pacific. Current knowledge of the grades, sizes, occurrences, and settings of the
marine deposits is rudimentary, but consistent with the notion that this type of deposit will
ultimately be as important as, or more important than, any other type of marine deposit
(Koski  et al. 1985; Malahoff 1985; Rona 1985). Deposits which are presently forming are
frequently characterized by venting streams of hot (300”C) mineralized fluid (i.e., smokers)
which result in the local formation of metalliferous  mud, mounds, or rock chimneys rich in
sulfides. In the upper fractured zone or deep in the rock mass beneath the vents, vein or
massive sulfide deposits may be formed by the circulating fluids and presewed as the
crustal  plates move across the oceans. These off-axis deposits are potentially the most
significant resources of hydrothermal deposits, even though none have yet been located.

2.1.6 Dissolved Minerals

The most significant source of minerals for sustainable recovery maybe ocean
waters, which include nearly all the known elements in some degree of solution (Table 2.7).
Current production of dissolved minerals from seawater is limited to fresh water,
magnesium, magnesium compounds, salt, bromine, and heavy water (i.e., deuterium oxide).
Various techniques designed for the recovery of copper, gold, and uranium by solution or
via bacterial methods have been carried out in several countries. Although these
techniques have been developed for application onshore, it is likely that these methods will
be fully transferable to the marine environment (Earney 1990). The potential for extraction
of dissolved materials from naturally enriched sources (e.g., hydrothermal vents) may be
high.

2.2 Operational Methods and Technology

This section briefly outlines the technical aspects of marine mining in
continental shelf and deep ocean environments, both of which are found in the U.S. EEZ
under management of the MMS. Two additional environments, the coastal zone and the
onshore, have also been included in this analysis. If the technical aspects of a given
operation are specific to only one environment, this fact has been noted.

The mining industry generally encompasses companies with activities directed
towards mineral exploration, development, mining, and processing of ores and marketing
of mined materials. The marine mining industfy  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 historical setbacks, many aspects of the work done to date by the
marine mining industry have been serious and well founded.
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Amount of Element Total Amount in
Co;;p:rati:n,

Element
in Seawater, the=~ans,

Tons per Cu Mi

Chlorine . . . . . . . . . . . . . . . . . . 19,000.
Sodium . . . . . . . . . . . . . . . . . . . 10,500.
Magnesium . . . . . . . . . . . . . . . 1,350.
sulfur . . . . . . . . . . . . . . . . . . . 885.
Calcium . . . . . . . . . . . . . . . . . .
Potassium . . . . . . . . . . . . . . . .
Bromine . . . . . . . . . . . . . . . . . .
Carbon . . . . . . . . . . . . . . . . . . .
Strontium . . . . . . . . . . . . . . . .
Boron . . . . . . . . . . . . . . . . . . . .
Silicon . . . . . . . . . . . . . . . . . . .
Fluorine . . . . . . . . . . . . . . . . . .
Argon . . . . . . . . . . . . . . . . . . . .
Nitrogen . . . . . . . . . . . . . . . . .
Lithium . . . . . . . . . . . . . . . . . .
Rubidium . . . . . . . . . . . . . . . .
Phosphorus . . . . . . . . . . . . . . .
Iodine . . . . . . . . . . . . . . . . . . . .
Barium . . . . . . . . . . . . . . . . . . .
Iridium . . . . . . . . . . . . . . . . . .
Zinc . . . . . . . . . . . . . . . . . . . . .
Iron . . . . . . . . . . . . . . . . . . . . .
Aluminum . . . . . . . . . . . . . . . .
Molybdenum, . . . . . . . . . . . . .
Selenium . . . . . . . . . . . . . . . . .
Tin . . . . . . . . . . . . . . . . . . . . . .
Copper . . . . . . . . . . . . . . . . . . .
Arsenic . . . . . . . . . . . . . . . . . . .
Uranium . . . . . . . . . . . . . . . . .
Nickel . . . . . . . . . . . . . . . . . . . .
Vanadium . . . . . . . . . . . . . . . .
,Manganese  . . . . . . . . . . . . . .
Titanium . . . . . . . . . . . . . . . . .
Antimony . . . . . . . . . . . . . . . .
Cobalt . . . . . . . . . . . . . . . . . . .
Cesium  . . . . . . . . . . . . . . . . . . .
Curium . . . . . . . . . . . . . . . . . . .
Yttrium . . . . . . . . . . . . . . . . . .
Silver . . . . . . . . . . . . . . . . . . . .
Lanthanum . . . . . . . . . . . . . . .
Krypton . . . . . . . . . . . . . . . . . .
Neon . . . . . . . . . . . . . . . . . . . . .
Cadmium . . . . . . . . . . . . . . . . .
Tungsten . . . . . . . . . . . . . . . . .
x. enon . . . . . . . . . . . . . . . . . . .
Germanium . . . . . . . . . . . . . . .
Chromium . . . . . . . . . . . . . . . .
Thorium . . . . . . . . . . . . . . . . . .
Scandium . . . . . . . . . . . . . . . . .
Lead . . . . . . . . . . . . . . . . . . . . .
Mercury . . . . . . . . . . . . . . . . . .
Gallium . . . . . . . . . . . . . . . . . .
Bismuth . . . . . . . . . . . . . . . . .
Niobium . . . . . . . . . . . . . . . . . .
Thallium . . . . . . . . . . . . . . . . .
~K~:m . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .
Protactinium . . . . . . . . . . . . . .
~tao:m: : . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

400.
380.

65.
28.

8.
4.6
3.
1.3
0.6
0.5
0.17
0.12
0.07
0.06
0.03
0.02
0.01
0.01
0.01
0.01
0.004
0.003
0.003
0.003
0.003
0.002
0.002
0.002
0.001
0.0005
0.0005
0.0005
0.0004
0.0003
0.0003
0.0003
0.0003
0.0001
0.0001
0.0001
0.0001
0.00007
0.00005
0.00005
0.00004
0.00003
0.00003
0.00003
0.00002
0.00001
0.00001
0.000005
0.000004

2 x 10-9
1 x 10-:0

0.6 X 10-[6

89.5 X 10’
49.5 X 106
6.4 X 10$
4.2 X 10’
1.9 x lot
1.8 X 10’

306,000
132,000
38,000
23,000
14,000
6,100
2,800
2,400

800
570
330
280
140
94
47
47
47
47
19

;:
14
14
9

:

:
2

;
1

:

;.5
0.5
0.5
0.5
0.3
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.05
0.05
0.03
0.02

1 x 10-~
5 x 10-~
3 x 1O-1*

29.3
16.3
2.1
:::
0.6

0°0:
12,000
7,100
4,700
2,000

930
780
260
190
110

::
31
16
16
16
16

6

3
;::
0.8
0.8
0.6

5
5
5
5

150
150
150
150
110
78
78
62
46
46
46
31
15
15
8

x
x
x

x
x
x
x 101
x lo;
x 109

x  10$
x 109

x  1 0 9
x 1 0 9
x 109
x lo!
x 10J

:
x
x
x
x
x
x
x
x
x
x
x
x
x

101
101
105
101
101

3,000
150

1 x 1O-*

* After Goldberg, 1963 (see reference in Mere, 1965).

Table 2.7. Concentration and amounts of 60 of the elements present in seawater (From:
Cruickshank  and Marsden 1973).
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Generalizations pertinent to marine mining technology and the environment
would be premature. At present, examination of each activii  on a “case-by-case” basis is
the most reasonable approach to a summarization of operational methods and technology.
Some degree of order has been established, however, as (1) mineral deposit types have
been classified; (2) mining systems have been categorized; (3) legal regimes have been
established in various countries; and (4) the environmental aspects of marine mining have
been the object of consideration and measurement. Despite the interest engendered in the
last three decades, there are few operating mines offshore; the likelihood of new offshore
operations will be dependent on the economics of the market and national and international
politics.

2.2.1 Mining

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 the surface; (2) excavating
a pit or quarry; (3) tunneling underground; and (4) extracting the mineral through a bore
hole or other conduit as a fluid (Figure 2.6). All mining methods are based on variations
of these technologies.

2.2.1.1 Scraping

Scraping methods involve the removal of surficial material from the seabed by
means of a device which traverses the deposit. Examples of scraping methods used in
conventional shallow water systems, tested deep water systems, and speculative deep
water systems are described in greater detail below.

● Conventional Shallow Water Systems

Conventional shallow water systems include (1) mechanical dragline dredges,
commonly used for placer recove~; and (2) trailing suction hopper dredges, used for
recovery of sand and gravel.

Dragline Dredge: Dredges of this type are used in offshore mining and deep
seabed sampling, as well as in construction. Their use has been advocated for the
recovery of deep seabed nodules and slabs of phosphorites (Mero 1965). Material would
be recovered by large dredge buckets that scrape it from the surface of the deposit and
feed it into barges for transportation to shore (Figure 2.7).

Annual production of phosphorite from an OCS mine could be on the order of
360,000 mt, or roughly 138,000 m3 of ore. This rate of production could involve 38 m3

buckets scraping an average of 18 mt of phosphorite from the seabed every 20 min in a
water depth of about 180 m. At an average abundance of 9 kg/m2, over 5 kmz (2 mi2) of
seabed would be mined annually. At a mine life of 20 years, a total of 104 km2 (40 miz)
would be affected if the deposits were confined to the seabed surface.

The continuous line bucket (CLB) system, described later as a tested deep
water system, consists of a series of dragline buckets operating in a continuous loop. The
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Figure 2.6. The four basic methods of mining (From: Cruickshank  et al 1987)



Figure 2.7. A deep water dragline dredge (From: Cruickshank et al. 1987).
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use of the CLB system for mining shallow deposits in coastal areas or sheltered waters has
been proposed and may be encountered in the future (Masuda  et al. 1991).

Trailing Suction Hopper Dredge: A suction hopper dredge uses a pump to
draw a slurry of bottom water and sediment into a riser or pipe leading to the mining vessel.
As the sediment accumulates in the hopper, the water decants overboard. This system is
used primarily for maintaining harbor channels. It is also used extensively for mining sand
and gravel in water depths up to 36 m in the North and Baltic Seas (Padan 1983; Uren
1988). New vessels (e.g., ARCO Avon, launched in 1986) are designed to extend mining
capability to depths of 45 m (Drinnan and Bliss 1986).

As its name implies, the trailing suction hopper dredge mines while in motion,
creating numerous shallow trenches in the seabed commonly about 1 m wide and 0.3 m
deep (Figure 2.8). This dredge uses one of several drag heads, each of which is equipped
with a coarse-grid steel framework positioned across the opening of the suction head to
prevent large rocks from entering the suction pipe. Coarse particle sizes are screened out
and rejected after passing through the pump. Fine materials are washed overboard with
the slurry overflow. In some cases, vibrating screens allow part of the sand fraction to be
dumped back into the ocean because the ratio of sand to gravel mined may differ from the
desired marketable mix. The use of sand and gravel as construction material requires that
stringent measures be taken to avoid mining any clay layers, as the entire shipload could
become contaminated and unmarketable. Additional detail on the equipment used and
extensive photographic documentation are given by Hess (1971).

The volume of material that maybe mined includes the sum of the marketable
material, the fraction to be rejected, and the overburden initially stripped away. For
example, in moving 0.9 million mt of product to shore annually, an equal amount of sand
might be rejected to reduce the sand/gravel ratio from 70:30 to a more marketable 40:60
(National Academy of Sciences [NAS] 1975). The 1.8 million mt of annual excavation would
result in a gradual lowering of the ocean floor by about 0.6 m over an area of 2.59 kmz or
about 1.6 million m3.

● Tested Deep Water Systems

Deep water systems tested for the recovery of manganese nodules include
(1) towed or self-powered mining devices which feed via a hydraulic lift to a surface
platform; and (2) CLB systems, with drag line buckets suspended from a line looped around
a surface platform.

Development of systems to recover deep seabed manganese nodules has
accelerated during the past 20 years, particularly within the private sector and among
government-subsidized international consortia. Mining manganese nodules is unique for
mineral extraction, not only because it involves transport of the ore through 4,500 to
5,000 m of seawater, but also because the deposits are essentially twodimensional  with no
overburden. Mining manganese nodules is much more analogous to harvesting potatoes
than it is to strip-mining operations for stratiform deposits such as coal and other
conventional ores.
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Mining operations consist of removing nodules from the seabed surface of
fine-grained  pelagic sediments (pickup), followed by conveyance to the ocean surface (lift).
Many strategies have been tested to accomplish these two tasks, ranging in complexity
from simple, towed dredges to self-propelled, highly maneuverable systems. The
environmental impacts of these different systems are likely to be equally diverse. Impact
assessment will depend very much upon the specific design proposed. Systems which
have been tested in actual scale-model tests in the deep seabed include (1) several tests
of different hydraulic systems, which pick up the nodules with a towed or self-propelled
harvester and then lift the ore to the surface with simple hydraulic or air-assisted lift
systems; and (2) a CLB system. Brief descriptions of both types of systems are provided
below.

Hydraulic Systems: Operating characteristics for hydraulic systems are well
documented (USDOC,  NOAA 1981; United Nations 1984), as outlined in Figure 2.9.
Hydraulic miners use airlift or hydraulic lift with towed or self-propelled collectors. Towed
mining devices (or pass-we systems) are similar to a scraper or harrow being dragged over
a plowed field. Nodules are picked up by tines at the front of the miner and fed into the
suction pipe by conveyor belt or by the forward movement of the device. Separation of fine
sediment is accomplished automatically by the screening effect of the tines and use of a
screen on the lifting part of the miner. Active or self-propelled miners are more complex
and may be fitted with separate propulsion, navigation, nodule pickup, and crushing
systems (Figure 2.10). The complexities of the design for these systems are illustrated in
Figure 2.11 for a hydraulic lift with self-propelled collector as used by Ocean Mining
Company during successful tests in the Pacific Ocean (Welling 1981).

The first hydraulic system for recovery of deep seabed manganese nodules was
tested by Deepsea Ventures, Inc. on the Blake Plateau during the summer of 1970
(Geminder and Lecourt  1972). Subsequent tests were completed by this group and several
other international consortia between 1970 and 1980. Several tests were monitored by U.S.
and other researchers to estimate potential environmental impacts. Monitoring results from
efforts on the Blake Plateau are discussed in greater depth in Section 2.3.1. For the
purposes of impact assessment, the following distinctions among these tested systems are
useful to consider:

Precision of Minina Track: Several systems tested were towed from the surface
while others had passive controls on the seabed collector to provide limited steering
capability. Several systems were entirely self-propelled, with interactive, real-time steering.
From the perspective of the miner, a trade-off exists between the degree of control attained
and the cost and complexity of the design. From the perspective of an impact assessment,
two factors are important. High precision allows efficient recovery of the mineral resources
and also permits accurate avoidance of areas deemed to be worthy of protection and
preservation.

Technological advances which have occurred since these tests were carried
out, particularly with regard to telemet~ and control systems, strongly suggest that future
hydraulic systems will be steerable with high (i.e., sub-meter) precision. At least one
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system, currently under development by French interests, is designed to have such high
resolution controis.

Separation of Nodules from Swiiments: Ali systems are designed to minimize
the amount of sediment which is iifted along with the nodules. Nodules have been raked
up and/or washed before being collected. For the miner, the trade-offs lie with energy
costs, maintenance costs, and reliability. From an environmental assessment perspective,
the main concerns rest with the efficiency of the collection and separation and with the
dispersion of sediments in bottom waters. The optimal design must provide an acceptable
balance among these potentially conflicting concerns.

Discharae  of SUSDW’Ided  Solids: After collection, the nodules will be lifted to the
surface, probably after being crushed to cobble-sized dimensions. The dynamics of slurried
solids require fairly uniform dilutions in seawater and subsequent discharge of the lifted
seawater along with some fraction of suspended solids. For simple economic reasons, all
recovery systems will seek to minimize the amount of sediments and fine-grained nodule
fragments in this discharge stream. Some suspended sediment discharge is likely to
accompany any design. However, the miner is likely to have complete control over the
depth at which this discharge is set (USDOI, MMS and Hi, DBED 1990). Thus, a primary
concern for impact mitigation (Section 3.1) will be the selection of the receiving waters for
these discharges.

CLB System: The CLB system (Figure 2.12) has been tested for possible
future use in recovering manganese nodules (Masuda et al. 1971) and is described in
NOAA’s EIS for deep seabed mining (USDOC, NOAA 1981). The CLB system has also
been proposed for mining phosphorite noduies and slabs and for cobalt crust mining. The
original CLB system used one ship, with empty buckets going down from the stern, and
partiaily  filled buckets coming in at the bow. The distance between the downward moving
and the upward moving parts of the loop of rope is dependent on the length of the ship
and, thus, cannot be altered. Entanglement can be avoided by achieving an optimum
combination of ship speed and iength of iine or by use of hydrodynamic deflectors. The
optimum combination may be influenced by various other factors, including the nature of
the seabed, underwater currents, variations in the ship’s course because of weather
heading, or bad weather conditions.

To minimize these disadvantages and to add to the flexibility of operation, a
two-ship system has been designed where the empty buckets go down to the seabed from
one ship and are brought to the ocean’s surface at a nearby sister ship. The distance
between the descending and ascending parts of the loop and the cuwe of the loop can be
influenced by the relative positioning of the two ships (United Nations 1984).

● Speculative Deep Water Systems

Concepts for deep water autonomous submersible miners for manganese
nodules have been developed. Deep submersible modular systems would mine and
transport ore from the seabed to an attendant platform on the surface. Seabed mining
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machines, or crust miners, have been proposed to fragment and deliver cobalt crust to a
vertical hydraulic lift system.

Modular Mining System: In the modular mining system, an autonomous
collector vehicle would be launched with ballast material such that the weight of the ballast
in water is equal to the weight in water of the ncdules to be collected. The collector is
designed to have sufficient buoyancy so that the vehicle is weightless in water. Thus, in
descent, thrusters propel the unit down steadily against hydrodynamic resistance alone.
On the bottom, the collector is propelled over the bottom, and as collection proceeds,
ballast material is simultaneously ejected on an equal weight-in-water basis. In this manner,
a small net weight in water of the collector is maintained. Mining is terminated shortly
before ballast material ejection. Ballast material ejection is continued until the weight of the
vehicle is zero or slightly negative. Finally, the vehicle is propelled by thrusters to the
surface, docked with the surface ship, unloaded, serviced, and re-ballasted for a new mining
cycle. In theory, very little onboard power is required to collect the nodules because the
major source of energy is the potential energy of the ballast material. The operating
principle of this system is illustrated in Figure 2.13. Processed tailings have been
suggested for use as ballast. Advantage might also be taken of ambient currents to propel
the vehicle, in a fashion similar to a sailplane or glider.

Crust Miner: Recent interest in manganese oxide crusts containing relatively
high values of cobalt and, in some cases, platinum has led to proposals to develop the
deposits. Manganese crusts are physically similar to hard coal (Cruickshank and Paul
1986), and vary in thickness from mere stains to layers as much as 40 cm thick. The
crusts, which occur extensively in the Pacific on seamounts and submarine ridges at depths
between 800 and 2,400 m, cover a variety of substrate rocks ranging from hard basalt to
weak hyaloclastite. Mining systems proposed for manganese crusts include a vessel
equipped with hydraulic lift systems and active bottom miners (Halkyard and Felix 1987;
USDOI, MMS and Hl, DBED 1990). The proposed systems would be capable of breaking
and removing the thin crust from the underlying rock and feeding it to a hydraulic lift system
through hydrocyclones to separate entrapped substrate (Figure 2.14). The roughly cleaned
ore would be pumped to the surface vessel for further cleaning and transport to shore. The
mining machine would provide its own propulsion and travel at a speed of approximately
20 cm/s. The miner would have articulating cutting devices which would allow the crust
to be fragmented while minimizing the amount of substrate collected. Behind the cutter
heads of the miner, a series of parallel pickup devices would be installed consisting of either
articulated, hydraulic suction heads or a mechanical scraper/rake device. Approximately
95% of the fragmented material would be picked up and processed through a gravity
separator prior to lifting.

Under normal operations, the mining ship and the miner would follow a
coordinated track following seafloor contour lines. System speed and/or pipe length would
have to be altered to accommodate changes in depth Z100 m. Steering of the miner would
be used to maneuver around obstacles, over areas of particularly high abundance, or
around a previously mined swath.
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2.2.1.2 Excavating

Mineral deposits that are located predominantly within or under the seabed may
be removed by excavation. These deposits include thick deposits of sands; metalliferous
muds; layered or disseminated deposits of unconsolidated placer minerals or overlying
bedrock; and deposits of consolidated minerals in vein, tabular, or massive form which may
extend for considerable distances into the bedrock. The mining system used will depend
largely on (1) the ease with which the material may be excavated and removed from the
surrounding environment; (2) the water depth; and (3) the ocean climate in the area of
operations (Cruickshank et al. 1969, 1987). Examples of seabed mining operations
discussed in the following pages range from the excavation of free-flowing materials to the
excavation of hard rock using conventional surface located systems, as well as systems
designed to operate totally submerged.

● Conventional

Examples of conventional dredges operating from floating platforms include the
clamshell bucket, bucket ladder dredge, bucket wheel suction dredge, stationary suction
dredge, and butterhead suction dredge; each of these conventional dredges operates in a
stationary or anchored mode. A scale-model system for recovery of metal-rich metalliferous
muds was tested in the Atlantis Deep (2,200 m water depth) of the Red Sea during 1981
(Guney and Marhoun 1984). This system is also an example of a hydraulic-lift system,
however, the collector was much simpler than that required for nodules because the muds
could be directly entrained into the lift stream. Of particular environmental concern for this
mining system is the final discharge stream, which must include significant quantities of
dissolved and fine-grained metal species. In cases where the mineral deposit is hard rock
rather than sediment, it maybe necessary to drill and blast or otherwise fracture the seabed
material prior to lifting the broken material to the surface by conventional means.

Clamshell Bucket: Clamshell buckets (or clamshell hopper dredges) have been
used offshore to mine sand and gravel in Japan and tin in Thailand, and to sample
phosphorite off New Zealand. The buckets are mechanically actuated to bite into the
seabed and remove material (Figure 2.1 5). The need for multiple oables to actuate the
grabs can cause complications, particularity in heavy seas where wave compensating
devices may also be needed. Moreover, the clamshell is inefficient in clearing bedrock of
fine materials. It is best suited for excavation of large-size granular material where accuracy
of positioning and cleanup is not important. The size of buckets may range from a few
cubic meters to as much as 7.6 m3.

Bucket Ladder Dredge: The bucket ladder consists of a chain of closely
connected digging buckets mounted over a heavy supporting arm or ladder (Figure 2.16).
This system is most efficient for the excavation of deposits containing boulders, clay,
and/or tree stumps and weathered bedrock. Dredges of this type have been used success-
fully all over the world for mining gold, platinum, and tin placers and diamond deposits,
although their use offshore has been limited to gold and tin. Bucket ladder dredges are fre-
quently used for clearing harbors because of their capability for digging into broken rock
and coral. The system delivers a virtually water-free product to the mineral dressing plant
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on board the dredge. Discharge of water from the shipboard operations is limited to that
needed to concentrate the valuable constituents; techniques are based on the use of
flowing water to remove the less dense materials. In the case of gold, the bulk of
concentrate recovered is only a few parts per million (i.e., vktually  all the material removed
from the deposit is returned to the seabed). The ocean-going bucket ladder dredge B/MA,
used for mining gold offshore of Nome, AK was of this type (Figure 2.17).

Considerable turbulence accompanies these operations which may involve the
movement of up to 4.9 million m3 of material per year. Operation of bucket ladder dredges
is limited to digging depths of about 45 m below sea level and they are rarely used in water
depths exceeding 20 m. Few of these dredges have been built for offshore mining in the
last 20 years, and it is likely that they will be superseded by the bucket wheel suction
dredge.

Bucket Wheel Suction Dredge: Bucket wheel suction dredges use a
smalldiameter bucket wheel mounted on the suction ladder to excavate material. This
combines the best aspects of the bucket ladder and the suction dredge (Figure 2.18). Very
high torque or digging power can be applied to the wheel, which can deliver the excavated
material directly into the mouth of a suction pipe for transport to the sea surface. Digging
capability is equal to that of the bucket ladder with respect to ease of digging and bucket
capacity, while the depth capability using submerged pumps is almost unlimited. The
combination of simultaneous digging and suction at the seabed provides the option to
either treat the ore on the vessel or pipe it to shore.

Stationary Suction Dredge: Stationary, or anchored, suction dredges
(Figure 2.19) are widely used in Japan for mining sand and gravel in depths less than 30 m
and are being designed for digging to depths as great as 200 m (lkurusaki  et al. 1988).
These dredges have been used in Briiain as well, although the vessels built since 1980 are
almost all trailing suction dredges (Drinnan and Bliss 1988). In contrast to the trenches left
by trailing suction dredges, anchored suction dredges leave deep pits in the seabed which
can create problems.

An anchored suction dredge was also tested for mining metalliferous  muds at
a depth of 2,000 m in the Red Sea (Figure 2.20). A deepdrilling oil exploration vessel, the
SEDCO  445, was converted to cary a specially designed mud pump and delivery pipe that
was lowered to the seabed in a manner similar to the lowering of a drill pipe. The pump
was vibrated into the mud with a waterjet to fluidize the material, and the ore pumped to
the ship for treatment.

Cutterhead Suction Dredge: Typically, butterhead suction dredges are used
to excavate fairly compacted, granular materials in water less than 30 m deep. The rotating
butterhead is usually an open basket with hardened teeth or cutting edges, somewhat like
an over-sized dentist’s drill (Figure 2.21). The end of the suction pipe is normally located
within the basket. In standard practice, the dredge is swung back and forth in an arc
pivoted from a large post or spud attached to the stern. The butterhead cuts downward
a short distance with each swing. Because the butterhead rotates in one direction only, the
bite is much stronger on one swing than the other. In mining for heavy mineral sands, the

51



“kii-
.=

. .- A-..s_.
.— 9

-- G.. ---- -.~-.-, ---- - ., .,
. . *_  ..._. ~_~ .-

-  --.—..—-
-  ,-*&-—__&

. .“:-D---G ,—. .— -~~~~”- ‘ —. . ..X —------ -&---- ------

THE “BIMA”

WORLD’S LARGEST OCEAN-GOING BUCKETLINE
DREDGE, FULLY OPERATIONAL

CAPACITY 800-lZOO CUBIC METERS/HOUR
DREDGING DEPTH 45 METERS

EXTENSIVE GRAVITY SEPARATION CLRCUITS FOR GOLD,
DIAMONDS, TIN, AND OTHER PL4CER  MINERALS.

INQUIRIES DR. R.H.T. GARNETI’
P.J.W. BOSSE

TELEPHONE (907) 561-1855
TELEFAX (907) 561-3556

184 EAST 53D AVENUE, ANCHORAGE, ALASKA 99518
UNITED STATES OF AMERICA

Figure 2.17 The bucket ladder dredge Blma used for a gold operation in Alaska
(Adapted from: WestGold 1990).
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igure 2.18. A small bucket wheel dredge for use on a standard back hoe (Adapted from
Ellicott Machine Corp.).
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Figure 2.20. Dynamically anchored suction dredge on location in the Red Sea (Adapted
from: Fletcher and Mustafa 1980).
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action of the butterhead tends to disintegrate the material, allowing heavy minerals to
separate, fall below the cut, and remain on the seabed. Cutterhead suction dredges have
never been used successfully for mining gold, although they have been widely used for
mining cassiterite (i.e., tin placers) in west Thailand; the deposits are rich enough in this
region to economically sustain the inefficient cleanup (Chansang 1988).

Suction dredges circulate large quantities of slurry that must be decanted on
board the dredge or pumped ashore by pipeline. In either case, there is a significant
discharge of water containing fine particulate materials. Treatment of the decanted solids
may be unnecessary for construction sand and gravel but may be required for heavy
minerals. The valuable constituent or concentrate from these ores will rarely amount to
more than a few percent of the materials mined. Therefore, more than 95°4 of the material
dredged from such deposits must normally be disposed of either at the mine site or at an
onshore treatment site. Cutterhead suction dredges may also be equipped with a
multiblade ripper to cut into moderately consolidated rock. The present use of these
systems is limited to excavating soft rock, such as coal and shale. However, advances in
rapid tunneling technology suggest that rock butterheads could be designed for medium
strength rocks, such as limestone and sandstone (Hignett and Banks 1984).

Drilling and Blasting: Deposits that are too hard to excavate by dredging must
be broken by other means. The normal system for excavating hard-rock deposits is to drill
into the deposit for the placement of explosives. Fracturing using highly pressurized fluids
is also possible but would represent a very special case and has not been considered in
this analysis. Blasting of the material is only an intermediate step and would be followed
by gathering and lifting the ore by one of the methods previously described. Blasting
operations are designed to expend as much force as possible on fragmenting the ore so
that the water column effects are much lower than those for equivalent, unconfined
explosions from which most available data have been derived. Wnh respect to the
possibility of mining deep seabed deposits that require fragmentation, many more aspects
need to be examined. Technically acceptable means of drilling and fragmenting hard rock
in deep water have not yet been developed. However, methods of gathering and lifting the
fragmented material may be assumed to be similar to the methods developed for deep
seabed nodule mining.

● Submersible

Submersible systems include tracked suction dredges operating on the
seafloor. Several such machines have been developed over the years for the excavation
of nearshore sands for beach replenishment, for preparation of aquiculture beds, and for
general oilfield excavation work. A good example is the Tramrod,  built by Alluvial Mining
Ltd. in the United Kingdom for excavation around petroleum structures in the North Sea.
The machine was tested on a gold deposit in Norton Sound, AK in 1989 (Figure 2.22) with
some success, and has since been flied with a bucket wheel excavator. It has yet to be
used in a production mode, but it is very likely that this type of dredge will find many
applications in the marine mining industry. No such vehicles have been designed for deep
water at this time, although such use is considered feasible and very likely.
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2.2.1.3 Tunneling

Conventional underground mining methdsinvdve  tunneling from asutiace
entrance or a shaft and working the mine in an unpressurized environment. In certain
cases, sub-seabed deposits of bedded coal, ironstone, and potash, as well as veins of
copper, lead, and tin have been mined by conventional underground methods. Entry to
these mines is either from the shore or from natural or artificial islands in shallow waters
(Figure 2.23). The location of the mines in the seabed only slightly adds to conventional
problems of access, safe overhead cover, and ventilation. The effect on the environment
is similar to that for any shoreside mine. The possibility of developing underground access
through seabed airlocks has been considered for special cases (Austin 1967).

2.2.1.4 Fluidizing

Development and removal of mineral deposits other than oil and gas in fluid
form may be accomplished in four ways: (1) by capture of already fluid deposits such as
seawater, hydrothermal vent fluids, or geothermal heat; (2) by slurrying granular deposits;
(3) by melting the deposit, as with the Frasch sulfur process; or (4) by dissolving the
contained minerals (e.g., similar to solution mining of copper sulfides on land). In most
cases, the fluids are removed through boreholes, however, methods have been proposed
to cap hydrothermal vents and to leach surficial crust deposits underneath an impermeable
membrane. Common terms for fluidizing methods are bore hole mining, solution mining,
and in situ mining.

● Fluidizing (Slurries)

Under proper conditions, certain types of unconsolidated or marginally
consolidated mineral deposits may be mined as a fluid slurry through drillholes penetrating
the sea-bed. Sub-seabed sand was mined in this way in shallow waters offshore Japan in
1974 (Padan 1963). Recent onshore experiments in Florida proved the capability of this
approach in recovering phosphate from beneath thick overburden (Savanick 1985). In this
instance, a borehole was drilled from the land surface to the base of the ore body, then a
waterjet cutting system was inserted through the borehole and used to fragment the loosely
consolidated phosphate (Figure 2.24). At the same time, a down-hole slurry pumping
system recovered the phosphate through the borehole,  thereby creating a waterfilled cavity
with a 5.5-m radius. After mining was completed, the cavities were backfilled with sand to
prevent ground subsidence. A USBM study found this system to be cheaper than
conventional land mining systems if the overburden is at least 45 m thick (Hrabik and
Godesky 1985). A similar experiment conducted off Georgia from an anchored barge
(Figure 2.25) confirmed the potential for borehole mining for phosphorite as an
economical y and environmentally attractive alternative to dredging (Drucker et al. 1991 ).
In the recovery of sulfur, super-heated water is pumped into the deposit to melt the sulfur
so that it may be removed as a fluid (Cummins  and Given 1973).
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Figure 2.24 Fluid mining by slurrying from a fixed platform in shallow water (Adapted
from: Hrabik and Godesky 1985).
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● Fluidizing (Solutions)

Hard-rock deposits that are amenable to hydrometaliurgical treatment of their
ores are potentially extractable by dissolving the valuable constituent in place and removing
the pregnant solution through a borehole (Figure 2.26). There are major unsolved
problems in dealing with toxic or corrosive solvents used in (1) enlarging fractures to
provide a flow path for the solvent through the deposit; and (2) selectively extracting the
desired metals in complex ores. However, these problems are being overcome on land.
The methods developed onshore should be applicable, in a more sophisticated form, to
seabed deposits. Effects of accidental spills of solvents would depend on the nature of the
solvents and the sites affected. If the solvent is water soluble, the effects should be
localized because of the rapid dilution in the ocean and the buffering capacity of seawater.

2.2.2 Processing of Ores and Disposal of Waste

There are two areas in the processing of marine ores which call for special
treatment when compared to the processing of terrestrial ores. One is the effect of platform
motion on separation processes carried out at sea. The other is in the extraction of metals
from specific marine ores such as manganese nodules and crusts. Some industrial
materials (e.g., specialty sands) may require washing to remove salt water. For the most
part, however, marine ores do not otherwise difFer from those on land and conventional
methods of treatment may be employed.

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 the
environmental analyses that are a part of the planning process. In the case of deep seabed
mining, the problems would be addressed on a case-by-case basis.

2.2.2.1 Beneficiation

The beneficiation process is that which is first used to beneficiate  or upgrade
an ore by simple physical means following mining. Beneficiation  normally results in (1) an
ore concentrate; and (2) a tailings or waste fraction of excess rock or substrate resulting
from the mining process. Processing technology applied to placer materials has been fairly
well established over the years. However, due to the conservative nature of the minerals
industry, there is a great need for improvement using newer technology, particularly as
operators need to recover lower-grade materials and work very-fine-grained deposits in the
marine environment.

● On the Mining Platform

The use of placer processing technology on board floating platforms subject
to the rigors of oceanic motion has been quite limited to date. Thus, in the selection of
processing equipment for proposed operations at sea, considerable testing will be required
to confirm the suitability of the processing plant in terms of the nature of the material and
the environment in which the processing takes place. Initial selection of treatment methods

63



Sea Level

WELLHEAD

Sea Floor

. . . . . . . . ...:.,

PREGNANT
SOLUTION

2iii&!l
/

/’
ORE BODY <

PIPELINE
1+

,. ..

ROCK

SOLVENT

T AREA SHATTERED

I

r

BY
EXPLOSIVE CHARGE

/

/

Figure 2.26. Fluid mining bleaching of deep, hard-rock deposits, artificially fractured in
place (From: Cruickshanket  al. 1987).

64



can be indicated from laboratory tests using a few pounds of sample. In complex ores,
which includes most placers, pilot plants are normally required in order to run tests on tens
or hundreds of tons of sample. Various options for separation applicable to marine placers
are provided in Table 2.8.

● On the Bottom

Very little work has been done in the development of in situ processing
technology (i.e., on the bottom). Any new operations will almost certainly require
preliminary development work to be completed on a case-by-case basis.

● Onshore

Normal processing will include one or more stages of ore treatment by gravity
concentration, or magnetic, electrostatic, or high tension separation. These standard
beneficiation  methods are well described in most textbooks or handbooks (e.g., Weiss
1985) and have not been evaluated further in this analysis.

2.2.2.2 Extractive Metallurgy

After beneficiation  (i.e., to remove the bulk of waste material not intimately
associated with the ore mineral), it is necessaty to separate the economic fraction from the
ore or concentrate in a saleable form. These fractions are usually metals and are normally
isolated by the application of heat (e.g., in a furnace) or by the dissolution of the
components in an appropriate solvent for subsequent precipitation. These two methods of
extraction are termed pyrometallurgical and hydrometallurgical, respectively. The selection
of one method over the other is dependant on numerous factors, consideration of which
is beyond the scope of this analysis. In environmental terms, the choice of method may
be significant.

● Conventional Onshore

Among the mineral commodities considered in this analysis, only the
metalliferous oxide nodules and crusts are substantially different from conventional land
ores in terms of special metallurgical treatment requirements. The metalliferous oxides differ
from most land ores of base metals in that they are oxides, not sulfides. This characteristic
imposes basic differences in the treatments required to extract the metals from the ore and
also results in very different waste products. The land ores which are most similar to the
nodules and crusts are Iaterites, which occur as surficial  sedimentary deposits, primarily in
tropical rain forests. The processing methods which have been proposed and tested for
nodules and crusts are mostly modifications of techniques originally developed for Iaterites.

Sulfide ores occur in a variety of forms. Because of their chemical instability,
these ores are rarely found as surface or alluvial deposits. Tailings dumps from sulfide ore
bodies have the potential of producing sulfuric acid through the oxidation of sulfide minerals
which remain after the ore has been processed.
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OPTIONS Au pgm di Sn Fe Th Ti Zr Cr

PRETREATMENT

Slurrying ~) * r) (*) ● * * ● *

Sizing (*) * (*) (*) (*) * * * *

Classification * * (q * (*) * * ● *

Densification * * * * ● * * * *

Distribution (*) ‘ (*) (*) (*) * ● * ●

GRAVITY CONCENTRATION

Riffles * * *

Pinched sluices *

Spirals (*)1 * * * * *

Jigs (*) * (*) *

Tables * (*) *

Cones *

Heavy medium * r)

MAGNETIC SEPARATION

Wet process (*) * *

Dry process * * * * *

ELECTROSTATIC SEPARATION

Normal * * *

High tension *

* = suitable for normal use.
(*) = documented use at sea.
1 = but not in successful production.
pgm = platinum group metals.
di = diamonds,

Table 2.8. Options for concentration of marine placer minerals (Adapted from:
C~uickshank  1987).
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Extractive Processes for Manganese Nodules: Of the various types of
processing schemes available for manganese nodule processing, fiie are considered most
probable for first-generation commercial applications (Haynes and Magyar 1987) as follows:

(1) Gas reduction and ammoniacal leach (modified Caron);
(2) Cuprion  ammoniacal leach;
(3) High-temperature/high-pressure sulfuric acid leach;
(4) Reduction and hydrochloric acid leach; and
(5) Smelting and sulfuric acid leach.

The two ammoniacal and high-temperature and high-pressure sulfuric acid
processes are designed to recover three metals (i.e., cobalt, copper, and nickel); remaining
processes are designed to recover four metals (i.e., cobalt, copper, nickel, and
manganese). In the three-metal processes, manganese could also be recovered from the
tailings if favorable economic conditions exist. This recovery would alter both the chemical
and physical characteristics of the tailings. A brief flowsheet of each process is presented
in Figures 2.27 through 2.31. More thorough discussions of these processes are provided
elsewhere (U.S. Congress, Office of Technology Assessment [USC, OTA] 1987).

The nature and characteristics of the wastes generated by these processes will
depend, to a large extent, on the actual process scheme used. Haynes and Law (1982)
examined the five process types cited above and produced estimates of the various major,
minor, and trace components which would result in respective waste streams. In
comparison to wastes produced from sulfide ores, it is important to recognize that nodule-
or crust-related wastes would generally be more stable and less liable to release toxic
metals into the environment. The potential for sulfuric acid production does not exist for
these oxides.

It is suggested that the most common of the processes proposed to date is the
sulfuric acid leach. Table 2.9 presents estimates of the major inputs and outputs of metals
that would be expected from this process, assuming a throughput of 3 million mt of ore (dry
weight) and the same process stream as that used in the processing scenario developed
for manganese crusts (USDOI, MMS and Hl, DBED 1 !390). Nodule composition data for
Table 2.9 was derived from Haynes and Law (1 982). The waste streams include the filtered
wash water (elutriate),  consisting of sea salts diluted in freshwater, and the dissolved and
solid tailings which must be discharged (i.e., leach liquor and leach residue).

Extractive Processes for Manganese Crusts: Potential extractive processes
applicable to manganese crusts d“fler in two basic ways from those used with manganese
nodules. First, a crust processing plant is expected to handle less than a third of the ore
processed through a nodule plant. This is assumed because the market for cobalt, the
principal value metal in crusts, is much smaller than the nickel and copper markets (i.e., the
cobalt market would drive the sizing of a nodule plant). Second, crust ore is likely to
require pre-treatment to remove the undertying substrate rocks, which are expected to be
unavoidably recovered with the crusts.
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Table 2.9. Estimated inputs and wastes for a manganese nodule processing plant
handling three million metric tons of ore and associated seawater per year.
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The amount of substrate fragmented depends on substrate hardness, cohesion
to crust, thickness of crust, morphology of the crust/substrate interface, and roughness of
the crust surface. Mathematical simulations of crust mining suggest that 50”A or more of
the material originally lifted from the seabed will be substrate rock (Morgan et al. 1988).
Simulation parameters assume realistic limits for discrimination between crust and substrate
on the irregular seamount surfaces where they are found. Assuming that the substrate is
hyaloclastic deposits (common in Hawaiian EEZ samples recovered to date) and that the
fragmentation model described in USDOI, MMS and Hl, DBED (1990) is accurate, dilution
based on present fragmentation methods will be between 25 to 70% (i.e., fragmented
substrate will amount to 25 to 70% of the total material fragmented).

Further data should be obtained on crust roughness, thickness variation, and
substrate properties to confirm these values. Harder substrates, such as basalt, would
result in lower dilution of the crusts recovered. Because higher dilutions are likely to be
uneconomic to mine, a dilution value of 25°4 has been assumed as a base case for
fragmentation performance. Achieving this lower value for dilution will require (1) selection
of a mine site with lower root mean square (RMS) roughness values than assumed for the
base case; (2) development of new fragmentation methods; or (3) preferential mining on
harder substrates.

Separation of recovered substrate from crust maybe performed using screens,
gravity settling, hydrocyclones, or possibly froth flotation. Preliminary work at the USBM,
Salt Lake C~ Research Center indicates that over 90% removal of several substrate types
can be accomplished with froth-flotation (Hirt et al. 1990). This processing step could be
performed on the mining ship and possibly on the seabed. It is unlikely that the return of
substrate rock to Iand can be economically viable without at least some elimination of this
unwanted material.

As noted previously, processing schemes applicable to crusts are likely to be
similar to those utilized on nodules after the substrate materials have been removed. Fine
tuning of the process stream would, however, emphasize efficient extraction of cobalt at the
expense of nickel. In any case, the waste streams would be similar, but scaled down to
reflect the smaller size of the operation. Table 2.10 presents the estimated inputs and
wastes for a crust plant using the same assumptions as those used for manganese nodules,
but with the expected smaller production level.

● Speculative

Methods for mining and beneficiating several offshore ore types remain within
the realm of speculation. Ideas that appear feasible at this time follow.

On the Mining Platform: It is likely that future generations of deep seabed
mining operators will utilize at-sea processing incorporating self-contained energy systems
and closed-circuit processes. Future technologies will utilize all of the materials from the
ore to make saleable products with little or no waste discharge. Some of these concepts
were discussed at a recent conference on Very Large Ocean structures convened in 1991
in Kona, HI (Cruickshank  1991).
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I able 2.10. Estimated inputs and wastes for a manganese crust processing plant handling
700,000 metric tons per year.
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/n SJZZE  Future  processing plants positioned on the seabed maybe developed
to take advantage of some of the ambient properties of the high pressure environment.

2.2.3 Transportation

Transportation represents a key component of mining, from exploration activity
to process-waste disposal. Tasks which must be addressed range from the transpott  of
survey crews and sensitiie equipment to potential deposit sites, to moving millions of tons
of ore from the mine to the processing plant. Economic viability for any marine mining
venture depends upon efficient transportation. For low-value ores (e.g., industrial minerals),
transportation can comprise the largest cost component for the entire operation.
Environmental impact analyses for any marine mining operation must seriously consider the
methods which are proposed, both for direct effects of the expected transportation
operation and for potential adverse effects of transportation accidents.

Transportation operations which move large volumes of ore are of primary
concern in this section, as they are of greatest concern to impact analyses. For transport
of more than a few miles overwater, bulk ore carriers must be used. For shorter distances,
such as from the seabed to the mining ship and from the dock to the processing plant,
conveyor belts and slurry pipelines can be used. The general characteristics of each of
these methods have been described in the joint MMS/State of Hawaii EIS (USDOI, MMS
and Hl, DBED 1990) for manganese crusts. They have been generalized, as appropriate,
for other commodities in the following sections.

2.2.3.1 Bulk Ore Carriers

Vessels for the transport of materials such as metalliferous oxides, massive
sulfides, or phosphorites can be only generally described until (1) the specific features of
the mining system are delineated; (2) the destination ports are determined; and (3) other
uses of the transpott  are defined. Ores may be transported (1) in ore-carrier hulls which
restrict the centerline cargo hold to a small part of the available hull space; or (2) in
standard bulk carriers where loaddense ores are carried in only a few cargo holds (i.e.,
leaving others empty). In either configuration, extra steel is needed to provide
compartmentalization and adequate hull strength for concentrated loads of dense ore.
Combination ships may be able to carry any ore, bulk, cargo, or oil. Such ships are flexible
for carriage and pumping of other liquid cargoes.

Normally ore carriers have no cargo handling gear, although many ships are
equipped with cranes, and a few have self-unloading conveyors. All dry bulk ships are
generally described as gearless, house-aft, diesel-propelled, single-screw designs. The
occurrence of multiple cargo holds and power-operated, rolling hatch covers increases with
larger ship size. Bow thrusters are now common for ease of docking operations.

For proper stability, an ore-carrying type ship should be designed with a
reduced hold width and higher hold center of gravity. This configuration is essential
whether the ore is in slurry or dry form. In addition, the transport of fuels, supplies, and
waste by the ore carrier would probably be necessary. The slurry-pumping ship is basically
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a bulk carrier with water jets and discharge pumps installed in the lower compartment,
under the cargo holds. Additional piping is present for slurry loading, seawater handling,
and dewatering  and decanting of the holds.

Given that the water depth inside major U.S. harbors is about 12 to 14 m (salt
water, at low tide), and allowing for tidal rise and deeper dredging at berths, it is expected
that laden vessels with no greater than a 12- to 14-m draft could transit most large U.S.
harbors. These draft limitations are equivalent to vessels of about 65,000 deadweight (dwt);
recent proposed shallow draft designs increase the potential vessel deadweight to over
100,000 dwt. Deadweights are typically less for older ships capable of higher speeds and
possessing relatively deep drafts.

2.2.3.2 Slurry Pipelines

Many ores would be raised in a slurry from the ocean floor (i.e., within an
upward flow of seawater) by a hydraulic system for transfer between vessels. Improved
pumping efficiency will be achieved when small particles are produced by grinding the ore
either at the seabed, on the mining ship, or both. Because of the ease of handling and
reduced chance of spillage of either coarse or fine particles, ship-based slurry handling is
considered most likely.

Ores raised from the seabed may be transferred at sea from the lift ship to the
transporl ship. Conventional dry-bulk handling methods (e.g., using belt or screw
conveyors and buckets) may be satisfactory to handle the material as raised. For transport,
water should be drained after loading to reduce transport weight and to assure a stable
cargo. Unfortunately, metalliferous  oxides, phosphorites, and, to a lesser extent, massive
sulfides tend to disintegrate into small particles during handling (e.g., when stacked in large
piles and in ship holds). Thus, a persistent problem to be expected at every point of
transfer between slurry and other systems is the suspension of fine-grained ore particles in
discharge waters.

Ore and other bulk materials may be removed from the transpott ship by
pumping a slurry of spent process water. Fresh water can be used in place of process
water to slurry and to remove salt. Pumps may be located on the transport, or, to permit
better maintenance, on the pier. Experience indicates that the high cost of shipboard slurry
pump and maintenance results in shoreside pump installation as being more reliable and
less expensive (B.V. Andrews, 1986, personal communication, private consultant).

Slurry terminals in deep water harbors are generally comparable to tanker
terminals. Essential elements of this type of crust terminal would include the dock, whatf,
or piec mooring dolphins; pipeline connections; an access trestle; a shore-based receiving
pond; and a pumping station.

Portable units are necessa~  when a conventional ship is used for slurry
transport. The units can be lifted by a small crane and placed in each transport hold for
shore discharge. Provision for handling ore as a slurry may be included in any new
single-purpose terminal, because crust slurry pipeline systems may cost less than
conventional dry bulk conveyor systems to deliver ore to a processing plant.
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The slurry pond at the receiving terminal should have capacity equivalent to
several shiploads or 10 days’ receipts (minimum). Often, capacity many times this amount
would be provided for buffer stock storage. If the processing plant is located nearby, a
plant stockpile of two or three month’s production may be located at the terminal, if space
is available. Each 35,000 dwt ship load should fill a pond measuring (after dewatering)
85 m per side to a 10-m depth, or 0.85 hectares per ship load. A process or fresh water
recycling tank of large capacity is also needed. Approximately 10,000 t of fresh water
would be necessary for startup and 1 h of operation. A pumping station for onland slurry
movement and a pipeline to the processing plant would require 0.4 hectares. Utilities and
parking would require an additional 0,4 hectares. At a minimum, a total of 3 hectares of
land would be required for a slurry terminal.

Projected major transport streams for slurry receiving facilities are illustrated in
Figure ,2.32. Because of the intense demands currently placed on coastal property at sites
where processing activities could take place, this schematic assumes that there would be
some distance (e.g., several miles) between the coast and the processing plant. The ore
would be suspended with seawater in a slurry, then pumped from the cargo vessel directly
to dockside holding tanks. The ore would subsequently be delivered, at some significantly
lower rate (Flow Path A, Figure 2.32) to the plant. Slurry water would be largely recycled,
and the decant-water holding tanks could be placed dockside or at the plant site.
Discharge X (Figure 2.32) represents the discharge of decanted slurry water, if required;
this discharge may also encompass accidental spills of slurries. Generally, Discharge X
should be controllable, restricted as a function of the expected toxicity of the ore in coastal
waters and the sensitivity of the ecosystems in potential receiving waters. Flow Path B,
representing return stream from the processing plant, could include decanted seawater from
A, low-salinity wash water, treated process water, or some combination of these. Flow
Path C would be composed of process waste water and suspended tailings. Discharge Y
represents the tailings-pond overffow and other onshore inputs to freshwater systems. Both
the economics and environmental impacts of the venture would depend, to a large extent,
upon the design of these transport systems.

2.2.3.3 Other Transport Systems

Other transport modes are possible and potentially important for marine mining
operations. Dry-bulk conveyor belts could be used instead of slurry transport for ore when
the process requires dried material. Trucks and railroads could provide transportation for
relatively high-value materials or for local delivery of small quantities of materials. Marine
container and air-freight transport can be used for Iongdistance delivery of materials and
equipment which require special treatment. For impact analysis, these operations are
generally much less important than large volume transport of ore.

2.2,4 Cycling of Materials

All industrial operations have an input of raw materials, manufactured materials
or supplies, and energy. Similarly, they have an output comprised of product (in this case
ore, concentrate, or refined material) plus waste materials in liquid, gaseous, or solid form
(Figure 2.33). Although most waste materials from mining operations are in solid form and
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Key Flows of Materials for a Coastal Slurry System

Processing Facility

A
Marine Terminal ~c

/“y

1
B-d

x Tdhgs  Prods

(h CwrluA’Ihcksida  Holding

A: Slurry feed to processing plant

B: Return flow of slurry water
C: Flow to settling ponds
X: Discharges to coastal seawater
Y: Discharges to freshwater systems

Figure 2.32, Transport streams for slurry receiving facilities (From: U.S. Department of the
interior, Minerals Management Service and State of Hawaii, Department of
Business and Economic Development 1990).
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consist of natural materials from the ore body or from its development, disposal of these
materials may present some unique problems for marine mining operations. Problems must
be addressed in a case-specific manner in pre-mining environmental documents.

2.3 Affected Environments

This section describes the nature of the various environments in which marine
mining may take place and the anticipated effects that mining operations may have on
those environments. Where possible, examples of actual operations are cited, rather than
presentation of a speculative scenario. The geographic extent of the environments involved
is global, even where reference is made to the U.S. EEZ. Descriptive material, therefore,
is directed to areas selected by the authors as being representative of possible future mine
sites. Examples from areas outside of the U.S. are used where appropriate.

Natural environments likely to be affected by marine mining may be logically
classified on a global basis. These environments are depicted in Figure 2.34 and defined
in the following text in one of the following categories:

(1) Deep Ocean;
(2) Continental Shelf;
(3) Coastal Zone; and
(4) Onshore.

Deep Ocean: Deep ocean is comprised of seabed areas lying beyond the
normal depths (200 m) of the continental shelf. In Pacific oceanic island areas, these
depths may be within a few kilometers of shore; off Alaska, they may be hundreds of
kilometers from shore. U.S. National Seabeds in the deep ocean are most extensive in the
Pacific (Figure 2.35) although, pending new legislation, the responsibility for minerals
development authorized by the OCSIA and administered by MMS is limited to the EEZ
offshore of State waters. Development of seabed minerals by U.S. nationals in the area
beyond national jurisdiction is authorized by the Deep Seabed Hard Mineral Resources Act
(DSHMRA), administered by NOAA. Manganese nodules, cobalt crusts, and metalliferous
sulfides are the prime mineral resource targets found in the deep ocean. Of these, crusts
are prolific within the EEZ of U.S. Pacific Islands, whereas sulfides have been found in the
U.S. EEZ only off California and Oregon in the area of the Gorda Ridge. The Blake Plateau
(depth 200 to 600 m), because of its continental nature, is included in the continental shelf.

Continental Shelf: The geologic continental shelf is defined as that part of the
continental margin between the shoreline and the continental slope, generally marked by
a sharp steepening of the gentle incline of the shelf. This break generally occurs at a depth
of about 200 m. For this study, the term “continental shelf” includes those areas of seabed
which, in U.S. waters, are known as the OCS, but limited to that parl of the continental
margin from the seaward boundary of the territorial waters of the coastal States to the outer
edge of the geologic shelf. Development of the minerals of the OCS is authorized by the
OCSIA (PL 83-212,67 Stat. 462(1953), amended 1978) under the jurisdiction of the USDOI.
The USDOI claims jurisdiction under the OCSLA over all seabeds between the territorial
waters of the States and the outer boundary of the continental shelf or the 200 nm EEZ,
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whichever is the greater. The continental shelf may be host to any type of mineral deposit
found on land, but the prima~ examples of OCS minerals (other than oil and gas) are sand,
gravel, carbonates (including shells and shell sands), heavy mineral placers (including gold-,
tin-, and titanium-bearing sands), phosphate, sulfur, salt, potash, coal, and
cobalt-manganese deposits on the Blake Plateau.

Coastal Waters: Coastal waters include territorial seas, embayments, fjords,
estuaries, lagoons, and some coastal wetlands. Jurisdiction over the minerals of coastal
waters lies with the adjacent State. Coastal waters are a common source of construction
materials, mineral sands, coal, and bedded ironstone. In many cases, where the coast is
heavily populated, conflicts with other users (e.g., fisheries) may be severe.

Onshore: The onshore environment, which includes riiers, lakes, and freshwater
embayments, is discussed only with reference to those areas which (1) are dedicated to a
marine mining activity or (2) are affected by mining or processing operations which
discharge mined waste into the marine environment.

Details of selected marine mining operations that have been active during the
past 20 years are given, in tabular form, for unconsolidated deposits (Table 2.11)
consolidated deposits (Table 2.12), and dissolved deposits (Table 2.13). The data of
Cruickshank (1973) remain a significant source of descriptive text and are indicative of the
current spread of mining activities. Recent publications indicate the nature and extent of
region- or mineral-specific activiiy, including (1 ) 450 sand and gravel dredges working
offshore in Japan (Tsurusaki et al. 1988); (2) 14 companies with 53 dredgers and >1,000
seamen miners employed in the sand and gravel industry offshore of the U.K. (Uren 1988);
(3) >5,000 small, illegal tin dredges working offshore of western Thailand in the early 1980s;
and (4) >150 large freshwater conversion plants established worldwide (Table 2.13).

Marine environmental systems are comprised of three materials: solids, fluids,
and organisms which occur in nature under conditions of dynamic equilibrium (i.e., the
environment is undergoing constant natural change with respect to time). Marine mining
may affect the environment in four ways, as depicted in Figures 2.36 and 2.37, including
the following:

(1) Material may be removed;
(2) New material may be introduced;
(3) Material may be mixed in place; and
(4) Material may be replaced after removal.

All interactions occur at an interface where physical, chemical, or biological
energy is transferred. In the ocean, the major natural interfaces are the air/sea interface
and the sea/seabed interface. Most energy transfers take place at these two junctions on
a widespread and generally nonviolent scale (Figure 2.38). In the coastal zone where both
major interfaces come together, physical energy exchange can become significant and
violent (Figure 2.39; Webb 1985). Other lesser important interfaces are those between
organisms and ocean water. When the effects on the environment are examined, however,
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]ble 2.12. Data on underground mines operating offshore (Adapted from: Cruickshank  and Marsden 1973).
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Table 2.13. Operational plants for the extraction of minerals from seawater (Prom:
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Figure 2.36 Nature of dynamics of marine media during mining operations
(Adapted from: Cruickshank 1978).
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Figure 2.37 Impacts of offshore mining on the marine environment (Adapted from: U.S.
Congress, C)ffice of Technology Assessment 1987).
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Figure 2.38. Basic natural interfaces in the marine environment (Adapted from: Cruickshank  1987).
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the classification tends to emphasize the effect of the quality of the non-living environment
on the living.

For the purposes of this analysis, environmental effects are classified according
to the environment they affect, including atmospheric environment (i.e., air quality), oceanic
environment (i.e., water quality), geologic environment (i.e., seabeds), and the effect of
these on the biological environment which comprises all Iivhg things except humans. Many
of the human environmental interfaces are man-made and are as dynamic as those of
nature. The social and economic environments are also considered. Examples of these
environments are given in Table 2.14.

Measurement and understanding of environmental dynamics, patticulatiy  in the
oceans, is still a relatively new field. With recent advances in marine scientific
instrumentation, more accurate environmental measurements are constantly being made.
Wkh each improvement or change in scale, other interfaces become apparent which may
be particularly significant in terms of trace element geochemist~,  microbiology, or bacteriol-
ogy. In the prediction of environmental impacts, the effect of the new interfaces and
interactions which take place are considered in terms of the total effect of the operations
on the environment. Conversely, where the environment becomes important with respect
to the safety and cost of the operation, then these potential effects, risks, or hazards need
to be given the same consideration as the potential environmental impacts, and become
a part of the equation in the beneffi cost analysis. These aspects have been discussed in
a number of publications (e.g., Cruickshank  et al. 1969; Cruickshank  1974a).

The concept of Large Marine Ecosystems (LMEs), as presented by Sherman
(1991), is a very useful approach for analyzing the environment from a global and regional
perspective (Figure 2.40). LMEs are relatively large areas (i.e., 200,000 kmz or more) and
are typically located in waters adjacent to land masses which encompass the areas under
greatest stress from over-exploitation, pollution, and habtiat alteration.

2.3.1 Deep Ocean

Deep ocean environments comprise by far the largest fraction of the world’s
oceans. Being generally remote from most human activities, they have also traditionally
been the most poorfy understood. International efforts during the past 20 years to develop
deep seabed mineral deposits have led to a significant increase in studies of deep sea
ecosystems, particularly benthic ecosystems. During the last 5 to 10 years, several
long-term research programs have commenced to acquire basic information about deep
ocean environments, particularly in surface waters. These studies have been prompted by
the growing general awareness of the importance of deep ocean environments to worfdwide
issues such as long-term climate modification or the removal of combustion gases by
marine processes. This section summarizes the important results obtained to date in these
efforts relevant to the development of deep seabed minerals.
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Figure 2.40. World map of large marine ecosystems (From: Sherman 1991)
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2.3.1.1 Atmospheric Environment

The remoteness of most deep ocean areas from large land masses results in
some of the clearest, cleanest air on the planet’s surface. The lack of obstructions to air
circulation leads to generally rapid dispersal of air pollutants. Marine minerals
developments in deep ocean environments, based upon existing concepts for development
of metalliferous  oxides (USDOC, NOAA 1981; USDOI, MMS and Hl, DBED 1990), sulfides
(USDOI, MMS 1983 b), and Red Sea muds (Mustaffi  and Amann 1978; Gideiri 1984), are not
expected to produce significant air pollution.

Air emissions expected in these operations are limited chiefly to the exhausts
from various marine engines (mostly diesels) which power the mining ships and
ore-handling equipment. These discharges would be insignificant compared to emissions
from normal marine shipping or commercial jet aircraft. Because deep ocean air basins are
generally open systems with major and persistent winds, chronic local and adverse air
quality effects are not expected. Unless some future marine mining concept requires
large-scale, on-site metallurgical processing of ore using a system with massive air
emissions, it is unlikely that deep seabed mining will cause significant effects on air quality.

2.3.1.2 Oceanic Environment

The same remoteness and open circulation which maintain generally high air
quality in deep ocean air masses also result in generally high water quality. Suspended
sediment and trace metal concentrations of these waters generally meet or exceed the most
stringent drinking-water standards (USDOC 1981). Most of the existing deep seabed mining
concepts depend upon seawater as a vehicle to lift and transfer ore through hydraulic lifting
and slurry pumping (see Section 2.2.3.2). These systems usually require some form of
overflow discharge. Also, the necessary interactions between ore collectors and the seabed
have the potential, particularly where the ambient surface deposits are unconsolidated and
fine-grained,  to produce substantial clouds of suspended sediments in benthic waters. In
the clearer oceanic waters beyond the continental shelf, reductions of light levels from
mining discharge plumes sufficient to measurably reduce rates of photosynthesis may be
present for 30 to 50 km downcurrent  (Chan and Anderson 1981).

For these reasons, it is likely that the most significant effects caused by such
operations to deep ocean water quality will be caused by these disturbances, and a fair
amount of attention has been given to their prediction. The following paragraphs describe
the key results of this work for each deposit type.

● Red Sea Muds

Among all the deep seabed deposit types, mining of Red Sea mud deposits
probably has the greatest potential for water quality effects. The deposits are very
fine-grained,  chemically-reduced (i.e., oxygendeficient) sulfides of zinc, copper, and silver
(Gideiri 1984). Waste streams would contain significant amounts of these materials, as well
as reduced lead (60 ppm), cadmium (40 ppm), and elevated levels of chloride, sulfate, and
other soluble salts. The reduced nature of the deposit provides a potential, when the
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minerals are well-oxygenated in acidic solutions, for the generation of relatively soluble,
biologically active, and possibly toxic metals. Seawater is well buffered and able to
eliminate acids quite effectively, which would naturally offset the production of soluble
metals. Laboratory tests using sulfide-ore tailings in seawater suspensions initially exhibned
significant elevations in dissolved concentrations of lead, copper, and other metals which
gradually decreased after time (USDOI, MMS 1983 b). Thus, the potential for
bioaccumuiation and biomagnification of lead and possibly mercury cannot be discounted.
The fine-grained character of the muds could lead to persistent turbidity in a significant area
near the discharge point. Given these factors, strong recommendations from studies done
to date have included consideration of a benthic discharge for mining waste streams
(Mustaffi and Amann 1978; Gideiri 1984). The deposit sites are in heavy brine layers on the
seabed which are effectively isolated from the ambient waters and already saturated with
components present in the discharge.

● Massive Sulfides

Sulfide deposits are similar in composition to the Red Sea muds, but differ in
terms of physical character. They are pooriy to well consolidated and coarse-grained (i.e.,
sand-size and larger). Sulfides have the potential to mobilize cadmium, lead, and possibly
other toxic metals. However, because of their coarse-grained  and consolidated nature, they
would generally settle out faster and would expose far less surface area to biological
interactions and dissolution. Necessary handling operations, such as excavating, grinding,
and lifting, would generate a certain fraction of fine-grained material; however, the ore would
probably still be easier to handle and less likely to generate clouds of suspended tailings
than Red Sea muds.

Preliminary examination was made by the MMS of water qual”~ effects of
mining massive sulfide deposits in the Gorda Ridge, off the coastline of Oregon and
northern California (USDOI,  MMS 1983b). Researchers concluded that the persistent
release of large quantities of dissolved metals and nutrients was unlikely, either from mining
or transportation operations.

● Manganese Crusts

Because manganese crusts are oxide and not sulfide deposits, the potential for
production of soluble and biologically-active metals is much less than the previous two
deposit types. Because crusts are completely consolidated and are hosted by similarly
consolidated substrates, the potential for generating suspended solids in the water column
is considered similar to the massive sulfides. A detailed examination of the water quality
effects of crust mining was formulated by the MMS (USDOI, MMS and Hi, DBED 1990).
This examination touched upon aspects relevant to other deposit types being considered
in this analysis, as discussed below.

Trace elements may enter surface waters from bottom waters, interstitial waters,
or from equilibria reactions with sediment, substrate, and crust fragments. Trace element
introduction into surface waters may occur during recovety,  separation, and waste-stream
discharge (e.g., in the surface plume). Consistent depth-concentration relationships are

97



generally absent for trace metals in seawater, and bottom waters are similar to surface
waters in metals content. Ozretich (1961) reported concentrations of copper and nickel
elevated by 20 and 40 times, respectively, in interstitial waters of the Clarion-Clipperton
region of the northeastern tropical Pacific which was the site of the Deep Ocean Mining
Environmental Study (DOMES). The abyssal  plain of the DOMES study area, however, is
characterized by very fine silt and clay sediments and a reducing interstitial environment
which is not representative of the relatively sediment-free crustal environment atop
seamounts. Assuming, however, a maximum potential 40-fold elevation of trace metal
concentrations in interstitial waters (i.e., over bottom or surface concentrations), the
maximum concentration at discharge, neglecting any chemical reactions, would be as
follows: (1) if the lifted volume is 7°4 solids and the solids contain 60°4 interstitial water, then
5.6% of the lifted volume would be interstitial water; and (2) assuming that bottom and
sutface  metal concentrations are equal, then the proportionate increase in the discharged
water would be approximately a factor of three. The plume model produced for this
program shows that these concentrations will be diluted to ambient concentrations within
a few meters of the vessel. Effects would be very low.

Bioaccumulation  and Biomagnification:  Heavy metals are a recognized
subject of concern because they are known to be present in manganese crusts. Several
heavy metals (e.g., copper, manganese, selenium, and zinc) are biologically essential trace
elements; others (e.g., arsenic, chromium, lead, mercury, and thallium) have no known
metabolic function. All heavy metals may be toxic if present in excess quantities.

Fod web transfer, or biomagnification,  of toxic substances, especially organic
substances which are selectively concentrated in fatty tissues (i.e., Iipophilic substances),
was first documented in the 1960s in terrestrial organisms. It was erroneously assumed that
the same phenomenon took place in aquatic ecosystems. Subsequent research has shown
that metals do not biomagnify in aquatic systems, with the possible exception of organic
mercury and a few organic compounds. Because mercury is found only in trace amounts
in manganese crusts, biomagnification is not considered a problem.

Unfortunately, the initial error in assuming that processes in aquatic systems
are the same as those in terrestrial systems has led to confusion in the public mind as well
as in the technical literature. To avoid confusion, the terms “bioaccumulation,”
%ioconcentration,” and “biomagnification,” as used in this document, are defined as follows:

Bioconcentration:  The process by which toxic substances enter an aquatic
organism, by gill or epithelial tissue, from the water.

Bioaccumulation: The uptake of toxic substances by aquatic organisms either
by bioconcentration  or by direct consumption.

Biomagnification: The process by which tissue concentrations of
bioaccumulated  toxic substances increase as the material psses up through two or more
trophic levels.



As noted above, there are significant differences between aquatic and terrestrial
ecosystems which operate such that biornagnification  does not occur normally. These
differences relate to the fact that aquatic organisms are permeable to the external
environment and, because of the relatively low oxygen concentration in water compared
to air, must pass large quantities of water across respirato~ surfaces. This facilitates the
uptake of substances in the water (Isaacs  1975). [t should be noted, however, that
biornagnification  does not necessarily result from such uptake.

Diet is thought to be of minor importance as a source of most contaminants
in the aquatic food web (Scura and Theilacker  1977; Macek et al. 1979; Narbonne 1979).
The majority of studies on the accumulation of trace contaminants by aquatic organisms
deals only with uptake from the external medium. Only a limited number of studies have
attempted to determine the uptake via food alone or via food and water combined. Even
this latter type of study does not usually attempt to separate and evaluate critically the
details of the process.

A comprehensive literature survey conducted by Kay (1984) concluded that
biomagnification of heavy metals in marine ecosystems could not be documented with the
possible exception of organic mercury. Organisms do bioaccumulate essential trace
elements and may also bioaccumulate  those with no known biological function. Unless
acute toxicity occurs, or Food and Drug Administration criteria for edible fish and shellfish
are exceeded, the significance of this bioaccumulation is largely unknown; there are
currently no widely accepted methods or evaluation procedures to determine potential
chronic effects.

Metal Adsorption: A second concern is the release of metals to the water
during mining from fragments of crust. A considerable volume of research has shown that
trace metal ions can strongly adsorb to the surfaces of metal oxide particles in reversible
equilibria reactions. Exchange of metal ions between discharged crust fragments and
surface waters may occur in either direction.

Benjamin and Feely (1981) completed a comprehensive set of experiments
using manganese nodule fragments and artificial seawater to determine the release of
metals under various conditions of pH, temperature, fragment concentration, and
metal-completing Iigand concentration. In the pH and temperature ranges of concern, no
metal ion release from nodule fragments could be detected except for very concentrated
suspensions of nodule fragments. In those exceptional cases, cadmium and copper
concentrations could be elevated by a factor of 10. Although pH is the most important
factor in determining the direction of the equilibria reactions, organic Iigands may increase
or decrease trace metal adsorption. High concentrations of the strong chelating agent
ethyienediaminetetraacetic acid (EDTA)  increased metal release on about a one-to-one
molecular basis. Copper was the preferred metal for EDTA attachment, and other metals
were affected only after copper was exhausted. In an independent examination of this
problem, Hanson et al. (1982) concluded that some bioaccumuiation of metals at the lower
trophic levels is possible, however, the risk of biomagnification is very small.
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These observations exaggerate potentkd ~tural” r’~ons because of the
strength of the EDTA as a completing agent and the concentration of the Iigand. It is not
known if natuml Iigands present will show the same affinfty for copper as EDTA; if so, there
would probably be no release of any other metals because of saturation of avaiiable
Iigands. The possibility exists that the dominant reaction direction would be toward
adsorption, and that the crust fragments discharged into the surface plume wiii scavenge
dissolved metal ions. This would aimost certainly be the case for cobait which shows an
extremely high affinity for adsorption onto manganese oxides.

As a result of these findings, there couid be a localized region near the
discharge where cobait concentrations are depressed from ambient Ieveis. in previous
experiments, cobalt was not released into solution at any pH or fragment concentration
studied. Researchers noted that, for noduies (inferring that crusts are similar), internal
surfaces are near equilibrium with ambient seawater metals concentrations. In the absence
of strong chelators, metal ion exchange in either direction wili be minimai. The maximum
solubie metais  concentrations in the surface discharge piume would be within an order of
magnitude of ambient concentrations. Subsequent effects wouid be very low.

Suspended Particulate Matter and Light Attenuation: Suspended particies
may resuit from a series of activities, including (1) resuspension of bottom sediments, or
suspension of fragments of crust and substrate caused by passage of the tracked miner
aiong the bottom; (2) actions of fragmentors, crushers, or screens prior to collection;
(3) bottom settler overffow; (4) lift system dumping; and (5) abrasion in the lift and surface
systems. A major difference between the manganese crust and manganese nodule mining
scenarios is that crust deposfts are nearly void of sedimentary overburden. In either
scenario, oniy the surface discharge has the potential to increase iight attenuation. Other
discharges are below the photic zone. The discharge model employed by Noda &
Associates and Koh (1985) predicted that concentrations at the end of the jet phase (i.e.,
6.4 rein, 155.9 m downstream) would be 0.14, 0.74, and 0.025 ppm by volume for the
largest to smaliest particle classes. Wtih a 2 cm overburden, concentrations would be 0.23,
10.5, and 9.8 ppm by volume.

Lavelie and Ozturgut (1981) deveioped a theoretical model for the behavior of
particies  in the surface plume resuiting from nodule test mining and extrapolated their
results to commercial scaie mining. Their results indicated that sea surface concentrations
of particles wiii rapidiy diminish over the first several hours following discharge. For
particles with relatively iarge settling velocities (e.g., 1 cm/s), concentrations will be reduced
one order of magnitude within 5 h and four orders of magnitude within the first 50 h
foiiowing release. At the iowest settling veiocity modeied (i.e., 0.001 cm/s), reduction in
concentration occurs more siowfy.  For example, concentrations after 100 h vary from 3 to
7% of the initial vaiue, depending on the effectiveness of the pycnociine  in retarding vertical
diffusivii. For commercial scale mining, the model predicts that surface concentrations
would be about 1 pg/L  at 70 km downstream. This would be superimposed on ambient
suspended particulate matter (SPM) values of 30 to 50 ~/L

In a worst case scenario where crust mining results in a surface discharge, the
collapse portion of the plume ends at a distance of 2,428 m after an elapsed time of about
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2 h. The fine particles would, in theory, remain in the water column from 2.5 to 49 years.
This, however, neglects the actions of flocculation, coagulation, and biological activity (e.g.,
ingestion, pelletization, etc.) which would be significant in reducing the concentration of fine
particles in the water column. The examination of how these poorly understood processes
concentrate fine particles will be an important part of monitoring experiments with test
mining operations. During the monitoring of test manganese nodule mining operations in
the northeastern tropical Pacific, academic and government observers measured the fluxes
of fine particles from mining ships. Using high resolution field mapping of the resulting
sediment plume, researchers noted that the fine particles disappeared much faster than
their modeling of the dispersion process predicted (USDOC,  NOAA 1981).

Light attenuation through the water column is dependent on the concentration
of suspended particles and other water column components. The conclusions of Lavelle
and Ozturgut (1981) were that phytoplankton  in the nodule mining surface plume are
exposed to reduced light at distances of 80 to 100 km downstream of the vessel. The 50°A
light level returns to ambient levels at about 40 km from the vessel. Assuming an advection
velocity of 25 cm/s, restoration of half light for an individual plankter was calculated to
require no more than 40 h, and restoration of full light would occur within 80 to 100 h.

Light attenuation is also important to the aesthetic effect of the mining plume.
Because the normal discharge is predicted to have less than 10% of the solids discharge
rate of the manganese nodule mining operation, there would be no means of detecting
(instrumentally) a plume, at its center, more than a few kilometers from the mining vessel.
The plume would be visible at some fraction of this distance. The visible effect could be
removed by a relativel y shallow subsurface discharge (a few tens of meters). However, this
may not be the environmentally preferred method, because the processes of particle
flocculation, coagulation, and biological pelletization are generally far more efficient in
surface waters than in deeper waters (e.g,. Hunt 1980; Morgan and Lovorn 1985). Thus,
only a few tens of km2 could, at worst, be made visibly turbid and the expected effect to
water clarity in the general area would be very low.

● Manganese Nodules

In terms of their potential effects on water quality, the most important
differences between mining of crusts and nodules include the difference in substrate (rock
vs. mud), postulated magnitudes of the operations, and general habitat (seamount flanks
vs. deep ocean basins). Potential environmental effects attributable to the last of these
factors (i.e., general habitat) are discussed in Section 2.3.1.4. The other two differences
are discussed below.

Anticipated differences in magnitude between a crust mining operation and a
nodule mining operation are summarized in Table 2.15. The assumed production rates are
3 million ret/year for nodules and 1 million mt for crusts, based upon the relative current
worldwide consumption rates for nickel and cobalt. As demonstrated in this table, the
spatial density of crusts is expected to be considerably higher than nodules, while the
needed production would be much lower. Thus, given the assumptions of these scenarios,
a commercial nodule mining operation would have to mine more than 40 times the area per
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I I
Resource

Parameter Units
Nodules Crust

Resource Density wet kg/m2 10 72

Recovery Rate dry t/day 10,000 3,398

Operating Days #/year 300 206

Area Mined I kmziyear I 1,260 I 28.4

Suspended Benthic Sediments dry t/day 106,000 2,400

Surface Plume Water m3/day 50,000 15,569

Surface Plume Sediment dry t/day 2,000 34

Surface Plume Ore dry t/day 500 85

Table 2.15. Postulated system characteristics of nodule mining compared to crust mining (Adapted from: U.S. Department of the
Interior, Minerals Management Service and State of Hawaii, Department of Business and Economic Development
1990).



year than a crust mining operation to maintain production. Similar differences between the
predicted benthic  and surface water discharges exist. In considering these predicted
effects, NOAA researchers who completed the impact analysis concluded that these
activities would only affect an insignificant portion of the region and were not likely to result
in significant effects on water quality (USDOC, NOAA 1981). They did maintain, however,
that a number of aspects of the problem were not sufficiently well defined to permit
confident prediction. These included (1) the potential for accumulation of surface
discharged particles at the major interface zone between waters of different densities (i.e.,
pycnocline);  and (2) possible interactions between discharged solids and surface planktonic
and benthic populations, as discussed in Section 2.3.1.4.

2.3.1.3 Geological Environment

The geological environment includes the seabeds of abyssal seas, deep ocean
trenches, back arc basins, active spreading ridges, seamounts, and volcanic island slopes.
Effects on the seabed attributed to marine mining include alteration of bathymetry,  change
of habitat, and removal or deposition of material.

The four types of deep seabed mining considered in this analysis would operate
in markedly different geological settings and must be considered separately. Wth the
possible exception of the mining of Red Sea muds, postulated activities would be expected
to affect only very small percentages of the particular habitats in question. Nevertheless,
the poor state of knowledge which currently exists with regard to these deep seabed
settings does not support confident predictions for any of these potential mining activities.
The general features of the geological settings are described below for each resource type,
along with preliminary estimates of how commercial recovery operations could conceivably
affect them.

● Red Sea Muds

The Red Sea constitutes a unique environment, with a highly diversified, rich,
and varying fauna and flora at the reef-covered coasts, and delicately organized pelagic life
and benthos  in deep graben waters (Mustaffi and Amann 1978). The metalliferous  muds
of the region were discovered in 1983 by the research vessel F1/V At/antis //, operated by
Woocs Hole Oceanographic Institution (’WHOI). These muds exist in isolated deep seabed
holes, occasionally beneath a layer of hot brine; their origin is believed to be related to
volcanic activity and consequent hydrothermal circulation which accompanies the active
seafloor spreading taking place along this juncture between the African and Arabian
continental shields. Approximately 18 such isolated benthic holes have been found along
the axis of this spreading center. Only one, appropriately named the Atlantis II Deep, has
been considered for exploitation. The ore exists in layers approximately 10 to 30 m thick
in water depths between 2,100 and 2,200 m.

Removal of these deposits would result in some changes in the bottom
topography of the Atlantis II Deep. Because this basin seems to be effectively isolated from
other water masses, however, it is unlikely that this change could have any subsequent
effects on surrounding habtats. As discussed below, because of the high temperatures and
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salinities characteristic of these grabens, no life is expected to be found at the deposit site
itself.

● Massive Sulfides

The Gorda Ridge deposits examined to date are all surficial  mounds of sulfide
minerals occurring either on hard substrates or in sedimentary deposits. The geometry and
settings of other deposits can be expected to be highly variable, based upon the variety of
land-based deposits found to date (e.g., Anderson and Nash 1972; Constantinou  and Govett
1973; Hutchinson 1973; Sillitoe 1980). Because of the still rudimentary knowledge
concerning these marine deposits, it is not possible to generally characterize the geological
settings which are most likely to contain commercial deposits. It does appear, however,
that significant occurrences will be found along the flanks of the spreading centers and
within back-arc and fore-arc basins.

● Manganese Crusts

Manganese crust deposits are currently believed to have been formed primarily
(though not exclusively) through precipitation of metal oxides directly from seawater; thus
they are termed “hydrogenetic”  deposits (Bonatti et al. 1972). This formation mechanism
is very slow but fairly continuous, resulting in just a few millimeters of crust per million years
(Halbach  et al. 1983). Certain metals in these deposits (e.g., cobalt, copper, manganese)
are also believed to precipitate preferentially from seawater, which has relatively low
concentrations of dissolved oxygen (Halbach et al. 1983; Aplin and Cronan 1985; Chave et
al. 1986). In general, the oxygen concentrations of open ocean waters are depressed at
middepths. The concept of “permissive depth,” used for resource assessment purposes
for the MMS/State of Hawaii assessment work (USDOI, MMS and Hl, DBED 1990), was
based upon the observation that thick, cobalt-rich deposits have been discovered most
frequently between the 800 to 2,400 m depth range (Clark et al. 1984). Data collected by
Wiltshire and Morgan (1986) confirm this observation and are also consistent with the
proposed relationship to oxygen concentration.

However, as pointed outbyManheim(1986), deposits in French Polynesia, the
Marshall Islands, and the western Hawaiian Archipelago have shown the same general
relationship with depth. The oxygen minimum zone in these areas, however, is poorly
developed compared to the minimum zone in the equatorial productivii  belt.

Crust deposits occur on virtually any seafloor surface but are most common
on hard substrates such as rocks and consolidated sediments. At a number of sites, crusts
are intertayered with marine phosphate deposits which may themselves comprise a
potentially exploitable resource (Burnett 1986; Burnett et al. 1987).

In summary, the thickness of crust deposits appears to be directly proportional
to the age of the deposit. The cobalt concentration and deposit thickness appear to be
inversely proportional to the water depth of the deposit and may be related to the oxygen
minimum zone. However, more work must be done to test the validity of the proposed
relationship with the oxygen minimum zone.
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Removal of crusts in commercial operations is not expected to significantly
modify the topographic features of the mine site. Removal of 10 to 20 cm of sutface
deposits would not, in general, be noticeable in areas of very high relief. However, such
mining could change the habitat significantly and might have some effects on recolonization
processes of benthic fauna (see Section 2,3.1.4).

● Manganese Nodules

As described previously in Section 2.1.4, both crusts and nodules are currently
believed to grow as precipitates from pore-water solutions and colloidal suspensions within
host sediments and from seawater itself. Deep seabed manganese nodules are derived
from both of these sources, usually with the pore-waters providing the majority of the
material. In contrast, manganese crust deposits appear to be composed almost entirely of
material derived directly from seawater.

Growth rates for the deposits vary between less than 1 mm/My to more than
20 mm/My. Crusts appear to grow at the lower bound of this range, several times more
slowly than the nodules. This implies that thicker crusts contain some record of the deep
sea chemical environment for perhaps 80 to 100 My, almost as old as most of the existing
seamounts.  Manganese nodules can be expected to provide information about deep
seabed basin environments for the last 8 to 10 My. It has been stated that on a global
basis, the metals in the nodules are being concentrated at a rate greater than their current
consumption, and are therefore a renewable resource. This is an erroneous assumption
when applied to individual deposits. Whether considering manganese crusts or nodules,
removal of the minerals should be considered permanent. An assessment of biological
effects caused by this removal is provided in Section 2.3.1.4. Possible effects caused by
topographic modification would be insignificant.

2.3.1.4 Biological Environment

● Birds

Wtih the exception of the Red Sea deposits, all deep seabed mineral resources
considered in this analysis occur in the open ocean, generally several hundreds to
thousands of miles from land. No site-specific information concerning potential effects of
marine mining on birds or marine mammals which frequent the central Red Sea is available.
Given the serious concerns about surface discharges at Red Sea sites (see Section
2.3.1 .2), it is unlikely that significant surface plumes will be allowed. Possible interactions
with birds would be limited to the presence and operation of mining and transport vessels.

Of primary concern in open ocean regions are the wide-ranging seabird
species, including the albatrosses and terns, among others. Seabirds feed at various
distances from land, ranging from inshore (e.g., for several terns and noddies) to far
offshore (e, g., for albatrosses and sooty terns). The kysan  albatross, for example, has
been reported to fly over 483 km/d (Fefer  et al. 1984). Most seabirds feed from within the
upper 0.5 m of the water column on prey of appropriate size. Prey size for terns and
shearwaters ranges from 2 to 8 cm, while boobies prefer prey in the 10 to 20 cm range
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(Harrison and Hida 1984). Common prey animals include flying fish, squids, opelu, goatfish,
several mesopelagic fish species, and crustaceans. A limited number of species utilize
minute prey in the surface neuston  layer.

Direct effects of marine mining may result from the presence of a surface
discharge. in the surface plume, near-vessel turbidity will be increased and prey detection
by seabirds consequently inhibtied. Because of vertical discharge momentum, rapid
dilution, and particle settling, significantly decreased transparency of the upper 0.5 m of the
water is expected to be restricted to a very small area near the mining vessel.

Indirect effects on bird species are of greater concern. Adverse effects may
be realized through several mechanisms, including introduction of exotic predators, insects,
or vegetation, and human disturbance of breeding colonies. In addition, for seabirds, there
exists the possibility of bioaccumulation  or biomagnification  of heavy metals, particularly for
sulfide-mining discharges. However, potential toxic effects on seabirds may be mitigated
by natural physiological mechanisms of metals detoxification (Stoneburner and Harrison
1981).

Hydrocarbons may enter the environment by spillage, shipwreck, or bilge
discharge. Oil slicks may attract fish which in turn attract birds. Oil on seabird feathers can
adversely affect insulation and buoyancy properties, with possibly fatal consequences.
Ingestion of petroleum products may cause physiological or behavioral changes, including
reproductive failure and mortality. Quantities of oil likely to enter surface waters from
operations of a mining vessel, however, are small.

● Marine Mammals

The following discussion is limited to open ocean deposits due to the
inadequacy of data for the Red Sea and the incomplete definition of a mining operation for
these deposits. Direct effects of open ocean marine mining on marine mammals will result
from increased vessel traffic (Norris and Reeves 1978), and from any surface discharges
generated by the operation. The expected increase in vessel traffic encompasses a miner
vessel and a few transport vessels.

Noise will be generated by mining and surface activities. Underwater noise may
temporarily affect marine animals (Wenz 1962; Malme et al. 1986a,b). Acoustic
transmissions and/or reception can adversely affect hearing ability and reproductive
potential or, in extreme cases, the survival of an affected population or species. Ambient
noise in the ocean exhibits considerable spatial and temporal variation, being generally
higher in coastal waters. Wind conditions, sea state, and, very importantly, rainfall affect
ambient underwater noise levels. When sea states are relatively low, traffic or industrial
types of noise such as would be generated in the mining operation could be a major
localized component of the ambient noise. These noises are generally in the 10 to 1,000 Hz
frequency range. Above 1,000 Hz, rain noise is the most important source (Myrberg 1978).

In general, marine mammals’ range of peak noise sensitivity correlates well with
their own signal frequency characteristics; on occasion, this peak noise sensitivity correlates
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with that of their prey. For example, the echolocation clicks of some marine mammals are
brief, high-frequency, high-energy pulses. These mammals are also highly sensitive to a
wide range of high frequency sounds. Phocids (e.g., the Hawaiian monk seal) must have
good hearing on land as well as in water. Development of the high frequency recognition
capability is not as developed as in non-amphibious species. Phocids may, however, also
use “pseudo-hearing” to receive ultrasonic frequencies by bone conduction. The most
important sound frequencies for pinnipeds  are in the range of 500 Hz to 30 to 45 kHZ
frequencies ranging from 3 kHz to 120 to 145 kHz are prevalent for odontocetes  (Myrberg
1978). It is likely that most species which rely on acoustic reception perform some amount
of signal processing to receive biologically important signals even at low amplitude. These
perceptions are aided by the spectral composition of the signal, its relative stabil”ky, and
redundancy.

Experiments on the harbor seal indicated that signal detection is dependent on
background noise, but is probably limited to about 1,000 m (Myrberg 1978). Industrial
noises, being of low frequency, have little affect on this seal, particularly compared to its
loss in sensitivity during periods of rain. Results of experiments with the bottlenose dolphin
showed that these animals vary the intensity of their signal according to ambient interfering
noise. Because of this adaptability, the high frequency bias, and the effects of distance,
masking of dolphin acoustic reception by miner or transport vessels would not be a
significant adverse effect.

● Plankton and Fish

Red Sea Deposits: Direct effects of marine mining operations have been
analyzed by Gideiri (1984), including an expected effect from the discharge of tailings. In
the immediate vicinity of the discharge plume, neuston and small phytoplankton  species
could become the centers of flocculating solids, and thus destroyed. Larger zooplankton
would not commonly be affected in this way, but would have to utilize extra energy through
ingestion of particles with no nutritive value. Primary productivii would also be suppressed
due to the localized turbidity. These potential effects could be greatly alleviated by a
discharge below the photic zone (e.g., greater than a few hundred meters water depth).
However, they could not be completely eliminated, due to common daily migrations of
many plankton species to and from greater depths.

It should be noted that Red Sea populations, including fish, are well adapted
to large, unpredictable fluctuations in water column particulate. Because of the
surrounding deserts, sand storms commonly provide large inputs of sediments.
Man-induced inputs would be relatively very small. However, because discharges would
consist of fine-grained sulfides instead of relatively inert silicate sands, potential effects
should be determined.

Open Water Deposits: Open water neuston and plankton species would be
affected in the same way as Red Sea species. It is suggested that open water species
would not be as quickly adaptable because these populations are not normally subject to
significant turbidity. In the various EISS prepared for manganese nodule mining (USDOC,
NOAA 1981 ), the mining of marine sulfides from the Gorda Ridge (USDOI,  MMS 1983b),
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and the mining of manganese crusts (USDOI, MMS and Hl, DBED 1990), the effects to
these populations have been predicted to be very low.

Oceanic species, including bigeye tuna and striped marlin, are less tolerant of
increased turbid”ky than many nearshore fishes. Feeding is visual in tunas (Magnuson 1963)
and they are usually caught in clear waters, rarely in turbid waters, presumably because of
better perception of food in clear waters (Bane 1961).

The only study of tuna behavior in turbid waters was conducted by Barry
(1978), who observed the reaction of captive yellowfin tuna and kawakawa to a turbidity
cloud of suspended deep sea mud. No ill effects were observed as a result of short-term
exposure to turbidities ranging from about 9 to 59 mg/L. Although the tunas were
sometimes observed to avoid the turbid cloud, they readily passed through it as the cloud
circled the tank. Maximum turbidities (at the point where tunas passed through the cloud)
ranged from 2.7 to 4.7 mg/L for yellowfh tuna and 2.28 to 6.8 mg/L for kawakawa.
Feeding occurred in turbidities to 11.2 mg/L, although the test tunas sometimes stopped
feeding in turbid water. Barry (1978) indicated that it would be difficult to extend these
findings to tunas in the wild because (1) captive tunas may have developed a higher
tolerance to pre-experimental turbidity in the tank and (2) the ability of tunas to detect
turbidity clouds in the wild might differ from that of captive tunas. Based on similarities in
feeding habits, open ocean habitat, and migratory behavior, billfishes should be similarly
affected by turbidity.

Although tunas and billfishes have the capability to swim through and out of
plume waters and to feed in plume waters above seamount  mining sites, they may have
greater difficulty locating prey in turbid waters. Similarly, a tuna or billfish searching for
food in a very turbid layer might not find the bait on a Iongline (Ozturgut et al. 1978).
Bigeye tuna, striped marlin, and other relatively mobile, adult epipelagic species would
move away from the subsurface turbidity layers, either upward or horizontally with little or
no mortality (Ozturgut  et al. 1978).

Pelagic fish larvae are concentrated in the surface layers of the ocean and are
most likely to be affected by shipboard de-watering operations, the latter of which release
cold, bottom waters and suspended solids at the surface. Of the various changes which
may occur to the near-surface environment as a result of shipboard operations, increased
turbidity in surface water and the discharge of cold bottom water at the surface are
considered most likely to affect eggs and larvae.

Matsumoto (1984) examined the potential effects of deep sea bed mining
discharges on the larvae of tunas and billfishes. Using small-scale test mining results,
projections to full-scale mining effects were attempted using available information. Beyond
the efforts of Matsumoto (1984), there have been vety few studies of the effects of
suspended solids and turbidity on latvae of tunas and billfishes. There is some evidence
that the normal development of embryos, larvae, and postlatvae  of pelagic fishes inhabiting
the surface layers of ocean could be affected by mining-related sedimentation, loss of
illumination due to turbidity, and changes in the properties of water, such as temperature
(Matsumoto 1984). Reduced illumination caused by turbidity has been reported to affect
feeding by reducing reactive distance and feeding efficiency of fish larvae. These effects
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have been overcome by some species which increase their swimming speed and area of
search for prey. Because of the exceptionally large eyes and mouth and the rapid
development of the fins in larvae of tunas and bilifishes, it is expected that these larvae
could compensate for reduced illumination better than most fish larvae. Fish larvae in the
wild may be able to avoid turbid waters. Miller (1974) surveyed larval fish densities in
waters off sugar mills, sewage outfalls, oil refineries, thermal outfalls, urban discharges, and
in harbors in Hawaii. Data indicated that species density and abundance were reduced by
75°A and 55%, respectively, for fish larvae in turbid waters. Turbidity, whether natural or
man-made, was negatively correlated with Iawal fish abundance.

Direct effects of suspended solids on the early developmental stages of fishes
(e.g., via blocked food intake, clogged gills) generally occurs at much higher turbidities and
after much longer exposures than anticipated for the mining-related turbidity plume. The
combined effects of low concentration and rapid dissipation of particulate in test mining
and the extremely rapid development of the eggs and larvae of tunas (i.e., hatching within
-24 h following fertilization) are expected to reduce the risk of prolonged exposure.
Limited exposure consequently should prevent ill effects during the critical early life stages.
Matsumoto (1984) concluded that increased turbidity resulting from shipboard discharge
would not affect the survival of these larvae.

Supersaturation of atmospheric gases in receiving waters could be a problem
if fish are exposed for any length of time. In discharges from an airlift mining operation,
supersaturation lasted only minutes due to rapid dilution; exposure of fish to supersaturated
gases is not expected to be a concern (Ozretich 1981).

Bottom water is much colder than surface water. There is reason to believe
that eggs and larvae coming into direct contact with the cold discharge water could be
affected adversely. Because of rapid dissipation of the cold water soon after initial mixing,
such effects would be limited to the area within 5 m of the outfall. Contact of
sutfacedrifting  larvae with cold water could (1) cause the cessation of embryonic
development; (2) cause the development of deformed larvae; (3) result in thermal shock to
the larvae, causing them to lose equilibrium or become easy targets to predators; or
(4) result in death (Matsumoto  1984).

● Benthos

Animals and organisms living on the seabed (epifauna)  or in the seabed
(im%uma)  are termed benthos.  They are frequently referred to in the literature as mine site
species. The types of benthic life occupying potential mine sites are very different for
different deposit types. Similarly, predicted effects would be very different between deposit
types, as discussed in the following pages.

Red Sea Muds: No accurate assessment or characterization of the benthic life
associated with Red Sea muds is available. Because of the high salinities, low oxygen and
nutrient levels, and high temperatures (e.g., as high as 80° C), benthic life forms are limited
but unusual (Fletcher and Mustaffi  1980). Assuming a benthic discharge of all mine tailings,
about 2 to 41%0 of all benthic life in the Atlantis II Deep would probably be destroyed by
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resuspended sediments (Gideiri 1964). Significant research would have to be completed
before reasonable predictions could be made.

Massive Sulfides: Since the discovery of sulfide-based ecosystems at active
hydrothermal vents (Coriiss et al. 1979), extensive research has been carried out to explore
the occurrence, ecology, and biochemistry of these populations at many deep seabed vent
sites (e.g., Rona et al. 1986; Laubier  1987; Prince et al. 1988; Kim et al. 1989; Danaher and
Stein 1990; Javor et al. 1990; Kim and Sakai 1991). These hydrothermal communities
consist of abundant and previously unknown species of clams, mussels, vestimentiferan
worms, and other smaller organisms. The primary chemical energy which supports these
communities comes from the oxidation of the suspended sulfides emitted by the vent
systems, making these communities the only ones known which do not depend ultimately
on solar energy for their maintenance and survival.

Current research in this area has potentially exciting implications, particularly
in regards to questions about the evolution of life and our understanding of basic
biochemical pathways. Research to date indicates that these ecosystems are by no means
unique, but rather seem to prosper with amazing variety in deep seabed hydrothermal
systems worldwide. Preliminary assessments of potential environmental effects on vent
communities pointed out their uniqueness (USDOI, MMS 1983b; Caughill  1987) and the
need for research, which is currently underway. The concern for research is still valid, but
must be put in perspective because vent communities have been found in active
hydrothermal systems in virtually every ocean.

Predictions of the effects attributable to sulfide mining are greatly limited by a
lack of definition of specific deposit settings and methods of recovery. In the preliminary
assessment which discussed the effects of mining within Gorda Ridge deposits (USDOI,
MMS 1983b),  six types of potential effects were examined resulting from (1) preliminary
sampling of the deposits; (2) release of toxic metals; (3) increased turbidity; (4) increased
sedimentation; (5) direct effects of the ore collector system; and (6) potential use of
explosives to fracture consolidated deposits. The analysis concluded that a major fraction
of the vent communities would be destroyed by mining operations nearby, but that there
would not likely be any significant effects on pelagic or other benthic populations. The
study recommended that mining operations be confined to areas which are not too near
active vents and the associated vent communities.

Manganese crusts: A preliminary analysis of the potential effects of seabed
mining on seamount benthic communities was recently completed by the USDOI, MMS and
Hl, DBED (1990). Results from this analysis of benthic community composition and
predicted effects are summarized in the following text.

Benthic  Microfauna: Most of the organisms encrusting manganese crusts are
relatively small (i.e., less than 5 mm in maximum dimension) and cannot be identified in
bottom photographs. Electron micrographs of dredged crust samples reveal mostly
foraminifers and a few small metazoans. The organisms are mostly sessile. Feeding
strategies include (1) obligate suspension feeding; (2) active deposit and/or suspension
feeding; and (3) passive deposit or dissolved organic matter (DOM)  feeding. Fourteen of
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20 reported protozoan taxa (70%) have been collected elsewhere on manganese
concretions in the North Pacific, while three protozoan taxa have also been reported from
the North Atlantic. Of the 12 metazoan taxa, however, only three (25°4) have been reported
from other manganese substrates (Mullineaux 1985).

Benthic Macrofauna: From July through September 1984, the Hawaii Institute
of Geophysics (University of Hawaii) conducted cruises in support of the resource
investigation of selected seamounts in Hawaii’s EEZ. Baseline qualitative biological data
were collected from sites which ranged in depth from 400 to 2,700 m (AECOS, Inc. 1986).
Data were collected from direct observations of seabirds and marine mammals, bottom
dredge-hauls, and bottom photographs. Results of dredge-haul sampling indicated that
community diversity and abundance was dominated by arborescent coelenterates,  primarily
octocorals. The next most significant group, in terms of number of taxa, number of
specimens, and biomass, was the echinoderms. Other groups collected were much less
commonly encountered and less diverse than gorgonian and echinoderms.

Photographic survey results were dominated, in order of decreasing
abundance, by Echinodermata,  Coelenterata, Porifera, Chordata, Arthropoda, and Mollusca.
Among the echinoderms were representatives of all fiie living classes, with the ophiuroids
(i.e., brittle stars) being most numerous in this predominantly soft bottom environment.
Regular echinoids  (i.e., sea urchins) were next most abundant. Less common classes
included crinoids (i.e., sea feathers), holothurians (i.e., sea cucumbers), and asteroids (i.e.,
sea stars). Scattered large rocks harbored the crinoids, coelenterates (e.g., sea pens, sea
anemones), and sponges. Chordata and Mollusca were represented by bathypelagic fiihes
and octopods, respectively.

As part of the USDOI, MMS and Hl, DBED (1990) program, Cross Seamount
was selected as a representative area for biological and geological reconnaissance.
Located about 161 km south of Oahu, HI (lat. 18“40’N, long. 158°17’VV), the seamount was
characterized by biotic depth zones.

The density of organisms in the upper depth interval (i.e., 300 to 400 m) was
examined photographically. Mean epifaunal density was about 0.79 organism/m’,
approximately three times higher than that encountered in the second interval (i.e., 400 to
500 m). The most significant components of the fauna in the 300-to 400-m depth range
were gorgonian corals and solitary anemones, followed (in relat.we abundance) by bamboo
corals and zoanthids. Ail of these organisms are suspension feeders which consist of a
sessile polyp with a tentacle-ringed mouth.

The density of organisms observed in the 400- to 500-m depth intetval  was
about 0.25/m2, or about one organism per 4 m2 of ocean bottom. In these depths, solitary
anemones were clearly the most abundant organisms, while gorgonian and bamboo corals
exhibited reduced abundances as compared to the upper depth intetval. Primnoid
gorgonian, specifically, accounted for about 4.4% of the organisms within this depth range.

From 500 to 600 m, total organism dens.ky declined markedly to about
0.13 organism/m2, or one organism per 8 m2. Primnoids were clearly dominant, and other
gorgonian were the second most abundant organisms encountered.
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In the 600-to 700-m depth range, the density of organisms declined further to
0.035/m2, or about one organism per 28.6 m2. In this range, grenadier fish were most
abundant, followed by eels and unidentified fish. The most common sessile  organisms were
solitary anemones, feather stars, and sponges.

Below 700 m, there seemed to be an increase in faunal density, peaking at
about 850 m with a possible secondary peak near 1,250 m.

In 700 to 800 m water depths, feather stars and ophiuroids were most
abundant, while in the 800 to 900 m depth range, ophiuroids were most abundant, followed
by gorgonian, primnoids, and feather stars. These same organisms shared numerical
dominance in 900- to 1,000-m water depths. Organisms were rarely observed below
1,000 m. The small peak evident between 1,200 and 1,300 m was attributed primarily to
gorgonian, and secondarily to shrimp.

Observed fauna were overwhelmingly composed of various types of sessile,
epibiotic  suspension feeders. In terms of study limitations, estimates of infaunal organisms
cannot be determined using the photographic technique. Further, highly mobile organisms
may be underestimated in the data due to their avoidance of the camera.

In terms of the physiological requirements of deep sea fauna, studies at WHOI
(Anon. 1973) on biological oxygen demand showed that deep seabed animals require two
orders of magnitude less oxygen than those living in shallow water.

Predicted Effects from Crust Mining Effects of crust mining activities on bottom
communities may result from (1) passage of the miner over the bottom; (2) the generation
of a bottom plume and associated resedimentation; (3) the generation of a plume from an
emergency dump and associated resedimentation; and (4) resedimentation and indirect
effects from the surface plume. The expected results of these activities are described as
follows.

Organisms living on or near the deep ocean floor are adapted to an
environment of low SPM concentration. Mining-related bottom disturbances will create a
plume of SPM which will settle back to the bottom under the influence of several factors.
Factors which affect the duration of suspension and the area affected by the disturbance
(or distance from the disturbance) include (1) initial plume distribution; (2) settling velocities
of the suspended particles; (3) vertical eddy diffus”wity;  and (4) near bottom current vectors.

Based on results of laboratory experiments, observations of pilot-scale ocean
mining of manganese nodules, and theoretical modeling conducted in the DOMES Program,
Lavelle and Ozturgut (1981) concluded that after 10 h of suspension, all material with
settling velocities of 1 cm/s or greater should be redeposited. Further, they noted that
most particles within these size classes will be deposited within 20 m of the miner track. For
the smaller particle fractions, only about 104 of particles with settling velocities of
0.001 cm/s or less will be redeposited after 100 h. From the test mining data, the authors
calculated that about 90°A of the resuspended material would be redeposited within 70 m
of the miner track; maximum redeposition thickness would be 15.5 mm near the center line
of the track.
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The crust mining scenario envisions recovery of about two-thirds of the ore
volume, as compared to the nodule mining scenario, but the former assumes a much
thinner range of overburden. Maximum redeposition thicknesses for the worst case
discharge were found to range from 12 to 72.4 mm from the surface discharge, depending
on water depth. Peak base case redeposition thickness for a crust miner was 0.032 mm;
the estimate from the base case emergency discharge was 0.027 mm. A highly significant
difference exists between the two mining scenarios. The largest depositional scenario for
crust mining, mining at the most shallow depth, and superimposition of surface and bottom
plume footprints, would result in less than 1/150 of the maximum deposition in the nodule
mining scenario.

From the DOMES baseline macrofaunal  data (i.e., Z= 188 individuals/m2)  and
a hypothetical nodule mining scenario, Jumars (1981) calculated that passage of the miner
would directly destroy 1.06 x 1011 individuals weighing 1 x 10s g/year. In comparison, data
from Cross Seamount indicated that passage of the crust miner over 28.4 km2/year would
directly destroy 1.2 x 10s and 1.4x 104 macrofaunal  organisms at 800 and 2,400 m water
depths, respectively. The DOMES and Cross Seamount databases differ (i.e., infaunal
organisms were not sampled in the Cross Seamount reconnaissance). Nevertheless, from
consideration of the relative sizes of the areas to be mined in the two scenarios and the
relative lack of infaunal habitat (sedimentary overburden) in crust areas, it can be concluded
that the number of macrofaunal organisms to be destroyed annually by miner passage is
orders of magnitude less in the crust mining scenario than the nodule mining scenario.

The severity of effects on populations within areas adjacent to the miner track
would be determined by the intensity of the disturbance, the proximity of sensitive
individuals or communities to the track, and the type of feeding behavior characteristic of
the population. Highly motile scavengers such as fish, amphipods, and shrimp would be
most able to avoid localized areas of high redeposition and turbidity. Once conditions
become minimally tolerable, these organisms would be attracted into the mined area to feed
on dead and damaged organisms. After this temporary food supplement was exhausted,
however, these organisms would tend to disperse.

According to Jumars (1981 ), subsurface deposit feeders are potentially the least
affected feeding guild. These organisms would be isolated from the direct effects of
resedimentation and might also receive a food subsidy in the form of dead and buried
organisms. The baseline data from Cross Seamount  underestimated densities of subsurface
deposit feeders because of the photographic sampling technique used. Nevertheless, prime
crust areas are characterized by I ittle sediment overburden, and subsurface deposit feeders
would find little available habitat (USDOI, MMS and Hl, DBED 1990). Further, the sediment
deposition thicknesses modeled for the crust mining scenario are so thin that redeposited,
macerated bottom fauna would be available to surface scavengers, with probably little
reserved for subsurface feeders. DOMES researchers concluded that the increased amount
of organic matter available for bacterial decomposition (and its associated biological oxygen
demand) would not significantly alter the dissolved oxygen concentrations at or near the
bottom. Consequently, mass mortalities of subsurface populations due to anoxia would not
be anticipated. Oxygen depletion would be even less of a concern in the crust mining
scenario because of the smaller quantities of organics generated. Because of the small
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area of the seafloor which will be subjected to increased levels of suspended sediments,
effects on bioluminescing organisms are judged to be insignificant.

Surface deposit feeders and suspension feeders are the most likely feeding
guilds to be negatively affected by crust mining activii.  Both feeding types would be
directly affected by the presence of the plume and particle deposition. In both cases, the
quality of available food resources would be diluted by the addition of significant quantities
of inorganic particles on and above the bottom. Because of the sensitivii  of their feeding
apparatus to clogging, sessile suspension feeders would be the most severely affected by
resuspension and redeposition. These types of organisms, including ophiuroids,
gorgonian, primnoids,  and feather stars, are overwhelmingly the most abundant in the
Cross Seamount baseline data. Burrowing species probably have limited ability to change
their subsurface depth because, in this environment, natural sedimentation occurs at the
very slow rate (e.g., 1 mm per thousand years). Considering that most of these organisms
are less than 0.5 mm in length, burial by even a millimeter or less could be fatal. Burrowing
species, not yet identified as a significant component of the Cross Seamount fauna, should
not be adversely affected because crust mining resedimentation thicknesses are much less
than a millimeter.

The plume fallout model used by Noda & Associates and Koh (1985) predicted
maximum redeposition thicknesses on the order of 0.1 mm. The significance of this
potential effect depends on several unquantified variables. The plume footprint is extremely
dependent on prevailing currents. Plume footprints of very dtierent shape (e.g., long and
narrow to essentially circular) were generated by changing the current record input to the
model. A second major unknown is the rate at which these organisms can cleanse
themselves of settled particles. A third unknown is the significance of physical damage to
these organisms by fallout of the larger-sized particles. This maybe a function of the shape
of individual organisms. A plan view of the base case miner discharge showed a maximum
lateral plume extent of about 12 m on either side of the plume center line. At 60 m
downstream, the point at which nearly all larger-sized particles have fallen out, the plume
width had been reduced to about 10 m on each side of the center line.

Recolonization rates for benthic organisms disturbed by mining activities are
not presently known, however, this subject is one being pursued at the Univers’ky of Hawaii
and other institutions (e.g., WHOI). At this time, it is assumed that recolonization rates in
deep sea benthos  are very slow, possibly decades. Ultimately, recolonization of disturbed
areas will occur. Whether a crust substratum would reform is unknown. If not, the
long-term nature of the community could be altered to one more representative of hard
substrate communities without crusts.

Recent research performed on Cross Seamount (Grigg et al. 1987) indicates
that many sessile organisms apparently avoid crust substrates. If subsequent work shows
that this is true avoidance and not simply coincidental low abundances due to other factors,
then recolonization could be expected to produce higher abundances than were present
under pre-mining conditions. If the existing populations are low for some other reason
(e.g., low nutrient levels), then recolonization to a state similar to pre-mining conditions
would be expected.
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Manganese Nodules: The first program to seriously consider the effects of
mining manganese nodules in the Clarion-Clipperton region of the northeastern tropical
Pacific was the DOMES program. DOMES was a comprehensive, fiie-year (1975-198o)
research program funded by NOAA. The intent of the program was to develop an
environmental database to satisfy NEPA requirements to assess the potential environmental
effects of manganese nodule recovery operations (USDOC, NOAA 1981). The objectives
of the first phase of the program were (1) to establish environmental baselines at three sites
chosen as representative of the range of selected environmental parameters likely to be
encountered during nodule mining; (2) to develop an initial capability to predict potential
environmental effects of nodule mining; and (3) to contribute to the information base
available to industry and government for development of appropriate environmental
guidelines. The second phase of DOMES consisted of monitoring actual pilot-scale mining
simulation tests. Its objectives were (1) to observe actual environmental effects relevant to
forecasting effects; and (2) to refine the database for guideline development.

The environmental baseline data collected and the conclusions drawn regarding
potential effects of nodule mining in the DOMES area are somewhat applicable and have
been applied in varying degrees to the previous analysis of crust mining. However,
significant differences exist and must be noted in this type of comparison. For example,
baseline benthic biological data collected in the DOMES area are less applicable in the
present analysis than are the pelagic data. Further, the depth range of concern for crust
mining is 800 to 2,400 m, while bottom stations sampled in the DOMES area varied in depth
from 4,35o to 5,150 m. In the deep ocean, depth is more important than horizontal distance
in determining faunal abundance, and samples from relatively shallow stations (e.g., near
the summit of Cross Seamount)  can be expected to have greater faunal  abundance than
those collected from the abyssal floor. A final important difference, as discussed previously
in Section 2.3.1.2, is that the benthic substrata in the DOMES area is composed of very
fine-grained pelagic clays and radiolarian oozes, while much of the seamount summits
covered by crustal deposits is solid or covered by a thin sediment veneer. In the latter
areas, the importance of the infaunal community will be reduced as compared to that of the
epifaunal  community. Epifaunal communities are also somewhat different. Seamount
communities are dominated by sessile suspension feeders, reflecting both the increased
availability of hard substrata for attachment and possibly more vigorous bottom currents.
In the DOMES area, the larger types of benthic  fauna (as observed in photographs) were
dominated by motile echinoderms and deposit-feeding forms such as holothurians (Morgan
et al. in press).

In addition to the biological differences between the two areas, there are
significant differences between the two mining scenarios. Table 2.15 highlights the
differences relevant to the impact analyses. In summary, a major difference exists between
the predicted benthic sediment discharge plumes. The nodule mining scenario assumes
a high quantity of resuspended sediments, more than 20 times the amount of crust and
substrate estimated under the crust mining scenario. Solids in the crust benthic plume are
diluted by a factor of 200 compared with the nodule scenario.

Another key difference between the DOMES area and seamount areas is the
potential for upwelling and eddy currents which exists in waters overlying EEZ crust
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deposits. Such potential for upwelling and eddy currents does not exist in the DOMES
area. This difference may lead to a relative enrichment of biota, including commercial fish,
in the waters overlying seamounts as compared to nearby areas.

The DOMES program, as summarized within the Final Programmatic
Environmental Impact Statement (FPEIS) (USDOC, NOPA 1981), concluded that effects on
benthic biota were not predictable given the very limited knowledge available about benthic
life and the poorly defined character of present and future seabed ore collection systems.
A strong recommendation was made to pursue basic biological studies of the benthos in
the areas which might be mined. Where possible, it was recommended that mining
simulations be conducted to monitor the effects of activities which might be analogous to
actual mining. These studies, including the NOAA/USSR Benthic  Impact Experiment (BIE)
using a Deep Sea Sediment Resuspension System (DSSRS) (USDOC, NOAA 1991) and the
German Disturbance and Recolonization Experiment (DISCOL) (Thiel et al. 1991), are
currently in progress and are rapidly improving the predictive capability in this important
area. The following discussion summarizes the most recent results from these ongoing
research efforts.

Because the mining system will cover or destroy most of the sessile and
slow-moving life in its path, the key to predicting net environmental effects depends upon
the rates of recolonization following cessation of mining activity. Recent experiments
conducted in the deep northeastern Pacific to address this issue have been conducted by
placing artificial mounds of sediment on the seabed, then monitoring and sampling the
buried area sequentially from a deep diving submersible (Kukert  and Smith in press). The
results of this study, based upon data collected over a period of almost two years, support
the hypothesis that the benthic biota maintain their high species diversity. Small-scale
perturbations (e.g., carcass falls, pulses of sedimentation, predation by larger organisms)
are common enough to hold populations of competit’wely dominant species below the
carrying capacity of the habitat, allowing many inferior competitors to coexist in any given
patch and resulting in high species divers”hy.  It can be inferred from these results that
benthic communities will recover from marine mining activities via recolonization unless
massive areas of benthos are affected. Subsequent experiments in the DOMES area are
presently in progress, and have promise of clarifying the situation further.

Another experimental effort involving simulations of mining ~sturbance is
presently being conducted in a potential mining area of the southeastern tropical Pacific,
approximately 927 km west of Peru (Foell et al. 1992a,b). In this experiment, an area of
10.8 km2 has been disturbed with a simulated collector after the collection of baseline
measurements (i.e., predisturbance benthic faunal occurrences). The plan is to make
repeated assessments of the communities in this area for several years to determine the
rates and composition of recolonization. Preliminary DISCOL results indicate that the
complexity of the task of impact assessment in the abyssal  ocean make broad and
sweeping generalizations inappropriate in discussions of the environmental effects of ocean
mining on the benthos. Key questions concerning the type and degree of impact and the
potential for recovery can only be addressed, in the opinion of the authors, by the
monitoring of industrial tests or pilot mining operations conducted at sufficiently large
temporal or spatial scales to provide the quantitative information needed for carrying out
the required evaluations.
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A preliminary environmental assessment of mining impacts to benthic  life has
also been made for operations in the central Indian Ocean Basin (Sharma and Rao 1991).
Results indicate that very similar types of benthic  organisms to those in the
Clarion-Clipperton region have been found, and very similar estimates of effects are
predicted.

Wtih the possible exception of the hydrothermal vent communities, discussed
previously, no particularly sensitive habnats have been identified for those deep sea areas
with marine mining potential. During the continuing development of regulations pertinent
to the international licensing of deep seabed mining in the Clarion-Clipperton region,
specific areas known as Provisional Interim Preservational Reference Areas (PI PRAs) have
been set aside and precluded from development. These efforts are primarily intended as
conservative, preventative measures against currently unknown effects which might be
discovered later. The preservation of several large areas will guarantee the survival of
existing benthic habitats. It is not truly accurate, however, to classify these preserved areas
as particularly sensitive.

● Threatened and Endangered Species

No assessment of the potential effects of marine mining on threatened and
endangered species is available for waters overlying Red Sea sulfide deposits. For the
three open ocean environments, the species of concern include birds, marine mammals,
and sea turtles. ELSS for these deposit types (USDOC, NOW 1981; USDOI, MMS 1983b;
USDOI, MMS and Hl, DBED 1990) all predict that there will be no significant effects.

2.3.1.5 Social and Economic Environments

Two areas of concern in this category have been identified for the deep seabed,
including (1) possible effects on commercial fisheries; and (2) indirect effects on the
economies and cultures of relatively remote island-based societies. Each topic is
considered in the following text.

● Commercial Fisheries

No assessment is available for commercial fisheries impacts associated with
the mining of Red Sea deposits. For the Gorda Ridge massive sulfide deposits, several fish
species (i.e., albacore, salmon, and steelhead) are found in the area and caught by
commercial fishermen. For areas containing deep seabed manganese nodules, only
various tuna species are commercially fished. The impact analyses for these potential
mining ventures predict no significant effects (USDOI, MMS and Hi, DBED 1990).

For areas containing manganese crusts, several species of bottom and pelagic
fish are commercially fished, and some are known to congregate around seamounts
(USDOI,  MMS and Hl, DBED 1990). Crust mining operations could affect existing and
potential commercial fisheries in one or more of the following ways:
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(1)

(2)

(3)

(4)

(5)

Direct destruction of precious coral and deep sea shrimp populations,
squid eggs, or their respective habtiats by the passage of the miner over
the bottom;

Disruption of shrimp, precious coral populations, squid eggs, or their
respective habitats near the miner track as a resuit of (a) resedimentation
of soiids originating from the separation/rejection of materiai by the
miner, (b) from a faiiure of the mining system, causing a backflow and
discharge of the contents of the iift system, or (c) from deposition of the
heavier particies in the surface turbidity piume;

Effects on groundfish or pelagic fish aduits or iarvae from turbidity
piumes generated above the bottom by mining or at the surface from
shipboard dewatering operations;

Effects on peiagic fish iarvae at the surface from discharge of coid,
bottom water during shipboard dewatering operations; and

Possibie  aggregation of peiagic fishes by the surface mining ship.

The predicted effects of each of these are summarized beiow with reference to specific
species.

Precious Corais: Most species of precious corais found in the EEZ off Hawaii
occur at depths of 100 to 400 m (Grigg 1988), depths which are too shaiiow to be directiy
disturbed by mining. Two species, however, occur deeper and could be directiy affected.
The depth range of Cora//iwn  spp. nov., or Midway deep sea corai, is 900 to 1,500 m, but
this species has never been recorded south of 28° N iatitude.  Coralhn rega/e,  or garnet
corai, is distributed throughout the Hawaiian Archipelago at depths of 500 to 700 m (Grigg
1988); corais within these depths ranges couid be affected by mining even though these
depths are shaiiower than the optimai depth range for mining (i.e., 800 to 2,400 m).
Populations of C. rega/e directiy in the miner track wouid be destroyed.

Precious corais are known to be sensitiie to sedimentation (Grigg 1984).
Sediment-free surfaces are required for corai pianuiae to attach and grow. Operation of the
mining device aiong the bottom wiii cause resedimentation of materiai disiodged during
mining and discharged by the miner. A second, iess iikely source of resedimentation couid
aiso occur in an emergency. For exampie, during a power faiiure, the mined siurry being
pumped to the surface through the iift system would be reieased above the seabed. A third
source of resedimentation is the shipboard surface discharge, though this material would
be very wideiy dispersed.

Most of the particies discharged by the miner during normal operations or
during an emergency are relatively iarge and have high settiing velocities. Dispersion
modeiing of the suspended soiids suggests that the iarger particies  wouid settie out within
80 to 200 m from the miner track. The peak thickness wouid be 0.03 mm. Smaiier  paiticies
wouid be more wideiy dispersed (Nods & Associates and Koh 1985). Precious corai
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populations (most probably C. regale) and habtats within a 200-m radius of the mining site
could be affected by resedimentation. There are no precise estimates of the total amount
of seafloor in the Hawaii EEZ which might be suitable for precious coral habkat, but the
percentage of available habitat which could be affected by mining is so small as to be
almost insignificant. C. regale, a species whose commercial value is significantly less than
that of other species of pink coral, is likely to be the only precious coral whose habitat is
directly affected. Effects on precious corals are expected to be very low.

Deep Sea Shrimp: The most important species of deep sea shrimp
(Heterocarpus  /aev/gatus) occurs throughout the Hawaiian Island chain at depths (i.e.,
450 to 800 m) which could be directly disturbed by seabed mining, although this depth
range is outside the optimal range for mining (800 to 2,400 m). It is not known whether
shrimp occur at similar depths on the off-axis seamounts considered for leasing, but there
is no reason to suspect that they are not present. Any shrimp populations directly in the
path of the mining device would be dislocated. Being mobile scavengers, shrimp have a
better chance than less motile animals to escape immediate destruction.

Bottom materials suspended or discharged by the miner will be redeposited as
a sediment layer which becomes thinner at greater distances from the miner site. Modeling
results indicate that the maximum thickness of deposition could be as much as 0.07 mm,
unlikely to affect fauna as mobile as deep sea shrimp. Approximately 5,000 kmz of deep
sea shrimp habitat has been charted in the Hawaiian Archipelago (WPRFMC 1984). Mining
operations would directly disturb a small fraction of this, certainly no more than 0.5% of the
total area during the entire 20-year lease period. Mobile scavengers, like shrimp, that
suIvived the immediate effects of mining and burial could find a new temporary food source
in the form of injured and displaced animals near the miner track. Thus, net effects are
expected to be very low.

Squid: Although there are conflicting theories of the early life history of oceanic
squids in the central North Pacific, one hypothesis is that their eggs are laid on the summits
or slopes of seamounts,  perhaps as deep as 1,000 m (Uchida 1982). If this hypothesis is
correct, any egg masses in the miner track or near enough to be covered by
resedimentation would be directly affected. Over a 20-year lease term, about 1 YO of the
ocean bottom within the 800 to 2,400 m depth range in the Hawaii EEZ would be directly
affected by mining. If this depth range serves as an important nursery grounds for oceanic
squid (this hypothesis remains to be proven) and if no single EEZ seamount or seamount
group is more important than the others in providing habitat for squid eggs, the loss of
nursery grounds and the expected effect due to mining would be very low when compared
to the total seamount habtat. However, if only cettain seamounts provide suitable nursery
grounds and if these are more greatly affected by mining than others, the damage could
be more significant. Wtihout more information about the early life history of oceanic squids,
assessment of the level of effect on this resource is speculative.

Seamount Groundfish: The groundfish assemblage associated with central
North Pacific seamounts  includes a large number of species, only a few of which have
commercial value. The most important commercial species are the pelagic armorhead,
Rseudopentaceros  whee/eri, and the alfonsin, Beryx sp/endens.  Neither species is known
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to occur in commercial concentrations at off-axis seamounts.  The present fishing grounds
are limited to (1) a few on-axis seamounts in the Hawaii EEZ, northwest of Kure Atoll; and
(2) seamounts  outside the EEZ, in the Emperor Range.

The groundfish species which are present on the summits and slopes of the
off-axis seamounts are able to avoid areas being actively mined. Plankton are an important
food item for certain species of seamount  groundfish (Humphreys et al. 1984). Both the
armorhead and the alfonsin are known to make diurnal migrations through the water
column related to feeding behavior. This seems to reflect the importance of organisms
associated with the deep scattering layer (DSL) in their diets. The DSL changes depth in
response to light penetrating through the surface layers of the ocean. Lavelle  and Ozturgut
(1981) predicted that some light reduction is likely to occur within a radius of 100 km from
the mining ship, but that exposure to substantially reduced light levels would be unlikely to
last more than 80 to 100 h. Short-term shading is not expected to affect the DSL

appreciably, as it would take several days for plankton to adapt to a new light regime (Chan
and Anderson 1981 ).

Vertically migrating, adult mesopelagic species probably could not live
permanently above or below the layers and would tend to move away from the areas in
which the layers occurred. Their relocation might involve some mortality (Ozturgut et al.
1978). Some kinds of fish larvae occur below the mixed layer and might be affected by the
turbid layers (Ozturgut  et al. 1978). Based upon this reasoning, it is suggested that the
effects of the crust mining on seamount groundfish would be very low.

Pelagic Fishes: Effects of marine mining on pelagic fishes, including all the
tunas and several other species, were discussed previously in Section 2.3.1.4.

● Small Island Groups

The establishment of a marine mining industry in the deep seabed has the

potential of affecting island cultures if the islands are used as major staging centers or for
metallurgical processing. Social and cultural effects related to the onshore processing
activities are discussed in greater detail in Section 2.3.4.5. General cultural effects which
might accompany the intrusion of modern equipment and foreign personnel into an island
community were examined in detail for the Hawaiian Islands (USDOI,  MMS and HI, DBED
1990) and are briefly summarized in the following text.

Four particular activities are viewed as having the potential for generating social
effects:

(1) Induced population growth -- Available evidence suggests that
“boomtown”  growth levels would be a theoretical concern only for one
small region in Hawaii. Among other Pacific islands, however, induced
population growth must be considered a major concern. Until recently,
social scientists believed that substantial social disruption generally
accompanies such rapid growth, but recent evidence is conflicting.
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(2)

(3)

(4)

Proper planning designed to avoid an overfoad of existing island
infrastructure and services could also help to alleviate social disruption;

Coastal location -- In addition to symbolic and value concerns, the

location of a proposed processing facility, for example, could interfere
with subsistence food gathering. Specific effects cannot be analyzed
until a definite site is known;

Industrial activii  in rural area -- While the actual effect on lifestyles and
values is difficult to assess, the general concept of marine mining is likely
to generate considerable controversy. Confficts may arise between
residents concerned with economic survival and those who view a
“smokestack industry as incompatible with their reasons for living in a
rural area. Controversy may be particularly keen among the native
Hawaiian population in Waianae or Puna; and

Unfamiliar technologies involving hazardous waste -- Research on risk
perception suggests there will be substantial apprehension no matter
what technical experts may conclude about actual statistical risk.

While some potential mitigations involve matters such as job training or
planning residential growth location, other significant effects will occur in the planning stage
and must subsequently be handled through public involvement and negotiation.

2.3.2 Continental Shelf

For administrative purposes, the USDOI  divides the OCS into four regions (i.e.,

Atlantic, Gulf of Mexico, Pacific, and Alaska). Each region is further subdivided into a series
of individual Planning Areas, as indicated in Figures 2.41 and 2.42. Industrial interest to
date in the U.S. OCS has been formally expressed by the issuance of 45 geological and
geophysical prospecting permits during the period 1966 to 1988. Of this total, 33 were
issued for the Alaska region, 7 were issued for the Atlantic, 4 were issued for the Pacific,
and a single permit was issued for the Gulf of Mexico (USDOI, MMS 1989a; Table 2.16).
Minerals of interest included industrial minerals (36 permits), mineral sands (4 permits),
phosphorites (3 permits), and metalliferous  oxides (2 permits). During the same period, 7
lease offerings were held, of which 6 were for industrial minerals (i.e., salt and sulfur) in the
Gulf of Mexico and one was for phosphorites off southern California (Table 2.17).

A variety of environmental effects can result from offshore mining operations
(Table 2.18). In simplistic terms, the presence of a mining facility may result in the release
and dispersion of atmospheric plumes carrying fine, chemically-active vapors, particles, and
odors. Mining creates bottom disturbances by removal and perturbation of seabed
materials. Secondaty  disturbances are realized through the dispersion of plumes of
perturbated, spilt, or discharged material either at the seabed, in the water column, or on
the sea surface. Plume material consists of particulate matter which will settle to the bottom
and dissolved matter which will be more widely dispersed. Effects from these plumes,
which may include changes in water quality, bottom shoaling, and benthic smothering, lead
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Figure 2.41. Outer continental shelf Planning Areas in the lower 48 states (From: IJellagiarino 1986).
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Figure 2.42. Outer continental shelf Planning Areas in Alaska (From: Dellagiarino 1986).



G
A

OCS Region
Atlantic
Pacific
Pacific
Atlantic
Atfantic
Pacific
Atlantic
Gulf of Mexico

A&ka

Alaska

Alaska
Alaska
Alaska
Alaska’
Alaska’
Alaska
Alaska
Alaska
Alaska
Alaska
Alaska
Alaska
Alaska’
Alaska’
Alaska’
Alaska
Alaska
Alaska
Alaska
Alaska
Alaska
Alaska’
Alaska
Alaska’
Alaska
Alaska
Alaska
Alaska
Alaksa
Alaska
Atlantic z

Atlantic z

Pacific
Alaska’
Atlantic

Permittaa

Newport News Shipbuilding
Ocean Resources, Inc.
Bear Creek Mining Co.
Global Marine, Inc.
Ocean International, Inc.

Global Mafine, inc.
Deap5ea  Ventures, Inc.
Radcfiff  Materials, Inc.
Harding Lawson
Sohio
Tenneco
Gec.Xrbic
Gec.Xbic
Woodward
Woodward
Sohio
Dames & Mcmre
Dames &Mcere
Harding Lawson
Harding Lawson
Harding Lawson
McClelland
McClelland
Harding Lawson
Harding Lawson
Ertac
Harding Lawson
Harding Lawson
Harding Lawson
MTS
COmap
COmap
Sohio
Sohio
Harding Lawson
Union
McClelland
McClelland
Harding Lawson
Harding Lawson
El. DuPont de Nemours  &Company, Inc.
Associated Minerals Co,
East-West Center
Inspiration Gold, Inc.
Geomarex

Minerals of Interest

Phosphate
Phosphorite
Phosphorite
Sand and gravel
Heavy minerals
Sand and gravel
Manganese nodules
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and  gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel
Heavy minerals
Heavy minerals
Cobalt-rich crusts
Heavy minerals
Carbonate sands

Yeeu
tw
1967
1967
1 9+39
1%9
1969
1970
1975
1982
t 982
1982
t 983
t 983
1983
t 983
1983
1983
1983
1983
1983
1983
1983
1983
1984
1984
1964
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1985
t 986
1984
1986
i 98$
1984
i 987

‘ No geological or geophysical data acquisition activities were initiatad  under these permits.
‘ Two separate permits were issued, one for geological work and one for geophysical work.

Table 2.16. Geological and geophysical permits issued by USDOI  to prospect for OCS minerals other than oil, gas, and

sulfur (Adapted from: U.S. Department of the Interior, Minerals Management Service 1989a).
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No. of No. of No. of No. of
Lease

No. of
Date of Tracts Acres Tracts Total Sonus Tracts Sids

Offering
Sids

Offering Location Offered Offered Bid On High 6id Leased Rejected Raceived

Gulf of Mexico Satt & Sulfur
Lease Cfferings:’

1 10/23/54 sul-tA 106 523,630 5 $ i ,233.5Cm 5 0 5
8 05/1 9/60 Sa4_A 10 22,065 1 75,250 1 0 1
13 i 2/1 4165 SUI-TX 656 957,520 50 33,740,309 50 0 113
17 CK3/05\67 Sa-fA 8 16,995 1 30,584 1 0 1
20 05/1  3/69 SUM-A 120 165,605 38 3,678,045 4 34 43
Sls 02124166 SULCGOM 51 593,971 14 15,149,327 t4 o 20

Total 955 2,279,6C6 109 53,906,995 75 34 163

Pacific Phosphate Lease
Offering:’

PH t2/15/6t So-CA 16 60,640 6 122,0G0 6 0 6

‘ Total amount of all bids received for all lease offerings -$62,527,066. Totaf  amount of all rentals for all lease offerings -$297,660.
2 Total amount of al bids received - $122,CO0.  (Totst  bonuses [and rentals] were refunded due to discovey  of unexploded Navef projectiles on ocean ffmr.)

——- . . . - - - -
Table 2.17. Mineral leases sold in the U.S. OCS since 1953 (Adapted from: U.S. Department of the Interior, Minerals

Management Service 1989a).



Mining Methods Seabed Water Column
Mining Mining Fragmentation/ Excavation Subsidence Turbidity Resedimen- Suspended Dissolved

Approaches Systems Collection Plume tation Particulate Substance

Dragline dredge x x x x x
Trailing suction
dredge x x x x x

Scraping
Crust-miner x x x x x
Continuous line
bucket x x x x x

Clam shell bucket x x x x x

Bucket ladder dredge x x x x x
Excavating

Bucket wheel dredge x x x x x
Anchored suction
dredge x x x x x
Cutterhead suction
dredge x x x x x

Drilling and blasting x
‘luidizing

Slurrying
(Sub-

X

Seafloor) Leaching

runneling Shore entry x
Beneath Artificial island
Seafloor entry x

X= Disturbance expected. Magnitudes of the disturbances are also dependent on the nature of the mineral deposit
and the amounts of fine particles present on the seabed. Closed circulation systems are assumed for slurrying
and leaching. Open circuluaion would result in plumes and resedlmentation.

.-L.1- n 41-, kl-. —-r – — -------------- .–, ,.. , ., . . . . . ..— - . .
ltIuIe.c IcL [vormal  environmental  alsIurDances i n  t n e  w a t e r  column  and Seabed  trommining  (l+om:cruickshank  etal. 1 9 8 7 ) .



to ecosystem stress, alteration, or mortality. Bottom disturbances may cause changes in
coastal wave energy dispersion and in the benthic ecology. Other potentially significant
effects on the artificial environment may be as site-specific as the effects on the natural
environment.

The earliest U.S. studies assessing the environmental effects of marine mining
were carried out in 1972 through the MMTC (Tiburon, CA), in cooperation with the State of
Massachusetts and NOAA. Termed the New England Offshore Mining Environmental Study
(Project NOMES), the scope of the research effort has been described in Table 2.19.
Unfortunately, the study was not completed, however, the planning effort established many
precedents for future environmental work. The most thorough and realistic of the EISS

completed to date has been prepared for the proposed Norton Sound Gold Lease Sale
(USDOI, MMS 1991) because it was based on an ongoing operation in the same vicinity
(i.e., in State rather than Federal waters). An assessment of anticipated effects on each of
the area’s affected resources was completed using assigned definitions, as shown in
Table 2.20, along with severity ratings as indicated (i.e., from negligible to major).

2.3,2.1 Atmospheric Environment

The climate and air quality in the OCS varies considerably between regions, so
only broad generalities can be made for this analysis. The climate of the areas under
consideration in this analysis vary from tropical to Mediterranean, from coastal rain forest
to arctic. Temperatures rarely fall below 65°F in tropical climes and rarely rise above 65°F
in arctic environments. Annual precipitation may exceed 635 cm in some areas or may
rarely exceed 51 cm in others. Winds range from sustained velocities of hurricane strength
to light and variable. The nature of severe weather episodes experienced in these OCS
regions vary from ice fog and blizzards in arctic areas, to typhoons in the Pacific Ocean,
and hurricanes in the Gulf of Mexico and along the Atlantic coast.

Existing air quality adjacent to the OCS regions under consideration ranges
from well within allowable National and State Ambient Air Qual”Ry  Standards (e.g., areas in
the Pacific Ocean) to severe non-attainment status with regard to these standards (e.g.,
California coastal areas). Generally, the air quality in and around coastal urban areas is
worse than that of the rural and undeveloped coastal areas (USDOI, MMS 1991). Under
the 1990 Clean Air Act Amendments, the U.S. Environmental Protection Agency (EPA) is
responsible for regulating offshore activities within 40 km of seaward State boundaries and
is required to limit emissions as though the activii  were onshore. Potential problems in
Alaska from offshore operations have been summarized in Table 2.20 and include effects
of sulfur-containing exhaust emissions on Alaskan tundra and effects associated with the
accidental combustion of spilled fuel. Most effects in Alaska were expected to be negligible.

2.3.2.2 Oceanic Environment

The character of the oceans overlying the U.S. continental shelf is extremely
varied, ranging from the arctic areas of the Alaskan Beaufort Sea, through the Bering Strait
and Gulf of Alaska to the eastern Pacific (Le., Washington, Oregon, California coasts),
through the Gulf of Mexico, and along the western Atlantic (i.e., from Florida to the U.S.

127



Project NOMES

The New England Offshore Mining Environmental Study (Project NOMES)  was begun in 1972 in an
attempt to clarify the environmental impacts associated with marine  miniig.  Uncertainties about she catent,
severiry,  and permanence of negative effects of offshore activities highlighted by the Santa Bsu-bara,  CA oil
spill had led to a moratorium on offshore mining. NOMES  was a joint ntudy sponsored by be Cotmnon-
wealth of Massachusetts and the National Oceanic and Atmospheric Administration. A l-year study of bssc-
linc conditions at a sand and gravel deposit centered in Massachusetts Bay at 40°21’41” N, 70047’10° W,
was to be followed by a period of well-monitorrd corn.mcrcial-scak  mining. Two years of post-experiment
monitoring were planned to document mining-induced changes in the scsdloor  and water column as WSII =
alterations rcsuking  from natural processes.

The project was terminated in 1973 bcs=use  a suitable disposal area had not been idenWled  by the Com-
monwealth for the 1 milIion cubic yards of sand and gravcf to bc mined during the planned 1974 test. The
principaJ  investigator were fimded  thruugh  a project wmp-up  phase; two were funded sn additional year
to study baseline conditions in plankton and bentMc organisms.

The principal research in Stage 2 would have ,involvcd:

● Modeling th distribution of suspended sediment.
● Studying chemical interactions between sediments and water: e.g., release of nutrients and toxic sub-

stances to the water, and the ctTect of suspended pm-tides on the srattcring  and absorption of light.
● Studying energetic relationships in organisms stressed by tbe prcscncc  of sediments: physical ardor

chemiral  effects on rcrpiration,  photosynthesis, assimilation, feeding mtes,  and reproductive potential
in aduks, juveniles, and larvae of key species (iiuding bcnthic  invertebrates, bcnthic algae, rooplankton,
phytoplankton,  and fish).

Recommendations

1. Laboratory studies of the effects of turbidity on.marioe  organisms sh~d be continued. This work
should be broadensd  to include nonphysiological responses, surh  as organisms’ avoidance of a turbidity plume.
Results may be extremely relevant to local commercial fishermen.

2. Once a site has been agreed upon, a 2-yc.ar  period should be devoted to pm-mining studies-at leart
the fmt time. The ii% year should be devoted to the development of sound sampling and teit,proccdurcs
for coordinated usc the serond  year. The  matn focus of the baacliie  studies shotdd be the long-term effects
of a change in substrate characteristics caused by the blanket of fine materials.

3. l%. mining test should be aca commercial scale and should continue for at lca& 1 year. A bricfpcriod
of mining should not bc ~polated  to long-term mining.

4. Although tic period of mining must be well-monitored, the post-mining crivirtsnmcnt  can be exam-
ined less frequently hut should continue for at least 2 yeass.
SOURCE: J.W.  P& (cd.). New Eq#md -w MiningE?Immwnmul  &udy  (prow  NOMES),  U.S. Dcpmnmc of~, Nadmd ~

=d tiMpti -~ (Sacde,  WA: April  1977).

ble 2.19. Summary of Project NOMES (From: U.S. Congress, Office of Technology
Assessment 1987).
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INEGL{GIBLE MINOR MODERATE M.WOR

Rcscourrx  Cates?xy

Air Quafity

Emissions cause measurable
increases in concentrations of
criteria pollutants (e.g. S02, CO,
NO,, O,, a n d  PM,J o v e r  o n e
Ioratized  portion of a Federal
attainment area, rcmdting in the
consumption of less than S pcrccnt
of the available Prevention of
Significant Deterioration (PSD)
incrcmcnt  for NOZ, S02, or TSP or
5 percent of the avaitab!c  Natiorta!
Ambient Air Quality Standards”
(NAAQS)  concentration for NO,,
PM,.,  CO, or OJ no obsenfcd
adverse effects on human health or
vegetation; and/or no significant
decrease in onshore visibility.’J

Emissions cause measurable
increases in concentrations of
criteria pollutants cnrcr more than a
Iocalizcd  portion of a Federal
attainment arcw, rcsuhing in the
consumption of at least 5 percent
but 1ss.s than 20 perrcnt  of the
amilable PSD increment for NO,,
SO,, or TSP or S percent of the
awilable  NAAQS concentration for
S0,, PM,W CO, or 0; no obscmd
advcsse  effects on human health or
vegetation; and/or significant
decrcasc in onshore visibility.

Emissions cause measurable
increases in concentrations of
criteria pollutants over more than
half of a Federal attainment area
(regional effect), rcstdting  in the
consumption of at Icast  20 pcrccnt
but lcs than SO percent of the
available PSD increment for NO,,
SO,, or TSP or 5 percent of the
avaitable NAAQS concentration for
S 02, PM,O, CO, or 03; small but
measurable short-term adverse
effects on h u m a n  heahh  o r
vcgctatio~ and/or significant
decrcasc in onshore visibility.

Emissions cause measurable
incrcascs in concentrations of
criteria pollutants over more than
half of a Fedesisl  attainment area
(regional effect), resulting in the
consumption of at least 50 pcrccnt
of the availabfc PSD or NAAQS
concentration incrcmentx  readily
identifiable advcrae long-term
effects on human health or
vegetation; andjor significant
decrcasc  in onahorc Visitillity.

Water Quafit#l LOCAL-changca  in water  quality from one or more sources, extmrdin~  beyond the edge of a mixinz zone (loo-m Perimeter
about the dredge footprint):  but ‘affecting less than 180 !csn*  (3090  of t~e S& area) ab&t each disc~arge.  - “

REGIONALchangcs  in water  qualily  over an area of at least 180 km’ or larger about a discharge source.

No regulated contaminant (such as
mercury or other trace metal) is
dkcharged into the water column,
or some amount is discharged, but
the resul t ing concen-tration  of
contaminant does not exceed the
chronic State standard or EPA
criterion.

A regulated contaminant (such as
mercury or other tmce mctat) is
d~hargcd into the water column
and the resulting concantrati&t  .af
contamirtant  occasionally exceeds
but dots not incrcasc  the average
beyond the chronic State standard
or EPA criterion.

A regular contaminant (such as
mercury or other trace metal) is
discharged into the water column
and the resulting concentration of
contaminant averages (sampling
period set by permit) more than the
chronic State standard and EPA
criterion. but d~ not exceed acute

A regulated contaminant (such as
mercury or other tmcc metal is
discharged into the water column
and the resulting concentration of
contansinant  is afww  t h e  a c u t e
(toxic) State standard or EPA
criterion. Turbidity exceeds 7300
Dnm susnended sediment

(toxic) State Standards and EPA ~&ccntrati&.
criteria and dots not exceed 7300
p p m s u s p e n d e d - s e d i m e n t
concmstsation.

Table 2.20. Definitions and resource categories used in the assessment of environmental effects (From: U.S. Department of the
Interior, Minerals Management Service 1991 ).
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NEGLIGIBLE MINoR MODERATE MAJOR

Rescource  Catcrzmy

Commcrekd  Piihing

Conflicts are rare. One-year losses Minor conflicts develop. Losses of Minor conflicts are frequent or Major disruptions to fishing occur.
to important commercial fisheries 1 to 3 pcrmnt, for periods of 1 or significant conflicts
do not exceed 1 percent.

occur Conflicts are frequent and
more years, occur in important occasionally, fmsses of 3 to 10 significant tly affected fishing. Losses
commercial fisheries. percent, for periods of 1 or more exceed 10 percent, for pencds  of 1

years, o c c u r  i n important o r more years, in important
commercial fisheries. commercial fishen”es.

SrrbaiitcnmHamm  Patterns

Subsistence resources could be Subsistence resources would be One or more subsistence resources One or more important subsistence
affected but with no apparent affected for a period of less than 1 would become locally unavailable resources would become locally
effects on subsistence harvests. year, but no resource vmuld become for a period of time not exceeding unavailable for a peziod of time

unavailable. 1 year. exceeding 1 year.

Sociondturaf s~erna

Periodic disruption o f  l o c a l Sho r t - t e rm  dismption of local Long-term (S years or more), Long-term (S years or more),
sociocultural  systems occurs without smiocssltural  systems without a chronic d i s r u p t i o n  o f
apparent effects.

local chronic d i s r u p t i o n  o f  local
tendency toward the displacement seciocultural system+  occurs w“thout soeiocultural  systems occurs with a
of existing institutions. a tendency toward the displacement tendency toward the displacement

of existing institutions. of existing institutions.

&haeologieaf  I@oumes

N O detectable archaeological Few archaeological resources Some archaeological resources Many archaeological
resources (including Iandforms  and (including Iandforms  and sites) are (including landforms  and sites) are

resources
(including Iandfonrrs and sites) are

sites) arc expected to be present expected to be present and expected to be present and
and disturbed. disturbed.

expected
disturbed.

to be present and
disturbed.

Rermation  and Tourism Reaowus

Barely detectable reduction in Stight reduction in recreation and %mc  reduced recreation and Much reduced recreation and
recreation and tourism aesthetic tourism aesthetic qualities and tourism aesthetic qualities and tourism aesthetic qualities and
q u a l i t i e s  a n d e c o n o m i c economic expenditures cwer one- economic expenditures over one- economic expenditures over the
expenditures. fourth of the area lasting approxi- half of the area lasting for whole area for approximately 3 to 4

mately 1 year. approximately 2 years. years or Iongcr.

Table 2.20. (Continued).



Biological Reso.-  (fmwer-Trophic-fzwl  Organ&m+ FM+ Me and Coastaf Birc@ Noncndangcrcd  Marine Mammals)

No measurable short-term or long-
term change in n u m b e r s  o r
distribution of individuals occurs in
a population.

I?n&ngercd  and Thrcattncd S*CS

No measrrrable  change occurs.

Economy of Nomc

Economic effects occur which have
no measurable e f f e c t s  o n
gowmnmesrtal  policies, pIanning,  or
budgeting, or no measurable effect
on the economic well-being of
residents of the area.

A specific group of individuals of a
p o p u l a t i o n  i n  a  Iocalizcd  area
and/or over a short time period
(one generation or Less) is affected;
the regional  peculat ion is  not
affected.

A specific  group of individuals of a
population in a kreaIized area is
affected over a short time period
(less than onc breeding cycle).

Economic effects occur which may
require slight marginal changes in
governmental policies, planning, or
budgeting, or may marginally affect
the economic well-being o f
residents of the area.

A portion of a population in the
region changes in abundance
and/or distribution over more than
one generation, but the change is
unlikely to affect the regional
population.

A portion of a regional population
declines in abundance and/or
distribution, and recovcsy  requires
more than one breeding cycle”’ but
less than one generation.

Economic effects rxcur  which w’11
require s o m e  b u t  n o t  m a j o r
modification of governmental
policies, planning, or budgeting, or
may create problems such as an
increased rate of Dricc inffation  or.
housing s h o r t a g e s ,  o r may
substantially affect the economic
wcil-being of residents of the area.

A population or species in the
region decl ines in abundance
and/or distribution beyond which
recruitment would not return it to
ifs former ICW4 within several
generations.

A regional population or sfxcies
declines substantially in abundance
and/or distniution,  and recovery
~quir=  at least onc generation.sl

Economic effects occur which will
require major changes in
governmental policies, planning, or
budgeting, or w h i c h  h a v e  the
potential to create major problems
or to cause important and swccfring
changes in the” economic well-being
of residents of the area.

Table 2.20. (Continued).



Iasrd Use Pfans and Coastal Management Pmgmms”

Proposed activities generally Pro~sed  activities infringe on an Propescd activities alter  a preferred Proposed activities are incompatible
conform with existing land use and existing land USC, or create minor land USC, or create moderate effects
have negligible effects on protected

with or displace a preferred land
effects on protected coastal on one or more protected coastal use, or create major cffecls on onc

coastal resources and uses. resourecs or uses. resources or uses. or more protected coastal resou rccs
or uses.

Human Heafth

No change to the hair-mercury Hair-mercury Icvels  of some of the Hair-mercury levels of one or more Hair-mercury levels of one or more
levels of any of the Nome general population residing in women child-bearing women
population.

child-bearing
Nomc would approach but not (because o~fpotcntial  effects to% (because o;fpotential  effects to%
exceed recommended !CVCIS set for developing fetus) residing in Nome developing fetus) residing in Nome
the general adult population. Any would be elevated but would rtot would exceed recommended levels
ehangcs  in hair-mercury levels of exceed recommended levels set for set for pregnant women.’l
pregnant women do not reach 6 pregnant women.”
ppm.”

source: MMS, Afastra OCS Region.

NAAQS are based on the protection of human health. Numerical standards for each pollutant arc given in Table 111-2. PSD increments are supplements
to the NAAQS protecting existing high airquality areas. Rcgionat  refers to effects on areas that arc as large as, or larger than, about one-half the area
of the North Slope of Alaska. Local refers to effects limited to tens of miles near the shoreline. Short term refers to hours, daya, or wee~  long term
refers to seasons or years.
Visibility criteria arc applied only to PSD Cfass I arcrsy  significance is determined by EPA visibility-analysis guidelines. Long km refers to seasons or
years. Short term refers to hours, days, or weeks.
a. The State standard and EPA chronic criterion for mercury arc both 0.025 ppb.
b. The acute State standard and EPA criterion for mereury arc both 2.1 ppb.
c. State standards and EPA criteria allmv execedcnee  of trace-metal limits once per 3-years on the average.
d. For water turbidity, the State standard is 25 NIT-f and EPA criterion is a Kt-peseent  decrease from seasonally averaged compensation depth.
A breeding eytle is the average time period between the birtha of successive offspring.
A generation is the avcm.ge  time period between the birth of the parents and birth of their offspring.
Definitions reflect inconslstcnccs  between the propeel  and land and water regulatory regimes, not effects of the proposal on the regulations.
The WHO es@mrmental health criteria in 1976 estabtiihed 200 ppb mcrnrry in blood or 60 ppm in hair as the level where effects from methylmercusy
cpum bean to be seen in adults.
“Etcvated” is defined as 6-10 ppm in hair.
The new World Health O~anization (WHO) environmental health eritena  document (to be Published in 1990)  wiIl  state that the occasional rrsvrhomotor
retardation effects from pr&atal  exp&rc  to methylmercury  cars be seen in infants and children whose mothers had mercury hair levels beh~cn  10 and
20 ppm (C2arfrsorr, 19S9, ond comm.)

Table 2.20. (Continued).
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Canada border). Isolated insuiar sheives are found off the Virgin Islands, Puerto Rico,
western Samoa, and Guam. Hawaii and other Pacific island associations have no
continental shelf but have some seabed of continental sheif depths within their EEZS. The
major physicai  characteristics of the ocean are its depth, temperature, and density. The last
two characteristics exhibti extreme spatial and temporal variability due to the effect of
currents, waves, and tides. Ocean currents are three dimensional in their direction of
motion and in their extent, and their movement is the result of winds and thermohaline
circulation. Both surface and subsurface currents are of concern to the ocean miner with
respect to the transport and dispersion of plumes of turbid and dissoived materials along
the sutface, at midwater depths, and on the bottom. Waves are caused by winds and are
a major consideration in the safety of operations at sea and the likelihood of spiliage or
accident. In general, tidal effects distal to coastal areas are not prominent, however, there
are exceptions where tides may have a significant influence on local currents. The
capability of the oceans to chemically buffer otherwise undesirable inputs from discharged
wastes is weii known. There is a considerable amount of misconception evident concerning
the effects of minerais and other mined materiais, both of which are frequently considered
by lay persons to be the equivalent of toxic wastes (see Section 2.3.1).

● Natural Effects

Effects of naturai ocean phenomena, such as freshwater springs, petroieum
seeps, tidai currents, upweliing, and red tides, may be the cause of significant iocal or
regional environmentai change on a seasonal or random basis. These changes may be
mistakenly perceived to be the resuit of minerai development operations and it may be
prudent to carefully conduct monitoring in areas of mineral operations.

● induced Effects

The impacts of marine mining on water quaiity will vary greatiy with the type
of mining operation (see Section 2.2) and its geographic iocation. Levels of impacts can
be predicted only when the plan for a specific operation is submitted. Effects on water
quality will resuit from introduction of materials at the seabed or discharged from the mining
platform, either of which can occur deliberately or accidentally. The materiais will generally
be in the form of particulate soiids or dissolved substances, however, the introduction of
bulk materials (e.g., minerals cargo, industrial trash) is also possible. Major changes in
water quaiity anticipated, or reported, inciude increases in turbidity, nutrient enrichment,
trace metai  enrichment, and floating materiais.  Each topic is discussed in greater detaii in
the following text.

Increase in Turbidity: According to Cruickshank  et ai. (1987) seabed mining
wili create turbidity piumes at the seafloor as fine materiais are resuspended or created
during mining. The properties of the plume, patticuiatiy  the settiing times of the particies,
wiii depend on their size distributions, specific gravities, and relative concentrations. These
are aiso the properties of greatest biological significance. Particie size and specific gravity
determine residence time in the water column and potentiai for resuspension. The iargest
of these plumes may be created by mining systems designed to reject fine materiai  at the
seabed during ore retrievai. in generai, the chemical characteristics of the smailer, slower
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settling particles in these plumes will be similar to existing suspended sediment. Under
certain circumstances, however, dissimilar chemical characteristics may exist between
ambient resuspended sediment and mining-related particles. For example, during the
mining of anoxic layers, the volubility of adsorbed metals can differ greatly between re-
ducing and oxidizing environments. The effects of such differences are likely to be local
and brief due to rapid dilution by oxygenated waters. Rock fragments created by mining
are likely to consist of relatively inert material and are less likely to be a source of dissolved
metals than are resuspended sediments. Additional turbidity may be created as the mined
material is raised to the surface (see Figure 2.37).

Surface turbidity plumes, created when wastes are discharged from shipboard
operations, will vary in proportion to the amount of fine material discharged and the
disposal technique. The fine sediment fractions will tend to remain in suspension on board
the mining vessel, to be discharged with the slurry water. In a continuous mining operation,
a continually renewed plume is present. Sediment concentrations in any one parcel of
water decrease as the water mass moves away from the point of discharge. As each parcel
is replaced by another, high concentrations are always found near the discharge point even
though the concentrations in each parcel are continually decreasing (Cruickshank  et al.
1987). Field studies and modeling results indicate that both surface and benthic plumes
can be detected over distances on the order of kilometers and, in certain cases, tens of
kilometers. Plumes from coastal dredging typically are visible for only 1 to 5 km but may
be visible up to 20 km (USDOI 1974). Lavelle et al. (1981) measured plumes up to 120 km
from the point of discharge, however, the detection of plumes at these distances requires
the measurement of substances that are prominent in the mining discharge but rare in
natural waters (e.g., manganese in the discharges from manganese crust or nodule mining).

Atypical bucket ladder dredge operation (e.g., similar to the 13hna as described
in Section 2.2.1.2) produces a plume of particulate extending 300 m at the surface and
500 m near the bottom. In the immediate vicinity of the operation, the surface concentration
of particles is about 500 g/L, which decreases rapidly with distance. In the water column,
particle concentrations are about 100 mg/L. However, when mining stops, the turbidity
plume settles rapidly (USC, OTA 1987).

Repotting on an operation in Baie de Seine, France, the International Council
for the Exploration of the Sea (ICES) (1975) indicated that approximately 1.2 x 10G m3 of
material was dredged in threeday periods between January 1974 and July 1975. Particles
larger than 40 ~ settled within 1.5 km of the test site, and 10% of the fines were still in
suspension 6 to 12 km from the point of origin. Wtih strong winds and wave heights of
3 m, the settling velocity of the plume was measurd  at approximately 1.5 mm/s with
longitudinal and transverse velocities of 0.01 to 0.4 m/s, respectively; about 5 to 25 g/L of
solids had particle diameters less than 0.3 mm. Within 15 to 30 min after cessation of
discharge, homogeneity of particle distribution was evident over the entire vertical section.
The mean settling velocity of the particles measured in the natural environment was about
1.5 mm/s, or about 10 times greater than the median velocity measured in the Iaboratoty.
The reason for the difference is not known, though it may be due to flocculation or

a g g l o m e r a t i o n .
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Nutrient Enrichment: Depending on the type of material disturbed on the
seafloor and in the seabed, the water column may become enriched with certain nutrients.
Data obtained during pilot mining of manganese nodules in the Pacific revealed higher than
normal concentrations of nitrate and silicate. Increases in these nutrients leads to increased
productivity in certain types of plankton. Tests in the Blake Plateau showed similar
anomalies (Amos et al. 1972). Conversely, the oxygen concentration in the water column
can be reduced by suspended sediments that provide an increase in surface area available
to bacteria (Padan 1977), resulting in the release of unoxidized biogenic material. While this
is not likely in the case of mining, it could occur if fine-grained, organic-rich overburden is
removed during a placer operation. Reduced oxygen levels have been of short-term
duration and have caused little concern (Wakeman 1976; Public Works Canada 1982).

Trace Metal Enrichment: The resuspension or discharge of patticulates into
the water column may result in dissolution of certain trace metals, resulting in an increase
in their concentration above normal levels. The type and concentration of metals would
depend on the characteristics of the particulate matter and the temperature, salinity, PH,
and oxygen content of the water. Adsorption by organic and inorganic particulate matter
quickly removes excess trace metals from the water column. Due to such factors as
dilution, precipitation, and adsorption, the release of significant amounts of dissolved metals
from mining operations is unlikely.

Floating Materials: Oil pollution associated with mining operations may include
(1) oil spilled during fuel transfer operations; (2) deck drainage from ships or platforms;
(3) discharges of bilge water; and (4) possible fuel tank rupture. The fate of the released
oil is dependent on the type of oil; temperature of the watec wind, wave, and current action;
light intensity; and the concentration of nutrients and particulate matter. Most of the spilled
oil will be removed by evaporation, dissolution into the water column, and microbial
degradation. There may be a small remainder which could form tar balls and be dispersed
widely from the point of origin. The NAS states that there is no evidence of irrevocable
damage to marine resources either by chronic inputs of oil or by major oil spills (USDOI,
MMS 198Sa). Due to the removal processes described above, the likelihood that
concentrations of oil in the water column from mining operations could reach levels which
would cause significant environmental effects is extremely low.

2.3.2.3 Geological Environment

The geological nature of the seabeds off the U.S. coast is described briefly in
the following text for each OCS region (U.S. Department of State [USDOS] 1975).

The continental shelf is the zone lying adjacent to a continent which extends
from the low-water line to the depth at which there is a marked increase in slope to greater
depths. The forward (or seaward) edge of the shelf lies approximately at 183 m, but this
is far from uniform. On a global basis, the edge of the continental shelf ranges in depth
from 20 to 55o m with an average of 130 m (Emery 1969). U.S. continental shelf depths
vary greatly from the 183 m mark; in fact, some believe that a 132-m depth is a more
accurate figure for the forward edge of the shelf with the single greatest mark set at 457 m
(Thorn bury 1969). When the zone below the low-water line is highly irregular and includes
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depths in excess of those typical of the continental shelves, the term continental borderland
is applied.

The shelf ranges in width from zero to 1,500 km with an average of 78 km; the
continental shelves underlie only 7.5°A of the total area of the oceans, but they are equal
to 18°4 of the earth’s total land area (Emery 1969). These figures are representative of all
the continental shelves of the world’s continents, inclusive of those of the U.S.

The geomorphology of the continental shelf has a great deal to do with the
nature and effect of mining operations. Off the eastern U.S. coast, the continental margin
can be divided into three different sections (1) from the Bay of Fundy southward to Cape
Cod; (2) from Cape Cod southward to Cape Hatteras; and (3) from Cape Hatteras to the
tip of Florida.

Irregular topography, with rows of banks and shallow water on the outer margin
and deeper water inshore, is characteristic of the shelf from the Bay of Fundy southward
to Cape Cod. The topography is very complex due to the presence of knolls, ridges,
swells, and basins. These geomorphic features are, for the most part, the product of
Pleistocene glaciation. The sedimentary strata overlays Paleozoic basement rock; the age
range is from Triassic to Tertiary. The surficial sediments are mainly sand, sandy gravel,
and gravelly sand. Some clay and silt are present locally. A significant amount of the
sediment in this area is glacial in origin.

The continental shelf from Cape Cod to Cape Hatteras is distinctly different from
that described above. A uniform and smooth surface that slopes gently seaward and
almost disappears near Cape Hatteras is characteristic of this shelf. The continental shelf
along this section has not been subaerially eroded or subjected to glaciation. Another
important characteristic of the shelf includes the presence of numerous submarine canyons
(e.g., Oceanographer, Hydrographer, Wilmington, Baltimore, Washington, Norfolk, and
Hudson).

The third and southernmost section of the eastern U.S. OCS extends from Cape
Hatteras to South Florida. South of Cape Hatteras, the shelf widens to nearly 121 km off
the coast of Georgia. South of Georgia, the shelf starts to narrow again until it almost
disappears off Miami, FL The Blake Plateau is located in the Cape Hatteras-Florida section
of the continental shel~ the plateau is intermediate in height between the shelf and seafloor.
Much of the plateau surface is flat; with a maximum width of 274 km, this feature lies 300
to 732 m below the level of the inner shelf. The Blake Escarpment, the plateau’s eastern
edge, drops 3,658 m to the floor of the ocean basin.

Further south, between Miami and Key West, is the Straits of Florida. The main
axis of the northern straits, lying west of Little Bahama and Grand Bahama Banks, has been
formed aseismically by nondeposition and limited erosion. In contrast, the southern straits
located north of Cuba has been formed by a half-graben structure with the downdropped
portion tilted towards the south (Malloy and Hurley 1970).

West of Florida, the continental shelf of the eastern Gulf of Mexico widens to
about 241 km only to narrow again off the coast of Alabama and Mississippi. The shelf
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widens again west of the Mississippi delta, extending to a distance of 165 km off the coast

of Louisiana and Texas. Three maj~r escarpments bound the Gulf of Mexico, including the
West Florida Escarpment on the south. The most notable submarine troughs in the Gulf

are the De Soto Canyon and the Mississippi Trough. These two features, however, are not
as large as comparable troughs on the U.S. Atlantic and Pacific shelves. Another significant
feature in the Gulf is the Mississippi River delta. The delta has been built up by sediment
carried to the Gulf by the Mississippi River and deposited over a 700 miz area; the deltaic
sediments extend to the edge of the continental shelf with turbidity currents transporting
some sediment to the abyssal  plain.

Salt domes occur in the western portion of the shelf and have resulted in
structures which form petroleum traps frequently capped by large deposits of sulfur. Many
salt domes are known to occur on the coastal plain of Louisiana, Mississippi, and Alabama,
indicating that their occurrence is not limited to shelf areas.

In terms of areal extent, the continental margin off the western U.S. is not nearly
as large as the margin off the eastern U.S. coast. In general, the maximum width of the
shelf ranges from 16 to 42 km. Topography of the shelf varies significantly from that off the
eastern U.S. coast; this difference is due to many irregularities resulting from regional and
local tectonic activii, and to a lesser extent by depositional and erosional processes. This
is particularly true of the shelf off southern California which is cut by numerous faults,
grabens, and horsts.  From San Francisco north to the California-Oregon border, the shelf
width narrows to about 16 km, then widens to about 32 km off the Oregon and Washington
coast. Some of the bottom topography that exists off southern California is also reflected
in this area. However, there are a few glacial features on the shelf off Oregon and
Washington that are absent off the southern California shelf.

There are numerous submarine canyons off the U.S. west coast, with the
Monterey Canyon the largest and best known. Prominent submarine escarpments exist in
association with the shelf that includes the Punta Gorda, Mendocino, and Patton
Escarpments, which mark the shelf’s western edge. The strata overlying the Jurassic and
Cretaceus crystalline rocks range in age from Cretaceus to Tertiary.

Wtih regard to the continental shelf off Alaska, it is found to be only a few
kilometers wide at the southern end of the Alexander Archipelago, widening to about 60 km
at the northwest side of Cross Sound. This section has numerous submarine valleys and
fjords. Westward, around the Gulf of Alaska, the sheIf widens to 193 km near Kodiak Island.
This section has numerous islands and troughs that have been extensively modified by
glaciation.

The continental shelf south of the Aleutian Islands is relatively smooth, with
gradual decreases in water depth to about 163 m. At this point, a sudden, sharp drop
occurs into the Aleutian Trench to a maximum depth exceeding 7,500 m. The upper part
of the shelf in this area is cut by trough-like valleys which are believed to have a significant
amount of fault control. The axial area of the trench is flat because of the large volume of
accumulated turbidities (Piper et al. 1973).
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West of Alaska, in the Bering Sea, the shelf is very smooth with only a few
submarine valleys (e.g., Ogotorul  Sea Valley, Chukchi Sea). Further north in the Beaufort
Sea, the shelf is relatively smooth, although some submarine canyons do occur (e.g.,
Barrow Sea Valley, Mackenzie Sea Valley).

Effects of mining on the seabed include alteration of bathymetry or alteration
of habitats caused by removal, perturbation, or deposition of materials. These activities
have not been well studied under controlled conditions. Certain qualitative data, however,
are available from sand and graveI operations which leave holes in the seabed, deposit fine
sediment from discharge plumes, and alter habitats.

● Holes in the Seabed

Where operational water depths exceed 10 m, holes or pits created by dredging
operations, particularly stationary dredges, may be from 1 to 70 m deep. Such holes or pits
very rarely fill in either via sediment transport or backfilling (due to slumping of the sides
of the pit) as noted by de Groot (1988). A second potential problem lies with the
accumulation of fine sediment within the pits where water movement has been reduced.
Typically weak, unstable mud fills pits in areas that were once sandy bottoms (de Groot
1979a). The reduction of water movement may also lead to anoxic  environments; however,
this has not been, nor is it expected to be a significant problem. The furrows left by trailer
suction dredges do not seem to have any long-term environmental implications, because
they infill quite rapidly (ICES 1979). Coastal erosion may occur when large-scale, nearshore
dredging modifies the seabed such that there are changes in wave patterns and sediment
movement. For example, dredging off Hallsands, Devon, England during the early 1900s
resulted in severe wave damage to the coast and large-scale erosion that extended well into
the village (Drinnan and Bliss 1988). Motyka and Willis (1974) found that erosion increased
when dredging occurred in water depths less than one half the normal wave length, or less
than one fifth the extreme of the waves.

● Fine Sediment Deposition

According to Cruickshank  et al. (1987), the fine particulate material suspended
in plumes eventually falls to the seafloor, forming a thin layer over a large area. The
measurable effects of sedimentation will be much more localized than those of plumes.
Imelle  et al. (1981), for example, found that 90% of the sediments suspended by
manganese nodule mining were redeposited within 70 m, even though the mine site was
covered with clays that would be expected to form a plume of small-sized, slow-settling
particles. Thicknesses of the sediment layers resulting from mining were less than 1 to
5 mm at 200 m from the disturbed area, about 2 to 4 mm at 50 m, and 8 mm at 25 m.
Thicknesses of resedimentation may be considerably higher in some mining operations, but
the pattern of rapid decline in sedimentation at increasing distances can still be expected.
In examination of the dispersion of spilled barite fines from the Castle Mine in southeastern
Alaska, traces were found on the seabed several kilometers from the mine in both
directions, but no effects on the benthos were measured (Noakes  and Harding 1982).
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● Altered Habtits

Dredging may change the original sediment substrate by exposing underlying
bedrock or a different sediment type. Sediment size composition can be altered when
selective sizing of dredged material is undertaken. For example, the presottlng  of sediment

at the dredgehead (i.e., via an Intake grill) leaves boulders on the surface. Resettling of
material rejected atler onboard physical processing can also alter the sediment size
composition of a mined area (ICES 1975; Padan 1977; de Groot 1979a; Drinnan and Bliss
1 988).

2.3.2.4 Biological Environment

The flora and fauna of the continental shelf is extremely variable (USDOI 1974).
The following text provides brief discussions of the avifauna and marine flora and fauna of
the continental shelf. Special reference Is made to specific environmental Issues  which
include marine  mammals, sensitive habitats, and threatened and endangered species.

● Birds

There are over 8,000 species of birds (Table 2.21). Noise from dredging
operations may affect birds during nesting season because they are more susceptible to
external stimuli at that time. While this would not generally be a problem for operations far
from the coast, it should be considered, particularly in those areas where offshore islands

(I.e.,  prominent breeding and nesting sites for marine birds) are located. In quantitative
terms, however, those terrestrial and coastal species that might be affected most by
activities at or near potential support and processing bases would include brown pelicans,
least terns, piping plovers, bald eagles, and peregrine falcons. They may nest on or near
shorelines and feed directly or indirectly in coastal waters. Such nesting or feeding could
be temporarily interrupted or modified by increased noise from support vessel and aircraft
traffic and associated activities (Packer 1987). Besides these effects, increased heavy metal
concentrations in birds or other terrestrial biota are unlikely, and collisions between vessels
and feeding birds would be possible but unlikely. Of greater concern are nesting birds,
small mammals, reptiles, insects, and plants that might be adversely affected by habitat
reduction associated with expansion of onshore support or processing facilities during
mining. While these effects could be locally significant, they would be negligible during
preliminary activities that would involve use of existing facilities (USDOI,  MMS 1983a).

● Marine Flora

Very little information is available relating marine flora, including kelp and other
macroflora, to mining on the continental shelf. Turbidity from mining plumes may reduce
the penetration of sunlight into the upper water column and consequently reduce primary
production by phytoplankton in near-surface waters. No significant quantitative field studies
were identified pertaining to mining-related turbidity and its effects on phytoplankton
productivity.
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Table 2.21. Orders of birds (From: Reader’s Digest 1977).

Orders of Birds

There are more than 8,000 species of
birds—a figure both intimidating and
unwieldy. Thus the class Aves (birds)
is usually broken down info 27 living
orders. Like other Iaxonomic  groups,
the orders conlain  vastly difierent  num-
bers of spacies. For example, the order
Struthioniformes  has only one kind of
bird (the ostrich), while the order Pas.
serif ormes  has some 5,000—more
than half of all living specias. Below ia
a list of the orders, with representatives
given for each. Note that the technical
names all end in -iiormes.

Apterygiformes: kiwis
Strulhioni!ormes:  ostrich
Rheiformes:  rheas
Casuarilformes:  cassowaries, emu
Tinamiformes:  tinamous
Podicipediformes: grebes
Gaviiformes: loons
Sphenisciformea: penguins
Procellariiformes: albatrosses,

Shearwaters, petrels
Pelecaniformes: pelicans, cormorants,

darlers, gannets, frigatebirds
Ciconliformes:  herons, storks, ibises,

spoon bills, ilamingoes
Anseriformes:  screamers, ducks,

swans, geese
Falconlformes: esgles,  hawks,

vultures, falcons, osprey, secretary
bird, condors

Gafliformes:  magapodas, curassows,
grouse, guinea fowl, turkeys,
hoatzin

Gruiformea:  cranes, trumpeters,
bustards, sun bittern, rails, finfoots,
iimpkin

Charadrliformes:  gulls, auks,
sandpipers, plovers, oystercatchers,
avocets, phalaropes

Columbiformes:  pigeons, sandgrouse
Psittacilormes:  parrots, parakeets,

cockatoos, macaws, Iories
Cucuiiformes: cuckoos, touracos
Strigiformea:  owls
Caprimulgiformea:  nighljars,

frogmoulhs, oilbird,  potoos
Apodiformee:  swifts, hummingbirds
Trogoniformes:  lrogons,  que!zal
Colilformea:  mousebirds
Coraciiformes:  kingfishers, hornbills,

rollers, hoopoe, todies, motmots
Piciformes:  woodpeckers, barbels,

toucans. puff birds, jacamars,
honeyguides

Pesserlformea:  finchas, sparrows,
wrens, thrushes, starlings, tits,
larks, swallows
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● Marine Mammals

Marine mammals are of particular concern to the organizations responsible for
management of ocean and coastal resources. According to USDOI, MMS (1991), the
degree to which mammals might be affected by mining operations for hard minerals
depends on 10 variables, including (1)  the commodity being mined, particularly the
composition and concentration of its toxic components; (2) the mining method and
technology employed, both of which determine the characteristics and extent of sediment
plumes at or near the surface, within the water column, or near or on the seafloor; (3) the
phase of activity, whether exploration, delineation, testing, or mining and the level of
operations; (4) the location of activities, particularly their proxim”ky to marine mammal
habitats; (5) the incidence of accidentally discharged toxic materials other than the
commodity being mined, such as fuel or on-site processing agents; (6) the physical
presence and numbers of animals, either year round, as seasonal residents or migrants, or
as occasional visitors; (7) the customary or preferred habitat(s) of animals; (8) their activities
and behavioral attributes in a habitat; (9) their feeding habits and food preferences; and
(10) their susceptibility and sensitivity to impact-producing agents, particularly relative to the
level of the operations involved.

Depending on these variables, the potential adverse effects on marine mammals
may include (1) decreased feeding success and prey availability in areas of increased
activky-related  turbidity (2) increased heavy metal concentrations caused by prolonged
ingestion of zooplankton or free-swimming prey which feed directly or indirectly on
phytoplankton that accumulate abnormally high amounts of metals (see also
Section 2.3.1.2 on bioaccumulation); (3) death or injury due to collisions with support and
possibly other lease activii-related vessels; (4) behavioral and stress-related reactions to
increased noise from aircraft, suppocl vessels, and mining, and from support base or
onshore processing operations; (5) death, injury, or behavioral modifications due to shock
waves produced by explosives and/or geophysical surveying activities; and (6) physio-
logical stress or physical injury due to contact with accidental discharges of potentially toxic
materials incidental to mining.

Without site- and operations-specific knowledge, however, it is not possible to
quantitatively project the effects of minerals operations. Qualitative generalizations are
discussed in the following text in terms of turbidity, heavy metals, collisions, noise, shock
waves, and spilled fuels or lubricants.

Turbidity Surface and subsurface sediment plumes might reduce the ability
of visually-feeding marine mammals to locate their prey, thereby diminishing their feeding
success. Presumably, few animals would remain near offshore mining sites. As the plume
areas would be comparatively small and prey abundance probably lower in the plumes,
potentially involved mammals should be able to feed successfully outside the plumes.

Heavy Metals: Because marine mammals and some of their finfish prey are
long lived, the potential exists for bioaccumulation of ore-derived heavy metals and other
environmental contaminants. This potential exists despite the fact that both the prey
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species and the zooplankton on which they feed apparently do not bioaccumulate
significant heavy metal loads from phytoplankton  on which they both feed.

Collisions: When present in areas transited by support or seismic sutvey
vessels, some beaked, pilot, and pygmy sperm whales might be subject to collisions
because of their proclivii to sleep, rest, or 1o11 motionless at or near the surface. Seals, sea
lions, and northern sea otters might be subject to collision when feeding, migrating, drifting,
or rafting offshore. Harbor porpoises and minke whales (small baleen whales), because of
their comparatively slow swimming speeds, may have difficulty in avoiding fast moving
vessels.

Noise: It is recognized that noise will affect marine mammals, however, the
significance of this effect is not known because there is very little information about the
intensity, frequency, and duration of the noises produced by marine mining operations.
Stationary suction dredges operating in the Canadian Beaufoft  Sea for construction of
artificial islands did not appear to disturb beluga and bowhead whales, although their
swimming patterns did change within 2 to 4 km of dredging operations (Cruickshank et al.
1987). Noises from aircraft, boats, and other lease-related operations are known to affect
marine mammals such as seals and sea lions, but the degree of impact has not been
measured.

Shock Waves: The effects of shock waves produced by explosives, seismic
surveys, or undersea blasting are not well known. The available literature, derived mainly
from experiments and observations of endangered whales, indicates that the effects of air
guns on marine mammals are generally negligible at distances of 5 km or more from
seismic operations (Young 1977).

Accidental Discharges: The possibility of discharges of small amounts of fuel
or other deleterious fluids is always present during operations at sea. Apart from massive
oil spills, the effect on marine mammals has not been recorded.

● Plankton

Plankton growth may be affected by the decrease in light levels caused by the
presence of a fine sediment plume, at least down current in the vicinity of the mining vessel.
This may be due to absorption by suspended particles or changes in the spectral
composition, because particles scatter blue light (short wave) more than red light (de Groot
1979a). Zooplankton and meroplankton might also be affected by ingestion of the fine
particles themselves, particularly if they are toxic. Most nutrients are contained in the
bo~om sediments. When released by dredging, they are made available to plankton
resulting in a temporary change in the local species divers”~ and production (de Groot
1979a). Total effects would depend on the type, duration, and size of the plume, the
characteristic of the site, and the species involved (USDOI,  MMS 1991). Stationary placer
mining operations will continuously generate a turbidity plume on site. In contrast, sand
and gravel operations using hopper dredges tend to be discontinuous and associated
plumes would be dispersed over a larger area. Because the concentration of the
suspended particles in the plume diminishes rapidly with time and distance from the source,

142



the effects on fauna are reduced (de Groot 1979a; Cressard 1981; Evans et al. 1982;
Cruickshank et al. 1987). In general, the effects of turbidity on phytoplankton  (due to light
reduction) or on pelagic fish and invertebrates (due to gill irritation, and reduction of light

levels on visual  feeders) are considered small (de Groot 1979a; Cressard 1981). One of the
major factors upon which this conclusion is based is that the plume is generally small in
scale (relative to the total marine coastal environment) and duration (Drinnan and Bliss
1988). Other research has indicated that the impact of fine-grained discharges from such
activities is small; frequently, the material is quickly dispersed (Gillie and Kirk 1980; Cressard
and Augris 1982). Wtihin the water column, the effects of particulate on the drifting biotic
communities are considered negligible because of the limited area affected and the
characteristically short exposure time (National Research Council [NRC] 1985).

● Nekton

For mobile, free-swimming organisms, such as most pelagic fish, the potential
effects of fine sediment plumes are reduced due to the ability of the organisms to avoid the
resuspension area (NRC 1985). A considerable amount of work has been done in this field,
particularly with anadromous  species. In one experiment in Canada, coho salmon were
found to be the most tolerant of the fish tested, closely followed by winter flounder and

silverside (Boehmer  et al. 1975). Although initially more tolerant of higher concentrations
of suspended sediment than menhaden, yellow flounder, and hake, silverside was less
tolerant at longer durations. This led to the conclusion that with some species the toxicity
of suspended fine sediment is more dependent on the duration of the exposure, whereas
with other species the toxicity is more dependent upon the concentration. Boehmer et al.
(1975) noted that the tolerance to suspended sediment varies from species to species, and
varies with particle size and composition. Furthermore, they believed that the toxicity of
suspended sediment is physical in nature. This is supported by the fact that during tests
the coho salmon that died were found to have their gills clogged with sediment. Campbell
(1954) conducted an experiment in the Powder River of Australia while dredging occurred
for gold. With a turbidity of 1,000 to 2,500 ppm, eyed rainbow trout eggs died within a six-
day period. Adult rainbow trout did not tolerate the silted waters eitheu within a 20day
period, 57% of the adults died. Similarly, de Groot (1979b) characterized herring trying to
avoid suspended sediments from dredging activities in the North Sea. For fine sediment
(i.e., median particle diameter = 4.5 ~), the threshold concentration for avoidance was
19.5 mg/L For coarser material containing 30°A sand, the threshold concentration
increased to 30.5 mg/L. Owen (1977) noted that several investigators have reported that
suspended sediments can clog or interfere with the gills of fish; further, levels of suspended
materials greater than 270 ppm have been related to the disease fin-rot. In general, water
clarity (transparency) increases with increasing distance from shore (de Groot 1979a). The
effects of resuspended matter will be greater in clearer offshore waters than in the coastal
zone where the water is already turbid. Visual feeders, such as mackerel and turbot, will
avoid turbid waters and will return once fine sediments settle (de Groot 1979a). Species
which use olfactory senses for feeding will tend to be less disturbed by turbid waters. The
impact of a turbidity plume from a sand and gravel operation is far less than for placer
mining for several reasons. Most sand and gravel operations avoid areas with more than
5% fines to avoid contamination of the cargo. Secondly, dredging runs are not of long
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duration; a vessel may spend only 3 to 4 h in a 24-h period actually on location, with the
remaining time spent in traveling and offloading (Drinnan  and Bliss 1988).

The principal environmental concern with offshore sand and gravel mining has
not been the removal of aggregates (which involves rather small geographic areas), but
rather with the plume of fine sediments (Boehmer et al. 1975). However, Evans et al. (1982)
pointed out that it is extremely unrealistic to anticipate sediment load anywhere near the
maxima used in the Boehmer et al. study, especially for suction hopper dredging. This is
because the dredge is only on-site for 3 to 4 h during a 24-h period. This discontinuous
method of mining enables the suspended sediments which enter the water to dilute,
dissipate, and settle.

● Benthos

The effects on the benthos from continental shelf dredge mining operations is
probably the most evident and widely documented. The primary effects including
entrainment, turbidity, and sedimentation, are influenced by water depth, current velocity,
and benthic species. Increased turbidity may smother non-mobile benthic dwellers in the
immediate vicinity of the mining operation. It is assumed that nearly total destruction of the
benthic  commun”~  occurs directly at the mining site by entrainment and for a short
distance down current by smothering of benthic organisms from resedimentation.

Turbidity: Particulate matter may have deleterious effects on filter feeders and
gilled organisms. Most demersal fish, like their pelagic cousins, are able to avoid turbidity
which, in general, will dissipate quickly as it moves from the source. Turbidity is a transient
condition which arises in all dredging operations and is usually of little long-term
consequence (Joint Group of Expetis on the Scientific Aspects of Marine Pollution
[GESAMP] 1977). In offshore dredging, transport by currents and ambient mixing
conditions can normally be expected to be effective in reducing the concentration of waste
material from a discontinuous source to insignificant levels over a time period of 5 to 10 h.
A conclusion of the Dredged Material Research Program was that the biological conditions
of most shallow water areas with high wave action appear to be influenced to a much
greater extent by natural variation in the physical and chemical environment than by
dredging. The NOMES project (Table 2.19) and Sea Grant studies corroborate the U.S.
Army Corps of Engineers’ (USACE) finding that, in shallow water, there is much natural
variation in both the distribution and abundance of species on the unaltered seafloor.
According to the USC, OTA (1987), turbidity plumes are primarily a matter of aesthetic
impact rather than biological impact. Boehmer et al. (1975) noted that the highest tolerance
to turbidity was exhibited by the adult stage of the quahog, soft shell clam, and oyster.
However, their tolerance could be attributed to the fact that they are filter feeders. Though
these shellfish species were found to be the most tolerant, another adult shellfish, the bay
scallop, was found to be the most susceptible of the species tested. Bay scallop larvae
were found to be more tolerant than adults, thereby supporting the belief that the
susceptibility of an organism may vary by life stage. Lobster, tested longer than any other
species, was found to be relat”wely  tolerant to suspended sediments. They are, however,
vulnerable to suspended fine sediment while molting. Cressard  (1981) stated that an
important fact about the turbidity front outlined by the Commissariats de l’Energie Atomique
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is that it does not appear to affect, to any significant degree, benthic  or pelagic biological

populations. Herbich and Schiller  (1973), reporting on a study concerning the effects of
dredging, indicated that dredging did not increase the mortality of oysters. Damage to
shellfish only occurred in the immediate neighborhood of the dredge when they were
covered by large particles of mud; no damage was observed beyond 89 to 388 m from the
dredge. In turbidity as high as 2,000 mg of silt or 4,000 mg of kaolin per liter, oyster larvae
have been shown to live at least 14 d covering the time period between egg and setting
size (U.S. Army Engineer District 1974). In another case, oyster larvae showed no effect
under experimental conditions to 48 h of exposure to suspended sediment concentrations
of 10 g/L (10,000 ppm). Further, no effects among quahog clams, soft shelled clams, and
oysters were noted during short-term (i.e., 48- and 98-h acute static bioassays)  exposures
to silt- and clay-sized particles of 80 g/L (80,000 ppm). In other studies, it has been found
that the physical effects of dredging operations are minor when compared to turbidity and
the increase in suspended solids due to natural events (e.g., high runoff from land, wind
and wave action). However, if dredging is continuous, then the area affected may be
substantially increased (California Department of Fish and Game 1977).

Entrainment: Capture or entrainment of benthic organisms, both epifaunal and
infaunal, generally occurs when they are unable to avoid the vicinity of the dredgehead.
Motile organisms such as fish  may swim  too close and get drawn In with the intake of

water. Burton (1979) evaluated a proposed sand mining operation at Madeleine Islands,

Quebec and reported that the number of mortalities was small and would not result in either
short- or long-term environmental effects. A Beaufort  Sea study conducted at McKinley Bay
and Tuktoyaktuk to monitor fish entrainment from dredging operations encountered such
difficulties in the monitoring procedure itself that it was impossible to provide quantitative
kill estimates or to determine the effectiveness of the monitoring devices (Pelletier and
Wilson 1981 ). Aurand and Mamontov (1982) repotied that dredging would result in the
destruction of the local resident benthic community. Recovery does appear to be rapid,
however, and is usually complete within one or two years. After destruction of the resident

population, recolonization begins from adjacent areas by larval recruitment and lateral
migration of adults if the sediment type Is compatible. Cressard (1981) suggested that

dredging of sandy shoals and banks of the mobile dune type was not expected to
significantly affect bottom biota, whose numbers are generally small because of the mobile
nature of the sand substrate. Investigations in Gulf of Mexico waters off Alabama indicated
that bottom dwelling organisms recovered six months after dredging for sand and mudshell
(Packer 1987). The first signs of recovery were evident after a few months; six months after
dredging, the number of organisms was about the same or even higher than predredging
conditions. There was also an increase in diversity and distribution of species. During the
Southwould-Thorpeness Project in the UK, biological monitoring (following the use of a
trailing suction dredge) indicated that although destruction of the benthos occurs in the
path of the dredge, no effects on the animal  community were noticed In the area as a whole
(ICES 1975). It was confirmed by de Groot (1979b) that bottom dwelling organisms In the

path of the dredgehead will be destroyed. However, as long as a layer of the original

substrate remains, the same type of bottom dwelling organisms may be able to return
through recolonization. Reported rates of recolonization, varying from one to fiie months

in temperate waters to up to 12 years in arctic waters (Wright 1977), are generally on the
order of one to two years (Aurand and Mamontov 1982). The rate of repopulation will
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depend upon factors such as (1) the extent and type of biological activii  of the area (i.e.,
mobile adults allow faster recolonization of large disturbed areas, especially if the larval
stage is nonmotile); (2) the environmental setting of the region; and (3) the season in which
dredging occurs (Cruickshank et al. 1987). The precise extent and significance of specific

impacts can not be determined until an actual mining site is known and the nature of the

benthic  community is determined.

Sedimentation: It is expected that the area physically affected by sedimentation
from the mining operation would be limited to within 1 to 2 km of the dredge and would be
negligible with respect to the total OCS area. As the distance from the mining site
increases, increasing numbers of species and individuals would be able to sutvive the
decreasing level of resedimentation. However, additional effects may occur in hard bottom

or live bottom areas proximal to mining operations where continued siltation may produce
long-term effects (i.e., potentially long recuperative times). Sedimentation may hinder the
recruitment of planktonic larvae to the community. Secondary problems may occur if
toxicants, such as heavy metals, are released into the water column. Although the potential
effects of toxicants are site-specific, it is expected that they would affect a greater area than
the direct physical effects. In two sets of experiments in which invertebrates and fish were
exposed to varying concentrations of kaolin clay (i.e., 10 to 100 g/L) and bentonite clay
(i.e., 6 to 60 g/L; 10d exposure), Peddicord (1976) found that most test species had

extremely high tolerance for suspension of inert solids; the mortality rate was 10OA after 10 d
exposure to concentrations of 100 g/L. Small mussels were among the more sensitive
species. Those that were sensitive were more easily killed at warmer temperatures.

An unspecified mineral dredging operation, probably for tin off western
Thailand, was described at a United Nations working group as using bucket ladder dredges,
rotary cutter suction dredges, and diver operated suction dredges. Operations produced
a heavy turbidity plume from the ocean floor to the surface. Contrary to previous
assumptions, it was reported that the offshore mining did not have adverse effects on the
marine ecology. Although the turbid waters did affect the filter-feeding benthos, there were
many animals tolerant to silt. The proliferation of filter feeders in turbid water may also
occur because predatory fish are temporarily kept away from the area due to the turbidity.
One year after the initial study, in very shallow waters of 10 m or less, there was a reduced
number of species evident; in open waters of 20 to 30 m depth, there was no obvious effect
evident (United Nations 1981 ).

Modification of Habitat: Modification of habitat may be the most persistent and
wide ranging effect of offshore mining operations. In areas of high energy, where sand,
gravel, and recent placer deposits might typically be mined, the physical effects would likely
be evident for at least one full season (i.e., covering a year or less). Storm events and the
natural high energy regime of these areas should mitigate the physical effects of the mining
operations fairly rapidly. Recolonization of the area by the mobile fishery resources should
also occur rapidly, but demersal or benthic fish species may not approach pre-mining  levels
(or be as stable as in the natural system) because of reduced benthic prey.

The major concern resulting from habtiat modification would involve those
species which spawn demersal eggs and have specific spawning grounds. Perturbation of
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the spawning areas for the Georges Bank Atlantic herring stock may cause modification of
a relatively small area (in relation to the overall distribution of the population) but could have
appreciable effects on abundance. Although direct mortality of the egg life stage would
only occur during the spawning season, modification of the sediment structure by direct

mining activities or resedimentation from nearby operations could have effects that span

more than one year class. As Padan (1977) stated, it is important to understand the natural
variability within the ecosystem.

In Project NOMES, over 650 species of benthic  invertebrates were sampled.

From month to month, up to 100% variability was reported. In fact, a species numerically
dominant one month was absent the next. It was also found that species tended to change
with sediment type. If the original sediment substrate is changed, the result may be no
recolonization or recolonization by a different flora and fauna (ICES 1975; Padan 1977; de
Groot 1979a; Drinnan and Bliss 1986). In contrast, the natural variability within the marine
ecosystem, as observed in Project NOMES (Padan 1977), means that a change in a small
area may have very little observable effect on the region. No studies have been done to
directly address the consequences of pre-sorting, but it is generally accepted that the
nature of the bottom flora and fauna is closely related to the substrate and, in particular,
particle size (Dickson 1975). Changes in the residual sediment type will therefore result in
changes in the nature of the bottom flora and fauna. Regeneration of bottom fauna
measured by biomass sampling in and outside of old marine sand extraction pits offshore
Europe took two to three years. Only in areas where tidal currents were minimal was full
recovery not reached within four years (ICES 1979). It was found that the effects of
dredging reduced the biomass values by about one-half.

It has been determined that bottom ecosystems will be less affected by
dredging activities during the winter period and early spring, because bottom dwelling
organisms have the best chance of recovering during summer. In one case, after 8,000 m3

of material was removed, the bottom fauna recovered after 28 d. However, it is debatable
whether recolonization actually occurred or whether migration from unaffected areas was
coincidental (Wright 1977). Wtihin the Canadian Arctic Circle, the full recovery of benthic
communities reportedly takes more than 12 years (Aurand and Mamontov 1982). While
there is obviously a relationship between dredging and the loss of epibenthic and benthic
communities, the time for recovery has not been established. It is recognized that the time
for recolonization of some dredged areas seems slow (Millner et al. 1977), and it appears
that the reestablishment of benthos is dependent on the nature and stability of the
sediment.

Sensitive Habitats: Sensitiie habitats include such areas as coral reefs,
spawning grounds, parks, and preserves. Chansang (1988) described the serious effects
that sedimentation from tin dredging operations had on coral reefs in the Phuket area of
Thailand. She stated that the immediate physical effects of dredging included gross
disturbance of the area and creation of large quantities of suspended solids which affected
biological resources in different ways. The most damaging effects occurred in sessile
benthic  organisms in shallow subtidal waters and intertidal areas. The sedimentation
destroyed the reefs in the vicinity of the dredging operations, especially on the lower slopes.
Partial recovery took place when dredging stopped during the monsoons and sediments
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were dispersed. However, repeated dredging resulted in what appeared to be permanent
damage. The reef was subsequently host to the Crown of Thorns starfish and it was difficult
to distinguish the causes of the further deterioration. In the United Kingdom, sensitive
species and communities affected by marine aggregate mining have been listed to include
sand eels, herring, coregonids, edible crabs, and infaunal communities (ICES 1992).

● Threatened and Endangered Species

This subsection addresses marine species (e.g., several species of whales,
southern sea otters, manatees, and marine turtles) which are listed as endangered or
threatened under the Endangered Species Act (USDOI, MMS 1991). These species would
be subject to effects of the same nature and extent as the marine mammals discussed
previously (e.g., turbidity, heavy metals, thermal shock, collision, shock waves, and noise).
With the exception of whales, the species listed would be more likely found in coastal
waters.

Increased Turbidity and Heavy Metals: Apart from certain whales, most of the
endangered animals have their habtiats in coastal areas and would not be affected by OCS
operations three miles or more from shore. Leatherback turtles, which prey primarily on
jellyfish, probably could not feed in a plume and would soon leave it. Thus, effects of mining
on marine species would be dependant on the presence of the animals and their capability
for plume avoidance.

Thermal Shock: During Project DOMES, it was shown that the introduction of
cold water from the seabed (i.e., 3,000 to 4,000 m depth; temperatures of 3 to 4“C) into
surface water had a detrimental effect on some organisms. In dredging operations on the
relatively shallow continental shelf, the temperature difference between seafloor and sea
surface water is small and would have less of an impact than that observed in the deep
ocean.

Collision Impacts: Collisions of suppott  vessels with slow swimming or feeding
whales (e.g., fin, humpback, and right whales) is possible, especially as these species
migrate through or become temporary residents of comparatively shallow coastal waters.
Collisions with green, loggerhead, and Ridley marine turtles could also occur in coastal
waters. Manatees that commonly occupy waters near onshore support bases could also
be affected. Leatherback turtles (offshore) and sperm whales (sleeping or resting at or near
the surface, usually farther offshore) could also be involved in collisions with support
vessels. Overall, however, the effects due to these activities would probably be negligible,
especially if voluntaty  or mandatory boat speed restrictions and sighting programs were
conducted in areas of known or suspected concentrations of these animals.

Noise: Noise from aircraft could temporarily disturb seaIs and sea lions on their
rookeries and haul out areas, although there are few data on this problem. In Alaska, a few
southern sea otters are likely to inhabn waters near potential support bases, but no
appreciable effects on a significant part of the population were anticipated due to collisions
or increased noise (USDOI, MMS 1991).
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Impacts of Shock Waves: Explosives and geophysical activities would
probably not affect marine species in coastal waters, but they could have slight to moderate
effects on the preferentially pelagic whale (i.e., blue, sei, and sperm whales) and turtle (i.e.,
Ieatherback)  species farther offshore. Effects of explosives on marine mammals would be
negligible as noted previously. A relatively small number of sperm whales might encounter
geophysical shock waves in an offshore or deep water lease area. If present, these whales

could experience some disturbance and indirect feeding effects when foraging at depths
of up to 1,000 m or more, especially if sound waves produced by air guns were directed
downward from their source. At present, there are no quantitative data on the effects of

shock waves.

Accidental Discharges: Similar observations noted previousl y regarding marine
mammals and the negligible impact of accidental discharges of oil, also apply to all

endangered and threatened marine species. Effects on exclus”wely  or dominantly terrestrial

endangered and threatened species would depend primarily on which support bases were
used and if ore were processed onshore. Before mining begins, existing facilities at the

potential support base locations would probably require little or no expansion. Hence,

associated adverse impacts on terrestrial species (e.g., plants, insects, reptiles, most birds,
and mammals) in and near coastal areas or estuaries would be minimal or non-existent.
After mining begins, new or expanded onshore support bases and processing facilities

might be required. However, the precise locations of or necessary changes to existing pott
and processing facilities needed during mining will be unknown until exploration and testing
are partially completed. Impacts on the environment, and especially on endangered and
threatened species, that might result from development at these locations will be reviewed

and evaluated when industry submits specific mining proposals with the level of detail
needed for such evaluation.

2.3.2.5 Social and Economic Environments

OCS mineral operations could result in changes of land use, demographic
conditions, and employment, particularly when coastal onshore support bases or process-
ing facilities are located in areas of traditional commercial fisheries. The degree of change
will depend on the size and nature of the operations and the existing characteristics of the
affected coastal region. If the region is already heavily developed and populated, the
potential effects are likely to be insignificant and easily absorbed. On the other hand, in
sparsely populated coastal regions or areas with a simple economic base, the potential
effects could be significant (USDOI,  MMS 1991).

● Military and Special Uses

Portions of the air and water spaces of the OCS, except in the Alaska Region,
are designated for military operations essential for national security and defense (USDOI,
MMS 1991). These areas are under the control of the U.S. Department of Defense (DOD).
In the Atlantic OCS, designated areas are set aside for use by the National Aeronautics and
Space Administration (NASA). In such areas, potential government/industry conflicts or
hazards may occur through interference of electromagnetic signals, weapon systems
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testing, missile launches, and collisions among ships. Other special uses involve
designations as parks and sanctuaries.

National Marine Sanctuaries: Certain areas of the OCS, except in the Alaska
Region, are included within the boundaries of national marine sanctuaries designated, or
to be designated, under the Marine Protection, Research and Sanctuaries Act of 1972. This
law was enacted to protect significant marine resources through special management plans
and regulatory measures. The program is  administered by the USDOC,  N O A A .

Management plans for most of the sanctuaries include measures restricting or prohibiting
OCS oil and gas activities and minerals dredging.

● Human Environment

The human environment, as used here, refers to the effects of operations on

human health and safety, including affected subsistence activities.

Health and Safety: The potential for affecting human health as a result of OCS
dredging operations has been a point of contention only in the Norton Sound Lease Sale
EIS (USDOI,  MMS 1988b, 1990b,  1991). In this case, it was feared that free mercury (Hg)
from previous gold amalgamation activities during beach mining might affect the local
population through a build up of mercury in fish and shellfish in the area. Extensive studies
were initiated in November 1988 with a workshop on A4ercury in the Marine Environment
(USDOI, MMS 1989b) as a result of the scoping process for the Draft EIS. Experts in the
areas of water and sediment sampling, effects of trace metals on marine organisms, habitat
alteration, and mercuy effects on human health provided their know16cfge to assist in
development of the EIS. Sampling in that year showed that the levels of mercury in the
water column did not exceed established EPA criteria. A second Draft EIS was prepared
in June 1990 (USDOI, MMS 1990b) in which it was indicated that the conversion of mercury
to the more toxic and bioaccumulative  methyl mercury was unlikely to reach significant
levels. Even on a cumulative scale, dangerous levels in the Nome area were not expected.
There are no other records of danger beyond the standard hazards to health of living and
working in the ocean environment, mainly due to heavy weather.

Subsistence: Subsistence is a system of production and consumption activities
based on the harvest of naturally-occurring resources. Many Alaskan Natives and American
Indians depend on subsistence for their livelihood and for linkages to their cultural heritage.
In Alaska, some Eskimo tribes are dependent on the availability of certain whales, seals,
fishes, and birds which occupy or transit the same offshore areas as potential mineral
resources. Their subsistence lifestyle could be severely affected by mining operations.
These concerns could apply also to areas offshore Washington and Oregon where certain
American Indian Nations, through treaties with the U.S. Government, possess special fishing
rights on certain species.

● Commercial and Recreational Fisheries

Potential effects of OCS mining on nearby fishery resources will include direct
coincident mortality, habitat modification, and sublethal effects (USDOI, MMS 1991), as well
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as a number of real or perceived conflicts that maybe site-specific. The nature or severii
of these effects will depend on a combination of operational and site-specific variables such
as the mining system used, the site environmental characteristics, and the species involved.

Direct Coincident Mortality: The level of risk to a particular species will vary
indirectly with the mobility of the species and directly with the species abundance at the
site. Less mobile species, such as molluscs, crabs, and some demersal fish, will beat risk
to a greater degree than more mobile forms. If a species demonstrates a higher degree
of habitat or location fidelity, it may be at greater risk. The most susceptible species are
the bivalve molluscs;  many of the commercially valuable species in this group can be found
in the well-sorted, large-grain-size, offshore environments which are potential sand and
gravel mining sites. In general, the potential to significantly affect the population level of
these typically wide-ranging species by mining is not great. However, for some species,
such as calico scallops off the south Atlantic coast that have limited distribution, mining
operations in the major distribution areas could affect the population level for a few years.
Some of the less mobile crustacean and fish species maybe affected to a degree; however,
the direct lethal effects of OCS mining operations may be limited to a relatively small
number of individuals and should have no significant effect on the total population or its
distribution. The distribution of dispersed fines is reportedly of concern to fisheries
personnel; however, Millner et al. (1977) addressed the smothering of eggs and fish larvae
by fines and concluded that the outwash material from a dredging vessel would not have
a significant effect, especially in areas with a high natural turbidity due to tides or storm
waves.

Habitat Modification: The flow of water over the seabed generates noise
spectrum characteristics that could represent a means for herring to recognize and return
to their spawning grounds. Furthermore, species will tend to spawn on particular substrate
types, such as herring which spawn on gravel bottoms devoid of sand (de Groot 1979b).
Thus, if dredging changes the nature of the seabed in known spawning sites, it could affect
fisheries (GESAMP 1977). Extraction of material may expose boulders or other natural
objects, increasing the potential for damaging fishing gean however, this is not a
widely-voiced concern. Furthermore, the furrows created by trailer suction dredging are
usually quite shallow (i.e., less than 0.5 m) and the potential for increasing the exposure of
boulders is quite small. Removal of sand from a rocky subsurface (e.g., Seine Bay, France)
resulted in new animal communities which had hardly any value to bottom fish. In the
immediate future, the local fishing industry could suffer (de Groot 1979a). In contrast,
Drinnan and Bliss (19S6) reported that research has been carried out by scientists of the
Ministry of Agriculture, Forestry, and Fisheries (MAFF) in the U.K. Although not conclusive,
results from more than two years of study indicated that no permanent damage was evident
and overall recruitment appeared to be normal in the dredged area.

Sublethal Effects: Sublethal effects may occur as a result of resuspension of
bottom sediments in the immediate area of the operations, causing decreased growth of
filter- or suspension-feeding organisms (e.g., molluscs) due to decreases in normal
respiration, metabolism, growth, reproductive capacity, response to external stimuli, and
predator response. Elevated levels of toxicants  in the water column resulting from
resuspension of previously sediment-bound sources would exacerbate these sublethal
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effects but may only be evident within a kilometer or two downcurrent of the mining site.
The overall effects on commercial fisheries resources may be insignificant on a regional

scale but can be serious from the point of view of individual fishermen and must be
addressed initially in the mining plan. The potential or perceived effects will include spatial
exclusion, gear damage, reduction of harvest, and reduction in quality of fish stocks.

Spatial Exclusion: Complaints of space-use conflicts with miners can be
anticipated in three areas of commercial fishing activities, including (1) dock and repair
facilities; (2) onshore service facilities; and (3) offshore areas (USDOI,  MMS 1991). In many

areas of the U. S., dock space is at a premium and it is becoming increasingly difficult for
commercial fishing operators to find adequate and affordable dockage. Thus, some space-
use conflicts may occur in these areas between commercial fishing vessels and the service
boats or tugs of the OCS mining industry. It is also possible that mining operations could
compete for commercial fishing industry onshore facilities such as processing plants and
warehouses, particularly where these facilities are limited. Competition for these facilities
would increase the daily operations costs for fishermen. Probably most important, at least
in perception, would be lost or preempted fishing areas excluded from the immediate
vicinity of the operations. These areas would not necessarily be large, however, as most
dredging activities on the continental shelf do not cover more than a few square kilometers.
The combined dredging and ongoing development activities on the WestGold leases off
Nome, AK covered about 10 km2 at any one time, which is typical of placer deposits.

Gear Damage: Loss of gear can be a serious area of conflict between miners
and fishermen (Tsurusaki  et al. 1933). Losses might be generally limited to fixed gear such
as pots, gillnets, and Iongline, and may be caused by the increased traffic on the fishing
grounds as a result of servicing the mining operation or by natural causes.

Reduction in Harvest: Some reduction in harvest might occur as a result of
mining operations if spawning areas are destroyed. More likely, the harvest will not be
affected, or may be improved because of increases in nutrients from the seabed made
available by the benthic  perturbations. The attraction of fish to the tin dredge areas in
southeast Asia has been repotted to one of the authors (M. J. Cruickshank). The dredges,
like oil and gas platforms in the Gulf of Mexico, are reputedly superior locations for fishing.
The effect of sand and gravel operations using hopper dredges will be transient; large
placer mining dredges are generally operating in the same location for decades, prompting
long-lived, mining-related effects.

Reduction in Quality: It is not anticipated that any mining operations would
have an effect on the quality of any regional commercial harvest. Most OCS areas are
beyond the normal range of heavy metal and other pollutants normally found in harbor and
other coastal areas contaminated by dumping. Nevertheless, the possibility of
contamination from disturbed sediments is a sensitive issue and would need to be
addressed.
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● Regional and Local Economies

For many States, the coastal zone shoreward of the OCS is the most important
natural resource and economic asset in the long term. The potential effects of OCS

development on the environment is a serious and sensitive issue because of its impact on
regional economics and the quality of life. Analysis of the benefiis and costs of OCS mining
may require extensive and objective research to determine local and regional
characteristics. The effect of operations on local or regional economies must be
determined on the basis of site-specific, commodity-specific, and time-specific analyses.

Recreation and Tourism: There are many types of mineral deposits, mining
methods, and environments in which OCS mining may occur. However, the operations will
not be within three nautical miles or greater than 200 nautical miles from shore. In that
context, the effect of the operations on recreation and tourism must be considered. The
effect may be entirely subjective to some people (e.g., an operation of this nature could be
an attraction). An effect on recreation and tourism that is currently topical is the need for
beach restoration in many areas of the U.S. and elsewhere. It was ill-advised and is no
longer permissible to sacrifice unused beaches to replenish recreational beaches in
populated areas. Sources of sand for replenishment are being sought in the OCS and in
territorial waters. Whereas the technology is not well advanced for characterization of
offshore sands, particularly in tropical reef areas, the need to produce offshore sands is
critical in many locations. There may be some effects due to the need for shoreside
facilities, but they would be considered in the same light as any other commercial
waterfront project. Impacts of such sand recovery operations in the coastal zone are
discussed in the coastal section (Section 2.3.3).

● Cultural Resources

The involvement of the Federal Government in the protection and management
of archaeological resources on the OCS is mandated by environmental laws which are
designed to govern postlease discovery, delineation, and mining of minerals other than oil,
gas, and sulfur. Important statutes include (1) NEPA [P.L. 91-190], which declares as a
national policy the preservation of important archaeological resources on the OCS;
(2) OCSLA [P.L. 95-372], which mandates that activities must not disturb any significant
archaeological resources located on the OCS; and (3) NHPA [P.L. S9-665], as amended,
which states that any Federal agency, prior to approving Federally-funded undertakings,
must take into consideration the effects of that undertaking on any property listed on or
eligible for, the National Register of Historic Places. Implied in this legislation and Executive
Order 11593 is that an effort must be made to locate such sites prior to development of an
area. Section 11(9)(3) of the OCSIA, as amended, states that “such exploration will
not... disturb any site, structure, or object of historical significance.” Activities which might
affect offshore historic sites include anchoring and mining. The potential for such an effect
occurring as a result of OCS operations is very low because of the distance offshore,
however, the potential presence of shipwrecks and other artifacts must be evaluated. Sites
of prehistoric habitation by early man (e.g., during periods of lower sea level) may also be
found.
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2.3.3 Coastal

Coastal areas include territorial waters as well as associated estuaries, fjords,
bays, and wetlands. Estuaries and wetlands are generally defined as bodies of water which
have a limited exchange capability with the sea. The degree to which this exchange with

the sea occurs determines many physical and biological characteristics of the estuary.

Estuaries are found at the mouths of riiers, in bays, or behind barrier islands and spits. In

all cases, the variation in salinity within the estuary and nearshore (adjacent) coastal waters
is a singular property. The sources of this variation are freshwater inflow and runoff,
precipitation, and evaporation, with the latter two factors playing a minor role where inflow

is high.

The following habitat types are generally characteristic of the wetland and

estuarine environments: (1) estuarine open water and bottom; (2) seagrass beds; (3) barrier
islands; (4) mangroves; (5) tidal marshes; (6) forested wetlands; and (7) terrestrial habitats.
These habitats usually occur in this sequence lying in bands parallel to the coast. The
habtats are sharply delineated, highly productive, and consist of zones of diverse species.

Many fish and wildlife species are dependent upon the estuarine environment for part of
their life cycle, or rely on its abundant food sources. Estuarine habtiats  are especially
important to migratory waterfowl and many endangered or threatened species of birds,
reptiles, and mammals.

Benthic communities in coastal environments are distributed largely on the
basis of sediment type and water depth. Additional factors which control the occurrence
of benthic organisms are salinity, temperature, currents, and food availability. Benthic
infaunal and epifaunal  representatives offshore include almost all animal phyla.

Coastal habitats are highly productive for a great number and a wide variety
of invertebrates, fish, reptiles, amphibians, birds, and mammals. The central origin of
biologic productivii  on the Gulf of Mexico coast are the vegetated estuarine habitats; on
the U.S. west coast, wetlands and estuaries are extremely important as spawning or nursery
area, also serving as a nutrient source for several fisheries.

Impacts to wetlands from coastal mining operations might be adverse if
operations were actually located within wetlands. These activities could result in local distur-
bances or destruction of the wetland or estuarine environments from drilling, extensive
dredging, or other such activity.

The primary marine mining operations in coastal environments include recovery
of industrial minerals and mineral sands. These operations can also take place further
offshore in the OCS, and there is significant overlap between the two regions with respect
to the affected environments and the potential effects. To avoid unnecessary redundancy,
these areas of overlap have been covered previously in Section 2.3.2. This section focuses
on issues which are strictly coastal, with reference to the previous section where
appropriate to complete the examination.
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large-scale dredging operations in coastal waters are taking place worldwide
to maintain waterways and recover aggregates for construction and beach replenishment.
It is estimated that nearly 90% of this activii pertains to maintenance dredging. For
example, between 1979 and 1985 in the North Atlantic, North Sea, and Baltic Sea, more

than 400 million m 3/year were moved to maintain waterways, while about 50 million

m 3/year of sand and other aggregates were recovered for construction, beach
replenishment, and recovery of valuable minerals (de Groot 1988). This is the equivalent
of more than 150 full-scale manganese-nodule mining operations.

Extensive environmental studies have accompanied these operations for the
past 20 years, and the state of knowledge is quite advancwi  in many areas. Recent
summaries are available which discuss the major conclusions from this work (e.g., Wilson
and van Dam 1989). Some of the key aspects from this work are described in the following
text.

2.3.3.1 Atmospheric Environment

The most important differences between the surface atmosphere on the coast
and in the, OCS is the proximity to people and the potential for accumulation and trapping
(e.g., inversion layers) of pollutants. Existing air quality in coastal areas worldwide varies
tremendously, from almost pristine in some regions to extremely polluted in others. Marine
mining can affect air quality primarily through emissions from power equipment. Such
emissions constitute only a very small percentage of the emissions for most areas where
marine mining has been considered, and air quality effects have been predicted and
observed to be insignificant (e.g., USDOC, NOAA, 1981; USDOI, MMS, 1983b;  USDOI,  MMS
and Hl, DBED 1990).

2.3.3.2 Oceanic Environment

Probably the most significant type of effect potentially caused by coastal marine
mining operations is the incidental introduction of materials into the water column. As
discussed in Section 2.4, among all the published data sources examined for this study,
those dealing with water quality effects on coastal environments were the most common.
Recovery of industrial minerals and mineral sands requires the removal of large quantities
of seabed materials, a step which inevitably leads to varying amounts of turbidity and
disruption in the water column and modifications to the seabed. Water quality effects, in
general, are the same as those discussed in detail in Section 2.3.2. In coastal
environments, water quality concerns are usually more complex and more intense than
further offshore. Prediction of water quality effects is completely site-specific and often not
successful. Much progress has been made in the conceptual tools and field techniques
which can be employed (see Chapter 4), and it is currently possible, with combined
modeling and field verification, to predict with fair accuracy the mean characteristics of a
dredging discharge plume (e.g., Gamin et al. 1991).
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● Natural Effects

In coastal environments, the dominating influences on human and natural
resources are generally effects of natural processes (e.g., tides, storms, volcanic emissions,
and river discharges). industrial minerals and mineral sands are both created and often
occur in high-energy environments, where current speeds reach levels which can transport
dense, relatively large mineral grains to the deposit sites. Fine-grained,  less dense materials
are also carried away from the site. Assessment of the effects of marine mining on these
resources must be based upon the often widely variable conditions which are found at

operation sites.

In these high-energy environments, both the mining operators and their
potential regulators face significant uncertainties regarding performance predictions for
recovery and transportation of deposit materials. Operators cannot expect the government
to provide clear, unambiguous guidance to avoid significant environmental impacts.
Further, the government must be able to provide site-specific evaluations for mitigation of

potential environmental effects for each operation and provide sound performance
restrictions where required.

b Induced Effects

Effects of mining operations on water quality of coastal waters are generally the
same as those discussed previously for the continental shelf (see Section 2.3.2.2). The
aspects of water quality most likely to be affected are (1) the turbidity generated by the
primary recovery of the ore; and (2) the discharge of mined tailings. In shallow coastal

waters, resuspension of tailings piles can also be significant (Rusanowski  et al. 1987). Gold

mining operations in the coastal waters off Nome, AK produced significantly elevated
turbidity levels to distances of 0.5 to 1 km downstream from the operation (USDOI, MMS
1991 ). Sand and gravel recovery operations produced similar but larger turbidity plumes
(USDOI,  MMS 1983a). Increased levels of trace metals are not generally caused by coastal
offshore mining of placer deposits, which are accumulations of physically and chemically
stable minerals.

If there is a relatively large fraction of fine-grained materials in the recovered

ore, the oxygen level and trace metal content in coastal waters may potentially be affected.
However, depressed or elevated oxygen levels can be expected only in close proxim”~  to

the actual operation. Extensive monitoring of the WestGold mining operation off Nome and

nearby coastal waters clearly showed that there were no significant increases of mercury,
lead, arsenic, or other dissolved trace elements attributed to mining (Crecelius  et al. 1990).

2.3.3.3 Geological Environment

As discussed previously in Section 2.3.2.3, coastal marine mining can affect
the geological environment primarily by (1) modification of the seabed through removal of
materials; or (2) by deposition of suspended particles. Activities which move large amounts
of material, including most coastal mining operations, can alter water circulation patterns

and modify littoral sediment transport. Such changes can result in major changes to
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coastlines and significant alteration of benthic habtats (Otvos and Sikora 1991). Extensive
research has been done in recent years to effectively address such problems associated
with large dredging operations (e.g., Isobe 1987; Bakker  et al. 1988; Hurme and Pullen
1988). Several efforts are also underway to address the unique characteristics of tropical
island operations; these operations are relatively small, but require more exacting standards

for prediction (Levin  1971; Gerritsen et al. 1992). These efforts include extensive computer

and physical modeling combined with field verification. Optimally, these will become
standard planning tools for development of coastal deposits.

2.3.3.4 Biological Environment

Effects on biological communities from coastal mining are caused primarily by
the turbidity plumes and seabed habitat modification described previously. Although these
effects are similar to those discussed for the continental shelf (Section 2.3.2.4), they tend
to be more acute. Effects on birds, plankton, fish, special habitats, threatened and
endangered species, and other organisms are completely site-specific and
technology-specific and not amenable to a generic examination. Effects on benthic life do
have some common denominators which are discussed in the following text.

As noted previously, maintenance dredging is more important quantitatively
than dredging for marine mining. Much of the research in this area is quite properly
focused on maintenance dredging. Because of the magnitude of maintenance dredging,
its environmental effects can be expected to be significantly iarger. In addition, the types
of materials which are handled in maintenance dredging are generaliy  of much greater
concern than those which are dredged for construction aggregates, beach replenishment,
or recovery of placer minerals. Deposits utilized to provide these iatter three commodities
must be of fairiy coarse texture (i.e., medium sand or iarger)  and generaliy do not contain
the toxic metais and organic compounds which accumulate in waterways. it is criticai to
keep these basic differences in mind when assessing the potentiai  effects of both activities.

After many years of intensive monitoring of beach replenishment operations in
mainland U.S. waters, it is apparent that very few significant effects on benthic iife occur if
(1) the replacement sand has simiiar properties to the originai; and (2) the iong-term
topographic profiies of the beach and the borrow site are not drastically modified (Hurme
and Pulien 1988).

● Benthos

Additional potentiality Iethai or subiethal effects may also be expected from
mining operations in benthic  environments of coastai  waters (e.g., fouling of feeding
structures, increased predation, decreased prey). Studies of change in the macrobenthos
in a dredged shallow area at Goose Creek, NY indicated that recolonization of crabs and
small bivalves occurred within one to fiie months; however, after 11 months, the biomass
was stiii iower than the originai vaiues (Kapian et al. 1975).

Biological Effects of Bottom Perturbation: in 1974 and 1975, a study was
performed offshore La Havre, France where the River Seine enters the North Sea. The
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design of the study was to determine the environmental effects of channel dredging.
Dredging plans called for removal of 1.2x 10G m3 of sand, creating a channel measuring
1,700 m long, 70 to 150 m wide, and 4 to 6 m deep (ICES 1975). Two months after
dredging was completed, the pebbles in the trench were thickly covered by two species of
hydroid and a single species of bryozoan. After four months, many other species had
recolonized the area including both attached sessile animals and members of the mobile
epibenthos.  In conclusion, it was found that the removal of the overtying sand resulted in

the development of completely different species on the gravel substrate. The larvae from

the plankton, rather than movement of adults, appeared to be the most important source
of recolonization.

● Sensitive Habitats

Sensitive habitats include such areas as marine sanctuaries, coral reefs,
seagrass beds, and spawning grounds. Turbidity appears to be of concern only in special
cases involving ecosystems with unusually high sensitivity. Two possible examples are
coral reefs and seagrass beds (Drinnan and Bliss 1986).

● Threatened and Endangered Species

The possible presence of threatened and endangered species in a mining area
would be determined very early in the environmental analysis and would be a prime
consideration for any operation. Examples of threatened and endangered species in U.S.
coastal waters include monk seals, sea otters, and certain migratory whale species.

2.3.3.5 Social and Economic Environments

The general concerns pertaining to these environments have been discussed
previously in Section 2.3.2.5 for the continental shelf. Where specific problems may exist
that are unique to coastal waters, additional discussion is provided.

● Human Environment

The effects of mining operations on human health and safety are of paramount
importance and include secondary effects such as those due to mercury dispersion
(Minimata, Japan) or overcrowding (Takua Pa, Thailand). As with the biological effects,
social and economic effects of coastal operations are similar to, but often more intense
than, the effects caused by mining on the continental shelf. Potential effects on commercial
fisheries include direct use conflicts and damage to breeding grounds. Effects on local
tourist economies may be significant if turbid sediment clouds or noisy and unsightly
equipment are visible from the shore. Strong opposition was indicated at public hearings
in Waikiki, Hi with regard to the proposed dredging of beach fill material from offshore in
1991. The sight of a dredging vessel offshore Ocean C~, MD in the summer of 1992 did
not seem to affect the tourism industry in that area (B. S. Drucker, 1992, personal
communication, USDOI,  MMS). Personnel supporting the mining operation can affect the
social structure of very small communities in potentially undesirable ways.
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In general, it is essential that the potential coastal miner be very sensitive to
these and other potential effects early in the planning of any coastal operation. Maximum

use of local talent, minimization of noise and surface plumes, and recognition of known
fishing grounds are wise policy guidelines.

2.3.4 Onshore

Offshore mining activities carried out to date and discussed in Sections 2.3.2
and 2.3,3 for the continental shelf and coastal environments have been limited to the
production of construction materials, and placer operations for diamonds, gold, and
cassiterite (an inert oxide of tin). In these circumstances, the onshore environments
affected have been limited to relatively small areas used for staging and storage (see also
Section 2.4, Tables 2.25 and 2.26). Beneficiation  is carried out on the placer dredges and
the concentrates brought ashore for further treatment are usually only a minor fraction of
the dredge throughput. The environmental literature on these aspects of the operations is
very limited and has been cited in appropriate sections of this document.

Onland activities involving offshore phosphates have been considered in
Georgia and North Carolina (Drucker  1992). Major problems arising would be similar to
those in existing phosphate mining areas on land. In these areas, the effects on water
quality related to the disposal of processed fines are of major concern, resulting partially
from low lying, flat terrain and near-surface water tables.

In the case of deep seabed mining for nodules, crusts, or sulfides, onshore
impacts due to the processing of the submarine ores have been considered in some detail.
This onshore emphasis is attributable to the fact that the early operations will require land-
based rather than sea-based processing. These actions have been considered in the EISS
prepared for proposed licensing or leasing of the minerals by the U.S. Government. For
nodules, four major activities associated with onshore processing were identified as having
potential significant effects: (1) use of port facilities; (2) transportation of nodules from port
to processing plant; (3) processing of the nodules; and (4) waste disposal. Each of these
activities would result in construction and operational effects. Waste disposal presents the
greatest concern because of the high volume of material and the chemical and physical
nature of the wastes, depending on the process used. Land use, contamination of surface
and ground waters from runoff and seepage, and dust are the principal environmental
concerns expressed. Onshore disposal of the large quantities involved, up to 3 million
tons/year, in either land fills or tailings ponds will require relatively large areas of land.

The ability to use a landfill depends on the water content of the waste material,
which can be reduced if an energy intensive drying step is included. In general, only slags
from a smelting process appear to be suitable for landfill. For tailings ponds, land
reclamation would largely depend on the physical characteristics of the tailings and the
degree to which the tailings stabilize when free water evaporates or is removed. Depending
on the processing techniques and the net evaporation rate typical of the region in which
the disposal facilities are located, it is possible that the tailings could remain unstable for
years and, as a further consequence, that the land could remain unsuitable for other uses
for an extended period of time. The contamination of local ground water, surface waters,
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or aquifers as a result of seepage of liquid wastes from slurry tailings ponds and Ieachates
from landfills may be one of the more significant potential problems associated with the
onshore disposal methods. Negative environmental effects could be mitigated by
(1) locating the disposal facilities in arid or semi-arid regions; (2) locating the facility in an
area where the subsurface geology consists of relatively impermeable soil or rock; or
(3) providing a compacted, relatively impervious base of clay type soils or a man-made liner
for the landfill or tailings pond (USDOC, NOAA 1981). More recent studies have indicated
that it might be possible to process the tailings from these plants into saleable products
such as building materials or fill (WiItshire 1993).

The situation with regard to high-cobalt crusts, examined in general terms for
Hawaii, is very similar to that for nodules. Nearshore biota and terrestrial biota in the
immediate vicinity of the processing plant would be affected by the construction and
operation of the processing plant. Land use once changed from conservation or
agricultural zoning to residential, industrial, or commercial use zoning probably would not
be rezoned to its current zoning. Considerable resources would be diverted from other
uses to service the operation (USDOI, MMS and Hi, DBED 1990).

In the case of metalliferous sulfides, onshore activities associated with support
bases and ore processing operations were identified as key issues (USDOI,  MMS 1983b).
Processing of sulfide ores is distinctly different from that of oxide ores but the requirements
for mitigation, in general, would be similar. Land ore mining mitigation options have been
well examined over the years.

No production operations for any of these minerals has yet taken place,
however, the processing scenarios postulated in these documents are considered to be still
valid, within the limits of the assumptions made at the time. The conclusions on onshore
effects of processing of manganese nodules are summarized in Section 2.5 (see
Tables 2.27 and 2.28) and are indicative of the types of effects for other commodities.

Because it is based on actual measurements, the work done in evaluating the
effects of mineral tailings on marine biota (as analyzed and repotted by Ellis [1987, 1988,
1989] and Ellis and Hoover [199o]) is probably of more significance at this time. Their
efforts were based on the monitoring of tailings disposal into the marine environment from
coastal mines onshore. Examples of 29 such operations are given in Table 2.22. Of
particular significance are the data from three operations in fjords in British Columbia at
Rupert  Inlet (Island Copper Mine), Howe Sound (Anaconda Britannia Copper Mine), and
Alice Arm (AMAX Ktisault  Molybdenum Mine), as shown in Figure 2.43. In each case,
tailings were discharged into the sea; changes in the biota were recorded during the
operations (i.e., while tailings were being discharged) and following closure of the mining
facility. The only exception is the Island Copper Mine which remains operational.

2.3.4.1 Atmospheric Environment

As was noted for coastal areas, the variety of climate among onshore locations
is very great, ranging from tropical rainforest and hot desert to arctic tundra. Onshore air
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Nanisivik

Cu/Mo

Mo

PbtZn

Pb/Zn

All listed com-
ponents

,,

Lake (Relict marine inlet) g, h

a, b, f, hLake (Marine disposal

a s s e s s e d )

Wesfrob FelCu

CL]
Fe
Cu

Fe
Cu

Fjord 12 m depth a, b, f, h,J,  m,
n

None
Pos[-closure h
a, b,d, f,h, j,

m, n
Post-c] osure k
n

Yreka (closed)
Texada (closed)
Jordan River (closed)

River and shoreline, fjord
Surface Open Coas[

10 m Depth Open Coast

Brynnor (closed)
Britannia  (closed)

Beach
River ond shoreline, fjord

U.S.A.
Probably deep to fjordQuartz Hill (under develop-

ment)
Mo All listed com-

ponents

Greenland

42 m depth, fjordBlack Angel Pb/Zn a, d, f, g, h,j,
n

Nomwy

60 m depth, fjord
Some barging
Not known
50 m depth, fjord
Fjord

Fosdalens  Bergverk Fe

Cu
FetCu
Fe

a

Orkdalfjorden
Repparfjord
S[jern@y

a
No information

U.K.
SubmarineCleveland Potash

Hayle es[uary  (closed)

St. Austell (closed)

Potash

SnlCu

China
clay

a, I’tj, I

Estuary f, n post-
closure

j, k, 1 post-
closure

River and Sea

Table 2.22. Coastal mines and their environmental impact assessment programs
(Adapted from Ellis 1987).
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Environmental
Main Monitoring

Mine P~O(iUCi Tailings Disposal (see key bc[ow)

Mediterranean
Pennaroya Pb/Zn/Fc No information

So[itlI  America
El Salvador (Chile) Cu, Mo Shoreline a. f,j. k. 1. m.

n

Potrcrillos (closed) Cu Shoreline No information

Toquepala  Cuajone (Peru) C u Shoreline No information

E(rst AsialOcc(~ttia
Ma On Shari (Hong Kong) Fe Shallow Inlet f,j, n

(closed)
Marcopper  (Philippines) CLI Surface Open Coast Most listed

components
A[las  (Philippines) Cu Surface, Open Coast ,,

Bougainvillea (P. N. G.) Cu River and Shoreline ,,

Ok Tccli (P. N. G.) CU/AU River ,,

A listtw!iit
Tamar River (Tasmania) Au River ,,

(closed)

Key to e n v i r o n m e n t a l  m o n i t o r i n g  c o m p o n e n t s

a. T~iling discharge rates and chemical  analyses

b. Acute bioassays  (LD5,,s,  etc. )
c. Other bioassays  (long-term bt sitf~, etc. )
d. Turbidity (suspended solids, etc.) —ambient  levels
e. Density current (tailings plume)
f. Tailing deposition (coring, bathymetry, chemical, mechanical, etc. )
g. Physical oceanography (current measures, stratification, etc.)
h. Chemical oceanography (trace metals, dissolved oxygen, nutrients, etc. )
i. Biological oceanography (primary production, phytoplankton,  chlorophyll,

zooplank[on,  ichthyoplankton)
j. Benthos  (stocks and dynamics)
k. Shellfish (stocks and dynamics)
1. Fish and wildlife (stocks and dynamics)

m. Shoreline (stocks and dynamics)
n. Trace metal bioaccumulation and biomngnification

. - .
Table 2.22. (Continued).
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Figure 2.43, Locations of three fjords and coastal  onshore mine sites in British Colum
at Rupert Inlet (Island Copper Mine), Howe Sound (Anaconda Britannia
Mine), and Alice Arm (AMAX Kitsault Molybdenum Mine) (Adapted from: Ellis
1987).
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quality will likely be more sensitive to incremental increases in pollutants than offshore
locations. These matters should be addressed in site-specific studies.

2.3.4.2 Aquatic Environment

Aquatic environments of concern onshore include (1) proximal supplies of
freshwater, for dedicated mineral processing facilities, and the possibility of contamination

from the plant (USDOI,  MMS and Hl, DBED 1990);  and (2) the adjacent waters into which

processing or mine wastes maybe discharged for disposal.

● Natural Effects

Effects of natural systems (e.g., floods, ice, tidal bores, tsunamis) would tend
to increase the need for contingency planning in development of onshore facilities. Small
island areas are probably the most at risk in the U.S.

● Induced Effects

Induced effects occur as a result of mining infrastructure or processing
operations. For example, excessive use of a critical aquifer or the addition of chemicals to
the ground water system represent induced effects attributable to the mining operation.
These concerns would necessarily be addressed in the earfy stages of planning.

2.3.4.3 Geological Environment

Effects on the coastal zones, including erosion or siltation of coastlines, tidal
waters, coastal waterways or streams, are normal concerns of onshore coastal zone
planning. The effect of placement of large quantities of material on adjacent coastal
seabeds might be significant and should be subject to stringent analyses.

2.3.4.4 Biological Environment

The effects of mining activities on the onshore biological environment (e.g.,
birds and mammals) would not be unique to the association with a marine mining
operation. The delineation of impacts would require a standard analytical approach. The
same would apply to marine and aquatic flora and would be site-specific.

● Marine and Aquatic Fauna

Ellis and Hoover (1990) documented the pattern and rate of tailings
recolonization by benthic  species at three British Columbia mines. The nature of reported
changes is illustrated in Table 2.23 which summarizes the data for two stations monitored
at Island Copper between 1977 and 1989. These stations, all located near the outfall, were
the most affected. A total of 43 different taxa were recorded over the study perid with a
pronounced change evident in the particular species present, most of which were
polychaete worms. Recoveries from an occasional total absence of some species indicated
that smothering or removal by turbidity currents was the reason for their demise, rather than
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Table 2.23. Species found on heavy tailings (60+ cm) at Island copper Stations 15 and 1 [
from 1977 to 1989 (From: Ellis and Taylor 1988).
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tailings toxicity. Substantial differences were noted in the benthic fauna of the three mine
tailings sites, which varied in depths from 13 to 149 m, 25 to 100 m, and 264 to 351 m,
suggesting that the depth of the seabed was a determinant in the type of species present.

● Sensitive Habitats

Sensitiie habitats include such areas as parks, wilderness regions, mangrove
beds, tidal flats, and breeding grounds for endangered species. Such sensitiie habitats
require consideration in any environmental analysis of mining operations which include an

onshore component. These habtats are well addressed in the EIS for crust development
in Hawaii, which deals in some detail with the siting of an onshore processing plant (USDOI,
MMS and Hl, DBED 1990). In this document, the environmental consequences of
constructing and operating a land-based metallurgical plant to process high cobalt
manganese crusts was considered for three separate locations at Puna and Kohala on the
Big Island and at Ewa on Oahu. Impacts were examined on fish in coastal waters near the
plant sites, island seabirds and their habitats, threatened and endangered species and their
habitats, nearshore marine life, potable water supplies, historical and archeological
resources, native Hawaiian and other rural lifestyles, freshwater quality in the vicinity of the
sites, and on other issues of a sensitive nature involving human and animal habitation.
Each of these issues was discussed at length in public hearings and during the scoping
process.

● Threatened and Endangered Species

There are numerous threatened and endangered species with critical habfiats
onshore in the coastal zone. In the absence of site-specific information regarding onshore
processing siting, it is not possible to identify applicable environment assessments. The
consideration of threatened and endangered species and their critical habitat is generally
carried out early in the scoping process for any project.

2.3.4.5 Social and Economic Environments

Two major examples of social and economic environmental impact are present
in the literature. In the Lake Superior taconite district, considerable problems arose
following the disposal of asbestos-bearing taconite  tailings into the lake which was used by
surrounding communities as a source of potable water (Pycha 1968). In contrast, most of
the Canadian mines with marine disposal were very isolated and did not strongly influence
or create social problems (Ellis 1987). The disposal of waste materials and tailings from
land-based processing plants is a problem common to all metallurgical plants of this nature,
and further detailed discussion of potential impacts is not considered within the scope of
this report.

● Human Environment

The effects of mining operations on human health and safety are of paramount
importance. Secondaty effects, such as those due to mercury dispersion or to
overcrowding, are also of concern. Other aspects which are not considered in this section
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include effects on commercial and recreational activities, regional economies, local
economies, and cultural resources.

2.4 Characterization of the Literature Evaluated

The purpose of this section is to discuss the nature of the literature acquired
and to analyze, in a qualitative manner, the general nature of its content. There are a
number of major documents that exist which together address the current level of
knowledge at the time of compilation. Major documents, cited by preparer(s), include the
following:

.

.
■

■

●

a

m

■

8

.

.

■

USDOI, Bureau of Land Management (BLM) (1974): Draft Environmental
Impact Statement (DEIS) for OCS mining regulations;
USDOS (1974): DEIS for deep seabed mining;
EPA (1975): Estuarine pollution control;

USDOI,  USGS (1976): Final Environmental Impact Statement (FEIS)  for
OCS geological and geophysical regulations;
Hirsch et al. (1978): Impact of dredged disposal;
USDOI (1979): Program feasibility document;
USDOC,  NOAA (1981): FPEIS for deep seabed mining;
USDOI,  MMS (1983 b): FEIS Alaska OCS sand and gravel;
USC, OTA (1987): Exploring our new frontieu
Earney (1990): Marine mineral resources;
USDOI, MMS and Hl, DEBD (1890): FEIS Hawaii and Johnston Island;
Thiel et al. (1981): Potential environmental effects of deep seabed mining;
and
USDOI, MMS (1991): OCS mining, Norton Sound.

These volumes alone contain over 5,000 references selected for their relevance
to the subject matter addressed; many of the citations pertain to the environmental effects
of mining. Results of literature search and review under the present study indicate that even
more citations of interest exist. More than 3,570 references were scanned, 1,100 selected
titles were categorized, and approximately 350 were used as references in this document.
Analyses of the categories are presented in graphical form in Figures 2.44 through 2.48,
and discussed in the following text.

For purposes of classification, a total of 1,136 report titles were organized into
the fiie categories which follow in the text and in Table 2.24. The number of titles in each
category was counted and ranked according to their sub-classifications as shown in the
figures.

Location: N. America: 345; Europe and Africa: 85; Oceania: 50; Asia: 30;
S. America: 10; Unspecified: 616.

Environment: Coastal: 415; Onshore: 70; Deep ocean: 45; Continental shelf 30;
Unspecified: 576.
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1. LOCATION
N North America
s South America, including Mexico, Caribbean
E Europe, including Africa, Greenland
A Asia, including Indian Ocean
o Oceania, including Pacific Basin, Australia, New Zealand
u Unspecified, unknown, uncertain, unable to ascertain

2. ENVIRONMENT
D Deep Ocean, beyond the Continental Shelf
s Continental Shelf, including polar seabeds, OCS, and EEZ off

continental states
c Coastal, including fjords, bays, estuaries, tropical islands
o Onshore, including rivers, freshwater embayments, wetlands, lakes,

Black Sea, Baltic Sea

u Unspecified, unknown, uncertain, unable to ascertain

3. MINERALS
I Industrial minerals
M Mineral sands
P Phosphorites
o Metal oxides
s Hydrothermal deposits
D Dissolved minerals

u Unspecified, unknown, uncertain, unable to ascertain

4. ACTION REPORTED
E Exploration operations
M Mining operations
P Processing operations
F Field studies, site-specific
L Laboratory studies, species-specific
o Office studies, computer modeling, reporting
u Unspecified, unknown, uncertain, unable to ascertain

5. AFFECTED RESOURCE
A Atmospheric, including air quality
M Aquatic, including marine and freshwater quality
G Geologic, including seabeds, geologic structures, subbottom
B Biologic, including air, sea, land creatures
s Socioeconomic
u Unspecified, unknown, uncertain, unable to ascertain

Table 2.24. Subject classification used for analyses of references.
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Mineral Group:

Action Reported:

Affected Resource:

Hydrothermal: 73; Metalliferous  oxides: 72; Industrial: 22;
sands: 15; Phosphorite:  4; Dissolved: 3; Unspecified: 947.

Office studv: 570: Field studv 310: Laboratory studv 115;

Mineral

Mining:
93; Metallu~gical  processing:- 20; Exploration: ;0; Unspecified: 18:

Biological: 385; Water quality 310; Geological: 163; Socioeconomic:
42; A~ quality: 3; Unspecifi~:  253. -

The results of this classification are very general. A summary of the results are
as follows:

Location:

Environment:

Mineral Group:

Action Reported:

Affected Resource:

(Figure 2.44). For example, 54% of the citations reviewed were not
country-specific; however for those that were, 88°A pertained to
North America.

(Figure 2.45). More than half of the papers did not specify the
environment to which they related; of those that did, nearly 75°4
were coastal, with the remainder almost equally split between
onshore, continental shelf, and deep ocean. Perhaps more
significantly, only 3°A of the total documents referred specifically to
the OCS.

(Figure 2.46). Only 17% of the citations pertained specifically to
mineral deposits; of those, 40% each applied to deep ocean oxides
and hydrothermal deposits, which is probably an indication of the
scientific interest in these deposits by the academic and
oceanographic research community.

(Figure 2.47). Nearly 50% of the papers were office studies, while
close to 30?40 were based directly on field work and 10% on
Iaboratoty research.

(Figure 2.46). More than 20% of the documents did not specify
which resource was affected; of those that did, biology, water
quality, geology, socioeconomic, and air quality comprised 41%,
35%, 18%, 5%, and 1% of the citations identified, respectively. The
air quality findings were surprising considering the emphasis given
to air qual”~ in recent EISS.

In summary, the bulk of the work currently in print seems to have centered on
North American coastal biology, which probably indicates a bias based on accessibility and
generalized coastal concerns. This is quite understandable in general terms but is of
concern in terms of the cost of the ESP directed at mineral recovery in the OCS.

Some prime examples of operations in each of the affected environments (e.g.,
deep ocean, continental shelf, coastal, and onshore) are given in Table 2.25 for each class
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MINERAL CONTINENTAL
RESOURCE DEEP OCEAN SHELF COASTAL ONSHORE

Industrial Minerala No precedents US: Sand and gravel U. S.: Sand and U. S.: Dedicated
operations off Alaska gravel, oyster shells shoreside facilities
(USDOI, MMS 1983a). and aragonite are for sand and gravel
Sulphur  operations in mined plants
Gulf of Mexico Australia: Proposed
(USDOI,  MMS 1985). leasing of gravel
Bahamas: Aragonite deposits in New
deposits worked South Wales
offshore (Consolidated Gold
Japan: sand deposits Fields Australia Ltd.
mined at depths to and Arc Marine 1988)
30 m

Mineral Sands No precedents US.: Proposed lease US.: Alaska operation
sale for gold in Alaska for gold,
(USDOI,  MMS 1991) Environmental reporl
S.E.  Asia: Tin (Rusanowski  1991)
operations off
Indonesia and
Thailand

Phosphorites None at this time but U. S.: Blake Plateau
the possibility exists deposits have
in certain Pacific potential; area Ieaaed
areas in connection in 1963 at 40 mile
with melalliferous bank off S. Calif.
crusts

Metalliferous Oxides U. S.: Manganese U. S.: Blake Plateau No precedents U. S.: Dedicaied
nodules in the Pacific crusls  and nodules shore facilities for
(USDOC,  NOAA manganese nodule
1981); Proposed processing
Ieaaing for cobalt
crust in EEZ of Hawaii
and Johnston Island
(USDOI,  MMS and Ht.
DBED 1990)

Hydrothermal U. S.: Proposed US.: Castle Island
Deposils leasing for  metal barite  mine in S.E

sulfide deposits in the Afaska
Gorda  Ridge off
OR/CA  (USDOI.  MMS
1983b)

Dissolved Minerals Shipboard No precedents R & D only (Earney US.: See Table 2.13
desalination plants 1 990) (Dissolved Minarals)
only; no precedents
for mineral extraction

lble 2.25. Examples of marine mineral resources development vs. affected environments.
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of mineral resource, where applicable. This table provides major references and compares,
in matrix form, the general status of marine mineral resources development with respect to
the four affected environments categorized in this report.

2.5 Summary of Environmental Effects by Resource Affected

A generalized approach has been taken in this summarization of the
environmental effects of marine mining in the deep ocean, continental shelf, coastal, and
where appropriate, onshore environments (Table 2.26). Based on limited information
available from actual operations, some effects subject to mitigation are avoidable (i.e.,
mitigable) as outlined in Table 2.27; others are unavoidable, as summarized in Table 2.28.

Marine mining operations affect both natural resources (including atmosphere,

land, sea surface, water column, seabed, and all living things therein) and artificial resources

which have been developed to suit human social needs (including governance, commercial
activities, technology, economics, and aesthetics). As indicated in Section 2.3, 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 operation; and (4) subsequent replacement of

mined material as waste, tailings, or discharges. These primaty  effects result in physical,

chemical, and biological changes such as alteration of the shape or character of the
seabed, leaving holes, mounds, or boulders, exposing new surfaces, or leaving garbage or
lost hardware strewn about; changes in the quality of the air and water in the vicinity of the
operation; and impacts on biological and other resources. It is 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.

The USDOI,  in response to Section 20(e) of the OCSIA,  reported to Congress
for the first time the cumulative effects on the environment since implementation of the
USDOI’S  oil and gas program in 1954 (USDOI, MMS 1968c). Several of the findings are
significant in light of the USDOI’S current program for the development of other minerals.
Marine mining has already attracted considerable attention on environmental issues.
Therefore, it is essential that decision makers have available the most complete picture on
the potential and likely environmental effects of marine mining operations. With the
perspective of over 30 years of experience, an excellent summary by Zippin (1988) noted
that short-term, near-field perturbations of apparent significance are separated from
long-term, far-field environmental impacts which are shown to be largely insignificant. Many
public perceptions are influenced by EISS. Apart from the loss of wetlands in the
Mississippi River delta and contrary to most assessments projected from EISS, the
cumulat”we environmental effect of the marine oil and gas program in the U.S. over the last
33 years has not been significant.

The environments for marine minerals on the continental shelf are very similar
to those for oil and gas. When needed information is lacking for an EIS, a “worst case
scenario” is invoked, resulting sometimes in the forecasting of exaggerated effects from the
proposed activity. This is normally the case for marine mining where little field information
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POSSIBLE EFFECTS OF OFFSHORE (EEZ) DEVELOPMENT

National Benefits
—improved domestic supply of strategic

and critical resources
—reduced trade deficit
—improved food supply
—increased national security
—enhanced economic growth
—increased federal revenues

Regional/Local Benefits
(some public, some private)

—increased jobs
—increased investment earnings
—increased tax revenue

Offshore Environmental Impacts
—deterioration of marine water quality
—deterioration of air quality
—addition of toxins to the environment,

and possibly the food chain
—visual disturbance
—potential accidents

Onshore Environmental Impacts
—increased risk of accidents
—degradation of coastal esthetics
—reduction in quality of coastal

recreation experience
—reduction in tourism

Offshore Displacement impacts
—prevention or disruption of usual

fishing patterns
—interference with commercial and

recreational navigation

Onshore Displacement Impacts
—competition for limited commercial

and recreational port and harbor space
—competition for sites for processing,

storage and transportation facilities
—competition for limited recreational

beach space

Onshore Socio-economic  Impacts
—increased population
—public facilities and infrastructure
—public services
—housing, water supplies
—additional requirements on local

government planning processes

B
able 2.26. General summary of environmental effects of EEZ development in the deep

ocean, continental shelf, coastal zone, and onshore (Adapted from: Coastal
States Organization 1987).

177



-1
03
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1.

2.
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4.

5.

6.

7.

D e p o s i t i o n  of dredRed or fi]
material  I n  waters  of  the
United  States and contiguou!
wet Jands

Interference wit},  federally
dcsiRnated Ifarl”e $.anct”arit

Interference with state
designated Estuari”e
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Interference with historical
and for archaeological sites,
scr”cct:res,  or objects

.leopardizinE  exisrence  of
endangered or threatcmd
species or adversely modify.
ing their habitats

Narassnent  or ‘incidental
taking” of marine mammals

Increased risk of loss from
or dam~e by flooding

\

AVOIDANCEiNITICATION
sr~$

Vtllize  upland disposal
areas, contain spoil

Avoid  existtnR  or potent$z
Narine  Sanctuaries

Avoid existinR or potentia
Esttlarlne  Sanctuaries

Perform adequate hfstoric
and archeologic surveys,
avoid designated sites
and structures

Perform adcq”ate bfolc.gict
surveys, avoid endangered
species habitats

Perform adequate bioloRica
surveys, avoid critical
areas

Locate structures outside
flood hazard areas

RELEV,
STATUTE

lean Water Act*
33 U.s.  c. 1344)

nrine Protection- Research
nd Sanctuaries Act of 1972
16 U. S.C.  1432-IL33)

onscal Zone tfana~ement  Act
f 1972
16 U. S.C. 1461)

ntional Nistoric Preservat
:t (16 U. S.C. 470f)
reservatten of Historical
rchaeological Data Act
16 U. S.C. 469-4691,).
Kec. Order No 11593

ndangered  Specien  Act
16 U. S.C.  1531-1541)

3rinc Mammal Protection Ac
16 U. S.C. 1361-1382)

tee. Oral. No 11514
sec. Oral. No 11Q88

r FEDERAL LEGISLATIOS1/AUTNORITY
REGULATIONS I REQUIRENENT

33 C. F.R. 323

15 C. F.R. 922

15 C. F,R. 921

n 36 C. F.R.  LIDO

36 C.F.  R. 800

50 C. F.R.  17
50 C. F.R,  22?, 226, 227
50 C. F.R.  402

50 C. F.R. 18
50 C. F.R. 215-225

.-

.-

Ninlmize deposition in
wetlands and waters

Preserve and protect Marir
Sanctuaries

Preserve and protect
Est,,ari”e  Sa”ctu”rieS

Review  by state a n d  Ft?der:
of ficia B to preserve and
protect historic and
archaeologic oites

Re”iew  to protect  .?”da”get
and tttreatcucd species

Protect rmri”e mmnmls

No prncticolile alternative
to encronchi”g on flood
plain

AGENCY

COE/
EPA!
States

DOc

MCI
states

State/ACNP

all fed.
a~encies

FNsl
NNFs/
states

FNs/
N3iFs/
States?

all fed.
cqencies

Table 2.27. Avoidable imDacts  of marine minina and responsible authorities in the U.S. (From: U.S. De~artment of Commerce,
National Oceanic and Atmospheric-Administration 1981 ).



POTEtN_71AL ENVI R13NNENTAL
IMPACTS

8.

9.

Destruction or modlflcatior
of wetlands

Conflict with desi~nated
Wilderness A?zas

10. Confl  ict with designated
Wild or Scenic Rivers

11, Conflict with Prime and
Unique Farmland

12, Release of toxic or
hazardous materials as a
result  OE flood
tsunami, hurricane, or
seismic actlvfty

* The reader should note that

- Resource Conservation and
- Safe Drinking Water Act (U
- Clean Water Act (National
Clean Air Act (Prevention

AVOIDANCE /lflTICATION
STWTECIES

Locate al 1 development
outside wetlandn

Locate  .uay from desienate

I Wilderness” Areas

Locate away from desiRnate
Wild or SCenlc Rivers

Avoid areaa of desip.nated
Prime or Unique Farmland

Avoid natural haznrd area!

e following are subject to

covery Act (Nazardous  $las t
erground  Injection Cent rol
llutant Discharge Eliminat
Significant Deterioration

RELEV,
STATUTE

Exec. Oral. No. 11990

,llldcrness  Act
(16  u. S.C. 1131-1135)

JIld and Scenic River
(16 U.S.C.  1271-1286)

L6 U.S. C. 590 a-f

:lean Water Act*
13 U.S. C. 1321 (c)(2)

Iesource conservat  ion ,

Act

and
tecovery  ActC2 U. S.C.  6901)

>e EPA consolidated permit

Innasement  Program)
.ogram)
i System artd siredne and FL I
.ogram)

FEoERAL LEGISLATION/AUTHO
RECULAT IONS

. .

63 C, F.R.  19
36 C. F.R.  293
50 C. F.R.  35

1 C. F.R. 657

fiO c. F.R. 1510

40 C. F.R. 260-267

ograrn  40 C. F.R.  122..125, 6!

Pr0grtm9)

:Y
RSQUIRR4EWT

Ni”imi7.e effect 0“
wetlands

Protect and preserve
#iiderneas Areas

?rotect and preserve Vild
and scenic Rfvers

%otect Prime and Unique
Farmland

oil and hazardous sub-
stances spill contingency
planning

.R. 33287-33550 (Nily 19,

A(XNCY

all fed.
aEencies

001

001

USDA

EPAiCC

19)

Table 2.27. (Continued).



A
03
0

ACTIVITT/
FACILITY

1. Transshipment from port
to plant

1.1 Channel and dockage

1.2 Harine  terminal and
transportation system

2. Nodule Processing

POTENT1kL  BNVIROt4tiRiTAL
2MPACTS

Narlne traffic cmeesti.m.
accidents

Dredging, bottrn disruptio

Edification of waters

Land use conflicts

Construction noiee

Dperating noise

Dust

Liquid effluentn

Land use conflicts

t!oise

POSSIBLE 3f1TIGAT10fl
STRATECIU

Improved navigation a
traffic control

Optimm location and
timing

Conf orraance  with loca
land use plain

Equipment design and
shielding
Buffer zones, quiet
operntiona

Cmtairment  and treat
ment

Contalnma”t and treat
menc

Con Fnrimance  with 10CII
land use plans and
coastal management
p rog ram

!Mulpment design  and
s!~ieldir+!

STATUTE REGULATIONS “ RSQUIRSH6?IT

Ports a“d Wateways 33 C.F. R. 160-165 Conformance with .wifet
Safety Act (33, regul at ions

U.s. c. 1221-1227)

Rivers and Uarbors Ac
of 1s99 (33 U.s. c. 40

1
FisII and Wildlife
Coordination Act (16
U.S. C. 661-665)

Coastal  zone 31a”a~e-
ment Act of 1972
(16 U.K.C. 1456)

33 C.F. R 322 Permit

50 C. F.R. Part 470

\

Coordinat  ion
Regulations repropose
45 Q.R. S3.i12,  12/18/

15 C.F.  R. 930 Consistency with gtat{
PrORram

Noise Ccmtrol Act 40 c. F.R. 204 (COnSt. Cc!” fotmance to equip-
(42  U.S.C.  4901-4917) equipment) rnent  standards

Local controh

Clean Air Acth 40 C.F. R. 50-81 Conformance to standa!
(42 U.S.C.  7410) permi ts ,  mOnlcOrinR,

model ing.

CleIA”  Water  A c t * 40 C. F.R.  104-142. Conformance to stand.,
(33 U.S. C. 1311-1321, permits
1341-1345)

C o a s t a l  zrme  Hanage- 15 c. F.R. 930 Consistency with State
❑ ent Act of 1972 Programs
(16 U.S.C.  1456)

Noise  Control Act 40 c. F. R. 204 (constr. Conformance to ~q.lp-
(42 U.s. c. 4901-4917) equll~ment) ment standards

AGENCY

USCG

COE

COE/
lws/~s

rates

Doi/
tat.es

EPA

s, EPti
tates

Docl
tates

EPA

Table 2.28. Unavoidable impacts of marine mining and responsible authorities in the U.S. (From: U.S. Department of Commerce,
National Oceanic and Atmospheric Administration 1981 ).
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Table 2.28. (Continued).

ACTIVITY/
FACILITY

3.2 Of fahore

k The reader ehould

- Resource Conser
- Safe Drinkin8  W
- Clean Water Act
- clean Air Acc (,

POTENTIAL ENVIRONMENTAL
IHPACTS

0“s t

Contamination by toxic
solid wastes

Liquid effluents

Fossil Fwl consurnp~ton

Land use conflicts

Narine traffic congestion,
accidencg

Water pollution, bottom
deposition, benthlc
smothering

>te that the fQllOwtnB are eubj

rion and Recovety  Act (H. zardo,
er Act (Underground Injection C
!ational Pollutant Dimcharge  El
tvention  of Significant Deteric

POSSIBLE MitigatiOn
STRATEGIES

Surface treatment of
land Elll, containment
and treatment

Optimum disposal area
location, design, and
operation

Optimum disposal area
location, design and
operation; containment
and treatment

Energy consenatlon

Conformance with local
land use plans and
coastal management prog.
Improved navigation and
traffic control

Deposit well offshore
in deep water, over
infertile bottoms

:t to the  EPA consolidate
Wamte U9na8eme”t  Program
,trol Prop.rim)
)ination System a“d Dredg
,c ion Pr08ram)

NAJOR RELEVANT FEDERAL LEG

STATUTE

Clean Air Actd
(42 U.s,c.  7410)

Resource Conaematio
and Recovery Act k
(L2 U.S.C. 6901-6979

Clean Water Act*
(33 O.S.C. 1311-1321
1341-1345)

Resource Conservation
and Recovery Act
(42 U.S. C. 6901)

Energy Supply and
Environmental Coordi
nation Act 15 U.S. C.
792

Coastal Zone Mcmaw-
ment Act of 1972
(16 U.S.C. 1456)
Ports and lfatenaaya
Safety Act
(33 U.S.C. 1221-1227

14.arine  Protection
Rem?mrch h Sanccuari
Act of 1912
(33 U.s,c. 1411-1418
permit program .40 C.

and Fill Progrnms)

REGULATIONS

iO C. F.R. 50-82

40 C. F.R. 260-267
30 C.F. R. 60?

40 C. F.R.  104-142

40 C.F. R. 260-261

15 c.F.  R. 930

33 C. F.R. 160-16!

40 c.F.  R. 220-22S

122-125, 45 F.i

ION

Conformance to
standards, perrnil
monitoring,
mOdellinB

Conformance to
standards ,  permil

Conformance to
standards, permil

Regulate the use
oil and gftil by
power plantn and
other ❑ ajor fuel
butninp.  lnetalla-
tionm

Consistency with
State pro~rams

Conformance with
safety regulatlo]

Permits

/87-33558 (May 19

ACENCY

EPA/States

EPA/States

EPA/S tatea

CXJE

DCC/States

Uscc

EPAICOE?

80)



exists. For example, as of late 1992, no more than two holes penetrated below the exposed
surface of any metalliferous sulfide deposits on the deep seabed; the character of these
potentially large sub-seabed deposits must be based on tenuous assumptions, which in the
worst case scenario may exaggerate the problems of mining them (USDOI, MMS 1983 b).
The EIS prepared for proposed cobalt crust leasing (USDOI, MMS and Hl, DBED 1990)
used a mining scenario that may highly exaggerate the effect of ripping the crust from the
bottom, while subsequent information suggests that economic production might be initially
obtained by dredging up much lesser quantities of already detached crust material from
tallus slopes on the sides of seamounts  (Zippin 1988).

In any event, the key environmental concerns expressed in the literature have
focused on air quality, water quality, seabed perturbation, biological resources (including
marine mammals), and socioeconomic resources (including commercial and recreational
fisheries). It is these aspects that form the basis of the summary discussion.

2.5.1 Air Quality

Emissions of gaseous or particulate matter to the atmosphere or the generation
of noise or light common to most large industrial activities might be of concern from mining
platforms or support vessels. Principle emissions are normally nitrous oxides and residual
(reactive) organic compounds. During exploration and test mining, these emissions may
have little effect onshore as they are dependent on the location of the activii and prevailing
meteorological and onshore air quality conditions. Emissions from platforms have not been
demonstrated to adversely affect onshore air quality. Emissions from marine mining
sources are expected to be qualitatively and quantitatively similar to oil and gas related
sources, which were regulated by the MMS to onshore U.S. ambient air qual”~ standards
and are now regulated under the Clean Air Act of 1990 by the EPA. [n the deep ocean,
some gases might be released from seawater brought to the surface from the seabed via
hydraulic dredging at great depths, but information on this effect is sparse and confined to
the ocean thermal energy conversion (OTEC) literature. Airborne noise from non-explosive
seismic exploration activii  is generally dismissed as insignificant (USDOI, MMS 1988d).
In terms of global or regional effects, there is little discussion in any of the literature on this
subject for marine mining. Effects are generally examined on the site-specific level and do
not appear to offer significant problems or priorii  areas for research at this time.

2.5.2 Water Quality

A zone of influence for an offshore mining operation maybe defined in general
terms which provides a useful perspective on the potential magnitude of the effects of the
operation. Zippin (1988) indicated that dredging operations for minerals may result in
discharges of solid materials to the water column of 1 to 8 x 105 ret/year, compared with
a cumulative annual discharge from oil and gas drilling in the Gulf of Mexico of
1.3 x 106 ret/year (Table 2.29). The extent of plume dispersion from sediment and other
effluents discharged into the water column is generally measurwl in thousands of meters
and rarely in tens of kilometers. The extent of bottom disturbance from the operation will
be much less, within hundreds of feet per day for a stationary dredge, and a few linear
kilometers for a trailing suction dredge, the most mobile of the mining systems. The
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Offshore Activity Annual dischar  e
f’

Working dayslyear
metric tons x O

Proposed OCS gold mining, AK 3.2 150

Proposed EEZ cobalt crust mining, HI 1.5 206

Proposed EEZ metalliferous  sulfide mining, Gorda Ridge 1.0 300

Proposed deep seabed manganese nodule minin~ 8.4 300

Oil and Gas drilling, Gulf of Mexico* 1.3 365

1 Approximate conversions based on annual discharge of 5.8 million barrels of mud and cuttings

A

a
-P

Table 2,29. Projected discharges from marine mining compared with drwmg discharges in the Gulf of Mexico (Adapted from:
Zippin 1988).
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application of these zones in preliminary planning will permit appropriate selection and
limitation of pre-mining or baseline environmental studies and can be applied to each
marine environment regardless of water depth.

2.5.2.1 Deep Ocean and Outer Continental Shelf

Far from shore, the impacts of marine mining operations on water quality are
difficult to assess. The capacity for assimilation of plumes increases, but layering of the
water below the thermocline and low velocity benthic currents might prolong the effects of
plumes more than in the shallow coastal zone. These effects need to be examined on a
site-specific basis.

Water quality is affected by discharges of production waste and spillage of
garbage, lubricating oils, processing chemicals, or fuel. Mining excavation and dredging
disturb the seabed, causing benthic sediment plumes. Depending upon how the mined
material is lifted to the surface or tailings are discharged, suspended sediment may be
released anywhere in the water column.

Dilution of the discharge to low concentrations is rapid, with solid
concentrations reduced to 1,000 ppm within 2 min of discharge and 10 ppm within 1 h (Neff
1985, 1981 ). Typically, the affected zone down current of a discharge extends 1,000 to
2,000 m (ECOMAR 1983). Even where muds, produced formation waters, and other waste
discharges from oil and gas activities containing trace quantities of arsenic and metals were
monitored in the Gulf of Mexico, measurements indicatsd that pollutants were rapidly
reduced to background levels (Middleditch 1981). No long-term, chronic environmental
effects of these discharges have been observed. Because of the high potential for adverse
impacts on marine ecosystems, this remains a subject for further study.

Annual discharges of muds and cuttings into the Gulf of Mexico are estimated
to be 1.3 x 106 mt. This is comparable to the discharges projected in hypothetical EIS
mining scenarios. Although the mining discharges would be more concentrated, they are
subject to the same settling and dilution factors that minimize the effect of oil and gas
related discharges. Turbidity from resuspended sediments may be detected down current
over many kilometers but direct effects and indirect effects (e.g., nutrient or trace metal
enrichment, increased biological or chemical oxygen demand, and reduced penetration of
sunlight) are limited to the immediate area of operations (Hirsch et al. 1978).

Accidental releases of oil into the marine environment have been well studied
(USDOI, MMS 1988d). Oil in the water undergoes weathering and organic decomposition
over time. The Santa Barbara Channel spill of 1969 had few observable effects noted after
less than two years (Straughan  1971). Petroleum spills from marine mining activities would
be limited to fuels, mostly during transfer, and possibly from tanker loss (Zippin 1988).

2.5.2.2 Coastal and Onshore

Marine mining would affect water circulation and water quality proportionally
to the extent that operations, transportation, storage, or terminal facilities were located in
coastal waters. It is conceivable and has been proposed that large stockpiles of marine
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minerals or mining wastes could be usefully maintained or disposed of at convenient sites
near to shore. The impact of such activities could only be assessed by analysis of the
site-specific conditions. Coastal and estuarine water quality is affected by seasonal
variations in waves and tides and by freshwater runoff. The shallow and confined nature
of many coastal waters makes them susceptible to perturbation or pollutants. Turbidity is
generally not considered a problem in the recovery of sand and gravel with trailing suction
dredges because mining operations are “discontinuous” and the deposits rarely contain
large amounts of silt-sized or contaminated material. Wtih good management practices,
there should be no serious environmental effects. In Thailand, however, the impact of large
tin dredges in intetiidal and shallow water areas has been significant with turbidity and
resedimentation shown to be the main cause of biodegradation (Chansang 1988).

● Heavy Metals

The possible release of toxic trace metals due to dredging and the discharge
of overflow material was of great concern in the early literature. This concern was related
to experience with channel and harbor dredging, where a buildup of industrial waste
contaminants such as polychlorinated biphenyls  (PCBS) and trace metals (e. g., cadmium,
copper, lead, mercury, zinc) in the sediments is common. Such chemicals are rarely found
in significant concentrations in the offshore environment and the likelihood of release of
such elements is considered minor (de Groot 1979a; Gillie and Kirk 1980; Aurand and
Mamontov 1982; Evans et al. 1982; Drinnan and Bliss 1988; Cruickshank et al. 1987; USC,
OTA 1987). Similarly, there is no documentation on any toxic substances occurring as a
result of offshore tin mining in Thailand (Chansang 1988).

● Terrestrial Sites

Impacts on water qual’Ry at shoreside facilities may be due to emissions in the
form of gaseous, liquid, and solid wastes, and would be similar to other industrial activities.
Potentially serious marine problems that have been identified are attributed to the dumping
of mined tailings and processing wastes into adjacent watetways; these activities have to
be constantly monitored. The nature of the effect will be heavily influenced by the type of
material being dumped, and the nature of the waterway and its ecosystem.

2.5.2.3 Natural Effects

In general, the natural effects of environmental change are easily recognized.
However, there may be occasions where they are not so obvious and care may be
exercised to allocate the causes to the correct source. For example, phenomena such as
red tides, megaplumes resulting from seabed hydrothermal activii,  and storm- or
earthquake-induced slides may result in significant but temporary changes in water quality.

2.5.2.4 Induced Effects

Normal effects on water qual”Ry induced by mining operations may include
turbidity and nutrient or trace metal enrichment, resulting in secondary effects throughout
the trophic web due to reduction in light levels and changes in water chemistry.
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2.5.3 Geological Resources

The primary effect on the geological resources is the removal of the ore.
Additional secondary effects may include alteration of the value of remaining mineral
resources because of grade depletion, and alteration of the seabed in a number of ways

(e.g., changing its value or its effect on other uses).

2.5.3.1 Mineral

Mineral deposits will be removed by mining resulting in an irretrievable transfer

of the mineral from a resource base to a consumptive use.

2.5.3.2 Other

Major geologic impacts of marine mining result from activities in the coastal

zone where wave energy is a prime factor. The effects of large excavations or shoaling
resulting, for example, from the mining of mineral sands will depend on their location with
respect to the local environment. Changes in wave or current patterns induced by altered
conditions can cause changes in shoreline equilibrium, resulting in erosion or deposition.
Possible effects from sub-seabed fracturing using conventional or other type explosives are
not well discussed in the literature and should be the basis for additional study and
observation, particularly in offshore areas susceptible to slumping and in deep water where
the physical conditions are very different than on land. Some problems in shallow water
have been related to the pits formed by removal of sand or gravel using stationary suction
dredges. Coral reef growth may be severely affected by siltation from mining (Chansang
1988) and this may affect the supply of coral sands to adjacent beaches, particularly in
tropical, fringing reef environments.

2.5.4 Biological Resources

Most biological impacts are secondaty,  attributed to some alteration in the
existing physical, chemical, or trophic equilibrium. Impacts in the coastal zone have a
greater tendency to be significant because of the higher energy levels generally recorded
there. The extent of the impacts are usefully analyzed using a matrix of the type illustrated
in Figure 2.49 and described in detail by Cruickshank (1978). Check lists of technological
systems and environmental systems are presented in Tables 2.30 and 2.31, respectively.
Physical changes which may induce biological effects include changes in temperature,
current patterns, amount of particulate present, nature of the substrate, and introduction
of new habitats. Significant chemical changes may include changes in the presence of
nutrients, trace elements, or toxics. Trophic changes may include removal or influence on
existing species by involving them in the operating cycle. Criteria on which to judge
pollution or significant biological change are, in many cases, arbflrary. Where they are
given, they may err on the side of safety based mostly on the assumption that no change
is the preferred state. This assumption maybe open to argument, however, and more data
will be required before generalizations, if possible, can be made.
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[ Technological systems  inmacting  on the environment

Transirnt Tran$ient  to Transient Short tam Long trrm Iransmt  to Totc
short trrm long term

In fr.astr.clure ;::;:;:, Exptorotio. ~p,::;:o ‘:,rim,
Accident

- Restoration

Cyclrs
Natural Induced

CytlQs

,
M.t.cr.alc.giml I I I I I I

Climate
A8r quality I I I I I I

Hydrologic
Coastal: Surtace  water I I I I I 1

Ground walsr
Wotrr  quality I I I I I

Marine: Upprr  boundary layer

Boundary grodicnts
Intermedmtr  toyrrs I I I
ClimOt*
Watar  quolity
Bottom Iayrr

Soundary  grodimts. t!!!!!
G*O

BiOi

EEElw-
Nektcm T
Bmthos I I r

Ecosystems I I I I I I I I I I I I I I I I I I 1! I I I I I I I I I I I I I I I I
Physiologic I I I I

Op*ratiOna[  personnel I 1111 1111 1111 I I I Ill I 11111 II I I I I I II II I l l
I I I I I I I I I I I I 1 I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I

Artifieio[  svst.  ms
Social I I II I II I I II I I I I I 1111 I I I I II I I 1[ II I I II I I I I I I I I I I

Reomno( ooDulaticm
, ,lro-nsient” Dooulation 111111

E c o n o m i c Illilliiiiiii
PrOD*rw  value

I I I I I IProduct’ r’mrkels I I I I I t
Cm f[lcbng  r*aOurce  US* I II 11111111

Air I I I I I
water I

I I
. .

Land I I I I I I I
Lrgolm,..-....:- 1 4 * , , d , I

““,,.,  .,,+,

Jurisdictional agencits
Jurisdicllonol  restraints

Political I I I I I I 1{[!!
Existino  r.oim.

I I I I
l!!!!!!!!!!!!!!

Hist~ri~.1  ~nd-~rc”i&*ologicd
Distribution of SateS and  objects I I I I I I I I I I 111 [11 I I 11-1 1-1-1-

Technical r f 1 1 ! 1 1 1 1 ! , , 1 1
Mater,ols  supply I I I I I I Ill 1111 ill I I I I I I I I I I I I I I

I I I Ill 1111 II

● The following time rolatrd factors may br usrfully lronsiont divido by 10

appll*d  to num*rical  ratings before  letalling:
Short Iorm multiply byl
Long tarm multiply by!O
Irmwrsible multiply by!OO

‘igure 2.49 Matrix for evaluation of interactions between marine mining technology i
the marine environment (From: Cruickshank  1978).

188



A

CD
to

Infrastructure fxn~lzat!on  Svste.s

Plant Samp 1 ing

(Docks, platforms. malerlal$  handling eq.lpmenl, mill plant, $uperjacent  waters
dump sites, storage facilltles) Seafloor

Irmsportat  Ion Sub-bottom
(Plpellnes,  carrfers,  roads, rail, ditches)

Utilities Geotechnical  measurement
(Power  pl*nts,  transmission Ilnes) Physical properties

Services tlechanlcal  properties
(living quarters, sanitary facllltle$,  recre?tlon  facilities

Gcoph~~ys::l  sen$  Ing

s?ue  ationar 1 Prere~

Shore!ide  facil{ttes
f.vircmm?ntal prediction [weather and seas]

Obscrvat  Ion
$oreclstlng

Platfoms
(Airborne, floating, submersible, set-bed,  divtr$)

Power systems and  power transmlss{on
(Conventional, nuclear, solar)

Navigation M survey systems
(Airbmne,  marine, s.bmarlne, seabed)

Platform control and  cormunlcatlons
(Static anchor{ng,  dynamic anchorirq,  auto functioning)

Data transmission and processing
(Shipboard, remote)

. . . . . .
Transmiss!vlty
Reflect lvlty

Has%
Oensity
Gravl  tat ion

Magnet  i sm
Terrestrial
AtnmsDheric
[lect;omagnetic

[lectric*l
Conductivity/Res\st{vity
Sel f-potent I*1
Induced rmlarlzation

Thermal “
Heat  flow
lhermal  gradients
Media therml  conductivity
Thcrml mvamlles

Elastic
Seismic Veloclty
ReflectIon
Refraction

Radloacttve
Natural
Neutron induced
Gamma  backscttterlng
G-ma  spectroscopy

Geochemical  Analyses
Uet  chemical
Neutron activation
X-ray diffraction
ttass spectroscopy
Atomic absorption
Fluorescence spectroscopy
Other

[xtracfion
Scraping
[xcavaling
Fluidlzlng
Tunnelltng

l i f t i n g
Mechmlcal

Repetitive suspended (drzglfne,  clamshell, hoist)
Buoyant (bulk submersible)
Continuous (bucket-line, conveyor)

Hydraulic
S!ngl  e-phase [suction, H. P. water Injection)
Multi-phase [gas injection, light madium  liquid

injection, llght  medium  solid  Injection, heavy
nwdium  closed-circuit flow)

Transport and hindlfng
11.lk  carrier-.

Surf ace
Suhcerged  (Air cargo analog)
Set-floor (Ground effects vehicle ● ntlogs)

Pipellnes
$urfzce
Submerged
Sea-Floor

Transfer of materltls

M!neral [xtracllon  Svst em:

Ore Treatment
Separation processes, based on

n,,,
Optical properties
Surface properties
Nagnctic  properties
[lectr!cal  properties
Elastic properties
Radloactlv@  propcrtie$

[xtractlve processes
Chem!cal  activity

Hydroaetallurg ical
Pyronntallurglcal

Atomic structure
Biochemical activity

cycle  of Materials
Mses
Solubles

Processing
Storing
Dumping
Olspersing
Recycling

Insolubl!s
Processing,

Radloact  Ives
Processing,

etc.

Ctc.

Table 2.30. Technological systems elements involvW intheexploration  andexploitation of marine mineral de~osits, with examdes
in parentheses -(From: Cruickshank 1978).



Vatural  Syslems
Metaorokgic Marine  (con(.) Social (cont.)

Climate Bcmom  Layer Sodnl  amenilies (Nousing,  schmls.  fire
Temperature Cfimate prolecllon,  pa fice,  services)
winds Temparalure Transient Populellon
Precipitation Cbculrdion Numbw  of Irimsients

W Duality BoundaIY  Gradients (waler  quafily)
Gases

P@05e  Cfacalion.  seaaonal  workers,
P h y s i c a l fishing)

Waler Veper Chacnicel Economk
Particuklac Nal!xel  Hazards Resource Value (Minarak,  fisheries, real
Radialion  (Acoustic, saiamic,  elaclrlc, (Storms. IurbMly currenla.  geothermal estate)

magnelk,  nucleer plumes, submarine waves) Resource Merkels
Nalural Hazards Geologic Cordlictlng uses

(Slorms,  ice) Regional geology
+ydrologic

Airspace
MorpholWy

Caslel
Aeslhelics

Teclonica Commercial fTranspOrS,  cOmmunica-
Surface waler Pelrology lions, reseerch)

Drainage (Rivers, channels) Minerelcgy Water
Groundwater Mineral depoails

Drainage
Reaidenlial

Ore minerals @mmercial  (Fisheries, transport, Iarm.
Flow rales (Aquifers, springs) Diatributlon Ing,  polls)

Retention Origin
Capacities

tndualdat (Coding, dumping)
Ore reaewes !+3creelionel

Leakage Geolachnique  and geomechanics Educational
Overflow (Underground lakes) Index properties (Specific gravily.  densily. Datanse

Racharge grein  size, waler conlent, Altefberg Lend (Seabed)
Waler quality limits) Rasidenfial
Physical Properliaa Enginaaring  properliea [Compression. Agriculluml
Chemic%l  Properties sheer, parmeabilily,  consolidation) Induskial

Nalural Hazards (Taunamk,  slorms,  Ilmds) Nalural  Hazards (Earthquakes, sliies, plate Recreational
Marine molbn) Educallonaf

Upper bcmndaty  layer Biologic Delense
Sea state [Climata) Divemily  and abundance Lagal

Waves Floral Ownership (Territorial walers, outer cOntl-
Swell Terraslrial (Trees, shrubs. grasses, nanlal  shelf, deep sea]
Currant crops)
Tides

Jurisdictional agencies
Marine (Algae. seaweed, phylo- Restrainls  (Rights 01 way, precedenlial

Tamperalure plenkton) r@hls)
Boutwlary  gradlenk (Water qualily) Faunal Political

Physical proparlies  (lemparalure,  den- Airborne (Birds. Ilying Insecls] Exisling  ragime
sity (STD)) Terraatrial  (Animak,  repliles,  insecls) Pofiia

Transmisaivify  (Optfoal, acouslic, Marina ffepfesenlalion
alackic) Palagic  (Zooplankton, tish, mam- Rakvanl funclkns

ChemicnlproWrtles reals, raplilea) Hktoricaf  and Mchaeologkal
Dissolved (Safinify, chlcfinily.  Irate Benthic  (Epilauna,  inlauna) Oktrlbution  cd slles and objects (Ruins. aqi-
elements) Eco~yslame Iacls, shipwrecks)

Particulales Zonatlon Imporfawe
Intwmcdiale  Layer Inlluances (Physical, chomlcid,  Irophic) Daacripllon

Climate NaMral  Hazards (Plankton blmms, lish al- Technical
Temfmrature lacks) Matadak R&D
Circulatbn  pattern Physiefogic
Mixing pattern

Design
Operational Parsonnel Reslorallcm

Walar  quafily Numbara Seaflng
Pinyaical Elhnics Ramoval
Chemicsl Apliluda Restoration

Accidenl  (Ffre. exploaicm.  spillaga, inundation,
Ar/i/ic/a/  Sysfems collapse)
Social

Regional Population
Dislribullon
Ouallfy  of file (Heallh,  educetlon, walfare,

lncoma, ~welihocd)

Table 2.31. Environmental systems elements affecting the exploration and exploitation of
marine mineral deposits, with examples in parentheses (Adapted from:
Cruickshank  1978).
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Clark (1974) presented standards established by the EPA for toxic substances
in coastal waters (Table 2.32); he also reported quantitative criteria for temperature,
oxygen, pathogens, and toxic substances and qualitative criieria for circulation, turbidity,

sedimentation, habitat, salinity, nutrients, fauna, and productivii.  The assessment of these
items for any mining area and/or operation will require considerable field study, however,
unless the specific site of operations is known, these criteria would probably not be useful.

Biological impacts are, without doubt, the major enigma of assessing impacts
on the natural environment. Generalizations rarely allow meaningful predictions of the
effects of specific minerals operations; additional biological studies should be directed on
a case-by-case basis to respond to specific needs. The effects of turbidity, sedimentation,
explos”wes, light, and noise on marine biota were reviewed by Cruickshank  et al. (1987) for
the OCS, Many of the data available come from studies of deep seabed mining, OCS oil
and gas activity, or academic research. In those cases cited, the information is assumed
to be transferable to a general mining situation. Information on the effects of offshore
placer mining is very limited, and in many cases, has been inferred from river and harbor
dredging. The main environmental concerns associated with placer mining relate to the
turbidity plume and possible smothering of organisms due to the high volume of waste
discharged (USDOI,  MMS 1991). As much as 99°A of the dredged material is waste, with
most placer dredges working continuous operations on site 24 h per day throughout the
year, except where curtailed by weather.

2.5.4.1 Birds

Large petroleum spills which have the potential to kill numerous sea birds and
shore birds are not anticipated from marine mining operations. Effects of small spills tend
to be localized and short lived. There is a low probability of such an accident occurring
during mining. Nevertheless, this particular subject is given a great deal of weight in current
environmental analyses for OCS mining (USDOI,  MMS 19B3a, 1991).

2.5.4.2 Mammals

Marine mammals represent a highly diverse group (Table 2.33), many of which
are endangered or threatened species. The effect of mining operations may include loss
of feeding areas, uptake of heavy metals, and noise impacts. Oil spills are not considered
significant because of the low risk. Many marine mammals are migratory and wide ranging.
Although only limited research has been conducted on this topic, some researchers have
suggested that marine mammals can easily avoid turbidity plumes which are unlikely to
harbor food prey. Suggestions of enhanced biological activity around dredging operations
in southeast Asia might usefully be investigated. Whales and other long-lived marine
mammals may accumulate trace metals from plumes or discharges, although this is
considered unlikely. There was no documentation of trace metal contamination in marine
mammals (USDOI, MMS 1988d), however, this may not be representative of likely effects
from hard minerals mining. The potential release of orederived heavy metals from mining
activiiy has been a controversial issue in prior hard mineral EISS (USDOI, MMS 1983b).
Recent strandings of bottlenose  dolphin along the Atlantic coast and the harbor seal
mortality in northern Europe point to high levels of environmental stress from all sources
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Maximum Acceptable Minimum Risk
Maximum Acceptable Concentrations fireshold

Concentrations (Milligrams or (Milligrams or
SUBSTANCE (96 hr LCW) ‘ 2 Micrograms/liter) 2 Micrograms/liter] 3

Aluminum 1 II 00 1.5 mg/1. 0.2m /1.
Antimony 1 /50 0.2 mg/1. N.A. 2
Arsenic 1 II 00 0.05 mg/1. 0.01 mg/  I.
Barium 1 /20 l. Omg/l. 0.5 mg/1.
Beryllium 1/1 00 1.5mg/l. 0.1 mg/1.
Bismuth N.A. N.A. N A.
Boron 1/10 N.A. 5.0 mg/1.
Bromine5 N.A. N.A.
Cadmium6 1/1 00 0.01 mg/1. 0.2 ug/1
Chromium7 1/1 00 0.1 mgtl. 0.05 mg/1.
Copper 1/1 00 0.05 mg/1. 0.01 mg/1.
Fluorides 1/10 1.5mg/l. 0.5 mg/1.
Iron N.A. 0.3 mg/1. 0.05 mg/1.
Laad 7 1 /50 0.05 mg/1. 0.01 mg/1.
Manganese 1 /50 0.1 mg/1. 0.02 mg/1,
MercurvB 1/1 00 l.oug/l. N.A.
Molybdenum 1 /20 N.A. N.A.
Nickel 1 /50 0.1 mg/1. 0.002 mg/1.
Phosphorus 1/1 00 0.1 ug/1. N.A.
Selenium 1/1 00 0.01 mg/1 0.005 mg/1.
Silver 1 /20 o.5ug/l. N.A.
Thallium g 0.1 mgl  I. 0.05 mg/ I.
Uranium 1 /100 0.5 mg/1. 0.1 mg/1.
Vanadium 1 /20 N.A. N A.
Zinc 1/100 0.1 mg/1. 0.02 mgfl.

CYanidesl  0 1/10 0.01 mg/1. 0.005 mg/1.
Detergents 1 /20 0.2 mgll. N.A.
Phenolics 1 /20 0.1 mgll. N.A.
Phthalate

Esters N .A. 0.3 ug/1. N.A.
PCBS

11 N .A. 0.002 ug/1.12 N.A.
Sulfides13 1/1012 0.01 mg/1 .12 0.005 mg/[.12

The maxinlum  acceptable CO! ICC ntralioo iigurcs  in lhis columu  arc expressed :1s Iract  ions of the 96 hr I. C,,
for the mosI  se!lsitivc  spccics  in n given  :mx. “IIIL!  96 hr LC,O  is [bat  conccn!  ration  O( :! subsI:mcc  which
kills 50 % of the [esl spmies  wilhio  96 hr under  skmkmd  bioassay ccmditicms.

: Data are Environmental Protection Agency  official crilcrix where available: Nnliowd Acfidcmy  01 Sciences
data are used where  EPA dam were NO( available.
Naticmrd  Academy of Sciences dam,  for ccmcem  rations  “IX1OW  \vhich  :hcrc  is a minimal risk or dcle wrious
effects.”
N.A. - ndequam  dom  NOI available.
711e  masimlml  acceptable concentraliou  for free (molecular) bromiue  is 0.1 m~, for  ionic bronlate.  100
mgll.

‘ In (he  prescncc  of copper or zinc  in conccn[r:h!iom  of I mg/1  or more.  the nlinimtlm  risk threshold should bc
lower by a factor  of 10.
Ill  oysler  gro\ving  areas, [hc mioimum  risk lhrcshold  should he io\vcr.

m According 10 the  Nalionat Academy M Sciemx?s,  “Fish-eating  birds should  be protected  if mercury Ievcls  in
fish do mm cxcced  0.5 mg/g.  Since !hc rccc>!llt>lel]daliot> or 0.5 mg/g  i!) fish provides Ii!lle  or no  safely
margi, ! for fish -calin$ \vildlik!  (birds). il is rccmumcud.  d thm  the sttr.ly  of the 0.S m.ti~  Icvcl bc wc. alt!wcd
a.. soon  as pasible.”
1/20 of [he 20-d LCJO

‘“ Marine  wld  estuarine  :!c!ualic  and \vildlifc  crilcri:!  nol  :!vail:lblc;  frcsbwalcr  crileria wc used ( b y  EPA),
“ According !O the  Environmcllud  Prolectimb  Agency: “’the ma..imum  acceptable concenlralicms  of PC13 in

any  smllple  consistiltg  of a homogenrdc  of ?5 or more whole fish of :my spccics  [ha! is consumed by fish.
elling  birds imd mammals,  wi[hio  the  siw range consumed  is 0.5 n@g  on  a IW[  wcighl  bmsis.”

‘: Dam supplied by National Academy of Sciences,
“ TIKsc conccl!tralicms  arc valid  mdy if s:!lt  wa[cr pll  is lWI!VCCU  6.5-S.5.

Table 2.32. Coastal water quality criteria for toxic substances other than biocides  (From:

Clark 1974),
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MammaIs–A Highly Diversified Group

From platypus to peccary, from bat to
bison,  what makes a mammal different
from other animals is Ihat  mammals
nourish their young with milk. This
characteristic plays more than a nutri-
tional  role in a mammal’s world. for it
often creates a strong relationship be-
tween mother and offspring. In certain
species. this relatlonshiD  is short-lived:
some mice are weaned 2 weeks after
birth  and breed at 5 weeks. At the other
extreme is the walrus, which is be-
lieved to nurse for2 years.

Mammals, like birds, are “warm-
blooded. ” What thmlerm means is that
lhe!r body temperatures are relatively
independent of the surroundings, Be-
cause ofthls, mammals are able to live
!n :he coldest of climates and move
about  in practically any temperature.
(Cold-blooded species require a cer-
fain amount of heat to become active.)
Of course, this does not mean that all
mammals a reactive at all times, Hiber-
nators conserve energy by resting
throughout the winter (see page 65):
certa!n  spectes,  such as desert jer-
boas, become torpid  in summer (see
Illustration on page 206). Aestivation  is
the name forlhis summer torpor.

Most mammals have two sets of
limbs. (Whales, manateas,  and du -
gongs are the exceptions. ) But  the
method  of locomotion varies tremen  -
douslyfrom speclesio species. Chee-
tahs run, rabbits lump,  monkays climb,
beavers swim, gibbons swing, bats fly,
and “flying”’ Iemurs glide. Olhermam -
mals simply walk on all fours,

The Successful Rodents
Present-day mammals are classified
into about 200rders, depending on the
system of classification used. A similar
number of orders contain only extinct
species.  For example, theorder Panto -
donta  IS composed of the pantodonts
—large hoofed craafureslhat diedoul
about 35 mill[on  yaars ago.

As you can see from the Iisl  here,
the different  orders vary greatly in im-
portance. Among mammals, rodents
dominate the earth, m both number of
species and total population. (There
are some 2,000 kinds of rodents—
about half of all mammalian species.
And there may be more rodents on
earth than all the other mammals put
together. ) In contrast, the aardvark, or
earlh-plg—an African termite-eater—
has an order all 10 itself. The name of
![s order, Tubulidentata,  refers to the
mlcrosconlc tubules m aardvark teeth.

Teeth are highly significant in !he
classification of mammals, For one
thing, they indicaIean animal’s  eating
habita.  For exampfe,  aardvarks,  l ike
other mammals that eat termites or
ants, have only a few taelh.  The tropical
animals known as anteaters have rro
teeth, (Thay  are in the order Edenfata,
which means “lacking teeth,”)

Fortunately for taxonomists, teeth
are durable structures that are fre-
quently presewed  as fossiis.  And fos-
sils  are perhaps the most important
clue to relationships between groups of
animals. Foss Il evidence was a malor
reason for the taxonomlc  relocation of
rabbits and their relatwes.  Once part
of the order Rodentta,  they are now in
a separate order called Lagomorpha.

Mammalian Orders

Monotremata: platypus, spiny anteater
Marsupialia:  opossums, pouched

“mice” and .-rats, ” koala,
wombats, kangaroos, wallabies,
Tasmanian devil

Inseclivora: hedgehogs, shrews,
desmans,  moles

Dermoptera: cobegos  (flying Iemurs)
Chiroptera: bats
Primates: Iemurs,  Iorises,  galagos,

monkeys, gibbons, gorillas,
chimpanzees

Edentata: sloths, anteaters, armadillos
Pholidota: pangolins
Lagomorpha: pikas,  rabbits, hares
Rodentla: squirrels, chipmunks, cavies,

chinchillas, mice, rats, beavers,
muskrat, voles, kangaroo rats,
hamsters, gerbils, porcupines,
pacas,  hutias

Cetacea:  whales, dolphins, porpoises,
narwhalas

Carrrivora:  dogs. foxes, wolves, beara,
raccoons. kinkajous,  pandas,
weasels, ferrets, minks, martens,
fisher, wolverine, badgars,  skunks,
otters, genets,  cwets,  mongooses,
fossa.  aardwolves,  hyenas, lynxes,
cats, caracat

Phrnipedia:  sea lions, seals. walruses
Tubulidentata:  aardvark
Proboscidea:  elephants
Hyracoidea: rock hyraxes, dassies
Sirenia: manatees, dugong
Perissodaclyla: horse, tapirs,

rhinoceroses, zebras, burros, mules
Artiodactyla: pigs, peccaries,

hippopotamuses, camels.
chevrotains,  antalopes,  deer,
giraffes, sheep, goals, cattle, musk
ox, takin

Table 2.33. Orders of mammals (From: Reader’s Digest 1977).

193



and indicate a need for careful monitoring of widespread pollutant loading in the marine
environment.

Noise is a ubiquitous effect from any offshore operation, potentially affecting
endangered whales and marine mammals by altering normal behavioral patterns. For oil
and gas operations in offshore waters of Alaska, the issue has focused on how operational
noise may affect whale migrations, feeding behavior, breeding, and calving. Location and
timing are critical aspects for noise effects. Some exploratory operations in the Beaufort
Sea that are in the path of migrating endangered bowhead whales have historically been
seasonally restricted so that the whales do not alter their migratory path as a noise
avoidance response. Despite the sensitivity of some animals to noise, no long-term adverse
effects from noise have been documented on either populations or species behavior
(USDOI,  MMS 1988c). Most behavioral responses are elicited at such close range that
noise effects can be avoided. Mining activities located away from known migratory
pathways and calving or feeding grounds are unlikely to adversely affect marine mammal
populations, although individual transient animals near mining sites may be startled or show
avoidance behavior. However, because all oil and gas or mining activities are site-specific,
it maybe difficult to eliminate all noise effects if activities are proposed in sensitive habitats.

Very little is known about the intensity, frequency, and duration of

mining-related noise. The type of collector most likely to be used for mining manganese

nodules may attract scavengers (e.g., rat-tail fish) that communicate by sound (USDOC,

NOAA 1981). Noise also affects marine mammals, but the significance is not well known
(USDOI, MMS 1983a, b). Most research has been conducted on the efFects of OCS oil and
gas activities on endangered and/or threatened marine mammals. Some researchers (e.g.,
Geraci and St. Aubin 1980) suggested that most animals become habtiuated to low-level
background noise, such as ship traffic and offshore petroleum activities; however, some
animals show abrupt responses to sudden disturbances. Responses to continuing abrupt
noise disturbance by California sea lions, Stellar sea lions, and harbor seals are fairly well
documented (USDOI,  MMS 1983b). Gales (1982) found that, although there were no
significant physiological effects, other possible effects from a sonic boom, a pulse
somewhat similar to explosive seismic pulses, include startle, flight, auditory discomfort, and
hearing loss. Stationary dredging operations in the arctic did not seem to greatly disturb
beluga and bowhead whales, but their swimming patterns did change within 2.4 km of
dredging operations (USDOI, MMS 1983a). MMS-sponsored studies of the effects of noise
on gray whales off the California coast also found that ship and air gun noises affect
behavior, but much less so than biologically meaningful sounds, such as the sounds of killer
whales. This response seems likely to be true of other animals as well. It is probable that
the effects of mining noise will resemble the effects of noises from harbors, mechanized
fishing gear, military maneuvers, and shipping (Cruickshank et al. 1987).

2.5.4.3 Marine and Aquatic Fauna

In general, the effects of mining operations on living marine resources can be
assessed as beneficial, insignificant, or adverse. To date, several beneficial effects have
been recorded or discussed, including (1) the attraction of fish to offshore structures;
(2) the enhancement of substrate habfiats by alteration of the texture; (3) the enhancement
of substrate habitats by the presentation of new surface nutrients by mixing and
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replacement of the benthos; (4) thermal stimulation of growth; and (5) introduction of
nutrients by mixing of water masses and enhancement of phytoplankton  growth
(Cruickshank 1974b).

A longer list of potentially adverse effects includes the following:

(1) Direct toxic effects of pollutants on individual organisms, causing
abnormal growth, reducwi adult fecundity, behavioral changes,
accumulation effects in the trophic web, poisoning, restriction of motor
functions, erosion of gill filaments, suffocation, pressure shock, embolism,
and thermal shock; and

(2) Disruption of community and ecosystem structure, including changes in
diversity and abundance caused by disruption of food webs, changes in
predator-prey relationships, reduction in community stability in response
to environmental fluctuations, changes in age structure of populations by
selective mortality, changes in dynamic behavioral patterns, concentration
of toxic fractions through food web transfers, loss of bottom habitat,
provision of new habitat, migration of population, and introduction of
dormant species from bottom to surface waters.

Analyses of potential impacts require a knowledge of the pre-mining
populations and their natural cycles so that a differentiation can be made between natural
fluctuations and impact response. At the present time, there is little agreement within the
scientific communities as to what constitutes adequate knowledge of pre-mining conditions,
or baselines. Difficulties arise in the selection of indicator species which will adequately
represent the biotic community and its reaction to a disturbance. When measuring baseline
conditions, the effect of long-term regional cycles on local communities maybe overlooked
or unsuspected. Conversely, the effect of local impacts on regional or global communities
may be underestimated or overestimated.

● Effects of Suspended Sediment

In addition to sediment concentrations, there are three other potential sources
of concern. First, the presence of toxins in sediments can greatly increase the adverse
impacts of turbidity. However, the data showing such effects are based on studies of
sediments from harbors and estuaries in which toxins (e.g., pesticides, heavy metals) are
introduced to the marine environment and subsequently adsorbed to the surfaces of
sediment particles. Such contaminants are rarely found in more than trace amounts in the
OCS environment. Moreover, in natural mineral deposits exposed to seawater, the
biologically active metals are in nearly insoluble forms and, generally, are biologically inert.

Second, fluid muds (fluff) may form near the water-sediment boundary and
persist for weeks if there is insufficient circulation to disperse them. However, lack of
circulation is rare in OCS waters, although fluff may form in coastal waters. Shell dredging
operations in Galveston Bay, for example, resulted in a nearbottom mud flow with particle
concentrations from 20 to 150 g/L that lasted throughout the dredging operations (Masch
and Espey 1967, as cited in Peddicord 1976). Such a condition could be a problem for
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fauna that are not equipped to move through this layer to reach the less turbid environment
(Hirsch et al. 1978). However, the significance of this layer is partially a function of its
thickness, a parameter which can be affected by the mining method. The potential for fluid
mud formation when fine, noncohesive materials are resuspended or discharged, along with
the resulting hazards, will strongly depend on the site and the operating conditions.

Third, in all cases where mining involves the mechanical fracturing of the rocks,
the particles produced are more likely to have sharper, more angular edges than
resuspended bottom sediments. These sharp fragments may damage organisms more than
natural sediments.

Turbidity Both laboratory and field observations have been made of various
organisms under conditions of increased suspended sediments for various durations. The
results, when compared with increased concentrations expected in the water column,
suggest that these effects may not be a concern if the dilution factor is high and there are
no exceptionally sensitive bottom communities in the area. For instance, a study of animals
from San Francisco Bay found that at least 90°A of the animals in most of the 18 species
tested were alive after 10 days exposure to concentrations of 100 g/L kaolin clay
suspensions (Peddicord 1976). Even the more sensitive species were only adversely
affected by tens of grams per liter of processed bentonite  clays over several days time.
However, these experiments did show that the sensitivii of some species to bentonite

increased with higher temperatures (e. g., 18°c) or lower oxygen concentrations (Wakeman

et al. 1975). This suggests that in San Francisco Bay, seasonal changes in these two
parameters may be important in determining the severity of impact from dredging and
disposal. However, Peddicord (1976) noted that the laboratory experiments did not
evaluate physiologically sublethal effects, which may be more important ecologically than
direct mortality. Lunz et al. (1984), in a recent summary of data for eggs, Iatvae, and adults
of fish and shellfish harvested in the coastal zone, found that several of the moliuscs and
crustaceans tested were sensitive to 100 mg/L or more of suspended sediments during
multiday  exposures. In contrast, other species were tolerant of higher levels of suspended
sediment (i.e., 100 g/L or more) for 1- to 3day exposures, a thousand-fold difference in
concentration.

The results of laboratory studies of marine fish vary. Moore and Moore (1976)
found that turbidities of 126 to 135 mg/L increased the time for the European flounder to
identify its prey. Although this finding is likely to be of minor importance if the plume is
short-lived, this nonlethal effect would reduce the feeding rate and, hence, the vigor of the
affected animals. Effects of manganese nodule mining plumes on captive yellowfin tuna
and kawakawa have been studied by exposing the fish to deep sea clays and nodule
fragments. No detectable effect was found in adults at concentrations ranging from 9 to
59 mg/L. Feeding continued to occur in concentrations of 11 mg/L, and no change in
behavior was noted in the presence of a turbidity cloud (Barry 1978). However, preliminary
results by Barry suggested that turbidities greater than 4 mg/L sometimes caused feeding
inhibkion and coughing-like reaction in tuna in laboratory tests (Matsumoto  1984).

Other field observations have been made on the behavior of marine fish in
areas of high turbidity (Shelton and Rolfe 1971; Shelton 1973; Wilson and Conner 1976).
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The results suggest that adults are less sensitiie than juveniles and that there are
differences among species. Whitebd (immature herring) and sprats  have been found to
avoid areas where china clay wastes were discharged. Mackerel, however, do not seem
to avoid these areas and exhibfied no problems in feeding despite being visual feeders.
Fish are observed to be abundant off the mouth of the Columbia River where sediment
concentrations may reach 10 to 100 mg/L (Pruter  and Alverson 1972). Ritchie (1970) noted
no adverse effects from overboard dredge spoil disposal on 44 species of fish from
Chesapeake Bay. Observations off Hawaii showed that densities of fish larvae were
negatively correlated with higher turbidities, whether natural or man-related, which Miller
(1974) suggested may be caused by avoidance of turbid areas. Lunz et al. (1984)
summarized laboratory reports of significant mortality of white perch, yellow perch, and
striped bass larvae at suspended sediment concentrations of 500 to 5,400 mg/L after 1 to
g d of exposure. Larvae in the open ocean would not be exposed to such concentrations
for such long periods, as they would drift with the diluting turbidity current; the potential
significance of exposures in the field may be overstated by these laboratory data. In
general, fish species that are sensitive to suspended sediment (e.g., herring and turbot) will
avoid the affected area (de Groot 1979a). In tests reported by Owen (1977), there was an
indication that high levels of suspended material can clog or interfere with the gill tissue of
fish and may have attributed to the disease fin-rot. However, there are some species which
can tolerate high silt concentrations and might proliferate in turbid water because predatory
fish may be temporarily kept away from the area (Peddicord 1976; United Nations 1981).

Turbidity will affect fish to a lesser extent than bottom fauna because fish have
the abil”~ to avoid an area (de Groot 1979a). Suspended material is reported to have
adverse effects on mussels close to the dredge which grew less than those further away,
and on settlement of encrusting organisms near the dredge site (ICES 1979). Turbidity from
dredging operations did not seem to have an adverse effect on oyster larval development,
quahog clams, soft shelled clams, and oysters (U.S. Army Engineer District 1974, California
Department of Fish and Game 1977). Similar findings were noted for lobsters, which are
relatively tolerant to suspended sediment except while molting (Boehmer et al. 1975).

The impact of the turbidity cloud from aggregate dredging operations on
sensitive benthic organisms will be far less than placer mining, because aggregate
operations avoid areas with a significant amount of fines and are not of continuous duration.
Although turbidity plumes from dredging cause the widest ranging impacts, it is still
generally small relative to the overall marine coastal environment. Also, the material is
quickly dispersed and exposure is of short duration (GESAMP 1977; Giilie and Kirk 1980;
Cressard and Augris 1982; Drinnan and Bliss 1986; U.S. Congress, Office of Technology
Assessment 1987). The effects of a turbidity plume on pelagic fish, invertebrates, and
bottom dwelling organisms were noted as minor by Herbich (1975) and Cressard (1981).

Smothering Effects: in the literature related to the smothering effects of ocean
mining operations, it was reported that smothering of bottom dwelling organisms due to the
settlement of suspended sediments can be a problem, as well as the associated depletion
of oxygen in surrounding waters. There is a far greater potential for adverse effects from
smothering where the ecosystem has an usually high sensitivii, such as coral reefs and
seagrass beds (Aurand and Mamontov 1982). Damage to shellfish from smothering
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associated with ocean mineral dredging was reported to be limited to within 388 m of the
dredge (Herbich and Schiller 1973). As aggregate mining takes place for clean, well-sorted
coarse materials (e.g., gravels, sands), the likelihood of smothering from suspended
sediments would be small. Wtih placer mining, however, there could be a greater
proportion of fine sediment associated with the deposit and with the overftow material
returned to the seafloor. Smothering represents a greater concern in placer mining
operations.

In summary, while most of the studies of dredge spoil and mine tailings
disposal have been close to shore and may have limited relevance to the OCS (Bigham et
al. 1982), adverse effects to the biota from increased turbidity are likely to be insignificant
as long as there is a high dilution of the material (Kaplan et al. 1974). Most OCS organisms
are adapted to natural variations in turbidity and can tolerate the short-term higher
turbidities  that may result from mining unconsolidated sediments. As noted above,
swimming organisms can avoid a plume, while nonswimming  organisms will drift with the
plume as it rapidly dilutes. Mining consolidated rock should be less of a problem as a
turbidity source because the particles released into the water column are expected to be
larger and will settle more rapidly.

Pollutants: Pollutants in the oceans may affect living organisms in different
ways, particularly growth and reproductive rates (Davis 1972). Most studies to date have
listed the possible pollutants as thermal pollution, salinity changes, insecticides, oil and
detergents, inorganic pollutants, radioactive wastes, and eutrophication; of these, only
inorganic might apply to marine mining operations. The effects of pollutants on the
physiology of marine animals is little understood and should be studied. However, such
studies do not appear to be a pressing need. Portmann (1 979), however, listed the possible
inorganic pollutants from mining and included antimony, arsenic, beryllium, bismuth,
cadmium, chromium, cobalt, copper, lead, mercury, nickel, selenium, tin, uranium, and zinc.
In no case has sufficient work been done to draw conclusions on the dangers of these
elements to human or animal life from a marine mining operation, but caution is suggested.
The author indicated that the risk is low for dredging manganese and phosphorite nodules
because they are unlikely to become finely divided. Portmann (1979) did not take into
account the need to reduce the particle size for processing.

● Pleuston and Neuston

The exposure of free-floating organisms to high turbidity concentrations will be
limited because they drift with the plume as it disperses, and are characteristically exposed
for only short periods of time. Consequently, any potentially detrimental effects will be small
(Cruickshank 1974b; NRC 1985).

● Plankton

Effects on marine phytoplankton have been observed in response to decreased
illumination in the Iaboratoy,  but these shading effects are not expected to be a problem
in open waters. The high dilution that would immediately occur prevents significant effects.
Measurements of primary productivii and light intensity in a mining plume from deep
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seabed test mining showed a possible 50”A reduction of productivii  in an area of 36 kmz
over several hours (USDOC,  NOAA 1981). In a commercial mining operation, a 50%
reduction in primaty production may occur over an area measuring approximately 400 km2

(Chan and Anderson 1981). Plankton in the mixed layer might be expected to encounter
reduced light over an 80-to 100-h period. This effect is similar to the effect of a cloudy day
(USDOC, NOAA 1981).

An excellent review of potential adverse effects on zooplankton from a deep
seabed manganese nodule mining plume was conducted by Hanson et al. (1982). Many
of these species are filter feeders which ingest particles on the basis of size. Research has
shown that zooplankton would most likely ingest nonnutritive particles from a mining plume
(Hirota 1981; Hu 1981), effectively reducing their food intake. Not surprisingly, large
increases in the ratio of nonnutritive to nutriiive particles are harmful. For example,
concentrations of 0.6 to 6 mg/L of clay wastes from aluminum extraction resulted in lower
body weights of copepods (Paffenhofer  1972). However, the effects of nonnutritive
ingestion caused by the presence of mining may not be readily distinguished from natural
variability. Hanson et al. (1982) concluded from their review of manganese nodule mining
wastes that the oceanic zooplankton community would probably not be significantly
harmed. Even though these wastes included trace metals released from the nodule
fragments and pelagic clays as well as suspended load, they noted the plumes would be
rapidly diluted, exposures would be brief, and the animals could tolerate slight increases
in trace metal concentrations.

Some studies of larval fish have shown feeding behavioral modifications
because of decreased illumination, a possible consequence of increased turbidity (Riley
1966; Saksena and Houde 1972; Wyatt 1972; Houde 1975; Houde 1977; Blaxter 1980;
bwamura  and Hara 1980). However, Matsumoto (1984) concluded from a review of
existing literature that the dilution of the plume from manganese nodule mineship
discharges would be rapid enough to prevent any significant adverse impact on tuna and
billfish eggs, larvae, and adults.

● Nekton

it is apparent from research reported in the literature that the free-swimming
pelagic, anadromous,  and demersal  fish will not be adversely affected by mining operations,
as adults and juveniles are capable of avoiding stress inducing situations by swimming
away. The only potentially significant area of concern is the effect on spawning grounds
of herring and similar species, a site-specific problem.

● Benthos

Effects at the seafloor, particularly those resulting from resedimentation of the
benthic turbidity plume, actual destruction of biota, and changes in seafloor topography,
will generally be more important than effects of changes in the water column. This
conclusion is founded upon both observations of dredging operations and laboratory
studies of the effects of suspended materials. Given the relatively rapid dilution of
suspended sediments and dissolved substances, their concentrations should fall within
acceptable ranges near the point of discharge. Factors, both biological and nonbiological,
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that may affect the validity of this conclusion are listed in Table 2.34. Each of these factors
should be considered in the determination of potential environmental effects (Cruickshank
et al. 1987).

The sensitivii and natural resiliency of the epifaunal  and infaunal benthic
community is important in determining the recovery of the affected biota as a whole (ICES
1975). Some species of organisms will likely be more affected than others because of their
feeding mode (e.g., filter feeders), life habit (e.g., surface dwellers), degree of mobility (e.g.,
tube dwellers), or sensitivity of life stage (e.g., larvae). Those organisms living in an
environment with episodes of high turbidity and sedimentation can likely withstand some
disturbance. For example, oysters, which are filter feeders, are able to endure some
increases in sedimentation (Mackin 1961; Loosanoff  1962; Dunnington 1968), and benthic
deposit feeders can burrow out from an increase in deposition (Hirsch et al. 1978; Maurer
et al. 1978; Nichols et al. 1978). However, for both deposit and filter feeders, there are
redeposition thicknesses and rates beyond which the animals cannot survive.

Several general, and numerous specific, factors have been found to be critical
in determining the rate at which a disturbed area is recolonized by species that were
previous residents. A mobile adult stage allows faster recolonization of large disturbed
areas, especially if the larval stage is not mobile (Dauer and Simon 1976; Levin 1984).

The season, duration, and areal extent of the disturbance can be critical, if the
disturbance occurs during a period when stability of the seafloor is important to the survival
of certain life stages of a species. For example, some fish lay eggs on the seafloor and
would be very sensitive to mining before the eggs hatch. Hence, changes in the shape of
the seafloor could affect the suivival of members of even those species that spend most
of their life in the water column.

These examples illustrate the multiplicity of factors that may influence the
degree of impact from OCS mining. Early identification of those factors is important in
determining the degree of impact and recovery rates, and allows mining proposals to be
developed that consider potential impacts and possible mitigating measures. However, until
the areas of mining are known, it is of limited value to try to predict further the severity of
impact from a particular mining activii  (Cruickshank  et al. 1987).

According to Zippin (1988), sources of impact to the benthos  include physical
disturbance, removal of the seabed, and effects of turbidity and contaminated discharges,
all of which result from both oil and gas or mining operations. Although oil and gas
activities disturb the seabed and bury adjacent benthic hab~at, the areal extent of this effect
is small, generally less than 1,000 mz (USDOI,  MMS 1988c). Moreover, muds and cuttings
may be recolonized and, although the new benthic community may be different from the
natural one, opportunistic fauna may demonstrate great success (Clark 1988). Despite
long-standing and wide-ranging oil and gas related discharge activities in the Gulf of
Mexico, no cumulative adverse effects on benthos have been detected. Elimination of the
benthic  substrate is a singular property of most mining methods. Compared with individual
oil and gas activities, the area affected by removal and by smothering from deposition of
suspended sediments during mining is greater by several orders of magnitude. However,
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‘lume  Effects (swimming or f loating species)

Nonbi 01 ogical

-  a rea l  ex tent
; - season
3  -  duration
4 -  concentration
5 - currents
6 - water depth

Biologica l

- stage of development when impacted
; -  physio logica l  sensi t iv i ty  of  species
3 -  d ispersa l  ab i l i ty  of  species
4 - feeding mode
5 - dependency on light
6- geographic range

?esedimentation Effects (benthic s p e c i e s )

Nonbiological

-  d e g r e e  o f  a l t e r a t i o n  o f  s u b s t r a t e  t y p e

; -  d e p t h  o f  r e d e p o s i t i o n

3 -  durat ion
4 - season
5 - areal e x t e n t
6 - currents
7 - water depth

Biological (pr imary  e f fects )

- stage of development
: -  physio logica l  sensi t iv i ty  of  species
3 -  d i s p e r s a l  a b i l i t y
4 - feeding mode
5 -  l i fe  habi t  (e .g . ,  burrowers)
6- geographic range

. . . . . . . . . -.––..—&—, ,—— ——. ,-—-—. ,—-..,-,.-L.-,
Table 2.34. Key factors affecting tneaegree  olenvlronmenral  lmpaci~rrom:  uulcKsnanK

etal. 1987).
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while the local impact to the benthos  would be severe, the overall effect on the marine
environment and productivity may be insignificant (Zippin 1988).

Feeding mode, life habm, degree of mobility, or sensitivity of life stage all affect
the vulnerability of organisms to sedimentation. Some organisms are able to burrow out
from tens of centimeters of sediment, although there seems to be a maximum depth below
which no escape response is initiated (Hirsch et al. 1978; Maurer et al. 1978; Nichols et al.
1978). Other species can tolerate a sfight increase in sediment deposition above natural
loads. Oysters have been found to be faitiy tolerant of some increase in sedimentation,
although a large amount of deposited material causes suffocation (Mackin 1981;
Dunnington 1988). Adults react to slight increases through increased pumping, or in some
cases, through closing their valves. However, Loosanoff (1982) found some animals died
when stress was prolonged for more than 48 h. Lmae  and eggs were most sensitive, with
normal development being affected at 188 mg/L and stopping at 2 g/L In general, clam
Iawae and eggs exhibited less sensitivii to increased concentrations of silt (Davis and Hidu
1969).

The resiliency of benthic animals may be much less if their typical natural

environment has low turbidity, such as is found in much of the tropics. Hermatypic corals
are known to depend on light for growth (Goreau  1981), with growth being inversely related
to the amount of resuspended sediment (Dodge et al. 1974). Consequently, a substantial
increase in suspended sediment in areas of coral growth could be of concern, even though
many corals can withstand some sedimentation through active removal. Bak (1 978) studied
the growth rates of fringing corals before and after dredging in the Caribbean. Although light
levels were reduced to approximately 1% of the surface illumination for only a few days,
growth of Madracis mirabi/is and Agar/icia  agaricites,  both efficient sediment rejectors, was
reduced by one-third for more than 1 month. Colonies of Porites  astreoides, however,
became covered with sediment which they were unable to remove, lost their symbiotic
algae (zooanthellae), and died.

Other areas that may not be able to withstand slight increases in sediment
deposition are those used by bottom spawning fish. For example, in the North Sea where
gravel dredging resulted in large pits 3 to 5 m deep, water flow over these areas was
slowed, resulting in finer sediments being deposited (Dickson and Lee 1973a, b).
Resedimentation rates measured in many of these pits suggest that it may take decades
before they fill with silt and they may never return to pre-mining conditions. Similatly,
monitoring of dredge channels along the U.S. Atlantic coast has likewise shown that silt-clay
particles fill in the channels, in contrast to the surrounding sand environment, resulting in
an altered substrate (Taylor and Saloman 1988). In Europe, recommendations have been
made to avoid those areas where herring attach their eggs to the seafloor as well as those
areas and times of sand eel spawning (ICES 1975; de Groot 1979b). Similar bottom
spawning species exist off both coasts of the U.S. (e.g., herring, winter flounder, sand eels,
rock sote) and deserve attention, as the spawning areas of these species maybe affected
by increased sedimentation, especially if a fluid mud layer is created (Hirsch et al. 1978).
Aiso, there are special environments, such as the Arctic (USDOI, MMS 1983a), where
recolonization may be extremely sfow, but on which little information is available. Wright
(1977) obsenmcf that full benthic recovery may take more than 12 years as a consequence
of dredging for gravel islands in the Canadian Beaufort Sea.
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In cases where most of the benthic  community is adversely affected,
recolonization will have to occur from populations outside the disturbed area. The rapidity
of this process seems to be highly influenced by the similarity of the new substrate to the
pre-mining condition (de Groot 1979a). Recovery of the benthic fauna was estimated by
de Groot  (1979b) to take two to three years following sand and gravel mining. Recovery
is aided if some of the sand and gravel deposit is left so that the substrate remains similar.
Pfiienmeyer (1970) found that the upper Chesapeake Bay recovered to its original
condition 18 months after dredge spoil disposal when there was no major topographic or
stratigraphic  change and the sediment was similar. Kaplan et al. (1974) found that the
number of species in an enclosed bay in Long Island differed as a function of sediment type
before and after dredging, with sediment changes being related to the circulation changes
that resulted from the dredging.

Similar effects would be expected from metal mining activities. Disturbance of
large areas of the seabed by mining would alter habflats,  which could affect feeding and
spawning. An important impact that cannot be assessed in advance is the uptake of heavy
metals which might be released by mining or tailings discharge. Trophic effects, from
uptake by plankton through human consumption, would be a major concern. Concern that
the dumping of taconite tailings into bke Superior was destroying the lake trout industry
were dispelled when studies indicated that the decline was universal in the Great Lakes and
due to other causes (Pycha 1968). Nevertheless, the dumping of taconite did produce a
serious environmental problem because of the content of finely diviied asbestos.

Benthic organisms may serve as indicators of pollutants, and the structure of
the benthic community may be indicative of a stressed or disturbed environment (Glasby
1985). The need to study benthos in regard to the potential environmental impact of any
mining of the Chatham Rise phosphorites is obvious (Dawson 1984).

Other studies of dredged, inshore areas have found rapid recovety (Harrison
1967; Cronin et al. 1971; Conner and Simon 1979). However, in many cases, while the
biomass may reach pre-dredging conditions, the diversity and distribution of species do not
always replicate the pre-mining environment (May 1973; de Groot 1979a). Such a sh”ti in
community structure has been reported in experiments with recolonization boxes at depths
greater than 1 km (Desbruyers et al. 198Q Levin and Smith 1984; Grassle 198S).
Opportunistic species able to move rapidly into an unoccupied area were the first
organisms to settle in the boxes and exhibted  greatest abundances. The number of those
species, however, was low in comparison to adjacent areas. After 26 months, the species
composition of the boxes in the deep waters still differed greatly from adjacent areas.

Light and noise generated by mining equipment may disturb nearby benthic
organisms and possibly modify behavior. However, many, if not most, mobile, nonterriiorial
organisms should be able to move away from the disturbance. Even though there is little
natural light below 1 km, deep see organisms have functional eyes and the light introduced
during mining will attract some organisms and cause others to move away. Moreover,
observations from submersibles indicate that fish exposed to bright, artific’~1 light may be
at least temporarily mesmerized, possibly blinded. The exact impact has not been
determined (USDOC,  NOAA 1981; Cruickshank et al. 1987).
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With respect to the dumping of mine tailings from coastal mines in inshore
waters, recove~ does occur. What is not clear at this time is the manner and rate of
recovery of damaged ecosystems. The concept of parallel level bottom communities (i.e.,
where the same or closely related species in different geographic regions inhabit similar
sediments) allows for extrapolation of measured data to other areas (Ellis and Hoover
1990).

Benthic species recolonizing tailings in one place are likely to be the same ones
to recolonize in similar tailings elsewhere. Therefore, for proposed mining activii in new
areas, a search of the regional taxonomic literature could indicate the species likely to
recolonize new tailings beds. Environmental spec”~lists  could then develop the taxonomic
skills necessary to monitor the rate and pattern of benthic impact and recovery, as indicated
by Ellis and Hoover (1990). This approach might also apply to the deep water
environments on the continental shelf and the deep seabed. Knowledge of which species
naturally colonize tailings beds, as well as their ecological niches, might allow for targeting
such species to use in artificial reclamation; according to Ellis and Tayior (1988), such
information is used in established procedures for designing artificial reefs.

2.5.4.4 Flora

In general, the effects of marine mining on flora are not regarded in the
literature as a major focus. There are, however, other non-mining changes that would
appear to influence the growth of plant life, including algae on the surface (pleuston and
neuston), as well as phytoplankton  in the photic zone and elsewhere in the water column.

2.5.4.5 Sensitive Habitats

In some sensitiie areas, such as shallow Arctic waters, or in deep seabeds,
slow re-growth might present problems if the biome represents a critical niche in the
ecosystem. Dunton et al. (1982) stripped the organisms from a small area in a cobble-kelp
community in the Arctic and found most of the areas still bare after three years. Such slow
recovery of a community suggests that the arctic environment may deserve special
attention. Deep sea environments probably would be equally slow to recover, because they
are also very cold and focal is limited (USDOC, NOAA 1981). Areas of hydrothermal vents
along mid-ocean ridge crests where discharge temperatures are as much as 300” C support
unusual benthic colonies of crabs, clams, and tube worms. Regulations would make
allowance for avoidance of such environments in the event of mining (USDOI, MMS 1983b).

2.5.4.6 Threatened and Endangered Species

The site-specific nature of the threatened and endangered species listed by the
appropriate government agencies makes it inappropriate to generalize beyond the fact that
in all cases where mineral developments are planned, these species are given prior and
serious consideration in the U.S.
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2.5.5 Social and Economic Resources

This concept is similar to endangered species because it is site-specific and of
very broad variety. Most actions resulting in environmental query are triggered on the basis
of some social or economic need. These aspects are built into the scoping process for the
environmental documents. The literature is voluminous and scattered.

2.5.5.1 Human Resources

The effects of marine mining on human resources include health, employment,
and infrastructural needs (e.g., water, sewage, etc.). In a purely marine scenario, all of
these needs must be taken care of at sea. A significant impact might be that of prolonged
operations at sea on individuals. Where processing plants as well as mining operations are
developed from platforms, or where seabed mining operations are carried out in the hard
rock, there could be considerable effects on operating personnel arising from extended
perids  of relative isolation (i.e., not coming ashore for months at a time). Mitigation might
require shift changes (e.g., two weeks on, then two weeks off, as sometimes done in the
oil and gas industry) or a restructuring of the social aspects of isolated work (e.g., by
involving family participation as an accepted pact of the field operations).

● Social Impacts

The social environment, being a personal environment for each individual, is
extremely variable and widely described. No studies specific to marine mining were
identified. Disturbances may not be welcome unless they bring benefiis. Thus, a basic
consideration of the social environment is conflict of interest. Like most human affdrs, the
ranking of multiple uses may be highly subjective and may ultimately depend on
assessment of the greatest benefii for the greatest number. A cons”derabie amount of
material has been written on these areas of human ecology and man’s concern with the
environment. Marine minerals may have an important place in this scenario, as has been
indicated by the extensive work done by the Preparatory Commission on Seabed Mining
under the Law of the Sea Convention. The United Nations produces pericdic reports of the
Preparatory Commission for the International Seabed Authorii  and the International
Tribunal for the Law of the Sea which is now in its Ioth session.

● Legal Impacts

Laws are sometimes a restraining force on mining operations. On occasion,
as was the case in early U.S. history, mining operations are so influential that they call for
the formulation of new laws. The mining of the sea is no exception. For many marine
minerals, national laws are not adequate and international laws regarding the mining of the
seafloor are still not well defined. In many areas where social need has developed rapidly
(particularly for deep sea minerals), national and international laws have lagged. Thus,
there is a need for creative revision of the laws to encourage development and social
benefiis. It is now widely recognized that mineral resources are not inexhaustible;
explo”kation cannot be properly effective without a regard for resource conservation.
Conflicting requirements for use of the mineralized areas by others must be duly
considered. Each of these aspects will have a significant effect on the planning and
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conduct of operations (USDOI, MMS 1988c,d). Thiel et al. (1991) offer a detailed analysis
of the legal envkonment  currently in existence for international marine mining activities.

● Political Impacts

Ideally, the political environment is one in which morals or human rights are
paramount and in which laws are formulated as an effect of disturbance of the status quo.
The path through the political environment is delicate and difficult; the quantification of the
interactions for analyses tend to be subjective because of individual likes and dislikes, as
well as rights and responsibilities. Political inputs to operations can be very significant, and
some of them are discussed in more detail in Chapter 3.

2.5.5.2 Commercial and Recreational Fisheries

The literature from Europe pertaining to commercial and recreational fisheries
is more extensive than in the U.S. Experience in the U.K. has shown that modern
prospecting operations cause little disturbance to the marine environment or minimal
interference with other activities at sea. As a result, there is no formal government
consultation procedure for a prospecting license. The MAFF cannot, and does not, object
to granting licenses (Pasho 1986); for mining, however, the permitting process is
substantive (Nunny  and Chillingworth 1986).

● Fishery Resources

Fishery resources must be viewed from two perspectives, including (1) the fish
as a resource; and (2) fishing as an economic activity. Standing stocks of the resource are
affected by turbidity, pollutant loading, and physical disturbance, particularly to the extent
recruitment may be reduced. Marine mineral activities may interfere with fishing activities
and compete for space at sea and in port (Zippin 1988).

Direct effects of oil contamination or turbdity can be avoided by most fish
owing to their motility. Indirect effects include damage to eggs, Iawae, and juveniles;
sublethal uptake of hydrocarbons and pollutants; loss of prey; loss of habtit; or reduced
reproductive success. It is virtually impossible to isolate the effects of offshore oil and gas
activities on mobile populations like fish, however, offshore platforms do support reef-like
communities of fish with little ev”dence of tainting or adverse effect. Oil and turbidity can
reduce recruitment but no such effects have been identified.

Of recent interest has been the potential for marine geophysical suweys to
reduce matchability of fish and damage fish eggs and Iawae.  Limited studies have shown
that spatially-concentrated use of seismic energy sources overextended periods can disturb
the spatial distribution of fish in the water column and reduce matchability (Straughan  1971 ).
Ongoing studies of seismic energy source pulse waves on eggs and larvae indicate that
effects are highly localized, with lethal effects contained within several meters of the energy
source. Despite the issuance of more than 8,000 permits for offshore oil and gas
exploration activities and the compilation of millions of line-miles of seismic surveys, no
cumulative adverse effects on fishery resources have been detected.
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2.5.5.5 Cuftural Resources

Relative to commercial fishing, space-use conflicts between fishermen and
vessel operators have occurred with entanglement or severing of net and trap lines.
Coordination efforts between the two industries have helped avoid most conflicts. Offshore
drilling rigs and platforms also can preclude access to fishing grounds, while debris from
offshore activities can damage fishing gear. Except for fwed  platforms, the displacement

effect is temporary and has no effect on populations of commercial fish species. h is

expected that there has been some loss of individual income through lost catch
opportunity, gear loss, and increas~  cost of port space,

According to Nunny and Chillingworth (1986) in a definitive report on offshore
sand and gravel mining in the U. K., increased scientific understanding is needed for a
determination of(1) the residual effects upon habitats within exhausted dredging grounds;
(2) the potential role of localized unfishable areas as fish reserves; (3) the spawning
behavior of the local fish stock; (4) the behavior of ovigerous  crabs; and (5) the long-term
economic value of inshore fishing grounds. Increased data generation during prospecting
was suggested by Nunny and Chill ingworth (1980) as a means of acquiring (1) relatively

superficial site-specific data on the natural environment, including tides, turbidity, substrates,

benthic  communities, and fishing potential, along with detailed prospecting data to enable

better assessment of acceptability of dredging proposals; and (2) environmental data
acquired during investigations on a scale closely related to the expected level of anticipated

problems and the level of financial return. These recommendations are worth serious
consideration in the U.S.

2.5.5.3 Regional Economies

Our present social system and technological advancement is based on money
that people can measure and understand. The impact of resource disturbance will thus be
measurable on the economy. How large the economic impact will be resulting from any
given action is affected by many factors. Recent studies have examined the impact of
marine mining on the market. As Sorensen and Mead (1969) noted in referring to an
offshore phosphorite venture, and considering the risk involved from the point of view of
both costs and eventual markets, it is not unreasonable to predict that expected net rates
of 30 to 40% return on investment in marine mining will be required to secure the necessary
capital for a pioneering venture. In cases where the externalities of a marine mining venture
are very substantial, several different economic approaches must be made. Wtih the strong
national and global emphasis on sustainable development, however, it is apparent that value
or cost is no longer strictly a monetary function.

2.5.5.4 Local Economies

Local economies are driven by several factors. Because they are, for the most
part, very site-specific, it is not appropriate to generalize these effects.

Effects on cultural resources are particularly difficult to quantify because the
intangible cultural systems are subject to the historical and contemporary changes induced
by all human activities. It appears, however, that in the comparison of alternatives which

207



relate to the same time frame, semi-quantitative methods of factor analysis might be valid
(Cruickshank 1974s). These concepts are discussed also by Cruickshank (1978).

● Archaeological Resources

Archaeological sites may be significant and, in cases where important sites are
iocated during mineral expiration, it is iikeiy that the reguiated  action taken for their
discovery would add to our knowledge of human history and would, therefore, be beneficial.
Although search for such sites is mandated by U.S. iaw, there were no good examples of
such discoveries in the literature.

2.5.5.6 Technical Resources

The technical environment which interfaces with technicai operations can be
regarded as largely one-sided. Its major impact on technology is in the form of
disturbances to the system due to materials faiiure (i.e., primariiy  effected by motion,
pressure, corrosion, and biological fouiing).  The impact on the environment is relatively
smali. The operation wiii not affect the motion of the sea, the pressure at depth, the means
of corrosion, or the fouling capabilities of the biota to any great extent. There may be
iimited and minor Iocai effects which must be considered due to the size of iarge
operations, however, these iocal effects have not been evaiuated within the present study
effort.
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CHAPTER 3 SUMMARY OF MITIGATION MEASURES AND THEIR
EFFECTS

E@/oration, testing, development, production, and processing activities
proposed to be conducted under a lease will only be approved by the Director
upon the determination that the adverse impacts of the proposed activities can
be avoided, minimized, or othenvise  mitigated.

-@O CFR 282 1989}

Mitigation is defined here as actions taken to make the effects of marine mining
as harmless to the environment as possible. In this sense, the proper management
approach to mitigation is ideally focused on system design optimization, rather than retrofiis
or prescriptive constraints. Under less than ideal circumstances, social mores or political
expediency may impose constraints on marine mining activities that are less than optimal
and frequently contradictory. CEQ Regulations (40 CFR 1508.20) define mitigation to
include (1) avoiding the impact altogether 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 presewation and
maintenance operations during the lifetime of the action; and (5) compensating for the

impact by replacing or providing substitute resources or environments (U.S. Council on
Environmental Quality 1978).

For U.S. waters, the mineral resources of the marine environment are managed

(1) in territorial waters by the adjacent States (Giordano  1989); (2) in OCS waters by the

USDOI, MMS (PL 83-212 as amended); and (3) in seabeds, beyond national jurisdiction, by
NOAA (PL 98-283). In the OCS, the USDOI operates under the sometimes conflicting
authority of 35 Federal laws (T’able 3.1), of which 24 are applicable to operations for
minerals other than oil and gas (USDOI, USGS and BLM 1981 a, b). Environmental issues
have been an important and contentious element in OCS leasing policy since the time of
the Santa Barbara oil spill in 1989. 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 level. In attempting to institutionalize the management
needs for marine minerals, however, the assignment of specific weights to environmental
risks is extremely difficult, particularly for an industry in early stages of development.

To deal with these factors in a productive way, the USDOI has assigned
regulato~ 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 (e.g.,
fishermen, recreational boaters, or other categorical opponents) with or without
compensation of some kind, the cost becomes an external cost. If all of the external costs
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Administrative Procedure, 5 USC 551-559, Includin Provisions of the
AFreedom of Information Act, Privacy Act, and the vernment in the

Sunshine Act
Clean Air Act
Crude Oil Windfall Profits Tax Act of 1980
Deepwater  Port Act of 1974
Department of Energy Organization Act
Emergency Natural Gas Act of 1977
Emergency Petroleum Allocation Act of 1973
Endangered Species Act of 1973
Energy Policy and Conservation Act
Energy Reorganization Act of 1974
Energy Supply and Environmental Coordination Act of 1974
Environmental Quality Improvement Act of 1970
Federal Energy Administration Act of 1974
Federal Water Pollution Control Act
Fish and WildlifeeAct  of 1956
Fish and Wildlife Coordination Act
Land and Water Consexwation  Fund Act of 1965
Marine Mammal Protection Act of 1972
Marine Rotection,  Research and Sanctuaries Act of 1972
Marine Resources and Engineering Development Act of 1966, Including
the Coastal Zone Management Act of 1972
Mining and Minerals Policy Act of 1970
National Advisory Committee on Oceans and Atmosphere Act of
1977
National Environmental Policy Act of 1969
National Historic Preservation Act
National Ocean Pollution Research and Development and Monitoring
Planning Act of 1978
Natural Gas Act
Natural Gas Pipeline Safety Act of 1968
Natural Gas Policy Act of 1978
Occupational Safety and Health Act of 1970
Outer Continental Shelf Lands Act
Outer Continental Shelf Lands Act Amendment of 1978
Pipeline Safety Act of 1979
Ports and Waterways Safety Act
Submerged Lands Act
Withdrawal of Lands for Defense Purposes Act

.- . . . ., . . . . , , . ,  . , . .
Table 3.1. U.S. laws affecting mineral operations on me outer cotmnenral  snelt @aapwa

from: U.S. Department of the Interior, U.S. Geological Survey and Bureau of

Land Management 1981 a, b).
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of development could be quantified with precision, a benefti-cost  approach would provide

relatively clear-cut economic guidance for development control. Unfortunately, such
precision is not possible and decision making is frequently based on qualitative and
subjective information (Cruickshank 1974a; Farrow et al. 1990) which may be interpreted
by decision makers according to ethical, political, or professional constraints.

Miller and Kirk (1992) discussed and classified four ethics (Table 3.2), adopted
by different people which can be used to explain some of the sociocultural  effects of
contemporary marine development, including mining. The holothetics  perceive the world
to be invioiate, and vulnerable to the triggering of catastrophic events by otherwise minor
acts; the tribals  know “you can’t fool mother nature” and that interference beyond that
needed for survival wiii bring retribution; the compassionates believe we can and shouid
protect our weaker brothers in the animal-vegetable kingdom; and the deveiopmentalists

believe we can do aii things in baiance with nature.

These beiiefs are largely based on the social environment in which the
individual beiievers were raised, and frequently reinforced by the individual’s experience in
iife. There is no question, however, that if consensus is required to initiate development,
then these aspects of beiief cannot be ignored (Figures 3.1 and 3.2). They are the
subjective end of the benefti-cost  equation. People will fight for what they believe and, in
a modern democratic society which puts individual rights high on the iist of iegaily
supported institutions, early  identification of the presence of such socioeconomic conflicts
wiii go far in providing mitigating solutions.

Conceptual and practical measures are addressed with respect to the needs
for mitigation from the institutional point of view and from the resource point of view. T h e
former are to be found scattered throughout the literature on poiicy, benefti-cost analyses,

and iaws and regulations, whereas the latter are referred to additionally in scientific and
engineering studies which may be specific to particular sites or activities. Most mitigation
effotts are resource directed and are an attempt to improve some potentially threatening
or undesirable situation identified by management. Depending on the point of view,
however, these efforts might be inconsistent or conflicting and may be biased towards
fisheries or mining, or toward pubiic beneffis such as revenues, environmental protection,
or public safety. Historically, public lands in the U.S. are governed under the common law
public trust doctrine which protects the public’s rights and interests in the use of resources
and space. This doctrine has not yet been applied to the marine environment and there
remains within the Federal government a confusion of single sector management
responsibilities with overlapping and sometimes contradictory authorities. Conflicts reiating
to iiving resources and other uses such as mining are difficult to resolve. There are
obviously diHerent perceptions of priorities. Archer and Jarrnan (1992), for example, in
recommending new rules based on the public trust doctrine, state the foilowing:

“Marine mining operations, which by nature encompass large ocean areas, are
tantamount to an exclusive use, precluding uses of the area for fishing and
navigation. In addition, the operations could result in a ?ake” of protected
species if, for example, they are located along a migratory route of a whale
species. In applying the presumption of non-exclusive over exclusive uses,
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A TYPOLOGY OF ENVIRONMENTAL ETHICS

HUMAN POTENCY

Powerfid

ENVIRONMENTAL POTENCY

Powerfid I Vulnerable

DEVELOPMENT ETHIC COMPASSIONATE ETHIC
Sustainable development Endangered species

Positive benefit-cost Marine mammal r)rotection

:. ~::::~~:

HOLOTHETIC ETHIC
Endangered world

Everything is connected

Table 3.2. Environmental ethics (Adapted from: Miller and Kirk 1992).



Deep-sea mining
hits opposition

!gure 3.1. Environmental ethics vs. mining (Part 1).
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Minirgkwu\lmdm,Msy  I&1990

X.2. Steel In Land Dispute

Discoverj’of  Maon remains during the
course of mining at its Waikato  North
Head site last month has deprived New
Zealand Steel Ltd of supplies of ironsand
for the past fortnight and rekindled a
130-year-old dispute. According to Reu-
ters, operations at the nearby Glenbrook

mill south of Aucklmd weatnsk  as the
ore stockpile is depleting rapidly.
The local Ngati  Te Ata tribe say that
four ancient burial sites occur on 250 ha
of disputed land and have daced a curse

Bri t ish  G o v e r n m e n t .

●

Fi9ure 3.2, Environmental ethics vs. mining (Pan 2).
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mineral mining should be precluded in productive fishing areas and in
traditional navigation or migratoty routes. In the alternative, mining operators
must show that the disruption is temporary and that other viable alternatives
exist for navigation and fisheries during tie period of the disruption. To the
extent that mining activities invoive  the irreversible commitment of resources,
courts should evaluate both the long-term and short-term implications of such
a commitment and balance them against the urgency of present need for the
minerals to be mined from the ocean. The biodiversity presumption would
require mining operators either to locate their sites outside the path of
migratoty marine mammals or to restrict their operations during the periods of
migration. Mining should not be permifted  unless the operator can
demonstrate that the mining will be carried out in an environmentally sound
manner using the best technology achievable. ●

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

3.1 Institutionally-Derived Mitigation

In many instances, mitigation may be accomplished by the direct application
.of regulatory incentives. An examination of existing international instruments for marine
environmental protection reveals a piecemeal and uncoordinated system of control
strategies. In developing global strategies for marine environmental protection, GESAMP
(1991) concluded that the parallel aims of further human development and environmental
protection can only be satisfied through the adoption of an integrated and comprehensive
management strategy based on common principles, agreed goals, and scientific methods.
Appropriate principles deriied from the 1972 Stockholm Convention, the Law of the Sea
Convention, and the World Commission on Environment and Development include

sustainable development, prevention of harm, hotistic  management, and international
cooperation. The first three principles listed are applicable to the total system rather than
its individual parts, thus avoiding transfer of risk from one pati to another, as exemplified
by the not-in-my-back-yard (NIMBY) policies of many regional or sub-regional groups.

An appropriate goal would be to protect the marine environment against the
adverse effects of human activities so as to conserve marine ecosystems and to safeguard
human health, while providing for rational use of living and non-livhg resources. Scientific
methods would be the basis for environmental planning and assessment and, as part of
their contribution to economic and social development, science and technology must be
applied to the identification, avoidance, and control of environmental risks and to the
solution of environmental problems for the common good.
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Four principles are emerging as doctrine in environmental affairs which may
strongly infiuence  the nature of national and international regulation (Broadus 1991). First
is the traditional approach of regulation and enforcement by a central authority, exemplified
by the OCSIA and its accompanying rules and regulations. OCSIA can be quite explicit
about the use of technological practice and procedures to protect the environment. This
approach places great emphasis on monitoring, detection, and enforcement measures, all
of which can be very costly. Other less centralized approaches which may be more

efficient are based  on market incentives, tax subsidies, and tradable permits.

The second principle is the specification of uniform standards for such aspects
as emissions, water quality, or technology in terms of inputs, ambient quality, or
performance. Too rigid application of such standards which may ignore differences in
technical capability, alternative opportunities, or compliance costs may lead to inequitable
results offering less protection than more flexible methods.

The polluter pays, which is the third principle, requires that the cost of
environmental pollution be charged to the polluter. Although it sounds reasonable, this
approach may deter the creation of public compensation pools to cover unidentified or
accidental polluters, particularly from developing countries.

The fourth doctrine is the precautionary principle which seeks to avoid
environmental risk in the face of scientific uncertainty. Proof of harm is not required to
prohibit possibly harmful activities in the marine environment. If rigidly enacted, the
requirement to show “no harm” without giving weight to the relative degree of risk, or the
benefiis acquired as trade offs, or the costs of alternative activities, could result in
inequitable solutions.

In a free market economy, there are two major factors that influence the choice
of solutions for mitigation: (1) adverse effects are largely external to the producer; and
(2) mitigation results in benefiis  to all. The overriding question remains: Who pays? There
are three general alternatives, including voluntary action, regulation, or monetary incent”wes.
The first results in no direct return for the effort expended; the second is largely punitiie
and expens”we to enforce; the third, however, which uses such techniques as the
distribution of tradeable environmental loading allowances, is an innovative and potentially
cost-effective method (Schenk 1971). For example, tradeabie  units for air or water quality
can be allocated to individual operators within a region, with a total allocation supporting
a number of operations.

Careful consideration of proposed marine mining activities on a case-by-case
basis and a flexible system of environmental management, able to adjust to changes in both
institutional and natural constraints, is essential. The nature of the more common regulatory
constraints is discussed below, with examples.

3.1.1 Time-Based Constraints

Time is used most commonly to set protective windows around life cycle events
for selected species that might be othemise damaged by the proposed operations.
Examples include the nursing period for whales in the Beaufort Sea (Malme et al. 1986b),
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nesting periods for migratory shorebirds in marshlands (Bouma  1976), or spawning periods
for herring in areas of gravel beds (ICES 1977). In sensitiie areas, dredging or other
activities may be limited to certain seasons or times of the day. The incentive to avo”d
these time periods is the avoidance of monetary fines.

3.1.2 Location-Based Constraints

Avoidance of certain locations may be required to prevent interference with
pipelines (USDOi,  USGS and BLM 1981a,b), fishing or spawning grounds (Pasho 1986), or
other commercial applications such as oil and gas, or recreational activities (USDOI, MMS
and Hi, DBED 1990). The acceptance of boundary constraints on property is standard
practice and not addressed in regulations. Infringements are generally challenged in the
courts.

3.1.3 Restrictions on Materials Cycles

Most restrictions apply to discharges containing materials which are perceived
to be harmful to the environment. Uniform standards are commonly used to designate the
limits for discharges, generally specified in terms of the quantities and size of the solid
materials present in the discharge and less commonly for mining operations, the chemical
nature of the solids present. No records were identified which pertained to regulation of
the materials cycle for plants to produce minerals from seawater in the open ocean. All
seawater minerals plants developed to date have been coastal, presumably regulated under
a coastal zone management plan.

3.1.4 Restrictions on Technology Use

Regulations to date have been quite sensitive about imposing restrictions or
specifying the use of particular technologies because of the rapid changes taking place in
industrial technology. In the U. S., the use of Best Available Technology (BAT) is required
for commercial recovery of manganese nodules in the deep oceans(15 CFR 971 .423), but
the term is not defined and the requirement is exempted where the incremental benefiis are
clearly insufficient to justify the incremental costs of using such technologies. No
restrictions on technology usage are specified in the OCS regulations, provided it is parl
of an approved plan (30 CFR 282.27).

3.1.5 Controlled Remediation Planning

Controlled remediation planning is a framework for managing the rational use
of the marine environment in which the management processes are continuous, institutional
functions rather than functions that are triggered by individual development proposals. This
is supposedly standard procedure in the U.S. However, because of the diversity of
authorities determined by congressional legislation, there is a definite need for specific and
coordinated policies for minerals and the oceans. These policies would serve as a
foundation upon which a workable framework can be based. In the case of developing
countries, such a framework encourages the development of indigenous management
capabilities and can be adapted to the needs of social and economic progress (GESAMP
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1991). Mitigating measures for control of environmental effects can be applied through

leasing stipulations, research and monitoring, and technology transfer (USDOS  1975).

3.2 Summary of Mitigation Measures by Resources Affected

The resources to which mitigation is directed include most of those analyzed
or discussed in the previous chapter, with particular emphases on water quality, benthic

marine life in mined areas, commercial fish, and recreational and commercial fishing. These
resources are the ones which have been stressed in the literature as major concerns. The
following section reviews the particular measures which have been considered in these

criiical areas for marine mining. Additionally, a general discussion is presented which
pertains to other potentially affected resources and how mitigation might be used to
minimize any negative effects.

3.2.1 Air Quality

As discussed in Chapter 2, air quality issues have been given relatively little
attention in this study, partially because they are very site-specific and partially because the
available environmental assessments of marine mining conclude that air quality effects are
not expected to be significant. The major exceptions to this conclusion are related to
power generation and to pyrometallurgical  processing. This section considers briefly the

types of mitigation which might be relevant to these activities.

3.2.1.1 Global

Mitigation at this level is indistinguishable from a direct comparison of
altemat.wes.  Given the currently high level of effort applied to the problems of the global
carbon dioxide budget and acid rain, it is appropriate to consider the trade-offs between
marine mining and terrestrial mining with respect to these issues. Wth respect to power

generation, the recovery and processing of marine ores can generaliy  be expected to be
very simiiar to terrestrial ores. Using conventional combustiondriven  power sources,
primary recovery in a marine setting might require more combustion energy than recovery
of terrestrial ores. However, subsequent marine transportation can be expected to be
significantly more efficient and iess poliuting than over-land transportation.

Wtih respect to metallurgical processing, the type of ore being recovered is
much more important than whether or not the ore is recovered from a marine or terrestrial
deposit. Oxide ores can be expected to require more energy to process than sulfide ores,
basically because oxygen-metal chemicai bonds generally require more energy to break
than suifide-metal  bonds. Unfortunately, processing of suifides also may have the
undesirable characteristic of producing acid rain, whereas oxides will not. The best
combination, relative only to air quality effects, would therefore be oxide ores processed
using power which is derived from a non-combustible source, such as hydroelectric power,
geothermal power, solar power, wave energy, or OTEC.
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3.2.1.2 Regional

The regional environment is much more site-specific, however, it is not always
possible to make generalizations except for similar regions. The brge  Marine Ecosystems
concept discussed previously (Section 2.3) is a natural regionalization,  whereas many of
the regional boundaries that have to be considered in operations planning are artificial and
cut across natural regions. In any case, there would belittle correlation between LMEs and
air quality data.

● Oceanic and Outer Continental Shelf

As discussed previously (Sections 2.3.1 and 2.3.2), air quality effects for
marine mining activities in the deep oceans and continental shelf are not expected to be
significant or to require any special mitigation.

● Coastal

The site-specific nature of coastal activities precludes the reasonable evaluation
of mitigation options, particularly for air quality effects. The available environmental
assessments of marine mining proposals (USDOC, NOAA 1981; USDOI, MMS 1983a,b;
USDOI, MMS and Hl, DBED 1990; USDOI, MMS 1991) universally conclude that offshore
activities in coastal areas are not expected to cause significant effects on air quality and
would not require mitigation beyond existing regulatory controls.

● Onshore

Because the bulk of the power consumption and air emissions for marine
mining will be caused by metallurgical processing, and because all currently proposed
marine mining ventures would require onshore processing, air quality effects can be
expected to be most acute in this region. As discussed previously (Section 2.3.1), natural
processes which minimize the effects of alr emissions (i.e., dispersion and chemical
neutralization) can be expected to be much more efficient in the open ocean than on land.
Therefore, a general consideration to mitigate such effects might be to seek the
development of processes which can be efficiently implemented at sea. Processing at the
mine site would also lower the required overall energy consumption of the venture, as only
ore concentrates would have to be moved from the mine site to the immediate consumer.
Unfortunately, at this time, the technical problems associated with at-sea processing (e.g.,
energy costs, platform stabilii, infrastructure requirements, etc.), as well as the highly
political aspects of marine environments, have precluded serious efforts for its development.

3.2.2 Water Quality

The water quality issues discussed previously include issues related specifically
to marine water quality and fall naturally into two groups: (1) deep sea and continental shel~
and (2) coastal. The following discussion examines mitigation possibilities for each.
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3.2.2.1 Deep Ocean and Continental Shelf

In environmental assessments of deep seabed mining (USDOC,  NOAA 1981;
USDOI, MMS and Hi, DBED 1990), the potential for mitigation of effects from mine ship
discharges have been considered in detail. A requirement for subsurface discharge of mine
tailings was suggested by many environmental groups to eliminate potential effects on the
habtits in the surface photic zone (i.e., roughly the top 50 to 100 m). Such a requirement
is not expected to be difficult or expensive to achieve. Further, subsurface discharge would
eliminate any potential interactions with the most densely populatwi region of the deep seas
and put discharged solids completely out of sight.

However, surface waters are much more turbulent and oxygen-rich than deeper
zones, and contain much more abundant populations of planktonic filter feeders. The
turbulence and high oxygen levels would ensure rapid dispersal and stabilization of
discharges, while the plankton provide a very effective means for encapsulation and rapid
sedimentation of fine-grained materials as fecal material. Extensive knowiedge  about the
fates and effects of discharged materials in deep ocean waters will be necessary before
intelligent choices about discharge depth can be made.

3.2.2.2 Coastal and Onshore

Significant efforts have been made, particulatiy in Europe and Japan, to develop
coastal mining systems with minimum generation of turbidity and generally minimum
impacts on water quality. In the French studies off Le Havre, radioactive labeling of
sediments was used to trace the dispersion of material discharged from a dredge.
Increased turbidity was detected throughout an area of 50 to 70 km2 around the dredge,
although particles larger than 40 ~ were found to settle within 1.5 km of the test site (ICES
1 977).

Repotting on a hopper dredge plume experiment, Poopetch (1982) described
a hopper dredge turbidity plume caused by dragheads and screws. Further, within 15 min
of dredging, a hopper overflow plume was also characteriiecf. A homogeneous m“mure of
these plumes occurred 100 to 200 m from the stern. The initiil sediment concentration at
the overfiow ports was 3.5 g/L which decreased to 0.5 g/L within 50 m. Ambient levels of
plume could be detected 800 m down stream and 150 m laterally.

Tests in Japan on a hopper dredge turbidity plume. caussd by dragheads and
screws showed that within 15 min of dredging there was also a hopper overflow plume.
The area affected by plume sedimentation can be reduced by subsurface discharge or other
techniques that force the particulate material to settle close to its source, but this creates
a heavier accumulation in that smaller area. The appropriate sedimentation pattern, and thus
the appropriate disposal methods, will depend upon the characteristics of the site, including
the biota. The Japanese also indicated problems with seawater pollution associated with
the discharge of dredged material at the sea surface during deep dredging of sand in areas
affecting commercial fisheries. To mitigate the problem, the turbid water overflow from the
dredge hopper was returned to the dredge intake. This is partially recycled with the
dredged material which presumably improves the efficiency by increasing the density of the
sand slurry. No turbid water dispersion was observed and the improvement was reportedly
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reviewed favorably by the fishermen (Okamura  1992). Ofuji and Ishimatsu (1976) showed
that the concentration of suspended particfes was reduced and water transparency was
increased during hopper overFlow  before and after an anti-turbid”~ system was installed.

The turbidity plume can be reduced by using silt curtains to contain the plume
within a specified area. This technique limits the maneuverability of the dredge and is limited
in use to areas where currents are less than 1 kn. Overflow waste may be returned to the
seafloor by a return pipe. This technique maybe extremely useful for placer mining where
the mining platform is anchored and moves slowfy. The main concerns are associated with
the discharge of large amounts of waste material. Closing the upper side of the bucket
ladder on a bucket ladder dredge reduces the mid-water and surface turbidity plume.
Alternatively, enclosing individual dredge buckets does the same thing but appears to have
more potential than enclosing the bucket ladder.

Application of the anti-turbidity ovefffow  system (ATOS) removes air bubbles
from the ovetiow of a hopper dredge; air bubbles in the overRow make the particles
buoyant and prolong settling, and their removal allows particles to settle at a faster rate.
This system has been successfully applied to trailing suction hopper dredges off the coast
of Japan (Ofuji and Ishimatsu 1976).

Other suggestions given for mitigation of the effects of dredging include
selection of the most appropriate dredging system for the site. An example might be the
use of trailing suction hopper dredges, instead of using the stationary suction hopper
dredges, in areas of high bottom trawling activii. Daily or annual limits can be placed on
the quant”ty  of dredged material to minimize potential effects on benthic communities and
decrease the potential for coastal erosion. The number of vessels or operations in given
areas can be limited. The overboard disposal of equipment and other debris should be
prohibtied, possibly by implementing a system of equipment manifest/labelling, inspection,
and fines.

3.2.3 Geological Resources

The geologic resources affected include the mined material which is removed
for sale or use, and the seabed which is altered in some way by the mining activii.  In the
case of high value materials such as gold or platinum, the volume of material removed is
insignificant; the swell factor, however, applied to the ore material mined and subsequently
returned after treatment as waste, is generally about 1.5 which means the volume of
material increases by that amount. This can be very significant in water of only moderate
depths.

3.2.3.1 Seabed

Clearly, the local hydrodynamic conditions and the type of deposit being mined
must be taken into account when establishing a minimum water depth for dredging in order
to avoid the possibil’Ry of coastal erosion. As a general guideline, the British Crown Estates
Commission has adopted a water depth of 18 m as the minimum for dredging (Nunny and
Chillingworth  1986). The actual depth limit identified for potential damage was 13 m but
5 m were added as a precautionary measure.
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Large excavations can also lead to coastal erosion if the wave patterns and
sediment movements are sufficiently changed nearshore. These effects are being studied
in the U.S. by the USACE, but an interim guide to safe practices can be obtained from
British experience. In British coastal zones, dredging reportedly causes no problems in
water depths greater than half the normal wave length or more than one-fifth the length of
extreme waves. Dredging in waters over 20 m deep is usually approved by the regulatory
authorities with only a desk review. Proposals for dredging in 10 to 20 m get more detailed
review and may require site-specific information. Proposals for dredging in waters shallower

than 10 m may require substantial study (Drinnan and Bliss 1986).

3.2.3.2 Terrestrial

The use of marine mining for sand and gravel production eliminates the scarring
of onshore environments due to quarrying. Further, unsightly and unsafe operations with
major dust, noise, and traffic problems are alleviated (Fischer 1988).

3.2.4 Biological Resources

The resources affected by mining operations will include birds, mammals,
marine and “aquatic fauna, sensitive habitats, and endangered species.

3.2.4.1 Birds

Significant effects of marine mining activities on birds have not been identified
in the available literature, and thus mitigation techniques have not been seriously
considered.

3:2.4.2 Marine Mammals

Collisions with marine mammals and alteration of migratory patterns through
generation of noise in the water column have been identified in several studies as potential
effects. Collisions could be eliminated or significantly minimized by requiring or
encouraging reduced boat speeds in areas of known or suspected concentrations of these
animals or when animals are sighted ahead of a vessel. It is assumed that operators could
exercise appropriate measures to avoid such encounters when whales are detected either
visually or by sonar from operating seismic vessels, thereby reducing or eliminating
feeding-related adverse effects due to geophysical activities (USDOI, MMS and Hi, DBED

1990; USDOI,  MMS 1991). Reduction of noise of the primary recovery and ore-lift
operations could be considered to mitigate the second type of effect if quantitative
information about the actual sensitivities of the marine mammals involved could be

determined.

3.2.4.3 Marine and Aquatic Fauna

Marine and aquatic fauna are found on the water surface, within the water
column, and on the bottom.
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● Water Column Populations

In the literature available for this study, effects on neuston, phytoplankton,
zooplankton, fish, and other organisms which live in the water column are directly
dependent upon water quality. Therefore, consideration of mitigation options for effects on

these populations is nxfuced to the mitigation of water quality effects.

● Benthos

In the development of deep seabed sulfide deposits and manganese nodule

and crust deposits, many mitigation options are possible to minimize the effects of mining

on benthic  habitats. Dispersal of suspended particles in benthic waters can be minimized
during mining to limit the smothering of both epifauna  and infauna. Small patches within
mine sites can be left unmined to provide nearby populations (of relatively unaffected

organisms) to repopulate the mined areas. Large areas can be left pristine to preserve
potentially unique populations, such as the hydrothermal vent communities which can be
associated with potentially valuable sulfide deposits. Unfortunately, none of these is
currently justified because of the very poor state of knowledge which exists about the
populations which occupy these habitats. Basic research to determine the relevant

parameters of sediment dispersion, species succession, and habmat  composition is ongoing
in the manganese nodule deposit areas of the northeastern tropical Pacific, but no such
work is currently being supported for the natural hard substrate populations which inhabit
crust deposit sites.

With respect to coastal mines, it appears that many opportunistic species can
colonize tailings disposed of in the sea, with some becoming very abundant and dominating
the fauna. The colonization is variable from year to year and appears to show trends
through a range of different species, at least for the first 10 years or so. The fauna appear
to be largely deposit feeders consisting initially of sedentary polychaete worms but
gradually including molluscs, crustaceans, and echinoderms. The genera include those
found on mining waste in the Mediterranean (Nicolaidou  et al. 1989) and offshore Nome,
AK (Jewett et al. 1990), adding support to the concept of parallel bottom communities.

Problems with ongoing bottom fisheries can be avoided through management
practices that do not allow the use of stationary dredges in areas where bottom trawling,
bottom scallop dragging, or clam raking is normally practiced (de Groot 1979a). Though
not widely voiced, a potential fisheries problem is the exposure of boulders due to dredging
that could increase the potential for damaging trawling gear. However, the likelihood of this
happening is quite small when using the trailing suction hopper dredge (Drinnan and Bliss
1986; Cruickshank et al. 1987).

Both the scraping and excavating approaches to mining can also change the
character of the substrate by exposing materials with different properties. For example, if
exposure of silts and clays is a concern, it may be necessary to require that the bottom
portion of the layer being mined be left in place to minimize such change. However, for
sand and graveI mining and for some other minerals, the economics of mining may provide
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strong incentives not to expose silts or clays. if so, such regulations maybe unnecessary
(Cruickshank  et al. 1987).

The impact of pits on bottom trawling operations is illustrated by experience
off the coast of Hastings in the U. K,, where stationa~ suction dredges mining sand and
gravel have created a “lunar-like landscape,” thereby preventing the use of bottom trawling
gear in a previously good trawling ground. Because of this, the English dredging fleet no
longer uses stationary suction dredges (de Groot 1979a). The removal of sand from a
rocky subsurface in Seine Bay, France resulted in repopulation by species which had very
little value to bottom fish, with the possibility that the local fishing industry could suffer in
the future (de Groot 1979a).

The furrows left by drag suction dredgers are only about 20 to 30 cm deep, so
there would be minimal danger of damaging bottom fishing gear (ICES 1979). A layer of
the original substrate should be left on the seafloor, however, as this increases the chances
that the original benthic communities will recolonize.

The predominant trophic niche of deposit feeders, represented by fauna on
mine tailings with low organic content, suggested to Ellis and Hoover (1990) that some form
of seabed fertilization by organic sludges, such as from sewage treatment plants, could
facilitate reclamation of undersea tailings beds. This is an interesting concept if these
opportunistic fauna are important to the functioning of that ecosystem. Could this concept
also be applied to deeper seabed ecosystems? There maybe a need for more systematic
research on these aspects.

3.2.4.4 Sensitive Habitats

For water coJumn habitats in general, the rapid and effective dispersive
processes virtually eliminate the possibility of special, sensitiie hab~ts.  Possible
exceptions include neuston layers, where significant populations of sensitiie latvae can
congregate, and confined straits and other waterways which form migratory pathways.
Mitigation of possible effects on these hab~ts  will generally consist of avoidance (through
restriction of the activities) or through modification of the activities, such as subsurface
discharges.

Probably the most serious limitation on the evaluation and mitigation of effects
on sensitive habitats in deep seabed environments is a general lack of knowledge regarding
the deep sea benthos.  For virtually all deep seabed habtits,  key relevant factors (i.e.,
growth and recolonization rates and vectors, species succession, and substrate selectivii)
are generally unknown, which makes it very difficult to establish whether or not these
habfiats are particularly sensitiie to mining activities. This makes it impossible to consider
rationally any mitigation which would be appropriate, except to avoid them until they are
properly characterized.

Of particular concern for nearshore activities which suspend materials in the
water column for transport are the downstream coastal communities which may be affected
by discharge plumes or other activities. Coral reefs, mating and spawning shoals and
beaches, and sensitive estuarine habitats must be very seriously considered during the
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process which authorities mining activities. The role of dispersion modeling (see
Chapter 4) in these efforts is criiical to providing basic guidance for rational mitigation.

3.2.4.5 Threatened and Endangered Species

Wmhin the available EISS reviewed in this study (USDOC,  NOAA 1981; USDOI,
MMS 1983a,b; USDOI,  MMS and Hi, DBED 1990; USDOI, MMS 1991), significant
examinations of potential effects to threatened and endangered species have been carried
out. Specific areas have been removed from consideration where significant effects could
possibly result. Other forms of mitigation which specifically address threatened and
endangered species have not been identified to date.

3.2.5 Social and Economic Resources

These may take the form of voluntary, mandated, or economic measures. For
example, subsurface mines and slurry mining cavities may cause local seafloor collapse or
subsidence, possibly leading to coastal erosion or changes in sediment patterns. This
problem can be avoided by proper mine design. In the case of borehole mining, cavities
are likely to be water-filled during the mining, and waste can be injected into the cavity
before the site is abandoned. Both practices reduce the potential for collapse of the rock
overlying the cavity and waste injection reduces the volume of waste discharged at the
surface (Cruickshank  et al. 1987).

3.2.5.1 Human Resources

Effects in this category are confined to issues which deal with human health
and safety. Most of these issues are too site-specific for a rational discussion of general
mitigation options. As in any other large industrial activii, safety is an important issue in
every aspect of the operation, while health issues are focused on perceived or actual
threats to public health through effects on air or water quality or through the generation of
excessive noise. Mitigation of air and water quality effects has been discussed previously.
In bucket ladder dredging operations, it has been suggested that noise can be reduced by
hanging rubber mats over the ladder wellway.

3.2.5.2 Commercial and Recreational Fisheries

Most of the potential problems related to social and economic environments
would be very site-specific and concerned with onshore processing facilities. The key area
of possible conflict is related to commercial and recreational fisheries. Most current
development strategies are biased toward the development of sustainable and renewable
resources rather than non-renewable resources such as mineral deposits. Therefore,
marine miners in general must be prepared to avoid any potential conflicts with fishing
interests in operational areas or prove that such operations will not jeopardize ongoing or
anticipated fishing activities.

One mitigation measure proposed in the environmental assessment of
manganese crust mining in the Hawaiian EEZ (USDOI, MMS and Hl, DBED 1990) would
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facilitate early identification and resolution of potential problems in this area by requiring
active solicitation of inputs from the pertinent fishing industry representatives early in the
planning process for marine mineral development. This measure may be useful for
consideration in all new marine mineral development efforts.

Effects such as the creation of trenches, pits, or mounds on the seafloor may
affect the biota and fishery operations for years. Boulders may be uncovered, forming
permanent obstructions that snag fishing trawts. To counter this, the French have
experimented with abutting dredging tracks to obtain an unobstructed seabed. In other
cases, rejected oversize materials can be guided back into the collector tracks immediately
behind the mining device. Similariy, the use of trailing suction dredges, which interfere
much less with bottom fisheries than do anchored suction dredges, reduces conflicts with
commercial fisheries (Drinnan and Bliss 1986).

3.2.5.3 Regional and Local Economies

As discussed previously, marine mining ventures can be relatively large
enterprises and have the potential to affect regional and local economies, both positively
and negatively. General strategies to mitigate the negative effects include (1) job

discrimination in favor of local residents and associated training populations to implement
such discrimination; (2) process plant location in areas with maximum development to avoid
large influxes of new residents in predominantly rural areas (as well as to take advantage
of existing infrastructure); and (3) local requirements for the establishment of infrastructure
when necessary (USDOI, MMS and Hl, DBED 1990; USDOI, MMS 1991). Such measures
have been implemented with varying degrees of success for many other industries.
Eventual success depends on thorough planning and detailed interfacing with existing
authorities and public interest groups.

3.2.5.4 Cultural Considerations

land-based operations devoted to the development of marine minerals must
be implemented with particular consideration given to the unique mores and traditions of
the local population. For operations in presently underdeveloped or undeveloped areas,
careful accommodation must be made to permit the introduction of what maybe perceived
as a radical change in lifestyle. The study of a hypothetical development of a mineral
processing plant on the island of Hawaii led to significant opposition by native Hawaiian
groups. This opposition was based primarily on a very conservative reverence of the ocean
in general and a very specific opposition to activities which were believed to disrupt a
primarily rural, almost subsistence, agricultural Iifestyie (USDOI, MMS and Hl, DBED 1990).
In contrast, the mining activities which took place in the coastal waters offshore Nome, AK
resulted in negligible and minor effects on local cultural lifestyles (USDOI, MMS 1991).
These and other examples show clearty that the local cultures and attitudes are of primary
importance in the consideration of land-based operations sites. Further, extensive public
education and outreach efforts, though necessary, may not be suMcient  to overcome
potentially fatal opposition to development.
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CHAPTER 4 PREDICTIVE MODELS

Mathematical models to portray natural dynamic functions are widely used to
forecast and predict events and effects. The advent of powerful desktop computers makes
these previously expensive tools available to a wide range of users.

4.1 Scope

The scope of the following discussion is limited to physical dispersion through
the water column and sedimentation on the seabed. Air emissions, chemical
transformations, and demographic processes are considered too site-specific to warrant
useful consideration in the present analysis.

4.2 Model Types

There are a number of model types used by researchers in this field. The
predominant models are described in detail in the following text.

4.2.1 Closed Form

Natural processes are ideally modeied using differential equations for which
analytical solutions may be found in closed form. Though most natural processes are too
complex or known with insufficient completeness to be modeled solely in analytical closed
form, such models are often used as first approximations. Typically, analytical models
incorporate the development of constant coefficients which represent poorly understood or
unknown variables. These coefficients are then found from empirical data or are estimated
based on historical experience. The value of the dependent variable anywhere in the model
space can be found directly from the solution of the differential equation.

Equations containing transcendental functions (e.g., trigonometric functions)
are often sohwd analytically in terms of other, simpler transcendental functions. Such
equations may still be considered solved in closed (but not exact) form. Final numerical
solutions are usually obtained by series expansions of the relevant terms or by other
methods of approximation.

Although hydrodynamic problems such as sediment transport and plume
modeling are usually not adequately described by such simple equations, most of the
evolution of descript”we models has occurred through the use of these forms.

4.2.2 Brief Review of Early Model Development

Analytical expressions for the vertical distribution of suspended sediments in
a turbulent stream were first developed by Schmidt (1925) where they were applied to dust
particles in the atmosphere. Subsequent mdfications  were made in the 1930s by Ippen
and Rouse who introduced velocity distribution functions originated by von Karman.  The
basic differential equation describes the equilibrium between the turbulent upward transport
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of sediment, balanced by the downward settling due to gravity. Atypical solution is given
as

C  _  {h-z ~)=—-—
Ca h - a  z

where ~- J+’s

kf3 U.
; c. is a reference concentmtion at depth a; h = total depth; w.

represents settling velocity of the particles; k = the von Karrnan constant ~ = sz/s.,  the
ratio of the sediment mass exchange coeftlcient to the momentum transfer coefficient;

4 to
U*= the shear velocity TO is the bottom shear stress; and p = the fluid density.

T’

Dobbins  (1944) examined vertical sediment distribution in the transient state.
He found solutions as a series expansion.

Ippen  (1971) and Jobson and Sayre  (1970) examined the exponent Z in detail,

finding that the variation of veloc”~ distribution due to the presence of sediments is
important only in cases of high concentration. Studying suspended solids in the silt range,
they found fall velocity to be the primary factor for controlling the rate of descent of
sediments, with turbulence being relatively negligible.

Finding the settling velocities of suspended particles is considered to be one
of the toughest problems in this type of modeling. Partheniades (1 964, 1971),Krone(1972),
and Einstein and Krone (1982) all studied the deposition of fine clays. They found that fine
sands are suitably modeled by application of Stokes’ law, while the settling of clays is
affected by aggregation and flocculation processes.

Harieman  (1971) used Taylor expansions to modify earfier  models to account
for tidal oscillation velocities. Honey et al. (1970) also studied tidal oscillation effects, finding
that an order-of-magnitude accuracy in the values of dispersion coefficients is sufficient for
modeling continuous injection of suspended sediments under tidal conditions.

Dispersion in periodic flow was also studied in detail by Okubo (1987, 1971).
He found dispersion coefficients using the method of moments to find the variance of UX2
of a longitudinal distribution. He also provides a comprehensive review of previous work
on horizontal diffusion coefficients in the ocean.

Threedimensional models were tried by Wnek and Fochtman (1972). They
considered neutrally buoyant particles only, and ignored the problems associated with
modeling tidal currents. They assumed constant dispersion coefficients, and found
analytical solutions in terms of error functions.

Project NOMES, undertaken by NOAA beginning in 1972, was intended to study
the environmental effects of offshore mining for sand and gravel in Massachusetts Bay. It
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was terminated before completion, but some significant work was done extending model

studies. Significant work was done by Hess (1973), who developed a preliminary model
intended for use in predicting the dispersion of suspended sediments. Tales and vertical
diffusion were not considered Horizontal diffusion coefficients were obtained from dye
experiments.

Model development was continued by several workers after the termination of
NOMES and led to a modern, threedimensional analytical model  developed by
Christodoulou et al. (1974) on whose work the foregoing historical review is, in part, based.
In Christodoulou’s model, sediments are considered to be continuously introducd along

a line source oriented vertically. A velocity field is assumed to consist of the superposition

of a net drii and a sinusoidal tidal velocity at any angle to the net drift. A one-layer shear
flow with a logarithmic velocity profile is assumed. Threedimensional dispersion equations

are used, to which a separation of variables technique is applied, allowing horizontal and
vertical dispersion to be treated separately. Settling velocities are treated using Stokes’ law
for sediments other than clays. Settling velocities for clays were measured in the
laboratory. Horizontal and vertical dispersion coefficients were separately developed to
account for turbulent diffusion and non-uniformities in the velocity distribution. This model
also takes into account some of the particle aggregation processes described in greater
detail below, especially Brownian motion, local shear or velocity gradients, and differential
settling of particles.

4.2.3 Finite Difference

Differential equations for which solutions in closed form are not available must
be solved for their dependent variables using numerical methods. Hydrodynamic models
of various types have been typically solved using some gridding of the model space, with
a calculation scheme developed to successively approximate the value of the dependent
variabie  at each point. To initiate the calculation process, boundary values and/or initial
values for appropriate parameters must be known. With the advent of computers, such
schemes have evolved rapidly. The simplest such schemes are called finitedifference
methods. They rely on gridding the model space with identical grid elements applied over
the entire model space, usually squares (for 2-D models) or cubes (for 3-D models). The
value of the independent variable at each grid point is found at each successive iteration
as a function of the values of its immediate neighbors. Higher-order, finitedifference
schemes allow each grid point to be influenced by non-immediate neighbors as well, with
a corresponding increase in computational power required. Such models are typically
time-stepped as well, to show process behavior. Most sediment-transport and plume
dispersion models currently available are of this type. Examples of relatively modern
models of this type, which are available off-the-shelf for relatively easy application, evolved
from seminal work by Koh and Chang (1973).

Brandsma and Divoky (1976) revised and extended the Koh-Chang model.
They considered the dispersion of sediments dumped from a ship either as an
instantaneously dumped cloud or clump, or as a continuous dumping process. In either
case, they model~ the process in several phases, corresponding to the convective descent
of material after initial release, equilibration of the material once it encounters neutral
buoyancy, dynamic collapse of the cloud with continued fall of heavy material, and,
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eventually, the passive diffusion of remaining material from an equilibrium layer. The
dumped material is modeied as an ellipsoidal cioud with a Gaussian distribution of
concentration and position in the water coiumn. in addition to advection of the cioud, it
grows as a resuit of turbuient diffusion, with horizontal dispersion based upon the

commoni y assumed four-thirds iaw ~.m4/3 and verticai dispersion based upon a

Fickian modei. Settling velocities are handied by considering a size distribution of particies,
with a constant settiing veiocity assigned to each size fraction based upon empiricai
experience.

Johnson and HoJJiday  (1977) and Johnson (1978) began testing and revising
these modeis for the USACE. The modeis have been designated as DiFiD (Disposai  from
an instantaneous Dump), DiFCD (Disposai  from a Continuous Dump), and recentiy
hybridized as DiFHD (Disposal from a Hopper Dump). They have been tested in Hawaii

(Johnson and Hoiliday  1977), at Aicatraz  (Trawie and Johnson 1988), and in Puget Sound
(Trawte and Johnson 1986). Recent work inciudes application of these modeis to Puget
Sound (B. Johnson, 1992, personal communication, USACE Watetways  Experiment Station,
Vicksburg, MS.). A comprehensive and “friendly computer user interface has been
developed for these modeis (Waiski and Hayes 1988; EPA 1991), designated as ADDAMS
(Automated Dredged and Disposai Alternatives Management System), and is availabie  from
Dr. B. H. Johnson at the USACE Waterways Experiment Station in Vicksburg, MS.

4.2.4 Finite Eiement Models

Finite difference models, discussed previously, are a speciai restricted case of
a more general class caiied finite element modeis. Finite eiement models allow gridding
with grii elements of arbitrary shape and size at each point. As the computational
requirements escaiate very rapidiy with this generalization, it is stiii appiied with imitations.
Typicaiiy, shape restrictions are reiaxed to aiiow “somewhat-square” or “somewhat-cubicai”
grid regions, such as with curved sides restricted to paraboiic curves. Other schemes use
triangular gridding with straight-sided triangles. The sizing of grid regions is reiaxed,
aiiowing arbitray sizes in various parts of the modei space. This provides the abiiity to
describe areas with steep gradients or irreguiar boundary geometry with greater precision
than can be achieved using finite difference schemes. Again, computations require
boundary values and/or initial vaiues of reievant parameters. Caicuiation of the values of
independent variabies at each grid point or within each grid region maybe determined by
successive approximation, considering nearest neighbors, or inciuding more remote
neighbors, or the inffuence of aii grii points in the model space. Such modeis are typicaiiy
time-stepped to eiucidate process behavior.

The extreme computational requirements of these modeis have aiiowed their
development only recentiy.  Guymon et ai. (1970) deveioped numericai  solutions of

diffusion-convection equations by the finite eiement method in 1970. Zienkiewicz  (1971)
described the application of the finite eiement method to engineering probiems in generai.
Smith et ai. (1973) appiied Rayieigh-Ritz  and Gaierkin finite-eiement methods to the
diffusion-convection probiem. Ariathurai  (1974) considered the application of the
finite-element method to sediment-transport modeis in his Ph.D. research. in this approach,
he deveioped a generai model of suspended-phase transporI in a time-varying,
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twodimensional  flow field. It included expressions for erosion, deposition, and aggregation,
and can be applied to the transport of any conservatNe  quantity. It can even be applied
to the transport of non-conservation quantities (e.g., radioactive decay) provided the decay
rates are known. Ariathurai continued to work withKrone(1963) on applying such methods
to cohesive sediment problems. This work was futiher extended by Ariathurai  et al. (1977)
with the development of Sediment 11, a sediment-transport model tested using data from the
Savannah River. This is the only model currently available which applies finite-element
methods to sediment-transport or plume dispersion problems. Apparently, no finite element
model has been developed which specifically tracks plume clouds in a similar fashion to the
USACE DIFID, DIFCD, and DIFHD models.

4.3 Constraints

4.3.1 Scale-Dependent Description of Turbulent Dispersion

The description of turbulent dispersion used in plume modeling varies
somewhat depending on exactly which aspect of the process is being modeled. Turbulent
dispersion is often considered from the standpoint of the effects of energy dissipation,
advection, and diffusion on concentration. Diffusion and advection have differing roles in
mixing processes, and models have been developed incorporating both in various ways.
The literature on turbulence has many hypotheses for the ways in which diffusion and
advection interact, ranging from statistical mechanics theory to empirically-based theories
derived from elementary hypotheses together with laboratory or field data. Existing models
may further be characterized as one-equation or two-equation models. This distinction is
of more fundamental significance than whether a model is analytical or numerical in nature.

The dependence of eddy diffusivii on some length scale of the turbulent
eddies present turns out to be a key consideration. Under one-equation models, this length
scale is unknown, and the modeler is forced to select a length scale somewhat arbtirarily,
based on experience with the nature of the problem at hand. Typical eddy diffusivii is
expressed as some power law of the chosen length scale, usually measured by the
standard deviation of the concentration distribution. The power law must also be chosen
somewhat arbitrarily. The 4/3-law is an example of such an approach. One-equation
models are thus considered consequences of the Iength-scaledependent  eddy d“tiusivii
hypothesis.

Models which are based on single equations were first developed in the 1920s
and all share the necessity for complete definition of the current structure in rece”wing
waters. It is important to note that these formulations are Eulerian, consequently the flow
field must be known. Analytical versions have been under study ever since and, recently,
numerical versions have been under extensive development, especially by Lam et al. (1964).
The key finding has been that eddy diffusivii is proportional to the cross-sectional length
scale of the plume. Theoretical investigations of the propotiionality  constants and power
indices were undertaken by several workers (Csanady  1973; Okubo 1976). They showed
connections of these parameters to many geophysical and environmental parameters, such
as energy dissipation rates, current velocities, and the Coriolis’ parameter. Model
coefficients for one-equation models have been empirically determined with certainty only
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recently, mostly by means of dyediffusion experiments (Okubo 1971; Csanady 1973;
Murthy and Miners 1930).

In dealing with the dissipation of energy by the turbulent action of eddies,
statistical methods are traditionally used. As successive refinements are sought, statistical
moments of successively higher order must be used. This leads to the closure problem.
Each equation leads to a higher-order moment, and eventually a closure hypothesis must
be made. Such a hypothesis makes assumptions about the remaining higher-order
moments describing the process. These assumptions lead to eddy diffusion coefficients
of some order.

In one common Eulerian approach, advection and diffusion are considered
together. In this formulation, advection and diffusion carry precise definitions which differ
slightly from their definitions in other model approaches. Advection in the current context
is the bulk transport of a parcel of a plume or patch by the mean component of the current.
Diffusion is the spreading of the parcel as a consequence of the turbulence associated with
the currents. A further key assumption is that mean and random components are
considered separately. Diffusivii  is defined in the current context through the use of a
rank-two tensor. Empirical studies have shown that under the one-equation turbulence
closure hypothesis, iength-scale  dependence differs in along-flow and cross-flow directions,
making the diffusivity tensor anisotropic.  The effects of the flow field on this anisotropy
must be studied empirically.

Concentration is typically treated in a turbulent flow by means of ensemble
averaging (Fisher 1979). The distribution of flow fieids is considered to be a set of probable
flow fields varying from each other by random fluctuations about some ensemble mean.
The details of the statistical definition of concentration vary among various workers.

One formulation of the advectiondiffusion equation for a turbulent flow field
may be given as

~c +@VC=Vw+D~C
at

where c is the mean absolute concentration, v= represents turbulent flux, D@~

represents molecular diffusion, D = molecular diffusivii,  and u’ and c’ represent the
fluctuating components of the velocity field and the concentration, respectively. Application
of the turbulent eddy diffusivii concept (Fischer 1979) expands this equation into a
nine-component tensor as

.
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Further assumptions may be applied to simplify this equation, and allow fts use in the study
of horizontal turbulent d“flusion processes alone, or full threedimensional diffusion
processes.

The careful study of such processes by many workers has led to several
well-known diffusion models. The Fickian diffusion mcdel uses a constant diffusivii K. The
linear length-scale model uses K proportional to some length scale L The inertial
sub-range diffusion model uses K proportional to the powers of the prduct  of the energy
dissipation rate ~ and a length scale L The power laws may be determined through
dimensional analysis of the inertial sub-range of the turbulent energy spectrum. The
applicable power law turns out to be K - @L@ .

Higher-order turbulence closure hypotheses have been used to develop more
sophisticated two-equation mixing and dispersion models.

4.3.2 Quantification of Particle-Aggregation Processes

Particle-aggregation processes play an important, but poorly understood part
in the dispersion of suspended sediments. Six different mechanisms are involved. For a
continuous size distribution of particles, Fuchs (1964) described the time-evolution of the
number concentration (number/cm3) of particles N(r,t) as

.
W(z, t) _

-.
- -M(z, C)/K(r, ri)N(rit)  dri + +I(K(If, rj)N(rf, t) IV(rj,  t) drl(

at
o 00

The first term on the right describes the reduction in number of particles with
radius r by coagulation processes, and the second term on the right describes the
production of new particles of radius r by coagulation of patticles with radius r, and rj such
that

Four mechanisms influence the coagulation constant K (Morgan and Lovorn
1985). Brownian motion depends upon fluid properties at rest, such as temperature and
viscosity. Collisions may occur inertially, or as a result of fluid shear, or because of
differential sedimentation. These depend upon relative paiticle motion induced by
turbulent fluid flow, as well as fluid properties at rest. The net coagulation constant is

Km = Kb + (K;* + K; + K&) 112

Chemical aggregation may also be considered to play a rde at particularly
dense concentrations in suspended sediments in the clay range, though this rde is believed
to be of minor importance. The individual mechanisms are highly specific to the chemisty
of the constituents, and are not being considered in detail in this analysis.
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Biological scavenging also plays a role in reducing concentmtions of
suspended sediments. Organisms over a wide range of sizes, from microplanktonic forms
to large fish, are all involved in removing material from the water column. Removal,
resuspension as organic detritus, further recycling by uptake by subsequent organisms,
transport by fish and other forms, all complicate the overall biological scavenging process.
The quantification of interior and boundaty  scavenging by biological processes has been
considered in detail in models developed by GESAMP (1986).

4.3.3 Site Description

The geomety  and flow conditions at a marine mining or dredging site
significantly influence the dispersion of suspended sediments. While open water dumping
of dredged material presents the simplest case of an essentially unbounded model, most
real world cases must include consideration of shorelines, bathymetry,  and water layers of
varying densities containing currents varying in strength and direction.

Shorelines present special problems for dispersion models because nearshore
processes are often very complex. Shoreline processes include wave action, tides and
tidally-induced currents, other chronic or periodic currents, the presence of river discharges,
coastline geometries (which may include bays and other enclosures), as well as other
factors. Nearshore models intended to provide predictive capabilities in real world cases
must allow for the inclusion of the more important of these factors, determined on a
case-by-case basis. The inclusion of such factors must often be based on empirical data,
especially in the case of flow fields, tidal oscillations and their associated currents, and so
on. As discussed previously, the successful inclusion of such factors in analytical and
numerical models has progressed significantly in the last 50 years.

Bathymetry must be taken into consideration not only in nearshore cases, but
also in any model where strong flows are found in the model space. Bathymetric features
may cause near-bottom mixing, which will significantly influence dispersion and settling
times. Lee waves and other bathymetrically  influenced flow features may influence far-field
dispersion by redistributing suspended materials in the water column.

Gridding methods used in dispersion models may introduce additional
constraints on the predict”we  usefulness of such models. Finite difference models, as noted
previously, typically use relatively simple gridding, which in some cases poorly describes
a real world site. Finite-element modeling schemes are much better in their ability to use
variable gridding to describe important features bounding a model space or contained
within it. Wfih increases in computing power, the detrimental effects of inadequate gridding
will be further reduced in significance.

4.4 Field Tools for Describing Sites and Tracking Plumes

4.4.1 Currents

As currents and turbulence at vatying scales are among the most important
influences on plume movement, a wide range of current measurement methods have been
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tried successfully. These fall into two broad categories including (1) kgrangian methods,
in which a particular parcel of water is tagged or identified and Its progress noted; and
(2) Eulerian methcds,  in which a fried coordinate system is used.

For the Lagrangian approach, the simplest of the mechanical methods uses
drifters and floats. A typical drifter (or drogue) consists of a sail-like structure with a flat
area of 3 m3 or so deployed at some desired depth, and marked at the surface with a buoy.
The progress of the drogue over time may be charted, giving an estimate of horizontal
current direction and magnitude at the chosen depth. Drogues are influenced somewhat
by wind and drag forces, and provide only a rough estimate of current.

Another Lagrangian method often used is the marking of a parcel of water with
dye. A wide variety of brightly-colored, fairly long-lived dyes have been used, including
fluoresceins, Rhodamine-B,  and others. Typically, a small amount of dye is used to tag a
water parcel, most commonly at the surface, and the current magnitude and direction are
found by observing the spread of the dye patch. Tracking maybe conducted from aircraft
in the case of large-scale studies. The dispersion of the tagged water parcel can also be
estimated, something unavailable with the use of drifters. Application of dyes has occurred
to a limited extent to tag water parcels beneath the surface, however subsurface tracking
is much more difficult than tracking at the surface.

Eulerian methods are ones which are referenced to a fwed coordinate system,
against which water movement is measured. A wide variety of Euieriin current meters have
been developed for oceanographic use, and all can be used in plume tracking studies.
Typically, a current meter or string of current meters is moored in a chosen location, and
water velocity may be measured directly. Depending on the technology used, varying
degrees of accuracy maybe available. Current meters may be direct-reading; that is, the
meter may be monitorti in real-time by obsewing  its output on board ship, or with some
remote-reading output device. More commonly, a current meter records its measurements
locally, or transmits its record in real-time or batch-mode to a central data logger, for later
decoding.

The simplest current meters are so-called sum-logs, consisting of a ducted
propeller and a counter. These crude devices were dragged behind ships to measure their
speed, the counts converted to distance.

Propellerdriven and rotordriven current meters evolved from sum-logs, and a
very wide variety exist, providing a wide range of accuracies. Ducted propeller types, and
related Savonius-rotor meters provide essentially one-dimensional current measurement,
providing magnitude but not direction. When coupled to a suitable vane and support
electronics, horizontal direction can also be derived. In some instruments, an array of
several rotors is used to extract tw~  or threedirectional  components of current magnitude,
providing much more usefully complete data at any one location.

Inductive electromagnetic water current meters detect the mass flow of water
through an induction coil, providing an output proportional to the flow rate. These meters
are accurate and can be made quite small. They are usually grouped to provide three-axis
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water current information and often are packaged with recording equipment. They remain
relatively high in cost but are in widespread use.

Acoustic Doppler current profilers (ADCPS)  are the most modern method in use
for determining currents in the water column. They are capable of providing simultaneous
threedimensional current data with high resolution using a single transceiver or a typical
ciuster  of four transceivers deployed at a single location. The ADCP is based on the
Doppler principle, where the apparent frequency of a back-scattered acoustic signal will
ditler from the transmitted frequency by an amount proportional to the relative velocity of
the transceiver and the backscattering  object. To quantify the principle, a water mass “cell”
is ensonified by a narrow-beam acoustic signal. The backscattered signal is compared to
the transmitted signal. The Doppler frequency shift of the water mass cell is

f .  2ft(vcod)
D

c

where fD = Doppler frequency shift; V = scattering velocity; 9 = angle between velocity
vector and acoustic beam; ft = transmitted frequency and C = velocity of sound at the
transmitter interface. The quantity V may be accordingly computed. In a single beam
system, v Cos e measures the component of flow veloc-~ in the direction of the
acoustic beam. A single transceiver system can only produce a onedimensional velocity
profile measurement. Two non-parallel, vertically-inclined beams produce vertical profiles
of twodimensional horizontal velocities, but ignore vertical currents. A three beam system
allows measuring profiles of three orthogonal components of currents. Typical systems
utilize a fourth beam for redundancy. A high spatial resolution is achieved by periodically
transmitting short bursts, then making multiple measurements of the Doppler-shifted
frequency of the water mass echoes in discrete time intervals. A quantified picture of flow
velocity versus range along each beam is developed. Wfih the precise beam geometry
known, the total mean flow velocity vector may be computed by properly combining the
velocity component measurements from each beam. This current profile may be recorded
as notth, east, and vertical components.

4.4.2 Water Quality

Definitions of water quality have widely differing meanings in various contexts
and are often the subject of specific legislative language. In the contexl of marine mining,
water quality is often considered from the standpoint of its effects on the marine
environment.

Using criteria adopted for the Norton Sound EIS (USDOI, MMS 1991), changes
in local water quality effects are considered to be those which extend slightly beyond the
edge of a mixing zone, such as beyond a 100-m perimeter surrounding a mining or
dredging footprint, but affecting less than 160 km2 around each discharge. Regional
changes in water quality are considered to be those affecting an area of at least 180 kmz
around a discharge source.

Wtihin the context of these spatial definitions, the impact of the change in water
quality is typically used to assess the water quality itself, as defined by USDOI, MMS (1991).
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A negligible water quality impact is considered to be one in which no regulated
contaminant (e.g., mercu~ or a trace metal) is discharged into the water column, or one
in which some amount is discharged but the resulting concentration of the contaminant is
so small as not to exceed the chronic State standard or EPA criterion. A minor water
quality impact is one in which a regulated contaminant is discharged into the water column
and the resulting concentration of contaminant occasionally exceeds but does not increase
the average beyond the chronic State standard or EPA criterion. A moderate water quality
impact is considered to be one in which a regulated contaminant is discharged into the
water column and the resulting concentration of contaminant averages (i.e., sampling period
set by permit) more than the chronic State standard and EPA criterion, but does not exceed
acute or toxic State standards and EPA criteria and does not exceed 7,5oO ppm suspended
sediment concentration. A major water quality impact is considered to be one in which a
regulated contaminant is discharged into the water column and the resulting concentration
of contaminant is above the acute (toxic) State standard or EPA criterion, or where turbidity
exceeds 7,500 ppm suspended sediment concentration.

Accordingly, the measurement of water quality varies widely, depending upon
the parameters considered important in the relevant definition. Often the concentration of
some contaminant is the defining parameten in some cases, biological contaminants are
considered (e.g., coliform counts used in the context of sewage disposal), while in the case
of dredging or other types of marine mining, the concentrations of certain dredged materials
or trace contaminants are considered. The relevant measurement is, in each case, typically
a specialized technique suitable for that specific contaminant. Turbidity measurement,
discussed in Section 4.4.3, is a relatively crude method of suspended sediment
concentration which does not single out particular contaminants, but often provides
adequate information which can be widely used.

4.4.3 Light Attenuation

Turbidity may be determined by measuring transmitted or reflected (i.e.,
scattered) light. Transmissometers measure the attenuation of light caused by absorption,
scattering, and blockage by suspended particles and dissolved matter in the water. In
artificial light transmissometers, a light source shines through a relatively short water path.
A detector measures the transmitted light. in natural light or ambient light
transmissometers, a detector (irradiorneter)  is lowered into the water column, and the
attenuated natural light is measured. Typically, a second sensor is used to measure light
at or near the surface as a reference value.

Optical backscatter sensors (OBSS) and nephelometers detect radiation
scattered by particles. Particularly useful are infrared OBSS which utilize a part of the
spectrum where absorption by water itself is high, providing a relatively low-noise
(essentially dark) environment for measurement. Atypical instrument consists of an infrared
energy source together with an adjacent detector. This type of sensor responds primarily
to high-angle backscattered radiation, providing an excellent measure of turbidity caused
by particulate and dissolved matter in water.
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Performance of all irradiometric instruments is degraded by very high turbdity
concentrations because of muitipie reflections by scattering patticies. At high concentration
ieveis, however, other techniques may aiso be used to track piumes, so this does not
present a significant probiem.  At moderate and iow concentrations, these instruments
perform very weii, providing exceiient  tracking capabilities for researchers seeking to
characterize spreading, diiute piumes. Probiems typicaiiy  remain, however, in collecting
data at a sufficient number of data points to characterize the threedimensionai dispersion
of a spreading piume.

4.5 Predictive Capabilities

4.5.1 Near-Fieid Surface Dispersion

Aithough  numerous sediment transport and dispersion modeis have been
devised in recent years, most testing has been via computer simulation. Usefui  fieid testing
of dispersion modeis has been iimited to iess than a dozen efforts. Kent and Pritchard
(1959) tested mixing iength theories in the context of nearshore estuarine modeiing. More
recentiy, testing of the DiFiD and DiFCD modeis have been conducted at severai sites
(Johnson and Holiiday 1977; Johnson 1978; Bowers and Goidenbiatt 1978; Trawie and
Johnson 1986). Testing of these modeis has resuited in the successive tuning of these
modeis.  Coefficient vaiues have been confirmed within successively narrower ranges.
These modeis have aiso been expanded in their flexibility in input formatting, aiiowing a
wide range of reasonable coefficient vaiues to be tried during modei testing.

Despite these efforts, the predictive capabilities of the present generation of
dispersion modeis is stili iimited, due to insufficient testing/tuning and the inabiiity to inciude
enough important parameters in sufficient detaii to afford accurate predictive resuits.
Typicaiiy, the effects of unusuai bathymetry cannot be accounted fou oniy relatively simpie
flow fieids can be accommodated; and the influences of compiex shorelines can oniy be
crudely considered. The effects of turbulence on various iength scaies further complicates
the picture. The use of eddy diffusivii coefficients, which crudeiy describe compiex flows,
does not provide good near-fieid predictive capability. Finite eiement modeis, with their
variabie gridding capabilities, wili heip in future efforts.

Near-fieid predictive capability is relatively good very near to a discharge or
sediment dump iocation (i.e., before the fuii effects of the turbulent flow field occur). W~hin
even a few hundred meters of a discharge, the abiiity to predict concentrations within an
order of magnitude at any particular iocation  becomes iimited. However, if average
concentrations are considered within bounded regions increasing in size with increasing
distance from the discharge, predictive capability is improved.

4.5.2 Far-Field Dispersion

Testing of far-fieid predictive capabilities of dispersion modeis has been
hampered by numerous difficulties, inciuding the need for iarge numbers of measurements
over iarge spatiai and temporai scaies. Piumes of suspended materiai originating from
human activii have not been generated on iarge scaies for the purposes of testing
dispersion modeis. The effects of iarge-scaie  naturai phenomena such as continental rivers,
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oceanic rivers (e.g., Gulf Stream), and other mixing processes have been extensively
studied, and provide better source material for empirical far-field studies. In these cases,
natural tracers are fallowed. Examples are given in GESAMP (1986), where oceanic-scale
mwiels are considered.

Far-field predictive capabilities of sediment transport models are thus rather
poor, with the predictive capability simply degrading with distance. What is considered
far-field depends upon the context. For typical regional water quality concerns, distances
exceeding about 15 km are clearly considered far-field. At such distances, with presentday
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 source will have to be undertaken with
considerable caution if reasonable expectations for measurement and compliance are to
be met.

4.5.3 Model Selection for Applied Studies

The current pressing need for easy-to-use models which may be applied to reai-
world problems of plume dispersion and transporI incident to marine mining is adequately
met only by the USACE models, now collectively called “the ADDAMS family”. As discussed
previously, these models have been recently upgraded with a user-friendly interface, and
are available on floppy disk for use on PC-class computers. These models are appropriate
for the kinds of plumes generated by the dumping of dredged material from a mining
operation. Their underlying code deals with near-field effects especially well, including initial
dumping effects, dynamic collapse, gravitational effects, and so on. Far-field effects, which
are generally much harder to account for, are also addressed in the context of such
plumes, but are less accurate. These far-field effects continue to undergo mathematical
refinement in the ADDAMS models. It is noteworthy that these models are finited”fierence
models, and are intrinsically less powerful than finite-element models have the potential to
be.

The finite-element models stemming from the work of Ariathurai  are more
powerful in principJe, but are harder to apply, requiring more detailed knowledge of the site,
but may provide greater descriptive accuracy under real-world conditions. The model
called Sediment II is particulady applicable to sediment-transport problems such as those
which arise in river flow situations. To our knowledge, these finite element models have not
been packaged with any convenient user-friendly interface, and are not available for general
distribution as are the ADDAMS models.

Far-field models discussed in the appendix sections of GESAMP (1986) may
be particularly useful for solving large-scale, far-field problems. These models are presented
there in skeletal form, and would require computer coding to be applicable; that is, they are
not ready off-the-shelf for easy application. Nonetheless, they may be useful when
considering oceanic-scale problems. They include parameters for the decay of
concentration of suspended materials, which more accurately model some real processes
than the other models mentioned above.
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The continued development and testing of mathematical models, especially
those for suspended sediment and dispersion problems, developed with the use of
finitedifference and finite-element modeling methods will improve predictive capabilities.
Eventually, perhaps, reasonable predictions can be made for certain classes of materials
at scales of regional concern.

4.6 Air Quality Modeling for OCS Mining

4.6.1 Analysis

Because of the wide variety of OCS areas under consideration, an analysis was
conducted by the MMS (USDOI,  MMS 1991) to assess the onshore impacts from a typical
vessel that could be used to carry out mining activities regulated by these rules. A
meteorological database was used that included predominately onshore wind flow and
frequently stable atmospheric conditions. These factors would lead to predicted impacts
that would define the upper limit of expected impacts from future activities regulated by
these rules. The location of the hypothetical mining operation analyzed was 32 km from
the reference coastline, an assumption which was considered conservative and would lead
to higher than expected predicted impacts.

Atypical vessel used for the mining of minerals on the OCS maybe equipped
with diesel engines. These engines produce all the criteria air pollutants: nitrogen oxides
(NO,), sulfur dioxide (S02), total suspended particulate (TSP) or dust particles, carbon
monoxide (CO), and hydrocarbons (HC). The pollutant emitted in the largest quantity is
NOX.

There are two classes of air pollutants that were assessed. The first class is the
inert or non-reactive pollutants: NO,, S02, CO, and TSP. The analysis for these pollutants
was conducted using the Offshore and Coastal Dispersion (OCD) air quality model
approved for use in these analyses by both the MMS and EPA.

The second class of pollutants is the reactive pollutant HC, which in the
atmosphere participates in the formation of ozone. Though NOX also participates in the
formation of ozone, it is not regulated as a reactive pollutant because it setves as both a
precursor and a scavenger of ozone in the atmosphere. Because no air quality model
exists which is capable of assessing the impact from a single operation on onshore ozone
concentrations, the analysis of the impacts consists of a comparison of the expected HC
emissions to an allowable emission level calculated by using the expected distance of the
operation in the following equation: E = 33.3D; where E is the allowable HC emissions, in
tons per year, for the operation and D is the distance, in miles, of the operation from shore.

The typical vessel modeled under this scenario was equipped with eight diesel
engines with a total power capacity of 20,000 HP. The emission rate for each engine, by
pollutant, was as follows NOX, 13.8 g/Hp-h; S02, 0.7 g/Hp-h; CO, 1.4 g/Hp-h;
TSP, 1.1 g/Hp-h; and HC, 0.3 g/Hph. Because the emissions of NOX were the highest,
its emission rate was used in the analysis and the results were presented for this pollutant.
The results are applicable to the other pollutants and can be linearly scaled downward
according to the reduced emission level for a particular pollutant.
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4.6.2 Resutts

The results of the modeling exercise for the inert pollutants predicted that the
maximum annual and short-term impacts from a typical  vessel located 32 km from shore
were less than 5°A of any of the National Ambient Air Quality Standards. In most cases, the
impacts would be less than 1%. The typical HC emissions were less than 10% of the
allowable emissions level for this typical operation. These predicted impacts would be in
excess of the USDOI significance levels applicable to oil and gas activities but would be
reducd by the installation of Best Available Control Technology (BACT) required of similar
oil and gas sources which exceed the significance levels. The resulting impacts after the
installation of BACT would still be slightly above the USDOI significance levels for the
hypothetical activii  analyzed.

Site-specific analyses will be needed as specific projects are considered. The
MMS analysis (USDOI, MMS 1991) indicates that few marine mining projects, if any, will
significantly increase onshore pollutant concentrations in areas adjacent to the OCS.
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CHAPTER 5 DATA GAPS, RESEARCH NEEDS, AND
RECOMMENDATIONS

Based on the results of envkonmental studies that have been described in
previous chapters, this chapter focuses on the gaps still apparent in the data and
information available from the published literature. Research needs and recommendations
for further work designed to fill those data gaps, including field studies, are presentad.

5.1 Environmental Considerations

There are significant data gaps in the U.S. knowledge base, as indicated by the
literature, in the following areas:

(1) Water quality modeling of 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) The 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) The effects 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 activffies.

Other less significant areas of concern that may not yet have been adequately
addressed by research activities are discussed under the respective headings of air quality,
water quality, biological resources, geological resources, and socioeconomic concerns.

5.1.1 Air Quality

Based upon all the available information used for this study, it is clear that the
effects of marine mining on air quality will be minimal. Assessments made for the existing
environmental impact studies are quite adequate and, in many cases, overstated. Air
quality effects from metallurgical processing can be very significant, but these are also so
site-specific and technology-specific as to be nearly impossible to assess in a generic
sense.

Recommendation: Additional research on the effects of marine mining on
air quality should not be seriously pursued.
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5.1.2 Water QuaIii

The effects of mining operations on water quality are generally the most
important for marine mining and have received significant research support. A significant
gap still remains, however, between the mathematical modeling of these effects and their
actual field measurement. Of particular concern in this area is the treatment of the
fine-grained materials in discharge plume modeling. In general, researchers who develop
models have not found straightfonvard  mathematical means for dealing with the
complicated phenomena such as coagulation, flocculation, adsorption, and interactions with
filter-feeding biota. Field studies also reveal perpetual problems in relating measurements
of turbidity to actual concentmtions of fine materials. Fine-grained  materials are the primary
contributors to turbidity and do not settle out in reasonable times by gravity alone.

The major consequence of these shortcomings is unrealistic predictions of
discharge plume size and persistence in the water column. Because most models lack
representation of the real mechanisms which efficiently remove fine-grained  materials from
the oceans, they predict continual build-up of these materials and much larger sediment
plumes than are observed infield verification studies. This shortcoming is often realized by
the developer of the model, but it is usually justified as being a conservative assumption.

Recommendation: Marine mining operations could benefii greatly from
research which uses combined modeling and field
work to deal directly with this problem, substituting
empirical calibrations when necessary to produce
reproducible and believable model predictions.

5.1.3 Geological Resources

There are many knowiedge gaps with regard to morphological changes due to
the excavation of sulfides from the deep seabed. In light of the many other unknowns, it
is not a major concern at this time. Substrate alteration is considered a biological problem.
The creation of holes and mounds in the shelf and coastal regions as a result of mining
operations can cause significant environmental effects. This information is transferable from
different geographic areas more assuredly than biological data. The number of offshore
operations is so limited that it is conceivable to consider a global database, including
existing marine mining operations anywhere in the world, from which environmental data
from actual operations can be acquired. There are regional organizations such as the
South Pacific Applied Geoscience Commission (SOPAC), the Committee for Coordination
of Joint Prospecting for Mineral Resources in Asian Offshore Areas (CCOP) in Asia, the
South Pacific Regional Environment Program (SPREP), the North Atlantic Treaty
Organization (NATO), and the United Nations Global Seas Program which would be ideal
vehicles for cooperation in these activities. Because of the tailings problems from the
Reserve Mining operation on Lake Superior, discharges from onshore mines into coastal
“waters are not acceptable in the U.S. Such discharges are still prevalent elsewhere,
however, and may be significant on a global basis. The data will in most cases be transfer-
able to other sites in the U.S. Information on monitoring techniques and the effects of these
activities would be invaluable.
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Characterization of carbonate aggregates in tropical island environments is an
area of increasing importance with many unknowns. Although depostts of reefderived
carbonate sands may be small compard  to continentaliyderiied deposits, usually of
silicates, they are becoming increasingly impottant to island communities where land use
conflicts, environmental regulations, and scarcity of land deposits restrict the supplies of
these resources. Characterization and assessment of these deposits, and the environmental
effects of their development, are needed in many areas throughout the Pacific and
Caribbean island communities to provide new sources of materiils for beach repfenishment
and industrial aggregates.

Recommendation: Efforts should be made to develop a global database
on the effects of marine mining on the environment,
utilizing field data from current operations throughout
the world. The field work would ideally be carried out
in cooperation with appropriate regional environmental
bodies and would involve U.S. participation as
working partners rather than as observers or mentors.
Continued research efforts should be directed at the
technology for fast, accurate, and simple
characterization and assessment of reefderived
carbonate sands in U.S. associated tropical island
areas.

5.1.4 Biological Concerns

The deep sea benthos  is a major part of the marine ecosystem. For most
categories of marine life, environmental assessments of potent”d effects of mining are
properly carried out as the mining operation develops and after its major characteristics are
well defined. The clear exception to this sequence of events is the benthic  life of deep
seabed areas with potentially commercial minerals such as cobalt crusts, manganese
nodules, and mass”we sulfdes. Preliminary studies suggest that recolonization rates for
some deep seabed benthic  habtiats can be hundreds to thousands of years, and the
general paucity of information about these ecosystems makes even the most rudimentary
assessment efforts dubious.

Long-term, relatively inexpensive research is needed to address basic questions
of species succession, recolonization rates, and relationships to other ecosystems. Some
internationally sponsored efforts in this area are currently active for manganese nodule
deposits, but no work is being done to address these issues for manganese crusts or
massive sulfides. If this work is delayed until commercial development is ongoing, there
may not be time to acquire sufficient information for confdent prediction of effects. If
added to mineral characterization or general geological studies of these deposit types, such
research could be conducted very tilciently.
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Recommendation: Research efforts should be directed towards
characterization of deep seabed ecosystems in
mineralized areas within the EEZS of the U.S. and
associated entities. Long-term research efforts should
be established to address specific biological questions
of species succession, recolonization rates, and
relationships between adjacent ecosystems in areas
of crusts and sulfiies within the U.S. EEZ.

5.1.4.1 Large Marine Ecosystems

Most marine mining operations are overseas, but it appears that, through an
ecosystems approach, it maybe possible to transfer useful information from one part of the
world to another. LMEs are relatively large areas of 200,000 kmz or more and are typically
located in waters adjacent to land masses which encompass the areas under greatest
stress from over-exploitation, pollution, and habitat alteration. Taking the ecosystems
approach to understand ocean problems highlights the interrelationships within the systems
and encourages cooperative dialogues across traditional disciplinary boundaries (Knauss
1991 ). The approach recognizes the interrelationships of systems within natural boundaries,
rather than institutional or legal boundaries and may be relevant in transferring information
on a global basis between widely separated, but similar, ecosystems. Major biological risks
have been recognized on a broad scale such as predation, habitat alteration, and pollution,
with others as yet unrecognized (Figure 5.1). Key elements of the system are described
in Table 5.1 and Figure 5.2.

Recommendation: Research efforts should continue or accelerate in a
cooperative approach to environmental studies
through the concept of LMEs and should inject into
that program the knowfedge of minerals development
in those areas where the MMS has access to a unique
base of expertise.

5.1.5 Socioeconomic Concerns

There are serious gaps in terms of public understanding of minerals
development activities in the oceans, as well as on land. A co-founder of Greenpeace is
quoted as saying “It doesn’t matter what is true, it only matters what people believe is true.
You are what the media defines you to be...” (Haywood  1991). There are many examples
in the literature of what appear to be public misconceptions, including perceptions that
(1) mining activities are equivalent to maintenance dredging activities in terms of volumes
of material dredged, effects of dumping at sea, and the content of toxic materials;
(2) oxides from cobalt crusts and sulfides from hydrothermal deposits are chemically the
same in terms of potential pollutant emissions; and (3) discharges from mining operations
are equivalent to, or potentially more harmful than, benthic discharges from hydrothermal
vents, volcanoes, or perturbations from storms.

1.
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1 OYASHIO  CURRENT ECOSYSTEM (01
2 KUROSHIO CURRENT ECOSYSTEM (0)
3 YELLOW SEA ECOSYSTEM (X]

4 GULF OF THAIIANO  ECOSYSTEM (X)
5 GREAT BARRIER REEF ECOSYSTEM (X]

6 TASMAN  SEA ECOSYSTEM (+)
7 INSULAR PACIFIC ECOSYSTEM (+)

8 “ EAST BERING SEA ECOSYSTEM (+)
9 GULF OF AIASKA ECOSYSTEM (+)

10 CALIFORNIA CURRENT ECOSYSTEM (O]
11 HUMBOLDT CURRENT ECOSYSTEM (0)
12 ANTARCTIC ECOSYSTEM [+)
13 GULF OF MEXICO ECOSYSTEM (+)
14 SOUTHEAST CONTINENTAL SHELF

ECOSYSTEM (+)
15 NORTHEAST CONTINENTAL SHELF

ECOSYSTEM (X]
16 EAST GREENLAND SEA ECOSYSTEM (+)
17 BARENTS  SEA ECOSYSTEM (0)
18 BALTIC SEA ECOSYSTEM (P)
19 NORTH SEA ECOSYSTEM (+)
20 IBERIAN  COASTAL ECOSYSTEM (0)
21 GULF OF GUIN6A ECOSYSTEM (+)
22 BENGUELA  CURRENT ECOSYSTEM (0)

I

*

Figure 5.1 Predominant variables influencing changes in fish species biomass in large
marine ecosystems. Predominant variables include predation (X),
environment (0), pollution (P), and inconclusive information (+) (From:
Sherman 1991 ).

247



Svatial Temooral Unit

1. Spatial-temporal scales
1.1 Global (world ocean) Millennia-decadal Pelagic biogeographic
1.2 Regional (exclusive economic zones) Decadal-seasonal
1.3 Local

Large marine ecosystems
Seasonal-daily Subsystems

2. Research elements
2.1 Spawning strategies
2.2 Feeding StrZtCgiCS

2.3 Productivity, trophodynamics
2.4 Stock fluctuations, recruitrnen~  mortality
2.5 Nattmd variability (hydrography, currents, water masses, weather)
2.6 ~Iwt+ perturbations (fishing, waste disposal, pctrogenic  hydrocarbon impacts, aerosol contaminants, eutrophication

3. Management elements-options rmd advice-irsternationai, nation~ local
3.1 Biwtwirorsmcntal and socioeconomic models
3.2 Management to optimize fisheries yields

4. Feedback bop
4.1 Evaluation of ecosystem status
4.2 Evacuation of fisheries status
4.3 Evaluation of management practices

Table 5,1. Key spatial and temporal scales and principal elements of a systems approach to the research and management Of large
marine ecosystems (From: Sherman 1991 ).
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Figure 5.2 Research objectives and tasks in the Ecosystem Processes Program Element of the Northeastern California Current
Ecosystem study plan (From: Sherman 1991 ).



Recommendation:

5.2 Mitigation Measures

Substantive txinciples

Research efforts should continue to be based on a
philosophy that emphasizes the sustainable
development concept of mineral resources, placing
environmental issues up front. Specific research
efforts could be directed to controversial issues which
can be resolved by the presentation of facts drawn
from field examination. This research would interface
closely with the use and development of a global
database. In terms of dealing with industrial or
commercial interests which may be conflicting (e.g.,
fishing and recreation), the commendable task force
approach employed by the MMS would provide
appropriate guidance for the research.

for resolvina marine use conflicts have not been
developed by the courts under the public trust do~trine. Related judicial approaches legally
separating exploration rights from development rights aids the resolution of marine use
management conflicts significantly, according to Hildreth (1989). These legal approaches
to mitigation are of concern to the MMS and should be considered appropriately.

[n most cases, it is not some perceived damage to the environment that must
be mitigated, but the public’s perception of damage based on misconceptions of the
possible outcomes. The Precautionary Principle, which requires that proof of no negative
effect is needed before any action is taken, is almost instinctively applied at the local level.
The gathering of facts and the formulation of clear explanatory texts are an essential part
of the mitigation process.

Aiso needed are good inter-industry relations between fishermen and miners
to allow fishing of dredging grounds and to develop controlled dredging seasons, if
necessary. Improved forward planning of resource information by miners will allow realistic
time scales for environmental assessment.

Financial incentives are a powerful tool to effect mitigation by persons involved
in supporting and opposing operations which might occur in their area of personal interest.
Some examples include use of a unit tax deductible award for attendance at planning or
scoping meetings, or for development of appropriate suggestions for mitigation. Other
examples include free workshops as a forum for discussions between protagonists in
conflict of interest scenarios, and serious analytical studies of the many available options.
Very early involvement at the local level is an essential part of such activities and may
obviate the later cost of lawsuits and other legal and costly aggravations.

5.3 Predictive Models

As outlined in Chapter 4, extensive mathematical and computer programming
effofts have been made to predict the dispers”we  behavior of discharged materials in marine
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environments. Adequate mathematical and computer-based tools are available.
Unfortunately at this time, sufficient field efforts have not been completed to confkm these
tools and to adequately discriminate among them.

5.4 Recommended Priorities

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

There appears to be a major gap in field environmental research directed to
actual mining operations. Some opportunities to acquire unique data have been lost as
offshore operations shut down or other countries (e.g., Thailand) tighten their environmental
quality regulations. There is still a substantial opportunity, however, to direct environmental
research efforts in a manner which focuses on real problems of the minerals industry
working in the oceans. Such work has been initiated by the MMS in ongoing benthic
repopulation field studies to evaluate the impacts of offshore dredging activities (B. S.
Drucker, 1992, personal communication, USDOI, MMS). It is recommended that this and
similar studies, together with dispersion model verification, be given the highest priority.

Understanding of marine biological systems and their responses to stresses
induced by marine mining operations is still very close to the bottom of the learning curve.
The work already done in other countries should be carefully analyzed, and cooperative
field programs should be initiated to monitor active marine mining operations. Prime
examples include tin operations in Thailand and Indonesia; sand and gravel operations in
Japan and the U. K.; diamond operations offshore Namibia; and beach or nearshore placer
operations in India and Australia. Such an approach will benefii  U.S. relationships with
other governments which are also under pressure to implement the new worid order of
sustainable development. With adequate analyses, it should be possible to prepare strong
justification for funding this type of work even in a competitive arena. Funding justifications
include (1) it is critical research; (2) it is low cost compared to the information to be
acquired; and (3) the nature of the information makes it admirably exchangeable for
goodwill and more valuable than many overseas assistance programs because it involves
cooperative work in the field. Some initial activities might be carried out using in-country
monetary credits.

The involvement of local interests in proposed marine minerals activiiiesthrough
regional task forces should continue to be given the highest priority.

The encouragement for minerals development mandated under the Mining and
Minerals Policy Act of 1976 gives strong justification for the support of research which might
directly influence government policy allowing for financial incentives to the general public
for involvement in marine minerals planning and operations. This effort is deemed to be
less pressing at this time, but would form part of a long-term research plan.
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It is considered an important part of any research plan to guard against
pressures to expend limited resources in research areas not directly related to marine
mining operations. For example, detaiied studies of the migratory patterns of birds that
might pass through or near a mining area should be left to some other organization with
objectives more in line with such studies. There are many such examples.

The authors concur with the conclusions of the Office of Technology
Assessment that a compendium of availabie studies and the data produced on both shaliow
and deep water environments is needed. A great deal of research on environmentai effects
of activities in offshore areas performed by government agencies and other institutions has
never appeared in peer-reviewed literature. These studies, for which the combined research
budgets represent hundreds of miiiions of dollars, must be useful in describing both the
altered and unaitered offshore environment and may be directiy applicable to proposed
mining scenarios. Such data collection could not be duplicated by the private and
academic sectors in this century and new research effotts would benefii from easy access
to this wealth of information. The needs and the information available go beyond this
present compilation and would be of a high priorii  in the establishment of an appropriate
giobal database.
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CHAPTER 6 SUMMARY AND CONCLUSIONS

The primary objective of the study, to survey 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 is
anticipated 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, has been met with the development of this document. The document
addresses the literature from several points of view, including environmental considerations,
viable mitigation measures, predictive models, and data gaps, research newis, and
recommendations.

In Chapter 2, Environmental Considerations, the state of knowfedge regarding
the environmental effects of marine mining is discussed and evaluated. Discussions
address: (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
addresses the information on environmental effects under the categories of air quality, water
quality, and geological, biological, and socioeconomic resources.

Mineral resources have been 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 have been 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 is discussed separately with
emphasis on the nature and distribution of the deposits.

The technical aspects of marine mining in the environments of the deep ocean,
continental shelf, coastal zone, and onshore are discussed in detail in Section 2.2. The
environments of the continental shelf and the deep ocean are both found in the U.S. EEZ
and managed by the MMS.

The “mining indust~  referred to in the study generally encompasses
companies whose activities are directed to 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 weil founded.
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It is still earty to generalize about marine mining technology and the
environment. Examination of each activii  on a ‘case-by-case” basis appears to be 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 variations of these
technologies. The specfics of each marine mining method are summarized in Table 6.1.

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
specifically marine ores such as manganese nodules and crusts. Some industrial materials
such as specialty sands may require washing to remove salt water, but for the most part,
marine ores do not othetwise differ from those on land and use conventional methods of
treatment.

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 the
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 have been cited and discussed, rather than speculative
methods. The geographic extent of the environments under consideration in this analysis
is global, even if the U.S. EEZ is the only region for which a particular mining operation or
environmental effect is documented. The descriptive material has been directed to areas
selected by the authors as being representative of possible future mine sites. Examples
from areas outside of the U.S. are commonly used, including southeast Asia, Europe, and
the Pacific Basin.

The nature of the available and salient literature acquired during this study is
discussed in Section 2.4. The genecal  nature of its content has been 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 specfic; 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, f30% applied
to deep ocean oxides and hydrothermal deposits. Needy 50°4 of the sources reviewed
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Operational Method and Description Comments
Systems

SCRAPING

Convenllonal Shallow Water Systems

Dragline Dredge Material recovered by large dredge Usad in ottshore mining, deep seabed sampling, and construction. Use has been
buckets that scrape it from the advocated for the recovery of deep seabed nodules and slabs of phosphorites.
surface of the deposit and feed it Annual production of phosphorite  from an OCS mine could be on the order of
into barges for transport to shore. 360,030 metric tons, or roughly 13S,000 m’ of ore.

Trailing Suction Hopper Dredge employs a pump to draw a Usad primarily for maintaining harbor channels, as well as extensive use in the
Dredge slurry of bottom water and sediment mining of sand and gravel in water depths of up to 36 m in the North and Baltic

into a riser or pipe leading to a Seas. New vessels are designed to extend mining capability to depths of 45 m.
surface mining vessel. Volume of material that may be mined includes the sum of the marketable material,

the fraction to be rejected, and the overburden initially stripped away. Use of sand
and gravel as construction material requires stringent measures be taken to avoid
mining any clay layers due to potential contamination.

Tested Deep Water Syatemrx

Hydraulic Systems Hydraulic miners use airlift or Towed mining devices (or passive systems) pick up nodules via tines at the front of
hydraufic  lift with towed or the miner; nodules are fad into the suction pipe by conveyor belt or by the forward
self-propelled collectors. movement of the device. Separation of the fine sediment is accomplished

automatically by the screening effect of the fines and use of a screen on the fitting
part of the miner. Active or self-propelled miners are more comptex  and may be
fitted with separate propulsion, navigation, nodule pickup, and crushing systems.
Important factors include precision of mining track, separation of nodules from
sediments, and discharge of suspendad solids.

Continuous Lfrre Bucket (CLB) Original CLB systems used one CLB  system has been tested for possible future use in recovering manganese
System ship, with empty buckets going nodules and proposed for mining phosphorite nodules and slabs and cobalt crusts.

down from the stern, and partially fn a one-ship system, the distance between the downward-moving and the upward-
fillad  buckets coming in at the bow. moving parts of the loop of the rope is dependent on the length of the ship.
A two-ship system has been Entanglement can be avoidd by achieving an optimum combination of ship speed
designed tiere the empty buckets and the length of the line or by the use of hydrodynamic deflectors. The optimum
go down to the seabed from one combination may be disturbd  by various other factors, including the nature of the
ship and are brought to the ocean’s seabed, underwater currents, variations in the ship’s course because of weather
surface at a nearby sister ship. heading, or bad weather conditions. For two-ship sysfems, the distance between the

descending and ascending parts of the loop and Ihe curve of the loop can be
influenced by the relative positioning of the two ships,

able 6.1. Summary of various marine mining technologies.



Operational Method and Description Comments
Systems

Speculative Deep Water System*

Modular Mining System

Crust Miner

An autonomous collector vehicle
would be launched with ballast
material such that the weight in
water of the ballast is equal to the
weight in water of the nodules to be
collected.

Proposed systems would be
capable of breaking and removing
the thin manganese oxide crusts
from the underlying rock and
bading  it to a hydraulic lift system
through hydrocyclones to separate
entrapped substrate.

The collector is designed to have sufficient buoyancy so that the vehicle is
weightless in water. Thus, in descent, thrusters propef the unit down steadily against
hydrodynamic resistance alone, On the bottom, the collector is propeflad  over the
bottom, and as collection proceeds, ballast materiaf is simultaneously ejected on an
aquaf weight-in-water basis. In this manner, a small net weight in water of the
collector is maintained. Mining is terminated shortly before ballast materiaf ejection.
Eallast materiaf  ejection is continued until the weight of the vehicle is zero or sfighffy
negative. Ftnally,  the vehicle is propelled by thrusters to the surface, docked with
the surface ship, unloaded, serviced, and m-ballasted  for a new mining cycle. In
theory, very little onboard power is required to collect the nodules because the major
source of energy is the potential energy of the ballast material. The operating
principle of this system is illustrated in United Nations (1964), Processed taifings
have been suggested for use as ballast. Advantage might be taken of ambient

currents to propef the vehicle Similarly to a sailplane or gfider.

Recent interest in manganese oxide crusts containing relatively high vafuaa  of cobalt
and pfatinum  has lad to proposals to develop the deposits. The mangan~e  crusts
vary in thickness from mere stains to layers as much as 40 cm thick, and cover a
variety of substrate rocks ranging from hard basaft to weak hyaloclastite. The
physical properties of the crusts are similar to a hard coal, and they occur
extensively in the Pacific on seamounts  and submarine ridges at depths between
WCr and 2,4tXI m. Mining systems proposed for this work include a vessel equipped
with hydraulic lift systems and active bottom miners (Halkyard  and Felix 19tlfi
USDOf,  MMS and Ht.  DBED 1990). The roughfy  cleaned ore woufd be pumped to
the surface vassaf  for further cleaning and transport to shore, lhe mining machine
would provide ifs own propulsion and travel at a spaed of approximatefy 20 cm/s.
The miner woufd  have articulating cutting devices which woufd alfow the crust to be
fragmented w+dfe minimizing the amount of substrate collected. Behind the cutter
heads, a series of paralfef  pickup devices would be positioned, consisting of either
articulated hydraufic  suction heads or a mechanical scraper/rake device.
Approximatefy 95% of the fragmented material would be picked up and processed
through a gravity separator prior to fiffing,  Under normaf operefions,  the mining ship
and the miner woufd  folfow  a coordinakf  track following bottom contour fines.
System spaad and/or pipe length would have to be altered to accommodate
changes in depth over approximately 100 m, Steering of the miner would be used
to maneuver around obstacles, over areas of parficufarly high abundance, or around
a previously mined swath,

Table 6.1. (Continued).



Operational Method and Description
Systems

Comments

EXCAVATING

Conventional:

Clamshell Bucket Clamshell buckets are mechanically Clamshell buckets have been used offshore to mine sand and gravel in Japan and
actuated to bite into the seabed and tin in Thailand, and to sample phosphorite off New Zealand. The need for multiple
remove material. cables to actuate the grabs can cause complications, particularly in heavy seas

where wave compensating devices may also be needed. The clamshell is best
suited for excavation of large-size granular material where accuracy of positioning
and cleanup is not important; this system is inefficient in clearing bedrock of fine
materials. The size of buckels may range from a few cubIc meters to as much as
7.6 m’.

Bucket Ladder Dredge The bucket ladder consists of a The bucket ladder dredge is most efficient for excavation of deposits containing
chain of closely connected digging boulders, clay, and/or tree stumps and weathered bedrock, Dredges of this type
buckets mounted over a heavy have been used successfully all over the world for mining gold, tin, and platinum

supporting arm or ladder. placers and diamond deposits; offshore use has been limited to gold and tin. They
are frequently used for clearing harbors because of their capability for digging into
broken rock and coral. This system delivers a virtually water-free product to the
mineral dressing plant onboard the dredge. Discharge of water from shipboard
operations is limited to that needed to concentrate valuable constituents (i.e., use of
flowing water to remove the less dense materials). In the case of gold, the bulk of
concentrate recovered is only a few parts per million; virtually all the material
removed from the deposit is returned to the seabed. Turbulence accompanies these
operations, which may involve the annual movement of up to 4.9 million m’. Bucket
ladder dredges are timited  to 45 m water depths, rarely operating at depths over
20 m.

Bucket Wheel Suction Dredge Bucket wheel dredges use a Advantages of this system include very high torque or digging power available for
small-diameter bucket wheel aPPficahon 10 the wheel, delivering the excavated material directly into the mouth of
mounted on the suction ladder to a suction pipe for transpori to the surface. Digging capability is equal to that of the
excavate material, combining the bucket ladder dredge with respect to ease of digging and bucket capaci~,  the depth
best aspects of the bucket ladder capability using submerged pumps is nearly unlimited. A combination of concurrent
and suction dredges. digging and suction at the seabed allows for vessel treatment or transport to shore.

Table 6.1. (Continued).



Operational Method and Oeecription Comments
Systems

Stationary Suction Dredge Operates under similar principles as Anchored suction dredges are widely used in Japan (i.e., mining sand and gravel) at
other  suction dredges. depths less than 30 m, Current designs will extend depth Iimita  to 2(XI m (Tsurusaki

et al, 19B8).  An anchored suction dredge has also been tested for mining
metalliferous  muds at a depth of 2,0Gu m in the Red Sea (Fletcher and Mustaffi
1960). Stationary, or anchors-d, suction dredges are used extensively in Britain,

although most vessels built since 1960 are trailing suction dredgea. Anchored
suction dredges leave deep pits in the seabed.

Culterhead Suction Dredge This method uses a rotating Typically, cufferhead  suction dredges are used to excavate fairly compacted,
cutferhead which is usually granular materials in water less than S!)  m deep. In standard practice, the dredge is
comprised of an open basket with swung back and forth in an arc pivoted from a large post or spud attached to the
hardened teeth or cuffing edges. stern. The dredge butterhead cuts downward a short distance with each swing.
The end of the suction pipe is Because the cutter rotates in one direction only, the bite is much stronger on one
normally located within the basket. swing than the other. In mining for heavy mineral sands, the action of the cutter

tends to disintegrate the material, allowing heavy minerafs to separate, fall below the
cut, and be left on the seabed. Cutter suction dredges have been used successfully
for mining cassiterite  (tin placers). Suction dredges circulate large quantities of
slurry, creating a significant discharge of water containing fine particulate materials.
Treatment of the decanted solids may be unnecessary for construction sands and
gravel but may be required for heavy minerals. The valuable constituent or
concentrate from these ores will rarely amount to more than a few percent of the
materials mined. The cufferhead suction dredge may also be equipped with a
multi-blade ripper to cut into moderately consolidated rock. Present use is limited to
the excavation of soft rock, such as coal and shale. However, advances in rapid
tunneling technology suggest that rock cufferheads  could be designed for medium
strength rocks, such as sandstone and limestone (Hignetf  and Banks 1964).

Drilling and Blasting Involves the use of explosives to Blasting operations are designed to expand as much force as possible on
fracture a formation; subsequent fragmenting the ore so water column effects are much lower than those for
retrieval of the mineral resource equivalent, unconfined explosions from which most avaifable  data have been
requires one of the methods noted derived. With respect to the possibility of mining deep seabed deposits that require
above. fragmentation, many more aspects need to be examined. Technically acceptable

means of drilling and fragmenting hard rock in deep water have not yet been
developed, However, methods of gathering and lifting the fragmented material may
be assumed to be similar to the methods developed for deep seabed nodule mining.

Table 6.1. (Continued).
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Operational Method and Oe.scription
Systems

Comments

TUNNELING Conventional underground mining Sub-seabed deposits of bedded coal, ironstone, potash, and veins of copper, lead,
methods involve tunneling troma and tin have been mined byconvenfional  underground methods. Entry to these
surface entrance or a shaft and mines is either from the shore or from natural or artificial islands in shallow waters.
workhg  the mine in an The location of the mines in the seabad only slightly adds to conventional problems
unpressurized environment. of access, safe overhead cover, and ventilation. The effect on the environment is

similar to that for anyshoreside mine. ThepossibWyotde  veloplngunde rground
access through seabed airlocks has been considered for special casee (Austin
1967).

FLUIDIZING

Fluidizing (Slurries) This mining methods entails drilling Under proper conditions, certain types of unconsolidated or marginally consolidated
of a borehole  10 the base of the ore, mineral deposits may be mined as a fluid slurry through drillholes  penetrating the
then applying a means through the seabed (e. g., sand, phosphorite). Sub-seabed sand was mined in this way in
borehole to granulate or fluidize  the shallow waters offshore Japan in 1974 (Padan 1983), and recent onshore
resource. The slurry is recovered experiments in Florida proved thecapabllity of this approach in recovering
through the borehole, creating a phosphate from beneath thick overburden (Savanick  1%5).  This sYstem  was
waterfilled cavity which may be determined to becheaper  than conventional land mining systems ifthe overburden
backfilled with waste material. is at least 45 m thick (Hrabik and Godesky 1985). Similar experiments conducted ofl

Georgia (Druckeret  al. 1991)  Iromananchorsd  barge confirmed the potential for
borehole  mining forphosphorite as an economically and environmentally atfracfive
alternative to dredging. In the re-soveryof  sulfur, super-heated water is pumped into
thedeposit  tome!tthe  sulfur sothatit maybe removed asafluid(Cummins  and
Given 1973).

FluId{zing (Solutlons) L&ng this method, hard rock Major unsolved problcww  are noted in dealing with toxic or corrosive solvents Used
deposits (and associated ores) in enlarging fractures to provide a flow path for the solvent through the deposit and
amenable to hydrometallurgical selectively extracting the desired metalsin complex ores. Effects of accidental
freefment  are extracted by dissolving solvent spiliswould depend on the nature of thesoivents  and thesitee affected. II
the valuable constituent in place and the soivent is water soiuble,  effects should be Iocafized because of rapid dilution and
removing the pregnant soiution the buffering capacifyof  seawater.
through a borehole.

Table 6.1. (Continued).



were office studies, while nearly 30°A were based directly on field work, and 10OA 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%). Socioeconomic and air quality
were identified in only 5°4 and c 1 YO of the resource-specific citations, respect”wely. 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, the continental shelf, the 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
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 (e.g., leaving holes, mounds, or
boulders; exposing new surfaces; or leaving garbage or lost hardware strewn about);
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 perturbations, biological resources, and socioeconomic
resources (including commercial and recreational fisheries). These aspects form the basis
of the summary discussion, but it is 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 is presented in Table 6.2.

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 is intended to make the effects of marine mining as harmless to the
environment as possible. 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
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Resource and
Environment Significant Findings Salient References*

AIR tlfAUTY Emissions of gaseous or pdculate matter to the atmosphere are of greatest potential concern. Principle USDOI, MMS (1900b)
emissions are nitrous oxides and residual (reactive) organic compounds. During  exploratirm and test mining, OTEC publications
emisskms  are expected to have little effect on onshore air qualify except offshare  California where high
background polluticrn  already exists. Emissions from marina mining sources are expected to be qualitatively
and quantitatively similar to oil and gas related sources. In the deep wean,  some gases might be released
from seawater brought to the surface from the seabed via hydraulic dredging: information on this effect is

sparse, Noise from non-explosive seismic exploration activii is generally dismissad  as insignificant. In terms
of global or regional effects of marine mining, there is only limited literature an this subject. Effects are
generally examined on a site-specific level. No signifkmnt  prablems  or priority seas for research are noted.

WATER QUALfTY

Natural Effects In generaf,  the natural effects of environmental change are easily racagnizad,  Phenomena such as red tides,
me9a-Plumes  resultin9  frOm seabed hydrOihermal  activity, and storm.  or earthquake-induced slides may
result in s.&rificant  but temporary changes in water quafify.

Induced Efiects Indwed effects (e.g., turbidity, nutrient or trace metal enrichment) may result in sacondary  effects throughout
the Irophu  web.

Deep Ocean and OCS Impacts are difficult to assess. The capaciiy  for assimilation of plumes increases in clasp water, however Aumnd  and Mamcmtov  (t 982)
ofher factors (e.g., presence of a thermacline,  low velocity benfhic  currents) may prolong the effscts  of Cruickshank  et al. (1987)
plumes compared to shallow coastal waters. Effects should be examinad  on a site-specific basis, Dilution of de Grart  (1979b)
a discharge to low concentrations is rapid (i.e.. reduced to 1,000 ppm within 2 min of dischargw  to t O ppm Drinnm  and Bliss (1S88)
within t h). The affected zone typically extends 1,OrXJ  to 2,0CQ m down current. Field studies of drilling muds ECOMAR(198S)
and other discharges indicate that pollutants are rapidly reduced to background Ievals. Long-term, chronic Evana et al. (19s2)
effects of thesa  discharges have not bean observed. fdini~ discharges are subject to the same settling and Gilfikr end ffirk  (1S80)
dilution factors as oif md gas relatsd discharges. Turbtii  fmm resuspended sadimenta  may be detected Hirsch et al. (1978)
down current over many km: direct effects and indirect effects (e.g.. nutrient or trace meftd  enrichment, Middladiich  (t 98f )
increased bdogical  or chemical oxygan  demand) are limited to the immsdiate  area of operations. Petioleum Neff (1S81, f985)
spills from marine mining activities would be limited to fuels (during transfer) and tanker loss, U.S. ccmgress,  Office of

Tachnof.  Assess. (1987)
Zippin  (t 98S)

Coastal and Marine mining would affect water circulation and water quafity  proportionally to the Ievsl of activity, Large U.S. Congress. Office of
Onshore stockpiles of marine minerals or mining wastes could be usefully maintained w disposed of at convenient Technol.  Assess. (t 987)

sites near to shore  impacts from these activities can only be assessed by anafysia of sifa-spstific  conditions.
The shallaw  and confined nature of mmy caesfaf  watera makes them susceptible to perturbation or
pollutants. Turbidity is generefly rmt  considered a problam  (e.g.. sand and gravel mining operations are
discontinuaua;  depoaifs  rarely contain large amounts of silt-sized material). @ad management practices are
critical to eliminate potential impacts. A very low potential exists for release of chamicals  nermafly  assrxiated
with harbor and chmnaf  dredging (e.g., PCBS, trace metals).

Table 6.2. Summafy of environmental effects of marine mining by resources affected.



Resource ● nd
Environment Slgniffcant  Findings Sallfmt References*

Terrestrial Sites Impacts cm water quality at shoreskle  facilities are attributed to gaseous, tiiuid,  or solid waste emissions. Ellis (19S7, !9@8,  1989)
Potentiefly  serious problems include the dumping of mined tilings and processing wastes into adjacent Eltis and Hoever  (1990)
waterways. The nature of the effect will be influenced by the characteristics of the dumped material, the
nature of the  waterway, end its ccc-system.

GEOLOGICAL The primary effect is the removal of the orw  additional second.eq  effects may include alteration of the value of
RESOURCES remaining mineral resources (grade depletion) end alteration of the seabed.

Mineral Mineral deposits removed by mining result in en irretrievable transfer of the mineral from a resource base to a
consumptive use.

Other Major gaofogic  impacts of marine mining result from activities in the coesfef  zone where wave energy is a Chensrmg (1988)
prime factor. The effects of large excavations or shoaling resulting, for example, from the mining of mineral
sends will depend on location. Changes in wave or current patterns induced by altered conditions can cause
changes in shorefine  equilibrium, causing eres”wn or deposition. Possible effects from sub-seabed fracturing
using conventional or other Iype explosives are not well discussed in the literature; additional study end
observation (i.e., in offshore areas susceptible to slumping, in deep water) was suggested. Coref reef growth
may be severely affected by siltation, altering the supply of coraf  sends to adjacent beaches.

BIOLOGICAL Most bmfogical  impacts are secondary, attributed to some alteration in existing physical, chemical, or frophic Cruickshenk  et cf. (1987)
REsOURCES equilibria. Impacts in the coastal zerre have a greater tendency to be significant because of hgher energy

levels. physical changes which may induce b!dogic.sl  effects include changes in temperature, current
patterns, amount of perliculates present. nature of the substrate, end introductkm  of new habtits.  Significant
chemkef  charrgee include changes in the presence of nutrients, trece  elements, or toxics. Trophn  changes
include remevel  w alteration of ihdiiervnrs  species. Sio@ficel  impacts are the major engma  of impact
assessment. Criterii upon which s“gnitkent  bdogicaf  changes are based are typically erbtiary.
Genershzatfons  rwely  allow  meaningful pradkfion  of the effects of specific mining operaticms.  Siofogicel
studks  should  be directed on a case-by+ase  basis to respomd to spec”fi  needs. Effects of turbdity,
sedimenteti,  explosives, fight, and noke cm marine bmta  have been reviewed. other  date seurces  were
noted from deep seabed minim, OCS oil and gas, and academic research.

Birds Large oil spills which have the potential to frill numerous sea birds end shore birds are not snkipated  from USDOI. MMS (t963b,  199f)
marine mining operatbns.  Effects of small spills tend to be Ic-xrffz.d  and shori-fived.

Mammals Effects of operations may include foes of feeding areas, uptake of heavy metals, and neise.  Oil spills are not Gafee (19s2)
considered significmt  because of Ihe Icw risk. Mining activities focated  away from known mgratory  pathways Gereci  and St. Aubin  (1960)
and calving or feeding grounds are unlikely to adversely affect marine memmd  populaticms although USDOC,  NOAA (1981)
indiiiduef  trmsiant  animals near mining sites may be sterffcd or show avoidance behavior. Limited research USDOI. MMS (1983a,b)
suggests habituation to Iev+level noise.

Table 6.2. (Continue@.
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I Flora

Sensitive
Habitats

Sktniffcant Fhrdhrcts

Both adverse and beneficial impacts have been notsd. fkneficial  impacts include the attraction of fish to
offshore sfmcfures;  enhmcement  of substrate habitats by efteratkn  of the texture; enhancement of substrate
habtits by the presentation of new surface nutrienfs by mixing end replacement of the benthos;  thermal
stimulation by growth; introduction of nutrients by mixing of water messes; end enhancement of
phytopknkton  growth by increasing furbidily  in ultia  dear waters. Adverse effects indude direct lethal toxic
effects (e.g.,  ebnormaf  growth, reduced adult fecundity, behavioral changes, etc.) and disruption of
communily  ad ecosystem structure (e.g., changes in diversity and abundance via food web disruption,
c~ee in Pradatm-PreY  relatisfips,  etc.). Anelys= of potsntid impacts requires a knowledge of the
pre.oparating  populations end their neturaf cycles, allowing a dflerenfiation  between natural fluctuations and
impmt  response. Adequate knowledge of pm-operating conditions (baseline) is debatable. Difficulties arise
in the sefectfcm  of ind”katw  species. Effects of marine mining operations occur from turbidity, smothering,
and peWfente  (from mined formations). Turbtii effects may not be a concern if dilution rates are high and
sensitive communities are not proximaf to the mining site, Numerws  studies have been conducted regarding
the effects of turbidity on indgencus fauna, especially fishes. The expcsure  of Ireefleeting  organisms (e.g,,
plmklon)  to high turbidity concentrations will be Iimifad.  Turbid@  impacts from aggregate dredging
operatkns  on sensitive benlhii orgmisms  will be far less than pfacer  mining. Smothering of bottom dwelling
organisms is due to the seftfement  of suspended sediments end associated depletion of oxygen in
surrounding waters. Cord reefs and seagraes  beds are particularly sensitive. Smothering is perceived es
being of greatest concern in placer mining operations, Peflutents may affect grovdh and reproductive rates.
The effects of pollutants en the physiology of marine fauna has received only fimifed  study. Effects on marine
PhYfOpkUIkf~ are observed in response to decreased illuminakn in the Iaboratciy,  but thesa  shading effects
are not ex+wcted to be a probfem  in open waters. In the benthc%  some spscies will tikely  be more affected
fhm others because of feeding mede (filter feeders), fide habii  (surface dwellers), degree of mobility (tube
dweflare),  or transitivity of Me stage (farvaa).  Areas that may not  be able to withstand slight increases in
sedimemt deposition include coral reefs and areas used by bcdtcm  spawning fish. fn cases whare a majority
of the banthic  community has been adverssfy affected, racofcmizatkn  wilf cmcur  from populations outeida the
dkturbwf  area. Banthk cfgmisms may serve as indicators of pollutants and the structure of the  benthk
ccmmun”~  may be indicative of a stressed w disturbed environment.

Effects on flora are not regarded es a mapr concern.

In sensitive areas (e.g., Arctic waters), pardcukrly  in shallmv water, or in the deep seabeds, slow regrowth of
affected communities is expected. Ness of hydrofhermef  venting along mid-ocem  ridge crests supporl
unuwaf  benthic  colonies. Draft regulations have provided for avoidance of such environments.

Safient References’

Aurand  end Memontov  (t 982)
Bighem  et al. (19S2)
Blextar (t 960)
Chm end Anderson (1981)
Clerk (1 988)
Cressard  (1S81)
Cresserd  and Augris  (1982)
Cruickshenk  (1974a,b t 907)
Dawson  (1984)
de Groot (1979a,b)
Drinnen  end Bliss (t 986)
Ellis and Heaver (1990)
Gillie and Kirk (1900)
Glesby  (t%35)
Hanson et d. (1982)
Hirote  (19S1)
Hu (19S1)
ICES (1979)
Kawarnura  end Hara (i960)
Levin (t 964)
Lunz at al. (19S4)
Mafsumeto  (1984)
NRC (i98!Y)
IWzenmeysr  (1 970)
U.S. Army Ergineer Disfdat
(197* Cefiiornia  Department of
Fish and Game 1977)
U.S. Congress, Ofilce of
Tachnd, Assess. (1987)
United Nations (198t )
USDOC, NOAA (19r3t)
USDOI, MMS (19BSb)

Dunton  et d. (t 982)
USDOC, NOM  (198t)
USDOI, MMS (19@3a)
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Environment Significant Findings Salient References*

Threatened end Impacts were discussed under respective biotis  resource categories. Impacts are aescciatad with noise
Endangered (marine mammals, birds), accidental oil or fuel spills, end increased turbidity.
Species

SOCIAL AND Most actions resulting in environmental query are triggered on the basis of some social or economic need.
ECONOMIC Such aspects are built into the scoping process for respastive  environmental documents. The literature is
RESOURCES voluminous and scattered.

Human Resources Effects on human resources include health, employment, and infrasfrucfural  needs. For praessing  plants USDOI, MMS (1989a,b)
and mining operations ccmductsd  from platforms or seabed mining operations carried out in the hard rock,
extended periods of relative isolation create impacts on mining personnel. The social environment is
esfremely  variable and widely described. but not specifically fof marina mining, Disturbances must be
weighed against benefits. The ranking of multiple uses is potentially hghly  subjective. From a legal
perspective, nationef  laws are not adequate for many minerals and intsmationaf  laws regarding the mining of
the seafloor are still not welldefined.  In many instances, national and international laws have lagged behind
rapid social change. Several aspects have a significant effect on planning and conduct of operations,
including the exhaustible nature of mineret resources, resource conservation. and multiple uses of mineralized
areas.

Commercial and Literature from Europe is more extensive on this subject than in the U.S. Mcdern  European prospecting
Recreational

Nunny  and Chillingworth
operations cause Mtle  disturbance to the marine environment and do not interfere with other activities at sew

Fisheries
(1 986)

no format government conaultatimw  procedure exists fci a prospecting license, however, the permitting Paaho  (f 986)
process ia substantive. As a resource, standing fishery stocks are affected by various factors (e.g., turbidity, Zippin  (1988)
pollutant loading, physical disturbance). Direct effects of oil or turbdity  are Iimitwf  due to the mobilily  of fish.
Indirect effects include damage to eggs. larvae, and juveniles  sublethaf  uptake of hydrocarbons and
pollutants: loss of prey: Ioas  of habhst  and reduced reproductive success. Marine mineral activities may
interfere w“* fishing activii  and compete for space at sea and in port. Space use conflicts between
fishermen and vessel operators have cccurrad with entanglement or severing of net and trap lines.
Coordination efforts befwsan  the two industries have helped avoid most vessel conflicts. Recent research
in!erest has included assessment of the potentisf  for marine geophysical surveys to reduce matchability of fish
and damage to fish eggs and larvae. Long duraficm,  spatially concentrated use of seismic energy sources
cm disturb the spatial distribution of fish in Use water column and radme matchability. It is expected that
there has been some loss of individual income through lost catch opportunity or gear loss and increased cost
of porl space.

Regional Impacts from resource disturbance will be measurable on the economy. The extent of the ecormmic impact
Economies

Sorensen and Mead (1969)
resulting from a given action is affected by various factors A determination of a prospd’s  feasibili~ must
consider the net rate of return am the investment.

Local Economies Local econc+nies  are site-specific, driven by many factors.

Table 6.2. (Continued).
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I
Cultural Effects are particularly difficult to quantity becsuse  intangible cultural systems are nrbjact to the historical and
Resewces ccmtempwary changes induced by all human activiies. A comparison of alternatives using semi-quantitative

methods of factor anafysis might be vefid. Archeological resources may be significant and should be
protected.

Technical Major impacts on technology appear in the form of disturbance to the system due 10 materiels failure
Resources primarily effected by motion, pressure. corrosion, end biological fouling. lmpac~  On the environment are

relatively small.

* - Salient references indicate key sources; several reference Iiafings (e.g., Marine and Aquatic Fauna) have been pared, given tabular SF

Salient References’

Cruickshsnk  (1974a)

:e c o n s t r a i n t s .
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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, particularly for an industry in the eariy 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 6.3 on the basis of
resources affected.

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 has been 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
mcdels 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 still 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 bathymetty cannot be accounted foc only relatively simple
flow fields can be accommodated; and the influences of complex shorelines can only
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ReeourcrJ  and
Environment Slgnltfcant  Findings

AIR fJUALfW Air quality issues  tend to be sif+specik. Available environmental assessments of mwine  mining conclude that air qualii  effects are not
expected to be signfrrcenf  except offefxxe  Catiicrmia  Ma@r  exceptions to ths conclusion are related to prwer gana@csr end
pyromefatturgice.1  processing. Wti respect to pewer  generation, the recovery and processing of both  marine end terrestrial ores is
considered very similar. primary recovery in a marine sethg mght require mcse combustion energy tian recovery of terreatrieJ  ores,
however, subsequent marine transportation can be expected to be sgnificentfy  more efficfent  and leas polluhg thm war-lend
transportation. In mefrdlurgicsf  praessing,  the type of ore being recovered is much more important fhm  whehar or not the ore is
recovered from s marine or terrestrial deposit. Oxide ores can be expected to require more energy to process than sultide  ores processing
of sulfides may efso produce ec”d rein, whereas ox’ktes  will not. Air quehty  effects for marine mining activities in the deep eceens end OCS
are not expected to be sgniflmsnt  w to require any special m“~ation.  The site-specific nature of cosatsd  activities precludes the reasonable
evacuation of mitigation options, particularly for air quality effects. The available environmental assessments of m.wine  mining proposals
(USDOC,  NOAA 198t: USDOI,  MMS t 963a,b;  USDOI, MMS end H1. DEED 1 ~, USDOI,  MMS t 991) universally conclude that offshore
activities in coastal areas are not expected to cause significant effects on sir quality and would not require mitigatfcm  beyond existing
regulatory controls. Because tie bulk of the power consumption and air emissions for marine mining will be caused by metaflurgicel
processing, and because all currentfy  proposed marine mining ventures would require onshore processing, air qualify effects can be
expected to be most acute in this rr@rr.

WATER OUALtlV In environmental assessments of deep seebed mining (USDOC,  NOAA 1981: USDOI,  MMS and Ht. DEED 1990), the potential for mitigation
of effects from mine ship discharges have been corrsiderad in deteil.  Subsurface discharge of deep sea or OCS mine failings is a
cost-effective means of eliminating potential effects on the habitats in the surface photic  zone. Turbulence end high oxygen levels in
surface waters would ensure repid dispersal md stabilization of di$chergas:  plankton play a role in encapsulation end sedimentation of
fine-grained  materials. Significant efforts have been made, particularly in Europe and Japan, to develop coastal mining systems with
minimum generaticm  of Iurbtii  end generally minimum impacts on water quality. The area affected by plume sadimentatkm  cm be
raducad by subsurface discharge or other techniques that force the parkulate material to seffle  close to ifs swrct!  this approach also
creates a heavier accumulation of dischwge  material in a smaller area. Appropriate sedimentation pattern end appropriate disposaf
methods will depend upon h characteristics of the site, includ~  the biota  Other mitigation metheds  include (1) a system to return turbid
wafer overffow  from Ure dredge freppar to the dredge intake; (2) use of sift curtains to con~”n  the plume within a specified era (3) return
of werficrw  waste to the seaffti  (i.e., shunting): (4) closing the upper skfe of the bucket ladder on a bucket ladder dredge, reducing the
mid-water end surface Iurbdify  plume: (6) enclosing individual dredge buckets (6) application of an mti-furb~i  overlfcw  system (ATOS),
removing air bubbles from the o+wrffow  of a hopper dredg~ (7) selection of the most appropriate dredgi~  system fw the sifw
(8) imposition of daily w annual fimits  cm the quantity of dredged materiat; (9) fimiting  the number of veesefs or oparalions  in given areas;
end (t O) prohibtis  on ovarbc+wd disposal of equipment

GEOLOGICAL Geological reswrces affected include the mined material and the seabed from whch the mined material is removed. In the case of hgh
RESOURCES vafue  materiafs  (i.e., gofd  or platinum). - volume  of material removed is insgnificerd.  Lccef hydrmlynamic  cendii  end the type of

deposit being mined must be taken info account when estsbliihing  a minimum water depth for dredging in ordef fo avoid fha pe-ssibilii  of
coastal erosion. Large excava!kxw can efso lead to coastal erosion if tfw wave patterns and sediment movements are suhlciently  changed
nearshore. U.S. regulations are being developed. In Britain, coastal dredging reportedly causes no problems in water depths greeter lf-mrr
half ttw normal wave length a mcse  than  orre-fti  the Iengti of extreme waves. The use of marine mining fm send end gravel prmfuction
eliminates the scarring of onshore environments due to quarrying. Furlher, unsightly and unsafe operations with major dust  noke,  ad
frafrlc problems are allevietsd  (F~cher t S38).

able 6.3. Summary of marine mining mitigation measures by resources affected.
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Birds significant effects of marine mining activiies  on birds heve not been identified in the available Iiierature. No mitigation measures were
identified.

Marine Mammals Cc41isions  with marine mammals and efterafion  of migratory patterns (via noise in the water column) have been kfentified  as potential
effects. Coffiaion could be eliminated or significantly minimized by requiring or encouraging rrduced  boat speeds in areas of known or
suspected consentrafions  of marine mammals or sightings. Reduction of noise of the primary recovery and ore-fift operations could be
considered to mitigate the second type of effect if quanfiitive information about the  actual sensitivities of the marine mammals involved
could be determined.

Marine and Effeste on neuston,  phytoplankton,  zoopkrnkton,  fish. and otfrer  water column organisms are directiy  dependent upon water quality,
Aquatic Fauna Consideration of mitigation options for effesta  on these populations is reducad to the mitigation of water qualify effects. In the development

of deep aeabad  sulfide deposits and manganese nodule and crust deposits, several mitigation eptions are possible to minimize the effects
of mining on benthic  habitats. Mitigation methods include (1) maximizing the dispersal of suspended particles to minimize benthic
smothering; (2) mining in a discontinuous fashion, leaving smafl patches within mine sites unminwf:  and (3) exclusion of large areas which
contain potentially unique population (e.g., hydrothermal vent communities). For coastal mines. many opportunistic species can colonize
taifings:  cofonizafion  is variable from year to year and encompasses a range of different species, most of which are deposit feeders.
Problems with ongoing bottom fisheries mm  be avoided through management practices that do not allow the use of stationary dredges in
areas where bottom trawling, bottom scallop dragging, or ciem raking is normaliy practiced. In situations where exposure of silts end clays
is a concern, if may be necessary to require that the bottom portion of the layer being mined be left in place to minimize such change.
Scme form of seabed fertilization by organic sludge could facilitate reclamation of undersea tailings beds.

Sensitive Habitats For water cotumn  habitats in generef,  the repid and effective dispersive prccesses virtuefly eliminate the possibility of special, sensitive
habiite. Possible exceptions include neuston  layers, where s“wnificmt  populations of sensitive Iewae can congregate, end confined straits
end ofher waterwaya which form mgratory  pathways. Miiatbn of possible effects on these hebiits  will generally consist of avoidance
(through resfrkfkn of the acdviiee)  or through modifmaticm of the activ”tis,  such es subsurface discharges. Probably the most serkus
limitation on the evaluation end mitigation of effesfs on sens’tie habiits in deep seebed environments is a general lack of knowledge
regarding the deep see benrfms.  In neerahore  environments, materiels in the water column cm be transported downstream, affecting
coastal benthii communities. Coral reefs. mating  and spawning shoals and beaches, end serdive estuarine habtats are particularity
sens-tie:  mitigaficm  measures, if feasible, must be devefoped on a she-specific basis.

Threatened arid Wtin available environmental impact statements for preposed  mining (USDOC, NOAA 1961; USDOI,  MMS t 9B3a,b:  USDOI, MMS and HI.
Endangered OBED  199Q USDOI,  MMS 1991), regulatory agencies have undertaken extensive examination of effects to threatened end endangered
Species spesies. Specific areas have been remcwd  from conskferaticm  where possibly significant effects could result. No other forms of m“~atii

which specifically address threatened end endarrgered spwwies  have been identiiiwf.
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SOCIAL AND
ECONOMIC
RESOURCES

Human Resources Effeck  in this category are confined to Iasuaa  whch deal with human heefth  end safety. Most issuaa  are tw site-specific for a rationat
discussion of general miffgati options. Safety is en important issue in avery aspect of the operatkm,  whife  haefth  issues are focused on
perceived or actual threats to public health throwgh  effects on tir u water quelii  or through the generadon  of exceasfve noiao.  Miligatforr  of
air and water qualify effects hea been discussed previously. In b~kef  ladder dredging operatimw,  it has been suggeatad  that ride. cm be

reduced by hanging rubber mats war the ladder wefhvay.

Commercial and Most of the potential problems related to soeirsf  end economic environment would be site.specific  and concerned with onshore processing
Recreational facilities. A key area of possible conflict is rafatsd  to commercial and recreatbnal  fisheries. Most current development strategies are breed
Fisheries toward the development of sustainable and renewable resources rather than nonrenewable resources. end marine mining intereak  must be

prepsred to avoid any poterrtiat conffiits  with fishing interests in eperati areas w prove that such operations will not jeopardize ongoing
or anticipated fmhing  activities. Mitigatkrn  measures include (t) sdive solicitation of inputs from the peti”nent  fishing industry
representatives early in the planning pr=ess  b marine mineral dewfcpmen~  (2) possible use of abutting dredging tracks to obtain m

unobstructed seabed end minimize creaticm of mounds, trenches, end p“m and (3) use of trailing, rather then anchored, suction dredges in
bottom fishery areas.

Regional and Marine mining venturea have Ihe potential to affect regional and local economies, both positively and negatively. Genera4  strategies to
Lecal Economies mitigate the negatie effects include (1) job dscriminafion  in favrx of Iecaf residents and associated Wining  pepulatkms  to Implement such

discrimina~  (2) process plant location in .weaa with maximum davefopment  to avoid large influxes of new reaiderrk  in predomlnarrffy  rural
areaa (ss well as to take advantage of existing infraafruclure):  end (3) Imaf requirement for the eafabliihment  of infrastiucfure  when
necessary. Such measures have been implarnented  witi varying degreea of success. Eventual success depends ON thorough planning
end detailed interfacing with existing authorii  ad publii  interest groups.

Cuftural Land-based cpsrafkona  devoted to the davefopment  of marine mkwrels must be implemented with particular conakfarafka  given b the
Conefderattorm unique mores and trediis  of the Irxat popufaficm.  Fm operatiorm  in preeentfy  underdevelopwl or undeveloped areas, careftd

accorrrmodatkm  must be made to permit the infroductker  of what may be perceived as a rediid changes in tide-style. Local cufhrree and
afMudes  are of primary impmtanca  in the conakfarati  of land-based eperafions  sites. Further, extenshfe  pubfii educatbn  and a.rtre~h
efforts, though naceasery,  may not be sufficient to overcome pofanfialty  fakd opposition to devefopmenf.

Table 6.3. (Continued).



crudely be considered. The effects of turbulence on various length scales further
complicates the modeling process. The use of eddy diffusivii coefficients which crudely
describe complex flows does not provide good near-field predictive capability. Finite
element models, with their variable griiding 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). Wfihin 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 capabil~ 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 activii 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
riiers, 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.

The continued development and testing of mathematical models, especially
those predicting suspended sediment and dispersion characteristics through the use of
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 distances of regional concern.

Chapter 5 addresses data gaps, research needs, and recommendations in
those areas where environmental studies have been described in the literature or where the
authors have personal knowtedge.  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 areas concerning (1) water quality
modeling (i.e., the generation and dispersion of particulate and dissolved materials in the
water cotumn 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 mine site
benthos in the deep seabed and in other specific sites (e.g., seamounts and guyots);
(4) understanding of the characteristics and behavior of OCS and coastal mine site fauna
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under the stress of production operations, and subsequent recolonization responses;

(5) impacts of processing discharges from onshore mines on coastal biota; and
(6) 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: (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, particulady
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 cmperation with foreign governments and operators. Economic
decisions on marine minerals development may be based on the perceived cost of
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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APPENDIX A

ANNOTATED BIBLIOGRAPHY

Appendix A serves as the Annotated Bibliography for the Final Report titled “Synthesis and
Analysis of Existing Information Regarding Environmental Effects of Marine Mining.” The
Annotated Bibliography was prepared by Continental Shelf Associates, Inc. (CSA) for the
Minerals Management Service (MMS) under Contract No. 14-35-0001-30588.

As described in Section 1.3.1 of the Final Report, the information collection and annotation
phase 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 to be included in the manuscript. The term “Annotated
Bibliography” encompasses the reference citations and reference description forms, both
of which  are discussed in the following text.

Reference citations to be annotated were selected based upon discussions between CSA
and the MMS. Citations from the master list of documents referred to in the manuscript
(i.e., Chapter 7, Literature Cited) were reviewed and prioritized. Pertinent citations
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.

Each annotation was completed on a standard reference description form (see Figure 1.4
of the Final Repoti). Each standard reference description form included information entry
headers as given at the bottom of this page. Annotation data from the standard reference
description form were entered onto CSA’S computer system. A printout of this information
is provided on the folIowing pages as Appendix A.

The Reference Database is the electronic version of the Annotated Bibliography. The
Reference Database was prepared in dBASE Ill PLUS format and submitted separately to
the MMS. The Reference Database differs from the Annotated Bibliography in Appendix A
only in that the information entry headers were abbreviated and capitalized for comparability
with the dBASE Ill PLUS format. The 13 information entry headers for the Annotated
Bibliography and the Reference Database are as follows:

Annotated BibliocrraDhy
Entry Number
Citation
Type(s) of Study
Geographic Location(s)
OCS Planning Area(s)
Type(s) of Environment(s)
Mineral(s)
Type(s) of Mining Operation(s)
Environmental Resource(s)
Date(s) of Study
Study Technique(s)
Conclusion(s)
Key Words
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Reference Database
ENTRY NO
CITATldN
STUDY TYPE
LOCAT~ONS
OCS P AREA
ENV~dN
MINERALS
MINiNG_OPS
RESOURCES
STUDY DATE
TECHN~QUES
CONCLUSION
KEY WORDS



Entry Number: 0001.

Citation: AECOS, Inc. 1986. Supplemental biological studies made during
ferromanganese  crust resource assessment cruises in the Hawaiian Islands EEZ and their
application to an environmental assessment of ocean mining operations. Report prepared
for the U.S. Department of the Interior, Minerals Management Service, and the State of
Hawaii.

Type(s) of Study: Field.

Geographic Location(s): Hawaii, United States.

OCS Planning Area(s): Not applicable,

Type(s) of Environment(s): Deep seabed,

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Benthos; Birds; Marine mammals.

Date(s) of Study: 12 July to 9 September 1984,

Study Technique(s): Biological data were acquired during geological survey cruises by the
R/V KANA KEOKI. Over a one-hour period each day, counts of seabirds by species were
conducted within a quadrant having a radius of approximately 100 m from the ship. Counts
were done over a 5-rein period every 15 min. Benthic specimens from deep sea sites were
also collected whenever geological samples were taken. Samples were preserved in
formalin and sorted, identified, and counted in the laboratory, Color stereo photographs

were taken of the seafloor and examined for organisms. Densities and percent cover

estimates were derived from the photographs.

Conclusion(s): Terns, shearwaters, albatrosses, tropic birds, noddys, and boobys were
observed. Sightings ranged from O to 2 birds per day during three cruises. Benthic samples
included coelenterates, echinoderms, mollusks, sponges, annelids,  and bryozoans.
Samples were dominated by octocorals  in terms of numbers of species and biomass. A
negative correlation was reported between numbers of species and the depth from which
the sample was collected. Due to the quality of the photography, it was difficult relating
dredge data to the presence or abundance of benthic species. The same phyla reported
from the dredge samples were identified in the photographs, however, taxonomic
confirmation was uncertain. The potential impact of ocean mining for ferromanganese
minerals on biological resources was discussed.

Key Words: Metalliferous oxides; Scraping; Benthos;  Birds; Marine mammals.
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Entry Number: 0002.

Citation: Amos, A. F., C. Garside, K. C. Haines, and O. A. RoeIs. 1972. Effects of
surfacedischarged  deep sea mining effluent. Mar. TechnoL  Sot. J. 6:40-46.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Blake Plateau, North Atlantic Ocean.

OCS Planning Area(s): South Atlantic.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Water quality; Plankton.

Date(s) of Study: Summer 1970.

Study Technique(s): The effect of deep sea mining effluent discharge on the surface
waters of the North Atlantic Ocean was studied in the field. Dye studies were conducted
to determine the rate of dispersion of the discharged water. Samples of the discharged
water were incubated in the laboratory to study oxygen and nutrient dynamics. Incubations
of filtered and unfiltered samples from the deep sea effluent were used to determine its
effects on phytoplankton production. The stimulator effects of discharge water on natural
and cultured phytoplankters were also studied.

Conclusion(s): Discharged deep sea effluent water did not show significant impacts on
surface water quality under the conditions of the study. Results of dye tracking indicated
that the discharged water remained within the euphotic zone. After four hours, the dye
patch remained within the upper 10 m of surface waters. Laboratory incubation
experiments indicated that phytoplankton  growth utilized 95% of the nutrients contained
within discharged water. Experiments also showed that the organic material contained in
the discharge water was readily oxidized. Deep sea effluent stimulated phytoplankton
production due to its nutrient content. Production in the cultured phytoplankton was
greater than in natural phytoplankton  incubations. The sediment contained in the discharge
increased primary production by an order of magnitude, however the precise mechanism
prompting this increase remains unclear. Laboratory experiments indicated that at least
10OA of the surface water must be composed of deep sea effluent for phytoplankton
production to be increased.

Key Words: Metailiferous  oxides; Scraping; Geology; Water quality; Plankton.
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Entry Number: 0003

Citation: Bak, R. P. M. 1978. Lethal and sublethal effects of dredging on reef corals. Mar.
~0//Ut. ~u//.  9(1):14-16.

Type(s) of Study: Field.

Geographic Location(s): Piscadera Bay, Curacao,  Netherlands Antilles

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Benthos; Sensitive habitats.

Date(s) of Study: Summer 1972.

Study Technique(s): The effects of dredging activities on a coral reef were studied. The

study site  was located 700 m from the dredging area at a depth of 12 to 13 m. Underwater

light measurements were made at the coral reef prior to the dredging to determine initial
light levels at depth. Observations were made on the survival and growth of the hermatypic
(reef-building) corals.

Conclusion(s): Prior to dredging, the light value at depth (i.e., 12 to 13 m) was equivalent
to 30% of the surface value. After the dredging occurred, light levels were reduced to 1 ‘A
of surface values. A layer of sediment more than 1 cm thick covered most of the reef
except for the corals which had an ability to reject the sediment. The sediment caused
lethal and sublethal effects on the coral reef. Colonies of Porires asteroids died due to
their inability to reject sediment. Some species, such as Agaricia agaricites and Co@ophyla
natat?s,  exhibited areas where sediment collected. Two species of hermatypic coral which
were the subject of growth studies (Madracis  mirabilis,  Agaricia agaricites) showed an
acute decrease in growth as measured by calcification rates. Sediment-induced stress due
to dredging caused a 33% reduction in growth. Reduction in growth was thought to be due
to metabolic shock from the expulsion of the symbiotic algae (zooxanthellae) found in the
tissues of hermatypic corals. The study also reported that the reduction in growth
continued after the sediment deposition on the corals had ceased.

Key Words: Industrial minerals; Scraping; Excavating; Water quality; Benthos;  Sensitive
habitats.
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Entry Number: 0004.

Citation: Barry, M. 1978. Behavioral response of yelloti[n tuna, Tlumnus albacares and
Kawakawa, Euthyrmus atilnk, to turbidity. Deep ocean mining environmental study
(DOMES). Unpublished manuscript number 31. Seattle, WA: U.S. Department of

Commerce, National Oceanic and Atmospheric Administration. NTIS No. PB-297 106.

Type(s) of Study: Laboratory.

Geographic Location(s): Not applicable.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits: Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Water quality; Nekton;  Commercial and recreational fisheries;
Local economies.

Date(s) of Study: Unavailable.

Study Technique(s): Two species of tunas (Thunrws albacares,  Euthyrmus afiinis)  were
held in large outdoor tanks to determine behavioral response to turbidity. The tanks had
a continuous flow of low turbidity seawater. Under a variety of conditions (day, night,
hungry, feeding, satiated, and with and without barriers), the tunas were subjected to a
regulated series of turbidity clouds made from deep sea mud or pure bentonite clay.
Behavioral changes and reactions of the tunas to the sediment clouds were carefully noted.

Conclusion(s): The tunas were able to detect turbidity clouds in the test tanks and made
efforts to avoid them. The tunas were better at avoiding turbidity clouds during the day
than at night. Turbidity clouds significantly altered the behavior of the tunas. Vision
appeared to play the major role in avoiding turbidity, though smell may have been important
at low levels. The tunas responded more to the visual qualities of the sediment clouds than
to the concentrations of suspended material. Responses of both species were very similar.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Water quality; Nekton; Commercial and recreational fisheries; Local economies.
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Entry Number: 0005.

Citation: Bigham, G., T. Ginn, A. M. Soldate, and L. McCrone. 1982. Evaluation of ocean
disposal of manganese nodule processing waste and environmental considerations. Final
report prepared for the U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, Office of Ocean Minerals and Energy, and U.S. Environmental Protection
Agency, Ocean Programs Branch, Criteria and Standards Division, 423. Seattle, WA: Tetra
Tech, Inc.

Type(s) of Study: Review.

Geographic Location(s): Hawaii, United States; Pacific Northwest, United States; Southern
California Bight, United States; Western Gulf of Mexico.

OCS Planning Area(s): Western Gulf of Mexico; Southern California; Washington-Oregon.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Water quality; Neuston; Plankton; Nekton; Benthos;  Marine
mammals; Threatened and endangered species; Sensitive habitats; Commercial and
recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This document reviews the characteristics of ocean waste disposal
associated with the processing of manganese nodules, their potential environmental effects,
and the regulatory framework surrounding the process. Technologies concerning
manganese nodule processing and waste streams were described. Characteristics of
representative disposal areas were examined.

Conclusion(s): The primary waste from nodule processing will be 1) leached residue or
rejects from the hydrometallurgical  processing; and 2) granulated slag from smelting.
Nearshore waste disposal was projected to be primarily by barge dumping or pipeline
discharge. Simplified models were used to predict the behavior of the reject stream from
a barge dump. The use of pumps to discharge the reject slurry to depths below the
euphotic zone was recommended for maximum containment. Compaction of the waste
material into blocks to be dumped nearshore (e. g., forming artificial reefs) was also
examined. Depending on the specific disposal method, volume of the waste stream, and
site characteristics, the potential environmental effects include 1) effects on primary
production; 2) direct toxic effects; 3) effects on behavior and feeding of marine organisms;
4) bioaccumulation;  and 5) intertrophic effects. Open ocean disposal was reported as the
option with the lowest environmental significance.

Key Words: Metalliferous  oxides; Scraping; Water quality; Neuston;  Plankton; Nekton;
Benthos;  Marine mammals; Threatened and endangered species; Sensitive habitats;
Commercial and recreational fisheries.
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Entry Numbe~ 0006.

Citation: Bkrxter,  J. H. S. 1980. Vision and the feeding of fishes. In Fish Behavior and Its
Use in the Capture and Culture  of Fishes, ads. J. E. Bardach, J. J. Magnuson, R. C. May,
and J. M. Reinhart, 32-56. Proceedings, International Center for Living Aquatic  Resomes
Management. Manila, Phillipines.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine;
Freshwater.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Water quality; NeRon; Commercial and recreational fisheries;

Local economies.

Date(s) of Study: Not applicable.

Study Technique(s): Scientific literature concerning the role and characteristics of vision
in sight-feeding fish was reviewed and findings compared, contrasted, and discussed.
Special attention was given  to vision  thresholds, visual fields, visual axis, acuity and contrast
perception, prey conspicuousness, and water volumes searched for food.

Conclusion(s): As light levels, water clarity, and size of fish decreased, negative impacts
on vision and feeding in fish increased. In turbid water, larger fish had advantages over
smaller fish.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Water quality; NeMon;  Commercial and recreational fisheries; Local economies.
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Entry Number: 0007.

Citation: Boehmer, R., A. Westneat, H. Sleight, and D. Cook. 1975. Effects of suspended
marine sediments on selected commercially-valuable fish and shellfish of Massachusetts.
In Proceedings, Seventh Annual Offshore Technology Conference, 133-141.

Type(s) of Study Laboratory.

Geographic Location(s): Not applicable,

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Plankton; Nekton; Benthos;  Commercial and
recreational fisheries.

Date(s) of Study: Unavailable.

Study Technique(s): This study evaluated the effects of resuspended marine sediments on
commercially valuable fish and shellfish that may be affected by offshore sand and gravel
mining. A bioassay approach was used to determine tolerance of test organisms to
resuspended sediments. Tests were conducted using adult shellfish and finfish and larval
stages of selected species. Species tested included silversides, white flounder, yellowtail
flounder, hake, menhaden, coho salmon, bay scallop, sea scallop, quahog, soft shell clam,
oyster, lobster, and the larvae of bay scallop, quahog, and oyster.

Conclusion(s): Finfish were most affected by the sediment. Toxicity increased with the
concentration of sediment and length of exposure, particularly with the coho salmon and
siiversides. Lobster were relatively tolerant although a molting lobster died during the test.
Adult quahog, soft shell clam, and oyster were found to be very tolerant of the sediment for
a period of several days. Clear differences were not obsetved  between susceptibility of
adult and larvae of the quahog and oyster. Adult bay scallop were very susceptible
although their larvae were more tolerant. Study results suggested that most of the tested
species exhibit some tolerance to short-term exposure to sediment. However, the specific
impact of offshore sand and gravel mining still requires further evaluation.

Key Words: Industrial minerals; Scraping; Excavating; Water quality Plankton; Nekton;
Benthos;  Commercial and recreational fisheries.
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Entry Number: 0008.

Citation: Bouma, A. H., ed. 1976. Shell dredging and /?s infhence on Gulf  coast
environments. Houston, TX: Gulf Publishing Company.

Type(s) of Study: Review,

Geographic Location(s): Alabama, United States; Florida, United States; Louisiana, United
States; Mississippi, United States; San Antonio Bay, Texas, United States.

OCS Planning Area(s): Eastern Gulf of Mexico; Central Gulf of Mexico; Western Gulf of
Mexico.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Benthos; Commercial and
recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This book provides information on the environmental impacts of shell
dredging in the Gulf of Mexico. A literature review, an economic discussion, and a general
description of the shell dredging industry in the Gulf of Mexico  were presented. The results
of a one-year study of biological, chemical, geological, and physical conditions in San
Antonio Bay, Texas were detailed. Other information on shell dredging in Florida, Alabama,
Mississippi, Louisiana, and Texas was also discussed.

Conclusion(s): If properly regulated and managed, oyster shell dredging in the Gulf of
Mexico could proceed with minimal impacts to the surrounding environment. Potential
impacts from oyster shell dredging included alteration of water circulation patterns,
resuspension of sediment contaminants, increased turbidity, and smothering of benthic
organisms. States should accurately inventory shell resources using precision seismic
detection systems. Each state should evaluate live versus dead shell deposits in terms of

nursery function and sport and commercial fishing. The order and direction of dredging

should be determined prior to dredging. All states should coordinate the search for
alternative sources of oyster shell. Dredging of live or fossil oyster reefs and construction

of shell pads should be done in accordance with findings of integrated scientific studies.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Benthos;
Commercial and recreational fisheries.
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Entry Number: 0009.

Citation: Campbell, H. J. 1954. The effect of siltation from gold dredging on the survival
of rainbow trout and eyed eggs in Powder River, Oregon. In Oregon Game Commission, 3.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Powder River, Oregon, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Freshwater.

Mineral(s): Mineral sands.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Nekton; Commercial and recreational fisheries.

Date(s) of Study: Unavailable.

Study Technique(s): The effect of silt on the survival of rainbow trout was studied by
exposing fingerlings and eggs produced in a hatchery to water contaminated with silt from
goId dredging operations along the Powder River. The test site was located 1.5 miles
downstream from an operating gold dredge. Control samples were exposed to water from
a clear, unpolluted tributary of the Powder River. Eggs were held in artificial gravel beds;
live trout were held in boxes and exposed to river water. Turbidity and water temperature
were measured during the experiment. After 20 days, the number of surviving eggs and
fingerlings were counted.

Conclusion(s): Turbidity at the Powder River site ranged from 1,000 to 2,500 ppm, while
turbidity at the control site was zero. Exposure to polluted Powder River water caused
100% mortality in the eggs and 57% mortality in the fingerlings. Mortality among fingerlings
occurred alter 6 days of exposure. Mortality at the control site was 9.5% and 6% for
fingerlings and eggs, respectively.

Key Words: Mineral sands; Scraping; Excavating; Water quality; Nekton;  Commercial and
recreational fisheries.
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Entry Number: 0010.

Citation: Chan, A. T., and G. C. Anderson. 1981. Environmental investigation of the effects
of deep-sea mining on marine phytoplankton and prima~ productivity in the tropical eastern
north Pacific Ocean. A4ar, Min. 3(1/2):121-149.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Water quality; Plankton.

Date(s) of Study: November 1978.

Study Technique(s): This project studied the potential effects on water column primary
production of mining waste discharged in association with manganese nodule mining.
Shipboard and in situ  experiments were conducted to determine phytoplankton biomass,
photosynthetic rates at depth, and photosynthesis vs. irradiance (P/1 curves). The effect

of discharge water on photosynthetic rates was also studied. Phytoplankton  biomass was
determined by filtration and fluorometer  measurements of chlorophyll acetone extracts.
Photosynthetic rates were determined from ~~ situ  incubations at 10 depth intetvals between
the surface and 100 m, as measured by the 14C-uptake  method, P/l curves were generated
by shipboard incubations using several different irradiance levels.

Conclusion(s): Using a physical model (to predict particulate dispersal in the discharge
plume over time) and hypothesized relationships between light levels and photosynthetic
rates, a short-term effect of the discharge plume on primary production was predicted.
Short-term diminution of primary production can be expected from plume-related increases
in turbidity and concurrent decreases in irradiance at depth. The study did not show
significant effects of the discharge waste on primary production through either the
stimulator effects of increased nutrient availability or the inhibitory effects of heavy metal
toxicity. Extending the results of this study, the authors speculated that there would be no
long-term and large-scale changes in primary production or phytoplankton  species
composition attributable to mining-related discharges.

Key Words: Metalliferous  oxides; Scraping; Water quality; Plankton.
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Entry Number: 0011.

Citation: Chansang, H.
17(3) :223-228.

1988. Coastal tin mining and marine pollution in Thailand. Ambio

Type(s) of Study: Review.

Geographic Location(s): Thailand.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal.

Mineral(s): Mineral sands.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Benthos;  Sensitive habitats;
Commercial and recreational fisheries; Local economies; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): This review paper discusses impacts of tin mining on the coastal
resources of peninsular Thailand, Studies on the environmental effects of gravel pumping
and various types of dredging on mangrove swamps, coral reefs, and other coastal habitats
were synthesized. Conflicts with other coastal enterprises such as tourism, fishing, and
aquiculture were also discussed.

Conclusion(s): Tin mining in coastal waters of Thailand involves gravel pumping, bucket
dredging, and suction dredging. Primary impacts of mining activities included increases in
suspended solids and turbidity. Turbidity and siltation caused by suspended mine tailings
smothered attached and infaunal invertebrates in nearshore areas. Coral reefs in the vicinity
of mining activities were severely damaged by smothering and increased turbidity.
Alteration of sediment structure and composition near mining sites was common and
recovery was slow. In addition, sediment nutrient levels decreased from 4 to 96°A in some
areas, prohibiting the recolonization of mangroves and other plants. Dredging impacts were
localized and recovery of benthic fauna and some corals were documented. No impacts
to demersal fisheries were reported, however, shellfish farmers complained that water
quality alterations affected their operations. Mining impacts also included effects on the
aesthetic value of the coastal environment; this was particularly true for Phuket Island,
where tourism is important to the local economy. A decline in the international demand for
tin in 1985 considerable y reduced mining operations and caused socioeconomic problems.

Key Words: Mineral sands; Scraping; Excavating; Geology; Water quality; Plankton;
Benthos; Sensitive habitats; Commercial and recreational fisheries; Local economies;
Human resources.
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Entry Number: 0012.

Citation: Conner, W. G., and J. L. Simon. 1979. The effects of oyster shell dredging on an
estuarine benthic  community. Estuar. Coast. Mar. Sci. 9:749-758.

Type(s) of Study: Field.

Geographic Location(s): Tampa Bay, Florida, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Benthos.

Date(s) of Study: February 1975 to April 1976.

Study Technique(s): The effects of oyster shell mining (dredging) on the infaunal
invertebrate community in Tampa Bay, Florida was investigated by quantitative sampling
of infaunal organisms. Two dredged areas and one undisturbed control area were sampled
before dredging and for one year after dredging. Sixteen replicate cores (0.0045 mz) were
collected biweekly for the first three months, then monthly at each site. Infaunal organisms
were sorted to lowest taxonomic level, counted, and weighed. Differences in species
number, density, and biomass between control and dredged sites were tested using the
nonparametric Mann-Whitney U test. Community overlap between dredged and control
sites was measured using the Czeckanowski  coefficient. Sediment samples were taken
using 1.75-cm diameter corers. Sedimenta~ parameters (median phi, mean phi, sorting
coefficient) were determined using standard procedures.

Conclusion(s): Oyster shell dredging in Tampa Bay had an immediate effect on infaunai
species number, density, and biomass. Species number was reduced by 40Y0, infaunal
densities were reduced by 65%, and total invertebrate biomass was reduced by 90%. Six
to twelve months after dredging had ceased, no statistically significant difference in species
number, density, or biomass could be detected between dredged and control sites.
Community overlap between dredged and control sites was reduced directly after dredging,
but after six months, the pre-dredging level of similarity was regained. These results
generally agreed with previous, though less rigorous studies conducted on dredging
impacts in Tampa Bay and elsewhere. In this study, defaunation from dredging was not
total. The observed effects of dredging on the benthos were temporary and a near total
recovery occurred within 12 months.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Benthos.
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Entry Numbe~ 0013.

Citation: Crecelius,  E. A., C. W. Apts, and B. K. Lasorsa. 1990. Concentrations of metals
in Norton Sound seawater samples and human hair samples, 1989: Alaska OCS Region.
OCS Study MMS 90-0010. Anchorage, AK: U.S. Department of the Interior, Minerals
Management Sewice.

Type(s) of Study: Field.

Geographic Location(s): Norton Sound, Nome, Alaska, United States.

OCS Planning Area(s): Norton Basin.

Type(s) of Environment(s): Coastal; Estuarine; Freshwater.

Mineral(s): Mineral sands.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Human resources.

Date(s) of Study: June and September-October 1989.

Study Technique(s): An investigation of sediment and water column
seven metals was made in the vicinitv of a gold dredaina oDeration

concentrations of
in Norton Sound.

Alaska. Water samples were collected ~rom N~tion Soun~, ~ea~ an operating gold dredge:
and in the Snake River using Teflon-coated samplers, The upper 10 cm of sediment was
collected with a corer from two sites in Norton Sound. Hair samples (1 O to 20 strands)
were taken from 200 Nome (Alaska) women of child-bearing age. Seawater samples were
analyzed for mercury (Hg) by cold-vapor atomic fluorescence (CVAF) with a gold-
amalgamation preconcentration step. Arsenic (As) in seawater was determined by hydride
generation with a cryogenic preconcentration step. Cadmium (Cd), copper (Cu), lead (Pb),
nickel (Ni), and zinc (Zn) were analyzed using graphite furnace atomic absorption (GFAA).
Sediment metal concentrations were analyzed for total metals by energy dispersive x-ray
fluorescence for As, Cr, Cu, Ni, Pb, and Zn and by CVAF for Cd and Hg, after complete
dissolution of the sample in acid. Hair samples were digested in acid then analyzed for Hg
by CVAF and As by GFAA.

Conclusion(s): In seawater, the concentrations of all seven metals were typical of non-
polluted coastal waters, however concentrations of Cu and Ni were slightly higher than
expected. There were no detectable differences among stations. Concentrations of metals
in Snake River water samples were similar to concentrations in Norton Sound seawater,
indicating that the river did not have a significant influence on the concentration of metals
in offshore water or in seawater at the golddredging site. Sediment elutriate tests indicated
that As and Ni may be released during sediment resuspension. The concentration of Hg
and As in hair samples from Nome women were below levels of concern for human health.

Key Words: Mineral sands; Scraping; Excavating; Water quality; Human resources.
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Entry Number: 0014.

Citation: Cruickshank, M. J. 1978. Technological and environmental considerations in the
exploration and exploitation of marine minerals. Ph.D. thesis, Univ. of Wisconsin, Madison,

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine;
Freshwater.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing

Environmental Resource(s): Geology; Physical oceanography; Water quality; Local
economies; Regional economies; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): Marine-based minerals were identified and their relative value
estimated relative to terrestrial deposits. Available mining technology and gaps in
technology were identified and discussed. In addition, the various methods available to
handle potential environmental impacts associated with various mining methodologies were
examined. A benefit-cost model for marine mining was developed using alluvial gold and
deep sea manganese nodules.

Conclusion(s): By the year 2000, potential scarcities exist for 31 minerals in the United
States and 19 minerals worldwide. Marine minerals can be classified as freshwater and
dissolved minerals in seawater; unconsolidated deposits of non-metallics, heavy minerals,
and native elements in littoral regions to depths of 200 m; surficial and substrata
unconsolidated deposits in bathyl  regions (200 to 2,500 m); and surficial and substrata
unconsolidated deposits in abyssal  regions (2,500 to 6,000 m). Of 73 target minerals in the
marine environment, the values of 53 exceeded those of the same commodities on land.
Technological aspects discussed in this analysis included infrastructure, operational
prerequisites, exploration and characterization, exploitation, restoration, and accidents.
Environmental considerations evaluated included meteorological, hydrological, geological,
biological, and physiological phenomena. Environmental aspects of non-natural
phenomena included social, economic, legal, political, historical, and technical affairs.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Geology; Physical oceanography; Water quality; Local economies; Regional economies;
Human resources.
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Entry Number: 0015.

Citation: Cruickshank, M. J., E. L. Corp, O. Terichow,  and D. E. Stephenson. 1969.
Environment and technology in marine mining. J. Environ. Sci.  12(2):14-22.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine;
Freshwater.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fiuidizing.

Environmental Resource(s): Air quality: Geology; Physical oceanography; Water quality;

Neuston;  Plankton; Nekton; Benthos;  Birds; Marine mammals; Threatened and endangered
species; Sensitive habitats; Commercial and recreational fisheries; Local economies;
Regional economies; Cultural resources; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): Lkerature  was reviewed to provide brief technological descriptions of
various marine mining operations around the world. In particular, mining techniques were
compared, contrasted, and explained as to their suitability under specific environmental
conditions and constraints.

Conclusion(s): Successful development of marine mining technology required knowledge
of potential problems presented by the marine environment and also of the advantages
inherent in it. The Bureau of Mines’ Marine Minerals Technology Center researches all
phases of marine mining systems development.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;  Air
quality; Geology; Physical oceanography; Water quality; Neuston; Plankton; Nekton;
Benthos; Birds; Marine mammals; Threatened and endangered species; Sensitive habitats;
Commercial and recreational fisheries; Local economies; Regional economies; Cultural
resources; Human resources.
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Entry Numbefi  0016.

Citation: Cruickshank,  M. J., J. P. Flanagan, B. HoIt, and J. W. Padan. 1987. h4arhe
fnhing on the outer continental shelf: Environmental effects overview. OCS Report

87-0035. Washington, DC: U.S. Department of the Interior, Minerals Management Service.

Type(s) of Study: Review.

Geographic Location(s): United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton; Benthos; Sensitive habitats; Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This document provides an overview of the literature and information
on the environmental effects of mining on the Outer Continental Shelf (OCS). information
js synthesized on characteristics of the OCS environment, mineral deposits, mining
methods, normal operating environmental disturbances, environmental impacts, and
Minerals Management Service policy for environmental protection.

Conclusion(s): Site-specific monitoring studies of environmental effects will be needed
during at least pilot tests of new equipment and operations. Knowledge of the mining
method, ore type, and mine site characteristics will be needed to predict potential effects.
Organisms associated with the seafloor near mining operations are the most likely to be
affected because of resedimentation of the benthic plume, actual destruction of the biota,
and changes in the character of the seabed. Far-field resedimentation effects on benthos
are least known, with resedimentation being the main concern.

Key Words: industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Geology; Physical oceanography; Water quality; Plankton; Nekton;  Benthos;  Sensitive
habitats; Commercial and recreational fisheries.
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Entry Number: 0017.

Citation: Dauer, D. M., and J. L. Simon. 1976. Repopulation of the polychaete fauna of
an intertidal habitat following natural defaunation:  Species equilibrium. Oecologia
22:99-117.

Type(s) of Study: Field.

Geographic Location(s): Old Tampa Bay, Tampa, Florida, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine,

Mineral(s): Not applicable.

Type(s) of Mining Operation(s): Not applicable.

Environmental Resource(s): Plankton; Benthos.

Date(s) of Study: August 1971 to July 1973.

Study Technique(s): Following defaunation  by red tide, benthic infauna was studied
monthly for 24 months at four stations located along a transect perpendicular to shore.

Stations ranged from just  below mean high water to below mean low water. Five cores at
each station were collected, screened to 0.5 mm, and pooled for a total sample area of
0.2 mz. Temperature and salinity were recorded at each sampling. Quarterly sediment
samples were collected and analyzed for particle size (WentWorth scale) and organic
content (ash-free weight method). Other quarterly samples were analyzed for biomass on
a species basis (ash-free weight). Immigration and extinction rates were calculated by
comparing species lists from consecutive months, Recruitment was analyzed by
length-frequency analysis of juveniles and adults.

Conclusion(s): Rates of immigration and extinction resulted in a colonization curve
supporting the equilibrium model of MacArthur and Wilson. Immigration was rapid and
species composition fairly constant. Contrasting to Thorson’s ideas, adult dispersal proved
significant in establishment of the benthic population; Iatval settlement provided for
population maintenance. An equilibrium number of species was established in 11 months.
Adult dispersal and larval settlement dampened species dominance and could explain large

numbers of species of the same trophic  group occupying the same habitat.

Key Words: Plankton; Benthos.
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Entry Number: 0018.

Citation: Davis, H. C., and H. Hidu. 1969. Effects of turbidity-producing substances in sea
water on eggs and larvae of three genera of bivalve mollusks. Veliger  11(4):316-323.

Type(s) of Study: Laboratory.

Geographic Location(s): Not applicable.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Benthos; Commercial and recreational fisheries; Local
economies.

Date(s) of Study: Unavailable.

Study Technique(s): Embryonic development, survival, and growth of the American oyster,
European oyster, and hard clam were evaluated in varying concentrations of silt, clay, and
Fuller’s earth. Embryos and Iawae of hard clams and American oysters were also tested
in suspensions of pure silicon dioxide to determine particle-size effects as opposed to
possible chemical effects of other suspensions.

Conclusion(s): Normal development of oyster eggs was significantly impaired in
suspensions of 0.188 g/1 silt, 3 g/1 kaolin, and 4 g/1 silicon dioxide, regardless of particle
size. Clam eggs were affected by the smallest silicon dioxide particles at 4 g/1 suspension.
European oysters were less affected by test suspensions than the other organisms. The
smallest silicone dioxide particles had the greatest effect on clam and oyster larvae.
Increasing silicon dioxide particle size decreased growth of the American oyster. European
oyster larvae were more sensitive to silt than larvae of other test species. Bivalve larvae
grew faster in low turbidity than in clear sea water, possibly because particles chelated
toxins in the water.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Scraping; Excavating; Tunneling; Fluidizing;  Benthos; Commercial
and recreational fisheries; Local economies.
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Entry Number: 0019.

Citation: Dawson, E. W. 1984. The benthic fauna of the Chatham Rise: An assessment
relat”we to possible effects of phosphorite  mining.  Geologisches Jarbuch D85:209-231.

Type(s) of Study: Review.

Geographic Location(s): Chatham Rise, South Island, New Zealand.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Phosphorites.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton; Benthos; Commercial and recreational fisheries; Local economies; Regional
economies.

Date(s) of Study: Not applicable.

Study Technique(s): Results of a literature review were used to describe the marine
environment, faunal assemblages, and importance to fisheries of the Chatham  Rise. Study

of biological data led to the proposal and explanation that community trophic analysis,

using critical path methodology, could be used to predict the environmental consequences

of mining the Chatham Rise.

Conclusion(s): Considering the trophic levels of Chatham Rise biota and the importance
of phosphorites to the establishment of these biota, it was concluded that some level of
mining activity should be able to coexist with commercial fishing activities. Sketchy
knowledge of complete faunal composition and life histories, however, would require close
monitoring of the resilience and stability of marine populations.

Key Words: Phosphorites; Scraping; Geology; Physical oceanography; Water quality;
Plankton; Nekton; Benthos; Commercial and recreational fisheries; Local economies;
Regional economies.
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EntW Number: 0020.

Citation: de Groot, S. J. 1979a. An assessment of the potential environmental impact of
large-scale sand-dredging for the building of artificial islands in the North Sea. Ocean
Manage. 5:211-232.

Type(s) of Study: Review.

Geographic Location(s): Netherlands.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton; Benthos;
Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This review paper discusses potential impacts of sand mining and
spoil island construction in the North Sea on water quality, plankton, benthos, fish, and
larvae. Predicted impacts to fisheries are also discussed.

Conclusion(s): In general, damages to the environment by mining operations were
expected to be temporary. Recovery of benthic communities may take three years to return
to pre-mining conditions. Spoil islands will take eight years to build; after twelve years, the
environment around the area should return to its pre-existing state. The stone and concrete
bulkheads will attract and support a fouling community unlike any presently inhabiting the
area.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Plankton;
Nekton; Benthos; Commercial and recreational fisheries.
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Entry Numben 0021.

Citation: de Groot, S. J. 1979b.  The potential environmental impact of marine gravel
extraction in the North Sea. Ocean Manage. 5:233-249.

Type(s) of Study: Review.

Geographic Location(s): Netherlands; United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Nekton;  Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This review paper discusses various gravel extraction methods and
characterizes the United Kingdom sand and gravel industry. Potential impacts of gravel
mining in the North Sea on spawning populations of herring and sand eels are discussed.
Data from both fisheries and mining literature are synthesized to evaluate potential impacts.

Conclusion(s): Extraction of gravel in the North Sea has occurred most frequently by
suction dredge with a trailing hopper. In this operation, only the sutficial  sediments are
removed leaving a trail 20 cm deep. Some operations have employed programmed
systems to maximize the efficiency and minimize environmental damage. Side-scan sonar
records made before and after dredging revealed changes in seafloor topography, including
increased depth and alteration of sediment texture. Mapped gravel deposits in the North
Sea correspond with known spawning grounds for herring. Herring utilize gravel as
spawning substrate for demersal eggs and often return to the same gravel beds year after
year. Alterations of the seafloor by dredging may change important acoustic properties
used by herring to relocate spawning areas. Gravel size is also an important factor in egg
deposition. Gravel extraction must be conducted carefully to minimize impacts on the
herring populations already depleted by the fishing industry. Sand eels are also known to
lay their eggs in sand, but the eggs are vulnerable to smothering by fine sediments.
Dredging of proximal gravel deposits should not be allowed during the sand eel spawning
period in areas where there is an established fishery for the species. Sand eels are also
important as food for larger species such as cod and turbot. Because it is estimated that
marine gravel deposits will be depleted within 50 years whereas fishing will occur for many
hundreds of years, careful evaluation is needed of the relative short-term benefits for the
marine gravel industry and the long-term interests of the fisheries.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Nekton;  Commercial and
recreational fisheries.

322



Entry Number: 0022.

Citation: de Groot, S. J. 1986. Marine sand and gravel extraction in the North Atlantic and
its potential environmental impact, with emphasis on the North Sea. Ocean Manage.
10:21-36.

Type(s) of Study: Review.

Geographic Location(s): Belgium; Canada; Denmark; Finland; France; West Germany;
Iceland; Netherlands; Poland; Sweden; United Kingdom; United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton;  Benthos; Sensitive
habitats; Commercial and recreational fisheries.

Date(s) of Study: 1979 to 1985.

Study Technique(s): Status of sand and gravel dredging in the North Sea, North Atlantic
Ocean, and Baltic Sea were reviewed through correspondence and interviews with
representatives from countries bordering these water bodies.

Conclusion(s): Average amounts of aggregated materials extracted per year were
40,000,000 m3 of sand for construction purposes, 400,000,000 m3 of sand for maintenance
purposes, 9,000,000 m’ of gravel, and 1,000,000 m3 of calcareous material. Sand for

construction purposes was mostly extracted from the southern North Sea, gravel was

extracted along the English east coast and English Channel, and shell material was taken
from the Wadden Sea area of the Netherlands, West Germany, and Denmark. Extensive

maintenance dredging will take place in the estuaries of the southern North Sea. Short-term
environmental impacts of these operations were considered minimal. However, discharge
of polluted sediments dredged from the ports of Rotterdam and New York are causing
problems. Initial impacts from marine aggregate dredging vary from minimal to severe and
disruptions range from short to long term, depending on the sensitivity of the particular
area. Dredging in sensitive areas should be avoided. Conflicts may arise with the North

Sea fisheries, particularly in areas where the bottom fauna has been altered by dredging.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Plankton,
Nekton; Benthos; Sensitive habitats; Commercial and recreational fisheries.
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Entry Number: 0023.

Citation: Dickson, R. R. 1975. A review of current European research into the effects of
offshore mining on the fisheries. In Proceedings, (Vol. 1) Seventh Annual OKshore
Technology Conference, OTC 2159, 103-117. Houston, TX.

Type(s) of Study: Review.

Geographic Location(s): Belgium; Denmark; Finland; France; Germany; Ireland;
Netherlands; Norway; Sweden; United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;

Nekton; Benthos; Sensitive habitats; Commercial and recreational fisheries.

Date(s) of Study: 1974.

Study Technique(s): The International Council for the Exploration of the Sea established
a working group to identify direct and indirect effects and international implications of
different marine sand and gravel extraction methods on fisheries, to review techniques for
studying the effects, and to compare codes of practice for controlling dredging activities.
The working group of delegates from 11 member nations met at the Fisheries Laboratory,
Lowestoft, England on 2 to 4 April 1974. The findings of the working group were the
subject of this paper.

Conclusion(s): This paper described the status and expected growth of offshore sand and

gravel dredging on the European Shelf, the effects on fisheries, and a review of the
adequacy of related research. To minimize fishery/mining conflicts, the paper advocated
cooperative fisheries research and recommended establishment of a common European
code of practice for regulating dredging.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;

Water quality; Plankton; Nekton; Benthos;  Sensitive habitats; Commercial and recreational
fisheries.
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Entry Numbec 0024.

Citation: Dickson, R. R., and A. Lee. 1973a. Gravel extraction: Effects on seabed
topography (Part 1). Offshore Serv. 6(6):32-39.

Type(s) of Study: Field.

Geographic Location(s): United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Nekton;  Benthos;
Commercial and recreational fisheries; Regional economies.

Date(s) of Study: 1970 to 1973.

Study Technique(s): This  was the first of two papers summarizing the use of remote

sensing techniques to assess the impacts of gravel dredging on seafloor topography in the
North Sea. A 300 kHz scanning sonar system, capable of scanning a 30° sector
electronically at a rate of 10,000 sweeps per second, was used in test trials near the
Southern Bight of the North Sea. The actual monitoring study was conducted in the

Hastings area of the North Sea where an experimental pit was excavated, then surveyed
before, during, and after dredging operations. Hydrodynamic properties of the area, as well
as sand and gravel, were evaluated using  standard engineering methods. Sediment traps

were used to collect samples of allocthonous  sediment. A shear-velocity current meter was

used to measure near bottom currents.

Conclusion(s): Sonar records indicated that infill rate of dredged pits and furrows was very
slow. Based on current measurements from the test area, maximum shear (2.95 N/mz) was
capable of moving sediment up to 3.1 mm in diameter. Pebbles found within the area
ranged from 3.6 to 11.4 cm, confirming that the tidal streams were totally incapable of
moving the coarser bed material. In addition, these larger grains sheltered the finer

sediment from extensive movements by tidal  currents. The movement of large quantities
of sediment by storm events was considered possible but not investigated.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Nekton; Benthos; Commercial and recreational fisheries; Regional economies.
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Entry Number: 0025.

Citation: Dickson, R. R., and A. Lee. 1973b. Gravel extraction: Effects on seabed
topography (Part 2). Offshore Serv. 6(6):56431.

Type(s) of Study: Field.

Geographic Location(s): United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Nekton;  Benthos;
Commercial and recreational fisheries; Regional economies.

Date(s) of Study: 1970 to 1973.

Study Technique(s): This was the second of two papers summarizing the use of remote
sensing techniques to assess the impacts of gravel dredging on seafloor topography in the
North Sea. An experimental pit was constructed in the English Channel near Hastings in

water depths of 22 m to evaluate the recovery of seafloor areas impacted by gravel mining

in the North Sea. The pit was surveyed at six months and one year post-construction to
evaluate recovery towards pre-dredging conditions. Dimensions of the pit were monitored
remotely using a scanning sonar system and directly by divers. Tracer experiments also
provided evidence on sediment movement in the area.

Conclusion(s): After a six-month period, no infill was recorded for the experimental pit.
Measurements indicated that the pit was deeper than initially recorded. After one year,
there was no change in the depth of the experimental pit, presumably due to the settling
of a slurry of fine mud and silt interpreted by the scanner as the actual bottom of the pit
during the first suwey.  Tracer experiments revealed that sediment movement was negligible
at the 22 m depth of the test site. These results indicated that many years, perhaps
decades, will be required before the area returns to pre-dredging condition.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Nekton; Benthos;  Commercial and recreational fisheries; Regional economies.
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Entry Number: 0026.

Citation: Dodge, R. E., R. C. Aller, and J. Thomson. 1974. Coral growth related to re-
suspension of bottom sediments. Nature 247:574-577.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Discovery Bay, Jamaica.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal,

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Benthos; Sensitive habitats.

Date(s) of Study: 16 to 25 March 1973.

Study Technique(s): The effects of resuspension of bottom sediments on the growth rate

of the coral A40mstrea  anmdaris  in different parts of Discovery Bay, Jamaica were
determined by a 228Ra technique and X radiography. Three stations were established on
the soft carbonate sediment bottom near the rear zone of the reef. Resuspension was
measured in duplicate at each station by placing sediment traps 50 cm above the bottom
and weighing the collected sediment. Coral heads were collected at depths of 2 to 4 m
within 50 m of the station locations.

Conclusion(s): Analysis showed an inverse trend between sediment resuspension values
and coral growth. Additionally, high resuspension decreased growth variability and
suggested that turbidity reduced the ability of the coral to respond to more favorable
environmental variables. A factor limiting coral growth is closely associated with the
intensity of resuspension of bottom sediments. Other factors, such as temperature, light
availability, salinity, and nutrient supply, are also important.

Key Words: Industrial minerals; Scraping; Excavating; Water quality; Benthos;  Sensitive
habitats.
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Entry Number: 0027.

Citation: Drinnan, R. W., and D. G. Bliss. 1986. The U.K. experience on the effects of
offshore sand and gravel extraction on coastal erosion and the fishing industry. In Nova
Scotia  Depafimer?t  of Mines and Energy, Open-File Report 86-054, 77.

Type(s) of Study: Review.

Geographic Location(s): Canada; United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating

Environmental Resource(s): Geology; Commercial and recreational fisheries; Human
Resources.

Date(s) of Study: Not applicable.

Study Technique(s): A review of the issues related to coastal erosion and conflicts with the
fishing industry resulting from marine sand and gravel extraction was conducted in the
United Kingdom. This study was divided into two phases. The first phase encompassed
an extensive literature search of published information on the issues, environmental effects,
and management procedures related to marine dredging and mining. The second phase
consisted of interviews conducted in the United Kingdom with people who were involved
with, or were affected by offshore aggregate mining or the review process by which the
industry is managed or regulated.

Conclusion(s): Several concerns expressed in the United Kingdom could potentially
develop in Canada should marine mining increase from present levels. Issues of concern
included coastal erosion; impacts on fishing operations, fisheries resources, habitats and
other environmental concerns; and administration and management. A primary cause of
many issues in the United Kingdom was a lack of communication between the fishing
industry and the sand and gravel mining industry. Recommendations to improve
information exchange between the groups were presented. Another issue in the United
Kingdom was a need for information on geological and biological resources prior to mining.
Many of the issues could be prevented through the mining license application process.
Recommendations for license applications included regulato~ standards for mining
operations, fishing industry review, scientific review, monitoring of geological and biological
parameters of the mining site, and establishment of an objective compensation board.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Commercial and
recreational fisheries; Human Resources.
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Entry Number: 0028.

Citation: Drucker,  B. S., B. J. Laubach,  and D. B. O’Niell. 1991. An offshore borehole
mining experiment: Its operational and environmental implications. In Proceedings, Seventh
Symposium on Coastal and Ocean Management. Long Beach, CA.

Type(s) of Study: Field.

Geographic Location(s): Georgia, United States.

OCS Planning Area(s): South Atlantic.

Type(s) of Environment(s): Continental shelf.

Mineral(s): Phosphorites.

Type(s) of Mining Operation(s): Fluidizing.

Environmental Resource(s): Geology; Water quality; Benthos.

Date(s) of Study: June 1990.

Study Technique(s): The borehole methodology, as a means of extracting phosphate from
beneath layers of overburden, was field-tested on Georgia’s continental shelf. Results of
this field effort provided scientists with an opportunity to evaluate the environmental impacts
associated with the borehole operation. The test site was located offshore of Tybee Island,

Georgia, near the Savannah Light Tower. The seafloor in this area consisted primarily of
sand and shell hash. Direct observations and videotapes were recorded by divers during
and following the test operation. Water samples for analysis of turbidity, pH, and dissolved
oxygen were taken before, during, and after the operation using Van Dorn bottles.

Conclusion(s): The borehole method of phosphate extraction may be a more
environmentally-preferred method than conventional dredging. The Georgia field test
showed little sediment disturbance and, therefore, reduced water column turbidity. Surface
or mid-depth discharges were greatly reduced because all wastes were shunted back into
the mined cavity. Dissolved oxygen and turbidity levels did not change appreciably as a
result of the bulk sampling process.

Key Words: Phosphorites;  Fluidizing; Geology; Water quality; Benthos.
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Entry Numbec 0029.

Citation: Dunnington, E. A., Jr. 1968. Survival times of oysters after burial at various
temperatures. Proceedings, Nationa/ Shellfisheries  Association, 58:101-103.

Type(s) of Study: Laboratory.

Geographic Location(s): Not applicable.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Benthos;  Commercial and recreational fisheries; Local
economies.

Date(s) of Study: Unavailable.

Study Technique(s): Multiple series of eight oysters were buried 3 in. deep in mixed sand

and mud in each of four polyethylene trays. control oysters were placed on the sediment

surface. Trays were placed in a running seawater aquarium. Sediment was tested to
determine the depth of the aerobic/anaerobic interface. Five temperature ranges were
tested. Periodic exhumations were made to determine survival times.

Conclusion(s): Marked differences occurred in sutvival times at different temperatures.
Death was quicker in warmer water. Earlier death at higher temperatures may have been
due to elevated metabolism and more rapid consumption of reserves. The intrusion of toxic
matter and bacteria from the mud when buried oysters gaped may have significantly
affected survival times and decomposition.

Key Words: Industrial minerals; Scraping; Excavating; Benthos; Commercial and
recreational fisheries; Local economies.
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Entry Number: 0030.

Citation: Ellis, D. V. 1987. A decade of environmental impact assessment at marine and
coastal mines. A& Min. 6(4):385-417.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites; Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals,

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluid izing.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Neuston;
Plankton; Nekton; Benthos;  Sensitive habitats; Commercial and recreational fisheries; Local
economies; Regional economies; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): Published documents and gray literature of wide and limited
distribution were reviewed in this paper. Case histories of marine mining projects were
provided to show historical progress, as well as current and expected norms for
environmental impact assessment (EIA) preparation and impact monitoring for these
operations. Numerous references and sources were given covering marine mining
operations of many types throughout the world.

Conclusion(s): Marine mine operators have been producing better and more relevant and
comprehensive EIAs and environmental monitoring programs. Monitoring studies have
evolved into detailed comparisons of impact and non-impact (control) areas in which data
were collected before, during, and after the life of the mining operation. Comparisons of
pre- and post-mining site conditions were considered important for actual impact
assessment.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Geology; Physical oceanography; Water quality; Neuston; Plankton; Nekton; Benthos;
Sensitive habitats; Commercial and recreational fisheries; Local economies; Regional
economies; Human resources.
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Entry Numbe~ 0031.

Citation: Ellis, D. V. 1988. Case histories of coastal and marine mines. In Chen?istfy  and
Biology  of Solid Waste; Dredged Material and Mine Tai/ings,  ads. W. Solomons and U.
Forstner, 73-100. Berlin: Springer-Verlag.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine;
Freshwater.

Mineral(s): industrial minerals; Mineral sands; Metaliiferous  oxides.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluid izing.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Neuston;
Plankton; Nekton; Benthos; Sensitive habitats; Commercial and recreational fisheries; Local

economies; Regional economies; Human resources.

Date(s) of Study: Not applicable,

Study Technique(s): This study was a literature review of numerous case histories of
coastal mining operations which utilize ocean disposal. Types and patterns of

environmental impact were noted. Comments were made about how to minimize potential
impacts during conceptual design and planning of processes and discharges. Quality
control and environmental monitoring were also discussed.

Conclusion(s): To some extent, all discharges of mine tailings to the marine environment
have caused turbidity, seabed smothering, and bioaccumulation  of trace metals. These
primary impacts can lead to toxification  and/or elimination of marine life, including
important fishery resources. Mines that made efforts to predict, assess, reduce, and
mitigate impacts most often met with some significant degree of success. Lack of adequate
planning, in some cases, caused major problems.

Key Words: Industrial minerals; Mineral sands; Metalliferous oxides; Scraping; Excavating;
Tunneling; Fluidizing; Geology; Physical oceanography; Water quality; Neuston;  Plankton;
Nekton;  Benthos; Sensitive habitats; Commercial and recreational fisheries; Local
economies; Regional economies; Human resources.
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Entry Number: 0032.

Citation: Foell, E. J., H. Thiel, and G. Schriever. 1992a. DISCOL A long-term, large-scale,
disturbance-recolonization experiment in the abyssal eastern tropical south Pacific Ocean.
Min. Eng., 90-94.

Type(s) of Study: Field.

Geographic Location(s): Peru Basin, South Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Nekton;
Benthos; Sensitive habitats.

Date(s) of Study: 2 February to 3 April 1989; 2 September to 2 October 1989.

Study Technique(s): An undisturbed 4.2 miz circular area in water depths of 4,140 to
4,170 m was selected for study. Adjacent areas served as control sites. Benthos was
collected at 10 sites in the study area immediately before and after disturbance with at least
three box cores of 0.25 mz each. Meiofauna, bacteria, and sediment (for chemical analysis)
were sampled by an eight tube multicorer. Megafauna was collected by 2.3-m wide
epibenthic trawl. Baited traps were deployed at six depths for additional samples. Baited
and unbaited cameras recorded time series visitations. Videotapes and still photos were
taken of megafauna and seafloor structure. Currents, pressure, conductivity, temperature,
turbidity, sound velocity, dissolved oxygen, and sediment shear strength were determined.
A specially designed plow-harrow device was towed to disturb the bottom. Sampling
occurred immediately before and after the disturbance and at six months following the
disturbance.

Conclusion(s): Ltile change (recovery) was noted between immediate postdisturbance
and six-month postdisturbance  conditions. The data suggested that deep seabed
disturbances such as those associated with mining operations might take years or decades
to return to normal.

Key Words: Metalliferous oxides; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Nekton; Benthos; Sensitive habitats.
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Entry Number: 0033.

Citation: GESAMP (lMO/FAO/UNESCO/WMO/WHO/lAEA/UN/UNEP)  Joint Group of
Experts on the Scientific Aspects of Marine Pollution. 1977. Scientific aspects of pollution
arising from the exploration and exploitation of the sea-bed. In RepoRs  and Studies, No. 7,
37. New York, NY: United Nations.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine;
Freshwater.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Air quality; Geology; Physical oceanography; Water quality;
Neuston; Plankton; Nekton; Benthos; Birds; Marine mammals; Threatened and endangered
species; Sensitive habitats; Commercial and recreational fisheries; Local economies;
Regional economies; Cultural resources; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): A working group was established to review all available data on the
scientific aspects of pollution arising from exploration and exploitation of the seabed.
Information was gathered and presented on all types of mining, all marine habitats in which
mining occurs, and pollution problems to be expected from the extraction of each mineral.

Conclusion(s): It was concluded that pollution problems exist with all marine mining
ventures. Understanding the characteristic problems of specific mining methods and their
associated marine habitat can aid in coping with or alleviating these troubles. Advance
planning of technology and pre- and post-impact environmental monitoring can be used to
significantly reduce pollution impacts. Each mining venture is more or less unique,
necessitating individual stud y.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing; Air
quality; Geology; Physical oceanography; Water quality; Neuston; Plankton; Nekton;
Benthos; Birds; Marine mammals; Threatened and endangered species; Sensitive habitats;
Commercial and recreational fisheries; Local economies; Regional economies; Cultural
resources; Human resources.
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Entry Numbe~ 0034.

Citation: Gideiri, Y. B.A. 1984. Impacts of mining on central Red Sea environment. Deep-
Sea Res.,  Part A 31 (6-8A) :823-828.

Type(s) of Study: Review.

Geographic Location(s): Atlantis II Deep, Red Sea.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping; Excavating

Environmental Resource(s): Physical oceanography; Water quality; Neuston;  Plankton;
Nekton;  Benthos.

Date(s) of Study: 1979 to 1984.

Study Technique(s): This paper summarized major findings and conclusions from a
pre-pilot  mining test (conducted in 1979) and numerous reports resulting from six years of
programs (i.e., the Metalliferous  Sediments Development of Atlantis II [MEDESA]
campaigns) organized by the Saudi-Sudanese Red Sea Commission.

Conclusion(s): Chemical effects of tailings depended on the proportions of toxins in the
discharge, the hydrodynamics of the discharge, and the mobilization of substances from
the particulate. Dissolved phosphate, nitrate, and silicate levels were lower than expected
in uncontaminated Red Sea water, presumably due to scavenging by the natural rain of
sediment. The potential for biomagnification  of metals should be assessed relative to
long-term influence on biota. Discharge slurries with elevated salinity could modify water
circulation in the Red Sea, resulting in productivity changes. It was determined that the
dissolved oxygen demand of tailings should be low. A deep water discharge, below
1,100 m, would be environmentally beneficial for numerous reasons.

Key Words: Metalliferous oxides; Scraping; Excavating; Physical oceanography; Water
quality; Neuston; Plankton; Nekton; Benthos.
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Entry Number: 0035.

Citation: Grigg, R. W., A. Malahoff, E. H. Chave,  and J. Landahl. 1987. Seamount benthic
ecology and potential environmental impact from manganese crust mining in Hawaii. In
Semounts, Ishcfs,  and Atolls,  eds. B. H. Keating, P. Fryer, R. Batiza,  and G. W. Boehlert,

379-390. Geophysical Monograph 43. Washington, DC: American Geophysical Union.

Type(s) of Study: Field.

Geographic Location(s): Cross Seamount,  Hawaii, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Physical oceanography; Plankton; Nekton;  Benthos;
Commercial and recreational fisheries.

Date(s) of Study: 9 to 18 September 1985.

Study Technique(s): This study investigated the composition and density of benthic
communities, particularly benthic megafauna, on a North Pacific seamount containing
manganese crust deposits. Data were used to determine the potential environmental
impact of manganese crust mining. Coral and rock dredges and bottom photography were
used to collect samples and data.

Conclusion(s): The environmental impacts of manganese mining activities were repotted
to be minimal. The study found that the benthic communities on the Cross Seamount were

characterized by low diversity and abundance. These patterns were thought to be due to
geographic isolation, the small habitat area, and unfavorable environmental conditions,
particularly the low current velocities which allow accumulation of sediments. The highest
population densities were found on large rocky outcrops and the rim of the seamount

summit. At locations which exhibited thick ferromanganese crust deposits, abundance was
markedly low. The authors speculated that this was due to larval avoidance of such areas.
Owing to the low species diversity and abundance, as well as the lack of organisms which
are unique to the area or are commercially important, the authors suggested that the
environmental impact of manganese crust mining would be minimal.

Key Words: Metalliferous oxides; Scraping; Geology; Physical oceanography; Plankton;
Nekton; Benthos;  Commercial and recreational fisheries.
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Entry Numbe~ 0036.

Citation: Hanson, P. J., A. J. Chester, and F. A. Cross. 1982. Potential assimilation by and
effects on oceanic zooplankton of trace metals from manganese nodule fragments
discharged from planned ocean mining operations. Prepared for National Oceanic and
Atmospheric Administration, Office of Ocean Minerals and Energy. Beaufort, NC: National
Marine Fisheries Service.

Type(s) of Study: Review.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Water quality; Plankton.

Date(s) of Study: Not applicable.

Study Technique(s): The document summarizes available information pertaining to the
effects of trace metals from manganese nodules on oceanic zooplankton and recommends
areas of research to resolve remaining questions. The report characterized the mining
operation and surface discharge and the nature of the oceanic zooplankton community.
The document also reviewed the likelihood of ingestion of mining particulate by
zooplankton  and the chemical form and bioavailability  of trace metals to marine plankton.
Biomagnification and food web transfer of trace metals were considered.

Conclusion(s): Potential impacts of discharged mining wastes on the oceanic community
may be realized through exposure to particulate and/or dissolved components of the
discharge. Removal of much of the discharged material from the water column was
thought to be enhanced by the ingestion of the particles by zooplankton  and deposition as
fecal pellets. Elimination processes, such as excretion, fecal production, molting and egg
production, rapidly reduce tissue concentrations of trace metals. Based on available
information, ingestion of mining particles by zooplankton  was thought to bean insignificant
pathway for contamination of higher trophic  levels by toxic trace metals. The physical and
chemical characteristics of the discharged particles, nature of the potential biological
interactions, and nature of the chemical interactions with seawater were not expected to
result in significant biomagnification. Due to the paucity of data and the complexity of
physical, chemical, and biological processes, conclusions about the potential impact from
the dissolved pathway could not be made. This area requires additional research.

Key Words: Metalliferous  oxides; Scraping; Water quality; Plankton.
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Entry Number: 0037.

Citation: Harrison, W. 1967. Environmental effects of dredging and spoil deposition. In
Proceedings, Ist World Dredging Conference, Tokyo, 535-559.

Type(s) of Study: Field.

Geographic Location(s): Chesapeake Bay, Virginia, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating,

Environmental Resource(s): Water quality; Benthos.

Date(s) of Study: 1961; December 1965 to March 1966.

Study Technique(s): The paper describes the results from three different studies, including

1) recolonization of spoil areas in mid-Chesapeake Bay; 2) effects of sedimentation on

oyster grounds adjacent to a spoil outflow in the York River; and 3) effects of sedimentation
on oyster grounds adjacent to a bucket dredging operation in Hampton Roads. The first
study used diver-collected cores to determine the physical characteristics and faunal density
of the benthos. The second study used reference rods to determine changes in sediment
depth on the oyster grounds. In addition, adult oysters were planted in marked sites in the
area for later collection to determine survival rates. Similar techniques were used in the
third study concerning bucket dredging.

Conclusion(s): Minimal effects on benthic communities from dredging operations were
reported from the three studies. In the first study, the initial problem of delineation of the
spoil site was solved by using anomalous profiles of sediment strength and void ratios.
Spoil dumping was reported to have temporary effects on epifaunal  and infaunal
populations. The spoil sites were rapidly resettled by active migration of adults and
recruitment from planktonic  juveniles or larval stages. There was substantial natural
variability in rates of erosion and deposition within the study area and this precluded
observation of sedimentation resulting from the spoil outflow. The second and third studies
also showed no detrimental effects of sedimentation from a spoil outflow or dredging on
adjacent oyster grounds. Mortality in the oysters held near the spoil outflow could not be
differentiated from natural mortality.

Key Words: Industrial minerals; Scraping; Excavating; Water quality; Benthos,
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Entry Number: 0038.

Citation: Haynes, B. W., and S. L. Law. 1982. Predicted characteristics of waste materials
from the processing of manganese nodules. U.S. Department of the Interior, Bureau of
Mines Information Circular 8904. Washington, DC: U.S. Government Printing Office.

Type(s) of Study: Laboratory.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Air quality; Geology; Water quality; Regional economies.

Date(s) of Study: Unavailable.

Study Technique(s): Estimates of physical and chemical composition of waste materials
generated from manganese nodule processing were made using flow charts of five potential
processes. Probable chemical waste projections were tabulated for each process for
various elements. A toxicity test was run on the wastes from a Cuprion pilot plant. Physical
characteristics were estimated based on limited information from laterite processing.

Conclusion(s): Wastes from the gas reduction and Cuprion ammoniacal leach process
should have moderate settling densities (5o to 80% solids), of proper size (i.e., minus 200
mesh), and have good long-term stability. The high-temperature and high-pressure sulfuric
acid process should have wastes similar to that of the ammoniacal process. Wastes from
the hydrochloric acid process would have somewhat lower settling densities (30 to 50%
solids) at minus 270 mesh, and have only fair long-term stability. Wastes from the smelting
and sulfuric acid process would be primarily glassy inert slags at >10 mesh with excellent
long-term stability. Gas reduction and Cuprion ammoniacal leach tailings consisted of 80%
iron hydroxide and manganese carbonate. The toxicity test results from pilot plant-
generated reject waste material (from the Cuprion process) were well below maximum limits
for designation as hazardous. The high-temperature and high-pressure sulfuric leach
process produces iron hydroxide and manganese dioxide or oxide. Wastes from reduction
and the hydrochloric acid leach process include acid-insoluble fractions of the nodules,
clays, feldspars,  and silica. The smelting and sulfuric acid leach process will generate
mostly silicate glass, iron, and trace amounts of metal sulfides. The reject waste material
generated by the five processes may have only minor environmental implications.

Key Words: Metalliferous oxides; Scraping; Air quality; Geology; Water quality; Regional
economies.
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Entry Number: 0039.

Citation: Herbich, J. B., and R. E. Schiller, Jr. 1973. Environmental effects of dredging.
In Proceedings of WODCON V, 699-719. Hamburg, West Germany: United Nations.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine; Freshwater.

Mineral(s): Industrial minerals; Mineral sands.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton; Benthos;
Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This is a review paper on the environmental effects of dredging. The
authors reviewed 35 papers which dealt with 1) environmental effects of different dredging
methods; 2) water quality effects; and 3) effects on marine life.

Conclusion(s): Conflicts occurred between conclusions reached in the various papers
reviewed. Some conclusions indicated that dredging caused little or no damage to marine
life, whereas others indicated long-term detrimental effects. The authors suggested that the
possible advantageous effects of dredging include 1) removal of polluted sediments for
storage or treatment; 2) advantageous change in flow patterns; 3) reoxygenation of
sediments and the water column; and 4) resuspension of nutrients. The possible
deleterious effects include 1) removal or burial of habitats; 2) change in flow patterns;
3) resuspension of polluted sediments; and 4) resuspended sediments acting as a barrier
to the movement of marine life.

Key Words: Industrial minerals; Mineral sands; Scraping; Excavating; Geology; Water
quality; Plankton; Nekton; Benthos; Commercial and recreational fisheries.
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Entry Number: 0040.

Citation: Hildreth, R. G. 1989. Marine use conflicts arising from development of seabed
hydrocarbons and minerals: Some approaches from the United States West Coast. Ocean
& Shore/ine Manage. 12:271-284.

Type(s) of Study: Review.

Geographic Location(s): California, United States; Oregon, United States; Washington,
United States.

OCS Planning Area(s): Southern California; Central California; Northern California;
Washington-Oregon.

Type(s) of Environment(s): 13eep seabed; Continental shelf; Coastal.

Mineral(s):  Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;

Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Commercial and recreational fisheries; Local economies;
Regional economies; Cultural resources; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): Current legislation was reviewed regarding marine resource use
conflicts arising from development of the seabed for mineral and oil and gas reserves.

Conclusion(s): Exploration and development of seabed mineral and hydrocarbon deposits
can pose serious use conflicts, especially where potential conflicts are not dealt with prior

to the creation of private rights in the deposits. General ways to avoid or reduce conflicts

include multiple-use ocean planning to identify potential conflicts; separating exploration

and development rights to aid in the resolution of conflicts; using activity rights to remove
legal impediments to avoid conflicts; using activity schedules, corridors, and buffer zones
to avoid conflicts; coordinating Federal and State planning and permit processes to reduce
conflicts; and providing compensation for unavoidable conflicts.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Commercial and recreational fisheries; Local economies; Regional economies; Cultural
resources; Human resources.
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Entry Numbec 0041.

Citation: Hirota, J. 1981. Potential effects of deep-sea minerals mining on
macrozooplankton  in the north Equatorial Pacific. hfw.  Min. 3(1/2):19-57.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Water quality; Neuston;  Plankton.

Date(s) of Study: 1977 to 1980.

Study Technique(s): The study investigated the potential effects of discharges from deep
sea mining on macrozooplankton in the North Equatorial Pacific Ocean. Particle size

distribution, concentration of trace metals, and the total load of particulate in mining
discharges were measured during a test mining program. Laboratory experiments were
conducted to determine the effects of particulate material on zooplankton. Test organisms
were exposed to mixtures of ambient seawater and mining discharge particulate for
periods ranging from 24 to 48 h. Mortality was determined and fecal pellets were collected
for elemental composition during the experiment. Energy Dispersive Analysis by X-Rays
(EDAX) was used to analyze fecal pellets.

Conclusion(s): The effect of mining discharge particulate on zooplankton  were found to
be minimal. The mortality rates in experimental populations were not significantly different
from the controls over a range of particulate levels. The EDAX method was reported to be

useful in discriminating between fecal pellets produced from natural particulate and those
produced from mining discharge material. The report also provided data on fecal pellet
production rates, pellet sizes, and sinking speeds. Using these data, the authors estimated
the downward flux from the activities of filter feeding copepods. The authors, futiher
speculating on the environmental impacts of large-scale commercial mining operations,
determined that surface discharge of deep sea mining wastes would have some deleterious
effect on the pelagic community. A recommendation for futther  intensive study of the

subject was made.

Key Words: Metalliferous oxides; Scraping; Water quality; Neuston; Plankton.
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Entry NumbeK 0042.

Citation: Hirsch, N. D., L. H. DiSalvo, and R. Peddicord. 1978. Hects ot dredging and
disposal on aquatic organisms. Technical Report DS-78-5.  Vicksburg, MS: U.S. Army

Corps of Engineers, Watetways Experiment Station.

Type(s) of Study: Review; Field; Laboratory.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine; Freshwater.

Mineral(s): Industrial minerals,

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality: Plankton; Nekton; Benthos;  Sensitive
habitats; Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This document reviewed the literature and incorporated the results
of two field and four laborato~  research projects on the effects of dredging and disposal
on aquatic organisms. Field projects concerned 1 ) recolonization by infauna of a dredged
area in Monterey Bay, California; and 2) effects of fluid mud from dredging on benthic
organisms in the James River, Virginia. Laboratory tests assessed the 1) ability of benthic
organisms to move through an overburden of dredged material; 2) effects of suspended
sediment on organisms; 3) availability and uptake of trace metals by suspension feeding
organisms; and 4) uptake of oil and grease by benthic organisms.

Conclusion(s): Direct effects of dredging and disposal were restricted to the immediate
areas of operation and included removal of organisms at the dredging site and burial at the
disposal site. Recovery of impacted sites occurred over periods of weeks, months, or years
depending on the type of environment. Disturbed sites maybe recolonized by opportunistic
species (not normally the ecological dominants) from adjacent undisturbed sites. With the
exception of natural systems requiring clear water (such as coral reefs and some aquatic
plant communities), dredging-induced turbidity should not be of major ecological concern.
Sediment-associated heavy metals and hydrocarbons appeared tightly bound to sediment
particles and there appeared to be minimal uptake into tissues. The experimental results
suggested that indirect (long-term and sublethal) effects of dredging and disposal will be
minimal. A whole-sediment bioassay using sensitive test organisms should be used to
identify site-specific toxicity problems prior to dredging.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Plankton;
Nekton; Benthos; Sensitive habitats; Commercial and recreational fisheries.
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Entry Number: 0043.

Citation: Hu, V. J. H. 1981. Ingestion of deep-sea mining discharge by five species of
tropical copepods.  Water, Air, Soil PoWt. 15:433-440.

Type(s) of Study: Laboratory.

Geographic Location(s): Kanoehe Bay, Hawaii, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Water quality; Plankton,

Date(s) of Study: Unavailable.

Study Technique(s): The study investigated the potential effects of deep sea mining
discharge on zooplankton. The elemental contents of fecal pellets from five tropical
copepods  exposed to mining discharge were compared to controls. Test organisms were
collected from offshore of Kanoehe Bay, Hawaii and brought to the Iaboratoy where they
were exposed to mixtures of ambient seawater and mining discharge for 48 h in one liter
containers. Fecal pellets from the test and control aquaria were collected, preserved,
embedded in resin, and sanded for Energy Dispersive Analysis of X-Rays (EDAX) analysis.
The elemental contents of fecal pellets were then compared.

Conclusion(s): Results from the study revealed differences in uptake of mining discharge
among the test copepods. Three species showed evidence of uptake, one species showed
possible uptake, and a third species showed no uptake. The ingestion of mining discharge
by zooplankton is thought to speed up the removal of particulate from the water column.
The applicability of the EDAX method to the study of fecal pellets was also discussed.

Key Words: Metalliferous oxides; Scraping; Water quality; Plankton.
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Entry Numbe~ 0044.

Citation: Hurme, A, K., and E. J. Pullen. 1988. Biological effects of marine sand mining
and fill placement for beach replenishment: Lessons for other uses. &far. Min. 7(2):123-136.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton;  Benthos;  Threatened and endangered species; Sensitive habitats; Commercial and

recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): Literature pertaining to impacts of nearshore sand mining and
deposition on organisms and physical characteristics were reviewed. Topics discussed
included beach and nearshore environments and organisms, beach replenishment,
biological effects of offshore borrowing, current concerns about impacts of offshore sand
and gravel mining on marine benthos, and guidelines for planning ecologically sound
offshore mining projects.

Conclusion(s): Based on what is known about ecological impacts of beach nourishment
and nearshore borrow areas, nearshore and offshore mining operations should not create
long-term adverse impacts on indigenous organisms or their physical environment; inherent
in this determination are several factors, including appropriate site selection, proper timing,
specific operational techniques, and adequate monitoring. Dredging projects should be
scheduled to avoid important benthic resources (i.e, corals and seagrasses) and peak
spawning seasons. Sediment should be taken from broad, shallow pits in areas with
actively shifting bottom, leaving a sufficient surficial layer of similar material for
recolonization by benthic species.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Plankton; Nekton; Benthos; Threatened and endangered species; Sensitive
habitats; Commercial and recreational fisheries.
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Entry Number: 0045.

Citation: International Council for the Exploration of the Sea (ICES). 1975. Report of the
working group on effects on fisheries of marine sand and gravel extraction. In International
Council for the Exploration of the Sea, Marine Environmental Qualify Committee,
Cooperative Research Report No. 46,

Type(s) of Study: Review.

Geographic Location(s): Belgium; Denmark; Finland; France; Ireland; Netherlands;
Notway;  Sweden; United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal,

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton; Benthos;
Commercial and recreational fisheries,

Date(s) of Study: April 1974.

Study Technique(s): The International Council for the Exploration of the Sea (ICES)
working group on the effects on fisheries of marine sand and gravel extraction convened
at the Fisheries Laboratory, Lowestoft, England on 2 to 4 April 1974. This report details the
proceedings of that meeting. The working group synthesized available information to
identify the many possible effects dredging will have on fisheries, then suggested how future
research may be conducted to fill gaps in knowledge.

Conclusion(s): Every effort should be made by the working group to delineate herring
spawning grounds in the areas slated for mining efforts. All mining proposals should be
reviewed by council members, especially when fisheries questions or issues arise. Member
countries should strive to pool their scientific resources when evaluating the impacts of
aggregate mining on fisheries. It was also suggested that research on the effects of the
Lithothamnion mining industry on fisheries should begin in France, Ireland, and the United
Kingdom.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Plankton;
Nekton; Benthos;  Commercial and recreational fisheries.
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Entry Number: 0046.

Citation: International Council for the Exploration of the Sea (ICES). 1977. Second report
of the ICES working group on effects on fisheries of marine sand and gravel extraction. In
International Council for the Exploration of the Sea, Marine Environmental Qualify
Committee, Cooperative Research Report No. 64.

Type(s) of Study: Review.

Geographic Location(s): Belgium; Denmark; Finland; France; Ireland; Netherlands;
Norway; Sweden; United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal,

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton; Benthos;
Commercial and recreational fisheries.

Date(s) of Study: December 1975.

Study Technique(s): The ICES working group on effects on fisheries of marine sand and
gravel extraction met at the Netherlands Institute for Fisheries on 9 to 10 December 1975.
This report details the proceedings of that meeting. Working group members identified the
most important areas of concern, reviewed current research in these areas, and suggested
how future research may be conducted to fill gaps in knowledge.

Conclusion(s): Effects of dredging on fisheries included direct damage to fishing gear
(lines, nets, and other gear), indirect damage affecting the efficiency of fishing gear
(scarring of the seafloor), direct effects on fish stocks (destruction of spawning grounds,
egg deposition sites, and benthic food items), and indirect effects on fish stocks (influence
of turbidity on fish gills, visual feeding, and photosynthesis). Future research effofts  should
be organized under the same headings, It was recommended that ICES member countries
delineate herring spawning grounds; seek review of the council on all proposals to extract
sand and gravel in their sectors of the continental shelf; pool information and results of
research programs; determine the effects of dredging for Lithothamnion  on fisheries; and
move toward the adoption of rigorous codes for dredging operations.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality Plankton;
Nekton; Benthos; Commercial and recreational fisheries.
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Entry Number: 0047.

Citation: International Council for the Exploration of the Sea (ICES). 1979. Third report of
the working group on effects on fisheries of marine sand and gravel extraction. In
International Council for the Exploration of the Sea, Marine Environmental Quality
Cornrniftee, C.M. 1979/E:3.

Type(s) of Study: Review.

Geographic Location(s): Belgium; Denmark; Finland; France; Ireland; Netherlands;
Norway; Sweden; United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton;  Benthos;
Commercial and recreational fisheries.

Date(s) of Study: March 1979.

Study Technique(s): This report summarizes results from the third meeting of the ICES
working group on effects on fisheries of marine sand and gravel extraction. The report

provides an update from the member countries on their marine sand and graveI extraction
activities, regulatory mechanisms, research programs, and methods for minimizing impacts
of extraction activities on fisheries. The group also reviewed the progress on developing
seabed charts and the reaction of the sand and gravel industry to the first working group
report. The group also developed recommendations to be adopted by the member
countries. Appendices contained tables on marine sand and gravel production in the ICES
member countries and figures illustrated areas where current extraction activities are being
pursued.

Conclusion(s): Collation and synthesis of information on marine sand and gravel resources
and dredging activities is still required by the working group to further its activities. Specific
required products include 1) a master chart showing the areas of seabed covered by all
existing charts of surface sediment within the ICES area; and 2) a bibliography of dredging
activities from each member country.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Plankton;
Nekton; Benthos;  Commercial and recreational fisheries.
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Entry Numbec 0048.

Citation: Jumars,  P. A. 1981. Limits in predicting and detecting benthic community
responses to manganese nodule mining. Mar. Min. 3(1/2):213-229.

Type(s) of Study: Review.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Benthos.

Date(s) of Study: Not applicable,

Study Technique(s): Available data on deep sea biota (macrofauna  and megafauna)  were
reviewed and used to identify problems with detecting impacts of manganese nodule mining
on benthic communities.

Conclusion(s): Accurate prediction or detection of the responses of benthic communities
to manganese nodule mining is limited by the available data. Due to a basic lack of life
history information for deep sea organisms, data on diet, population dynamics, modes and
rates of dispersal, food web relationships, and successional rates are limited. Animals in
the path of a nodule collector will suffer high mortalities. Populations which depend on
manganese nodules as attachment substrata will be very slow to recover (> 1,000 year), as
will food-web members dependent on this epifauna. Mobile scavengers (i.e., fishes,
amphipods, and shrimps) will exploit a new temporary food source in the form of injured
and displaced animals, but will shift to carnivoty when mining efforts cease. Suspension
and surface deposit feeders will be most affected by mining-induced resuspension and
redeposition, The extent of this effect will depend on the food value of the resuspended
material.

Key Words: Metalliferous oxides; Scraping; Benthos.
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Entry Number: 0049.

Citation: Kaplan, E. H., J. R. Welker, and M. G. Kraus. 1974. Some effects of dredging on
populations of macrobenthic organisms. Fish. Bull. 72(2):445-480.

Type(s) of Study: Field.

Geographic Location(s): Long Island, New York, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Estuarine.

Mineral(s): Industrial minerals,

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Benthos;  Commercial and recreational fisheries.

Date(s) of Study: 1966  to 1967,

Study Technique(s): The effects of dredging were determined for epifaunal and infaunal
populations in Goose Bay, a shallow bay on Long Island, New York. Sampling was
conducted both before and after dredging occurred. A series of sampling stations was
established within the subtidal portions of the bay which was divided into zones of high,
medium, and low current velocities. Transects were established within each current zone
and within intetiidal  areas. Sampling by suction-corer was completed along transects.
Epifaunal and infaunal samples were preserved in formalin, sorted, and counted. Standing
crop was estimated by weighing wet and ovendried samples. The effects of dredging on
the surrounding marsh due to dumping of spoils were also noted.

Conclusion(s): Dredging significantly reduced the number of species, densities, and
standing crop of epifauna and infauna. Of particular note were reduced densities and
standing crop for the clam Mercenaria n?ercenaria in the dredged channel and within the
bay. Analysis of variance showed that there were no significant effects of season or
sediment type (and their interactions) on biomass. Though there was recovety of fbf.
rnercenaria  through time, macrobenthic biomass had not returned to pre-dredged levels
after 11 months. Productivity was reduced from 89.87 g/m2/yr  to 31.18 g/m2/yr  due
to the dredging. The reduction in number of species and population density both within the
whole bay and within the channel due to dredging was confirmed by chi-square analysis.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography
Water quality; Plankton; Benthos; Commercial and recreational fisheries.
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Entry Number: 0050.

Citation: Kaplan, E. H., J. R. Welker, M. G. Kraus,  and S. McCourt. 1975. Some factors
affecting the colonization of a dredged channel. Mar. Biol. 32:193-204.

Type(s) of Study: Field.

Geographic Location(s): Goose Bay, Long Island, New York, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Benthos.

Date(s) of Study: 1966 to 1968.

Study Technique(s): The paper describes an evaluation of colonization patterns within a
shallow coastal bay following channel dredging. Several sampling stations were established
adjacent to the channel and monitored before and after dredging activities. Epifauna and
infauna were collected by suction sampler, preserved in formaldehyde, sorted, identified,
counted, and measured for biomass. Sediment samples were also taken for particle size
analysis. Population data were used to estimate diversity indices; two-way analysis of
variance was used to determine sources of variation.

Conclusion(s): The study revealed a number of effects attributed to dredging. The density
and standing crop of macrobenthos  remained significantly lower than pre-dredging levels
after 11 months. Colonization of the dredged area started with larger, mobile benthic
organisms such as polychaetes and crabs. Recovery was slower in silt and mud sediments,
as compared to sediments with a prevailing sand component. Numerically dominant
populations found within the predredging environment recovered more slowly than the less
common organisms. Due to modification of the tidal velocities in the channel, sediment
distributions within the bay were altered. While the species diversity in silt and mud regions
did not return to pre-dredge levels after 11 months, species diversity in sandy regions was
higher than pre-dredge levels.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Benthos.
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Entry Number: 0051.

Citation: Kay, S. H. 1984. Potential for biomagnification  of contaminants within marine and
freshwater food webs. Technical Repoti  D-84-7. Vicksburg, MS: U.S. Army Corps of
Engineers, Waterways Experiment Station.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine; Freshwater.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Neuston; Plankton; Nekton; Benthos;
Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This literature review concerned biomagnification  of toxic heavy
metals and organic contaminants in gill-breathing species within marine and freshwater food

webs. The review was based on the need to evaluate potential ecological effects of
dredging activities, particularly open-water disposal, which would resuspend sediments.
The toxicity and biomagnification potential of arsenic, cadmium, chromium, copper, lead,
mercury, nickel, selenium, silver, tin, and zinc were evaluated. Polychlorinated biphenyls,
DDT and its derivatives, dieldrin, endrin, kepone, mirex, atrazine, endosulfan,  lindane,
chlorinated phenols, chlorinated benzenes, and polynuclear aromatic hydrocarbons were
also evaluated. Suggestions for future research were identified.

Conclusion(s): Biomagnification  was found to be a limited phenomenon in marine and
freshwater systems. Most heavy metals and organic compounds do not biomagnify
through several trophic levels in these ecosystems. Biomagnification was least evident in
trace metals, with the exception of methyl-mercury. Of the toxic contaminants evaluated,
PCBS, benzo[a]pyrene, naphthalene,  and possibly, kepone and mirex have the greatest
biomagnification  potential. Open-water disposal would not create significant ecological
effects attributed to the biomagnification of trace metals and toxics released from
resuspended sediments. Most available data indicate a weak potential for biomagnification.
The poor experimental design upon which these studies were based made comparisons
and extrapolation untenable. Laboratory data which identify the biomagnification potential
of specific compounds need to be confirmed by field data. Very specific recommendations
for improving the quality of laboratory and field data were provided. A substantial tabular
data summary was provided.

Key Words: Industrial minerals; Scraping; Excavating; Water quality; Neuston;  Plankton;
Nekton; Benthos;  Commercial and recreational fisheries.
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Entry Numbec 0052.

Citation: Iavelle, J. W., and E. Ozturgut. 1981. Dispersion of deep-sea mining particulate
and their effect on light in ocean surface layers. Mar. Mb?. 3(1/2):185-212.

Type(s) of Study: Model.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Water quality; Plankton; Benthos.

Date(s) of Study: March and April 1978.

Study Technique(s): Theoretical models were developed to predict the dispersion of
particulate from deep sea mining wastes and their effects on light in surface layers of the
ocean. The role of the pycnocline  in hindering the settlement of particuiates  was also

evaluated. In the absence of sufficient data, only the order of the length scales of
dispersion was attempted. Dispersion models were based on conservation of mass
principles using assumptions of homogeneity in diffusivity. The prediction of effects of the
discharge plume on light in the surface layer was based on the exponential attenuation of
light intensity as a function of particulate concentration. Based on the dispersion model,
the patterns in reductions of light intensity as they affect phytoplankton production were
estimated.

Conclusion(s): The study suggested that there would be no accumulation of particulate
at the pycnocline. When extrapolated to commercial mining conditions, study findings
suggested that the plume would extend approximately 100 km from the site; lateral

dimensions of the plume (width) were estimated at 30 to 40 km. Assuming an advection
speed of 25 cm/s, it was estimated that five days would be required for the mean settling
size to pass through the upper 100 m layer. Some degree of light reduction in the surface
layer would be expected to extend a similar distance from the mining site. Due to the
mobility of the mining platform, the light reductions are not expected to last for more than
80 to 100 h. Due to the insufficient nature of the data used in the study, the authors
cautioned that this assessment must be regarded as tentative.

Key Words: Metalliferous oxides; Scraping; Water quality; Plankton; Benthos.
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Entry Number: 0053.

Citation: Lavelle, J. W., E. Ozturgut,  S. A. Swift, and B. H. Erickson. 1981. Dispersal and

resedimentation of the benthic  plume from deep-sea mining operations: A model with

calibration. Mar. Min. 3(1 /2):59-93.

Type(s) of Study: Field; Model.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Water quality; Plankton; Benthos.

Date(s) of Study: March and April 1978.

Study Technique(s): The study developed techniques for determining the dispersal and
resedimentation of waste material from deep sea mining of manganese nodules in the North
Pacific. Pilot scale mining tests were conducted by Ocean Management, Inc. in March and
April 1978 in the North Pacific near 9“N and 151 “W. An analytical model using
conservation of mass principles was used to describe dispersion of particulate material
during mining activities. Bottom photographs of areas adjacent to the mining site and along
presumed dispersion and resedimentation areas were used to estimate the distance and
thickness of resedimented material. Water samples and moored nephelometers were also
used to estimate concentrations and timing of movement of the discharge plume. Data
derived from the field measurements were fitted to a dispersion model developed for the
stud y.

Conclusion(s): Water samples and nephelometer  profiles showed that particulate loads
were elevated above ambient levels (6 @) up to 50 m above the bottom due to mining.
After 5.5 to 8.5 days, particulate loads of 10 V@ were observed 2 m above the bottom.
The study produced an estimate of the range in settling velocities for particulate. When
used to extrapolate the effects of commercial mining activities, the model can be used to
estimate the horizontal scales of the benthic plume and rates of resedimentation. The
model prediction indicated that while resedimentation greater than 1 mm is not expected
at distances more than 400 m from the mining track, the benthic plume, characterized by
particulate concentrations elevated above ambient levels, may be expected to be detectable
up to 160 km downstream from the mining track after 45 days.

Key Words: Metalliferous oxides; Scraping; Geology; Water quality; Plankton; Benthos.
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Entry Number: 0054.

Citation: Levin, J. 1971. A literature review of the effects of sand removal on a coral reef
community. University of Hawaii Sea Grant Report TR-71  -01.

Type(s) of Study: Review.

Geographic Location(s): Hawaii, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Plankton; Nekton;  Benthos; Sensitive habitats.

Date(s) of Study: Not applicable.

Study Technique(s): The document summarizes the results of a literature review to assess
the environmental effects of sand mining on coral reef communities. Recommendations to
minimize the impact of sand dredging on coral communities were developed. In addition
to the summary, abstracts of selected references and a partially annotated bibliography
were produced.

Conclusion(s): Dredging activities within Hawaii’s coastal waters can cause significant
degradation of coral communities. Detrimental effects are caused by the resuspension and
deposition of sediments, modification of the sea bottom, and possible releases of
chemicals, nutrients, and toxic materials from disturbed sediments. Coral growth is
primarily affected by the resuspension and deposition of sediments which reduces light
intensity required by symbiotic zooxanthellae. In addition, sediments smother and abrade
corals and prevent settlement of planula larvae. The reduction in light intensity may also

reduce productivity of coral community plants such as seagrasses and macroaigae. Fish
and shellfish may be injured by suspended sediments similarly. The release of nutrients and
toxics from the sediments can also be a cause for change in coral communities. The
ultimate effects of dredging will depend upon the type and duration of environmental
changes that are created, the characteristics of the site, the type of community proximal to
the dredging activity, and the prevailing meteorologic and oceanic conditions.

Key Words: Industrial minerals; Scraping; Excavating; Water quality; Plankton; Nekton;
Benthos;  Sensitive habitats.
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Entry Number: 0055.

Citation: Levin, L. 1984. Ltie history and dispersal patterns in a dense infaunal polychaete
assemblage: Community structure and response to disturbance. Eco/ogy 65(4):1185-1200.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Mission Bay, San Diego, California, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Estuarine,

Mineral(s): Not applicable.

Type(s) of Mining Operation(s): Not applicable.

Environmental Resource(s): Plankton; Benthos.

Date(s) of .Study: 1978 to 1981.

Study Technique(s): The role of life history and the dispersal patterns of the polychaete
infauna of shallow, muddy intertidal areas in Mission Bay, California was studied to
determine how such communities respond to disturbance. Field and laboratory studies,
including planldon  sampling, sediment coring, and settlement experiments, were conducted

at three sites with differing tidal regimes. The life history of five poiychaete  species was
investigated. Recruitment characteristics and dispersal ability (i.e., in terms of adult size,
brooding, and length of planktonic  stages) were determined. Small-scale disturbance was
simulated by artificially defaunating  small patches of the sediment. A severe storm and an
accompanying spill of raw sewage into the study site provided an opportunity for studying
large-scale disturbance.

Conclusion(s): Study results indicated that the rates and mechanisms of recolonization
were governed by larval development, settlement, and mobility patterns. The ability of the
polychaete species to persist in the face of disturbance was explained by the annual life
cycles and the ability of the organisms to move in response to small-scale disturbance. All
except one species was found regularly in the plankton. There were differences in the
numerically dominant species in each of the three sites. The numerically dominant species
in the sediments were also reflected in the plankton and in the settlement and dispersal
patterns that were observed. These polychaetes reproduce throughout the year with small
brood sizes. Brood protection, variable planktonic  periods, and post-lafval  dispersal ability
(i.e., an ability to disperse after passing through various larval stages) allow them to
respond to small-scale disturbance. The polychaete species which are able to respond to
large-scale disturbance are characterized by Iongdistance  dispersal ability, the latter of
which is related to longer-lived and more seasonal Iatval stages. The authors concluded
that small-scale colonization ability remains distinct from long-distance dispersal.

Key Words: Plankton; Benthos.

356



Entry Numbefi  0056.

Citation: Levin, L. A., and C. R. Smith. 1984. Response of background fauna to
disturbance and enrichment in the deep sea: A sediment tray experiment. DeepSea Res.
31(1 1):1277-1285.

Type(s) of Study: Field,

Geographic Location(s): Santa Catalina Basin, California, United States.

OCS Planning Area(s): Southern California.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Not applicable,

Type(s) of Mining Operation(s): Not applicable.

Environmental Resource(s): Benthos.

Date(s) of Study: January to June 1982,

Study Technique(s): The response of the benthic community in a deep sea basin to
disturbance and organic enrichment of the sediment was studied. Sediment from the Santa
Catalina Basin was collected by box core, placed in trays, and then frozen to defaunate  the
sediment. One set of trays was left untreated, one set was enriched with kelp material and
oxidized, and the last set was enriched with kelp material and Iefi anoxic. Sediment trays
were equipped with lids which could be opened and closed remotely. Trays were installed

on a frame which was deployed over the study site. The frame settled to the bottom and
the lids opened automatically. After a 140day  incubation, weights were released which
closed the lids and allowed the frame to rise to the surface for recovery. Subcores were
taken from each tray. Dredge samples were also taken to determine densities of natural
benthic macrofaunal  populations.

Conclusion(s): Results indicated slower recolonization rates in sediment trays when
compared to similar shallow water experiments, an observation noted in other studies. After
incubation, the macrofaunal density in the unenriched tray was 10% of that of the
surrounding seafloor. Both juveniles and mature individuals of the numerically dominant
species of the seafloor community (i.e., the polychaetes Tauberia oculara,  Tharyx  sp., and
Thwyx nmnolaris, and an amphipod) were present. The oxidized, enriched tray only
contained one organism, an unidentified mite. The anoxic, enriched tray contained two
dorvilleid polychaetes.  The authors suggested that their study supports the hypothesis that
disturbance is important to the ecology of the numerically dominant species in the Santa
Catalina Basin.

Key Words: Benthos.
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Entry Number: 0057.

Citation: Loosanoff, V. L. 1982. Effects of turbidity on some larval and adult bivalves.

Proc.  14th Annual Session Gulf Carib. Fish Inst., 80-95.

Type(s) of Study: Laboratory.

Geographic Location(s): Long Island Sound, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Benthos; Commercial and recreational fisheries.

Date(s) of Study: Unavailable.

Study Technique(s): Experiments were performed to determine the effects of turbidity on
adults and Iawae of the eastern oyster (Crassostrea virginica)  and the clam Venus
rnercenaria.  Test animals were placed in chambers with flow-through seawater of constant

salinity (27 ppt) and varying temperature (from 17 to 23°C).  Test animals were placed in

chambers at least 12 h before the start of experiments. Experimental turbidity levels were
achieved using fine silt, kaolin, calcium carbonate, and Fullers earth. Shell movement and
rate of water pumping by adult bivalves under normal conditions and after turbidity
manipulations were recorded on kymographs. Exposures of adult molluscs were variable,
lasting from three hours to several weeks.

Conclusion(s): Oysters were sensitive to all turbidity-causing substances to some degree.
Stress or disturbance was recognized by the increased rate of water pumping by the
bivalves. When silt laden water was substituted for clear seawater, normal activity resumed
quickly. In some instances, small increases in turbidity resulted in favorable reactions by
the Iawae of clams and oysters which were reared under different turbidity regimes for as
long as two weeks.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Benthos;  Commercial and recreational fisheries.
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Entry Number: 0058.

Citation: Lunz,  J. D., D. G. Clarke, and T. J. Fredette. 1984. Seasonal restrictions on
bucket dredging operations. In Dredging and Dredged Materia/  Disposal, Vol. 1, ads. R.
L. Montgomery and J. W. Leach, 371-383. New York, NY: American Society of Civil
Engineers.

Type(s) of Study: Review.

Geographic Location(s): United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals; Mineral sands.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Plankton; Nekton;  Benthos; Sensitive habitats;
Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): Available published and unpublished literature concerning effects of
suspended sediments on aquatic organisms was reviewed. Alternative strategies were
proposed to provide managers with more realistic criteria from which to regulate dredging
operations.

Conclusion(s): Results indicated that available studies were not standardized and often
inconsistent or contradictory. Sufficient information exists, however, to suggest that most
life history stages of target organisms are very tolerant of elevated suspended sediment
concentrations. Therefore, instead of using mandatory seasonal dredging windows as a
means of regulating dredging operations, a list of questions to solicit specific information
about the project and location should initially be addressed. The questions require
information about contaminant and physical properties of the sediment at the dredging
location, the size and shape of the water body to be dredged, prevalent local hydrodynamic
conditions, the occurrence of nearby important benthic and planktonic  communities,
proximity to a natural or dredged channel, and the natural turbidity characteristics of the
water body.

Key Words: Industrial minerals; Mineral sands; Scraping; Excavating; Water quality
Plankton; Nekton; Benthos; Sensitive habitats; Commercial and recreational fisheries.
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Entry Number: 0059.

Citation: Macek, K. J., S. R. Petrocelli, and B. H. Sleight, Ill. 1979. Considerations in
assessing the potential for, and significance of, biomagnification  of chemical residues in
aquatic food chains. In Aquatic Toxicology, eds. L. L. Marking and R. A. Kimerle, 251-266.
Philadelphia, PA: American Society for Testing Materials.

Type(s) of Study: Review Laboratory.

Geographic Location(s): Not applicable.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Freshwater.

Mineral(s): Not applicable.

Type(s) of Mining Operation(s): Not applicable.

Environmental Resource(s): Water quality; Plankton; Nekton.

Date(s) of Study: Unavailable.

Study Technique(s): Bluegill sunfish were exposed to three organic toxic compounds for
a period of 35 days to assess the relative importance of dietary and aquatic exposure to
accumulation of these compounds in tissues. The accumulation, or bioconcentration,  of
the organic toxics in bluegills was measured using compounds Iabelled with radionuclides.
One set of bluegills was maintained in water containing radiolabelled toxic compounds and
fed with normal food items. Another set was exposed similarly but fed with loaded food
items containing the toxic compounds. The concentration of radiolabelled compounds in
each set of bluegills were then compared. The paper also reviewed the results of other
studies on the subject.

Conclusion(s): Results indicated that the concentration of toxic organic compounds in
tissues cannot be explained solely by aquatic exposure or dietary exposure. The
concentrations of toxic organic compounds in bluegill tissues were not statistically different
between bluegills exposed to the toxic compounds in waters alone and those which were
also fed with food containing the toxic compounds. Review of the literature indicated that
only DDT showed a potential for causing increases in tissue concentrations in aquatic
organisms through diet. For most toxic chemicals, the contribution of residues from dietary
sources to the total body burden is statistically indistinguishable from the contribution from
aquatic exposure or bioconcentration.

Key Words: Water quality; Plankton; Nekton.
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Entry NumbeK 0060.

Citation: Mackin, J. G. 1961. Canal dredging and silting in Louisiana bays. In ~ub/ications
of the Institute of Marine Science, Vol.  7:262-319. Port Aransas, TX: The University of
Texas, Institute of Marine Science.

Type(s) of Study: Review; Field; Laboratory.

Geographic Location(s): Louisiana, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Benthos;
Sensitive habitats; Commercial and recreational fisheries.

Date(s) of Study: 8 to 16 June 1954; 8 to 11 January 1956; 22 to 23 March 1956.

Study Technique(s): Three dredging operations (i.e., two hydraulic dredges, one clam-shell
dredge) were studied to determine resulting silt suspension and transport and turbidity
changes. A coring method was developed to determine the rate, age, and origins of silt
deposition. Extensive literature review was used for a full physio-chemical  description of
the study area. Legal claims arising from damages incurred from siltation from dredging

operations were scrutinized.

Conclusion(s): Silt from dredge and fill operations was carried a maximum of 1,300 ft from
the dredges. Silt dispersed rapidly by dilution and sedimentation. Turbidities within a few
hundred feet of the discharge were within natural ranges (20 to 200 ppm). Oysters tested
in turbidities  between 5 and 700 ppm showed no harmful effects. Oxygen depletion

associated with dredging operations was insufficient to produce oyster mortality in adjacent
areas. Except when completely buried, oysters exhibited no detrimental effects from
short-term dredge and fill activities. The oxygen requirements for the degradation of dead
oysters was determined to be slightly greater than that required to support live oysters.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Benthos; Sensitive habitats; Commercial and recreational fisheries.
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Entry NumbeR 0061.

Citation: Malme, C. l., B. Wursig, J. E. Bird, and P. Tyack. 1986b. Behavioral responses
of gray whales to industrial noise: Feeding observations and predictive modeling,
environmental assessment of Alaskan continental shelf. Report No. 6265. Prepared for the
U.S. Department of Commerce, National Oceanic and Atmospheric Administration and U.S.
Department of the Interior, Minerals Management Service. Cambridge, MA: BBN
Laboratories, Inc.

Type(s) of Study: Field; Model.

Geographic Location(s): St. Lawrence Island, Alaska, United States.

OCS Planning Area(s): Norton Basin.

Type(s) of Environment(s): Deep seabed;

Mineral(s): Industrial minerals; Mineral
Hydrothermal deposits; Dissolved minerals.

Continental shelf; Coastal.

sands;  Phosphorites;  Metalliferous  oxides;

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Nekton;  Marine mammals; Threatened and endangered
species.

Date(s) of Study: 17 to 27 August 1985.

Study Technique(s): A two-phase program (field study and acoustic model study) was
performed to assess the behavior of feeding gray whales to sounds generated by petroleum
industry activities. Reactions of whales to playbacks of drillship and actual seismic (air gun)
sound sources were assessed near St. Lawrence Island in the Bering Sea. Whale behavior
data were obtained by observing focal whale groups, and recording surfacing-dive and blow
information. Tracking of focal groups was conducted using a two-vessel triangulation
method or a land-based theodolite when weather permitted. Data were collected before,
during, and after sound stimuli were applied.

Conclusion(s): Field data showed that for the drillship stimulus, noise at 110 dB was the
lowest level which may cause disturbance of feeding activity in gray whales. A level of
120 dB was considered the level which will probably cause avoidance of a feeding area by
more than 507. of the local gray whale population. For air gun stimuli, a level of 163 dB
was considered the level at which disturbance of feeding activity was possible. A level of
173 dB was established as the level at which avoidance of a feeding area by more than
50% of the local population could be expected.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;
Nekton; Marine mammals; Threatened and endangered species.

362



Entry Number: 0062.

Citation: Masch, F. D., and W. H. Espey, Jr. 1967. Shell dredging: A factor in
sedimentation in Galveston Bay. Technical Report HYD 06-6702 CRWR-7. Univ. of Texas
at Austin, Center for Research in Water Resources.

Type(s) of Study: Review; Field; Laboratory.

Geographic Location(s): Galveston Bay, Texas, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Benthos;
Commercial and recreational fisheries.

Date(s) of Study: 1964 to 1965.

Study Technique(s): Impacts of shell dredging operations on sedimentation patterns within
the Galveston Bay estuary were assessed by literature review, field, and laboratory studies.
Water and sediment samples were collected using water samplers, traps, and corers at
varying distances from dredging operations and under different tidal and weather
conditions. Field studies were made to examine the effect of ship traffic on the movement
of sediments and the movement of resuspended sediments as density currents. Laboratory
studies were also conducted to determine the effects of current velocity and obstructions
to flow on the movement of resuspended sediments.

Conclusion(s): Shell dredging operations increased suspended sediment concentrations
by an order of magnitude over those caused by currents, wind and wave action, ship traffic,
and ship swells. Dredging operations produced severe sediment conditions due to the
sediment density layers which formed and moved through the estuary by gravity and
currents. Below a concentration of 175 g/1, the density layers were subject to movement
by gravity or tidal action. Laboratory and field results showed that obstructions to flow,
such as trenches or dikes, can minimize sediment movement. Oyster reefs tended to
deflect or resuspend sediment density layers. Deposition of suspended sediment in
trenches was an effective way of minimizing sediment movement. Turbidity and

sedimentation near important oyster reefs were also minimized by deepening old passes
and opening new passes in blocked areas to increase current velocities. These techniques
and the use of adequate distance criteria were expected to minimize the effects of shell
dredging on commercially important reefs.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Benthos; Commercial and recreational fisheries.
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Entry Number: 0063.

Citation: Matsumoto,  W. M. 1964. Potential impact of deep seabed mining on the Iatvae
of tunas and bilfishes.  NOAA-TM-NMFS-SWFC-44. Repott prepared for National Oceanic
and Atmospheric Administration, Division of Ocean Minerals and Energy, Southwest
Fisheries Center Honolulu Laboratory, National Marine Fisheries Service.

Type(s) of Study: Review.

Geographic Location(s): Pacific Ocean,

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Physical oceanography; Water quality; Plankton; Nekton;
Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): To further examine the potential environmental impacts of deep sea
mining activities, an assessment was made of the probable effects of discharged water on
tuna and billfish eggs and larvae. Due to the lack of data, the assessment was based on
available scientific literature concerning the effects of sedimentation and temperature on
eggs and larvae. Using certain assumptions about the pattern of discharge and the density
and distribution of eggs and larvae, an estimate was made of the number of tuna and
billfish eggs and larvae that would be destroyed by surface discharge.

Conclusion(s): The discharge of mining waste to surface waters was not expected to
produce significant effects. Minimal impacts to eggs and larvae were noted and attributed
to increased sediment concentrations, reduced light availability, and changes in trace
metals, dissolved oxygen, and salinity in the surface waters. Annual losses to the fisheries

due to death of larvae from thermal shock from discharge water were estimated to
represent O. 16% and 0.04% of the annual fishery for skipjack and yellowfh  tuna,

respectively.

Key Words: Metalliferous  oxides; Scraping; Physical oceanography; Water quality;
Plankton; Nekton;  Commercial and recreational fisheries.
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Entry Number: 0064.

Citation: Maurer,  D. L., R. T. Keck, J. C. Tinsman, W. A. Leathem, C. A. Wether, M.
Huntzinger, C. Lord, and T. M. Church. 1978. Vertical migration of benthos in simulated
dredged material overburdens, Vol. 1: Marine benthos. Technical Report  D-78-35. Final
report prepared for Office, Chief of Engineers, U.S. Army, Washington, DC.

Type(s) of Study: Laboratory.

Geographic Location(s): United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Benthos.

Date(s) of Study: Unavailable.

Study Technique(s): During a two-year study, the vertical migratory ability and survival of
seven mobile benthic invertebrates of various taxonomic groups were tested by simulated
dredge spoil burial. Sediment types were regulated, and pore and surface water
temperatures and chemistry were monitored throughout several different experimental
series. Experimental habitats included core tubes and 55-gal aquaria.

Conclusion(s): Mortality of test organisms generally increased with sediment depth
(overburden), burial time, and degree of difference between the habitat sediment and
overburden sediment. Migration of organisms within the sediment was more influenced by
temperature than was mortality. Synergistic effects of experimental variables influenced

migration and mortality. Many test species could vertically migrate through relatively thick

sediment overburdens, particularly when similar to habitat sediment, but migratory ability
was limited.

Key Words: Industrial minerals; Scraping; Excavating; Benthos.
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Entry Numbec 0065.

Citation: May, E. B. 1973. Environmental effects of hydraulic dredging in estuaries.
Alabama Mar. Resow. Bull. 9(1 ):1 -85.

Type(s) of Study: Review Field.

Geographic Location(s): Mobile Bay, Alabama, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Nekton;
Benthos; Sensitive habitats; Commercial and recreational fisheries.

Date(s) of Study: June 1969 to January 1973,

Study Technique(s): Literature was reviewed to compare, contrast, and highlight findings
from numerous dredging studies. During field work, data were gathered before, during, and
after dredge work in Mobile Bay by a variety of methods. Turbidity, dissolved oxygen, pH,

Eh, salinity, temperature, wind, currents, sedimentation, and sediment and water chemistry
were evaluated. Biological collections were made. Sampling of sites was frequent during
the study period.

Conclusion(s): Dredge spoil settled rapidly in open water, with no sediment transport
exceeding normal levels more than 1,600 ft from a discharge. Limited, temporary
reductions in the benthos were observed. Turbidity was within normal ranges a few
hundred feet from the discharge. Quantity and quality of spoil and bottom configuration
determined sediment transport paths and distances. Above-water discharges promoted
rapid settling and consolidation of spoil. Materials in normal estuarine sediments had Iitlle

effect on water quality. Biological uptake of deleterious components was not expected.
Physical modifications to water flow patterns caused by spoil disposal could affect water
quality. The application of limiting criteria in open estuary dredge work to protect water

quality did not appear necessary.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Nekton;  Benthos; Sensitive habitats; Commercial and recreational fisheries.
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Entry Number: 0066.

Citation: Miller, J. M. 1974. Nearshore distribution of Hawaiian marine fish larvae: Effects
of water quality, turbidity, and currents. In The  Early  Life History of Fish, ed. J. H. S.
Blaxter, 217-231. New York, NY: Springer-Verlag.

Type(s) of Study: Field.

Geographic Location(s): Hawaii, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Water quality; Plankton; Nekton; Commercial and recreational
fisheries.

Date(s) of Study: 1972.

Study Technique(s): Nearshore and offshore larval fish sutveys  were conducted around
Maui, Kauai, and Oahu, Hawaii. Nineteen nearshore (<10 m) locations either situated
adjacent to major land developments or receiving major effluents were sampled. An
additional 13 nearshore reference sites were also sampled. Samples were collected using
a flow-metered net equipped with 505-j.un mesh towed near the surface at each station
during winter and summer months. Similar samples were taken in offshore waters 20 to
40 m deep. A second study was made around the offshore island of Molokini to investigate
the effects of water flow on the number and variety of larvae found.

Conclusion(s): Inshore marine fish larvae were unevenly distributed around Maui, Kauai,
and Oahu, Hawaii. Density, species number, and diversity were higher at shallow (<10 m)
stations than deeper (> 20 m) ones. Species composition of inshore larvae differed greatly
from that of inshore adults. Many larval taxa collected in inshore waters were of
mesopelagic or offshore origin. The abundance of inshore larvae from demersal eggs (i.e.,
Blenniidae)  was inversely correlated with abundance of mesopelagic larvae. Although
significant, the effects of shoreline developments were obscured by those of turbidity and
water currents. Investigations from Molokini demonstrated the magnitude and location of
the effect of island contact on the abundance of larvae. A 26-fold average increase in
density of surface larvae occurred at the upstream edge of Molokini, while smaller increases
appeared downstream.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Dissolved minerals; Scraping;
Excavating; Tunneling; Fluidizing; Water quality; Plankton; Nekton; Commercial and
recreational fisheries.
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Entry Numbe~ 0067.

Citation: Millner, R. S., R. R. Dickson, and M. S. Rolfe.  1977. Physical and biological
studies of a dredging ground off the East Coast of England. In h?tematiomd Comci/  for the
G@oration  of the Sea, CM 1977/E:48. Fisheries Improvement Committee.

Type(s) of Study: Field.

Geographic Location(s): Southwold, England.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shel~ Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Nekton;

Benthos; Commercial and recreational fisheries.

Date(s) of Study: Unavailable.

Study Technique(s): Physical and biological effects of trailer dredging were assessed using
various study techniques. Sector scanning sonar was used to map and quantify dredge

scars. Bottom currents were determined during periods of peak spring tides using s-rotors
on frames placed approximately 28 to 152 cm above the bottom. A turbidity meter was
used to examine natural turbidity (i.e., water sediment loads) in the study area. Abundance

and diversity of the benthos  was determined at study sites with at least triplicate 0.1 m2/day
grab samples. Samples were sieved to 1 mm. Subsamples were taken for sediment
particle size analysis. Mobile epibenthic species and fish were collected in beam trawls.
Long-lines were used to collect additional fish samples. Fish gut contents were compared
to benthos  collected.

Conclusion(s): Dredging was not uniform within the collection area. Dredge scars were
0.3 to 0.5 m in depth and were persistent due to limited bottom currents. Ambient currents
were too slow to move particles greater than 6 mm diameter along the gravel bottom.
Natural turbidity was high enough so that increases due to outwash fines had no significant
effects. Benthos  was generally reduced in dredged as opposed to undredged areas. It
could not be determined that this difference was a direct effect of dredging, however, future

analysis of predredge samples should help with this determination. Gut contents of fish

collected were compared to benthic organisms collected. The most common epibenthos

collected were important components of fish diets.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Nekton; Benthos;  Commercial and recreational fisheries.
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Entry Number: 0068.

Citation: Motyka, J. M., and D. H. Willis. 1974. The effect of wave refraction over dredged
holes. In Proceedings, 14th Coastal Engineering Conference, 615-625. Copenhagen,
Denmark: American Society of Chemical Engineers.

Type(s) of Study: Model.

Geographic Location(s): United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality.

Date(s) of Study: Unavailable.

Study Technique(s): A numerical model was used to estimate the effect of wave refraction

over dredged pits on the transport of sediment in the nearshore zone. The model was
developed to 1 ) calculate breaking wave conditions from deep water wave conditions using
refraction over the inshore seabed; 2) calculate the rate of alongshore sediment transport
on the beach attributed to breaking wave conditions; 3) calculate changes in the beach plan
shape; 4) account for the accretion and erosion which occurs over the inshore seabed; and
5) recalculate refraction and returns attributed to breaking waves.

Conclusion(s): The authors thought that the model overestimated the degree of erosion
which would actually occur in nature. Beach erosion increased with increasing hole depth
and decreasing original water depth. Beach erosion was negligible due to holes in water
depths greater than half the length of normal waves, or a fifth of the length of extreme
waves. The results suggested that, for the North Sea and English Channel coasts of Britain,
the effects of wave refraction are minimal in depths >18 m.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality.
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Entry Number: 0069.

Citation: Mustaffi, Z., and H. Amann. 1978. Ocean mining and projection of the marine
environment in the Red Sea. In ~roceedhgs,  10th Anrmd  Offshore Technology
Conference, 1199-1214.

Type(s) of Study: Review; Field.

Geographic Location(s): Red Sea; Saudi Arabia; Sudan.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Fluidizing.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Benthos; Sensitive habitats; Regional economies.

Date(s) of Study: Not applicable,

Study Technique(s): The discovery of rich deposits of metalliferous  muds in the deep
portions of the seafloor of the Red Sea prompted concern from environmental and
operational fronts. Extraction of these metals will require precautions to guard against
environmental damage to the fragile systems found in the Red Sea. To evaluate potential
methodologies for extraction of the metals and associated environmental impacts, a joint
commission of Saudi and Sudanese scientists initiated a test mining program. The
proposed mining methodology was fluid ization, where fluidized muds are transported to the
surface via pipeline. A series of current meters was installed to characterize the surface and
near bottom currents in proposed mining areas. Baseline biological suweys were carried
out in shallow coastal areas as well as the deeper portions of the Red Sea. Tests
evaluating the surface disposal of mine tailings were also conducted.

Conclusion(s): The results of most aspects of the test mining project were not available
at the time of publication. Preliminary current meter data showed unexpected north-flowing
currents in the near bottom waters. The general pattern of sutface flow in the Red Sea is
southerly. Pristine coral reef areas were found to be nutrient-poor. Future studies will guide
the development of technologies that will allow environmentally-sound extraction of the rich
metal resources known from the depths of the Red Sea.

Key Words: Metalliferous  oxides; Fluidizing; Geology; Physical oceanography; Water
quality; Plankton; Benthos; Sensitive habitats; Regional economies.
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Entry Numben 0070.

Citation: Myrberg, A. A., Jr. 1978. Ocean noise and the behavior of marine animals:

Relationships and implications. In Effects of Noise on Wildlife, eds. J. L. Fletcher and R.
G. Busnel, 169-208. New York, NY: Academic Press.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed; Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;

Hydrothermal deposits; Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Nekton; Marine mammals; Threatened and endangered
species; Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): A review of the literature was used to illustrate, explain, and highlight
various aspects of sound reception and production as related to marine fish and selected
marine mammals, specifically the odontocete cetaceans and pinnipeds. Emphasis was
placed on proven and theorized effects of natural and industrial acoustical noise on animals
in the marine environment.

Conclusion(s): The acoustical sense of marine animals provides information on a variety
of functions relative to food, competitors, potential mates, and predators. From the

evidence presented, it was determined that background noise in the marine environment,

particularly low frequency and more or less continuous sounds (as are produced by
industrial activities), could interfere with the reception and production of bio-acoustical
sound (communication) in somniferous marine life.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits; Dissolved minerals; Scraping; Excavating; Tunneling; Fluidizing;

Nekton; Marine mammals; Threatened and endangered species; Commercial and
recreational fisheries.
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Entry Numbefi 0071.

Citation: Nichols, J. A., G. T. Rowe, C. H. Clifford, and R. A. Young. 1978. In situ
experiments on the burial of marine invertebrates. J. Sediment. Petrol. 48(2):419-425.

Type(s) of Study: Field.

Geographic Location(s): Buzzards Bay, Massachusetts, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Metalliferous  oxides;
Hydrothermal deposits.

Type(s) of Mining Operation(s): Scraping; Excavating; Tunneling; Fluidizing.

Environmental Resource(s): Benthos.

Date(s) of Study: Unavailable.

Study Technique(s): Experiments concerning the effects of burial on natural infaunal

assemblages were conducted in Buzzards Bay, Massachusetts. Bottom sediment was
isolated in plexiglass boxes or tubes (coffee cans) and buried under controlled amounts of
mud. Experiments lasted for 4-, 20-, or 24-h periods. Upon retrieval, cans or plexiglass
boxes were subdivided into 5-cm vertical sections. All fractions were sieved through

0.42- and 0.297-mm mesh screens, then organisms were sorted, counted, and identified.

Conclusion(s): Most animals common to a soft-bottom community could escape a burial
of 5 to 10 cm. At depths of 30 cm, no organisms attempted to crawl up through the
column of burying sediment. Overburden stress was considered a measure which related
bulk density of sediment and burial depth; once a critically high value is reached, buried
animals cannot initiate an escape response.

Key Words: Industrial minerals; Mineral sands; Phosphorites;  Metalliferous
Hydrothermal deposits; Scraping; Excavating; Tunneling; Fluidizing; Benthos.

oxides;
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Entry Number: 0072.

Citation: Noda, E. K. & Associates, and R. C. Y. Koh. 1985. Fates and transpon modeling
ofdkscharges  from ocean manganese crust mining. Final repott prepared for the Research
Corporation of the University of Hawaii, Manganese Crust Environmental Impact Statement
Project, Honolulu, H1.

Type(s) of Study: Model,

Geographic Location(s): Hawaii, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Physical oceanography; Water quality; Benthos.

Date(s) of Study: Unavailable,

Study Technique(s): The fate and transport of materials discharged during deep ocean
mining of manganese crusts were estimated using numerical models. Primary discharge
sites included the surface (i.e., from the surface ship) and the seafloor (i.e., from the miner).
Inputs to the models included current velocities and settling velocities of the discharged
particles. Current meters provided field data, used to calibrate input values to the numerical
models.

Conclusion(s): The models described surface and benthic discharges for the test location.
For the surface discharge, the descending jet stops its downward motion within a short
distance vertically. For the base case, the descending jet stopped 50 m below the surface.
At that point, collapse begins and continues for a downstream distance of about 2,000 m.
At the end of the collapse, the dilution of the discharge is about 2,000:1, with a thickness
of about 6 m and a width of approximately 260 m. The benthic model predicted that the
plume, in the base case, collapsed vertically and spread out horizontally for a distance of
about 100 m. The plume also grew to a width of about 20 m, at which the thickness was
about 3 m. Current data were found to be a mandatory component in modelling, necessary
to accurately predict discharge behavior at site-specific locations.

Key Words: Metalliferous oxides; Scraping; Physical oceanography; Water quality; Benthos.
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Entry Number: 0073.

Citation: Nunny, R. S., and P. C. H. Chillingworth.  1986. Marine dredging for sand and
gravel. U.K. Department of the Environment, Minerals Division. Minerals Planning Research
Project No. PECD 7/1/163-99/84. London: HM Stationery Office.

Type(s) of Study: Review.

Geographic Location(s): England; Scotland; Wales.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton;  Benthos; Sensi t ive habitats;  Commercial  and recreat ional  f isher ies;  Local

economies; Regional economies.

Date(s) of Study: Not applicable.

Study Technique(s): This study reviewed existing data on the resources and licensed
reserves of sand and gravel in the United Kingdom sector of the continental shelf. The
extent to which marine mining resources are constrained by other interests and factors

controlling operations and growth of the marine aggregate industry were identified and
analyzed.

Conclusion(s): It was recommended that an agency be developed to compile and update
data, advise on resource availability, and ensure efficient utilization of reserves. Authorities
should ensure aggregate mining the greatest consideration in coordinating applications for

exclusive use of the seabed. It was suggested that previously refused mining applications
be re-evaluated  when criteria change or new data become available. Basic research should
be initiated to establish new data and technology. Environmental data should be
considered when mining applications are evaluated. The dredge industry should improve
its public image and introduce monitoring programs. Land and marine planning should be
similar. Handling and transportation practices should be standardized throughout the
industry. Prospecting and environmental analysis should be part of all mining projects.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Plankton; Nekton; Benthos; Sensitive habitats; Commercial and recreational
fisheries; Local economies; Regional economies.
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Entry Number: 0074.

Citation: Ofuji,  l., and N. Ishimatsu. 1976. Anti-turbidity overflow system for hopper
dredge. In Dredging: Environmental Effects& Technology, Proceedings of WODCON Vll,
207-233.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): Japan.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine; Freshwater.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Sensitive habitats; Commercial and recreational
fisheries.

Date(s) of Study: Unavailable.

Study Technique(s): The authors developed an anti-turbidity overflow system for hopper
dredges. Field observations and models were used to determine the mechanisms by which
turbidity was produced by hopper dredge operations. From this information, methods and
equipment were developed which produced a model for testing in the Iaboratoty.  A full
scale device was then constructed for field testing.

Conclusion(s): The authors developed a system for minimizing turbidity that has been field
tested on three operating dredges. The mechanism was reported to be highly effective in
minimizing turbidity by removing air bubbles from the dredge water before it is discharged.
The removal of air bubbles and the placement of the discharge pipe at the bottom of the
dredge allows the suspended sediments to settle rapidly to the bottom.

Key Words: industrial minerals; Scraping; Excavating; Water quality; Sensitive habitats;
Commercial and recreational fisheries.
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Entry Number: 0075.

Citation: Otvos, E. G., and W. B. Sikora. 1991. Nearshore seashell and sand mining:
Environmental impact, Gulf of Mexico examples. In Proceedings, 23rc/ Anrwal Offshore
Technology Conference, OTC 6551. Houston, TX.

Type(s) of Study: Review.

Geographic Location(s): Alabama, United States; Florida, United States; Louisiana, United
States; Mississippi, United States; Texas, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine; Freshwater.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology;
Nekton;  Benthos; Sensitive habitats;
economies; Regional economies.

Date(s) of Study: Not applicable.

Physical oceanography; Water quality; Plankton;
Commercial and recreational fisheries; Local

I

Study Technique(s): A review of information on environmental impacts of mudshell and I

sand dredging in the fragile coastal waters of the Gulf of Mexico was conducted.

Conclusion(s): Oyster and clam shell dredging in estuarine and coastal waters of the
northern Gulf of Mexico have mechanical impact on biota, alter bottom topography,
resuspend sediments and cause turbidity, cause potential toxic or microbiological effects
from resuspended muddy sediments, increase bottom siltation, and cause substrate change
through density layer/fluid mud effects. Due to increasing erosion, offshore dredging for
beach replenishment is an expanding process in the Gulf of Mexico. The impact on
nearshore biota inhabiting higher energy sandy seafloor areas appears to be much less

pronounced than the influence of mudshell dredging in inshore environments.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Plankton; Nekton;  Benthos; Sensitive habitats; Commercial and recreational
fisheries; Local economies; Regional economies.
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Entry Number: 0076.

Citation: Owen, R. M. 1977. An assessment of the environmental impact of mining on the
continental shelf. Mar. Min. 1(1 /2) :85-102.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf.

Mineral(s): Industrial minerals; Mineral sands; Phosphorites;  Dissolved minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton;  Benthos; Sensitive habitats; Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): The author reviewed the available literature on the environmental
impact of mining on the continental shelf. The paper considered the political and economic
pressures associated with the potential for mining of resources on the continental shelf and
the environmental impact of ocean mining. The latter discussion was organized into
physical-geological impacts and the impacts on biological-chemical processes. A brief
discussion of the preventive measures to minimize impacts was also provided.

Conclusion(s): The author commented that while marine mining will more likely be pursued
on the continental shelf, the only major research on environmental impacts of marine mining
has been focused in deep ocean areas. Such information will likely be applicable. The
disruptive effect of mining activities on sediment transport processes on the continental
shelf was indicated. The detrimental result of this effect may be coastal erosion and
formation of navigational hazards. Mining activities can also disrupt biogeochemical
processes, particularly primary production and sinks of potentially toxic materials. The
author suggested that the collection of pre-mining baseline data and continuous monitoring
of critical parameters should be conducted to minimize impacts, particularly in sensitive
coastal areas such as reefs, fishing grounds, and semi-enclosed embayments.

Key Words: Industrial minerals; Mineral sands; Phosphorites; Dissolved minerals; Scraping;
Excavating; Geology; Physical oceanography Water quality; Plankton; Nekton; Benthos;
Sensitive habitats; Commercial and recreational fisheries.
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Entry Number: 0077.

C-Hation: Ozturgut, E., G. C. Anderson, R. E. Burns, J. W. Lavelle, and S. A. Swift. 1978.
Deep ocean mining of manganese nodules in the north Pacific: Pre-mining  environmental
conditions and anticipated mining effects. NOAA Technical Memorandum ERL MESA-33.

Type(s) of Study: Field.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;

Nekton;  Benthos.

Date(s) of Study: 1975 to 1976.

Study Technique(s): Prior to commercial scale manganese nodule mining operations in
the tropical North Pacific, an ecological characterization of the deep sea environment was

undertaken. Field studies measured currents, light (photosynthetically active radiation),

suspended particulate matter, pigments, primary productivity, biochemical properties,

micronekton,  and zooplankton  in the upper layer of the water column. Dissolved oxygen,
salinity, temperature, and nutrients were measured throughout the water column. In the
lower water column, currents, suspended particulate matter, and macrozooplankton  were
measured. On the seafloor, benthic fauna, sediments, and pore water were determined.
Additional information on the area was obtained from existing literature sources.

Conclusion(s): No detectable changes in temperature, salinity, dissolved gases, and
dissolved metal content of the upper water layer (due to the production of mining effluent)
were expected, even in the area immediately surrounding the ship. Shipboard disposal of
mine tailings was expected to cause a reduction of ambient light and, therefore, primary
productivity due to an increase in suspended particulate matter. The plume was projected
to reach ambient conditions about 50 km from the mining ship. Suspended particulate
matter was expected to also affect zooplankton behavior and possibly planktonic food webs
within the discharge area. Any discernible large-scale effects of the proposed mining
operation were expected to occur within 100 km of the mining vessel. Benthic fauna
contacted by the collector will be destroyed, however the areal extent of this damage will
be minimal relative to the entire mining area.

Key Words: Metalliferous oxides; Scraping; Geology; Physical oceanography; Water quality;
Plankton; Nekton; Benthos.
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Entry Number: 0078.

Citation: Packer, T. 1987. Survey of environmental effects of marine mining, In Special
Project for the Ocean Mining Division, Energy Mines and Resources Canada. Canada.

Type(s) of Study: Review.

Geographic Location(s): Worldwide.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal,

Mineral(s): Industrial minerals; Mineral sands.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Neuston;
Plankton; Nekton;  Benthos;  Sensitive habitats; Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): The document presents a review of the environmental effects of
marine mining, primarily on the continental shelf. Various marine mining systems and
general characteristics of mining areas were examined. The potential physical and chemical
effects from marine mining activities, as well as project planning and mitigation measures,
were reviewed. A annotated bibliography was also presented.

Concision: There were two main methods identified for offshore dredging of mineral
deposits: 1) mechanical, including bucket ladder and clamshell dredges; and 2) hydraulic,
including the cutter suction, stationary suction, diver-operated suction, and trailing suction
hopper. Each of these methods present advantages and disadvantages depending on the
nature of the site and the mineral deposit. Entrainment and destruction of bottom dwelling

organisms are the unavoidable physical effects of the dredging. In addition, depending on
the nature of the site and mineral deposits, thermal shock, turbidity, and light reduction are
potential physical effects. Dredging activities may also dislocate breeding grounds and
leave persistent holes and furrows that may have detrimental effects to bottom trawl
activities. When large-scale mining occurs in nearshore waters, coastal erosion may result
if the seabed has been extensively modified. Mining operations have potential chemical

effects. Resuspended sediments can also result in nutrient release, reduction of dissolved

oxygen concentrations, and release of heavy metals.

Key Words: Industrial minerals; Mineral sands; Scraping; Excavating; Geology; Physical
oceanography; Water quality Neuston; Plankton; Nekton; Benthos; Sensitive habitats;
Commercial and recreational fisheries.
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Entry Number: 0079.

Citation: Padan, J. W. 1977. New England offshore mining environmental study (Project
NOMES): Finai report. NOAA Special Report. Seattle, WA: U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, Environmental Research Laboratories.

Type(s) of Study: Field; Laboratory

Geographic Location(s): Massachusetts Bay, Massachusetts, United States.

OCS Planning Area(s): North Atlantic.

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton;  Benthos.

Date(s) of Study: 1972 to July 1973.

Study Technique(s): The New England Mining Environmental Study (NOMES) was
conducted in order to resolve marine environmental impact issues that had prompted
moratoria on marine mining. Initial surveys were conducted to characterize the nature of
the mine site and projected impact area. These observations constituted a baseline of
biological (benthos,  phytoplankton,  turbidity), geological (bathymetry,  stratigraphy, core
samples), chemical (nutrients, suspended solids), and physical oceanographic (temperature,
salinity, currents and dispersion, and light penetration) data for the area. To augment these
studies, one series of laboratory experiments was completed in which several test
organisms were exposed to varying concentrations of suspended sediment.

Conclusion(s): The study ended prematurely and only limited data were collected.
Monthly sampling of benthos revealed considerable natural spatial and temporal variability
in species composition and abundance. It was noted that a method must be developed
that will distinguish changes due to mining from those due to natural variability inherent in
the coastal marine environment. Such a distinction is necessary before inferences about
impacts can be made. Laboratory studies on the effects of turbidity on marine organisms
showed low mortality in adult fish, bivalves, and shrimp. Juvenile organisms showed a
higher mortality than adults. The mining site was found by subbottom  profiling and

delineated by core sampling.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Plankton; Nekton; Benthos.
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Entry Number: 0080.

Citation: Paffenhofer, G. A. 1972. The effects of suspended red mud on mortality, body
weight, and growth of the marine planktonic copepod Cakmus  helgolandicus. Water, Air,
Soil Pollut.  1:314-321.

Type(s) of Study: Laboratory.

Geographic Location(s): Not applicable.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Mineral sands.

Type(s) of Mining Operation(s): Excavating.

Environmental Resource(s): Plankton.

Date(s) of Study: Unavailable.

Study Technique(s): The effect of ‘red mud’, the tailings from extraction of aluminum from
bauxite, on a marine planktonic  copepod was investigated. Various Iawal stages were
exposed to varying (i.e., from 1:100,000 to 1:1,000,000) mixtures of red mud and seawater
in the laboratory with appropriate controls. Experiments were conducted using cultured
diatoms as food. After the experiment, the animals were collected, dried, and weighed.
Differences in body weight and growth rates between the experimental and control groups
were then determined.

Conclusion(s): Red mud had deleterious effects on the survival, body weight, and growth
of the planktonic  copepod. Mortality in the experimental group was five to eight times
greater than the control group. Grovvth  in the experimental group was also delayed.
Formation of ovaries was also hindered in female copepods due to ingestion of red mud.
These results suggested that ocean disposal (dumping) of red mud would have significant
effects on planktonic  copepcds.



Entry Number: 0081.

Citation: Peddicord, R. K. 1976. Biological impact of suspensions of dredged material.
In Dredging: Environmental Effects& Technology, Proceedings of WODCON  WI, 605-615.

Type(s) of Study: Laboratory.

Geographic Location(s): Not applicable.

OCS Planning Area(s): Not applicable

Type(s) of Environment(s): Continental shelf; Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Nekton; Benthos.

Date(s) of Study: Unavailable.

Study Technique(s): Laboratory experiments were conducted to determine the effects of
suspended sediments on marine and estuarine invertebrates and fish. Blue mussel, sand

shrimp, shiner perch, and striped bass fingerling were exposed to varying concentrations
of kaolin and bentonite clays and natural sediments. Experiments were also conducted to
determine the effect of temperature and oxygen concentrations on the toxicity of suspended
sediments.

Conclusion(s): Most of the organisms tested exhibited a high tolerance to suspensions of
kaolin and bentonite clays (i.e., up to 100 g/1 concentrations for 10 days). Test organisms
which were generally found in areas with high turbidity had the highest tolerance.
Temperature and dissolved oxygen conditions affected the tolerance of most organisms
(i.e., increased temperatures and decreased oxygen lowered the tolerance of most
organisms). Most species were also found to have a high tolerance for uncontaminated
sediments. Sediments from a heavily industrialized shipyard area caused significant
mortality. Decreasing the concentration of suspended sediments from the contaminated
area resulted in reduced mortality.

Key Words: industrial minerals; Scraping; Excavating; Water quality; Nekton; Benthos.
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Entry Number: 0082.

Citation: Pfiienmeyer, H. T. 1970. Gross physical and biological effects of overboard
spoil disposai  in upper Chesapeake Bay: Project C, benthos.  Univ. Maryland, Nat. Res.
Inst., NRI Special Reporl  No. 3:26-38.

Type(s) of Study: Field.

Geographic Location(s): Chesapeake Bay, Maryland, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Physical oceanography; Benthos.

Date(s) of Study: January 1966 to December 1968.

Study Technique(s): Benthos was collected at numerous sites established along transects
in and near a dredging operation. Collections were taken with a 0.1 mz Van Veen grab

before, during, and after dredging according to an established and periodic sampling
program. Sediments were analyzed for particle size and organic content. Salinity and

temperature were determined for surface and bottom water. The numbers of individuals
collected per site, species diversity, and dry weight biomass were used to analyze the
effects of dredging and spoil disposal.

Conclusion(s): Five months after dredging, benthic biomass increased at all sites. One
year after dredging and spoil disposal, benthic recovery had occurred in the spoil disposal
area, but not in the dredge channel. Because natural seasonal changes created drastic
population fluctuations, late winter or early spring was probably the best time for dredging
to produce the fewest effects on benthic populations.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Benthos.
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Entry Numbe~ 0083.

Citation: Poopetch, T. 1982. Potential effects of offshore tin mining on marine ecology.
In Proceedings of the Working Group Meeting on Environmental Management in Mineral
Resource Development, Series No. 49:70-73.

Type(s) of Study: Review.

Geographic Location(s): Thailand

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal.

Mineral(s): Mineral sands

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Water quality: Plankton; Nekton; Benthos; Sensitive
habitats; Commercial and recreational fisheries; Local economies.

Date(s) of Study: Not applicable.

Study Technique(s): This paper reviewed available literature on the potential environmental
impacts of tin mining in Phuket,  Thailand. information was mainly based on unpublished
data from the Phuket Marine Biological Center. A description of the turbidity plume
generated during tin mining by dredge was provided.

Conclusion(s): Significant environmental effects of tin mining were observed. Suspended
solid concentrations as high as 138 ppm and a Secchi disk depth of 0.5 m were reported
within the plume from one large dredging operation. ‘“C primary productivity was reduced
to 12% of ambient values 1 km downstream of the dredge. Species composition and
density were poorer in the dredged areas compared to undisturbed areas.

Key Words: Mineral sands; Scraping; Geology; Water quality; Plankton; Nekton;  Benthos;
Sensitive habitats; Commercial and recreational fisheries; Local economies.
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Entry Number: 0084.

Citation: Pycha, R. L. 1968. Effects of dumping taconite  tailings in Lake Superior on
commercial fisheries. U.S. Department of the Interior, Bureau of Commercial Fisheries.

Type(s) of Study: Review.

Geographic Location(s): Lake Superior, United States.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Freshwater.

Mineral(s): Mineral sands.

Type(s) of Mining Operation(s): Excavating.

Environmental Resource(s): Commercial and recreational fisheries.

Date(s) of Study: Not applicable.

Study Technique(s): This report summarized the findings of a review of fisheries data that
was undertaken to determine if the discharge of taconite tailings into Lake Superior had
negative effects on commercial fisheries. The author examined the available data for
several fisheries within Lake Superior prior to and following the start of dumping, including
data for fisheries in waters of Minnesota, Michigan, and Wisconsin.

Conclusion(s): The decline in the fisheries that were examined could not be attributed
solely to the dumping of taconite into Lake Superior. The decline of these fisheries was
already underway prior to the start of dumping (1956). There was already a decline in trout
populations, thought to have been initiated by the introduction of the sea lamprey into the
Great Lakes, before 1956. Likewise, the decline in the herring fishery was already
underway, attributed to intensive fishing. Examination of fishing records from areas in
Minnesota that were adjacent to the taconite  dumping did not reveal any effects that could
be attributed to the dumping. In contrast, smelt populations have been increasing. These
increases could not be attributed to the taconite dumping because they began much earlier.
Similarly, the increase in the chub fisheries was not tied to the taconite dumping but was
a reflection of increased fishing pressure. The author also found that population records
for whitefish were insufficient to provide any conclusive information on the effects of
taconite dumping on this species.

Key Words: Mineral sands; Excavating; Commercial and recreational fisheries.
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Entry Number: 0085.

Citation: Sharma, R., and A. Rae. 1991.
in Central Indian Basin. In proceedings,
481-490.

Type(s) of Study: Review.

Environmental considerations of nodule mining
23rd Annual Offshore Technology Conference,

Geographic Location(s): Central Indian Basin, Indian Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous  oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Geology; Physical oceanography; Water quality; Plankton;
Nekton;  Benthos.

Date(s) of Study: Not applicable.

Study Technique(s): The authors reviewed available information on physical, chemical, and
biological conditions in the Central Indian Basin to evaluate the potential impact of deep sea
mining of ferromanganese nodules by suction dredges. Using available information to
estimate mining activities on the commercial scale [i.e., 5,OOO metric tons (ret) per day], the
authors developed predictions on the potential effects on the sea bottom and discharge of
sediments into the water column.

Conclusion(s): The authors suggested that, at commercial mining scales, these activities
will lead to aberrations in the marine food chain and drastic variations in the physioc-
hemical environment of the mining area. Measures for minimizing impacts were proposed,
including the separation of nodules from the sediment matrix at the sea bottom. The mining

of nodules in strips separated by undisturbed areas was also proposed to provide sources
for recolonization of adjacent mined areas.

Key Words: Metalliferous oxides; Scraping; Geology; Physical oceanography; Water quality;
Plankton; Nekton;  Benthos.
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Entry Number: 0086.

Citation: Taylor, J. L., and C. H. Saloman. 1968. Some effects of hydraulic dredging and
coastal development in Boga Ciega Bay, Florida. Fish Bull. 67(2):213-241.

Type(s) of Study: Field.

Geographic Location(s): Boca Ciega Bay, Florida, United States.

OCS Planning Area(s): Not applicable,

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating,

Environmental Resource(s): Geology; Physical oceanography; Water quality; Neuston;
Plankton; Nekton;  Benthos;  Sensitive habitats; Commercial and recreational fisheries; Local

economies; Regional economies.

Date(s) of Study: September 1963 to August 1964.

Study Technique(s): Six stations, representative of undredged and dredge/fill impacted
sites, were selected from a pool of 31 sites sampled initially in Boca Ciega  Bay, Florida.
Sampling was conducted at three-month intervals for nine months. Four stations were
sampled for biomass using shovels, bucket dredges, bottom drags, plug samplers, trawls,
beach seines, and trammel nets. Infauna was sieved to 0.701 mm. Triplicate plug cores
were used to calculate wet and dry plant weights and wet infauna weights from vegetated
and non-vegetated sites. All stations were sampled for water temperature, salinity, pH, total
phosphorous, dissolved oxygen, Secchi turbidity, chlorophyll a, primary productivity, and
sediment composition and texture.

Conclusion(s): Dredge and fill operations had reduced the area of Boca Ciega Bay, Florida
by 3,500 acres since 1950. Estimated annual standing crop destroyed was 1,133 metric
tons (whole dry weight) of seagrass and 1,812 metric tons (dry weight) of associated
infauna. Annual production loss of biological resources was estimated at a minimum of
25,841 metric tons of seagrass, 73 metric tons of fisheries products, and 1,091 metric tons
of infauna, excluding meiofauna. The loss of value from eliminated estuary was estimated
at $1.4 million annually. Inestimable secondary losses occur from sedimentation, turbidity,
and domestic sewage.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Neuston; Plankton; Nekton; Benthos;  Sensitive habitats; Commercial and
recreational fisheries; Local economies; Regional economies.
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Entry Number: 0087.

Citation: Tsurusaki, K., T. Iwasaki, and A. Masafumi. 1988. Seabed sand mining in Japan.
Mar. Min. 7:49-87.

Type(s) of Study: Review.

Geographic Location(s): Japan.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf; Coastal.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology;

Nekton;  Benthos; Sensit ive habitats;

economies; Regional economies.

Date(s) of Study: Not applicable.

Physical oceanography; Water quality; Plankton;

Commercial and recreational fisheries; Local

Study Technique(s): The paper reviews the historical development and environmental
impacts associated with seabed sand mining in Japan. A description of the extent and

distribution of marine sand resources, trends in the mining industry, and representative
mining activities in Kyushu are provided. The environmental impacts of seabed sand mining
activities, primarily with regard to seabed alteration and sedimentation, are described.

Conclusion(s): The depletion of riverbed sand deposits in Japan drove the mining industry
to exploit seabed deposits. Seabed sand mining off the Japanese coast has been
conducted by approximately 540 relatively small vessels, mostly in waters off western
Japan. These mining activities have contributed 20 to 25% of the total production of natural
aggregate and 10% of all the aggregate used in recent years. Grab buckets and hydraulic
dredges have typically been used. The main environmental impact noted was alteration of
the seafloor. Sedimentation during dredging activities has also been reported to affect
fishing and aquiculture. Recently, sedimentation has been mitigated by the use of an anti-
turbidity overflow system. As the deposits in shallow areas are depleted, mining activities
were expected to shift to deeper waters, a move which will likely further minimize
environmental impacts.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Physical oceanography;
Water quality; Plankton; Nekton;  Benthos; Sensitive habitats; Commercial and recreational
fisheries; Local economies; Regional economies.
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Entry Number: 0088.

Citation: U.S. Department of Commerce, National Oceanic and Atmospheric Administration
(NOAA). 1981. Deep seabed mining: Final programmatic environments) impact statement,
VoLs.  I and Il. Washington, DC: U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, Office of Ocean Minerals and Energy.

Type(s) of Study: Review.

Geographic Location(s): Pacific Ocean.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Deep seabed.

Mineral(s): Metalliferous oxides.

Type(s) of Mining Operation(s): Scraping.

Environmental Resource(s): Air quality; Geology; Physical oceanography; Water quality;
Neuston;  Plankton; Nekton;  Benthos; Birds; Marine mammals; Threatened and endangered
species; Sensitive habitats; Commercial and recreational fisheries; Local economies;
Regional economies; Human resources.

Date(s) of Study: Not applicable.

Study Technique(s): A literature review was conducted, with special emphasis on the Deep
Ocean Mining Environmental Study (DOMES I & 11), to assess the potential environmental
impacts of exploration for and commercial recovery and processing of manganese nodules

from the deep seabed. Marine and onshore environmental impacts were evaluated.

Conclusion(s): The Deep Seabed Hard Minerals Resources Act was adopted to regulate
mining. Pilot scale nodule mining indicated a potential for several significant adverse
impacts. Accordingly, NOAA decided to require monitoring of demonstration scale mining.
Research was undertaken to determine the need for mitigation. NOAA would act as lead
agency for review of environmental impacts (including environmental impact statement
preparation for onshore facilities) and would work informally with other authorities to
facilitate permit decisions.

Key Words: Metalliferous  oxides; Scraping; Air quality; Geology; Physical oceanography;
Water quality; Neuston; Plankton; Nekton; Benthos; Birds; Marine mammals; Threatened
and endangered species; Sensitive habitats; Commercial and recreational fisheries; Local
economies; Regional economies; Human resources.
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Entry Number: 0089.

Citation: Wakeman, T. H. 1976. The biological ramifications of dredging & disposal
activities. In Dredging: Envirormer?ta/  Effects ~ Technology, Proceedh?gs of WODCON V/l,
53-68. San Francisco, CA: institute of Electrical and Electronic Engineers, Inc.

Type(s) of Study: Field; Laboratory.

Geographic Location(s): San Francisco

OCS Planning Area(s): Not applicable.

Bay, California, United States.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Geology; Water quality; Plankton; Nekton; Benthos.

Date(s) of Study: 1972  to 1975.

Study Technique(s): The paper describes the results of a series of studies designed to
investigate the effects of dredging and disposal activities on biological resources in San
Francisco Bay. Investigations examined dredging and disposal effects on water quality,
sediment heavy metal release, and benthic and pelagic organisms. Investigations involved
both field observations and measurements and laboratory experiments. Laboratory
experiments included studies of the role of temperature and dissolved oxygen in the effect
of suspended solids on pelagic and benthic species.

Conclusion(s): Dredging and disposal activities were reported to have minimal effects on
the upper water column. Plumes that were formed were of short duration and had minimal
suspended solid concentrations. Significant impacts near the bottom were reported.
Reduction in dissolved oxygen concentrations and increases in suspended solids were
observed near the bottom at disposal sites. Nutrients, chlorinated hydrocarbons, and heavy
metals were released into the water column from resuspended sediments. Salinity, oxygen
concentrations, and biological activity interact with other physical and chemical factors
which control the partitioning and sorption and resorption of hea~ metals and toxic
organic compounds. Suspended solid concentrations observed in the field did not affect
adult benthic organisms at saturated oxygen conditions and at winter temperature.
Significant mortality among benthic organisms was noted, however, at higher temperatures
and reduced dissolved oxygen concentration. Similar observations were noted for pelagic
species.

Key Words: Industrial minerals; Scraping; Excavating; Geology; Water quality; Plankton;
Nekton; Benthos.
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Entry Number: 0090.

Citation: Wilson, K. W., and P. M. Conner. 1976. The effect of china clay on the fish of St.
Austell and Mevagissey Bays. J. Mar. Bio/. Assoc. U.K. 56:769-780.

Type(s) of Study: Field.

Geographic Location(s): United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Coastal; Estuarine.

Mineral(s): Industrial minerals.

Type(s) of Mining Operation(s): Scraping; Excavating.

Environmental Resource(s): Water quality; Nekton; Benthos;  Commercial and recreational
fisheries.

Date(s) of Study: September 1970.

Study Technique(s): A trawling survey was conducted to determine the effects of china
clay discharges on fish distribution in Mevagissey Bay, off Cornwall. A commercial trawling
vessel was used to take three repetitive hauls from each of six sites where china clay was
present. Similar hauls were completed at six additional sites where china clay was not
present. All invertebrates and fishes collected were identified, sorted, and counted.
Lengths of selected fish species were taken. Food habits of commercially important fishes
(i.e., plaice, dabs) were examined.

Conclusion(s): The distribution of motile invertebrates and fishes was not greatly affected
by the presence of china clay. However, certain fishing areas could not be sampled
because large amounts of china clay fouled the trawl nets. The numbers of commercial
species caught on the two different bottom types were approximately the same. The
numbers of sedentary invertebrates were greatly reduced in the areas affected by china
clay. In these areas, the fish shifted their diets and fed upon prevalent invertebrates.
Mackerel and garfish were caught in water colored with suspended clay.

Key Words: Industrial minerals; Scraping; Excavating; Water quality; Nekton; Benthos;
Commercial and recreational fisheries.
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Entry Number: 0091.

Citation: Wyatt, T. 1972. Some effects of food density on the growth and behaviour of
plaice larvae. Mar. Biol. 14:210-216.

Type(s) of Study: Laboratory.

Geographic Location(s): United Kingdom.

OCS Planning Area(s): Not applicable.

Type(s) of Environment(s): Continental shelf.

Mineral(s): Not applicable.

Type(s) of Mining Operation(s): Not applicable.

Environmental Resource(s): Plankton; Nekton; Commercial and recreational fisheries.

Date(s) of Study: Unavailable.

Study Technique(s): The effect of food density on the growth, survival, and swimming
activity of plaice (Pleuronectes  pkitessa) larvae was investigated under laboratory
conditions. Larvae were placed in 5-L plastic tanks maintained at a constant temperature
of 10 “C. Each tank was stocked with 50 larvae, then relative densities (i.e., 1, 0.5, 0.25,
0.125, and 0.0625) of prey (Arternia  nauplii) were introduced. Effect of food density on
relative growth was determined by an index based on the ratio of height of body
musculature to body length. In another series of experiments, the effect of absence of food
on survival and activity was assessed.

Conclusion(s): Experiments showed that suboptimal  food densities affected the condition
index and increased the amount of time searching for food. Older larvae were able to
withstand much longer periods without food than young Iatvae. Based on these results, it
was suggested that food limitation in a larval plaice population is likely to result in a
concave mortality curve.

Key Words: Plankton; Nekton;  Commercial and recreational fisheries.
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