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EXECUTIVE SUMMARY

An assessment of mineral resources in the sea-bed on the continental shelf
offshore Georgia was undertaken by Zellars-Williams Company, division of Jacobs

Engineering Group Inc., pursuant to a contract dated August 12, 1988. The award was
made following a request for proposals by the Georgia Department of Natural
Resources and the Minerals Management Service, U.S. Department of the Interior,
acting cooperatively with other participants, as the TASK FORCE for Offshore

Mineral Resources.

Owing to budgetary constraints, the work assesses the economic viability of
commercially exploiting offshore phosphorites and heavy minerals utilizing, to the

greatest extent possible, commercially available proven technology.

The premises upon which the occurrences of potentially economic resources are
located and their areal extent and volume quantified are based entirely on data made
available by others. It is emphasized that this study is based on a minerals occurrence
inferred by scattered, widely-spaced data points. The conceptual mining and
beneficiation flowsheet designs were formulated based on analysis of these data and

assumptions as to ore grade, minerals distribution, and ore continuity.

The phosphate-bearing Middle Miocene area targeted for this study is located
within a 3-nautical mile radius of a point which is the intersection of 80040 latitude,
and 329 longitude lines. The ore (matrix) zone identified for mining is 5-7 meters
thick, under 8-10 meters of overburden. Water depth, below MSL, is 14-16 meters.
The 507 million cubic meters of matrix have the potential of yielding 162 million
tonnes of 30% P20s grade phosphate rock product after mining and beneficiation

losses.

For phosphate exploitation, all of the required mining, beneficiation, waste
disposal, product storage, ship loading, and supporting infrastructure facilities are
entirely offshore. Similarly designed, hybrid cutterhead suction-type hydraulic
dredges remove overburden and mine matrix independently. Overburden is pumped
through a trailing pipeline about 1.5 nautical miles to a floating, constant level head
tank and flexible tremie discharging into previously mined cuts at sea bottom. Matrix

is pumped to the beneficiation plant through a pipeline, which lengthens as mining



progresses to a maximum distance of 3 nautical miles. The overburden dredge must
excavate about 1.6 cubic meters for each cubic meter of ore mined by the matrix

dredge.

A 15-acre man-made island, located in the center of the proposed mining area,
houses all the beneficiation processing units required to produce wet phosphate
concentrate. The phosphate beneficiation facility consists of washer, feed
preparation, flotation and product storage, and loading areas. The beneficiation
facility is designed to receive slurried ore from the matrix dredge, disaggregate the
ore, wash and grind the oversize rock, remove the clay, and separate the sand from the
feed to produce a marketable phosphate concentrate product. Fresh water, produced
by a reverse osmosis desalination plant, is used to rinse the concentrate to remove
surficial salt residue remaining from the beneficiation process. Concentrate is loaded
aboard ocean-going vessels berthed at a wharf from a walled-in type open storage
yard. Clay and sand-sized particles, rejected with sea water in the beneficiation
process, are thickened with the aid of flocculants, dewatered, mixed, and then
discharged through a submerged pipeline into mined cuts. The dredges and island
facilities are self-sustaining and are designed to operate 6,000 and 7,000 hours per
year, respectively, in all but the most severe weather conditions. The facilities are

designed to yield product at the average annual rate of 4.8 million tonnes.

World-wide and domestic phosphate supply-demand projections support the
premise that market entry in about the year 2000 is reasonable. The most optimistic
estimate of the time required to implement the exploration, development, and
preliminary engineering phase of this enterprise could support start-up in the year
1996. Economic sensitivity analyses, based on constant 1988 dollars, for sales prices
(FOB vessel off-shore island) of $36.00 per tonne in 1996, and $42 per tonne in 1999,
demonstrate a promise of economic viability. Construction capital, production cost,
and after-tax discounted cash flow return on investment for each of five scenarios,
with final production in 1999, and revenue based on a $42 per tonne sales price, are
summarized below.

Construction Production

Sales Price Capital Cost DCFROI
Case Nao. $/tonne $ Millions $/tonne %
11 42 280 16.60 12.

2
IIa 42 280 15.15 13.3
b 42 280 18.05 1i.1
Ilc 42 252 16.60 14.1
I1d 42 308 16.60 10.6



An implied occurrence of surficial sea-bed sands containing heavy minerals and
rare earths most amenable to mining by conventional ocean-going dredges targets the

area considered in this study. This heavy mineral line, about 30 nautical miles from
shore, is about 0.8 nautical miles wide, 8.1 nautical miles long, and 10.4 meters thick.

Water depth, below MSL, is 26-30 meters. The 292 million cubic meters of mineral-
rich sands have the potential of yielding 15 million tonnes of a suite of heavy minerals
and rare earth products, after mining and milling process losses. The dredge is a
suction hopper vessel with a leading suction head arm operating from anchored

positions to excavate the full depth in panels created in a series of pits.

Dredged sands are processed first in an on-board wet mill and then pumped to a
nearby dry mill for final up-grading. The wet mill concentration process rejects
oversize and fine sediments, which are collected, thickened, and discharged into the
mined cuts. The resulting intermediate product is pumped through a trailing pipeline
to a dry mill situated on a semi-submersible platform anchored nearby. The platform
is moved, as mining advances, when the distance from mining exceeds about 1.1
nautical miles. This requires the platform to move every five years. The platform is a
fully self-contained floating production platform with crew quarters, and product

storage and vessel loading equipment.

The heavy mineral facilities are designed to recover rutile, ilmenite, leucoxene,
monazite and zircon from heavy mineral sand deposits. Processing facilities include
an initial concentration plant (wet mill) located onboard the mining dredge, and a
remote-located platform-mounted recovery plant (dry mill). Sea water is used for
processing at both the wet and dry mills. The configurations of mine and beneficiation
facilities are designed to produce 811,100 tonnes per year of products consisting of a

mix of the heavy minerals identified in the study.

Economic analyses are based on capital construction cost of 235 million dollars
and a production cost of $42.53 per average tonne of heavy mineral products. Sales
price for the average tonne of heavy mineral product was constructed by applying the
current quoted market price for each of the five products to the quantities of each.
The resulting artificial average sales price of $127.00 per tonne is increased by 30% in
increments of 10% to test sensitivity. The resulting after-tax discounted cash flow in

percent return on investment is given following.



Artificial )
Average Construction Production
Sales Price Capital Cost DCFROI
$/tonne $ Millions $/tonne %
127.00 235 42.53 4.2
130.70 235 42,53 6.8
152.40 235 42,53 9.0
165.10 235 42.53 11.7

minerals support further explorative work offshore in the described target and other

areas. The technical and economic risk associated with the mining, beneficiation, and

~detailed engineering study. This effort is not warranted until further exploratory work

is carried on to reduce the uncertainties of the minerals occurrences. This exploration
work would focus on developing data upon which to base a scientific determination of
level-of-confidence as to the quantity and quality of sea-bottom ore.

Limited areal investigation and complete profile core drilling to recover
adequate samples in several locations are required to confirm assumptions made as tg
grade and quality. Properly located drill holes will aid in reducing uncertainties of
continuity and variability, Favarable results of bench scale laboratory analysis and
beneficiation process testing would then support more engineering.

Concurrent with the initial phases of the exploration program, limited
environmental baseline studies are required to identify, evaluate and quantify biota
and marine environments on a site-specific basis, These preliminary studies will
provide the data with which Potential impacts on marine life may be evaluated.
Further, these data will provide the means of analyzing and costing mitigative
alternatives to various exploitation plans. The Success of, and the cost of, mitigation
and environmental monitoring may be a significant additional operating cost in the

offshore mining of minerals,



The bibliography, contained as Section 9, is intended to recognize Zellars-
Williams Company key professional contributors, in addition to J.M. Williams, P.E., as

a principal investigator, and all the sources of reference used in preparing the report.

The Draft Final Report was delivered and reviewed in Atlanta at a Task Force
meeting on May 17, 1988. A second Task Force meeting in Atlanta was held on June
14, 1988 to receive input and to consider modifications and amendments to the Draft.
The Final Report, reflecting comments of the Task Force, was published on July 20,
1988.

"THIS RESEARCH WAS FINANCED THROUGH A GRANT FROM
THE GEORGIA GEOLOGIC SURVEY, ENVIRONMENTAL PROTECTION
DIVISION, DEPARTMENT OF NATURAL RESOURCES.
FUNDED BY THE MINERALS MANAGEMENT SERVICE
DEPARTMENT OF THE INTERIOR
UNDER MMS AGREEMENT NO. 14-12-0001-30399"
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SECTION 2

SCOPE OF STUDY

OVERVIEW AND OBJECTIVES

In August 1987 Zellars-Williams Company, a member of Jacobs Engineering
Group Inc., (ZW), contracted with the Department of Natural Resources,
State of Georgia, to provide a resource assessment study for Georgia offshore
minerals. The specific study area (Figure 2.1) is defined as the Continental
Shelf off of Georgia, lying between Universal Transverse Mercator (UTM)
grid lines N 3,362,400 meters and N 3,675,000 meters. The western and
eastern study-area boundaries, respectively, are the three geographical-mile
line (measured seaward from the coast as depicted on U.S.G.S-U.S.N.O.S.

topographic-bathymetric maps) and the shelf break.
Two primary services are defined by the scope of study:

o preparation of resource assessment studies (for heavy mineral sands and
phosphorites), which include quantity, chemical analyses and physical

properties, and

o a general economic feasibility analysis (for both heavy minerals and
phosphaorites) which consists of a discussion of mining technologies,
infrastructure, and other facilities, as well as economic sensitivity

analyses of factors relative to exploitation of mineral resources.
Project deliverables are limited to the following items:

o a computerized geologic database,
o digitized resource maps, and
o a final project report describing the physical resource and presenting the

economic feasibility analyses.



FIGURE 2.1

Study Area Location Map
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DATA COLLECTION

Resource assessment studies in this report are based on published and
unpublished reports and databases. The only two potential mineral resources

that have been reported for the Atlantic Continental Shelf (ACS) offshore of
Georgia are heavy mineral sands and phosphorites. Deposits of materials
such as gravel and shell have been located in other ACS areas, but no
descriptive evidence of these materials in exploitable concentrations exists

for the study area.

Steps leading to the resource description included identification of available
data, collection of them, standardization to provide comparable formats,
assessment of data quality and assignment of consequent limitations on its
use, integration of data sets of comparable character and quality, and
assessment of the natural resource in terms of location and probable quantity

and quality.

Available data related to potential mineral resources offshore of Georgia
were identified by several means. Bibliography and literature reviews were
conducted to assess the availability of published information. Data survey
forms were prepared and submitted to certain organizations to determine the
availability of unpublished data. Additionally, a number of personal contacts
were made in order to obtain specific data or samples, or to follow-up an

data survey forms.

The Request for Proposal specified eight potential data sources for
evaluation during the course of the first phase of the Resource Assessment
Study. Contacted potential sources are listed in Table 2-1, with persons

contacted at each, as well as an assessment of the current haldings of each.

A. Georqgia Geological Survey, EPD, DNR, Atlanta, Georgia
Contact: Mr. Jeff Kellam, 404/656-3214

Holdings of the Georgia Geological Survey are generally duplicative of
published information that may be as easily acquired elsewhere.
However, a careful file review will be conducted with Survey staff to

ensure that essential materials do not escape attention.
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U.S. Bureau of Mines, Washington, D.C.

Contact: Mr. Aldo Barsotti, Division of Minerals Availability
202/6364-1138; Mr. Langtrey Lynd, Titanium Commodities Specialist,
202/634-1055.

Mr. Barsoti and Mr. Lynd have jointly reviewed DMA data holdings, along
with Mr. Don Rogich (Chief, DMA). They concluded that they have no
independently developed information that is relevant to the requirements
of the Georgia Offshore Minerals Assessment Study. They hold no

samples,

Geology Department of Georgia State University, Atlanta, GA.

Contact: Professor Vernon J. Henry, 404/658-227 2

There are virtually no unpublished data in the files of Georgia State.
Rather, all assessment work is accessible through published information

on file there, or elsewhere.

The recent work of Georgia State is based on two data gathering
campaigns, the first reported upon in June, 1983. This was work
performed for the U.S. Geological Survey (USGS), in a cooperative
program with the Bureau of Land Management (BLLM), which consisted of
a survey conducted to determine the occurrence and distribution of
biological and geological hazards on the ocean bottom between Cape
Hatteras, N.C. and Jacksonville, Florida from the three-mile inner-shelf
boundary seaward to the 50 meter isobath. During the course of this
work nearly 6,000 kilometers of trackline were covered, providing the

following information:

o 3.5 khz, 5662 kilometers
o Uniboom - air gun system, 5734 kilometers

o Sidescan sonar system, 5872 kilometers

In addition, underwater television camera work was performed, as well

as data gathering from 22 dives of the research submersibie, Diaphus.
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In 1986 Georgia State reported the results of a survey along 420
kilometers of trackline proceeding from the vicinity of the Altamaha

River northward into Port Royal Sound, S.C. This work was
supplemented by data from 1984 borings by the South Carolina Water

Resources Commission, performed in cooperation with the U.S.

Geological Survey.

Interpretation of the seismic data gathered for the BLM has contributed
to numerous important reports since 1981. Most notable among those,
the 1986 publication by Kellam and Henry, "The Interpretation of Seismic
Stratigraphy of the Phosphatic Middle Miocene on the Georgia
Continental Shelf". This document contains stratigraphic sections
derived from the seismic profiles, as well as contour maps showing the
structure of important sedimentary strata. These contour and isopach
maps represent two levels of refinement beyond the basic uninterpreted

raw seismic data.

Marine Extension Service, University of Georgia, Savannah, GA
Contact: Professor James Harding, 912/362-2496

Data collected jointly by Dr. Harding and Dr. Noakes are presently being
reduced. Data consists of box cores, vibracares, HRS profiles, side-scan
sonar records, gamma-sled traverses, all of which were obtained on a
grant to investigate the occurrence of heavy mineral placer deposits
offshore Georgia. The investigation is 50 percent complete. Data will
be available when investigation is complete (end of August, 1988).

Center for Applied Isotope Studies, University of Georgia,

Athens, GA. '

Contact: Professor John Noakes, 404/542-1395

Work being done jointly with Dr. Harding. Not available until end of
August, 1988.



Skidaway Institute of Oceanography, University of Georagia,

Savannah, GA
Contact: Prof. James Harding, 912/362-2496; Prof. Vernon J. Henry,
404/658-2272
All raw data obtained from high resolution seismic surveys conducted by
the University of Georgia are on file at Skidaway. Files containing
interpreted seismic data are believed to be located there, as well.

Virtually all trackline data have been incorporated into publications.

U.S.G.S. Eastern Mineral Resources, Reston, VA

Contact: Mr. Andrew GCrosz, 703/648-6314; Mr. Eric Force,
703/648-6325; Mr. Jeff Wynn, 703/648-6389

The U.S.G.S. holds a large body of raw data and interpreted information,

as well as a limited amount of unpublished information, that is pertinent
to the Atlantic Continental Shelf overall. Certain elements of this work
are relevant to the area offshore of Georgia. The most recent data
pertinent to offshore Georgia are derived from a survey conducted
offshore in June, 1985 in which 26 samples were acquired, including 10
vibracore, three of which have been fully processed. In each instance,
surface grab samples were obtained at the location of vibracores.
Samples were subjected to mechanical classification on shipboard, with a
three-turn spiral classifier; the heavy mineral fraction was then
subjected to microscopic analysis and heavy media separation, in order
to determine total heavy mineral fraction and other characteristics of

the sample.

U.S5.G.S. Office of Marine Geology, Woods Hole, Massachusetts
Contact: Mr, Peter Popenoe, and Dr. Frank Manheim - 617/548-8700
The Woods Hole, MA office of the U.S. Geological Survey has a large

data set of both raw and interpreted seismic profiles as well as the
database of analyzed shelf grab samples for the continental shelf off
Georgia. The raw seismic data has all been released to the public
through the National Geophysical Data Center (NGDC) in Boulder, CQ,

and most of the interpreted data have been published.
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Intepreted, but unpublished, seismic data covering the Georgia
continental shelf and slope were also located in Woods Hole, held by

Peter Popence, who was actively working on the analyses of these data.
As a large part of these unpublished data were pertinent to the Georgia

Shelf investigation, ZW made an appeal for the unpublished data through
the joint Department of Interior-State of Georgia Task Force. These
data were released in Open-File (Popence and Spalding, 1988), and form

the basis for compiling the structure contour and isopach maps.

The unpublished data file of analytical data on Georgia shelf grab
samples used in this report was also obtained from the USGS Woads Hole
office.



ATTACHMENT '"A"
GEORGIA OFFSHORE MINERAL ASSESSMENT

DATA SURVEY FORM

ORGANIZATION:

CONTACT: TEL. NO.:

I Does your organization possess borehole data in the EEZ offshore
Georgia?

(If answer to above is NO, proceed to Question II.)

A. Type of boring

8. Number of borings

c. General location of borings

D. Average depth of boring

B4 Geophysical log?

1. Type

F. Geological log?

1. Correlations completed?

G. Geologic Data Format (hard copy, computer, etc.)

H. Sieve analysis

I, Heavy mineral analysis

Phosphorite analysis

K. Other mineral analysis (specify mineral)

L. Have these data been reduced?

1. Maps:

Type
Scale

Quantity

2. Cross sections:

Scale

Quantity




Does your organization have bottom grab sample data in the EEZ

offshore Georgia?

(1f answer is NO, proceed to Question 111)

A, Approximate number of samples

8. General sampling location

c. Sieve analysis (specify)

D. Heavy mineral analysis

E. Phosphorite analysis

F Other mineral analysis (specify)

G. Data format (Analysis sheets, computer, etc.)

H. Have these dats been reduced?

1. Maps:

Type
Scale

Quantity

2. Cross sactions:

Scale

Quantity

Does vyour organization possess samples taken from the EEZ offshore

Georgia?

(If answer to above is NO, proceed to question IV.)

A. Type Quantity
3 Method of preservation and storage

w

: General sampling location

Typical length

(>
D
E. Diameter
F

) Storage location

G. Have samples been described geologically?

1. Method employed

H. Have the samples been correlated to geologic strata?



Does your organization possess geophysical data in the EEZ offshore

Georgia?

(1f answer to above is NO, proceed to Question V.)

A. Type

B. ° Number of surveys

c. Length of each survey

D. Have the data been interpreted?

E. Data storage format

7 Format of presentation of interpreted data
G. Maps:

1.  Number
2. Scale
3. Size

H. Cross Sections:

1.  Number
2. Scale
3. Size

Has your organization integrated interpreted data of various types

for presentation concerning the EEZ offshore Georgia?

(1 f answer to above is NG, proceed to Question vViL)

A. Location

Maps:

1. Number

2. Scale
3. Size

C. Cross Sections:
1. Number
2. Scale
3t Slilze




Vi Ooes your organization possess any unpublished papers (i.e., theses

or dissertations) pertaining to the EEZ offshore Georgia?

(If answer to above is NQ, proceed to Question VII,)
A. Method of access
B. Type(s)
c. Titles & Authors (please list)
VI I's your organization, or staff, aware of any other data concerning

the EEZ offshore Georgia?

A, lIdentify
1. Type

2. Location
3. Contact

L4, Publiecation

B. Description of data

Please submit this completed questionnaire to:

Mr. Thomas P, Oxford
Zellars-Williams Company
P. 0. Box 2008

Lakeland, FL

Phone: 813/665-2194
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SECTION 3
RESOURCES OF THE GEORGIA CONTINENTAL SHELF

INTRODUCTION

Georgia's present-day coast is characterized by tidal inlets and sand shoals
associated with numerous barrier islands. The barrier islands tend to be
broad nonlinear features unlike the long, narrow islands bordering the Florida
coast. This development is due to heavy river sediment loads and coastal
energy input favoring constructional rather than erosional features (Pirkle,
1970; Swift, et al, 1972). Oertel and Howard (1972) discuss, in detail, shoal
development and morphology on the Georgia coast. Shoals extend two to four
miles seaward of estuary entrances at major tidal inlets. Formation and
maintenance of these shoals is due to generation of sediment circulation cells
which result from dynamic dispersion of tidal and transient currents (Oertel,
1972).

Off of Georgia, the continental shelf extends seaward from the barrier
islands between 100 and 200 kilometers to the shelf break where the ocean
depth is about 60 meters. Near barrier islands top sediments are generally
fine-grained Holocene sands that thin seaward (Foley, undated). Beyond
these fine-grained deposits, more coarsly-grained sands, believed to be
primarily of fluvial origin, become typical. This textural change occurs at
water depths of about 14 meters (Kellam, 1981). Today's shelf marphology
and topography resulted from modification of coastal features formed at

previously lower sea levels (Swift et al, 1972).

Figure 3.1 shows generalized stratigraphy for the region. For more detailed
discussions the reader is referred to Henry and Ketlam (1987), Kellam (1981),
and Popence (1986). Henry and Kellam (1987) provide a good general
overview of the geology of the Georgia coastal plain and continental shelf.
Discussions include regional structural features, the Floridan Aquifer, and
regional stratigraphy. Greater detail related to the Miocene is given by
Popenoe (1986).
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DATABASE

Purpose and Scope

The database for the Georgia offshore resource assessment study is to be
used for making estimates of quantity and quality of potential resources and
to identify targets for further exploration. In order to accomplish this goal,
the database must be easy to access and manipulate, and must provide the

means for input and integration of new data as they become available.

Potential resources of the Georgia continental shelf are economic heavy
minerals and phosphorite. Data relevant to these two types of deposits can
be grouped into two general categories: geological and analytical.
Geological refers to data that relate to the thickness and structure of
stratigraphic units. Examples are seismic records and descriptive logs of
cores from drill holes. Analytical data are derived by laboratory procedures
that quantify mineral or chemical constituents, determine percentage of
grains within specified size ranges, or determine sediment age by
paleontological or other methods. Analytical data serve to verify
interpretations of geological data, and they facilitate economic evaluations
of mineral resources. Analyses are conducted on cores from drill holes and

on grab samples of ocean bottom sediments.

Commercially economic concentrations of phosphorite can occur in Middle
Miocene strata, and heavy minerals have been observed in grab samples of
Quaternary sediments from the ocean floor. Since seismic interpreted data
provide thicknesses of and depths to geologic strata of interest, they are
useful for preliminary assessment of both phosphorites and heavy minerals.
When these interpreted seismic data are digitized into a computerized
geologic model they provide a means for estimating phosphorite source bed
and overburden thicknesses, and heavy mineral sand deposit thickness,
Because of the paucity of available analytical data from core drilling, there
are gross limitations to the reliability of such estimates., Vertical and
harizontal distributions of phosphorite within Middle Miocene strata cannot

be determined without abundant core analysis data. Likewise, although grab
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sample analyses are available, there are on four published vibracore analyses
within the study area (Ayers, 1977) to make reliable predictions of heavy

mineral vertical distributions in Quaternary sediments.

The available data for this assessment study are adequate for making only
gross estimations of resource quantities. The great value of existing data is
that it provides a sound and essential basis for identifying targets for further

exploration.

Zellars-Williams has integrated the unpublished analytical database into a
usable database format. These data come from two primary sources, as

follow:

o interpreted and annotated seismic profiles provided by Peter Popence of

the U.S. Geological Survey (Popence and Spalding, 1988), and

0 tabulated grab sample analyses jointly obtained by the U.S. Geological
Survey and Woods Hole Oceanographic Institution (Hathaway, 1971).

Targets for further exploration have been identified by the preparation of
maps using data from this database and from review of published reports.
Once target locations for heavy minerals and phosphorite were established,
hypothetical models of economic deposits were placed at the target locations
to establish the economic feasibility of mining at these locations if, by

intensive core sampling, the deposits are proven to exist.

Database Structure

The database prepared by Zellars-Williams contains two separate and
distinctly different type of data. The first type is compaosed of the tabulated
analytical data from Hathaway (1971). These quantitative data relate to
particle size characterizations, gross mineralogy, heavy mineral
concentrations and grab sample locations. For each grab sample location, 45
identified fields of data have been provided for in the database. Fields
include those recommended by Grosz and Escowitz (1983), as well as athers.

The 45 fields are as follow:
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1) Sample I.D. 16) Magnetite 31) Glauconite
2) Latitude 17) Ilmenite 32) Sphene

3) Longitude 18) Apatite 33) Sulfides

4; UTM North 19) Monazite 34) Phosphate

5) UTM East 20) Rutile 35) Amphibole
6) Depth 21) Zircon 36) Limonite

7) Wt. % Gravel 22) Sillimanite 37) Zoisite

8) Wt. % Sand 23) Kyanite 38) Audgite

9) Wt. % Silt 24) Staurolite 39) Hypersthene
10) Wt. % Clay 25) Leucoxene 40) Anadalusite
11) Quartz 26) Titanite 41) Spinel

12) Potassium Feldspar 27) Mica 42) Dumortierite
13) Plagioclase Feldspar 28) Garnet 43) Glaucophane
14) Heavy Minerals 29) Epidote 44) Hornblende

15) Phosphorite 30) Tourmaline 45) Aegerite

Data for all of these fields are not presently available for the Georgia
continental shelf. Edit, retrieve, input and report writing functions have
been developed to key on sample number, location, and location ranges. Data
entry windows, menus and retrieval queries facilitate these functions for user
friendliness. Standard report formats have been developed and ADVANCED
REVELATION permits specialized reports to be easily developed by the user.

The second type of data contained in the database is derived from the three-
dimensional computer model (Section 3.3) developed for the Georgia offshore
area. From the computer model, data were retrieved and stored for each
UTM block within the OCS blocks of the study area, as shown in Figure 3.2.
Each block is described by its boundary and geographical center-point, both in
latitude and longitude and in the AMS coordinate system. The data for each

OCS block consist of 25 fields grouped under major headings, as follows:

o Location and area
oo Area
oo UTM East coordinate of block center
oo UTM North coordinate of block center
oo Latitude of block center

oo lLongitude of block center
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o Ocean floor character
oo Weight percent gravel

oo Weight percent sand
oo Weight percent silt

oo Weight percent clay

o Stratigraphy and bathymetry
oo Water depth
oo Quaternary thickness
oo Pliocene thickness
oo Upper Miocene thickness
oo Middle Miocene thickness
oo Lower Miocene thickness
oo Middle Miocene bottom structure
oo Overburden thickness (thickness of stratigraphic units overlying
Middle Miocene)

o Major heavy minerals on ocean floor
oo monazite
oo rutile
oo staurolite
oo titanite

0o zircon

o Gross mineralogy
00 quartz
oo heavy minerals
00 potassium feldspar
0o plagioclaée feldspar

oo phosphorite.

There are na provisions for input of new data for the second data type
because such provisions would result in inappropriate mixing of raw and
modeled data. Menus have been developed to access retrieval utilities and

generate reports concerning the modeled database.
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Included with this report (Appendix A) are hard copies of both the raw and
modeled databases. In addition, these data, on magnetic media, accompany

the report to the Georgia Geologic Survey. Raw data have two magnetic
media forms: ASCII files for input into the Georgia Geologic Survey's prime

computer and REVELATION database files. Modeled data are in ASCII
format accessible through REVELATION and specialty access programs
developed by Zellars-Williams.

MODEL CONSTRUCTION

ZW uses the EAGLES-PC software to develop numerical madels for natural
resource evaluations. The EAGLES-PC program, GRID, provides the
capability to produce regular grids from randomly-spaced data points. One
grid is produced for each physical and analytical parameter to be evaluated.
The grid consists of rows and columns with a calculated numerical value at
each intersection. These grids are used to produce maps, cross-sections,
volumetric calculations, mine plans, mining sequences, blending and
stockpiling alternatives, product quality forecasts, and operating cost
evaluations.

There is a virtually unlimited set of equations and parameters to be used to
calculate the grid from the data points. For the Offshore Georgia Minerals
Assessment project, ZW studied several different sets of equations and
parameters prior to selection of the set which provided the best fit with the

raw drill-hole data. In general, the selected set is defined as follows:

Eliptical linear inverse distance weighting

Anisotropic angle of 140 degrees

o O o

Anisotropic factor of 5

o

Direct assignment distance of 240 meters

Maximum search distance of 48,000 meters

O O

Extrapolation distance of 22,000 meters
Minimum number of points for gridding is 2
Fixed sectors used

Selection for gridding by number sector

0O O O o

Number of points per sector is 2
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o Number of sectors is 8

o Shadow angle is 10.0 degrees
o Deterministic weight function applied to power of 0.5.

Grids can also be produced using an EAGLES-PC program called GENGRD.
As the name implies, this program generates grids from digitized contour
files. Creation of new grids by operations involving original grids is
accomplished in GRDMOD (GRID MODification). Grid-to-grid operation

capabilities consist of modifications based on:

o Intersections o Division

o Unions o Identity

o Targets o Lower values

o Operands o Upper values

o Constants 0 Basement limits
o Addition o Ceiling limits

o Subtraction o Data extensions
o Multiplication

Geological Model

The study area geologic model contains nine grid files, as follows:
o Thickness of:
Quaternary
Pliocene
Upper Miocene
Middle Miocene
Lower Miocene
Bathymetry
Structural countour - elevation of the base of Middle Miocene

Overburden thickness

0o O O o

Total depth to phosphate matrix.

Thickness grids for individual stratigraphic units were created from discrete
point data using the GRID program. Point data were scaled from interpreted,

high-resolution, sparker seismic strip charts provided by the U.S. Geological
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Survey. Thicknesses were scaled assuming the seismic velocity for sea water
(1500 meters per second) for the entire thickness. Some of the data points in
the northernmost part of the study area came from Gilliss lines 1-P, 7-P, and

9-P. The majority of data points, however, are from FAY lines 23, 24, 25,
26, 27, and 28. Figure 3.20, at the end of Section 3, shows all of the data

points used to create the geological model.

The bathymetry grid was produced using GENGRD. Contours were digitized
from several U.S. Geological Survey-National Oceanographic Survey

topographic-bathymetric maps that cover the study area.

Grids of overburden thickness, total depth to matrix, and the Middle Miocene
base structure were produced in GRDMOD. Overburden thickness (Figure
3.3) is the sum of Quaternary, Pliocene and Upper Miocene thicknesses
(Figures 3.4, 3.5, and 3.6, respectively). Total depth to ore (Figure 3.7) is the
sum of bathymetry (Figure 3.8) and overburden thickness. The base structure
(elevation) contour grid for the Middle Miocene (Figure 3.9) was generated by
summing bathymetry, overburden thickness and Middle Miocene (Figure 3.10)

thicknesses and multiplying this sum by a negative one.
Analytical Model

The analytical model of the study area was built using sample mineralogical
and grain size analyses data files listed in Hathaway 9971). This database is
very extensive in terms of both area covered and number of constituents
analyzed. However, since the database results from analysis of grab samples
of surficial deposits it relates only to the locating of a hypothetical heavy
mineral deposit. It is not relevant for development of a phospharite deposit
model in Middle Miocene strata. To remain within the scope of this study,
only sample points within the Georgia ACS study area were considered, and
only those constituents relevant to evaluation of economic minerals were
madeled.

Grids were created from discrete data points for thirteen different
constituents. These constituents are summarized below under their
respective data file code lines and the approximate number of data points
used within the study area. Data file code lines used here are those
presented in Hathaway (1971) and are not related to the database prepared in

conjunction with this report. They are included here for reference.
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o Code line 320 - 91 sample points; components given in percent by paint
count of the fine grain sand fraction (.125-.250 mm)

oo Quartz
oo Phosphorite

oo Potassium feldspar
oo Plagioclase

oo Heavy minerals

o Code line 210 - 80 sample points; constituent in percent by weight of total
sample
oo gravel (greater than 2mm)
oo sand (0.062 to 2 mm)
oo silt (0.004 to 0.062 mm)
oo clay (less than 0.004 mm)

o Code line 560 - 17 sample points; mineral in percent by weight in the sand
fraction (62 um to 2 mm) of the whole sample
0o monazite
oo rutile
oo staurolite
oo titanite

o0 zircon

Figure 3.11 is an isopleth map, built from 91 data points in this database that
shows the heavy mineral concentration within the sand fraction. Occurring
at water depths between 25 and 40 meters is a linear trend of relatively high
heavy mineral concentration (greater than 3%). A detailed bathymetric map
(USGS, NOS, 1978) of the study area reveals that within this depth range
there are topographic features that could be interpreted as relict sand shoals.
Note in Figure 3.12 that between the three-mile line and the 50-meter water-
depth contour the sand content is 100%. Development of these features

parallels the trend of the higher heavy mineral concentration.

The hypothetical heavy mineral mining location used in this study was
selected, in part, because of the distinct heavy-mineral concentration trend
seen in Figure 3.11. For this project, this trend has been divided into two

parts based on bottom bathymetry and geological interpretations related to
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onshore heavy-mineral deposit trends. However distinct this trend is, it must
be noted that it is based on grab samples with an average area of influence of

507 square kilometers.

The aforementioned trend is very pronounced using total heavy mineral
content and is supported, in general, by trends in the mineral species rutile,
monazite, zircon, and staurolite (Figures 3.13 through 3.16). Unfortunately,
the mineral species database does not contain a field for ilmenite, and
leucoxene is listed under titanite (Figure 3.17). While the trends in the
species data approximate the total heavy mineral trend, they do not exactly
overlay due to sampling frequency and distribution differences between the
data sets. In the area of interest, there are species data at six locations, an
average of about 105 kilometers apart. The average area of influence for
each site is over 11,000 square kilometers. None of the points lie within the

defined heavy mineral trend.

Another notable difference between the two data sets is that the total heavy
mineral analyses are percentages of only the fine grained (0.125 to 0.250 mm)
sand fraction, while the species analyses are a percent of the total (0.062 to
2.0 mm) sand fraction. Without knowing the heavy-mineral content of sand
sizes outside of the 0.125 to 0.250 mm range and the ratio of this size range
to total samples, it is not possible to determine in-situ heavy-mineral
concentration. If heavy-mineral grains are predominantly in the 0.125 to
0.250 mm size range, then materials outside of this size range decrease the
overall in-situ heavy-mineral concentration. Alternatively, in-situ
concentration could be the same as, or even higher, than in the 0.125 to 0.250

size range.

In a plan for exploiting East Coast heavy mineral placers, the U.S5.B.O.M.
(1987) designed a plant to operate aboard a dredge. This plant was designed
to recover heavy minerals from sand deposits typical of those found off the
coast of Virginia. As designed, material greater than 10 mesh (2 mm) and
less than 200 mesh (0.075 mm) would be discarded overboard. It was assumed
that only SO percent of the total material could be eliminated without

significantly reducing heavy mineral recovery.
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Pirkle and Yoho (1970) present analyses of twenty surface sand samples of
the Trail Ridge type which were selected from localities as far north as

southern Georgia, and as far south as central peninsular Florida. In these
samples, the heavy minerals tend to be concentrated in the plus 230 to minus

120 mesh (0.062 to 0.125 mm) fraction. Percentages of heavy minerals in

total samples were significantly less than in the 0.062 to 0.125 mm fraction.

For the purposes of this study, a hypothetical deposit model has been built

using the following assumptions:

o The mining site has been sized to fit the orebody outline of the Green

Cove Springs heavy-mineral deposit in northeastern Florida (Figure 3.18).

o Orebody thickness is considered to be the entire thickness of the

Quaternary sands within the orebody outline.

o Species distribution is calculated from U.S.B.O.M. 1987 using annual
production estimates for mean grades of mineral species. For annual

mining of 5 million short tons the following species recoveries are

realized:
Tons Recovered

Tons as Percent Percent HM Tons Percent

Recovered of Total Mined Recovery In-situ In-situ
Ilmenite 221,862 4.44 83.6 265,400 5.31
Rutile 14,119 0.28 80.8 17,500 .35
Leucoxene 35,398 0.70 80.8 43,800 .87
Zircon 25,994 0.52 83.6 31,000 .62
Maonazite 6,772 0.14 83.6 8,100 .17

PHOSPHORITE POTENTIAL

Zellars-Williams' (1978) report on known occurrences of phosphate
deposits in Georgia, North Carolina and South Carolina was prepared
for entry into the U.S. Bureau of Mines' Minerals Availability System. Data

were collected from known literature, mineral interests previously
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prospected in the region, and governmental agencies on a regional, deposit
summary, or individual prospect hole database. Estimated resources for the

“"Savannah District" included an offshore portion which had almost na control
(two drill cores and seismic profiling).

Subsequently, Zellars-Williams, under the auspices of the U.S. Geological
Survey, conducted a technical feasibility and economic potential study
(Zellars-Williams, 1979) in the Georgia-South Carolina area near Savannah.
This study employed the extrapolation of knowledge of onshore ore
characteristics to an inferred offshore deposit because very little data were

available offshare.

In general, phosphate minerals occur in marine sedimentary rocks of the
Atlantic Coastal Plain from the Florida Keys to North Carolina. The known
deposits of marginal or economic grade are confined to sediments of Middle
Miocene or, in some cases, younger phasphate containing sediments derived
from reworking of middle Miocene beds (Cathcart, 1968). Middle Miocene
deposits on the continental shelf of Georgia are represented by The
Coosawhatchie Formation (Henry and Kellam, 1987). The Coosawhatchie
Farmation contains marine sands and clays with variable amounts of
phosphate mineral. It has been divided into four members, the most
important of which is the Tybee Phospharite Member. Lithology of the Tybee
member is discussed by numerous authors, including Kellam (1981), Henry
and Kellam (1987) and Woolsey, (1977).

Savannah is underlain by thousands of feet of sedimentary beds ranging in
age from Late Cretaceous to Holocene. Near the center of Chatham
County, the top of the phosphate matrix is at Elevation -45 meters.
Because the overburden is excessively thick and the matrix thickness is less
than 5 meters at this location, the phosphate is not considered mineable
under present-day mining criteria. However, to the east and northeast the
phosphate matrix thickens and overburden decreases. The higher elevation of
the matrix at the coast would appear to contradict the influence of the
regional dip to the southeast. The reversal in this case is caused by the
north-south trending Beaufort Arch, the axis of which passes beneath the

Savannah Light Tower, about 16 kilometers offshore from Savannah Beach on
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Tybee Island. Although the limited wide-spaced drilling onshore and the drill
data at the Light Tower suggest this structural trend, the seismic profiling
wark by Woolsey (1976) has provided clear evidence of the structure. It is
quite probable that the phosphate matrix in the area north of the Light Tower
constitutes the stable sea floor which is being abraded by migrating sand

waves,
Techniques for Phosphorite Exploration

Seismic reflection surveys yield worthwhile broad-based information on
stratigraphy of offshore areas. Middle Miocene strata, which typically
contain the phosphate matrix, have seismic signatures that are recognizable
and traceable on a regional basié (Kellam, 1981; Woolsey, 1977). Therefore,
interpreted seismic data can be used to approximate depth to, and thickness
of, Middle Miocene strata. In this manner, favorable sites for detailed
exploration can be established. Seismic data, however, do not provide any

information on the actual phosphate content of the Middle Miocene.

In phosphate prospecting there is no substitute for a well-designed program to
obtain suitable cores of phosphate matrix. Cores are typicaily retrieved in
four-inch core barrels, and coring is continuous between the top and bottom
of the phosphate matrix. A properly executed coring effort will not only
provide excellent records of matrix characteristics, but more importantly, it
will deliver essential samples for determining the processability of the matrix

and contained phosphate rock.
Phosphorite Exploration Targets

Exploration targets indicated by Henry and Kellam (1987) are the eastern
flank of the Beaufort Arch, subsurface topographical features (The Tybee
Trough, for example), and basal units along the edge and seaward of the Sea
Island Scarp. The eastern flank of the Beaufort Arch is considered to be a
primary target because phosphorite deposits tend to accumulate on the nose

and flanks of structural highs.

Initial exploration for phosphorite should be conducted in locations where, if
a deposit is proven, it will have the most economically favorable potential for

development. Since analyses of core samples providing data on phosphate ore
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grade and quality are very limited, exploration targets must be selected on
the basis of relative accessibility. One such site has been selected using
unpublished, high-resolution "sparker" seismic-reflection profiles which were

collected and interpreted by the U.S. Geological Survey (Popenoe, personal

communication).

This location, shown in Figure 3.19, has been used in this report for studying
the feasibility of phosphate mining on the continental shelf of Georgia. The
site selection was confined by an area of zero Middle Miocene thickness
immediately to the south, the Corps of Engineers channel widening dump to
the southwest, thickening overburden to the east and west, and the South
Carolina border immediately to the north. This area contains the shallowest
Middle Miocene deposits in the entire study area, as well as the thinnest

overburden.
HEAVY MINERAL POTENTIAL

Three heavy-mineral provinces are generally recognized for the Atlantic
Continental Shelf (ACS) of the United States: northern, central and southern.
The Georgia coast lies within the southern ACS. Grosz, (1983) cites a
number of older studies that refer to economic potential of heavy-mineral
accumulations within sediments of the ACS, but do not convey sufficient
information for making quantitative resource estimates. Recently published
studies of ACS economic heavy-minerals contain very limited information

specific to Georgia.

A reconnaissance study conducted by the U.S.G.S. (Grosz, 1983) involved
analysis of 71 ACS sediment grab samples from Florida, North Carolina and
Virginia. Although none of the samples represent the Georgia ACS, the study
is important because results indicate that concentrations of heavy minerals
occur in surficial ACS sediments in areas offshore of land areas that contain

no econaomic concentrations.

Over the past few years, U.S5.G.S. researchers have made significant progress
in defining heavy mineral distributions on the ACS. Two characteristics of
the southern ACS reported by Grosz (et al, 1986) are pertinent to this study.

These are:






(i

1—=r2=
]
f

|~
PN RN

T

o=
==

| —
[

NS

NI AR

N

S TIRS

NORTH

GRAPHIC SCALES

0 3 6 9
—

KILOMETERS

GEORGIA OFFSHORE
MINERALS ASSESSMENT

; e
1 D -\\;WR

IR

\\Qﬁ}.

1)

INDICATED PHOSPHORITE MINING AREA
W/MIDDLE MIOCENE THICKNESS

NE CONTOUR INTERVAL 1 m
FIGURE NO. 3.19







}.5.1

3-34

o elevated heavy mineral concentrations in the southern ACS appear to be

limited to inner-shelf sediments (less than 60 meters water depth), and

o heavy mineral assemblages of the southern ACS are more economically

attractive than those of the northern provinces.

Ongoing studies are being conducted by the U.S.G.S. (Grosz, et al, 1986;
Grosz, 1987) to assess the potential for the existence of heavy mineral placer
deposits in continental shelf sediments. These studies include analyses and
interpretations of grab samples, vibracores and seismic reflection profiles.
Vibracore analyses have not been completed for the Georgia ACS. However,
preliminary reports, based on grab sample analyses, indicate that elevated
values of rutile, zircon, monazite and phosphorite are found offshore of

central Georgia.

Techniques for Heavy Mineral Exploration

Sediment sampling on the ACS is done by either grab sampling or vibracoring.
Grosz (et al, 1986) have concluded that grab sample analyses are of limited
use in ACS placer resource estimation and the technique should be limited to
very broad regional studies of qualitative aspects of heavy-mineral
assemblages. The same report further concludes that, at the present time, no
substitute for vibracoring is presently available for resource estimation and
geologic studies in the marine environment. Vibracores are an essential
element for evaluation because they provide important information on the

vertical extent of heavy-mineral concentration.

Development of geophysical techniques specifically for heavy-mineral
exploration on continental shelves is in its infancy. Radiometric data
obtained using towed submersible sleds have shown promise as a tool for
offshore ilmenite explaoration (Tixeront, et al, 1978). Grosz (et al, 1986)
documents testing of induced polarization (IP) with a prototype marine IP
electrode streamer. Results indicate that the IP method has potential for
application as an offshore exploration system and as a shipboard assaying

tool.
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Heavy Mineral Exploration Targets

In a thorough review of published reports and publically available unpublished
documents, no accounts of ACS heavy mineral placer discoveries have been

found. The U.S.B.0.M. (1987) reported that two companies explored in 1986
for heavy-mineral placers on the southern ACS. According to Grosz (et al,
1986), the prospect for finding commercially exploitable heavy-mineral

deposits in ACS sediments appears favorable.

Attanasi (et al, 1987) suggest three types of sediment deposits that are likely
to contain offshore titanium mineral placer deposits. These are:

0 beach complex or strand-line deposits formed during a previously lower
stand of sea level,
0 linear shore-tied or isolated sand shoals, and

o older fluvial deposits.

The warld's major sources of titanium minerals are onshore beach complex or
strand-line deposits (U.S.B.O.M., 1987). In a broad definition presented by
Attanasi (et al, 1987) beach complex deposits include beach, aeolean dune,
inlet and washover fan deposits. These deposits are generally characterized

by fine-grained, well-sorted sands.

Regardless of the exact mechanism, heavy mineral accumulations offshore
would have developed during, and as a result of, sea level stands lower than
today's. Considering that elevated heavy-mineral concentrations in the
southern ACS appear to be limited to inner-shelf sediments, i.e., less than 60
meters water depth (Grosz, 1986), and considering that there is a recognized
textural change seaward of 14 fneters water depth (Kellam, 1981), primary
exploration targets are apparent strand-line deposits lying at water depths
between 14 and 60 meters. The location designated as a hypothetical deposit
(Figure 3.18) in the Heavy Mineral Analytical Model (Section 3.3.2) is one

such exploration target.
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An interesting and important feature of the location map for the hypothetical
heavy mineral deposit (Figure 3.18) is the relative size of the Green Cove

Springs deposit compared to the heavy mineral concentration trend and to the
overall study area. Exploration for a heavy-mineral placer deposit having the

dimensions of the Green Cove Springs deposit compares to the proverbial

needle in the haystack.
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SECTION 4

OFF SHORE MINING TECHNOLOGY

INTRODUCTION

The two types of mineral resources that exist off the coast of Georgia are
heavy minerals placer deposits and phosphorite sands deposits. Heavy
minerals deposits occur when a heavy mineral source is eroded and the
resulting sands are transported to the depositional site by .vigorous hydraulic
conduits such as waves, tides, or wind. Sediments are generally sorted,
weathered, and form concentrations of heavy minerals -having economic
values. Heavy metals are known to exist off the coast of Georgia, but none
have been explored sufficiently to warrant construction of a site-specific
geologic model. Consequently, the geological model used in this study is
hypothetical and is based on current strandline models from other areas of
the world. A strandline deposit is one which was formed during srands at or
above sea level. The strandline placers, which form the basis for the geologic
model, are the primary sources for the world's supply of titanium, zircon, and

other heavy minerals.

A typical heavy mineral strandline deposit contains 140,000,000 tonnes of
sands located beneath 80 feet of ocean. The deposit thickness is from 3-12
meters, with no defined overburden. Deposits at much deeper ocean depths,
and those with overburden, are considered economically unattractive for the

present hypothetical conditions.

More information is known about phosphorite, which also occurs offshore
Georgia. Extensive work on phosphorite has been done at Onslow Bay off the
Atlantic Coast of North Carolina, a geologically similar area. In addition,
drilling at Tybee Island and near Savannah indicates that deposits of potential

economic value exist off the coastline.
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The deposit parameters for phosphorite deposits offshore Georgia are similar
to the characteristics listed above for heavy minerals in regard to ocean
depth and deposit thickness, except that some overburden above the
phosphorite exists, The type of mining systems and equipment that are
applicable to heavy minerals mining may also be suitable for phosphorite
mining. However, in phosphorite mining, provisions must be made for

overburden disposal,

To a considerable degree, the selection of mining equipment is affected by
Oceanographic and metearological conditions. Unfavorable conditions may
require shutdown and movement to a safe harbor. At other times conditions
may result in a lower production rate. In any case, mining equipment must be
designed to meet the oceanographic conditions described in Section 5, and/or

be capable of moving to safe harbor in the event of a major storm.

STATE-OF-THE-ART

Technical advances in offshore oil production have resulted in advanced
technology that is currently available for application in the exploitation of
offshore marine deposits. Mining must proceed from a central platform, or
working area, from which mining and dispatching operations are controlled.

These platforms or working stations consist of three general types:

1) floating platforms
2) fixed platforms
3) walking platforms.

Floating platforms generally take the form of especially designed vessels on
flotation hulls with dredging equipment mounted or attached. Pontoon or
barge-type hulls are used for dredging work in estuaries, harbors, rivers, ship-
channels and in-land waters, as these are not suitable for offshore ocean
conditions. Dredged material is pumped as a water-solids mixture (slurry) via
trailing pipeline to the point of deposition, or is transferred to tugboat-towed

scows for transport. Conventional sea-going transport vessel configuration
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modified to accommodate dredging equipment is widely used for offshore
ocean deep-water dredging. These vessels usually contain compartments to

store dredged material and to transport the contents to shore.

In some experimental cases, the actual mining is directed from submersible
vessels or bottom-supported vehicles that are attached to the platform by
pipelines, power supplies, and mechanical material handling systems such as
bucketlines or dippers. While these systems have obtained samples and
engaged in exploration activities at depths of over 1000 feet, presently the
technology. is insufficient to support similar large scale mining operations.
Dredges .are the only proven mining system that utilize the concept of
floating platforms.

Fixed platforms have been used in sulfur mining and oil production for some
time. Because they are immobile and above the surface, fixed platforms
provide a working area free from movements of the ocean surface and
currents. However, this immobility results in a high operating cost when
conventional mechanical and hydraulic mining techniques are used. On the
other hand, borehole mining can be operated from fixed platforms. In this
mining technique, boreholes are drilled through the overburden to the mineral
formation (matrix) by mining tools. High presssure water jets, attached to
the mining tools, disaggregate the matrix and remove it from the host rock.
The slurry is then pumped to the processing plant. Although it has never been
successfully applied to commercial phosphate operations, the borehole mining
methad is being successfully used in commercial mining of sulfur and potash.
Borehole mining may be applicable in phosphate deposits with deep
overburden. Since it is not necessary to remove overburden, borehole mining

techniques result in no overburden removal costs.

A unique walking platform is being developed by IHC Holland. It can be
described as a self-elevating platform on which all motions are eliminated
because it uses the sea bottom as a supporting structure. In addition, the
platform has the ability to walk without being lowered into floating position,
a feature that is required since the digging tool must continuously move over
the mining area, similar to a land-based dragline. Power for this platform is

provided by a surface vessel, which also will receive the material mined for
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further processing. These supply lines are the only connection between the
surface vessel and the walking mining platform. Although several variations
of this machine have been developed and tested, currently no commercial

walking platforms are in use.

Ellicott Machine Corporation of Baltimare, Maryland has proposed conceptual
designs of platform dredges incorporating design features of conventional
dredges and offshore exploration platforms. The design is suitable for mining
in shallow offshore waters. This design shows a great deal of promise, and if
supported by the viability of Atlantic coast OCS mining may be commercially
developed in the near future.

DREDGES

The dredge, of one type or another, is the only system proven to be successful
for offshore mining. Several types of dredges have been developed and
commonly employed for under-water excavation. Very few of these are
suitable for deep water and ocean conditions.

Dredges may be classified as two general types. These are mechanical
dredges and hydraulic dredges. The classification is based on the method
used to handle excavated material,

Mechanical Dredges

Mechanical dredges consist of three general types, as illustrated on Fligure
4.1. These, as a class, are not suitable for production mining of phosphorites
or heavy minerals in the offshore ocean environment, They are included here

to describe their capabilities, applications, and limitations,

1) grapple dredge
2) dipper dredge
3) bucket dredge.



MECHANICAL Figure 4.1

The Grapple Dredge

In this type, the work is done by a clamshell bucket suspended from a derrick mounted
on a barge. It is most suitable for excavating medium-soft materials in confined areas
near docks and breakwaters.

The Dipper Dredge

A powerful dipper bucket mounted at the forward end gives the dipper dredge its main
advantage: strong "crowding action," produced as the bucket is forced into material
being moved. This permits efficient removal of rock and other hard materials. For its
size, a dipper dredge can handle larger pieces, thus reducing blasting needs.

The Bucket Dredge

Bucketsf mounted on an endless chain do the work here. Each bucket digs, conveys and
dumps l.ts own load. A continuous work cycle makes the bucket dredge an efficient
mechanical dredge, when used in operations such as sand and gravel production.

Excavation Handbaok, 1981, by H.K. Church
McGraw Hill Book Co., pages 13-146 and 13-147
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Grapple Dredge

The grapple dredge is a flat-topped barge upon which a derrick s mounted to
support the clamshell bucket by means of wire rope lines. The clamshell
derrick is attached to a revolving machinery deck similar to a land-based
dragline tub. Similarly, the bucket swings around the derrick to load barges

anchored nearby, or to spoil material.

Two general types of grab buckets are used -- the clamshell, for mud or stiff
mud, and the orange peel, for loose rock or other hard or bulky materials.
The grab dredge is used extensively around docks, piers, and particularly in
the corners of cuts where it has the ability to get in close without damaging
structures. This dredge works well in silts and stiff muds and is particularly
effective where there are obstructions and trash. Production is poar, and an

irregular bottom is left, making it unsuitable for stiff hard materials.

Since digging action depends upon bucket weight, the grapple dredge does not
have sufficient penetration to obtain a "full bite", or full load in hard
materials. Dredging depth is restricted only by the length of the hoisting
wire. However, deeper dredging will result in lower production due to

increased hoisting time. Dredging depths of 100 feet are not uncommon.

Dipper Dredge

Dipper Dredges - The dipper dredge is a power shovel or backhoe operating
from the forward end of a barge. Like its land counterpart, the dipper dredge
has good crowding action, making it suitable for handling large rocks, and
casting them into nearby barges for removal. To obtain stability, spuds
anchor the dredge when excavating. It is most effective in hard materials
such as till, soft and broken rock, and shales, but also works well in areas

where obstructions such as bouiders, snags or timbers exist.

Located an the hull are two forward spuds and one stern or kicking spud,
similar to those on grab dredges. The two forward spuds are used to lift the

barge above its normal flotation and thereby obtain additional weight for
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absorbing the reactions of the digging operation. The kicking spud is used to
move the dredge forward. Digging depth is limited by the length of the

boom, 65 feet being about the maximum.

Both the grapple dredge and the dipper dredge are unsuitable for offshore
operations. The grapple dredge is unproductive in large tonnage and deep
water deposits, while the dipper dredge has mechanical limitations and

limited digging depth.

Bucket Dredge

These dredges excavate with a continuous chain of buckets supported on an
inclined ladder that moves-up and- down around two pivots called tumblers.
As the buckets go around the lower tumbler, they scoop up the material,
carry it up the ladder, finally dumping it into an ore chute as the buckets pass
over the upper tumbler. The continuous action at the bucket chain provides
good production and efficient operations. The bucket dredge is extensively

used for sand and gravel deposits, and diamond and heavy metal (tin) deposits.

One of the disadvantages of this dredge is that it has to be moored with five
or more lines and anchors. These moorings hinder traffic, and moving and
resetting the dredge is time-consuming. Not only does this dredge have poor
mobility as a result of the moorings, but it is not stable when being towed,
principally because of the high center of gravity caused by the ladder,
A-frame, and buckets. A second disadvantage is that it is not a rough-
weather dredge. In active water the material washes out of the buckets.
Waves of three feet or more make it non-productive, although recent design

has improved this condition.
Hydraulic Dredges

Hydraulic dredges can be classified into two main types - cutter head and
suction head - based on the "head" attachment at the end of the suction pipe.
For offshore marine applications, both types of hydraulic dredges consist of
ocean-worthy self-propelled vessels on which a large centrifugal pump and

suction pipes are mounted. The centrifugal pump draws a mixture of water
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and suspended solids from the sea bottom, which is pumped as a slurry to on-
board hoppers, nearby barges, or into slurry pipelines. Loose material can be
drawn into the suction head with a plain hydraulic suction head. Hard
materials require a cutter head to dislodge and direct material into the
suction head.

Plain-Suction Dredges

Plain-suction dredges are similar in hull construction to a regular ship, but
they often differ from other dredges in the location of the suction pipe. The
plain-suction dredge often has its suction pipe in a well at the bow, whereas
other types have their suction pipes alongside. The suction pipe, regardless

of its location, extends through the hull to the dredge pump.

For compacted material, the plain-suction dredge often has water jets
installed at the lower end of the suction. High-pressure water is forced
through the jets to break up the material. The suction end is also often
flattened in a rectangular shape, similar to the mouthpiece of a vacuum
cleaner, with the jets attached around the perimeter.

The dredge pump creates a pressure drop resulting in the movement of water
and solids material into the suction pipe head. The dredge pump pushes the
slurry along the discharge pipe to on-board hoppers or barges moored
alongside the barge. Technology for dredge pumps is advanced, with special
alloy castings available for pumping abrasive material. Most dredge pumps
cannot lift slurry much more than 7 meters above the ocean level. To
increase lift, pumps are mounted on the suction pipe boom below water level;
however, motors must also be of the submersible type or extended power
transmission shafts constructed. Economics is a prime determinate in design

of dredge pumping systems. Dredge technology is well advanced.

Figure 4.2 illustrates three types of hydraulic dredges.

The plain suction dredge shown is commonly employed for civil works

excavation in and around harbors and marine facilities. Owing to the design
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The Plain Suction Dredge

In this type of dredge, a suction pipe is lowered to the surface to be worked. A
powerful dredge pump draws up the material, mixed with water, and discharges
through a pipeline. Units of this type are used for digging soft, free-flowing materials.

The Self-Propelled Hopper Dredge

Rese_rnbling an ocean-g.oin.g ship, this vessel functions in a way similar to a plain
suction c{redge. Material is gathered from the bottom by dragged suction heads, then
pumped into storage hoppers. When filled, the dredge proceeds to a deep-water

dymping area, where the hopper doors in its hull bottom are usdd ' for rapid
discharge.

The Cutterhead Pipeline Dredge

The most versatile and widely used excavating unit for transporting waterbound solids.
A rotating cutter loosens the material, which is then sucked through the dredging
pump, discharged via a pipeline at the stern. These dredges can dig and pump all types
of alluvial materials, also, clay, hardpan and other compacted deposits.

Excavation Handbook, 1981, by H.K. Church
MeGraw Hill Book Ca., pages 13-146 and 13-147
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of the hull, which is often a single barge-shaped pontoon, this type suction
dredge is not suitable for operating in the offshore ocean environment. The
hull is not seaworthy enough to permit safe operation. This dredge may be
self-propelled, but is more often towed and positioned by tugboats. The
depth capability of this dredge is limited to the net positive suction head
available at the dredge pump mounted on the deck, usually 5-8 meters.
Depth is theoretically unlimited when the pump is submerged. Submergence
is limited by design considerations, such as size of structural components, and
the floating platform. Capacity is dictated by pump size, and power

available.

The self-propelled hopper dredge is also known as the trailing suction head
dredge.

This dredge operates while the vessel is underway, moving forward at about
1-3 knots. As the name indicates, the suction pipe trails behind the vessel
dragging along the sea bottom. Figure 4.3 illustrates this type of dredge.
Because dredging takes place as the vessel is underway, a deep excavation
such as that illustrated is not typical. This shape and depth excavation would

result from a fixed position with the vessel anchored.

Specially designed heads, depending upon the material being dredged, are
mounted on the pipe and are referred to as dragheads. Figure 4.4 illustrates
a typical trailing drag arm and several types of drag heads. For certain
applications, a submerged dredge pump is added to the drag arm to increase
effective depth and capacity. Dragheads can normally be adjusted and
generally cut a path 1 meter wide by 1/3 meter deep. The resulting cuts are
numerous shallow trenches in the sea bottom. Mining control is limited with
the trailing suction head dredge. The dredged material is pumped into a
hopper onboard the vessel, dewatered, washed and screened, then transported
to shore when the hopper is full. When material is washed, waste material
can be discharged through a pipe/pumping system to the bottom of the ocean,
thus avoiding turbulence. The rejected sands partially settle in the mined

trenches.

fl
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Trailing suction head dredges are common in channel dredging operations. An
example is the DCI Dredge IX built by IHC Holland for the Dredging
Corporation of India. This is the fifth trailing suction head dredge bought by
this company. The primary function of this dredge is to maintain shipping
channels and approaches to several ports. The DCI Dredge IX is a twin-screw
trailing suction dredger with a hopper capacity of 4,500 m3. Two 800 mm
diameter suction pipes are capable of dredging to a depth of 25 meters. The
DCI Dredge IX is equipped with an automatic light mixture installation which
ensures that only a mixture with a predetermined solids concentration goes
into the hopper. The hopper can be filled in about 40 minutes. Spoil is
discharged through 18 conical valves arranged in two rows in the bottom of
the hopper. Air conditioned living quarters for the crew of 50 men are built
in the rear of the vessel. Complete instrumentation allows the dredge master
to optimize the entire hopper charging process. Overall length is 102 meters,
with an 18 meter beam. Power is provided by two 1070 kW electric motors

operated from the two main 3850 kW propulsion engines.

Another use for trailing suction head dredges is in mining of aggregates off
shore in the United Kingdom (U.K.). Twenty million tons of aggregate are
mined by trailing suction head dredges in the U.K. The trailing suction
dredge is an efficient mining tool and has the ability to operate under almost
all conditions in the rough North Sea waters. An example, the Arco Avon has

a submersible dredge pump installed in the trailing-suction pipe.

This enables the Arco Avon to dredge approximtely 43 meters deep. The
1,000 kW centrifugal pump has a suction mouth diameter of 700 mm and is
capable of pumping sand/gravel at a rate of 2,000 tons/hour. An automatic
swell compensator raises and lowers the suction pipe so dredging can continue
in sea conditions of up to 6 m swells. The vessel is is 98 meters with length,

with a 17 meter beam.

Anchored suction head dredges operate much the same as trailing suction
head dredges except that dredges are anchored to a location and angular
movement is restrained by those anchors. Figure 4.5 illustrates the
configuration of a sea-going anchor-type suction head hopper dredge

operating at anchor. The suction head is held in one location longer so pits
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are dug instead of trenches. The dredge can mine panels about 80 meters

wide and 1000 meters long in about 60 meter blocks.

As the desired depth is reached for the panel, the anchor is pulled and the
dredge relocated to the next block. The mining process is repeated for each
new block. Since the suction head is dragged over the bottom only by the
swing motion of the dredge, it has less digging capability than the trailing
suction head dredge. Operation of this dredge often requires the use of a

separate tug to remove, re-position, and re-set the anchors.

Anchored suction dredges are used in Japan for aggregate mining, usually at
depths of around 30 meters. In Europe, these dredges have been used, but in
recent years all mining dredges operating offshore the United Kingdom and

the European coast have been of the trailing suction head design.

Cutter Head Dredges

The cutter head dredge is essentially a combination of other dredges, adapted
so that material is excavated mechanically and transported hydraulically to
another location. The cutters are mounted near the suction intake of the
dredge pump and attached to the bottom of a ladder which, in turn, is
attached at the bow of the vessel. Cutters are connected by a shaft to the
cutter motor. Rotation of the cutter agitates loose material and cuts hard
material. Cut material is directed to the suction intake through the motion
of the cutter and the design of the suction intake pipe. Material is pumped
aboard the vessel and handled in the same manner as the plain suction head
dredges. A typical cutter head hydraulic dredge is shown on Figure 4.6. This
dredge utilizes a basket type radial cutter head. The blades of the cutter
may be plain for semi-compacted material, or may be studded with
replaceable teeth for harder material. Spuds are used to position the

platform and to resist the reactive force of the cutter head.
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In addition to the cutter head, the ladder carries the suction pipe, lubricating
lines, motors and reduction gear. The aft, or upper end of the ladder, is
supported by heavy trunions set in a well in the bow of the dredge hull. The
dredge is held in position by spuds. Movement of the cutter head is from side
to side over an arc angle of 900-1009, and is controlled by winching anchored

swing lines attached to winch drums on board the vessel.

The A-frame is the main support for the block-and-tackle that supports the
ladder. It is usually pinned to the forward end of the dredge hull rather than
being fixed rigidly. This arrangement allows for movement while the dredge
is operating. It is tied back to an H-frame by flexible wires or steel rods.
Angular rotation of the vessel about a spud permits the dredge platform and

attached ladder to advance, thereby forming a mining pit.

A cutter head dredge which utilizes a bucket wheel to excavate material is
shown on Figure 4.7. This dredge is essentially the same as the basket cutter
head dredge. The cutting wheel is designed for the material to be excavated,
with or without teeth, and directs the excavated material to a suction pipe.
The ladder, or boom, supports the bucket wheel, bucket wheel motor, suction
pipe and, if required by depth and capacity, a submerged dredge pump and
submersible motor. In recent years many of these type dredges have been
built for high capacity or difficult digging conditions. This type dredge has
also been adopted to sea-going vessels for mining in offshore ocean

conditions,

Cutter head dredges of both types have been used extensively for mining
onshore, including heavy minerals and phosphorite and are, in recent years,

being extensively adopted to offshore ocean dredging applications.
CURRENTLY AVAILABLE MINERAL DREDGING SYSTEMS

There are many examples of modern dredging applications, many of which are
for the purpose of mineral recovery. Table 4-1 lists some of the more
important mining dredges world-wide, with statistics of interest. Examples
of each type; bucket ladder dredge, cutter suction dredge, bucket wheel

dredge.
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BOREHOLE MINING

During the past several years there has been a considerable amount of
interest in the United States and Canada on the extraction of minerals
through a borehole from deeper sedimentary deposits. Several private
companies evaluated borehole mining methods for mining deep phosphate
rock in North Carolina back in the 1960's, as well as other locations. The
concept of mining through a borehole is obviously not novel as Frasch sulfur
has been mined commercially through a borehole since the 1890's. The
extraction of slurried minerals through a borehole, however, has not achieved

any significant commercial success.

In 1973, the United States Bureau of Mines (USBM) took an active interest in
the development of this technology as part of their program to increase the
domestic availability of critical minerals. In 1976, they developed a tool
specifically designed to mine coal, that was built by Flow Industries Inc.
(Flow). This early work indicated that coal could be slurried in place by high
pressure water and transported by use of an eductor pump. Experimental test
work was also conducted in the slurry mining of California oil sands by the
usBM.

Emphasis at the USBM then shifted to adapt the concept to the mining of
uranium ore-bearing sandstone in Wyoming. The initial tests were conducted
during 1977 in conjunction with Rocky Mountain Energy Co. (RME). The
result of these tests encouraged RME to develop a prototype system with
Flow which was operated over a several month period. The test results
indicated that uranium bearing sandstone could be eroded with high pressure
water at a standoff distance in excess of 70 feet when the nozzle was
operated in an air environment. A satisfactory production rate was achieved
when the operating conditions were optimized. They were able to elevate the
slurried sandstone with the eductor pump from the air-filled cavity at a depth
in excess of 200 feet. The energy required to elevate this slurry by this
method was high. Unfortunately, at about that time, the price of uranium
dropped dramatically, causing RME to discontinue their program
prematurely. At about the same time this test work was being conducted,
the USBM became interested in re-evaluating the technology as it could be

applied to phosphates.
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In 1980 a test program was conducted at a northeast Florida site using the
USBM equipment developed for coal and uranium sands. The test results
indicated that in that particular environment, borehole mining had to be
conducted in a flooded cavity to maintain roof support. It was encouraging to
determine that even when operated in a flooded condition, a surprisingly good
production rate could be achieved, and that a radius approaching 20 feet was
obtainable. When the system was operated with the cavity filled with water
to the top of the casing, the energy required to lift the slurry created by the
cutting jet action by the eductor pump was considerably less than in earlier

tests.

Encouraged by these results, a joint venture research program between
Agrico and International Minerals and Chemical Company was established to
conduct a new test program. The actual borehole test work was conducted in
late 1984,

The results of this test program were encouraging. In all cases, a consistent
hole radius of approximately 20 feet was obtained. No subsidence occurred
as all the cavities were developed in a flooded environment with a positive
casing overflow. The production rates were adequate for the cutting jet flow
rates available, and it was apparent that with increased cutting jet nozzle
flow rates, and with a system specifically designed for that site, production
rates could be substantially improved. In early 1985 most of the waste clay
(a major environmental and disposal storage problem in the central Florida
strip mines) was successfully thickened and re-injected back into the cavities
created by extraction. The drilled holes (16 inches in diameter) were plugged
after backfilling and the casings removed. By removing the steel casings
(PVC also used and pulled) and repeatedly recycling them, the economics of

borehole extraction are decidedly more attractive.

Upon the completion of the test program, an overall conceptual analysis was
made to determine how the above results could be converted into a practical
commercial development. A mining plan was conceived indicating that a
multi-unit system with a portable centralized distribution and receiving unit

was the most likely approach. Economic projections made, based on this
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plan, were encouraging. These projections indicated that land based, large,
previously unmineable resources had the potential of being a cost effective,
environmentally acceptable, long-term phosphate rock supply.

The basis of the design would be a system having a high operating factor with
a minimum mobilization time between pre-drilled boreholes. The mining
concept calls for a separation of the four unit functions deemed necessary to
mine phosphate rock at that site. The extraction unit's only function is to
mine; the other three functions - drilling and casing, backfilling, hole

plugging and casing pulling - would be conducted separately.

A land-side borehole slurry mining process would use a 12-inch to lé6-inch
diameter cased borehole drilled to the matrix and uncased through the ore
zone. Figure 4.8 is an illustration of a conceptual arrangement for borehole
mining in north Florida. Because of the depth to the base of the orebody
(occasionally over 200 feet), a multi-stage turbine pump is required to lift the
ore slurry back to the surface. The ore is slurried by a high pressure (275 psi)
water jet making an arc of 2700 to 3600. This jetting action creates a cavity
approximately 50 feet in diameter at a height determined by the matrix
thickness in each hole. Due to the limited size of down-hole equipment, some
20 mining units are necessary to produce 2.5 million tons per year of product.
This quantity is based on a 60 percent matrix recovery with each slurry unit

producing the equivalent of 50 product tons per hour in recovered ore.

Dedicated mining units produce matrix to a centralized delivery system for
transport to the plant. A separate drilling and casing unit is advancing in
front of each of the three groups. When a unit finishes mining, a four-hour
move is required to set up the next hole in the series. Behind each group is a
backfilling unit, placing a mixture of tailings and consolidated clays into the
finished boreholes. The 18 to 20 percent solids clay material is dredged from
a single 500-acre settling pond that could possibly be used throughout the life
of the project. This type of waste disposal may create permitting problems
because of the material being placed into an aquifer. But, this type of
procedure using sand tailings from the mill, is presently being evaluated as an

alternative means of preventing subsidence problems at the surface.
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A typical mining equipment scheme provides 932 tonnes per hour of matrix in

a 20% solids slurry to the beneficiation plant.

Some of the positive features that a land-based borehole extraction system

would offer industry are partially listed as follows:

o Low capital cost per unit of material moved.

o No surface disturbance. Surface can be utilized for practically any use
immediately after mining.

o Waste material resulting from mining and mineral processing can be
disposed of back into the mined-out cavity.

o Small, erratic, or highly faulted deposits can be selectively mined with a
minimum of surface infrastructure required.

o Development drilling necessary to delineate an orebody to justify open pit
mining could be reduced when borehole mining is considered. The
definition of "proven ore" would take on a different meaning.

o Only the material that needs to be moved for subsequent processing has to
be handled.

o The system would be very adaptable for automated operation.

o The concept appears to be environmentally acceptable. It allows
potential development of valuable commodities that could not be mined
by conventional methods.

o Borehole extraction could have many other uses besides mining. Any time
it would be desirable to create an artificial cavity within a favorable
horizon for waste disposal, storage of recoverable material, well field
regeneration, etc., through a restricted orifice, this concept should be

considered.

The Georgia offshore area of interest between the 3-mile territorial sea line,
and the 50-meter contour, indicates some phosphorite occurrence at depths
which might fit the borehoale mining concept. These areas appear to occur as
pockets of what might be phosphate-rich, deep Middle Miocene. Little or
nothing is known or available at this time to warrant consideration of
borehole mining to Georgia offshore phosphates. The discussion above is

given only to acquaint the reader with the general state-of-the-art as it may
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apply to phosphate mining. Development Planning and Research Associates,
Inc., (DPRA) 1987, in their offshore North Carolina phosphate feasibility
report, describe a conceptual system for borehole mining a phosphate
resource. The 20-meter thick phosphate zone proposed for borehole mining is
in 30 meters of water, under 50 meters of overburden, and is centered on an
exploratory borehole about 60 kilometers east of Cape Fear. This kind of

investigation and work is beyond the scope of this study.
APPLICABILITY OF EXISTING TECHNOLOGY

For a continuous mining operation offshore Georgia, only two types of
dredges are feasible - the trailing or anchored suction head dredge, and the
cutter head dredge. These dredges can be built on ocean-going vessels with
large receiving hoppers and washing plants to reduce the volume of material
transported. These dredges can also be integrated into transportation
systems utilizing slurry pipelines, barges, or a self-contained load/unload

hopper-dredge.

The principal problem with the cutter wheel and bucket line dredges is that
being digging dredges they require heavy mechanical equipment and
supporting steel structures, resulting in a high bottom contact pressure by
design. However, being digging dredges by design, they will dig in response to
hull movements making it difficult to maintain permanent contact with the
dredging face. Oceanic conditions such as waves, swell currents, and wind
causes the dredge hull to surge, heave, pitch, roll, sway and yaw in relation to
the ocean bottom. This movement prevents contact with ocean bottom and

stresses mechanical and structural components.

Solutions to this problem have been advanced, one of which is to build a semi-
submersible hull configuration instead of a surface pontoon. Analysis of
response curves for waves striking the hull at 1350 (considered the most
severe angle) indicates a vast improvement in pitch and heave with the semi-
submersible hull design. Solutions to this problem appear to be within the
state-of-the-art technology and one dredge operating in moderate oceanic
conditions has been built to mine tin in Thailand using a large cutter head

dredge. A spud is used to keep the dredge on station balance by shock
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absorbers which were built into the ladder suspension and swing wires. While
not really flexible, this mechanical innovation prevents undue shock loading
of critical mechanical components. Further testing and investigation would
be necessary to apply this technology to offshore Georgia coastal conditions.
Currently, work is being done to create a truly flexible dredge by using a
rigid bucket ladder with the supporting pivot shaft connected to the pontaon
by link bars and hydro-pneumatic cylinders. Movement in relation to the
pontoons is permitted by the pivot shift. In addition, the support bracket is
supported by a buffer cylinder which permits the bow to move vertically and
keeps the digging force on the bottom by adjusting the pressure on the
cylinders.

The trailing suction head dredge, equipped with a draghead, has a low bottom
contact pressure and does not sink into the bottom, but maintains contact
with the bottom despite dredge hull movements. Because of low weight, the
trailing suction head dredge can be equipped with a universal hinge, a
horizontal hinge, sliding and turning glands and swell compensation buffer
gear. This keeps the draghead on the bottom at constant pressure while the
bow moves up and down.

The principal disadvantage of the seagoing trailing suction head dredge is
that excavation of material at sea bottom generally occurs while the host
vessel is travelling at 1-3 knots. The suction head is dragged along the
bottom and the depth of cut depends on the effective contact weight and the
consolidation of the material. The suction drag head can not remove (cut)
more than a few feet with each pass. The width of the cut is limited by the
size of the drag head and the angle of repose of the material being
excavated. A single pass may make a cut 1 to 2 meters deep and 5 to 8
meters wide in free-flowing sands and gravels. Many passes are required to

mine any significant depth.

The seagoing trailing suction drag head dredge is most effective when
operated from a vessel which contains compartments for storing dredged
material. Dredged material is deposited directly in the on-board integral
hopper either directly or after mechanical sizing to reject oversize material.

The dredge hopper vessel, with or without on-board processing, is designed to
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remain at sea long enough to fill its hoppers. The vessel, when loaded to
capacity, returns from the mine site to a designated land-side dump where
the hopper is unloaded. Some vessels are designed to bottom dump hopper
contents, while others transfer material from the hopper by self-contained

slurry pumps, Marcona-flow, or by other conventional methods.

One version of the seagoing suction drag head dredge is the anchor dredger.
The seagoing vessel is similarly equipped with a suction head and hopper.
This dredge works at anchor and does not move while dredging, other than
periodically to winch itself forward as required to keep the flow of material
feeding into the suction pipe head. This type of dredge has the advantage
that it can work in a deep deposit and covers very little area of the sea bed.

The disadvantage is that the sea bottom is left with a series of holes.

The seagoing suction dredge, whether of the anchor type or trailing suction
type, is suitable for mining loosely compacted surficial sands containing

heavy minerals which do not require removal of overburden.

A system which can operate safely in the offshore Atlantic Ocean coastal
water environment is the first requirement which must be met by any
equipment assemblage. For the mining of phosphorite, an equally important
requirement is that the system be capable of engaging the total horizon of
material to be excavated and to do so with an acceptable level of recovery.
In other words, overburden and matrix each should be excavated in a single
pass, while leaving a minimum of ore having value behind and/or diluting at a
minimum the desired ore with barren material. Additional characteristics of
the system must be: high level of reliability, and ease of maintenance and
component replacement; ability to partially upgrade ore onboard; ability to
efficiently transfer or trahsport upgraded ore to a nearby moored vessel or
barge, or to a centrally located offshore beneficiation plant; capable of
quickly suspending operation, riding out sudden storms, and quickly resuming

work.

The selected systems for mining offshore Georgia phosphorites and heavy

minerals are described in Sections 5 and 6, respectively, of this report.
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SECTION 5

PHOSPHATE DEVELOPMENT FEASIBILITY

INTRODUCTION

This section deals with the work leading to the selection of a preferred
configuration for mine, beneficiation, and related infrastructure components
required for the commercial exploitation of Middle Miocene phosphorite
occurrences offshore the coast of Georgia in the Atlantic Ocean. The reader
is taken through a description of the proposed mining area and a comparison
of production-configuration schemes. This comparison is based on
information and data developed and published in previous studies. Much of
this comparative work relies on reports of the Bureau of Mines and Minerals
Management Service of the U.S. Department of Interior, Zellars-Williams

Company, and Development Planning and Research Associates, Inc.

The configuration selected as a result of the comparative study is that of
hybrid dredges mining to an offshore beneficiation facility from which

finished product is shipped.

Each component is fully described and capital and operating costs estimated.
Economics and viability are based on current phosphate rock sales prices and
on supply-demand projections, which indicate the year 2000 as the time-

frame in which realization of this enterprise may become viable.

Dredge design and excavating-pumping rate expectations, which underly the
premises of the proposed annual production of 4.8 million tonnes of phosphate
rock, assume that coquina or similar cemented conglomerates do not occur in
the overburden or ore zone horizons scheduled for mining. A phosphate
mining enterprise at Santo Domingo on the west coast of Baja Sur California,
Mexico, failed to enter production after expenditures of about 60 million
dollars because the overburden and ore zones were improperly characterized
as uniform beach sands. This soils classification came about as a result of

drilling and sampling techniques which failed to characterize in-situ coquina.
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The coquina turned out to be impenetrable by the dredges designed and built
for this project. Coquina lenses reportedly occur frequently enough to create
problems for Texasgulf in mining the marine deposits at their L_ee Creek,
N.C. mine.

This experience adds emphasis to the importance of a properly designed and

executed exploration program for offshore minerals.
MINING
Selection of Mining Area

Figure 5.1 shows the area under consideration for phaosphate mining. This
location contains the thinnest overburden and shallowest phosphate in the
study area. Due to the seaward slope of the Miocene sediments, as well as
increasing water depths, areas seaward of the model area are increasingly
difficult to mine by surface techniques. A more complete review of the
model area and geology is given in Section 3.

The area modeled ranges from 6 to 25 nautical miles from shore. Figure 5.2
is a geologic map of this area containing about 180 3-kilometer square blocks.
Twenty years of mining to yield 3-5 million tonnes of product per year covers
a small fraction of the total blocks identifying Middle Miocene phosphorites.
The number of blocks required depends upon the matrix thickness, which is
taken as the Middle Miocene thickness. Since matrix thickness, overburden
thickness, and depth of water are not constant in the model area, a
methodology was developed to select the most favorable economic mining

site.

Each block has an overburden thickness, a matrix thickness, and a water
depth. The relative proportion of these determines dredge operating and
capital costs. By examination of these data, 13 blocks were selected for
economic evaluation. Table 5-1 lists the boundary limits of each selected
block. These blocks were analyzed for dredge capital costs, and dredge
operating costs. Zellars-Williams computerized dredge model was used to
calculate production rates and costs. All plant costs are assumed to be

location independent. An incremental waste disposal charge was added to the
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capital and operating costs, when the mining depth exceeded 27 meters. The

sum of dredge operating cost, dredge capital cost, and incremental waste

disposal cost, expressed in dollars per tonne of product, was added to give the

total cost. Results are summarized in Table 5-2 for each block.

Block Coordinates

Table 5-1

Blocks Northing Southing Easting Westing
1 543,000 540,000 522,000 519,000
2 543,000 540,000 525,000 522,000
3 543,000 540,000 528,000 525,000
4 543,000 540,000 531,000 528,000
5 543,000 540,000 534,000 531,000
6 543,000 540,000 537,000 534,000
7 543,000 540,000 540,000 537,000
8 543,000 540,000 543,000 540,000
9 543,000 540,000 546,000 543,000
10 543,000 540,000 549,000 546,000
11 543,000 540,000 552,000 549,000
12 540,000 537,000 552,000 549,000
13 537,000 534,000 552,000 549,000
Table 5-2
Mining Area Dredge Operating Costs
Increm.
Total Dredge Waste Total
Depth Mine Cost Cost Cost
Ore Ovbd. Strip Depth $/t $/t $/t
m m Ratio m Matrix Matrix Matrix
9.0 15.5 1.72 32.2 $2.06 $.06 $2.12
7.2 12.0 1.67 30.0 1.88 .04 1.92
5.9 11.3 1.92 27.3 1.88 .04 1.92
5.6 8.5 1.52 26.3 1.66 .00 1.66
5.2 8.0 1.54 27.7 1.68 .01 1.69
4.6 7.5 1.63 28.3 1.93 .02 1.95
4.7 8.2 1.74 29.6 2.01 .03 2.04
5.3 8.7 1.64 32.0 2.18 .06 2.24
6.3 9.7 1.54 35.0 2.10 .09 2.19
8.1 11.3 1.40 39.0 2.14 .13 2.27
11.0 12,2 1,11 43.0 1.94 .17 2.11
12.0 12.0 1.00 43.5 1.84 .17 2.01
12.2 12.0 .98 44.2 1.83 .18 2.01

Total mine depth includes water depth from MSL to sea floor (top of
overburden) at each location.



Using the lowest total cost/tonne of matrix (ore) as the selection criteria,
Blocks 4 and 5 were chosen as the core of the initial mining site. The size of
the site was matched to an area required to support a 3.5 million tonne
(product, dry) per year operation for twenty years. This area contains the
shallowest Middle Miocene location, as well as the thinnest overburden in the

entire model area.

The initial area is approximately triangular in shape, with the hypotenuse
being the 5 meter Middle Miocene thickness contour on the southeastern side.

The southwestern and northeastern corners are described as:

AMS Caoordinates Lat. and Long.

East North
SW 527500 535000 80942'32.45", 31057'8.34"
NE 537000 544000 80936'29.34", 32001'59,68"

The site contains parts of the following OCS blocks:
NI 17-11 - 951, 952, 953, 995, 996, and 997
NH 17-2 - 27 and 28

The site is characterized by the following in-situ parameters:

Meters Meters3
Item Average Min, Max. Volume
Water Depth 13.97 11.4 16.4 -
Overburden 8.02 7.1 9.9 366,746,720
Matrix 5.44 5.0 7.0 249,040,020
Stripping Ratio (m:m) 1.47 1.42 1.41
Total Mining Depth 27.43 26.4 28.8

All overburden material is sand material with no cementing. There is no

Pliocene or Upper Miocene material present within the confines of the site.

Using the "Design Basis Data" from Table 10, page 54, of the 1979 ZW report,
a target production rate of 3.5 million tonnes for 20 years, and the
summarized site data listed below, an annualized production summary was

prepared.
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Summarized Site Data

Total Matrix Volume (meters?) 249,040,020
Matrix "X" m> ore to produce 1 ton product 3.37
Percent Clay Waste 21.29
Total Product Tonnes (dry) 73,899,000
Total Arga (meters?2) 45,741,096

(acres) 11,303

The initial mining area described above includes parts of eight blocks having
the most favorable mining characteristics and is the area targeted for
earliest exploitation. The total mineable area, however includes at least
eight additional blocks to permit increasing mine life and/or annual yield.
Experience in early years will result in improved technology, increase the
mineable area, and permit exploitation of as much as 500,000,000 m> of
phosphorite matrix in the Middle Miocene. The product yield over the life of

a single enterprise would be as much as 150,000,000 tonnes.
Configuration and Production Rate Comparison

The annual production of any mineral beneficiation facility is dependent upon
the ability of the mine to supply ore. Normally, plant production is based on
operational efficiency which is largely independent of mining because of the
ease of providing large stockpiles of plant feed. Most phosphate rock
production is based on a link between the mining dragline - ore transportation
system and the plant washer. High operating factors are typical and ore
storage is not a requirement. Operating factors for most ocean mining
equipment, however, are low by comparison. Climatic and other conditions
beyond the control of the operator are the major contributors to the reduced

operating factor.
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Production based on mining of ore at sea for beneficiation at a remotely
located land-based facility is greatly dependent on the effective operating

factors of the excavating and transporting equipment and systems employed.

As a basis for uniform comparison of alternative configuration schemes
certain criteria were established. The criteria adopted for comparative
evaluation given in Table 5-3 are based on previous work and on reported
These

criteria were later modified to better fit the preferred mining equipment and

experience with ocean-going dredges and transportation systems.

systems configuration.

Table 5-3
Criteria Basis for Configuration Comparison

Annual Mining Equipment Availability

Days lost:

annual dry dock/repairs 30
adverse weather/sea conditions 36
66
Days operational 299
Hours/day operational 21
Mechanical availability 90%
Effective operating hours 5,651
(299 x 21 x .90)
Item Description Unit Value
Average overburden thickness meters 8.02
Average matrix (ore) thick. meters 5.44
Matrix "X" m> ore/1_tonne product 3.37
Matrix & overburden density tonnes/m3 1.36
Ib/ft3 85
Mining recovery percent 85
Stripping ratio m3; overburden/m3 matrix 1.73
Suction head pipe or dredge
pump discharge diameter mm 900
inches 36
Pipeline velocity m/sec 4.92
ft/sec 15.0
Dredge production dry solids m3/yr 12,118,000
tonnes/hr 2,196
Average slurry solids percent 26
Washer rejects percent 20
Distance to land-based nautical miles 27
beneficiation plant
Average vessel speed knots 12
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Typically, offshore dredges are ocean-going vessels equipped for mining and
contain hoppers for collecting dredged material. Since these vessels also
serve as transports, their availability for mining is limited. Investment is
high and utilization for mining is low. This appears to be the norm as is
experienced by operators who use these types of foreign-built dredges in the
North Atlantic, Pacific Ocean and Sea of Japan. These systems are most
effective where: there is little or no overburden; where the ratio of ore to
product is low; and where concentration takes place on board. This is not the

case for phosphate.

However, because sea-going suction head hopper type dredges have a long and
successful history of operating under ocean conditions, they are considered

here in evaluating alternative configuration schemes.

The four major project configuration schemes considered for offshare

phosphorite production are:

1. Sea-going hopper dredge for mining and transportation to an onshore
plant.

2. Sea-going hopper dredge mining and barge transportation of ore to an
onshore plant.

3. Dredge mining and pipeline transportation of ore to onshore plant.

4, Dredge mining and pipeline transportation of ore to nearby offshore island

plant.

The mining dredge vessel or platform in each of the four major configurations
is equipped with an onboard processing (washing) plant. Flowsheet data
indicate that about 20% of the dredged material can be eliminated by
washing. This reject material, a mixture of oversize and slimes, would be
disposed of in nearby mined-out areas. In Configurations 1, 2, and 3, matrix
is transported, after washing, to a land-based plant for further processing.
The dredge vessel size is determined by the necessity of making the vessel
seaworthy, not by the dredging equipment. In Configuration 1, a large hopper
is required for storage as the dredge is also the vessel used to transport ore,

after washing, to shore.
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Since dredge vessel size is larger than required for the dredging equipment
alone, the addition of a washing plant costs only slightly more than if located
onshore. Plant operating costs are identical. However, with onboard
processing, material transported to shore decreases by 20%, resulting in a
corresponding reduction in transportation costs of 20%. In addition, waste
disposal of the 20% fraction rejected by washing at an onshore plant must be
either re-transported from the plant and disposed of in the mined-out areas,
or disposed of in tailing impoundments onshore. Either way, the offshore
washing plant reduces costs considerably by wasting the 20% fraction

rejected in nearby mine areas.

For Configuration 4, costs are expected to be about equal, with or without
onboard processing. This is because the processing plant is located near the
mine area. Therefore, for Case 4, either onboard or offboard washing can

apply.

1. Sea-going hopper dredge for mining and transportation to an onshore
plant.

Figure 5.3 shows this configuration. An anchor suction dredge removes
overburden, pumping it to mined-out areas. One anchor suction dredge is
dedicated to overburden removal. A second matrix dredge follows at
least 2,000 feet behind the overburden dredge. The anchored suction head
dredge slurries and pumps the ore to a distribution box, and then the ore is
screened, washed and deslimed. About 80 percent of the material is
loaded into a hopper on board the vessel. Here, through a series of weirs,
the washed matrix is dewatered to 75% solids. When the hopper is full,
the suction head and pipes are raised from the bottom to the deck. The
dredge now functions as a normal merchant ship and carries the material
27 nautical miles to the plant site. The plant site was selected in an
industrial area where permitting problems and land acquisition problems
are minimized. It was felt that an onshore plant located closer to the
mining operation on the barrier islands would be environmentally

unacceptable.



T#H

NI Y FNDIANOD

€' 3ANDOIH
NS
2 _ JAGHSNO
d,v«:mfn..\.rl\ m.nw\w.
SONVYAQ Y W~ m.ma.eo \
82) T \
DNINIW Pl
T * ,
@, 7
O K stsem jue|d Y4+'m ]
> Sbpodp Xlagew
Iw& 40 ri.m.o_ Uangod
X
+CN_L pteoq uoc
Spw w3
XVHIVW |~ &
3o 602
390330 3"°a3ya A
= R=\VA X\ LW W vayY 1Lno O3NIw
Sl u—o T

Vauy ONIAIW N3JINT¥an0o




5-12

Costs for hopper dredges were taken from the open file report "An
Economic Reconnaissance of Selected Heavy Mineral Placer Deposits in
the U.S. Exclusive Economic Zone" by the Bureau of Mines Washington
Staff, released 4-87.

For a hopper dredge, cycle times consist of loading, travel, unloading and
return travel. The hopper size increases capacity, but also increases
capital. In an attempt to optimize hopper size, four loading capacities
were analyzed. Table 5-3 shows the design criteria used to determine

productivity and costs.

Loading and unloading is done by a 900 mm pump using the criteria in
Table 5-3 at the rate of 2,916 tonnes per hour.

Table 5-4 shows the time required for each element in the cycie. The
cycles per year are based upon 5,651 hours, The tonnes per cycle are
based upon the locading time, which is different for each case. Table 5-4
also lists the tonnes per year of product produced far each capacity. As
Table 5-4 shows, increases in loading times (hopper capacity) result in

only a slight increase in tonnes per year of product.

Table 5-4
Cycle Time Configuration 1

Item Hours Hours Hours Hours

Load Ore 5.00 10.00 15.00 20.00
Travel to Plant 2.25 2.25 2.25 2 25
Unload Ore 5.00 10.00 15.00 20.00
Load Tails 5.00 10.00 15.00 20.00
Travel to Mine 2.25 2.25 2.25 2.25
Dump Tails 5.00 10.00 15.00 20.00
Total Cycle Time 24.50 44.50 64.50 84.50
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Table 5-4 (continued)

Cycles per year 230.65 127 87.6 66.88
Tonnes per cycle 11,666 23,300 35,000 46,600
Tonnes hauled 2,690,691 2,962,400 3,066,000 3,120,000
Tonnes prod. produced 734,000 808,000 836,000 851,000

The following USBM equations from Open File Report 4-87 were used:

Daily Haul Capacity (DHC)
2.9607(L)" 2923

(P) Hopper Capacity =

Where
DHC = shoit tonnes hauled divided by operating days

L = one way haul distance in nautical miles

Operating Days = 299

Short tonnes hauled will be determined
Dredge capital cost = 7,052 (P)-2421

Plant capital costs are based upon $20,000,000 for an onshore plant,
$4,000,000 for an onboard plant and $15,000,000 for dock construction.
Infrastructure is estimated at 30% of the total of these costs. These costs
are based on a phosphate plant yielding 4,000,000 tonnes of product per year.
To allow for other product rates, an exponent of .7 was usd. The general

formula is:

Capital Cost A = (Production/yr A + 4,000,000)-7 * B
where A = production/year from Table 5-6
B = base cost ($20,000,000, $4,000,000, $28,000,000) for the
4,000,000 tpy case

Table 5-5 is a summary of calculated hopper sizes and the resulting capital
required for each production rate from Table 5-4. The overburden dredge
does not require a large hopper and its cost is estimated from other sources.
Dollars per ton capital is based on 20 years of mine production for each

production scenario.
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Table 5-5

Product Millions of Dollars
X 1,000 Tonnes Hopper M™at. Ob.  Ob. 0S $/M
Annual 20 Yrs. ST Dredge Dredge Plant Dock Plant Misc Tot Ton
734 14,680 8,780 36.60 40.00 1.22 4.58 6.10 26.55 115.05 7.84
808 16,160 9,668 40.08 40.00 1.31 4.90 6.53 27.84 120.65 7.47
836 16,720 10,005 41.39 40.00 1.34 5.02 6.69 28.33 122.77 7.34
851 17,020 10,183 42.08 40.00 1.35 5.08 6.77 28.59 123.87 7.28

Table 5-7 combines the capital cost per tonne with the operating cost per

tonne, to provide a basis for cost comparison.

Operating costs for the suction head hopper type matrix mining dredge are
based on the following U.5.B.0.M. formula (from Open File Report 4-87).

Dredge operating cost ($/s.t.) =

2.7534 (P) + 5,453

Daily Dredge Capacity

where P = payload or hopper capacity in short tons

daily dredge capacity = annual capacity in short tons + days.

Operating costs for the overburden dredge and for processing are based on

Zellars-Williams operating cost model.

operating costs for the different production rates.

Table 5-6

Operating Cost - Configuration 1
Operationg Cost $/Metric Ton Product

Table 5-6 lists a summary of

Tonnes Mat. 0.B. Waste Prod.

Matrix * Dred. Dred. Plant Disp. Hand. Admin. Total
3,363,000 10.65 3.91 5.71 0.40 .45 1.30 22.42
3,703,000 10.45 3.91 5.71 0.40 .45 1.30 22.22
3,832,000 10.38 3.91 5.71 0.40 .45 1.30 22.15
3,900,000 10.35 3.91 5.71 0.40 .45 1.30 22.12

* 4.6 tonnes matrix mined results in one tonne of product.
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Table 5-7
Total Comparative Cost per Tonne, Configuration 1

Tonnes Matrix Capital Operation Tatal
3,363,000 $ 7.84 $22.42 $30.26
3,703,000 7.47 22.22 29.69
3,832,000 7.34 22.15 29.49
3,900,000 7.28 22.12 29.40

2. Sea-going Hopper Dredge Mining, Barge Transportation of Ore to an
Onshore Plant

Figure 5.4 shows this configuration. An anchor suction dredge remaves
overburden, pumping it to mined-out areas. One anchor suction dredge is
dedicated to waste and the aother is used mostly for matrix. Since no
large hoppers are required, as in Configuration 1, both dredges can be
identical in design. To maximize production, the matrix dredge is
required to operate in overburden some of the time. Table 5-3, shows the

design criteria used for production and operating cost calculations.

The stripping ratio expressed in terms of cubic meters waste to cubic

meters matrix is defined by the following equation:

Overburden Thickness
matrix thickness x % recovery
8.02

*Sagx .85 - 173

Stripping Ratia

For each cubic meter of matrix mined, 1.73 cubic meters of waste needs
to be removed. The total production from the overburden and matrix
dredge is:

2 x 12,118,000 m3/yr = 24,236,000 m3

This approach assumes that 15% aof the ore zone is not recaovered, as
compared to the alternative approach of adding this volume to the

overburden.

This is the total annual production from both dredges. Taking in account
the required stripping ratio, the annual ore production is:
24,236,000 + (1+1.73) = 8,877,000 m7/yr
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Annual matrix tonnage is:
8,877,000m3 (1.36 t/m3) = 12,074,000 tonnes

Annual product tonnage is:
8,877,000m3 ¢ (3.37 t/m3) = 2,634,000 tonnes

From these calculations, it is apparent that the matrix dredge must

operate in averburden part of the time in order to maximize production.

The matrix dredge pumps matrix into a distribution box from which it is
screened, washed, and deslimed. About 20% of the matrix is removed by
onboard washing and disposed of in mined-out areas. The remaining 80%
of the matrix is dewatered to 75% solids aboard 26,000 tonne barges.
These barges are towed to the on shore beneficiation plant by tug boats.
After matrix is unloaded by pumping it from the barge into live storage
containment, the barge is towed back to the overburden dredge and
another cycle begins. In order to avoid a large tailings area, an
independent fleet of barges and tugs load, transport, and dump the plant
tailings in the mined-out areas. By providing storage at the plant and a
separate waste disposal sytem, the plant operation is not directly tied to

the mine.

Table 5-8 shows the time required for each element in the cycle. The
cycles per year are based upon 4,140 hours (the hours dredging in matrix).
The tonnes per cycle are based upon the cycle time. Criteria from
Configuration 1 apply here with the exception that barges move at 8
knots.

Table 5-8

Cycle Time Configuration 2

[tem Hours

LLoad barge 8.36
Barge to plant 3.38
Unload barge 8.36
Barge return 3.38
Total cycle time 23.48
Cycles per year 176.3
Tonnes per cycle 19,500

Tonnes hauled per year 3,439,000
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Since the dredge mines 12,074,000 tonnes of matrix annually, the number
of dredges required is:
12,074,000 (.8) + 3,439,000 = 2.81 or 3

The waste cycle is assumed to be similar to the matrix cycle. Although
the waste from the onshore plant is only 7,029,000 tonnes (as shown
below), the loading-dumping times and percent solids are expected to

compensate for these differences.

washed matrix - product = waste
12,074,000 (.8) - 2,630,000 = 7,029,000

In all, a total of seven barges and tugs are required, three for matrix
handling, three for waste disposal, and one for a spare. Dredge, barge,
and tug capital costs are estimated from updating previous studies. Plant
capital costs are based on $20,000,000 for an on-shore plant, $4,000,000
for an onboard plant, and $28,000,000 for infrastructure and $15,000,000

for dock. These costs are based on a phosphate plant yielding 4,000,000
tonnes of product per year. To adjust cost for other production rates, an

exponent of .7 was used. The general formula to estimate capital cost for

2,634,000 tonnes per year production is:

Capital Cost = (2,634,000 + 4,000,000)-7*8

where B = the base cost of capital items.

Table 5-9 itemizes the capital required for comparison of Configuration 2.
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Table 5-9
Capital Cost Configuration 2

mm § Unit
Item Cost No. Total Cost
Barges 16.2 7 $113,400,000
Tugs 5.5 7 38,500,000
Matrix dredge 40.00 1 40,000,000
Overburden Dredge 40.00 1 40,000,000
Beneficiation Plant 14,93 1 14,930,000
Onboard Plant 2.99 1 2,990,000
Infrastructure & Misc. 20.90 20,900,000
Vessel Berths, loading 11.20 11,200,000
dock

Total $281,900,000
$ per tonne annual production 107.03

$ per tonne mine life (20 years) 5.35

Operating costs are computed using Zellars-Williams operating cost
model. Table 5-10 summarizes the operating costs.

Table 5-10
Operating Costs Configuration 2

Cost per tonne product

Mining 6.64
Plant 4.94
Waste/Water .25
Product Handling .45
Administration 1.30
Total $13.58

The total comparative cost for Configuration 2 is $18.93 per tonne

product,



5-20

3. Dredge mining, pipeline transportation of ore to onshore plant

Because the location of the plant is upstream of the river, a pipeline
system is not feasible. A substantial part of the pipeline would lie across
shipping channels and industrial installations. For this reason, as well as
environmental considerations, the pipeline system was not considered in
further detail for this report. This is the same conclusion reached by
other investigators, i.e., Zellars-Williams 1979, and Development Planning
and Research Associates, Inc., 1987 North Carolina Offshore. Figure 5.5
illustrates the configuration.

Dredge mining, pipeline transportation to offshore plant

Figure 5.6 shows this configuration. An overburden dredge mines
overburden sands ahead of the matrix dredge. Overburden is pumped back
to the nearby mined-out areas. Trailing about 2,000 feet behind, in the
same cut, the matrix dredge mines and pumps directly to a nearby
offshore plant. This plant is built on an island formed by dredged
material, located équi-distant an average of two nautical miles from the
mining areas. The pipeline is flexible and most of it is submerged. Only
the flexible portion near the dredge is floating. At the beneficiation
plant, matrix is processed, and a saleable product produced. Waste is
Pumped through a separate pipeline to mined-out areas and released. All
processing is done at the island-based processing plant. Product from the
beneficiation plant is barged to shore for sale. The dredge production is
identical to Configuration 2.

Barges are only needed to transport the product to Savannah Harbor. The

cycle time is based on the same criteria as for Configuration 1.

LLoading time is:
barge capacity + loading rate = hours
Tonnes (26,000 x .75) + (2916) t/hr = 6.69 hours

Travel time is:
distance + speed = hours
27 (nautical miles) + 12 knots = 2.25
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Assuming that unloading and loading are equivalent, cycle time is:

Loading

Plant to harbor
Unloading
Harbor to plant
Total Cycle Time
Cycle per year
Tonnes per cycle

Tonnes hauled per year

Hours
2.25

17.88

316

19,500
6,162,000

Since only 2,634,000 tonnes of product require transport, one tug and one

barge is adequate. Employment of contract transport carrier systems for

product may be indicated.

Capital costs are summarized in Table 5-11.

The only difference from

Configuration 2 is the number of barges, tugs, island cost, and pipeline

cost.

Table 5-11

Capital Cost Configuration 4

Item

Barg
Tugs

es

Matrix dredge
Overburden dredge
Beneficiation plant
Onboard plant
Infrastructure & Misc.

Islan

d

Pipelines
Vessel berth & loading dock

Total Capital

$ per tonne annual production

mm $ Unit
Cost

16,200,000

5,500,000
40,000,000
40,000,000
14,930,000

2,990,000
20,900,000
30,000,000

2,500,000
11,200,000

$ per tonne mine life (20 years)

Z
=

= N b b b b |

16,200,000
5,500,000
40,000,000
40,000,000
14,930,000
2,990,000
20,900,000
30,000,000
5,000,000

11,200,000

$186,720,000

70.89
3.54
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Operating costs were computed using Zellars-Williams operating cost

model. Table 5-12 summarizes the operating costs.

Table 5-12
Operating Cost Configuration 4

[tem $ Cost per tonne
Mining 5.76
Plant 4.94
Waste/water .25
Product handling 46
Administration _1.30
Total 12.71

The total cost for comparison of Configuration 4 is $16.25 per tonne of
product.

Selection of Canfiguration

It is evident that, from a material handling standpoint, the offshore plant
should be more efficient. Material is processed near the plant and wasted
near the plant in mined-out areas, With onshore plants, washed matrix is
hauled 27 nautical miles by barge and tug, processed, and the waste hauled 27
miles back to the mined-out pits for disposal. Table 5-13 outlines
comparative capital and operating costs for each configuration. Based upon
this trade-off study, Configuration 4, utilizing an offshore plant, was selected
as the basis for examining the economic feasibility of exploiting off-shore
phospharites.  This configuration is developed in further detail in the

following parts of this section.
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Table 5-13

Configuration Selection

Annual
Production Cost $/Tonne Concentrate
Configuration Tonnes Capital Operating Taotal
1 851,000 7.28 22.42 29.70
2 2,634,000 5.35 13.58 18.93
3 Not feasible (no economics dane)
4 2,634,000 3.54 12.71 16.25

Configuration 1) Sea-going hopper dredge for mining and transportation to
an onshore plant.

Configuration 2) Seagoing hopper dredge mining and barge transportation
of ore to an onshare plant.

Configuration 3) Dredge mining, pipeline transportation of ore to onshore
plant.

Configuration 4) Dredge mining, pipeline transportation of ore to nearby
offshore island plant.

Zellars-Williams, 1979, treated Configuration 2 in considerable detail and
concluded that favorable economics could result if all the assumptions made
proved to be valid. The beneficiation process flowsheet suggested by Zellars-
Williams, 1979, is adopted for this study, with minor modification in the
degree of final processing. Most modern chemical fertilizer production
plants use wet phosphate rock as feed stock. Calcination to improve grade of
phosphate rock after wet processing is a matter of economics not considered

essential to evaluating feasibility.

Capital and operating costs of beneficiation plants of various production
rates, together with ancillary facilities and supporting infrastructure, are
well known, and no attempt is made in this report to construct new
estimates. Capital and operating costs are developed from current in-house
data, factored for the production rates and unit costs applicable to the

selected configuration and local conditions.
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Design Criteria

Table 5-14 lists the design criteria used for determining production limits,
operating costs, equipment needs, and capital requirements of the selected
configuration. As with any mining project, the physical and chemical
geologic parameters are site-specific, having been determined by nature.
These characteristics were based upon the. initial mine site selected in
Section 5.1.1. -

Operating factors were determined by past experience, as well as
consideration of the unique mining environment. In the case of offshore
dredging, it is necessary to consider the size and design of the dredge from a
seaworthy standpoint. A large vessel is necessary to accommodate the
mining depths; therefore', required size is somewhat independent of
production. The largest dredge pumps operating in ocean mining today have a
suction head pipe diameter of 1200 mm (48"). For the conditions of offshore
Georgia, a 900 mm diameter (36") suction head pipe was used to determine
productivity. The design philosophy is to use the largest practical dredge
pump, mounted on a seaworthy vessel. For example, a dredge pump
producing half the capacity of a 900 mm dredge pump gives only a small
reduction in capital and operating costs. Therefore, the design philosophy

maximizes production while minimizing the costs.

Table 5-15, Climatic and Physical Oceanographic Data, for the southeastern
United States continental shelf, indicates conditions which may cause dredge
mining operations to shut down which depends upon the specific equipment

and configuration utilized.

The production rates are determined from the design criteria. In most land-
based phosphate operations, the beneficiation plant is optimized and, because
its maintenance and operations are easier, operating hours exceed the
dragline (mining) operating hours. Often, several draglines feed the same
plant. Stockpiles and surge bins cushion the difference between operating

hours and production hours.



5-27

Table 5-14

Design Criteria

o Ore (matrix) assumed distribution

Size

Fraction Percent BPL Disposition
+4 Mesh 2.74 17.03 Grind to feed
4x8 Mesh 0.64 33.38 Grind to feed
8x16 Mesh 2.05 30.18 Grind to feed
16x150 Mesh 68.52 25.53 Flotation Feed
16x150 Mesh 4.76 6.00 Feed dilution
-150 Mesh 21.29 15.07 Clay Waste

o Grade Criteria (Estimated)

Feed Head 16x150 - 24.20 BPL

Rougher Concentrate - 55.00 BPL

Final Concentrate (Float) - 66.0 BPL

Final Concentrate (if Calcined) - 68.00 BPL

o Recaoveries

Mining Recovery - 90%

Primary Cyclone Recovery of Feed - 98%

Secondary Cyclone Recovery - 99%

Rod Mill Weight Recovery - 85%

Flotation Recovery (Overall) - 80% of BPL values in the total feed
o Annual Operating Hours

Days lost:

annual dry dock/repairs 30

hurricane 1

gale force winds 5

fog 1

other 1

38

Days operational 327
Hours operational/year (327 x 24) 7,848
Mechanical availability 90
Overburden dredge

Operating factor * 83
Matrix Dredge

Operating factor ¥ 87
Dredge operating factor - average, use 85%
Overall operating factor - .90 x.85 = 76.5%
Effective production hours/year 6,000

(7,848 x .715)

* Note: operating factor for dredges is based on allowing time for resetting
spuds at end of each mining cycle.
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Table 5-14 (continued)
Design Criteria
o Beneficiation Plant
Washer production hours 6,000

Production hours feed prep. flotation and 7,000
product to storage

o Mining Data

—

N
W
e o o .

Average Water Depth

Average Overburden Depth

Average Matrix (ore) Depth

Average Minin}g Depth (below MSL)

Matrix "X" (m~“/t prod.)

Matrix Density - 1.44 tonnes/m3 (90 lbs/ft3)
Stripping Ratio - 1.64 m3 overburden/m3 matrix
Overburden Density - 1.6 tonnes/m> (100 lbs/ft3)

NP P EOW
OFrFUWENS

Note: Oceanographic information is contained in Table 5-15.

3333
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Table 5-15

Climatic and Physical Oceanographic Data *

Much of the following information applies generally to the Savannah, Georgia region
rather than specifically to the proposed offshore mining site. Local measurements
within the area of interest have not been made.

Precipitation:

Wind:

Storms:

Fog:

Temperature:

Tides:

Waves:

Average annual rainfall is 51 inches, half of which falls during
the June 15 through September 15 thunderstorm season.
Snowfall is rare and occurs, on an average, less than once a year.

Winter surface winds are chiefly out of the west while the
summer months experience north and east winds alternating with
those from the west. Average wind speed during the year is
about 7 miles per hour with peaks each month ranging up to 30 to
38 miles per hour.

During an 84-year period to 1970, all tropical cyclones occurred
between May 28 and October 19. Severe tropical storms affect
the area about once in 10 years. In the period 1954-1975, seven
cyclones passed through the Savannah area.

Heavy fog is common along the coast and Savannah experiences
44 foggy days a year. The distribution of foggy periods is fairly
even through the year, although July and August have less.

The climate is temperate with a seasonal mean of 519F in the
winter and 809F in the summer. The record minimum and
maximum are 89F and 1059F.

The maximum spring tidal range along the southeastern coast is
8 feet and occurs in the Savannah area. Strong onshore winds
can raise the water level a significant amount above the
maximum normal tide level.

Spring and summer waves from the southeast are generally
small. Although more severe wave conditions result from the
strong fall and winter winds from the north and west, the
proposed mining site is relatively well sheltered by land from
this direction., Offshore from Savannah the recorded percent
frequency of two levels af wave height is:

Wave Height Feb. May Aug. Nov. Annual
4 foot 40% 66% 74% 48% 57%
12 foot 5% 2% 1% 1.5% 2.4%

* From Zellars-Williams (May 1979)
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For ocean mining, the plant is dependent on feed from a single dredge, so
stockpiling is impractical. Therefore, the washer or front end of the plant
must reduce operating hours from the normal of about 7,000 hours per year to
match the dredge, which is limited to 6,000 hours per year. A quick look at
capital costs from previous studies shows that dredging and transportation
comprise a much larger percent of total project capital than does the
beneficiation plant. Therefore, the dredging/transportation systems are
optimized at a slight reduction in plant capital cost efficiency.

Section 4 lists the available state-of-the-art technologies. The only currently
utilized system capable of mining phosphate in offshore Georgia is a plain
suction head dredge. There is considerable doubt that this dredge is capable
of mining the phosphorite which is consolidated. If this is true, then no

currently utilized systems exist for mining offshore Georgia phospharite.
Mining Systems

The system proposed for offshore phosphate mining in the areas identified is
an advanced version of a hydraulic dredge of the cutter head suction type.

The platform would be constructed of steel, taking the shape of a large hull
comprising a series of watertight compartmentalized buoyant sections
fastened together to make a semi-rigid structure. The buoyancy and
structural integrity of the platform must be capable of supporting the spuds,
pumps, prime movers, deck machinery, operator's house, ladder and
superstructure, and as required, certain ore washing and screening equipment.
This structure must be capable of floating, with safe freeboard, in moderate
seas while being towed or otherwise moved by tug. During operation, the
platform will be supported on legs extending to the bottom of the cut and
must be structurally capable of carrying the dead load, wind and wave loads,
and the dynamic loads imposed by the excavating machinery. The design and
construction of this kind of platform is entirely within the technological

expertise and experience of U.S, contractors and manufacturers.

The platform-hull will be equipped with a ladder supported by cantilevered
overhead structural members. The ladder will pivot on a swivel located on or

near deck level at the front end of the platform-hull to permit the ladder to



5-31

articulate. The ladder, about 250 feet in length, when lowered to 459 below
horizontal, will swing port to starboard over an arc angle of 809-900. At
digging depth of about 130 feet (below water surface), the chord distance of
the arc swing will permit a cut width of about 360 feet. With the ladder
lowered to 609, digging depth of 165 feet and cut width of about 360 feet can

be realized.

An hydraulic or electric motor driven cutter head mounted at the end of the
ladder engages and excavates the material to be extracted. The cutter head
directs excavated material to the flared open end of a pipe which leads to the
suction side of a centrifugal pump. The pump is also submerged and is
located about one-third the distance up the ladder. The pump is a high
capacity, low head end suction centrifugal pump capable of passing large
solids. This pump is direct driven throﬁgh an extended mechanics shaft
arraﬁgement or directly by a variable speed submerged electric motor and

gear box mounted on the ladder.

The platform-hull is designed to accommodate eight spuds. The entire
platform is supported by four spuds extending to the ocean bottom. The
lower end of each spud has an enlarged pad providing the area required for
bearing to support the platform-hull. The spuds are of a length, when
retracted, to permit floating with minimum draft, and when extended, to
provide clearance above high tide and severe weather seas. Four of the spuds
(working spuds) are mounted in carriage systems which will facilitate
controlled horizontal movement of the platform. This movement, with
working spuds extended, will permit advancing the mining face of the cut

about 50 feet without resetting spuds.

When the full limit of horizontal travel is completed, the other four spuds
(fixed or pasitioning spuds) are extended, the working spuds retracted, and

the platform repositioned.

The working spuds are extended, the positioning spuds are retracted and the

advance cycle by manipulation of the carriage system is repeated.

This platform-hull cutter head suction dredge will operate in all but the most

severe weather conditions. When gale or hurricane force wind and wave
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action occurs, the platform will ride out these conditions abave the sea,

supported on eight legs.

The cutter head may be an open radial multi-blade basket-type with cutter
teeth designed for loose sand, sandy-clay and moderately cemented sands and
gravels. Since the cutter head is axially mounted and rotates in one
directlon, excavation occurs when the ladder sweeps in the same direction.
During the return sweep, no engagement of the cutter head occurs and the
pump will collect material previously loosened. The matrix dredge will be

equipped with a radial basket-type cutter head.

The cutter head may be of a bucket wheel design. The rotating axis of the
wheel is perpendicular to the ladder and the buckets engage the excavating
face in both sweeping directions. Bucket configuration and spacing is
arranged for the type of material to be excavated and buckets spaced on the
wheel to reject oversize particles. Production from this type of cutter is
expected to be better than from a basket-type. The overburden dredge will
be equipped with a bucket-wheel type cutter head.

The proper cutter type is a matter of design based upon accurate knowledge
of soil conditions. For the purpose of this study, dredge production is based
on experience with these two cutter heads in unconsolidated sandy material
and on practical limits of centrifugal pump capacity, average solids content
of 30-40% by weight in the slurry,

The mining system described above is based on a design proposed by Ellicott
Machinery Corporation of Baltimore, MD, for mining sands offshore U.S.
Atlantic coastal waters for beach nourishment. The design and construction
of the dredge platform described is well within the capability of this
manufacturer, who will combine its own dredge construction experience with
the experience of offshore gas and oil exploration and production platform

contractors.

Production is limited by the capacity of the ladder-mounted dredge pump.
The capacity of the dredge pump is restricted by its size (weight) and the
power output of the prime mover (motor, speed reducer and power

transmission system). GIW Industries, Inc., of Grovetown, Georgia has
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recently supplied deck and ladder pumps (30 x 34 TBC 84, and 34 x 34 LHD-
60) to Shipyard Stapel B.V., The Netherlands, for the dredge "Amazone" built
for Dredging International, N.V., Belgium. These pumps have slurry pumping
capacity in the range of 50,000-70,000 gpm at discharge heads up to 500 feet.

The practical upper limit of currently manufactured submersible electric
motars is about 300