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PREFACE

The U S. Departrment of the Interior, Bureau of Mnes, Tuscal oosa
Research Center and the Florida Institute of Phosphate Research (FIPR)
entered into a Menorandum of Agreement, with total funding by FIPR to
review and assess the state-of-the-art of phosphatic clay handling and
dewatering technology as practiced by the Florida phosphate industry.

Over the past 20 years considerable research has been undertaken to
devel op technology to reduce the volune of the phosphatic clays to be
stored in the clay settling inpoundments. Various degrees of success
wer e achi eved.

This study takes a pragnmatic approach to put into perspective the
state-of-the-art of phosphatic clay handling and dewatering, and the
current research efforts of industry and government.

The study is presented in tw parts. Part 1 is an in-depth literature
review of past and present phosphatic clay dewatering research, putting
into perspective the wide range of research approaches pursued by
i ndustry, governnent, academa, and private researchers. This section
traces the early failures and successes in clay dewatering, evolving to
the highly scientific and sophisticated research currently being
conduct ed.

Part 2 technically reviews the present state-of-the-art dewatering
technol ogy from conventional settling to the devel oping technol ogies
being pursued by industry and government. It draws upon present
technol ogi cal devel opments used to predict the settling behavior of
phosphatic clays.

Industry participated by furnishing technical data on their existing
settling areas when available. Onng to a hiatus in technical industry
data on these settling areas the Bureau contracted to sanple 20
additional conventional settling areas to develop data on their
consol i dation characteristics over time. In addition, slurry
consol idation tests were performed on representative sanples of materials
processed using the devel oping technol ogies being pursued by industry and
gover nnent .
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STATE- OF- THE- ART OF PHOSPHATI C CLAY
DEWATERI NG TECHNOLOGY AND DI SPOSAL TECHNI QUES

(I'n Two Parts)
1. A Review of Phosphatic Cl ay Dewatering Research

By Walter E Pittman,! and John W Sweeney?

ABSTRACT

The Florida phosphate industry currently produces nore than 80 pct of
the total U'S. supply of phosphate rock. The production of this critical
m neral is acconpanied by the generation of large quantities of dilute
phosphatic clays. Long-term efforts have been made to achieve effective
nmeans of dewatering the clay wastes and reduce the volunme that must be
st ored.

This part of the study surveys the current state of technol ogy
available to dewater the dilute clays and the various research efforts
that have been undertaken in this effort. The research described
includes early dewatering experinments, fundamental studies of clays and
of flocculation, and mnor dewatering techniques. These include
freeze-thaw nethods, the ANDCO® process, noving screens, sand wck, crust
devel opment, and overburden punping. Methods under current evaluation
described include the Estech sand/clay mx process using the Enviro-d ear
t hi ckener, sand/clay sandw ching, dredge nmix, dredge process, and the
sand- spray process,. Devel opi ng technol ogy of dewatering phosphatic clays
that are described include the Bureau of Mnes rotary tronmel method and
the Gardinier process.

‘Technical information specialist (faculty), Tuscaloosa Research Center,
Bureau of Mnes, University, Ala.

“Supervi sory nining engineer, Tuscal oosa Research Center, Bureau of

M nes, University, Ala.

®Ref erence to specific brand or trade nanes is made for identification
only and does not inply endorsement by the Bureau of M nes.



| NTRODUCTI ON

The disposal of phosphatic clays has been a problem to the Florida
phosphate industry since the introduction of large scale earth-nmoving
equi pnent such as draglines and the use of flotation processes in ore
beneficiation in the industry in the 1920's. The problem has grown with
the industry and today represents probably one of the mning industry's
| argest waste handling problens. The Florida phosphate industry has
consistently made nmjor efforts to seek a solution to the clay disposal
problem but is faced with problens of tremendous scale and conplexity.
The phosphate industry, as well as the Bureau of Mnes, private
consultants and university researchers have undertaken expensive research
and devel opment programs. The industry has been notivated both by a
public spirit and by the economc inperative to reclaim expensive |and
and water for alternative uses.

Until 1972, the industry research effort was largely the product of
the work of individual phosphate conpanies and the information was
usual Iy proprietary. In 1972, through the combined efforts of the
phosphate industry and the Bureau of Mnes, the Florida Phosphatic C ays
Research Project (FPCRP) was established. The FPCRP was organized to
coordi nate the phosphate industry's activities and under the direction of

Dr. L. G Bromwell, working in concert with the Bureau of M nes,
university researchers, private consultants and other governnental
agencies were also involved. In 1979, the Florida Institute of Phosphate

Research (FIPR), a state agency funded through a portion of the severance.
tax on phosphates, was formed and became an inportant center of research
on phosphatic clays.

Through the years, nunerous techniques to dewater phosphatic clays
have been devel oped which varied greatly in their efficiency and
feasibility. Technical practicality has proven to be the biggest
obstacle to developing effective dewatering techniques. In the [ast
decade a growi ng awareness of environmental issues has caused an increase
in interest in the phosphatic clay problem and has led to the involvenent
of environmental and regulatory groups from outside the industry. Al of
these factors have increased the pressure upon researchers for a
econonic, sinple, quick and environnentally safe dewatering technique.

It would seem that through the years every conceivable dewatering
techni que has been suggested and that nost of them have been tried at one
time or another. Those that met the tests for technical feasibility were
then usually tested on a larger scale. During the same time period
parallel studies of a more fundanental nature have been carried out on
the clays.

ACKNONLEDGVENTS

The authors wish to express their appreciation to the Florida
Phosphate Council, the Florida Institute of Phosphate Research (FIPR),
and the library staff at FIPR  Bromael| Engineering and Zellars-WIIliams
Conpany assistance is also acknow edged.



M NI NG AND BENEFI CI ATI ON PROCEDURES

Strip mning techniques are in general use in the Florida phosphate
industry as shown in figure 1. Large draglines are used to dig a series
of parallel cuts which are each several hundred to several thousand ft in
length and 200-300 ft wide. The overburden is cast into a previously
m ned, parallel cut and the phosphate-bearing zone (matrix), is exposed.
The matrix is mned by the dragline and placed in a slurry pit, located
above ground level and in reach of the dragline. In the slurry pit,
| arge high pressure water guns (I0,000-12,000 gal/mn at 200 psi) break
down the matrix to produce a slurry, figure 2, which is then punped to
the beneficiation plant.

The method of phosphate beneficiation depends upon the type (size) of
material which constitutes the slurrified feed. Phosphate pebble, figure
3, is separated by a series of screens and log washers, or their
equivalent, in a closed circuit. The pebble size concentrate is utilized
directly while the finer material (mnus 35 mesh) is conditioned and a
flotation reagent added. The fine clays (minus 35 nesh) are separated as
a waste tailings as are the sand tailings, separately from the final
phosphate concentrate.

Large quantities of clay waste are produced in the beneficiation
process, figure 5 A typical conpany, producing 3 million tons/year
m nes about 400 acres of land, renoving 13 million cubic yards of
over burden and produces 9 million cubic yards of nmatrix. For each ton of
phosphat e produced, approximately 1 ton of sand tailings and 1 ton of
clays nust be disposed of (1). These figures vary wdely, however,
dependi ng upon the nature of the phosphate matrix. The clays are
dispersed in water as a dilute colloidal suspension, and a typical nine
can generate many mllions of tons of phosphatic clay tailings annually.

Each phase of the mining and beneficiation operation contributes to
the generation of phosphatic clays. Collectively, phosphatic clay is
conposed of mnus 150-mesh particles of clay, quartz, and phosphatic
materials which are rejected during beneficiation. Cenerally phosphatic
clay slurries containing 3 to 5 pct solids are inpounded behind dikes
which are built around mned-out pit areas. Approximately 60 pct of this
material is stored bel ow ground and 40 pct above ground level. These
dikes often range in height from 20 to 60 ft above natural ground |evel
and occupy as nuch as 300 to 800 acres each. Figure 4 shows an aerial
view of a typical settling pond. It is estimated that each year 2,500
acres of additional storage area are needed for phosphatic clay disposal

(2).
EARLY DEWATER! NG EXPER! MENTS

Many novel technol ogies have been studied in an effort to solve the
phosphatic clay disposal problem Anpbng these have been nunerous
el ectrical nmethods.



Figure 1. Typical phosphate mine
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Figure 2. Slurry pit and hydraulic monitors
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Figure 4. Aerial view of typical settling ponds , .



Studies of the electrophoretic characteristics of phosphatic clays
have been undertaken by several private investigators as well as by the
Bureau of Mnes (3-5). Electroosnosis and el ectrophoresis methods have
been i nvestigated for their possible use on phosphate clays. The
techni ques have been applied for some time to fine particle slurries,
particularly as an aid to filtration or to rewater fine slurries
underground (6-8). Attenmpts to use electroosnmotic techniques to dewater
phosphate clays-date back over 20 years. Wile the technology "would
appear to have promise" it is "not considered comercially feasible"
except, under special circunstances because of the slow dewatering rate of
the clay wastes. Significantly increasing the dewatering rate is
possi bl e but involves prohibitive energy costs. Bureau of M nes
investigators have determned the electroosmtic characteristics of fine
phosphate clay wastes and were able to dewater clay wastes up to 35 pct
solids on a small (4 ton) scale. The power required to increase the
solids content of the phosphatic clays from 17 to 25 pct was 25 kwh/ton
of water removed. The (DC) voltages used in the tests range from 8.8 to
245.5. As the clays thickened, higher voltages were required and power
requirenents also increased. There was also difficulty in renoving the
supernatant liquid from the clay wastes as the clay thickened and the
mgration of the water became nore difficult (9).

El ectrostatic beneficiation of phosphate ore was investigated by
International Mnerals Corporation in the mid-1950"s with a view toward
elimnating the need for the use of the flotation process (10).
Investigators at Princeton University Plastics Laboratory investigated
the potential use of nonuniform electrical fields for the continuous
separation of suspensions in a dielectric fluid, water (11). TVA built
and tested a rotating anode machine and the Bureau of Mnes built and
tested a continuous electrical dewatering system using a noving netal
belt as the anode. These reduced the noisture content of the clay
suspensions but failed to yield clear effluent water (10-15). Magnetic
separation techniques were applied to phosphate ores by an MT group in
1972 and 1973 with a view toward avoiding the creation of phosphatic clay
wastes. The process did not prove feasible (16). Scientists at TVA and
Virginia Polytechnic Institute and International Mnerals Corporation
investigated the possible use of ultrasonic energy to precipitate
phosphatic clays as early as the 1950 s. However, a commercially
feasible system was not developed at the tine. In recent years there has
been a renewal of interest in the possible use of ultrasonic energy to
precipitate clay slurries (13, 17).

An attenpt was nade in the early 1950's to use cull citrus fruit,
which represented a large volune of waste, to mix and react wth
phosphatic clays and to solve a rmutual disposal problem  The vol ume of
clays produced by phosphate mines is so large that the process proved
impractical without even considering the difficulties of transportation
among others (18).
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The use of continuous centrifugation processes to dewater phosphatic
clays was investigated by TVA and others. The use of centrifuges was
deternmined to be inpractical, however, because of high capital investnent
and energy requirenents (12).

Beneficiation of phosphate ore by using dry methods was investigated
by a private conpany as a possible nmeans of elimnating the production of
dilute phosphatic clays as a byproduct. The process devel oped was not
adopted because it proved inpractical (19-20).

FUNDAVENTAL STUDI ES OF PHOSPHATI C CLAY CHARACTERI STICS AND FLOCCULATI ON

Through the years, nunerous studies have been made of the
m neral ogi cal, physical, and chemcal characteristics of phosphatic
clays. These studies have largely been undertaken by industry itself, by
the Bureau of Mnes,' or by private or university consultants sponsored by
the industry, by the Bureau of Mnes, by FPCRP or by FIPR

Phosphatic clay sanples taken from settling ponds were characterized
by Bureau of Mnes sponsored researchers at Florida State University
using an electron microscope. The clays were exanmined to deternmine the
shape and texture of the clay particles and how these affected their
flocculation and settling in disposal ponds. This was basic research
aimed at understanding the fundamentals of clay particle behavior and is
typical of numerous characterization studies of phosphatic clays
undertaken by various investigators (21). Oher characterization studies
al so described the variations anong the minerals naking up the phosphatic
clays throughout the phosphate mining district (22).

Dr. C C Ladd of MT, undertook basic consolidoneter and permeability
tests on representative sanples of Florida phosphatic clays. Tests were
also made in a test pit using various conbinations of drains, of
consol idation rates, pore pressure measurenents and the effect of
hydraulic gradients (23).

Screening of possible flocculants for use in dewatering phosphatic
clays has been undertaken at various times by private conpanies,
consultants, and the Bureau of Mnes. Flocculation is a technique in
whi ch discrete, colloidal-sized particles are agglomerated by an
appropriate reagent and, as a result, settle out of suspension (24).
Hundreds of commercial flocculating reagents have been tested singly or
in conbination with others, in an effort to select a flocculant that will
result in the formation of stable flocs that will not reslurry readily
and that will cause rapid settling and dewatering of phosphatic clays.
Frequently, successful flocculating reagents evaluated in the |aboratory
on a specific clay proved unpredictable in field tests owing to the
vari abl es encountered in the field test conditions. Among these
vari ables are, clay mineralogy, age of the clay slurries, the method of
flocculant introduction, the dilution of the clay slurries, the pH of the
slurry, the mixing shear and the conditioning and contact tinme. A
systematic evaluation of the many hundred available commerci al
flocculants was undertaken by the Surface Chemists of Florida (SCF), in
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research sponsored by the FPCRP. SCF found that high molecul ar weight
organic polyacrylanm de polyners were the nost efficient but that

gal act o-mamans (guar) are about as good. It was found that while high
nmol ecul ar weight polyners were better flocculants, a point of dimnishing
return was soon reached with increasing nolecular weight. Anionic
flocculants proved superior to neutral or cationic ones and conbinations
of polymers were often nore successful than single ones. In fact,

conbi nations of poor flocculants were together extrenely effective in
some cases (25).

Several processes using chelating agents to hasten the settling of
phosphatic clays have been investigated and some have been patented.
None appear to have been adopted on a practical scale (26).

Basi ¢ studies of the mechanism of flocculation of phosphatic clays
were undertaken by researchers at Auburn University for the Bureau of
Mnes. The effect of the conpressive stress exerted by a colum of clay
wastes was first studied and then small-scale nodels of thickening
systens (fluid bed and the Lanella thickener) were built and tested. The
conclusions that were tentatively drawn from the tests were that several
thickeners, used in series would result in effective and efficient
dewat eri ng of phosphatic clays (27-28).

A group of researchers, led by Dr. C C Ladd of MT, in work
sponsored by the FPCRP found that phosphatic clays solidified in four
stages or phases. These all occurred simultaneously but differed in
degree of inportance during the time progression of settlenent. The
first was sedimentation in which the clays settled out of the supernatant
wat er . Then came consolidation, in which the clays solidified under
their own weight, squeezing out entrapped and interstitial water. The
researchers found that consolidation generally followed Terzaghi's
theoretical nodel of consolidation. Next came the stage of consolidation,
under hydraulic gradients. The researchers found that if the pore
pressures at the bottom of a colum (or depth) of consolidating
phosphatic clays were reduced bel ow hydrostatic |evels then seepage woul d
occur as nore supernatant liquid nmigrated down the colum to equalize the
pressure. This led to a formal recognition of a fact already known in
practice; that bottom drainage from an above natural ground phosphatic
clay holding area greatly enhanced the dewatering of the clay. The last
stage recognized by the researchers was that of surface stabilization.
The presence of surface water tended to keep the surface weak. Renoval
of this water by pronoting surface drainage led to greatly enhanced
drying and to the creation of a surface crust sufficient to bear weight.
The nost inportant idea brought out by the MT-based researchers was
probably the critical role of a colum of weight pushing down and
enhancing the consolidation of the phosphatic clays (23).

Col | oi dal Gas Aphrons (CGA) are dispersions of mcron-sized bubbles
whi ch can concentrate the phosphatic clays in the dilute waste stream by
a conbination of flocculation and flotation. This process was eval uated
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by researchers at Virginia Polytechnic Institute under a grant from FIPR
The technique of using CGA to minimze the water content of the clays and
to separate phosphate values from the clays are being investigated.
Various flocculants are being evaluated for cost and effectiveness (29).

Under a grant from FIPR Zellars-WIlliams, Inc., studied the effect
that the addition of hydrated lime had upon phosphatic clay dewatering.
It has been known that the addition of |ine enhances water recovery and
improves the material strength of the remaining solidified naterial.

This study aimed at quantifying the effect of lime addition to dilute
phosphatic clay and to try to determine the final amunt of stabilization
possible in dewatered clays. The effect of residual organic floccul ants
and the addition of sand tailings or phosphogypsum to the |ine-treated
clays were additional paraneters that were studied (30).

IMC, under a research grant from FIPR is testing a nethod of
di sposing of phosphatic clays in old mine cuts. The partially dewatered
clays are punped into the mine cuts. The overburden w ndrows give good
access to the disposal area and make less difficult the task of placing a
sand or soil cap on the clays after they have dewatered further. The
mne cuts also present a greater surface area for dewatering drainage
than conventional disposal ponds. A full-size test pit was filled and
eval uated (31).

Basic chemical, nineralogical, and nechanical characteristics data
were collected by Bromwell Engineering under a research grant from FIPR
Phosphatic clay sanples were taken from disposal areas, current nmining
operations, and locations designated for future mining. The tests
included chemical analyses (P, U Ra, A, Fe, My, F, Ca, and cation
exchange capacity); nmineralogical analysis (X-ray diffraction and SEM;
and physical analysis (grain size distribution, plasticity indices,
viscosity, settling characteristics, and slurry consolidation behavior).
This data, when analyzed and published, will provide a foundation of clay
characteristics for future research (32).

Research was undertaken by the Bureau of Mnes and by private and
university investigators under Bureau of Mnes sponsorship to see if
m cro-organi sns could be used to pronpte aggregation of clay particles
from dilute phosphatic clay wastes. Some fungi were found to be effective
but only when their growh had been greatly enhanced by adding nutrients
to the clay slurry. This was judged to be an inpractical process at the
present time (33).

Nunerous investigations have been made by the Bureau of Mnes, state
| aboratories, wuniversity scientists, and private conpanies of the use of
ion exchange techniques in dewatering phosphatic clays. In nunerous
industrial processes ion exchange technology has proven successful in
simlar processes. However, to date no ion exchange process has proven
practical (34-37).
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M NOR DEWATERI NG TECHNI QUES

Several dewatering techniques exhibited enough promise at the
| aboratory scale that large-scale tests were carried out in the field.

FREEZE- THAW TECHNI QUES

Freeze-thaw techniques have been used successfully on a small scale to
dewater fine clay wastes and sludges. Wen the wastes are frozen the
wat er separates from the clay particles and freezes as ice. Upon thawi ng
the clay particles remain dehydrated and settle as a relatively high
density concentrate from which nost of the water can be decanted. Bur eau
of Mnes investigators found that phosphate clays averaging 13.7 pct
solids can be quickly frozen and thawed to produce a settled clay fraction
conprised of 42 pct solids. The energy costs were calculated at 183
Btu/lb of clay wastes. At that time, industry found these energy
requirenents to be "prohibitively high" and the technology to treat the
| arge areas required has not been devel oped (38-40).

NTP Corporation under a grant from FIPR is currently testing a thernal
process for the rapid dewatering of phosphatic clays. The system is a
freeze/melt one using n-butane in a vapor conpression refrigeration cycle
to freeze-separate the colloidal clay-water suspension. Prethickened
phosphatic clays (18 pct solids) are punped through a precooling heat
exchanger and into a freeze tank where liquid n-butane is bubbled through
the clay slurry. The expanding n-butane cools the slurry, ice forms and
is renoved. The n-butane is recovered and recycled. Two nethods for
removing the thickened phosphatic clays are under study; in one, the
clays move with the ice slush and are separated in the nelting water
cycle and in the other the thickened clay solids are renoved from the
bottom of the freeze chanber (41).

CRUST DEVELOPMENT

Several approaches have been pursued with the aim of producing a crust
upon waste clay settling ponds capable of bearing a substantial weight.
If sufficiently hardened, in a reasonable tine, the crust can then
support equi pment capable of spreading other, nore permanent surface
materials such as sand tailings and overburden. One approach which has
been successful is to allow a vegetative cover to appear. This is
usual ly conprised primarily of cattails. The vegetative surface offers
much greater bearing capacity than the clay surface but is relatively
slow to becone established. Encouraged by these results, International
M nerals Corporation systematically sought out and tested various grains
and grasses for their growh potential as well as for their shear

strength properties. IMC found that Japanese nmillet thrived in the
phosphorous-rich clays, was able to tolerate the watery environment and
produced a bearing surface of great strength in a short tine. In 10

weeks, the Japanese mllet grew to a height of 2 ft and had an average
root depth of |-1/2 ft. Furthermore, it naturally reseeded itself and
di spl aced the other test species in the pit.
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Efforts to aid the desiccation of the clay settling area surface
itself were also undertaken. Mbil Chemical Conpany attenpted to apply a
method that had been successful elsewhere in dewatering fine particle
sludge. This is the Hardanan Crust Disruption system The fine
suspension (clay wastes in this case) are punped into wide, shallow
hol ding areas where they are allowed to settle. The clear water is drawn
off and they dry in the air and sun. \Wen a crust has fornmed, tractors
are used to breakup the surface and expose new material to drying. It
was found not to work with Florida phosphate clays because of their slow
settling rate, the high anbient humdity, the heavy rainfall and the vast
areas of land that would be required.

Currently, efforts are underway to develop specialized equipnment for
use on a partially solidified clay settling pond surface. One problem in
reclamation of mined out areas has been the long time periods needed to
devel op a surface crust sturdy enough to support equipment that can cap
the wastes and thereby hasten the return of the mined out area to other
usage. Special high flotation vehicles are being devel oped and at |east
one conpany is experimenting successfully with the use of such equi pnent
to spread sand tailings over the sem-solid surface of a clay waste
settling pond (42-43).

OVERBURDEN PUMPI NG TEST

In 1972, Mobil Chemical Co. undertook tests wusing slurrified
overburden to cap clay wastes. Based on prelimnary |aboratory data an
80 acre test site was established in a mined out pit. Overburden from an
active mning site was slurrified and punped to the test site where it
was mxed with the phosphatic clays from the phosphate processing plant.
The tests were not successful. There were several reasons for the
failure. The overburden included quantities of clay, which, when
slurrified, produced even nore fine suspended clay particles and nmade the
probl em of disposal worse. The overburden and phosphatic clays tended to
separate and the clay to migrate. The overburden entrapped very little
clay. The slurrification process also put into water suspension, organic
materials which formed very stable suspensions. The resulting water
turbidity required a separate clarification process (44).

DEWATERI NG W TH MOVI NG SCREENS

U S. Bureau of Mnes researchers investigated the use of noving
screens as a potential method of dewatering phosphatic clay wastes. The
nmet hod was based on the idea that if the gel-like structure of the
col loidal clay wastes suspension were gently broken up nechanically, it
would free a large percentage of the interstitial water at an acceptable
cost.

Laboratory tests were performed on 18 industry-supplied phosphatic
clay waste sanples at the Tuscal oosa Research Center. These sanples,
from different plants, varied in conposition and ranged from 2.6 to 16.7
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pct solids content. Small screens (4, 8 or 16 mesh) were slowy noved
through the colum of clay wastes and the supernatant water periodically
renoved. Similar tests were carried out on 8-gal sanples using the same

(4, 8 or 16 nesh) screen sizes but arranged so that there were three
screens (of the same size) nounted one above the other on a shaft.

The noving screens effectuated significant dewatering in a relatively
short time period. Typical sanples, 4.7 pct and 11.9 pct solids content
dewatered to 16.8 and 25.2 pct solids content, respectively, in three and
one-hal f days. An attapulgite sanple (2.7 pct solids content) dewatered
to 13 pct solids in the sanme tine period.

One interesting effect, of possible industrial interest, was the
observation that dewatering extended significantly beyond the vol ume
through which the screens moved. Screen size was found to have no
significant effect; the 4-, 8-, and 16-nesh screens produced roughly
equi val ent dewatering. The speed at which the screens were noved proved,
however, to be a critical variable. To achieve significant dewatering,
the screens had to nmove with extrenme slowness. Significantly, it was
seen that clay wastes that had naturally poor settling characteristics,
such as attapulgite, produced higher percent solids as a final product by
nmovi ng screen conpaction than those that settled more rapidly under
normal conditions. It was also found that the mpst dilute sanples
(lowest percent solids content) lent thenmselves to the greatest degree of
dewatering by the noving screens.

The process appears to be too slow however to cope with a large flow of
clay wastes but night be suitable for special usage with particularly
difficult clays (45).

SAND- CLAY SANDW CH PROCESS

The difficulties of nmixing sand and clay led to experiments in which
alternate layers of sand and clay were put down, with the sand tailings
| ayers providing both drainage paths and putting weight on the phosphatic
clays below it which aid dewatering.

A test site was created at USS Agri-Chemi s Rockland nmine. The test
pit was 40- by 5- by 7-ft deep. A layer of tailings sand was placed on
the bottom to aid drainage. It was found that it took about 30 days for
the 3.5 pct solids content of phosphatic clays to reach a consistency
whi ch woul d support a gently enplaced sand tailings layer (17 to 23 pct).
Phosphatic clays (3.5 pct solids) were added to the 7-ft test pit in
layers 4-6 ft thick. Wthin 30 days these had naturally dewatered to
such an extent that they remained only 7-19 in. thick. Sand tailings
were then gently added in thin layers. The experimenters were careful to
connect the sand layers to the sand dam at the outlet end of the pond so
as to provide an adequate drainage path, figure 5  An equivalent total
depth of 42 ft of clays averaging 3.5 pct solids content were
added, through a 308-day period, to the 7-ft pit. The final thickness of
the clay bodies was 42 in. and the clay solids averaged 33.8 pct. The
design of the experiment was aimed at creating a 400-600 |b/sq ft
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pressure on the clay wastes. This should give a final clay solids
content exceeding 35 pct which occupies a small enough volunme that all
the beneficiation waste products can be stored below grade level. The
weight is provided by the alternate sand and clay layers pressing on
those below. Later tests were carried out using a flocculated clay-sand
mxture (1:1 by weight) in order to shorten the period needed for the
clays to dewater sufficiently to support the sand layer. It resulted in
a clay-sand mixture in which the clay fractions changed from 3.5 pct
solids to 31.5 pct in 133 days.

The results of the tests were favorable but there were problenms. The
turnaround time for placing each layer of clay is long, about 1 nonth.
As each layer is relatively thin, this means that large areas nust be
available to store the phosphatic clays. The mechanics of the operation
present problens. The sand nmust be placed in thin (6 in) layers
uniformy over a wide area. Some sort of special system or machinery
woul d have to be devised to cover nore than a small area. The test pit
was small enough that this was not a mgjor factor. Slow drainage through
the sand layers was also a problem particularly because of the large
di stances (300-500 ft) which would be involved in an actual operation
(46-47).

ANDCO PROCESS

The ANDCO Corporation developed a process for dewatering clay tailings
which was tested, in cooperation with USS Agri-Chemical Corporation and
International Mnerals and Chenmical Corporation. The ANDCO process was
based upon the use of a proprietory polyelectrolyte flocculant identified
only as A-802 which had been developed after lengthy testing. A 2-week
test of the ANDCO process was carried out at the USS Agri-Cheni cal
Corporation Rockland Plant site at Ft. Meade, Florida, in Septenber,

1973. Besides supplying the site, phosphatic clay and sand tailings, USS
Agri-Chem provided some equi pment and manpower. The clays were then
punped into a 30, 000-gal thickener and the flocculant, A-802 added and
the flocs allowed to settle. At this point, the phosphatic clay
underflow ranged from 5.5 to 13.1 pct solids. The underflow was punped
to a screw conveyor. Tailings sands and a second flocculant, identified
as A-802 also, were added at the input hopper of the screw conveyor. The
sand/clay mixture was fed into a nodified drum conditioner. DMore
flocculant was added to the drum conditioner as needed to "toughen" the
aggl omerated mixture as it passed through. The sand/clay m xture was
then punped to a commercial belt filter unit. The filter unit used a
conbi nation of pressure and filtration to produce a resulting solids
content of 55 to 70 pct solids. Floccul ant-laden underflow water from
the filter unit was recirculated to the primary thickener tank. The
ANDCO process aroused little interest in the phosphate industry at the
tine because of what were then believed to be high costs. The system is
al so highly dependent upon naintaining a proper ratio of sand to clay
wast es which varies however, wth the nature of the ore being nined.
This requires close control and above average operator skills. The
process did provide rapid consolidation of the clay solids and rapid
recycling of the process water (48-49).



17
SAND WICK

In an effort to expedite the dewatering of large masses of clay
wastes, several types of drainage systens were investigated. One of the
most promsing involved the use of sand wicks or sand columm drains.
Mich of the initial theoretical work was done by researchers at the
University of Florida, supported by the National Science Foundation and
working with the Florida Phosphate Council and various phosphate
conpani es.

In the early efforts, phosphatic clay sanples were subjected to
particle size analysis and the perneability characteristics were studied.
A perneability cell was built and attenpts were nade to devel op
theoretical equations which could describe seepage through a sand col um.
Smal | test cells wusing sand colums or wcks were built and then I|arger
units; a 55-gal test cell and a test cell 4- by 4- by 8-ft high. Field
tests, when run on a small scale, quickly revealed other problens. The
main one was that the sand columms did not retain their shape and
cohesion. They tended to collapse or to nmix with the phosphatic clays as
the very fluid clay migrated. To retain the sand in a colum, it proved
necessary to confine it within a rigid but porous structure. Perforated
PVC pipe filled with sand was tested but burlap sacking within a wre
screen framework, supported by a small pipe and filled with sand gave the
best results. This method provided enough support so that the sand
colums retained their integrity while it provided the nost intinate
liquid contact possible with the clay wastes.

Large-scale testing was undertaken at a site near the Noralyn washer
of International Mnerals and Chenmical Corporation near Bartow, FL. Two
test pits, roughly equal in size, were dug. One was the test pit; the
other was used as a control. The test pit was 50- by 50-ft at the base
and 95- by 95-ft at the top and was 12 ft deep. The pit actually
extended only about 9 ft into the ground because of the high water table;
sand tailings were used to create a small wall to achieve the desired
total height. On the bottom a 1! ft layer of coarse (3/4 in gravel)
material was spread to provide a drainage path. In both pits a sunp was
fashioned from a 3-ft section of steel pipe, 20 in. dianeter with a
16- by 16-in. screened opening near the lower end to serve as an inlet
port. Gavel was piled around the sunp and then covered with sand to
prevent the clays fromentering the sunp. A plastic pipe was used as a
conduit for the suction hose connecting the sump with a centrifugal punp
| ocated on the test pit retaining wall.

In the test pit, 16 sand columms, "seepage aids" were placed 11 ft
apart in a square array. There were made of burlap, supported by a |-
by I-in. wire mesh cylindrical casing and were 8 in. in diameter and 12
ft high. The colums were filled with sand tailings and each had an
additional support, a I-in. alumnum pipe and each was also secured by 3
guy lines.
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When the sand colum "seepage aids" were conpleted, phosphatic clays
were punped into the test pit and into the control pit. Sone 476,000 gal
of 3 pct solids clays were punped into the test pit and 414,000 gal of 4
pct solid clays into the control pit.

After 190 days the volune renmaining in the test pit was 67,300 gal of
24 pct average solids (1 ft above the base). There were 115,300 gal of
20 pct average solids in the control pit and there was a foot of free
water on the surface of the control pit, but none on the test pit
surface. After 280 days the material in the test pit, 1 ft above the
base, had reached an average of 49 pct solids conpared to only 28 pct in
the control pit.

Using reinforced sand colums as "seepage aids" in dewatering clay
wast es appeared to speed up the dewatering considerably. There remained
some unanswered questions. The inability of the sand colum to support
itself nmeant that relatively expensive reinforcing systens would have to
be used to stabilize the sand colums. The nethod was very difficult to
apply to existing clay settling ponds. Attenpts were nade to establish
sand colum drains by sinking perforated PVC pipes into the partially
solidified clays and then fill them with sand. \When the pipes were
removed, however, the sand collapsed or mingled with the shifting and
mgrating clay. It also proved difficult to slurry out and renove the
clay material within the pipe so sand could be placed there. It proved
i npossi ble to remove sand tailings mixed with clay when they were
encount er ed. The sand colum or sand w ck technique also suffered from
the low pernmeability of the clay; a problem conmmon to all water renoval
techniques. The phosphatic clays nearest the seepage aids tended to dry
out, "cake", and to inhibit the flow of supernatant water from further
away.

On the positive side, the sand colum or sand wick nmethod did produce
nore rapid dewatering and resulted in a higher percentage solids content
for the final product. It allowed surface water to be drained, which
stood on the control pit surface, and it enhanced drying and cracking of
the clay waste surface which in turn led to further dewatering (50-53).

SWFT, INC. INLINE SAND/ CLAY M XI NG

Swift, Inc., working with the Surface Chemsts of Florida (SCF)
undert ook the devel opment of in-line mxing of flocculated phosphatic
clays and tailings sands beginning in Septenber, 1975. The work was part
of the FPCRP. Work was done to determine the proper flocculant and the
opti mum sand/clay m xture. [t was soon found that static, in-line mxers
did not give the desired results. The sand and clay fractions tended to
separate and there were problens with inadequate flocculation of the clay
fractions. The effects of shear during the mixing also pronoted
segregation. These tests led Swift, Inc. (later Estech General Chenical
Co.> to adopt the use of thickeners to prethicken the phosphatic clays; a
process described bel ow (54).
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There are numerous variations of the general method of using sand
tailings to mx with dewatered phosphatic clay tailings in order to both
di spose of mne wastes and to reclaim nmned out areas. These different
systens are presently being evaluated by several phosphate conpanies.
They differ from the nmethod described above in some or many particul ars.
For exanple, the use of special flocculants, the use of special
thickeners, or nore than one thickener and the use of special techniques
as part of the process such as vibratory or rotating screens (42, 44).

TECHNI QUES UNDER CURRENT EVALUATI ON

ESTECH SAND- CLAY M X USI NG THE ENVI RO- CLEAR THI CKENER

Several conpanies have and some still are experimenting with the use
of the Enviro-Clear clarifier/thickener to dewater clay wastes. The
capacity of the Enviro-Cl ear system is greater than conventional
thickeners and is nore likely to be appropriate for the scale of
phosphate operations.

The Enviro-Clear system is a continuous solid/liquid separation
system Chemically pretreated feed (phosphate clays treated wth
flocculants) is introduced into the Enviro-Clear thickener at a
controlled velocity at the center of the unit as shown in figure 6. The
feed is introduced horizontally into an "active" sludge bed near the
bottom of the thickener. This elinmnates the free settling zone and the
flocculated particles agglonerate and settle to the sludge zone. The
process is aided by the conpressive force of the thickened sludge bed.
Continuous rakes aid in conmpacting the solids and noving them to the
di scharge boot. Clear water overflows the top of the unit. There is a
sharp interface between the sludge bed and the clarified effluent zone
which is considered characteristic of the Enviro-Clear device. This
attribute is used to control the system either through using a vertical
sight glass or an ultrasonic detector (55).

Gardinier, Inc., rented a 3-ft diameter Enviro-Clear unit for pilot
plant studies in 1977. Dilute phosphate clays were fed from a surge tank
by a constant head feed so that the flow rate was constant. Fl occul ant
was introduced into the feed stream between the feed tank and the
Enviro-C ear thickener, Gardinier engineers were able to achieve a
phosphatic clay output of 15.8 pct solids for a 0.8 Ib consunption of
flocculant per ton of (dry) phosphatic clays. Wien conbined with
tailings at a 1:1 ratio this produced a mixture with 27.7 pct total
solids. The water recovered, in plant, from the feed anpunted to 87.1
pct (56). These initial results were encouraging and several other
conmpani es undertook parallel investigations using |arger thickeners (57).

Probl ems soon becane apparent. An average size phosphate plant
processing 60,000 gpm of clay wastes at 3 pct clay solids would require
three, 80-ft dianeter Enviro-Cear thickeners. These would produce clay
slurries thickened to 12 to 19 pct solids depending upon the conposition
and anount of the clay and the amount of flocculant used. Problens were
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al so caused by the residual flocculant in water renoved from the clay
slurries and recycled for phosphate ore processing. The remaining
flocculant, even in tiny quantities, sonetines tended to suppress
phosphate flotation. Yet all of this expense and difficulty failed to
increase dewatering beyond what could be ultimately achieved in
conventional settling ponds (43). There have also been difficulties
reported in punping the flocculated mxture.

The Enviro-Clear process has the advantage of rapidly dewatering
dilute phosphatic clays and it allows clay and sand wastes to be stored
together in the same area. It produces a relatively stable and fertile
landfill for revegetation. It has the disadvantage of being strongly
dependent wupon a certain range of sand to clay waste mixture. This is an
uncontrol l abl e factor which depends upon the nature of the matrix being
mned at a particular time. There is also the problem of residual
flocculants in the effluent water which are recirculated for nine and
plant processing. Remmant flocculating agents may render the water
unusabl e.

Recently, Estech has built a plant based on the Enviro-Cear thickener
which is capable of handling the entire waste clay output of their Watson
Mne. Estech chose the Enviro-Cear system because it fit well wth
their mining system used equiprment faniliar to their operators, gave a
rapid return to operations of process water and was cost conpetitive wth
conventional disposal methods. The Estech plant went into operation in
Cctober, 1981. It is based upon an 85-ft diameter Enviro-Cear rapid
clay thickener capable of handling 348 tons per hour of solids (clay plus
sand tailings) with a feed flow of 12,000 to 15,000 gal/hr. The clay
slurries average 3 to 8 pct solids. Dewatered sand tailings and the clay
are mxed in approximately equal quantities with an anionic polynmer in a
large mixing tank. The mixture is then fed into the Enviro-Cear rapid
clay thickener. Another nixing tank is provided in the process stream so
that nore dewatered sand tailings can be added to the thickened clay
underflow as an alternative. Punps nove the thickened sand clay
underflow out to final disposal areas. Clear water overflows the
thickener and is returned to plant operations.

To date, Estech is pleased with the operation of its Enviro-d ear
thickener and plant. They have been able to get sufficient flocculation
of the suspended clay particles to achieve a solids content of over 12
pct for a flocculant usage of less than 1 Ib/ton (clay solids basis).

M xed with the sand tailings, this creates an hompbgeneous nmixture that
remains solid and does not allow segregation of the sand and

clay fractions. Additional consolidation and dewatering in the final
storage areas has exceeded initial expectations. The rapid return of
process water to plant operations has resulted in "significant" savings
in power costs for punping. The resulting sand-clay nixture is also
closer to normal surface soil than that produced by any other waste clay
settling system and will result in a nore rapid return of disturbed |and
to prem ning usage, according to Estech (57).
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There are problems, however. The constitution of the phosphate natrix
varies widely from mne to mne and even within mnes. In sone cases
there may be insufficient sand tailings available to mx with the
pret hi ckened phosphatic clay tailings. In other cases there are large
quantities of fractions of clays present of the type which cannot be
qui ckly or economically dewatered. In any case the resulting land fill
has |ow shear strength and is only narginally useful, after reclamation,
for any purpose other than agricultural. The presence of residual
flocculants in the reclaimed water may inhibit its use when recycled for
pl ant operations.

DREDGE- M X PROCESS

International Mnerals and Chenmical Corporation undertook the original
testing of the Dredge-M x nmethod around 1975. In 1978, Agrico M ning
Conpany and IMC, later joined by Mbil Chemcal Conpany, undertook
jointly sponsored research on waste clay consolidation methods and |and
recl amati on. The "Dredge-M x" process was designed to mix tailings sand
with already naturally thickened clay wastes which would be constantly
punped from the bottom of the initial settling pits, figure 7. This was
to determine if this sand/clay mxture would produce land sufficiently
consol idated for multi-purpose uses.

Based upon research carried out at the Colorado School of Mnes, a
Mar cona-type punp (Marconafl o) was used which was equipped with a high
pressure rotating water jet near the intake of the subnerged punmp. The
water jet proved superfluous, having little effect on the punping of the
clay wastes. Also, the Marconaflo punping system was costly and was soon
replaced by conventional subnerged punps. These proved capable of
punping the partially dewatered clay wastes as long as the solids content
was under 21 pct. It also proved necessary to cover the intake of the
submerged punp with about 8 ft of clay wastes exceeding 15 pct solids to
prevent the preferential developrment of channels through |ower density
materi al .

M xing sand tailings with the thickened clay wastes was soon abandoned
by the IMC-Agrico-Mbil group when it was discovered that the addition of
the sand did little to speed up the process of dewatering. Laboratory
tests carried out by Mbil confirmed this.

At a later time interest in the dredge-mx process was renewed and CF
M ning Corporation began a full-scale sand-clay mx reclamation project
at its mne. The project was overseen, initially, by Ardaman and
Associ ates under a research grant from FIPR  The nmin objectives of the
tests were to obtain data on the settling and consolidation of the
sand-clay mix and to evaluate the nature and quality of the reclainmed
land (58).
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Grace, at its Four Corners nine has commtted itself to building a
pilot dredge-mx settling area. It is planned to dredge prethickened
clay from the initial settling area, mx it with sand tailings and place
it in mned out cuts. This is approximately the sane process originally
attenpted by the I MC-Agrico-Mbil research group (43).

The greatest advantage of the Dredge-M x system is the ability to use
it with a thickener to produce clay wastes of sufficient density to allow
their rapid settling when mixed with sand tailings. The greatest
difficulty is dependence of the process upon certain specific sand to
clay ratios, when the mined matrix is actually highly variable in content

(43).

A conprehensive conparative evaluation of sand-clay mix phosphatic
clay disposal conpared with conventional settling ponds has been
undertaken by Ardaman and Associates under a research grant from FIPR
The aim was to determine quantitatively and qualitatively the advantages
and di sadvantages of each disposal method and to determine the
engi neering properties of a range of sand-clay mixes and of various
clays. From this, it is hoped, to develop a mechanism for prediction of
sand-clay mx properties based upon the mneral ogical and settling
characteristics of various clays. The study was divided into three
parts. In the first the index properties of the phosphatic clays were
det er mi ned. On 12 phosphatic clay and three sand tailings sanples,
selected to be representative of the whole phosphate area, soil nechanics
index tests were run. These included, plasticity characteristics
(Atterberg Linmits), particle size distributions, specific gravity,
activity, viscous properties, and the pH and specific conductance of the
pore fluid was neasured. The sanmples were found to be within the range
and distribution of previously published values. M neralogical tests
were also run. These included X-ray diffraction, scanning electron
m croscopy, and chenical analysis. From this data quantitative estimates
were made of the mneral species. It was found that clays, such as
kaolinite, montrorillonite, and attapulgite, conprised from 40-65 pct of
the phosphatic clays. Sedinmentation tests were done on the 12 clay and 3
sand tailings sanples. Some 22 |aboratory settling tests were run. From
these the final settled solids content, settling rate, and void ratios
versus effective stress relations at low stress were determined. The
data was found to be consistent with the M chaels and Bol ger theory of
settling behavior of clays. Few correlations were found, however,
bet ween index properties and sedinmentaion behavior (59-61).

DREDGE PROCESS

The | MC-Agrico-Mbil research effort redirected their attention from
the dredge nmix process to the placement, by punping, of the thickened
clay wastes (15 to 18 pct solids content) in mned out pits and covering
them with an evenly distributed sand cap. This has been | abelled the
dredge process by IMC.  Dr. Janes Lawyer of IMC had calculated that it
woul d generally require an effective stress of 600 to 800 |b/sq ft on the
clay wastes to dewater them sufficiently, over time, to return them to
near original volume. This would allow the clay to be placed bel ow
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ground level but would still require an overburden cap above the original
surface contour. Placing a uniform sand cap on the clay wastes proved
difficult. There were nunmerous failures before, what appears to be, a
wor kabl e system was devel oped. Between 1978 and 1982, IM., Agrico and
Mobi | undertook sand spray tests to place a cap, under the direction of
Dr. Lawer. The first attenpt to use a sand spray nozzle devel oped by
Brewster Phosphates failed. The nozzle was buoyed with floats to
maintain its position near the surface. Sand tailings at approxinmately
30 pct solids were sprayed on the test pond surface at a rate of 1,000
tons per hour. The spray nozzle was unable to deposit the sand
uniformy, to forma cap; ranging from 0 to 2 ft in thickness the sand
| ayer was heaviest near the spray. This unevenness caused the heavier
sections to sink and created heaving and nud waves. Another attenpt to
deliver sand from the sides of the pond also failed. The sand was
deposited only near the outlets wth consequent unevenness. A central
mud wave was also created (43). In an attenpt to solve the problem of
the even distribution of a sand cap upon the dewatering clay slurry,
research attention turned toward the devel opnent of a surface material
capabl e of bearing the weight of a sand cap.

Systematic tests were undertaken to try to develop a surface covering,
natural or artificial, with a greater bearing strength. This would allow
a greater depth and weight of sand to be placed on the clay wastes.
Japanese nillet was planted in one test. It thrived and within 10 weeks
had produced a thick mass, 2 ft high with root systems extending |-1/2 ft
down, which took over the entire pit and naturally reseeded itself.

The use of a flexible fiber covering (DuPont Typar spun woven fabric)
as a base for the sand cap was also tested. Problems devel oped when the
flexible hoses punmping the sand wore through the Typar fabric and the
sand was deposited below the surface. In another area where the
concentration of the sand tailings was too high, the Typar fabric failed
and the sand tailings passed into the clay. An attenpt was nade to place
a Typar mat on the surface of the clay wastes and then to cover it wth
sand tailings from one side, progressing across the pit by the addition
of new strips of Typar. This failed also because the sand tailings
remai ned concentrated instead of flowing across the Typar surface. As
they sank, the concentrated sand tailings pushed the fluid clay wastes
out as a mud wave.

Another test pit was filled with a sand and clay slurry with a 3:2
sand to clay ratio and with an average solids content of 26.9 pct. The
pit was covered with a growh of cattails except for one small portion
where Japanese millet was planted, which soon covered that area. A Typar
strip was laid down near the edge and covered with sand tailings. These
were worked into a thin (2 ft) layer covering a wider area by a small
bul | dozer.  Typar strips were then added, nore sand tailings deposited,
to be worked into a thin layer by the bulldozer, working from the sides
of the pit. This finally produced a 6-ft high nud wave of thickened clay
in the pit center. But this too was successfully covered by the Typar
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and sand tailings. After the 2-ft sand tailings cap was conpleted,
additional sand tailings were added to produce a sand cap averaging 6 to
8 ft in thickness. Once the sand cap was in place, additional
dewatering and consolidation of the clay wastes continued. The tests
achi eved the expected results but seem unlikely to result in a workable,
industrial scale process because of the high equipment and manpower
costs.

Typar geotextile fabric was also used in another test. High ratio
(4.9 parts sand to 1 part clay) sand/clay mix was punped as a slurry onto
the Typar mat. The mixture was easily and accurately delivered in a
uniform sand cap without any failure of the Typar fabric. Corrugated
nmetal sheets were placed below each outlet to minimze the inpact of the
incoming slurry upon that, that was already settling. Underneath the
cap, the desired consolidation is progressing.

The research is continuing. There are questions of to what extent
| aboratory results can be duplicated in the field. In particular, there
are questions whether the effective stress of the sand cap will be
di ssipated through the expected 20 to 40 (or nore) feet depth of the clay
wastes and how far water can nove through the clay. The |MC Agrico-Mbil
research project is still in progress. Tests are ongoing on a pit
containing 27,000 tons of clay and 40,500 tons of sand that has recently
been capped with 7 ft of tailings; a second pit has only clay wastes,
47,250 tons, at 21 pct solids content, 40 ft deep, but it has not yet
been capped; a third shallow pit contains clay wastes at 18 pct solids
content, covered with a Typar nmat and capped with |I-1/2-ft of sand and
clay in the ratio of 4.9:1 (45).

The greatest advantage of the dredge process is that it has the
ability to dispose of both the sand and clay tailings in the same
di sposal site and to create a relatively stable landfill at the sane
time. The resulting surface is fertile for revegetation and agricultural
purposes. The greatest disadvantage lies in the logistics difficulty of
providing the needed ratio of sand and clay at the time they are
required. This ratio normally depends upon the material in the matrix
being mned and is not subject to easy adjustment by nmine operators.

SAND SPRAY PROCESS

Sand spray reclamation techniques grew out of early (1969 and before)
tests of sand/clay mx disposal experiments. It was found, at the
Brewster plant of American Cyanamid Co., (now Brewster Phosphate, Inc.),
that sand/clay mixes showed separation of the sand and clay when the
m xtures were punped into a settling pond. The sand fraction settled
quickly while the clay fraction mgrated and only settled slowy. [t was
found, however, that the sinking sand fell "gently" on thickened clay
already in the pit. The sand migrating through the clay liberated large
quantities of water and left behind clay solids that, over a period of
tinme, approached 35 pct solids. This led to the concept of sand capping
(62).
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After snall-scale experiments proved successful, large-scale tests of
sand spray techniques were tested in 1974 and 1975. Figure 8 shows a
fl owsheet of the process. Brewster's Haynsworth mine five large cuts,
typically 350 ft width, 30-40 ft depth and 2,000 ft length were used for
tests. Phosphatic clay slurries were punped into the cuts and allowed to
settle until they had reached approximately 13 pct solids. Then t hey
were sprayed with sand from plant tailings. The sand was applied through
a floating pipeline fitted with spray nozzles. The entire apparatus was
noveabl e to allow accurate and even placenent of the sand over the clay
wastes. The sand was sprayed on the clay at a rate of 825 tons per hour.
Two separate passes of the sand spray were made and each resulted in
"significant" dewatering. The total solids content (for two passes) rose
from 13 pct to 60 pct and for the fine clay fraction (mnus 150 mesh), it
rose from 13 to 25 pct (23).

Cccidental Chemcal Conpany, under a FPCRP program tested sand spray
techniques at a 5-acre test site located at the Wite Springs mne in
1974 and 1975. Approxinmately 20,500 tons of waste clay solids in the
test pit had been sand capped in August and Septenber, 1974. An
additional 4,500 tons of clay waste averaging 12.2 pct solids were added.
The overall solids content was approximately 21 pct. In a period of 4.5
hours some 4,300 tons of sand were sprayed over the settled clay/sand
already in the pit. It was found inpossible to add sand beyond a ratio
of 1:5, sand to phosphatic clay. Wen this was exceeded, |arge-scale
"nmud waving" occurred. Md waving occurs when the clay surface, unable
to bear the weight of the load inpressed on it, either flows plastically
from under the load or collapses and allows the sand load to sink,
usual Iy by sections where the inpressed load is heaviest. The termis
used to describe movenment of the inpounded clay/sand m xture as induced
shear stresses set up a heaving wave front during redistribution of the
clay/sand solids. It proved difficult to spray the sand uniformly on the
clay surface. The uneven weight caused the surface to heave. The sand
spray test results were disappointing; the clay wastes in the top,
recently added layer, increased from 12.2 to 15.8 pct but the overall
value for the fine clay material (mnus 150 nesh) for the entire test pit
remai ned unchanged. It was concluded that the "technique was not
feasible under the conditions tested” (44). On the other hand, boreholes
made 2 years later revealed that the clays had continued to |ose water
and had reached 30 to 40 pct solids. The total solids content (sand and
clay) ranged from 50 to 70 pct. This left a soil that provided
sufficient strength for agricultural purposes (animals and vehicles).
High pore pressures were also encountered indicating that further
dewatering could be expected through time (39).

DEVELOPI NG TECHNOLOGY
GARDI NI ER PROCESS
Gardinier, Inc., undertook tests from 1976 to 1979 of small pilot
units of clay thickeners manufactured by six different conpanies.

Sel ecting equiprment produced by the French conpany, Alsthom Atlantic, a
sludge bed type, clay waste thickener pilot plant was designed and built.
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It was operated in 1980 and 1981. Gardinier and Al sthom Atlantic found
that the (then) state-of-the-art flocculating and thickening pilot plant
"did not increase dewatering of (clay wastes) beyond that which could be
obtained by settling in ... ponds."

Further research by Gardinier and Alsthom Atlantic resulted in the
devel opnent of a dewatering process for phosphatic clays called
"superfloccul ation" or "aqueous aggloneration" or "pellet flocculation."
While the details have not been publicly released, it appears that the
Gardinier process is essentially a two-stage flocculation and thickening
process centered on Al sthom Atlantic's Cariflux thickener.

The dariflux unit acts as a flocculator, a clarifier and as a
t hi ckener. It is an entirely static unit utilizing an active sludge bed
to concentrate flocs. Untreated feed passes into the center of the unit,
as shown in figure 9 where it is flocculated. Large flocs pass downward
through an orifice into the thickener. The renminder noves upward into
the clarifier unit with decreasing velocity into an active sludge bed.
The slowing, smll flocs agglutinate with the larger flocs already
present. Size and density of the flocs increase and the enlarged flocs
pass downward to the thickener and clarified water nmoves upward where it
is removed. The thickener is funnel shaped; the concentrated sludge is
renmoved at a bottom outlet at a controlled rate to maintain the desired
density. The flocculant used is a common one (unnanmed) which Gardinier
intends to manufacture itself.

Gardinier is building a large-scale test unit utilizing its process.
Costing over $20 million, the system reportedly wll handle all of the
phosphatic clays generated by Gardinier's Ft. Meade, FL, mne. It was
scheduled to begin service in June, 1983.

The test unit will take the phosphatic clay slurries from the
phosphate plant averaging 1 to 6 pct clay solids content and punp them to
five huge Cariflux thickeners as shown in figure 10. There the clays

will be flocculated and thickened. The thickened clay underflow
conprising 12 to 15 pct solids will be mxed with sand tailings and
punped to the previously nmined out cuts. Here wll be located a

"superfloccul ation station" where additional flocculant will be added.
Large flocs form at this stage and when enplaced in the mning cuts
reportedly dewater rapidly to near 25 pct solids in 24 hours. The
dewatering continues in the pits, and a solids content of 30 to 40 pct is
reached in a few weeks, as reported by Gardinier. After this dewatering
more thickened clay/sand tailings will be placed in the pit in stages, to
al low each addition to dewater before nore is added. After approximately
1 year, the sand/clay mxture in the pits will be capped wth additional
sand tailings and overburden. Gardinier anticipates that this wll
restore the mned out areas to approximately the original contour before
mning began. The entire process reportedly wll require only 3 to 5
years.

Gardinier believes that their process represents the "best available
technology.”" It will restore the land to prenmining agricultural uses as
soon as possible and presents a method of disposing of clay wastes bel ow
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grade. This elimnates the danger of flooding and pollution from dam
breaks. It also quickly frees large quantities of water which will
result, Gardinier believes, through better water nanagement, in |ower
usage of water from the ground, thereby leaving nore for other
conpetitive uses.

Gardinier does not claim to have found the answer to the clay disposal
problem they only claimto have found the answer to their clay disposal
problem Gardinier points out that the process may not work for
different ores from different nmines and recommends that "extensive"

i nvestigations be undertaken before attenpts are made to apply the
Gardinier process to other ores and other conditions. Each situation my
prove to be unique. Nevertheless, Gardinier is so confident of its
success that it is risking an investment larger than the total original
1967 cost of the entire mine, equipnent and processing plant on its

out cone.

The greatest advantage of the Gardinier process is the rapidity wth
which the clay wastes can be dewatered and the consequent result that the
total water can be stored at or near ground level, elimnating storage
ponds. It has, however, not been tested on a full industrial scale (44,
63-64).

BUREAU OF M NES - ROTARY TROMMEL

The Bureau of Mnes, as part of the Florida Phosphatic Cays Research
Project, wundertook, after 1972 the systematic testing of several types of
reagents for possible use as clay settling agents. Nitrogen-bearing,
sul fur-bearing, inorganic and many commercially available reagents were
tested for their ability to precipitate suspended clay particles. The
reagents were tested in the laboratory against a representative cross
section of phosphatic clay slurries from several different mines in
central and northern Florida. The reagents were also tested at varying
concentrations (0.1, 0.01, and 0.001 nolar) and at varying pH |evels.
Neither the reagents, their concentration or the pH of the slurries had
any significant effect upon the clay suspensions with two exceptions.

Hydrofluoric acid (HF) caused the suspended clay particles to settle
out vigorously, wparticularly the attapulgite clay fraction. O her
fluorine conmpounds such as hydrofluosilicic acid and ammonium fluoride,
al so caused the suspended clay to precipitate. However, because of
expense, the use of fluorine conpounds was not considered as economcally
feasible for treating clay discharge.

One commercially available reagent caused an unusually strong
flocculation and dewatering effect in attapulgite sanples and even a
stronger reaction with nontnorillonite and other plant phosphatic clays.
The reagent was pol yethyl ene oxide (PEO, a water soluble, nonionic
polymer with a nolecular weight of 5 to 8 mllion. PEO has the

approxi mate fornula (CHz- CH2-0) x.
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Because of its promse, further tests were run on the PEO clay
i nteraction, It was found that there was no correlation between the
conposition of the clay slurry and the PEO needed to dewater it. Each
clay sanple had to be evaluated individually and the sanples exhibited a
wi de range of consunption of PEO when dewatered. Laboratory tests were
al so undertaken to deternine the effects of PEO concentration on five
samples of mne clay wastes. The concentrations tested were 0.25, 0.10,
0.05, 0.01, 0.005 0.0025 and 0.001 pct concentrations. [t was found,
generally, that lower' concentrations required the use of |ess reagent
but, at extrenely |ow concentrations, so much nore water was being added
to the slurry that it nade the dewatering even nore difficult. Tests
were also carried out to determine the effect of varying solids content
in the phosphatic clay feed. GCenerally, it was seen that an increased
amount of reagent was required with an increased percent solids content
of the clay slurry feed.

Experinents were also done to develop a continuous process using PEO
A horizontal vibrating screen dressed with 100-nesh wire cloth was tested
and successfully dewatered the clay waste-PEO slurry to 29 pct solids. A
curved, static, wedge-wire screen was used to dewater a 3.9 pct solids
phosphatic clay feed to 17 pct solids. This in turn was dewatered
further in tests; to 31 pct using a horizontal vibrating screen and to 27
pct using a rotating tromel. A screw classifier successfully dewatered
3.9 pct solids clay slurry to 30 pct solids. A rotating trommel (0.38
neter diameter, 0.9 meter length) fitted with lo-mesh wire screen was
also used in tests. In the tromel, the clay-PEO slurry, previously
m xed, dewatered very rapidly and formed consolidated rolls or nmsses, as
it moved through the trommel, of 25 to 30 pct solids phosphatic clay.
The discharge water, however, contained some flocculated solids that
| eaked through the first 25 to 30 centineters, of the tromel screen.

Qher small-scale tests investigated the effects of such variables as
tronmel speed, trommel slope, reagent concentration and dosage, retention
tine, feed rate and variations in clay slurry feed and reagent nmixing
(65):

The success of snmall-scale dewatering of phosphatic clays with PEO and
a rotary trommel led to tests on a larger scale. A field test unit,
designed to treat 100 g/ min of dilute phosphatic clays was fabricated and
operated at Estech General Chemical Corporation's Silver City Mne as
shown in figure 11. The tromel screen of the field test unit was built
of lo-nesh stainless steel wire screen. It was 24 ft long and 3 ft in
dianmeter. Later the trommel was shortened to 12 ft and a static screen
or hydrosieve was added. The first 6 ft of the feed end of the rotary
tromrel was also lined with a screen of 48-mesh stainless steel screen to
prevent premature loss of fine particles of agglonerate. The clay
slurries were punped into a mxer at rates from 60 to 124 g/ mn and then
into the trommrel or into the hydrosieve screen and then into the tromel.
The dewatered clays exited the trommel at 14 to 20 pct solids and were
punped to a pit where dewatering continued.
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The large-scale tests were carried on, intermttently over an 18-nonth
period. Wde divergence in the nature of the waste clay feed was soon
observed. Plant operators reported that a fringe area was being nined
and that the mined material was not typical of normal phosphate deposits
in the area. The irregularity of the clay waste conposition caused many
problems for operations of the field test unit. Line had to be added to
several sanples to oxidize the non-cal cium exchanged clay.

Results of the large-scale test unit were satisfactory. The solids
content of the dewatered clay slurries ranged from 14.3 to 16.0 pct for a
reagent wusage of 3.0 Ib/ton of PEO at 0.25 pct concentration to 1.3
Ib/ton PEO at 0.025 pct. When the PEO dosage was increased it did not
produce significantly higher solids content in the dewatered
clay wastes. PEO dosages as high as 6 Ib/ton only inproved the solids
content to about 16.2 pct.

The Silver City Mne clays were nore effectively dewatered with |ower
reagent usage by using PEO of about 8 nillion nolecular weight. This is
not necessarily true of any other nine phosphatic clays. Using very
dilute PEO (0.0025 pct concentration) allowed the dosage to be reduced to
0.5 Ib/ton. But the additional water deleteriously affected the
efficiency of the trommel. The hydrosieve screen was placed between the
m xer and the trommel to overcome this problem Cay slurries at 3.0
pct solids were dewatered by the hydrosieve screen to about 8.8 pct
solids before being introduced into the trommel.

The field test unit operating at 100 g/mn, using 0.01 and 0.005 pct
concentrations of PEQ dewatered phosphatic clay slurries to 20.6 pct
solids with a consunption of 0.69 Ib of PEO reagent per ton. It was also
necessary to use 1 or 2 |Ib of lime per ton.

The dewatered clays were then punped into a pit 15- by 45- by 4-ft
deep at 16 to 20 pct solids to test continued dewatering. Wthin 30 days
the clays had dewatered to 30 pct solids; after 45 days, it had dewatered
to 40 pct solids. This continued dewatering came despite the fact that
there was a rainfall of 18 in. during the first 30 days the clay sanples
were in the pit (66).

Further studies were undertaken by the Bureau of Mnes to deternmine if
cheaper substitutes could be found for PEQ  In particular, several
groups of reagents were investigated for possible synergistic effects
when used with PEQO Mst were found to be of little use; only those
capable of flocculating the phosphatic clays proved useful. One class of
reagents, natural guar gums, did produce a synergistic effect with PEO
which resulted in reducing the amunt of PEO required by 54 pct. QGuar
guns are considerably cheaper than PEO The guar gum PEC conbi nation
also gave a final dewatered product with a higher clay solids content; 43
to 45 pct solids rather than 33 to 35 pct with PEO alone (67).
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SUMVARY

The introduction of large scale earth-nmoving nachinery such as
draglines into mining and flotation processes into phosphate ore
beneficiation resulted in much greater recovery, increased efficiency and
| ower costs. As the needs of the world's farmers for fertilizer
increased the Florida phosphate industry expanded to neet the increased
demand. As the Florida phosphate industry grew the problem of disposal
of the phosphatic clays grew proportionately through the years. The
phosphate industry eventually found that the most practical way to handle
the clays was to store them in large inpoundnents where they were allowed
to slowy dewater naturally. This nethod was chosen on pragmatic and
econom ¢ grounds; it worked and at an acceptable cost.

As the industry underwent its vast expansion during the last 20 years
the clay managenent problem grew in size and inportance. At the sane
time the industry came under increasing attack from environnental
interest groups and under increasing attention from local, state, and
national regulatory agencies. The conventional clay settling areas or
ponds presented several problems. They were aesthetically unpleasing,
particularly in their early stages of devel opnent. Storage of the
plastic phosphatic clays behind danms presented the ever present (if
actually extremely renmote) possibility of a dam failure. The land used
for clay storage areas neant land withdrawn from other uses and the |oss
of considerable acreage in a region where |land values are increasing
rapidly. Inmrense anmounts of water were tied up in the clays that were
desired for alternative wuses, agricultural, residential, industrial, and
even for further phosphate mning and processing.

Recogni zing these problens long before the age of environnental
enli ghtment the phosphate conpanies have almst continually sought
answers to the problem of clay dewatering. MIllions of dollars and
uncountabl e man hours have been spent by the industry, the Bureau of
Mnes, and private and other governmental researchers on the phosphatic
clays problem The conpanies have vast amounts of noney tied up in the
real estate used for storage areas and in the need for replacenment water
used in mining and beneficiation.

Al of this work has resulted in nunmerous systens which are described
above. Many nmethods to dewater the clays resulted from these studies.
However, their technical feasibility has not been fully denonstrated,
therefore they have not found full-scale adoption in the industry. The
most common drawbacks have been of cost; either prohibitively high
original investment costs or operating costs, particularly energy costs.
There were also nunerous problenms of scale. Processes that showed
promse in the laboratory often failed on a large scale. New technical
problems were created by some of the experinental dewatering techniques;
for exanple, when flocculants were added to the clays. But the nost
significant obstacle to the devel opnent of any universally effective
dewat ering process was the extreme variability of the clays thensel ves.
Because of their widely variable nature throughout the phosphate district
and even within one mne, successful methods used to dewater one suite of
clays failed tests on another. Hewatering processes were found to be
highly site specific.



37

While many of the experinmental and devel oping dewatering techniques
show prom se of future success and some may even be practical now under
radi cal ly changed econonic conditions, none can presently replace
conventional settling in terms of cost and efficiency. Several of the
devel opi ng techniques described are already being incorporated into
conventional processes where they are used along with conventional
settling processes to speed the rate of initial dewatering.
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