Publication No. 02-002-005

EVALUATION OF PHOSPHATIC CLAY
DISPOSAL AND RECLAMATION METHODS

Volume 3: Sedimentation Behavior of Phosphatic Clays

Prepared by Ardaman & Associates, Inc.
under a grant sponsored by the
Florida Institute of Phosphate Research

'Bartow, Florida

December, 1982

FIPR-02-002-005
Vol. 3

FLORIDA INSTITUTE OF PHOSPHATE RESEARCH




EVALUATION OF PHOSPHATIC CLAY
DISPOSAL AND RECLAMATION METHODS

Volume 3: Sedimentation Behavior of Phosphatic Clays

Research Project FIPR 80-02-002
Final Report, December 1982

Prepared by

Ardaman & Associates, Inc.
8008 South Orange Avenue
Orlando, Florida 32809

Principal Investigators

Anwar E. Z. Wissa
Nadim F. Fuleihan
Thomas S. Ingra

Prepared for

Florida Institute of Phosphate Research
1855 West Main Street
Post Office Box 877
Bartow, Florida 33830

FIPR Program Managers

David P. Borris
Henry L. Barwood



DISCLAIMER

The contents of this report are reproduced herein as received
from the contractor.

The opinions, findings, and conclusions expressed herein are
not necessarily those of the Florida Institute of Phosphate
Research, nor does mention of company names or products con-

stitute endorsement by the Florida Institute of Phosphate
Research.



EVALUATION OF PHOSPHATIC CLAY
DISPOSAL AND RECLAMATION METHODS

Research Project FIPR 80-02-002

PREFACE

As part of a Florida Institute of Phosphate Research project titled
“Evaluation of Phosphatic Clay Disposal and Reclamation Methods”,
Ardaman & Associates, Inc. performed a comprehensive study to
evaluate the engineering properties of a wide range of phosphatic
clays and sand-clay mixes, and developed a methodology for fore-
casting the performance of phosphatic clay settling areas during
disposal and reclamation. The findings of this study are presented in
a series of six complementary volumes.

Laboratory evaluations of the engineering properties of phosphatic
clays and sand-clay mixes were performed on phosphatic clays from
twelve different mine sites. Volumes 1, 2 and 3 titled “Index
Properties of Phosphatic Clays”, “Mineralogy of Phosphatic Clays”,
and “Sedimentation Behavior of Phosphatic Clays", respectively,
present extensive data on the twelve clay sources selected in the
study. The findings were used to screen the samples and select six
clays covering the full range of anticipated behavioral character-
istics. The selected clays were subjected to a comprehensive testing
program for determining engineering parameters pertaining to
consolidation and strength. Extensive sophisticated strength testing
of three of the six phosphatic clays and corresponding sand-clay
mixes was then subsequently undertaken. The results are presented
in Volumes 4 and 5 titled ‘Consolidation Behavior of Phosphatic
Clays” and “Shear Strength Characteristics of Phosphatic Clays”,
respectively.

Concurrent with the laboratory evaluation of phosphatic clay engi-
neering properties, a theoretical model to evaluate disposal systems
was developed. The finite difference program SLURRY can also be
used in reclamation planning. In an attempt to verify and refine the
prediction modeling technique, a preliminary field investigation
program at six phosphatic clay settling areas ranging from retired to
active sites was undertaken. Volume 6 discusses the theoretical
model and presents a comparison of predictions based on laboratory
data with actual field measurements.

A more extensive second phase field testing program is proposed to
further refine and improve predictive capability based on actual
field conditions. Conventional phosphatic clay disposal and the



sand-clay mix disposal methods can then be critically evaluated for
phosphatic clays with differing characteristics to quantify advan-
tages/disadvantages of disposal/reclamation methods and outline
their relative merits. The results should allow mine planners to
select an optimum disposal method based on the clay characteristics
at a particular mine.
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ABSTRACT

The sedimentation behavior of twelve phosphatic clays was
investigated with over 100 laboratory settling tests. The
sedimentation behavior of sand-clay mixes for three of the twelve
clays were investigated with 22 additional laboratory settling tests.
Settling tests on the phosphatic clays consisted of a constant initial
height settling test series with an initial height of 24 c¢cm and initial
solids contents of 1, 3 and 8%, and a variable initial height settling
test series with initial heights of 6, 12, 18 and 24 cm for initial
solids contents of 3 and 8%. The final settled solids contents,
settling rates, and void ratio versus effective stress relations at low
stresses, were determined from these test series. Settling tests on
sand-clay mixes investigated the effects of initial clay solids
content, sand-clay ratio, and type of sand tailings.

For an initial solids content of 3%, which is similar to the solids
content of clay from primary launders, the final 30-day settled
solids content of phosphatic clays varied from 5.4 to 17.8% with an
average of 10.9%. The lowest settled solids content versus time
relationship occurred for the Agrico-Saddle Creek clay and the
greatest settled solids content versus time relationship occurred for
the CF Mining-Hardee clay. The settling behavior of these two
clays bracketed the range of settling behavior encountered for clays
tested in this investigation and that reported for other clays.
Hence, the sedimentation behavior of the specific Agrico and CF
clays sampled for this investigation reflect the range encountered
for Florida phosphatic clays.

The behavior of phosphatic clays was generally consistent with the
Michaels and Bolger (1962) theory for the settling behavior of
flocculated clay suspensions. The Michaels and Bolger methodology,
therefore, was used to extrapolate results from the laboratory
settling tests in a limited size container to the field situation of an
“infinite size container".

A comparison of final settled solids contents for phosphatic clays
sampled at different times from the same mines was made from



data reported in the literature. The comparison indicated that the
variability in final settled solids content of phosphatic clays
produced at a given mine over time may be as large as occurs for
clays from all Florida mine sites.

The only practical correlation found between the index properties
and sedimentation behavior of phosphatic clays was between liquid
limit and final settled solids content for a specific initial solids
content. The correlation is not universally valid and has a
correlation coefficient of about 0.80, but the results are considered
applicable for estimates of sedimentation behavior in the absence of
settling tests.

Settling tests on sand-clay mixes indicated that clays which settle to
a relatively low final clay solids content without sand also settle to
a relatively low final clay solids content with sand. The addition of
sand tailings does little to increase the final clay solids content of a
relatively poor settling clay relative to that of a relatively good
settling clay. The final clay solids content at the end of settling
increases slightly with increasing sand-clay ratio, but if the volume
occupied by the sand is accounted for as an equivalent water phase,
the effective clay solids content may be adversely affected at high
sand-clay ratios. The initial clay solids content required to prevent
segregation of the clay and sand during settling varied significantly
for the phosphatic clays. The final settled clay solids content
achieved for clay alone from an initial solids content of 3% appeared
adequate to prevent segregation. Variations in mineralogy of sand
tailings from 60% quartz and 40% apatite to 85% quartz and 15%
apatite were found to have no effect on sand-clay mix sedimentation
behavior.
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Section 1

RESEARCH BACKGROUND AND OBJECTIVES

1.1 Introduction

The sedimentation or settling behavior of phosphatic clays is of interest to
determine the initial solids contents of clays after deposition within an
impoundment and the time required to reach a given solids content due to gravity
settling. The settling behavior is also required in adequately sizing settling areas
to provide sufficient retention time for sedimentation. Moreover, it could
qualitatively indicate the relative compressibility of phosphatic clays.

A wide range of settling behavior has been reported for Florida phosphatic clays
(Lamont et al., 1975; Roma, 1976; and Keshian et al., 1977). The range of settled
solids contents achieved after 30 days is generally reported to vary from 6-16%
when starting from initial solids contents of 3-4%.

1.2 Previous Research

A series of sedimentation tests were reported by Lamont et al. (1975) on 15
phosphatic clays collected from 15 of 16 beneficiation plants in operation in
Florida at the time the study was performed. The clays, therefore, represent a
broad range of geographic location and, hence, a potentially broad range in
sedimentation behavior.

Results from the Lamont et al. (1975) settling tests are presented in Table 1-1 and
Figure 1-1. The settling tests were reportedly performed from an initial solids
content, S;, of 3.7% in 1,000 cm glass graduated cyclinders. As shown, phosphatic
clays exhibit a wide range of settling characteristics with "final" settled solids
contents at 30 days of 5.7 to 15.9%. Therefore, some phosphatic clays exhibit
little gravitional settling increases in solids content from 3.7 to 5.7% in 30 days;
while other phosphatic clays exhibit substantial increases in solids content from
3.7 to 15.9% in 30 days. The average final settled solids content for the 15 clays
was 10.8%.

The laboratory settling rate, Q, measured at the clay/supernatent interface during
the first 4 hours of each test is shown in Figure 1-2 versus the final settled solids
content, The maximum settling rate for each test was measured during this time
increment, and ranged from 0.16 to 1.77 in/hour for the 15 clays tested. Over the
range of test data, we found a linear relation of increasing settling rate with
increasing final solids content of the form shown in Figure 1-2. The correlation
coefficient, r, of 0.81 indicates that 66% of the variability in settling rate is
explained by the final settled solids content.

Data from a series of sedimentation tests reported by Roma (1976) on phosphatic
clay from the USSAC-Rockland and Mobil-Fort Meade mines are shown and re-
interpreted in Figures 1-3, 1-4 and 1-5. The clays were highly plastic with
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plasticity indices and liquid limits of 103% and 145% and 125% and 160% for the
Mobil and USSAC clays, respectively. The reported specific gravities were 2.94
and 2.86, respectively, for the Mobil and USSAC clays.

Results from the series of sedimentation tests on Mobil phosphatic clay for initial
solids contents of 2.86, 4.79 and 8.78% are shown in Figure 1-3. These tests were
performed in 6 cm diameter containers from an initial height, Z, of 28 em. As
shown, the Mobil clay “settles" to average final solids contents at about 100 days
of 10.8, 12.0 and 14.0% from initial solids contents of 2.9, 4.8 and &.8%,
respectively. The results indicate that for a given clay, a slurry prepared at an
initially lower solids content will not obtain as high a settled solids content with
time as a slurry prepared at an initially higher solids content.

Figures 1-4 and 1-5 present our interpretation of results reported by Roma (1976)
from a series of five variable height sedimentation tests on USSAC phosphatic
clay at an initial solids content of 7.46%. These tests were performed in 6 cm
diameter containers. The initial sample heights tested were 15.3, 28.4, 39.2, 60.5
and 103.1 cm. As shown in Figure 1-4, the average solids content at 21 days
varies from 11.6 to 11.9% for initial sample heights of 28.4 to 103.1 cm, indicating
that for a sufficiently large initial sample height, for a given initial solids content
and container diameter, the settling behavior is relatively independent of the
initial sample height.

A plot of maximum laboratory settling rate Q,, versus the inverse initial sample
height (1/Z) is found to yield a linear relation for initial sample heights of 28.4 to
103.1 cm as shown in Figure 1-4. The theory of Michaels and Bolger (1962)*
indicates a linear relationship should exist between these variables for naturally
flocculated clay suspensions. The ordinate intercept from this relation indicates a
maximum "field” settling rate, Q,', of 1.92 cm/hour for an infinitely large initial
height (i.e., 1/Z, = 1/ = 0). The abscissa intercept from this relation indicates a
yield height, Z,, , of 27.3 cm for the 6 cm container diameter and initial solids
content of 7.45%. The yield height is defined as the minimum height at which the
clay will exhibit free-fall gravity settling in a given size container. The differing
solids content versus time behavior obtained from the settling test with an initial
height of 15.3 cm resulted therefore, because the initial height was less than the
yield height, and hence presumably no free-fall gravity settling occurred.**

The linear relation between final settled height and height of clay solids suggested
by Michaels and Bolger was applied to the Roma (1976) data and is shown in Figure
I-5. In this figure, the height of clay solids is represented as Z by, where ¢y =
S/ (S + (1-S)p), Z, is the initial height, S is the initial solids content, and p is the
specific gravity of clay solids. Based on the agreement in behavior exhibited by
tests reported by Roma (1976) for USSAC phosphatic clay with the Michaels and

*See Section 2.4 for a detailed explanation of the Michaels and Bolger (1976)
methodology for interpretating settling tests.

**The increase in solids content observed for this sample is due to compression
settling and consolidation of the clay suspension.
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Bolger (1962) theory for both the Q, versus 1/Z, and Zpversus Z_ b, relations,
the theory appears applicable to interpretating results from settling tests on
phosphatic clays.

1.3 Purpose of Investigation

Although the range of final settled solids contents and settling velocities reported
by Lamont et al. (1975) probably represent the range of values likely to occur for
phosphatic clays, there is a lack of settling test results reported for phosphatic
clays where quantitative mineralogic composition and engineering index and
consolidation properties are also known. Settling test results reported in the
literature for phosphatic clays have also generally not been evaluated with
methodologies available for extrapolating data obtained in the laboratory to field
conditions. Moreover, there is no comprehensive data reported on the settling
characteristics of sand-clay mixes. Accordingly, as part of research project FIPR
80-02-002 “Evaluation of Phosphatic Clay Disposal and Reclamation Methods”
performed for the Florida Institute of Phosphate Research, twelve phosphatic
clays, sampled from various sites, were subjected to detailed laboratory settling
tests and interpretated with the theory of Michaels and Bolger (1962) for the
settling behavior of flocculated clay suspensions. Detailed settling tests on sand-
clay mixes prepared from three phosphatic clays were also performed. The sites
were selected to provide a range of geographic locations and mining concerns.
The locations of the mine sites are illustrated in Figure 1-6 and the specific
settling areas and sampling dates are summarized in Table 1-2.

The purpose of performing settling tests for the present investigation was to
determine the range of initial solids contents and settling behavior occurring for
phosphatic clays where index properties, consolidation properties and mineralogy
are well established. The effects of various sand-clay ratios and initial solids
contents on the settling behavior of phosphatic clays, therefore, can be thoroughly
investigated for a wide range of index and consolidation properties and
mineralogy. The settling test results can also be used to characterize the relative
consolidation behavior of the clays and sand-clay mixes by determining the
increase in solids content with time, and the final self-weight solids contents at
low effective stresses.

1.4 Scope of Investigation

The scope of the investigation of the sedimentation behavior of phosphatic clays
included determining the settling characteristics of twelve phosphatic clays to
allow us to screen the behavior and select clays with differing settling
characteristics for evaluation of phosphatic clay disposal and reclamation
methods. The settling characteristics of sand-clay mixes were investigated for
three of the twelve clays.

The sedimentation behavior of the phosphatic clays was investigated with over 100
laboratory settling tests. The sedimentation behavior of sand-clay mixes was
investigated with 22 laboratory settling tests. The procedures used to perform
and interpret the settling tests are described in Section 2. The settling test
results are reported in Sections 3 and 4 for phosphatic clays and sand-clay mixes,
respectively. In Section 4, correlations between sedimentation behavior and index
properties are also presented.
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Table 1-1
FINAL SETTLED SOLIDS CONTENTS

FOR PHOSPHATIC CLAYS AT INITIAL SOLIDS
CONTENT OF 3.7%

Settled Solids Content, S (%)

Sample 1 day 5 days 10 days 20 davs 30 davs
Agrico-Payne Creek 6.1 8.7 9.2 9.2 9.3
Agrico-Saddle Creek 9.7 13.8 15.0 15.5 15.9
Agrico-Palmetto 7.5 9.9 10.9 11.5 11.5
AMAX-Teneroc 4.3 6.0 7.5 8.4 8.5
Brewster-Haynsworth 4.8 8.2 10.0 10.8 10.9
Estech-Watson 4,7 5.8 6.1 8.1 6.1
Estech-Silver City 8.7 12.4 12.8 13.3 13.8
Gardinier-Fort Meade 8.9 13.5 14.5 14.9 15.2
IMC-Noralyn 4.5 5.4 5.6 5.7 5.7
IMC-Kingsford 10.2 13.5 14.3 15.2 13.5
IMC-Clear Springs 6.1 7.7 7.8 7.8 7.9
Mobil-Fort Meade 8.7 10.9 11.6 12.2 12.58
Occidental-White Springs 4.3 5.4 5.6 5.7 5.7
USSAC-Rockland 8.7 11.8 12.4 12.6 13.1
WR Grace-Bonny Lake 6.2 10.1 10.2 10.5 10.5
Statisties

Mean 7.0 9.5 10.2 10.6 10.8
C.V. (%) 31.7 32.2 31.5 31.9 32.8

Source: Adapted from Lamont, et al. (1975). "Characterization Studies of Florida
Phosphate Slimes." U.S. Bureau of Mines, Report of Investigation 8089.



Table 1-2

MINE SITES AND SETTLING AREAS
SELECTED FOR PHOSPHATIC CLAY

LABORATORY INVESTIGATIONS

Sampling
Mine Settling Area Date

Agrico-Saddle Creek Settling Area-2 1-28-81
AMAX-Big Four Settling Area BF-1 6-05-81
Beker-Wingate Creek Pilot Plant Samples 6-05-81
Brewster-Haynsworth Settling Area-L 1-27-81
CF Mining-Hardee Settling Area N-1 1-28-81
Estech-Watson Settling Area 13 4-10-81
Hopewell-Hillsborough Pilot Plant Samples 3-04-81
IMC-Noralyn Settling Area N-14 2-23-81
Mobil-Nichols Settling Area N-3 1-28-81
Occidental-Suwannee River Settling Area-8 2-02-81
USSAC-Rockland Settling Area-6 1-28-81
WR Grace-Four Corners Pilot Plant Samples 9-11-81



1-6

1 SYMBOL MINE S (%)
AGRICO - PAYNE CREEK 9.3
AGRICO~- SADOLE CREEK 15.9
AGRICO- PALMETTO 15
AMAX-TENEROC
BREWSTER~HAYNSWORTH
ESTECH- WATSON
ESTECH-SILVER CITY
GARDNIER-FORT MEADE
IMC-NCRALYN
IMC- KINGSFORD
|MC-CLEAR SPRINGS
MOBIL-FORT MEADE
QOCCIDENTAL-WHITE SPRINGS
USSAC—-ROCKL AND
WR GRACE- BONNY LAKE

O
o

HO WO OL

_I e | ’

VOO YN0 —©

IR

N --

SLOPOBIA+%x @OV A

SETTLED SOLIDS CONTENT, S (%)

20 T T T
0 10 20 30 40 50

TIME,, t (days)

SOURCE: ADAPTED FROM LAMONT, ET AL. "CHARACTERIZATION STUDIES OF FLORIDA
PHOSPHATE SLIMES.“ U.S. BUREAU OF MINES, REPORT OF INVESTIGATIONS
8089, 1975. .

SETTLED SOLIDS CONTENT VS. TIME FOR
PHOSPHATIC CLAY AT INITIAL SOLIDS CONTENT OF 3.7%

FIGURE 1-1



LABORATORY SETTLING RATE,, Q (in/hour)

1-7

24 ~TsvmeoL , MINE Sg (%)
d  AGRICO- PAYNE CREEK 9.3
B AGRICO- SADDLE CREEK 15.9
4 D AGRICO-PALMETTO 1.5
? AMAX~TENEROC 8.5
BREWSTER~HAYNSWORTH 10.9
¥  ESTECH-WATSON 6.1
+  ESTECH-SILVER CITY 138
201 ™  GARDNIER-FORT MEADE 152 |
2 {MC- NORALYN 5.7
IMC- KINGSFORD 15.5
{MC-CLEAR SPRINGS 79
] 8 MOBIL-FORT MEADE 126
OCCIDENTAL-WHITE SPRINGS 5.7
g USSAC-ROCKL AND 131
WR GRACE- BONNY LAKE 10.5 L
| . _
© WHERE: Q IS FROM t=0 TO t=4 hours A
SFISFORS{=37%
e
|2
0.8
LEAST SQUARES LINEAR REGRESSION:
Q=-0.86+0.16(SF)
- r=0.81
04 — —~
0.0 I
=T ! ! T ] T ! l T
5 7 9 il 13 15 17

FINAL SETTLED SOLIDS CONTENT, SF (%)

SOURCE: ADAPTED FROM LAMONT, ET AL. “CHARACTERIZATION STUDIES OF FLORIDA
gHDSPHATE SLIMES." U.S. BUREAU OF MINES, REPORT OF INVESTIGATIONS
089, 1975.

FINAL SETTLED SOLIDS CONTENT VS. SETTLING RATE

FIGURE 1-2



o=
$i=2.86 % ‘ﬁ"’(%b\ -

81=4.79% ' . ~ \b
i

.

N,

A D— DN
A Ly A\ T

Si=8.78% ' N S : YO0,
'~k%h% °°Q&

€-T J¥N91I4

AVERAGE SOLIDS CONTENT BELOW INTERFACE,S (%)

NG

7\

1 | L L ! 1 17 11 | IR ] T 1 1 1 1111
100 1,000 10,000 100,000

TIME , t (minutes)

SOURCE: ADAPTED FROM ROMA, J.R. (1976). "GEOTECHNICAL PROPERTIES OF PHOSPHATIC CLAYS,”
M.S. THESIS, DEPARTMENT OF CIVIL ENGINEERING, M.I.T., CAMBRIDGE , MASSACHUSETTS.

SOLIDS CONTENT VS. LOG TIME FOR MOBIL
PHOSPHATIC CLAY WITH VARIOUS INITIAL SOLIDS CONTENTS

-1



v-Ll Jalidid

AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

7 U— —— _— e e e e
] SYMBOL Z,(cm)
% 15.3
__ o 28.4
(OO o ok T T AN 39.2
0RO o o S s
8 O R Q O 103.1
° T O -
s s .
R & ©
© ]
OB
5 XA o
QRO
10)
NG
7 20 - - ;
\ (cr?\) (cm'/h_r) J ®
5.3  0.106 G@
10— 16 \ 28.4  0.225 8O
w N 392 0.375 @
w 605 0.960
< 031  1.560 ®
[ 4 @ D)
0 ~ \ ©
] z z 1.2 AN @-(}
4 \ 0) ©
ES o) O
w 5 6%/\ ®®
[ — » g_ 0.8 SN p On
= Q;=1.92-52.56(1/20)
; \/'rfl—o.es °
§ \ Q|=l.92cm/hour
— < 04 -O—N{— Zy27.3cm
e I
\ ©
N\ o)
0.0 1
12— 000 00l 002 003 004 00 006 007 T -
1/Zg(cm™")
| R | IR | T 1T T | | BRI
10 100 1,000 10,000 100,000
TIME , t (minutes)
SOURCE: ADAPTED FROM ROMA, J.R. {(1976). “GEOTECHNICAL PROPERTIES OF PHOSPHATIC CLAYS,"
M.S. THESIS, DEPARTMENT OF CIVIL ENGINEERING, M.I.T., CAMBRIDGE, MASSACHUSETTS. ",_‘
WO

SOLIDS CONTENT VS. LOG TIME FOR USSAC PHOSPHATIC CLAY WITH
VARIOUS INITIAL SAMPLE HEIGHTS AND INITIAL SOLIDS CONTENT OF 7.46%




Zo Zo¥x ZF
(cm) (cm) (em)

_§15.3 042 0.1
28.4 0.78 (7.8
39.2 108 24.3
605 1.66 37.1
80__[03.! 283 627

60 ;{

V4
1.OO
21.88

. /
/
40 /

L g

- /S zp-082+2188 Zo0k

=

FINAL (21 day) SETTLED HEIGHT, Z g (cm)

20 1— /-
el

1] |
00 (O 20 30 4.0

Zo ¥k (cm)

JQURCE: ADAPTED FROM ROMA, J.R. (1976). "“GEOTECHNICAL PROPERTIES OF PHOSPHATIC CLAYS,"
M.S. THESIS, DEPARTMENT OF CIVIL ENGINEERING, M.I.T., CAMBRIDGE, MASSACHUSETTS.

FINAL SETTLED HEIGHT FOR USSAC PHOSPHATIC
CLAY AT INITIAL SOLIDS CONTENT OF 7.46%

FIGURE 1-5



1-11

ACTIVE MINES

SELECTID POR FIPR STUDY’ K CTHER MNES

: 2
2 .
8 B
3 ]
4 ESTEI--wATSCM 3
T REWTIO - ANET WO

£ AMA-31EIR

22 TF M N NG -eARDEE

S o

PROJECTED MINES

STHER WiNES

A OPEWE. .- n L SBORT. S RPN
L wRAE-FOR ORNEPS ESTEI--DETTD
I BEXER - WNGA'E TREEK L=

SSSACTAPORER - . L SaNE
STRFFES

MINE SITES SELECTED FOR

FIGURE 1-6

creamow

SS%4C
WSS rOACA
LT
FREEwT
W 88 GAME
N AMAx
T AMAX-PME EVE.
: e
G we
» ramm AN

INVESTIGATION



2-1

Section 2

EXPERIMENTAL SCHEME, TESTING METHODS
AND QUANTITATIVE INTERPRETATION METHODOLOGY

2.1 Introduction

The sedimentation behavior of clays determined from laboratory settling tests is
dependent on the procedures used to determine that behavior. The initial solids
content, initial sample height and sample diameter used for laboratory tests
influence the settled solids content and settling velocity of laboratory samples.
Extrapolation of laboratory settling tests from a limited size container to the
field situation of an “infinite size container”, therefore, must be performed with a
methodology considering these effects.

The sedimentation behavior of twelve phosphatic clays were investigated with
over 100 laboratory settling tests. The sedimentation behavior of sand-clay mixes
were investigated for three of the twelve phosphatic clays with 22 additional
laboratory settling tests. The procedures used to perform these tests and criteria
used to evaluate the results are presented in this section.

2.2 Experimental Scheme

Three series of laboratory settling tests were performed to evaluate the
sedimentation behavior of phosphatic clays and sand-clay mixes (Figure 2-1):

® Constant initial height settling tests
° Variable initial height settling tests
° Sand-clay mix settling tests

Constant initial height settling tests were performed on twelve phosphatic clays
at three different initial solids contents. These tests were performed from an
initial height, Z,, of 24 cm in 10.4 cm diameter settling columns. Initial solids
contents, S; of 1.0, 3.0 and 8.0% were used in this test series. Results from the
constant initial height settling tests were used to: determine the range in settling
behavior of phosphatic clays; and allow selection of clays which display the range
in settling characteristics of phosphatic clays for further detailed conventional
settling and sand-clay mix settling tests.

Based on results from the constant initial height settling tests, eight phosphatic
clays were selected for variable initial height settling tests*. The eight clays
were chosen to represent the range in settling behavior and index properties of
phosphatic clays.** These tests were performed at initial solids contents of 3.0

*Phosphatic clay from the AMAX, Agrico, Beker, CF, IMC, Mobil, Oxy and USSAC
mines were selected.

**Refer to Volume I for presentation of the index properties of the twelve
phosphatic clays.



and 8.0%. Initial heights of 6, 12, 18 and 24 cm were used, corresponding to 25,
50, 75 and 100%, respectively, of the total slurry weight used in the 24 cm high
samples. Results from these tests were used to: establish the void ratio (or solids
content) versus effective stress compressibility curve at low stresses Evc= 0.10 to
1.0 1b/ft ) as detailed in Section 3.4; and to obtain parameters describing the
settling characteristics of flocculated clay suspensions (see Section 2.4.2).

Sand-clay mix settling tests were performed on three selected phosphatic clays*.
The tests were performed from an initial height of 24 cm and two initial clay
solids contents, S;,, dependent on the specific clay. The final solids content
measured on the constant initial height settling tests with S; = 3.0% were used as
a guide in selecting the initial clay solids contents for the sand-clay mix settling
tests. Sand-clay ratios, SCR, of 1:1, 2:1 and 3:1 based on dry weights of solids
were used for each initial clay solids content. Sand tailings from corresponding
mines were used in preparing the sand-clay mixes.

2.3 Testing Methods

Laboratory settling tests were performed in Plexiglas graduated settling “columns”
10.4 cm in diameter and 30.5 cm high. A total of 30 columns were used in this
investigation allowing the performance of 30 settling tests simultaneously. A
photograph of the settling columns is shown in Figure 2-2.

After preparing a sample to a desired initial solids content, the clay slurry was
poured into the settling column to a desired initial sample height. The clay was
thoroughly mixed after placement within the column with a hand-held stirrer to
provide a homogeneous sample, and remove any segregation of particles which
occurred during placement of the clay in the column. The columns were securely
covered with clear plastic wrap to prevent evaporation of supernatent during the
test period. The tests were performed in a fluorescent lighted room and were not
exposed to direct sunlight.

Performance of the settling tests consisted of visually monitoring the height of
clay slurry-supernatant interface versus time. Depending on the behavior of the
clay, initial readings were obtained of height versus time in the range of one
reading every 1 to 10 minutes. Subsequent readings were obtained at increasing
time intervals. The tests were continued for a period of 30 to 40 days, until the
height remained relatively constant.

After completion of the test, the solids content of the settled clay was measured
for comparison to the calculated value based on final height and initial solids
content. The supernatant pH and specific conductance at the end of the test was
measured to determine if a significant change in supernatant chemistry occurred
over the test period. For sand-clay mix settling tests, the percent soil fraction by
dry weight passing a U.S. Standard No. 200 sieve (74 pum sieve size) was
determined for the top and bottom half of the sample to check if segregation of
clay and sand occurred during the test.

*Phosphatic clays from the Agrico, CF and USSAC mines were selected.
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2.3.1 Presentation of Test Results

Plots of the height of interface versus time and average solids content below the
interface versus time are presented for each series of settling tests, The initial
sample height, final sample height, initial solids content, final solids content and
final supernatant pH and specific conductance are also included on the figures.

The height of interface versus time readings were manually input into data files
on a HP 9845B mini computer. The average solids content below the interface
versus time and incremental settling rate between readings was then calculated
for all readings and the results plotted on a HP 9872B plotter. The average solids
content below the interface, S,, for any height Of interface, Z,, at time k was
calculated from the relation:

Sy = P/NPHZ/Z)-1) (1

where: Pis the specific gravity of solids and Z, is the height of clay solids
determined from the relation:

Zs = Z,/(1-p+(p/8))) (2)
where: Z, is the initial height and Si is the initial solids content. The incremental

settling rate was calculated as the ratio of the change in height to the elapsed
time between two successive observations.

2.4 Interpretation Methodology

Michaels and Bolger (1962) provide a comprehensive methodology for interpreting
the results of settling tests and extrapolating data obtained in the laboratory from
a limited size container to the field situation of an “infinite size container”.*
Their model is based on the premise that the settling rate is not directly
dependent on primary clay particle sizes, but rather on flocs consisting of clusters
of particles. The flocs possess a small but finite strength that allows them to
remain intact under the mild surface shear forces experienced in gravity
settling. At slow shear rates (as occur in settling tests), the flocs in turn group
into clusters designated as “aggregates" that give the suspension its settling
characteristics.

The settling behavior of dilute suspensions differs from that of more concentrated
suspensions as depicted in Figure 2-3. The settling rate is defined as the rate of
settling of the interfacial plane between the clay slurry and the supernatant. The

*The Michaels and Bolger methodology was developed from studies of the
sedimentation behavior of kaolinite. Kaolinite was selected for investigation
because the characteristics of kaolinite are generally well understood, therefore,
allowing interpretation of settling behavior in terms of particle to particle
interactions.  The use of kaolinite to develop the model does not limit its
application to other non-kaolinitic clays.
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settling rate of dilute suspensions over much of the settling range is constant with
time and independent of the size of container used. This settling behavior is
characteristic for solids contents generally less than 1% and is, therefore, of little
practical interest.*

At intermediate slurry concentrations (i.e., greater than a solids content of 1%),
the clusters of flocs or aggregates settle as a coherent network. The initial
settling rate, Q, is very low, but increases with time, reaching a maximum value,
Q,, at time t; when free-fall settling ends and consolidation presumably begins.
Distinguishing sedimentation, the increase in "particle” concentration due to
gravity settling “without particle-to-particle contact” (i.e., at zero effective
stress), completely from consolidation, the increase in solids content as a result of
the applied self-weight effective stress, is an almost impossible task since both
phenomena undoubtedly proceed simultaneously particularly in the mid-stages of
settling.

Michaels and Bolger (1662) base their theory for intermediate slurry
concentrations on the experimental fact that during the early free-fall settling
period, there exists a region extending from the interface a certain distance
downward whose density is constant and equal to the density of the original
suspension. This equal density zone, "plug" or control volume varies in length
during the test. Its weight is supported by buoyancy, fluid friction due to upward
flow, the aggregate network (i.e., shear forces at the walls of the container), and
the compressive strength of the underlying compressed zone of material.

By establishing equilibrium of forces on the control volume, Michaels and Bolger
obtain the general settling equation for flocculated suspensions:

Q= Q'(1-(Dy/Dy) - (Zy/Z,)) (3)
where: Q = field settling rate in an infinitely large container (Q' varies
with time)

i

laboratory settling rate in a container having a diameter,
D,, and an initial height, Z, (Q varies with time)

yield diameter

yield height (Z, varies with time)

N
<
HH

*Phosphatic clay from primary launders is typically deposited in settling areas at
an initial solids content of 3-4%, and hence is not characterized as a dilute
suspension. Phosphatic clay from the secondary launder, however, is typically at a
solids content of 1.0% and may exhibit settling behavior similar to a dilute
suspension.



2-5

The significance of the yield diameter and yield height is that if D, < D, or if Z, <

then Q is zero, which means that the slurry will not undergo free-fall
settling. It will, however, exhibit consolidation or compression settling which the
Michaels and Bolger theory does not model. For a given clay volume
concentration, ¢.%¥, D, is dependent on the yield shear stress between the
container wall and the settllng slurry plug, and Z, is dependent amongst other
things on the compressive yield strength of the aggregate network. The above
equation indicates that if D, and Z, are sufficiently large, the settling rate in the
laboratory is equal to the setthng rate in the field. D/D, can be taken equal to
zero if a large diameter container is used since D, for solids contents up to 8% is
generally smaller than 0.3 cm**.

Note that the effects of container height and diameter in the settling equation are
uncoupled since the settling rate depends on the ratios D,/D, and Z,/Z,. This is
obviously not true for compression and consolidation setthng where the ratio of
height of clay sample to container diameter influences the friction force
experienced at the container walls.

Michaels and Bolger derive equations that can be used to determine the following
parameters that influence settling behavior:

Q,l = maximum laboratory settling rate
Q'; = maximum field settling rate

Zyl = vyield height at maximum settling rate
op = floc volume concentration

dA = aggregate volume concentration

dp = average pore diameter

These parameters can be determined from graphical solutions as subsequently
illustrated.

2.4.1 Height Effect and Field Settling Rate

For a given initial solids content and corresponding clay volume concentration,
extrapolation of laboratory settling rates in a given size container to field settling
rates can be determined from tests with varying initial heights. As shown below,
the maximum field settling rate, Q’,, is determined from the maximum laboratory
settling rate, Q,, from tests with varying initial heights, Z, by constructing a
plot of 1/Z, versus Q,. For intermediate concentrations, this plot ideally yields a
linear relationship.

*¢ S7(S + (1 - 8)p) ; where: S = solids content; and p = specific gravity of
soli ds. Phys1cally, ¢ is the ratio of the clay solids volume to the total volume of
the clay suspension.

**For kaolinite at an initial solids content of 8% (¢K = 0.032), Michaels and Bolger
(1962) report a yield diameter, Dy’ of 0.24 em.



2-6

- ORDINATE! OROINATE

O = = 0y/00
1~Dy/Dg _, |
Zy!= ABSCISSA ABSCISSA

(o]

The ordinate intercept on this plot is the maximum field settling rate, Q’y,
corresponding to an infinitely high sample (i.e., 1/Z, = 1/ = 0). The inverse of
the abscissa intercept is the yield height at the maximum settling rate, Z,,.

Similar plots may be prepared at different times, say ta instead of t;, to
determine Z,a and Q’a. Using this approach for several values of to allows
extrapolation of the field settling rate, Q'a, at any time to from laboratory
settling rates at the same time.

2.4.2 Floc Volume Concentration and Final Height

Physically, the floc volume concentration , ¢ is the ratio of the volume of the
flocs to the total volume of the clay suspension. Flocs consist of small clusters of
clay particles. The floc volume concentration depends on the type of clay
minerals and the initial solids content or clay volume concentration. For a given
clay, the size of the flocs increases with increasing initial solids content.

For a given initial solids content or clay volume concentration, the corresponding
floc volume concentration can be determined from tests with varying initial
heights. As shown below, the floc volume concentration is determined from the
slope of the linear portion of the curve obtained by constructing a plot of Z ¢k
versus final height, Zg.

- AZF
P ‘r— m—x(o.GZ)(¢K,

FZo
ZF=¢O'_GZ— +b

(z¢]

[2o#x]



2-7

Physically, Z,¢pr is the height of clay solids. Hence, for a given clay and initial
solids contenthhe final height, Zy, must increase as the initial height, Z,,
increases. Assuming that the clay flocs form a final structure that can be
modeled as a random, closely-packed array of uniform spheres, where the solid
volume fraction is 0.62%*, the final settled height of a suspension with initial height
Z,, 1s:

Zp = (Z,$p/0.62) +b (4)

where b is a constant additional height resulting from the presence of an upper
low density settled zone where the flocs are not as closely packed.

2.4.3 Agoregate Volume Concentration and Pore Diameter

At the slow shear rates which occur in settling tests, the flocs of clay particles
group into clusters designated as aggregates. From settling tests with varying
initial clay volume concentrations, Michaels and Bolger (1962) show that the
aggregate volume concentration and pore diameter can be determined from a
linear plot of ¢ versus Q';/4. A series of tests on a clay is necessary with
varying initial solids con‘ten]’[ of dyy with Q'; and ¢y determined as described in
Sections 2.4.1 and 2.4.2, respectively. From these data a plot of ¢p Versus Q'1/¢K
is obtained for a given clay as shown below.

4y ,32 w (ORDINATE )
3 K(P-Py)

— (L OROINATE WHERE : L = VISCOSITY OF WATER
(SUPERNATENT)
\ 9 = GRAVITATIONAL ACCLERATION

Y w= UNIT WEIGHT OF WATER

P w=SPECIFIC GRAVITY OF
SUPERNATENT

a= bp/aBscissa

[oi/¢hx]

(¢r]

Physically, the aggregate volume concentration, ¢, is the ratio of the volume of
the aggregates to the total volume of the clay suspension. An aggregate is
composed of flocs with entrained inter-floc water. The total volume of the clay

*Physically, a solid volume fraction of 0.62 implies that the ratio (Zg,./Zp) =
0.62, where Zg is the height of flocs.
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suspension, therefore, is composed of aggregates with entrained inter-floc water
and inter-aggregate "free" water. When aggregates comprise the entire volume of
the suspension, no free-fall gravity settling occurs and Q'; is zero. The intercept
of the linear relation between Q', /4., and 4, therefore, corresponds to a ¢, value
of 1.0. For other values of Q' /¢K and corresponding value of ch, the value of ¢ A
is determined from the ratio o} ¢F to the abscissa intercept.

The pore diameter, d_, is the average diameter of the drainage paths between
aggregates. According to Michaels and Bolger, given enough time in a container
of infinite size, the drainage paths between aggregates tend to approach the
configuration of smooth vertical tubes rising through the aggregate network, at
which time the settling rate increases to the maximum value, Q'l. At this point,
the maximum settling rate is:

Q' = [levy -0, 050?732, [1-Cppop] ()

where g is gravitional acceleration, v is the unit weight of water, p is the
specific gravity of clay solids, p  is the supernatant specific gravity, u_ is the
absolute viscosity of water, and e is the ratio ¢ A/q) . From gpis relationship,
when ¢ = 0 the ordinate interceé’tFof Q'l/cb is gy, -0 ) dp“/32 u,, and the
value oF d_ can be determined. Conversely, when Q'1 = 0, Whe abscissa intercept
of ¢p is l/eAF from which ¢A can be determined for any op- -

Note that the floec and aggregate volume concentrations, ¢, and ¢A, respectively,
are not only dependent on clay minerals but also on the initial solids content or
clay volume concentrations, bx-

2.4.4 Diameter Effect

If the diameter of the laboratory settling test container, Do’ is not greater than
the yield diameter, D_, of the clay suspension, there is no gravity settling or
accelerated settling rate period. Michaels and Bolger show that the yield
diameter can be determined from the equation:

Dy = 4(ry/g) 1Y PP )0p _ (6)

where Ty is the yield stress of the clay suspension.

For kaolinite at an initial solids corétent of 8.0% (¢K = 0.032), Michaels and Bolger
report a yield stress of 3 dynes/cm” and a yield diameter of 0.24 em. Hence, for
many eclays and for initial solids contents less than 8.0%, the yield diameter is
small. For the container diameter of 10.4 em used during this investigation the
ratio D_/D_ would be 0.023 for kaolinite at an initial solids content of 8.0%.
Therefo¥e, %quation 3 predicts that settling rates in a 10.4 em diameter container
would be only 2.3% less than in a container of infinite diameter. For most
applications the diameter effect is, therefore, negligible unless consolidation
takes place subsequent to settling.



PHOSPHATIC CLAY FROM
12 MINE SITES

CONSTANT INITIAL HEIGHT TEST SERKES
3 SETTLING TESTS PER CLAY:
.H0=24 cm
$i=1.0, 3.0 & 8.0%
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VARIABLE INITIAL HEIGHT TEST SERES SAND-CLAY MIX TEST SERES
8 SETTLING TESTS ON 8 OF 12 CLAYS: 6 SETTLING TESTS ON 3 OF 12 CLAYS, |
oHy=6, 12, 18 & 24 cm _ AT 2 DIFFERENT INITIAL CLAY SOLIDS
54=3.0% , ‘ CONTENTS : :
B . - ®Hy=24 cm
%Ho=6, 12, 18 & 24 cm SCR=1:1, 2:1 & 3:1
¥%=8.0% s ; Sic=Sicll)
®Hy=24 cm
SCR=1:1, 2:1 & 3:1
Sic=sic(2)

NOTATION: H,=INITIAL SAMPLE HEIGHT; S;=INITIAL SOLIDS CONTENT; SCR=SAND-CLAY RATIO;
Si~=INITIAL CLAY SOLIDS CON{’ENT; AND S (1) AND Sj.(2)=VARIABLE INITIAL
CLXY SOLIDS CONTENT DEPENDENT OF SPECIFYC CLAY SAMPLE.

EXPERIMENTAL SCHEME FOR
EVALUATION OF SEDIMENTATION BEHAVIOR

FIGURE 2-1
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FIGURE 2-2
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TYPICAL HEIGHT VS. TIME CURVES FOR DILUTE AND
INTERMEDIATE CONCENTRATION FLOCCUATED CLAY SUSPENSIONS

FIGURE 2-3
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Section 3

SEDIMENTATION BEHAVIOR OF PHOSPHATIC CLAYS

3.1 Introduction

The objective of the present investigation of the sedimentation behavior of
phosphatic clays is to determine the range of settling behavior and final solids
contents of phosphatic clays after deposition and gravity settling within an
impoundment, and to attempt to determine the physical parameters governing the
settling behavior of phosphatic clays. To achieve this objective over 100
laboratory settling tests on twelve phosphatic clays were performed with various
initial solids contents and sample heights.

All settling tests performed on the phosphatic clays are presented and evaluated
in this section. The results from constant initial height settling tests with initial
solids contents of 1.0, 3.0 and 8.0% are first reported. The results from variable
initial height settling tests are then presented for eight of the twelve clays with
interpretations of physical parameters according to the Michaels and Bolger (1962)
methodology.  Finally, the void ratio (or solids content) versus effective stress
compressibility curves at low stresses inferred from the settling tests are
described.

3.2 Constant Initial Height Settling Test Series

Constant initial height settling tests were performed on each of the twelve
phosphatic clays. An initial height, Z,, of 24 cm was used for the test series.
Initial solids contents, S;, of 1.0, 3.0 and 8.0% were selected to provide settling
characteristics for the range of initial solids contents likely to result for clay
slurry from a primary launder and to provide samples exhibiting dilute suspension
settling behavior (S; = 1.0%), intermediate concentration settling behavior (S; =
3.0 to 8.0%)* and compression settling behavior (S; = 8.0%) as defined by Michaels

and Bolger (1962).

The constant height settling tests were evaluated to determine solids content
versus time, settling rate versus time, and the final solids content achieved after
30 to 40 days when settling was assumed to be complete as no significant
additional settling was observed.

3.2.1 Final Solids Content

Results from constant initial height settling tests graphically summarized as solids
content versus time are presented in Figures 3-1, 3-2 and 3-3 for initial solids

*It was anticipated that some clays with an initial solids content of 8.0% would
exhibit intermediate concentration settling behavior while others would exhibit
compression settling behavior.
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contents of 1.0, 3.0 and 8.0%, respectively. The final solids contents selected for
each clay are listed in Table 3-1 and are also shown on the figures. Height of
interface versus time, height of interface versus the log of time, and average
solids content versus time plots for each of the settling tests are presented in
Appendix B, Figures B-1 through B-36. Appendix A, Tables A-1 through A-12
summarize relevant test data.

As shown in Figures 3-1, 3-2 and 3-3, the test results clearly indicate that
significant variability exists between the settling behavior of phosphatic clays at
each initial solids content. Some phosphatic clays exhibit little gravitational
settling increse in solids content, while others exhibit significant increases in
solids content. For an initial solids content of 3.0%, the increase in solids content
due to gravitational settling varies from a low of 2.4% (i.e., from 3.0 to 5.4%) to a
high of 14.8% (i.e., from 3.0 to 17.8%). The settling behavior of the twelve clays
generally occurs in three groups as shown in Figure 3-4. For all initial solids
contents the, lowest solids content versus time relationship occurs for the Agrico-
Saddle Creek samples, and the highest solids content versus time relationship
occurs for the AMAX-Big Four and/or CF Mining-Hardee samples. The remaining
nine clay samples yield a range of solids content versus time relationships
intermediate between these extremes. Figure 3-5 illustrates the typical behavior
of the lowest (Agrico), average (USSAC), and high (CF) solids content versus time
relationship.

The minimum, maximum and average final solids contents measured on the twelve
clays are summarized in Table 3-1 for each initial solids content. The average
final solids contents for initial solids contents of 1.0, 3.0 and 8.0% are 9.7, 10.9
and 12.9%, respectively. The variability from these averages are significant as
indicated by coefficients of variation (C.V.) of 22.0.to 43.5%. For an initial solids
content of 3.0%, the Agrico clay yields the minimum final solids content of 5.4%,
5.5% below the average, and the CF clay yields the maximum final solids content
of 17.8%, 6.9% above the average. The range of settling behavior measured on
the twelve clays is consistent with settling behavior observed on other phosphatic
clays (Table 3-1). The results from an initial solids content of 3.0% agree with the
range of 5.7 to 15.9% and average of 10.9% reported by Lamont et al. (1975) for
15 phosphatic clays tested with a somewhat similar initial solids content of 3.7%
(Figure 1-1).

The settling test results generally indicate that for a given clay, a slurry prepared
at an initially lower solids content will not obtain as high a settled solids content
with time as a slurry prepared at an initially higher solids content. This behavior
was also noted by Roma (1976) from settling tests performed on Mobil-Fort Meade
phosphatic clay (Figure 1-3). For example, for the USSAC-Rockland clay shown in
Figure 3-6, a slurry with an initial solids content of 1.0% settles to a final solids
content of 7.7%, whereas a slurry with an initial solids content of 3.0% settles to
a final solids content of 9.3%.

The percent settling completed versus log time for the Agrico, CF, Mobil and
USSAC phosphatic clays from an initial solids content of 3% is presented in Figure
3-7. As shown, the clays which settle to the lowest final solids content also
require a greater time to complete the same percentage of settling. The poor



settling clays, therefore, are characterized by both a relatively lower final settled
solids content and relatively slower rate of "settling" than the good settling
clays.

Measurements of supernatant pH and specific conductivity obtained at the end of
the settling tests were consistent with values determined prior to testing. No
significant changes or trends on supernatant pH or specific conductivity were
observed during the 36 day settling test period.

3.2.2 Laboratory Settling Rate

The maximum laboratory settling rates, Q,, measured for each clay at initial
solids contents of 1%, 3% and 9% are summarized in Table 3-2 and Figure 3-8.
The maximum settling rates consistently decrease with increasing initial solids
content. For a given initial solids content, however, the maximum settling rate
varies considerably between phosphatic clays. Samples from Agrico-Saddle Creek
and CF Mining-Hardee consistently yield the slowest and fastest maximum
settling rates, respectively.

For a given initial solids content, the maximum laboratory settling rate increases
as the final settled solids content increases. As shown in Figure 3-9, for clays
with an initial solids content of 3% the maximum laboratory settling rate
increases from 0.2-0.4 cm/hour for final settled solids contents of 6 to 10% to 8.4
cm/hour for a final settled solids content of 17.8%, A trend of increasing settling
rate with increasing final settled solids content was also observed by Lamont et
al. (1975).

The maximum laboratory settling rate is an instantaneous settling rate that occurs
relatively early in the settling test in comparison to the time required to reach
the final settled solids content. Figures 3-10, 3-11 and 3-12 illustrate the time at
which the maximum settling rate occurs, t;, and the solids content at this time,
Si;, for Agrico, CF and USSAC phosphatic clays at initial solids contents of 1.0,
3.0 and 8.0%, respectively.* As shown, the time required to reach the maximum
settling rate increases for clays with slower settling rates and lower final settled
solids contents. For each initial solids content, however, the clays have a
relatively similar solids content at the time of the maximum settling rate. For
initial solids contents of 1.0, 3.0 and 8.0%, the average solids contents at the time
the maximum settling rate occurs are 1.2, 3.5 and 8.2%, respectively.

While the maximum laboratory settling rate is of interest to characterize the
settling behavior of phosphatic clays, the average settling rate from the initial to
final solids content is more appropriately represented by the average secant
settling rate, Q.. The average secant settling rate is the slope of the line between
the initial and final height of interface versus time. For determining the average
secant settling rate the final height and time were defined at the intersection of

*These clays are representative of clays with low, high and average final settled
solids contents, respectively.



the linear portion of the tail end of the height of interface versus time curve with
the initial. curved portion of the settling curve (Figures B-13 through B-24). Table
3-3 presents the average secant settling rates determined for an initial solids
content of 3%. As shown, the average secant settling rate ranges from 0.026 to
0.073 cm/hour and averages 0.054 cm/hour.

3.2.3 Comparison With Settling Tests on Primary and Secondary Launder Clay
Samples

The results from settling tests on primary and secondary launder clay samples are
summarized in Table 3-4. Height of interface versus time and versus log time
plots are presented in Appendix B, Figures B-13 through B-36. The initial solids
contents for these tests were similar to the solids contents determined for the
primary and secondary launders.*

As shown in Table 3-4, the measured final solids contents for the primary and
secondary launder samples, Sp(m), agreed in general with the predicted solids
contents, Sp(p) based on the constant initial height settling tests for corresponding
settling area phosphatic clay with initial solids contents of 1, 3 and 8%. The basis
for each predicted solids content is shown in Table 3-4. For primary launder
samples with initial solids contents of 2.8 to 6.4%, the predicted final solids
contents are, on the average, 15% greater than measured. For secondary launder
samples with initial solids contents of 0.5 to 1.1%, the predicted final solids
contents are, on the, average, 10% less than measured. The differences between
measured and predicted values are generally small, especially if one considers that
the clay samples are not likely to be identical. Settling tests performed on
settling area samples diluted to 1% are believed representative of the
sedimentation behavior of secondary launder clays, and settling tests performed
on settling area samples diluted to 3-8% are representative of the sedimentation
behavior of primary launder clays.

3.3 Variable Initial Height Settling Test Series

Variable initial height settling tests were performed on eight phosphatic clays.
The eight selected included the Agrico, AMAX, Beker, CF, IMC, Mobil, Occidental
and USSAC phosphatic clays.** Initial solids contents of 3 and 8% were selected
and initial heights of 6, 12, 18 and 24 cm were used. The variable initial height
settling tests were evaluated in detail with the Michaels and Bolger (1962)
methodology to determine parameters describing the settling characteristics of
flocculated clay suspensions. Void ratio versus effective stress relationships at
low stresses were also determined from the variable initial height settling tests.

*Refer to Volume 1, Section 2, Table 2-2 for the solids contents measured on
samples from the primary and secondary launders.

**The Estech phosphatic clay was also tested with variable initial heights for an
initial solids content of 3%.
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Solids content versus time and height of interface versus time plots for each
settling test are presented in Appendix C, Figures C-1 through C-34.

3.3.1 Field Settling Rate

For a given initial solids content, S;, or clay volume concentration, d)K’ and
several settling tests with varying initial sample heights, the maximum field
settling rate can be extrapolated from maximum laboratory settling rates using
the Michaels and Bolger (1962) methodology. Comparison of the extrapolated
field settling rate and the measured laboratory settling rate shows the effect of
limited sample height or container diameter relative to what is expected to occur
in the field for an “infinite size container”.

The maximum field settling rate is determined from the relationship between the
maximum laboratory settling rate, Q,, for various initial heights, Z,. The
maximum field settling rate, Q’; , corresponds to Q, for a 1/Z, value 0 i.e.,
infinite container height). Graphical plots of Q, versus 1/Z, for each clay at
initial solids contents of 3 and 8% are shown in Appendix D, Figures D-1 through
D-17. The height of interface versus time and time at which the maximum
settling rate occurs for each initial height are also shown on these figures.

Typical plots of Q, versus 1/Z, are presented in Figure 3-13 for selected clays at
an initial solids content of 3%. The extrapolated maximum field settling rates are
shown at 1/Z, = 0 or the ordinate intercept. For most phosphatic clays, the
maximum laboratory settling rate measured for an initial sample height of 6 cm
(/z, = 0.167 cm'l) was beyond the linear portion of the Q; versus 1/Z, curve
used to determine the maximum field settling rate.® Hence, only 2 or 3 data
points were available to extrapolate the data to the maximum field settling rate.

Table 3-5 presents the maximum field settling rates determined for each
phosphatic clay at initial solids contents of 3 and 8% using the procedure
illustrated in Figure 3-13. A comparison of maximum field and laboratory settling
rates** as a function of final settled solids content is shown in Figure 3-14 for an
initial solids content of 3%. Least squares linear regression analyses of maximum
laboratory and maximum field settling rates versus final settled solids contents
are also shown. The regressions indicate that field settling rates are greater than
laboratory settling rates measured on samples with initial heights of 24 cm. For a
final settled solids content of 8% the field settling rate is faster by a factor of 2.4
and for a final settled solids content of 18% they differ by a factor of 1.3. Similar
differences also result for clays at an initial solids content of 8%.

3.3.2 Yield Height

The significance of the yield height, Z,, for a given initial solids content is that if
the initial sample height, Z,, is less than Z,, there is no gravity settling or

*Except for the AMAX and Beker phosphatic clay samples (Figures D-2 and D-3).
**Maximum laboratory settling rates from initial sample heights of 24 cm.
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accelerated settling rate period. Instead, the interface of the suspension subsides
at a continuously decreasing rate. For gravity settling to oceur, therefore, the
initial sample height must be greater than the yield height.

Using the graphical methodology of Michaels and Bolger (1962), the yield height at
the time of the maximum settling rate, Zyl’ was determined for initial solids
contents of 3 and 8%. Generally, for a given clay mineralogy, initial solids
content and pore fluid chemistry, the value of Z_, is constant. During a settling
test Z,, will vary, but will approach the value of: j @s t approaches t,. The Q
versus”1/Z . curves presented in Appendix D, Figurgs D-1 through D-17 were use
to determine Z_,. On these figures the abscissa intercept of the initial linear
portion of the cuirve, corresponding to Q = 0, is the inverse of the yield height.
Figure 3-13 illustrates the determination of the yield height at the time of the
maximum settling rate for several clays.

Table 3-5 presents the yield height at the time of the maximum settling rate
determined for each phosphatic clay at initial solids contents of 3 and 8%. The
yield heights are in the range of 2.4 to 14.2 em and 2.1 to 17.1 em for initial solids
contents of 3 and 8%, respectively. These yield heights are greater than the
initial heights of some of the test samples indicating that "free-fall" gravity
settling did not occur where the yield height was greater than the initial height.
Theoretically, the yield height for an initial solids content of 8% should be greater
than for an initial solids content of 3%. For three clays (AMAX, IMC and Mobil),
however, the reverse relationship was found due to difficulties in accurately
extrapolating the test data.

To predict setfling rates which occur in the field from laboratory sized settling
experiments the effect of the initial sample height can be determined for the case
of the maximum settling rate from the equation:

Q= Q'l{l - (Zyl/zo)} (1)
Where: Ql = maximum laboratory settling rate
Q"y = maximum field settling rate

Z, = initial sample height
Zyl = yield height at maximum settling rate

For a range in yield heights, Z 4, of 3 to 10 em, which probably includes the yield
heights for most phosphatic cl%ys, the value of Z 1/Zo for initial sample heights
of 24.0 em varies from 0.125 to 0.417. Thed maximum field settling rate,
therefore, is generally on the order of 14 to 72% greater than measured in the
laboratory on 24.0 em high samples. This result is useful to correct laboratory
settling rates measured on clay samples where numerous tests are not performed
to quantitatively determine the effect of sample height as done in Section 3.3.1
above,

3.3.3 Yield Diameter

If the diameter of the settling test container, D , is not greater than the yield
diameter, Dy’ of the clay slurry, there is no gravity settling or accelerated
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settling rate period. Michaels and Bolger (1962) show that the yield diameter can
be determined from the equation:

Dy = At /e) / Y (o-p )b (2)
Where
Ty =  yield stress of clay slurry
P =  clay solids specific gravity
O =  supernatant specific gravity (0. 987 at 25°C)
Y =  unit weight of water (1.0 gm/em®) 5
g = gravitational acceleration (980 e¢m“/sec)
¢K =  clay volume concentration

The yield diameters determined for the Agrico, CF, Mobil and USSAC phosphatic
clays for initial solids contents of 3 and 8% are summarized in Table 3-6. The
yield diameters are relatively small and range from 0.11 to 0.51 cm.

The effect of the yield diameter can be evaluated from the equation:

L= Q'1{1‘(Dy/Do) } (3)
Where:
Q 1 =  maximum laboratory settling rate
Q" = . maximum field settling rate
D, = laboratory container diameter
Dy =  yield diameter

For yield diameters of 0.11 to 0.51 cm and a settling test container diameter of
10.4 cm, the ratio D,/D, varies from 0.011 to 0.05. The maximum field settling
rate, therefore, is only I to 5% greater than measured in the laboratory in a 10.4
cm diameter container.

3.3.4 Floc Volume Concentration

The Michaels and Bolger (1962) methodology is based on the premise that the
settling rate is not directly dependent on individual clay particle sizes, but rather
on flocs consisting of clusters of particles.The floc volume concentration, Cb y
depends on the type of clay minerals and the initial solids content or clay Volume
concentration.  The size of the flocs increases with increasing initial solids
content. Further, for a given initial solids content the greater the floc volume
concentration, the lower the final settled solids content.

The floc volume concentration is determined by the slope of the linear portion of
the curve obtained by constructing a plot of Z ¢y versus the final settled height,
Zp. These plots are presented in Appendix E, Figures E-1 through E-17 for each
phosphatic clay for initial solids contents of 3 and 8%. The least squares linear
regression equations for the fitted lines are also shown on the figures and
summarized in Table 3-7.

The determination of the floc volume concentration is based on the assumption
that the clay flocs form a final structure of random, closely-packed array of
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spheres having a solid volume fraction of 0.62. The final settled height of a
suspension, therefore, can be written as:

Zp =b+ (HF/0.62) (4)

final settled height

height of clay floes

nonuniform surficial low density settled
zone where the floes are not closely packed

5
nonh

By definition, the floc volume concentration, ¢‘F, is the ratio Hy/Z,. Equation 4,
therefore, can be rewritten as:

Zgp =b+ (ZO¢F/0.62) | | (5)
From Figures E-1 through E-17, the expression for Zpis of the form:
ZF =b + aZO¢K (6)

Where a and b are least squares estimators for the slope and intercept,
respectively. Combining equations 5 and 6 yields the following expression for QF:

b = 0.62a ¢y, (7)

The floc volume concentrations determined from Equation 7 are presented in
Table 3-7 and graphically summarized in Figure 3-15 as a function of the clay
volume concentration which is directly related to the initial solids content. As
shown, the floc volume concentration varied from 0.092 to 0.313 for an initial
solids content of 3% and from 0.229 to 0.525 for an initial solids content of 8%.
Agrico phosphatic clay displayed the greatest floc volume concentrations and CF
clay generally displayed the lowest floc volume concentrations.

Figure 3-16 illustrates a correlation found between the slope, a, or normalized
floc volume concentration at an initial solids content of 3%, ¢F/0-62 #esand liquid
limit for the nine phosphatic clays investigated on this study and ‘three additional
phosphatic clays from the Agrico-Fort Green Mine. As shown,, ten of the twelve
clays plot along a linear relation between liquid limit and ¢4/0.62 with a
correlation coefficient of 0.984. The Beker and Mobil clays, however, yield
behavior not consistent with the other clays, which indicates that the correlation
is not applicable to all phosphatic clays. Despite the two outliers, the correlation
appears applicable to most clays and shows an increase in floc volume
concentration with increasing liquid limit or plasticity.

Physically, the floc volume concentration is the ratio of the volume of the flocs to
the total volume of the clay suspension. Flocs are composed of clusters of clay
particles plus inter-floc water. For a given initial solids content, the greater the
floc volume concentration the greater the amount of inter-floc water, and hence
the lower the final settled solids content. For an initial solids content of 3% and
corresponding clay volume concentration of 0.011, the floc volume concentrations
are 0.092 and 0.313 for the CF and Agrico clays, respectively. Therefore, for the



floc volume approximately 3 times larger than the CF sample.

3.3.5 Aggregate Volume Concentration and Pore Diameter

At the slow shear rates which occur in settling tests, the floes of clay particles
group into clusters designated as aggregates. From settling tests with varying
initial elay volume concentrations, ¢, Michaels and Bolger (1962) show that the
aggregate volume concentration andK pore diameter can be determined from a
linear plot of ¢>F versus Q‘1/¢ . Since a sufficient number of settling tests at
differing ¢>K were not performed to accurately define the linear & versus Q',/¢y,
relation, it was assumed that the two data points availaole for each clay from
initial solids contents of 3 and 8% were on the linear portion of the curve. This
assumption is reasonable since the deviation from linearity occurs near the
ordinate intercept (Section 2.4.3). The results obtained with this assumption are
presented in Table 3-8 and graphically summarized in Figure 3-17.

Physically, the aggregate volume concentration is the ratio of the volume of the
aggregates to the total volume of the clay suspension. For an initial solids
content of 3%, ¢A varies from 0.33 to 0.59 for the CF Mining and Agrico-Saddle
Creek clays, respectively. These values indicate that the aggregates compose
33% and 59%, respectively, of the total volume of the suspension with "free"
inter-aggregate water comprising the remaining volume of the suspensions. At an
initial solid content of 8%, ¢A, varies from 0.90 to 0.99 for all eight clays tested.
These values indicate that aggregates comprise almost the entire volume of the
suspension. Since there is little or no "free" inter-aggregate water there can be
no significant free~fall gravity settling. Instead, the interface slowly subsides due
to the squeezing-out of the inter-aggregate water.

As shown in Table 3-8, the ratio of the aggregate volume concentration to the floc
volume concentration, C,p, varies from 1.88 to 3.96. For an aggregate volume
concentration of 1.0, therefore, the corresponding floe volume concentrations
range from 0.53 to 0.25 (i.e., 1/C, ;). Physcially, this means that the aggregates
are composed of approximately 55"95 floes and 50% water, and 25% floes and 75%
water, respectively. When the aggregate volume concentration is 1.0 no "free-
fall" settling occurs. The floe volume concentrations for each clay at which the
aggregate volume concentrations equal 1.0 are shown on Figure 3-18. The
corresponding clay volume concentrations generally vary from 0.030 to 0.035,
indicating that for initial solids contents greater than 8 or 9% no "free-fall"
settling occurs.

The pore diameters, d , shown in Table 3-8 are constant over the range of
aggregate volume conce%trat'fns of 0.33 to 1.0 used in the ealculitions. The pore
diameters range from 27x10° " em for the Agrico clay to 81x10 - em for the CF
clay. The larger pore diameters occur for the faster settling rates. For pure
kaolinite, which settles much faster than phosphatic clays, Michaels and Bolger
(1962) report a pore diameter of 180x10~% em for initial solids contents of 4 to

8%.
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The settling behavior of phosphatic clays can be explained by the floc volume
concentration, ¢y, and/or aggregate volume concentration, o, *. At a given initial
clay volume concentration, ¢, or initial solids content, S,, ﬁ]e clays that exhibit
a higher ¢>F and, hence, higher ¢, have a greater amount o‘f trapped inter-floc and
inter-aggregate water and, hence, will not settle as much as elays with lower floc
and aggregate volume concentrations. Therefore, the higher ¢ clays will have a
lower final settled solids content, S,. Moreover, the higher ¢, clays at a given S;
. o . 1
which exhibit larger aggregates and more trapped water are characterized by a
smaller effective pore diameter and more tortuosity and, hence, a slower rate of
settling. For example, referring to Figure 3-18 at an initial solids content of 3%
(&g = 0.011), the CF clay which has a much lower ¢ than the Agrico clay is
expected to settle faster and to a higher solids content than the Agrico clay.

The same phosphatic clay has a higher floc and aggregate volume concentration at
increased initial solids content, S. (see Figure 3-18). Hence, the higher S; or

clay sample will not settle as much. Nevertheless, the higher S. sample wili settle
to a higher final settled solids content Sy as was illustrated in Figure 3-6. At an
initial solids content, S., of 1% and 8%, the USSAC clay settled to final solids
contents, S;, of 7.7% and 11.4%, respectively. Note that the settled solids
content of 7.7% for an S. of 1% is approximately equal to the starting condition at
an initial solids content of 8%. However, when the higher S. sample is mixed in
preparation for settling, the aggregate network that would have been formed in
the settled sample (SF = 7.7%) is broken up and some entrapped water is released
until a new more extensive aggregate network is reformed due to the larger
quantity of clay in the higher S. sample at the same initial slurry height. The
partial release of entrapped wa{er is sufficient to result in an increase in Sg.
(This finding is consistent with the theory of consolidation which would indica%:e
that the higher S. clay would be subject to a higher effective stress and, hence,
additional consolidation resulting in a higher Sg.) Moreover, the higher S, clay has
a higher floc and aggregate volume concentrations and hence a longer more
tortuous pore water path. It is, therefore, expected to settle at a slower rate.

As shown in Table 3-8 and Figure 3-18, the phosphatic clays are naturally
flocculated to varying degrees. Had this not been the case, the above conclusions
would not have been valid since colloidal particles would have remained in
suspension precluding the formation of a clear supernatent/settled -clay
interface.

3.3.6 "Final" Settled Height and Field Solids Content

Using the equations that were presented in Figures E-1 through E-17 and
summarized in Table 3-7, the "final" settled height for any initial height at initial
solids contents of 3 and 8% can be obtained. As shown in Figure 3-19 for
phosphatic clays at an initial solids content of 3%, the final settled height varied
considerably between clays with the same initial sample height.  Agrico
phosphatic clay consistently yielded the greatest final settled heights, and CF
phosphatic clay yielded the lowest final settled heights.

*As shown in Table 3-8, an increased (bF corresponds to an increased d>A.
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Based on Equation 6 presented above, it can be shown that the final average solids
content, S, for a given initial height can be calculated from the following:

Sp = 0,/ {01 +alb + Z d)/Z dg) | (8)
Where:

Pa =  specific gravity of clay solids

o =  slope of Z versus Z_d.. curve

b =  ordinate mtercept oP 7‘; versus Z o‘bK eurve

For relatively small values of initial height in comparison to the b value, the
average final solids content increases slightly with increasing initial sample
height. For large values of initial height in comparison to the b value, the average
final solids content remains essentially independent of initial height.

3.4 Void Ratio Versus Effective Stress

The final settling test heights and solids contents were used to estimate the solids
content (or void ratio) versus effective stress compressibility curves at the very
low effective stresses that result from limited self-weight consolidation.*
Although results from settling tests have been used to establish compressibility
curves at low effective stresses (Carrier and Keshian, 1979), the simplifying
assumptions involved (constant solids content with depth, linear effective stress
distribution with depth, and no significant change in effective stress across the
layer) render such a relationship somewhat questionable unless additional testing
is performed and an iterative procedure used to render the relationship more
accurate. In this study, the effective consolidation stress 7., and void ratio, e,
were determined from settling tests on the same clay with initial heights of 6.0,
12.0, 18.0 and 24.0 ecm. The effective stress vs. void ratio relationship was
developed for the lowermost initial 6.0 em clay zone for each test. This was
accomplished by first determining ZF, Bvc and e for the 6.0 cm high test sample.
The final height, Zp, of the 6.0 cm high sample was then subtracted from the final
height of the 12.0 ¢m high sample to determine the Zy and e of the lower 6.0 ecm
zone of the 12.0 em high sample. This iterative approach was continued for the
18.0 and 24.0 cm high samples. The advantage of this approach over the simpler
technique of taking one average Gvc and e for each test is that it accounts for
variations in solids content with depth.

The void ratio versus effective stress relationship developed for each clay from
the variable height settling tests using this approach and from the constant height
settling tests using the simpler average approach are shown in Appendix F, Figures
F-1 through F-9. Tables F-1 through F-9 summarize relevant data used to
determine the void ratio versus effective stress relationships. Least squares

*Solids content, S, and void ratio, e, are related by the expression: e = (p(1-8)/S),
where p is the specific gravity of clay solids.
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power function linear regressions of the form —ac B -are shown on Figures F-1
through F-9 for seven of the clays where the ata were sufficiently consistent to
yield meaningful regressions.* Table 3-9 summarizes the power function
coefficients o and (. Selected uncharacteristic data points were not included in
some of the regressions.** The power function relation between void ratio and
effective stress was generally found to yield the highest correlation coefficient
from several forms of relationships (i.e., linear, exponential, power function,
hyperbola, inverse linear and inverse hyperbola).

Figure 3-21 compares the void ratio versus effective stress relationships at low
effective stress determined for five phosphatic clays. As shown, the clays exhibit
a wide range of compressibility behavior. The Agrico phosphatic clay exhibits the
highest void ratio at low effective stresses with a range in void ratio of 70 to 24
for effective stresses of 0.10 to 2.0 Ib/ft* . 1In contrast, the CF phopshatic clay
exhibits the lowest void ratio, with a range in void ratio of 15 to 11 for the same
stresses.

The power function coefficients o and [ seem to be governed by the plasticity of
the clay. The a coefficient tends to increase with increasing plasticity index, PI,
as shown in Figure 3-22. Similarly, the B coefficient increases with increasing
plasticity index. Physically, these trends indicate that the higher the plasticity of
the clay: (i) the higher the void ratio at a given stress; and (ii) the greater the
compressibility of the clay. Although the trends in the data are clear, linear
regression analyses performed on a and [ as a function of the plasticity index
indicated relatively low correlation coefficients of 0.78 and 0.73, respectively.

3.5 Variability in Sedimentation Behavior at a Given Mine Site

The settling test results clearly indicate that significant variability exists between
the sedimentation behavior of phosphatic clays from different mine sites. A
comparison of settling tests from Lamont et al. (1975) and Roma (1976) with
current tests from the same mine sites, however, also reveals relatively large
differences. The final settled solids contents at approximately 30 days from the
three series of settling tests are summarized in Table 3-10.

Although the final settled solids contents from the Lamont et al. (1975) series of
tests should be slightly higher due to the higher initial solids content, the
difference between the series of tests are occasionally much larger than can be
explained by this factor. As shown in Figure 3-4, the maximum expected increase
in final settled soids content by increasing the initial solids content from 3.0 to
3.7% 1is on the order of 1.0%. The most significant difference in sedimentation
behavior is observed for the Agrico-Saddle Creek phosphatic clay. In this study
the Agrico clay displayed the lowest final settled solids content, whereas in the

*Regressions were not performed on the AMAX and Estech test data.
**The data omitted from regression analyses are indicated by a question mark on
Figures F-1 through F-9,
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Lamont et al. (1975) study the Agrico clay displayed the greatest final settled
solids content. These results clearly indicate that large differences in the
sedimentation behavior of phosphatic clays occur at a given mine site, and that
the difference can be as large as occurs for clays from all Florida mine sites.

3.6 Correlations Between Index Properties and Sedimentation Behavior

Correlations between index properties and sedimentation behavior are useful to
allow prediction of the sedimentation behavior of phosphatic clays without
performing numerous relatively time consuming laboratory settling tests at least
for preliminary evaluations. Correlations can also be used to screen numerous
clay samples from a given site to allow selection of representative samples for
further laboratory testing. Finally, correlations between index properties and
sedimentation behavior provide a basis for comparison of phosphatic clays from
numerous Ssources.

3.6.1 Methodology

Correlations between index properties and sedimentation behavior were evaluated
statistically to yield predictive relationships and indicate the degree of
correlation between variables. Statistical analyses were performed with the
General Electric Information Service Statistical Analysis System II Program
STATII* routine CURV. Regression analyses of bivariate data were performed
with the curve-fitting routine CURV, which fits six curve types to the data:
straight line; exponential; power function; hyperbola; reciprocal of straight line;
and reciprocal of hyperbola.

3.6.2 "Final" Settled Solids Content

The only practical correlation found for sedimentation behavior was between
liquid limit and final settled solids content for a specific initial solids content.
The final settled solids content for an initial solids content of 3% and
corresponding liquid limit for the twelve phosphatic clays studied in this
investigation and seven additional clays are presented in Table 3-11. As shown in
Figure 3-23, there is some variability in the data, but a reasonable correlation was
found indicating decreasing final settled solids content with increasing liquid
limit. The correlation coefficient, r, of 0.784 indicates tht 61% of the variability
in final settled solids content is explained by variations in liquid limit. The
standard deviation of the estimated final solids content is 2.3%, indicating that
67% of the measured solids content values fall within £2.3% of the estimated
values based on the established correlations.

Figure 3-24 illustrates a comparison of predicted versus measured final solids
contents based on the liquid limit correlation. As shown, 9 (47%) of the predicted
values are within £10% deviation from the measured values, 14 (74%) of the
predicted values are within £20% deviation from the measured values, and 5 (26%)
of the predicted values are beyond +20% deviation from the measured values.
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Attempts to improve the accuracy of the correlation were made using final
settled void ratio instead of final settled solids content. The final void ratio and
final settled solids content are related by the expression e; = pP(1-Sg)/Sp, where p
is the specific gravity of clay solids. The calculated values of the final void ratio
are presented in Table 3-11. As shown in Figure 3-24, a linear correlation was
found between the liquid limit and final settled void ratio. The correlation
coefficient of 0.803, however, is only slightly improved from the value of 0.784
found for the liquid limit versus final solids content correlation.  Either
regression, therefore, is equally satisfactory for predicting the settling behavior
of phosphatic clays.

3.7 Summary and Practical Implications

Settling tests performed on twelve phosphatic clays indicated a wide range of
settling characteristics. The sedimentation behavior of the phosphatic clays were
evaluated in detail to determine the solids contents of phosphatic clays just after
deposition within an impoundment, the time required to reach a given solids
content due to gravity settling, the final self-weight consolidation void ratio
versus effective stress relation, and the applicability of the Michaels and Bolger
(1962) methodology relating to the settling characteristics of flocculated clay
suspensions for evaluating the settling characteristics of phosphatic clays. The
significant practical findings obtained are summarized below.

Based on settling tests with an initial height of 24 cm and initial solids contents of
I, 3 and 8%, the following behavioral characteristics were observed:

° For an initial solids content of 3%, which is similar to the solids content
of clay from primary launders, the final 30-day settled solids content
varies from 5.4 to 17.8% with an average of 10.9%.

) The lowest settled solids content versus time relationship occurs for the
Agrico-Saddle Creek clay tested and the greatest settled clays content
versus time relationship occurs for the CF Mining-Hardee clay. The
settling behavior of these two clays brackets the range of settling
behavior encountered for phosphatic clays tested in this investigation
and that reported for other clays. Hence, the sedimentation behavior of
the specific Agrico and CF clays sampled for this investigation reflect
the range likely to be encountered for Florida phosphatic clays.

. For a given clay, a slurry prepared at an initially lower solids content
will not achieve as high a final settled solids content with time as a
slurry prepared at an initially higher solids content. This expected
behavior was also noted by Roma (1976).

° The time required to achieve a given percent of the final settled solids
content varies considerably between phosphatic clays. Clays which
settle to a relatively low final solids content settle slower and require a
longer time than clays which settle to a relatively high final solids
content.
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Settling tests with initial sample heights of 6, 12, 18 and 24 cm were performed
with initial solids contents of 3 and 8% to evaluate the parameters describing the
settling characteristics of flocculated suspensions according to the methodology
of Michaels and Bolger (1962). Based upon results from variable initial height
settling tests on eight selected phosphatic clays, an evaluation of the various
parameters that influence settling behavior indicate:

The settling behavior of phosphatic clays is consistent with the Michaels
and Bolgers (1962) theory. Their methodology, therefore, is applicable
for interpretating results from settling tests on phosphatic clays.

For an initial solids content of 3%, which is of most practical
importance since primary launder slurry concentrations are typically in
the range of 3-4%, the maximum field settling rate is greater than
measured in the laboratory on 24.6 cm high samples by factors of 2.4 to
1.3 for final settled solids contents of 8 to 18%, respectively.
Laboratory settling rates, therefore, should be increased when
predicting field settling rates to account for the effects of limited
container height.

The yield height and yield diameter for phosphatic clays with initial
solids contents of 3 and 8% where found to vary from 2.4 to 17.1 cm and
0.11 to 0.51 cm, respectively. In general, therefore, an initial sample
height greater than 18 cm should be used for laboratory settling tests on
phosphatic clays to achieve "free-fall" gravity settling. For yield
diameters of 9.11 to 0.51 cm, a container diameter of 10 cm will reduce
the settling velocity by only 1 to 5% from what is expected in the
field.

Phosphatic clays are naturally flocculated to varying degrees. For an
initial solids content of 3%, the floc volume concentration of phosphatic
clays ranged from 0.092 to 6.313.  Physically, the floc volume
concentration is the ratio of the volume of the flocs to the total volume
of the clay suspension, where flocs are composed of clusters of clay
particles and inter-floc water. Therefore, for the same initial solids
content, some phosphatic clays form flocs approximately 3 times larger
than other clays. The higher the floc volume concentration, the lower
the final settled solids content.

For an initial solids content of 3%, the aggregate volume concentration
of phosphatic clays ranged from 6.332 to 0.598. Physically, the
aggregate volume concentration is the ratio of the volume of the
aggregates to the total volume of the clay suspension, where aggregates
are composed of clay flocs and inter-aggregate water. These values
indicate that clay slurries starting at 3% initial solids content are
composed of 33% to 59% clay aggregates and 66% to 41% “free” inter-
aggregate water. At initial solids contents of 8 to 9% the aggregate
volume concentrations are approximately 1.0, indicating that no "free"
inter-aggregate water exists. Hence, at these solids content free-fall
settling does not occur.
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Void ratio versus effective stress compressibility curves were determined for the
phosphatic clays from the final settling test heights and solids contents. The
phosphatic clays exhibited a wide range of compressibility behavior. The Agrico
phosphatic clay displayed the highest void ratio at a given stress, with a range in
void ratio of 70 to 24 for effective stresses of 0.10 to 2.0 Ib/ft’. Conversely, the
CF phosphatic clay displayed the lowest void ratio, with a range in void ratio of 15
to 11 for the same stresses. The relationship between void ratio , e, and effective
stress, 0,,, was best modeled by a power function of the form e Toa0ye". The
coefficients a and B generally increased with increasing plasticity index over
ranges of 17.6 to 30.8 and -0.15 to -0.36, respectively.

A comparison of final settled solids contents for phosphatic clays sampled at
different times from the same mine was made using data reported in the
literature. The comparison indicated that the variability in final settled solids
content of phosphatic clays produced at a given mine over time may be as large as
occurs for clays from all Florida mine sites.

The only practical correlation found between index properties and sedimentation
behavior was between the liquid limit and final settled solids content. Although
considerable variation exists in the data, the correlation is satisfactory for
predicting final settled solids contents when laboratory settling tests are not
available.
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Table 3-1
FINAL SOLIDS CONTENT FOR PHOSPHATIC CLAYS WITH
INITIAL SOLIDS CONTENTS OF 1.0, 3.0 AND 8.0%

Sg for 8. = 1% SF for S, = 3% Sg for S. = 8%
Sample (%) (%) (%

o FIPR Phosphatic Clays

Agrico-Saddle Creek 3.5 5.4 9.0
AMAX-Big Four 17.8 16.4 19.7
Beker-Wingate Creek 8.6 10.5 12.8
Brewster-Haynsworth 7.4 8.9 11.2
CF Mining-Hardee 17.2 17.8 16.2
Estech-Watson 11.7 11.8 14.0
. Hopewell-Hillsborough 6.4 8.7 11.7
IMC-Noralyn 10.5 10.2 11.2
Mobil-Nichols 9.8 12.3 14.0
Occidental-Suwannee River 8.3 9.6 10.8
USSAC-Rockland 7.7 9.3 11.4
W R Grace-Four Corners 7.2 9.5 12.9
e Statisties for FIPR Phosphatie Clays
Minimum 3.5 5.4 9.0
Maximum 17.8 17.8 19.7
Average 9.7 10.9 12.9
C.V. (%) 43.5 31.2 22.0
¢ Other Phosphatic Clays
Agrico-Fort Green 6.3 7.6 10.4
Agrico-Fort Green 1.2 12.9 14.5
Agrico-Fort Green 9.8 10.5 12.4
IMC-Kingsford - 11.3 -
IMC-Kingsford - 8.2 -
Brewster-Lonesome - . 8.2 10.7
Mobil-Fort Meade (Roma, 1976) - 10.8* 14.0%*
USSAC-Rockland (Roma, 19786) — — 11.8%%*
e Statistics for All Phosphatic Clays
Minimum 3.5 5.4 8.0
Maximum 17.8 17.8 19.7
Average 9.6 10.5 12.7
C.V.(%) 40.3 28.6 20.5
*S. = 2.86%
**3. = 8.78%

A3, = 7.46%



Table 3-2

MAXIMUM LABORATORY SETTLING RATE FOR PHOSPHATIC CLAYS
WITH INITIAL SOLIDS CONTENTS OF 1.0, 3.0 AND 8.0%

for 8. = 1% for S. = 3% for 8. = 8%
Sample ](cm/hour) 1(cm/hour) ](cm/hour)
o FIPR Phosphatic Clays
Agrico-Saddle Creek 0.708 0.156 0.031
AMAZX-Big Four _— 5.60 2.65
Beker-Wingate Creek 8.00 3.86-4.75 0.084
Brewster-Haynsworth 8.25 0.234 0.056
CF Mining-Hardee 52.50 8.44 1.20-3.34
Estech-Watson 53.00 1.50 0.144
Hopewell-Hillsborough 15.00 2.40 0.060
IMC-Noralyn 21.75 0.618 0.156
Mobil-Nichols 36.00 4.42 0.102
Occidental-Suwannee River 19.50 0.330 0.048
USSAC-Rockland - 13.50 0.834 0.174
W R Grace-Four Corners 37.80 0.918 0.234
e Statisties for FIPR Phosphate Clays
Minimum 0.708 0.156 0.031
Maximum 52.50 8.44 3.34
Average 24.18 2.48 0.501
C.V. (%) 74.6 106.7 183.9
o Other Phosphatie Clays
Agrico-Fort Green 15.30 0.348 0.040
Agrico-Fort Green 16.20 4.35 0.144
Agrico-Fort Green 19.00 3.46 0.108
IMC-Kingsford — 5.40 -
IMC-Kingsford - 0.180 -—
Brewster-Lonesome - 1.47 0.086
e Statistics for All Phosphatic Clays
Minimum 0.708 0.156 0.031
Maximum 52.50 8.44 3.34
Average 22.61 2.50 0.398
C.V., (%) 71.4 a7.5 203.5

Where: Q. = Maximum laboratory settling rate; S = Initial solids content; and C.V. = coefficient
of variation.
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Table 3-3

AVERAGE SECANT SETTLING RATE FOR PHOSPHATIC CLAYS WITH
INITIAL SOLIDS CONTENTS OF 3%

Zp tp Qs
Sample (em) {(rmin) {cm/hour)
Agrico-Saddle Creek 13.5 24,700 0.026
AMAZX-Big Four 4.3 20,200 0.059
Beker-Wingate Creek 6.9 19,100 0.054
Brewster-Haynsworth 8.2 21,700 0.044
CF Mining-Heardee 3.8 18,700 0.065
Estech-Watson 6.3 24,700 0.043
Hopewell-Hillsborough 8.1 13,100 0.073
IMC-Noralyn 7.2 20,300 0.050
Mobil-Nichols 6.0 18,900 0.057
Occidental-Suwannee River 7.9 18,700 0.052
USSAC-Rockland 8.0 17,500 0.055
W R Grace-Four Corners 7.7 14,900 0.066
Statistics
Average - - 0.054
C.V. (%) - - 23.1
Minimum - - 0.026
Maximum - - 0.073

Where Zp = final settled height at time tF; and QS = average secant settling rate.
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Table 3-4

FINAL SETTLED SOLIDS CONTENTS
- FOR PRIMARY AND SECONDARY LAUNDER CLAY SAMPLES

S, S..(m) Sr(p)

Sample (%) f?é_)_ __(FZé_l

° Primary Launder 1
Agrico-Saddle Creek 6.4 7.5% 8.2

Brewster-Haynsworth 4.3 9,7% 9, 1%
CF Mining-Hardee 2.8 12.6% 17.2

Estech-Watson 5.5 12.6%* 13.0;
IMC-Noralyn 6.0 8.2t 10.1

Mobil-Nichols 3.7 10.2%* 12.5%
USSAC-Rockland 3.5 7.6% 8.8

e Secondary Launder 9
Agrico-Saddle Creek 1.0 4.3*% 3.2

CF Mining-Hardee 0.8 13.6% 16.6%
Estech-Watson 0.8 14.6%* 11,7

IMC-Noralyn 0.5 11.0t 10.01
USSAC-Rockland 1.1 7.9% 7.1

*Final solids content at 14 days
**Final solids content at 47 days
tFinal solids content at 11 days

lpredicted final solids eontent based on initial solids content and corresponding
settling area clay in Figure 3-4.

2predicted final solids content based on solids content at corresponding time from
constant initial height settling test at initial solids content of 1.0% for secondary
launder and 3.0% for primary launder.

3predicted final solids content based on initial solids content and Figure 3-4
adjusted by ratio of solids content at time for primary sample (i.e., 11 days) to
final solids econtent measured from constant initial height settling test at 3.0%
initial solids content.

Where: S.(m) = Final solids content measured in settling test; S.(p) = Final solids
content predicted based on constant height settling tests from settling area clays
at S;=1, 3 and 8%, respectively, where Si = initial solids content.
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Table 3-5

MAXIMUM FIELD SETTLING RATES AND YIELD HEIGHTS
FOR PHOSPHATIC CLAYS

8; = 3% Si = 8%
Q' 7 Q' 7.
Sample (cm/h%)ur) (c%l]) (cm/hlour) (c¥n1)

Agrico-Saddle Creek 0.720 9.0 0.063 9.7
AMAZX-Big Four 6.15 2.4 2.74 2.1
Beker-Wingate Creek 5.80 5.9 0.120 7.2
CF Mining-Hardee 10.42 4.3 4.15 17.1
Estech-Watson - 3.67 14.2 - -
IMC-Noralyn 0.938 9.2 0.247 7.6
Mobil-Nichols 6.71 10.7 0.444 9.7
Occidental-Suwannee River 0.510 8.5 0.120 14.4
USSAC-Rockland 1.18 8.8 0.297 9.8
Where: S; = Initial solids content; Q', = Maximum field settling rate; and Zyl =

Yield height for maximum settling rate.
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Table 3-6
YIELD DIAMETER FOR PHOSPHATIC CLAYS

S. T, D

Sample (%) EK- (dyneX/cmz) (erl)
Agrico-Saddle Creek 3.0 0.0110 0.95 0.20
Agrico-Saddle Creek 8.0 0.0302 8.77 0.51
CF Mining-Hardee 3.0 0.0109 0.62 0.13
CF Mining-Hardee 8.0 0.0300 1.43 0.11
Mobil-Nichols 3.0 0.0106 0.75 0.15
Mobil-Nichols 8.0 0.0292 2.80 0.21
USSAC-Rockland 3.0 0.0109 0.74 0.15
USSAC-Rockland 8.0 0.0300 2.63 0.20 -

Where: S; = Initial solids content; ¢g = Clay volume concentration;ry = Yield
stress; and Dy = Yield diameter. :

*Yield stress determined from correlation presented in Volume 1, Section 4,
Figure 4-13. ,



Table 3-7

FLOC VOLUME CONCENTRATION FOR PHOSPHATIC CLAYS

ZF =b +0.(Z0¢‘K) ) ZF =b+a (Z0¢K)
S; S;

Sample (9&) b o r op (9&) b o r QF-
Agrico-Saddle Creek 3.0 0.90 45.91 0.999 0.313 8.0 0.80 27.98 0.999 0.525
AMAX-Big Four 3.0 0.06 15.69 0.997 0.108 8.0 0.30 12.01  0.999 0.229
Beker-Wingate Creek 3.0 0.45 23.57 0.999 0.162 8.0 0.85 18.49 0.999 0.350

CF Mining-Hardee 3.0 0.12 13.34 0.999 0.092 8.0 0.26 13.33 0.999 0.250
IMC-Noralyn 3.0 0.40 29.84 0.998 0.200 8.0 0.84 22.30 0.999 0.413
Mobil-Nichols 3.0 0.34 20.34 0.999 0.134 8.0 0.86 17.50 0.999 0.317
Occidental-Suwannee River 3.0 0.40 25.68 0.999 0.175 8.0 0.30 23.35 0.999 0.439
USSAC-Rockland 3.0 0.90 30.15 0.999 0,202 8.0 0.94 22.53 1.000 0.418

Where: S. = Initial solids content; b and o = Least squares estimators for intercept and slope of Z ¢ versus Zg;
r= Correfation coefficient; ¢ = Floc volume concentration; ¢ = Clay volume concentration; an if) and Zyp =
Initial and final heights, respectively.

€e-¢



Table 3-8

AGGREGATE VOLUME CONCENTRATION AND PORE DIAMETER OF PHOSPHATIC CLAYS

S; QY Q' /o Yo Pr-Py)dD2/(32 1y, /2)
Sample (9&) ¢K (em/hour) (cm}hour) b Cap _%a W (‘gm/sec) v (10'%cm)

Agrico-Saddle Creek 3.0 0.0110 0.720 65.45 0.313 1.88 0.588
Agrico-Saddle Creek 8.0 0.0303 0.063 2.08 0.525 0.987 0.0442 26.98
AMAX-Big Four 3.0 0.0111 6.15 554.05 0.106 6 0.420
AMAX-Big Four 8.0  0.0307 2.74 89.25 0.229 39 0.907 0.265 66.82
Beker-Wingate Creek 3.0 0.0111 5.80 522.52 0.162 4 g5 0.461 0.269 67.13
Beker-Wingate Creek 8.0 0.0305 0.120 3.93 0.350 0.996 ’ ’
CF Mining-Hardee 3.0 0.0110 10.42 947.27 0.092 3.61 0.332
CF Mining-Hardee 8.0 0.0302 4.15 137.42 0.250 ~ 0.903 0394 80.56
IMC-Noralyn 3.0 0.0108 0.938  86.85  0.203 , 3, 0.466 0452
IMC-Noralyn 8.0 0.0299  0.247 8.26 0.413 0.949 0.045 27.06
Mobil-Nichols ‘ 3.0 0.0106 6.71 633.02 0.134 0.417

y 3.11 . .
Mobil-Nichols 8.0 0.0292 0.444 15.21 0.317 0.985 0.302 68.64
Occidental-Suwannee River 3.0 0.0110 0.510 46.36 0.175 2.1 0.377 0.0207 18.59
Occidental-Suwannee River 8.0 0.0303 0.120 3.96 0.439 0.946 ’ ’
USSAC-Rockland 3.0 0.0108 1.18 109.26 0.202 2.97 0.460
USSAC-Rockland 8.0 0.0299 _0.297 _ 9.93 0.418 0.950 0.0562 30.17

Where: S; = Initial solids content; ¢, = Clay volume concentration; Q'y = Maximum field settling rate; ¢ = Floc volume
concentration; C , = Ratio of ¢,/¢p; o4 = Aggregate volume concentration; d, = Pore diameter; P = Specifie gravity of
clay solids; p, = épecific gravity of water; n, = Absolute viscosity of water; g = Gravitational acceleration; v, = unit weight e

of water. o
e



VOID RATIO VERSUS EFFECTIVE STRESS

Table 3-9

RELATIONS FROM SETTLING TESTS

Sample

Agrico~-Saddle Creek
Beker-Wingate Creek
CF Mining-Hardee

IMC-Noralyn
Mobil-Nichols
Occidental-Suwannee River

USSAC-Rockland

Where: e, = Final void ratio from settling test;&
Least squares estimators for power function coefficients; and r = Correlation

coefficient.

ef =0L6vc B
a B r
30.79 -0.359 0.940
19.16 -0.212 0.930
12,22 -0.075 0.940
23.66 -0.205 0.859
17.61 -0.178 0.945
22.29 -0.151 0.905
25.47 _00244 00983

= Effective stress; o and B =

3-25
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Table 3-10
VARIABILITY OF FINAL SETTLED SOLIDS CONTENTS AT MINE SITES

Sp (%)* Sp (%)** Sg (%)

Sample LamontFet al. (1975) CurtEent Study Roma (1976)
Agrico-Saddle Creek 15.9 5.4 -
Brewster-Haynsworth 10.9 8.9 -
Estech-Watson : 6.1 11.6 -
IMC-Noralyn | 5.7 8.6 -
Mobil-Fort Meade 12.6 - 9.5
USSAC-Rockland 13.1 9.3 (11.4)%** 11.7++

*S_ for S. = 3.7%
E for 1..3()%
orS = 2.86%

SF for 8 j = 7.46%
’FSF forS = 8.0%
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Table 3-11

FINAL SETTLED SOLIDS CONTENT AND LIQUID LIMIT
FOR PHOSPHATIC CLAYS AT 3% INITIAL SOLIDS CONTENT

LL S e
Sample (%) (95) F

e FIPR Phosphatic Clays

Agrico-Saddle Creek 268 5.4 48.84
AMAX-Big Four 146 16.4 14.03
Beker-Wingate Creek 127 10.1 24.62
Brewster-Haynsworth 215 8.9 29.33 -
CF Mining-Hardee 143 17.8 12.96
Estech-Watson 167 11.6 21.99
Hopewell-Hillsborough 170 8.7 29.86
IMC-Noralyn ) 213 8.6 29.95
Mobil-Nichols 203 12.3 20.62
Occidental-Suwannee River ' 182 9.6 26.16
USSAC-Rockland . 195 8.0 32.34

: W R Grace-Four Corners 196 9.5 26.50

'o. Other Phosphatic Clays

. Agrico-Fort Green 205 7.6 34.53
Agrico-Fort Green 150 12.9 19.18
Agrico-Fort Green 172 10.5 24.04
IMC-Kingsford 209 8.2 31.34
IMC-Kingsford 202 11.3 21.98
Brewster-Lonesome 216 82 30.11
Mobil-Fort Meade (Roma, 1976) 145 10.8 24.28

Where: LL = Liquid limit; Sy, = Final settled solids content for 3% initial solids content; and ep =
: final settled void ratio; e, =P (1-8;)/Sg, where P= Specific gravity of clay solids.
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4
SYMBOL SAMPLE S¢ (%)
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FIGURE 3-2



3-30

@)
4
)
S
» 3
"Z- A‘ —, A\ A
ul X : ’
- \‘\ .
& ~ > -
Q + 3 ﬁ:ﬂ:m
2 N . +
3 ~ T ©
8 - —a
-4 .
E \.\
——
w6 ——t
b
SO SAMPLE SE (%) %M%HO
4 AGRICO-SADDLE CREEK 2.0 :
204 o  awax-2iFo 197 ,
[ BEXER~ W!NGA 12.8
®  DREWSTER-HAYNSWORTH it2
[ ] C F MINING —HARDEE 16.2
#*  ESTECH-WATSON 140
- + HOPE WELL ~HILLSBOROUGH ne
v IMC ~NORALYN 11.2
& MOBIL- NICHOLS 14.0
o OCCIDENTAL ~ suwnmez RIVER 0.8
a USSAC ~ROCKL. H.4
| & wreRacE- R CORNERS 12’9
24 T s T T T ! L
0 10,000 20,000 30,000 40,000 - 50,000
TIME , t(minutes) ’

SETTLED SOLIDS CONTENT VS. TME FOR
PHOSPHATIC CLAYS AT INITIAL SOLIDS CONTENT OF 8%

FIGURE 3-3



FINAL SOLIDS CONTENT, S¢ (%)

28

3-31

SY

:

n
»
|

24~

22

OLOP I+ *BOOOD

SAMPLE

AGRICO-SADOLE CREEK
AMAX-8IG FOUR

BEKER- WINGATE CREEK
BREWSTER- HAYNS WORTH

CF MINING ~ HARDEE
ESTECH-WATSON
HOPEWELL - HILLSBOROUGH
IMC - NORALYN

MOBIL ~NICHOLS

OCCIDENTAL- SUWANNEE RIVER
USSAC-ROCKLAND

WR GRACE ~ FOUR CORNERS

I
5

6

|
7

8

|
9

INITIAL SOLIDS CONTENT, Si (%)

INITIAL SOLIDS CONTENT VS. FINAL
SOLIDS CONTENT FOR PHOSPHATIC CLAYS

FIGURE 3-4



G-€ JNOI4

SETTLED SOLIDS CONTENT, S (%)

$i=3.0% B8] L V0 —EA---@;.\ .
~ \%-AA‘%
| R AA.A‘A?&ICQ
AN R A'AVAY
i\ SF=5.4%
N Y U
N b S&q
N He
AN I
SF=9.3°/°—
[ N
a
Can
SF=|7.8°/0
T T 1110 T ISR R T T 1T T 110
(0] 100 1,000 10,000
TIME , t (minutes)

TYPICAL SOLIDS CONTENT VS. LOG TIME FOR
PHOSPHATIC CLAYS AT 3% INITIAL SOLIDS CONTENT

100000

ce—¢



9-g JdN914
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FIGURE 3-8
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FIGURE 3-9
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Section 4

SEDIMENTATION BEHAVIOR OF SAND-CLAY MIXES

4.1 Introduction

Little published data exists on the sedimentation behavior of sand-clay mixes.
Since the sand-clay mix disposal method is potentially a feasible disposal
alternative, at least at some mine sites, the effects of adding sand on the
sedimentation characteristics of phosphatic clays are of interest. The objective
of the present investigation on the sedimentation behavior of sand-clay mixes,
therefore, was to determine the effect of adding sand tailings on settling
behavior, and on the final solids contents of phosphatic clays after deposition and
gravity settling within an impoundment. To achieve this objective, 22 laboratory
settling tests were performed on three phosphatic clays with varying sand-clay
rat1os.

All settling tests performed on sand-clay mixes are presented and evaluated in
this section. Phosphatic clays from the Agrico, CF and USSAC mines were
selected for sand-clay mix settling tests. These three clays are representative of
relatively poor, good and average settling clays, respectively, and should indicate
the effect of sand-clay mix on the range of phosphatic clays likely to occur.
Various initial clay solids contents, sand-clay ratios and types of sand tailings
were used to determine the effect of these parameters on the settling behavior of
sand-clay mixes. Figure 4-1 summarizes the sand-clay mix laboratory settling
test program.

4.2 Testing Methods and Nomenclature

Constant initial height settling tests were performed on each sand-clay mix. An
initial height, Z,, of 24 cm was used for this test series. Initial clay solids
contents, S;,, of 8 and 12% were used for each phosphatic clay. An additional
initial clay solids content of 16% was also used for the CF phosphatic clay. The
range of initial clay solids contents was selected to include the final solids
contents achieved after settling without sand from an initial solids content of 3 to
8%.

Sand-clay ratios, SCR, of 1:1, 2:1 and 3:1 by dry weight were used with each
initial clay solids content. In practice, the SCR is often defined by the ratio of
the dry weight of material retained on the 150 sieve (+150) to the dry weight of
material passing the 150 sieve (-150). Based on particle size analyses presented in
Volume 1%, the sand tailings typically have 96% by dry weight retained on the 150
sieve and 4% by dry weight passing the 150 sieve. Phosphatic clays typically have
96% by dry weight passing the 150 sieve and 4% by dry weight retained on the 150

*Refer to Volume 1, Section 2.6 for the particle size distribution of phosphatic
clays and Volume 1, Section 3.2 for the particle size distribution of sand tailings.
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sieve. Hence, for these average values a definition of sand-clay ratio by ratio of
dry weight of sand to clay or by ratio of +150 to -150 material yields the same
result. Depending on the actual particle size distributions of the phosphatic clays
and sand tailings being mixed, however, the two definitions may often yield
different values, but the differences will likely be small.

4.2.1 Nomenclature

For sand-clay mixes it is useful to define both the solids content of the combined
sand and clay, or total solids content, and that of the clay phase alone (assuming
all free water is within the clay phase), or clay solids content. The initial total
solids content, S;;, and initial clay solids content, S;, are related by the
expression:

S, = (1 + SCR)/((1/S,) + SCR) (1)

The final total solids content, Sy, and final clay solids content, Sy, are also

related by an identical expression. Rearranging terms in Equation 1 for Sg, in
terms of Sp, yields the relation:

Ske = U[((1 + SCR)/Sg) - SCR] (2)
The final actual total void ratio, ey, and final clay phase void ratio, eg , are also
used in evaluating the settling test results. The final total and clay void ratios are
defined, respectively, by the following equations:

e = (P(1-Sg)/Sgy) (3)

e = eft(1 + (pcSCR/ps)) (4)

Where: p is the effective specific gravity of the solids in the sand-clay mix; pc is
the specific gravity of clay; and p,, is the specific gravity of sand. The effective
specific gravity of the solids in the sand-clay mix is given by the following
relation:

0=0.P, (1+ SCR)/(OCSCR+DS) - (5)

The clay solids content, S., has been defined as the ratio of weight of clay solids
to weight of clay solids and water. This definition neglects the presence of the
sand both in terms of weight and volume. If the volume of sand is included as an
equivalent water phase (i.e., displaced pore water), then the effective clay solids
content, S, is related to S, by the expression:

's'c = 1/(SCR/p + (1/sc)) (6)

Moreover, if the volume of sand is accounted for as an equivalent displaced water
phase, then the effective clay void ratio, €, is related to the clay void ratio, e,
by the expression:

&, = ec+ (P, /0 )SCR ()
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4.3 Sand-Clay Mix Settling Tests

4.3.1 "Final" Solids Contents

Results from constant initial height settling tests on sand-clay mixes graphically
summarized as average total solids content versus time and height of interface
versus time are presented in Appendix G, Figures G-1 through G-16. Individual
test results and relevant data for each clay are also summarized in Appendix G,
Tables G-1 through G-3.

The final settled clay solids contents, Sg., achieved for various sand-clay ratios
and initial clay solids contents, S;,, are summarized in Table 4-1. The total
initial, S;, and final, Sg , solids contents are also presented along with the final
effective clay solids content, Si.. As with the clay settling tests, the sand-clay
mix settling tests indicate significant variability in the final clay solids content of
various phosphatic clays. For an initial clay solids content of 12% and sand-clay
ratio of 2:1, the final clay solids contents range from 12.9 for the Agrico clay, to
15.3% for the USSAC clay, to 19.1% for the CF clay as shown in Figure 4-1.
Hence, the variability in settling behavior of sand-clay mixes is as great as the
settling behavior of clay alone.

The sand--clay mix settling test results indicate that a clay which settles to a
relatively low final clay solids content without sand, also settles to a relatively
low final clay solids content with sand. Hence, the addition of sand tailings does
little to increase the final clay solids content of a relatively poor settling clay
(i.e., Agrico clay) relative to that of a relatively good settling clay (i.e., CF

clay).
4.3.2 Effect of Sand-Clay Ratio

The effect of sand-clay ratio on settling behavior and final settled clay solids
content, Sgc, is illustrated in Figures 4-3 and 4-4. As shown in Figure 4-3 for
USSAC sand-clay mixes, the final clay solids content increased with increasing
sand-clay ratio from about 11.0% without sand to 13.5% at a SCR of 3:1 Figure 4-
4 illustrates that this trend occurred for each clay tested. Least squares linear
regression analyses indicate that the trend is significant, since the correlation
coefficients, r, were relatively high in the range of 0.95 to 0.98. The correlations
indicate that the increases in clay solids content at the end of settling due to
sand-clay mixing are not very large. For the four data groups where regression
analyses were performed, the increase in clay solids contents at the end of
settling above that which occurs for clay alone ranged from 50 to 84% of the
sand-clay ratio. Hence, for a sand-clay ratio of 3, the clay solids contents
increased by 1.5 to 2.5%. The higher the initial clay solids content, the lower the
relative increase with increasing sand-clay ratio.

It should be emphasized that the beneficial effect of sand-clay ratio is not as
prominent with regards to the effective clay solids content, S,. As shown in
Figure 4-3 for USSAC sand-clay mixes, the increase in final effective clay solids
content for various sand-clay ratios is less than 1% (see shaded band in Figure 4-

3). Hence, the effective clay solids content increased only to a minor degree due



to the added weight of the sand. In effect, the main role of the sand during
settling is to displace an equivalent volume of pore water.

Figure 4-5 illustrates the trend in final effective clay solids content, S, with
increasing sand-clay ratio, SCR, for each clay tested. In general, as the SCR is
increased from 1:1 to 3:1, Spc remains relatively constant or decreases slightly.
This indicates that when the SCR is substantially increased the volume occupied
by the sand becomes relatively greater than the volume of water effectively
displaced; i.e., the additional sand is not as effective in displacing pore water.
For some clays mixed at some initial clay solids content, the final effective clay
solids content, S., increases slightly with increased sand-clay ratio up to a SCR of
1:1 (see Figure 4-5).

4.3.3 Effect of Initial Clay Solids Content

The effect of initial clay solids content on the settling behavior of sand-clay
mixes is of interest to determine the clay solids content which must be achieved
initially by either conventional settling or pre-thickening prior to adding sand
tailings for sand-clay mix disposal. Further, the initial clay solids content
required to prevent segregation of the clay and sand during settling must also be
established.

The sand-clay mix settling tests indicate that for a given clay and sand-clay ratio,
a slurry prepared at an initially lower clay solids content will not obtain as high a
settled clay solids content with time as a slurry prepared at an initially higher
solids content. This behavior is illustrated in Figure 4-5 for USSAC sand-clay
mixes with a sand-clay ratio of 2:1 and initial clay solids contents of 8 and 12%.
Similar behavior was also observed during clay settling tests (Section 3.2.1).

The effect of initial clay solids content on segregation of sand and clay particles
during settling was determined by measuring the percent soil fraction by dry
weight passing the U.S. No. 200 sieve (74 pm mesh size) within the top and lower
halves of the settled slurries. These results are presented in Table 4-2. The ideal
percent soil fraction passing the U.S. No. 200 sieve shown in Table 4-2 is based on
the assumption that the clay contains 100% -74 pum size particles and that the
sand contains 0% -74 um size particles.

The results indicate that Agrico and USSAC sand-clay mixes prepared with initial
clay solids contents of either 8 or 12% did not segregate during settling. The -74
um size fractions within both the top and lower halves of the settled slurry of
these samples were always within 1% of each other and within 1 to 2% of the ideal
-74 pm size fraction.

Sand-clay mixes prepared with CF clay at initial clay solids contents of 8 and 12%
displayed segregation. The CF sand-clay mix prepared from an initial clay solids
content of 8% was unable to retain the sand in suspension, and segregation was
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visually observed during the settling test.* Segregation was not visually obvious
during the settling test for the CF sand-clay mix prepared from an initial clay
solids content of 12%. Particle size analyses performed on the top and lower
halves of the settled slurry, however, indicated that some segregation occurred as
evidenced by -74 pum size fractions 4 to 7% greater in the upper half than in the
lower half. As shown in Table 4-2, an initial clay solids content of 16% was
required to prevent segregation of the CF sand-clay mix.

Table 4-3 presents a comparison of initial sand-clay mix clay solids contents
required to prevent segregation with final settled clay solids contents achieved for
clay alone from an initial clay solids content of 3%. As shown, sand-clay mixes
prepared with initial clay solids contents approximately equal to or greater than
the final settled clay solids content achieved for clay alone from an initial solids
content of 3% displayed no segregation. Conversely, sand-clay mixes prepared at
an initial clay solids content below the final clay solids content achieved for clay
alone from an initial solids content of 3% displayed segregation. The degree of
segregation also increased as the initial clay solids content decreased.

Based on this comparison, the initial sand-clay mix clay solids content required to
prevent segregation varies significantly for the phosphatic clays. The settling
tests performed during this investigation suggest that the final settled clay solids
content achieved for clay alone from an initial solids content of 3% is adequate to
prevent segregation.

4.3.4 Effect of Type of Sand Tailings

The effects of variations in the type of sand tailings on settling behavior were
investigated for Agrico and CF sand-clay mixes. As noted in Volume 1, Section 3,
the gradation characteristics of the Agrico, CF and USSAC sand tailings were
similar. Hence, no effects from gradation were expected. As outlined in Volume
2, Section 5, however, the mineralogy of the CF and Agrico sand tailings varied
considerably. The Agrico sand tailings contained 60% quartz and 40% apatite,
whereas two CF sand tailings samples contained 85 and 15% and 94 and 6% quartz
and apatite, respectively. The corresponding specific gravities were 2.86 for the
Agrico sand tailings, and 2.72 and 2.69 for the two CF sand tailings samples.

Despite the variation in sand tailings mineralogy, no effect on the final settled
clay solids contents of the sand-clay mixes were observed. As shown in Table 4-1,
the Agrico sand-clay mix final settled clay solids contents were similar for both
series of tests, although the sand tailings contained 60% quartz and 40% apatite in
one series of tests and 85% quartz and 15% apatite in the other.

4.4 Void Ratio Versus Effective Stress

The final sand-clay mix settling test heights and clay solids contents were used to

*Due to the large amount of segregation observed, the test was terminated and no
final solids contents or particle size analyses were performed.
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estimate void ratio versus effective stress compressibility curves at the low
effective stresses that result from self-weight consolidation. Since tests with
varying initial heights were not performed for the sand-clay mixes, the
compressibility curves were established assuming that: the final clay solids
contents were constant with depth; the effective stress distribution was linear
with depth; and the effective stress at mid-height governed compressibility. The
clay void ratio, e, and effective clay void ratio, €, versus effective stress
relationships developed for the Agrico, CF, and USSAC clays from this method are
presented in Figures 4-6, 4-7 and 4-8, respectively. Tables G-1, G-2 and G-3
summarize individual calculated void ratios and effective stresses.

The clay void ratio versus effective stress relations for sand-clay mixes have been
assumed by other investigators to be the same as the void ratio versus effective
stress relation for clay alone. As shown in Figures 4-6 and 4-8 for the Agrico and
USSAC clays, respectively, this assumption appears justified at low stresses, since
the clay void ratio versus effective stress determined from sand-clay mix settling
tests agrees well with the void ratio versus effective stress relationships
determined from clay settling tests. Note, however, that the effective clay void
ratio diverges from the established relationships at high SCR, indicating that the
effective clay solids content at the same effective stress would be higher for the
clay without sand (or with little sand). The void ratio versus effective stress data
determined from the CF sand-clay mix settling tests (Figure 4-7) displayed
greater relative variability than data determined from either the Agrico or
USSAC clays. If data exhibiting partical segregation is discarded, the agreement
between the effective clay void ratio, €,, and the void ratio versus effective
stress relationship for clay alone is relatively good at a SCR of about 2:1. At a
SCR of 1:l,e, is lower and, hence, S is higher, than would have been predicted at
the same effective stress from the clay without sand relationship. At a SCR of
3:1, the opposite trend is observed.

4.5 Summary and Practical Implications

Settling tests performed on sand-clay mixes on three phosphatic clays indicated a
wide range of settling characteristics. The sedimentation behavior of the sand-
clay mixes were evaluated to determine the effects of initial clay solids content,
sand-clay ratio, and type of sand tailings. The three clays selected for preparing
sand-clay mixes, Agrico, CF and USSAC, were representative of relatively poor,
good and average settling clays, respectively, and should indicate the effect of
sand-clay mix on the range of phosphatic clays likely to occur in Florida. The
significant practical findings obtained from the sedimentation behavior of sand-
clay mixes are summarized below.

Based on settling tests with an initial height of 24 cm, initial clay solids contents
of 8 12 and 16%, and sand-clay ratios of 1:1, 2:1, and 3:1, the following behavior
was found characteristic of sand-clay mixes:

® Clays which settle to a relatively low final clay solids content without
sand, also settle to a relatively low final clay solids content with sand.
The addition of sand tailings does little to increase the final clay solids
content of a relatively poor settling clay relative to that of a relatively
good settling clay.
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. The final clay solids content at the end of settling increases slightly
with increasing sand-clay ratio but if the volume occupied by the sand is
accounted for as an equivalent water phase, the effective clay solids
content may be adversely affected at high sand-clay ratios.

° The initial clay solids content required to prevent segregation varies
significantly for the phosphatic clays. The final settled clay solids
content achieved for clay alone from an initial solids content of 3%
appears adequate to prevent segregation.

) Variations in mineralogy of sand tailings from 60% quartz and 40%
apatite to 85% quartz and 15% apatite were found to have no effect on
sand-clay mix sedimentation behavior.

Void ratio versus effective stress compressibility curves were determined for the
sand-clay mixes from the final settling test heights and final clay solids
contents. Although the void-ratio versus effective stress relationship developed
for the clay appears to be also valid for the clay phase of sand-clay mixes,
siginificant deviations from this relationship were found for some clays at some
sand-clay ratios.
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Table 4-1

EFFECT OF SAND-CLAY MIX ON
FINAL SETTLED CLAY SOLIDS CONTENT

Initial Final
S; S, S S _

Sample SCR @S (@ &5 (% Se
Agrico-Saddle Creek 0:1 8.0 8.0 9.0 9.0 9.0
Agrico-Saddle Creek* 1:1 8.0 14.8 10.3 18.7 9.9
Agrico-Saddle Creek* 2:1 8.0 20.7 10.9 26.8 10.1
Agrico-Saddle Creek* 3:1 8.0 25.8 11.6 34.4 10.3
Agrico-Saddle Creek** 1:1 8.0 14.8 10.2 18.4 9.8
Agrico-Saddle Creek** 2:1 8.0 20.7 10.1 25.3 9.4
Agrico-Saddle Creek** 3:1 8.0 25.8 11.3 33.7 10.0
Agrico-Saddle Creek** 2:1 12.0 29.0 12.9 30.7 11.8
CF ‘VIimng—-Hardee 0:1 12.0 12.0 19.1 19.1 18.1
CF Mmmg—Hardee 1:1 12.0 21.4 18.4 31.0 17.2
CF Mmmg-Hardee' 2:1 12.0 39.0 19.1 41.4 16.7
CF Mlmng—Hardee 3:1 12.0 35.3 19.4 49.1 16.0
CF Mining—Hardee+ 0:1 16.0 16.0 21.0 21.0 21.0
CF Mining—Hardee"' 1:1 16.0 27.6 24.6  39.4 22.5
CF Mining-Hardee’ 2:1 16.0  36.4 22.7  46.9 19.5
CF Mining-Hardee' 3:1 16.0  43.2 24.7 567  19.4
CF Mining-Hardee' 1:1 16.0  27.6 25.4  40.6  23.2
CF Mining—HardeeJr 2:1 16.0 36.4 27.6 53.3 22.9
CF Mining-Hardee® T 3:1 16.0  43.2 26.2  58.6  20.3
USSAC-Rockland 0:1 8.0 8.0 11.0 11.0 11.0
USSAC-Rockland 1:1 8.0 14.8 12.4 22.0 11.9
USSAC-Rockland 2:1 8.0 20,7 13.3 31.5 12.1
USSAC-Rockland 3:1 8.0 25.8 13.5 38.4 11.7
USSAC-Rockland 1:1 12.0 21.4 14.4 25.2 13.7
USSAC-Rockland 2:1 12.0 29.0 15.3 35.2 13.7
USSAC-Rockland 3:1 12.0 35.3 15.7 42.8 13.4

*Agrico clay mixed with Agrico sand tailings with ps = 2.86.
**Agrico clay mixed with CF sand tailings with 0_ =2.72.
+CF clay mixed with CF sand tailings with p = 2. ?2

tter clay mixed with CF sand tailings with P = 2.69.
USSAC clay mixed with USSAC sand tailings with pg = 2.71.

Where: SCR = Sand-clay ratio; S, = Total solids content; So = Clay phase solids content;

8 o = Effective clay solids content.



Table 4-2

EFFECT OF INITIAL CLAY SOLIDS CONTENT ON
SEGREGATION OF SAND-CLAY MIXES

Ideal Top Half Lower Half

: =74 um =74 um -74 um

Sample o scR @ _® (%) (%)
Agrico-Saddle Creek* 2:1 8.0 33 34 . 33
Agrico-Saddle Creek** 11 8.0 50 51 50
Agrico-Saddle Creek** 2:1 8.0 33 34 34
Agrico-Saddle Creek** 3:1 8.0 25 26 25 »
Agrico-Saddle Creek¥* 2:1 12.0 33 34 34 B
CF Mining-Hardeet . 2:1 8.0 33 Segregated
CF Mining-Hardeet 1:1 12.0 50 57 50
CF Mining-Hardeet 2:1 12,0 .33 36 29
CF Mining-Hardeet 3:1 12.0 25 27 23
CF Mining-Hardee 2:1 16.0 33 33 31
CF Mining-Hardeet+ 1:1  16.0 50 41 39
CF Mining-Hardeet+ 2:1  16.0 33 27 27
CF Mining-Hardeet+t 3:1  16.0 25 22 21
USSAC-Rockland 1:1 8.0 50 52 52
USSAC-Rockland 2:1 8.0 33 35 34
USSAC-Rockland 3:1 8.0 25 27 26
USSAC-Rockland 1:1 12.0 50 50 51
USSAC-Rockland 2:1 12.0 33 33 33
USSAC-Rockland 3:1 12.0 25 26 25

*Agrico clay mixed with CF sand tailings with Pg = 2.72.
**Agrico elay mixed with Agrico sand tailings with Py = 2.86.
TCF clay mixed with CF sand tailings with pg = 2,72.
++CF clay mixed with CF sand tailings with Py = 2.69.
USSAC clay mixed with USSAC sand tailings with pg = 2.71.



Table 4-3

INITIAL CLAY SOLIDS CONTENT REQUIRED TO
PREVENT SAND-CLAY MIX SEGREGATION

Sample

Agrico-Saddle Creek
Agrico-Saddle Creek

CF Mining~-Hardee
CF Mining-Hardee
CF Mining-Hardee

USSAC-Rockland
USSAC~Rockland

Clay

Settling Tests

Sg

for S, =3%
(%)

5‘
5.

-
RN
xR 0 -~

o0 oo
L] .
(== == ]

Sand-Clay Mix
Settling Tests

S: Degree of

(%) Segregation

8.0 none
12.0 none

8.0 complete
12.0 partial
16.0 none

8.0 none
12.0 none
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AGRICO-SADDLE CREEK
SAND-CLAY MIX

4-11

S;c=8%
Pit2.72

SAND-CLAY MIX WITH
CF SAND TAILINGS:
SCR=1:1,2:1,3:1

SAND-CLAY MIX WITH
AGRICO SAND TAILINGS:

SAND-CLAY MIX WITH
CF SAND TAILINGS:

SCR=1:1,2:1,3:1 SCR=2:1
Sic=8% Sic=12%
Ps=2.86 Ps=2.72

CF MINING~HARDEE
SAND-CLAY MIX

SANG-CLAY- MIX WITH
CF SAND TAILINGS:
SCR=2:1
Sit=8%
Pi:?.72

SAND-CLAY MIX WITH
CF SAND TAILINGS:
SCR=1:1,2:1,3:1
Sic=123
Pg=2.72

SAND-CLAY MIX WITH
CF SAND TAILINGS:
SCR=1:1,2:1,3:1
Sic=16%
Fe2.72

CF SAND TAILINGS:
SCR=1:1,2:1,3:1
Sic=163 :
Ps=2.69

NOTATION:

USSAC-ROCKLAND
SAND-CLAY MIX

SAND-CLAY MIX WITH
USSAC SAND TAILINGS:
SCR=1:1,2:1,3:1
Sjc=8%
Pg=2.71

SAND-CLAY MIX WITH

USSAC SAND TAILINGS:

SCR=1:1,2:1,3:1
Sic=16%
Ps=2.71

SCR=SAND-CLAY RATIO; S;-=INITIAL CLAY SOLIDS CONYENT;

Ps=SPECIFIC GRAVITY OF SAND TAILINGS.

SUMMARY OF SAND-CLAY MIX

LABORATORY SETTLING TEST PROGRAM

FIGURE. 4-1
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CLAY VOID RATIO, o
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EFFECTIVE STRESS, Ovc(Ib/f12)

100
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9 EFFECTIVE CLAY VOID RATIO, &
CLAY VOID RATIO, e¢
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CLAY VOID RATIO VS. EFFECTIVE STRESS FOR

FI GURE 4-7

AGRICO-SADDLE CREEK SAND-CLAY MIXES




CLAY VOID RATIO, e¢

4-18

SYMBOL LEGEND
EFFECTIVE CLAY VOID RATIO, &
CLAY VOID RATIO, e
16 — [ SCR=1:1 (TYPICAL)
Q?
LEAST SQUARES POWER FUNCTION LINEAR
n REGRESSION FOR CLAY SETTLING TEST DATA: o3
GO~ =12.22 G, "0-075
14 — D\<\ Q ofc ve o
\\/ o]
<] DATA WITH Sic= 12 % —
a ~ (PARTIAL SEGREGATION)
~ e )
~E t O |
12 o
? ~ l
03
\.
] ™~ .|
10—
1G] 2
Ot 52
o o3
@
8 svamor TEST ) s
[0 CLAY SETTLING TESTS o>
Q - |
[ i ] ™11
0.10 1.0 10

EFFECTIVE STRESS, Gvc (Ib/f12)

CLAY VOID RATIO VS. EFFECTIVE STRESS FOR
OF MINING-HARDEE SAND-CLAY MIXES

FI GURE 4-8



&

CLAY VOID RAT10, ¢
8

4-19

SYMBOL

LEGEND

® EFFECTIVE CLAY VOID RATIO, &
@  CLAY VOID RATIO, e¢

SCR = 1:1 (TYPICAL)

|

1
LEAST SQUARES POWER FUNCTION LINEAR

REGRE SSION FOR CLAY SETTLING TESTDATA
¢ 25.47 Ty ~ 024 | ;

|

i
o’ 3
ﬁr 2o2 ©
N 02‘.3\
1 i % 5
i
‘ | | i
SYMBOL TEST |
[]  CLAY SETTLING TESTS ‘
O®  SAND-CLAY MIX SETTLING TES J
! ! | N TTT]
1.0 10

0.10

EFFECTIVE STRESS, Oyc (1b/f12)

CLAY VOID RATIO VS. EFFECTIVE STRESS FOR
USSAC-ROCKLAND SAND-CLAY MIXES

FI GURE 4-9



5-1

Section 5

REFERENCES

Ardaman & Associates, Inc. (1982). "Characterization of Agrico Fort Green Mine Waste
Phosphatic Clays,” Report of Agrico Chemical Company, Mulberry, Florida.

Ardaman & Associates, Inc. (1982). "Settling Area A-11 Cooling Pond and Gypsum Stack
Feasibility Study,” Report to New Wales Chemicals, Inc., Mulberry, Florida.

Ardaman & Associates, Inc. (1981). "Brewster-Lonesome Waste Phosphatic Clay

Laboratory Testing and Evaluation of Sand/Clay Mixes,” Report to Aztec
Development Company, Orlando, Florida.

Carrier, W.D. and Keshian, B. (1979). “Measurement and Prediction of Consolidation of
Dredged Material," Twelfth Annual Dredging Seminar, Sponsored by Texas A&M
University, Houston, Texas.

Keshian, B., Ladd, C.C. and Olson, R.E. (1977). “Sedimentation-Consolidation Behavior
of Phosphatic Clays," Geotechnical Practive for Disposal of Solid Waste Material,
ASCE Specifalty Conference, Ann Arbor, Michigan.

Lamont, W.E., McLendon, J.T., Clements, L.W. and Field, I.L. (1975). "Characterization
Studies of Florida Phosphate Slimes,” Report of Investigations 8089, U.S. Dept. of
Interior, Bureau of Mines, Washington, D.C.

Michaels, A.S. and Bolger, J.C. (1962). “Settling Rates and Sediment Volumes of
Flocculated Kaolin Suspensions," Ind. Eng. Chem. Fundamentals, Vol. I, No. 1.

Roma, J.R. (1976). “Geotechnical Properties of Phosphate Clays," M.S. Thesis,
Department of Civil Engineering, M.I.T., Cambridge, Massachusetts.



Appendix A

SUMMARY OF TEST RESULTS FROM
CONSTANT AND VARIABLE INITIAL
HEIGHT SETTLING TESTS



Sample

Primary
Secondary
SA-2

SA-2
SA-2
SA-2
SA-2

SA-2
SA-2
SA-2
SA-2

Where:

Table A-1

SETTLING TEST RESULTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY
Final
Initial Conditions Conditions Settling Rates Yield Height  Floc Volume  Aggregate Volume Pore Diameter
S Z Z.0 S Zg Qy 3 ty Z Concentration Concentration
Qg_}; L% (em) (gm}§ (;95 {em} (em/hiour} (em/hour} (minutes) (c%)]) bp ba (10'%cm)
6.4 0.0240 27.0 0.648 7.5 22.7 0.035 —_ 3,105 - - - -
1.6 0.0036 26.6 0.096 4.3 6.3 52.00 - 26 - - - -
1.6 0.0036 24.0 0.087 3.5 6.8 6.708 - 678 - - - -
3.¢ 0.0110 24.0 0.264 5.4 13.2 6.156 0.720 881 9.0 0.313 0.588 26.98
3.6 0.0110 18.0 0.198 55 9.7 0.360 0.720 138 9.0 0.313 0.588 26.98
3.0 o0.0110 12.0 0.13Z 5.1 7.0 0.180 0.720 140 9.0 0.313 0.588 26.98
3.0 0.011¢ 6.0 0.066 4.5 4.0 0.096 0.720 238 9.0 0.313 0.588 26.98
8.0 0.0303 24.0 0.728 9.0 21.2 0.031 0.063 2,158 9.7 8.525 0.987 -26.98
8.6 0.0303 18.0 0.546 9.0 159 6.038 0.063 2,357 9.7 6.525 0.987 26.98
8.0. 0.0303 12.0 0.364 8.5 112 0.009 0.063 3,788 9.7 0.525 0.987 26.98
80 0.0303 6.6 0.182 &3 5.3 0.004 0.063 2,512 9.7 6.525 0.987 26.98

§; = Initial solids content; ¢ = Clay volume coneentration; Z,¢) = Height of clay solids; Z, = Initial height;
Sg = Final solids content; Z¢ = Final height; Q; = Maximum laboratory settling rate; @'y = Maximum
field settling rate; t; = Laboratory time of maximum settling rate; Zyl = Yield height for maximum settling rate; ¢¢ = Floc volume concentration;

$ o = Aggregate volume concentration; and dy = Average pore diameter.



Table A-2

SETTLING TEST RESULTS FOR
AMAX-BIG FOUR PHOSPHATIC CLAY

i Final
Initial Conditions Conditions : Settling Rates Yield Height Floc Volume  Aggregate Volume Pore Diameter

S: Z, Zoda S Zp Q QY ty Z Coneentration Concentration %
Sample iﬁ by  lem) (cm’§ (gg)_ (em) (em/hour) (em/hour) (minutes) (c¥nl) bg by (167 % em)
SA BF-1 1.0 0.0037 24.0 0.088 17.8 1.2 ~ - - - - - -
SA BF-1 3.0 0.0111 240 0.267 16.4 4.0 5.60 6.15 46 2.4 0.108 0.420 66.82
SA BF-1 3.6 0.0111 18.0 0.200 15.1 3.2 4.91 6.15 67 2.4 0.108 0.420 66.82
SA BF-1 3.8 0.0111 12.0 0.134 164 2.0 5.40 6.15 43 2.4 0.108 0.420 66.82
SA BF-1 3.0 0.0111 6.0 0.066 18.0 0.9 3.60 6.15 35 2.4 0.108 0.420 66.82
SA BF-1 8.0 0.0307 24.0 0.736 19.7 9.0 2.65 2.74 171 2.1 0,229 0.907 ’ 66.82
SA BF-1 8.0 0.0307 18.6 0.552 18.8 7.1 2.25 2.74 113 2.1 0.229 0.907 66.82
SA BF-1 8.0 0.0307 12.0 0.362 18.6 4.8 3.50 2.74 68 2.1 0.229 0.907 66.82
SA BF-1 8.0 0.0307 6.0 0.184 189 2.4 1.80 2.74 26 2.1

0.229 0.907 66.82

Where: §; = Initial solids content; ¢K = Clsy volume coneentration; Z, 4, = Height of clay solids; Z,, = Initial height;
Sg = Final solids content; Z¢ = Final height; Q4 = Maximum laboratory settling rate; Q'y = Maximum
field seftling rate; ty = Laboratory time of maximum settling rate; Zyl = Yield height for maximum settling rate; ¢y = Floc volume eoncentration;
$ & = Aggregate volume concentration; and dp = Average pore diameter.



Table A-3

SETTLING TEST RESULTS FOR
BEKER-WINGATE CREEK PU.OT PLANT PHOSPHATIC CLAY

Final .
Initial Conditions Conditions Settling Rates Yield Height  Floe Volume Aggregate Volume Pore Diameter

S. Zo Zoh s Zp Q Q' ty A -Concentration Concentration %,
Sample @1 b flem} f(em @l (em) {(em/hour) (em/hour} (minutes) (c¥n}) o da (10" % em}
Pilot Plant 1.0 0.0036 24.¢0 0.088 8.6 2.7 8.00 - 40 - - - -
Pilot Plant 3.0 0.01i1 24.0 0.266 10.5 6.6 3.86 - 169 - - - -
Pilot Plant 8.0 0.5305 24.0 0.733 12.8 148 0.054 - 1,267 - - - -
pilot Plant 3.0 0.0111 24.0 ©.266 10.1 6.8 4,75 5.80 153 5.9 0.162 0.461 §7.13
Pilot Plant 3.0 0.0111 18.0 0.200 10.0 5.2 2.21 5.80 141 5.9 0.162 0.461 -67.13
Pilot Plant 3.0 0.011f 12.6 0.133 9.5 3.6 3.15 5.80 153 5.9 8.162 0.461 §7.13
Pilot Plant 3.0 . 6.0111 6.0 0.067 87 2.0 0.264 5.80 106 5.9 8.162 0.461 67.13
Pilot Plant 8.0 0.0305 24.0 0.733 13.2 14.1 0.084 0.120 776 7.2 8.350 0.996 » 67.13 .
Pilot Plant 8.0 0.0305 18.0 0.550 12.5 11.2 0.072 0.120 630 7.2 0.350 0.996 67.13
Pilot Plant 8.0 0.6303 12,0 0.367 12.2 7.6 0.048 0,120 243 7.2 8.350 8.996 v §7.13
Pilot Plant 8.0 6.0305 6.0 0.183 11.2 4.2 0.048 8.120 148 7.2 0.350 0.996 67.13

Where:  §; = Initial solids content; ¢y = Clay volume concentration; Z, ¢ = Height of clay solids; Z, = Initial height;
Sy, = Final solids content; Zg = Final height; @, = Maximum laboratory settling rate; Q'; = Maximum
field settling rate; t; = Laboratory time of maximum settling rates Zyl = Yield height for maximum settling rate; ¢y = Floc volume concentration;

4, = Aggregate volume eonceniration; and dp = Average pore diameter. -



Table A-4

SETTLING TEST RESULTS FOR
BREWSTER-HAYNSWORTH PHOSPHATIC CLAY

Initial Conditions Final Condition Settling Rates
S; Z, Zgbg . S Zp Q, t
Sample QQ b (cm) (éqmp)( (92) {(cm) (em/hour) (mim%tes)
Primary 4.3 0.0155 26.2 0.405 9.7 11.2 1.89 15
SA-L 1.0 0.0035 24.0 0.084 7.4 3.1 8.25 47
SA-L 3.0 0.0107 24.0 0.257 8.9 7.8 0.234 880
SA-L 8.0 0.0295 24.0 0.708 11.2 i6.8 0.656 1,414

Where: S; = Initial solids content; ch = Clay volume concentration; Z, ¢, = Height of
clay solids;Sy = Final solids content; Zp = Fingl height; Ql = Maximum
laboratory settling rate; @'y = Maximum field settling rate; t 1 = Laboratory
time of maximum settling rate.



Table A-5

SETTLING TEST RESULTS FOR
CF MINING-HARDEE PHOSPHATIC CLAY

Final -
Initial Conditions Conditions Setiling Rate Yield Height  Floc Volume Aggregate Volume Pore Diameter
S. Z 7.0 S Z Qy Q' i Z Concentration Concentration
Sample Q%Z LS (em) (gm'§ (_9_5:)_ (crg) (em/hour} (cm/hiour) (mim&tes) (c¥n]) $g dp (1(}'%cm)
Primary 2.8 0.0102 265 0.271 12.6 5.4 8.22 - 71 - - - -
Secondary 8.8  0.0029 26.7 0.077 13.6 1S5 150.0 - 6
SA~N1 1.6 6.8038 24.0 6.087 17.2 1.3 52.50 - 5 -
SA-N1 3.0  0.0110 24.¢6 £.263 17.8 3.7 8.44 10.42 48 4.3 0.092 0.332 80.58
SA-N1 3.0 0.0110 18.0 0.187 18.6 2.7 8.10 10.42 25 4.3 0.092 0.332 80.58
SA-N1 3.0 00116 12.6 0.132 17.2 LS 6.63 10.42 24 4.3 0.092 0.332 . 80.56
SA-N1 3.0 8.01186 6. $.066 154 1.0 5.55 10.42 22 4.3 0.092 8.332 88.56
SA-Ni 8.9 . $.0302 24.0 6.726 16.2 11.2 3.34 4.15 23 17.1 0.256 8.303 80.56
SA-N1 8.0 0.0302 24.0 0.726 17.8 10.0 1.20 4.15 39 17.1 0.250 0.303 80.56
SA-N1 8.0 0.0362 18.0 0.544 18.1 74 6.216 4.15 69 17.1 0.250 9.963 80.55
SA-N1 8.0 0.0302 12.0 0.363 17.6 5.1 0.144 4.15 243 17.1 0.250 0.903 80.56
SA-N1 8.0 0.0302 6.0 0.181 16.7 2.7 0.174 4.15 71 17.1 0.250 6.903 80.586
SA-N1 8.6 0.5302 6.0 0.181 162 2.8 0.114 4.15 267 17.1 0.250 2,903 80.56
SA-N1 12.06  0.0483 23.6 1.083 19.1 13.8 8.169 - 165 - - - -
SA-N1 6.6 0.0635 24.6 1.524 210 17.4  0.050 - 160 - - - -

Where: 5; = Initial solids content; ¢y = Clay volume coneentration; Z, ¢, = Height of elay solids; Z,, = Initial height;
Sg = Final solids content; Zg = Final height; Q4 = Maximum laboratory settling rate; Q' = Maximum
field settling rate; t; = Laboratory time of maximum settling rate; Zyi = Yield height for maximum settling rate; ¢p = Floe volume coneentration;

$a = Aggregate volume concentration; and dp = Average pore diameter.
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Table A-§
SETTLING TEST RESULTS FOR
ESTECH-WATSON PHOSPHATIC CLAY

Final .
Initial Conditions Conditions Settlint Rates

Yield Height  Floc Volume Aggregate Volume Pore Diameter

S; Z, Z°¢ S Zy Qy 13 ty Concentration Concentration %
Sampie _(zél by  lem) (em (lgl {em) (em/hour) (em/hour) (minutes) (el) b $a (10" em)
Primery 5.5 0.0198 24.0 0.475 12.6 9.8 0.60 - 38 - - - -
Secondary 0.8 0.0028 24.0 0.067 1i4.6 1.2 75.00 - 5 - - - -
SA-13 1.0 0.0035 24.0 0.084 11.7 1.9 53.00 - 10 - - - -
SA-13 8.0 0.0293 24.0 0.703 14.0 13.2 0.144 - 247 - - - -
SA-13 3.0 0.0106 24.0 0.255 11.6 5.9 1.50 3.67 29 14.2 0.150 - Co-
SA-13 3.0 0.0106 18.0 0.191 12.6 4.3 0.774 3.67 203 14.2 0.150 - -
SA~-13 3.0 :0.0106 12.0 0.128 11.3 3.0 0.600 3.87 68 14.2 9.150 - -
SA-13 3.0 0.0106 6.0 0.064 11.7 1.5 0.498 3.67 68 14.2 0.150 - -

Where: §; = Initial solids content; ¢K = Clay volume concentration; Zo¢k = Height of clay solids; Z,= Initial height;
Sg = Final solids content; Z¢ = Final height; Q= Maximum laboratory settling rate; 'y = Maximum
field settling rate; t; = Laboratory time of maximum settling rate; Zyi = Yield height for maximum settling rate; ¢y = Floe volume concentration;
¢, = Aggregate volume concentration; and dp = Average pore diameter.



Table A-7

SETTLING TEST RESULTS FOR
HOPEWELL-HILLSBOROUGH PILOT PLANT NH-116 PHOSPHATIC CLAY

Initial Conditions

Final Conditions Settling Rates

s, Zo  Zgh

sample [C O T
Pilot Plant 1.0 0.0035 24.0 0.085
Pilot Plant 3.0 0.0108 24.0 0.258
Pilot Plant 8.0 0.0297 24.0 0.713

St Z t

(95) (crg) (cm/’nlour) (mimlites)
6.4 3.7 15.00 16

8.7 7.0 2.40 306
11.7 16.0 0.060 600

Where:S; = Initial solids content; ¢ g = Clay volume concentration; Z ¢ =
Height of clay solids;Sp = Final solids content; Z¢ = Final height; Q=
Maximum laboratory settling rate; Q'y = Maximumfield settling rate; t; =
Laboratory time of maximum settling rate.



Sample

Primary
Secondary

SA N-14
SA N-14
SA N-14

SA N-14
SA N-14
SA N-14
SA N-14

SA N-14
SA N-14
SA N-14
SA N-14

Table A-8

SETTLING TEST RESULTS FOR
IMC-NORALYN PHOSPHATIC CLAY

Where: 8; = Initial solids content; ¢y = Clay volume concentration; Zy$, = Height of clay solids; Z, = Initial height;

Sp= Final solids content; Ze= Final height; Qy = Maximum laboratory settling rate; 'y = Maximum

Final
Initial Conditions Conditions Settling Rates . Yield Height  Floc Volume Aggregate Volume Pore Diameter
S, 2, Z.b S 4 Q Q' t Z Concentration Conecentration
0 0 F 1 1 e I
_(i); - 9g  (em) (cm’)( (g& (em) (em/hour) (em/hour) (minites) (cynl) be dp (16 (‘jpcm)
6.0. 0.0221 26.8 0.593 8.2 19.3 0.057 105 - -
0.5 0.0018 26.5 0.048 11.0 1.0 66.90 - 10 -
0 0.0036 24.0 0.086 10.5 2.2 21.75 - 11 - - - -
3.0 0.0108 24.0 0.260 10.2 6.7 0.618 0.938 878 9.2 0.203
8.0 0.0299 24.0 0.718 11.2 16.8 0.048 - 2,155 - - - -
3.0 0.0108 24.0 0.260 8.6 8.1 0.324 0.938 212 9.2 0.200 0.466 '27.06
3.0 0.0108 18.0 0.195 8.4 6.2 0.402 0.938 61 9.2 0.200 0,466 27.08
3.0 - 0.0108 12,0 0.130 7.8 4.5 0.240 0.938 365 9.2 0.200 0.466 27.06
3.0 0.0108 6.0 0.065 7.9 2.2 0.198 0.938 78 9.2 0.200 0.466 27.06
8.0. 0.0299 240 0.718 11.1 17.0 0.156 0.247 542 7.6 0.413 0.949 27.06
8.0, 0.0299 18.0 0.538 11.2 12.6 0.162 0.247 620 7.6 0.413 0.949 27.06
8.00 0.0299 12.0 0.359 10.4 9.0 0.084 0.247 744 7.6 0.413 0,949 27.06
8.0 - 0.0299 6.0 0.179 9.8 4.8 0.042 0.247 352 7.6 0.413 0.949 27.06

field settling rate; t; = Laboratory time of maximum settling rate; Zyl = Yield height for maximum settling rate; ¢p = Floe volume concentration;

¢ 4 =-Aggregate volume concentration; and dp = Average pore diameter.



Sample

Primary
SA N-3

SA N-3
SA N-3
SA N-3
SA N-3

SA N-3
SA N-3
SA N-3
SA N-3

Where:

Table A-9

SETTLING TEST RESULTS FOR
MOBIL-NICHOLS PHOSPHATIC CLAY

Final -

Initial Conditions Conditions Settling Rates Yield Height = Floe Volume Aggregate Volume Pore Diameter
8. Z o S Z [4] Q' t Z Concentration Concentration
(;9&)_ ox (cm) (gm'§ ng (cr}r?l) (cm/hlour) (cm/hlour) (mim%tes) (c¥n’) dg ba (IG’%cm)
3.7 0.0131 26.7 0.3560 10.2 9.3 2.40 - 3 - -
1.6 0.0035 24.0 0.08¢4 9.8 2.3 36.00 - 5 - -
3.0 0.0106 24.0 0.254 12.3 5.5 4.42 6.71 133 10.7 6.134 0.417 68.64
3.0 0.0106 18.0 0.191 12.1 4.2 1.680 6.71 264 10.7 0.134 0.417 68.64
3.8 0.0106 12.6 0.127 11.3 3.0 1.086 6.71 265 10.7 0.134 0.417 68.64
3.0 0.0106 6.0 0.064 10.7 16 0.468 6.71 37 10.7 0.134 0.417 - 68.64
8.0 ' 0.0202 24.0 0.701 14.0 13.1 0.102 0.444 3153 9.7 0.317 0.985 68.64
8.0 0.0292 18.0 0.526 13.8 10.9 0.204 0.444 84 9.7 0.317 0.985 68.64
8.6 0.0292 12.6 0.350 13.6 7.2 0.084 0.444 690 9.7 0.317 0.985 68.64
8.6 0.0292 6.0 0.175 12.3 3.8 0.084 0.444 690 9.7 0.317 0.985 68.64

S; = Initial solids content; ¢y = Clay volume concentration; 7, ¢, = Height of clay solids; Z, = Initial height;
Sy = Final solids content; Z¢ = Final height; Q; = Maximum leboratory settling rate; Q'y = Maximum

field settling rate; ty = Laboratory time of maximum settling rate; Zy 1 = Yield height for maximum settling rate; ¢ = Floc volume concentration;

b= Aggregate volume concentration; and dp = Average pore diameter.

01-v



Sample
SA-3

SA~8
5A-8
SA-8
SA-8

SA-8
SA-8
SA-8
SA-8

Where:

Table A~10

SETTLING TEST RESULTS FUR
OCCIDENTAL-SUWANNRE RIVER PHOSPHATIC CLAY

Final

Initial Conditions Conditions Settling Rates - Yield Height  Floc Volume Aggregate Volume Pore Diameter
S, Z.  Zb S Z Q Q' t Z Concentration Concentration
@ ?'K {em) (gm‘§ @ (crg) (em/hlour) (em/h’bur) (mim}tes) (cg) bn du (10'%cm)
1.0 0.0036 24.6 0.087 8.3 2.8 19.50 - 18 - - - -
3.0 0.0110 24.0 0.264 986 7.2 0.330 8.510 130 8.5 0.175 0.377 18.52
3.0 0.0110 18.6 0.198 9.6 5.4 6.270 0.510 481 8.5 0.175 0.377 18.52
3.0 0.0110 1i2.0 0.i32 8.9 3.9 0.216 0.510 67 8.5 0.175 0.377 18.52
3.0 0.0110 6.0 0.066 85 2.1 6.174 0.510 68 8.5 8.175 0.377 18.52
8.0 0.0303 24.6 0.728 10.8 17.5 0.048 0.120 2,153 14.4 0.439 0.946 18.52
8.0 0.0303 18.0 0.546 1i.1 12.7 0.024 0.120 895 14,4 0.439 0.946 18.52
8.6 :.0.0303 12.0 0.364 10.6 8.9 0.024 0.120 896 14.4 0.439 0.946 18.52
8.0 0.0303 6.0 0.182 10.3 4.6 9.018 0.120 1,618 14.4 0.439 0.946 18.52

8; = Initial solids eontent; $y = Clay volume concentration; Z, ) = Height of clay solids; Z, = Initial height;
Sp = Final solids content; Z; = Final height; Q, = Maximum laboratory settling rate; Q' = Maximum

field settling rate; t; = Laboratory time of maximum settling rate; Z , = Yield height for maximum settling rate; ¢ = Floe volume concentrationg
1 y1 F

) a~ Aggregate volume concentration; and 4 = Average pore diameter.

P
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Table A-11

SETTLING TEST RESULTS FOR
USSAC-ROCKLAND PHOSPHATIC CLAY

Final
Initial Conditions Conditions Settling Rates Yield Height  Floc Volume  Aggregaie Volume Pore Diameter

S Zo ZOF S Zi; Q1 Q‘1 tl Z Concentration Concentration %
Sample @ 9  (em) (cmg (_95 {em) (cm/hour}) (em/hour) (minutes) (c¥n]) dr b4 (10" % cm)
Primary 3.5 0.0127 27.7 0.352 7.6 12.4 5.60 - 23 - - - -
Secondary 1.2 0.0039 26.7 0.105 7.9 3.5 12.54 - 34 - - - -
SA-6 1.6 0.0038 24.6 0.086 7.7 3.0 13.50 - 23 - - - -
SA-§ 3.0 0.0108 24.0 0.260 9.3 7.5 0.240 - 869 - - - -
SA-6 8.0 0.0299 24.0 0.718 11.4 16.5 0.054 - 1,408 - - - -
SA-6 3.6 0,0108 24.0 0.260 8.0 8.7 0.834 1.18 18 8.8 0.202 0.460 30.17
SA-6 3.0 0.0108 18.¢ 0.195 7.7 6.8 0.486 1.18 329 8.8 0.202 0.460 30.17
SA-§ 3.0 0.0108 12.0 0.130 7.2 4.9 0.360 1.18 329 8.8 0.202 0.460 30.17
SA-§ 3.0 0.0108 6.0 0.065 6.3 2.8 0.264 1.18 8.8 0.202 0.460 0.460 30,17
SA-6 8.8 0.0298 24.0 0.718 11.0 17.1 0.174 0.297 1,535 9.8 0.418 0.950 30,17
SA-6 8.0 0.0299 18.0 0.538 10.8 13.1 0.138 0.297 1,535 9.8 0.418 0.950 30.17
SA-6 8.0 0.0292 12.0 0.359 10.4 9.0 0.054 0.297 1,535 9.8 0.418 0.950 30.17
SA-6 8.6 0.029% 6.0 0.180 9.5 5.0 0.030 0.297 518 9.8 0.418 0.956 30.17

Where: S; = Initial solids content; d’K = Clay volume concentration; Z, ¢, = Height of clay solids; Z, = Initial height;
Sp = Final solids content; Ze = Final height; Ql = Maximum laboratory settling rate; 'y = Maximum
field settling rate; ty = Laboratory time of maximum settling rate; Zyl = Yield height for maximum settling rate; ¢F = Floe volume concentration;

¢ 5 = Aggregate volume conecentration; and d_ = Average pore diameter.

P
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Table A-12

SETTLING TEST RESULTS FOR
WR GRACE-FOUR CORNERS PHOSPHATIC CLAY

Initial Conditions Final Conditions Settling Rates
S; Z,  Zyb S Zp Q t;
Sample .@l bk (em) (Cm (95) (em) (em/hour) (minutes)
Pilot Plant 1.0 0.0036 24.0 0.087 7.2 3.2 37.80 15
Pilot Plant 3.0 0.0110 24.0 0.246 9.5 7.3 0.918 475
Pilot Plant 8.0 0.0303 24.0 0.728 12.9 14.4 0.234 52
Where:  S; = Initial solids content; ¢ = Clay volume concentration; Z ¢, = Height of

clay solids;SF = Final solids content; Z; = Final height; Q; = Maximum
laboratory settling rate; Q'{= Maximumfield settling rate; t; = Laboratory

time of maximum settling rate,

€1-v



Appendix B

GRAPHICAL PLOTS OF SOLIDS CONTENT AND HEIGHT
OF INTERFACE VERSUS TIME FOR CONSTANT INITIAL
HEIGHT SETTLING TESTS
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AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

B-6

0
2
4
6
8
10
12
4 —
16 g Ve 1}: : si=8°/¢>Iﬂ
OL 20 |© O $iz 1%
b ~ o ‘o
'8 7 $i=3%
20
22 —
SUPERNATENT
SYMBOL SAMPLE 2o 2fF Sj SF oH 6
26 ' (em) (em} (%) (%) (umhos /cm)
E o o K 1 .
28 l T T l l l l T
o) 10,000 20,000 30000 40,000 50,000
TIME, t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
CF MINING - HARDEE PHOSPHATIC CLAY

FIGURE B-5



AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

B-8

D040,0,02620702020%0 0 e Yot o

14
: 1
16 | |
18
20 '
22
24 SUPERNATENT
SYMBOL SAMPLE Zog ZF 8§j SF pH G
{cm) (em) (%) (%) {umhos /cm)
26 o m— 16 24.0 3.1 1.0 6.4 7.9 410
A H-116 4.0 7.0 8.7 7.8 410
a uu- 16 24.0 16.0 8.0 11.7 7.9 415
28 n l | T ] T | T
0 - 10,000 20,000 30000 40,000 50,000

TIME, t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
HOPEWELL — HILLSBOROUGH PILOT PLANT
NH - 116 PHOSPHATIC CLAY

FIGURE B-7



AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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MOBIL - NICHOLS PHOSPHATIC CLAY



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE SOLIDS CONTENT BELOW INTERFACE , S (%)
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HEIGHT OF INTERFACE ,Z (cm)
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HEIGHT OF INTERFACE , Z (cm)
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HEIGHT OF INTERFACE , Z (cm)
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HEIGHT OF INTERFACE ,Z (cm)
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B-22

. .26

. | - SYMBOL SAMPLE 2, Zg S; Sf oH 6
o fem) (em) (%) (%) (umhos/cm)r
o} 3 0 1.0 9.8 7.9
g HE] ER A aadid B
O  Briswex 281 %3 37102 7.8 &3
24
22
20 hS]
|
18 ;
g M"D )
9 N
pakar SV O S S
DO OO0 OO OO — O O——0

| i 1
0 10,000 20,000 30,000 40,000 50,000
TIME, t (minutes)

 SETTLING TEST - HEIGHT VS. TIME FOR
MOBIL ~ NICHOLS PHOSPHATIC CLAY

FIGURE B-2T



B-23

28
SYMBOL  SAMPLE Zo ZF Si SF oH G
(cm) (cn) (%) (%) (unho:/cm)’
26 o E Eg :.o s.s 1.3 410
8 u. $ 18 0
24
22
20
-
_5, I8
~N
w 5
3
&
E 14
12
10 J
g AA 3!‘3%
8 R s, Y ) Prme
—ﬁ'-——A
6—d
] Si71%
+D-0-0-00-0-0H-C-0-0-0-0-O+O0—g—C+—0—0
2 —d
o)
0 10,000 20,000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

OCCIDENTAL -~ SUWANNEE RIVER PHOSPHATIC CLAY

FIGURE B-22



8% SUPERNATENT |
: SYMBOL  SAMPLE 2o 2ZF Si SF eH
\
26 o A6
A i
| N
24
22
20
$i=8%
o8 o o,
}\(}\D-\H
16
14 |
Oﬂk‘k i
P > ‘

HEIGHT OF INTERFACE ,Z (cm)

00000 0—O——O+—O——0

| 1 i
10,000 20,000 230,000 40,000
TIME, t {minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
. USSAC - ROCKLAND PHOSPHATIC CLAY

FIGURE B-23

50,000
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g e gy ey
28 - SUPERNATENT

SYMBOL  SAMPLE Zo ZF S; Sf oH 6
' {cm) (cm) (%) (%) (umhos/cm)f

26 - ) Pilot Plat 24.0 32 10 72 77 500

@ Pilot Pient 240 7.3 30 95 — —

& Pilot Plant 240 144 B0 129 77 680

24

22

®

)

0 . M Si.=8°/o
S o S -

N

HEIGHT OF INTERFACE , Z (cm)
N

o

$i=3%

6

4_

————f——o—o0}t—0—o—t—o——0
$i=1%

2 o

0 | T T T |

0 10,000 20,000 30,000 40,000 50,000

~ TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
WR GRACE - FOUR CORNERS PILOT PLANT PHOSPHATIC CLAY

FI GURE B-24



"~ SUPERNATENT |

SYMBOL  SAMPLE Zo Zfg S8; S8fF pH ¢
(cm) (em) (%) (%) (umhos/em)

3 &'8 1%: 9 21: 1]
T ¢ Lo g

0]
%
o> rimary

IGHT OF INTERFACE, Z (cm)

HI

GZ-9 JNOI4

T T T T T 11 T 11111 =TT TTTTT =TT TTT

10 ‘ 100 1,000 10,000 100,00C

SETTLING TEST HEIGHT VS. LOG TIME FOR
AGRICO - SADDLE CREEK PHOSPHATIC CLAY

92-1



92-9 JN9I4

HEIGHT OF INTERFACE, Z (cm)

32

28

- 24

— SUPERNATENT |
SYMBOL SAMMLE Z, ZfF S; Sf oH G
(cm) (em) (%) (%) (umhos/em)
[0 SABF-l 240 1.2 10 I7.8 7.5 185
Q SA BF-I 240 40 30 6.4 7.6 29
Iy SA BF-I 240 9.0 8.0 19.7 77 360

]
P\m\%\. S £3%
"GL"‘CF—* shl96
- @ ‘w
IR IR BRI 1 | BRI AR ) IR RRRL | R RARL 1R BRI BRI
10 {00 {,000 10,000 -
TIME , t (mimutes)

SETTLING TEST - HEIGHT VS. LOG TIME FOR
AMAX - BIG FOUR PHOSPHATIC CLAY

100,000

2-14



[2-9 N9

HEIGHT OF INTERFACE, Z (cm)

32

28

24

20

SYMBOL SAMPLE Z, ZIFf
(cm) (cm)

0} Pilot Plant 240 27
® Pilot Plant 240 66

2 Pilot Plant 240 i4.6

~ SUPERNATENT |
S$i SF pH 6
(%) (%) (umhos/em)

10 86 75 460
30 105 76 630
80 128 76 TIO

H@* Si= Io/o
-

T TT0]
10

]

1SRIEBRLE R RR R

100 1,000
TIME , t (minutes)

TI-IIHH T T

10,000 100,000

SETTLING TEST - HEIGHT VS. LOG TIME FOR

BEKER - WINGATE CREEK PILOT PLANT PHOSPHATIC CLAY

82-4



8z-9 NI L4

HEIGHT OF INTERFACE,Z (cm)

sm SAMPLE

Zo IF Si
(cm) (em) (%! (%)

SRR |

Sg pH

(umlmkm)

) P B OBHHHE §
. . B,
24'6—9%?.
20 \ $i=8%

16 \

12 \ : %z_u_‘h__

\ $i:3%

8 \

. HA : &IIL

0 R 1T 1T TTH i BB IR ERRERRAN LR RARLY T F T TTHI

10 100 [,000 10,000 100,000

TIME , t (minutes)

SETTLING TEST - HEIGHT VS. LOG TIME FOR
BREWSTER ~ HAYNSWORTH PHOSPHATIC CLAY
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HEIGHT OF INTERFACE, Z (cm)

6¢-9 NI 14

36 —~SRERRATET
SYMBOL  SAMPLE Z, Zf Si SF pH [}
(cm) (g:ln) (%) (%) , (um.n’o:ﬁ:m)

. v BREEYE
o B BHHEE

0_
20 | I

3|=OB°/o Six 1%

0 T™TTTTTT T T T T TTTTIT T T TTTTT
i 10 100 1,000 10,000 100,000

TIME , t (minutes)

SETTLING TEST - HEIGHT VS. LOG TIME FOR
CF MINING - HARDEE PHOSPHATIC CLAY

0c-9



+ 0€-9 NI

HEIGHT OF INTERFACE, Z (cm)

SYMBOL  SAMPLE Zo 2f S8; S$fF »pH 8

(cm) (em) (%) (%)

(umhog/em)

s tOER BBHER

g inary :8 'Zi . 1'§. Zi
28
24

\E\
20 -
16 \\i\ 3i:8%
12 \ \\ ! O W%
8
\\ N
4 ‘ﬁ\\k‘v—v— Si=1%
812009 .
0 | T T U1 1 T T T 11T | FTYITH 1 1 TTTTH 1 U T
10 100 1,000 10,000

TIME , t (minutes)

SETTLING TEST - HEIGHT VS. LOG TIME FOR
ESTECH - WATSON PHOSPHATIC CLAY .

100,000

1€-4



— SUPERNATENT |
SYMBOL SAMPLE Zo Zf Sj Sr pH (]
{em) (cm) (%) (%) {umhos/em)

g Bl RInAHE W

o N\ T

. 0
NEENE

HEIGHT OF INTERFACE,Z (cm)

\\n h A\ 3ie3% -

1€-9 J|NOI4

T 1117 T T T T ELRERLL T T TN IR
10 100 1,000 10,000 100,000

TIME , t (minutes)

SETTLING TEST - HEIGHT VS. LOG TIME FOR
HOPEWELL - HILLSBOROUGH PILOT PLANT

NH -116 PHOSPHATIC CLAY

ce-4



2€-9 3¥N9I4

HEIGHT OF INTERFACE, Z (cm)

32

28

24

20

- SUPERNATENT |
SYMIOL SAMPLE 2, ZF S; SF oH G
(cm) (em) (%) (%) (umhos/em)
0] SA N-14 (N 1.0 10, .
N-14 o 1Qe .
g “"‘ . ‘ | ‘ ® ')
: imer 1% »
v
. \ | ﬁv\k%\ ——

D\bﬂ 8%

8- 1% ’

\'4

——78i:0.8%

I

IR LLL

0

I

| BRLRARL

100
TIME , t (minutes)

LR AL

1,000

i [ BRBLRERRL

10,000

LR R

SETTLING TEST - HEIGHT VS. LOG TIME FOR

IMC -~ NORALYN PHOSPHATIC CLAY -

100,000

€e-4d



€€-49 NI

HEIGHT OF INTERFACE, Z (cm)

32

28

24

20

SYMBOL  SAMPLE

19 SA N~3
A SA N-3
8 SA N-3

Primary

Z, IFr Si SF
(cm) (cm) (%) (%)

LK
.95 L9 189 %

PH ¢

(umhos/em)

9—————0—1
\\

A\A‘“\

E‘m $i*8%

N

si’s.? °/°

\ N 8ix3%

S$is1%

F—O0—0-3—0—0—0

T T T

100

T TTHH

TIME , t (minutes)

1,000

P P T TTTTT
10,000

v U ETT

SETTLING TEST - HEIGHT VS. LOG TIME FOR
MOBL. - NICHOLS PHOSPHATIC CLAY

100,000
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yE-8 JaN9I14

HEIGHT OF INTERFACE, Z (em)

SYMBOL  SAMPLE

Z, Ir 8 S
(cm) (em) (%) (%)

1B BHEHY A

pH 9
(umhoa/em)

AN TN

K 0% |
16— \
12 . _ _
b\ i
8 ,
0 T 1T P17 i lilllll i IERBLERRLLE T T T Ty LR RLL
10 100 1,000 10,000

TIME , ¢ (IMM“)

100,000

" SETTLING TEST - HEIGHT VS. LOG TIME FOR
OCCIDENTAL - SUWANNEE RIVER PHOSPHATIC CLAY

se-4



S€-9 JUN914

HEIGHT OF INTERFACE, Z (cm)

‘il

SYMBOL SAMPLE Z, Zr S; S pH @
(cm) (em) (%) (%) {umhos/em)
32 o) SA=6 24,0 3.0 1.0 7.7 1.6 640
A €A-€ 24.0 7.5 3.0 9.3 7.8 675
g $A-6 24,0 16,5 8.0 11.4 7.6 660
Primery 27.7 15:4 33 Le L1 el
2/ - A4 7 1‘, 799 41 2

O N
o \9\& W , 3i73%

\ V.
4 © Vvi ﬁll.'%
l 8i*1%
0 T T TTTH U T T T | I RERL 1 IIIIIII{ IR BRI
| 10 100 t,000 10,000 100,000

TIME , t (minutes)

SETTLING TEST - HEIGHT VS. LOG TIME FOR
USSAC - ROCKLAND PHOSPHATIC CLAY

9¢-4



9¢-4 J]N9Id

HEIGHT OF INTERFACE, Z (cm)

36
32
28
24

20

TIME , t (minutes)

WTENT
SYMBOL SAMPLE Zo ZF Si Sfr pH ]
(em) (em) (%) (%) (umhos/.m)
(0] Pilot Plant 240 32 10 12 17 500
O] Pilot Plant 240 73 30 95 — —_—
& Pilot Plant 240 144 80 29 77 680
w\\{\\
& 8%
\N\Q ’ "@@EZ;
‘6‘0___
Si=1%,
IREEREERE IR 7 TTTTH T T T TTTTl It T
10 100 f,000 {0,000 100,000

SETTLING TEST - HEIGHT VS. LOG TIME FOR
WR GRACE ~ FOUR CORNERS PILOT PLANT PHOSPHATIC CLAY

-9



Appendix C

GRAPHICAL PLOTS OF SOLIDS CONTENT AND HEIGHT
OF INTERFACE VERSUS TIME FOR VARIABLE INITIAL
HEIGHT SETTLING TESTS

C-1



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-2

0]
2._
4_ Z°=6cm
ﬁ Zgsi2cm OE:J
. _M“'e Zos 18em A
6 — Zgz 24cm
8
10 —
2
14 ,
i
16
|
18 — ‘
20
22
24 SUPERNATENT
SYMBOL SAMPLE Z, ZfF Si Sf PH G
. {cm) {em} (%) (%) (umhos £ m)
26 — v SA-2 24,0 13.2 3.0 5.4 8.0 450
A SA=2 18,0 9,7 3.0 5.5 7.9 535
2 §A=2 12.0 7.0 3.0 5.1 8.0 545
) o SA~2 6:0 4.0 3.0 4.5 7.9 535
O 10,000 20000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-1



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

PR G

- oy - hed
IR y a2
< . ‘ ' .... ‘

apagecacoon

Z§ s€om

Zoti2emt ;

Zo=iBem
0 |
12
i4 - |
6 :
18
20
22
24  SUPERNATENT
. SYMBOL SAMPLE 2z, Zf S; Sf eH 6
{em) (em) (%) (%) (umhos £ m)
26 — v SA-2 24,0 21.2 8,0 9.0 7.9 380
A SA-2  18.0 15.5 8.0 9.0 8.0 540
o SA-2 120 11.2 8.0 8.5 8.0 555
’8 —J# G| SA-2 6.0 5.8 8.0 8.3 8.0 540
: ) T 7 1 [ ™ T !
0 10,000 20000 30,000 40,000 50,000 60,000
TIME | t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-2



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-4

[\

16
18
20
22 -
2 y SUPERNATENT
SYMBOL SAMPLE 2, Zf S; Sf pH 6
(cm) (em) (%) (%) {umhos/cm)
26 v, SABF-1 24.0 4.0 3.0 16.4 === ===
a SABF-1 18.0 3.2 3.0 15.1 ---
g B mmu T o
28 —— ' -+ — l . ' . l .] |
o 10,000 20000 30000 : 40000 50,000 60,000
TIME , t (minutes)

SETTLING T EST SOLIDS CONTENT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR

AMAX-BIG FOUR PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-3



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-5

22
24 SUPERNATENT |
SYMBOL SAMPLE Ho Hp S; Sgp pH 6
{em} (em) (%) (%) (umhos/cm)
26 v, SABF<l1  24.0 9.0 8.0 19.7 --= ==
A SABF-1 18.0 7.1 8.0 18.8 == o=
o i dipb o -
28 ~fpmmmey ! T P ————= 1
0 10,000 20000 30,000 40,000 50,000 60,000
"~ TIME, t (minutes)

SETTLING TEST -~ SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
AMAX-BIG FOUR PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE G4



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-6

=|8cm
z24cem

20 -

22

24

26 —

28 -

SUPERNATENT
SYMBOL  SAMPLE Z, Zf Si S pH 6
{cm) (em) (%) (%) {umhos/cm)
v PILOT PLANT 24.0 6.8 3.0 10.1 --- ——-
A PILOT PLANT 18,0 5.2 3.0 10.0 --- .-
0 PILOT PLANT 12.0 3.6 3.0 9.5 7.6 750
© PILOT PLANT 6.0 2.0 3.0 8.7 7.6 770
1 I 1 | { B 1
10,000 20000 30,000 40,000 50,000 60,000
TIME , t (minutes)

- VARIOUS INITIAL SAMPLE HEIGHTS FOR

CLAY AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-5 °

'SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
BEKER-WINGATE CREEK PILOT PLANT PHOSPHATIC



LOW INTERFACE, S (%)

AVERAGE SOLIDS CONTENT BE

C~7

16
I8 —
20
22
24 SUBCRMATENT
SYMBOL = SAMPLE Ho HF S; Sg pH 6
L {cm) (em) (%) (%) (umhos/om)
€5 T PILOT PLANT 24.0 14.1 8.0 13.2 ===  -e-
A PILOT PLANT 18.0 11,2 8.0 12.5 =ee  au
O  PILOT PLANT 12.0 7.6 8.0 12.2 7.6 7%
®  PILOT PLANT 6.0 7.2 8,0 11.2 7.6 830
28 o ! ] T ! T f Y f !
0] 10,000 20000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - s_c“)i.“ DS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

BEKER-WINGATE CREEK PILOT PLANT PHOSPHATIC
CLAY AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-6



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

- C-8

" 3 - 020200 C202020,0,0,0 Zo=6cm
.A"ﬁnm U O~
16 o, - m Lo=l2em "
"AM oo —b—n
\/ V S\ c
18 — Zp=24cm
20
22
24 SUPERNATENT
SYMBOL  SAMPLE Zo ZF S; Sf pM G
{cm) (em) (%) (%) (umhos/&m)
26 @ SA N~1 24,0 3.7 3.0 17.8 7.5 690
A SAN-1  18.0 2.7 3,0 18.0 7.8 1000
Q SA N1 12,0 1.9 3,0 17.2 7.8 1010
| o SA N=1 00 1.0 3,0 16.4 7.6 950
28 —fpum ! | ! ! T ! T T T
0 10,000 20,000 30000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
~ CF MINING-HARDEE PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-7



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

c-9

Zo=24cm
7 Zo=6cm ]
o Z°=I2cm [
A :!QHBCQ:.» :‘ ‘
20
22 -
24 SUPERNATENT
SYMBOL  SAMPLE Zo ZF S; SF PH G
{cm) (em) (%) (%) {umhos £m)
26 v SA N=1 24,0 11,2 8.0 16.2 7.7 710
A SAN-1 18,0 7.4 8.0 18.1 8.0 800
0 SAN-1 12,0 5.1 B.0 17.6 7.8 690
© SA N-1 6,0 2.7 8.0 16.7 7.8 %90
28 ~fomm— T T T T ] T 1 )
0 10,000 20,000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
CF MINING-HARDEE PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-8



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-10

\ 5

0
> [0
> (O

20

22 4

24

26 -

28 —

SUPERNATENT
SYMBOL SAMPLE 2, ZfF S; Sf pH 6

cm) (em) (%) (%) {umhos/cm)

\% SA-13 24,0 5.9 3.0 1.6 7.4 745
A SA-13 18.0 4.3 3.0 12,0 --- -
O] SA-13 12,0 3.0 3.0 11.3 --- -
] SA-13 6.0 1.5 3.0 11.7 --- .-
T T T T ! ] T T !
10,000 20000 0,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
ESTECH-WATSON PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-9



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-11

Zo=12cm
A Zos6em —————
T Zo=18cm

Zoz24cCm
10 —
12
14
15
18 -
20
22 -
24 SUPERNATENT
SYMBOL  SAMPLE Z, Zg S; SF pH G
{cm) (cm) (%) (%) {umhos £m)
26 — @ SAN-14 24,0 8.1 3.0 8.6 =--= ===
A SA N-14 180 6.2 3.0 8.4 ---  «--
) SAN-14 120 45 3.0 7.8 7.9 560
3 SA N-14 6.0 2.2 3.0 7.9 7.9 53
28 - ! ] J T ] I T ! !
0 10,000 20000 30,000 40,000 50,000 60,000
TIME, t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
IMC-NORALYN PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-10



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

0
2._
4
€
pme () Z 0= 6
——E——{02Z¢zi2em
7 X7
14
|6
18 —
20
22T
24 SUPERNATENT
SYMBOL SAMPLE Z, Zf S; SF PH G
{cm) (em) (%) (%) {umhos £m)
26 Y% SA N-14 24.0 17.0 8.0 11.1 ===  -un
& SA N-14 18.0 12.6 8.0 11.2 === ===
_J o SA N-14 12.0 9.0 8.0 10.4 ;g ggg
o) SAN-14 6.0 4.8 8.0 9.8 7.
28 —Jmm— 7 T T T ! | T
0 10,000 20000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
'VARIOUS INITIAL SAMPLE HEIGHTS FOR
IMC-NORALYN PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-11



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-13

s U
7

i
5

¥
11»
o b
>
AP G
<
<> © (]

e ala ey,

|2
14 —
16
I8 —
20
22
24 SUPERNATENT
SYMBOL SAMPLE Z, Zf S; Sf pH G
(cm) (em) (%) (%) (umhos£&m)
26 v SA N-13  24.0 5.5 3.0 12.3 7.8 590
A SAN-13 18.0 4.2 3.0 12.1 7.8 730
0} SA N-13  12.0 3.0 3.0 11.3 7.8 700
28 __JL o] SA N-13 6.0 1.6 3.0 10.7 7.8 700
! ! T =1 ! T ! 1 ]
0] 10,000 20000 30,000 40,000 50,000 60,000

TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
MOBIL-NICHOLS PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-12



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-14

0
2 —
4
6_
8
10
12 —
14 —
16
18
20
22 -
24 - SUPERNATENT
' SYMBOL  SAMPLE Zo ZF Si SF pH G
{cm) (em) (%) (%) (umhosAm)
26 — v SAN-3 240 13,1 8.0 14.0 8,0 550
A SA N-3 18.0 10,0 8.0 13.8 7.7 680
o} SAN-3 12,0 7.2 8.0 13.0 7.7 680
28 0 SA N-3 6.0 3.8 8.0 12.3 7.7 680
™ T ] ) f T T T = T
o 10,000 20000 30,000 40,000 50,000 60,000
TIME , t(minutes)

SETTLING TEST -~ SOLIDS CONTENT VS. TIME FOR

VARIOUS INITIAL SAMPLE
- MOBIL-NICHOLS PHOSP
AT INITIAL SOLIDS CON

FIGURE C-13

HEIGHTS FOR
HATIC CLAY
TENT OF 8%



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-15

0
2-
{1
—o—B—= Zo=6cm
. S, A 0=1ec
TV Vz:240m ‘ﬁ"‘z“'s’:“!
2
14
e
18 —
20
22
24 SUPERNATENT
SYMBOL SAMPLE Z, Zf Si SF PH G
_ (cm) (cm) (%) (%) (urmhos A m)
A SA-8 18:0 5.4 3.0 9.6 7.8 720
o] SA-8 12:0 3.9 3.0 8.9 1.9 770
o} SA-8 6.0 2.05 3.0 8.5 7.8 740
28 ~om T T | I L T
O - 10,000 20000 30,000 40,000 50,000 60,000
TIME , t (minutes)

VARIOUS INITIAL SAMPLE HEIGHTS FOR

AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-14

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
OCCIDENTAL-SUWANNEE RIVER PHOSPHATIC CLAY



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-16

e

-4 — —
B0 inyq
‘ KX .{X:E;‘z‘:: 1 29=6cm
| : Q) Zo=12cm
‘ Zo=18cm
‘{ [
|
SUPERNATENT
SYMBOL SAMPLE Zo, Zg S SF  pH G
A fem) f{em) (%) (%) (umhos £ m)
A SA-8 18.0 12.7 8.0 1l.1 8.0 760
Q SA-8 12, «9 8. 10.6 8.1 720
o SA-8 6.0 4.6 8,0 10,3 8.0 810
1B I T T I T T 1
10,000 20,000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR

FIGURE C-15

OCCIDENTAL-SUWANNEE RIVER PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

24

c-17

(D Zo=6cm

rEZg= 12em
-QZQ-’-IBCM

' Zg=24cm

10 —
12
14 —
|6
18 —
20
22 -
SUPERNATENT |
SYMBOL  SAMPLE Zo 2ZF Si SF pH 6
, {cm) (em) (%) (%) {umhos/cm)
- 26 V2 SA-6 24.0 8.7 3.0 8.0 8.0 795
A SA-6 18.0 6.8 3.0 7.7 7.9 800
s mi o wupmnnow
- . .8 . . 7.
28 'JF* T ! T ! T Y T !
0] 10,000 20,000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
USSAC-ROCKLAND PHOSPHATIC CLAY .

AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-16



AVERAGE SOLIDS CONTENT BELOW INTERFACE, S (%)

C-18

—"O"-—O-—-H'QZQ= 6cm

£ n 20212
o1 7018 cm
Zo:z24cm
14
16
18 —
20
22 -
24 SUPERNATENT
SYMBOL  SAMPLE Zo, ZF S; Sg pH 6
{em) (em) (%) (%) {umhos/cm)
26 — v SA-6 240 17.1 8.0 11.0 7.8 760
A SA-6  18.0 13.1 8.0 10.8 8.0 795
a SA6 12.0 9.0 8.0 10.4 7.7 795
g ® SA-6 6.0 5.0 8.0 9.5 7.6 820
T T e T T T T l
0 10,000 20,000 30,000 40,000 50,000 60,000
TIME , t (minutes)

SETTLING TEST - SOLIDS CONTENT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
USSAC-ROCKLAND PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-17



HEIGHT OF INTERFACE ,Z(cm)

c-19

28 ' SUPERNATENT
SYMBOL  SAMPLE 2o ZF Si Sf pH 6
cm) (em) (%) (%) {umhos/cm)
26 4 SA=2 24.0 13.2 3.0 5.4 8.0 450
A SA=2 18,0 9,7 3,0 5.5 7.9 535
a] SA-2 12,0 7.0 3.0 5.1 8,0 545
[6) SA-2 6.0 4.0 3,0 4.5 7.9 535
24
7
oy A
{2} (]
ey ~ £
= 7 R
0 1 ! 1 ! l T -1 !
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TIME, t(minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-18
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 HEIGHT OF INTERFACE ,Z(cm)

¢-20

' " SUPERNATENT
SYMBOL SAMPLE 2o ZF S; SF oH G
{em) {em) (%) (%) { umhos/cm)
SA=2 26,0 21.2 8.0 9.0 7.9 380
SA-2  18.0 15.9 8.0 9.0 8.0 540
SA-2 12,0 11.2 8.0 8.5 8.0 555
SA-2 6.0 5.8 8.0 8.3 8.0 540
203240“‘
VA v
20
18 AN
A, Z,:18cm
AN
'6“‘ o4 ﬁ" 1:l (X -’
14 —
2 Zo=12cm
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8
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4
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TIME,t(minutes)

- SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-19



HEIGHT OF INTERFACE ,Z{cm)

c-21

SETTLING TEST - HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
AMAX-BIG FOUR PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-20

28 SUPERNATENT
SYMBOL  SAMPLE Zo 2F Si Sf oH G
{cm) (cm) (%) (%) {umhos/cm)
26 v SABF-1 24,0 4.0 3.0 16.4 ~-- —--
A SABF-1 18.0 3.2 3.0 15.1 === --
1o} SABF-1 12.0 2.0 3.0 16.4 --- -
0 SA BF-1 6.0 0.9 3.0 18.0 ---
24
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HEIGHT OF INTERFACE ,Z(cm)

c-22

28 SUPERNATENT
: SYMBOL  SAMPLE Zo ZF S;j Sf pH G
{cm) (em) (%) (%) {umhos/cm)
26 v SABE-1  24.0 9.0 8.0 19.7 -==  ---
Py SA BF-1 18.0 7.1 8.0 18.8 --- ——
o SA BF-1 12.0 4.8 8.0 18.6 --- .-
8 SA BF-1 6.0 2.4 8.0 18.9 --- -
24
22
o i
i | I T 1

10,000 20,000 30,000

TIME, t {minutes)

40000 50,000

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

AMAX-BIG FOUR PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-21
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HEIGHT OF INTERFACE ,Z(cm)

c-23

28

26

SYMBOL SAMPLE  Zo ZF

{cm) {(cm)
PILOT PLANT 24.0 6.8
PILOT PLANT 18.0 .2

5
PILOT PLANT 12,0 3
PILOT PLANT 6.0 2

ol ol >R

.6
.0

SUPERNATENT
S; Sg pH G
(%) (%) (umhos/cm)
3.0 10.1 --- ——
3.0 10.0 --- ———
3.0 9.5 7.6 750
3.0 8.7 7.6 770

24

22 %

20

10,200 20,000 33,000 40000
TIME, t{minutes)

50000 60,000

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
BEKER-WINGATE CREEK PILOT PLANT PHOSPHATIC
CLAY AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-22



HEIGHT OF INTERFACE ,Z(cm)

C-24

28 SUPERNATENT
SYMBOL SAMPLE 2, Zf Sij Sg pH G
(cm) (em) (%) (%) {ymhos/cm)
26 \V; PILOT PLANT 24.0 14.1 8.0 13.2 —-
A PILOT PLANT 18.0 11.2 8.0 12.5 ——-
0 PILOT PLANT 12.0 7.6 8.0 12.2 7.6 790
o PILOT PLANT 6.0 4.2 8,0 11.2 7.6 830
24—
20 :
18 -g% X\
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SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
BEKER-WINGATE CREEK PILOT PLANT PHOSPHATIC
CLAY AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-23
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;zhr
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28

26

fem) (em) (%) (%)

o/b[od]
N
o
¥
)

SA N-1\

SUPERNATENT
SYMBOL SAMPLE Zo, Zf S; SF oH G

SA N-1 24,0 347 3.0 17.8 7.5 690
. 17.2 7.8 1010
SA N-1 6.0 1.0 3.0 16.4 7.6 950

(ymhos/cm)

22

20

7 Zo*24 cm
L —AZozl8cm
K Zg=12cm
O ©2Zp= 6ecm
1 R
0 10,200 20,000 30,000 40000 50000 60,000

TIME,t(minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
CF MINING-HARDEE PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-24



HEIGHT OF INTERFACE ,Z(cm)
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28 SUPERNATENT
SYMBOL SAMPLE Zo ZF S; SF pH G
fcm) (em) (%) (%) {umhos/cm)
26 v SA N-1 24,0 11.2 8.0 16.2 7.7 710
o A SAN-1 18.0 7.4 8.0 18.1 8.0 800
al SA N=-1 12,0 S.1 8.0 6 7o 690
® SA N-1 6.0 2.7 8.0 16.7 7.8 590
24—
221
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0 [ T T T
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TIME,t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
CF MINING-HARDEE PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-25
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c-27

28 SUPERNATENT
SYMBOL  SAMPLE Zo ZfF Si Sf oM 6
(em) (cm) (%) (%) {umhos/cm)
26 v SA-13 246 5.9 3.0 11.6 7.4 745
A SA-13 18,0 4.3 3.0 -12.0 --- ——-
0} SA-13 12,0 3.0 3.0 ﬂ; — .-
24 0 SA-13 6.0 1.5 3.0 7 ea-
22~i(
20
Isﬁ s
E
133 }
14 %
2 K
10 ¢ :%L?
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. % o Zgo=24cm
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SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

ESTECH-WATSON PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-26
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HEIGHT OF INTERFACE ,Z(cm)

c-28

28 SUPERNATENT
SYMBOL SAMPLE 2o 2F S; Sk ©pH G
fem) {em) (%) (%) {umhos/cm)
26 @ SA N-14  24.0 8.1 3.0 8.6 ===  -u-
A SA N-14 18.0 6.2 3.0 8.4 o ~em
B SA N-14 12.0 4.5 3.0 7.8 7.9 560
0O SA N-14 6.0 2.2 3.0 7.9 7.3 530
24
22-—4.
20
|S£R 1
16 X 1
14 — X '
12 5 —
'O““. k i
2 i
o N ] 1 I [ T T
C 10,000 20,000 30,000 40000 50,000 60,000
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SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
IMC-NORALYN PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-27



HEIGHT OF INTERFACE ,Z(cm}

28 SUPERNATENT
SYMBOL SAMPLE 2o 2F S; Sf PH 6
fcm) (em) {%) (%) {umhos/cm)
26 7 2 SA N-14  24.0 17.0 8.0 11.1 mer  =mm
A SAN-14 18.0 12.6 8.0 11.2 —=v  =---
a SA N-14 12.0 9.0 8.0 10.4 78 580
o) SAN-14 6.0 4.8 8.0 9.8 7.9 590
24
22
|
1
8
6* 2gz6cm
O O O o WU IO S VN O W
4
2 -
o 1 l T T f
0 10,000 20,000 30,000 40000 50000 60,000

TIME ,t (minutes)

"SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

IMC-NORALYN PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-28



HEIGHT OF INTERFACE ,Z(cm)
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28 ‘ SUPERNATENT
SYMBOL. SAMPLE Zq ZF Sj Sf pH G
{cm) (em) (%) (%) {umhos/em)
26 v SAN-3 24,0 5.5 3.0 12.3 7.8 590
A SAN-3  18.0 4.2 3.0 12.1 7.8 730
0 SAN-3  12.0 3.0 3.0 11,3 7.8 700
o) SA N-3 6.0 1.6 3.0 10.7 7.8 700
24
22
20
I8 1%
Ay
s
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Zg=24cm
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- : Zo=l8cm
Zo=12cm
Zo=6cm
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SETTLING TEST - HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
- MOBIL-NICHOLS PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-29



HEIGHT OF INTERFACE ,Z(cm) -

C-31

SUPERNATENT
SYMBOL SAMPLE Z, 2z S; Sf PH G
{em) (cm) (%) (%) (umhos/fcm)
26 v, SAN-3  24.0 13.1 8.0 14.0 8.0 550
A SAN-3  18.0 10.0 8.0 13.8 7.7 680
o) SAN-3 12.0 7.2 8.0 13.0 7.7 680
B SA N-3 6.0 3.8 8.0 12.3 7.7 680

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
MOBIL-NICHOLS PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-30
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HEIGHT OF INTERFACE ,Z(cm)

C-32

TIME, t (minutes)

SETTLING TEST - HEIGHT VS§. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
OCCIDENTAL-SUWANNEE RIVER PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-31

28 SUPERNATENT
SYMBOL  SAMPLE Zo ZF S; Sp oM 6
{em) lem) (%) (%) {umhos/cm)
26 % - 24,0 7.2 3.0 9.6 7.5 470
A gﬁ"g ]800 5m 300 906 7.8 720
a SA~8 12,0 3.9 3.0 8.9 7.9 770
6} SA~8 6.0 2,05 3,0 8.5 7.8 740
Zosﬂcm
ey
Zo=i8em
e/
Zg=12em
%f\_ 2
Nt (52
Zo=Bom
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) 10,000 20,000 30,000 40000 50,000 60,000



HEIGHT OF INTERFACE ,Z(cm)

C-33

28 SUPERNATENT
SYMBOL SAMPLE 2, Zf S; Sp pH G
fem) {em) (%)) (%) {ymhosg/cm)
26 v SA-8 24,0 17.5 B.0 10.8 7.8 410
A SA-8  18.0 12.7 8:0 1.1 8.0 760
] SA-8 12,0 6.9 8.0 10.6 8.1 720
o} SA-8 6.0 4.6 8.0 10.3 8.0 810
:24—%%\
R
22 %\
20 %\; ,
R Y %W‘ i . Zoz24cm
By, N"W“““‘W‘“Wm#%mw
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7 s, |
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TIME,t(minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
OCCIDENTAL-SUWANNEE RIVER PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-32



. HEIGHT OF INTERFACE ,Z(cm}

c-34

TIME, t (minutes)

" SETTLING TEST - HEIGHT VS. TIME FOR
" ¢ VARIOUS INITIAL SAMPLE HEIGHTS FOR
USSAC-ROCKLAND PHOSPHATIC CLAY

- AT INITIAL SOLIDS CONTENT OF 3%

FIGURE C-33

. '28 , SUPERNATENT
A | SYMBOL SAMPLE 2, 2ZF S; Sf pH 6
' {cm) (cm) (%) (%) (umhos/Am)
: 26 ’ v SA-6 24.0 8.7 3.0 8.0 8.0 795
: B & SA-6 18.0 6.8 3.0 7.7 7.9 800
g . 0 SA-6 12.0 4.9 3.0 7.2 7.7 830
. . 0 - SA-6 6.0 2.8 3.0 6.3 7.8 790
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HEIGHT OF INTERFACE ,Z(cm)

C-35 .

28 SUPERNATENT
SYMBOL SAMPLE 2, 2Zf S; SF PH 6
(cm) (cm) (%) (%) (umhos/em)
26 @ SA-6 24.0 17.1 8.0 11.0 7.8 760
A SA-6 18.0 13.1 8.0 10.8 8.0 795
o SA-6 12.0 9.0 8.0 10.4 7.7 795
o) © SA-6 6.0 5.0 80 9.5 7.6 820
24
22 |
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| |
!
]
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i
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TIME,t(minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
USSAC-ROCKLAND PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 8%

FIGURE C-34



Appendix D

GRAPHICAL PLOTS OF HEIGHT OF INTERFACE VERSUS
TIME FOR DETERMINATION OF MAXIMUM FIELD SETTLING RATE

D-1



- HEIGHT OF INTERFACE, Z(cm)

D-2

36
! " 045 ' Zolcm) Qqicm/mour)
B = A 24 0.156
' & = 0354 :2 ove0
3p L' g‘g _ f\ 6 0.096
: B g 025 .
t K i \
i f g ois -’W}[ k
3 4 o
28 0.05 4| T~
N ] I ! 1 | 1 1
00 005 00 05 Q20 Q25
1/ 2o cmt)
24 Jor-v—v—v—o e
1 |
20 - - . - —-
A A A A A
&\\N\
16 —ry
|
LM
—
° N |
¥)00 20 022G o ‘ O~ —0
LTIME OF MAXIMUM
4 SETTLING RATE
i |
Y ! T L T l T T ' )
0 (0.0} 200 300 400 5Q0 6Q0

TIME, ¢ (minutes)

~ SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY
| AT INITIAL SOLIDS CONTENT OF 3%

FIGURE D-1.



HEIGHT OF INTERFACE,Z (cm)

36
., 80- Zo lom) Qytom Zhour)
1 e o] T
@€~ 60~ .
g g N AL [0} '25 §£
32 SE 40
g€ 40 e
E K ‘Ek‘\
- 0 - R ~
% 20
28 3 -
O T T T T 1T T I T
0.0 005 0I0 0J5 020 025
/24 (cﬂ")
24 - — _—
TIME OF MAXIMUM
SETTLING RATE
20
“%K
RO
'S TV¥{
8 N \
V4
&D\’\és\ A
4 % —
O I I 1 B 14 T
0 200 400 600 800 1,000 1,200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
AMAX-BIG FOUR PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE D-2



36
- ’ B 540 \v zo (cm) Ql(cm/m’r)
- g : 2] \ ?g 386-4.75
€~ 40 5 12 X
32 g‘g B . 6§ 0264
-
| € 30
° N\
] E:; 7 YR
, *% 20 \\
- 284 3 ) \
‘ ot TrTT 1T T T
~ L R 00 005 0I0 Oi5 020 025
« 0 /2o (cm™")
L. 24 —?—f'
LI \
N
W o0 =t TIME OF MAXIMUM
9 ‘ SETTLING RATE
=
w
TN
16
s \ \\
- :
T A 5
o \ -
w
8 )
{'}‘E&@‘G\\D\\O\\O\ﬂ
\D\ fan
4 ~t=3 =7
0 1 1 I | ‘ { 1
0 200 400 600 800 {,000 1,200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
" VARIOUS INITIAL SAMPLE HEIGHTS FOR
BEKER-WINGATE CREEK PILOT PLANT PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE D-3



HEIGHT OF INTERFACE , Z{(cm)

(81
o))

- 12 Zolem) Q¢lem /mour)
- | E R 24 8.44
| < __ 10 2 ea
| g~ i .
" 5 55
32 ‘ g § n N € 5
E; 8 %
<3
1 R G- 6 b\\\
g .o\ﬂ.
28 B | ~
4= =TT T T
0.0 005 QIO 0I5 020 0.25%
1/Zglcm™)
249 ;
l‘-—TlME OF MAXIMUM
20+ X SETTLING RATE
1%
|6
8 S %
4 l' -
~O————0-
N | -
0 T T l r T T T
o] 100 200 300 400 500 600
TIME , t{minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

'CF MINING-HARDEE PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE D-4




HEIGHT OF INTERFACE,Z (cm)

D-6

36 :
‘ . - 20 \ Zolem) Qqlem/mour)
. = 4 \ 264 .50
g~ 5% 12 e
! . ‘( 6 0.498
32 = \
E s 1.0
~ " A
% 05 Ao SR —
28 3 7
' 0.0t =TT T T
o 00 005 0I0 0I5 020 025
‘ /2o (cm™")
24 -
1
20 2
VA AVN \D\
N
<=— TIME OF MAX IMUM
'6 n, SETTLING RATE \ '
. \ \“ﬂ
8 ]
)
4 I~
-
0 T T T T T T
0 200 400 600 800 1,000 1,200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
ESTECH-WATSON PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FI GURE D-5



HEIGHT OF INTERFACE,Z (cm)

36 oo
e ’ {cm) Qfem/hour)
T £ 1\ 2 gse
&~ 06 ? j2  0.240
g% R 4 6 0,198
32 £ \
BT o0a- .
- 53 i \
x < o2 N Lt
28 3 7
0.0 T T T 1
00 005 010 OI5 Q20 025
] /2o (cm™")
!
TIME OF MAXIMUM
Aﬁ}g\&\
-—
‘&.\
16
A @acers \O\L
- h‘@\*_“ﬂ-—@\@
8
453"*3*[:
\‘ﬂ-\ﬂ\‘
4 Pl b fom)
i
O L 1 1 ] 1 1
0 200 400 600 800 1,000 1,200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

IMC-NORALYN PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE D-6



HEIGHT OF INTERFACE,Z (cm)

36 i
S e 80 Zy(cm) Qplem/how)
— g n ?g 4.42
é"’ 60> 2 lgg
3 gé . \ 6 0.468
J% aod4\z
Es ] \
7] -2 A
* 20 A
28 3 T T —4
00 nD .
1 ] | 1 1
] 00 005 00 0I5 020 025
I/Z, (cm™")
244*7
7 VN«---—--Twn:o;-'MAXIML»A
SETTLING RATE
20 \
’ N\%
Izmk\.w\\\
- \
\‘ N \\‘7
8 T —
} \\ I -
4 I~ [ ©
\D\
— &
O | i 1 1 i 1
0 200 400 600 800 1,000 1,200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

- VARIOUS INITIAL SAMPLE HEIGHTS FOR
MOBIL-NICHOLS PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FI GURE D7



HEIGHT OF INTERFACE , Z (cm)

36

32

00 005 «Qio

ul Zy(cm) O.tGM/W)
5 N 24 0.330
0.45-1 18 0.270
- LSO AN 12 0.216
25 4\ 6 0.174
o
Eé 0.35 \
H K
we i
% S 025 A\
, a \\...O
0.5~y ,

] [ B
Q5 020 025

1/Zg(cm™)

T —t |
TIME OF MAXIMUM e C )
7 SETTLING RATE
I I i I I
200 400 600 800 1 000

TIME , t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
~ VARIOUS INITIAL SAMPLE HEIGHTS FOR
OCCIDENTAL~-SUWANNEE RIVER PHOSPHATIC

CLAY AT INITIAL SOLIDS CONTENT OF 3%

FIGURE D-8

1200



HEIGHT OF INTERFACE,Z (cm)

36
il "00. Zy(em) Qylem/hour)
. = 1\ 24 Og3e
: g 0% \\‘7 2 §;§
32 < . B -
o E 0.60
§ s 1 N
’€§7(140 \EN
28 3 7 [~ ~roo
0.20 ==y T T T 1
_{ 00 005 0I0 0I5 020 025
| . /2 (em™")
24 %\V\\J
20 \
\
I 2 1 ») r’—; -
3 JTJ‘B\\BL(EL\
8 - —
PO~ l TIME OF MAXIMUM
W RAT.E
4 __"'_—'G
O: 1 13 L I Ll
0 400 600 800 JﬁZO

200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR

USSAC-ROCKLAND PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 3%

FIGURE

.

D-9

D-10

1,200



E,Z{cm)

Y
14

HEIGHT OF INTERFA(

D-11

% 0.08 '
'._; ’ 2o (cm) Qfcm/hour)
-4 < -7 24 0.031
b SR 18 n.039
o5 CTN ‘s 0004
- DA 1
EE 0.04 AR :
ﬁ 9= 7
»x 9 002 N
28 — ; - E‘h U W N :
0.0 =
00 005 00 0I5 Q20 025
|_/Zg (Cﬂ\-.)
20 { S -
P AWAYAWA" /A
. — A\ .
A
16 -~ e ;
I2-gppae i I s — v
!
s
s
¥ 3% Y0 —0 ‘ —® © |
L OF MAXIMUM i
4 TTL.ING RATE A[ .
I,
i |
| i
, ! |
O f T 1 I T i T
0 {,000 2,000 3,000 4,000 5,000 6,000
TIME ,t (minutes)

- SETTLING TEST ~ HEIGHT VS. TIME FOR

VARIOUS INITIAL SAMPLE HEIGHTS FOR
ACDICN.CANDI E CREEK DMHMOSP T!c

FRANAI I Y Wit W inks Wi sanhms e FSVw e 9

CLAY AT INITIAL SOLIDS CONTENT OF

FIGURE D-10



" HEIGHT OF INTERFACE, Z (cm)

D-12

= 40 Z g (em) Qplemour)
1 § 1 1% =
& ‘5 30 -~ % ?:?“9
3 _2_ & - |
28 20 —
E (-] ﬂ\~
- ~. 1 -
28 1 i
o 0017 2 T T T
Q0 005 0I0 0l5 020 025
l./ze (;‘")
24 3
~at——TIME OF MAXIMUM
SETTLING RATE

12 \‘4*—5__~~___ir___ —
i D B
8 <o
4-Q¥QQD‘Elﬁ+—{3 N
! O 1 1 | 1| T I ¥
0 - 200 400 600 800 1000 1,200

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR

* VARIOUS INITIAL SAMPLE HEIGHTS FOR
AMAX-BIG FOUR PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE D-11



D-13

36
g- oio N\ Zylem) Qjlcm/hour)
- ' N ‘24 0.084
ggowl 4 H 8
N A 6 0.048
2 g3 A
€ 0086 X
Q
-~ E\:’ -9 b“"—"-"ﬂ—‘-
%< o004
28 3 1
Q02 P =1=T=1T=T"T"T"T~T1
00 005 OQlI0 015 020 0.25

/2o (cm™")

24 P—F Tt =

1
20
| SN N B TV
1 —)
16

HEIGHT OF INTERFACE,Z (cm)

SOty o ——)

8

$— l (G O o M Wy

4

4

0 T T ] T Y T

0 200 400 600 800 1000 - 1,200

TIME, t (minutes)

'SETTLING TEST - HEIGHT VS. TIME FOR
~ VARIOUS INITIAL SAMPLE HEIGHTS FOR
BEKER-WINGATE CREEK PILOT PLANT PHOSPHATIC
- CLAY AT INITIAL SOLIDS CONTENT OF 8%

FIGURE D-12



HEIGHT OF INTERFACE ,Z{cm) =

D-14

26 e e
’ . . @o
: e B Z,(cm) Qylcm/mour)
] Lo E i j\ 4 24 1,20-3.34
| - \ % 18 0216
l G~ 30 . - 12 0.144
: T ©3 B \ i 6 oli-0l7
32 |- | z2 -
T S5 204\ S
ES \: o
[y 1 % :
xZ 10 X
og - 3 ' ; . 4 \A\ .
' : 0 04— P Sy
00 005 0OI0 015 020 0.25
1/Zg (cm™)
*'_V——-- — s e — —_
| 2 -k ¥ — —
- —0
0] { |
HOOOTO——e—0— : P i
b P —0|
TIME OF MAXIMUM ! |
4 +————SETTLING RATE ;
| |
|
0 x 1 ! T T T ! T
0 100 200 300 400 500 600
TIME , t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
CF MINING- HARDEE PHOSPHATIC CLAY
~ AT INITIAL SOLIDS CONTENT OF 8%

FIGURE D-13



HEIGHT OF INTERFACE,Z (cm)

32

28

24

D-15

- 020 \ Z,(em) Ql(cm/houri)r
, = 1 A\l 24 0.1686
&5 ot 12 o
g 2 - \ 6 0.042
3% 0.10 3y
g2 &
- et N ~
%9 005 =
3 . ~
0.0 T ] f T
3 00 005 0i0 0I5 020 025
VZg(em ")
. - T
AVARY4 N A4
““7-~__‘v
M—é—&—‘ TIME OF MAXIMUM
M\&.\@um RATE
%eoﬁﬁ, DN . .
o _@
.
-0t} L5
k3 T ! 1 Lf !
0 200 400 600 800 1000

TIME, t (minates)

[,200

SETTLING TEST - HEIGHT V8. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
IMC-NORALYN PHOSPHATIC CLAY

AT INITIAL SOLIDS CONTENT OF 8%

FIGURE D-14



HEIGHT OF INTERFACE,Z (cm)

Ol
(e)]

32

28

D-16

7 0.25 \ Zy(em) Q lemhowr)
. B 20 R
& ~ 0.20 \ 2 0.084
g g . \ 6 0.084
E g€ 0I5 Y
- )
] N O.IO— ’2 \~
3 ) N — 4 o—|—
005 T i T f
i 00 005 0I0 0I5 020 025
1/ Zo (em™")
M
.\‘L\'V\
- -\\
|
‘ TIME OF MAXIMUM
%\az—sewum RATE
\\A
\\&
VonVam s )\'
\O.‘_—-\""O
I ¥ 1 ] ] T
o) 400 800 1200 1 600 2,000 2,400

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOB
VARIOUS INITIAL SAMPLE HEIGHTS FOR
'MOBIL-NICHOLS PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE

D-15



HEIGHT OF INTERFACE , Z(cm)

D-17

36

. oos
W \ Zolem) Q) (cm/hour)
7 5 1\ % oose
~ 0.06 12 0.024
o3 4\ 6 o008
32 $€ v
e g 004 \
BE 1)
7 5 IO
-]
% 002 ~<5TlC
28 = 7
0.0 - T 1
00 005 010 0I5 020 0.25
i o 1/Zo (cm™)
24% NJ\V\
\
—
20 4 i .
) MMN
16 i I Y.
lzﬁame-aci;ﬂ\c
B —0
8
*m*—@-—-j Ly
p——0 —0 o
TIME OF MAXIMUM
4 SETTLING RATE
0 1 | ! ! 1 1 T
0 1000 2,000 3,000 4,000 5,000 6,000
TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR
OCCIDENTAL-SUWANNEE RIVER PHOSPHATIC
CLAY AT INITIAL SOLIDS CONTENT OF 8%

FIGURE D-16



HEIGHT OF INTERFACE,Z (cm)

D-18

36 T
w 0i8 i Z glem) Qi{cmour)
_ [ B 24 0174
&< ot—h g Son
a2 23 _ \ 6 0.030
E’E Q10 \
L)
K 4 \
- 7, S :
. O \
; 0'0.6 D\\
28 7 \\..a\
0.02-p— T T T T
0.0 005 0I0 0I5 Q20 025
] I/ Zq (cm™")
24 P—7=r~=7 i =
<——TIME OF MAXIMUM
i _| SETTLINGRATE
\NV\
20 e
16 e
———
4. I
' i
. T 8———¢
8
@—‘Q'hO'M- B & O
4
O T T 1 1 | 1
0 1,000 2,000 3000 4000 5,000 6,000

TIME, t (minutes)

SETTLING TEST - HEIGHT VS. TIME FOR
VARIOUS INITIAL SAMPLE HEIGHTS FOR

USSAC-ROCKLAND PHOSPHATIC CLAY
AT INITIAL SOLIDS CONTENT OF 8%

FIGURE D-17



Appendix E

GRAPHICAL PLOTS OF FINAL SETTLED HEIGHT VERSUS
HEIGHT OF CLAY SOLIDS FOR DETERMINATION OF

FLOC VOLUME CONCENTRATION
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Appendix F

VOID RATIO VERSUS EFFECTIVE STRESS
RELATIONSHIPS DETERMINED FROM SETTLING TESTS

F-1



Table F-1

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR AGRICO-SADDLE CREEK PHOSPHATIC CLAY

' Lower 6 em Void Ratio -
Total Sample Increment of Sample Effective Stress Data
Zo S8 Zp Sp 2, 8 Zp S "t Oye
Sample (em) (%) (em) (%) (em) (%) (em) (B e  (/ft]) v/sth
e Variable Initial Height Settling Tests
SA-2 6.0 3.0 4.0 4.5 6.0 3.0 4.0 4,46 59.55 64.23 0.120
SA-2 12.0 3.0 7.0 5.1 6.0 3.0 3.0 5.89 44.42 64.84 0.361
SA-2 18.0 3.0 9.7 5.5 6.0 3.0 2.7 6.51 39.92 65.12 0.602
SA-2 6.0 8.0 5.8 8.3 6.0 8.0 5.8 8.26 30.87 65.90 0.333
SA-2 12.0 8.0 11.2 8.5 6.0 8.0 5.4 8.84 28.67 66.14 0.997
SA-2 18.0 8.0 15.9 9.0 6.0 8.0 4,7 10.07 24,83 66.69 1.328

e Constant Initial Height Settling Tests

SA-2
SA-2
SA-2

Where:

24.0 1.0 6.8 3.5 - - - - 77.33 63.82 0.158
24.0 3.0 13.2 5.4 - - - - 48.99 64.62 0.480
24.0 8.0 21.2 9.0 - - - - 28.12 66.22 1.320

Zy,= Initial height; S; = Initial solids content; g = Final height; SF = Final solids content;

ep = Final void ratio; Yt = Total unit weight; and 8ye = Effective stress



F-3

Table F-2

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR AMAX-BIG FOUR PHOSPHATIC CLAY

Lower 6 ecm Void Ratio -
Total Sample Increment of Sample Effective Stress Data

Zo Si Zp SF Zo Si Zp Sp Tt E’vc
Sample (em) (%) f(em) (%) (em) (%) (em) (%) es (b/£t3)  (b/ft)
e Variable Initial Height Settling Tests
SA BF-1 6.0 3.0 0.9 18.0 6.0 3.0 0.90 18.05 12.49 70.48 0.119
SA BF-1 12.0 3.0 2.0 16.4 6.0 3.0 1.10 15.08 15.48 69.04 0.338
SA BF-1 18.0 3.0 3.2 15.1 6.0 3.0 1.15 14.48 16.23 68.75 0.556
SA BF-1 6.0 8.0 2.4 18.9 6.0 8.0 2.35 18.93  11.78 70.94 0.328
SA BF-1 12.0 8.0 4,8 18.6 6.0 8.0 2.45 18.25  12.32 70.61 0.988
SA BF-1 18.0 8.0 7.1 18.8 6.0 8.0 2.30 19.29 11.51 71.11 1.646
e Constant Initial Height Settling Tests _
SA BF-1 24.0 1.0 1.2 17.8 - - - - 12.66 70.41 0.158
SA BF-1 24.0 3.0 4,0 16.4 - - - - 13.99 69.67 0.476
SA BF-1 24.0 8.0 9.0 19.7 - - - - 11.23 71.35 1.322

Where: Z, = Initial height; Si = Initial solids content; ZF = Final height; SF = Final solids content;
eq = Final void ratio; Yt = Total unit weight; and Oye = Effective stress



Table F-3

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR BEKER-WINGATE PILOT PLANT PHOSPHATIC CLAY

Lower 6 cm Void Ratio -
Total Sample -Inecrement of Sample Effective Stress Data

, Zs S Zyp Sk Zo 5 Zy Sg t ’}vc
Sample (em) (%) (em) (¥ (em) (%) (m %) e  (/it] av/etd
e Variable Initial Height Settling Tests
Pilot Plant 6.0 3.0 2.0 8.7 6.0 3.0 2.00 8.67 29.08 66.05 0.120
Pilot Plant  12.0 3.0 3.6 9.5 6.0 3.0 1.60 10.69 23.06 66.97 0.360
Pilot Plant  18.0 3.0 5.2 10.0 6.0 3.0 1.55 11.01 22.31  B7.12 0.600
Pilot Plant  24.0 3.0 6.8 10.1 6.0 3.0 1.60 10.68 23.06 66.97 0.720
Pilot Plant 6.0 8.0 4,2 11.2 6.0 8.0 4.20 11.18 21.92 67.19 0.330.
Pilot Plant  12.0 8.0 7.6 12.2 6.0 8.0 3.40 13.59 17.55 68.33 0.990
Pilot Plant 18.0 8.0 11.2 12.5 6.0 8.0 3.60 12.89 18.64 68.00 1.652
Pilot Plant  24.0 8.0 14.1 13.2 6.0 8.0

2.80 16.20 14.27 69.63 2.316
e Constant Initial Height Settling Tests '

Pilot Plant - 24.0 - - - - 29.28 66.03 0.158

1.0 2.7 8.6
Pilot Plant  24.0 3.0 6.6 10.5 - - - - 23.61 66.87 0.480
Pilot Plant  24.0 8.0 14.6 12.8

- - - - 18.85 67.93 1.320

Where: Z, = Initial height; §; = Initial solids content; Zy = Final height; Sp = Final solids content;
ep = Final void ratio; Yt = Total unit weight; and Gye = Effective stress



F-5
Table F-4

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR CF MINING-HARDEE PHOSPHATIC CLAY

Lower 6 ¢m Void Ratio -
Total Sample lIncrement of Sample Effective Stress Data

| Zo 5 Zp Sp Zo 8 Zg  Sp Y Sve
Sample (em) (%) (em) (%) (em) (%) (em) (%) es (1b/£t3) (b/£t2)
e Variable Initial Height Settling Tests
SA N-1 6.0 3.0 1.0 16.4 6.0 3.0 1.00 16.42 14.20 69.75 0.121
SA N-1 12.0 3.0 1.9 17.2 6.0 3.0 0.90 18.04 12.68 70.55 0.362
SA N-1 18.0 3.0 2.7  18.0 6.0 3.0 0.80 20.00 11.16 71.58 0.602
SA N-1 6.0 8.0 2.7 16.7 6.0 8.0 2.70 16.73 13.89 69.89 0.332
SA N-1 12.0 8.0 5.1 17.6 6.0 8.0 2.40 18.57 12.23  70.86 0.996
SA N-1 18.0 8.0 7.4 18.1 6.0 8.0 2.30 19.28 11.68 71.22 1.662
e Constant Initial Height Settling Tests
SAN-1 ~ 240 1.0 1.2 16.6 - - - - 14.02  69.82  0.158
SA N-1 24.0 3.0 3.7 11.6 - - - - 13.06 70.35 0.482
SA N-1 24.0 8.0 11.2 15.3 - - - -  15.44 69.19 1.268
SA N-1 23.6 12.0 13.9 19.1 - ~ - - 11.82 71.11 1.986
SA N-1 24.0 16.0 17.4

21.0 - - - - 10.49 72.11 2.771

Where: Z, = Initial height; Si = Initial solids content; Zp = Final height; SF = Final solids content;
ep = Final void ratio; Yt = Total unit weight; and Gye = Effective stress



Table F-5

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR ESTECH-WATSON PHOSPHATIC CLAY

Total Sample

2o 5y Zp Sg

Sample (em) (%) (em) (%)

Lower 6 cm
Increment of Sample

Zo 8 Zgy Sy

(ecm) (%) (em) (%)

® Variable Initial Height Settling Tests

SA-13 6.0 3.0 1.5 11.7
SA-13 12.0 3.0 3.0 11.3
SA-13 18.0 3.0 4.3 12.0

e Constant Initial Height Settling Tests

SA-13 24.0 1.0 1.9 11.7
SA-13 24.0 3.0 5.9 11.6
SA-13 24.0 8.0 13.2 14.0

6.0 3.0 1.45 11.70
6.0 3.0 1.55 10.99
6.0 3.0 1.25 13.40

Void Ratio -

Effective Stress Data

L7

21.74
23.31
18.61

21.65
21.94
17.77

K

-

-
Ve

(ab/ftd)  (1b/£t2)

67.57
67.24
68.38

67.58
67.52
68.64

0.123

0.369
0.614

0.162

0.491
1.350

Where: Z, = Initial height; §; = Initial solids content; Zp = Final height; Sg = Final solids éontent;

es = Final void ratio; Yt = Total unit

weight; and Gve = Effective stress



Table F-6

- SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR IMC-NORALYN PHOSPHATIC CLAY

Lower 6 em ‘ Void Ratio -
Total Sample Inerement of Sample Effective Stress Data
Zo S'i ZF SF Zo Si ZF SF Yt gvc
sample (em) (%) (em) (%) (em) (%) (em) (%) e  (b/ft]) (b/ftd)
e Variable Initial Height Settling Tests ‘
SA N-14 6.0 3.0 2.2 7.9 6.0 3.0 2.20 7.92 32.80 65.76 0.121
SA N-14 12.0 3.0 4.5 7.8 6.0 3.0 2.30  7.59 34.34 65.60 0.363
SA N-14 18.0 3.0 6.2 8.4 6.0 3.0 1.70 10.09 25.12 66.74  0.606
SA N-14 24.0 3.0 8.1 8.6 6.0 3.0 1.90 9.09 28.19 66.29 0.848
SA N-14 6.0 8.0 4.8 9.8 6.0 8.0 4.85 9.78 26.02 ' 66.61 0.334
SA N-14 12.0 8.0 9.0 10.4 6.0 8.0 4.20 11.18 22.40 67.25 1.004
SA N-14 18.0 8.0 12.6 11.2 6.0 8.0 3.55 13.06 18.78  68.14 1.673
SA N-14 24.0 8.0 17.0 11.1 6.0 8.0 4.40 11.06 22.68 67.19 1.339

e Constant Initial Height Settling Tests

SA N-14 24.0 1.0 2.2 10.5
SA N-14 24.0 3.0 6.7 10.2
SA N-14 24.0 8.0 16.8 11.2

- - - - 24.10 66.92  0.160
- - - - 24.73 66.82 0.486
- - - - 22.40 67.25 1.338

Where: Z, = Initial height; Si = Initial solids content; ZF = Final height; SF = Final solids content;

e = Final void ratio; Yt = Total unit weight; and %ve = Effective stress
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Table F-7

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR MOBIL-NICHOLS PHOSPHATIC CLAY

Lower 6 cm Void Ratio -
Total Sample Increment of Sample Effective Stress Data
| Zo S; Zgp Sp  Zy S  Zp Sp Yo Gy
sample em) (%) (em) (¥ (em) (%) (em) (%) e  (o/ft]) b/ft?)
e Variable Initial Height Settling Tests
SA N-3 6.0 3.0 1.6 10.7 6.0 3.0 1.60 10.67 24.18 67.10 0.122
SA N-3 12.0 3.0 3.0 11.3 6.0 3.0 1.40 12.08 21.04 67.74 0.369
SA N-3 18.0 3.0 4,2 12.1 6.0 3.0 1.20 13.91 17.89 68.64 0.614
SA N-3 6.0 8.0 3.8 12.3 6.0 8.0 3.80 12.26 20.68 67.85 0.339
SA N-3 12.0 8.0 7.2 13.0 6.0 8.0 3.35 13.76 18.11 68.59 1.019
SA N"f3 18.0 8.0 10.0 13.8 6.0 8.0 2.85 15.92 15.26 69.66 1.698

e Constant Initial Height Settling Tests

SA N-3 24,0 1.0 2.3 9.8 - - - - 26.51 66.70 0.162
SA N-3 24.0 3.0 5.5 12.3 - - - - 20.64 67.86 0.493
SA N-3 24.0 8.0 13.1 14.1 - - - - 17.69 68.70 1.354

Where: Z, = Initial height; Si = Initial solids content; ZF = Final height; SF = Final solids content;

ep = Final void ratio; Yt = Total unit weight; and Sye = Effective stress



Table F-8

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR OCCIDENTAL-SUWANNEE RIVER PHOSPHATIC CLAY

Lower 6 cm Void Ratio -
Total Sample Increment of Sample Effective Stress Data

Zo 5 43 Sp Zo 5 Zy Sg Yt C:vc
Sample (ecm) (%) (em) (%) (em) (%) (em) O e  (o/t]) absit?)
e Variable Initial Height Settling Tests
SA-8 6.0 3.0 2.1 8.5 6.0 3.0 2.05 8.47 30.04 65.98 0.120
SA-8 12.0 3.0 3.9 8.9 6.0 3.0 1.85 9.33 27.02 66.36 0.360
SA-8 18.0 3.0 5.4 9.6 6.0 3.0 1.50 11.34 21.73 67.30 0.602
SA-8 6.0 8.0 4.6 10.3 6.0 8.0 4,60 10.27 24,29 . 66.79 0.331"
SA-8 12.0 8.0 8.9 10.6 6.0 8.0 4,30 10.94 22.63 67.10 0.994"
SA-8 18.0 8.0 12.7 11.1 6.0 8.0. 3.80 12.27 19.88 67.71 1.657

SA-8 24.0 1.0 2.8 8.2 - - - - 31.22  65.86 0.159
SA-8 24.0 3.0 7.2 9.6 - - - - 26.27 66.96 0.480
SA-8 24.0 8.0 17.5 10.8 - - - - 23.04 67.02 1.326

Where: Zo = Initial height; Si = Initial solids content; ZF = Final height; SF = Final solids content;

~ ¢ = Final void ratio; Yt = Total unit weight; and Sve = Effective stress
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Table F-9

SETTLING TEST RESULTS FOR VOID RATIO VERSUS EFFECTIVE
STRESS FOR USSAC-ROCKLAND PHOSPHATIC CLAY

Lower 6 ¢m Void Ratio -
Total Sample Increment of Sample Effective Stress Data
Zo Si ZF SF Zo Si ZF Sg Yt c-ch:
sample em) (%) (em) (%) (em) (%) (em) (%) e (/itd) ab/et?)
e Variable Initial Height Settling Tests
SA-6 6.0 3.0 2.8 6.3 6.0 3.0 2.80 6.29 42.02 65.04 0.122
SA-6 12.0 3.0 4.9 7.2 6.0 3.0 2.10 7.98 32.54 65.78 0.358
SA-6 18.0 3.0 6.8 7.7 6.0 3.0 1.90 8.77 29.34 66.15 0.590
SA-6 24.0 3.0 8.7 8.0 6.0 3.0 1.85 8.99 28.54 66.25 0.720
SA-6 6.0 8.0 5.0 9.5 6.0 8.0 5.00 9.50 26.86 66.47 0.334
SA-6 12.0 8.0 9.0 10.4 6.0 8.0 4.05 11.56 21.56 67.45 1.004
SA-6 18.0 8.0 13.1 10.8 6.0 8.0 4.05 11.56 21.56 67.45 1.674
SA-6 24.0 8.0 17.1 11.0 6.0 8.0 4.00 11.70 21.29 67.48 2.334

B, - - - 34.02  65.65  0.160

SA-6 24.0 1.0 3.0 .7
SA-6 24.0 3.0 7.5 9.2 - - - - 27.81 66.33 0.848
SA-6 24.0 8.0 16.5 11.4 - ~ - - 21.98 67.35 1.340

Where: Zo = Initial height; Si = Initial solids content; ZF = Final height; SF = Final solids content;
‘ ep = Final void ratio; Yt = Total unit weight; and %ve = Effective stress
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Table G-1

SAND-CLAY MIX SETTLING TEST RESULTS FOR
AGRICO-SADDLE CREEK PHOSPHATIC CLAY

Initial Void Ratio -
Sample Data Conditions Final Conditions Effective Stress Data Particle Size Analysis
p Z Z S S. S S Zgp e, egy Y ] Ideal Top Half Lower Half

SCR (gem®) (M eh & @D & O em e w2 %) (%) (%)
1:1* 2.75 24.0 1.427 8.0 14.8 10.2 18.4 18.8 24.61 12.17 70.70 2.56 50 - -
2:1%* 2.74 24.0 2.086 8.0 20.7 10.1  25.3  19.0 24.69 8.11 74.30 3.70 33 34 33
3:1% 2.74 24.0 2,704 8.0 25.8 1.3 33.7 173 21.88 5.38 79.41 4.82 25 - -
1:1%* 2.82 24.0 1.394 8.0 14.8 10.3 18.7 18.5 24.20  12.27 70.98 2.60 50 51 50
2:]%* 2.83 24.0 2.026 8.0 20.7 10.9 26.8 17.7 22.70 7.71 75.52 3.80 33 34 34
3:1%% 2.84 24.0 2.619 8.0 25.8 11.6 34.4 168 21.19 5.41 80.36 4.94 25 26 25
2:1* 2.74 24.0 3.117 12,0 29.0 12.9 30.7 224 18.84 6.19 77.46 5.54 33 34 34

Where: SCR = Sand-clay ratio by dry weight; p = Effective specific gravity of solids; Z, = Initial height; Z; = Height of solids;

Sie

= Final height; e

= Initial solids content of clay; S;¢ = Initial total solids content; Sg, = Final clay solids content;
Sg¢ = Final total solids content; Zp

« = Final void ratio of clay; es; = Final total void ratio;

Y; = Total unit weight; G, = Effective stress at mid-layer.

Equations:  S; = (1 + SCR)/((1/S;,) + SCR)

efe = €1t (1+ (0oSCR/pg) )
Sge = 1/ (((1 + SCR)/Sgy) - SCR )

*Agrico clay mixed with CF sand tailings with pg = 2.72.
**Agrico clay mixed with Agrico sand tailings withp g = 2.86.
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Table G-2

SAND-CLAY MIX SETTLING TEST RESULTS FOR
CF MINING-HARDEE PHOSPHATIC CLAY

Initial Void Ratio -

Sample Data Conditions Final Conditions Effective Stress Data Particle Size Analysis
p Z Z S; S. S s Z e e Y g, Ideal Top Half Lower Half
o s F fe ft

SCR (gemd) (M) @d @ @B & & eh aw/hd  wlfid %) (%) (%)
1:1* 2.76 24.0 2.158 12.0 214 18.4 31.0 154 12.42 6.13 77.84 3.90 50 57 50
2:1% 2.74 240 3.118 12.0 29.0 19.1 41.4 15.2 11.84 3.88  84.59 5.54 33 36 29
3:1* 2.74 24.0 3.984 12.0 35.3 19.4 49.1 15.3 11.57 2.84 90.68 7.10 25 27 23
1:1* 2.76 24.0 2911 16.0 27.6 24.6 39.4 15.3 8.59 4.24 83.33 5.24 50 - -
2:1% 2.74 24.0 4.141 16.0 36.4 22.7 46.9 17.0 9.46 3.10 88.96 7.40 33 33 31
3:1* 2.74 24.0 5.221 16.0 43.2 24.7 56.7 16.2 8.52 2.09 97.60 9.32 25 - -
1:1%* 2.74  24.0 2930 16.0 27.6 25.4 40.6 14.7 8.19  4.02  83.99 5.20 50 41 39
2:1%¢ 2,72 24.0 4.166 16.0 36.4 27.6 53.3 14.1 7.32 2.38 94.23 7.36 33 27 27
J:1%* 2.72 24.0 5.251 16.0 43.2 26.2  58.6 154 7.89 1.92 99.22 9.28 25 22 21

Where: SCR = Sand-clay ratio by dry weight; p = Effective specifie gravity of solids; Z, = Initial height; Zg = Height of solids;
5, = Initial solids content of clay; S;¢ = Initial total solids content; Spe = Final clay solids content;
Spy = Final total solids content; Zy = Final height; e¢, = Final void ratio of clay; ¢y = Final total void ratio;
Y = Total unit weight; 0, = Effective stress at mid-layer.
Equations: ;e = (1 + SCR)/((1/S;,) + SCR)
e = ©ft (r+ (peSCR/pg) )
Spe = 1/ ((1 + SCRY/Sg,) - SCR)

*CF clay mixed with CF sand tailings withpg = 2.72.
**CF clay mixed with CF sand tailings with ps = 2.69.
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Table G-3

SAND-CLAY MIX SETTLING TEST RESULTS FOR
USSAC-ROCKLAND PHOSPHATIC CLAY

Initial Void Ratio -

Sample Data ) Conditions Final Conditions Effective Stress Data Particle Size Analysis

o Zo T s S; Sp. 8 Zp €fo epy Y a Ideal Top Half Lower Half
SCR (gem®) em em @& @ & & oem " whd wfhd %) (% (%)
1:1* 2.76 24.0 1.422 8.0 14.8 124 22.0 153 19.94 9.76 72.61 2.56 50 52 52
t1* 2.74 24.0  2.086 8.0 20.7 13.3 315 14.5 18.37 5.95 78.02 3.72 33 35 34
3:1* 2.75 24.0 2.713 8..9 25.8 13.5 38.4 14.6 18.10 4.38 82.47 4.81 25 27 26
1:1* 2.76 24.0 2.157 12.0 21.4 14.4 25.2 19.8 16.72 8.18 74.37 3.89 50 50 51
i1* 2.74 24.0 3,118 12.0 29,0 15.3 35.2 18.9 15.60 5.05 80.35 5.55 33 33 33
3:1* 2.73 24.0 3.996  12.0 35.3 15.7 42.8 18.6 15.09 3.65 85.62 7.08 25 26 25

Where: SCR = Sand-clay ratio by dry weight; p= Effective specific gravity of solids; Zo = Initial height; 7, = Height of solids;
S;. = Initial solids content of clay; S = Initial total solids content; Spe = Final clay solids content;
S 2 = Final total solids content; Zyp = Final height; ¢ c” Final void ratto of clay; ep = Final total void ratio;
Y{ = Total unit weight; Oye = Effective stress at mid-layer.
Equations: S, = (1 + SCRIA(1/S;,) + SCR)
ere = ep (14 (0,SCR/p))
Spe = 1/ (((1 + SCR)/Sp:¢) - SCR)

*USSAC clay mixed with USSAC sand tailings withp g = 2.7
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AVERAGE TOTAL SOLIDS CONTENT BELOW INTERFACE , S (%)
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AVERAGE TOTAL SOLIDS CONTENT BELOW INfERFACE 'S (%)
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AVERAGE TOTAL SOLIDS CONTENT BELOW INTERFACE , S (%)
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0 CLAY TOTAL SUPERNATENT
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- WITH INITIAL CLAY SOLIDS CONTENT OF 12%

FIGURE G-4



AVERAGE TOTAL SOLIDS CONTENT BELOW INTERFACE, S (%)

G-9

© CLAY TOTAL SUPERNATENT
SYMBOL SAMPLE Z, ZF S; SF S8i SF pH )
- fcm) (em) (%) (%) (%) (%) (umhos/cm)
1 o SCR1:1 24.0 15.3 16.0 24.6 27.6 39.4 7.4 760
o) SCR 2:1  24.0 17.0 16.0 22.7 36.4 86.9 =-- ===
& SCR 3:1 24.0 16.2 16.0 24.7 43.2 56.7 7.3 880
8 _
PsaND=2.72
16
—
24
3 R\
R G\(} SCR I:1 :
.y O—1—0 —0—0
40
4
\-E!— SCR 2:|
0 O——0-0
48
| M . SCR3:1 N
56 , : r—— = ==
0 10,000 20000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-SOLIDS CONTENT VS. TIME FOR

'CF MINING-HARDEE SAND-CLAY MIXES
~ WITH INITIAL CLAY SOLIDS CONTENT OF 16%

FIGURE G-5



AVERAGE TOTAL SOLIDS CONTENT BELOW INTERFACE, S (%)

G-10

0 CLAY TOTAL SUPERNATENT
SYMBOL SAMPLE 2o ZF Si SF Si SF pH 6
em) (em) (%) (%) (%) (%)  (umhos/em)
™ o) SCR 1:1 24.0 14.7 16.0 25.4 27.6 40.6 --- -
) SCR 2:1 24,0 14.1 16.0. 27.6 36.4 53.3 ~-- -
A SCR 3:1 24.0 15.4 16.0 26.1 43.2 58.6 --- -
|12
24
q
36
~ - SCR I:1
~( D 0 D) '0)
4
ol
\B\\aﬁa__&g o SCR 2:1
~ O——
A SCR 3:1
€D
72
, PsaND=2.69
84 u | 1 I I
0 10,000 20000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-SOLIDS CONTENT VS. TIME FOR
- CF MINING-HARDEE SAND-CLAY MIXES

~ WITH INITIAL CLAY SOLIDS CONTENT OF 16%

FIGURE G-6



AVERAGE TOTAL SOLIDS CONTENT BELOW INTERFACE, S (%)

G-11

CLAY TOTAL SUPERNATENT
pH <]

SYMBOL SAMPLE 2o ZF S; Sf Si SF pH
_% lem) (em) (%) (%) (%) (%) {umhos/em)
o} SCR 1:1 24,0 15.3 8.0 12.4 14.8 220 7.9 475
o] SCR 2:1 24,0 14.5 8.0 13.3 20.7 31.5 8.0 480
A SCR 3:1 24.0 14.6 8.0 13.5 25.8 38.4 8.0 475
8 M .
._.‘
16 \
K SCR Il .
24
bi
ﬁ\
K ~0— SCR 2:1
\Dﬁ
22 ‘4\
] \&\& SCR3:!
40
-
48
0 10,000 20000 30,000 40,000

TIME, t (minutes)

50,000

SETTLING TEST-SOLIDS CONTENT VS. TIME FOR
USSAC-ROCKLAND SAND-CLAY MIXES
~ WITH INITIAL CLAY SOLIDS CONTENT OF 8%

FIGURE G-7



AVERAGE TOTAL SOLIDS CONTENT BELOW INTERFACE , S (%)

G-12

32

40

' 48

56

TIME, t {minutes)

o CLAY ~ TOTAL SUPERNATENT
SYMBOL  SAMPLE Zo ZF S;i SF 8i SF oH 6
 lem) (em) (%) (%) (%) (%) (umhos/cm)
n O] SCR 1:1 240 19.8 12.0 14.4 21.4 25.2 8.2 610
| SCR 2:1 24.0 18.9 12.0 ‘15.3 29.0 35.2 9.3 465
TAY SCR 3:1 24.0 18.6 12.0 15.7 35.3 42.8 8.4 595
C)\G\G\
: SCR {:l
[N
\
M SCR 2:1
<\\ | N —(]
\&\Q . . |SCR 3
=y —t) - AV AN
] | T !
0 10,000 20000 30,000 40,000

50,000

'SETTLING TEST-SOLIDS CONTENT VS. TIME FOR
'USSAC-ROCKLAND SAND-CLAY MIXES
WITH INITIAL CLAY SOLIDS CONTENT OF 12%

FIGURE G-8



HEIGHT OF INTERFACE,Z (cm)

SYMBOL SAMPLE

© SCR 1:1
0] SCR 2:1
A SCR 3:1

CLAY TOTAL
2o 2fF Si SF Si SF

em) (em) (%) (%) (%) (%)
24.0 18.5 8.0 10.3 14.8 18.7

24,0 17.7 8.0 10.3 20.7 26.8
24.0 16.8 8.0 11.6 25.8 34.4

%l:‘lPERNGATENT G-13

(umhos /cm)

y ]

PSAND=2.86

10,000

|
—
20,000 30,000

TIME, t (minutes)

i
40,000 50,000

SETTLING TEST-HEIGHT VS. TIME FOR
AGRICO-SADDLE CREEK SAND-CLAY MIXES
WITH INITIAL CLAY SOLIDS CONTENT OF 8%

FIGURE G-9



HEIGHT OF INTERFACE, Z (cm)

28

CLAY TOTAL SUPERNATENT
SYMBOL SAMPLE Zo 2F Si SF Si SF pH G G-14
26 (em) (em) (%) (%) (%) (%) (umhos /cm)
© SCR 1:1 240 18.8 8.0 10.2 14.818.4 7.9 560
o) SCR 2:1 24.0 19.0 8.0 10.1 20.725.3 7.9 560
A SCR 3:) 23,0 17.3 8.0 11,3 25.8 33.7 7.7 570
24 -
22 —
20 \ > |
s o &CR 2:1 :
. IR
A ’ i} ;
8 : A SCR 3: @
16
14 |
2
10
8
6-—4
4
2
o ] I ] ji l PSAND‘-‘-Z.'IZ
0 10,000 20,000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
AGRICO-SADDLE CREEK SAND-CLAY MIXES
WITH INITIAL CLAY SOLIDS CONTENT OF 8%

FIGURE G-10



HEIGHT OF INTERFACE, Z (cm)

28 CLAY TOTAL SUPERNATENT
SYMBOL SAMPLE Zo 2Z¢ S S¢ Si SF oH 6 G-15

o6 : em) f(em) (%) (%) (%) (%) (umhos /cm)

7 o SCR 2:1 24.0 22.4 12.0 12.9 29.0 30.7 --v  —--

o] SCR 2:1 24.0 19.0 8.0 10.1 20.7 25.3 7.9 560 -

24— ‘

QD\‘M-— Sic=12%
N \
20 LZ\B__ si¢=3%
IBJ ‘
’ |

ﬂ
4 |
|
12 %—
10 A
8
6_.
4
2_.
¢

© L T T s

0 10,000 20,000 30,000 40000 50,000

TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
AGRICO-SADDLE CREEK SAND-CLAY
'MIXES WITH SCR OF 2:1

FIGURE G-11



HEIGHT OF INTERFACE, Z (cm)

28

' CLAY TOTAL SUPERNATENT
SYMBOL.  SAMPLE Zo ZF Si SF Si SfF pH (] G-16
8 (em) (em) (%) (%) (%) (%) {umhos /cm)
SCR 1:1 24,0 15.4 12,0 18.4 21,4 31.0 --- —-——
SCR 2:1 24,0 15.2 12.0 19.1 29.0 41.4 ---  ---
SCR 3:1 24.0 15,3 12.0 19.4 35.3 49,1 --- -
24
22 —x<..
20
18 —
: SCR {:§ SCR2:1
1)
SCR 3:I
14—
2
10
8
6_
4
2 —
PSAND=2.72
© T i
0] 10,000 20,000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
CF MINING-HARDEE SAND-CLAY MIXES

WITH INITIAL CLAY SOLIDS CONTENT OF 12%

FIGURE G-12



HEIGHT OF INTERFACE, Z (cm)

28

. CLAY TOTAL SUPERNATENT
SYMBOL SAMPLE Zo ZF Si Sfr Si Sfr oM ) G-17
6 (cm) (em) (%) (%) (%) (%) {umhos /cm)
© SCR 1:1 24.0 15.3 16.0 24.6 27.6 39.4 7.4 760
o SCR 2:1 24,0 17.0 16.0 22.7 36.4 46.9 --- -
FAN SCR 3:1 24.0 16.2 16.0 24.7 43.2 56.7 7.3 880
24 -
22 —
20 \
B\
Q.
18 ]
\ T~ SCR 2:|
Q — OO
16 Attt SORX Al A 2
‘Q)\@‘-— SCR I: 1
O ——0—0
14 —
12
10
8
6-—
4
2
PsaND=2.72
SR m— |
0 {0,000 20,000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
CF MINING-HARDEE SAND-CLAY MIXES

WITH INITIAL CLAY SOLIDS CONTENT OF 16%

FIGURE G-13



HEIGHT OF INTERFACE,Z (cm)

CLAY TOTAL  SUPERNATENT 18
SYMBOL SAMPLE Z, Zg Si SF Si Sf pH ) G-
{cm) (cm) (%) (%) (%) (%) {(umhos /cm)
o) SCR1:1 24,0 14.7 16.0 25.4 27.6 40.6 ---  =---
D) SCR 2:1  24.0 14.1 16.0 27.6 36.4 53.3 ~-=  =--
A SCR 3:1 24,0 15.4 16.0 26.1 43.2 58.6 ---  --- ‘
24 :
22 —
2o |
18
1€ ; F— sca:u
— ; . . N
> D) SCRT:
G\.@\G_*Mﬁw 3 I
— i
4 SCR 211
2
10
8
6_
4
2]
PsaND=2.69
© ! | |
0 10,000 20,000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
CF MINING-HARDEE SAND-CLAY MIXES

FIGURE G-14

WITH INITIAL CLAY SOLIDS CONTENT OF 16%



HEIGHT OF INTERFACE,Z {cm)

28 GUAY  TOTAL  SUPERNATENT
SYMBOL SAMPLE Zo 2¢ Si SF S Sf pH 6 6-19

- {em) (em) (%) (%) (%) (%) {umhos /cm)

o} SCR 1:1 24.0 15.3 8.0 12.4 14.8 22.0 7.9 475

0 SCR 2:1  24.0 14.5 8.0 13.3 20.7 31.5 8.0 480

o SCR 3:1  24.0 14.6 8.0 13.5 25.8 38,4 8.0 475

SCR 31
18 —
SCR 2|
6 ‘.G\\O\ ‘ sdam ' |
Ry 010 r—0
MH
i
14 | |
i2
10
8
6._
4
2 -
0 I T | T
o 10,000 20,000 30,000 40,000 50,000

TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
USSAC-ROCKLAND SAND-CLAY MIXES
WITH INITIAL CLAY SOLIDS CONTENT OF 8%

FIGURE G-15



HEIGHT OF INTERFACE, Z (cm)

28

26

24

CLAY  TOTAL  SUPERNATENT 6-20
SYMBOL SAMPLE 2, 2F Si SF S; SF P 6 :

fem) (em) (%) (%) (%) (%)  (umhos/cm)
SCR 1:1  24.0 19.8 12.0 14.4 21.4 25.2 8.2 610

.2 8.2
SCR 2:1 24,0 18,9 12.0 15.3 29.0 35.2 9.3 465
SCR 3:1 24.0 18.6 12.0 15.7 35.3 42.8 8.4 595

pOo

| l { I
10,000 20,000 30,000 40,000 50,000
TIME, t (minutes)

SETTLING TEST-HEIGHT VS. TIME FOR
USSAC-ROCKLAND SAND-CLAY MIXES

WITH INITIAL CLAY SOLIDS CONTENT OF 12%

FIGURE G-16



