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ABSTRACT

Current Florida Administrative Code regulations that

govern the steepness of reclaimed highwalls in North Florida

. have been criticized for having a 'single slope criteria of
 4H:1V that is applied to all reclaimed highwalls regardless
- of ‘site 'specific factors, 'such as soil tvpe, soil
‘erodability, agd hydrological patterns, that govern the final
. reclaimed highwall 'slope stability. Consequently, lthe

‘Florida Department of Natural Resocurces (DNR) is reviewing

the appropriateness of these requirements.

The purpose of this investigation 1is to evaluate the

"stability of highwalls at two locations using soil properties

determined from insitu and 1aboratory_tests, examine the
current highwall standards, suggest guidelines for performing
stability analyses, and examine the stability of several
ieclaimed ﬁighwall geometries. |
" The objectives werelacéomplished through completion of
the following tasks: |
1) Circular arc stabilitf analyses based on "best guess"
typical highwall soil ﬁroperties were performed fer

various combirations of highwall heights, unit

viii



2).

3)

weights, shear strength pérameters, and seepage
~conditions.

Detailed site investigations =~ at two highwall
locaﬁions were performed to obtain more realistic
input parameters for evaluating the stability of
actual highwalls. The site investigations included
performing insitu tests -- elgctric'coﬂe penetration
énd Iowa borehole shear, locating seepége, and
observing the existing slope geometriesQ

Three laboratory tests =-- moisture content, bulk
density, and directl shear -- were perfofﬁed on
undisturbed soil samples from the two highwall sites

to obtain better input parameters for the stability

analyses.

- 4) Non=-circular arc and wedge stability analyses using .

input parameters from the insitu and 1laboratory

tests were executed to determine the stability of

the existing highwalls at the two sites and to

highwali slope

various reclaimed

examine
configurations with a minimum féctpr of safety of

2.0.

5) Recommended guidelines for evaluating the stability

Analyses of the existinglhighwalls

- of reclaimed highwalls were provided based on the

results of the above tasks 1 - 4.

roduced factor c¢f
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‘safety values of approximately 1.0, which are consistent with

observatiohs of distressed highwalls with cracks and shallow

slope failures bkelow the seepage zone. This in turn provided-

confidence in our input parameters and methed of stability

analysis. From these engineering observations and the
presented stable reclamation slopes that are steeper than the

present 4H:1V standard, it is apparent that these sites could

". -be reclaimed at a slope steeper than 4H:1V while maintaining
-a minimum factor of Safety of 2.0. A variety of highwall
~reclamation scenarios were examined and maximum slopes for a
. factor of safety of 2.0 provided. However, this study does

.. 'not. account for other'factofs such as erosion'(especially in
2:the zone'of seepage), maintenance, and safety of people and

“livestock. Also, these conclusions are site specific.



CHAPTER I
INTRODUCTION

!
!

_ Backgrouﬁd

Cur&ent Florida Administrative Code regulations that

govern the éteepness of reclaimed highwalls in North Florida

have been criticized for having a single slope criterium of

4H:1V. This is applied'to all reclaimed highWalls regardless

- ‘of site specific factors, such - as soil type, soil
"erodibility, and hydrolcgical patterns, that govern the final
- reclaimed highwéll slope stability. ’Consequentiy, the
‘Florida Department of Naturai.Resources (DNR) ' is reviewing
1“-theii-appropriateness of these requirements. An initial
‘qualitative conparativé analysis performed by the DNR showed
..that slopes varying from 4H:1V coul& be acceptable if they

were supported by the following:

1) A slope stability analysis performed by a registered

professional engineer experienced in scil mechanics

'demonstrating that the proposed reclamation slope
has a mininum factor of safety of 2.0. \“ |

2) Detailed conStruction methodolegy that includes
provisions for safety, revegetation establishment
and maintenance, and erosion ‘and sedimentaticn

control.

3). Landform data which indicates <that the reciaimed




highwall is harmonious with the surrounding areas
and minimizes the visual impacts of mining.

4) Land use data which indicates that the reclaimed
highwall doés not represent a conflict with the
local comprehensive land use plan. |

ose
The purpose of this investigation 1is to evaluate the

stability of highwalls at two locations using soil properties

-determined from ‘insitu and laboratory tests, exanine the
; curfent highwall standards, suggest guidelines for performing

’ stability analyses, and examine the stability of several

reclaimed highwall geometries.

Scope

© The objectives were accomplished through completion of
the following tasks: | |
“-1) Circular arc stability analyseé ased on "best guess"”
‘ typical highwall soil properties were péfformed fof
various combinations of. highwall heights, unit
welghts, shear strength. parameters, and seepage
conditions. .

2) Detailed site investigations at . two | highwall
locations were performed to ‘obtain more realistic
input parameters for evaluating the stability of
actual highwalis. -The site investigations included
performing insitu tests (electric cone penetraticn
and :Iowa boiehélef shear), locating seepage,_ énd

. observing the existing slope geometries.
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3)

4)

..8Y

Three laboratory tests (moisture content, bulk

density, and direct shear) were performed on

. undisturbed soil samples from the two highwall sites

to obtain better input parameters for the stability

analyses.

Non-circular arc and wedge stability analyses using

input parameters from the insitu and laboratory

tests were executed to determine the '‘stability of

the existing highwalls at the two sites and to
examine -various reclaimed highwall slope
configurations with a minimum factor of safety of
2.0. |

Recommended guidelines for evaluating the stability

- . of reclaimed highwalls were provided based on the

results of the above tasks 1 - 4.




.CHAPTER II '
SUMMARY ' :

Objectives and Scope

The cbjective of this investigation was to éxaﬁine the
appropriateness of the current Florida Administrative Code
rééﬁirément of a minimum 4H:1V slope for reclaimed highwalls.
This objective was accomplished by £field and laboratory

investigations of two existing highwalls at Floridin's Quin¢y

"mine . and 'Englehard's La Camelia mine, followed by

computerized slope stability _analyses; From these

~." . experiences, a methodology for relaxing the 4H:1V criteria is

recommended in Chapter III.

Assumptions . Ce e

ST Fadtor of safety (FS). A minimum allowable factor of

safety of 2.0 was assumed. Although modern damsrusualiy have

*.. minimum FS values of 1.5, they are compacted structures and

undergo periodic inspection and maintenance. However,

- reclaimed highwalls, are in° natural materials with high
- wariability and DNR guidance suggested a minimum inspection
.. and. . maiﬁtenance program would follow reclamation.

Accordingly, a minimum FS of 2.0 was assumed.

Geotechnical Considerations. Simplifying assumptions are

inherent in geotechnical field and laboratory investigations,

and slope stability analyses. Accordingly, they apply to
this study as follows:

1. Insitu Tests. The thickness of each strata, obtained
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from'one cone penetration test, was assumed to be constant
over the entire highwall slope.

2. Laboratory Tests. The direct shear test aécuraﬁely
‘measures the insitu strength, and the strength parameters .
. from the tested sémples are representative of the»st:ata from'

which they were obtained, and are not affected by disturbance.
| ~»'It .was assumed that excess pore water pressures dissipated
during shear, i.e. drained strengths were obtained.
;; ' - 3. Stabilitx Analyses. It was assumed that Janbu's
| . o .. .. method of slices for general (non-circular) failure surfaces
- could accurately determine the stability of  reclaimed
~highwalls. Thus the inherent assumptions of this analytical
LT methed are presented. They are the following: |
LT A. -Limit equilibrium conditions of peak strength apply

coIoInT - ' and progressive failure does not occur. -

B. Plane strain conditions apply.
S.-@t. i . €. Long term stability is more critical than end of
. conmstruction stability. '

;f;:"mi;> S D. Input parameters -- For the stability énalyses, it
was assumed that deep failures weré limited to a
S ;-_.W_. :depth below the minable clay equal to one half times
f;QQ:r"at.u" oL the SIOpe height. Also, the piezometric surfaée_was
}ﬁ;-l SRS 7’ | assumed to follow the surface of seepage.’ This
;v | .fu . ' J latter assumption.is conservative sin¢e if the.slope.
t is partially submerged, Ithe wéter'pool formed f:om‘
- .runoff Jwill _provide a buﬁtressing-sﬁpport to the

slope and the actual 'Qater table may be  located

deeper in the Eawthorn Formation. In additicn,
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shear strengths and densities of the £ill and some
.sand layers were assumed due to the unavailability
of data.
Results

To evaluate the appropriateness 'of these assumptions,

detailed site investigations and comparison laboratory tests

were performed to analyze two existing highwalls. These
anaiyses resulted in FS values of approximately 1.0 (Figures
6.5 - 6.8), whioh;are cohsistant with.visual observaﬁicns of
the distressed conditions of these highwalls. From thio
standpeint, the methodology and assumotions we followed have

been ‘"calibrated" with the field conditions. Incidently, a

. cursory attempt to assume typical engineering values and

analyze these highwalls produced erroneous results.

Since the objective was to evalute relaxation of the

: . current 4H:1V slope criteria, stability analyses of several
- possible reclamation highwall schemes were -evaluated. A -
. summary of the slope inclinations having a FS of 2.0 for

" these example schemes is presented in Table 2.1 and shows

slopes steeper than 4H:1V. However, these results are site

specific and are only for illustration.

Recommendation -

Assuming a minimum FS of 2.0, it is possible to reclaim

highwall slopes steeper than 4H:1V provided detailed fieid,

laboratory,' and stability analyées are performed. Chapter

III provides a recommended methodology. However, factors of

erosion, maintanence,' and safety of people and livestock are

not addressed.




‘Reclaimed Slopes With A Minimum Factor Of Safety Of 2.0

FLORIDIN MINE

LA CAMELIA MINE

2.75H:1V
Slope

2.75

2.5H:1V
Slope

. '1
' 2.5 r

3H:1V Bench

with 1:1 Cut

’ . 1
3 .

3H:1V Bench
with 1:1 Cut

' 1
. 3 g

2.75H:1V
Cut/Fiil

2.75

2.5H:IV
Cut/Fill

2.5

Table 2.1 Reclaimed Slopes with a Minimum
"  Factor of Safety of 2.0




CHAPTER III
RECOMMENDATICNS

A methodology for analyzing the stability of reclaimed

" slopes, as shown as in Figure 3.1, was developed dﬁring this

» Study. First, the site must be investigated to determine the

sequence and extent of soll strata, physical‘ properties of
the éoils, and gréuhdwater conditions at the site. This can
be accomplished by examining the soil cores removed during
éxploratory boring and by Visuél inspection}of‘the site if

minihg ‘has exposed a highwall. The distance between

“exploratory boreholes should be a maximum of 330 feet (the
" .standard for phosphate-mines) due to the variablé subsurface

‘conditions in the north Florida mining area. Borings should

be carried to the bottom of the minable strata.

LL-lSecond,' samples of each strata down to the minable

«straté must be recovered from the borings for laboratory

tests. Due to the friable nature of a majority of the soil

types,{ it is advisable to collect more samples than needed.

- Samples should be recovered from exploratory borings'and be

”approximately twice the size necessary for laboratory'shear

tests (Note: Direct sheér tests were used in this study and
éamples from a 4 inch exploratory boring would have been

accepﬁable.). The samples need to Be kept intact and at‘the

" natural moisture content until testing.

Third, bulk density and drained direct shear or other

-laboratory shear tests need to be - performed on each soil




Investigate site to determine the sequence and extent of soil
strata, physical properties of the soils, and groundwater

condmons at the site.

Recover samples from exploratory bonngs for

laboratory tests.

Perform bulk density and laboratory shear tests on each-soil type.|

l

Select design strengths, densities, water table lccatxon and
slope geometry from lab/field tests and/or engmeenng judgement.

l

Perform slope stability analyses usmg a non-mrcular
failure surface methed to find reclamation slopes witha
minimum factor of safety of 2.0,

l

Site verification of design assumptions.
(Required for fill conditions) ‘

Flgure 3.1 Stability Analyses Methodology For Reclaimed S!opes |
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‘type. The bulk density should be determined using the
. procedure and calculations specified in ASTM 1188 but

. substituting "chunk soil samplesh for “"compacted bituminous

mixtures"”. The specific gravity of paraffin was assumed to

be 0.91 at 15°C, the average density of paraffin listed in

the CRC Handbook of Chemistry and Physics. Direct: shear

tests should be performed according to ASTM 3080 with the
following additions and modifications to the procedure:
1) Apply increments of normal stress to a soil type that

correspond to _the range of;stress EE%%FEQEMEBJFRQ

field.

-2) Adjust the time allowed for consolidation to take
into account the type of soil that will be sheared.
For example, a sandy éoil may consolidate almost
instantanéously-fwhile a clayey soil may require 25
minutés to cons§lidate.'

3) Soils that lie above ground water should be sheared

- without water in the shéar box; soils that lie below

the ground water should be inundated during shear.

4) Additional direct shear tests éhould be perfbrmed on.
soil samples which have been soaked_for 48 hours. if
the soil is known to iie below ground water.

5) The shear frames should be _raised more than the
specified 0.01 in. when a varved soil sﬁecimen is

- sheared. This is to allow the soil'specimen to.fail
élong a weak plane rather than»épecifically on the

horizontal plane.
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The results of the laboratory/field strength tests should be

plotted and a range of possible friction angles and vcohesion

values interpreted. Table 3.1 provides examples of typical

density and shear strength values for the various soil layers
tested in this study. |

Fourth, the anticipated reclaimed,. highwall slope

‘geometry should be selected. The soil profiles and

properties determined from the field and laboratory should be
selected as input values for the analyses. The ground water

should be specified to create tbe_;g§§;mgggbie,condition that

could exist. In the case of fill sections, the density and

- strength depend upon the method of placement and compaction,

and - thus, may be unknown at the time of analyses.
Accordingly, test fills and/or engineering judgment will be

required to obtain the input parameters.

- Fifth, a non-circular slope stability analysis, such as

"PCSTABL4, should be performed. Reclamation sioPES that have

a minimum FS of 2.0 are acceptable.

’ Laétly, field visitation by the design engineer to

- verify design assumptions and actual ' construction
‘compatibility with those assumptions is recommended. In .the

case of f£ill séctions, density and strength tests of the

‘actual f£ill should bé.pérformed. If adverse conditions (i.e.

gfbund water, £ill, or other assumed properties) exist, the

 engineer has the responsibility to reanalyze the slope and

alter reclamation accordingly.

It should be pointed out thatvthese reconmendations only

consider stability and the effects of erosion, maintenance,

and human/livestock safety are not considered.




COMFUTER INFUT VALUES

'*******************************************************************************

5 _ * Location * Layer * Cohesion * Friction * Scaked * Scaked * Bulk *
P * . * Thickness * * Angle * Cohesion * Friction * Density *
S * * (££) * (psf) % (deg) - * (psf) % (deg) % (pcf)
L: ' dkdehddrhhihhhthdhhhddethdhh iRk ikt kdkdhhdhhihhhkhhhhidhhdidekihketdhhikihiiikt
B * Quincy  * 6.6 * 150. * 22,3 * * * 126.2 *
B * Layer 1 %* * * * * % %*
*******************************************************************************
* Quincy  * 7.2 * 1450. * 7.3 * * * 108.1 *
% Layer 2 * %* %* * %* ' %* %
n *******************************************************************************
|
g * Quincy  * 6.4 * 2150. . * 30.4 * * * 107.1 - *
j * Layer 3. * . * * * * * *
I : ‘—_********************************************************************************
SR "% Quincy * 19,2 * 1450, * 21.3 * * * 97.4 *
L * Layer 4  * * * * * %* L
rﬂ:' S *******************************************************************************
"% Quincy % 19.1 - * 1300. * 16.0 * * * 109.5 *
. "% Layer 5 * ' * * » * %* *
i“";f"" ****************************************************************w**************
T " * Quincy * 4.0 * 4100. * 7.0 * * * 108.7 @ *
| . "% Layer 6 J * ok . %* N %* %*
f”“f"“””"""*}*i***************************************************************************
T ey . . )
[~ - * Quincy * 5.0 * 3000. * 7.5 * 1700, * 7.6 * 114.7 *
P "% Layer 7 - - * % * ) * % %
F":”"ﬂ“""*******************************************************************************
B "% Quincy = * 20.0 * 5100. * 7.3 - * 2700. * 7.4 * 95.5 *
e "% Layer 8 % * * * % % *
|

fﬁf'“' *******************************************************************************

- * Englehard * 6.5 * 1150. * 36.2 * * * 122.6 *

TTTT T NkhkvekkdhRddkRhhkhhhhhhhkhhhhhRhhhhhhhihihiRhhdkhikhihhhhhhhkddedkkdkhdedkhdkkik

P * Layer 1 %* * * * * %* *
PTTTTTTT T T hkRkhRkhkhhkhikhRhkihhhhhhhhhhhhhhhhihhhhihkthhkkdhhhdhhd ikl dhhititd e hiit
y = '~ % Englehard * 12.3 * 80, * 35.0 * ' * * 122.5
! o . * Layer 2 * * a3 % %* ’ * *
i T T Rk kAR hde ko dkkd iRk hhdhdedehdehdehhhdehi kiR hhdhhkihhhRhhhhRhrhikhih ik
| ~© % Englehard * 21.0 * 3200. * 15,8 * * ° * 122.0 «*
. * Layer 3 % * * * * * %*
7*“» Rhkhhhkhhihhhdkhhdhhhhhhhkrhdrhhiihhkrhdhihhhdihdhhkhhhdhhh kR hdhhihhhihtihihk
| % Englehard * 8.2 * 800. * 12,3 * * * 119.5  *
P * Layer 4 * * %* * % % *
? L RhhkhkhkrdedkhhhkhhthkhthhthihhhihhihhkihhhhkdhRhihhhhhkhdhdhhhhhihihrkhhhirkrrrier
i * Englehard * 6.3 * 3600. * 11.3 * 3000. * 9;8 * 111.2 %
| . * Layer 5 %* * S * ] * *
! . !
(. : ’ ****************************************************************************x*w
| * Englehard * 20.0 . % 5100. * 7.3 * 2700. * 7.4 * 94.8 *
! * Layer 6 * ) % %* * . *

TA8LE 3.1 COH”UTZ? IXP"“ L

************************************************************x******************,



13

CHAPTER IV
STABILITY ANALYSES METHODOLOGY

The potential of an ‘embankment to experience shear
failure during its lifetime can be examined by analyzing two

critical stages -~ end of construction and 1long term.

Usually, . the end of construction phése requires total stress
- analyses since the excess pore pressures in silty and clayey
--soills of the embankment, caused by a change in total stress,
"have not dissipated and are not known, unless measured. In

'-'thislcaSe, the undrained strengths, Sy and ¢u, are used in

stability analyses. The long term situation involves

- "effective stress analysés since excess pore water pressures
- - ‘generated in silty and clayey soils have .dissipated.
" "Effective strength analyses requires ¢, @, and pore préSsuresl

fcorrésponding to natural ground water conditions to be known;.

Generally, the long-term situation is critical for a slope.

- For the particular case of the reclaimed highwalls in

. North Florida the long-term situation is critical. Pore

pressures in ‘the _highwall have probablf dissipated-by the

~time it is reclaimed. If the land is reclaimed by removing

- overburden to get'ah appropriate slope, negative excess pore

pressures will be generated in the silty and clayey soils

~ which will increase the apparent strength of these soils.

Over time, the negative pore pressures will dissipate
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resultind~ in a decrease in the apparent strength of the
material. If the highwall is reclaimed by a cut and fill
methed, negative pore pressures will be generated in silty

and clayey soils as they are removed from the ground to be

sused as £ill. When these materials are compacted, overburden

- pressures will cause pore pressures to increase positively.

The excess pore pressures'in the £ill during shear depend on

- the degree of overconsolidation of the material -- a soil

- that 1is normally consolidated will experience positive pore

pressures when subjacted to shear stresses; a soil that is

- ‘-overconsolidated will experience negative excess pore

pressures. The excess pore pressures that exist in the £ill

‘at-.-the end of construction are not known and may be either - .
-positive or negative. Most.likely,' the avérage excess pore
.-pressures in the £ill would be negativé since the fill is’
. :compacted to a density less than that of the undisﬁurbed
..soll. Therefore, the fill‘ would act overall as an

. .overconsolidated soil and would lose strengthywith time.

The.shear_strength parameters used to analyzé these

'-- conditions can be obtained from laboratory or insitu tests.

In the laboratory, shear strength parameters are usually

L determined from direct shear or triaxial tests. Direct shear

tests were used, in this investigation, <to determine soil

strength parameters'be¢3use the tests are useful for running

-drained shear tests on silty,and'clayey'soil. Pore pressures

dissipate faster from the thin samples employed in direct

-.-shear tests than from the'samples used in triaxial tests.




; tests.
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Also, it is more convenient to subject samples to large
strains in a direct shear apparatus. Finally, direct shear
tests are much simpler and less time consuming than triaxial

Direct shear tests may overestimate the shear strength

. of overconsolidated silty and clayey samples if the 1load is

5applied toco rapidly, allowing excess negative pore pressures

to develop, which, in turn, increases the apparent shear

strength of the soil. Likewise, the strength of normally

‘consolidated silty and clayey materials may be underestimated

if positive pore pressures devélop. If the 1loads of the

.. tests performed in this study were applied too fast, -

gignificant increments of pore pressure would not be

. developed during this partially drained loading if the soil

‘samples were not highly saturated with water. This occurs
' .because air in the pore fluid is much more compressible than
-“the water or the soil skeleton._ When the soil is saturated,

".significant increments of pore pressure develop due to the

relatively high compressibility of the soil skeleton compared

--to that of water. Also fissures in the samples allow pore
"pressures to dissipate rapidly. The friction angleé of

"sands, obtained from direct shear tests, is about the same

regardless of the rate of loading.
To select appropriate shear strength values to be used
in the analyses, consideration must ke given to the fbllcwing

factors: the range of normal stresses a soil layer might

'experience in the field, the level of water i.e. whether a

ol
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‘soil is or may become submerged, the amount of strain a soil

experiences to reach peak shear strength (too much strain

increases the chances of a progressive failure), . and whether

a soil develops residual. strength.

Among the possible methods of stability analysis are the

infinite slope, the circular arc, sliding wedge, and non-

circular failure surface analyses. The pronocunced layering
of the Miccosukee and Hawthorn Formations requires that non-

circular failure surface analyses be used.




CHAPTER V
INVESTIGATION

Preliminary Evaluations
- On May 5, 1986, the Floridin Corporationis Quincy mine

was  visited to examine existing highwalls and mining

. operations. Based upon these observations, initial slope

stability analyses were performed using a circular arc method

(modified Bishop) and the estimated soil parameters shown in

i Pable 5.1. The results of the analyses produced factors of
"~ 'safety much less than 1 for slopes of 4H:1V when the failure
- -¢ircle passed through the lower layers of ‘soil. Since the
R gxisting slope stands hearly._vertical without showing
-- distress, the strength parametefs‘for the lower soil layers

. were underestimated and circular arc analysis inappropriate.

Insitu Tests : ‘ .
"Electric cone pegeﬁration.‘ Electric cone penetration

tests were performed at the Floridin Corporation's Quincy

‘mine and the Englehard Mineral and Chemical Corporétion's La

Cameliafmine during June 30, 1986 <to July 3, 1986 to

~determine the corresponding - soil profiles ==~ soil layer
thicknesses and soil types. Testing was completed, according

‘.to ASTM D ‘3441,‘ from the ,University of Florida's cone o

. penetration testing truck -- an all wheel drive vehicle

 designed especially for quaéi-static penetration tesfing.




ESTIMATED SOIL STRENGTH PARAMETERS

Seepagé is assumed to flow along layer 3

*********************************************************************************k**k****

* Location #* Soil . . * Layer * Cohesion % Friction * Moist %

* Descrlptlon * Thilickness * * Angle’ * Density *
" * * (ft * (psf) * (deg) * (pcf) *
********k********************************************************************************
"% TLayer 1 * Sand * 5, - 25, % 0. - 200. * 30. - 40.% 100. - 120. *
% * * ' * * *
*****************************************************************************************
* Layer 2 * Clay with sand *¥ 10, - 35. * 0. - 200. * 30. - 40.% 100. - 120. *
* ‘ * * * ok * *

-*****************************************************************************************

: Layer 3 * Overconsolidated clay * 0. - 5. * 0. - 1000, * 0. - 10.* 100. - 120. *

: * with slickensides * * * * *
Rt e T R L S i A A R R A S LR L L LI R R
* Layer 4 * Hawthorn . : * 30. - 70. * 500. - 1000. * O. - 10, * 100. - 120. *
* * Formation * ok * *

******k**********************************************************************************

TASLE.E.I EITIMATED SCIL STREKGTA PAELHETERS

8T
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The soundings were yperformed  with ~a 20-ton ram assembly
mounted in the truck, an electric Hcgentcgler/éMF 15 ten
piezometer cone, drive rods including a special "friction
reducer" rod, and a system that autometically logs, reduces,
and plots data.

When data from the cone penetration test -- cone'tip
resistance and friction ratio -- were plotted versus depth,
the subsurface profile could be apﬁroximated.' A change in
soil type was indicated by a characteristic change in ‘the

cone tip resistance and friction ratio versus depth plots.

" -Soil -types were interpreted from Robertson and Campanella's

~-(1984) chart shown in Figure 5.1 and visual observations.

Although the cone had a pore pressure transducer, it was

- not’ - functioning properly. Therefore, pore pressure.
- ‘measurements, which would have helped determine sdil tyres

- "and the location of the water table, could not be used.

Of ‘the eleven soundings, ‘whose data and plots are

- presented in Appendix A, <£five were stopped when the local
-friction became greater than 10.43 tsf, three were termineted”

i :.yhen the cone penetrated a very stiff layer after passing

through a weak layer which could potentlally buckle and break
the drive rods, two were concluded when it became difficult
to -pﬁsh the rods into the soil, and one was ended when the
1nc11nat1on of the rods exceeded 5 0 degrees frenm vertical at
a debth of 5. 00 mete*s or less. When the eest was SbOPp

fcr-exce551ve local friction, subsequent baseline readings

'were ‘taken to confirm that the final baseline readings did
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not vary significantly from the initial bééeline readings

automatically recorded before each socunding. The limiting

tip resistance of 10.44 tsf was not reached during the

meters.

' test consists of performing an insitu direct shear tast.

~soundings, which were recorded for a total depth of 79.90

Iowa borehole shear. Basically, the Iowa borehole sheax

The

maximum shear strength is plotted'vérsus the normal stress to

F1:59*7* - ‘get a Mohr-Coulomb failure envelcpe. Discrete values

of

- --cohesion and friction angle are defined by this failure

;ﬂ;t*f ~-*-°  “envelope. Since the data is reduced in-the field, tests
i writio ‘ha--repeated immediately if necessary. The tested soils
i??i ?i7:15"¥-bejidentifieabecausg the shear test is performed in
augered borehole.

- The Iowa borehole shear test is very versatile. It
ﬁ%;f .f159:4775ucce55fu11y been perfofmed in wvertical, herizontal,

e e R iinclinéd holes; above and beiow the water-table; in snow;

can
can

an

has -

and .

and

F1L.0 177 under -water in lake bottoms. Testing soils with a gravel

- -~ -content greater than 10% or loose caving sand which is dry or

e CiT below the water table, however, is difficult. When a soil is

ononotoLn "too stiff, with a cohesion greater than about 1200 psf,

underestimated or negative.

i . ...angle to be overestimated and the cohesion to

the

shear plates of the testing device do not seat during
appiication of normal stress. When this occurs, the teeth of
a the shear plates scrape over the soil causing the friction

Te

On July 3, 1986, Iowa borehole tests were attempted a:
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the La Camelia mine but could not be completed since the soil
was too stiff torpenetrate with a hand auger.

Oon August 26, 1986, Iowa borehole tests were performed

-at'the La Camelia mine. This time "starter" holes were made

with a 1/2 inch electric drill powered by a portable Honda
gasoline generator. The drill bit stem was modified from
part of a hand penetration ccne rod and the bit itself, the 1

inch clay cutter or sand cutter that is used with the self

" boring pressuremeter, could be threaded onto the stem. Hand
‘penetration rods could be added as  necessary until the
‘required length was reached. After the 1 inch hole was

‘completed tc the desired depth, the hand auger was used to

make the borehole 3 inches in diameter.

-~ Although the Iowa borehole test has been performed in

horizontal Etoreholes, - the author had difficulty augering

" horizontally into a highwall. The drill bit did not remove
“the maﬁe”ial as it was being augered so the bit had to be
: withdrawn frequently from the hole to pull the SOll out.
'-Subsequent hand augering was just as difficult and had the
- ‘same problem of soil removal. TFive ﬁests,“ presented in

Appendix A, were performed --_three in one borehole and two

in another =-- in soil layer 2 at the La Camelia mine. ©No
tests were performed at the Floridin nine.

DllatOﬂeter Dilatometer +tests could not be pe“forned

' due to the hlgh local friction of th 50115,

Lanoratogy Tests -

Chunk soil Eamples were remnoved from the highwalls at
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- the Floridin and La Camelia mines, placed in Ziplec bags,

properly labeled, and taken back to the 1lakoratory for

‘testing. The samples were hand carved from the excavations

using the foliowing eqﬁipment: a hand shovel, hoe, hacksaw,

and pocket knife. Each sample was at least two times the 2"

X 2" sample size required for the direct shear test. The

required thickness of the sample depended on the type of soil

and is discussed below vwith the direct shear test. The

variability of the soil in each layer made it difficult %o

obtain representative soil samples. For example, the soil

- sample removed from a soil strata that consisted of red,
}drange;r and white-grey clayey‘silt may be composed of one cf

“the- materials, +two of the materials, or all three of the

soils in an array of different compositions.

" When the chunk samples reached the laborateory, smaller

-samples were removed to perform moisture cdntent_,and bulk
- density tests. 'The,larger'samples weré coated with parxaffin
" “to-seal the moisture in thé sample and to make <the - sanple
“iless ~susceptible td'cruﬁbling when cut for the direct shear

- “test. The:coated samples were stored in Ziploc bags until

- they wére needed for testing. The results of the laborafory

tests are pfesented in Appendix A.

' Moisture Content. At least two moisture content tests

were performed on each soil sample by following ASTM D 2216.

The data obtained was not used in the stébility analyses.

BulX Density. Two bulk density tests were performed cn

each soil sample by following ASTM 1183 but substituting
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-"chunk soil samples" for ‘"cecmpacted bltum*nous mixtures",

The specific gravity of paraffin was assumed to be 0.91 at

--15°C, the average density of paraffin 1listed in the CRC

Handbook of Chemistry and Physics. The bulk density was used

in the stability analyses instead of the absolute density
because the samples would disintegrate in water and the

samples occur naturally in a partially cemented form in the

field.

Direct Shear. Sixty-five strain-controlled direct shear

tests were performed on moist samples following ASTM 3080

- “with ' several additions and modifications. The normal
‘Stresses applied to each soil type were chosen to represent a
-range -close to the normal stress in the field. After

- -applying the normal stfess, the soil was allowed to

" consoclidate for a tinme perlod +that tock into account the type
--of seil that was sheared. For example, a sandy soil that

“-consolidates almost instantaneously was sheared immediately, -

"while a elayey soil may be given 25 mnminutes to consolidate

- --pefore it was sheared. Soils that lay above ground water

‘were sheared witheut water in the shear box; soils that lay
'below the g:eund water'were sheared with water. Addit lonal
tests were made on soil samples that were lnundated for 438
hours lf the soil was known to lay below ground water. When
-fissured soil specimens were sheared, the shear_framesl were
raised more thah the'specified_o.OI in. This was to allow
the soii_specimens to fail along a weak plaﬁe rather +than

specifically on the herizontal plane. After the test results
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were Dplotted, a range of soil shear strength valuss were
determined for each soil frem 1linear regressicon analyses.

Computer Analvses

The stabilities of the existing highwalls at  the

Floridin and La Camelia mines were reanalyzed using Janbu's

non-circular method. Both an arc and a wedge failure surface

were considered. Furthermore, the wedge analysis included -

decreasing the cohesion of the soil layer that is immediately
below the 1line of seepage (layer 7 at the Floridin mine;
layer 5 at the La Camelia mine) to 0. to provide confidence
in the soaked strength input values. The depth to which the
failure surfaces could extend below the bottom of the cut was
limited to one-half the height of the highwall since we did
not know the strength of the soils underlying the fuller's

earth. For the Floridin mine this depth was. 45 feet below

_ the bottem of the cut; for the La Camelia mine it was 40

feet.

Several slopeé representing various reclamation
scenarios =- slo?es from. the bottom cf the mine +to the
natural éround surface, benched slopes, cut/fill'slopes, and
£ill slopes ~-were analyzed using Janbu's method to find a

minimum factor of safety of 2.0.

- To be conservative, the piezometric head was assumed to

follow the surface of seepage, exit on the face of the slope,
and continue down the slope along the ground surface.
.The analyses were accomplished with the aid of TCSTABL4,

a slope stability microcomputer program that calculated the



e
factor of safety against slope failure using the simplified
Janbu method of slices with a general failure shage. When
the Janbﬁ method is selected, the.program user can £ind the
critical failure surface which is circular, irregularly-
shaped, or wedge-shapéd. PCSTABL4 also handles heterégeneous
soil pfoperties, aﬁisotropic soil strength parameters, excess
pore water pressure due to shear, static groundwater and
surface water, pseudo-static earthquake loading, surcharge,
and tieback loading. The user has the option of generating a
plot file that can be-plotted on an EP7470A plotter when a
separate BASIC progran, PLOTST;L) is used. The progranm can

be obtained from: Mr. John Hooks
Federal Highway Administraticen
Office of Implementatiocn (HRT-10)
Turner-rairbank Highway Research Center
6300 Georgetown Pike
Mclean, Virginia 22101
(703) = 285 = 2362
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CHAPTER VI
RESULTS

- Insitu Tests

The cone penetraéion test soundings were interpreted to
provide the soill profiles for the Floridin Corporation's
Quincy  mine and the .Englehard Mineral and Chemical
Corporation's La Camelia mine. These profiles are shown in
Figures 6.1 and 6.2. The soil strength parameters'stated-in
the legend on these figures were obtained £from the direct
shear test, discussed below. The strength parameters of soil

layer 2 in the La Camelia soil profile was determined from a

- combination of the Iowa borehole and direct shear test

results shown in Appendix A. A typical Iowa borehole test
result is shown in Figure 6.3. |
Laboratory Tests |

The moist densities and the soil stténgth parémeters

-uséd ‘as input parameters in the computer analyses are

presented in Table 3.1. The input densities were an average

of the determined densities for a soil layer. The soil

strength parameters were obtained from the direct shear test

plots found in Appendix A. A typical direct shear test

result is shown in Figure 6.4. The strength of soil layer 2
from the La Camelia was, as stated above, determined fron a

combination of the  direct shear tests and the the TIowa

.
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borehole tests.

The direct shear soil strength parameters obtained for

the deeper overconsolidated clays may be artificially high.

since the increased strain-rate in the laboratory as compared

to the naturaf sérain rate in the field may overpredict the

- strength of the soil if excess negative pore pressures

develop.

Computer Analyses

Using the previous mentioned input parameters, the

existing Floridin highwall was calculated to have a minimum

" -factor of safety of .94, while the La Camelia minimum factor

of safety 'was calculated to be 1.1 as shown in Ficures 6.5

and 6.6. These results suggest marginally stable highwalls

- which are consistent with visual observations of cracked
- highwalls and shallow slope failurés below the 1line of

‘- .seepage and thus provide confidenéé to our analyses method

and input parameter values.

" .- . .When wedge,failu:e was considered, the existing Floridin

-highwall was analyzed to have a minimum factor of safety of

.97; the Ia Camelia mine had a minimum factor of safety of

1.1.._These'values show practically no variation ‘from fhe

- factors of safety calculated for the existing highwalls. The

corresponding critical failure surfaces are shown in Figures

6.7 and 6.8.
To analyze the effects that seepage might have on the
soil layer immediately belcw the 1line of seepage and to

determine if the soaked strength values used in the stability
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analyses are :appropriate, the cohesion of this layer was
decreased to 0. Water seeping over this layer of soil, lying
above the fuller's earth, may drastically decrease its
strength. Wedge analyses were performed through this layer

of soil and the underlying fuller's earth. This caused the

minimum factor of safety of the Floridin mine to attenuate to

.92; while the minimum factor of safety of the La Camelia was

calculated at .96. The respective critical failure surfaces

-are preéented in Figures 6.9 and 6.10. The minimum factor of

-safety of the highwalls did not séem particularly sensitive

2 :” .to” ‘the. reduction in the cohesion of the soil overlying the
. "fuller's earth. These fa;tors of safety calculated from
.7 .wedge  failure analyses are also iﬁdicative of marginally safe:

~~7.highwalls. This provides confidence to the input soaked

strengths and the method of stability analysis.

several slopes representing

":;: various- reclamation schemes were analyzed using the profiles

.. and:strength values of the existing two vertical 510pes as

guides. These schemes were analyzed to provide a minimunm
factor ofvsafety of 2. Table 2.1 presents a summary of these
‘analyses. If the slope is not bénchedvor composed of £ill,
the .maximum slope of the Floridin site is 2.75H:1V while the
maximum slope of the La Camelia site is 2.5H:1V to provide a
minimum factor of safefy of 2. These slopes are shown in
Figures 6.11 and 6.12. If the recléimed slope is benched

through the fulier's earth, the slope must be decreased to

3.0H:1V for both loccations, as shown in Figﬁres 6.13 and 6.14.
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The situation of cut and £ill was analyzed for both
mines assuming, conservatively, that the £ill would have a
compacted density of 100 psf, a friction angle of 25 degrees,

and a éohesion of 200 psf. In the instance of cut and £ill,

the maximum reclaimed slopes were determined to be 2.75H:1V

and 2.5H:1V, which are the same as calculated for the slopes
through the natural material. The critical failure surfaces
of the maximum cut and £ill slopes for the Floridin énd La

Camelia mines, given in Figures 6.15 and 6.16, - pass through

.the natural material, not through the £ill. Thérefore, the
£i11 only contributes ¢to the weight of the failure Surface‘
-..and not to the strength, for the specific sites examined. 1f

.the_highwall is reclaimed by filling in the 'slope without

cutting, as presented in Figures 6.17 and 6.18; the slopes

- cannot be steeper than 5.25H:1V to have a minimum factor of

safety of 2.0. Obviously, this slope if flatter than the

current 4H:1V standard and not practical. The 5.25H:1v slope

-merely reflects an overconservative assumption for the £ill

.properties. Accordingly, in the case of fill situations,

sampling 6f test <£ills or engineering Jjudgment may be

- required to obtain the needed input parameters. Thérefore;

it is recommended that a site visitation be made to vefify

- construction compliance with design assumptions.
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CHAPTER VII
CONCLUSIONS

- Analyses of the ’existing highwalls produced factor of
safety values of appfoximately 1.0, which are consistent with

observations of distressed highwalls with cracks and shallow

1'slope' failures below the 1line of seepage. This in turn

" -provided confidence in our input parameters and' method of
T stability analyses. From these engineering observations and
“:-the presented stable reclamation slopes that are steeper than
"~:the-present 4H:1V standard, it is apparent that these sites
-~ could- .be reclaimed at a slope éteepef than 4H:1V while
”ifmaintainihg a minimum factor of safety of 2.0. A variety of

" ‘highwall reclamation . scenarios were examinéd and maximum

"slopes-  for a factor of safety of 2.0 provided. However, this

- study does not account for other factors such as erosion

(especially in the zone of seepage),‘ maintenance,vand safety

‘of people and livestock. Also, these conclusions are site

- specific.
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o 12.2¢ 18.1 0.45 2.48 .2
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: 10.7@ 17.3 .58 3.4 2.9
. 10.75 B Y A B 0.60 .40 0.8
- 1.8 17.6 0.5 318 -0.8
R 10.85 18.6 . B A7 3.08 3.9
T : 10.9 18.7 .59 3.15 2.9
10.95 18.7 0.59 316 -2.8
11,00 17.7 8.61 382 2.0
11,05 1.7 own 4,82 2.8
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LR 17.3 O eTh 4,26 0.0
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' SOUNDING DATA IN FILE CPTiZ% &7/Qi/86 L4:1887 -

ENGINEER : EHeth Gross LOLATLIONZ : FLORIDIN I
CONE ID : 1S5S-2@S : , JOEB. 3 3
Universitv of FlorigZa = Department o7 Civil Inzineering = - R
D=PTH TI5 RESISTANCE  LOCAL FRICTION  FRICTION RETID  INCLINATION ----
(METZRS)  (Ton/ft*2) {Ton/$$2) (2ERCENT) (DZ5R2Z3)
.25 1.6 .01 \ e.14 .0
e.19 %9 : 0.2 8.2 2.8
8.5 8.8 .20 e.0e A
.28 18.3 0. e.8s A
2.25 13.9 -2.08 ¢.02 2.0
.38 15.8 2.2 0.13 =%L¢
¢.35 15.8 -2.01 .87 0.2
8.48 16.1 -0.83 , - 018 -3, ¢
8 45 19,9 -2.08 .04 -¢.0
e.52 19.8 -2.% 8.1l =2.@
8.5 - 172 -2.84 .21 .0
.69 o 1aS -2.83 8.24 -2 o .
3.65 10.3 -8-82 6119 '@.@ Lot o -
0.72 9.5 .03 8.27 -3.8 ‘ s .
8.7 1.1 2.8 ' 0.15 2.9 o ' -
e.8¢ 1.7 -3, 04 . 34 -39 o : N
e85 15.9 -0, 04 .3 2.8 o _ _ -
8.3¢ . 10,3 -3,03 - 8.26 .2 S - B
8.95 iLe , 8.25 .13 2.0 s
1.0 12,7 B .37 - -2
- 1.88 131 8. 44 3.36 2.8
.18 1.7 8.5 ' 4,46 -39
.15 11.9 .56 .05 -%.8
.28 1.2 8.39 3.46 . -0.8
.85 14.2 8.40 . 283 -2.0
1.3 15.8 0.40 .50 -2.0
1.3 17.8 0.45 . 263 . -2.8.
- 1.48 17.2 8.38 1.76 -39
1.43 18.5 8.46 2.51 2.0
1.58 19.9 - 8.3 - TS -2.8
1.5 19.1 8.54 2.81. 2.0
1.68 2l.! 8.15 . 8.7 -2.0 L . R
1,63 2.8 -3 .20 -2.0 o o -
1.70 2.9 8.8 - 8.36 -39 - : :
.73 .9 8.19 8.88" -2.0
.80 19.2 8.3 . .89 -2.0
1.89 e .88 S. 14 -2.8
.90 16. 4 .52 3.79 -39
1.5 17.2 . 83 ' 3.42 =0.0

2.0 14.9 .82 .15 -2.8

FIGURE A~3-a. CONE PENETRATION SOUNDING ,
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Crlldg H ' A.14
DEFTH  TIP RESISTAMCE  LGORL FRICTION FRICTION ARTI0  INCLINATION -
(NETERS) (Ton/&%2)  * (Ton/%82) (FEALENT) (DE3RESS)
2,08 16.8 6.4 7.9 -3
212 7.8 & 18 L2 2.8
2.15 Z5 %% 8,53 -0
2.2 4.7 2.3 ¢.7¢ -2.8
| 2.25 .5 -89 2,58 2.2
| aR 47 e.e5 5.0 2.2
| .3 7.1 e.16 2. -2.8
, Y 8.3 2,26 2.89 .0
‘ 2,45 .6 0.3 4,65 -0
2.5 1.2 0.19 2,57 2.9
: 2,55 55 0.19 .8 -2.9
| 2.60 5.2 -3.20 0.02 2.0
| 2.65 5.7 -2.31 t.2i -3¢
o 2.79 5.0 2% 2.33 c.0 :
o 2.7 5.0 -0.02 ¢4 -9
’ . 2.89 6.8 2.20 e.11 2.9
" 285 8.1 0.04 0.5 2.0
| 2% 1.9 - 0.2 2.66 ¢.9
2,95 89 0.3 538 20
| .60 9.5 0.3 - 2.0
| .05 11.9 0.9 .70 0.0
| e 8.3 0.32 360 2.0
| 3.18 6.1 8.2 8 LD
| 2 8.9 0.25 3.83 ¢.0
| .5 1.5 e.19. L8 - ae
.30 13.0 % 2.47 N o
. -~ 3.35 ' 13.0 8.57 4,38 e.e o e
' .40 1:.8 a4 3.49 e e o
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3.5 U AT ¥ B 5,48 e.0
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3.65 7.3 A L6 e.0
.78 §2 2.04 0.86 0.8
3.75 S Y R 8.0 Y B X
L 3.89 e .05 ) e.0
N 3.85 -5 . 08 11,45 2.0
, 19 2.4 0. 84 899 0.8
o .95 2.7 R 83.93 e -
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4,05 - 90,8 -1.10 1.2 %0
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LR 1240 e. 08 2.07 2.9
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445 19.7 L3R 673 . -9
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43 15.7 R 8.4 2.8
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4,75 6.2 T4 2.0 B2 |
4,80 429,2 997 2.3 8.6 |
4.85 306, 770000200000002007 7000002030000 L |
4,50 234, 37000000002000000727002¢30002002000? 8.4 i
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DEPTH
(HETERS)
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6.3
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12¢.3
99.7
R.7
8.2
2.4
81.9
%2
104.7
119.8
136. 4
138.4
116.7
12:.7
137.9
15.2
12%.2

2.7

9.3
%.2
115.3
122.8
ile.1
118.4
124.4
125.8
126.3
115.6
105.2
107.2
187.5
%.7
9.6
101.6
104.1
181.5
9.0
83.2
8l.4
87.7
9.9
98.9
8%.4
87.4
- 9.7
- %.2
107.2
118.@

109.2

(Ton/f£42}

2.9
.3
3.3t
73
344
3.51
3.14
2.81
2.37
2.22
2.05
2.74
3.4
.41
2,45
2.32
2.3
4,45
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s A .

{PTl4e ¢ :
: : A.20

[=PTH TIP RESISTANCE  LOCAL FRICTION  FRICTION RATIO  INCLINRTION - . :
(METESS) (Ton/ft*2) {Ton/fe*2) {PERCENT) (fesae=8) - -
7.05 118,35 2.88 .79 .8
7.12 166.8 .26 L .2
7.15 9.3 1.79 .89 %8
1.2¢ %.7 - .81 . 2.00 2.0
7.285 93.4 357 1.687 e 0 -
.3 -81.2 1.58 1.84 2.9
7.35 73.9 1.3 1.84 2.8
7,40 8.8 .79 o 2.9 e.2
7.45 94,8 0.62 .63 .0
1.52 %.7 0. 85 0.89 c.9
7.53 84.7 t.28 1.5t .9
7.68 8.7 1.88 .73 ¢.0
7.63 8.3 1.% 3.3 .
7.7 ‘ 2.9 1.38 2.61 0.9
.75 1.4 1.17 1.9 2.8 -
7.8 6.8 L7 2.07 ¢.0
7.83 54,7 e.q .77 ¢.e
7% | &7 8.82 .41 0.8
7.95 2.4 .83 .28 4.8 -
8.83 48.1 8.72 1.49 e.8
8.23 43,5 “ 0.63 1.39 .8
&le 48,5 S 078 1.4 e.0
8.15 46,6 8.70 1.3 e.0
8.29 4.8 ' .86 C 2.8t e.2
8.25 : 40.5 e.77 - 1,89 g.0 -
.30 41.2 0.88 ' 1.64 0.0
8.35 39.9 e.78 i 174 2.8
8.40 A2 0.61 1.78 0.8
8,43 31 Y a1 8.8
8.5 - - .35 ‘ .63 1.93 0.8
8.35 - 349 .41 .16 e.9
860 3.1 8,33 1.69 0.8 . L
8.65 .3 .53 T LT L B
8-70 . 34-2 8-55 1-64 0.0 o o cor.
8.75 35.6 .58 i .39 a8 -
8.80 361 _ 8.54 1.48 2.0
8.85 I 0,33 .42 .8
8.9 34,5 6.4 - 1.2 . 8.8
5.95 - 34:3 2. 43 1.24 - 9.3
9.8 3.4 0.37 1.28 e.0
9%.85 36.4 8.76 2.08 e.9 -
%10 237 8.97 3.5 8.8
9135 19.4 : 8.84 4.2 ~.0
9.2 15.8 ~ 0.64 T4, -2.8
9.25 - 22.8 - 078 3.5 e.2
9.3 ia.e ¢.90 2.89 . 0.3
9.35 26.8 1.29 4.48 e.e
9.4 R.0 - 0.9 3.15. o e.e
9.43 2.8 1.13 S SR 3.0
.9




T ' T CPTI4 T oy
| : ' : A.21

DEPTH TIF RESISTANCE  (OCRL FRICTION  FRICTION RARTIC  INCLINATION -- -

U |

[ .-

i (XETERS) (Ton/F542) (Ton/f5+2) (FERCENT) (IE3REES) -~ -

I

L 9,55 2.6 1.2 562 2.9

B 3, 60 0.0 1.18 5.9 g.0 ;

B 9.£5 a7 L1t 3.9 2.2 ‘

P 3,70 19.2 5.0l 5.26 2.2

B 975 16.7 2.8 3.7 &z i

B 3. 80 28.9 2. 99 £,30 6.2 !

9.85 0.4 .89 535 -0.2 s
9. 9% 21.9 ¢.86 3.9 -¢.2 i
9.95 213 0.84 - .95 -3.2 |
10.90- 19.2 2.90 \ 4,79 -¢.2 |
10.05 19.4 109 5.62 2.2 |
10. 10 7.3 1.05 - 2.81 2.2 ‘
18.15 26,9 .06 427 0.2 ‘
10.20 3.8 1.0 2.53 8.2 f
18.25 29.4 105 3.5 2.2 .
18.30 2.5 1,43 4,38 2.2 |
10.25 , 28.4 162 - 572 %2 ‘
10,40 167 {10 6.60 2.2 7
10,45 13.6 3.63 4,61 3.2 ‘

5 18,52 o139 - 3. 74 5.33 2.2 |

18.55 13.4 - 8.78 58 - . -2 ‘

o 18,60 2.2 8.69 5,63 2.2 !

10.65 18.7 .53 A~ 2 |
10.70 1.3 3.54 4,75 2.2 !
18.75 119 0.5 4,93 22 - o L
10,80 12,6 8.52 4,13 2.2 L L
10.85 1.5 0.65 5.15 - 2.2 - : -

10.9 - 15.8 0.55 3.5 -3.2 !

. 10.95 %5 . . &.22 8.2 . .

11,62 ol 2.15 .n %2 S
11,05 86.4 3.16 478 -3.2 o

! 11,10 88.6 4,85 4,58 22 R

: 11.15 159" 9 . i3 -3.2 o o ]
11,20 7.9 8.15 10.45° 22 R S
11.25 8.2 10.03 .10 %2 T
1.3 134, 370003000020000007600000206000200? @2 S AR S
11.35 £5. 87000202262000000770802000200¢0020? -2 e




CONE FENE

rl8URE s=4-8.

™
N
°
vl
-—t
-
93
- op
~ Iz
€O +—
~ =3 Y
—t s A
TR v~
=
b= .0
Lo i T 3 )
s an s
=
Laou §
—t n
[
Ly < 1y
= 2 )
«F £ v~
[T B PO

LOSAL FRICTION

TICN RATIO

FRI
) (PERTENTS

S.0°

Clen/fe )

c

Sag

Tan/Fe 2

TIP RESISTANCE

o]

14|MAX DEPTH 11. 23S




'SOUNDING DATA IN FILE CPT144 @7/Q2/86 O7:47@

‘A28
‘ENGINEER : Beth Gross ' LUCAT LU @ "FLUKIDIN 5 .
CONE ID =z 1S—2’5 Jag =
University of Florida - Deoartment of Civil Engin2aring
DEPTH TIP RESISTANCE  LOCAL FRICTION FRICTION RATIO  INCLINATION----
(METERS) {Ton/ft~2) {Ton/ft*2) (FZRCENT) {D=BREES) :—:.:
e.es .2 -0.03 2.06 e.0
g.10 136.9 -8.85 8.84 ¢.0
8.:5 134.6 -2. 11 : 8.88 2.1 -
8.2 115.2 0.3 8.3 2!
0.25 132.4 2.84 .83 8.1
8.30 83.2 8.37 6.4 %l
6.3 - BR.S g.49 2.74 €.i
8.42 83.8 - Q.84 1.37 2.1
2.45 84,1 2.0 4,52 ¢.i
8.3 54,2 ‘ 1.83 3.4 e1
LS, " LS .21 . 1.68 o Rt
2.68 75.2 . 1.9 2.58 21
8.65 8l.6 L% 3.16 %1
8.73 42,9 1.81. o431 !
75 41.7 1.88 4,50 ' 2.1
.88 41,2 - {.69 419 31 o C S
8.8 B4 .97 4,43 2! T o =
.59 345 1.59 435 &1 o o s
8% : 34,1 1.65 4,83 R Lo ' : o
1.08 _ 3.1 1.47 4,3 .2
.85 40.2 1.64 4,07 ¢2
{.18 3.9 .18 a.2t . 8.2 o S ‘ o
.15 55.1 .37 3. 47 2.2 o o e
1.28 S A .81 &1 8.1 o ' L L
1.5 5.4 1.3 4,31 ! 2.1 - o . LT
1.4 3.3 1.28 3. 82 Al - .
1.45 3.1 1.99 3.51 2.1
1.3 2.1 -8.79 _ 2.47 et
1.59 2.8 - 8.54 - 1.74 e.1
1.68 27.8 % : .93 8.1 :
.65 26.6 o 0.32 - 1,18 8.1
1.78 - 28.7 8.2 8.77 8.1 o N o
LS 0.8 o 817 8.55 B - ' IR
.88 33.4 .13 8.33 ot
1.8 ‘ 36,9 -e.08 0.23 8.1
1.98 36. 3 8.a3 , 0.0 8.1
1.9 34,8 2.10 .27 el
-8

2®@ . 3l 0.2t 867

FIGURE A~3-a.  CONE PENETRATION SOUNDING . .



CPT144 ¢

DePTH
(METERS)

2.85

2.10
},' © 215

‘ 2.20
2,25
: 2.2
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2,40
2,45
2,50
2.55
2.60
2.65
2.72
.75
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)

S e [ PR A - . .

3.8
3.85
210
3.15
.20
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340
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350
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.60
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78
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3%
3.9
)
A0S
418
4,15

. CeooTa PR

Y-}

N1
4.39
. 4-35
440
§.45

9%

TIP RESISTANCEZ  LOCAL FRICTION  FRICTION AATIO  INCLINRTION -

(Ton/£442)

6.2
2.8
2.9
2.3

. 239
7.2
14.5
18.8
17.1
5.8
19.8
18.9
18.1
- 17.8
19.8
7.8
15‘9

14,1

1.8
18.3

9.6

9.5
%.6
9.3
1.1
15,5
C1&.3

1.7 -

14,4
28,5
.8
3l.6
4.6
6.7
64.3
3.9
2.5
48,4
43.8
53.2

48.3.

SLS

- 8T
174.8
16%.1
k3.3
218.3

{Ton/ft"2)

8.3
0. 44
0. 44
.38
8.4
.49
8.43
.54
8.3
e.47
a‘ ﬁ
8.62
8.35
0' Eg

.2

8.3
0.38
2.23
0.14
8.8

.10
2.2
-2.%
2.11
e.28

o3
2.18
2.16
0.5
0.97
115

83 .

12
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3.81.
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L
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e e e
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SOUNDING DATA IN FILE CPT146 @7/02/836 14:142 A2g.

" "ENGINEER : Beth Gross - LGCATION. : LA CAMELIA 1
CONE ID : 15-20S JOR -1 s
= University of Florida - Department of Tivil Engineering

DEPTH TI? RESISTANCE  LOCAL FRICTION  FRICTION RRTID  INCLINATION .

{METERS) (Ton/f£~2) (Ton/£4:2) (PERCENT) (3EBREES) -
2.25 RN ' 8.1 ¢.99 2.9
0.10 28.1 2.0 2.4 3.8
8. 15 4.2 6.22 3.91 ¢.9
2.20 46,7 0.0 0.2 2.9
: .25 8.7 -2.91 .03 0.9
! .39 3.4 0.24 ¢.82 2.0
l .35 0.4 0.3 1,52 0.0
| 2.49 18.1 0.4l L 8.0
| 45 17.9 0.65 2.62 . 0.9
o R 19.5 2.98 5.8 ¢.0 : 7
L 2.5 2.2 121 5. 44 .0 o
O 2.58 2.9 1.38 5.75 Ce -
' &6 .6 1.5 5.68 8.8
! 2.79 w3 Ry 4,5 2.8
| .75 2.5 1.53 4,89 2.0
i 2.88 2.7 1.87 5.72 0.0
2.85 3.1 .81 6.26 T 0.8
.59 ' % 2.07 6.8 8.2
8.5 T RS 2.8 6.89 0.9
.20 e 2,97 6. 24 8.0
1,85 3.3 2.0 £.29 8.9
1.10 B <% 2.07 6.25 0.8 :
1,15 2.3 .01 6.29 0.9 _ -
1.28 31.9 197 6.18 0.0 :
1.5 R.5 L% 641 0.9 y
.39 2.3 : 1.5 6. 4h .0 :
1.35 .3 . 2.94 6.9 0.9
1,48 - 28.8 2.13 7.15 0.8
1.45 3.2 W2 7.18 0.0
1.50 4.5 245 7.10 o
1.5 .6 24 6.21 0.2
1.60 8.4 . .87 6.93 0.9
1.65 . &4 348 7.85 8.9
1.79 YA L2 6. 84 0.2
1.75 5.7 4,29 1.74 .0
1,89 £8.8 5.3 7.84 S X
- .8 73.9 5,66 7.65 0.2
1.9 76.8- . 5.89 ' 7.65 0.2
1.95 5.3 6,20 7.% 2.0
2.09 T4 8.34 8.18 g2
* FIGURE A-b-a.  CONE PENETRATION SOUNDING




CPT146

DEFTH

(HETERS)

© A

a8
18
al 15

Y-
S &

2,30
.35
2.4
2,45
2.50
2,55
2,60
2,55
2.7
2,75
2.8
2.85
.M
2,95
3.0
3.05
.10
3.15
.20
3.5
33
3.3

. &40

3. 45

350

.3

- .60

3.63
7
3lﬁ
3.8

3.85°

3.9
LB
4.8

Y-

410
4.15
4. 290
4.25
4.3
4.35

4,40
4,45

TIP RESISTANCE  LOCAL FRICTION FRICTION RATIO  INCLINRTION ----

{Ton/ft*2)

.1

78.7

79.8

753

7.8
74,8
76.3
78.3
.7
73.8
741
7.8
81.6
62.1
T2.9
82.8

73.8
3.9

. 631
689
63.9
847
€6.1
67.1
68.5
71,3

.4 -

66,3
61.9
61.8
6L.7
67.2
3.4
.3
89.6
£3.8
68.3
67.1
7.2
80. 4
9.7
73.0
89.9
109.4
127.9
12.4
108.7
.83.8
6.3
397

(Ton/TE42)

8. 21
6.08
6.8
%82
%2
%53
s. 77

5.76 -
5.86

.15
-
3.93
6.83
3.41
W7o
3.80

%589
5.23

3. 14
5. 87
4.81
4,97
5.9

S.40

3. 33
.58
% 39
S.16
3.28

%17 .

5.45
6.00
6.65
606
6.39
5.93
5.67
5.58
5.72
5.90
493
5.17
5,06
3.18

3%

3.10
4.27
4. %2
4,90
3.93

(PERCENT)

8.45
7.9
1.9
T
.27
7.46
1.56
7.3
1.34
6.96
7.09
7.82
.12
8. 70
.38
.17
1.16
7.20
.4
.3
.38
7.68
.9
. 8.04
L
7.80
1.5
.7
8.5
8.5
8.83
8.%
9. 85
8.35
9.18
9.0
8.7
8.31
1.61
.33
€.19
1.07
4,58
2.9
1.9
2.4
4,00

o.87

6.50

- 6.SB°

(DESREES)

.2
¢.0
.8
¢.e
2.9
e.9
0.2
.9
¢.0
e.8
8.9
.2
3.9
.9
%0
.0

0.2
&2
8.2
e.2
8.2
-
8.2
a.e
e.2

e.2 -

0.2
0.2
0.2

A.27

i



i Py '

CPT146 ;

DEPTH
(HETERS)

4,35
4,80
4,65
4,79
§.75
4,80
4.85
4R
4.95

s.ﬁ
518
515
5,20
5.25
5.3
5.35
540
5.45
5,50
5.55
560
5,65
570

7N

S.895

570
_6- 75
&80
6,85
6.9
XS

4

TIP RESISTRNCE  LCCAL FRICTION
{Ton/ft22)

57.8
77.8
%
8.1
84.3
182.8
97.5
74,6
88.7
8.9
86.9
144.2
183.3
114.1
{70.4
16t.1
148.2
109.7
127.8
118.4
116.9
81.5
3.6
9.3
97.3
63.9
Sl
2.3
116.3
118.7
83.4
67.7
=9
6.1
K]
44,7

“-5

42,8
- 31.9

4.2
417
48.9
49,1

- 45,8

48.2
4.8
321
an.s8

3.8
’ 5.5

(Ton/ft*2)

3.88
4,03
4,19
3.01
276
3. 98
4,38

1.28

ERNNSIERYS R R

.-»ov-w-g-‘QO.-
- -

FRICTION RATIO
(PERCENT)

6.70

e
ws 4

5. 85
37
127
383
4,69
615
6,84
5,80
5.3
3.63
4,38
3.5
2.53
3.61
519
5.99
4,85
4,64
2,87
619
701
4,19
825
.89
610
5,02
143
1,59
3.18
3.78
22
1.73
2.3
X

R

273
3.38
97
3.10
2.84
.60
.79
1,69 .
2.66
4,09
4T3
3.9

3.3

INCLINRTION -

- {DE3RZES)
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S N o
s & &
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Cortde ¢ - A.29
LEITH TIP FESISTANCE  LOCR. FRICTION FRICTION RATI0  INCLINATION . - :
(HETERS) {Ton/ft~2) {Ton/ft~2) (FERCENT) (DEGREES) .-
7.0¢8 3%.8 15 213 3.4
7.18 3.3 1.18 L7 2.4
7.15 43,2 .24 3.907 2.4
7.20 40,9 1.2 ' 3.02 e.4
7.25 38.6 4 3.33 0.4
LR 3.6 0.93 2.5 0.4
7.35 3.2 0.9 2.66 6.4
7.40 &5 .95 2.67 B4
, 7.45 3.5 0.91 2.64 Q.4
! TR %.5 .09 ' 315 2.4
; 1.5 3.2 .12 L3 0.4
: 7.50 2.9 ‘ 1.18 3.69 0.4
7.65 3.4 1.2 4,11 2.4
, 7.70 R.5 1.15 3.78 8.4
| .75 30.8 1,34 4,33 8.5
| 7.80 4.5 1,44 4,78 e.5
i 7.85 M2 1.27 4,07 8.5
7.9 5.2 - 3.59 0.5
7.95 7.7 .33 .52 8.5
8.0 3.6 1.32 3.89 e.5
8.05 : 30.7 1.28 4,18 .5
o 8. 10 3.3 .28 4,21 2.5
. 8.15 5.7 1,40 €. 45 8.5
8.20 2.3 1.01 4,95 .5
P 8.25 18.5 - 6.4« 8.6
- 8.3 2.8 1.34 .45 . 0.6
- . 8.3 , er.1 1.58 576 8.6
) 8. 40 3.5 1.9 4,14 0.5
' 8.45 24.6 1.19 4,83 0.6
8.59 19.8 .95 4,81 e.6 -
8.55 2.1 .06 4,80 N S
8.60 - 19.1 1.3 5. 41 e.6 -
8.65 172 2.9 5.60 2.6
8.70 155 2.9% , 6.18 0.6 .-
8,75 13.2 e.% 678 8.6 =
8.82 1.8 0.82 8.14 0.6
8.85 7.5 8.72 9,66 0.6
8.9 6.1 0.57 9.3 2.8
8.5 - 1.2 8.52 .23 2.6
9.8 8.5 0.64 7.2 .6
5.05 9.9 0.67 6.81 2.5
%.10 9.6 259 g.12 8.6
9,15 - 8.7 8.5 6.2 2.6
2.0 1.7 @.69 5.9 0.6
9.25 - 1.3 0.68 3.9%5 2.6
.30 19.8 e.83 4,37 2.6
9.35 19.4 2.% 4,92 0.6
9. 40 21.4 L0t 4,69 0.6
9,45 2.1 1,83 4,65 .6
9.5 24,6 1.2 4,15 .6




{PT16g

DEPTH
(MTERS)

10 10 10 10 10 10 10 10

(¥ ]
SG8RLETAIGE L

1.
10.
12,19
18.15
10,20
10.25
10,30
10.35
10,49
18,45
10.50
18.55
10.60
10.65
10,78
10.75
18, 80
10,85
10' %
18,95
11,69
11,05
11,10
11.15
11.28

11,25

1.3
11.35
11,40
11.45
11.28
1.3
11.68
11.65
‘11,70

1.7

11.88
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SOUNDING DATA IN FILE CPT148 @7/02/86:15:450

ENGINEER : Beth Gross

CONE ID : 15-2@5

University of Fleorida - Department of Civii Twmgineering -

LOCATION 2 Li CRMELLR o -
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8.5 3.3 1.49 & Th
8.10 46.4 3.01 6.48
&5 .4 2.79 7.44
0.20 334 2.45 1.3
IS 2.1 2,29 6,86
8.30 0.7 1.% 6,37 -
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e . a3 .13 5.05
845 157 8.82 .28
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1.09 8.9 5.98 1.21
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-3 102.8 9. 84 9.57
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.78 63.5. 5.13 .47
LTS a9 7.2 9.77
.80 155 10.81 9.3
165 182, 220805000208000007 7020020 2000R3E?

S 1,98 7 211,6700000009020309977008¢20020002000?
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= - DEPTH TIP RESISTANCE  LOCAL FRICTION  FRICTION RATIO  INCLINATION ~—

L. (METZRS) (Ton/ft~2) (Ton/372) (FERCENT) (DEBREES)

| 0.05 3.5 -2.82 .06 X

| 2.10 82.5 2.0 3 . A3

: Q.15 9.2 .29 0.0 X
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b e /1 LW 4,26 0.2 X

. 115 T4 1.54 4,13 .2

S 1.2 - 39.4 1 3.687 a2 |
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"ENGINEER : Beth Gross
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"SOUNDING DATA IN FILE CPT151

@7/Qa3/86. @8:18Q -

LOCAT1UN: ¢ b TeMELLA 4 -

JOR

T 9

TI? RESISTANCE  LCCAL FRICTION  FRICTION RATIOD  INCLINATION -

{Ton/fs*2)

24,3
8.7
9.2

183.3
106.3

1871
125.9

221.9
7.9
196.9
176.4
156. 4
133.5
118.9
1.7
1.2
119.6
128. 4
136.9
155, 4
1“.1
105.6
%Il
97.5
104.1
ge.8
78.9
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94,8
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8.2
78.9
7.0
‘919
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-1%.8. .
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FIGURE A-3-3.  CONE PENETRATION SOUNDING
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.0
R
.40
3.45
L0
LN
3. 60
3.63
L7
3.75
3. 80
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8.2
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X
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1.70
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.
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8.62
.67
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.89
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8.64
8.75

8.7
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3.9
3.40
4,79
4,907
4,65
4,26 .
LR

a9

INCLINATION - -

(T

ToRE=S)

-3.8
-g.¢
2.2
2.0
-3.0
-2.0
-3.0
-2.0
2.2
-2.0
-2, 8
-2.0
-3.2
2.0
-8
2.0
-3.0
2.0
2.8
-2.0
-3.8
2.0
-2.0
~%.0
-3.0
2.8
-3.9
0.8
-3.9
<.9
2.8
2.0
-3.8
2.8
2.8
4.0
-3.8

%8

-39
2.8
-3.0
.8
-%.9
-2.0
=38
-t.8

N

2.0

. '3- a

4.3

A.39



oomst e

0ZPTH
(NETERS)

65
550
5,65

: 4,70
- 5,75
' 5,80
4,85
4 R
4,95
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4.5
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8.5
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2€.9
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2.9
20.9

1.1
20.7
m. 7

.4

2.8
20.9
2.7
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a2
al.8
2.0
2.2

24.4

24.9
2.7

247

25.8

2.0
2.9
28,9

2.1
23.3
2.7
18.6
17.6
17.9
16.9

15.4°

15.1
18.3
3.4
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39.9

39.6°

3.6
34.2

4l

s gol Vo=l
Sime

8.49
e.47
8.5
.42
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8.47
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8.47
8.41
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0.4
8.4
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1.82
1.8
l.e2
W7
1.54
- 0.%
.63
0,45
¢35
¢.3
8.78
.34
8.42
e.78
.81
8.97
1.20
2.3
1.45
)
1.65

.18 .

.82
T 104
1,05

.82

1.64
1.9

(PERCENT)

(O
L3 -
-

AN
ARAFBEHIBZES

LU S -l

2. 88

.43

4,49
4,40
2.48

L&

224

51

56. 37000000000000200770202000C00000¢0?
108. 2700002200002003977000000000030000?

n
H
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— )

IKCLINATION - -

—————

-2.9
2.2
-2.0
2.0
-3.0
2.0
-3.0
.0
3.0
2.0
-2.0
.0
.0
2.8
-3.9
-2.9
-3.0
2.0
-2.0
-2.0
-3.9
-2.0
-2.9
2.9,
-39
2.0
-2.9
2.0
-2.8
0.0
-3.0

A.42




FASURS M1 Y,

LURE FINCIARIIUN FAUCILE

" (Ten/fe D

Iﬁ'/as (8 13
CAMELIG &
151

Bate 07
LOCATION @ L&
FiLe ¢« C77

Lol
=
)

LOCAL FRICTIDN

FRICTIDN RATIO
Q- CPERCENT) . -

A.43

(Ton/fe~d - §

__>

Q

|

.-14|MAX DEPTH 11.0S




6.1 .08

- FIGURE A-ina.l CONE PENETRATION SGUNDING

"SOUNDING DATAR IN FILE CPRT

-

@7/83/86 @5:430

A.44--
" ENGINEER : Beth Gross CLUCATLUNz s cLn CRFELLA =B
CONE ID : 15-2@S5S JOB - 10 -
Universisy of Fiorica - Degartment of Civil ZIrnzimeering
D=PTH TP RSSISTANCE  LOCAL FRICTION FRICTION RATIO  INCLINRTION -
(¥=TZRS) {Ton/f442) {Ton/f442) {SZRCNT) (DEBREES)
.85 13.9 2.0l 2.9 -¢.0
e.1e 28.6 2.0 8.14 -390
.15 44,9 2.5 1.2 2.9
e.20 48.2 3.78 181 -3.0
.22 6.8 1.2 .40 2.0
e.3@ §7.3 .28 .7 -2.0
e.3 -48,8 .2 2.61 2.0
8.40 49,0 .65 .63 -¢.0
8.45 e7.1 8.3 2.76 -¢.2
8.3 %2.3 2.39 8.4 -2.8
63 ga.2 .46 e.56 .0
8.6 86.2 8.38 0.4 -3.8
C.&S 9.5 8.19 2.19 . 2.0
8.7¢ 103.6 g.22 g.2: -£.9 .
e.75 a7.2 g.2¢4 e.27 -£.0 :
8.80 7:.3 2.2 8.3 =20
&8 . 4 2. 34 2.60 .0
9.%¢ 45,1 8.31 8.7 -2.0
- &% 43.5 8.12 2.28 2.8
1.08 53.5 0.190 8.18 -2.8 oot
.65 7.4 2.97 e.11 2.8 -
1.10 5.9 8.04 8.7 -3.0 C
1,15 2.3 8.04 8.07 .0
1.28 41.9 - -0.0% 8.09 -3.8 B L e
1.23 2.9 2.5 .17 2.8 = T .
1.38 25.9 -2.07 8.29 8.8 L -
1.3 2.4 -0.98 e.23 -2.0 P -
1,48 16.1 -3.97 0.2 -3.8 : e
1.45 16.1 -0.28 8.5 -2.0
1.3 23.9 -0.%8 2.3 - =29
.55 23.8 -2,89 8.36 -2.8
1.60 199 . -.10 2.59 -8.9
1.65 17.8 -2. 29 .58 .8
1.7¢ el.2 -3.28 8.4 -¢.9 -
B ) 8.2 -0.98 1.00 .0
1,88 17.5 - 2.8 8.54 8.0
1.85 © 14,2 -0.98 ¢.59 e.0
- 1.9 1.4 -2.28 8.72 2.0
1.9 8.7 -2.88 £.94 ¢.0
C 2. 0.0
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ol ... 0.. TIP _RESISTANCE (Ton/Ft -2 sng o Cen/fe”® - 5 0 (PERCEND

TTTTE

i R

i |

1 ) i

g ( == |
i';

e [ : - ;

L G - i

- : |

<r-_’. - - |

. |

- = o ~ |

ot ——c—

.

‘ i T t— e e——— e te— e

. \

1 !
I - |
| AY

H

e 14| MAX DEPTH 8. 7S




J

. SOUNDING DATA IN FILE CPT:S

| T/R3/36 LQ:24Q - =
| . A.48
j ENGINE=ZR : Beth OGross ' LUCHTLON 52 Lr CAMELLA ©
! : CONE ID : 1S-2@5 OB o I 5 S el
b 0 Uriiversity of Florida - Deaariment of Civil Zncinmeering
T DETH TIP RSSISTANCE  LOCAL FRICTION  FRICTION RATIO  INCLINATION ...
P (METZRS) {Ton/f4°2) {Ton/$442) (BERCENT) (DEBREES) - -~
¢.85 .5 1.5 S.63 ¢.0
e e.1@ 42,17 .37 e (3
| ¢.15 4.3 : .13 7.76 ot
P 0.20 3.6 .23 8.37 &1
e 0.5 %.2 2.33 6.83 a.:
; : 8.3 282 .78 8,83 L
P 3.3 Be 2.23 £.74 e.: .
L 2.40 %0 .75 7.0 &1 -
;', 0.45 5.9 3.61 _ 7,07 [ B
o 2.5¢ 4.2 3.3 .14 et
| .55 4.4 2.05 7.5 e.1
L 6.6 46.2 304 8.57 At
= 0.65 6.5 Caw 39 i
. .70 52.9 2.06 4,95 21
j L .75 - 8L,4 2.0 6,9 I
o %.80 2.8 .74 5.65 e.:
o .85 =8 i.82 7.02 e.i
’; 0.90 29,4 2.86 .08 i IR L
S 8.9 4.9 &R 6.29 e.. R . e
R 1,09 46,3 2T 5.59 a1 . o L
- LE 42,6 - 2.84 - 6.66 ¢.2 . :
B .18 7.4 2.82 /X S W I :
1.15 6.5 .29 6.27 - 0.2 :
1.29 3.9 2.2 . S.68 a2 :
| 1.25 ' 8.7 1.9 4,9 8.2 -
; 1.30 9 L 5.45 g2 ;
| 1.35 239 .22 5.11 8.2 :
Lo 1,40 A4 1.18 5.8 8.2 -
!:3; S 1,45 184 | 102 5.5 . 0.2
|- LR 16.4 2.% 5.86 0.2
SER 1.5 1841 1.0 572 .l
r;' L.68 19.6 1.14 578 - 0.1
G 1.65 18.4 8.2 T 497 o
| 1,78 157 . 081 .55 a1
| 1.75. C 3.6 - 2.87 643 e.1
.88 158 - ¢.87 6. 74 Q.1
1.85 127 0.87 6.85 0.1
1.9 12.8 0.8 £.38 1
1,55 1.6 ¢.81 A e.!
) et

9.9 U ST .

© FIGURE A-11-a. CONE PENETRATION SOUNDING




C I:E: H

_ [E3TH T2 RESISTANCT  LOCRL FRICTION  FRICTION “'m INCLINATION -

R - (METERS) (Ton/§£42) (Ton/£342) {PERCINT (DERREZS) -
2.25 8.8 e.62 4,38 &:
aie 41,4 L1 -2 2
2.!5 5.6 1,33 .88 1
Lee 3.1 1,04 .45 ez
a3 7.6 1,05 L9 %2

: a3 27 0.5 {.64 6.2

i .35 3.8 ¢.49 1,48 2.2
242 15.8 0.70 | .5 8.2
2.45 24,6 2.3 1,46 ez
2.5 732 .37 Q.46 2.2
.55 249,5 18.69 5,28 e.2
2,60 338.1 7.34 2.16 e.2
z.65 © 241,570000000330620077020¢000302322¢9? 8.2
&7 200, 67000000002C00022 1702300032 5302202? 2.2




UARTE 2 G7703/86 10:24
LGCATION & LA CAMELIA 6 A.50
FILE & CPTIST

T < T _LOCAL FRICTION ERICTION RATIO
@ T1P _RESISTANCE (Ton/fFe D soo o CTom/5£°2) --- S -0 - (PERTEND.
n [ — Ay — pe——E—— " IR B

= 1
= =

SN 5 N N O = P

.............. POTAANETRSSY Sy g

MAX DEPTH -2.70




A151' .
200 . IOWA BOREHOLE SHEAR TEST DATA -- LA CAMELIA MINE - - ~ - - - -=--

IA CAMELIA SITE 1 -~ 25 FOOT HIGHWALL =-- TEST L - -

- TEST PERFORMED IN SOIL LAYER 2 ABOUT 20 FEET -BELOW

THE GROUND SURFACE. THE VERTICAL FACE OF THE-BOREHOLE -~ - == ‘=1

' WAS SHEARED AFTER INSERTING 2.4 FEET OF ROD INTO THE BOREHOLE.

Rekdededdedededededededddedhdededehhhdddekhhhhddkdihd
* NORMAL #* SHEAR * COHESION * FRICTION *
* STRESS * STRESS * * ANGLE *

* (psf) * (psf) * (psf) * (deqg) *
kdehkhhdehhhthkkehkhdedhhhhhhhhhehhhhhhhdehifhid

* 964.8 * 799.2 * 12,.. * 39, *
* 1299, * 1079, * * *
* 1669, * 1375,  * * *

% o ¢ Je ve Je v % e de 7 e % e e de do e e v e de e v de ok oo e v e e e e de bk e ke ke

- FIGURT A-12-3. lID'd'A‘BGREHGLE ShEAd TE3T DATA




© FIGUEE #-12-b. I0WA DORENGLE SHEAR TEST PLOT -

 SHEAR STRESS

 |OWA BOREHOLE SHEAR TEST

15 LA CAMELIA MINE — TEST 1

1.4
134
1.2 -
R

]
0.9
0.8 -
0.7 -
"’»O.B'—FI
- 0.5
0.4
03
0.2
0.1 -

(Thouscnds§?sa

o - 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
- (Thousands)
NORMAL STRESS’ (psf)

es’Y



A.53

IOWA BOREHOLE SHEAR TEST DATA -- LA CAMELIA MINE -
LA CAMELIA SITE 1 =-- 25 FOOT HIGHWALL -- TEST 2 - S e
TEST PERFORMED IN SOIL LAYER 2 ABOUT 20 FEET BELOW. - - = - == = ==
- THE GROUND SURFACE. THE HORIZONTAL FACE OF THE BOREKOLE -~ S

WAS SHEARED AFTER INSERTING 1.5 FEET OF ROD INTO THE BOREHOLE. - - -- -

ddkkhhkhkhhhhhhhdkdhehhhhkhddhhdhdehhdhddhiihd N
* NORMAL * SHEAR * COHESION * FRICTION * Coee -

* STRESS * STRESS * *» ANGLE  * . o--0 CIro e
* (psf) * (psf) * (psf) * (deg) * : ER o S !
Je e Je de Jo Jo Je Je Jo Je Yo Yo e Je Je Jo Yo Je Je Je Jo de Jo Jo T Fe T de Je Jo e de o Jo e dedodede Kok e . L e
* 743.0 * 446.4 * 490, * 5.6  * ol
* 1483, * 632.2 * * 7
*****************************************' . . o e
!
|
I
|
| |
|
|




IOWA BOREHOLE SHEAR

B | .8‘O‘.Cl1‘
700 _

600 -
500 -
400 - "

300

' SHEAR STRESS (psf)

: ) 100 -

LA CAMELIA MINE ~ TEST 2

[ IR N A

FIGURE A-13-b.  T0UA Bl'J:REHDLE SHEAR TEST FLOT

0.6 0.8 1
(Thousands)
NORMAL STRESS' (psf)

1.6

14° 0 4



A.55
|
?
IOWA BOREHOLE SHEAR TEST DATA -- LA CAMELIA MINE - - -~ === =
T 1A cAMELIA SITE 1 =-- 25 FOOT HIGEWALL =-- -TEST 3
TEST PERFORMED IN SOIL LAVER 2 ABOUT 20 FEET BELOW - - - REEE
.THE GROUND SURFACE. THE VERTICAL FACE OF THE BOREHOLE =~ - - I
WAS SHEARED AFTER INSERTING 4.5 FEET OF ROD INTO THE BOREHOLE.
***************************************** [O - C e e
* NORMAL * SHEAR * COHESION * FRICTION * . - - = =-oooc . o=z
* STRESS *# STRESS * # ANGLE - % Cor LI :
* (psf) * (psf) * (psf) * (deg) L S e |
de Je J do v Je Je e Fe e de o e e Ju e e e T e e Je e e de ve e de e de e T de de do de K e do de [T e e
% 761.8 * 540.0 * 60. * 35, * S S
* 1113, * 817.9 * *. ' LI S |
* 1483, * 1133, * * * R ST ~ i
* 1858. * 1338. * * * L |
khddedekddhhkhhhhhhhhhhddekhkhhdhdhderhhdhik e e m e e e b e e e e s J
|
|
|
|
|
]
FIBURE a=14-3, 103 BOREHOLE SHERR TEST 3T

‘l

|

N
-
|




IOWA BOREHOLE SHEAR TEST

LA CAMELIA MINE — TEST 3

Cooaad e
134 | . |
12
144
14
0.9

0.6 -

SHEAR STRESS (psf)
(Thousands) -

o

0.5

0.4 - L |

0.3 £ o {

0 - L ! ‘lvl I 1 { | I L LI 13 1 i 1 1 1 i

0 0.2 04 0.6 o8 1 1.2 1.4 1.6 1.8 2
L | 4 (Thousands) N ' |

| - NORMAL STRESS' (psf)
:  FIGHRE i-14-b, 1WA BAGENOLE SHERR TEST FLOT

9s5°Y



A.57
IOWA BOREHOLE SHEAR TEST DATA -- LA CAMELIA MINE - --- - -

LA CAMELIA SITE 2 - 9 FOOT HIGHWALL - T?ST:%_:;jf S -

TEST PERFORMED IN SOIL LAYER 2 ABOUT 6 FEET BELOW ---- - -~

dedededededededevedededodededededededehdeddedededddodeeded ek ek
* 595.6 * 447.1 * 102. * 36. * SoIr e LT e L
* 965.1 * 799.6 * * * N T

* 1299, * 1041,  * * * e
oo e e Je'de Je e e e Je de Je K Je Je e Je de Je e e Je de Je e e o Je Je Je o de Je Je Ko Je Je de do ke R e e e e e e e

FIGURE A-15-a, [IOWA BOREHOLE SHEAR TEST DATA

.~ 7. THE GROUND SURFACE. THE VERTICAL FACE OF THE- BOREHOLE' ¢~—f?¥ﬂ;""§;j“i -
- 7. WAS SHEARED AFTER INSERTING .5 FEET OF ROD INTO- THE- BOREHOLE. - -z--- - |

***************************************** mnm_.:u““.“”"_.“_»vﬂnwuﬂkaJ
*# NORMAL * SHEAR # COHESION * FRICTION * Lol e e e

* (psf) * (psf) * (psf) * (degq) * Ce R o T




;
|
L

THr e e e Lo DT

O

lr. .

" IOWA BOREHOLE SHEAR TEST

" LA CAMELIA MINE — TEST 4

1.2

1.1 5

0.9
0.8
074

- 0.6

(Thousands)

0.5

SHEAR STRESS (psf)

- 0.4 4
0.3 N T VI B IR N B

- 0.1 4

0 S — — — — T T T - | T
0 0.2 0.4 0.6 0.8 1 1.2
. o _ (Thousands)
NORMAL STRESS' (psf)

;F'SGURE A-15-b.  10dh BOREHOLE SHEAR TEST PLOT

8s°vY



. . . e e e e e e PRI D T A I

BULK DENSITY TEST DATA -~ FLORIDIN MINE | e T

*********************************************************************************t**************************k

* * * H20: 27.4 - 27.0 C, 27.2 C avg. *
* * * Parrifin Gs: .896 -.925 @15 C, .9105 C avg. *
* * * Bulk Density @ 26 C - *
* SOIL * DESCRIPTION . *
* * * Sample * Sample * Sample * Bulk * Bulk * Input %
* * * + wax * in Water * Density * Den51ty * Density *
* *
‘*************************************************52******** ******** g********************gc ******igc******
* Floridin % red-o % 160.2 * 166.8 * 81 *2032.427 *126.8803 * 126.2 *
* Jayer 1 * sandy si t to clayey silt * 124.5 * 131 * 62.2 *2012.130 *125,6131 * *
kkkkdkkdkkkdkhkkhkdkkdhkdkhikkkhkkikk ****************************************************************************
* Floridin - * grey and orange varved' * 140.6 * 151.1 * 59.2 %1743.377 *108.8354 * 108.1 *
* Layer 2 * clayey silt to silty clay * 78 * 85.3 * 33 %1755.250 *109.5767 * *
* ' * 46.7 * 50. % 18.7 *1681.559 *104.9763 * *
* * * 53.2 * 56.1 * 22.5 *1743.115 *108,.8191 * *
*************************k***********************************************************************************
* Floridin * red-o T %k 113.2 % 116.2 * 48.1 *1740.831 *108.6765 * 107.1 *
* layer 3 * sandy si t to c1a¥e¥ silt : *  76.6 x  79.3 * 31.2 *1691.350 *105.5875 * *
KAAKKARKARKKRKIREIKKIKIAKKEK KRR IIEAKKARRAKRRKAKKAKRAKRIIRAA KA KhAKhARhA AR RRAR*I kA kA hkhhhhhkhhhkhhkkhhkrkhhkk
* Floridin - * orange and grey mottled * 93 * 95.9 * 32.9 *1549.501 %96.73219 * 97.4 *%
* layer 4 * sens. fine grained to clay * 32.3 * 33.6 * 1] *1520.373 *94.91377 * *
.k * 108.5 * 111.8 * 40.1 *1588.388 %99,15985 * *
* * * 48.6 * 50.1 #* 17.8 *1580.112 %*98.64320 * *

*************************************************************************************************************
* Floridin ?re¥i511ty clay mottled with * 96.5 * 98.4 * 41.5 %1754.549 *109.5329 * 109.4 *
*

* layer 5 e orange silty clay * 59.4 * 61.1 * 25.5 *1754.893 *109,5544 * *

*************************************************************************************************************

* Floridin * white—grey rock with some % 25.3 * 26.3 * 10.3 *1691.984 *105.6271 * 108.7 *

* Jayer 6 * varved blue silty clay, shells * 87.8 * 89.7 * 38.7 *1788.917 *111.6784 * *

Tk k Ak KKK KKK KIKKKAKIKIK KKK KKK ARKRIKAKKRRIIIIEIAERIAKIRRRRRRRKARIARK KK AR KKK K KKKk Kk K koo ok ok ok kA Ak Ak Ak ko

* Floridin * blu y to dark grey * 88.1 * 90.5 *  40.1 *1838.198 *114.7549 * 114.7 *
~* layer 7  * friable silty clay o ©123,4 % 127.9 % 56 %1836.651 *114.6583 %

*************************************************************************************************************

% Floridin * blue ;gre * 5-'71i8’* 7302 % 24,7 %1523.701 %95.12154 % 95.5 %
1ty clay

* layer 8 * varv . '100.4 ' * 102 % 35.1 *1536.014 *95.89021 * *
********************************************************************k****************************************
il - TR contd R

FIGURE A-fca.  BULK DERSITY TEST Bata. " Y0 o T
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Thkkkkkkkhkkkkkhkkkkhhkkkkkkkk

BULK DENSITY TEST DATA — IA CAMELIA MINE - ‘

************************************************************k************************************************

* * * H20: 27.4 - 27.0 C, 27.2 C avg. *
* * * Parrifin Gs: .896 -.925 @15 C, .9105 C avg. *
* T % ' , * Bulk Density @ 25 C *
: SOIL : DESCRIPTION * Sample * Sample * Sampl . . . N :
. : e e e Bulk Bulk Inpu
* * ! TR . +?$gx : in Water * Densi : Density * Density *
* *x ' ?rams grams * %*
*kk **********************************************iE***k***** khhkkkkkk *********£**********Ec*******£ *f*****
* Ia Camella * red-o; * 57.9 * 59.4 * 28.8 *1993,008 %124.4194 * 122.6 *
* Tayer sand¥ si t to c1a¥e¥ silt * - 90,8 * 92.8 * 43.8 *1933.433 %120.7002 * *
*k ** ************** ************ **************************************************************************
* 1a Camelia * mottled red, te-grey *  76.9 *  78.1 * 36.9 *1921.650 *119.9646 * 122.5 *
* I.ay er 2 * clayey silt’ to si * 133.3 % 135,65 *% 66.8 %*2004.229 *125.1199 * *

*k ****************************** **** KkhkAhh kA hh kA RARKAIhIXRARIRRRARRARAAKKhIhhkhkkhkhkhkhkhhkhhhkhhhkhkhhkhkkkk
* Ia Camella * white-grey with red, orange k  164.2 * 168 * 81.2 %*]1980.494 *123.6381 * 122.0 *

- * layer * silty cla . 128 * 130.9 * 61.5 %1926.523 *120.2689 * *
hkkk ******************* RhkhAhhkhkhhkrhhhhhhhihhkhkkhkkhhkkhhhhhhhkhkhkhkhkhhhkhhhhhkhkhhhhhhkhkhkhhkkhhhkkkkkkkk

* Ia Camelia * mottled white—grey clay with % 148.6 * 152.5 * 69.9 *1890.962 *118.0489 * 119.5 *
* Lax er 4 * red sens. fine ined * 154.4 * 156.8 ¥ 74.8 *1938.869 *121.0396 * *
dkkkhkdhk ki hhxAh kR AKAARKK AKX KRRA KA RAIKRARK KRR K RIARKRI X RAARhhhkkkkhhkhkhhkhhhhhkhhkhhkhhhhkkhkhhhhhkhkhkkkkhkkk

. % 1a Camella * whlte—grey varved * 126.5 % = 129 % 55.7 *1786.860 *111.5500 * 111.2 *
* ILayer * clay to silty clay * 104.1 * 107 * 46.2 *1800.667 *112.4120 * *
* Kk Ik RhAKKRAKIKAAKRIAKKKKKKARKRKRKAKKAKARRAA KKK KA KRk Khkkkkhkkhkkkhhkikkhhhkkkkkhhkkhk *
* * wetter white-grey varved *  89.8 * 91.3 * 38.7 *1756 450 *109 6516 * *
* * clay to silty clay & * *
Rkkkkkkkkhkhhkkkkk ******************************************************************************************
* Ia Camelia * blue;gre . * 80.9 * 82.2 * 27.9 %1524.924 %95,19793 *. 94.8 *%
* Jayer 6 * varv lt¥ clay T * 145.1 * 148.5 * 49,2 %1513.172 %94,.46423 * *

**********************************************************************************

T O T S T

FIGURE A-1a-b. BULI DENaII{ IE”I DAIA )
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DIRECT SHEAR TEST DATA —- FLORIDIN MINE

1 ! [

****************************************************************************************

* Location ~ * Soil Description - - - - * Normal ‘* Shear * Cohesion * Friction #*
* * Stress * Stress * * Angle *

* * * psf) * (psf) * (deq) *
********************************************************** Ahkkhkhhhkhhhhhhkkhkhkkkkhkhkhkkkk
* Floridin * red-orang ¥ 451.8 * 284.8 * 150. * 22,3 *
* Layer 1 * sand t to clayex silt * 625.3 * 456.0 * * *
KR h AR IIRARKKRAARRI AR AR AR KRR AR KRIKR AR KRR KRR RR AR AR R R AR A RR AR ARk kAR Rk hhhkhhhhhhhhkhkkhkkhkH
* Floridin * grey and orange varved » % 942,7 * 1539. * 1450. * 7.3 *
* Layer 2 * clayey silt to silty clay * 1116. * 1892. * * *
* * * 1276. * 1267. * * . %
* * ' * 1436. * 1710. * * *
****************************************************************************************
* Floridin * red—orapge ) _ * 1105. * 3020. * 2150. * 30.4 *
. % Layer 3 * sandy silt to claxe silt * 1280. * 2681. * * *
B A S LR L L e e L e e e L T T S
* Floridin * orange and gre¥ mottled * 870.0 * 1881. * 1450. = * 21.3 -k
* Layer 4 * sens. fine gralned to clay * 1116. * 1824, * * *
* * * 1362. * 1949. % * ' *
AKARIRKARRKRRIRKRAAKERKAA KRR A RKRRARI KA KRR A RRRERNR KRR RARKRAR KRR R A RN AR AR A AR R R A AR KA AR A IR A KA K
* Floridin * gre¥ silty clay mottled with * 1256. * 1436. % 1300. * 16.0 *
* Layer 5 le orange silty clay * 2657, % 2289, * *
******************************************************************************k*********
* Floridin * white-grey rock with some * 3080. * 4560. * 4100. * 7.0 *
* Layer 6 * varved blue silty clax shells % 3237. * 4419. * * *
AAKRARKIIARRRAXRANKKR KRR K AR AR KRR R AR R AR KA KRR KRR KRR AR KRR AR KRR KRR AR AR AR KRRk ARk khkhhkhhk*
* Floridin * blue-grey to dark grey friable * 2589. * 3294. * 3000. * 7.5 *
* Layer 7 * 511ty clay, black organlcs * 3093. * 3456. * * *
% - Lk L * * ' * * *
* * ‘ * * * * *
* * soaked sample * 2802, * 2073. * 1700. * 7.6 *
****************************************************************************************
%+ Floridin ~* blue-grey =~ ' ST MTTYrwi3080L0 7 k536307 k151000 17,30k
* Layer 8 * varved silty clay * 3080;' % 5622, k vicoon ok Pt &
* * : * 3891, * 5548. * * oo %
* * * i} *\: T x i * i-0 *
. . '.“"" ........... e b A P x ok
x b * v ~soaked sample * 3080 * 3100. * 2700. * 7.4° *
* * PLE e ey yooo * 3237. % 3179, * * *
*k*****************************************************************************k********

I R AL g et u ] l "
FthRE A-17-a. FLOR[DIN NINE D]RECI SHEnR R I R A { iR i:A_ e
15T inla : Coy ey
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DIRECT SHEAR TEST DATA -~- LA CAMELIA MINE

hhkkhkkhhkhkkhkhhhkhhhhkhkhkhhkhhhhhhkkhkhhhkhkhkhkhkhhkhhhhhkhkhhkhhkhhhhkhhkhkkhkhkkkhhhhkhhhhhdhhhikhdkhkkkk

* Location * Soil Description * Normal * Shear #* Cohesion * Friction *
* . % : * Stress * Stress * * Angle *
* * * (psf) * (psf) * (psf) * (deq) *
khkhkhkkhkhhkkkhkhhhkhdhhkhkhhhhkhkhkhhkhhhhkhkhhkhdhdhkdhdrtohdhihshkhkkhhkihkkk ****************************
* La Camelia * red-orange - * 459,6 * 1140. * 1150. * 36.2 *
* Layer 1 * gandy silt to clayey silt * 534,2 % 1288. * * *
* * * 637.2 * 1754. * * *
* * * 945.3 * 2303, * * *
****************************************************************************************
* La Camelia * mottled red, orange, white-grey * 783.5 * '3000. * 500. * 35.0 *
* Layer 2 * clay e¥ silt'to silty cla * *
Kkkhhkhkhkhhkkhxhhkk ****************** ************************************************

* La Camelia * white-grey with red, orange . * 1607. .* 2496. * 3200. * 15.8 *
* Layer 3 * gsilty clay * 1607. * 3819. * * *
* * ' * 2418, * 3773. * * *
* * * 2589, * 4525, * * *
* * Y, % 3080, * 4240 * * *
* * * 3080, * 4423, * * *
*******k********************************************************************************
* La Camelia * mottled white-grey clay with * 3571, * 1379. * 800. * 12.3 *
* Layer 4 * red sens. fine grained -% 3571, % 1778. * LI *
hhkkkhkhhkhhhhhhhkhhhhkhhhkhdhhhkhkhhhkdhhhkhhhhhhkhhkhhkhhhkkhhhhhhhhhkhkhhhkhkhhkhhkkhhkhkhkhhhkkhkhhkhhkkkkk
* La Camelia * white-grey varved * 3237, * 4009. * 3600. * 11.3 *
* Layer 5 * clay to silty clay * 3891. * 4377. * * *
* * * * : * *

* . * * * * * *
* * . soaked sample * 3891. * 3671. * * *
khkkhkkkhkhkkhhkhkhhkkhkhhkhhkhhkhkkhkhhkhkhkhkhkhhkhkkhkhhkhhkhhkhkhkhkxkhkhhhkkhkkhhkhkhkkkkkhkhkkhkxhhkkkkkkkkkk
* La Camelia * blue- gre¥ * 3080. * 5363. * 5100. * 7,3 *
~ * Layer 6 * varve 1ty clay * 3080. * 5622, * . * ' *
* * * 3891, * 5548, * * *
* * *x . * % *
* * ’ * I * * *
* * soaked sample * 3080, * 3100. * 2700. * 7.4 *
* * * 3237, * 3179, * * *
****************************************************************************************

o

FIGURE é-18-a. LA CANELIA HINE DIRECT SHEAR
TEST BiTh

v



2.6

'DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 1

2.2

1.8
1.6
1.4 -
1.2 4

(Thousands)

SHEAR STRESS (psf)

0.8 -
0.6 -
0.4 -
0.2 -

0 r Y

i FiGURE A-18-b. LA CAMELLA HINE DIRECY SWEAR
] TEST FLAT

0 0.2

0.4 0.6 0.8
(Thousands)
NORMAL STRESS’ (psf)

1.2

17 AR




SHEAR STRESS (psf)
(Thousands)

FIGURE A-18-d. LA CANELTA HINE DIRECT SHEAR
~ TEST FLOT -

DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 3

ag

— T — 7 —T"
2 |

(Thousands) |
NORMAL STRESS' (psf)

. SL'V

L



' DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 4

[

111

maNDUWROONDON
] 1

-t emb wh wd e b md e =

SHEAR STRESS (psf
(Thouscnds)(p' )
o
0
S B |

coo0
o N
R

054 S A I
0.4 4 o |
0.3 -
0.2 -
0.1

0 | - T T . LIS v L
0 |
. (Thousands) |
| NORMAL STRESS (psf)
FIGURE A-18-c. L CAKELIA HINE DIRECT SHEAR o ' | I
6T FLaT ' | ' |

9.L°Y



AT e - CE S e e

B N

SHEAR STRESS (|

(Thouscmds)(PSf)

DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 5

|

FIGURE A-18~¢. L4 Lﬂﬂttln HIKE DIRECT SHEAR

. TEST FLOT

T -1 T

(Thousands) |
'NORMAL STRESS (paf)

LL'v



o
m .
t

R STRESS (psf)
(Thousands)

SHEA
(8]
1

o
tn
X

, N |
TN - W
| A |

B

o)

DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 5 — SOAKED

'

o

' | I LD J . 1

(Thousands)
' NORMAL STRESS' (psf)

FIGUKE A-18-g. LA CAMELIA HINE OIRECT SHEAR

TEST FLOI

- 8LV



SHEAR STRESS )(p'sf)'

DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 6

(Thousands)

Lo L
I

og

FIGURE A-10-h. LA CANELLA HINE DIRECT SHEAR
10T BLOT '

- (Thousands)
NORMAL STRESS' (psf)

6L’V



DIRECT SHEAR TEST

LA CAMELIA MINE — LAYER 6 — SOAKED

f o

s 3.5 . —

. i !
Ia . . . ) ; : . . ‘-'"..j,_:.. o {
i P ¢ ;
{ Ty * ) . . -
|

N
141
i

N
R

SHEAR STRESS. (psf)
(Thousands)

0.5 +

;':  j . S o . - 1 T ' T | |
L:l.: . " ) 0 . . . . l 2 . .

' (Thousands)
' NORMAL STRESS' (psf)

FIGURE A-18-i% LA CAELIA HINE DIRECT SHEAR
1€51 PLOT

08'v




APPENDIX B

T




' GEOLOGY

Intrecduction _ Cal
©-- " - industrial mineral deposits that covers all of Gadsden County

and -part of Leon County, Florida and extends into Georiga,:-
[“r#i.iv.: Sivllarea is shown in Figure B-1. The poor geologic. conditions of ». -
Lo iT deposits, dowaward bed displacements broughti;abpu;__bxﬁwtheqﬁ
:riiizl iTi golution of  carbonate rocks, and vertical .-and lateral .-
»~---:-gradations of rock types =-- are obstacles to -geologists ' who.

STTitry’ to  obtaim  detailed lithologic and- stratigraphic

L. formatien containing fuller's earth can only be-determired by  --

geologic inference. | , : BRI
Stratigraph - o ';;;;i;fi;;u

The  upper stratum of the Meigs=~Attapulgus-Quincy

district, snown in Figure B-2, show considerable variation .
L;;f S across the disﬁrict.. o -

ﬂf&'_.  '__' -i. : gleiétocene -and .Hﬁlécehé devosits. The,mgurficial” 
- | '-Pleistocene and Holocene deposits are'of alluvial and eolian |

”'origin and consist of sand, silt,‘ and nuck. . Among the most

in: :.7i"pelationships in this area. . Conseguently, the extent of the - - :

The Meigs-Attapulgus-Quincy district, a largg;:arga;;of,;;-'f

= 7:77 gtates since it was first mined in 1895. The: extent of . this - .- -

--has been the leading producer of fuller's earth in the United -: -:

~this: regien -- caused by surficial weathgxingﬂ~4residium; Sz
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B.3

THICKNESS” DESCRIPTION

_FORMATION (FEET)

_ SERIES

Alluvial and eolian deposits of sand, silii

Holocene and .
_muck = —

Pleistocene 0-60 .

Reddish-brown, brown, and yellawish-brown
clay, medium to coarse sand, and thin |
kaolinitic clay beds; crossbedded; contains._ | .. ;
0-80 channel-fill deposits and lenticuiar units of
quartz gravel; marine fossils absent but con- i
tains Callianassa borings locally |

. o Miccosukee Formation
N i . as used by Handry
' Tl and Yon (1967)

Greenish-gray and brown sandy c¢lays and clayey |

Lo e Jackson Bluff Farmation |-~ ;
0-20 sands; contains abundant marine fossils:=. ~ |-

o = . - asused by Hendry
P and Sproul {1966)

Miocene — T T T

Fine to medium guartz-sand and ctayey silt; _ -
contains fuller’s earth and other claysand
100-275 scattered very sapdy Iime_stone peds;_logglly

containg minor pelietal and secondary phos
phate, opal concretions, and irregular masses.
of opal o |

ch S S o Hawthorn Formation

Light-gray and light-grayish-brown very_sandy.

limestone, quartz sand, and thin clay beds:” i
25-250 locally contains minor.golamitic sandy lime- | -
stone and, in places, massive white limestone
occurs in lower part; Foraminifera rarg ———

: ' S - | Tampa Limestone

Light-yallow to light-brown crystailine lirRestone| |
containing much delomitic limestone and...__ | ___
scattered beds of dolomite; white crystalline {__,

Oligocane Suwannee Limestone. 24-220 limestone occurs in upper part locally;.mincr

some beds, and opai and chert masses_are
cammon; Foraminifera locally abundant-

L FIGUAE B-2 SOIL STRATIGRAPHY IN THE T o
T AEIG3-ATTAPULGUS-QUINCY DISTRICT
' {fros Patterson, 1972)
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B.4

fmontmorillonite; which is in turn a weathering product of the .. -.

unstable attapulgite. o ST

Attapulgite, also known as palygcrskite, was; named for

thé fuller's earth found near Attapulgus, Georiga. Probably
“--the thickest and most widespread deposit of - attapulgite in- . .

the world is found in the Meigs-Attapulgus-Quincy district.

" The horizontally bedded attapulgite was formed . .in . shallow - .
- 'marine lagoons or tidal flats and may have originated as an -
‘alteration product of volcanic ash from Miocene eruptions in

- southern Texas or from weathered materials carried by

streams. _ ' ' - =T LLT

- No- attapulgite sample has been analyzed that does not :-:
““‘contain quartz. Dolomite and montmorillonite . occur . .with
~-attapulgite almost as commonly. It is likely that much of - -

= the montmorillonite and some of the kaolinite: of -the.- younger - -

the overburden -- - Pleistocene sand deposits. - .and - the

.. "Miccosukee Formation -- ﬁo the Héwthorne Formation, where - :-
---fuller's earth 1is found, using bulldozers,;;sgrapersf¢¢and;;
. draglines. Most of the material can be removed - with .-a--

- bulldozer, but the limestone and cemented sandstone found in

the southern part- of the Meigszttapulgus-Quincy district

must be blasted before it can be removed. This mining

process-léaves highwalls that can be as much as 100 ,feet‘

.. tall. In this study, . the typical fuller's earth deposit




B.5

Formation in several areas.

" Jackson Bluff Formation:. The Jackson Bluff formation is - - -

-found in the southern part of the district near Lake Talquin .. :--

and consists of greenish-grey and brown sandy- - clays and. _ - .

clayey sands containing very abundant marine mollusk shells. -

- This formation is about 20 feet thick at the -southern border

-0of the Meigs-Attapulgus-Quincy district and wedges out a few ... .

miles to the north. _ e AL ITLL

‘Hawthorn Formation. The Hawthorn Formation was named for - . -

beds of phosphatic sandstone, sands, férruginous gravels, ang-

- greenish clays éxposed at - Hawthorne, Florida..::All -of - the-::.. .

“-valuable fuller's earth deposits in the MeigsrAEtapulgns—;

‘Quincy district are found in this formation. Like --the

 --" Miccosukee Formation, it is also a formation:with wvariable:::-
%< characteristics. The Hawthorn Formation, one -of the the most :--: -

T misunderstood formational units in the southeastern - United- -—-.:-

Lstates, has been the durping ground - :for alluvial, ::-
“ =terrestrial, marine, deltaic, and prodeltaiégﬂbgds,  IR

" -consists prinéipally'of fine- to medium- grained quartz sands . .

“with much silt and clay, minor carbonate beds, -and -traces of: ..:

*ifphosphatic material. Carbohate beds are mainlywsyery'rsandyn
. iimestone and 1lie above fuller's earth in the :area south of . :
Attapulqus, Georiga. Most of the carbonate beds are no more
‘than five feet thick and are interbed@ed with sand. The

teeth and bones, Fuller's eafth is deposited in irfegular'

lenticular units and discontinuous beds. . Petrified_ tree




trunks and veftebrate fossils have been located above the-=- .

- fuller's earth deprosits in mines near Quincy and Midway, -

Florida.
Fuller's Earth-

-~ One of the thickest and most widespread deposits of

fuller's earth in the United States is located in the Meigs-.

or earthy material that has certain uses. The term was first:
" applied in ancient times to fine-grained earthy,méte:ial-used,
“ in cléansing and fulling wool. Today, = fuller's  earth:
includes earthy material used commercially as - an:. absorbant - ...
" ‘for greases, oils, water, chemicals, and other undesirable .
" materials; in making insecticides and fungicidesa,in,drilling;fn
=7mud; as a soil conditioner:; as pet litter; and: as-:an
‘ingredient in many types.of fillers, extenders, . carriers; - - -
.dilutents, bleaching materials, and other products.: - o iizoioron
R The fuller's earth found in this district isrgdepgsited
- in- large. lenticulé:' units and discbntinuqué teds. ' In-the -
.southern part of ‘the Meigs—Attapulgus-Quindyj:_districtﬁ_

'~ attapulgite is the dominant mineral found in-fuller's earth; -.

amounts of montmorillonite, 'quartz} dolomite, calcite; -

phosphate pellets, and feldspar are fbund in the fuller's

" earth in the southern part of the district. Xaolinite occurs

- in the upper part of fuller's earth deposits that are under a'

" shallow overburden as a weathering = product of .

- Attapulgus-Quincy district. The term "fuller's earth" has no . _ . -

- genetic or mineralogical significance =-- it refers toma_;clay:;}-'-

- 'in the northern region, montmorillonite is .dominant.-:-Small . -.::




B.7

- -extensive deposits up to 60 feet thick are those associated

© -seas -during the Pleistocene Epoch. Much :0f +the Hclcene
-deposits are found under the broad, heavily vegetated _flood
‘plains of the rivers. Silt and muck are present in swampy

sinkhole depressions scattered throughout the district. - ..

Miccosukee Formation. The Miccosukee Formation  is. a

heterogeneous complex of sediments up to 80 feet thick that = .
shows physical features that are characteristic _of_-delt;i;;_;_;
deposits such as channel cuts and £fills, irregular:and -

-variable bedding in <the vertical sections, . :lenticular

TThniItsis difficult to identify the upper and lower contacts: ..
©7 .of:. the Miccosukee Formation. Locating the upper:boundary-is. .

further complicated by' the weathered profile:- of:---the -::

-principal criterion used in defining the lower-contact is: the: -

. with former sheorelines, indicating the higher level - of the -

- :deposits of sand and clay, crossbedded sands,;in;erbeddingipf =
* “montmorillonite and kaolinite clays and alluvial:sands, .and .-

the presence of land vertebrate fossils. woi wrEmanie i oLni oo

. Miccosukee Formation, often 10 to 15 feet--deep. :The . :-

"~ :upper limit of beds having definite marine characteristics. _:

ThéT‘distinguishing differences are the presence of:pelletal -:

in the Hawthorn Formation and their absence in the Miccosukee
. Formation. Thése-fqrmations are also separated by the larger
size of sand grains and more abundant white kaolin layers of

the Miccosukee Formation. Coarse sand, gravel, and cobbles

in channel-fill deposits are found in the lower Miccecsukee

‘phosphate, carbonate rock, fuller's earth, o:;marine;fossils,;:m

|
.|
l
-|
|
|




consisted of two layers -- totaling no more : than 20 - feet

thick and separated by sandy beds -- located under about 60

feet of overburden.




