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ABSTRACT
The goal of this study was to determine the feasibility of
mining the plains overburdens with Bucket Wheel Excayators
(BWE), in particular to define the diggability of overburden
formations.

Up to now, both the production'rates and overburden
thickness in Plains mines made the traditional mining
methods such as draglineé shovels and trucks, the most
feasible for economic reasoi:s. However, as mines are
becoming Aeeper the need for new excavation techniques ,
assuring high‘productivity at low cost, is growing. One such
technique is continuous excavation as facilitated by the use
of bucket wheel excavators.

Despite their ﬁuge dimensions the pegformance of bucket
~wheel excavators is very dependent on geotechnical
properties of the dug material. This is why the pfimary
problem ih a BWE selection is the determination of the
required digging forces or more generaily, the definit%on of
material diggability.

This study defines digging properties of selected
-overburdens by extensive geotechnical testing of samples.
Results of the tests were correlated with material
cuttability and diggability thus permitting development of .
the ‘diggability glassification for studied overburdens and
also allowing for formulation of mathematical relations
between cuttability and some other rock properties.

Correlation analysis of the test results and material

N
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cuttabilitv perm}tted definition of rock properties which

best describe the rock cuttability and diggability.

Tﬁe following conclusions are drawn from the study:

1. Most of the tested plain; overburdegs can be mined with
Bucket Wheei Excavators.

2. Cutting:resistance of testeé materials is highly
correlated with rock strength (defined in the study by
point-load test and NCB (National Coal Board) cone
indenter test results) and with slake—é;rability index.

3. Specifi; cutting resistance related to the léngth of the
cutting blade is better corrélated with geotéchnical
properties of material than the specific cutting
resistance related to the cross—sgction a;ea of thé cut.

4. Identified correlations Betwéen the rock properties and
its cutting resistance are useful in predictions of |
material cuttability and digéébility; however, further
verification of these correlations is required.

The study also’'identifies directions of further research

related to the definition of material diggability. The most

important of these appearé to be the development of ,

correlations between the material diggability and shock wave

velocity. This method is likely to allow for gquantification

of material structure in addition to its strength.
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1. Formulation of the problem

1.1 General remarks : , - :
éelectidn of the BWE is a complex process in which one
has to consider technical, economical and site specific
aspects of the'hining project.
'The importance of selecting a righ£ BWE is emphasized

by the fact that the BWE:is a main link of a mine production

system. Its cost and size does not allow for quick

- .

modifications orlgeplacemen;; Mistakes in BWE selection can
cause major probleﬁs during mine .operations. An
over—estimation of difficulties will result in oversized
desigh of a BWE, low utilization and excessive capital and
operating costs. On the other hand underestimation of

difficulties will cause producfion slowdowh, frequent

equipment breakdowns caused by excessive wear of undersized

parts, low production rates and high operating costs.

Correct selection of a BWE calls for a proper match of
(

digging forces available on the bucket with _... digging
resistance of the excavated material. Whereas the specific
digéing forces on the bucket can be calc%%a'fi f:om the BWE
technical parameters, ' digging resistance of the material
ié a very elusive value. Satisfactory solution to BWE
selection pfobleﬁ in Europe was only possible after years of
studies combined with exberience of manufacturers. In case

'There are many empirical equations allowing for calculation
of digging forces based -on: power on the wheel,wheel
diameter, bucket dimensions.For detailed description of the
problem see (22, 35)



of new mining ventures, where time constraints do not allow

/ M “
for extensive studies and where there is no previous
Al

experience with this type of equipment misapplications of a

BWE are possibleJ€b4).A

1.2 Diggability,definiticdn and monitoring -

The digging procegs can,be.deécribed>on micfb and macro
scales. - \ .

On micro scale the digging process is reduced té‘the
discussion of the cutting forces on the edge of the
individual bucket and a friction between the cutting tool
and cut material.

- on macro scale cQttiEg and friction forces on
simultaneously digging buckets are sumﬁérized and considered
as one resultant force called total cutting“resistancgvor
more properly - digginé resistance.

The differencé of these two approaches lies in a faét
that when in micro scale the cutting force is a resultant- of
material strenath and friction resistance only, on macro
scale apart :irom these two factors the following components
of a digging process have to be considered:

- lifting force _ \s

- Enfluence of structural featgres of dug formation
- dynamic character of a digging process.

" to list the most important.

N . : . '
. Experience shows, that these factors can have a major

influence on determination of diggability.



Figure 1 presents cutting process on micro scale (as
defined by Nitshimatéu) related to the edge of a cutting
knife. B

On'macro scale'cuéting forces on individual buckets are
summarized, what is-only possible for the specific case
where all t;e paramete}s of the equiphent as well as of the
digging process are knoWwn.

Faced with the problem of estimation of digging forces
from geotechnical parameters of the dug formation one has to
bear in mind that aééording to Kolkiewicz " ... attempt to

) L
determine the digging forces from estimation of various

geotechnical tests failed because of thei; local character”.

In that case, when both macro and micro scale
approaches failifor unadeguacy of consideréd factors,
determination of digging forces has to be reduced to the
evaluation of diggability, in other words to gualitative
classification of digging resistance of the formation by
comparison of its geotechnical properties with geotechniéal
properties of the material with'knoyn digging forces.This
approach is'reffered to as a simplified macro scale approach
as it, to some degree, determine the diéging forces in the
understanding oé a macro scale approach.

"or this comparison, only factors which characterize
the dug formation and, in the same time, are possible to
.quantify have to be considered. Among them are

- Rock and soil sﬁength

- formation structural features
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n - Stress Distribution factor
S - Shear Strength
K- — Coefficient of Internal Friction
T - Depth of Cut '
g -
9 - As of Figure
a
Cutting Force
cos K
Fo= -S- * * * I E D e
¢ N+1 S t 1- sin(K-a+3)

Total Cutting Force

Ft= Fcut + Ffric

FIGUR 1. Cutting Model
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Data points plotting above the surface would indicate

a field condition where the equipment should not be
applied. In reality such -a surface would have a thickness
indicating a zone of marginal application.

FIGURE 2. Three dimentional cuttabilitv ovlot




- weather coﬁditions
- presence of irregularly located boulders,buried tree

trunks. o | ' .

To sum up, simplified macro scale approach is used for
diggability studies conducted in the early stage of mine
planning where there is no data on the equipment to be used.
Macro scale approach is used when the equipment and digging
- process related studies are known. Micro scale approach is
rather not significant is diggability studies.

Further discussion of the digging problem in this study "‘/
would be therefore related to the simplified ﬁécﬁq scale
approach to the digging process. zg

The following definitions are introduced to facilitate
understanding of the digging process:

DIGGING RESfSTANCE - is defined as a total force needed on
the wheel of a BWE during digging. The units of digging
resistance are rétio of diggihg force to the ;fea of a chip
cross-section or to the length of a cutting tool( bucket
edge) and are a measure of a specific digging resisfance.
Digging fesistance~determined gualitatively is called
Diggability and is assigned the following descriptive terms:
easy diggable , diggable, difficult to dig, not diggable. To
some extend it is possible to use digging resistance andv
digability as synonymé. | |
DIGGING FORCE 1is defined as a total force applied at the

wheel cutting teeth needed to to overcome digging

resistance.



CUTTING FORCE is defined as a force required to cut the
sample in a test designed to characterize digging process
such as the O&K cutting teét or DEMAG test.

The studies to determine the relation of digging
resistance to the geotechnical properties of material done
so far follow two directions:

1. Theoretical studies which depend on the formulation of a
mathematical model of the digging process allowing for
solution of cases for which a model Las developed (11,
27). , j ,
2. Empirical models which depend on the determination of

digging resisfance on the basis of experiments.

THeoretical studies of the problem allow for explanation of

some aspects of thé digging process, however they do not

allow for reliable prediction of the generated forces. More
attention must therefore be paid to experiments. Here two
approaches can be distinguished: experimental measurement of
digging resistance by monitoring digging forces on a BWE,

‘_\\\LKES/Tethod gives accurate and reliable results close to the
real values of digging resistance out is difficult and
costly to implement) and investigatio;s of cutting
resistance of sampleg\taken from the ¢~ nmaterial(the method

monitors only one component of diggir -ance, i.e.

W}

material strength)
In spite of the differences betweei .. -7a and digc 1g
resistance it is possible to determine the ng

resistance from cutting resistance. ae me“..oc ve. 4 ar



discused by Kolkiewicz (22), Gorylewicz (15), Colleman (4)
and Rasper (34). To allow for comparison of digging and
cutting resistance the common units are introduced. Specific
digging resistance is defined as being related to the length
of an engaged cutting edge (kN/m) or to the cross—seétion
area éf a chip (kPa). Cutting resistance is referred to the
length of a cutting tool or a circumférence of a cut (kN/m)
or to the cross-secfiopjarea of a éut (kPa). Those relations
are preferred as they have a direct reflection in BWE
parameters. Other methods define the cutting resistance in
units of uniaxial compressive strength (referred to the area
of cross-section perpendicular to the cutting force).

Over the past few years several testing methods for
cuttability.determination have been developed, implemented,
and used by major BWE manufacturers: Krupp, Orenstein and
Koppel and Demag Lauchhammer.

Krupp estimétes cutting resistance of material in the
test where a cube-shaped sample (0.05m x 0.05m x 0.05m) is
compressea between two platens, perpendicularly to sample
stratification. Figure 3 presenté this method. The results
of Krupp test combared with BWE performance can be used to
classify rocks for their diggability.

Orenstien & Koppel uée the test as presented on figure
4. The testing wedge of 0.065 m length, 0.05 m width and 34
tip angle is pressed into a sample embedaed in a sandbox. ‘
The test can be carried out on the cylindridgl samples of a

diameter of 0.15m and 0.15m long or on cubes 0.15m x 0.15m x
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FIGURE 4. O & K cutting resistance test.
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Further tests can be carried out on parts of the samples
remaining after the first test run. In this test the
splitting force, the length of the cut and the area of
failure plain A are ménitored.\Three values are reported as
thé test results:

- value of splitting (cutting) force per area of the cut,
- value of splitting force per length oé the cut,

- value of splitting force per leng£h of the cutting

wedge. -

ot

This test gives the value of cutting resistance in the same
units as those used for aefinitién of digging resistance.
For its portable equipmenf and simple proéedure, this test
is' most frequently used in cuttability determination. The
results of this test were used to develop the classification
in the study done by CANMET * (44). |

Demag Lauchhammer testing equip;ent measures the
cutting forces during simulation of a digging process. The
test sample is located on the table of a parallel-planning
bench and is moved relativély to a stationary cutting edge.
The test set-up permits the sample to be cut into any
desired direction. The cutting speed may be varied between 5
and 50m/min.It is measured and recorded through a
tacho-generator (Figure 5). The approximate sample
aimensions are 1 x 1 x 2 m. The samples are embedded in
concrete and attached to the base frame. Tesp rééults,

“Canada Centre for Mineral and Energy Technology (CANMET) in
Calgary.
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DEMAG testing

FIGURE 5.
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cutting force per area of cut or length of cut, are derived
from the graph of cutting forces recorded during the test.
The Demag method-does .not seem to be very popular at present
and its applications are not known.

All tests presented above define the rock strgngth
interpreted as cutting resistance but tell little about
diggability of material formed from the tested rocks. As
shown earlier, the digging resistance is a funct.on of three:
variables, only one of these defined by the described tests.
Two other §ariables i.e. the formation thickness and
fracture spacing are not guantified.

Tég only practical Lay to relaté the tested rock
stren;%h with its diggability is‘to use rock
classifications, where émpiricaliy determined rock
diggability is correlated fo its strength. If used
carefully, this approach may by helpful in a BWE

Several diggability classiﬁication§ were‘proposed.
Unfortunately, they differ substantially. Soﬁe use uniaxial
compression strength as classification factor while others
use cutting resistance or digging'resisténce. But usually,
it is only by a reference to the short petrographic -
description of each class that a rock with defined
J

cuttability can be éssigned certain class of diggability.
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1.3 Review of d1ggab111ty classifications

were developed in Europe (15,22,23) and Australia (4).
| Go-vlewicz (15) classifies the overburdens in an
pit sulphur mine in Tarnobrzeg (central Poland) as folJYows:
- class I and II - loose rocks with.Protodiakonow &ndex
fp<0ﬁ5 and specific digging force Fd <4Q kKN/m. *
- class II1 and Illa - medium compact rocks with fp = 0.5
to 1.0 and Fd = 4Q to 50 kN/m.
- ' class IV ana v - compact focks”with'fp = 1.0 to &5 and
Fd = 75 to 200 kN/m. |
- class VI and VII - very compact rocks with fp = 4.5 to N
12.0 and F4 > 200 “N/m. - -
Experience shows that .ocks in ciass_I to V can be dug
withoutvany preparation (fraghentation, IooSéning, étc.).
Kolkiewicz }22)'proposes the rock diggability' |
classification based on the experience qa}ned:fntﬁe lignite
mines of central Poland (Table 1). This classffiéation is |
based on the nominal digging Pesistancéf d%ﬁined7as an
average rgsistance recorded during digging of a chip with
the cross-section area 0.175 m (0.35 m X O;SO'm). This‘
.cla551f1cat1on divides rocks into f1ve classes :
- Class I and II described {as rocks dlggable or falrly
dlggable. _. } '
- Class III and IV as difficult and extremely

*fp - Protodiakonow *ndex is deflned as 0.01 x (« un1ax1al
compressive strength). .
Fd - is a specific digging force as defined by measurements
on an operating excagfjor. :



T T T T R N e r e o E e E e e e e e e o e - e e - - .- ——m e - — o e e

DIGGABILITY CLASS
CLASS DEFINITION

NOMINAL DIGGING

v Diggable only
with special
equipment

RESISTANCE
F1 Fa

KN/m KPA
0-20 0-170
20-40  170-380
40-60 360-540
60-90 540-800
>90 >800

'TABLE 1. Diggability scale by Kolkiewicz.
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difficult to dig.
- ~Class V as class requiring special digging
equipment.

Kozlowski (23) improves this classificaticn adding to
each class ghe geotechnical description (moisture and fines
content - Table 2) of the dug formation. Although moisture
and fines content do not reveal correlation with
diggability, they undoubtly help to characterize the dug
material.

Presented classifications use the digging resistance as
a scale base nevertheless the Protodiakonow index used by
Gorylewicz and gegtechniéal description of dug formatioﬁ in
Kozlowski's scale provide some insight into properties of
materials in each diggability class. d

Example of comparison betweefi the rock strength as
determined in tests and rock diggability is given b§ Coleman
(4) in his feasibility study analysing the possibility of
BWE application in Leigh Creek Coalfield in South Australia.

The overburden there is formed of low strength
sagdstohes,[;oose sands and hard partings (low to medium
strength sandy mudsfones). The results of point-load test
éarried out on these rocks and compared with the fracture
spacing factor of overburden formations form diggability
classification. Author suggests that this classification is
very tentative and is more valuable as an approach rather
than as a mathematical model. Nevertheless some interesting

conclusions can be drawn:
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CALSS CLASS NOMINAL DIGGING ROCK CLAY MOIST>
DEFINITION RESISTANCE TYPE FRAC .
F1 Fa
oy KN/m kPa - % %
loose 10 - 6. -
30 20

I Easy diggable 0-20 0-170 clayely

- - - - - - - - - - -

- e e Em e e e em e MR e N R e M M e e e S M e m G e G G m e e e e R e e e T e m B e B e R e e e e e A

10- 6-
clayely 30, 20
II Diggable 20-40 170-360 - - - - - - Lol o o -
‘ 18-
loamy 30 50
10- 6-
- clayely 30 20
III Difficult to 40-60 360-540 - - - - - - - - - -
- dig : . loamy 30 18-
50
: 10- 6-
' clayely 30 20
IV Very difficult 60-90 B40-800 - - - - - - - - -
to dig loamy 30 18-
50
vV Diggable only >80 >800
with special
equipment

e e Ee e em em E M e W e T L e e e e R S R e M e e e e e R e e e e A e e e e e e e = em o e

TABLE 2. Diggability scale by Kozlowski.
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1. Rock diggability is invertly proportional to the rock
strength (as determined by tests) and fracture spacing
factor.

2. It is possible to determine "zones of BWE
applicability". In other words, knowing the geotechnical
propertieS'of a formation, one can determine the BWE
applicability by definition of formations which can be
mined by a BWE without or only with some additional help
of rock fragmentation.

The analysis of diggability of overburdens of Léigh Creek

Coalfield is based on the analysis of diggability and

geotechnical properties (material strength and fracture

spacing) of formations in Ekibastus (29), Ptolemeis and

Neyveli (35) mihes, known fOE their extremely difficult

digging conditions.

The only study of rock diggability reléted to Plains
materials was done by CANMET(46). The authors per formed
Orentein & Koppel cutting test on samples collected from
open pit coal mines in Western Cénada and compared the
results with similar tests done in mines all over the world.
The following classification of rock diggability * was
proposed: ,

1. 0- 1000 kPa - can be dug with BWE,

2. 1000-1500 KPa - diggable with certain loss of
productivity,

«Classification uses rock specific rock cutting resistance
related to the cut area as defined in O & K test.
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4. more then 2400 KPa - not diggable excebt special
conditidﬁs.

CANMET feport givewéonclusion that a classification based on

material strength gives only partial information about its

diggability as diggability is also influenced by structural

features of geological formations.

Comparison of rock strength classification with BWE
performance was undertaken by Strzodka (40). He uses rock
classification based on the Protodiakonov index and assumes
that specific digging resistance can be derived from the
Protodiakonov index by the formula: |

Fl=fp % 100 kN/m
According to Strzodka modern BWE can operate in rocks of up

to 1500 kN/m (digging resistarice) or up to 1.5 of

Protodiakinov index (see classification of.fock strength

according to Prétodiakonow - Table 3).

The presented review of the curren- literature related

"to the topic allows for the following conclusions:

1. Théte is no single, commonly accebted and reliable

classification of rock diggability.

2. Rock diggability cannét"be defined by a single factor;'
it should be perceived as a set of geological and
geotechnical properties of dug formation limiting BWE
applicability

3. In spite of the difficulties in quantifying some
components of rock diggability, it is possible to define

the diggability classification, however its
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PROTODIAKONOV COMPRES.

STRENGTH

150
100
60
40
20
15

10

CLASS STRENGTH ROCKS
: DEGREE INDEX
I rocks of max dense basalts 20
strength ,
I1 - rocks of granite 15
high strengh
111 hard rocks had sandstone 10
IV fairly hard common snadstone 6
rocks
V. rocks of hard clayely 4
medium strength shale
Vi fairly soft soft shale 2
rock chalk
Via 1like VI broken shale - 1.5
‘ , pit coal
VI soft rocks hard clay 1.0
pit coal
Vila like VII sandy clay " 0.8
VIII earthy peat, loam 0.6
rocks sand ‘
IX  loose sand,brown 0.5
rocks coal
X silty rocks silty soils 0.3
TABLE 3. Classification of rock strength

according to Protodiakonov.
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applicability is limited.

4. By comparison of.different classifications 'some insight
can be gained into rock diggability but final
conclusions have to be supported by the geological and
geotechnical investigations of the site in question.

5. Diggability classifications should consider, apart from
the rock strength, structurefof material which could be
represented by shock wave velocity as in rippability

scale (5), or general rock classification proposed by

Scoble (38).

1.4 Outline of 'the project

The goal of the project was to explore the possibility
of a BWE application in Plains coal mining or in other words
to asses diggability of Plains overburdens. ’

It was to be accomplishéd by extensive geotechnical
testing of material samples from selected overburdens and
comparidg these to the available rock diggability
classifications to allow the estimation of digging
cbﬁditions in the area under study. The study was not
expected to'givé;a decisive answer but to provide ‘a better
understanding of the problems a BWE can face once introduced
in Alberta. X

The second goal -of the project was to define ﬁhe rock

properties correlated with its cuttingvresistancé. Any

correlations found would help in prediction of diggability.



2. Material 'and test selection

2.1 Characteristics of testing materials
Three major physiographic regions can be distinguished
in Alberta (31): |
1. The Interior Plains.
2. Foothills region.
3. - Rocky Mountain region.

The Interior Plains is a region of low to moderate relief

underlain, (in northern part of Alberta) by Devonian
carbonate and evapor?te rocks and in the remaining bart by
Creataceous and Tert&ary sandstones and shales formations
dipping to the South and West.

Foothills are built from folded Jurassic and Cretaceous

sandstone and shale formations while Rocky Mountains are

composed of carbonate and granite formations ranging in age
from Precambrian to Triassic. J ,

Alberta, eﬁgept for the Rocky Mountéin region, is
covered by unconsolidated glacial sediments thick from a few
inches to several hundred feet. These formations consist
mainly of sand, gravel, claj, and mixture of all these
materials - a till.

Coal deposits occu?\in the Plain and Foothills regions
(Figure.6). Most of the coal overburdens in this area is

formed by rocks classified as transitive rocks

(12,24,25,43).

22
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This kind of material forming 50% to 70% of sedimentary
rocks on the Eartp"crust is not readily classified as either
soil or rocks. It is composed primarily of clay and
silt-sized particles.On the basis of observed distribution
of particle size, mineralogy, type and degree of bonding
between grains, these materials have been assigned several
names. Clay, shale, siltstone, mudstone, claystone are ohly
but a few.

Transitional materials, in general, have low
durability, low shear strength and high swelling or rebound
potential. The presence'of montmorillonites and other
expandable clay minerals £ends to increase the plasticity of
transitional materials(19). Because of the variety of
exhibited pfoperties transitive rocks are very difficult to
characterize. Many attempts have been made to diffefentiate
them but no agreement has béen reached Yet on the commonly
accepted classification. Shales (name adopted bgre for all

transitive rocks) can be subdivided into two major groups:

1. Compacted or " {1-like" shales.

n

2. Cemented or shales.

Generally speak} most of the compacted shales can be
excavated with modern earth moving equipment. While some of
the cemented shales can be excavated likewise, it is uégally
more economical to excavate these harder shales with
fragmentation. ‘

The properties of shales change entirely when they

undergo metamorphism (heat, pressure and chemical changes).
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‘They become harder and are called argillite, phyllite, shist
or etc.

Two ways of characterization of shales are possible:
geological and engineering. geological characterization is
usually not precise enough fer engineering purposes but it
gives some insight into the shale properties énd for this
reason it is briefly discussed below.

Significant geological'propérties.
Grain size.

Shales are often classified as clayey, silty or. sandy,
depending on grain size distribution. But as the analysis of
shales to determine particle size distribution 1is very
difficult, use of grain size distribution as the single
basis of ;hales characterization, is not frequent.

Chehical and mineralogical éomponents.

Tourtelot (1962) revealed tha@ chemical composition of
.sha;es is very similar throughout the world. The average
shale contains approximately 60% SiO ; 10% Al O , 5%-10% Fe
O ; 2% Mg; 5%-8% K O and other saits and elements.Siliceous ‘
shales contain.up to 85 % Si0 and calcareus shales from 25%///ﬂ~
to 35% of Ca CO .

Because the average chemical composition of all shales
is so similar, it cannot be used for their chagactg;izatiﬁn
or identification. _

In the analysis of shale mineralogical composition, it

is important to identify as accurately as possible, the

predominant clay mineral comprising the clay fraction of a
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shale. v

A mineralogical study of the clay fraction of shales is
important from engineering view point and can be used to
characterize them. Shales which have the clay fraction
containing high percentage of illite and montmorillonite
generally have lower shear strength,higher swelling
potential and other undesirable properties than do shales
with clay fractions consisting predominantly of kaolinite,
chlorite or only low percentage of illite montmo;illonité or
other mixed-layers minerals. -~
Fissility. |

Shales exhibit different degrees of fissility or
breaking character}stics which have been used for
classification and‘iaentificgtion pﬁrposes. Numerous
descriptive terms such aS blocky, slabby, flaggy, platty and
papery‘have been used to describe fissility of shales. Three
dominant types of breaking characteristics are
distinguished:-
1. massive,
2. flaggy,
3. flaky.
Massive shales have no preferred direction of cleaning or\\
breaking. Most of the fragﬁents are blocky. The claystones
‘and some clay shale exhibit this breaking characteristic and

. often break into irregular conchoidal blocky shapes like a

«

popcorn. o 1 L.
Flaggy shales split into fragments of varying thickness but

\
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with the width and length many times gréater ﬁﬁen thickness
and with two essentially flat sides, approximately parallel.
Flaky shales split along irfegular surfaces parallel to the
bedding into uneven flakes, thin chips and wedge-like
fragments whose lenéth seldom exceeds 8 cm.

It was observed that the type of fissility observed in
weathered shale at the outcrop ﬁay be entire¥; different
from the fissiliﬁy observed in-.a fresh exposure of an
excavation (because weathering of shales determines Eo a‘
large degree the way the potential fis%{}ity will be
expressed). It is doubtful if a classification based on -
fissility alone would be of much value to the engineer.It is
certainly not conclusive as some shales exhibit all dégrees
of fissility within the same beds.

Slaking behavior;

Several classification systems founded on slaking
behavior of shales have been proposed (6,26). The results of
those investigations revealed that by accepting étandardized
test procedure (eg. proposed by Franklin (14)) it is
possible to discriminate between various types of shales and
their slaking characteristics can be used as'anlinaex_in

rock classification.

Significant enginnering properties.
Strength.
The compressive strength of shales rangés from less

then 1.2 KPa for weak shales, to more then 720 K. for well
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v _

cemented, gtrong shales.As most shales have the adequate
bearing capééity to support largé structures it seems that
the critical factor is rather shear strength theﬁr' |
compressive strength. !

ﬁowever, it is difficult to use shear strength alone as
a method of classifying transitive rocks because there are
many variations in testing procedures. Further, the
likerature,is not precise ip reporting as to whether shear ~
strength values shown are total o; effective.
MoiSture( density, void ratio

The natural moisture content of shales varies from less
then 5% to as high as 35% for some of the clay shales. The
moisture content referred to here is based on the weight o{
the water in a shale specimen divided by the weight of the
solids and is‘expressed as a percéntage of weight.
Moiétﬁre'ratio is usually greater in weathered zones because
the, shale beds near. the surfage haVe-éxpanded due to load *
removal and the void ratio has increased.
Atterberg_limits

Numerous inzgstigations have been made to determine the
Atterberg limits for‘shalés. However, Attérberg limits .are
not eagy to deterﬁing because of the difficulty in breaking
the sample'dowq to the required particle size. However, when

reasonably accurate results are obtained they can be useful

in the engineering classification of shales.
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Conciusions
Shales are among the most difficult earth materials to
characterize. These méterials are intermediate in behavior
between soil ahd rock. Therefore, tests which are suitable
‘to classify soils are not adequgke for these transitional
- materials; neither are those tests normally used to classify
the more compacted rocks satisfactory (6). The physical
properties of shales are‘closely'interrelgted and_ it is
difficult to discuss one property without mentioning the
others.

Based on the above review iﬁ is apparent that shale
strength, solubility, Atterberg limits and élay content can
be regarded_as the most promising for shale

characterization. .

2.2 Test selection

The analysis of shale properties points out which tests
should be seiecé@d for this study. Rock related propertieé
such as rock stféngth and bﬁﬂk density_should be fested in a
rock oriented tests whereas soil relateéJpropert;es as
Atterberg limi;s, clay content, géftiCle density and
solubility should be .tested in a soil oriented tests.
Selected tests have to satisfy thé following conditions
(3,10, 32, 42, 45);
1. Standaréized procedure.

2. Correlation with other tests.

3. Possibility to perform in a field laboratory.
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The above considerations lead to the selection of the

<

following tests :

Rock oriented tests:

- Péint—load test.

- NCB cone indenter test.

- Bulk density(dry density) test.

'Point—loadvtest was selected as it 1is easy to perform
in~field conditions. The test was successfully correlated
with O&K cutting test (4) and the regression equation of
point-load test index vs. cutting resistance is also
available. Point-load test results are is correlated with
uniaxial compressive strength and are frequently used as a
hquickkindex test in rock classification. Sample preparation
is simple as tegt can be carried out on irregular samples.
The detailed test description is évailable in the literature
(13).

NCB cone indenter test is a relatively new
nondestruétive.test déveloped by the National Coal Board in
Great Britain. It is easy to perform. Test sample can be
very small and does not requiré much préparation. The
necessary équipment can be easily carriedAby one person. It
is also important that NCB cone indenter index was
correlated tah uniaxial compressive strength for hard rocks
and for Alberta transitive rocks (39);

Bulk density test is easy to carry out even in field

laboratory and values of bulk density are often used in rock

characterization.



31

Soil-oriented tests:

- Hydrometer analysis.

- Soil density test(grain density).
- Atterberg limits test. Y

- Slake durabilkity test.

- Moisture content test.

Hydrometer analysis is a yidely described and used
procedure to determine the grain size distribution in a
sample. In the same time it gives percentage of clay and
silt fractions. The test results are correlated with
Atterberg limits. No correlation with O & K cutting
resistance has been reported.

Particle density test has to be performed in relation
to hydrometer analysis (as the particle density is used in
grain size calculations).The procedure for the'test is well
described (17). It is a test of a great accuracy regarding
other soil or rock tests.

Atterberg limits are traditional engiheering soil
tests. The ‘procedures for them are well described and.
documented. The results reveal good correlation with other
soil tests. The extensive applications of these tests for
description of transitiQe rocks can be found in related
literature (14,24).

Slake durability test provides information on
solubility‘of transitive rocks which was pointed out as one

of their important properties. No other test for rock

slaking characterization has procedure accepted by the
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International Standard Organization (3). The results of this
test are expected to correlate well with O&K cutting

¢!
resistance.

Moisture content is one of the classical soil tests
widely applied in earth sciences. However, the results of
the test depend on the method of sampling and this can
sometimes give erroneous results. ‘

In summary,.tﬁe selected tests allow for monitoring of
the following material properties:

- Rock strength(NCB cone indenter test,point-load test).
- Dry density(bulk dénéity test).

- Parti;le density.

- Porosity.

- Clay content (hydrometer analy51s)

- Slaking characterlstlcs(slake durablllty test)

- M01sture content.

- .quUId limits, plastlc limits, plasticity index, clay

activity.

2.3 Testing procedﬁtés
. POINT-LOAD TEST
Apparatus.

The equipment used in thg test is a portable loading
frame with hydréulic pump and mounted pressure gahge used to
monitor the applied pressure; Tbe frame is equipped with twc
point-load wedges and a device to measure the distance

between -them.
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Procedure.

Rock samples of appr 'ximately 50mm diameter and the
length to width ratio of 1.0 to 1.4 are trimmed and inserted
into the testing apparatus. The distance between the two
wedges 1is recorded and load is being applied and increased
until the rock breaks. The test should be repeated at least -
20 times.

Calc%lations.
The point-load strength index is calculated as follows:
Is = P/D2 P - breaking force
D - sample diameter

The correction of the index should be made to reflecg
the specimen diameter and the final results should be
reported using the standard index I(50). The correction can
be made using the correction chart as given in literature
(13).The medlan value of results showld be calculated by
systematlcally deleting highest and lowest values until only
two remain. The average of these two is the median value.
The results can be recalculated for the uniaxial compressive

strength from the formula:

3= 24 x Is(50) MPa
Is(50) -~ point-load index
3 - uniaxial compression strength

Notes.

The detailed description of the test is given by Franklin

(13).
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NCB CONE INDENTER TEST
Apparatus.

‘The only apparatus required in this test is the NCB
cone indenter. it consists of a portabie steel frame in-:
which a steel strip is clamped along a longitudinal axis. In
thévmiddle of one longitudinal sidé of the fréme a dial
gauge 1is insérted in such a way that its probe is in contact
with one side of the steel strip. In the middle of the
opposite longitudinal side of the frame is fitted a
micrometer with a hollow spindle.in;o which is inserted a
tunsgren carbide cylinder with a conical tip having a 40 deg
cone angle. The flat baée of the cylinder is in contact with
a steel ball so that the cylinder is free tg rotate in its
mounting. |
Procedure.

The detailed procedure is described in the apparatus
manual (44). The main steps to be followed are:

a. Selected chips of rock with approximafive dimensions

of 12 x 12 x 6 mm with sound and clean surfacé are
inserted into the testing equipment.

b. The micrometer is to be tu;ned until the cone touch

the sample. |

c. Dial is to be set to 0.0, and the micrometer rreading.

is taken.

d. The micrometer is to be turned until i;.shows 0.635

deflection, {(for weak rocks 0.230).

e. The dial reading is to be taken.
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Calculations.

3

The penetration of the cone into the specimen is

calculated from the formula:

M=M-M M,~ first micrometer reading
M, - second micrometer reading

-

The standard cone indenter number is calculated from the

formula:
N
I= I - NCB cone index
M-D D - 0.635 for standard cone index
for weak rocks: | ///
= 0.230 for weak rocks
Notes. v

The detailed description and interpretation of results are

-

given in literature (39, 47).

BULK DENSITY TEST .

Apparatus. |
The following eguipment is necessary:

1. Volumé;ric cylinder with convenient diameter and the
smallest possiblé graduatibn. -

2. Scale capable of reading with acédracy of 1 g.

3. pafaffin wax and bath for wax melting. |

4.‘ Oven to dry the sample.

Procedure.

The following_procédure is récoymended and.was applied:

1. Prepare the specimen{the specimen should be trimmed to a
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fairly regular shape with a sound surface)

Weigh the specimeh to the nearest 1 g.

Apﬁly the first coat of paraffin wax by brushing the
molten wax on the surface,then immerse the whole sample

in the wax-bath, remove and allow the wax to set. Repeat

‘this step two or three times.

Weigh the waxed sample to the nearest 1 g.
Immerse the sample in the cylinder filled with water.
Record the change in the water level, as a volume of a

waxed sample.

Calculations.

The  bulk density is calculated as foilows:

D: ————— ; V=V— —I—T"\—
‘ p

calculated bulk density; m -:sample mass
sample volume ; V - volume of waxed sample
wax mass; P - wax density

3 <o
1

Notes.

The test procedure is given in the British Standard (BS)

1377:1975, test 15(F) (17).

HYDROMETER ANALYSIS

Apparatus.

The following eqguipment is necessary to perform

hydrOmeter.analysis:f 2

‘Soil hydrometér.

Two 1000ml glass heasﬁring cylinders.
Thermometer (0 - 10d)C).

Stop clock.
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- Mixer.

- Dispersants. -

- . Scale, 0.01g accuracy. ~ .

Procedure. |

The following procedure is used in this test:

1. The soil sample paséing 63 m sieve is divided into two
parts about 40g each.

2. The sample is put into a beaker equipped with the
stirer.

3. 10 ml of 100gpl of Daxal and 10 ml of 100gpl éodium
pyrophosphate todether with 500 ml of distilled water is
added. . '

4. The cdnteq;.is mixed for 5min and transferred to the
measuring cylinder. |

5. Cylinder is filled up to 1000ml, shook for 1 min and
placed on the table.

6. The readings are taken at the prescribed times.

Calculations. “

The following calculations should be performed:

The calibratioh of the h%drometer if there is no\galibfatfon

chart available. |

Calculations of particle size:
D = 0.005531[ —5=—c—-Dfoo

D - particle size ; VvV - yiscosity of water
H - effective depth ;G - specific density of particles
t - elapsed time :

- o
Calculations of percentage of particles finer than D:

m - mass of dry soil ; R -.fully corrected hydrometer
reading-
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[

Notes.

The test procedure is given in BS 1377:1975.Test 7(D) (17).

ATTERBERG LIMITS
Liquid Limifts.
The test is intended to measure the liquid limits of a
material by using Casagrande Method €17).
Apparatus. | ’ ) T
The following equipment is required:
1. Casagrande apparatus.
2. Grooving tool.
3. Flat glass plate.
4. Standard moisture content eguipment.
Procedure.
1. Select the sample, mix it with water and leave it to
mature..
R @
2. Place the sample in a bowl, cut the groove with the
grooving tool.
3. Applg;blows, repeat runs,
4. Measure the moisture content.
5. . Perform next run.
Calculations,
The liquid limits are the moisture content at 25 blows. They
can bé calculated by fitting a linear eqguation to test data.
Notes.
The test procedufe is given in BS 1377: 1975,'Test 2(3)

(17).
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Plastic limits.

The test 1s intended to measure the lowest moisture content

at which the soil is still plastic.

'Apparatus.

The following equipment is used in test. l

1. Glass ruler. |

2. Standard equipment for moisture content measurements.

Procedure.

The following procédure is used:

1+ Mix the sample with water,leave it to mature then roll
it into ball then into thread.

2. Roll the tread till it starts crash(at 3mm dié).

3. Take the sample for moisture content test.

4. Repeat the run at least three times:

The moisture content should be calculated from each run. The

average value isﬁfeportedaas a plastic limits..

With plastic limits, liquid limits and clay content the

calculations of plasticity index and clay activity should

follow.

The plasticity index is calculated from the following

formula:
PI =" LL - PL
PI - pla“ticity index ; LL - liguid limits
PL - plas ic limits - '

Activity is calculated from the formuia:

clay - clay content
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All Atterberg limits should be reported together.

Notes.

The test procedure is given in BS 1377:1975, test 3 (17).

MOISTURE CONTENT TEST

Apparatus.

The follo&ing equipment is required:

1. Thermostétiéally controlled drying oven capable of
maintaining the'temperature of 105 C for at least 20 h.  ~

2. Scale reading to 0.01ig.

3. Numbered glass étoppérs.

Procedure.

The following stepsAare used:

.1ﬂ Weiéh glass stoppers. )

'2. Place the sample on the glass stopper and weigh it.

3. Put the specimen into ovén and keep it in a constant
femperature of 105 C for 20-24 h. |

4. Allow specimen to cool in a desicator.

5.. ‘Weigh thé dried specimen.

Célculationﬁ.

The mdistu:e content is calculated as follows:

m,- mMass of c.atainer ; m;- mass of container with wet soil
m;- mass of container with dry soil '

At least 5 runs should be done. The average of those runs

calculated to 0.01% should be reported as a moisture
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content. .

Notes.

The test procedure is given in BS 1377:1975,Test 1(A) (17).

PARTICLE DENSITY TEST

Apparatus. |

The following eguipment is required for this test:

1. Density botﬁles (50 ml)with stoppers.

2. Vacuum pump and vacuum dessicator.

3. Analytical balance reading to 0.001g.

HProcedure.

The f?llowing steps are recommended and were used:

1. Dry the bottles and weigh them to the 0.001g.

2. The sample of about 30g passing 2mm;§ieve should Be put”’
into bottles tﬁen Qeighed.

3. Add de-aired liquid(can be water) to each bottle and
-place the bottles under vacuum to allow . the entrapped
air to escape.

4. Fill up the bottles with ligu. . and weigh.

5. Wash the bottles, dry ﬁhem and fill with liquid and
weigh. - ‘ -

Calculations. \

The specific density Gs 1is calculated from the following

formula:

m4-m1 - m3+m2

Gg~ specific density of soil; mj- mass of density bottle
m2- mass of bottle+dry soil; m3- mass of bottle+soil+liquid
my- mass of bottle+liquid
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At least three runs should be done with the difference from
average value not more then 0.003,

Notes.

The test procedure is given in BS:1377,1975 test 6(31) (17).

SLAKE DURABILITY INbEX TEST

Apparatus.

The equipment necessary for this.test'includes:

1. Slake—durébflity drum testing apparatus.

2. Dry oven capable of maintaining the témperature of 105
C. for at leagt 12h. | \

3. Scale with a 0.5 g accuracy.

Procedure. B

The following steps are reéqmmendéd and were used:

1. Selected samples of roughly spherﬁcal‘shape and of mass

~—

of érqund 40-60g should be dried for at least 6h.

2. The mass of a.druﬁ with a sampie is recorded. |

3. The drum with the sample is mounted in the apparatus‘and

 containers éfe filled with water up to 20mm below fhe

drum axis. o -

4. Thé drum’is Eotated for 10 min.

5. Sample with the drum is removed and dried to constant
mass. '

6. The drum with sample is cooled and weighed.

7. The cycle is then repeated. |

Calculation. |

The slake-durability index is calculated from the following

j&V
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formula:

C - mass of drum + sample after 2nd cycle
D - mass of drum ; A - initial mass of sample

At least 10 runs should be done and the final ;esult is the
average of all of them.
Notes. |

For detailed description of the test see (3).

ORENSTEIN & KOPPEL CUTTItwiG TEST

The'Oertein & Koppel (O & K) chisel cufﬁing test has

- has a spec1al place 'among the tests used in this study This
\test is w1dely used for cuttability: testlng by the mining
industry. The ‘test results are 1nterpreted in thlS study as
a measure of material cutting resistance and are used in the
project for diggability assessment.

Apparatus.
The testing equipment héé‘a form of a loading frame with the
head in a'wedge-like shape. To ensure the éven load |
distribution the tested sample is embedded in a sand box
~during the test. The geometry of the.wedge i§ standardized-
Figure 4. The chisel has an angle of 34 ,‘length of the
"blade is 6.5cm, width-0.5cm. The equipment haé a pressure  _
" gauge for moni&ofing of the applied force.
Procedure | |
The tested sdmple should conform to O&K specifications. Cora

sample or cube sample(15x15x151cm)rshould be used. The

selected sample should be carefully described regarding any
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cracks or others features influencing its strength.

The sample is placed im,

«Eand box. Then the wedge is placed

4 23,

in the center of the sgmp" and load is applied. The load
should be applied slowly * until the sample is sepafated.
The length of cut, cutting depth and force splitting have to
be recorded. To obtain a large number of readings each
sémple can be cut several times. The tésting procedure is
illustrated in the Figure (4).

Calculations "

The following calculations should be nerformed in this test:

Specific cutting resistance per area of split

A - area of split ; F - splitting force

Specific cutting resistance per the cut length

| Fl1 = --2-
L - length &% cut

.

Specific cutting resistance per the blade length

* Original O&K instruct:ci =5 not pr--ide any information
on the loading rate. For ° . s3tudy - sting equipment
(MTS testing system in the rock me~* .. aboratory of
Mineral Engineering Department of u ’ he rate of
loading as recommended for the uniaxiec ompression test

(0.5-1.0 MPa/s) was selected.
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2.4 Sampling

When collecting the samples for testing a preference

‘was given to areas where BWE are most likely to be applied

in the near future. In the same time the effoft was made to
assure that geology of sampled haterials is representative
for the whoie region unaer consideration.

The Highvale mine overburden was selected as the first
sampling“place for the following reasons:

1. The Highvale mine is considering significant expansion

. of its operations and implementation of the Bucket Wheel

4+ Excavator systems there is likely.

2. Highvalé mine geology is to some extent representative
for the plains area(i.e. the coal seams in plains are
located in the same geologicél formations).

Thé Suncor mine in Fort McMurray was also seiected as a

sampling place. This choice was dictated by tﬁe fact that

Suncor is the only mine in Alberta using large BWE in

overburdens operationé. It is believed that the definition

of chafacﬁeristics of materials dug by a BWE in Suncor

operations will help in the development of correlatiohs

betweeﬁ the material cutting resistance and its diggability.
Highvale mine

The Highvale mine is located '35 km west of Edmonton,~owned

by TransAlta Utilities and operated by Manalta Coal. The

present yearly production of 9 mln tonnes of coal is burned

at the Sundace Power Generating Station.

The minable coal formations occur in the upper cretaceous
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and tertiary rocks in 6 seams of aggregate thickness of 5 to
12 meters. The overburden, thick up to 15 m in the m%ned
area, consists of till and sand. Those materials vary in
hardness, density, permeability; in general their properties
depend on their composition and age(which influence
cdmpattioﬁ), height of the water taBle and weathering.
Typical geology of the Highvale mine is presented on Figuré
7.

Suncor mine

The Suncor mine is located 50 km north of Fort Mcﬁurray
on the bank of the Athabasca river. The mining operations
and extraction plant are build ciose together. Mining
operations start with land cleaning, drainage and removal of
muskeg and removal of the overburden (average 20m).‘Thé
orebody, of average thickness 50m is mined in two BWE
benches.
The orebody consist of an 6il—impregnated sand, silt and
clay of lower cretaceous age. The overburden is formed by
sands and shales of pleistocene and c;etacéous-age{The
genéral cross-sectioﬁ of the oil-sand deposit 1is presented
on figure 8. Samples were taken from pleistocene and‘>
cretaceousvformations (for a cross-section of the oil- sand

deposit see Appendix D).

TR Y
T
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2.9 m - - - - -1 Till

2.4 m + + + + + + Clay

1.2 m - Shale -

2.4 m . ox ox ox ox % Sandstone and‘siitstone
0.5 m LT L LT, ' Hard sandstone
12.3 m . : coal .

3y
L4}
3)

| L4

&}

- FIGURE 7. Typical geology of Highvale mine.

i
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2.5 Collection of samples
Generally the samples of hardest rocks'in a mine were
selected for testing. From Highvale mine the following types
of materiél were taken: N
From West end of pit 0-3 (strata 10m below surface- May
9,1983, exposed for 3 days): | | |
* gray sandy siltstone with coal fragments code named
"sample A",
* grey sandstone with ¢oa1ifi§ated plant fragments code
named "sample B",
*. coarse grey éandy siltstone code named "sample C",
* coarse sandstone code named " sample D".
Frpm the West end of pit 0-3 (July 7, 1983,. approx.3m below
surface, bench open for 5 days) the following sample was
taken: |
x yellow,coarse sandstsne code naﬁed "sample F".
’The.saﬁe dayigroﬁ the overburden in East end of pit 0-3
(approx. Bm.béloﬁ surface) the following‘sample was taken:
x ‘gray c6§r§e‘sandstone.code named "sample G".
The locations from which the samplés'were taken are marked
on the mine plan (see Appendix D).
Thé followihg samples were taken from Suncor mine in
Fort McMurray (collected on July 28, 1983 from tHe face
‘'mined by the BWE 1340): |
X brownlglacial till COde named "sample K".

* green glauconitic shale (Clear Water formation) code

named fsample L".



All samples were cube shaped with the mass of 30 to 60 kg.
In total 8 different-types of material were sampled, total
mass of samples was 700kg as the big loss of material was
expected during sample preparation. |

Collection and preparation of samples was done in such
a way‘as to assure:
1. preservation of natural moisture,
2. 'Breservation of natural structure,

3. rahdom selection of material in the mine,

4. random selection of the sample from the material.

-

2.6 Preparation of samples

In the Highvale mine the aamples'in the West-end of pit
0-3 were collected using axe and hammerl Samples from the
East-end of the pit 0-3 were collected from among the loose
blocks mined by a dragline. In the Suncor mine the samples
were taken from materials pointed out.by the BWE operator as
. the most difficult to dig.. Samples were taken.at random from
"~ the bench being open by the BWE.

In all cases the collected samples were packed in
plastic bags to protect them from excessive exposure to thevf"
atmosphere which could cause changes in moisture content and
rock strength. All samples were transported to”the rock
mechanlcs laboratory at The University of Alberta and stored
‘in the cold room.

Samples for O & Kﬂtest; the selected blocks of rock

were cut with the saw without water cooling to prevent any
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changes in sample strength.The big pieces of material were
first cut down using chisel and hammer. The sample was
shaped as required by the testing procedure and immediately
tested to avoid long exposure to atmosphere. The time of
sample preparation varied from 1 to 2 days depending on the
number of cuts to be done and material hardness: |

Samples for_point—load test: The test was designed as a
test on irreqular samples.Care wés taken to select samples
of a roughly similar shape»and size. To size the sample a
chisel and hammer were used. The samples were then shaped
using sand tapé to dispose of all excessive
'irfegularities.Similarly-as for O&K test, samples were
tested as soon as they were prepared.

Samples for NCB cone indenter test: Test was carried
out on small irregular samples. The samples were taken from
the same material as thbse for the point-load test. The
samples were taken at random to prevent any»b{és.\Finally,
the Samples werg shaped using the sand tape machine to
smooth the surfééerand ensure the uniformity of load
distr{bution during the test.

Sémples for*moisfufe content test: The samples for this
éest were sel@cted at random from the material left over
from the O&K test.Care was taken not to give any p;éferences
to the surface or internal part‘of the tested rock. Samples
were roughly the same in‘size as limited by the crucible
diameter.The test was carried out immediately after

o
—_

collection of samples.
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Samples for bulk density test:the samples were taken
from the same material as used in O&K test.The following
peints were observed to decrease the variability of results:
(1)all samples were similar in size, (2)all samples were
fairly regular. The samples were trimmed on the grinder to
fit the volumet;ic cylinder.

Samples for[particle density test: the samples were
desintegrated in the series of thaw and freezing cycles.
Approximately 10 to 20 cycles were required’depending on the
saqple type. The material was then dried and sieved through
tﬁe sieve 600m. The obtained urdersize (=600 m)was mixed and
divided into sii equal parts, three of which were tested.
All tested samples were of about the same weight.

Samples fo:vhydrometer analysis: Material for this test
underwent the same preparation process as that used for the
particle density tesﬁ. As the time betﬁeen sample .
preparation and testing was up to 6 days the prepared
material was stored in plastic bags.

Samples for Atterberg limits test: Samples for thlS
test underwent the same preparation as the samples for the.
spec1f1c density and hydrometer analysis tests.No special
sample treatment - was requlred.

Samples for slake'durability test: .the samples were
- taken at random without giving prefefence to any part.of

tested rock. The samples were round shaped roughly the same
‘in size. To prevent undue 1$;s of material durlng the ‘test,

samples were ground to ensure smooth surfaces.
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3. Presentation of tests results

3.1 Introduction

Test results were analysed in order to determine their

validity. The first part of analysis provides the
{

descriptive statistics for results of each test.

For the cutting test, m01sture content __den51ty and

_ 1ts %z a
percentage basis). The follow1ng formulashﬁglven by Kennedy

(21), were used to calculate the statistics:

v

Mean of the sample

Variance of the sample
¢ _ )

S D - BT

Standard deviation of‘thp sample

_ 2
Sx = Sx
‘Coefficient of variation:
S
= —mX
\Y %

-

Calculations were performed on a hand held calculator TI -

55-1I1I.

53
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Results of NCB cone indenter test and slake-durability
test were processsed using Interactive Statistical Package.
The output of the analfsis gives the following
statistics:sample size, range, mean(;median, variance,m
standard deviation(SD), mean+1SD; mean+2SD, ‘quantiles Q.1O
0.20 0.25 0.30 0.40 0.50(median) 0.60 0.70 0.75 0.80 0.90,
;nd_linéar plot of analysed data.

For point-load test the analysis of results was
performed using Biomedical Statistical Package (BMDP) ‘. The
“output pf this program gives the following statistics:

mber of analyseé cases,range, variance, stahdard

-ztion, interquantile range, mean and its standard error,

medizn, standard error of median, mode, skewness,

Ve o
5703
kurtiosis ng? secgnd;moment
’ o< - varlance
MA ~
= han 3
Y“ -‘TO

énd their ratio to standard errors (to test analysed data
‘for normality), quéntiles.and mean+ 1SD. Analyzed. data are
blotted in a form of histogram. All location estimates gre
aléo plotted on .the linear graph of .tested data.

_The analysis‘of biyariate‘relatioﬁs among the aﬁélysed
samples waswperformed using BMDP'Statistical‘Package and
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Interactive Statistical Package..This part of the analysis
includes: scatterplots for all the paired tests, frequency
of plotted points, correlations betWeen analysed data, me&an
and standard deviation for each data seé,regression lines of

X on Y and of Y on X, residual mean square error:

2 .
MSE = 259—— " e - ,residual error

On the frame of each plot the X signs‘show where the line
X=bY+a intersects the frame of the plot and Y signs show
where the line Y=aX+b interséctslthe frame of the plot. For
the correlations r=0.7-1.0 additional analysis was

performed, including plot of the regression line and ratio

. . .
- Fisher test . ; Y - y predicted

F(v,v) wherez, ) F
F - __g_:_g; Y - y measured ¥ - mean v
4 R2 Ty . A )
= 2oL - 7)° )
4 Zly -9)°
giving the percentage of'expléined variation(due to v

regression) to total variation (8). For detailed description
of tests and progréms see the literature (45,7).
e
3.2 Test results
‘A!total of 500 runs for 9 tests and 8 differenﬁ samples
in each tesL were performed. The number of runs was defined

by expected variability of results and the specific

requirements imposed by the test procedure.

Appendix A contains raw resultéfﬁxgtests classified by

sample code and test type. The fbilowing péges present the

%
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results of the analysis of obtained téest data. APPENDIX B

contains the BMDP programs and data files.

3;2.1 0O & K cutting test
Tests were done for 8 types of rocks, an average of.3
to 5 runs per sample. The ana1y51s of the test results was
performed on the hand-held TI-58 II calculator and 'its
results are presented in‘fablee 4, 5, and 6.
Table 4 presents the obtalned values of cuttlng re51stance f
calculated per area of cut. Test variability is in the range
of 7.3% (sample K) to 40% (sample F). and values of '
cuttablllty change from 98.0kPa " (sample K) to 2624, OkPa
(sample L. : 'm@” |
Table 5 présents the. obtalneq'Values of cuttlng
res1stance per cut length Test resuits variability is ‘in
the range of 4. 2% (sample K) to 28.1% (sample F) and value/
of ’ cuttlng resistance changes from 13. 17kN/m (sample K) to

P

424,0kN/m (sample L). : i@f

‘Table 6 presents the obtained valiies of cutting resistance
per cutting blade length. Test varidbility is in the rangep'
of 0.09%(sample G) to 61.0%(sample C) and cpttabilitxf‘

changes from 33.48kN/m (sample K) to 723&¢fﬁ/m(sample"L).

3.2.2 Po1nt load test
' The test was performed on 8 types of material, an ;@
average of 19 runs per samplev' The results of the ana1?51s

are presented in Tables 7 to 14,
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ORENSTEIN & KOPPEL CUTTING TEST

Brosking force pen area of split Fa | .
Units KPa

SWPLE N Fa sV RN
A a 383.0 42.66  17.0% 84.0
 3 2 484.0 | 44.50 9.2% 63.0
c e »959;6 20,9 12.7% 289.0
‘D.“,'. 4 ‘, 820.0  190.0 23.2% 449.0
‘mf“F:Jy i~f”8 1170 47.0  40.0% 115.0
:jgﬁT; = s' 1751.0 296.0  28.1% 708.0
L © 5 2624.0 811.0' 30£8iﬂ1832;o
K 5 98.0 7:;fq,::», 7:3% 19.0

_--—_--------—-—-—---—--—----_-—----__-_-___-_--_—-_-'..

N - nlmber of tests; S - estlmated standard deviation
V- var?ab111ty of resu]ts ,RANGE - range of results
Fa - avgnageebenaglng foﬁce

A

. K4
¢ « e

TABLE. 4 ‘Q§&§90ttiﬁégfést‘hesults.
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ORENSTEIN & KOPPEL CUTTING TEST

P L I I R I I I

Breaking force per length of cut F1

| Units KN/m

SRMPLE DN F1 S ., V -  RANGE
B i i
ARET 4 38037 €27 11.4% 8.41
B 2 .58.50. “712.18 20.8% 17.23
‘ - Conh
’ : o T t
c . 4 49.877% 21.32 42.7% 48.4
p. / 4 - 86.22  22.63 26.2% 48.4
F 8.  15.23 4.29 28.1% 11.54
G 5  175.38  23.61 13.4% 137.1
L 5 4242 88.16 20.7%. 184.3
K - 5 ..'13.17  5.54 42.0% 13.45

N- number of. tests; 5- est1amted standard" dev1at1oh
V- variability- of resu]ts RANGE- range of results
F1 - average va]ue of break1ng force

e

TABLE 5. 08K cutting test results.



ORENSTEIN & KOPPEL CUTTING TEST

Breaking force per blade length Fls

Jnits KM o oo

JAMPLE N .. Fls S Yo RANGE
A 4 94.07 16.80 17.8% 40.59
B ,' 2°  123.5 44.39 35.9% 62.79
c 4 91.31 55.78 61.1% 109.86
D 4 176.8 26.55 26.0% 105.5
F 8 31.65 18.77 59.3% 46.2
' G |  :5 1 4312 40.1 - 0.09% 83.7
L 5 725 ' 175.39 24.2% 372.7
K S‘V 3338 16.75 so;o% 33.51

R _-—--—--——---——-_----—-——---__-_..——----_.._-_-__

N- number of tests; $- estimated standard deviation.
V- variability of resu1ts RANGE-~ range of results
Fls- average break ing force

%TABLE,S. 0&K cuttjhg test results.

]
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" The median of test résulﬁs range from 0.09 MPa (sample K) to
‘ o (
2.88 MPa (sample L). Standard deviation of test results

fanges from 0.01MPa (sample K) to 0.53 MPa (sample 1).

3.2.3 NCB cone }ndénter test

Test'wés performea oth-types of material , an average
of 15 runs per sample. The results of analysis.pérformed on
the Statistical Interactive Package are presented in Tables
15 and 16. The value of NCB cone indenter index is in the

~ /
range of 0.1 (sample K & L) to 1.89(sample L) (weak rock

”

number). Standard deviation of results_is from 0.01 (sample

C) to 0.36 (sample G).

3.2.4 Slake durability test

This test was performed~5n 8 types of material, aﬁ
\éééfage of 10 runs per sample. The number of runs was
défined by the test procedure. The results of the analysis
perforﬁ;d‘on Statistical Interactive Package are prese%ted
in Tables 17, 18 and 19.

The value of sigke durability index ranges from

58.11%(sample F) to 10b;o%(sample'G); with standard

deviation from 0.78% (sample K) to 20.14% ‘(sample A).

tu - o,
3 [— il
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A :
QUANTILE MEDIAN  OQUANTILE
v I
.255#--4-—&1———0‘-—---4-—--4’-&----&-+---¢---4§---+ 49
| ! \ | |
ME AN - MEAN MID- MEAN ME AN MEAN
-2 5.0. -1 5.0, ME AN +1 5.0D. +2 S.D
SAMPLE STATISTICS FOR COLUMN 1 NCB-S/A
SAMPLE SIZE = 18 .10 QUANTILE = .2772
RANGE = .235 .20 QUANTILE = .29
MEAN = 36394 B .25 QUANTILE = .29
MIDMEAN = .35911 T30 QUANTILE = .3098
. .40 QUANTILE = .3364
SAMPLE VARIANCE = .0052682 MEDIAN = .37
SAMPLE STAMDARD DEVIATION = 072582 .60 QUANTILE = .3737
MEAN -2 S.D. = .21878 70 QUANTILE = .411
MEAN -1 S.D. = .29136 . 75 QUANTILE = .42
MEAM +1 S.D. = .43653 .80_OQUANTILE = 438
MEAN +2 S.D. = 50911 90 QUANTILE = .4663
.25 .75
QUANTILE MEDIAN JQUANTILE
‘ 2T A et e b m e — - O A T o T S b m - ——— +-~—-++;+,56
| { J ‘ |
’ MEAN MEAN MID- -MEAN MEAN MEAN
-2 S.D -1 S.D. |, MEAN +1 5.D. +2 S.D.
SAMPLE STATISTICS FOR COLUMN 1 NCB-S/B
SAMPLE SIZE = 18 .10 QUANTILE = .296
RANGE = .29. .20 QUANTILE = .373
MEAN = 42847 4 .25 QUANTILE = .38225
MIDMEAN = 42449 .30 QUANTILE = .3892
v - s o .40 QUANTILE = .4007
SAMPLE VARIANCE = .0078176: S ‘MEDIAN = 42
SAMPLE" STANDARD DEVIATION -%#i¥8417 .60 QUANTILE = .4515
MEAN -2 $§.D. = .25164 M .70 -QUANTILE = 464
MEAN -1 S.D. =¥.34006 ‘ - . .75 QUANTILE = .4985
MEAN +1 S.D. = .51689 : “ 80 QUANTILE = .53
MEAN +2 S.D. = .60531% .90 QUANTILE = .5548
o
.25 75
' QUANTILE MEDIAN QUANTILE
l .
'350----—i --------- 4.-.}._4._¢¢¢_-4.__++++--+-5+-+ ------- e~ + 836
f I |
ME AN MEAN MEAN MID- MEAN ME AN
-2 S.D.. -1 5D, MEAN +1 S.D +*2 5.0
/ .
SAMPLE STATISTICS FOR COLUMN 1 NCB-S/C
SAMPLE SIZE = 21 ) . .10 QUANTILE =+ .492
RANGE = .486 20 QUANTILE = .5304
MEAN = .60381 .25 OQUANTILE = .5385
MIDMEAN = 60522 .30 QUANTILE = .5512
- . 40 QUANTILE = .6027
£ VARTANCE = . 010585 MEDIAN = 613
STANDARD DEVIATION = 10288 60 QUANTILE = 621
2 5.0 =.39805 . - .70 QUANTILE = .6394
1 S.0. = .50093 " .75 QUANTILE = .6592S5
1S.0. = 70669 BO QUANTILE = 669
*2 5.0. = .80957 90 QUANTILE = 724
- TABLE 15. NCB Cone Tndenter Test Results- Sample A,B, & C
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TABLE 16. NCB Cone Indenter Test

.75
QUANTILE  MEDIAN QUANTILE ) 70
! ’
I 5054--—-++-'-+~b—+———+4+—+l--+4.--.....¢, _____ ,,,i,‘ ______ ;"'"‘“.88
MEAN M
-2 5.0 A\Tng MID- MEAN MEAN ME AN !
.0. g .0. ME AN : +1 5.0, +2 5.D
’
SAMPLE STATISTICS FOR CHLUMN 1 NCB-S/D
SAMPLE SIZE = 23
RANGE - 378 ‘ .10 QUANTILE = .548
ME AN - cas o .20 OUANTILE = .582
MIDME AN - e7046 . . .25 QUANTILE = .58575 ,
. .30 QUANTILE = .6102 :
N e - N
SAMPLE VARTANCE = 011625 .40 O:ANTILE = .6434
SAMPLE STANDARD DEVIATION®=. . 10782 EDIAN = 664
MEAN -2 S.0. * 46536 " - ‘8O QUANTILE - .7026 -
MEAN -1 5 D - 57318 - .70 QUANTILE = ,7252
MEAN +1 S.D. = .78882 7S QUANTILE = 76675
MEAN +2 S.D. = .896G4 . .80 QUANTILE = .7889
: : .90 QUANTILE = .8542
.y .75
QUANTILE MEDIAN QUANTILE
fid v !
B et ok b T R +2.08
| o . | |
ME AN MEAN " MIP- MEAN MEAN MEAN
-2 S.D. -1 5.D. MEAN -+1.5.0. +2 5.0
N
SAMPLE STATISTICS FOR COLUMN { NCB-S/G -
SAMPLE SIZE = 9 .10 QUANTILE = 1. 116
RANGE = 1.08 ; 20 QUANTILE = 1.329
ME AN = 1.58 . .25 QUANTILE = 1.387S
MIDMEAN = 1.5426 .30 QUANTILE = 1.424
.40 QUANTILE = 1,445
SAMPLE VARIANCE = .13497 _ MEDIAN = 1.49
SAMPLE STANDARD DEVIATION = .36739 .60 QUANTILE = 1.517
MEAN =2 S.0. = .84522 .70 QUANTILE = 1.824
"MEAN -1-S.D. = 1.2126 .75 QUANTILE = 1.945
MEAN +1 S.D. = 1.9474 .80 QUANTILE = 2.026
MEAN +2 S .0". = 2.3148 .90 QUANTILE = 2.08
.25 . .75 p
QUANTILE MEDIAN QUANTILE
, ' “
§ Bd4-m—mm—m = T et T X
! - . ! | [
ME AN - MEAN _ MID- MEAN ME AN MEAN .
-2 s.0. -1 5.D. MEAN +1 5.0. +2 $.0 : .
4 . R -’
L t, ,
SAMPLE STATISTICS FOR COLUMN 1 NCB-S/ 1 o gt
SAMPLE SIZF = 10' ‘ .10 QUANTILE =.1 625 . a2y
RANGE = .67 ' . .20 QUANTILE = +.73 T T
MEAN = 1.898 v - .25 QUANFILE = 1.75°- '™~
- MIDMEAN = 1.877 - .30 QUANTILE = 1.755 " .
: o . .40 QUANTILE = 1.785
SAMPLE ‘VARIANCE.7 .050951 ?  MEDIAN =,1.85.
SAMPLE STANDARD DEVIATION = .22572 .60 OUANTILE = 1.94°
MEAN -2 S D = 1.4466 70 QUANTILE = 2.055
MEAN -1 S.D. = 1.6723 75 QUANTME =-2.12 }
MEAN +1 S.0. = 2.1237 80 QUANTILE = 2 16 3
MEAN +2 S D. = 2.3494 .90 QUANTILE = 2.205. ¥

—_—

'Results-Sample D,G, & L.
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. : oumi‘;}é MED [ AN QUANT L E
|
24 Qe---omoToos Aot ARl Sama-s-4383 5 T 71
] |y I, [ |
ME AN . MEAN ':“"U MEAN MIOD- MEAN ME AN
-2l % D -1 5.0 ME AN +1 5.0, 2 5 D
SAMPLE STATISTICS FOR .COLUMN 't SD-S/A
'SAMPLE SIZE = 10 0 10 QUANTILE"= 33 1
RANGE = 58.6 Y 20 QUAMTILE = 42 15
ME AN < 61.439 25 QUANTILE = 43
MlDMEAN . =.63.958 _%.30 QUANTILE = 50.95
©.40 QUANTILE = 59.6 .
samBLE VARIANCE = 405.95 - ‘MEDTAN = 61045 .
SAMPLE STANDARD DEVIATION = 20.148 60 QUANTILE = 69 445 C
MEAN -2 S.D. = 21 143 - , v ;70 QUANTILE.=.78 75
~ MEAN -1.5.D. = 4t.29f ) .75 QUANTILE = 80.4
* \MEAN *1 S D, = 81 587" . L » %.80 OUANTILE = 81 8
MEAN %2 S D. =01 74 - R Y. .90 QUANTILE = 83 35
' I = ’ h ) - .
' .ps . .75
5 - QUANTILE MEDIAN | QUANTILE
: - | R
R1. 3+ -mmpomomkm oo Riuideiels #bo---s---t--4-489 3 ‘
- , N _ P | I o .
ME-AS MEAN MEAN MID- MEAN ME AN _
- -2.4.0. -1'%5.0 "/ME AN +1 5.D. +2 S.D
 SAMPLE STATLISTICTS, FOR COLUMN 1 SD-5/B - e
-‘ﬁ-,“_ ¢ . N ' ‘ . ., N ERETI 4%
- S/MPLE sir 9. : .10 QUANTILE = 82 1
RANGE A ‘ .20 QUANTILE = 83.75
ME AN = 86.3 .25 QUANTILE = 84.425
MIDMEAN 86, T R .30 QUANTILE = 85 J2 ° B
v el o : ‘, 40 QUANTILE = 86 42 .
SAMPLE VARIANCE = 7.3425 4 MEDIAN » = BG.6 :
% SAMPLE. STANDARD DEVIATION = 2.7097 o . .80 QUANTILE 87.5 ' .
_ MEAN -2°S.D. = 80,881 ' e .70 QUANTILE =/88.24 - ;
" MEAN -1 S.D. = 88.59 dir, ’ .75 OQUANTILE = 88.5%, . :
MEAN +1 S.0. = 89.01 e .80 QUANTILE = 88.82 - ]
.- MEAN 42 S.D, = .91.719 %, .90 QUANTILE = 89.18 o .
) ) il e, . . . -
- * i LA
Al . - ” \ ° . )
B “ - T e - 9
) R ! 0 - . R
v L. o .k Kt
N . . . .25 . = LTS . - L
. ‘ . QUANTILE MEﬁIAN OUANTILE '
- : & 4 . 5
@ . , , _
TI:3+=--=- +--—+—-+-_-_¢\_-__...--¢ e e ¥ -1
|- Y ] 5
MEAN MEAN MID-- MEAN MEAN ,
-2 5.0 -1.,5.0. MEAN - +1 5.0.
SAMPLE STATISTICS FOR CQLUMN 1,SD-5/C ..
:::ZEE SIZE =9 L L v - © .10 QUANFILE = 79.g -
= 10.17 .20 QUANTILE = 81.064
. MEAN | = 83.59 -. N . M N
MIDMEAN x : b L25®*QUANTILE = 81 .46
" 83.426 ] .30 QUANTILE = 81.804
: a .40 QUANT =
SAMPLE VARIANCE = 9.2045 - ] O QUANTILE = 82.41 .
SAMP - e MED!AN = 834
. LE STANDARD DEVIATION = 3.0339 .
. . .60 QUANTILE = 84.48 .
MEAN -2 S.D. = 77.522 - i N
& ~y :70 QUANTILE = 85.048 . . .
MEAN -V $.D0: =-B0.556 ; . o ks
MEAN +1'S.D. = 88 , . B .75 OUANTILE = 85.27 -
MEAN +2 < D - 89-624 ) , j“f*“—"ﬁp'UUANTrrE'“ 85.468
: ‘ 8.658 ' : .90 QUANTILE = 87.922
. 3 ~
13 . _"O’
. TA . . _ . B . . " N " T A - :‘“‘ _A‘ . .
‘BLE 17. Slake durablllty test results -sampl& A,B & C
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ok K 1
.25 ) .15 S
kOUANTILE MEDIAN . QUANTILE it 72
o] < T \
-+—4-—4~--&——‘ —————————— #—-4-—-—096'2 -
! ; " o
L M- MEAN MEAN | © MEAN
W-2 5.0, -1 s.u. MEAN *t S.0,. - +2 S.D.
¢ . .
. . o
SAMPLE STATISTICS FOR COLUMN 1 SD-S/D '
rers
. N 23 Hi‘.v't“
SAMPLE SIZE = 8 e ' QUANTILE =-92.638
,,RANGE =t 4 o T QUANTILE = 93.681
SMEAN ~ = 94.47 .25 OUANTILE = 93.745 .
;yaDMEAN = 94.466 " QUANTILE = 93.B49
S ) N , QUANTILE § 94:034.
SAMPLE VARIANCE '= 1.7799 - o : MEDIAN 94.2
* SAMPLE STANDARD OEVIAT!ON = 1.3341 - * QUANTILE - 94.687
MEAN -2 S.D. = 91.802 ' o . & QUANTILE = 95.615
. MEAN -1 S D = 93.136 Lf - .75 QUANTILE = 95.715
MEAN +1 5.0, = 95 sog ~ &.ao QUANTILE = 95.815
MEAN +2.S.D. .= '97. 2 0 . 90 QUANTILE = 96.092
WA M. 5
. L;}_"‘g - A
v ’ i v
Y
. e
J -"
: b - RN v
, & S
R Wy
T25 Cors L
QUANTTLE MEDIAN QUANTILE i’
-\-‘}(;9‘-_--~-+--L —————— R R TR, +59 .2 H]
[,; U : ] | - oo
E MEAN MID- MEAN MEAN I L s
S.D. MEAN +1.5.D. +2 5p. ¥ % g
‘fSAMPLE STATISTICS FOR COLUMN éﬁ SD-5/F ' u - ‘ L
. - . : . oo T AT : -
SAMRLE SIZE = 7, . . A , ~ .10 QUANTILE = 54
- QANGE = 4‘2‘9 . * :; EN . ",",, 20 OG.AN'TILE‘ = : ‘ g
MEAN > = 56.814 T, w28 QUANTILE _égiﬁs/”
“MIDMEAN = 86.918 ' .30 QUANTILE = 55 86 * - -
2 . _ * .40 QUANTIUE = S6.43 +
SAMPLEpVARIANCE = 2.6648 Ve "~ MEDIAN = 57 2
SAMPLE"'STANDARD DEVIATION = 1.63&’{‘ f . .. 860 QUANTILE -= 57 .48
MEAR -2 S.D. = 53, 549' . S ; ’ .70 OBANTILE = 57 .68
MEAN. -1 S . D. "= 55182 . B 7S QUYANTILE = 57 75 °
MEAN- +1 S.D. = 58.447 X : .80 QUANTILE = 57 .94
MEAN +2 5.0 %= 60.079 90 QUANTILE = 58.92 &
\ t ‘
L4 v
a4 . v
2 . -
: TABLE 18 Slake-Durability Test Results- Sample D'& F
]
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. QUANTILE MEDIAN QUANTILE
' ."“h' ) . l I ‘ S
{ .‘,.\\ BS . t+---c—-=--=~- 44— - -~ ¢-—-—¢——)--—-¢:~-¢_‘-—‘—-¢;¢96 .
o ' i ' I I\] L A I '
' [ MEAN MEAN MEAN MIQ- | MEAN MEAN -,
-2 5.0. -1 5.0 MEAN +'S.0 +2 5.0 _
’ S F ""% .
. v . . J
SAMPLE STATISTICS FOR COLUMN 1 §D-S/L - e
L o s : ' :;" N
SAMPLE SIZE = 10 , . 10 QUANTILE = 86 45
RANGE - = 10.9 .20 QUANTILE = 87 9
.MEAN “G. 7 91.226 5, .25 QUANTILE = 88
MIDMEAN ~ = 91.352 ’ .30 OQUANTJLE = 88 9 -
‘ 40 QUANTILE = 90.4 "
SAMPLE VARTANCE = 12.817 MEDIAN . = g1.4
SAMALE STANOARD DEVIATION = 3.580! . 60 QUANTILE = 92.43
MEAN--2 §.0..-= B4 066 LA " 70 QUANTILE = 93 63
‘MEAN~x=-1 S.D. = 87.646 . . 75 QUANTILE = 94.2
MEAN +1 S.D. = 91.806 : Y . B8Ry QUANTILE =94 85 \
MEAN. +2 S.0.. = 98.386 : .90 QUAYTILE =295.75
i i . R R .
' SR ’ e
; . s
vt .
4 . -
o 4 "
] . . -~ P ‘
IS ~ B3 .
. P oo
Y K
- 3 ’
. o e
. [ 'x_ A ‘.;
R A 2 ~ : o i
. . 5k . - i .
- N ‘ L A .
! n L o mIT LT ‘
S A T .25 . a 75 o
"QUANTILE  MEDIAN-QUANTILLE: S
, ol Iiﬁﬁw - - - AT
_________ e ...¢«."» el -’_"39 8 A
: SRR | N LA o | T L §
" " MEAN MID- . MEAN MAEAN R
' ME AN $L.5 D ¥2 50 . .
R . o i . 8
. : D :
. » . - "’\"’,‘t
SAMPLE STATISTICS FOR COLUMN 1 SD:S/K . o .@1 R
o -(J. ) ] "~. . K -~x L .
SAMPLE SIZE = 10 R 7 10 QUANTILE : N ]
RANGE a6 : #. . 20 QUANTILE = : ) .
. : 78 o UAl = .98
MIDMEAN L9878 LT 40 QUANTILE =.98.55 ‘
SAMPLE VARIANCE = .61067: ‘ Mizi?fs . 991028.95
. SAMPLE S$STANDARD DEVIATION = 78145 738 83ANTIL§ = 99.15
S oy - Vo= RRE; 1 ; - : .
ﬁgﬁﬁ 3 2'3' ARV - - -~ 75 QUANTILE = 9972
MEAN +1.5.D. = 99.461 80 QUANTILE = 99 25
4 MEAN +2 S D = 100.24" 90 QYANTILE = 99.55
y ' . ‘\'
,\ ’ -
¥ 6 ‘ . . B ! -~ . o .
' " ° (3 3 ‘ N wr '-: . »
TABLE 19. Slake-Durability , Test Results-Sample L & K’
. B . - ' ‘



:3.2.5 Bulk density part1cle dens1ty nd moisture content

t&sts T ' ' . {g‘_ =
Bulk dens1ty ‘test was perfor 2d on 8 types of materlal

.‘,’..,‘)a

with 5 to 8 runs per sample. T =2 was no spec1al

-

requirements on "the number of as for this test.

analysis was performed on the programable calculaber/E}*“B
and its results are preqented 1n Table 20

The value of bulk den51ty ranges.from 1. 91Mg/m (sample F) to
2. 43Mg/m (sample L) and its standard dev1atlon from O. 02Mg/m
(sample K) to 0. 16Mg/m. (sample A).

Spec1f1c dens1ty test was performed on 8 types of R

f',

woe

&

rocksﬂ Three run§ per sample were performed Obtalned 7}{&&

T

partlcl@ den51ty was from 2. 53Mg/m(sample A) to 2 89Mg/m -

fm,a&sample L) gandard dev1at10n was from 0.0 to 0. 02Mg/m
L

”;" It)was the moet accurate test performed in- thlS progect.
The”te;t result are pvesem ed in Table 21
o Mo1sture content test Was performed on 8 types of , )
‘materlal The requ11ed number of runs was 5, howeverﬁe 7 orl
8 runs were carrled out‘to increase the test rellablllty

The m01sture content ranged from 3 7% (sample K) to 9%

(sample B) and test%results var1ab111ty was from 2%(sample4

>

F) to 29.Q%(sample C). The resuﬁts of ana1y51s.are<presented‘ |

vy : - R v

-

in Tabie 22:
»  3.2.6 Atterberg limits, poros1ty and clay content tests
Atterberg 11m1ts tests were performed on 7 types of

material only, as 1t was 1mp0551ble to break sample L down

oL
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k¥
BULK(DRY) DENSITY TEST “
= Bulk density B
Units Mg/m?
, P . “
SAMPLE N B . S v RANGE
™ ‘\ . . e
A %5 2.17 0.16  7.7% 0.40
‘B 0.10 = 5.1% 0.22
2 ’ . 7 4?}‘&3 . R
C 0.07 3.5%¢Lﬁa;i5,
D ©0.09 = 4.5% 0. gs i
F 8 1.9t . 0.06 3.2% .0.18
c 7  2.08 0.04 1.8% 0.11
o7 | : ‘ . (‘\'\) -
L 75 225 0.2 1.1% 0.07 .
. L . e g |
K 5  2.43 0.04" 1.6% 0.1

. N-. number of tests S- estimated. satndard deviation;
V-. vénﬁéb111ty of results RANGE - range of results;

B- average bulk(dry) - dens1ty

\\_/

& B4

“ 5TA§yE;20“‘BUlk(dF@ifééﬁ§ﬁfy‘fe%tzfésﬂﬂtsiuaaggww}a‘v
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» &
© i/ *
SPECIFIC(PARTICLE) 'DENSITY TEST 7
~__ Specific desity’ SD A i%
Units Mg/m°
- ’ 1
SAMPLE N SD S v RANGE |
A 3 2.53 0.02 0:9% - 0.04 , ="
‘:.\’ . ?&3" '
A : 5
B . 3 2.64 7 0.0 0.0 000 v L8
C 3:- ,2.58
. D 3"~ 2.57
F 3  2.63
G 3 2.61 0.01 0.3%  0.02
L 3 2.56 0,0 0.0 0.0
K 3 2.89 0.01 0.3% +0.02

N- number of tests* S- estiamted standard deviation;
i© V- variability of results; RANGE- range of results;
SD- average value ofyipcific,gensity,‘,.

ot

o . ,3;4_,7-‘.’ T, ‘:'.’ T
@CI} Q: Lol - . L '%%’;\3.41

TABLE 21. Spec1f1c dens1ty test results -
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i
. MOISTURE CONTENT TEST
wﬁ M01sture content M E
Units % ; I
i —
) J,‘f;_}zm > ’
SAMPLE = N M S V RANGE
_...._-..._--.."EL..-----..-.--------_---.-----_-j-’------_--:-‘-
N -'U 3 o , )j )
1.32 - 15.5% a.42
.,“ ‘u :'.';q. ‘—»"‘.r’ 5... : ; ’
©1.03° 11‘0% 2.70
e 385, 29 Qi "7éioﬂ@.”w °

-{6f59€”.1o“4%jﬁ 1.43°

F 5 6.54 0.13 - .2.0% '0.32
G + 5 - 575  0.23 -4.1% 0.58

P B e, : REN B
- L . 5 .

5 5.68 - 0.42 7.4% 1.17
LK 5 3.76 0.55 14.7% 1.4

N- ‘number of tests; S- estimated standard deviation;
V- variability of resu1ts RANGE- range of results;
~~ M- average moisture content ‘ - .
i ~/ !

TABLE 22. Moistuire content test results.



, tests are presented in Table 23.

*78

‘v
Z%quuxd 11m1ts wére calculated frof the regression line

bq%ed on 5 p01nts. An average of two tests was reported as a
.

f1na test result. The regression equation (straight line
model) as\calculated u51ng programmable calculator_TI—SBﬁRl

~ .
The results of analysis are presented in Table 23. Liquid

limits for tested samples 'range from 24.0% (sample G) to
75.0% (sample A). ' - ’:
Plastic llgifs were calculated as an agerage of 5 runs.
The results are presented ln Table 23..They randevfromv
l9.2%(sample D) to 22.8%(sample A). '

Poros1ty was calculated on the basis of bulk (dry)

oAl

presented in Table 23.

Al
.g Clay content. was calculated from hydrometer analy51s as
R

an average of two runs by éhttlng off the graln size on the

‘cumulative distribution curve below\0.02mm. The results of

N " o
: ¢

5 ?o A
3.3 Results of bivariate (analysis

The analys1s of bive~iate relat1ons between tests“was

—~ performed u51ng BMDP Statlstldgi Package(program code -

<

PGD) The follow1ng test results were taken as independent

. 4
variables: ) ' f
1. mean of NCB cone' indenter test, .
'2. median of point-load test, ;ﬁ _ T«

3. mean of bulk density test, " &



{
SAMPLE  LLIM PLIM PINDX POROS ACTIV  CLAY
- % % % .%&@‘
R S R SRR W
\
A 75.9  22.8 53.1 14.2 1.58 34
B 54.4 21.9 32.4 . 21.6 1.28 25
c 50.6  23.7 26.4 . 21.3 1.13 23
D . 57.6 19.2 38.4  '19.0 5.46_ .26
6 24.6  -- - 27.4  -- - 13
F ’ﬁ““.:fa 28.5. -21.6 6.8 ~21.0 éé‘ 15
Lo D T 1m0 Y o
K - 61,0 7.0 39.0  12.1 - 1.03 38

----—---——-—------—--——‘ —————————————————————————————————————

"LLIM- liquid limits; PLIM- plastic limits:
PINDX- plasticity 1ndexu POROS- poros1ty,‘
ACTIV- c]ay act1v1ty, CLAY clay content;

A

TABLE 23 Results of Attenberg limits tests,
hydrometer analysis,porosity, act1v1ty
and plasticity 1ndex Ca]cu]at1ons
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T 4
4. mean of specific gravity test,
5. mean of clay coﬂment e ;“Hﬁ;
6, mean of'm01stggﬁﬁpontent |
. “nman of slake-durability 1ndex,

llqu1d 11m1ts,:ru

plastic limits, . , , N

calculated plasticlty‘index{

Il. calculated actiwity, . .

12. calculated porosity.

The folaowing test resdlts were_taken as response variables:

- 1. Cutting resistance_calculatedpper'unit‘of area of cut.
2. Cutting resistance calculated ‘per unit of cut lengthg

K,LH.

b 3._~£§m¢ing resistance calculated per unit of .blade length
. . ) 0 - : : ) . .
Two sets of test results ‘were used. in blvarla@eg}ﬁ‘analym&

(T

First set 1ncludéd results of tests on all 8’ §g§p§esn Second’
set 1ncluded only results of ‘tests on .6 samples from
nghvale mine, Two ‘'sets of results were rece1ved As tested
materlal represent two different geolog1cal format1ons, it

was expected that some-correlatlons between tested mater1al

' propertles could be lost in analy51s of nonhomogenous déba\4<}§3

set (samples from the H1ghvale ang Suncor mine). . éA

-

" The results of correlatlon analy51s are presented in
4
Table 25 in which columns 1 ;2. .and 3 present the correlatlon

3

calculated for all cases._Columns 4, £~and 6 present results

T

calculated for only 6 cases i. e. for ﬁﬁghvale mine.. The T

'~ complete results of anaby51s on all the pa1rs of varlables

(78 comblnatlons) with fltted regre551on models and scatter

<



g1*
e
No;of-sahples é:) 8 8 6 6- v §
Test , Fa F1 Fils - Fa _ F1  Fls
"""""""""" ’T§§"--""""_'-""""""""-"""'-"'f':'
PLOAD - 9825 .9854 .9538 .9008 8613
NCBC 9046 .9189 -.9669 .8317 9770 . .-
BLKDEN | .6485 .6879 .9669 .8317 9770 .,
 SPDEN . .8531 .9015 .8370 -.1534 0958
. MOIST © -.1086 22816 -.2569 - 2208 :.5381
SLDUR 5601 ,,5590 .6046 - 8687 7555
wm ?W_,-,éss1 -.4695 -.4823 -.1479 - - .4341
pg}M - 1‘ﬁ@i¥ -;0308'4.4§§s‘-.§332 -.0174 -, -.5815
.CLAY'~ C L -Lasas - .5517 5402 -.1844 - . 4452 ﬂ
PLINDEX -7 ".1455  .2986 .4006. .2985 .4846 .5997 O
POR J .0808 .0173 .0261_-;252333Ef496 -.1493
ACTIV. 5010 .6566 :7294 4982 ;16857  76781
cemel R ~-_,’_-_f---;--__;-_'_..,-’_'..---‘-..__.'--_-5__-

Fa-cuith§ res. per area kPa . ° e

Fl-cutting res. per length of cut KN/m -~ S

Fls-cutting res. per blade length kN/m . . : :
" PLOAD- point-1cad tMPa ,NCBC- NCB cone ‘thden® t%, -

BLKDEN- hwlk.density t.Mg/m,SPDEN- specific density t.Mg/m

MOIST- mojisture cont.t.%, SLDUR-. slake-durability t. % - ‘

1)

:LEIM:  1iguid Yimits t.%.PLIM- plastic limits t.%, -
CLAY- clay content %,PLINDEX- plasticity index %, , .

-+ POR- porosity %,ACTIV- clay activity,

LW

a «t

TABLE .24 Coire]atioh coéficients beﬁween test results

:{ 1
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dlagrams are presented in APPENDIX c. -
‘The following 11m1ts were set on correlatlon
coefficient:’
- High degree of correlation - ABS r > 0.7; .
Average degree of correlation - ABS r => 0.5;
Low deggee of correlation - ABS r (0.5.
"~ In the'first group of correlations the following values were

, record&d :

' &abependent Independent men e
'ﬁgVariabLe "Variable '
Fa(8) ~ PLOAD . 0.9825
- NCBCONE = 0.9046 . B
; ' . o7 " '
. SP.GRAV 0.8531 R
x | oo R l o I ,: 2 : S - R g ) ~"
AP . e |
F1(8) PLOAD " -0.9854 .
. . - o S SRR
. NCBCONE 0.9189 . w\
v |  SP.GRAV .  *0.9015 .- .
. v ‘ o ’ : ’ ;
. J
FLS(8) . - PLOAD . 0.9538
| & NCBCONE _*°  0.9669
. . . SP.GRAV 0.8370 T
"“n oot : ACTIV - 07294

R is a ratlo of a varlatlon explalned by regre551on model
“to the "total variation. Square root of R is r- correlation
¢pefficient. So R= 50% ( means that proposéd regression

model accounts for 50% of variatidn) and r=.7Q07. For R = 25%"

r= 0.5 -The: similar 1nterpretat10n of R and r can. be found

in literature (8,27, 24). -

- Theafmllow1ng code is used : Fa(8) - spec1f1c cuttlng

resistance per area of cut for 8 samples set. Fl = spec1f1c

cuttlng resistance per length of

resistance- per blade length. ... (6)" means s;x samples set.
. -

T
‘o{,’

#eut, Fls .- spec1f1c cutting
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%

.

Q“,

- Fls(6) Y

oy

vb;w 2
9\ '«Pa

.;puLKDENJCi _{

SB:DURAB
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B
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<
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ot
o

° 5691
0 50#0

.. 0'5590
“ﬁ0é5ﬂ
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Fls(8) BULKDEN 0.6282
" SL.DURAB . 0.6046.

2

PLIM  -0.5132

RN

Tli’».,:“g.’
¥, & -Fa(é) no values recorded
L. . . .

-

F1(6) , -~ MOIST © =0.5377
S PLIM . . -0.5581

ACTIV - 0.6857

~0.5818
PINDX 0.5997 ¢ ¥
L ‘. » =

- .
S )

: o |
Thégiow degree of correlation was recorded ‘for the’

. B . N . "..;C, . 7 J . . i} . . )
» -+ following variables. ™= , ﬁ o _ _ 4 ey

)

(
o o | .
_Fa(8)  MOIST -0.1046
‘ : LLIM = & _-0.2551“-. j“ -  ;f
e e T -o.0308 - |
Cctary - -oudses
f;w\ﬁ‘iin  9iNﬁx , - 1?:07ﬁ455'* |
oo ‘,~{"¥©RSO§. o df0¢b4{
F1(8)  .mMoisT  ~ -0l2816 |
- e — V~O.E%g§5}‘ ;

R il : o [
! . ) '

4 . PR



Fls(8)

Fa(6)

PLIM © -0.4886

PINDX ~0.2986
POROS 0.0173
MOIST ~0.2569
LLIM ~0.4823
PINDX - ~0.4006
POROS ~ , 0.0261&
ACTIV 0.4982
BULKDEN 0.3310
SP.GRAV ~0.1534
MOIST - 0.2209
LLIM C-0.1479
PLIM -0.0174
CLAY -0.1844
PINDX 0.2985
POROS = -0.2525
ACTIV ° . 0.4982
BULKDEN 0.2543
SP.GRAV 0.0946
LLIM -0.41

CLAY ~0.437.
PINDX 0.4868

POROS ~0.1496

85
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Fls(6) BULKDEN 0.2289
© SP.GRAV 0.0958
LLIM -0.4341
“cray -0.4452 {//
POROS -0.1496

To sum uUp, the following numbers of variables.wére
recorded for each cdrrelation class:’
Class of higﬁ correlations:
Fa(8)- recorded iﬁdepéndent variables - 3.
F1(8)-recorded independent variables - 3.
Fls(8)-recorded independen£ vériables - 4,
Fa(6)-recorded independent variables - 3.
F1(6)-recorded ihdependent variables - 3.
Fls(6)-reéorded independent variables - 4.
Class of average correlatibns:
Fa(8)-recorded independent variables\- 3.
Fl(8)-recorded independent variables - 4.
Fls(é)-recorded independent variables - 3.
Fa(6)-recorded independent variables - 0.
Fl(6)-ret*rded independent variables - 3.
Fls(6)-recorded independent variables - 3.
- Clasé of low correlations:
F(8)-recorded variables - 6.
F1(8)-recorded independent variables - 5.

Fls(8)-recorded independent variables - 5.°
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Fa(6)-recorded independent variables - 9.

F1(6)-recorded independent varigbles - 6.

Fis(é)-:ecorded independent variables - 5.

For all high correlated pairs of veriables scatter
plots‘with fitted.linear regression equations are presented

in Appendix D.



4, Discussion of results

4.1 Cutting test results
The chtting\resistance of tested samples permits to
distinguish three classes of rock:
1. Weak rock with cutting resistance of up to 100kPa.
2. Medium-weak rocks with cutting resistance of between 100 |
~1000kPa.
3. Compact rocks with'cutting resistance of over 1000kPa.
The first class contains the sample K (glacial till)
with cutting resigtance Fa=C8kPa, Fl=13.17kN/m,
Fls=33.48kN/m.
The second class contains:
- Sample A (séndy siltsténe) Fa=383.0kPa, F1=38.37 kN/m,
Fls= 94.07kN/m. | | |
- sample B (sandstone) Fa=484.0kPa, Fl= 58.5kN/m, Fls=
 123.5kN/m. | '
- Sample C (coanseAsandy siltstbne) Fa=950.0kPa
,F1=49.87kN/m ,F1s=91.31kN/m. . \
- Sample D (coarse sandstone) Fa=820.6kpa +F1=86.22kN/m ,
Fls= 176.8kN/m. .
- Sample F (Yellow sandstone) Fa=117kN/m, Fl= 15.23kN/m,
Fls= 31.65kN/m. |

A

All those samples were collecteﬁ/ln the Highvale mine.
Two samples fall in the class Ff compaét rocks:
-  Sample G (gray coarse sandstone) Fa=1051.0 kPa,

F1=175.38kN/m, Fls=431.4kN/m.

88



~ .Sample L (glauconitic shale) Fa=2624.0kPa, Fl=
424.2kN/m, Fls=723.4kN/m.
The strongest tested sample is the glauconitic shdde from

overburden in the Suncor mine in Fort McMurray.

4.2 Results of bivariate analysis

Among material propérties correlated with its cutting
nrésistancé the best correlationsgwere detected for rock
strengﬁh tests( poiht—load test and NCB cone indenter test).
This correlatiqn\QAS confirmed before by Colleman
(correlation between ‘point-load test and O&K test) ,F;anklin
(correlation between point-load test.and uniaxial
compression test ) and Stimpson (correlation between NCB
.cone indenter tests and uﬁiaxial compression test).

High correlations (0.7 ( r ) 1.0) were also detected for :
- Particle density with Fa(8),Fls(8).

- 'Activity with F1(8),Fls(8),Fls(6).

- Slake durability with Fa(6),Fl1(6),Fls(6) °

Correlations between‘O&K cutting test and rock strength
tests, were already published and do not need further
verification. However, correlations for slake—durability
index, specific density and clay activity, not reported

before , require further study .

*F.{8)- specific cutting resistance per area of cut for 8
samples set. F1(8)- specific cutting resistance per length
of cut for 8 samples set.Fls(8)- specific cutting resistance
per blade length for 8 samples set..(6) means six samples
set. :
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4.3 Diggability of tested materials ' : .

The estimation of diggability for Highvale mine
overburdens can be done by comparison of their .cutting
resistance or uniaxial compressive strength with the similar
parameters of rocks with diggability determined empirically.
The following diggability classifications are used:

1. Gorylewicz.classification for tertiary overburdens in
Tarnobrz g;

2. Kolkiewicz/Kozlowski classification for overburden
formations in lignite mines(central Poland).

3. CANMET combined classification of diggability.

4. Protodiakonow classification as amended by Strzodka.

Gorylewicz classification is based on digging
resistance and Protodiakonow index, which can be interpreted
as uniaxial compressive strength. The uniaxial compressive
strength of tested samples is calculated from point-load
- index using formula given by Franklin (13). In this project
NCB cone indenter correlation with uniaxial compression_teét
was not used as no adequate formula for the type of tested
rocks was found.'® Table 25 presents the calculations of
Protodiakonow index and uﬁiaxial’cbmpression strength for
tééted samples,

In this classification rocks F and K are classified as-
medium comp?ct rocks (class III and IIla), rocks A , B,C , D

and G are classified as compact rocks (class IV and V), rock

’

'® Stimpson gives correlation using standard cone indenter
index ,NCB manual does not give correlations with transitive
weak rocks. so :

~—
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SAMPLE 1(50)

Protodiakonov
Index

- - Em e e em Em e G e M Em A M e G M e W M M EE T MR AF e M M v MR Sm Gm Gk VB G ER ER TR G e e G We A R e e e BB Sm e e e e

- MPa

A 0.5
B 0.51
Cc 0.67
D 0.55
F 0.09
G 1.02
L 2.88
K 0.09

Y,
Uniax.Com.Strengh
' MPa kG/cm?

12.0 120.0
12:24 122.4
16.08 160.8’
13.27 132.7
2.23 22.32 .
24.48 244.8
69.12 691.2
2.13 21.3

TABLE 25. Protodiakonov index fdr tested rocks
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L is classified as a very compact rock(class VI and VII).

Kozlowski/Kolkiewicz-classification.(Table.1 & 2) is

based on the nominal digging resistance per lengh and area
of cut. For this analysis the ratio of digging force to cut
area was selected. '! In this cléssifi;ation, samples K, F,
A, B fall into a class of diggable rocks. Samples C, D, G, L
are in the class of non_diggéblé rockS. However: these
conclusioqs should be regarded wi;h-caufion, because the
classification is based on diggihg resisté;éé while the
tests defined the materiél Euttability}_

CANMET diggability scalé”;based on data’ collected from
a number of BWE mines world—&ide, define all types of tested
materia;s but L as diggable. -

Strzodka scale based on P%otodiakonow index definés
rocks A, B, D, F, K as diggable and rocks C; G, L as not
diggable.

.x The summary of the above findings is presentéd ih Table
26. It is clea£ that the materials A, B, K & F can be dug.by
BWE without any problems. Rocks C and D can create some
problems, especially when encountered in thick strata.
Materials of type L and G may not be diggable wifh BWE.
However, rock L is actually dug in Suncor mine. So, the
final estimation of its diggability has-to be left’pntil a

geological survey of formation is completed.

*

- - —————————— ———— —-—_— —

''Comparison of cutting resistance of tested samples with
nominal digging resistance in on which the scale is based
was done using the properties of diggability function
outlined in footnote 2 . :
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SCALE DIGGABLE _ NOT DIGGABLE
- ROCKS o ROCKS
GORYLEWICH F,K,A,B,C L
D.G
KOLKIEWICZ/ \
KOZLOWSK I K,F,A,B ~ ¢,D,G,L
CANMET A,B,C,D, L
F.G
STRZODKA A,B,D,F,K C,G,L

TABLE 26. Comparison of diggabilty of tested rocks
according to various classifications.

-
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!

4.4 Comparison of study results with the findijngs of CANMET
For the purpose of validation, the results of this o
study are compared with similar tests done by CANMET on

samples from Highvale mlne. In CANMET study spec1f1c cuttlng '§)

resistance ,Fa, ranged from 1622. OkPa to 4516.0kPa wblle 1n’

-3/{’,' .

this project specific cutting re51stance ranged from
. -7 »/‘-,',;"»' }
117.0kPa to 1051kPa. ‘ e

s

X R _ R
Var® :bility of O & K tests results (value of Fa)in-<CANMET - ™.
> . . L. A

N
project was from 35.0% to 88.0% while in this study was from

9.2% to 40.0% The results of tests in this prOJect are
characterised by greater stablllty and therefore can be
regarded as more reliable._Statistics df CANMET tests '
presents Table 25. ‘

Accordiné to CANMET classification (Table 26), 3 out of
5 samples from Highvale mine, tested. in CANMET study, were
defined as nondiggable. Materials ftom Highvale mine tested
in this study were all classified as diggable The difference
in the results is probably due to the diffetences in types

of tested materials.

4.5 Diggability and reckiproﬁetties

Tables 29 and 30 present the final results of the
analysis of diggability conducted for tested materials: Here
the results of geotechnical tests are combined with
diggability'classifications. ‘ |

Table 29 presents a range of values of each tested

’geotechnical property for each diggability class. Table 30



g5,

SAMPLE - Fls F1 Fa .
R KN/m KN/m &%; .

. Siltstone X 507.9 338.5 3648.0
S 321.7 250.5 3231.0

Vv 63.3% 73.9% 88.0%

Siltstone X 587.3 514.9 4516.0
: S 314.5 314.7 1831.0

Y 53.5% 61.1% 40.5%

Siltstone X 268.3 203.3 2718.0
' ¢ s 148 .1 67.9 856.2

Vv 55.2% 33.4% 31.5%

Siltstoné X 322.4 193.6 1622.0
S 71.0 95.9 1129.0

v

X- average value of test; S- standard déviation
V- variability

TABLE 27. Results of CANMET Cutting Tests



| : ) CUTTING 5 DIGABILITY
SAMPLE NUMBER ROCK TYPE CONDITION RESISTANCE (N/cm”) RATDG*
' ) First Strongest 7| 1 2 3
Cut Cut
Highvale No. Il Siltstone; cal- 'Unfrozén' 258" 933 - I .X.
' careous cament
Highvale No. 3 Siltstone: cal- pnfrozen 366 662 S &
careous cement -
Highvale No. 4 Sandstone Unfrozen 11 21 X.
‘Highvale No. 5 Siltstone; cal- [Unfrozen 198 410 .. .X.
/ careous cement : .
Highvale No. 6 | Siltstone Unfrozen 101 356 WXL i
Diplamat No. 1 | Silt'Till Unfrozen 15 30 X. :
Diptamat N&- 2 | Silt Till Unfrozen 15 57 X.
Souris Valley #2 ! Calystone; cal- [nfrozen 156 . 880 - X
: : careous cement L
" Souris valley #3 EClaystone; cal- DUnfrozen lll 111** X
‘ ‘ ! carsous cemant ! ! : f
: } !
Ssurie vallsy =4 Clavssone; cil- Unfrpzen 18] 1514~ ol
|.carecus cement | % :
v . .
, _ ‘ !
Poplar River :1 'Siltstone: cal- Lﬂf:ozen 14 - Ld4xx X!
carsous cement -
Poplar Ri 22 Siltstone; cal- Unfrozen 34 4 X, _
: | Careous cement K
Poplar River #3 | Siltstone; cal- Dnfrozen 10 40 X
¢ careous cement

%1 - easily digable, 2 - digable with limitations, 3 =

** = one cut made’

TABLE 28. CANMET Diggability Classification.

nondigable.
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présents average values of tested properties for each class

The following observations can be drawn from the above

Tables:

1.

Digging cpnditions deteriorate with increased rock
strength and slake-durability.

Decrease in clay content worsens the digging conditions.
Liquid limits and moistu;e content show also change from
one diggability claés-fo another, but the change fail to
fit the linear regression model. ‘Relationships involved
may be of é nonlinear character.

It is not péssible , regarding the requirements of
multivariable analysis, to form‘the prediction equation
for cutting resistance, as the number of different cases

is too small in comparison with the number of analysed

variables.

As indicated by CANMET, digging conditions are

inflhenced by structural features of the férmation.
Diggability classifications (those in Tables 29 and 30)
+hich do not take into account this factor are
uncomplete. Consequently, the concluéions about
diggability of the Highvale mine overburden .hould be
suppoyted by further studies of overburden structure

there.

TN



5. Conclusions
All the tested rocks from Highvale mine are weaker than
rocks actually dug by a BWE in Suncor minef
Overburden in the ﬁighvale mine, as weil as in other
Plains mines with similar geology, cén be mined with a
BWE.

Geotechnical survey of the diggability of overburden

formations has to pay special attention to rocks of type

G, L, and D as these are potentially difficult to dig.

The O&K cutting test as a test accepted by BWE

manufacturers is useful is diggability studies. However,
further studies into stability of test results should be
carried out. “

The regression models developed in this study.may be
useful in cuttability prediction.

There is no unique and accurate method for prediction of
diggability at present. Rock classifications defined in -
the Tables 29 and 30 can be of quidance , but final‘
conclusions as to the rock diggability have to be
sdpported by geological studies of overburden in
question and by field tests of diggability.

High corfglation found to exist between the
siake-durability index and specific cutting resistance
(as it was expected see p. 22) indicates possible new
approach to diggability studies.

Further diggability scudies should concentrate on the

point-load test, the NCB cone indenter test, bulk

100
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denéity test, slake-durability test and clay content.
To be fdlly acceptable in cuttability studies of Plains
overburdens NCB cone indenter test should be correlated

with compressive strength of weak rocks from Plains.



6. Proposals for further research

The limited scope of this study has not permitted to explain

all the complexities involved in definition of material

diggability. It appears that further research should .

concentrate on the following:

1. Tﬁe.multivariate regression analysis between the cutting
resistance and the geotechnical properties of materials
is needed . To facilitate it, the geotechnical database
should be expahded by additional testing of 15 to 20
different materials. (see p.59)° |

2. Research'into correlation between shock wave velocity,
rock geotechnical properties and formation diggability

may permit formulation of better classification for rock

diggability. (see p.13 & 59).
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This appendix presents raw results of the tests.Tables give

the following inf%rmation about results:
- Type of test.
- Test units.
-  Sample type.
- Numbér of runs.
- . Test results.
Sample code is as follows:
Sample A-gray sandy silstone.
Sample Bfgray’sandstone.
Sample C-coarse gray sandstone.’ ’ R
Sample D-coarselsandstone.
Sample F—yelléw coarse sandstone.
Sample G-gray coar;e sadstone.
S%Tpié K—browﬁ glacial till.

Sadﬁle L-greenish gauconitic shale.
/

Y



Orenstein &

SAMPLE

L

110
Koppel cutting test.

CUTTING RESISTANCE |
Fis KN/m F1 kN/m . Fa kPa

112.49 43.01 430.0
/ 98.10 37.50 375.0
71.90 34.60 346.0
92.11 48 .89 453.0
154.90 67.17 516.0
160.7 80.08 808.0
50.24 38.42 1097. Q"
41.87 32.01 814.0
113.04 48.98 879.0
196.7 85.7 = | 631.0
213.5 102.8 . 850.0
188.4 102.0 ,750.0
= 108.8 54.4 1080.0
54.43 17.4, 98.0
19.p0 - 19.00 166.0
157g 16.6 145.0
62.8 20.1 - 144.0
41.86 14.28 86.0
16.73 31.08 180.0
25.12 10.7 70.0 .
16.73 8.56 51.0
-410.4 175.5 991.0
468.9 184.7 1329.0
644.7 206.2 1353.0
385.4 141.4 930.0
460.0 169. 1 650.0
800.2 325.0 1805.0 -
657.3 474.7 ~ 2637.0
921. 1 332.6 :1847.0
590.3 479.6 \ 3197.0
548.4 509.3 /- 3837.0 /
54.43 19.65 | 108.0.
| 37.67 16.32 * 80.0
! 20.92 8.0 100.0 :
12.55 6.8 . 97.0
41.86 15. 11 . 94.0



Slake durzbility index test.(%)
Sample: " . ,
A- 41.3 24.0 60.3 58:9 83.2 61.79 80.4 83.5 77.1 43.0

B-81.3 88.4 84.8 86.4 89.0 89.3 83.3 86.6 87 6
C-85.16 80.8 84.6 81.68 89.47 79.3 B5.6 83.4 82.3
D-95.84 93.66 93.87 95.59 94.30 92.24 96.70 94.1
G- 100% in 10 runs
F-57.2 57.8 67.8 59.2 55.5 57.6 54.3 56.1 -
 K-93.06 94.2 87.8 96.0 91.8 88.0 91.0 95.5 85.1 89.8
L-99.3 99.2 98.2 99.0 98.9,47.9 98.2 99.1 97.5
Point-load test I(50)(KN/m) a
Sample A-66.0 75.0 176.0 501.0 408.0 650.0 650. 0°911.0
320.0 680.0 300.0 720.0 500. 0 250.0 520.0 320. 9 210 0
500.0 86. . 850.0 570.0 150.0 800.0 580 0 210. 0 600.0-
Sample B-354.0 850.0 750.0 300.0 520.0 354.0 620.0
1100.0 500.0 480.0 180.0 920.0 980.0 380.0 32016 §50.0
680.0 950.0 420.0 490.0 680.0 520.0 260.0 800.0 501.0
550.0 460.0 410.0 940.0 520.0 T
Sample C-670.0 880.0 600.0 410.0 471.0 810;0’1120 0 N
620.0 730.0 420.0 670.0 750.0 580.0 940.0 780.0 890.0
520.0 670.0 520.0 730.0 - "
Sample D-420.0 420.0 511.0 491.0 430.0;460.0 595.0 680.0 -
-~ 950.0 750.0 950.0 1oao.bA4éo.o,7so,o,720.o 460.0 430.0
480.0 750.0 700.0 | | o
Sample F-89.0 60.0 82.0 65.0 1090.0 137.0 89.0 870 46.0
97.0 100.0 109.0 $3.0 100.0 118.0 123.0 |

Sample G1020.0 1050.0 1000.0 850.0 1020.0. 1768.0 950.0
T, . ;
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1965.0 505.0 1500.0 1351.0 1785.0 510.0 1630.0 1010.0
830.0 1420.0 1102.6 830.0

Sample F-3230.0 2020.0 3030.0 3210.0 2880.0 1730.0
2740.0 2990.0 3010.0 3320.0 3880.0 2930.0 2940.0 2210.0
2610.0 2820.90 2630.0 2750.0 3110.0 2520.0 2910.0

Sample K-99.0 71.0 72.0.90.0 85.0 102.0 79.0 87.0 78.0
92.0 69.0 92.0 81.0 110.0 105.0 99.0 85.0 92.0 89.0 92.0
89.0 72.0 89.0 S941.0 93.0 82.Q0 92.0 79.0 100.0
cone‘indenter index test.

Sample A-0.496 0.273 0.460 0.746 0.673 0.343 0.312,

0.321 0.287 0.255 0.444 0.290 0.370 0.380 0.420 0.410

0.370 0.470

Sample B-0.38 0.30 0.51 0.45 0.46 0.40 0.38 0.56 0.46
0.54 0.56 0.40 0.42 0.54 0.27 0.29 0.39 0.42 0.37 0.73
Sample C-0.83 0.76 0.66 0.52 0.58 0.69 0.54 0.53 0.60
o.So'Q.48 0.35 0.62 0.61,0.65 0.60 0.55 0.63 0.67 0.62
Sample D-0.88 0.64 0.66 0.73 0.86 0.68 0.71 0.63 0.79

0 69 0.54 0.57 0.85 0.85 0.50 0.58 0.77 0.0.79 0.55 0.64
Sa e F- less then 0.100 |
cample G—2,7p,1.§9 2.08 2.08 1.44 1.0 1.9 1.42,1.49 1,52
Sample K see,sample F | |

Sample L-2.20 2.12,1.75 1.89 1.76 2.21 1.54 1.88

‘ Bulk desnity test (Mg/m).

Sample:

A-1.99 2.39 2.30 2.16 2.04
B-1.97 2.17 2.17 2.17 1.94 1.95 2.16 2.07

€-2.01,2.07 1.93 2.01,2.08 2.14 1.97



D-2.24
F-1.90
G-2.06
K-2.26

L L-2.44

2.09 2.
1.94 2.
2:04 2.
2.24 2.

2.43 2.

26 2.20
04 1.85
04 2.15
26 2.30

43 2.50

Particle density. (Mg/m)

Sample:
A-2.511
B-2.649
C-2.600
D-2.579%
F-2.658
G-2.629

K-2.560

2.550
2.646
2.584
2.558
2.649
2.611

2.560

2 554
2.644
2.573
2.590
2.616
2.607

2.560

.19 2.19 1.98

.87 1.93 1.94 1.86
.04 2.09 2.1

.23

.39

»

L-impossible to get the required graine size.

Natural moisture content test (%).

Sample:

A-6.10 8.71 10.52 9.57 8.28 7.74 8,18 9.25

B-8.59 11.0 8.79 8.23 8.30 9.10

C-10.80 1©'4laj0'93 11.23 9.19 8.43 4.04 5.79

D-4.91,5.91 6.34 6.33 5.38 6.28 5.66 4.93

F-6.53 6.44 6.64 6.71 6.39

G-6.02,5.69 5.44 5.96 5.65

L-3.0 4.4 3.6 4.2 3.6

K-4.9 5.66 6.07 5.75 6.03

Attenberg 1

imits

Sample A:

113
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Plastic limits-22.83% N

Liquid limits-75.95%

Plasticity index53.12%

Activity-1.58 -

Liquid limits‘linear model :y=-0f%13x+83.80

(r=-0.989)

Sample B:

Plastic»l}mits—21.97%

Liquid limits-54.43%

Plasticity index—32.46%

Actibity—1.28

Ligquid limits linear model :y=-0.15x+58.18

(r=-0.956)

Sample C:

Plastic limits-23.73%

;iquid limits-57.64%

?lasticity index-38.39%

Activity-1.13

Liquid limits linear model :y=-0.08x+52.79

‘ xR/
(r=-0.9219)

Sample D

L4

Plastic limits-19.25%

Liquid limits-57.64%

Plasticity index-38.39%

Activity - 1.46

Liguid llimits linear modél :y=-0.202x+é2.69

(r=-0.93)
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Sample G:
Plastic limits -impossible to determine
Liquid 1imits-24.67%
Plasticity index - #x*xkxxxxx
Liquid limits linear model :y=-0.123x+31.63
(r=-0.960)
Sample‘F:
Plastic limits -21.66%
Liquid 1imits-28.54%
Plasticity Index-6.88%
Activity -.46
Liguid limits linear model :y=-0.123x+31.63
(r=-0.960)
Sample G -impossible to gesintegrate
Sample K:
Plastic limits-22.0%
Liquid limits-61.0%
Plasticity index -39.0%
Activity -1.03
Liquid limits linear model - ??
Clay content from the hydrome?er analysis
Sample A- clay content 34%
Sample B- caly content é5 %
Sample C- clay content 23 %
Sample D- clay content 26 %
Sample F- clay content 15 %

Sample G- cllay conetnt 13%



Sample L- ®xx*kkxxkx*x

Sample K - clay content 38%
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This is BMDP program for bivariate analysis of variables

coded .as P6D.
(

/PROBLEM TITLE IS 'DATA DISPLAY'.
/ INPUT MTSFILE IS ’‘'DATABM’.

VARIABLES ARE 13.

MCHAR=" *' | -~

FORMAT IS SLASH.

. CASES ARE 6.

/VARIABLE NAMES ARE CUTTEST,PLOAD,NCBCON,
BULKDEN, SPGRAV,MOIST, SLDUR,
LLIM,PLIM,CLAY,PINDEX,

' PORS,ACTIV.

/PLOT XVAR ARE PLOAD,NCBCON, BULKDEN, SPGRAV,
MOIST,SLDUR,LLIM,PLIM,CLAY,
PINDEX,PORS,ACTIV.

YVAR ARE CUTTEST,CUTTEST,CUTTEST,CUTTEST,
CUTTEST,CUTTEST,CUTTEST,CUTTEST, CUTTEST
CUTTEST,CUTTEST,CUTTEST.

STAT.

SIZE=55,20.

/END

THIS IS BMDP PROGRAM FOR DATA DESCRIPTON ANALYSIS.
THE PROGRAM IS DESCRIBED IN 7 AS P2D.

s

/PROBLEM TITLE IS 'PLT SAMPLE K'.
/ INPUT VARIABLES ARE 1.
FORMAT IS SLASH.
MTSFILE IS P88.-
/END.
1

THE FOLLOWING FILES ARE PREPARED IN SLASH FORMAT FOR BMDP
ANALYSIS. . :
383. .50 .36 2.17 2.53 8.54 61.43 75.95 22.83 34.0 53.22 14.2 1.58/484.



0.51 .42 2.07 2.64 9.0 86.3 54.43 21.97 25. 32.46 21.6 1.28/950. 0.67 .6
2. 03 2.58 8.86 83.59 50.59 23.73 23. 26.46 21.3 1.13/820. .553 .68 « 16
2.57 5.71 94.47 57.64 19.25 26. 38.39 19.

6.54 58.18 28.54 21.66 15. 6.88 27.4 .46/1057.

19.
/END
1

38.4 .50 .36 2.17 2.53 8.5

* /98.

1.46/117.

22. 38. 38.

1.46/15.2 .095 .1

.095 .1

12.1 1

1.91 2.6
1.02 1.58 2.06 2.61 5.75
100.0 24.87 * 13. * 21. * /2624. 2.88 1.89 2.43 2.89 5.68 98.68 * *

.089 .1 2.25 2.56 3.76 91.22 61. .03

4 61.43 75.95 22.83 34.0 53.22 14.2 1.58/58.5
51 .42 2.07 2.64 9.0 86.3 54.43 21.97 25. 32.46 21.6 1.28/49.9 .67 .6

2 03 2.58 8.86 83.59 50.59 23.73 23. 26.46 21.3 1.13/86.2 .553 .68 2.16
2.57 5.71 94.47 57.64 19.25 26. 38.39 19.
6.54 58.18 28.54 21.66 15. 6.88 27.4 .46/175.4 1.02 1.58 2.06 2.61 5.75
100.0 24.67 * 13. *= 21. = /424.2 2.88 1.89 2.43 2.89 5.68 98.68 * *

1.91 2.63

19. = /13.7 .09 .1 2.25 2.56 3.76 91.22 61. 22. 38. 39. 12.1 1.03

/END

94.1 .5 .36 2.17 2.53 8.54 61243 75.95 22.83 34.0 53.22 14.2 1.58/123.5
.42 2.07 2.64 9.0 86.3 54.43 21.97 25. 32.
2.03 2.58 8.86 83.59 50.59 23.73 23. 26.46 21.
2.57 5.71 94.47 57.64 19.25 26. 38.39 1S.
6.54 58.18 28.54 21.66 15. 6.88 27.4-.46/431.2 1.02 1.58 2.06 2.61 5.75
100.0 24.67 = 13. = 21. * /723.4 2.88 1.89 2.43 2.89 5.68 98.68 * *
19. * /33.5 .088 .1 2.25 2.56:3.76 91.22 61. 22. 38. 39. 12.1 1.03

.51

/END

THE FOLLOWING FILES ARE PREPARED FOR

PACKAGE
(1)cuT/A
383.,
484 .
850. ,
820.,
117.
1057.,
2624 .,

98.,

(1)CUT/A
383.,
484 .,
850.,
820.,
17.,

1057.,

. 2624

98.0.,

(1)cuTt/A
383.,
484 .,

. 950.,
820.,
117.,
1057.,

2624 .,
98.0,

1 .

(-1)CuUT/A
383.,
484 .,

ANALYSIS.

(2)cut/L
38.37,

(2)CUT/L
38.37,
- 58.50,
.87,
.22,
15.23 ,
.38,
424 20 ,
13.17 ,

(2)cuT/L
38.37,
58.50,
49.87,
86.22,
15.23 ,
.38,
424.20
13.17 ,

(2)CUT/L
38.37, .

 58.50,

(3)CUT/LS
94.07,

123.50 ,,

91.31,
176.80,
31.65,
431.20,
723.40 ,
33.48,

(3)CUT/LS
94.07,
123.50 ,
g1.31,
176.80,
31.65,
431.20,
723.40
33.48,

(3)CUT/LS
94.07,

123.50 ,

91.31,
176.80,
31.65,
431.20,
723.40 ,
33.48,

(3)CUT/LS
94 .07,
123.50 ,

110

(4)PLT (5)NCB (8)BULK (7)SPGRAV
.500 , .36 , 2.17,  2.53,
.510 , .42, 2.07,  2.64
.670, .60 , 2.03,  2.58
.553, .68, 2.16,  2.57,
0.095, .10, 1.91,  2.63,

1.020, 1.58, 2.0,  2.61,

2.880 , 1.89, 2.43,  2.89,

0.o8g , .1, 2.25,  2.56,

(4)MOIT (5)SLD (6)LLIM (7)PLIM
8.54 , 61.43 , 75.95, 22.83,
9.00 ,86.30 , 54.43, 21.97
8.86, 83.59 , 50.59, = 23.73
5.71, 94.47, 57.64, 19.25,
6.54, 58.18 , 28.54,  21.66,
5.75, 100.0, 24.67, 0,
5.68 , 98.68, 0, 0,
3.76 , 91.22, 61.0, 22.0,

(4)CLAY (5)PINX (B6)PORS (7)ACTIV

34.00 , 53.22 , 14.2, 1.58,

25.00 ,32.46 , 21.8, 1.28,

23.00, 26.46 , 21.3, 1.13,
26.00, 38.39, 19.0,  1.48,
15.00, 6.88 , 27.4,  0.48,
13.00, O, 21.0, 0,
o0, 0, 19.0, 0,
38.,  39.0, 12.1,  1.03,

(4)PLT (5)NCB (6)BULK. (7)SPGRAV
.500 , .36 , 2.17,  2.53,
.510 , .42, 2.07,  2.64

46 21.6
1.46/31.6 .095 .1

1.28/91.3 .67 .6
3 1.13/176.8 .553 .68 2.16
1.91 2.63

THE INTERACTIVE STATISTICAL



126
‘nd of file

g950. ,
820.,
117.,
1057.,
1
(1)cuT/A
383.,
484 .,
950.,
820.,
117.
1057.,

(1)CUT/A
383.,
484 .,
g850.,
820.,

117.0,

1057.,

49.87,

86.22,

15.23
175.38,

(2)CuT/L

38.37,
58.50,
48.87,
86.22,
15.23
175.38,

(2)CUT/L

38.37,
58.50,
49.87,
86.22,
15.23
175.38,

*

91.
176.
- 31.
431.

(3)CUT/LS
94.
123.
.31,
176.

g1

31
431

(3)CUT/LS
94.
123.
g1.
176.
31.
431.

31,
80,
65,
20,

07,
50

80,

.65,
.20,

07,
50

31,
80,
65,
20,

.670, .60 , 2.03, 2.58
.553, .68, 2.16, 2.57,
0.0850, .10 1.91, 2.63,
1.020, 1.58, 2.06, 2.61,
(4)MOIT (5)SLD (B)LLIM (7)PLIM
8:54 , 61.43 , 75.95, 22.83,
9.00 ,86.30 , 54.43, 21.97
8.86, 83.59 , 50.59, 23.73
5.71, 94.47, 57.64, 19. 25,
6.54, 58.18 , 28.54, 21.66,
5.75, 100.0, 24.67, 0,
(4)CLAY (5)PINX (B)PORS (7)ACT1V
34.00 , 53.22 , 14.2, 1.58,
25.00 ,32.46 , 21.6, 1.28,
23.00, 26.46 , 21.3, 1.13,
26.00, 38.39, 19.0, 1.46,
15.00, 6.88 , 27.4, 0.46,
13.00, 0, 0,

120
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The following abbrevations are used :

Fa - cutting resistance per area of cut - KPa

F1 - cutting resistance per cut length - KN/m

Fls- cuttning resistance per blade length- KN/m

PLOAD - point-load MPA 5

NCBCON- NCB cone indenter index

BULKDEN- bulk density MG/m

SPGRAV- particle dengity MG/m

MOIST- moisture content %

SLDUR - slake- durability %

LLIM - liquid limits %-

PLIM - plastic limits %

CLAY - clay content %

PINDEX - plastisity index %

PORS - pofosity %

ACTIV - activity

The following sets of variables are used:
SET-1 - Fa vs. 8 SAMPLES SET .

SET II - FL vs., 8 SAMPLES SET

SET III1 - Fls vs. BQSAMPLES.SET

SET 1V - Fa vs. 6 SAMPLES SET

SET V - Fl1 vs. 6 SAMPLES SET

SET VI - Fls vs. 6 SAMPLES SET

122



PAGE

3 BMDPED DATA DISPLAY

TABLE OF CONTENTS

HORIZONTAL
VARIABLE

NO.

N

N - O © O N O ;O b W

-—
W

NAME
PLOAD
NCBCON
BULKDEN
SPGRAV
MOIST
SLDUR
LLIM
PLIM

CLAY

PINDEX
PORS
ACTIV

1
1

VERTICAL
VARIABLE
NO.

NAME

CUTTEST
CUTTEST
CUTTEST

"CUTTEST

CUTTEST
CUTTEST
CUTTEST

CUTTEST
~ CUTTEST
CUTTEST
. CUTTEST

CUTTEST

123

\

PLOT PAGE

GROUP '
SYMBOL NO.

NAME .



PAGE 4 . BMDPBD DATA DISPLAY Fa(KN/sqg.m)

o
B N + + N 2N + + +
3000 +
2250 +
c .
U
T
T .
E 1500 -+ |
? . :
1
. 1
750. + 1
' 11
11
0.00 Y - .
C IR A R ST SO STTTTE R
.30 .90 1.5 2.1
0.0 .60 1.2 1.8
N=" 8 _
COR= .9825 ~ PLOAD
MEAN  ST.DEV. REGRESSION LINE  RES.MS.
X .78962 .89670 X= .00108%Y-.09343  .03249

Y 816.62 814.75 Y= 882.74*X+ 111.70  26824.

VARIABLE 2 PLOAD 'VERSUS VARIABLE 1 CUTTEST
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PAGE 5 BMDPSD DATA DISPLAY

M- CO

125
)‘
‘ -~ [ —
7
..... +...."*'.'.'..+....+....+....+....+....+....+....+....+.. .
3000 + | | | - +
1 X
2250 + - o | | Y
1500 + | | - +
_ 1
. 1 o .
750. + - 1 - +
. . )
2 : .
0.00 -Y S : | N +
) R S SENE TR S S R e S R TR T T
771750 © .5250 -8750 1.225 1.575 1.925
. - .3500 .7000 1.050  1.400 .  1.750
N= 8 , - A |
COR= .9046 ' NCBCON |
. _MEAN - ST.DEV.  REGRESSION LINE  RES.MS.
X .71625 .66685 X= T40E-6*Y+ .11163  .09425
Y 816.62 B814.75 Y= 1105.3+X+ 24.987 140703

f . ) .
o

VARTABLE 3 NCBCON  VERSUS VARIABLE = 1 CUTTEST



PAGE 6 BMDPED DATA DISPLAY

126
) .+....+....+....+.....+....+....+....+....+....+....+..X.+.
3000 + | +
1
2250 + ' ' _ +
c . | .
u Y
I . ~ :
E 1500 + +
S |
T
1
. o .
750. + 1 _ +
. 1 . .
.1 D 1 ; .
0.00 Y . s
.+....+....+X...+...."'....+....+....+....+....+....+..‘..+.
1.95 2.05 2.15 2.25 2.35 2 45
1.90 2.00 - 2.10 2.20 2.30 2.40
Ne 8
COR= .6485 BULKDEN

MEAN . ST.DEV.v' REGRESSION LINE RES.MS.
X 2.1350 .15748 X= 125E-6*Y+ 2.0326 .01677
Y 816.62 814.75 Y= 3355.1%X-6346.5 448766

b

VARIABLE 4 BULKDEN VEBSUS VARIABLE 1 CUTTEST



PAGE 7 BMDP6D DATA DISPLAY

_ 127
A S S SN T SR TR SRR DU U PRI 9
3000 + ‘ +
Y
1 .
2250 + +
C . , .
U
T -
T . , | .
E 1500 + - , +
S . .
I
1
. 1 : .
750. + 1 . +
1 1
Y 1 1 .
0.00 + : \ +
)€ ST T NP SR DU SR S T N T
) 2.555 2.625 2.695 2.765 2.835 2.905
= 2.520 2.590 2.660 2.730 2.800 2.870
N= 8
COR= .8830 - . SPGRAV
MEAN ST.DEV. REGRESSION LINE RES.MS.
X 2.6225 11311 X= 123E-6*Y+ 2.5224 .00329
Y 816.62 814.75 Y= 6360.3*X-15863. 170687

VARIABLE 5 SPGRAV VERSUS VARIABLE 1 CUTTEST



PAGE 8 BMDPED DATA DISPLAY

3000 +

2250 +

1500 +

M4+ CO

+ <

750.

0.00 +

N= 8

COR=-.1046
MEAN

X 6.7300

Y 816.62

VARIABLE

+ + + + I D S + +
1
g
1
1 1
U T DU DR DU DA ST U
4.5 5.5 6.5 7.5
4.0 5.0 6.0 7.0
MDIST
ST.DEV. REGRESSION LINE RES.MS. ~

1.8870 X=-242E-6xY+ 6.9278 4.1089
814.75 Y=-45.147xX+ 1120.5 765991

6 MOIST VERSUS VARIABLE 1 CUTTEST
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PAGE

3000 +

2250 +

1500 +

—nMAa—-4CO

750. +

0.00 Y

Nz 8
COR= .5691

MEAN
X 84.234
Y 816.62

VARIABLE

... .+
1
1
oot .t
60.
ST.DEV.
16.098
814.75
7 SLDUR

9 BMDPBD DATA DISPLAY

+ L+ +
- + X, .+,
68. 76.

72. 4
SLD

REGRESSION LIN
X=
Y=

VERSUS VARIABLE

ot

80.

UR
E

.01125*Y+ 75.050
28.802*xX-1609.5

e
L

RES.MS.

204.45 -

523610
1 CUTTEST

ot
1
1
T
92.
96.

129

+ X o .

v = 4

catlL
100



PAGE 10 BMDP6D DATA DISPLAY

3000 X

2250 +

1500 +

——0mmMmH4CO

750. Y

0.00 +

N= 7
COR=-.2561

MEAN

X 50.403
Y 558.43

VARIABLE

+ +....%,. ... F .. + + +
Ct
1
1
1
1
1 | 1
+ + + + L+ + + X+
25 35 - 45 55
30 40 50 . 60
LLIM
ST.DEV. REGRESSION LINE RES.MS.

18.137 X=-.01180*Y+ 57.050 368.86
390.19 Y=-5.5089*X+ 836.09 170718

8 LLIM " VERSUS VARIABLE 1 CUTTEST

130
+ L+ +....
+
1y
+,....+. +
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70



PAGE 11 BMDP6ED DATK"DISPLAY_

- 131
...+....+....+....+....+....+X...+....+....+....+....+..,..
3000 + | | +
.
2250 + | L +
C . , . .
U
T
I _ _
E 1500 + | +
S . | .
T .
*x
. | 1.
750. + 1 - | +
Y | 1 1 N Y
. | 1 1 | f
0.00 + ‘ +
U DA ST DA DA DR SR (AR R A S T
19.5 20.5 21.5 22.5 53.5 |
19.0 20.0 21.0 22.0  -23.0 24.0
N= 6
COR=-.0308 - PLIM
MEAN = ST.DEV. REGRESSION LINE  RES.MS.

X 21.907 1.5039 X=-131E-6*Y+ 21.969 2.8244
Y 475.33 353.13 Y=-7.2274xX+ 633.66 155724

VARIABLE 9 PLIM | VERSUS VARIABLE 1 CUTTEST



PAGE 12  BMDP6D DATA DISPLAY

: L+ + + L+, + + + +
3000 + ;
. ’ {
2250 +
c .
U o
T X
T .
E 1500 +:
S .
>
1
- : 1 )
750. Y | 1
. .
. 1
0.00 +
FEE . SR D ST N e T
12.5 17.5 22.5 27.5
_ 15.0 20.0 - 25.0 ° 30.0
N= 7 | '
COR=-.4523 CLAY
"MEAN  ST.DEV.  REGRESSION LINE  RES.MS.

X 24.857 9.1183 X=-.01057=Y+ 30.758 79.364

Y 558:43 390.18 Y=-19.353xX+ 1039.5 145328

VARIABLE 10 CLAY VERSUS VARIABLE 1 CUTTEST

. 132



PAGE 13 BMDP6D 6ATA DISPLAY

3000 +
2250 + ,

1500 +

—“MA-HCO

750. +

0.00 +

o+

10
N= 6
COR= .1455

MEAN  ST.DEV.

X 32.735 15.484
Y 475.33 353.13

VARIABLE 11 PINDEX

+ + L+ +
1
1
+ + LRl X4
15 25
20 - 30
PINDEX

REGRESSION LINE
.00638*Y+ 29.703
3.3179%X+ 366.72

VERSUS VARIABLE

1

RES.MS.
- 293.36
152573

CUTTEST

50
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3000 +

2250 +

HOMAH4CO

750. Y

0.00 .+

1500 +

ST.DEV.
4.7153
814.75 .

)

VARIABLE 12 PORS

14 BMDPG6D DATA DISPLAY

19.5
18.0

PORS

21.0

REGRESSION LINE  RES.MS.
= 234E-6*Y+ 19.258  25.898
6.9762*xX+ 680.%4 773196

'VERSUS VARIABLE: 1 CUTTEST

R T S e T
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)

3000 +

2250 +

1500 +

—~0rmrmMmA4CQO

750, +

=< o

0.00

N= 6

MEAN
X 1.1587
Y 475.33

+ N N 2N + e R N I R
1
1
1
1 1
1
R T TETTE 0 SO S ST SN T SR S SR
.3750 .6250 .8750 1.125 14375 1.625
.5000 . 7500 1.000 1.250 1.500
| ACTIV
STlDEV. ' REGRESSION LINE RES.MS.
.38712 X= 563E-6*Y+ .88884 . 14765
353.13 Y= 445.52%X-39.982 116744
13 ACTIV VERSUS VARIABLE 1 CUTTEST

VARIABLE

.5010

CPU TIME USED

0.569 SECONDS
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VARIABLE
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VERTICAL
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BMDP6D DATA DISPLAY

N

— - — . '
N - (] w (oo} ~3 o)) (8] H w

—
w

PLOAD
NCBCON
BULKDEN
SPGRAV
MOIST
SLDUR
LLIM

PLIM

CLAY
P INDEX

PORS

ACTIV

1
1

 CUTTEST

CUTTEST
CUTTEST
CUTTEST
CUTTEST
CUTTEST
CUTTEST
CUTTEST
CUTTEST

CUTTEST

CUTTEST

CUTTEST
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500 +
375 +

250 +

HOMAAHCO

125 +

: .1
0.0 +

£ R T e T e T

.30 .90 1.5 2.1
.. 0.0 .60 1.2 1.8
N= 8 : : -
COR= .9854 PLOAD
MEAN ST.DEV. REGRESSION LINE RES.MS.
X . 78975 .89659 X= .00641xY+ .09996 . .02715
Y -107.69 137.83 Y= 151.60*%X-12.036 642.48

VARIABLE 2 PLOAD VERSUS VARIABLE 1 CUTTEST
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' ' 138
J
,,,,, + + + + L+ + + + + .t +, .
500 + +
1.
. . X
375 + +
. Y
250 + +
| 1 :
125 + S +
o 1
11 1
: . 2 ..
0.0 + +
: V2 S0 ¢ DT T S S S S SR SR DDA DU SO
.1750 .5250 .8750 1.225 1.575 1.925
. 3500 . 7000 1.050 1.400 1.750
N= 8 : 3 , ' )
COR= .9188 NCBCON
MEAN ST.DEV. REGRESSIOM .INE - RES.MS.
X .71625 .66685 X= .00444xY+ 23782 .08070 .
Y 107 .69 137.93 Y= 190.07%X-28.453 3452.4 a

VARIABLE 3 NCBCON  VERSUS VARIABLE:™ 1 CUTTEST
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' ' 139

.+....+....+....+....+....+....+....+....+....+....+....+X
500 3 . N - . . ) +
,
318 4 - o +
c . o = .
u .
T . Y
T a . . ’ S
B 250 + S +
S . P .
T
1
125 '+ . | R +
. , .
11 1
1 ' 1 | .
0.0 + . ) +
TSRS O TS S S e e SRR ST TR AR R
| 1.95 2.05 2.15, 2.25 2.35 - 2.45
" 1.90 2.00 2.10 2.20 2.30 2.40
N= 8 o ' ﬂ
COR= .6879 © BULKDEN

MEAN ST.DEV. REGRESSION LINE RES.MS.
X 2.1350 15748 X= 785E-6*Y+ 2.0504. - .01524 -
Y 107.69 137.83 Y= 602.51*xX-1178.7 11692.

VARIABLE 4‘BQLKDEN VERSUS VARIABLE 1 CUTTEST
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140
.+....+....+....+....+....+...'.+>....+....+....'*f...."’....'*'.
500 + | | X
1Y
375 + | +
c : . o
u
T
T o .
E 250 '+ | : | +
S . - | .
T "
1 i
125+ | | | 4
: 1 ( .
1 TR
. 1 N .
0.0 + , ' +
LD, CHE SR S B N L e I e I R
'2.555 _ 2.625 2.695 2.765 2.835  2.905
2.520 2.590 2.660 2.730  2.800 2.870
N= 8 | | |
'COR= .9015 SPGRAV

MEAN ST.DEV. =  REGRESSION LINE RES.MS.
X 2.6262 .11275 X= 737E-6*Y+ 2.5469 .00278
Y 107.69 %37.93 Y= 1102.8*X-2788.5 4159.0

VARIABLE 5 SPGRAV VERSUS VARIABLE 1 CUTTEST
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141
TR SRR SENEUIE DA € DU SRR B AT D PTG
500 + , +
1
375 + 4+
C . : . .
U
T
T . ' - :
E 250 + . , +
S . , .
T .
Y 1
1256 + +
1
1 11 Y
.1 S 1 .
0.0 + ¢ - +
AU TR DT ST DT DR R Y R e TR I
4.5 5.5 6.5 7.5 8.5
4.0 5.0 . 6.0 7.0 8.0 9.0
N= 8 - v“{,&“ .
COR=-.2416 o MOIST -

MEAN ST.DEV. REGRESSION LINE RES.MS.
X 6.7300 1.8870 X=-.00331*Y+ 7.0860 3.9118
Y 107 .69 137.93 Yf-17.681*x+ 226.54  20800.

VARIABLE 6 MOIST VERSUS VARIABLE 1 CUTTEST
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—~ : 142

1
375 4 . | : o X
c - . . . .
U .
T .
I “_ | 1
E 250 + . - | s
5 S . , | : .
T Y
1 .
125 + | - - +
' 1 :
1 1 1 .
1 : 1 .
0.0 + +
: SR T D S SN ¢ SN D TN SN UL SN
60. ’ 68. 76. 84 . g2. 100
64. 72. 80. 88. . 96.
N= 8 - - i .
COR= .5590 | ~ SLDUR

‘ MEAN ST.DEV. REGRESSION LINE RES.MS.
X 84.234. 16.099 X= .06524xY+ 77.208  207.91
Y 107.69 137.93 Y= 4.7888*X-295.68 -15261.

- VARIABLE ' 7 SLDUR VERSUS VARIABLE 1 CUTTEST
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o~

T HOMa4CO

+ + + L+ + + + +
1
: 1
1 1
1 1
..+....+.....+....+....+....+....+..'..+.
25 35 ‘ 45 55
30 40 50 60
LLIM .
ST.DEV. . REGRESSION LINE RES.ﬁS.

18.137 X=-.15260*Y+ 59.936 307.74

500 +
Ié' .
375 +
250 X
125 +
Y
0.0 .+
Nz 7
COR=-.4695
MEAN
X  50.403
Y 62.471

VARIABLE

55.801 Y=-1.4444xX+ 135.27 2912.8
8 LLIM VERSUS VARIABLE 1 CUTTEST

X+l

65
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} _
+++++++++++
500 + o | - B
.
375 + | *
C . | . .
U
T
T . _ .
E 250 + ’ . +
S . ' o .
T .
X ES
125 + S +
Y 1 - o '
. 1 1 1
11 Y
0.0 + . +
Lt ..+....+....+....+....+....+....+....+....+.X..+....
"T19.5 20.5 21.5 -« 22.5 23.5
19.0 ~20.0 21.90 22.0 23.0 24.0
N= 6 3
COR=-.4886 PLIM
MEAN  ST.DEV. REGRESSION LINE  RES.MS.

- X 21.807 1.5039 X=-.02664*Y+ 23.069 2.1523
.Y 43.650 27.583 Y=-8.9606*X+ 239.85 724.02

VARIABLE 9 PLIM $>IERSUS VARIABLE 1 CUTTEST .
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' R + + + L+, + + +
500 +
3
375 +
C .
U .
x
T .
E 250 +
S .
T X
o1
125 +
Y
. , 1
1 1
1
0.0 +
AL I TS T Lt + +
12.5 - 17.5 - 22.5 27.5
15.0 20.0- 25.0 30.0
N= 7
COR=-.5517 : CLAY
MEAN ST.DEV. REGRESSION LINE RES.MS.

X 24.857 - 9.1183 X=-.09015*Y+ 30.489 69.404

Y 62.471 55.801 Y=-3.3762xX+ 146.39 2599.2
VARIABLE 10 CLAY VERSUS VARIABLE 1 CUTTEST
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- nmnMmMmA-4CO

++++++++Q++ ..... ...,
500 + . -~ . o+
*
375 + - | ' +
250 + ' | +
' ' X
*x
125  + | | +
: 1 '
. 1 1 1 Y
Y. 1 1 .
0.0 + +
+ + + +X + I R + + + +
5 15 025 35 45 55
: 10 20 . 30 40 50
N= 6 . A o
COR= .2986 PINDEX
bMEAN" ST.DEV. REGRESSION LINE RES.MS. R

X 32.735 15.484 X= .16764*Y+ 25.418 272.97
Y 43.650 27.583 Y= .53196%X+ 26.236 866.20 -

VARIABLE 11 PINDEX VERSUS VARIABLE 1 CUTTEST
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AT + + + L+ +X + +
500 +
. 1
375 +
C =/ ]
u ~ .
T ;
T .
E 260 +
S . .
T .
. 1
125 +
Y
. 1 -
1 11
o1
0.0 + .
, U ST SR DU SIS JE, G e T
13.5 . 16.5 19.5 22.5
: 12.0 15.0 18.0 21.0
N= 8 . .
COR= .0173 - PORS
MEAN ST.DEV. REGRESSION LINE RES.MS.

X 19.450 4.7153 X= 592E-6*Y+ 19.386 25.932
Y 107.69 137.93 Y= .50649*X+ 97.836 22189.

VARIABLE 12 PORS VERSUS :VARIABLE 1 CUTTEST
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L+ + + + + L+, + + + + +.. ..
500 + +
x
375 + +
C . .
U .
T .
T , . .
E 250 + +
S ' . E
T .
*
125 + +
. X
1 Y
1 1 - 1 .
1 , 1 .
« 0.0 Y ’ _ ' . +
' T T GO S S S ST S SR S S
.3750 .6250 - .8750 - 1.125 - 1.375 1.625
N’ 8 .5000 . 7500 ~1.000 1.250 ©1.500
COR= .6566 ' ACTIV
MEAN ST.DEV. REGRESSION LINE RES.MS.

X 1.1567 .39712 X= .00945*Y+ .74401 .11214
Y 43.650 - 27.583 Y= 45.607*%X-9.1025 540.97

VARIABLE 13 ACTIV VERSUS; VARIABLE 1 CUTTEST
CPU TIME USED 0.540 SECONDS : .

148



" PAGE

3 BMDP6D DATA DISPLAY

TABLE OF CONTENTS
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VARIABLE

NO.

SN
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—_— ek ek
W N =

NAME
PLOAD

- NCBCON

BULKDEN
SPGRAV
MOIST
SLDUR
LLIM
PLIM
CLAY
P INDEX

PORS

ACTIV

VERTICAL
VARIABLE

NO.
1
1

NAME
CUTTEST
CUTTEST

CUTTEST

CUTTEST
CUTTEST
CUTTEST
CUTTEST
CUTTEST

CUTTEST .
CUTTEST

CUTTEST
CUTTEST

GROUP
NAME
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150
.+....+....+....+....+....+...'."'....+....+....+X..Y+....+.
. 1 .
700 + ' l " +
C 525 + S
U . .
v
!
E . .
S 350 + ‘.
T S ) '
175 + 1 | - +
- 1 .
11
11
Y+X. ..+, ...t .+ L Ll L,
30 90 T T T1s T T 20 2.7 3.3
0.0 80 - 1.2 1.8 2.4 3.0
N= 8 ‘
COR= .9538 PLOAD
MEAN  ST.DEV. REGRESSION LINE  RES.MS.

X . 78962 .89670° X= .00353*Y+ .03768 .08473
Y 213.17 - 242.46 Yz 257.89xX+ 9.5362 6194.9

VARIABLE 2 PLOAD VERSUS VARIABLE 1 CUTTEST
| N
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151
-3
..... + + + + . + + C T SR
. , . . 1 .
700 + ‘ : X
] ' ’ , Y
C 525 + ,. . | R
U ) ¢ )
T
E . ~ o )
S 350 + | o
T . ) .
75+ 1 o +
. 1 : - .
1 1
L2 s
...Yx+....+....+...;+....+....+....+....+....+....+....+..
.1750 .5250 .8750 1.225 1.575 1.925
' .3500 .7000 1.050 1.400 1.750 ’
N= 8 R .
COR= .9669 < NCBCON
, — .
MEAN ST.DEV. REGRESSION LINE RES.MS.

X .71625 .66685 X= .00266*Y+ .14938 .03381
Y 213.17 2482.46 Y= 351.55*%-38.620 4470.1
I

VARIABLE 3 NCBCON VERSUS VARIABLE 1 CUTTEST



PAGE 6 BMDPGD DATA DISPLAY

+ + + + N + + + +
700 +
C 525 +
U .
-
T 1
E .
S 350 +
T .
175 + . 1
: . "
1 1
1 | S
I AR SRR DD GENIUIE D SN SIS SN T
1.95 2.05 2.15 2.25
1.90 2.00 2.10 = 2.20 2.30
N= 8
COR= .6282 | BULKDEN
MEAN  ST.DEV. REGRESSION LINE  RES.MS.

X 2.1350 .15748 X= 408E-6*Y+ 2.0480 01752
Y 213.17 242.46 Y= 967.19*X-1851.8 41519.

VARIABLE 4 BULKDEN VERSUS VARIABLE 1 CUTTEST
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~

153
+ + + + + + + Lt + +X + N I
: 1. Y.
700 + +
.C 525 + - I | L +
U . ‘ L
T
T 1
E - . : : . .
S 350 + ' S y o -
T - L R .
. ~ i - | .
175 + 1 T ' : 7 +
B 1 L?yw‘ﬁ“ o
A T A |
)£ I G SRR . D S e A . S e T
. 2.855 - -.2.625 - 2.695 . 2.765  2.835  2.905
2.520 ' 2.590  2.660 2.730 2.800 - 2.870
N= 8 . : | o
COR= .8370 1 "4 SPGRAV

MU ,l":‘ff . v :
MEAN -~ ST.DEV. REGRESSION LINE RES.MS.
X 2.6262 ~ .11275 X= 388E-6*Y+ 22,5433 .00444
Y 213.17 242 .46 Y= 1799.8*xX-4513.6 . 20542. °
VARIABLE 5 SPGRAV VERSUS VARIABLE 1 CUTTEST

9
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. 'COR=-.2569 | MOIST N

. MEAN". . ST.DEV. . REGRESSION LINE  RES.MS.
X 6.7300  1.8870 X=-.00200*Y+ 7.1563  3.8801.
Y 213,17  262.46 Y=-33.011%*X+ 435.34 . 64058.

VARIABLE 6 MOIST".. VERSUS VARIABLE' 1 CUTTEST

N »
4+ + + X+ + + + L+
L 1 :
700 +
C 525 +
u. ;
T .
T . . 1
E ’ .
S 350 +
T Y
TS e
‘T . l 1
L. 1 ' . . 1 - -
SRS S S T ST ST DU ) SRR SR
| T s 5.5 6.5 1.5
S 4.0 . 5.0 6.0. 7.0 8.0
....N= 8 '

154

D lae .

A



PAGE g BMDP6D DATA DISPLAY

“Mm—A4A4CO

350 -+

175+

RS ST T

Ne 8
COR= .6046
MEAN

X 84.234
Y 213.17

" VARIABLE 7 SLDUR VERSUS VARIABLE 1 CUTTEST

LB
RN
¢ i
s

60.

- 64.

ST.DEV.

16.099.

242 .46

PO GRS

68. . 16.

72. " .80.
SLDUR

Vo~

. _REGRESSION LINE

X

Y=

. 04014%Y+ 75.676

'9.1051*X-553.78

88.

.

RES.MS.
191..86

43516. -
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PAGE 10 BMDPSD DATA DISPLAY

- -«

AN
\)\ \\\
e
R .
700 +
X
C 525 +
u .
-
T 1
E o
S 350 +
T .
Y
175 +
1
I +...
25
| - T30
N= 7 .
. COR=-.482

MEAN  ST.DEV."
Y  140.29
VARIABLE 8 LLIM

+ W +
ln‘
37
1
IR S S ST
35 45 ’
- 40 50
LLIM

REGRESSION LINE

VERSUS VARIABLE

RES.MS.

-X 50.403 18.137 X=-.06346*Y+ 59.305 302.94
137.84 Y=-3.6651*X+ 325.01 17496.

1 CUTTEST

e
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BMDP6D DATA DISPLAY

700 +

<
€
2
E.)

e SC A v g

! 175

A

N= 6
COR=~.5132

MEAN
X 21907
Y 91.800

'VARIABLE

ST.DEV.

1.5038 X=-.01397*Y+ 23.188
56.242 Y=-18.852*X+ 504.79

" { CUTTEST

9 PLIM

20.0 21.0
PLIM
REGRESSION LINE

VERSUS VARIABLE

RES.MS.
2.0824
~2809:8

L)
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+ + + + + i + + + + o
- . *
700 + \ +
C 525 X | LT e | +
U . : _ : a )
3
T 1
E : . ) ’ ) .
S 350 + ‘f" - . +
T b :
Y |
175« - | 1 | s
) 1 . )
1 1
1 o4 1
P S + + +....+ +....+, X + + + Y
12.5 17.5 22.5 27.5 32.5 37.5
3 15.0 20.0 . 25.0 30.0 35.0
N= 7 ) " - .
COR=-.5402 CLAY

' MEAN  ST.DEV. REGRESSION LINE  RES.MS.
X 24.857. 9.1183 X=-.03573%Y+ 29.870 70.659
Y 140.29 137.84 Y=-8.1657*X+ 343.26 16146.

% VARIABLE 10 CLAY . VERSUS VARIABLE 1 CUTTEST

p@ _ - . e
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[N

+ G
700 +
C; 525 +
U .
2
I
E .
S 350 +
T \
175 +
Y 1
N S
5. ,
10
N= 6
COR= .4006

MEAN  ST.DEV.
X 32.735 15.484
Y 91.800 55.242

" VARIABLE 11 PINDEX

+ + . + + +
1
1
1
. 1
+ +. X..+. ... % + ..+
15 25 35 .
20 30 ' 40
PINDEX

REGRESSION LINE  RES.MS.

X= .11229*Y+ 22.426 251.60
Y= 1.4293%X+ 45.012  3202.3

VERSUS VARIABLE 1 CUTTEST

1159



PAGE 14 BMDPBD DATA DISPLAY |

+ + + + +....%X + +
. 1
700 +
C 525 +
u .
T
T i
E .
S 350 + I
4T_' .
175 + » 1
E
1 . 1 _
R N U T DD ¢ I DR ST
o 13.5 16.5 ‘ 18.5 - 22.5
12.0 - 15.0 18.0 21.0
N= 8 . ;
COR; .0261 E T ' -PORS

'MEAN 'ST.DEV. - REGRESSION LINE "RES.Mé.
X 19.450 4.7153 X= 507E-6%Y+ 19.342 - 25.922
Y 213.17 242.46 Y= 1.3408xX+ 187.10  68539.

VARIABLE 12 PORS . VERSUS VARIABLE 1 CUTTEST
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MEAN - ST.DEV. REGRESSION .kINE  RES.MS.
X 1.1567  .39712 X= .00524*Y+ .[67533 .09226
Y 981.800 55.242 Y= 101.46%X-25.554  1785.3

VARIABLE 13 ACTIV VERSUS VARIABLE ' 1 CUTTEST
CPU TIME USED .0.543 SECONDS
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+ + -0-\!;), + + + + + + + + .
. *
700 + +
C 525 + S +
U . . § i
7
T *
E ‘ . .
S 350 + +
T . -
. | X
- 175 + ' , : 1 +
. _ : 1 Y
1 1 .
L1 | 1
| R R Y. T O e N T TR S e SR
*.3750 .6250 .8750 1.125 1.375 . 1.625
.5000 . 7500 1.000 1.250 1.500
N= 6 ' ' ‘
COR= .7294 - ACTiV
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TABLE OF CONTENTS
HORIZONTAL VERTICAL :

VARIABLE VARIABLE GROUP PLOT - PAGE
NO. NAME . NO. NAME NAME SYMBOL - | . NO.
2 PLOAD 1 CUTTEST S ... 8
3 NCBCON 1 CUTTEST ' 5
4 BULKDEN 1 CUTTEST 6
'S SPGRAV 1 CUTTEST 7
6 MOIST 1 CUTTEST 8
7 SLDUR 1 CUTTEST 9
8 LLIM 1 CUTTEST R T
9 PLIM 1 CUTTEST T
10 CLAY 1 CUTTEST , , R
11 PINDEX 1 CUTTEST - S N
12 PORS 1 CUTTEST. .. 14
‘13 ACTIV 1 CUTTEST : R £

N
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--16.3
+ + + + + A + + + + [
1 X
400 + ) :
C ) . C. . ) . .
U 300 + - , +
T - . _ .
T
E
S . - ; . :
T 200 + ’ Lo _ . + ‘
. 1 :
100  + , 1 1 +
' . ‘ : > ‘ ' .
1 ‘ i
YIS UETS SHE SO P L PP A
.090 .270 .450 - .630 .810 990
. .180 .360 .540 .720 .900
N= 5] : ' :
COR= .8643 PLOAD

MEAN  ST.DEV.  'REGRESSION LINE  RES.MS.
X  .55800 .29868 X= .00181*Y+ .27142 '~.02878
Y 158,08  141.91 Y= 409.23+X-70.270  6497.3

" VARIABLE .2 PLOAD__‘:~ VERSUS VARIABLE 1 cu ST -



PAGE 5 BMDPBD DATA DISPLAY A
g , . 2 164

+....+....+....+....+....+....+....+....+....+....+XY

“AOmM—AHACO

| 1

400 + - | | +

300 + | o +

- Y B _ .

200 + . N o . +

. ' oy | .

. 1 " .

100 +° 1 1% +

1 | - . L :

' S S U SN S SUPE T SR

.150 450, 7 l750" 1.05 1.35 1.65

~ .300 © .600 .900 - 1.20 1.50 |
Ne 6 | R o

COR= .9770 o NCBCON "

MEAN ST.DEV. REGRESSION LINE | RES.MS.
X .62333 .51058 X=..00352%Y+ ,06760. - .01479 .
Y 158.08 141.91 X¥= 271.55*X-11.183" 1142.3 .

VARIABLE =~ 3 NCBCON VERSUS'VARIABLE ’ 1.CUTTEST
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A T .t . + +....4
. \ 1
. ¥y
400 + '
C .
u 300 +
T .
T
E
S .
T 200 +
. ' 1
100 Y ‘ 1
1
W e e L R R T D e T
- 1.825 1.975~ 2.025 2.075
1.950 2.000 - 2.050 2.
N= B .
COR= - 2289 BULKDEN
MEAN ST.DEV. REGRESSION LINE RES.MS.

X 2.0667 = .09522 X= 154E-6*Y+ 2.0424 .01074
Y 158.08 141.91 Y= 341.12xX-546.89 23854.

VARIABLE 4 BULKDEN VERSUS VARIABLE 1 CUTTEST
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+ + + + + L+ + +X. .. 4. ...+
1
400 +
c )
U 300 +
T )
T v
E .
S X «
T 200 +
i 1
? [ + 1
100 " +1 g 1
.
+ + + + +....+. X + + +
2.53 2,55 2.57 2.59 2.61
2.54 2.56 - 2.58 2.60 2.62
N= 6 | 1
COR= .0958 N SPGRAV
MEAN ST.DEV. REGRESSION LINE RES.MS.

X 2.5833 .04131 X= 279E-7*Y+ 2.5889 .00211
Y 158.08 141.91 Y= 328.91%xX-694.89 24942 .

'VARIABLE 5 SPGRAV  VERSUS' VARIABLE 1 CUTTEST:
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/
N
x+....¥f...+....+....+....t...,+.J.;+...}+....+..Z.+....+u
1 ! '
400 + . ™ | T 4
- { - - . . .‘ a
C . - : .
u 300 + o . : +
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T .
E Y
S : E \ ) . .
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Y= 5.8167*X+ 364.53

VERSUS VARIABLE

RES.MS.
349,70
137438

1 CUTTEST

+..0040
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,,,,, + + + + X..+. + + + + + +
- i
1000 + , +
C Y 1 :
U 750. + +
T
T -
S . .
T 500. + | 1 Y
-1 . . . -
250. + R :
_ 1
..... O TR SR T DR SRS R e T T R
16.25 18.75 21.25 23.75 26.25
15.00 17.50 20.00 22.50 - 25.00 27.50
= 6 '
COR=-.2523 " PORS
MEAN ST.DEV. REGRESSION LINE RES.MS.

X 20.750 4.2726 X=-.00295%Y+ 22.626 21.266
Y . 635.17 365.01 Y=-21.555*X+ 1082.4 155939

VARIABLE 12 PORS VERSUS VARIABLE 1 CUTTEST
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+ + + + + + L+, + + +. . X.+ .
) : *
1000 + +
. 1 .
C . 1 .
U 750. + e Y
T . . .
I
E «r; oy
s . "[ ” N .
T 500. + o 1 (7 :
: 1. :
250. + +
Y
' 1
...+....+....+....+...X+....+....+.;,.l+....+....+....+....
.3750 .6250 .8750 1.125 1.375 1.625
.5000 . 7500 1.000 1.250 1.500
N= 5
COR= .4982 ' ACTIV
MEAN ST.DEV. REGRESSION LINE RES.MS;

X 1.1820 .43854 X= BAQE-BxY+ .82429 18279
Y 550.80 336.39 Y= 382.11xX+ 99.143 113436

VARIABLE 13 ACTIV VERSUS VARIABLE 1 CUTTEST
CPU TIME USED 0.564 SECONDS



APPENDIX D

SCATTER PLOTS OF HIGHLY CORRELATED TEST RESULTS

£l



. 202

Each figure gives the following information about analysed
variebles: F- ration ,P- tail probabily , mean square

error,correlation coeficient .and fitted linear equasion.
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APPENDIX E

GENERAL STRATIGRAPHY OF THE OIL SANDS REGION AND PLAN OF

HIGHVALE MINE

S : B
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PLEISTOCENE and RECENT Glacial til11; silts,
sands and gravels. (sample K)

unconformity

CRETACEQUS

La Bich Formation ' Shale

Pelican Formation. SandStone

Joli Fou Formation - Shale

Grand Rapids formation Lithic.saﬁd aﬁd sandstgne_
Clearwater Formation (with Shale. siltstone

basal Wabiskaw Member) (glauconitic sandstone) (sample L)‘
McMurray Formation Quartz sand with bitumen:

silty and clayey lenses
unconformity

UPPER DEVONIAN

woodbend Grbup (with basal Reef limestone’ shale, and

Cooking lLake Formation) argillaceous 1imestone
Waterways Formation Argillaceous 1st, 1st and shale
Slave Point fFormation Limestone and dolomite

t
MIDDLE DEVONIAN . ,
Prajrie Evaporite Fm. Anhydrite, haltte, gypsum
and dolomite
Methy Formation Reefal dolomite

Maclean River Formation Dolomite, claystone and
’ evaporites . ‘

La Loche Formation - . Basal "Granite Wash” sandstone
erosional unconformity

PRECAMBRIAN " Metasedimentary rocks and
' granite ’

General Sratigraphy of The 0il Sands- Region.



