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SYNOPSIS

A detailed investigation, comprising various
individual geotechnical studies, has been
undertaken on behalf of Waste-Tech {Pty) Limited,
to examine the SA Crushers Quarry site for the

disposal of waste.

The quarry measures about 150 000 square metres
in plan and has a maximum available air space

of roughly 5 million cubic metres.

The site s geologically situated on jointed
tillite bedrock and although the ground water
is very close to the floor of the quarry, it
should be possible to develop the site as a Class
I waste disposal facility by taking the necessary

precautions.

The most important consideration is to ensure
that any Tleachate, eminating from the disposed
waste, is properly controlled. Far this purpose
a suitabTy‘designed and engineered Tow-permeability
earth Tliner has been recommended. Suitable
clayey soil for building such a Tliner has been

successfully prospected at Ridgeview quarry.

The SA Crushers rock qguarry 1is characterized
by steep, cliff-like slopes that are considered
to be Tocally unstable over parts. It has
therefore been recommended that the long-term
disposal plan takes due cognizance of the

structural stability of the quarry slopes.
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WASTE-TECH (PTY) LIMITED

Report on the Geotechnical and Geo-hydrological Conditions at the Proposed
SA Crushers Quarry Site for Waste Disposal at Westville.
‘ -

Project: 199. 111 October 1989

1. Introduction.

It is the intention of Waste-Tech (Pty) Limited to develop the S A Crushers quarry
site in Westville as a disposal facility for Class I waste. The decision to
consider the site for Class I waste was, from a technical point of view, based
on the outcome of a preliminary assessment and the ensuing discussions with
officials of the Department of Water Affairs, concerned with the licensing of

waste disposal sites.

Since the initial investigations started at the beginning of 1988, several geotechnical
studies of' varying detail were undertaken to examine the different problems
identified, as work progressed. The expertise of local consultants was also

employed extensively during the course of the preoject.

This report, in essence is a concise summary of all the geotechnical input collected
on the relevant issues on which data is required to formulate a formal licence

application for the disposal of waste.

Furthermore, the primary function of this report is, in accordance with the terms
of agreement, to provide Waste-Tech (Pty) Limited with the necessary geotechnical
information to support their licence application which they themselves will submit

to the Department of Water Affairs.

2. The Site and Environment.

General: The quarry site is situated immediately to the south-east of the
University of Durban-Westville where it is’ bounded on the east and north by
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University Road. The southern edge of the quarry is skirted by highway 103,

Jan Smuts Highway. " These details are illustrated by the simplified plan given
in figure 1. See also the locality plan at the front of this report.

Tgpographically, the quarry is situated on a north-south trending ridge which slopes
down towards the Palmiet River in the west. At one point near the north-
western corner, the quarry_is_only aboqt__ﬁo_rge_tres from the Palmiet River which

joins the Umgeni River some 500 metres downstream.

The geographic location of the site is;
Longitude: 30° 57" 15"
Latitude: 299 49' 33"

The surrounding area is hilly and characteristic of a dissected topography with
steep slopes, some close to 1 : 3 where drainage paths are deeply incised. The
regional topography slopes from west to east with high points in the immediate
vicinity of the quarry at between about 150 to 220 metres above mean sea level.

The bottom of the valleys are at about 30 to §0 metres above mean sea level.

These various topographical features are very clearly illustrated by the 1 : 10 000
government ortho-photo maps, reference 2930 DD 9 and DD 10 of 1985.

The Quarry: Stone aggregate has been mined for a long time and development
has taken place at various levels as illustrated in colour Plates [ and III.

The northern portion of the quarry, where it is intended to commence with waste
disposal, lies downslope of the old crushing plant and has been mined to between
about 50 and 60 metres below original ground level with very steep, near-vertical
rock faces, some showing signs of local instability. This aspect is discussed

in greater detail elsewhere.

The working of the quarry has been controlled, to a large extent, by the structural
geology of the site. For instance, a number of prominent, near-vertical fault
or shear zones cut across the site and have been left unmined because of the highly
weathered and deleterious nature of the material for use as an aggregate. The
result is that there are island remnants and peninsulars of heavilv sheared and

weathered rock, giving the quarry a very irregular shape as shown in figure 2.
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FIGURE 1. WASTE-TECH (PTY) LTD: PROPOSED SA CRUSHERS SITE

Simplified plan showing the general location of the proposed
waste disposal site at Westville.

scale: 1 : 20 000
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FIGURE 2.
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WASTE-TECH (PTY) LTD: PROPOSED SA CRUSHERS SITE.

Plan showing the irregular shape and extent of the proposed
waste disposal site together with the positions of the three
test bore holes where permeability tests were undertaken.
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The plan area of the quarry is estimated at about 150 000 square metres.." By
taking full advantage of the maximum available height across the whole site,
the total available air space could be in the range of 5 million cubic metres if
the quarry can be filled to‘ original ground level. This, however, should be
rggarded as a very rough estimate, particularly since the actual usable air space
will depend very much on how the over-all waste disposal operation is to be planned
and engineered.

3. . Climatic Conditions.

The area of Westville lies fairly exposed and consequently the general climate
resembles more closely inland conditions than that obtaining along the coast some
10 kilometres away.

The average annual__gginfall is 934 millimetres. This value is based on
measurements at the Pirgéf(;jx;mmr:éférstcahffjchat stretch over a period of
55 years. Of all the weather stations, the data for Pinetown is regarded* to
be the most representative of the conditions at Westville.

The average annual evaporation for Westville is@miﬂimetres and thus exceeds
the average annual precipitation by a factor of about 1,5.

The relationship between average monthly evaporation and average monthly
precipitation is illustrated graphically in figure 3. For the purpose of
comparison, the corresponding data obtained from the Weather Bureau for their
stations at Louis Botha Airport and in Pletermaritzburg, are also shown. It
is clear from this presentation that the weather conditions under consideration
at Westville correspond more closely with those recorded inland at Pietermaritzburg
than at the coast at Louis Botha Airport.

An important point concerning these average values is the extremely large degree
of variation contained in the data. As shown in Table I, which lists the rainfall
data for Pinetown, the calculated average monthly figures have coefficients of

variation of over 2009%. While these high coefficients apply mainly to the dry

*Personal communication: Prof. R E Schulze, Dept. of Hydrology, Natal University.
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TABLE 1

Summary of Average Monthly Precipitation and Evaporation Data

Recorded at the Pinetown Magistrates Court

month ave evaporation ave precipitation coeff. of variation
2 mm mm 2
January 145 131 48
February 135 112 63
March 140 119 82
April 115 65 94
May 102 41 131
June 90 25 224
July 92 _ 24 159
August 102 34 98
September 105 59 T4
October 125 - 92 32
November 125 110 53
December 135 114 53
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Mwinter months, it emphasizes the serious limitations of such data and also illustrates
that any relationship between precipitation and evaporation that is based on average

monthly figures may often have little meahing with regard to the day-to-day running
of a waste disposal facility.

‘The prevailing wind directions at Westville are as follows:
Winter; April to July: South-West
Summer; remaining months: North-North-East

These two directions account for about 80% of all the wind experienced at Westville
and for the remaining 20%, the wind could blow from practically any other

direction*.  The average annual wind speed is just over 3 m/s with gusts of nearly
40 m/s.

4.  Site Geology. "
The quarry and surrounding area lies on tillite of the Dwyka Formation. The
tillite is of glacial origin and characteristically comgfised of an unsorted,
unorientated accumulation of rock and mineral fragments in a fine-grained
argillaceous rock matrix. The tillite, though extensively jointed, has
nevertheless a generally massive appearance where exposed in the quarry. This

massiveness is accentuated by the absence of any bedding in the formation.

Below a thin and generally insignificant cover of residuum, the tillite is initially
highly weathered to a yellowish brown, friable, weak rock with black discolouration
along the joints. The degree of weathering and the frequency of jointing

decreases rapidly with depth where typical blue-grey fresh tillite is encountered.
The most important structural feature of the tillite rock formation is the degree
of jointing as this dictates both the extent of ground water movement and the

long-term stability of the exposed quarry faces.

These various features are shown in colour Plates I to V.

*Personal communication: Prof. H de Villiers, Dept. of Geography, University
of Durban-Westville.




PLATE 1.

General view of the site showing the irregular shape of the quarry

Note the steep rock slopes and the large island remnant of highly
weathered and sheared tillite in the above photograph.
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PLATE II. Typical exposures of some major joint planes in the tillite rock formation.
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PLATE III.

General view of the quarry Tooking south towards the plant area (above)
and local deep section at southern end presently filled with water which
is regarded to represent the ground water phreatic level.
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PLATE V. Typical thin ground cover {top photograph) and corestone development
in the tillite formation near the Palmiet River at the north-western

corner of the quarry.
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A detailed structural analysis by Messrs Moore Spence Jones and Partners (MSJ&P)
has revealed three steeply dipping major joint sets. A further 3 joint sets of
less prominence, and which appear to have a more random orientation, were also
identified. The relevant details are fully described in the MSJ&P reportl,
reference 88/203 of March 1989. A copy of this report, in reduced format,
is given in Appendix I to facilitate easy reference. However, to ensure that
no details are lost in this manner, an original copy of this important document
is to accompany this report,

5. Ground Water.

General: The Dwyka tillite in the fresh, unweathered state is a strong and
impervious rock with a very low porosity; probably of the order of only a few
percent. In certain areas, particularly in the Southern Cape Province, good
supplies of ground water may be obtained where the formation is heavily jointed
and fractured. .

In Natal, on the other hand, the Dwyka formation is mostly uncleaved and only
slightly jointed with the result that despite the reasonably high rainfall, yields
are very low and boreholes few and far between. Because of the paucity of
producing bore holes in the Dwyka formation, detailed chemical analyses are equally
scarce. Bond? lists only 6 analyses of bore hole water and in spite of the very
low concentration of dissolved solids (TDS average = 450 mg/f) he prefers to
describe the water as 'moderately hard' and 'slightly saline' although the author
does not regard them as brackish. Du Toit3, however, states that the tillite in
Natal invariably yields fresh water.

Site Conditions: Ground water seepage is evident at_various positions in the quarry.
At the southern top end, close to Route 103, the mined out section of the quarry
has water standing at a level of about 105 metres. It is believed that this is
ground water and although it may contain some accumulated run-off, it represents

the phreatic level of the ground water. See Plate III, lower photograph.

According to the observed seepage and measurements in the test bore holes, (see
figure 2) the water level at the northern deep section of the quarry is at an elevation

of about 64 metres.  This is roughly 1,5 metres below quarry-floor-level.
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As illustrated in figure 4, the ground water appears to have a steep slope of ébout
1: 8 (agradient of roughly 12%) in a generally south to north direction.

There is no evidence of any clearly defined zones of preferred ground water flow
in the tillite below the quarry floor and, in the true sense of the word, there is
 no aquifer of any significance. Ground water movement is along intersecting
! joints and discontinuities.

Pump tests at bore holes 1 and 3 gave values of between 1 x 1076 m/s and
5x10-7 m/s for the secondary or bulk permeability of the tillite formation below
quarry floor level (between 40 and 60 metres below original ground level).

During the draw-down stage of the tests, difficulty was experienced in maintaining
a sufficiently low pumping rate to obtain realistic results. The recovery data
was regarded to be more reliable but still gave relatively high values that are
considered to represent the upper bound limits for the permeability of the tillite
formation as a whole. (Based on visual examination of the joints and their
frequency, a somewhat lower permeability coefficient, c_)_f_g_tggp_t_hl__x 10-7 m/s

would perhaps be more realistic.

It may, however, be possible that the measured permeability values are the result
of induced fractures in the tillite below floor level, caused by the regular blasting
during quarrying operations. With this possibility in mind, it is therefore
suggested that the in situ measured coefficient of permeability be accepted as
being representative of the 'worst' conditions that can be expected at the site,

even though the values appear too high for the tillite formation in general.

Finally, on the assumption that a homogeneous flow pattern existed during the
pump tests, the transmissivity of the tillite below quarry floor level amounts to
about one square metre per day. This is a very low figure and despite some
uncertainties regarding the test data and the assumptions made in the calculations,
such a low transmissivity clearly reflects the poor water bearing properties of
the tillite formation at the site.

6. Structural Stability of the Quarry Sides.

As mentioned previously, the quarry has some very steep sides, particularly over
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the deeper northern sections where there are near-vertical rock cliffs up to 60
metres high as illustrated by the photographs in Plate II.

A detailed preliminary assessment of the structural stability of the rock slopes
hgs been undertaken by the consulting firm of Moore Spence Jones and Partners
(MJIS&P). Their report! (see Appendix I) indicates various slip failures that
have occurred in the overlying soil layers and in parts of the highly weathered
tillite. -Evidence is also presented where ravelling and minor failures of some

of the rock faces have taken place.

The MSJ&P report describes 12 individual areas where the structural stability
of the quarry slopes has been assessed. At practically all of these localities
evidence has been found of varying degrees of instability. A summary of their
data is reproduced in Table II of this report. The explanatory diagram to Table II

is given in figure 6.

The general findings of the MSJ&P investigation are quoted below:

"In general, the west facing slopes at the quarry appear
to be relatively stable, except where there are shear zones
present within the tillite. The peninsulars or buttresses
of rock left unmined because of the presence of shear zone
material, are generally in an unstable condition. In all
cases, large scale earthworks will be required to stabilise
these peninsular areas.  The east facing slopes are generally
unstable because of the presence of the north to south
trending joint set which dips steeply towards the west,

resulting in potential toppling type failures within these

slopes. The north and south facing slopes are generally
relatively stable except for the possibility of minor wedge

type failures.

The site will have to be carefully engineered to promote
the long-term stability of the rock slopes. In this regard,
the earthworks will have to be -carefully planned in

conjunction with the development of the site to optimise

IS L Sy
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costs. The peh‘insulars, comprising shear zone materials,
will of necessity have to be removed or partially removed
to enhance stability. This shear zone material should,
however, prove suitable for use as a cover material in the
landfill operation. Thus, with careful planning of the
earthworks for bunded areas and cover material, earthwork

costs could be optimised."

The stability of the rock slopes of the quarry is apparently of no direct concern
to the Inspector of Mines. ‘ According to the Chief Inspector of Mines for this
region, Mr M Steward of the Dundee Office, it is incumbent on the owners of
the quarry to appoint a 'Responsible Person' to attend to the safety of the quarry
until a Certificate of Closure has been granted. At this stage the Chief
Inspector of Mines has indicated that their office would not require any details
regarding our geotechnical investigations concerning the proposed waste disposal
operation at the quarry

7. Potential for Ground Water Pollution.

It has been suggested that a realistic upper bound value for the coefficient of
permeability of the tillite formation at quarry floor level, and immediately below,
is of the order of 1 x 106 m/s.

For an assumed effective porosity of (say) 20% due to open fissures and
discontinuities and a hydraulic gradient of unity, this permeability value translates
into a vertical flow velocity of nearly 160 metres per year. Horizontal migration
along the estimated 8% gradient of the water table will be in the region of 10

metres per year.

These values are sensitive to the assumed permeability of which only the order
of magnitude is known. Equally, the assumptions concerning the effective
porosity of this formation are very approximate and therefore the calculated

velocities given above only reflect the expected order of magnitude.

The important issue, however, is that there is a distinct risk that any leachate

2 v— = e 4
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TABLE 1I

Tabulated Summary of Slope Stability Analysis by MSJ&P
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TABLE TI (continued)
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WASTE-TECH (PTY) LTD: PROPOSED SA CRUSHERS SITE, WESTVILLE.

FIGURE 6.

Plan showing sections where detailed structural data was collected on the stability

All data from MSJ&P 1.

See also Table II.

of the rock slopes.
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eminating from disposed waste will migrate through the tillite formation.

Such flow will initially be vertically down at a relatively high rate until the phreatic
ground water level has been reached and, upon which, slower horizontal migration
should foilow. Initially, the horizontal flow of migrating leachate is expected
to be roughly one tenth of the vertical velocity and in the same general direction
as the gI:ound water gradient, ie in a northerly or north-westerly direction towards
the Palmiet River. v/~

It is considéred unlikely that any significant mixing of the leachate with the ground
water will take place and it is suspected that the leachate will tend to flow along
the phreatic surface. These deductions are on the assumption that the leachate
will have liquid properties close to that of water.

v
It should be quite clear from the foregoing that to successfully develop the site
as a waste disposal facility will require careful preparation of the site together

with the construction of a liner to control leachate.

It is believed that a proper earth liner of the correct design, could render the
site suitable for the disposal of waste. In this regard it is believed that there
would be no merit in considering the derating of the site to a Class II facility,
since leachate will remain a problem requiring a suitable liner of practically the

P y L L iin

same specification needed for the disposal of Class I waste. - _ C

3 5 - -
N \ ~ % ~ ~.
A - T o Lt o A SIN G S 32 ‘\\,‘ BEY
RS .. S

Natural material, suitable for an engineered low-permeability earth liner has

been prospected and is described in greater detail in the next section.

Laboratory tests on samples obtained from the borrow area have indicated very
low permeability values in the range 10°10 m/s and 101! m/s. However, it
is often found that the corresponding permeability determined under field conditions
is significantly higher/t"han the laboratory values. Nevertheless, by making
ample allowance for a considerably higher permeability coefficient under field
conditions, (say between 10~8 m/s and 10~9 m/s) the borrow material proposed
by Moore Spence Jones and Partners? should still be quite acceptable for the

construction of a suitable earth liner.

As an additional long-term precaution against leachate penetrating the liner,
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it is strongly recommended that the floor of the quarry be shaped during preparation
In such a way that any leachate will flow towards collection points or sumps from
where its accumulation can be monitored and, if necessary, be pumped out for

processing and disposal.

‘ -

8. The Earth Liner

Source of Material: It is the intention of Waste-Tech (Pty) Limited to import
selected liner material from Ridgeview Quarry. A site investigation for suitable
borrow material was undertaken by MSJ&P4 and their report, reference 89/58
is reproduced in Appendix 1.

The main findings are that there is an estimated 60 000 cubic metres of suitable

clayey residual tillite soil with a laboratory coefficient of permeability of between

10710 m/s and 10-11 m/s when compacted to between 90% and 939% of maximum
' N

; A ‘ S R
Proctor density. SN i ey Teopegh AR T

Based on the results of the above-mentioned report which indicates a certain
degree of variability in the occurrence of the deposit, it is recommended that
all borrow operations should be carried out under the direct and strict supervision

of a qualified geotechnical practitioner in order to ensure that only the correct

material is obtained.

Construction of the Liner: It is recommended that the engineered earth
liner has a minimum compacted thickness of 450 millimetres, consisting of 3 layers
of 150 millimetres each. Depending on the equipment used, light scarification
may be required between layers to ensure a good bond and to prevent preferred

horizontal flow paths developing along the layer interfaces.

To reduce the danger of surface cracking after completion, it is recommended

to cover the compacted liner with a 75 millimetre layer of loose soil.

Provision should also be made for a sufficient number of field tests to accurately

control both the densit;( and the in situ permeability of the compacted layers.

The MSJ&P report mentions the possibility of potential expansiveness of the liner

material and their recommendation calling for strict control of moisture contents
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during compaction is strongly reiterated. In this regard, it is also recommended
that provision is made for continuous on-going supervision of the earthworks by
a suitably qualified person. o

It sho‘uld be assumed that the sides of the quarry are as pervious as the floor and
t}:at the low-permeability liner should therefore also be extended” upwards, to
provide lateral protection against any sideways migration of leachate as the waste
disposal operation proceeds from the one bench level to the next. The thickness
and degree of compaction must be designed in accordance with the proposed waste
disposal plan so as to prevent slumping of the vertical liner occurring under its

own weight when substantial heights are reached.

There is some evidence of minor water seepage from the exposed quarry faces
above floor level. The exact extent of this seepage has not been examined
and it is not known whether or not the seepage is only a minor seasonal feature.
If it is found that thg seepage from the sides is significant, it will be necessary
to incorporate a prép;rv drainage system that will lead the water away, either
around or beneath the liner system, depending on the circumstances.

There is also a consistent flow of water along the central part of the quarry. In

order to control this water it is recommended that either a properly designed

filter drain or an adequate diversion be introduced before constructing the liner.
9. Impact on the Environment.
Most of the area in the immediate vicinity of the quarry is zoned for residential

use as shown in figure 7. Based on data collected® from the authorities, the

land usage over an area of about 10 square kilometres is as follows:

Residential (all categories): 70%
Education: 16%
Unclassified (assumed housing): 7%
Open Spaces and Parks: 4%

o~

Shopping and Business:

v

3] =

Q
7

o~

Mining (construction materials):

The mined out quarry extends practically up to the property boundaries with the
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EDUCATIONAL

i MINING {construction materials)

FIGURE 7. WASTE-TECH (PTY) LTD: PROPOSED SA CRUSHERS SITE.

Plan showing the land use in the immediate vicinity of the
proposed waste disposal site currently being mined for
stone aggregate.

scale: 1 : 20 000 -
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result that there is very little natural ground left. Under these circumstances
it would seem pointless to examine the natural fauna and flora, which appears
to be virtually non-existent along the narrow -corridors surrounding the quarry
excavation.

‘ -
The quarry site is situated in a predominantly residential area and to analyse the

implications of a waste disposal site on this type of environment may require
a specially detailed investigation.

Because of the potentially complex nature of such an environmental impact study,
it is recommended that, for the time being, it need not form an integral part of

this investigation or the actual licence application.

It is suggested that a practical approach may be that all present considerations
regarding the granting of a licence for waste disposal be conducted on a provisional
basis which will be completely subject to the final consent and approval by the
various authorities and parties directly concerned. with the environmental impact

this proposed operation may have on the residential area of Westville.

As a general comment on this subject it may be noted that the controlled disposal
of waste could provide a realistic solution to the difficult problem of rehabilitating
a large tract of unattractive waste land. When the operation has finally been

completed, an additional open space of about 2 Ha should have been created.

10. Surface Drainage.

The ground around the top of the quarry will have to be shaped so as to prevent
any run-off water from entering the quarry. Apart from preventing run-off
water reaching the disposed waste, it is equally important to minimize the amount
of water flowing down the slopes of the quarry as this could give rise to unnecessary
erosion and ravelling of the sides. Water seepage down the face could also have

a detrimental affect on the structural stability of the quarry slopes.

Since the disposal of waste will initially be limited to specific sections of the
quarry, adequate provision will have to be made to protect these areas from any

run-off water generated within the quarry. In this regard, cognizance should
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be taken of the fact that the higher lying southern portion of the quarry constitutes
a relatively large catchment for rain water which could flow down towards the
deeper northern part of .the quarry where it is intended to commence with waste
disposal operations. Therefore, it will be necessary to design and engineer

/

tRe required diversions to protect the waste disposal area(s). i

11. Cover Material.

There are various sources of cover material within the quarry where weathered
and shear-zone material has been left behind in the form of remnant islands and
peninsulars. These materials may range from weathered 'rocky' tillite to
completely decomposed residual soil. In order to obtain the maximum benefit
of the available materials it would be necessary to extract the different types
of material on a selective basis and to introduce a carefully planned stock-piling

procedure.

Overburden material from the Ridgeview quarry could also be used for cover

material.

The total amount of cover material required will depend on the over-all development
plan for waste disposal in the quarry as well as the expected daily quantities that
will require covering up. As soon as these details have been finalised, it should
be established how the volume of available cover material compares with the
total requirement so that a properly integrated long-term plan for the handling

and acquisition of cover materials can be developed.

12. Monitoring Bore Holes.

In the absence of all the relevant details concerning the overall disposal plan for

the site, only general comments are appropriate at this stage.

Since it will be necessary to provide some form of drainage beneath the proposed
low-permeability liner, it is recommended that provision be made for monitoring

'points’ in the filter in order to detect the presence of leachate immediately beneath

the protective liner. = Theoretically, this should be the most positive and effective -
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way to monitor the possible migration of leachate, since this approach allows
for the detection of leachate the moment it passes through the protective barrier
(low-permeability liner). The effectiveness of this proposed monitoring
procedure will greatly depend on the correct design of the monitoring points and
the attention to detail during construction and installation.

$ @
In addition to these monitoring points, bore holes will have to be positioned between

the lower edge of the disposal area and the Palmiet River. n/

It is recommended that a comprehensive plan be drawn up for the installation
of .monitoring points and monitoring bore holes together with an operating pfocedure
covering all relevant details‘on sampling and testing as soon as Waste-Tech has
completed their overall development plan for the site.

No chemical analyses have been undertaken on samples of ground water which,
as discussed earlier, is regarded to be fresh. Once the monitoring bore holes
have been planned and installed a comprehensive chemical analysis will have to
be undertaken on samples from various parts of the quarry to provide a detailed

set of background values.

13. Conclusions.

) The proposed quarry site is geologically located in predominantly fresh,
though extensively jointed and fissured tillite bedrock. The quarry is
the result of mining operations for rock aggregate over a long period of

time.

°® The quarry is fairly irregular in shape and measures approximately 150 000
square metres in plan area. The maximum available air space is very

roughly estimated to be of the order of 5 million cubic metres.
e The tillite is extensively jointed and due to continued blasting, the floor
of the quarry is considered to be more pervious than would perhaps be

expected under ordinary circumstances.

e The ground water rest level is about 1,5 metres below the floor of the quarry
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"where it is at its deepest. Although there is no real aquifer or zone of
~ - preferred ground water flow below the quarry floor, pollution is possible.

Leachate eminating from disposed waste is expected to migrate in a

S - predominantly horizontal direction towards the Palmiet River. It is very
\_: ‘ roughly estimated that without taking any precautions to control leakage,
f-,:.' LT small quantities of leachate could reach the Palmiet River within a period
¥ -5 of 5 to 10 years later.

e In order to prevent leachate from reaching the jointed bedrock tillite in
any significant quantity, it has been recommended that the bottom of the
quarry be properly shaped and a 450 mm thick low-permeability earth liner
constructed. It is further recommended to design and shape the floor,
and hence the liner, in such a manner that any accumulated leachate will
flow towards sumps from_where it can be monitored and removed for

treatment if necessary. /

e Under such circumstances, where the proper precautions are engineered
to control leachate, it is believed that the site can be suécessfully operated

as a Class | waste disposal facility.

e There are indications that some of the steep cliff-like slopes of the gquarry
are locally unstable. This aspect has already been the subject of a detailed
preliminary investigation and further attention should be given to the matter
before finalizing the overall development plan. The way in which the
potential slope stability problem is to be handled should form an integral
part of the long-term waste disposal operating plan. '

e The details concerning the recommended ground water monitoring programme
for the site will be drawn up in due course once finality on the proposed

operating procedures has been obtained.

L e

]

\
B L Wiid PhD
Consulting Engineering Geologist
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APPENDIX I

Moore Spence Jones and Partners Report Ref. 88/203

A preliminary assessment of the stability
' of the
rock slopes at SA Crushers quarry, Westville




cEESS8 (TED) : XVvd
S/vceETSB (TED0) : 73l

FESE XMOIBSONYM

ESECT X08 '0°'d

sJaautbug TTATD

pue [eoijuyossjosg Bui3lrnsuoco

SHaNLUVd ONV SINOM 3IN3dS 3IHOOW

EOe2/88 ' 434

"IT1IALS3IM  'AHHVYND SH3HSNHD " VS
1V 53d071S HI0H JHL 40 ALITNIEGVIS dHL
40 LN3IWSS3ISSY AHVNIWITI3Hd VvV NO
OL7 (Alid) HDO3L-31SVM 0Ll 1HOd3H

EOEZ/88

6B6F HIWVH

Bl /Mg
"ON 234
¢ "DN AdO2



swapqodd £311
-1qe3s ado|S 3yqlssod Jo UDLIEN|BAZ

saan|lel asayl 03 asid 3aalb o3 Apayil
SUOL3LpUOD |PJNIDINJES JO 530[doadals
pue aanitey ado|s ¥o04 Jo sadA] upey

sajoy
-340f@ 40 suol3zjsod Bupmoys ue|d 8ILs

Kaaang A3gnujjuodsig JO S3|NSay
ue|d 231§ Le2juyonalosn

pajebi3saaul eate pue Aasend
3yl 40 JuaiIxe 3y3 mc_Jc:m ueid 93118

=
31LLLLL BYAMQ ul BupJayjeay jo S3pedy

Lg 0} T s533e|d

{ pue g s3anby 3

g aJdnbiry

p aanbi4
g aanbr4

2 aJ4nbtLy
1 a4nbid

y xjpuaddy

61
91
v
21

11

01

= <~ o~

™m

“OH 39vd

ceressenssienacaniaases SHOISNTINDD
frestrmesreerreesesr INJIWWOD TVHIANID
© ALITIAYLS 3d071S A20Y¥ 40 HOILVNIVYAZ

senssensaaaessaae ey cp30Ud 34015
AVILN3L0d 40 NOILYNIVA3 AHVHIWITIHd

R S A NS b -l AR 1D
34078 V1LNIL0d 40 NOILYNTVAZ

Cressrsssassaasessse e Yy yHONNOYD
R R Y R E L

reererrecs BULADILUOR L3JEHPUNDLT £°§
sisALeuy A3fnuljuoastg (ean3anadis 2°5
sesesescreaaes fupddey |eotb6o029 1°§

R i B D]

* 311S 3IHL 40 KROILMIYIS3M
Terresemrsssees 0317d4dAS NOILVHYUOANI
Torreresrssecreer JONIBIJAY 4O SWH3L
cereeeessaaenanaess u043Y 40 34025

el
11
01

NOILdI¥IS3a

SLHIL1INDODID

W3LI



-n-ﬁ\

+7 pue [ saje|d 8s§ - evade JN0 pauiw ayj jo 4ajawidad ayy punode
Sy811D W20l [eal3daa Jeau up Bupinsads ‘(anay punodf |ednjeu
molag saJ3aw 0§ Ai@rewjxosdde jo syjdap o3 paujw usaq sey Adadenb
aya Jo uopjaod spyjp ~sydom Burysndo pro @y jo ado|sumop S}

uop3ebr3saaul Japun Liadenb 3y jo uojjdod udaayjdou ayl

' *1 a4nbi4 up ue|d 2315 U3 UO UMOYS
se "3|LLAIS3f-ueqQ4ang 4o A3LSJIALUN BYJ SIAJAS yotym ‘peey 4A1ls
-s3Aa1un Ag yjaou pue 3sea ayl uo papunoq s} Asdaenb 3yl

J1IS 3JHL 40 HOILdIYIS3d i

*gogg ut 1 4o
aless e 031 Lyl 323ys ‘dey ojoydoyzdQ ‘ueqdng o A3LD (@

tugijewdojul Bupmo|oy
ayy Jo apew uaaq osle sey 3sn ‘3dodas spyj bBupaedadd uj
*sajess snotJdea 3e ‘171 yBnodyz | TR “aLLIA
-153{ =- S43yYsnal ys, °*PalIt: ‘P31 (A3d) yoai-alseEd
£q patedaad *Kaaenb ay3 ybnotyyl suop3laas |esjydedbodol (p

*Q052 uL T Jo 8Leas e 03 *,3LLLA}sap
- staysnd] ys “3dafodd, 'Paliti ‘P31 (A3d) uaaL-931sEH
£q patedaad ‘Kasenb ayi jJo ue|d anojuo3d [espydedabodoy vy (]

*pOOT ul 1 jo aleas e o031 ‘“Ausenb

ayy 4o uepd eotydedbodoyl e joO ::o_ugqa jo  Adoa y (g
[
*000T ut T jo ajeas e o3 ‘jue(d

pue sbulp|ing umum_uomww pue AdJuaenb 3yl jo Jualxa

sy3 burmoys “ue|d |es3sepe) B jo uoijdod jo Adoo y (e

S

cenenzy

*uojjebpjsaaul ayy jo asanod ayy bBuranp
yasay-ajseq Aq pajlddns sen uojrewdojup BupMo|goy a3yl

03174dNS HOILVHUOIHI “E

*p3l (A3d) Yaop-aisep
Jo €00 OW °“ON J43pdQ adn3iipusadx3l [ejpde) Jaapun 3no papdded aq
03 SEM YJOM S}PYLl "Yd3L-33SEH WOJ) paAr|adrad ‘gusl AJenuep ¢ pajep
49739] © up pawajjuod sem uojiefipisasup Kaeurwpsad [ aseyd ayl
ino Aaded o3 juawjuiodde saaujdeqd § s2uop 3duads 3doay

. ‘8861 4990320 21 pajep
*£02/88 2IUBJ3YAL 43333| R UL-YdIL-3ISPH O3 PIIILUQNS SEM U0l
-eby3ysaaul £3111Qe3s B Joy @jew}3sa 3502 pue |esodedd e “sasujaed
g sauof 2Juads 23J0O0K JO S3UOP-UOS|IH B W PUR U2I3]-3I}SPH Jo J3Y
~Uop 4 Ji Uaamlag 9ILS UO PLIY SUO01SSNISLPp JO SWL3I} U]

3JH3Y¥343Y4 40 SHH3L G

"814s LLtjpuel
P S asn JOj a[qe3lns UOL}LPUOD 3|ge3s ® o0jul KAiaenb ayy Jaauibua
03 AJessadau paJgIPISU0D SY4OM |@Lpawas Klayl| uo IpEm S JUIUWE)
*s73s 3jujof Jo uoljaesajul ayjy bGupaloaul Juadwssasse A3pptqgels
ados 3004 Aaeurwi|dsd e pue *sap3sjdalsedeya juiol pue suoriel
-uapdo jupof jo juawaanseaw ay3y *AbGooab ayy jo Lpnis e sapn|aut
uorjebi3saautr ayl 33ls (lijpuep ® se Kaxenb ay3y Bupsn jo A3
-1q4s5ea4 2Y3} SSISSE 03 uUIYPIJLIpun sem uoijebLisaaul ay)

*1 a4nBi4 u} uaalb sp Asxenb ayj jo ueyd 3igs y CaLLLAFSAH
uy Laaend $43yYsndj ¥s jo uoyjdod yzdou ayy ul ‘suoriesado Buiuiw
Aq 3423y *sado|s 204 a3yj jo £3}Liqe3s auil 30 jesteddde eotuysaly
-036 A4eujumppadd e Jo S3|NSad ayj saui|ino 3Jodar syl

140434 40 3d403S "1

6961 HJUVW B2 £02/89 * 43y

JTTIALS3N
*AYHYND SYIHSNYD ¥S 1Y S3d0TS NI0W 3IHL 40 ALITIGVLS 3HL 40
1HIWSSISSY AYYNIWITIY¥d ¥ HO @11 (Ald) HI3L-3LSYH 0L L¥0d3d



s gy

favulwyipaad sy3 jo asnedaq Buypidwes aup| Se yons spoyiauw Jaylo
03 @oudsajasd ul ino pajJdded sem Aaaans julof wopued y *saoey
yoos pasodxa ayjy uo uayeildapun sea KAAARS AJLNULIUOISLPp paItwl]
@ ‘anoraeyaq ado|s y204 jo4juod aadbap abae| ° 03 LM U2LUM
*513s jutol Jo syollejualda patdajasd 8yl ystiqeisa ol

SISALEUY AJIAULIUODISEO LB4N3INA]S 2°5

*[2 uybnoJyl 1 sajeld
uL uaalB ase Aauaenb ayj Jo sydeaBojoyd g @4nbl4 ul ue|d 31LS

leJtluys330ag ayz uo umoys S} 33ts ay3l jo ABooab ayl

*pajou osle Sem ‘sS3adE) }J04 pasodxd
ayj jo 3no 3bfedass Jsjempunosb jo suoljedjpu} 40 ‘afedaas J3jEM
-punodb jo seady -33L|[l3 9Yy3 uLyiIlM juasasd sauoz Jeays Jo uoll
-pU|Jul pu® uol3PiuadlJga 3y3l 03 u3Aatbh os|e sem uojjuazle Jeinaty
-1ed4 -pajou ses sado|s ¥204 ayy up pasodxa se ‘yjdap Bulseadou}
y3im Buiraayjeam jo azabap ayl *Addenb aujz uy sado|s pasodxa au3l
Bulsiadwod ¥doJpaq a3i[[l3 eyAMQ padgayjeam pue 51105 [enplsad 3Ul
JO S313S1433D5P1BYD pUE 3Jnjeu Iyl sulwaalap 03 paddew Kreaiboy
-026 sem uojpjeblisaauy Japun Aaaenb 3y3 jo uojpjJod eyl

buyddey peatboloag 1°5

0501 ©3 648 JR|NSULU3d JO0 3de4 U43YSaH 3

6.9 03 S2L J3U40] uaa3samyinos i}

059 01 OTv aie4 udajzse] )

01t °3 052 J3ud0g udaisesayldoj q

L
05T ©31 000 J3UJL0] udalsamyldopN ¥
(saa12uw) abeutey)

ajewlxoaddy Aaaenh Jo uolidod uo1323s

o

S 74

*1 a4nbBy4 up uvetd
3115 9yl uo umoys BaJde MO|3q 03 paIddayar saffeujeyd ajeuwixoadde
pue suo0}3das 3yl -3 ubnoay3z y pajeublsap ‘suo}jdzas § ojul pap
~-1ALPgNs uaaq aAey Adaenb sy3 jo uopjdod waayjdou ayy bupsipadwor
sajey %004 ayjl Jo J3jawprad 3yl ‘aIousdaagas Jo 3sed J04

fujaeytuol Jajempunosy (2
pue “Afaaang K3inuljuoasiq (q
‘Buiddey (e>160|03) (e

: pasiadwod pue ‘g@ET Y2d4ey ST 03 Adenuer
gz potdad ayz bujpanp uayejtapun sem ydom plaL) 3yl

AYOHX Q314 -

+340d3a spyl jo
yoeq ayj je papniaul ‘g pue [ sS3je|d Ul UHOYsS 3de uotyebrysanul
d3pun Aadenb 3yj o uoiizdod 3JeY3 JO SMALA  |PJIUBY *1 a4nbyp4
up uegd a3ls ayj_uvo uUKoys s} 33}S BYl jJo Aydeaxbodol ayl

cagnfagat
Alawaayxa s1 "sJ4}1L12 [BD}IJRA JRBU Y] £q pawzto) ‘eaae 3Ino pauiw
3yl jo J93awpaasd ay3y jo adeys a3yl ‘adojadayy fued ug *sado|s
3pLS (PI13J3A JEIU UIIM 48| uasq A[|edeuab aAeqy sdpnsiuad
asayl ‘puas3y auwes ayy mollop Buruiw Agq 343 sde|nsutuad ays
*U01333LLp YINOS 03 Y3JOU B U} pudsal A|letlaudb sauoz Je3ys ayy sy
*suojjedado Bupuiw Aq 348y uaag aAey yslym °eldejew 3Iuoz Jeays
fuisitdwod “sdensujuad 3304 Jo Jaaqunu ? 3J4E 3JIYI JEYF NS
343 YjlMm ‘papjloae ua3aq aaey £ayj “Aaaenb 343 uL JN330 S3UOZ JLe3Ys
asayj agaym ‘K|jvanbasuo) *33eb6a466e ue se 3sn 40! 3(gelinsun
pue ‘passyieasm A|ubiy pue padalleys st s3uvoz JBIYS 3sS3IY ut
tel4alew ayy .Wu_m 3y 37aslq Sauoz JE3ys 40 3|NEY [BI[JL3A Jeau
jueulwoad jo x3qunu Yy *33}s ay3y Jo AbBogoab [EIn]2NAYS 343 £q
pajLo43uod 3sam suopiedado Bupkudenb ‘jusix? abae| B 0L



< By

"sjulof |e3U0Z}Loy Jeau JE(nBadd] - § pue § §33§ jujor

*sag3aw § Alajewyxoddde jo S3asjuelsip meo SNOnNujjuod aJde
yatym sjufof paddals ‘yjoows A(ajedapoy - { 3a8S jujop

*3u81¥%a U} saugjaw p°s A[3iewixosdde jJo
sjutof Aaem Gupzepnpun ‘yjoows K|33vJ3poOW - £ 38§ jujop

*s53Jjaw gz ueyl 493ea4b jo sIJuPISIp J43A0D SNONULIUOD S|
yorys 33s 3utol paddays ‘Jeuepd “yjoows = g 33§ julor

*8315 3yl 399S)q YIfym sauoz Jeays Jofew 3yy se
UDL3128J4)p JWES BYj UL SPUBLI 335 JULO[ Syl *S3LJAW P2 JO SSIINI
Ul S3JUBASLP JIAD_ SnONULIUOI SL yapym ‘uaajjed Bez-G61z e s3pqlyxa

anqg ‘4eue|d pue yjoows s1 jJupof Iyl T pue gl sSajeld UD UMDYS
se ‘3as jupof juauiwodad 3sow ay3l st SIYylL - T 33§ 3uior

“MO[3q PaqL43sap ade s3as julof [enpjparpul ay)

000 50 e 9 r
0£0 13 s
0Z¢ 08 v r
DEOD SL ETr
OVE 08 ¢ r
09z §L e
saaJdfbag uy LeluozZ |0 ayz wmody
uot3idaarg dig saadbap uy dig *oN jutop

L]
IN3IWSSISSY ALITIAYILIS NI
a3sn thowr44=n_>Hm=H 40 SHOILVLIH31¥O0

1 318yl

e

Y

"qg 34nbry uL umoys aae
asay3l pue ‘pIwnsse uaaq Sey SIULOL IY} SO0 UOLIBULLIUL [BIEILLD
ay3 ‘“sadeys 204 3yl jJo Ayiltgelrs waazbuo| ay3z burssasse uj
*KO|58q T 9(qel U}l PIISL| SB 5335 jupofl Fmaszmuc:m.m ale 3uayl
3Pyl 2ajealpu} Aaaans K}ppnujpjuolasip ay3l Jo sij|nsad ayl

*eg @anbr4 up uaalb sy Aazenb a3yl 3noybnoayjz
uayey sjvawaansesw Julof wody padtedasd wolrjaafoud Jrydeab
-034235 2yl "EIEP |P4N3OIN43S IY3 ||P Jo uorjdalfouad oiydeabordags
pauiquod P U0 paseq Sl S$3JIe) Y204 3Yy Jo A3i|iqe3s waal bBuop 3yy
40 juawssasse Aaeujwppasd ayj ‘adojasay)l - Ataenb ayy 3noybnouysz
$38S 3ULO[f 9y3~ J0 UO}JEBUL|DUl PpUB UOLJBIUSEJO SY3 UL puadj]
JUa3SESUOD B PIMOYS SI|NSSA 3yl - [PLLajPw 33425 Apjsow as|Jddwod
K1denb ayy Jo uol3zosas siyy bBuoge ssoey ado|s 9yj se '3 uorioas
uo uajejdapun jou seMm A3AaJ4ns A3Lnuijuoasip y Q0 ybnousyi y pajeu
-6)sap 'sadzpy 3304 8Yl JO SUOLIIES Yl WO UINRILIpun AsaM sdaa
-ans A3Lnul3juodsip penplAajpul *Aaaenb ayy 3noubnouayy s3as jutof
3yl 40 Adualsisuod 3Yj Ssasse o) *sSuU01328S § 03Ul PapLALpgns
sem ado|s 3204 ayy o dJajawigad ayj ‘3aacqe paulline sy

*sanbiuysaj piepueis
Bulsn paanojuod pue *33u03Ja3ls eade [enba |ersozenbs we Bupsn
uotysalfosd dejod e se pajjold sesm elep [e4Nn3InJd}s 3yl "papdodad
pue passasse aJam §3as Jutof Ayl jo ssauyfinoas pue adeys ‘yjbuay
ayy pue °‘ssedwo> |eat6otoab e Gugsn paanseaw aasm siulol 3y
JO UOpjPUL|IUL pue uofjejuadlde Iyl  cuotiebirisaAul Ayl jo adnjeu



riveeg/

yoo4 g0 Jepnsujuad abJe| =Y} sSwdoy IpLs J4YI3 UO Y304 BFELLET
padayieaMm L[3y61L|sS pauviwun ay: Yiim 13yzaboy pue “apim sadjauw £
fiorrwixosdde SL Suoz J4e3YS |EILFA3A JEIU UABTSIA BY]

*2 aanbyg vyp uveyd ajis
Leatuysajeab ay3} uo umMoys ade ‘sisApeue A3pnupijuodsip ayj pue
buiddew (ea16ol0ab wol} paddajup se ‘sauU0Z JE3Ys 9sAY} jo puady
Ao *8ytd3s a8yl -suoriedado Buiuiw uo 3duanijul afiie| ® prYy sauoz
Jeays 9sayl ‘aAoqe p U01303S U} PISSNISEP Sy "sasiau 0 Alajeuw
-1xoudde jo 3oueysip e Aq pajededss pue ‘Jayjoue 3Uo 03 La[Leded
uo139341p yanos 031 yjdou B up Bujpuady *ssew yd04 3ILLLIF YF U}
JudpLAd ade JBAYS JO SIUOZ [PI[IL3A JLEdU juaujwosd oMl

=yao4 ayz ybnodyy s83em Joy abessed AQuo ays
apiLaoad osie 3jng ‘sado|s 3204 BYj 4o A3LLEQRIS 9yl uo dauanfjul
abae| ® aapy AQuo jou suasizjed jJuiol 3yl 553435 j0 jallad
woty po3Lnsad Alqeqodd ‘uopjejusido wopued FJow B FARY YIiyk
“sjuirof juvaujwosd ssa| ayy g 24nbrd Ui uop3dafouad opydedbopaals
ay3 uo umoys se ‘jusutwetd ssa] bujsg Japulewad 3y} UJLIM
‘quauiwosd ade g pue gL I0 pejeubisap sjupop, Cpajiliuspl 343AM
s3as JulOf |enpLALpUl ¥15 ‘p°G UOL133§ U} PIsSsNIsip Sy

*sase) Au4denb pasodxa
ay3 UL paAdasqo adam SJaAe[ ILRYS BILLLI3 [RIUOZ IOy Jesu ULYY
pu ‘asea ayj ALjuanbaay s} sy -sauepd bGupppaq 3Inoyijm KBuyp
-10328 pue aaissew S} A4aenb ayy up pasodxa 33}LL43 YL

'y xipuaddy
up pauljap ade 9IL||13 3yl ul Bujprayjeam Jo sapedb a3yl -sjupofl
paaeds Alapia 03 @3jedapow yiis 304 3LLLL3 Kaab an|q pad
-3y3eamun 01 PpatauIeam xﬂu:mw—m pue padayjeas A[ajedapow ybnodyi
Kiprdea sassauboud 334LLL3 Au3 jey3l yans ‘*sase} Kaaenb  ay3y
urop saseasqdap Bupjupol jo Kauanbaay pue Butaayjean jo aadbep ayl

SRRy

*squjof psaeds wnipaw 03 Ap3so|a ayy bBuoie uoljedno|oasip y3Iv|q
Y34 35243 Kaaenb ay3 desu uwnoaq moylaf pue pasayzeam Apybiy
s} sajey Asdenb a3y u} pasodxa y20dpaq 23ILLLl3 Ayl

*¥31y} saJiaw Q'2 ueyyl ssa| A|[edauab SL J2A0D [}0S Ayl a3y
-L13 8yl SaLlJano0 *xuahwuﬂ Bur£paapun aya Jeo Guldayiesm alzaiduod
wody PpaalLap '1y0s Aake|d |enpLsad jo IQjuru uwiyl oy

*4nN0(4 }204 JO XpJiEw pauedb aury e ul
sjuawfedy |eJBUW PUe ¥I0J4 JO UOLIE|NWNIJE pajejuaidoun ‘pajLosun
ue jo paspadwod st u_moamv tetae b e Bupag ajLLLy ayL 2 34nbiy
up uaatb s 83115 -ay3 jo ueld Leajuysajoab y cuoljrwaod eydmg 3yl
30 33111y} Aq upepdapun S| eade Asdenh 3L}AISIA Byl

A9071039 "9

56°'T 68°1 v H
SE'Q ££°0 £ HE
BE'D SE‘D 2 HE
51'9 98°§ 1 HE
” 68/£/82|68/E/51
son
3dejdns punody bul3six3 MOL3Q 4233RMPUNOIL] JD [3A37] aloyatoq

S3IT0HIY0E NI U30¥023¥ ST3A3T U3LVAGKNOYD

2 378Vl

*Mo|2aq
2 3lqey ut 3no 313s 3JJe awwedBoad BupJdojjpuow [3Ad| dajempunaab
ay3 4o s3nsad ayl *% a4anfp4 ur uegpd 91}s a3yl uo UMOYs aIdJe
‘vHd ubnosuyl 1HE pajeubisap ‘saloyadog ayj 4o suojjLsod alewix
-o4dde ayl -yoaL-33sed Aq 23LS ayl 3je pajielsut flsnorasad sajoy
-3.40q U} P3pJ0IaL pue paILNSE3W ILIM S|IAI| Jajempunosyg

Bupaojtuoy 4alespunodg £°5



ceeeeq1/

+quauysiua|das tajempunodb Joj ease adanos pajlull
ayl pue 3304 ayy jo K3riiqeawdad Mol 343} jJo asnedaq ‘pajedjajjue
Jou 3de siaAa| J3jempunodf a8yl up suogjejden abueq *wnpdqpy
-itnba ue paysead aaey Aaaenb pIsnsip 3yl ULYI M S|IAD| JIJEM ay3
JEY} 'J9ASMOY “pIJapLsuod SL ] CSUOLIBNIIN|Y PUR S|IAI| J3jeEM
-punoJf wapjued 03 ‘ysaL-aiseN Lq 3I}S Y3 uo umop and *sajoyadeq
ayj u} padojtuow Bujpaq A|3uasadd 3dE S|IAI| JIFeMpuUNOLD

*yjdou
03 uinos wou) paullour ALjuab sy spqey Jdajempunoab a0 @dej4NS
at13eaqyd a3yl jo uogjednbriuod 3yl am:u.uugmwvmcou sl 11 ‘junolde
ojul sdJoj2ey |le Bupyel ~a3aly 3dtuged 3y3 ol umop sade(s
yairys abpia Bulpuad3l yinos 03 yjdou e U0 paIlenys st Adaenb
ayl IRyl S|EIA3L mAJE 3Yl jO Aydeabodol a3yl jo Apnis y

*JSW aAoqe sadiaw pg A3
-1xoadde jo uorjeAa[a ue e s4n330 fadenb a8y jo uojjdod udayldou
3yl J4an0 [3A3| Jajempunosb 2y3  ‘ejep Leatydeafodol algelieae
ayy wo.4 *2 a4nbp4 up uepd 231s a3yl uo umoys se Kaaenb ay3
J0 uorzaod uiaajseayjJou 2yl wp sadoys Buioey 3som 3yl jJo 30} a3yl
je paa4asqo aq ued dJajem bGuppuejs ‘uoljippe U] c23Aaly 1aluped
ay: o3 juadelfpe Alajeplpawwl BaJe JNo paujuw 3yj up Gujpuels uaas
8q UBD J33IEM cf£adenb 3yl 40 J3UJL0D UJAIISIMUIJLOU Y} U]

*jjo-und aseyuns papuod
uveyy Jayzel ‘asjempunoab aq o1 sapadde £adenb ay3 Jo uotrjdoed
siyy ut Buppuels J3jem a3yl "7ISH 3A0QR sadjau 01T Alazewixoadde
SL eade SLyl Ul |2A3| J423TM Byl “jo0 uwopjeAald a8yl *331s 8yl
so woi3sod waayinos ayj Ul E0TY peoy uiey 03 juadefpe Alajeipawuw}
gase 3no pautw Ayl ul Burpuejs PpaAdssqo 3q ued J3QeH

FY

HILVAOHAOYI L

"0l

ceevigr/

*patnioea}y ALybry A||LeLauab are ystys suLaa
33}o1e3 pue ‘81}[1}3 Patayjeam A|3jeaapow O SIUOZ |BI|IL3A JEIU
KOJLBU 3FJB JRBYS JO SIUOZ BYJ ULYI}M Juasadd “1aaedb pue salq
-gqad dJepnbue Bupupejuod 3|}s Kake|? aﬁuamwpm Jo bBupisisuod ssew
pajuswbesy A y6jy e ojul sajqunad pue A|pides sajesordaisp paje
-inj3es uaym ‘YaLyMm ¥504 pJaey wnlpaw 03 3105 L43A “£34ab ‘paanioedy
pue (b/SH) padayzeam Apubiy o3 A|23a|dwod jo AL|BLIUdSS3 3sSisu0d
SauoZ Jeays (ea}34aa Jeau 3yl Gupspadiwod s etdajew a3yl

g7 pue SI °€1 saie|d ulL pue ‘T a4nbi4 ur uegd 33}s Ayl UD UROYS
aJde sazey ALddenb ayj ul paaAdasqo sSavoz Jeays ulyl 8sayl Jo jualxa
pue Spu3ady a3yl ‘aplm satjaw E ueyy ssa| A|letauab ade ‘aanamoy
‘sauoz asayl  "23LL? AUl ulyllM Juasauad SIU0Z JBIYS |RILILIA
Jeau ‘upy3y 43y3lc Jo Jaqunu B ade 3dayy ‘uoiilppe uj
*(81 pue ¢ ‘g 'Z saleld @23§) suotjledado Bul
-uiw Aq 3431 (el4@3EW 3uoz Jeays jo sdensuiuad Jo 53s553433NQ oMy
40 WJo) 3Yy: UL JUSPLA® [|L3S S} 2uU0Z Jeays ayiy Jo puadi ayy ‘ia3aa
-M0f -Bupujw Aq paaowat uaaq sey |ejdajew 3uoz Jeays Iyl jo jsou
‘£42enb ayi jo woljsod (edjual 3yl J3AQ  CyiIplm ul sadiaw Qr 03
§ Aojewjxoddde S} Jeays jo 2uoz jusujwodd A|Jaises ayl

saeynsuiuad sjy3 jo sado|s da2is 3yl ul patinido
os|e 3aey sd|{s J43|LPWS j0 L3Aaqunu Y 1z pue [ Saje{d ul pue
*2 34nbi4 up wepd 83ts [eajuydajoab ayl uo umoys se fae|nstuad
s1yy jo apis Bupoey 3sea 3yl ue sae|d uayel sey aanjied adAy dys
tpnoata abde| vy *up13a3s4tp A|43153aM ® up “fejuozipdoy ayj o}
saaabap gg 3noqe jo 3tbue ue 3e A|d2ajys sdip 23v0Z JBIYS ULIIS3AM
Styl €2 pue [2 "1 s3jepd u} umoys se *suoggiedado Buluiw Aq 333l



-n.1.m_m\_

*pastseydwa aq 3snw 31 -pjep (edn3ianais |eoajbojoab ayy buisn
uayelJIspuUn usag sey uojjen|ead A3L(iqe3ds Advujwiyaad e ‘*sadoys
%204 ayj Jo A3p(lqe3ls 98yl JO JUBWSSISSE [BNS[A 3IY} U} 3S5}sse
pue ‘swapqoad A3pprge3s |eijusjod asjpubooasd 03 Japdo up “J3A
-noy +3dodax siy3 jJo adeas ayy puofsg s} *saotejdns A3 pnujluod
-s1p buo(e sy3jBuasu3zs deays pue AGojoab (esnjontys “Aujswoab ado|s
ayj junoade o3ju} Bupye3 spsA|eue A3L[pqQe3s papjeiap v

SH3T7804d 34015 TVILHIL0d 40 HOILVYNIYAI AUVNIWINIUd "6

*MO|3Q § UD11I8G U}
p2qlaosap juawssasse Adeujwp|add ayj uy padoub} uaag sey uopsayod
‘anieA uolsayod ® Jo 3Sn 3yjy o3 uorje|nd(ed A3pLrqels ayy uj
£184e5 30 Joioed ayl Jo AILALILSUDS AwWaJAIXd 3yl 03 ang “spskieue
£1111qe3ls KAue ul Junodlde O3UL U3IYRI BQ PLNOYS YydItym ‘uoLsayod
let3ue3sqns ssassod 3snw  s3as JULOf Snonupjuod pue Ju3Iujwoad
jsow Ayl UIAD ‘aIsogadayl  cLrews Apaspielas sp ‘Guipiys 40 bBupy
-ddo3 Jayjia woay KL3LQlqels jo aadbap siy3y bupupeiujew jujed3sad
leuot3atdy 3yl -A3prrqeis jo 2a3dbap swos Bujupejujew ate eyl
‘sadops y204 dsas3ls a8yl uO0 INJJApuUN uaaqg IAeyY Yodjym ‘sqge|s Y04
Burbueyasao abde]| JO S3JURISU} 40 J3GURU B 3JB 3J3Y]L

*§a} |94 S53435 JO wpzmmh P SE pawJoy
uaaq A(qjssod aaey pue ‘sabprag yood juanbaay u1im L1pnupjuol
Jo aau4bap mo| K|aAtle|ad ® 3ARY 90 pue S{ “p[ “s3as jurof J33jjey
ay] -saoje) JJL|D> [Eol3jdaaqns Buijeadd *ssaeyd uyr sauazsw Q2 03
dn jo §3JuUe3Sip J23A0 padJetl aq Aew pue *s3as jujof uersual aq o0}
paJtaplsuod aJde sjulol Jawdoy} a3yl *of pue S0 ‘fr siutol jo 3euysl
ueyj A3pnujjucd jo aesbap usybry 4ey » Gupssassod sjupof Bupddip
£ldaazs aJde ‘g aJnbL4 ul umoys g pue 2r “I0 pajeubissp “s533S
juiof 3Byl 33EILPUL SUOLILALISQO PUR SIUBUALNSEIW JULOL

' "33LLLLlY AYd UEYILmM Ssuoz Je3YS [BD
-1343A JE3U pagayjeam Lybry ol h—wumﬁasou.m:u Buofe sp |ejdajem
£ake|o 40 juawdo|aasp Arho ayl alqtbLbsu sy ‘auoz pasayjeam
FLybiy ayy uyp UIA® *S3aLILNULIUGISLP 3SAYI uiyl s eldazew 3bnob

A

i

Ae|2 jo juaudo|anap ay3 pue ‘sIULOf JO SILILNULIUOISLP

{ean3onuais jo uojjesedas a3yl 3eyj s|eanad Kaaenb ayjz e ajLiLil
Y3 ULYIIA 53J4N30BJL) PU® S3ULO[ 3yl Jo uoirjsadsul asol)

“aanssaad 4338M Jo Iauan|jul ayy pue ‘A3|nutl

-uo3slp ay3j Jo juaixa ayy ‘ssauybnod asejans jo s323Jya ayr *yaod

ayy Jo ssaupJey 3yl ‘wayiz uaamiaq abnob ALe|> Jo asimMLIylo Jo

gouasadtd 9yl ‘sedejans A3INULIUEISLPp oM} By} jJo uoijraedas ayy se

s4030e) Uons uo spuadap A3pnupjuodsip e Buope yibuauals aeays ayyl

3204 32e3Ul ayy ybnpody3y 3Jey3l wveyyl ssa| A|Leijueisqns Bujpaq A3n

~ujjuodsp e Buole yibuadils Jeays Iyl ‘S3LI[NUIIUODSLP (BINIDNAIS
0] pauljuod ag A||PWaouU [[iM maupm,xuoL e jJo adnjjed

°g
aanbr4 u}p pajeaisni|} ade ‘saan(lej yans 03 .aslJ aAalb o3 Aaypg
5U0}31pUGD [BJ4N3INA3IS [e3}Bo|0ab jo suorzaafoad apydeaboasars jo
gouedeadde ay3 pue *saddy aanprey adops yood ujRWw Iyl

*uanaso o031
£lawyy S} @anpied yapys ybnouayy pue ysrys uodn surajled
A3pnupjuossip Jo sauepd buole pasiiiqow yjbuasls Jeays {p

- pue *saanssadd J}p3e3SCUpAY {2
‘S313}NULIU0ISEP [BJANIINJIIS JO UQLIBIUDLLQ (q
‘ssew ado|s 204 ay3z Jjo K43a3wo0an (e

. t ade aanqirey
ado|s 3204 Jo pooyllayr|l ay3y uaaaob yorym saoioey

ALITIGVLISNI 34075 IVILKR3L0d 40 ROLLVNIVA3 ‘8

*sadoy|s
ya04 ay3 o A3ipiqels waay Huop 9yl buirssasse usym junodde ojut
yaxe3l ag 3snu sadnssadsd dyjeisodpAhy eyl a3edrput sacp abedass
8yl “JaAamMOH *ajedapow 03 3ybt|s Ap(es3uab sew abedaas ayy
“§|aAa| Jazempunodb (eaauab sy ssoge sazey ALasgenb syl jo awos
woJds Buijevewa paaaasqo os|e sem abedaas Jajempunouy

11




.....mH\

*1 2anb14 up uweyd 33ps 3yy uo uuwmu*ncv ade g atqel
ur 01 padd4ayad safeupeyd pue AJaenb ayj Jo Su0L3IIS AYL "L pue g
saanbi4 ul uaaib uopzenpeaad £3pLiqels Adeupwyiadd ayy jo s3|nsad
3y} uo puP SuUO}31EALasqo |eNS}A (BJ3udab uo paseq SI 3JUIWSSISSE
syl «g ayger up uaalb s Aaxenb ay3z je sadoys yao0x [ENp

-tALpuUl 3yl 30 A3pLtge3ls waaibuop 2yl Jo juawssasse uy

Ayyvnd IHL 20 ALITIGVLS 3HL 40 HOILYATVA3 *0l

*/ pue g sain
-614 uy pajjold uMoys Sp ‘uctien|ead freupwilasd ayy uyp pajdope

uasq sey saazbap Gy Jo uopldlJdy 0 a16ue ue 'audcyadayl

-

aue|d Julof 8y3 uo Bupjoe §53435 |[BWIAOU 3ALIIBFLT =

Ral

ceeeepy/

Aitnuljuodsip
ay3 buoge |eraajew [lEm 3yl jo uyibuarys perxerun = SIC
. jualarysaea ssauybnod Jurog = UL

. a|bue ssauybneoa 3al129333 = 1 EFETT
i)
sar o1 Goi J2d¥r = |}

-diysuopyead buimoypoy
ay3l bBupsn saaxbap G 359l 1P 3q pLNOA uelld|dy 3Iyj up aseatodul
jo opnjjubew ay3l eyl padapjsucd sp 3} ‘sayyrsenbaaua)l adey
-ANS 33 JO MIJA Ul “JUSAIAON *pAWNSSe UIAQ sey saaabap 0f Alareu
-1xoadde jo uwop3atdy jo aBue we ‘a3t([13 ybnosug saue|d 3na-sud
yjoouws uo 3no pajtaer s3sa3 Adojedoqel snojaadd wou4

TUOL3IaLLy
jo 2ibue ay3z asueyua Q931 3q [Llm aue|d julof e buope yjzbuadis
deays 2yj uo mm_uwgmr:mmgh_ aoejans ay3y Jo aduedpjpubrs ayl
*satypdenbaaay saegans ybnoayil Bupaeays Ag ueyl Jayjed s3defdns
jupol ay3 4o ssawybnos ay3y Ag paploJiuod ag L[LiM s3jujof buoye
sjuawaAow 3Ry} uwgmuvmcou S} 3L °S531ILNULIU0ISEP [B4N3INLYS 03
jusdefpe y20d 3311113 3yl Jo yibusals aatssasdwod juestjrubis ayl
pue ‘*f£iaen) ayy Jjo sado|s 304 3y U]l SADBYUNS adn|led Letauajod
uo fujpjoe sassadls |Pwlou “MO| 3Y} JO MILA U] "3ALIRALISUOD Kaaa
aq 03 paJapisuod st SLYyl *paJoub| uoLsayod pue ‘paunsse us3aq
spy saadfap gy Jo uoplopay jo apbue ue ‘sgsfleue ayl ug

*f pue g sadnbi4 up uaapb aav sypsfjeue spyj jo 53Nsad
ayl *aajjejuasaadad Sse pawnsse wasq sey sas’sbap oL 4o a(bue
adoys ® sasuejsu} |L® UL pue *3sas pue 3sed ‘yinos ‘yjaou Bupoey
sado|s 03 pajlwl| us3q SEY uOLIen|eAd Kaeurwiyadad ayy

-sa|bue ado[S pu® SuO}IEIUALLO JUIJBJLLP YItM S3JPy YI04
Y14 saanpiey adfy Jeued do “abpem ‘Burddoy jo Kiiltqrssod ayjz
Buypsiubodas 03 pailjwl| S} uayelJapun sisfjeue 3yl 32Ul ‘daaamoy

"ET



1 aanby 4 uo uxoys abeureyn

£lajewrxoadde “ado|s 3204 spy3 Ul juapiaa si abedaas Jajempunouy *aj||
-1t} anpq juajadwod paey 3yl Jo 3SaJd IY3 wodj F[Ul [ 3sea| 3e jo adoys

e 03 jyoeq paJajleq 3q 01 saJynbas uapsanqaaao asoo| 3yl 21 s3e|d aag -
ado|s a8yl jo 2031 3yl 3P juasadd |eLJIlPW 33J4IS pue ‘IAn|Ley Iyl wody JUIf
-~LA® SL SP 3[QEISUN paJapfsu0l S| UIpJNQJIaA0 3s00| ayl “|epdajew f|id pue
3311113 [enpLsad aso00] AQ uvie|daro ado|s }2o0d4 ybry auzsw pg A|ajewixodddy

el 7 I1

ados bBuisey yinos

Olt 031 06E

*abue
ado|s ajes e 03 }oeq padsaiieq adoys Gujpoey yinos pasodxa ayiy pue paaou
-84 9q 03 saJinbad  ssad3jing ¥20rL SLYj *asealad s$s5aL3s o3 anp dn bBuluadce

sjujof ay3} ul paj|nsad sey Sa3pis g wo Bujuly *3I[qE3ISUN PIJIIPLSUDD 5L 'pau
-1uwitn 33| "4204 padaniaed) A{ubry jo ssadaling Sspyl *ssad3ling styl Jo aoj

3yl 3e ju3apiaa sp abedass -a3L|[13 2/EH Buph|d3A0 33113 patayjeam pue
padnioesy Agybry burspadwod ‘rxepnsujuad ybry adiaw gz 03 §I ALejewixoaddy

01 7 8

$5343131nq yao0y

06E 03 0O%E

. +ado|s Siy: Jo 203 2yjl e S4nddJ0 ' [aA3| 483empunodb Mo|feys buy
=3ed1pul ‘uopjelabaa oprjenbe ssuag %I U}l [ jo adois e 03 YOeq pawwiLl aq
01 satinbas uapIngJaA0 38500| 'I3IAIMOY “3[qe3S A|8Al3e(ad padaplsuoad ado(s

3204 -pasodxa [|am 385 Julof Guipuatl yinos 031 YlJ4ou JuUIUjWOId *|Blaajew
LLi3 pue |jos |enpLsast Aq ure|tsao ado|s ¥ood ybry aajaw Qg A|23ewexodddy

ado|s m=TUm% 353K

oye 01 0&8¢

8 NOILJ3S

"uojiesado
[Ll4pup] 3Yyj ul [®1d33EW J3A0J Sse 3sn 4oy 3|qeijns 3aaddd pinoys |e}lajew

paAoOWaL 3] “PIAOWES 8q 3| FEUI popuIwwWoIat S} 3L PUE 3 [qe3sun padapisund

S| Je|nsuruad ¥20d SLYlL *a3pls J2y3la uo 23LL[}3 padayream AQ3ybi|s paujwun
U3 YILH 43y313b03 auoz Jeays |eoL3Ja3A 2eau v Bursptdwod “depnsupuad 330y

L 99 ‘E

deinsuiuad 3}o0y

061 01 0§

*HT ul T 03 ydeg

pado|s pauapJangJlaao “padlayleam pue ‘uMop paJJLEq 3q SY00]Q 3500 3PU} puaw
-woJ3Y *s%J0|q Joupw to) 3dadxs adnjiey adols Jo Alpiiqeqoad moy ‘apqe3s
Alaatie|ad pasapisuo) gy aznbp4 eas - yE pue yz2 S3Iujof o3 anp sadn|
-teJ) bup|ddol [el3juajod os|e pue ‘gt pue @i pue ‘gf pue y1 s3juiol Buo|e
SaJN| 1P} @DpaM [LEWS JOJ |Pl3ualod *J3A02 |}0OS URYY AQ ULB|L3A0 "33LL[L1Y
£/2K pajurol L|apim 03 unipaw jo ado|s 204 ybpy aszsw gz A|23ewpxoaddy

Buioej yinos

05 91 02

*uoll

-paado ||1Jpue] SY3} Ui _[PLJIJEW JIAOI E SE 35N L0 I|QeILns aq pinoys (e}
-33PW 3u0Z JE3YS paAowdy ‘X[ ulL T Jo Juarpedb ® 3seap 3e 03 Yoeq pasalleq
aq ado|S puawwod3y “3[GRISUN paJdaplsuod ado|S 3 uo}32as Guole 3eyy o3
deptwis IR LEy dp[5 JE[(nNJJLD [B[3U330d 'I3f a4nfiL4 ul uMoys se ‘Ty julof
Guole 3xn(fej buj|ddo3 [eE3uU@30d *2u0Z Jrays 03 3juadefpe ajil|t3 pajuloefl
pue padaniaety ALybpy Bupsjadwos “adops yood ybry sdjaw Qf AL2lew|xoaddy

Guisey 1se3

02 01 0

¥ HOILJ3S

uorjdLaasag

tON
3je1d

aje4 ado(s

[sad3a8w}
x 2beutey)n

uot3ioag

ST

£ 31871



1 asnbi4 uo unoys abeureyy

patsplsuod S} ,3n3 xoq, 3yl U} ado|s y2o0d4 Bupoe) yjdou ayp -sadols 204
ayy asitqe3s 01 Asaenb ay3 jo L3udod ULIFSIMYINOS 3Yy Uy ,3Ina-x0q, 3y3
Ul [PLJ@lEW _paAows.t ayj Gujiosedwos pue Bupsejd o3 u3aAjb aq_p|nod uotlesap
-1sup) *paAaowad 3g 3} 3JEY} papuswwodad S| 3| pue “a|gejsun padapjsuod si
—Xe[nsUruad {204 Styi "BT 31E|d 35 - 2PLS J43yuia Uo ALLLT Z/ER pauiwun
3yl yitm aayilaboy auoz Jeays [eD2}343A JEdU ® Bupstadwod ‘aeinsujuad 3oy

0z pue
61 ‘81

1093 ¥0fg pue Je|nsujuad

/8 031 05L

' *30e)
4204 pasodxa 3y} uf JuaplA3 S} 3tnijes Jo adA3 siyl *3f adnbrd ujp umoys

sg *‘A1SNIL PaJopfsuod SE v #8s jufo[ buole aJdniiey Bur(ddol -sbuey
43A0 23R4 Y704 Y3 1o UOL1D3S Spyl jo uoildod abJel y °3Lqeisun paJapis
uoa s} ‘d4aysndd Adewpdd ay3y o3 juadefpe pajEnyis ‘ado|s Buyoey 3583 S)uL

*UopL1eOL1SoAUL pa|telap e AQ passassy

ALLniaded aq 03 3ARY L[LA A1aenb ay3 jo uojjdod spul Jo AJL|LQRIS [[EJ43A0
3yl *afge3lsun paJapirsuod s5fp Sauoz Jeays 3yl Jo juod) up 3LLELY ESZM

jo abpam ayl -adols 2yl J0 uOL3IAS SIYI jJoO 1sa4> 3yl e |Pitajew awoz
dp3ays ayj ul paLdnddo SEY UIYM BdN|Ley Y 370N *931LLL3 £/2H 40 abpam e
puryaq L3ayjo yaes o3 saadbap 06 Al23jewixoddde 3e  sauoz Jeays oMl Jo UOl3
-33s433jUl ayl sMoys GI @ajeld *ado|s 3004 3y3 jo A3}[iqe3s [[B43A0 3Yl pad
-npal 3ABY SIUOZ JEAYSs IsaUul jo gouasadsd ayl °SU0}3I3LLp ISIM 0] 3sed pue
yanoes 03 YjJou u} puad} Yojym sauoz Jeays [EI13A8A JEIU JO Jaqunu e Aq
p3329siq St 3341113 aul -adols ¥204 a3p[1}3 Y6ty adjau 0§ Alajewjxosddy

£1

Bupoej 3sel

0S¢ 01 004

0 H011235

91 pue
§1 ‘€T

Buioey 3samyldof

529 03 0TV

_ *HT Ul T 3seal
7e Jjo ado|s ® 03 ¥2EQ palajiieq ag o3 3dinbad |[}M UIPINGJIIA0 PIIAYIVAH
pue [LoSs [enpLsaJd ayl ~passasse L||njalted ag 03 aaey (|Im sainiied

adf3y abpas o3 ado|s styl jo AJLArlisuas ayl °qf aanbl4 uL umoys se ‘v
pue gf pue ‘VE pue Y1 ‘g€ pue yg s3as jupof buoy| sadnjie) adA3 3bpam [eil
T Tiajdd [jews A[aAt3e(ad jo A3jliqissod ayl Joy 1daaxa a|qe3s patapjsuod

*331 113 padn3oed) pue pasayjeam Apybry ‘unodq pue

2do|Ss %004 [|EJ43A0 3yl
LLoSs |enpisad Aq ute|Jdanc 83LLLIY E/2H " LEjuoZldoy 3u3 wody saatbap 08
yb1y al3aw g9 A(ajewpxoaddy

jnoge je Buiddip adois 3304 33pLLE3 E/2H

vl 7 ET

ado|s bujpoey 3sap

069 ©3 Olt

2 HOILJ3S

suoiyef13saAauy papLejap e £q passasse AQ(nd
-a34e3 a3q 031 aAey (1A adols siyl Jo A3pLiqeis a3yl *3aAL3|SUDS paJtaplsuod
st ado|s Buiazejy yinos SLul 40 A3p|tgeis | |B43A0 3yl vy pue yZ siujol o3
inp AL94id paJapisucs 05[¢ s} adaniiey adA3 Buy(ddo3 ‘wo}1ippe Ul "21Q1S
~sod pasapisuod aJe ‘qg atnbi4 UL umoys se ‘gf pue gl pue ‘gp pue yT1 5338
jujof buo|e SaJniLey sdA3 abpam [eijuajod ~303 ay3 uwuliy dn saazjaw Ol

L

¢T ¥ 11

ado|s Buraey yinos

0T1% 03 06E

_{p,3uey)
a HOILJ3sS

uoj3didasaq

- oy
a3e|d

ase4 ada(§

[saJdi3uw)
» 9beULRY]

uo}3a2s

91




T 34nbi4 uo umoys abeuieyy ,

cJdensujuad. 3204 3suiebe a|bue ado|s ajes e je |Pluadjew

paaowas ayjy ade|d pue saoway -Jepnsujuad 3yl jo 3ubray ayy aznpas 03
Kaessadzau aq [Lim 3L *dJeinsutuad spyy jo sado|s Buyodey 3sea ayl aspljqels
03 JapJo u] -F[qejsun padapisuod aJe bujuiw Aq 3J2| §20d4 JO Je[nsufuad
343 30 sado|S [eol3JaA Jeau ayl *adaamoy -a|bue adoys a|qe3s e paujeile
sey ae(nsuluad ay3l jo 303 ayj 3e |PjJ4@JEW IIJLIS 3Y3 JeY) paJapjsuod

st 31 -903 @8yl 3Je 3aJds 3sool 2yl yiis Jayzaboi ‘adoys ayy jo 35342 aul
Apau juapLaa [|13S SL 4eds diys ayl creynsujuad ayy jo ado|s Buioey 3sea
Siy3 ul patdnado auanyiey adAy dp|s senodpa abae| v jeyy Juapiaz s} 3t
*£taenb ayz Jo0 u0L329s S}Yy Jo uoljoadsul |njaded wodd *Iuoz Jeays [e3L]
-43A Je3u P s3asiJdwod sae(nsujuad ay3 ‘g ©ol323S UL pIVL[INO SY " |EELIIEL

331025 jualefpe ayj pue ‘suojiedado Buiujw Aq 31j3a[ 3204 jo Je|nsujuad | gz pue Je|nsutuad

juaujwoad ay3l jo sado|s Buloey 3sea auy sas)sdwod Axaenb ay3y jo 3 worlaes| zez ‘12 30 ado|s Bulsey 3sel| 0601 01 GiB 3 N0IL33S
*A311tqe3s 3jowodd o3 pasaauvpbua A niaded agq o3
3IABPY [ |LM _‘3J0j84343 *‘Q w0}1303S Buoje sadoys ayl *ajgeisun paAapLsuod ade
Aiden) ayy o uDL1J9s sLY3 buole sado|s buioej 3s5ea au3y 'yoans sy -adoys
S14] ULYILM JuapiAd sadn|ley adfy Buy|ddol Joy 2|qisuodsaa s} pue sazabap
G/ Al3iewixoadde je adops ayj ojul sdip yotym °*yI julof o3 anp st Bulbuey
-13A0 *02 93e|d Ul umoys se ‘bueydaaro ,3IN3 ¥oq, IY} UVIYIIM ado|s buiraey
3523 [BOL343A JEAU 2yl 20 SUOLIIAS 'sadlaw Q5. pue 00L sabeuieys uaamiaqg

adoys burdey 3s5e2 ay3l 03 Je[Lwis *J43AamMof  *S$3as julol bBujp3zaasdajul fuole | gz pue _{p,1u03)

e ssan|Lej y00|q Joulw jo A3pLiqlssod ayy 4o 3daoxa I|qels Alaarjelas| 61 ‘81 1n) xog pue Jde|nsuiuad 5.8 031 05/ 0 HOIL23S

-
' OH [sa438u)
uolidraasaq aye |d aze4 adoys r 2beureuyn uolLiaas

L1




]

'-VJ-ON\n

sado|s 3204 28y3l jo suoi3dag -pasasulbua ApLnyaded s} a3ps Ayl
papiacad 2a34s |[Lpue| B se asn Joy 3|qeiins s} Addenb 3yl jeuy
ajeoppul uotjebrysaaul Ateutwi|asd Byl Jo s3Lnsad ay)

SNOISNTIROD *el

*uojjeaado [Ll4puel ayy jo
fuguue(d |euL) B8Jojaq Ino pajlded ag prnoys siyi pue ‘adols yd04
ysea jo SisApeue pue uoljen|ea3 A31[(1Qels pallelap ® Jtoj pa3u ayl
paleaast ‘"JsA3amoy ..mm: uvorjeblasaaul Adeujwy(aad oyl

*pasiwijdo aq pLnod s350D
440MU3JEa S QELJ33BW JBADD PUE SBIJE PAPURG JO4 SAJOMYILEI FY3 JO
Gupuue(d |nj3Jded yitm *snyjl ruotiedado (|1JpuBfp 3yl ul |ejdajeu
13A03 B Se asp J0) 2|[qeilns aaoxd ‘aaaanoy ‘plnoys [vlJajew avoz
Jeays SLUi -A3L|Lqe3S 3Jupyua 03 pasowdl Lp|eiided Jo pasowald 2qg
03 aapy A3155323u Jo ||lM 'S{elt33EW AUOZ JBIYS fuisjadwod *sae|
-nsutuad 3yl -s3sod asiwijdo 03 23LS Yy jo quawdo|aaap a3yl Yilm
voljsunfuod uy pauueld A|[njaded aq 01 BARY [[iM Ssylomyjse3d a3yl
tpaefias siy3 ulp -sado|s jy3ox 3yl Jo £11(lqe3s waajbuo] ayi ajouw
-p4d 03 padazubua Ap|njaded aq 03 aArey FF_L 931s 8yl

*sadn|jey adiy
abpam JOutw jo KiLptqissod ayy 4oy 3daoxa a|qe3s Llaatje|ad fLLed
-susb ate sadols Butaejy Yy3inos pue YjJdou 3yl -sadois 3saU} ULYF|A
saanpte} 3dA1 6Bui|ddej (eyjuajod up Bup3nsadL *3sam Ayl splenod
Aides3ys sdip yorym 3@s jurof Buipusdl yimos 03 yijdou 3yy jJo aJuas
-a4d ayy jo asneazaq a(geisun K[[e43uab adae sadols Bupsey 3583 3yl
-spade Jeinsutuad 3sayl asiliqeis 03 padinbad ag [Lim syJdoMyIJel
ayeoas afte “sased (e ul .:grwwvzou ajqe3sun ue ul ALedauab
aJe ' |elJ3jEw U0z 1B3YS J0 3IJw3sasd 3yl jo Isneiag paujwun 343l
4704 30 $3553433N0G 40 sJe|nsujuad ayl @3 LLLI3 BYI ULYIM JUBS
-aJd sawoz Jeays asde a»3yl adaym 3dadxa ‘a|qeis A(aajjelas aq ol
teadde Aaaenb ayjy 3e sado|s Gutroey 3S3mM 3yy *‘edauab up

veerg1/

+4aul) pasodoad 8yl yieauaq paze|d apuqejoab v Lq padasod 33y
-uplg GO[33U ® JO asn ay3l o3 uaALb aq plno2 UOLIPIIPISUD]  tJBUL]
pasodoad pue ado|5 204 3Yy3 uaanilaq papiacdd aq plnoys eipaw abeu
~jedp ¥ "PaJaplsuod A |Njaded a3q 03 3ARY [LLA L3]EAM abedaas siua
Jjo abeujeag +Ki1axenb ayl Jo aseq ayy aaoqe sado|s ya0r Ayl jo
awos woty Buijeuewsa pa3jou osle Sem abedaas Jajempunody

tdaulg
pue JaAcd 3aiqeijns e yijim paddea aq wayy AKew (ersalew ol
as4e02 Bupuiedp 9ady ayl ‘auwerfoad Guidolluow (33| Jajempunodb
ayl Jo s3|nsad 3yj Ag pawlljuod aq 01 aAeY [LIM ‘J3A3M0Y ‘siy]
*qSsH 2Ao0ge sadjaw 59 A[s3jewixoxdde jo uwotjeaa(d ue 03 Gupuod
-534400 *s53d3aw Qg 31s5e3| 1e Aq pasier aq o031 AAey |[|lM eseq 3yl
*fisenb ayy jo suotijdod BulA| Mo| a3yl Jaro jey} pazediajue si
31 -asodand sSjy3 40} pasn 3g *33Ls UO I|gelleA® ° [EPLJLIIEW Y204
Suiuieap aady 354009 1PY]l papuawwolad S} 3II  SEAJR ULBIJLEI 23A0
£f4denb 8yl jo aseq 3y Jo [3AI| Iy} asted 03 Asessadau 3q QLA 3}
*|aAa| Jailempunosb Mo||EYS ayj jgo asnesag -awwedsfoud Buployjuouw
Jajempunosb wdajbuol v Aq pswdljuod 3q plnoys siyiy 3Ing ‘pajedia
-}3U® 30U 34e |3A3| J3jempunodsb ay3 uyp suoijetaes abuael L uoll
-38¢ U] passnaslp Sse ‘Au4aenb 3yl jo aseq 03 3SO[I L0 3B SL |3A3|
J2jempunosb ay3 ‘Adaenb ay3z o uoijdod abaep e J3aQ

*sado|s 3204 23yl jo A3LpLqels
wxajbuoy ay3z pue ‘Aaaenb a8y3z Jo aseq 3yl e [3AI| Jajenpunouab
Molleys au3l uaapb 2Q 01 JABY [[}A UDLIPASPLSUOD [NJ3JRI 'JIAIMOY
*311s (ildpue| ® se Ksdenb ayj asn 03 B|glseay pasapisucy st
2t .:u%pumwumm>:m Aaeulwl|asd a3yl jo s3|Nsad 3yl wodd

1HIHKOD TVYU3H3D "11

‘81



nvadna

sdaautbul [1aL)]
pue |edluydajoay bulj(nsuo)

SYINLYYd § S3NOC 3JINI4S 3YO0OH

©5]UJWaAOW pUE SUOL}LPUD] g3jeMpunodb
40 . juawssasse paILje3ap B 3pnlaut oslE PpLRoys unijebrysaaut
paitelap ayl *Su0p3Lpuod bBurysom ajes aunsuaz 01 uotiedado ||L}
-puei pasodoad 8yj 3unodde ojup Bupyel *sados 330d |eAplAtpUL JoO
sasAleue pu® UOLIEN|RA3 A3}Ll}ge3s Pa|leIap B 3PN|IU} pLnoys UoOL3
-efj3saau} palje3ap eyl c-uoijebiisaaul pajjeiap e Kq pawdijuod
2q 031 aARYy |[tM Jaodad faeuiwypaad s1yy jo sBuipuly 3yl

*A4aenb 3y3l jo aseq syl 1e [3A3| Jajespunodb mopeys
ayy 3unod3e 03Ul 3YE3 03 dAey o0s5Qe [[IM 3ILS aBUI JO juaudo jaaaq
ssuojjeaado Burlyljur o3 so0tdd paspiqeis pue paleady ag o031
asey L[[lA pue ‘3[qe3sun paJdaptsuod s4e suojiesado Buiuiw £g 3149}

‘02



—rr AT

-

Laaedb asoo| @
AlLlensa 3nq “3)13s J0 wrxpy *3j05 aq
Aew idfpdaqe) pajldayul ou Jo 3|3IL|
Yitm [Llos (enpisad ‘Lppaaeab 'xoelq

03 uMoJdq {Jdep : padayjeam A|aje|dwo) SH
adniona3s (eupbido bujpupelas
¥204 3305 03 Y204 3Jos AxaAa “3jLym
4o jupd Mmopadk :padsayjzean KApybLy PH
§304 pleYy 03 3J0S
‘umodgq A133adwod pauie3s st peld2ieuw
3yl ¢ (,um0uq pug,) padayleam unipay EX
4 yooud
pdey fsauepd A3nuijuodsip U0 UKOUg
pautels 3nq ‘|eldajew an|q o3 JeLlW]S
: (,umouaq 3sT,) padayieam K[3ybL(S ZH
yood pdey A43a f|ppuasjeu Yysady
£133adwod : (,an|q,) padayjeamu TH
aLeas

uotidiaasag

Butdayieapn

JLIT7IL NI 9NIU3HLVY3H 40 SZQVH)

¥ X10H3ddY




1 % f,\.ml. sl ey 8 . ooge Wi 37vIS
oy B TING BT
£02/98 ﬂ/rw_A\\ ; g ’ "8l ut o] pauajay uoyIS 2dolg ¥aoy @
OH IeH S SINDO IDNILS RIOON
rMB, AAISEM
et i B .
‘gA Aupnp siysni) 'y’ . 52){3w ul abouoy) aoudszjay aipwirorddy n.nn__u_
by
£ -
66-E-B2 wrp Q17 {M4d) HO3L -31SVM Nv7d 3LIS T AIN
u o I m =
: g : 5\ :
~ re 4 3 = 2
W W o =} o

QL7 tRid) wal - aisop, AQ panddns uoljpwaon)ug '
joowydorbodo} woyy pasodaid suplg :3joN

DoZ kA —

e O3LVIILSIANI ._.mmd.:c@

40 NOLLYOd

]

/ ALAIEIM

upging jo Kpsaaaun of




ersity of Durbon Westville

To the Univ

AN

Circular Slip in Ovesburden.

-ﬂlmﬂ““w
T

Ye4 200

oee 28-3-89

BwWJ

88/203
2.

Fig Na

Rat Ha

00200T £ X E l’ﬂ"é
o ~%
>t
_D_; = 7] 1

[} =4 !
I w 3 Ot,e [
CrElag i
w55 2 1
- g2 H
) OF fi’
W<, (25 H
o’ ol E
< § f
= 5

0O¥OOER X
=3
g
o
@ o
@ :
g =
= -
8 o=
o Q
o 15
(5] w

Q0900KR X

Approximate Extend of Shear_Zone within tha Tillite,

quotic Vegelation.

Wby A

LY

5 Graundwater Seepoge oul of Rock Face,

Q: Circular Slip in Soil ond highly Weathered Rock Overburden.




8 il ur).nw Vol G g Sev ks
. /,:_ .\ SUINL2IV ONY
EO2/B88 el WY S3NOr 3DN3dS ROOW
PRB o alIIAISIM
T pie Aupnp sisysniyy 'S
68-€-82 wmg aLt ;hn: H23L~-3LSYM -sio|d |puojonb3 sishiouy julop

- uawwssessy Kigois vy pasn sjuier ubjseg |pdiuug o

>~
w
X

juswssassy  AlIGDIS
Ul pasn sS85 Juiof §O uolDulau| [DILLD

0dl ool as!

osz

ole

[+]:F4

062

- ol o ost

ylsoN emdL

ooo $0 ar
Jaquing  mop

o)1) e cP e

02 og vr taZ ~

00 SL er G : D

ose o8 er o - =]

o3z 52 ir =

el - 8 ;m

saaibeg ul T |DlvazieH eyl -
ueyseng dig woy saubag ul dig (B3N Isow 3h auiep o b] = mu-

>
u
-

Tjuawssessy AEqo|s
U] pOEM Sjulol JORPIAIP| JO sUOYDjLELID

[<F1] pai D&I

[a}:H

oLz

ot o o5t

yiloN sasl

" NOILD3Irodd VIHOLYNO3F - LANOIHILS V3IYV-1vNOd

NOILJ3rodd vIH0LYND3 - L3NOIYILS v3YV -1vN03




PR T T e 00GZ ul| ajoag
on Bl Agiy
coz/88 %/L ,\ S iy :
\ ) 3
oN 30y SINOI IDNILS JOON “SlaAa] JI|DMPUNDI JOLILOW o
rMe 3NIAISIM ol pasn *sejoussog jo vomsod apwixosddy | HE
BA g Kupnp slaygsniy ‘y'S " .
i *sajoyasog et
68-€-82 wuo ain Ahr...: HO3L-31SVM  jo suonisod ajowinxorddy buimous uoid el
> 3
w w
] 8
o <]
» A
8 8




§ 4 o s

[+ o DU :.\ .Il:br. 2§ Kt O] Lo ¢
7o / r\ SUINIVE ONY
N I8y SIND IDN3LS FUOOIN
[N DI[LAISAM
BA wmeg Allong weysniyn WS

6B-E-B2 aug D._..I_ ﬂblu IUNPI mn_.mqg

RCILTIE] mao_w

%20y jo sadk] juatajyg of asiy A ' Tpatjl|dwis Joymawos ulaq
o} Klay suolipuog |DININYYS Buimoyg
*suoioafory siydoiboasals jo sxunipaddy

aaoy swoibp)p asay) sasodind eayorisnlyl Jog

1 3j0H

135 LLINNLINDJSIJ ONELOFSEZILNI OML ND 3dNTied 3003m

s23uD3d S22

40 WOLLF3HID 41T ¥ M 33
34715 Z3HO30 09 ¥ 42 1M
533033 Or 1v 5210 HXHM
8 ONY ¥ S135 ALINNIENDJSIG
40 NDILD3ISHEILIM 40 3NN

¥ SINISIBGSH B'V I 1NICd

8 135 ALINALINDO5Id 40
NOUYEINS OO Hv0d

@

3

¥ 125 AUnNINIOSIg 43
NOEIVHINTONTD bvidd

£236t30 OS2 HOUISHID
d1J Nl EZ36237 09

>

HLEDH 3ndL

(=1

oer

o

or

BILLINKILHO2SIO DHIGDIQ ATd3515 A6 O03ivHvd3S S34NLINYILS
HYHANT0D WHOd NYD HOIHM NJOY OHvH NI 38N7Ivd DHIGAOL 3univd 341 BT

Ll . 17 K 339933 09N W1
40 di 1y gIIVINIHO
7135 ALNNLNDISIO 2
NOLIVHINIOND WY 10d

me

on

v 13
ALINNUNIDSIT 30
/mJUQ_u Av3H0

\ Betd

\ e

me

(34

2135
ALINHIANSOSI1D
40 F5HD 1v3HD

/\/ sT3931 O52
HIUTIHO 0 1

£33K02 05 1 Iy
/ 33v4 34005 0
FDUI 183

5334931 07T ) HOLLI3HMI
di0 Wt §334030 09
dig v 3274 34075

@ 4% 3Dwd Lv3eo
k=
=

533L930 05T

42 HOUA3WMA i M S33E230
OF 40 410 1v O03LVIN3IBD
¥ 135 AUNNLLNDISIO 30
HOUYHINSONDD BI04

ot o%

<1 4 (=]

[ Bt o p: vt

HLEON 3Nt HioW 3L




B il el el e Y Py
[EE R R P P SR

.2 ] -
on Bld JA:MJ._‘.

£02/88 £ SHINLIV] ONY
enaey| W SINOT 30N34S UOOW
PME .o BllIAJSaM,
‘8A Luong wiaysnig y's
-

aLi(fid) HO3 L - 31SYM

BB-E-BE g

foaibojoeg buisn swaigosd Kiligoisg
ado)g 2|qQissod Jo uciionjoal Asoulun|ald

‘oibQ |bJnjanysg

sjuop ubisag o uoyaassaul jo au o sjlog @
vz vl

*g anbig sag - |y sjuop ubisag _-q

: AN

O¥E 7 08 vz Buyjdday
0£0 / G4 vE buyiddey
25l / 09 B¢ g1 abpam lordelrg:1=] v gl abpam
ole/ 09 g+ vl abpam 0ee s 0% VE VI abpam
- TIpO apoyy
‘wabag wondanaul o eur] sjuiop ainjiog *saasbag uvonsasraw o aunn tuop oy
jo vensang dig pue dig ubrsag 108va304 1o vay3ang dig puo dig ubisag [onualog

aunjiog Jo sedk] |Dyuajog

sinjiog jo sadAp oljualod

saadag Q2 91buy adojg pawnssy
S34075 9NIDvd HLNOS

saasbag oy 91buy ade|g pawnssy
S§3d015  9ONIDV4d HLIYON

o om (21}

el > ooz
ot

oSr i HOuNM
40 atbuy

/ Sk () vouany
E_N__— o sibuy

NOIL23rodd IvIdOLYND3 — 13NO5E2LS V34V -vno3

NOILLD3r0dd vIHOLYNO3 - LSNO3E3LS v3HV —Tvino3

NOIL23M0dd TVIBOLYND3 - 13N03X21S Y34V -1vN03




B N il et 08
2 (oI S SRty fmasyre. P ¥
R
e SENRRYY GNY
” o e SINO SDNES JUOTIN
PAB s eINAIEIM
7 g fuong wRYsmI] V'S . ‘0IQg Em,_:_u?:m
e joabojozg buisn swajgoid Alanis
BE-E-BZ o ari Q:n: H331l-31SVM sdo|5 21015504 JO LOHDN|DAT AJDuiwl|ald
092/04 i Joun|d
! G52/59 vt EE abpam 092 /6L v buddoy
| 02€ /2§ YE VI abpam 8.0/ 89 8t ve obpam
. B892 /79§ veve abipam 060/ 09 vERZ abpam
*gjuiop ubisag 0 UONDASJAIUG JO BUIM O BI04 @
ve vl ‘wpon IDOK
‘ssubaQ uciaITUg o U o Bannny t3nbag wvonsesiaul o sLar anjiog
“g ambiy sag - 1y swiop ubisag P jo vordang dig pue 010 ubisag Ionuascy 10 wouxNg @ig puD 01g uli20 tonuaiog
2injibg - Jo sIdAL |DHUIjod wnipg jo sadil [pyulicd
FAIA @ 3389 02 vwibuy edojs paunssy @ ssaibag ) @2ibuvy @dojs pawnssy @
5340715 ONIDVS 1S3M $340715 ONIDVd  Lsv3

crz ov
~
ot ™, otz oft /«/En
. (4] / ol [=4] - ort
, ont \ /«. [ o 4\ /( ot
174
/ \ 3IBVLISNA
3NDZ o8z

Mg 3TLENN Mnn B_.N .J
9* ot o6 —_ st
* \ h L] a
W1 Q uOusUY
] o oo s ot
.1} (13 o otz
- u LR | ¥
o mb
o 1o mbw Ao = \\. =
ox ox
crt
[ 14
ol
o ° o5t o o oet

wey sy Wy enrp

NOILOIrONd TVIH0LYND3 - L3NC3EELS ¥3HY -1vnd3 | NOILI3MOdd vIHOLvVNO3 —13NO3X31S v3ABY —TVN03 NOLLDIrodd IviHoLyno3 — LINCIE3LS v3HY ~Tvnd3




SS43s8W iy 0} (y¢ SUwlikyy - Y UUL4uoy
sadlaw Qgsi 01 0 abeuwyieyy - y uotrioas

J pue g 'y suo1323S pajeubysap ‘Aadenh jo sadoys Buloey 3sam pue yjnos |edsusy - 2z 31¥1d

——0 NOIL23S—— —~— 8 NOIL)3IS—= =e—= g NOLLOIE—»

paieblysaaul Aiaaend
943 JO Su0L323S |BNpLALpUL

$3.423w 0507 01 §/8 asbeutey) - 3 uot3aas
s3aJ3ew G/§ 03 62/ abeuleyl - g UOL3IIES

prictusasy) f1yong 1 pue g suotr3das pajeubisap *Auaend jo sado(s buloey 3sea pur yjdou |eJausag - [ 3LV 1d

3L {8 vonzET (TRpIAIpY]

sivud 42 vo
FUD oM

Ut .
stowcuy moumaiady  gg

Nv¥Id 3LIS

=

b,

<

WWWf

———3 NOILJ)3S ———=—0 NOI[LDJ3S—

N




e

rdensutuad yo asoy - 7/ 31Vid

w?uioiigasy) diong
1 JO uDH3AT BRpIEYY

Ee=10)]

eiouy o
PuD ;N ¥

RIVEITT ¥
ibowieys wminumaiddy  pol
NYd 31IS

"delnsuiuad jo ado|s Gupdey 3sam - § ILv9q

rado|s ayj 40 303 ays
IR |ELI33RW 3343S asoca| ajop

"81QRISUN padaplsuod -,3n3-xoq

40 ado|s bBursey jsey -

b 31vid

‘W QgGl ol O HD
v NOILDO3S

TpaULWUN 3343| uU3aq ARPY YIlym a3L[LL BAAMQ
3yl Ul s3uoz Jeays bulpuzdal yinos-yzdou ade
3ybia 3yy uo uol3oas se(nsuiuad syl pue 3313 |
843 uvo 2do|s buldey 3s5ea ayl -"yijtou Buiyoo|
Addenp) 4o ¥y NOILDIS 30 M3LA [Edausg - £ 31Y1d

3




—— T T T AT S N A Y P A S e T SN R sy - T e o e e s e e

*ado|s 243 Jo @0}
=41 3P 23425 3soo| pue a3do|s_ayl io *s534113n9g

PauLWUN 3yi Jo 35343 3yl Jedu 33L|[L] B]dB1IsSuUN

15242 3yl 3® a4n|ie} 3ol -
° i3 3 L {83 BRal gl di0Td ALlet3uatod padayjesn A(ybLy buimoys - 0f 3lvig

|

LT TS
AL

LR

T T T R
Y 3 { .

| NAEIES
|
i
i
]
13
i
sletdajew 33Lds 3500] sastadwod
*3seayjdou BuLyo0)
*fz2aend ayy Buldasaus punodBfaaoy_2u1 ul _ssaLling u
pros 03 jusdelpe adoys Buroey 1S3 - 6 31¥7d £1dend 40 @ NOILD3S 40 mMaia (Pa3uag - B 3LY1d
ety duenp * .
WY JO LTHZIE JORDIRTRY] }HMW wmm m.ﬂ .
o4 CRTLUEEN AU .o
’ ; h_un“:u_ N .uﬁu_m_w @
f . tasap ul .
,_ stowicuy siowiteidly  pOl
; NY1d 3LIS
|
4
|
|
1}
i
|
‘WOl 04 062 HO -8 NOILDO3S
. .
0
]

=



1 "SoUUI JEGYS DuL}JdSdaolly “1p
W TaILLLLL om3 g0 2uasadd o0y anp ‘adols “33s juiol 4ofew Bulpuasgl _ujnos
i PYAMQ 3Y3l ULY3ILM (3204 PaIN0|0I - 3yi 4o 315247 ayl Jeau Juoz pad -cuwnc wmcwwuc_.mﬁammpwn- mw!mmem
i qyb1{) 8uoz aeays - 91 ILYId -3y1eam uL sdnpley ajol - §1 3IL¥d

TR

-‘-.-h ., —.
(LN

"wEos9 o Ol HO
2 NOILO3S

paipbiissau dzonp
32U} |0 UDII33T (SAPIAIPY]

ciowg 19 vonsan *3sea bupyoo| Ausdend jo 3 WOILI3S JO MILA [2Jaua9 - €1 3Lvid
ut o vanang < (D) EITRE

wnEy Ul .
stcuioyy 3ownosddy Q01

HYd 3118




P e T LY AT

14 . capts
leidajew 3ucz JE3YS 1

i “3san ayj spaenoy dip fapstiduos aginsuiiad 3 qessin i e RELULE PR R PURNRL e

| Jiym julol Bulpusd nos-yiJdou | jo ado|s buioey 3sap - 61 3ILY¥1d Let .u ys 4 L 1 uLwun

yaiys juiol Burpuady y3 u3 paui|a STOH © GNE N, G0 W14 LedBigy - Lwlf atoun

: -ut 031 anp adols }Jo04 Buibueyz3ao 3joy
| *,3nd-xoq, jo adols Gulaey 3se3 - pZ 3LYd

“ENTH
SRR
SR

. 0 HOLL23§ 40
ado|s Bupoey 1sea 40 MALA [RJ3uay - /T 3IL¥1d

paichiitasu] koonp
Byl JO LDII3IE [DRPIAIDU]

€08, §9 uonzang A“U
Pug sn akold @

“fanEp Ul 4.
abouioy) wmiowiroagdy QoI

Hv1d 31Is

'wg/g 0} G2/L HO
d NOILO3S




T A T—

paictusasy fuong
ayy JO vonzaE (enpaipuy|

elouy Jo wonsing AUU
puo N #old @

B TEI
sbouoyy alcwnosedy

H¥Id 311S

.
oo1

ILLLLL eydmg Byl Ul
auoz Jdeays *|eotjsaa Jeau ‘Buipusu)
yinos 031 uyidou v Buysiadwod ‘saeins
-utusd pauiwun ayj Buimoys - £z ILY1d

"WwQOGOl 04 6.8 HO
3 NOILD3S

-3l10) 3y3 UL siJqap aJdn|iey Huimoys

rKk1aeng

PR ———

40 3

HO1L23S

10 MILA

EPEDER]

= 22 3ivd

- 12 31v¥7d




*32R4 udayinos - §2 Iivid

"a1l11tl ®yAMQ @yj ul auoz Jaeays
|ea134aa ae3u bupsiadues ‘yood
40 a@|nsutuad a[ge3ysun - £Z 31V¥1d

*3auedjua ayy Buryosolgq siuqap pajLey
3yl Agq psjepdlsuowap S| UOL}lpuod
argejsun ayl -A4aend a3yl jo uojljdod
SLYy: 03 3ouedjua ALuo a8yl si 3ILLLLL
ayj ul auoz Jgeays ay3 ubnosyz ana
{BPOLYLBA JBIU “MO2JPU SEYLl - 92 JLV1d

paicsieaae) donn
sub Jo uBlIEs [EAPAIBU]
A . +adey udayjgol - 2 3LY¥d
cioug Ja —_—
= puvo

Nv1d 3115

7
k@
Aﬁﬂvrﬁﬂhdyza
W RENILIT IR - T - e 3
@ nla”v\\ / 1touioy :nE:n“.au... am: SY s A EMW........V Set
2 v 3 A 7 1

w L2A3| Jalempunodb
pasodxs pue SUOL1LpPUOd 3|QEISUN

teLauab syl jo asnedaq pajebirisaaul

j0u ses Asaend 2yl jo uopisod sty

AHYYND 40 NOILHOd NH31S3IM




=BLWIiDE Consulting Engineering Geclogist

APPENDIX O

Moore Spence Jones and Partners Report Ref. 89/58

A sub-soil investigation for clay borrow materials

at Ridgeview quarry Durban




S e

Copy No
Ref No : 89/58
BWJ/deg

AUGUST 1989

- REPORT TO WASTE-TECH (PTY) LTD

ON A SUBSOIL INVESTIGATION FOR
'CLAY BORROW MATERIALS AT
RIDGEVIEW QUARRY, DURBAN

REF

89/58

MOORE SPENCE JONES & PARTNERS

Consulting Geotechnical and
Civil Engineers

P 0 Box 1263

WANDSBECK 3631

Tel : (031) 861324/5

Fax : (031) 865322.




ITEM NO

L5 2 N~ T %

~ O

I NDE X

DESCRIPTION

SCOPE OF REPORT

TERMS OF REFERENCE
INFORMATION SUPPLIED
FIELD WORK

DESCRIPTION OF THE SITE
SUBSOIL CONDITIONS
LABORATOR& TESTING

7.1 Particle Size Distribution

Analysis
7.2 Compactoin Tests
7.3 Permeability Tests
DISCUSSION
CONCLUSIONS

Appendix A
Inspection Pit Profiles

Appendices B and C
Subsoil CTassifications

Appendix D
Laboratory Test Results

Figure 1
S1te Plan

Figures 2, 3 & 4

Particle Size Distributions

PAGE NO

na




REPORT TO WASTE-TECH (PTY) LTD ON A SUBSOIL INVESTIGATION FOR
CLAY BORROY MATERIALS AT RIDGEVIEW QUARRY, DURBAN

REF : 89/58 JULY 1989

Low SCOPE OF REPORT

$ -

This report sets out the results of an investigation
carried out to assess the suitability of the soil overburden
at Ridgev{ew Quarry for use as a clay liner beneath a proposed
Waste Disposal site.

2 TERMS OF REFERENCE

In terms of a letter dated 27 April 1989, received from
Waste-Tech (Pty) Ltd, Moore Spence Jones & Partners were re-
quested to investigate the overburden material at Ridgeview
Quarry. The investigation was to include an assessment of the
subsoils based on both a field investigation and Tlaboratory
tests.

3. INFORMATION SUPPLIED

In preparing this report use has been made of the City
of Durban's orthophoto map of the area, Sheet G39, to a scale
of 1 in 2000, dated June 1978.

It is understood from Mr R Taylor of Ridgeview Quar-
ries, that future quarrying operations would take place over an
area between the existing access road to the Quarry and Ridge
View Road. However, at this stage, it is not known which por-
tions of the site will be quarried in the future, and the
phasing of quarry operations.




4. FIELD WORK

The field work was carried out on 13 June 1989. S i%-
teen dinspection pits, designated IP1 through IP16, were put
down across the site at the approximate positions shown on the
site B15h in Figure 1. The inspection pits were excavated

using a Case 580G backacter supplied by Pinex Plant Hire.

A11a the inspection pits were excavated through the
clayey overburden into the weathered tillite bedrock, underly-
ing the site. The inspection pits varied in depth between 0,4
and 2,6 metres below ex{sting ground Tevel. Representative
samples of the subsoils were taken for 1laboratory examination
and testing. -

The logs of the inspection pits are given in Appendix
A. The terminology used to describe the soils and rocks in the

Togs is defined in Appendices B and C.

5 DESCRIPTION OF THE SITE

Ridgeview Quarry is located on the northern bank of the
Umbilo River. Access to the quarry is via Ridge View Road.

The area investigated for borrow materials is situated
on a general south-facing §1ope, above the Umbilo River. Two
non-perennial natural drainage valleys bisect the area, drain-
ing towards the Umbilo River. The extent of the area investi-
gated is shown on the site plan in Figure 1.

6. SUBSOIL CONDITIONS

The area is underlain by colluvial and residual soils,
overlying weathered Dwyka tillite bedrock.




The colluvial soils are extremely variable, but can
generally be described as a greyish brown, medium dense, sandy
silt, containing abundant weathered tillite fragments. The
average thickness of the colluvial soils is approximately 0,3
metres, in the approximate range 0,1 to 0,6 metres. Frequently
present at the base of the colluvial soils is a very thin
pebble marker horizon. This marker horizon comprises gravelly
sands.

In the relatively low lying valley bottoms, the collu-
vial soils are underlain by clayey residual soils. The residual
soils are derived from complete insitu weathering of the under-
1ying tillite bedrock. The average thickness of the residual
clays is approximately 1,6 metres. The yellow brown, reddish
brown and mottled light grey residual soils vary in composition
from sandy clays to slightly sandy silty clays as shown 1in
Figure 2. The clay contents vary between approximately 20 and
Eglpercent. o

In the valley bottoms the residual soils frequently
grade_with jncreasing depth into completely to highly weathered
(w5/4)‘til1ite. Over the relatively high lying valley sides
~“the residual soils are generally absent, and the colluvial
soils directly overlie yellow brown weathered tillite, at an
average depth of approximately 0,6 metres below existing ground
level, in the range 0,2 to 0,9 metres. The completely to
highly weathered (W5/4) tillite is often overlain by a thin
clayey sand horizon, which is a gradational weathered residual
soil layer between the completely decomposed residual soils and
underlying W5/4 tillite. This layer, however, is generally
less than 0,6 metres thick and has a sporadic distribution. In
a bulk earthworks operation this yellow brown clayey sand
material would be difficult to distinguish from the underlying
W5/4 tillite.

With increasing depth the (W5/4) tillite grades into
highly weathered (W4), soft rock, yellow brown, 311 T e
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| The approximate extent of the area underlain by resi-
dua1\c1ays is shown on the site plan in Figure 1.

Vs \ LABORATORY TESTING

1) L]

lLaboratory tests were carried out on representative
samp?e# of the subsoil materials for classification purposes.
In addition, laboratory permeability tests were carried out on
reqoﬁggg;gd specimens of the residual clays. The detailed re-
sults of these tests are given in Appendix D, and are summa-
rised below.

7.1 Particle Size Distribution Analysis

Particle Size Distribution Analysis were carried out on
representative samples of the colluvial and residual soils, and
completely to highly weathered (W5/W4) tillite. The results
are given in Figures 2, 3 and 4.

7.2 Compaction Tests

The results of the compaction tests are summarised in
Table 1 below.

TABLE 1

Summary of Re§u1ts of Compaction Tests

Inspection Depth Description Proctor
PiE

Optimum Maximum
Moisture| Dry
Content Density
No . metres Percent | kg/m3

IP 1 0,6 - 1,6|Yellow brown, clayey 20,5 1748
SAND - (W5/4) tillite

ip 2 0,2 - 1,4iDark red, sandy silty 14,3 1742
CLAY - Residual




TABLE 1

Summary of Results of Compaction Tests

o (Continued)
Inspection Depth Description ' Practor
Pit
’ Optimum | Maximum
Moisture| Dry
Content Dens%ty
No. metres = Percent kg/m
IP 8 1,5 - 2,1|Light grey mottled 18,5 1750
yellow, slightly
silty sandy CLAY -
Residual
IP 10 0,3 - 1,7|Yellow mottled grey, 13,5 1874
stiff sandy CLAY -
Residual
IP 14 0,3 - 0,9|Dark brown, dense 10,0 2021
clayey sandy SILT -
Colluvial
7.3 Permeability Tests

Laboratory permeability tests were carried out on
representative samples of the clayey materials, compacted to 90
and 93 percent of maximum Proctor dry density. These tests

were carried out in a triaxial test apparatus. The results are
summarised in Table 2 below.




TABLE 2

Summary- of Results of Permeability Tests
Carried out in Triaxial Cell

Inspection| Depth Description Degree of Clay Coefficient of
Pit No Compaction*| Content| Permeability
Percent Percent cm/sec
IP1 . 0,6 - 1,6 |Dark yellow brown 90 18 1,6 x 10~/
clayey SAND (W5/4
Tillite) 93 18 5,2 x 10-8
IP2 (0,2 - 1,4 |Dark red, sandy 90 28 8,2 x 10-8
silty CLAY ‘
(Residual) 93 28 | 2,6 x 1078
IP8 |1,5-2,1 |[Light grey, mottled 90 35 3,0 x 10-9
' yellow, sandy CLAY :
(Residual) 93 35 2,2 x 10-9

* Percentage of maximum Proctor dry density

%

8. DISCUSSION

The various subsoil materials underlying the site are
discussed separately below.

(a) Colluvial Soils

The dark brown colluvial soils underlie the site to an
average depth of 0,4 metres below existing ground Tevel, in the
range 0 to 1,2 metres. These soils can generally be described
as clayey silts, with a clay content of approximately 15 per-
cent. The colluvial soils are extremely variable in composi-
tion, and contain organic vegetation. As such, the colluvial
soils are considered unsuitable for use as a clay liner.




(‘b) Residual Soils

From the results of the investigation, it is considered
tpat- the residual clays underlying the valley bottoms are
suitable for use as a clay liner. These clays, however, are
limited in extent as shown on the site plan in Figure 1.

.The clay contents range between approximately 21 and 35
percent. Laboratory determined coefficients of permeability
conducted on recompacted samples range between approximately
2,6 x 10-8 and 3,0 x 10-9 cm/sec. It should be appreciated,
however, that Taboratory determined coefficients of permeabi-

lity are genera11y lower than equivalent field cond1t1onk:-§{

. 1 \ o 7 ";m.h
¢ RN

AP n- \f‘

Taking into account the c]ay content and plast1c1ty

index, it is considered that the res1dua1 clays have a medium to

to high potential for expangjveness "It will, therefore, be
important to control moisture content variations in the clays,
to prevent shrinkage cracks within the clay liner.

(c) Clayey Sands (W5/4 Tillite)

The clayey sands derived from complete weathering of
the underlying tillite, are considered to be marginally suit-
able for use as a clay liner. Laboratory tests indicate that
this material has a clay content of approximately 18 percent.
The coefficient of permeability determined on a sample recom-
pacted to 90 percent of Proctor dry density was approximately
1,6 x 10-7 cm/sec.

This material, however, 1is sporadically distributed
across the site, and is generally less than 0,6 metre thick.
Because this material would be difficult to select, it is re-
commended that the clayey sand (W5/4 Tillite) be disregarded.

\ Qo

; \ &
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(d) Completely to Highly Weathered (W5/4) Tillite

The W5/4 tillite is considered unsuitable for use as a
clay Tiner. Laboratory tests carried out on similar materials
in the Durban area indicates that the average clay content of
the W5/4 tillite is approximately 10 percent, in the approxi-
mate range 5 to 15 percent. Frequently present in the tillite
are hard fragments of Tless weathered tillite, giving the
material a gravelly composition. As such, the permeability of
this material would be "high. |

9. ~ CONCLUSION

The site is underlain by colluvial and residual soils,
overlying weathered Dwyka tillite. The residual clays under-
lying the natural drainage :valleys at.the site are considered
suitable for use as a clay Tliner. These clays, however, are
limited in thickness and Tlateral distribution across the site,
as shown in the site plan in Figure 1. '

Taking into account the thickness and lateral distribu-

tion of the clays, it is estimated that approximately 60 000 m3
of suitable material is available from Ridgeview Quarry.

AUGUST 1989 MOORE SPENCE JONES & PARTNERS
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INSPECTION PIT PROFILES

Contractor : Pinex Ref No : 89/58
Machine : Case 580G . Date : 13/6/1989
Observer : TvN

IP Depth Description

No

‘ -

1 0,00 - 0,20 Dry, slightly moist, brown, medium

dense, fine sandy SILT and roots and
occasional pebbles - Colluvium

7

0,20 - 0,45 Slightly moist, dark brown, medium
dense, lateritic, slightly clayey SILT
and fine roots - Colluvium

0,45 - 0,60 PEBBLE MARKER comprising gravelly SAND
0,60 - 1,60 S1ightly moist, dark yellow stained
dark brown, dense, fissured, clayey
SAND. (W5/4) Tillite

1,60 - 1,80+| Soft rock, light olive stained dark
brown, very closely jointed DWYKA
TELELTE

Bottom of IP 1,80‘metres

2 0,00 - 0,20 Dry, slightly moist, greyish brown,
loose, fine sandy SILT and abundant
pebbles and roots - Colluvium

0,20 - 1,40 Slightly moist, dark red, firm to
stiff, microfissured, sandy silty CLAY
and abundant tillite pebbles and occa-
sional roots - Residual

1,40 - 2,30 S1ightly moist, dark yellow stained
reddish brown, very dense, slightly
clayey SAND - (W5/4) very soft rock
Tillite

2,30 - 2,60+ W5/4, Extremely soft to soft rock,

dark yellow to light olive stained

reddish brown, very closely jointed
DWYKA TILLITE

Bottom of IP 2,60 metres




IP
No

Depth

Description

0,00 - 0,30
0,30 - 0,70

0,70 - 1,10

Dry, T1ight greyish brown, loose to
medium dense, fine sandy SILT with
abundant tillite fragments and fine
roots - Colluvium

Dry, dark yellow stained dark brown,
dense, fissured, fine clayey SAND con-
taining abundant highly weathered til-
lTite fragments (W5/4) Tillite

W5/4, very soft rock to soft rock, dark
yellow, very closely jointed DWYKA

- TILLETE

Bottom of IP 1,10 metres

Dry, 1ight greyish brown, loose, fine
sandy SILT containing abundant tillite
fragments and fine roots - Colluvium

W5/4, very soft to soft rock, dark yel-
low stained dark brown, very closely
jointed DWYKA TILLITE with light
greyish brown colluvial SILT in open
joints.

Bottom of IP 0,40 metres

0,00 - 0,20

0,20 - 0,50+

Dry, light greyish brown, loose,
gravelly, fine sandy SILT with abundant
fine roots and tillite fragments

W5/4, dark yellow stained dark brown,
very closely jointed DWYKA TILLITE

Final depth of IP 0,50 metres

0,00 - 0,30

0:30 - 1520

1,20+

Dry, 1ight greyish brown, loose, firm

sandy SILT containing abundant Tillite
fragments and occasional boulders (up

to 800 mm diameter) - Colluvium

W5/4, very soft rock becoming soft
rock, yellowish olive stained dark
brown, very closely jointed DYKWA TIL-
LITE

W4, soft rock, Tight olive stained dark
brown, very closely jointed DWYKA TIL-
LITE

Bottom of IP 1,20 metres




Ip
No

Depth

Description

0,00 - 0,10

0,10 - 0,60

0,60 - 1,30

1., 30+

Dry, greyish brown, loose, fine sandy
SILT with abundant tillite fragments
and fine roots and occasional big boul-
ders

Slightly moist, dark brown, stiff,
microfissured silty CLAY and occasional
roots - Residual

W5/4, very soft rock, yellow stained
dark brown, very closely jointed DWYKA
TILLITE :

,wd, soft rock, light olive stained dark

brown, very closely jointed DWYKA TIL-
LITE

Final depth of IP 1,30 metres

0,00 - 0,10

0,10 - 0,60

0,60 - 1,50

1,50 - 2,10

2,10+

Dry, greyish brown, loose fine sandy
SILT

S1ightly moist, dark brown, very dense
fissured clayey SILT with occasional
tillite fragments and boulders - Collu-
vium

S1ightly moist, dark orange brown be-
coming orange brown, very stiff, micro-
fissured silty CLAY containing abundant
completely weathered tillite fragments
- Residual

Moist, 1ight grey mottled dark yellow,
stiff, fissured, slickensided silty
CLAY - Residual

W4/3, medium hard rock, Tight olive,
medium jointed DWYKA TILLITE

Final depth of IP 2,10 metres

0,00 - 0,20

0,20 - 0,50

Dry, greyish brown, very Tloose, firm
sandy SILT containing abundant tillite
fragments and occasional boulders -
ColTuvium

W5/4, very soft becoming soft rock,
light yellowish olive stained dark
brown, very closely jointed DWYKA TIL-
LITE with colluvium in Jjoints.

Final depth of IP 0,50 metres




Ip
No

Depth

Description

10

0,00 - 0,25

0,25 - 0,30
0,30 - 1,20

1,20 - 1,70

1,70 - 2,00

Dry to slightly moist, brown, loose be-
coming medium dense, fine, sandy,
sTightly clayey SILT with occasional
tillite fragments and boulders.

PEBBLE MARKER comprising gravelly sand.
Slightly moist, dark orange brown be-
coming 1ight orange brown, dense,
microfissured silty CLAY - Residual

Slight1y moist, dark yellow mottled

.1ight grey, very stiff microfissured

sandy CLAY with 1light grey clay gouge
in fissures - Residual

W5/4, very soft rock 1ight yellowish
brown, very closely jointed DWYKA
TILLITE with 1ight grey clay gouge in
joints and bedding planes

Bottom of IP 2,0 metres

11

0,00 - 0,30

0,30 - 0,80

0,80 - 1,20

Dry, brown, medium dense, microfis-
sured s1ightly clayey SILT containing
abundant tillite fragments - Colluvium

S1ightly moist, dark yellow stained
dark brown, dense, fissured, slightly
clayey SAND - (W5/4) tillite

W4, soft to medium hard rock, dark
yellowish olive stained dark brown,
very closely jointed DWYKA TILLITE

Bottom of IP 1,20 metres

12

0,00 - 1,00

1,00 - 1,80

1,80 - 2,20

2,20 - 2,40

Dry to slightly moist, dark greyish
brown, dense, microfissured clayey SILT
with occasional tillite fragments -
Colluvium '

S1ightly moist, dark orange brown
mottled red and grey, firm, microfis-
sured silty CLAY - Residual

Slightly moist, dark yellow, stiff,
fissured clayey SAND - (W5/4) soft rock
tillite

W4, dark yellowish olive stained dark

brown, very closely jointed DWYKA
TILLITE

Bottom of IP 2,40 metres

I5




1P
No

Depth

Description

13

0,00 - 0,20

0,80 - 1,50

1,50 - 1,70

Dry, slightly moist, brown, medium
dense, firm sandy SILT and fine roots -
Colluvium :

S1ightly moist, dark brown mottled
orange, stiff microfissured silty CLAY
- Residual

STightly moist, 1ight yellow mottled
1ight grey, stiff microfissured
slickensided gritty CLAY - Residual

W5/4, soft becoming medium hard rock,
dark yellow stained dark brown, very
closely jointed DWYKA TILLITE with

"1ight grey clay gouge "in joints and

bedding planes

Bottom of IP 1,50 metres

14

0,00 - 0,30
0,30 - 0,90

0,90 - 1,20

¥,20 = 2,30

2,30 - 2,50

Fill (SAND)

S1ightly moist, dark brown, dense,
fine, sandy, slightly clayey SILT -
Colluvium

Slightly moist to moist, grey, loose,
fine grained slightly clayey SAND -
Colluvium

S1ightly moist, dark orange brown
mottled red, firm, microfissured silty
CLAY - Residual

Slightly moist, dark yellow stained
dark brown, stiff, fissured clayey SAND
(W5/4) Tillite

Bottom of IP 2,50 metres

15

0,00 - 0,30

0,30 = 0,90

0,90 - 1,10+

Dry to slightly moist, greyish brown,
medium dense, fine, sandy, slightly
clayey SILT and occasional tillite
fragments - Colluvium

S1ightly moist, dark yellow stained
dark brown and red, very dense, fis-
sured, slightly clayey SAND with collu-
vium in fissures - (W5/4) Tillite

W5/4, soft rock, dark yellow stained
dark brown and red, very closely join-
ted DWYKA TILLITE

Bottom of IP 1,10 metres




IP Depth Description
No
16 Approximately 30 cm Colluvial topsoil
stripped off
0,00 - 0,40 | Dry to slightly moist, dark yellow,
. dense, fissured, slightly clayey SAND
(W5/4) Tillite.
0,40 - 0,60 W4, soft rock, dark yellow stained

brown, very closely jointed DWYKA
TILLITE

Bottom of IP 0,60 metres
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APPENDIX B

DESCRIPTIONS USED IN SOIL PROFILILG

l. MOISTURE COMDITION 2. COLGUR

Dry The predominant colours or colour combina-

| . oy tions are described anludlng secondar

Siightly Requires addition of water to colouration described as banded, streaked,

Hoist reach optimum moisture content blotched, mottled, speckled or stained.

: for compaction. .

Moist Near optimum moisture content.

Very Moisf  Requires drying to attain opti-
mum molsture 'content.

Wet Fully saturated and generally
below water table.

3. CONSISTENCY
Hon-Cohesive Soils Cohesive Soils

Term ' Description Term - Description

Very Loose Crumbles very easily when . Very Soft Pick head can easily be
scraped with geological pick. . |_ ) ! ushed in to the shaft of

andle. Easily moulded
by fingers.

Loase Small resistance to penetratiaon © Saft Easily penetrated by thumb.
by sharp end of geological pick Sharp end of pick can be

Fushed in 3¢ - 40 mm.
foulded by fingers with
sOme pressure.

Medium Considerable resistance to Firm Indented by thumb with

Dense penetration by sharp end of effort. arp end of
geological pick. glck can be Eushgd in up

i o 10 mm. Can just be
' penetrated with an ordi-
nary spade.

Dense Ver{lhigh resistance to pene- Stiff Pegetra;ed.by thumb nail.
tration ' of sharp end of geo- Slight indentation produced
logical pick. ~ Requires many by_gushlng pick point into
bldws of hand pick for excava- soil. Cannot_be moulded
tion. by fingers. fequires hand

plck f£oOr excavacion.

Very Dense High resistance to repeated Very Stiff Indented by thumb nail with
blows of geclogical plck. diZficulty. Slight inden-
Regquires Dower tools for exca- tacion produced by blow of
vation. ick point. Requirss power

ools for excavacion.
4. STRUCTURE 5. S0IL TYPE

Intact Absence of fissures or joints. 5.1 Particle Size

Fissured Presence of closed joints. Term Size (mm)

Shatter=ad Presence of closely spaced air Boulder >200
filled go;nts giving cubical s
fragments. Pebbles 60 - 200

Micro=- Small scale shattering with Gravel 60 - 2

Shattered shactered fragments the size of
sand grains. Sand 2 - 0,06

Slicken- Polished ELanar surfaceglrepre- Silt 0,06.- 0,002

sided senting shear movement in soil.

i ) Clay <0,002

Bedded, HMany residual sopils show struc-

Foliated tures of parent rock (See rock
fabric descriptioen). s

5.2 Classification ne ORIGIN
A 6.1. Transported Soils .
"Term Agency of Transportation
Colluvium Gravity deposits
Talus Scree coarse Colluvium
Hillwash Fine Colluvium
- Alluvial River deposits
Aeolian Wind deposits
iou A Littoral Beach deposits .
\ Estuarine Tidal-River deposits
0 - ; Lacustrine Lake deposits
//.mmh\\ slae //:m“;\\ 6.2 Residual Soils
S 19 T s 2 AY . : : =
N cLar e - These are products ¢f in-situ wea;herlng of
\ i Caiivs . rocks and are described as eg Residual Shale.
by 6.1 Pedocretes
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Formed in transported and residual soils etc
Calcrete and Ferricrete.




APPENDIX C

DESCRIPTIONS USED IH RCCK CORE LOGGING

Term

Size (mm)

1. WEATHERING
Term Symbol Diagnostic Features
Residual Soil We Rock is discoloured and completely chanced to a soll in which
original rock fabric is completely destroyed. There is a large
change in volume.
Completely W5 Rock is discoloured and changed to a soil but original fabric is
Weathered mainly preserved. There may be occasional small corestones.
Highly W4 Rock is discoloured, discontinuities may be open and have dis-
Weathered coloured surfaces, and the original fabric of the rock near to the
discontinuicies may be altered; alteration penetrates deeply in-
wards, but corestones are still presen:z.
Moderately W3 Rock is discoloured, discontinuities may be open and will have dis-
Weathered coloured surfaces with alteration star=ing to penetrate inwards,
intact rock Ls noticeably weaker than the fresh rock.
Slightly W2 Rock may be slightly discoloured, particularly adjacent to discon-
VYieathered tinuities, which may be open and will have slightly discoloured
surfaces; the intacrt rock is not noticezbly weaker than the fresh
rack. ’ s
Unweathered Wl Parent rock shoWwing no discolouration, loss of strength or any
other weathering effects.
2. HARDHESS 3. COLOUR
Compressive The predominent colours ar
Classification Field Test Strength colour combinaticns are
Range MPa described including
secondary colouration
Extremely soft ~Zasily peeled with a knife <l described as banded,
rock streaked, blotched,
- mottled, speckled or’
Very soft rock Can be peeled with a knife. l o 3 stained.
Material crumbles under firm
blows with the sharp end of a
geological pick.
Soft rock Can be scraped with a knife, 3 to 10
indentation of 2 to 4 mn with
Eirm blows of the pick point.
Medium hard rock| Cannot be scraped or peeled 10 to 25
with a knife. Hand held spe-
cimen breaks with firm blows
of the pick.
Hard rock Point load tests must be car— 25 to 70
ried out in order to distin-
guish between these classifi-
cations.
Very hard rock These results may be verified 70 to 200
: by uniaxial compressive
strength tests on selected
samples.
" Extremely hard >200
raock
Am EABBIC
4.1 Grain Size 4.2 Discontinuity Spacing

Very coarse
Coarse

Med Lum

Fine

Very fine

Descriptions for : bedding, Spacing {(mm) Descriptions

foliation, laminatlons for : joints,
faults, etc

Very rthickly > 1000 Very widely

Thickly 300 - 1000 Wwidaly

HMadium 109 - 2100 Medium

TthLg . Jo - 190 CLoselI

Very thinly 10 - 30 Very closely

Laminated y o La

Thinly laminated < 3

ROCE HAME

Classified in terms of origin

IGHEOUS

METAMORPUHIC
SEDIMENTARY

Granite,
Dolerite,

Slate, Qu
Shale, Mu

Dolomite,
Limestone

6. STRATIGILVWIHIC (IGRIZOU

Identificacion of rock tyae
X . " ! in terms of scracigraphic
Diorire, Gabbro, Syenite, Diabase horizons from Farmation,
Trachyrte, Andesite, Basalt. Sub-group tO Sup=rgroup.

artzite, Cneiss, Schist, Hornfels

dstane, Siltstone, Sandstone,
Conglomerate, Tillite, Quartzite,




APPENDTIX D

LABORATORY TEST RESULTS
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WEZB & PARTNERS
Consulting Civil Engineers
DURBAN - JOHANNESBURG

NAME OF CLIENT:

MCORE SPENCE JONES & PARTNERS

LABORATORY COMPACTION TEST REPCRT

PROJECT :

paTE: 23.06 .189

£~

LABORATCRY STANDARD USED:

RIDGEVIEW QUARRY REF.N9: __ 1450

PROCTOR

4 -

Laboratory NS

890336

Pasition:

IPI1
0,6 - 1,60 m

Material

Brown weathered

Description

TILLITE

Maxzimum

Dry Density 1748
kg/m

Optimum
Moisture Conten?

Yo

20,5

j£20

§a

(o

4e

20

1700

§o

£o

DENSITY

4o

DRY

22

fboo

§0

to

15 40 : ,

15‘

MOISTURE

trnt
20

CCNTENT 9%




WEBB & PARTNERS
Consulting Civil Engineers
DURBAN - JOHANNESBURG

NAME OF CLIENT: MOORE SPENCE JONES & PARTNERS

DATE:

LABORATORY COMPACTION TEST REPORT

23.06.89

PROJECT : RIDGEVIEW QUARRY

LABORATORY STANDARD YUSED:  PROCTOR

REF. N9:

14502

MOISTURE CONTENT 9%

Laboratory N© 890337
Pasition
0,2-1,4m
— Yellow weath. -
aleria
Description TILLITE
Maximum
Dry De%sity 1742
kg/m
Optimum
Moisture Conlent 14,3
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-WEBB & PARTNERS
Consulting Civil Engineers
DURBAN - JOHANNESBURG

LABORATORY COMPACTION

NAME OF CLIENT: MOORE SPENCE JONES & PARTNERS

PROJECT ¢ RIDGEVIFEW QUARRY

TEST REPORT

paTe: 23.06.89

REF. N9:

14502

LABORATORY STANDARD USED:__ PROCTOR

Luboru:ur;.y N© 890338

IP8
1,5 -2,10 m

Pasition

Yellow silty

Material

Description CLAY

Maximum
Dry Density
kq/m3

1750

Qptimum
Moisture Content

%o

18,5
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WEBB & PARTNERS
Consulting Civil Engineers
DURBAN - JOHANNESBURG

LABORATORY COMPACTION TEST REPORT

NAME OF CLIENT: MOORE SPENCE JONES & PARTNERS 0ATE: 23.06.89
PROJECT : RIDGEVIFW QUARRY reF, no: 14502
¥ LABORATCRY STaNDARD usep: PRCCTOR
Laboratory N© 890339
i IP 10
Position
0,3 - 1,70 m
: Yellow weathered
Material N
Description TITLLITE
Maximum
Dry Density 1874
kq/m3
Optimum
Maisture Confent 13 ’ 5
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WEBB & PARTNERS
Consulting Civil Engineers
DURBAN - JOHANNESBURG

NAME OF CLIENT: _ MOORE, SPENCE JONES & PARINERS
RIDGEVIEW QUARRY '

PROJECT :

LABORATORY COMPACTION TEST REPORT

DATE:

REF.N9:

LA'BORATORY STANDARD USED:

PROCTOR

23.06.89
14502

Labaratary N9

890340

"I P 14

Dry Density
kg/m3

Position

0,3-0,9m
Material AL Y
Description clayey SILT
Maximum

2021

Optimum
Moisture Content

Yo

10,0

6 ¢

MOISTURE CONTENT
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. SAND 50 oy ity CLAY
and GRAVEL CLAY cL

ly silty \-

.\
sandy i 5|I1y
CLAY scmdy \QLA/ CLAY

SAND‘I’ CLA‘! SANDY SH'TY A’\c
’ / CJ_M \\ 51 Y Ln‘r

clayey SANO\ /\ qndy SILT,/\/ claye SI}\/\
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SILT

SOIL CLASSIFICATION
KEY :

® Residual Soils.
B Colluvial Soils.

A Completely to Highly Weathered (W5S/4) Tillite.

NOTE : WASTE - TECH (Pty) LTD |[""20-7-89
Based on the Polish Standard Borrow Materials i i "A:1
Pn-54 B-02480 (I1954) (After Ridge View Quarry -
Wilum and Stargewski 1972) . —

AND PARTNERS L 89 /58

MOQORE SFENCE JCNES ‘//‘q_,'{‘ RetNo.
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PARTICLE SIZE DISTRIBUTIONS

PARTICLE SIZE mm
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© cLay |FNE | MEDIM | COARSE FINE | MEDIUM | COARSE FINE | MEDIUM | COARSE
- SILT SAND GRAVEL
SYMBOL LABORATORY SOIL DESCRIPTIONS
o Dark yellow brown,fissured, clayey SAND (W5 Tillite ),
X Dark red.firm to stiff, SANDY SILTY CLAY (Residual).
a Light grey mottled yellow, stiff, slightly slity and sandy CLAY {Residual).
HOLE N° P 1 P2 IP8
DEPTH 0,6-1,6 02-1,4 1,5 = 2,1 .
SYMBOL —o— —_— —_—r
LIQUD LMIT 30 50 . 54
PLASTICITY INDEX 1 22 27
LINEAR SHRINKAGE 5,5 10,5 3,0
9, CLAY 18 °% 28% 35 %
% SILT 27% 32% 35%.
% SAND 33% 35% 28%
Yo GRAVEL 22% 5% 3%

WASTE - TECH (Pty) LTD {*"20-7-89

Borrow Materials - oy B
Ridge View Quarry Checr
BW.J.

MOCRE SPENCE JONES . Ret. Nsﬂé -
AND PARTNERS 5
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- PARTICLE SIZE DISTRIBUTIONS
PARTICLE SIZE mm
1] 3 pw-: E c o w QO wm o) © n o
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-1 | |
N 1 | |
FINE | MEDIUM ICOARE FINZ | MZDIUM | COARSE FINE | MIDIUM | COARSE
o SILT SAND GRAVEL
SYMBOL LABORATORY SOIL DESCRIPTIONS
—— | Yellow mottled light grey, stiff, SANDY CLAY {Residual)
—o— |Dark brown, dense, clayey sandy SILT (Colluvial)
HOLE N2 IP 10 1P 14
DEPTH 03-1,7 03-0,9
SYMBOL - —_—r— —_——
LIQUID LMIT 33 22
PLASTICITY INDEX 14 7
LINEAR SHRINKAGE 7.0 3.0
% CLAY 21 % 12%%
%, SILT 29% 33% |
Y SAND 35% 52% |
., GRAVEL [ 15% 3% '
WASTE - TECH (Pty) LTD |*™"20-7-83
Borrow Materials - PRI e
Ridge View Quarry Crece
BW.J.
MCOORE SFENCE JONES Ret. NB °é e
AND PARTNERS // & X
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