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Upper South East Dryland Salinity and Flood
Management Plan:

Excavation Characteristics and Slope Design
for the Drainage Channels

S WALKER (')
R L CAVAGNARO (*) and
L J MORRIS ()

The Upper South East Dryland Salinity and Flood Management Plan proposals aim to address the worsening
salinisation problems now clearly visible in the area.

This report provides feasibility and preliminary project design data to the E& WS engineers who are preparing
cost estimates for the project. It refers specifically to the excavation properties and side wall designs of both
the proposed groundwater interception drains on the interdunal flats where these may be of up to 5 metres
depth, and to the exit drain crossing points through the ridges where excavation depths may be up to 30
metres. '

Field work comprised excavation of 13 pits to up to 5 metres depth and seven boreholes to between 9 and 30
metres depth. Units intersected in the pits, which were confined to the interdunal flats, include the fine
grained aeolian quartz sands of the Molineaux Sand and the extremely variable ephemeral lacustrine
sediments of the Padthaway Formation. The drilling, sited on the ridges, intersected variably cemented
bioclastic sands and sandstones of the Bridgewater Formation.

The pits showed the Padthaway Formation sands, sandy clays and clays have been altered by calcrete
formation within the top 2 to 3 metres. The resulting substance strengths which would be encountered during
construction of the groundwater would vary from soil to strong rock. In the northern section of the interdunal
flats the predominant lithology is sand, while in the central and southern sections the sediments are more
cohesive. While steep side walls are considered feasible in the south and central areas, the sands in the north
are likely to collapse to form stable long term slopes of low angles.

The deeper channelways will pass through the high dunes of the Bridgewater Formation. The slopes will need
to be benched, but overall slope stability would appear to permit steeper than expected overall slope angles, a
factor which may aid in reducing the exposure of the slopes to wind and water erosion, a problem recognised
in newly excavated road cuttings.

1 Senior Geologist, South Australian Department of Mines and Energy.
2 Associate, R M Herriot and Associates Pty. Li..
3 Principal Geologist, South Australian Departmc:.i of Mines and Energy.
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_CONCLUSIONS

General

1.

There is a need for a much higher density of
data and large scale excavation trials in
typical areas prior to project design
refinement.

Substantial dewatering of excavations is
necessary and methods of achieving this
should be resolved early in the design stage.

Groundwater Interception Drains -
Interdunal Flats

3.

There is no recognisable correlation between
individual pits, but the northern area has
many clean sands and silts while the
southern and central areas are dominated by
cohesive materials.

Rock - mainly calcrete - is found in all
areas. The Komatsu PC 220 excavator met
refusal on this material in four pits and
larger equipment would be more appropriate
for the construction of the drains. The high
strength calcrete is thought likely to be
largely confined to a zone of approximately
one metre thickness, within 1 to 3 metres of
the surface.

The groundwater interception drains should
be costed on the basis of side slope
information in Figure 8.

The predominance of sands in the northern
area and the need for wider channel cuts
may render drainage in that area relatively
expensive,

Groundwater inflows were dominated by
fissure flow in the calcrete and rock layers.
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Cross Dune Drainage,_ChanneIs - Dune
Ridges

8.

10.

11.

The materials of the dune ridges are very
variable, both laterally and vertically, in
strength, permeability and most other
geotechnical parameters. The materials
comprise:

. weakly cemented to apparently
non-cemented sands and

. calcareous sandstone of up to
high strength.

Three alternative preliminary slope design
geometries are indicated on Figure 9.

. Configuration B is considered
appropriate unless.a trial
excavation is undertaken.

. The more economic
Configuration C may be
acceptable from construction,
safety and maintenance
viewpoints, but must firstly be
subject to evaluation in a trial
excavation.

Excavation through dune ridges is not
expected to be difficult. Scrapers will need

_assistance in areas of stronger rock and there

will be a need for some ripping.

Longitudinal drainage along berms will be
required to protect batters from erosion.



RECOMMENDATIONS

1. The groundwater interception drains on the
interdunal flats should be costed using the
side slope configurations given on Figure 8.

2. The deep cuttings through the high ridges
should be costed using the configurations
given on Figure 9.

«  Configuration B is recommended unless
a trial excavation is undertaken.

»  Configuration C is recommended
subject to evaluation of a trial
excavation.

3. This report provides data at feasibility level
for the purposes of preliminary costing of
the proposed excavations. Further
excavations, drilling and seismic work,
similar to that undertaken for this study,
plus large scale excavation trials, with
monitoring, are recommended as part of the
design process.
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INTRODUCTION

Shallow, rising groundwater tables are giving rise
to severe land degradation throughout the upper
South East which covers an area of some 4000
km? of South Australia. It has been proposed to
construct an extensive system of drainage
channels to draw down saline groundwater levels,
and to collect excess surface water. The
suggested means of achieving this is to excavate

- a network of groundwater interception drains to

intersect near surface groundwater. Flows would
be channelled to a suitable area for disposal.

In order to assess the environmental impact of
and to establish preliminary costing for the
project it was necessary to have an understanding
of the geological materials to be excavated and
their slope forming properties. This report
presents the results of the feasibility level
geotechnical investigations undertaken by DME
in association with geotechnical consultants R M
Herriot and Associates Pty. Ltd. It comprises
two main components of geotechnical
assessment: '

«  excavation properties and aspects of drain
design on the interdunal flats where drains
may be up to 5 metres deep, and

«  excavation properties, slope stability and
slope design in the ridge crossings where
cuttings may be up to 30 metres deep.

The area investigated is shown on Figure 1.

SCOPE OF THE GEOTECHNICAL
WORK

The geotechnical work consisted of four main
components:

excavation of pits to investigate the
interdunal flats

« seismic soundings to extend the
interpretation of results from test pits

«  drilling and testing to investigate the dune
ridges

«  examination of existing drainage works and
road cuttings through the interdunal flats
and the dune ridges.



Excavator Pits

These were located in the interdunal flats as
shown on Figure 1, and detailed pit logs are
included in Appendix A. Photographs are
included in Appendix D. Material types are
summarised in Table 1.

In the interdunal flats, 13 excavator pits to depths
of up to 5.5 m (the limit of the Komatsu PC 220
in soft ground) were excavated and
geotechnically logged. Samples of the various
materials were taken and groundwater inflows
monitored.

Seismic Refraction Survey

Single spread seismic traverses (approximately
100 m long) were carried out at eight selected
sites adjacent to excavator pits (Taylor 1992).
The aim of the seismic survey was to relate the
calcrete strength and relative ease of excavation
of materials logged in the pits with seismic
velocity, and to assess the continuity of and the
unifrormity of depth to the stronger layers. This
work is discussed in Appendix A.

Borehole Drilling

A total of five boreholes were drilled at two
ridge top sites (Sites 1 and 2) to provide
information along the alignment of the proposed
deep drain cuttings through high ridges of the
Bridgewater Formation, approximately 8 km
inland of Salt Creek (refer Figure 1).

A third site was selected near a road cutting
about 24 km south east of Salt Creek (see Figure
1) and two boreholes were drilled in an attempt
to calibrate the existing road cutting slopes with
the drilling and Standard Penetration Test (SPT)
results. Undisturbed block samples were
recovered from the road cutting for laboratory
strength and density tests. The drilling is
discussed in Appendix B, and the laboratory
testing in Appendix C.
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Inspection of Existing Works

Existing drainage scheme works were inspected,
and a number of road cuttings were visited. The
drains were to the south of the currently

proposed scheme, but traverse similar geological

regimes.

The road cuttings expose the top few metres of
the dune ridge sediments, and demonstrate the
erodability and some of the slope design issues to
be addressed in the proposed Upper South East
scheme.

REGIONAL GEOLOGY

The South East region of South Australia
comprises a series of long, sandy, north west
trending ridges, with low lying, broad, flat areas
between them. These features, which mark the
positions of prograding coastlines, were formed
during the Pleistocene as a consequence of
successive interglacial high sea level stands while
the coastal plain was slowly rising. The ridges
and the interdunal flats are progressively older,
and the ridges at least are increasingly indurated,
with increasing distance from the coast. The
zone exhibiting these features is approximately
100 by 200 km in extent, and the study area
shown on Figure 1 comprises its northemn half.
1t includes ridges termed B to H on the plan.

The ridges comprise calcareous sand of the
Bridgewater Formation, deposited in shallow
subtidal, beach and coastal dune environments.

The sediments underlying the interdunal flats
were deposited contemporaneously, landward of
the barrier islands and peninsulas of the dunes, in
lagoonal and lacustrine conditions. These
sediments are carbonate, clay and fine grained
sand of the Padthaway Formation which have
been modified by the extensive formation of
calcrete in the top few metres.

The Bridgewater and Padthaway Formations are
partially covered by a layer of fine grained quartz
sand derived from reworking of the Bridgewater
and from other, siliceous, deposits further north
and northeast. In the northern area of the Upper
S . East study area these sands are named the
Molineaux Sand, but it is beyond the scope of
this report to attempt to further delineate these
units.



The Younghusband Peninsula and the modem
Coorong comprise a continuation of the
progradation of the coastline, although they
belong to a different unit, the Holocene St. Kilda
Formation. The peninsula comprises the
Semaphore Sand Member. These units are less
consolidated and, although they were not
examined as part of this study, the Coorong
deposits are thought to be different to those
encountered further east.

Interdunal Flats

The pit logs are contained in Appendix A, and
the material types encountered in the pits are
summarised in Table 1. Pit locations are shown
on Figure 1.

It is probable that most of the material
encountered in the pits excavated on the
interdunal flats in the southern and central area
during this investigation was Padthaway
Formation, within which has formed a fairly
ubiquitous calcrete. Most of the carbonate
material encountered in the pits was calcrete, not
sedimentary limestone or dolomite. Most soils
did, however, contain interstitial carbonate.
Overlying the Padthaway Formation is an
average thickness of about 0.3 metres of fine
grained quartz sand. In the northem area a
similar sand, the Molineaux Sand, blankets the
Padthaway Formation on the interdunal flats and
the Bridgewater Formation ridges.

Geological Materials

A wide range of material types was
encountered in the pits. They included
clays, silts, sands and mixtures of these, and
calcrete, sandstone and calcarenite. Sands
and sandstones, although calcareous, were
predominantly fine to medium grained
quartz. No detailed correlation has been
possible between pits. For this reason, the
data are treated as statistics in this report.

However, on a broad scale, it is clear that
the pits in the northern section encountered
more clean, sandy sediments (eg. pits 1, 2, 3
and 5, with pits 4 and 6 not penetrating the
whole profile). Although not universally
true, clays were more often found below 2
metres depth.
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Clays were generally light green to off-
white, variably silty and sandy, calcareous,
medium to high plasticity and were
estimated to be stiff to very stiff.

Sand was fine to medium grained with
density estimates ranging from loose to
dense. Some was cemented although the
induration was in thin layers or was
discontinuous on the scale of the pit
exposures. The sandy materials were light
green, grey and light yellow, ranging from
clean sand through silty sand to clayey and
very clayey sand. In pit 9, below 2.5 m
depth, a more substantial sandstone was
intersected, but while the sandstone had
considerable substance strength it was
discontinuous and was easily excavated at
that location.

Silt soils made up only a minor proportion
of the materials seen in the pits. They were
off white to light brown, strongly
calcareous, sandy, low plasticity and
estimated to be medium dense. These soils
comprise a stage in the formation of calcrete
and probably occur as patches within the
calcrete.

Calcrete was intersected in 11 of the 13 pits.
It was generally off-white to light brown,
occurred variously as silty or clayey gravel,
nodular masses and continuous or semi-
continuous sheets. It ranged in substance
strength from extremely weak to strong.
Point Load test results are included in
Appendix A. It was generally excavated as
cobble to boulder sized fragments. The
excavator refused where the rock strength
materials were continuous, moderately
strong to strong, sheet like and relatively
homogeneous (ie. few discontinuities). This
occurred in four of the pits (4, 6, 11 and
13). The majority of the calcrete is likely to
be encountered within the top three (3)
metres of the surface of the interdunal flats.
The stronger rock appears to begin at 1 to 2
metres and could persist to 3 metres. The
position of the calcrete in the soils of the
Padthaway Formation may be able to be
used to set limits on the evaporative zone
above the water table as it existed prior to
the extensive vegetation clearance which
followed development of the region.



Calcarenite, identified as indurated
Bridgewater Formation, was encountered in
pit 11 from 2.1 m depth. It was light
yellow to light brown, coarse grained and
moderately strong. It was relatively
homogeneous on the scale of the excavation,
containing few defects, and refusal was
encountered at 2.5 m depth on this rock.
This represents the only intersection of the
Bridgewater Formation in situ in the
interdunal pits.

The results of the seismic survey are in
good agreement with the materials
encountered in the excavator pits. A
marked velocity contrast was generally
detected adjacent to each of the eight pits
close to a depth corresponding to the first
major strength/competency change picked
up in the pits. The velocity contrasts
detected correspond in most places to the
top of the shallowest layer of calcrete rock.

In 7 of the 8 seismic spreads, the calcrete
horizon was found to be laterally consistent
over the 100 m or so of the spread. The
exception was adjacent to pit 9 where the
horizon appeared to rapidly deepen by over
2 m at about 40 m distance from the pit.
The results from near the other pits showed
minor fluctuations in apparent horizon depth
of up to 1 m. Seismic velocities varied
laterally in all areas tested by up to about
40%. This indicates that variations in
strength and induration, and hence
excavatability, of the rock layers are likely
over distances of 50 m or so. Comparison
of the seismic results with the data from the
pits indicates that the method is likely to be
a useful indicator of excavatability. The
comparison is summarised in Table 2.
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Groundwater

Groundwater was intersected in all pits, with
water levels reported to be between 0.7 and
2.0 metres below the ground surface.
Inflows were often small or absent in the
clays and clayey sands, with major inflows
being confined to the calcrete layers.

Summary of Interdunal Flats
Southern and Central areas

In broad terms, all 9 pits in the southern and
central zone encountered a similar profile
consisting of:

« a sandy topsoil layer between 0.1 and
0.5 metres thick.

o a calcrete layer in most but not all test
pits which varied significantly in ease
of excavation and which extended to
depths between 2 and 3 metres.

s  below the calcrete layer, the soils were
generally clayey with some clayey
sands.

Northern area

The northern sandy flat, VII N, was
investigated by 4 test pits which encountered
generally sandy conditions with little
calcrete.

« the sand is fine grained and typically
uncemented

. there are some minor thin calcrete and
clay layers.

Dune Ridges

The ridges east of the Coorong comprise

‘Bridgewater Formation which may be veneered

with Molineaux Sand, particularly in the north.
In this report it has been assumed that all
materials which will be encountered in the
proposed deep excavations across the dune ridges
will be Bridgewater Formation.

The drilling and sampling is discussed in
Appendix B, and photographs of the drill core



are included in Appendix D. The location of the
drilling, near Salt Creek, is shown on Figure 1.
Strength results from the SPTs are summarised
on Figure 2, with some zones being too strong
for testing with the SPT. The higher strength
zones were cored.

Geological Materlals

Materials of this geological unit, which
comprises the ridges B to H (Figure 1), are
almost entirely of poorly graded, fine or
medium or coarse grained sand. The sand is
notoriously heterogeneous in type and
degree of induration both laterally and
vertically, with a wide range of strengths.

The sample recovery from the SPTs at Sites
1 and 2 led to doubt about the void ratios in
the weakly cemented sand, and to queries
about the safety of excavating the deep cross
dune drains. The SPT results at Sites 1,2
and 3 are summarised on Figure 3, and are
interpreted to show the uncemented or
weakly cemented sand to be medium dense
to dense. These results, were compared
with other Bridgewater Formation data from
Port Lincoln, an area within the recent
experience of one of the authors (Figure 4).
The Port Lincoln data show a similar lower
bound to the "N" values to the limit of
testing at 6 m depth, with the high values
being effective refusal on calcrete, which
was not encountered in the dunes near Salt
Creek.

The application of the Standard Penetration
Test to materials within the Bridgewater
Formation is discussed more fully in
Appendix B, and laboratory studies
supporting the investigation of this issue are
presented in Appendix C.

The laboratory test results on blocks of
Bridgewater Formation provided accurate
void ratio data to compare with the
estimates from the SPTs, and with the Port
Lincoln data and published figures. The
void ratios of 0.7 to 0.9 from Cantara Road
are high but are not considered abnormally
so (Table 3). Figure S compares the sample
recovery in the SPTs at Sites 2 and 3, but
the data fails to show a correlation between
apparent strength and recovery.
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The block samples were taken from the side
of the road cutting adjacent to Site 3, as
shown on Figure 6. The three confined
compressive strengths ranged from 100 to
440 kPa. These are thought to be higher
than the strengths from SPT results in the
boreholes at Site 3, drilled only 10 m away.
It is tentatively concluded that the blocks
represent materials which have gained
strength since their exposure at the time of
the road widening. There is anecdotal
evidence at many sites in the Bridgewater
Formation that "case hardening” is a
widespread phenomonen in this geological
unit.

Summary of Dune Ridges

Drilling and observations in the road
cuttings show the Bridgewater Formation to
be a poorly graded calcareous sand or
sandstone, of fine or medium or course
grain size, with little or no fines. The
continuity and degree of induration is
extremely variable, with strengths ranging
from those of unconsolidated, medium dense
or dense sand to strong rock. It is
considered, however, that there is some
effective cohesion in almost all Bridgewater
Formation materials. There is a suggestion
that the stronger materials may be more
usually coarse grained. Materials exposed
to weathering become more cemented ("case
hardened"), where erosion is not active, than
those not exposed.



DISCUSSION

The geotechnical investigation comprised
establishing the excavation properties and the
_ side wall designs of:

«  the groundwater interception drains of up to
5 m depth where they traverse the interdunal
flats

« the main drainage channels of up to 30 m
depth where they pass through the dune
ridges

This work has been done at the feasibility level
for the purpose of establishing cost estimates for
these aspects of the proposed Upper South East
Dryland Salinity and Flood Management Plan.

Groundwater Interception Drains -
Interdunal Flats

The proposed routes for the drains are shown
approximately on Figure 1. The southern and
central area (Interdunal Flats II to VII S) is
geologically different to the northern area
(designated VII N).

Excavation Properties - Southern and
Central Area

Table 1 shows the degree of difficulty
encountered in digging the soil and rock
materials, including a semiquantitative
assessment of productivity for the Komatsu
PC220 machine. This reflects the amount of
work (and hence time) to produce a single
bucketful of spoil within each material type.

The relatively small Komatsu PC220
machine used for the excavations met
refusal in 3 of the pits at depths ranging
from 1.2 m to 2.6 m. However, the only
materials which provided any significant
degree of difficulty to excavate were the
rock materials, calcrete and calcarenite. In
instances where the rock layers were thin,
highly heterogeneous, contained many
natural defects (or cementing was
discontinuous) or were weak, the excavator
was able to penetrate and continue digging
in the unconsolidated materials below.
Where the rock layer was thicker, much
stronger and/or more massive and
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homogeneous, excavation was more difficult
and refusal was generally encountered. The
approximate seismic velocity value above
which refusal was met was 2200 m/s. Some
velocities were as high as 4000 m/s (Table
2).

Table 4 summarises the excavation
properties within horizontal slices; 0-1
metre, 1-2 metres, etc., giving approximate
percentages of materials, on a statistical
basis, within each excavation category in
each metre-thick slice. Note that almost all
of the "difficult", "very difficult" and
"refusal” occurred between 1 and 3 metres
depth, making it inevitable that these
materials will be encountered in the drains.

A number of the pits collapsed during or
soon after excavation while others stood
with little or no sign of distress for the hour
or so during which the water inflow was
observed. Collapse was not confined to
sandy materials, but included zones with

‘rock and sand/clay mixtures; for example,

the gravelly, nodular calcrete. This is
discussed further below.

It is concluded that the combination of
calcrete and clays, which together comprise
the bulk of the material observed in the
southern and central area pits, is favourable
for the excavation of steep side walls in the
drains. However, the calcrete will prove
difficult to excavate, requiring considerable
force in some localities. Where it is
gravelly (or where other non cohesive
material is present), it will tend to behave as
a granular soil. The clayey soils which are
present beneath the rock zones in most pits,
have sufficient cohesion to stand steeply,
and they will resist erosion from the flowing
water. Dewatering of the soils ahead of the
excavated face by allowing drainage to the
advancing trench will be essential to
productivity and the formation of stable side
slopes (see below).

This conclusion forms the basis for the
design of the side slopes, but it is unlikely
that the drains, when constructed, will have
a uniform shape throughout their length in
the southern and central area.



Excavation Properties - Northern Area

Five pits were excavated in Flat VII N, but
Pit 5 has soils which group with the
southern and central area. Of the remaining
4, one refused on calcrete at 2.1 m, with the
others being largely in sand and silty clay
(Table 1). The sandy materials were noted
to collapse when the pits were left open.

Dewatering of the soils ahead of the
excavated face will be necessary (See
below).

Seismic refraction was used in the northem
area only at pit 4, with the calculated
velocity being 2700 m/s.

On the basis of this information, it is
concluded that the northern area is
predominantly sandy with less calcrete
which is generally also less well developed
than it is further to the south. Excavation
would require less energy, but stable side
wall slopes predominantly in cohesionless
sands, would be flat. The velocity of water
flowing in the drain would need to be low
enough to avoid erosion.

Again, variation must be expected in ground
conditions and consequently, in the drain
shape in the northem area .

Inflows of Groundwater - All Interdunal
Areas.

Groundwater will be encountered in all
excavations of greater than about a metre on
the interdunal flats. Inflows of water will
degrade excavator productivity in the
groundwater interception drains, and will
affect side slope stability.

Estimated standing water levels in the pits
(excavated in May, prior to the winter rains)
ranged from 0.7 m depth to 2.0 m depth
(average about 1.1 m), and the water table
will be closer to the surface during and
following the wet season. While there was
often minor seepage noted at or close to
estimated SWL, the water inflows were
often not appreciable until the pits were
extended to greater depth. This was
particularly noticeable where groundwater
entered freely from fissures in rock layers,
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as it did wherever rock was encountered
below the water table. Inflows in almost all
the pits were described as moderate or high
and it was generally impossible, once the
pits were more than about 3 metres deep, to
bail the water out with the excavator bucket
faster than it was flowing in. Detailed
measurements of water inflows were made
for 6 of the pits and plots of these values
are shown in Figure 7. It may be possible
to calculate approximate hydraulic properties
from these data, although it is to be stressed
that the predominant influence on the inflow
rates was the presence of free-draining
fissures in the rock materials, and few of
these exist below 2 to 3 metres depth.

These data could be of assistance in the
groundwater modelling.

The high initial groundwater gradients
towards the newly excavated pits contributed
to the collapse of several of the pits.
Dewatering by excavating upslope from a
down gradient point to achieve dewatering
ahead of the advancing excavation is
considered essential, as it appears to offer
the only feasible dewatering method for the
project, given that the discharge will be
saline. It is considered that achieving:

»  minimum excavation
+  minimum "second pass" and/or
maintenance targets

hinge on this point. If drainage is not
immediately available to the ultimate
discharge point then a temporary discharge
point will have to be found.

Cross Dune Drainage Channels

The investigation was confined to ridge C, where
the deepest excavation is proposed, and to ridge
B, near Salt Creek (Figure 1).

Excavatlon Properties

The dune ridge materials (Bridgewater
Formation) intersected in the boreholes and
observed at exposures in the existing works
and in road cuttings, are expected to be
predominantly easy to excavate. It is
thought that a scraper operation would be a



suitable method of construction. The rock
materials, however, will require scrapers to
be dozer assisted and, in some places, the
higher strength materials will require prior
ripping with a bulldozer. Further work will
be required for subsequent design and
detailed costing phases of the project.

Channels cut through the older dune ridges
further inland are likely to encounter
significantly more rock materials, unless the
Bridgewater Formation is absent, with the
inland dunes being (or being capped by) the
uncemented Molineaux Sand.

Erodability

In the case of the deep excavations through
high dune ridges, great care will have to be
“taken to ensure proper drainage of the slope
due to the initially erodable nature of the
weakly cemented sands. For each batter
above the lowest, all runoff from each batter
must be contained on the bench below it
and must drain laterally along the slope to a
collection point where it can run into the
drain without scouring the lower batter
slopes. Runoff from the natural surface
behind the excavated slope will have to be
similarly channelled for appropriate disposal.
If the lower slope proves to be very weakly
cemented then some formal protection,
perhaps in the form of Shotcrete, may be
warranted.

SIDE SLOPE DESIGNS

Groundwater Interception Drain Side
Slopes - Interdunal Flats

The side slopes of the broad, shallow, surface
water drains and those of the (ideally) narrow,
deeper groundwater drains are two separate
issues.

For the broad, shallow, surface water drains
(taken to be less than 1.5 metres deep), it is
suggested that the slopes be cut at a nominal ¥2:1
(63°), and the soils be allowed to fail to a stable
configuration. Some field adjustment could be
warranted.

The ultimate side slopes of the deeper,
groundwater interception channels will be
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controlled not only by the types of materials
present but also by their distribution within the
wall profile, and to a major degree by the
groundwater conditions during excavation and the
inundation characteristics of the drains where
cohesionless materials are present.

Hydraulic characteristics for the channels were
not available at the time of writing. It has
therefore been assumed that the drains in the
southern flats will be typically between three and
four metres deep wvith long term clear channel
base widths of at least one to three metres, i¢ the
width after allowing for some initial degradation
and fretting of the freshly cut slopes. The
philosophy behind this approach has been based
on the assumption that some degradation will
occur, but that maintenance requirements should
be held to a low level due to the difficulty of
getting equipment back over the trench..

It is clearly the case that there is insufficient data
to do other than treat the costing exercise for the
drains in the interdunal flats on the basis of the

statistics and apparent trends noted in the 13 pits.

Southern and Central Area

On the above basis, the following
presumptive preliminary cross sections are
recommended for adoption in Flats IT to VII
S. These cross sections are intended for
preliminary costing exercises and should not
be taken as the final design recommendation
(See Figure 8).

«  slopes should be excavated one half
(horizontal) to one (vertical) full height.
In reality the sandy topsoils will
probably be set back and the calcrete
excavated at a steeper slope. However,
the uniform slope should be assumed
for volume calculations.

«  the slope each side should be excavated
one half metre wider than dictated by
minimum hydraulic requirements.

«  the channel should be excavated one
half metre deeper than required by
minimum hydraulic requirements.



Northern Area -

In the sandy northemn Flat VII N, a different
drain cross section will apply. It is
understood that in this area the drains may
combine both surface and groundwater
drainage. The following presumptive cross
section is recommended (Figure 8).

. no over excavation below minimum
hydraulic requirements.

+  excavation volumes based on an initial
one (horizontal) to one (vertical) cut
but assuming a minimum long term
hydraulic base width based on the
assumption that the initially excavated
slope will collapse to two (horizontal)
to one (vertical).

It must be noted that the long term stability
of the slopes in the sandy, uncemented soils
of the northem flat, VII N, is not fully
established. In particular, if the eventual
minimum hydraulic base width is less than
about three metres then it is believed that
there is a significant risk of blocking of the
channels or of significant long term
maintenance requirements.

Cross Dune Drainage Channels Side
Slopes - Dune Ridges.

Drilling and sampling at three sites plus
observations and other exposures of the
Bridgewater Formation, both locally and
elsewhere in South Australia, have indicated that
variable material properties will always be
encountered in this formation. The site
investigations show that both soil or weak rock,
and strong rock, will be encountered within the
proposed cuttings.

Although conditions are variable, it is also our
opinion that on the moderate to large scale there
is always some cementing or effective cohesion
present. That is, the Bridgewater Formation will
exhibit more cohesion than the uncemented
coastal dune sands of the Semaphore Sand on the
Younghusband Peninsula, to the west of the
Coorong.

It is also clear from the present investigations
that a very high overall slope angle cutting with
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no intermediate benches, such as was constructed
some years ago to the south of Kingston at
Woakwine, is not achievable in the materials
present in the dune ridge near Salt Creek.

Stability calculations suggest, however, that only
relatively small values of cohesion are required
to maintain stability for both the individual
benches and for quite steep overall slopes. The
results of the drilling and testing, tempered with
experience, indicate that assuming an internal
angle of friction (Phi’) at 37° and a cohesion (C’)
of 10 kPa for these materials would be
appropriate. These strengths are considered to be
realistic and probably conservative. The average
effective cohesion for deep circular failures is in
fact probably significantly higher than 10 kPa
due to the presence of rock layers.

These strengths have been used in the check
slope stability analyses of the options set out
below. Both the overall slopes and individual
benches were analysed, with the results set out in
Table 5, and they apply to the profiles shown on
Figure 9. All analyses and resulting factors of
safety have assumed the groundwater level is
below the base of the cut and the slope is dry.
For a partly saturated slope the stability would be
reduced. Further analysis of this type is not
warranted without additional study.

The Bridgewater Formation strata are also
relatively porous. However, in our opinion they
are not of sufficiently low density to be subject
to sudden, large scale, brittle failures and
collapse. Experience elsewhere and natural
coastal exposures also support this contention.

It is evident that some fretting and surface
degradation of freshly cut slopes must be
anticipated. However, a surface "skin", or "case
hardened" zone, may be expected to form soon
after exposure in a newly cut face in the
Bridgewater. This results in a decrease and
eventual practical cessation of fretting and
degradation with time. It is not completely
certain whether the strengths measured in the
block samples from the road cutting are
representative of conditions within the mass of
the Bridgewater Formation encountered in
drilling at Site 3 or whether the strength has
increased due to exposure close to the cut face.
However, it is thought that when considering
erosion or fretting, there is sufficient strength, or



that sufficient strength develops, such that slopes
may be safely cut at angles steeper than the angle
of repose for uncemented sands.

As the minimisation of surface fretting is partly a
function of the exposed sloping surface area it
would appear desirable to make bench slopes as
steep as practicable whilst maintaining berm
widths sufficiently wide to allow for both
drainage and access for maintenance. On this
basis the following alternatives would appear
suitable (See Figure 9):

A) 10 metre high benches at 50 degrees |
with 6 metre wide berms,

B) 7.5 metre high benches at 60 degrees
with 6 metre wide beams,

C) 7.5 metre high benches at 70 degrees
with 7 metre wide berms.

Assuming the required excavation volume above
the slope only is 1.0 for the pre-investigation
presumptive design suggested by Collingham (see
References), the above designs have a relative
excavation volume of 0.93, 0.88 and 0.80
respectively. Alternative (C) has a marginal
calculated bench slope factor of safety.

Based on.the available information, Alternative C
is recommended if project scheduling allows time
for a trial excavation and monitoring period. If
not, it would be prudent to adopt the slightly
more conservative Alternative B.

* The existence, relative thickness, position and
strength of the sandstone encountered in the
deeper boreholes can only be relied upon to
provide significant contribution to slope stability
if subsequent more extensive investigations show
this to be generally the case.

In addition, it is expected that older dune ridges

further from the coast will be progressively more
indurated and will permit the use of steeper side

slopes. The extent to which these slopes can be

steepened can be best ascertained through further
site investigation work.
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FURTHER INVESTIGATION

Considering the magnitude of the proposed
project (with respect to both the extent of the
groundwater drains and the total volume of the
deep cuttings in the dunes), the amount of
investigation and testing completed to date has
been relatively small.

Clearly additional drilling and testing must be
undertaken along the length of each major cutting
during the design stage. In our view it will also
be highly desirable to undertake major trial
excavation(s). Trial excavations have a number
of useful features. Firstly they give a direct
indication of excavation conditions using
equipment similar to that which will be used by
the contractor during construction. It also
provides opportunity for tenderers to either
experience in person or by video tapes,
conditions encountered during the trial at the
tender stage. In addition it will most
significantly allow monitoring of slopes in order
to assess the degree of degradation and
weathering for differing bench slopes.

It is therefore recommended that a trial be
undertaken. It should comprise an excavation of
a minimum of 12 metres depth, with several
different cut slopes. Observations should be
taken on cuts facing both north and south, as
existing road cuttings suggest weathering is
related to the direction of exposure. A trial at
several different locations along the axis of the
deep cutting(s) is recommended. The trials
should be sited within the limits of the
excavations.

1t is further recommended that trial excavations
be undertaken at several locations along the
groundwater drains where these traverse the
interdunal flats, for although they are relatively
shallow structures, their total length is such that
improvements in the knowledge about their
excavation characteristics and their behaviour
under semi-dewatered conditions would be

significant.
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TABLE 1: SOIL AND ROCK MATERIAL CLASSIFICATIONS
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EASE OF DIGGING WITH
KOMATSU PC220 EXCAVATOR

EASY
- SINGLE STROKE PER BUCKETFUL

i

g- MODERATELY DIFFICULT
- 2t03STROKES PER BUCKETFUL
] s
- 41010 STROKES PER BUCKETFUL
3 VERY DIFFICULT
- CONSIDERABLE JARRING TO BREAK

REFUSAL

FIELD SOIL CLASSIFICATION TO
UNIFIED SYSTEM (s¢e attachment)

ROCK STRENGTH CLASSIFICATION
SHOWN IN [ ] (see attachment)

PIT LOCATION AND NOMENCLATURE APPLYING TO
INTERDUNAL FLATS SHOWN ON FIGURE 1




TABLE 2: ASSESSMENT OF SEISMIC RESULTS

SEISMIC INTERPRETATION ACTUAL MATERIAL BOUNDARY
PIT VELOCITY IN VELOCITYIN | DEPTHTO | UPPERLAYER { LOWERLAYER| DEPTHIN

NO UPPER LAYER LOWER LAYER | BOUNDARY| MATERIAL MATERIAL PIT

(m/sec) (m/sec) (m) (m)

4 640 2700 0.5 SAND CALCRETE 04

REFUSAL
6 400 4000 12 CALCRETE (CALCRETE) 1.2\
7 470 2000 1.6 SILT CLAY 1.7
CLAYEY

8 400 1900 13 SAND CLAY 1.3

9 1250 2000 22 CLAY/ CEMENTED 2.5
CALCRETE SANDSTONE

10 450 2500 12 NODULAR MASSIVE 1.1
CALCRETE CALCRETE

11 450 2600 0.8 SAND CALCRETE 04

13 425 2200 08 SAND/SILT CALCRETE 1.0




TABLE 3

IN SITU VOID RATIOS
SOURCE VOID RATIO REMARKS
Site 3 Bulk Samples 078/ - Measured from block sample /
0.77/0.73 calculated from absorption test
0.87 /0.90
From Standard
Penetration Tests Considered unrealistic. 100%
Site 2 2.07? material recovery unlikely.
Site 3 127
Port Lincoln 0.73
Reconstituted Samples 0.59
0.71
Published Data
U.S. Navy
- SM/SP Medium Dense Sand 0.45 - 0.8
Sowers & Sowers
-Uniform sub-angular Sand 0.5-0.85
-well graded, sub-angular Sand 0.35 - 0.70
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TABLE 4. MATERIALS DISTRIBUTION BY DEPTH

PERCENT OF MATERIALS INTERSECTED (%)

RELATIVE DEGREE OF EXCAVATABILITY (see note 1)

DEPTH Easy Moderately Difficult Very Refusal
from NS Difficult Difficult
(m)

No ripping required Ripping with Heavy ripping  |Heavy ripping with
bulldozer advis- |with bulldozer |bulldozer or possibly
able to improve |mandatory blasting
productivity (s¢c+ note 2) (see note 2)

Oto 1 70 24 6 0 0 pits (of 13)

1to2 69 5 13 13 2 pits (of 13)

2103 84 2 1 13 2 pits (of 11)

3 to 4 99 1 0 0 | Opits(of9)

41035.5 94 3 0 3 1 pits (of 9)
NOTES

1. Komatsu PC 220 Excavator used to dig pits
2. Caterpillar DIN Bulldozer assumed




TABLE 5: RESULTS OF SLOPE STABILITY ANALYSES

Slope
Characteristics

Factor of Safety

| for 30m Benched Slope

Factor of Safety
for Individual Bench

OPTION A
Bench Height 10m
Batter Angle 50t
Berm Width 6m

1.40

127

OPTION B
Bench Height 7.5m
Batter Angle 60t
Berm Width .6m

1.34

1.20

- OPTIONC
Bench Height 7.5m
Batter Angle 70t
Berm Width 7m

1L.25

1.06

[ PARAMETERS ADOPTED :

, Apparent Cohesion - ¢’=10 kPa
. Angle of Friction @=37t

-Insitu Bulk Density = 17 tonnes per cubic metre ‘
Groundwatér : Assumed DRY Slope




56832

T e o 4 bt 2l s

i .:l'f..'.:

#
possible
didcharge point

;
\
H

_W00DS WELL tofeesereivtrencn 0\

T CREEK " - o

I kR LE]

possible

N,

R RPN e g

N e
S YNk A T

—5960000mN - e e

4 e S TS heDTER e SR

—5930000mN ~—— : -

-— GOOOOOOFHN e mma e \: - .‘ S
e

discharge pont ‘,Il..‘:'_

. / BRIDGEWATER

il

sandy over

TSITE 2 kX SITE

| .
ST

possible discharge
point

:
. i . . . - -
- * * [ . -

I~ MARTINS WASHPOOL = .

seuin
ALSTRALIA

- - - -
EAUUI S S

AREA

INVESTIGATION

GEOLOGY

o T

T

et i A WAL SR e

prepemm———

LEGEND
s

SEMAPHORE SAND
Ridge A\

BRIDGEWATER FORMATIORN

R!‘dges (B-H)

PADTHAWAY FORMATION

Flats (] = V1)

MOLINIEAUX SANDS

Sandy conditions
AN

GROUNDWATER DRAINAGE OPTIONS |

12

BRIDGEWATER

PAGTHAWAY

L)
L

Test Pits (SADME , May 1992)
!

|
Typical elevation {Department of Lands

o

! | j,.-. »

¢

FEURE TP
\ Sandy i T

RL <10

-

KH.OMETRES 5

RL 20 %
./l

. .
i = o
T .

\! GUM LAGOON'

A

.,/ :

e R'IL,'-i'o ST

s

g
- e
,L ¢
sy
. \<
T
v
B
. .

. ABIG DE

BCALE

v
PR
g

d '

v

e Z
bd
.

P
A

/

s
YA
e
e
¥,
’ k‘ﬂ
. -

NN

. //.’/ ‘ : )
Ve . /’/ } g H / //
7& . / / /
//"’ Vs = /
//" ’ //: . ] " L _,/'
Sooas A
“l. a /l/ // LN
w3 / o

) // //,
k/ -

i
.;74..________/_ -
S/
SBL'A\TION/
N

o

“CcP U\
. . . . . \\‘,.

S SwAMP

RIS -17 \ T

5 10 KILOMETRES
! ]

== — I——|

L coold \ .o
T : RL 18-20 \ ‘

|3refusal'\.' CoL

RL 18 -20

R I R T R e

L

;"“;;}éé(*‘jfe"i;ﬂs\

. . . .' !,‘ £
. : \\ F\’L?l‘23

. l,' {"
N\
3
|

\ _\
\- )
0N

N

TN N - Formation. This area has been designated as flat VII N.

NOTES

IENHMIIE
1. ORIGIN oy i

_ . ‘ ‘ Pomning
This plan is based on he Indicative routing of the groundwater drainage channel
optlons presented by the E&WS on a 1:100 000 scale L.ands Department Base
Map, with some fine tuning utilising 1:50 000 scale Lands Department Maps.
The plan has been prepared on a broad scale and boih local variatlons within

the Indicated units and also some boundary changes must be anticlpated.

2. NOMENGCLATURE

In the central and soulhern porlions of the plan area, the Interdunal flats,
underlain by the Padthaway Formatlon, have been designaled as | to VIl S,
beginning with the Coorong and proceeding inland: eg Flat Il Is Tilly Swamp.
Similarly, the ridges have been termmed A 1o H, commencing with the
Younghusbhand Peninsula and exiendlng lo Black Range.

tn the north, the ridges tend 1o merge into more or less continuous Bridgewater
Formation with smali discontinuous flals or low areas which have nol been
individually mapped. Beginning approximately 25 kilometres Inland from the
.7 coast, the Bridgewaler Formation Is blankeled by sand dunes of the Molineaux
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TEST PITS AND SEISMIC PROGRAM

The sub-surface materials of the interdunal flats
were investigated by means of thirteen (13)
excavator pits to depths of up to 5.5m (the limit
of the Komatsu PC220 in soft ground). The pit
locations are shown on Figure 1. Geotechnical
pit logs, using the Unified Soil Classification
System, are included in this Appendix, and the
materials have been summarised in Table 1.
Excavation properties are summarised in Tables 1
and 4. Details of groundwater inflows into the
pits are recorded on the pit log forms and are
summarised on Figure 7. The strengths of some
of the rock materials were gauged on site using a
point load test machine. Results are detailed on
the test sheets in this Appendix. Photographs are
shown in Appendix D. ‘

In the central and southern portions of the project

area, the interdunal flats have been designated as
I to VII S beginning with the Coorong and
proceeding inland: eg Flat I is Tilly Swamp
These are delineated on Figure 1.

In the north, the ridges tend to merge into more
or less continuous Bridgewater Formation with
small discontinuous flats or low areas which have
not been individually mapped. Beginning
approximately 25 kilometres inland from the
coast, the Bridgewater Formation gives way to an
area which has been substantially covered with
sand dunes of the Molineaux Formation. There
are no easily discemible drainage patterns on the
1:50 000 maps and this area has been designated
as a flat, VII N. An additional low lying sandy

area also has been identified in the north western

comer of Messent Conservation Park.

Comprising the southern and central area, Flats II
- VII S (as delineated on Figure 1) were
investigated by a total of nine (9) excavator test
pits. One pit was sited in each of Flats Il & VI
and three pits each in Flats V and VII S, and a
further pit was excavated in a small interdunal
area between Flats III and IV. No pits were-
excavated in Flat II, the Tilly Swamp, or in Flat
IV (Table A-1).

Flat VII N, the northemn area, was investigated by
four (4) test pits.

Flat I, the Coorong, has not been investigated to
~ date. Where exposed, the surface is sandy but,

G04249.LTM

presumably, will also be underlain by soft clays,
particularly at the more northern crossings which
are permanently below water, and by sedimentary
carbonate. Calcrete is considered unlikely to be
present in the Coorong sediments. Further
investigation is required in these areas once
discharge or crossing points have been defined.

Formations encountered in the pit excavations
consisted mainly of the Padthaway Formation of
Pleistocene age, and the Holocene Molineaux
Sand of aeolian origin which generally overlies
the Pleistocene sediments as a thin blanket,
mainly in the north. Except for a single instance
in Pit 11, the Bridgewater Formation, also of
Pleistocene age, was encountered in situ only in
the drilling.

Calcrete formation has, however, modified the
Padthaway sediments in most places. It ranges
from uncemented calcareous silts to variably
cemented gravels and cobbles (nodular calcrete)
to discontinuous or continuous sheets of high
substance strength. Seismic velocities are
compared with observations in the pits and with
the performance of the excavator in Table 2.
While the calcrete formation appears to be much -
more advanced in the southern and central areas,
it was also present in the north. The seismic
work at § sites showed the calcrete to be laterally
consistent over at least 100 metres although
variable in strength. The strongest layers of the
calcrete fluctuate by up to 1 metre in depth
below the ground surface.

Of the 13 backhoe pits, calcrete layers of variable
thickness and strength were encountered in 11 -
pits. Four (4) of the pits refused on calcrete.
The majority of the calcrete is likely to be
encountered within the top three metres of the
surface. The stronger rock appears to begin at
about 2 metres and could persist to 3 metres.
The calcrete, while present in the northemn area
(Flat VII N), is thin and much less well
developed than it is in the southern and central
area (Table 1).



TABLE A-1

DISTRIBUTION OF TEST PITS
(INTERDUNAL FLATS)

FLAT

AREA NO. OF COMMENT
PITS '

SOUTHERN & CENTRAL

II NIL TILLEY SWAMP

I 1 : '

1AY NIL

\Y% 3

VI 1

VII S 3

IV 1
NORTHERN

VIIN 4

I NIL COORONG - NOT SUBJECT

OF INVESTIGATION.

Apart from calcrete formation within the
Padthaway Formation, the sediments, as
encountered in the pits, are largely uncemented.
However, there are some materials which
demonstrate localised induration and possess rock
substance strengths. These stronger materials
appear discontinuous in the pit excavations, and
were not noted to significantly retard excavation
rates, nor did their presence add to pit side slope
stability, as the rock strength fragments were
dispersed as gravel to cobble sized fragments in a
soil strength matrix.

There is a strong indication in the pit logs that
the Padthaway Formation has more clean sands
in the north and more clay in the south and
central areas. This is most readily seen in Table
1, which summarises the materials encountered.

No more detailed correlation of individual
Padthaway Formation soil layers has been
possible between test pits; nor was it expected to
be, in view of the substantial distances between

G04249.L.IM

A-2

pits. There were no specific trends between flats
that could be discerned, with the following
possible exceptions:

slightly harder excavation conditions may
be encountered in the calcrete with
increasing distance from the coast

the calcrete may be nearer to the surface .
on the eastern side of the flats.

Both of these trends would need to be confirmed
by further work, although the former would
appear to be a logical consequence of the greater
age and hence the possibly of greater time for the
formation of the calcrete.



Summary
Southern and Central areas

In broad terms, all pits in the southern and
central zone encountered a similar profile
consisting of:

»  asandy topsoil layer between 0.1
and 0.5 metres thick.

. a calcrete layer in most but not all
test pits which varied significantly in
ease of excavation and extended to
depths between 2 and 3 metres.

. below the calcrete layer, the soils
were generally clayey with some
clayey sands.

Northern area

The northern sandy flat, VII N, was
investigated by four-(4) test pits. They
encountered generally sandy conditions
with some minor thin calcrete and clay
layers. The sands were fine grained and
typically uncemented.

G04249.LIM i A3



Department of Mines and Energy South Australio - Groundwater and Engineering Services
NOTES @- @ FOR CONDENSED REPORT LOG - : SHEET 1

NOTE (B SOiL TYPE

42. Classification of soils

42.1 Use of the system. Use of the British Soil
Classification System for Engineering Purposes (BSCS)
described in 42.3 is discretionary; for many purposes,
2 full description of soils in accordance with clause 41
will suffice. The BSCS is recommended primarily for soils ;
to be used as construction materials, when it is particularly
useful. When the symbols for the BSCS are used, a full
written description, including both the soil group name
and supplementary descriptive terms as discussed in

clause 41, is also required.

42.2 Nature and purpose of soil classification

42.2.1 Distinction between soil description and soil
classification. A full description gives detailed information
on the grading, plasticity, colour, and particle character-
istics of a soil, as well as on the fabric, the state of bedding,
nature of discontinuities and strength condition in-which
it oceurs in a sample, borehole or exposure. Few,if any,
soils will have identical descriptions, On the other hand,

a soil classification places a soil in a limited number of
groups on the basis of grading and plasticity of a disturbed
sample. These characteristics are independent of the
particular condition in which a soil occurs, and disregard
the influence of the structure, including fabric, of the soil
mass; but they can give a good guide to how the disturbed
soil will behave when used as a construction material,
under various conditions of moisture content.

41.3 Material characteristics of soils
41.3.1 Range of application, Material characteristics
refer to those characteristics that can be described from
visual and manual examination of either disturbed or
undisturbed samples, and include soil name, colour,
particle shape and particle composition.

1n 2 s0il description, the main characteristics should

preferably be given in approximately the following order.

(8) Mass characteristics (see 41.2)

{1) Field strength or compactness {see table 6),
and indication of moisture conditi

{2) Bedding. .
(3} Discontinuities.

{4) State of weathering.
bl Material characteristics (see 41.3)
(1) Colour,
{2) Particle shape and composition.
(3} Soil name (in capitals, e.g. SAND), grading and
plasticity. .
(c} Geological formation, age and type of deposit
(see 41.4),
{d) Classification {optional) (see clause 42).
Soil group symbol.
Examples:

Firm closely-fissured yellowish-brown CLAY of high
plasticity, London Clay.

41.3.2.5 Colour. Details are given in the extreme right
hand column of table 6. For more detailed descriptions,
colour charts based on the system of Munseil may be
used (156, 157} t. :

41.3.2.6 Particle shape and composition. Where appro-
priate, particle shape may be described by reference to the
general form of the particles, their angularity which
indicates the degree of rounding at edges and corners,

and their surface characteristics, Some recommended
terms are as follows,

Angularity angular
subangular
subrounded
rounded

Form equidimensional
flat
elongated
flat and elongated
irregular

Surface texture rough
smooth .

413.3 Made ground. It is rarely possible to carry out
significant soil tests on made ground, and descriptions of
the materizl are all that remains after the samples have
been discarded or pits filled in. Good descriptions are,
therefore, of even greater importance with this type of
material and should include information on the following
as well as on the soil constituents, ’

(3} Mode of origin of the material. K

{b) Presence of large objects such as concrete,
masonry or old motor cars. '

{c) Presence of voids or collapsible hollow objects.

_{d) Chemical waste, and dangerous or poisonous
substances.

-

Not included in these notes

(e} Organic matter, with a note on the degree of
decomposition, -

{f} Odourous smell.

(g) Striking colour tints.
{h} Any dates readable on buried newspapers.

{i) Signs of heat or internal combustion under ground,
i.e. steam emerging from borehole.

41.3.2 Soil name

41.3.2.1 Introduction. The soil name is based on particle
size distribution and plastic properties. These character-
istics are used because they can be measured readily with
reasonable precision, and estimated with sufficient -
accuracy for descriptive purposes.

Table 7. Names and descriptive letters for grading and plasticity ch istics
- Descriptive name Lerter
H
2 | Main terms GRAVEL G
§ SAND H
§ | Qualifying terms Well graded w
€ Poorly graded P
§ Uniform : Py
o Gap graded Py

Main terms FINE SOIL, FINES F
may be diffz-entiated intoM or C
SiLT (M-So1L)”* - M

Fine components

Qualifying terms

plots below Adine of plasticity chart of

figure 31 {of restricted plastic range)
CLAY [

plots above A-line (fully plastic)
Qf low plasticity L
Ot intermediate plasticity [}
Of high plasticity H
Of very high plasticity \Y
Of extremely high plasticity E
Of upper plasticity ranget v
incorporating groups |, H,V and €

Main term

Organic
p

Qualifying term

PEAT - Bk

Organic o
may be suffixed to any group

*See note 5 tollawing table B,

1This term is 8 usetul guide when it 15 nOt POsSIbIE OF 6Ot required to dengnate the range
of liquid limit more closely, ¢.g. Surning the rapid ssessment of soils.

41.3.2.3 Plasticity. Clay and silt, both alone and in
mixtures with coarser material, may be classified as

follows:

Term

of low plasticity

Range of liquid timit
under 35 %

of intermediate plasticity 35 % to 50 %.

of high plasticity
of very high plasticity

50% t0 70%
70% to 90 %

of extremely high plasticity over 90 %

Term

Composition of the coarss fraction

Slightly sandy GRAVEL up to 5 % sand

Sandy GRAVEL 5 % to 20 % sand

Very sandy GRAVEL over 20 % sand

GRAVEL/SAND about equal proportions
of gravel and sand

Very gravelly SAND over 20 % gravel.

Gravelly SAND 20 to 5 % gravel

Slightly gravelly SAND  up to 5 % gravel

41.3.2.4 Deposits containing boulder-sized and
cobble-sized particles. Usually, very coarse deposits can
be described only in excavations or exposures. They are
described as follows:

.

Main name Estimated boulder o¢
cobble content of
wery cosrse fraction

. Over 50 % is of
BOULDERS or s
Over 50 % of | BOULDER GRAVEL boulder size
material is {over 200 mm)
very coarse Over 50 % is of
{over 60 mm) | COBBLES or cobble size
COBBLE GRAVEL {200 mm to 60 mm)
BOULDERS >
COBBLES » 60 < 200mm
GRAVEL Course ~80mm
Madium 6 - 20mm
_Fine 2- &mm
SAND Coerse 0.8 -2mm
Modium' 02-06mm
Fine 008 - 02
ST Coarsa 002 - 2nm
Medium 0.008 - 0.02
Fine 0.002 - 0.003
CLAY <

$20796



NOTE B GRAPHIC LOG

Made ground

GRAVEL (GW.GP)

SAND (SW.SP)
SILT (MLMH) 5
CLAY (CL.CH)

ORGANIC SOILS (OL.OH.Pt)

THIN LAYER

COMPOSITE/INTERBEDDED
- EXAMPLES

FTE]] SILTY SAND (SM)

SANDY CLAY (CL)

CLAY (CL) witH THIN
SAND (SP) iNTERBEDS

=51 CLAY (CH) witn SAND (SC)
DYKE,AND FISSURE (BOTH VERTICAL)

NOTE: In all the gbove coses bedding would have
been either observed as,or assumed 10
be horizontol,uniess otherwise stated.

To be used for Peat exclusively

NOTE © MOISTURE CONTENT

2. DEGREE OF SATURATION OF SANDS — DESCRIPTTVE TERMS

Condition Degree of
of sand Criteria satarstion (%)

Dry Oven dricd. Not usually met is Seid. 0

Humid Feels dry, grains “run™ frecly in bands. 1-28

PDamp Feels cool, slight darkesing of colour, grains 25-50
have slight 1eodency to adbere to ooe another.

Moist Fechs cool, dasker colour, grains tead to sdbere 50-78
0 one another.

Wet Feels cold. maker hands wet; should be close 15-99
(o water table.

Saturated Below water table, or stalic water devel i 100

aavativn or dall holar,

7.44. MOISTURE CONTENT OF CLAY SOLLS!

Abbrevistions Meaning
MC = L Moisture eontent mear iquid limit
MC < LU Moisture content less than liquid fimit
MC > PL Moisture content greater than plastic limil
MC ~ PL Moisture content near plastic limit
MC < PL Moisture coatent kess or equal to plastic imit
MC < PL Moisture coatentdess thas plastic limit
MC « PL Moisture content much less than plastic Lmit

{ Token from AIMM Field Geologists Manual. 2nd edition}

NOTE ©® DENSITY

The relative density of sands and gravels may be
determined by the standard penetration test. A scale in
terms of N-values (see BS 1377) is as follows.

Term SPT N-values: Relative density
blowa/300 mm penetration /e
Veryloose (VL) Oto 4 T s
Loose wr 41t 10 15 10 35
Medium dense (MD} 10 to 30 3510 65
Dense (o) 30to 50 i 65 to 85
Very dense (VD) over 50 > 85

Correct for etfect of overburden pressure

!

Rocks
Secimentary Metamarphic Igneous
=
E le!i'b{\‘ _v"v Coorse—grained Coarse ~grained
3 c9%e Cangtomarate
g
] @ Medum— Jratned Medium-gramoed
H Breccra
3
3 e S—
§ Sandstone - -
5
<
1 Siltstone
3
s .
9 % Mudstone
2
-«
i Note that symbols for organic and composite /interbedded
i E Shale examples ore modified BS5930 1981 by D. Stapledon. Al
A other symbols ore BS 5930 1981
Coal
Pyroclastic
{wolcamic ashl
Gypsum,
Rocksaltl ete

Table 12. Special symbols for borehola record

=A~

WA
M —_p

- —a

(* Not within BS 5930 1981)

Fautt

Slip surfoce

Orgonic loyer™

Marine bond
Shell band

Examples:

. Medium-gra:ned igneous faulted againgt
toarse-grained metamorphic rock

Foult in sandstone

Stip surtoce in sandstone

Slip surface in shele

NOTE (E) CONSISTENCY

Consistency ® : For mgterials which have cohesive properties the following terms

are used 1o describe consistency.

qu unconfined Undrained
Term compressive: | shear strength)
strength (KPa {KN/m}

Softor Easily moulded or crushed
{oose in the fingers.

-
]
- N Can be moulded or
“© ::r:':r crushed by strong
pressure in the fingers.
Exudes between fingers (25 less than 20
(V1] Very soft when squeezed in hand. 2
(S) | soft Moulded by Jight 251050 | 201040
finger pressure, .
> . Can be moutded by
F
_<, ) | Fiem strong finger pressure, S0 to 100 40w 75
(3]
Cannot be moulded by
(51 | suitt fingers. Can be indented 10010 200 7510 150
by thumb.
" Can be indented by 200 10 400 greater than
St | Very sitt thumb nail. 150
Hord* 1400

+From Austrolion Standord 1726 -1981
(ref:0.3.2.1)

# Legend colum may be used o indicate
pocket penetrometer volues {pp).

NOTE ® IN-SITU TESTS

2.5 Insins tosts

s

st
g
S+

v
J
K

Standerd peretration test (SPT), A 50 mm diameter split spoon samoler ix driven 450 mm into the 10l uting
8 65 kg hammer with & 760 mm dro, snd the penetration resistance it expressed a3 the number of blows
required to obtain 300 mm penetration below an initisl peratration of 150 mm through any distucbed
ground st the bottom of the dorehola. *

I the borehole record, the depth of the trst is that at the start of the normal 450 mm penetration.

The mumber of biows 1o achieve the standard penetration of 300 mm (the ‘N value) is shown after the test
index letier, but the seating blows through the initial 150 mm penatration are not reported unless the tull
penetration of 450 mm is not achieved. In the fatter case, the symbols beiow are sdded to the tst index
letter:

Seating blows only.

Blow count includes seating blows.

No penetration.

Split 5p0on sampler sank under its own weight.

The test is usually completed when the number of blows resches 50. For tests achieving the full penetration
ouso.m,uuanm:xmmmtmnamhﬁmhumwmmm
borehote record, whilst for thote trsts not achieving tull penetration, the depths of both the 1P and the
bonnmolmctmdﬁnmﬁmllcmmhmminmmilwm,namw
samphe is taken on completion of the test drive. Doth are given the same depth as T top of te 5P test
drive,

Dynamic Cone Penatration Test {CPT). A test conducted :uulllv in coarse granular soils using the same
procedure as for the SPT but with a 50 mm diameter, 60 ° apex solid cone fitted to the tolit 1000 sampler.
Vaciations in test results ars indicated by the same symbols a3 for the SPT, The bulk disturbed umple
taken, is given the samw depth a3 the top of the CP test drive.
Vane test. :
Borehole jack test. See taxt of report for full description.
Permeability tast. See text of report for full Sexcription.

| Legend column moy be used to indicote drift woter loss */s it applicable.

$ 207960



Department of Mines ond Energy South Aus'roli§ - Groundwater ond Engineering Services
I NOTES (B - () FOR CONDENSED REPORT LOG

NOTE @ ROCK TYPE

44.1.2 General description. Rocks seen in natural out-
crops, cores and excavations should generally be de;cribed
in the following sequence:

colour;

grain size;

texture and structure; (Fobric}

state of weathering;

rock name (in capitals, e.g. GRANITE);

strength;

other characteristics and properties.

Term Description
Fresh No visible sign of weathering of the rock
material.

Discoloured The colour of the original fresh rock
material is changed and is evidence of
weathering. The degree of change from
the original colour should be indicated.
I the colour change is confined to
particular mineral constituents this
should be mentioned.

Decomposed  The rock is weathered to the condition of
a soil in which the original material fabric
is still intact, but some or all of the
mineral grains are decomposed.

Disintegrated  The rock is weathered to the condition of
a s0i! in which the origina! materiat fabric
is still intact. The rock is friable, but the
mineral grains are not decomposed.

44.2.5 Rock name. An aid to the identification of rocks
for engineering purposes is given in table 9. The table
follows general geological practice, but is intended as a
guide only; geological training is required for the
satisfactory identification of rocks, Engineering properties
cannot be inferred from’ the rock names in the table.

44.3 Description of rock masses
44.3.1 Introduction. The description of rock masses
requires information additional to the description of the
rock material. A rock mass should be described first as
arock material, followed by additional information about
discontinuities and other features of engineering
significance. Such information includes:

{a) the description of rock types in the mass,

with reference 1o major geological structures;

{b) the dip magnitude and direction, nature, spacing and

persistence, width of opening of discontinuities;

(c) details of the weathering profile.

44.3.2 Structure, The structure of the rock mass is
concerned with the larger-scale inter-relationship of
texturat features. Common terms should be used where
possible. Terms frequently used to describe sedimentary
rocks include bedded, laminated; metamorphic rocks
may be foliated, banded, cleaved; igneous rocks may be
massive, flow banded.

Descriptive terms used for the spacing of these planar
structures are as follows,

Term Spacing

Very thick greater than2 m
Thick 600mmto2m
Medium 200 mm to 600 mm
Thin - 60 mm to 200 mm
Very thin 20mm to 60 mm

Thickly laminated (Sedimentary}

Narrow {Metamorphic and igneous)

Thinly laminated (Sedimentary]

Very narrow (Metamorphic and less than 6 mm
igneous)

6mmto 20 mm

Spacings can be shown graphically adjocent fo “core’ column if desired.

44.2.2 Grain size. A descriptive classification scheme is
given in table 9. Grain size refers 10 the average dimension
of the mineral or rock fragments comprising the rock.

1t is usually sufficient to estimate the size by eye,

which may be aided by a hand lens in the assessment of
fine-grained or amorphous rocks, The limit of unaided
vision is approximately 0.06 mm. .
44.2.3 Texture and fabric. The texture of a rack refers
to individual grains. The arrangement of grains, referred to
as the rock fabric, may show a preferred orientation.
Terms frequently used include: porphyritic, crystalline,
cryptocrystalline, granular, amorphous and glassy.

Table 10. Scate of weathering grades of rock mass

+*
Term Description Grade| Legend
Fresh 4§ No visible sign of rock material | {Fr)
‘| weathering; perhaps slight dis-

coloration on major discontinuity

surfaces.
Slightly Discoloration indicates weathering H {sw)
weathered of rock material and discontinuity

surfaces. All the rock material

may be discoloured by weathering.
Moderately | Less than half of the rock material i (MW)
weathered is decomposed or disintegrated to

a soil. Fresh or discoloured rock

is present either as a continuous

framework or as corestones.
Highly More than half of the rock material | IV (HW)
weathered is decomposed or disintegrated to

a soil. Fresh or discoloured rock

is present either as a discontinuous

framework or as corestones.
Completety | All rock material is decomposed " cwl
weathered and/or disintegrated to soil.

The original mass structure is

still largely intact.
Residua! All rock materia! is eonserted i {RS)
soil to soil. The mass structure and

material fabric are destroyed.
There is a large change in volume,
but the soi! has not'been
significantly transported.

(*Choice of symbol at discretion of user and is not within 855930 1981)

44.2.8 Examples. The following descriptions are given for
guidance in the use of appropriate descriptive terms.

For example, a metamorphic rock material might be
described as a “dark grey, medium grained, thinly foliated,
fresh GNEISS, very strong’; a typical description of a
sedimentary rock might be a ‘yellowish brown, coarse
grained, wholly discoloured, micaceous SANDSTONE,
moderately weak’; an igneous rock migh: be described

as 'dark greyish green, medium grained, partly discoloured,
quartz DOLERITE, extremely strong’.

For strength term see note @
In CONDENSED REPORT LOG use the following symbols.

Where rock moss is converted 10 residucl soil use appropriote
soil symbol.

Fresh to slightly weathered
Moderately weathered

Highly weothered

Completly weothered

$20797
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NOTE @ ROCK STRENGTH

44.2.6 Strength of rock material. A scale of strength,
based on uniaxial compressive testing, is as follows.

. +

Teem Symbol ACAL‘;‘;':“’“' strength,  aporox. Is 50 (MPa)®  Geol. Society (Ref.3)  Approx kg/em?
Very weak:

Very weak (vw)  less than 1.25 € 0-05 Broken by hand win 15 )
atulty. Austrelion Stondard AS 1726 -1981
Waak:

Maiera’ crumbies

Weé:k tw) - 125105 ©05-02 et s oeo 15-50 doseribe rock sieength:
! logeal pici.
Moderately weak: Rock sirength Abbre-
lass viation
Moderately weak 02 -0'5 Tootad @ &by - - c
y w (Mw) 510125 o e s casta 50-130 Extcemely low . . EL
pecmen. Verylow ... ... VL
Moderately svong: Low L
Moderately strong (MS) 12.510 50 05 -2:0 i;mv:f::f;? ‘30_.500 lh:i:lj'ulum P bl:l{
pick. Very high . ..... VH
Srong: Extremely high EH
Hana twid speci
. Strong (s) 50 to 100 20 -40 i s 500—1000
single diow of
geological hammer.
Very srong: ~
Very strong tvs) 10010 200 4-0 -80 o ramemer 1000 - 2050
r'qui.nd © break
1pecmen,
Extremely strong (ES) greater than 200 ) 8-0 2
X . {note: | MPa ~145psi~10kg/cm®}
The strength of a rock material determined in the uniaxial * Legend column may be used 1o indicate point load strength index,

compression test.is dependent on the moisture content

of the specimen, anisotropy and the test procedure + Geologicol Sociery.

Is 50 {(MN/m2ZL{Correcting for any fcbric anisotropy).

Engineering Group Working Party (1277)

The Description of Rock Mcsses for Engineering Purpases.
adopted. Q. Jni. Eng Geol. v=10. pp355- 388.

NOTE () CORE QUALITY
44.2.7 Fracture state.

Elsewhere [161] , a determination of Rock Quality
Description {RQD} has been proposed as a quantitative
measure of the fracture state of rock. RQD is the
percentage of rock recovered as sound lengths which
are 100 mm or more in iength. Only core lengths-
determined by geological fractures should be measured,
Descriptive terms are as follows.

RQD Term Suggested symbol *
0%to 25% Very poor {vP)

25%to 50% Poor (P}

50%to 75% Fair (F)

75%to0 90% Good [(c}]

90 % to 100 % Excellent (E)

(*Not within BS 5930 1981}

2.3 Rock core descriptions (Volues may be shown graphically In "core” cotumn)

TCR  Total core recavery, The length of the totzl amount of core sample ©s of
the length of core run.

SCR  Solid core recovery. The length of core recovered as solid Cytinders, expressed as a percentage of the length
of core run.

RAD Rock quaiity desgnation. The sum length of a1} core preces that are 10 cm or onger, measured slong the
cantre line of the core, expressed a1 3 percentage af the core arilled.

NOTE @ HYDROGEOLOGY

Woter cut, stondpipe ong prezometer instollahon indicate if somple token, date ond
by whom. Show base of standpipe and centre of piezometer in legend column.
Show time and dates of water level-observotions.

NOTE ® DISCONTINUITY DESCRIPTION

44.3.3.2 Discontinuity spacing in one dimension.
The following descriptive scheme should be used.

Term . Spacing Suggested Symbol *
Very widely spaced greater than 2 m (vws}

Widely spaced 600 mm to 2 m (ws)
Medium spaced . 200 mm to 600 mm (MS)

Closely spaced 60 mm to 200 mm sy

Very closely spaced 20mmto 60 mm (vcs)
Extremely closely spaced fess than 20 mm (ECS)

1+ Mot within 85 3930 1961
44.3.3.3 Discontinuity spacing in three dimensions.
The spacing of discontinuities may be described with
reference to the size and shape of rock blocks bounded
by the discontinuities. Rock blocks may be approximately
equidimensional, tabular or columnar in shape. Descriptive
terms may be used in accordance with the following.

First 1erm Maximum dimension
Very large . greater than 2 m
Large 600mmto2m
Medium 200 mm to 600 mm
Small 60 mm to 200 mm
Very small fess than 60 mm

Second term . Nature of block

8locky Equidimensiona!

Tabular Thickness much less than
length or width

Columnar Height much greater than

cross section

The use of these terms requires an understanding of the
distribution of discontinuities in three-dimensions;

in consequence they cannot be used in the description
of drill core,

NOTE ©

41.4 Geological formation, age and type of deposit.

The geological formation
should be named where this can be done with confidence,
but it may not be easy 1o tell to which formation a sample
belongs, or to locate formation boundaries in 3 borehole
or exposure; conjecture should be avoided.

The characteristic lithology is sometimes indicated in the
formation name, e.g. London Clay, but it should be
remembered that at a particular location or horizon the

lithology may be completely different from that indicated -

in the formation name.
A term indicating the geological origin or type of the

deposit may be given on the map legend, e.9. Made ground,

Peat, Head, Alluvium, River terrace, Brickearth, Blown
{aectian) sand, Till. The term can indicate to the engineer
some of the characteristics that the deposit may be
expected to show.

NOTE &

41.5 Additional information. Any additional information
on the composition, structure, behaviour or other
characteristics of the soil that would be of value in
assessing its nature and properties should be recorded.
Special note should be made if the properties of the
material are considered to be unusual in relation to the
rest of its description. Note should also be made if there
is doubt whether the sample described is representative of
the material at the level from which it was sampled, due,
for instance, to fracture of particles or loss of fines during
sampling, or to the sample size or borehole diameter being
too small in relation to the grading or structure of the
material being sampled, Where relevant, it should be made
clear whether the sample on which the description is based
was disturbed or undisturbed, Where the strength of the
soil is likely to vary because of seasonal variations in
moisture content, this should be noted.

DS.2 Streapgth. The following teems are used to

Point load sirength
index, 1, (50)
(MPa)

< 0.03
003 t0 0.1
011013

$20797¢
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{SRM: POINT LOAD TEST

Suggested Method for Determining

EXPLANATORY NOTES
SHEEY 3

Point Load Strength____ [in part]

PROCEDURE

Specimen selection and preparation

6.(a) A test sample is defined as a set of rock specimens
of similar strength for which a single Point Load
Strength value is to be determined.

(®) The test sample of rock core or fragments is to
contzin sufficient specimens conforming with the size
and shape requirements for diametral, axial, block or
irregular lump testing as specified below.”

(c) For routine testing and classification, specimens
should be tested either fully water-saturated or at their
natural water content.

Calibration

7. The test equipment should be periodically cali-
brated using an independently certified load cell and set
of displacement blocks, checking the P and D readings
over the full range of loads and displacements pertinent
to testing. :

The diametral test?

8.(a) Core specimens with length/diameter ratio
greater than 1.0 are suitable for diametral testing.

(b) There should preferably be at least 10 tests per
sample, more if the sample is heterogencous or aniso-
tropic.”

{¢) The specimen is inserted in the test machine and
the platens closed to make coniact along a core di-
ameter, ensuring that the distance L between the contact
points and the nearest free end is at least 0.5 times the
core diameter (Fig. 3a). "

(d) The distance D is recorded % 2%,

{¢) The load is steadily increased such that failure
occurs within '10-60 sec, and the failure load P is
recorded. The test should be rejected as invalid if the
fracture surface passes through oaly one loading point
(Fig. 4d).

(f) The procedure (c) through (¢) above is repeated for
the remaining specimens.in the sample.

The axial test?

9.(a) Core specimens with length/diameter ratio of
0.3-1.0 are suitable for axial testing (Fig. 3b). Long
picces of core can be tested diametrally to produce
suitable lengths for subsequent axial testing (provided
that they are not weakend by this initial testing); alteraa-
tively, suitable specimens can be obtained by saw-cutting
or chisel-splitting.

(b) There should preferably be at least. 10 tests per
sample, more if the sample is heterogencous or aniso-
tropic.!

(c) The specimen is inserted in the test machine and
the platens closed to make contact along a line perpen-
dicular to the core end faces (in the case of isotropic

rock, the core axis, but see paragraph 11 and Fig. 5). '

(d) The distance D between platen contact points is
recorded + 2%.* The specimen width W perpendicular to
the loading direction is recorded + 5%.

(¢) The load is steadily increased such that failure
occurs within 10-60sec, and the failure load P is
recorded. The test should be rejected as invalid if the
fracture surface passes thropgh only one loading point.
(Fig. 4¢).

(f) The procedures (¢) through (¢) above are repeated
for the remaining tests in the sample.

The block and irregular lump tests

10.(a) Rock blocks or lumps of size 50 + 35 mm and
of the shape shown in Fig. 3(c) and (d) are suitable for
the block and the irregular lump tests. The ratio- D /W
should be between 0.3 and 1.0, preferably close to 1.0

The distance L (Fig. 3c and d) should be at least 0.5W.

Specimens of this ‘size and shape may be sclected il .

available or may be prepared by trimming larger picces
by saw-or chisel-cutting.

(b) There should preferably be at least 10 tests per
sample, more if the rock is heterogencous or aniso-
tropic.’

(c) The specimen is inserted in the testing machine and
the platens closed 10 make contact with the smallest
dimension of the lump or block, away from edges ‘and
corners (Fig. Jc and d). .

(d) The distance D belween platen’ contact points is
recorded + 2%. The smallest specimen width W perpen-
dicular to the loading direction is recorded + 5%, If the
sides are not parallel, then W is calculated as
(W,i+ W,)/2 as shown in Fig. 3d.* This smallest width
W i$ used irrespective of the actual mode of failure (Figs
3 and 4) .

{e) The load is sicadily increased such that failure
occurs within 10-60sec, and the failure load P is
recorded. The test should be rejected as invalid if the
fracture surface passes through only one loading point
(see examples for other shapes in Fig. 4d or ¢).

() The procedure (c) through {¢) above is repeated for
the remaining tests in the sample.

~

Anisotropic rock . -

11. (a) When a rock sample is shaly, bedded, schistose
or otherwise observably anisotropic it should be tested
in directions which give the greatest and least strength
values, which are in general parallel and normal to the
planes of anisotropy. -

(b) If the sample consists of core drilled through the
weakness planes, a set of diametral tests may be com-
pleted first, spaced at intervals which will yield pieces
which can then be tested axially.

{c) Best results are obtained when the core axis is
perpendicular 10 the planes of weakness, so that when
possible the corc should be drilled in this direction. The
angle between the core axis and the normal to the
weakness planes should preferably not exceed 30°.

(d) For measurement of the I, value in the directions
of least strength, care should be taken to ensure that load
is applied along a single weakness plane. Similarly when
testing for the 1, valuc in the direction of greatest
strength, care should be taken 1o ensure that the load is
applied perpendicularly to the weakness planes (Fig. 5).

(¢) If the sample consists of blocks or irregular lumps,
it should be tested as two sub-samples, with load applied
firstly perpendicular to, then along the observable planes
of weakness." Again, the required minimum strength
value is obtained when the platens make contact along
a single plane of weakness.

CALCULATIONS

Uncorrecied point load sirength
12. The Uncorrected Point Load Strength 1, is calcu-
lated as P/D? where D, the “equivalent core diameter™,
is given by:
Dt = D! for diametral tests;
=44 [n for axial, block and lump tests;
and

A = WD = minimum cross sectional area of a
plane through the platen contact points.*

Size correction

13.(a) ], varies as a function of D in the di al test,
and as a function of D, in axial, block and irregular lump
tests, so that a size correction must be applied to obtain
a unique Point Load Strength value for the rock sample,
and one that can be used for purposes of rock strength
classification. -

(b) The size-corrected Point Load Strength Index Ly

- of a rock specimen or sample is defined as the value of

I, that would have been measured by a diametral test
with D = S0mm.

(c) The most reliabl hod of ob Looys Pre-
ferred when a precise rock classification is essential, is to
conduct diametral tests at or clos¢ to D = 50 mm. Size

. correction is then cither unnecessary (D = 50 mm) or

introduces 2 minimum of error. The latter is the case, for
example, for diametral tests on NX core, D = 54 mm.
This procedure is not mandatory. Most point load
strength testing is in fact done using other sizes or shapes
of specimen. In such cases, the size correction (d) or (¢)
‘below must be applied.

(Y

(d) The most reliable method of size correction is to
test the sample over a range of D or D, values and to plot
graphically the relation between P and D?. If a log-log
plot is used the relation is generally a straight line (Fig.
6). Points that deviate substantially from the straight line
may be disregarded (although they should not be de-
leted). The value of Py, corresponding to D? = 2500 mm?
(D, = 50 m) can then be obtained by interpolation, if
necessary by extrapolation, and the sizecorrected Point
Load Strength Index calculated as Py /S0,

(¢) When neither {(c) nor (d) is practical, for example
when testing single sized core at a diameter other than
50 mm or if only a few small picces are available, size
correction may be accomplished by using the formula:

ho=Fx],

The “Size Correction Factor F™ can be obtained from
the chart in Fig. 7," or from the expression:
F = (D, /50

For tests near the standard 50 mm size, very little error
is introduced by using the approximate expression:

F=/(D.Js0)

(f) The size correction procedures specified in this
paragraph have been found to be applicable irrespegtive
of the degres of anisotropy I, and the direction of
loading with respect to planes of weakness, a result that
greatly eahances the usefulness of this test,

Mean value calculation

14.(a) Mean values of I, as defined in (b) below arc
to be used when classifying samples with regard to their
Point Load Strength and Point Load Strength Aniso-
tropy Indices.

(b) The mean value of I g is to be calculated by
deleting the two highest and. lowest values from the 10
or more valid tests, and calculating the mean of the
remaining values. If significantly fewer specimens are
tested, only the highest and lowest values arc to be
deleted and the mean calculated from those remaining.”

Point load strength anisotropy index

-15. The Strength Anistropy Index Ly, is defined as the
ritio of mean L, values measured perpendicular and
parallel to planes of weakness, i.c. the ratio of greatest
1o least Point Load Strength Ingices. 1,4, assumes values
close to 1.0 for quasi-isotropic rocks and higher values
when the rock is anisotropic. On average,
uniaxial compressive strength is 20-25 times point load
strength, as shown'in Fig. 9. However, in tests on many
different rock types the ratio can vary between 15 and
50 especially for anisotropic rocks, so that errors. of up
to 100% are possible in using an arbitrary ratio value to
predict compressive strength from point load strength,

Ty is approximately 0.80 times the uniaxial tensile or
Brazilian tensile strength.

7. Because this test is intended primarily as a simple
and practical one for ficld classification of rock materi-
als, the requir lating to ple size, shape,
numbers of tests etc, can when necessary be relaxed to
overcome practical limitations. Such modifications to

procedure should ho be clearly stated in the repont.

11. The size correction factor chart (Fig. 7) is derived
from data on cores tested diametrally and axially and
from tests on blocks and irregular lumps, for rocks of
yarious strengths, and gives an averaged factor. Some
rocks do not conform to this behaviour, and size cor-
rection should therefore be considered an approximate
method, although sufficdent for most practical rock
classification applications. When a large number of tests
are to be run on the same type of rock it may be
advantageous to first perform a series of tests at different
sizes to obtain a graph of load vs D? as in Fig. 6. If the
slope of such a log-log graph is determined as “a", the
size correction factor is then (D,/50)" where
m = 2{1'= n). This can either be calculated directly or a
chart constructed.

*Paragraph and figure numbers are those of the original
ISRM Commission on Testing Methods 1985.
method for determining Pointt Load Strength (revised version)
Int. J. Rock Mecb. Min. Sci. & Geomech. Abstr. 22, 51-60.

reference:

Inportant references for further reading:-

GOIPU, X., Bong, L.

Suggested

to 2-39.

B TURK, N. and DEARMAN, W.R.
of point load strength.

On the statistical analyais of data and N6. 31. paris 1985 ppl37-142.

strength expression in the rock point load tedts.
Proc. Sth Int. Cong. Int. Ass. of Engng. Geology.

Beunos Aires 1986,

READ, J.R.L., THORNTON, P.N., REGAN, W.M.
to the Point Load Test.
Conf. on Geomechanics, Wellington 1980.

A rational approach
Third Anstralia New lesland
vol. 2, pp2-35

Ioprovements in the determination
Bull. Int. Ass. Engng. Geol.
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ISRM: POINT LOAD TEST.
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Fig. 3. Specimen shape requy for (a) the di 1 test, (b) the axial test,
(c) the block test, and (d) the irregular lump test.
18 1 1000
50, 30" 1O L0t Tt T T2 M
30
20}
Fig. 4. Typical modes of failure for valid and invalid tests. (a) Valid diametral tests; (b) valid axial tests: i 10~
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South Australian Department of Mines and Energy
Engineering Geology Section

SITE INSPECTION PLANS/LOGS
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Site Identification? PIT | Date: 2!/5(92 pata By: StJ
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2.
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' NOTES_:»
! Map sheet, Sect/Hd, Town etc
2 -pPit No., localizing reference to plan etc
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South Australian Department of Mines and Energy
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SITE INSPECTION PLANS/LOGS
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South Australian Department of Mines and Energy
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SITE INSPECTION PLANS/LOGS

Project: U.S.E. DRAINAGE ' | Client: E WS
Locality': WINDARA (22km W Padﬁ@”“é}) JOB Nos: ENG. GEOL. 92—/<{—{  : DME
' site Identification’ A 11 . : Date: 24/5/92 Data By: Sw /M
&ROuwamEf{
UOater oujD) aL approx L2m amd [ .Sm u!ee s, slow Faasient, —hwck/@)
\/@r? - wafer /m,/é v at 2.5m oep sec c/ww ée&w) o | n
;a/) rvxw\wfa(,«/} OTm. o o
| l \ ‘ | ' l D A oﬁ C w
} ! v 3,40 i |78 ; 3 49 /A 0.9 m IM@V\SID/\_S a/ L,
o %_3;4|PM 11.62’:\ - 2 e’ 0.85m | J/? |
é % t_gf‘ﬂZLi | :].4.7AA, ' 2151 0.82 an éyeﬁVO)( f*7 7%4 > /(D/M
343 1.23m : 3:52 0.7%m | A
346 1L09m: | ©2:86 0.72 m (& /rDM = z3 :_4 I_ waa
347, 1.02m | |
i 348 0.96m. : abowt '2 5 A/‘“"}
R Cor SANPES + 0.Ste [[2ma 2.0 m ‘

- NOTES:
! Map sheet, Sect/Hd, Town etc
2 pit No., localizing reference to plan etc

' G01862 MF 192



| ~ E5m> =

Pk sides
ollapsed |
o;bo»d"-Z 2m

e MnbE/?A’TE
D waTeR

INFLOWS

sﬁND(SP) black. fme med ¢ rcuj\ecf CI(Aa,rf’a )orﬁamc. /7ne roof:s S‘(_@

SAND (P, w’butt‘tb pale ye %% fme med qraiined | uarfz ’W—W»WWV
dense (E<t)) to Weakly Mdu_ra,te; m/h rarc (,obb/a) ﬁi :
!SOMMgb SANbsmNc moatuaféf? s.')'ronﬁ Eczfe /S
Va,FLﬂ-/:)(,& 400 MA 800 AN RAL //‘00 7‘6 3MM¢ 'E »

ctAy ( CH> ellow oroume saud Sand: v pene ~med. /a,uuad
) 7 éjﬁf\/l) (S%’) a0 aboeve.. PP 2.5~ ‘7

/)oclz,aff-) =.0| (3 o awe)
&rexa wille gfd(o»o mottes 1600 — ZQODMM' R
SAND (5C~>) ﬁr@@”\/ and gresn - (Mco./uu'ﬁc ) rwﬁ

{
ned Ww’i - 47,;13}(]0 Ielas

Jmnc O/Jeu//c moltthde

D&n_ce, (¢ ,Zf D Fna rao/—: 23 fmmff

LAY CCH); ﬁrﬂ% pala yellow e witde mottled Jmndc/ ( Medcum
s M /o a/ve(jz re d:/ﬁf wa‘ gravel !
to a (/ v S 701\6
&om Sing / cermented alﬂomefzm:l amdm}a So/vw, ’
Azma,’(g% (;eacumz,,e/@“t /% j) ﬂ“ﬁbdﬁ feﬂu cwmfz(,ww_;
/475 ?/wmé v weaksd m‘c/é o RO R
cLay (CH) ao atove | qrave /1/A cobble 7o A{u(ew' _(/.?ev/

/mﬂmewtf 2 a/éo»/& /0%,

# ExcAvATION WAS EASY /N ALL LAYERS.

Project: u s E DRAINAGE

Locality":
Site Identlflcatlon

G01862

MF 192

1. crovER RIDGE
T2

Department of Mines & Enexgy
Engineering Geology Section

- South Australia

Site Inspect:.on Plan/Loq
Client: EswWS
JOB Nos:

ENG. GEOL. 92-/9-! . pME
Data By: [ Jn



South Australian Department of Mines and Energy
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SITE INSPECTION PLANS/LOGS
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DEPARTMENT OF MINES - SOUTH AUSTRALIA
ENGINEERING CLASSIFICATION OF SOILS
The Unified Soil Classification System

Readily identified by colour, odour, spongy feel and frequently by fibrous texture

Peat and other highly organic soils

FIELD INVESTIGATION PROCEDURES GROUP GROUP NAME -
. N LABORATORY CLASSIFICATION CRITERIA
Excluding particles larger than 7-Scm and basing fractions on estimated weights SYMBOL and typical materials ’
i ) ) - _ DéD ;
GRAVELS G(!:(‘I-\EI‘:-:TS Wide range 1w grain sizes, and subslantial amounls of all intermediate particle sizes 6W gm‘éfls'ame“m?mﬁg little or no hnes [ S gg: m&?o Grea‘;:.‘.,:zz,r: laand 3
. ‘ . S 058 E = 10-060
n S More than 50% Little or . ] - O — - . Z 5 - —
E_)‘ g of the cualse/ no fincs Predominantly one size or a range of sizes. with some intermediate sizes missing GP i?:\y&;ﬁg"::"ixaﬁi"dimle or no fines E $ bs 43 ~ | Not mecting alt gradation requirements tor GW
=] : o
nsg fraction is Y ; % 4 H — e
g i DIRTY : P GRAVEL, excess sify fines; 08 i a,es 3| Atterberg fimits below “A Abové “A” line with PI between
ga : h,ge,l !ha: mm. comry Nonplastic fines—for indentification see ML below GM poorly graded gravel-sandsill mixtures s 0z ;: | line or PY less than 4- 4 and 7 are bode
ca ained on N < 3 an d
zé‘: (rBeSd]7 sieve) Appreciable amount Plastic fines—lor identification see CL below [ GRAVEL, excess clayey fines; Bg G O 5| Aerberg limits above "A" 10 7 are Borcerlie €
5_6 : .S, of “fines poorly graded gravel-sand-clay mixtures " —.-‘3,".5 " ¢ line or PI greater than 7 requiring use of dual symbols
S © — W = D60
wES CLEAN in grain si g ; i ; idle s SAND, well graded; ; 5| 3% % o | Cu= P20 Greater than 6
.‘,‘.gé SANDS SANDS Wide range in grain sizes, and substantial amounts of all inlermediate particle sizes N well graded sands, gravelly sands, iitlle or no fines g ; ;-fo z o ‘% Co= m%m-m Between 1 and 3
gﬁ More than 50% Little or pret . ) s - A - - SAKD, poorly graded; sl e g 5 . . ) i
Se of the coarse o fines redominantly one size or a3 range of sizes, with some intermediate sizes missing N4 poorly graded sands, gravelly sands, fittle or no fines 3|88 [ &5 ot meeting all gradation requirements for SW
= L ; 3 . S ! ot C] .
fraction is : " 18 Z .t — ore)
IRTY T SAND, excess silty fines; =1 8 w @ 5 o1 Aterberg fimits below "A Above “A” line with Pl between
smaller than 2mm. S?ANDS Non-plastic fines—tor indentitication see ML below M poorly graded sand-sit ‘mixtures § E g S20 ] ine o PIless than 4 . " etwee
(passing Appreciable amount 5| o o ——— and 7 are borderline cases
] . ST TR SAND, excess clayey fines; = Atterberg limits above “A” .
8S.7 sievel of fines Plastic fines—for identification see GL below SC poorl; graded sand-clay mixtures o ine or PT greater than 7 requiring use of dual symbols
FIELD INVESTIGATION PROCEDURES K
on fraction smaller than O.4mm. (passing B.S. 36 sieve) GROUP GROUP NAME :
B . £ 60
SOIL CAST  (sua wey SOIL THREAD | SWINE | DILATANCY | ODOUR | oRY STReNgTH | SYMBOL and typical materials 9
< . 2
g - —
= SILTS Forms tragile cast Thick crumbly thread; None to ) SILT SOIL, low plasticity; . b4 50 — ¢ S—
usE AND CLAYS |Crs form when bneaded wide moist | easiy broen very dull Distinct ot sigmbcant | Mone to shght L inorganic sills “and very fine silly or clayey sands, rock flour | > R
=3 — - B
0Esw o Cast maybe handled freely wilboul breaking| Thread can be puted CLAY SOIL, fow plasticity; =] 510 o pdf
""._'4_‘ a Liquid timit Can be kaeaded moist wilhout cracking as tine as 2 lead Moderate | None to shgt | Nat signilicant Moderate oL inorganic clays of low 1o medium plasticity, Q e
8%% tess than 50 Materal adheres lo the hand- pencil but 15 tragite gravelly-clay, sand, clays, silty clays, lean clays u ;__' o
E ‘-ui Cast tragite to cohesive materal will Nose lo Decayed organic ORGANIG SUIL‘ low nlas!icity; a = 30
E 3 Sofl, weak Lhicad Shighl to distinct Low oL PR . ‘s 2
é-;f; adhete somewhat to the hand i very dull matter organic silts and silt clays of low plasticity z 1
O Modecately plastic and coheswve et 1o et teend Moderate SILT SOIL, high piasticity; s = o]
wog Malera) adberes somewbal e et 0L pun | Bone to shatt | ot sigtcant | Powcered sol M inorganic sills, micaceous or diatomaceous ] or
‘_Lz_g SILTS 1o the hand 3y be crumdly teels floury fine sandy or silty soils, elastic silts | o oL MH
@ - - J— s
i 5 AND CLAYS Vety plashic and cohesive Righ lo very high CLAY SOIL, high tasticil 2|-=-=
= o Materal very sticky fo the haed Very tough thead,can | ooy None Suong earthy | Cannot be powdered cH : + MO0 P I . -
Liquid fimit Greasy ta touch be rolled lo a pin point by finger pressure inorganic clays of high plasticity, fat clays
more than 50 = " 0 40 50 40 70 8o 0 100
::::wss:;':nz:: Weak 1o pedum thread] Moderate 1o . Decaved orgaic :::::: t::mlvn:l‘\a ) o ORGARIC SOIL, high plasticity; LIQUID LIMIT
Greasy (o toveh Oiten soft and tibrous | very glossy matter be tibrous organic clays of medium to high plasticity
PEATY SOIL; PLASTICITY CHART
pt H FOR LABORATORY CLASSIFICATION OF FINE-GRAINED SOILS

70841

NOTE: BOUNDARY CLASSIFICATIONS:

Soil possessing characteristics of two groups are shown g¢s a combination

of two group symbols, eg. GW-GC, well graded gravel with clay binder.

Based on “‘The Unified Soif Classification System” United States Department of the literior,

Bureau of Reclamation “Earth Manual™ First Edition,

Denver COLORADO 1960.

S.A. Depe. of Mines




PIT SAMPLE DEPTHS

1 09, 1.3, 25, 42

2 1.0, 1.3, 2.5, 5.0

3 2.0. 4.0

4 1.5

5 2.8, 3.5

6 1.0 '

7 0.8, 1.9, 3.0, 45

8 1.5, 35, 4.0, 5.0

9 0.8, 1.2

10 5.0

11 0.5-1.2 (Sand-boail), 2.1
12 0.1-0.6, 0.6-1.6, 1.6-2.0, 3.0-4.0
13 1.5 (approx)



ROCK STRENGTH
Strength of rock material. A scale of strength based on uniaxial compressive testing, is as follows:
Compressive Approx Swrength in hand Symbol

Term strength Is (50) specimen
(~Is (50)x25)

'Very less than 1.25  <0.05 Broken by hand with difficulty. (VW)
weak
Weak 1.25t0 5 0.05-0.2 Matérial crumbles under blows (W)
with the sharp end of a geological
pick.
Moderately 5 to 12.5 0.2-0.5 Too hard to cut by hand into a MW)
weak triaxal specimen.
Moderately 12.5 to 50 0.5-2.0 Smm indentations with sharp end (MS)
_ strong of pick.
Strong - 50 t0 100 2440 Hand held specimen can be broken (S)
with single blow of geological hammer.
Very 100 to 200 4.0-8.0 More than one blow of geological (VS)
strong required to break specimen.
Extremely  greater than 200 >8.0 (ES)
strong '

G04305.SW



POlNT LOAD STRENGTH TEST

DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA :

’ SHEET -

. JOB NO. M——-

ofﬁ_

.3 i[sﬁa -

'CLIENT - CLWS TEST LocALITY - bk CHRQLC—_S - DATE _

. PROJECT “U.SE . TEST MACHINE " : “Lo8. ﬂEseM,CH TESTED BY : SW =
A:"LOCATION BT _Z/HTawu.eil DATE CALIBRATED ‘ - CHECKED BY __Lg____
. sAAMP‘LEil.D on_d -,Loc_A_TjON, o ; &.;,‘4 AT ‘1.,.3,,\ e +-3M - ,",o.r/ _4-?,';.

. SAMPLE DESCRIPTION (LJMesﬁne) : o Lo SR )
(NOTE PLANES OF F | Qe Jee 2 <ﬁ5e,‘/ée7£t:
'WEAKNESS) . : @ﬁl_—-.w‘/vvﬁ? ' /{27&‘: - /é#(: 17 : -

MOISTURE / STORAGE HISTORY| .. .- . .

DIAMETER 1 [Wmm| 4O 50O : S o

DIAMETER 2 W mm| 6 & 5 ' 10 4]

AVE DIAMETER - | = | . T 1 : o5

We Wl ;_ W2 W(mrj) 62§ | 675 . o ) 60 0 .
PLATEN SEPARATION | D(mm) | 3. 3% 58 o S
[LENGTH /DIAM. RATIO . 1 . g1 ' ' I
) 0 - o . b . . . .
oz <oy <cro| "wlo-696 | 0585 | 093 033
.|EQUIVALENT DIAM. N o o ' | 0 .a.
De = JT2732(WxD) D""‘"‘.’. §8-8 . - 5—6 * , 66‘_.8- A 5a-9
FAILURE .LOAD - - ' - ; R c 9.0
ltor 'GaUGE PRESSURE kNtkPal | Q) .§Q kv | 200 | ‘/_7-5.' . . O
[ correcTeD LoD | Pekm: ,;”. so. | aoo | 1FS 190

UN-CORRECTEDRL.| - - I - Lo

STRENGTH INDEX || (wpei ‘6 Q| 639 | G-t # 31
s =47 pe?) 1000 _ R = : o S

| SIZE CORR. FACTOR - B : o - - S
F=0%/50998 P ' 08 - | 106 I /-] . /-03 .
"~ |POINT LOAD STRENGTH' ' . . - - ' ’ " o
"+ | (SIZE CORRECTEDI | ls(sq) |-~ 27, : - </ z’_ . 68 3:30
| Isise) =Is s F - |MPa) | 6 68 . 6 g(/- N
- {aPPROX. EQUIV. U.C.S. [Qu(MPa) R i i — R . :
‘Ou& 24‘.'5(50')'. (seeNoiejz') /50 II’ ) /{9'3 N&-? \7(7 I
TesT T}PE;' SKETCH AND - o |
~ NOTES® .
A = AXIAL SAMPLE'TEST : P B IV A | _[’ h I
D ¥d|AMETRAL SAMPLE _ o '
TEST. -
e = BLOCK SAMPLE TEST ;
IRREGULAR LUMP TEST

NOTES:: 1. Testing in ‘accordonce mih ISRM Point Load Test Memod -see Explamlory Sheet .3,

2 Volue for UCS is opproximate only Conversion from |s(5°, to Qu is only occurote if
extensively colubmled for speclnc site motenals . .

- MF 195



POINT LOAD STRENGTH TEST

DEPARTMENT OF MINES AND ENERGY SOUTH AUSTRALIA '

L Saws

Joswno.o:

SHEET =

TEST

B BLOCK SAMPLE

A = AXIAL SAMPLE TEST "

D = DIAMETRAL SAMPLE

l.=IR REGULAR LUMP - TEST

TEST

CLIENT | TEST"LOCALI_T-Y_ DATE 2223[91
PROJECT +_:5-E __ TEST MACHINE ‘. . TESTED BY +_$W
“LocATION «_P: T4 - DATE CALIBRATED ‘CHECKED BY " T &
SAMPLE 10.andLOCATION | oy 6y | AT 4 2.0 | T4 3:0m [PiT% 2:0m |
IR CPrLcrLt:rE-‘f S D
SAMPLE DESCRIPTION | 'y, | L | RV ‘ - SRR |
(NOTE PLANES OF roung . (ee /&f‘t : Au:,/{z%t &&/&/’t :
WEAKNESS). Five SSlVC R _ ' .
Freshh
| MOISTURE 7 STORAGE  HISTORY RN
DIAMETER 1 wmm | 50 60 90 70
‘DIAMETER 2 Wa mm)} - 2y 60 10 .90
AVE DIAMETER | : , — —
we W2 Wi | gy 60 g0 80
- |PLATEN SEPARATION | Dimm) | 3 7 & | 38 . 35
" [CENGTH/ DiaM. RATIO O o T T B -
03¢ Py <to| W | OGO 068 O- &4 G £4
. [EQUIVALENT DiAM. 5 . |
| o0e = rmszm|e ™™ SF 0 S€ ) 97 §99.
FAILURE LOAD 1 -, 3} '
{or GAUGE PRESSURE KN(kPa) S'OS— 13- L /6 O /4" O
CORRECTED LoAD | P | & 0§ 1R 16O /4 O
- |un-correCTED RL.|. .. L i} '70 1 q ] 2 9 -
STRENGTH INDEX |, 'mpa) | 7 . ‘ . 49 2-9°
1s = (7pe2) x 1000 ST Igs 3 ST | ARt : 3 -
SIZE CORR.FACTOR , ' . . )
F= 00750104 Fl/-06 /-08 /-08 /O8
U [ | » g6 438
st CTED}  |'lsis0y . . . .
Asgsey =15 £ F 7 |(MPa) / 54' 4‘_../0 4' %
. [aPPROX. EQUIV, U.Cs. |QuiMPal| - PPN '
Qu‘é‘:24 x IS(s01 (see Note 2) 3C’§ qu (/ {‘ 7 /Oa‘l L
TEST TYPE, SKE‘TC-H NG o B S S
NOTES . o o E SRR
I T Z 7

NOTES

AR .Tesllnq in occordonce with ISRM Point Lood Test Method - see Explanatory Sheet 3.

© 2. vaiue for UCS is approxlmale only. Conversion from ls(so, ‘to Ou is only accurate if
. extensively calibrated for specmc site molenals -

MF.195



POWH'LOAD STRENGTH TEST

DEPARTMENT OF MlNES ANO ENERGY - SOUTH AUSTRALIA '

JOB NO. :

SHEET

‘;3_6( 4 -

. .33[':29';?.“ |

CCLIENT L«WS TesT 'LQ_CAL_ITY_ s DATE -
PROJECT. :_ US.E. TEST MACHINE . TESTED BY v £
"LOCATION :_P:T 6 ' DATE CALIBRATED : ‘ CHECKED BY ‘ft « '
SAAW.DLVE"D o}}g .Loc_AT;ON ' | P:i’é‘f .2 ' p‘75 8 | ,9,7"5 cBm p,r{
CALCRETE,

'SAMPLE DESCRIPTION . -
(NOTE. PLANES OF
WEAKNESS)

pale brown,
Freshh

e b

-

MOISTURE / STORAGE HISTORY

.éo_.

/gO‘-

A= AXIAL s}AMéLE TEST |

D= DlAMETRAL SAMPLE -
- TES

B's BLOCK SAMPLE TEST.

| = IRREGULAR LUMP TEST

DIAMETER 1. W, (mm) XLO: 20
ﬂDIl.\MET‘ER.'Z W2 {mm) B O i ' S (@) - 20 - / OC
AVE. DIAMETER | i j o .
TN wem| g5 | g <o 130
|PLATEN SEPARATION | D(mm) | -~ Lo 3'6 - 4.5‘\ -‘S'{ .
LENGTH / DIAM. RATIO ) : o _ . -
: , 05 | o cC . . o)
03 < Prycro | w 053 o§§ ' @ $6 , O+
"~ |eouivaLENT DIAM. o . - : . L,."
o. - [TE7R200 | ™™ &/ ’ g 45-8 673 9{ '
FAILURE LoaD | ot C ’ .
{or GAUGE PRESSURE kN(kP‘?" / 7 ' _/ 5 / g , 20
QORR’ECTED LOAD | PIkN) | /7 15 /R RO
TUN-CORRECTED P L. - o o o L
STRENGTH INDEX |\ (mpq) | 4.8 e 393 )
is _=(P/D,2)xlooo T - ) N ' : ’ o
[s12€ corr_FACTOR T - R Y o
Fe=0¢/g00048 /O 096 5 /34
POINT LOAo-zzgigsTH' . S S - ‘ N SL—‘
(SIZE CORR Vo 1550y : . - ; R-Y
Isgsqy =Is xF .. [(MPa) {‘ ? : g g7 ¢ 5 B -.a 7
APPROX. EQUIV. U.C.S. |Qu (MPa) R : S ( .
Qu & 24 x Is 4, (see Note 2) //7‘{ /{4"8 1 /58 70‘5
TEST TYPE, SKETCH AND
‘ NOTES ' o : .

NOTES '

1. Teslinq in accordonce with ISRM Point Load Test Method - see Explonatory Sheet 3.

2. Value for UCS is approximate only. Conversion from 1550y 10 Qu is only accurare it
cxienswely cahbroled {or. specitic sne motermls .
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POlNT LOAD STRENGTH TEST

OEPARTMENT OF MINES AND ENERGY SOUTH AUSTRALIA

zz;.aws. g
‘proveCT _US . E .
rocaTioN « Py [

| CLIENT

TEST MACHINE
DATE CALIBRATED :

JOB NO. -

SHEET_" 4 .‘oi 4 i

g e

'TEST'LOCALITY _SiTE u- ___ DATE

4(5’/ a_';

TESTED BY ‘D’M- '
" CHECKED BY :. I~ = -

sAMPLElDondLOCATloN plr II ﬂl r v” ,91 f J)

e (,PrLcﬁ/&E;NrTE'
SAMPLE - DESCRIPTION

(NOTE PLANES OF . - (/(J' o .
WEAKNESS) L SCC 5

|t

m.sswe,_.-
MOISTURE / STORAGE HISTORY| ' , _ v S _
DIAMETER 1 W, (mm} 20 . | yo . BEE-Z-3
DIAMETER 2 W lmmll ey : o 6.0 .l g0
AVE. DIAMETER - - - Lo T - R
W Wl;WZ. W(mm)' qs’ 70 ) - _ 70 '
"|PLATEN SEPARATION | D(mm) 54, : Yo e S
[LENGTH /DIAM. RATIO. . e ' =l o =
: o Oy : . .
{o3 <Py <o) ¥ O 57‘- o597 o -7+
EQUIVALENT DIAM. | S -~ ‘o |
|o¢ = 272D Oc tmm) BG.8 . §97 N £8-/.
FAILURE LOAD. - S el N PR '
(or GAUGE PRESSUREY ¢F ! ? EU 9 L 65
CORRECTED LOAD. [P | 9 - - | 9 | 6§

UN -CORRECTED PL.

STRENGTH INDEX |y (mpa .|  / -38 e |10
is = (7pe?)x1000 |~ St s 1 - : )
SIZE CORR. FACTOR | . , . S .
CrePee | F| Q4 408 /15

POINT LOAD STRENGTH | .
(SIZE_CORRECTED! | Is(go,

=isxF  |{MPa) - | &-73 .- /’5/

1556y

APPROX. EQUIV. ucs Qu {(MPa)
Qu &~ 24 x lslso. (see Note 2) .

AREE

|resT TyPE, SKETCH AND
'NOTES . =~
A =AXIAL SAMPLE TEST

D= DIAMETRAL SAMPLE '..
© TEST. »

8 = BLOCK SAMPLE TEST

| = IRREGULAR LUMP TEST

NOTES 1. Testing m occordonce with ISRM Point Load Test Method ~see Explanatory Sheet 3.

,' 2. Volue for UCS is approximate only. Converslon from "(50) 10 Ou is only accuro!e lf
. extenswely calibrated for specitic site molerlals
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APPENDIX B

DRILLING AND TESTING PROGRAM



DRILLING AND TESTING PROGRAM

Three high ridges of the Bridgewater Formation
were investigated by means of a total of seven
(7) boreholes. As the materials of this formation
are known to be extremely heterogeneous, the
drilling program was designed to include a range
of drilling, sampling and testing methods at three
sites to maximise the usefulness of the
information obtained.

It was intended that at each of two sites, three
holes would be drilled. The first was a relatively
cheap, rapid open hole to identify the zones of
high, low or medium resistance to penetration by
the drill. Results from this first hole were used
to plan the other drilling at each site. Relatively
soft/weak zones were targeted to be investigated
mainly by means of the Standard Penetration
Test (SPT), while zones of higher strength were
targeted for core drilling (PQ size, triple tube) in
a third hole.

At the second site the first drill hole indicated
only a small amount of rock strength materials
and hence it was decided to combine SPT testing
and coring in the same hole at that site.

A third site, Site 3, near to a cutting on Cantara
Road, was drilled and tested with SPTs in order
to compare the SPT values with the excavated
face some 10 metres away.

The drilling is located as shown on Figure 1,
which also shows the nomenclature used in
discussing the ridges and flats. Sites 1 and 2 are
in Ridge C which is the second Bridgewater
Formation Ridge inland from the Coorong. Site
3 is in Ridge B, the first ridge inland from the
Coorong, which is geologically slightly younger
than Sites 1 and 2.

The condensed report logs in this Appendix
present results of all of the drilling at each of the
sites. Laboratory test results are included in
Appendix C, and photographs of recovered core
samples are included in Appendix D.

G04249.LIM

B-1

Drilling Results

Strata recovered from the cored boreholes at
Sites 1 and 2 essentially comprise:

a)  variable but generally weakly cemented to
apparently non cemented, fine, medium
and coarse grained sand with occasional
thin limestone or sandstone bands

b)  high strength, mainly coarse grained,
calcareous sandstone which, in places,
comprised cemented shell fragments with a
high void ratio (See Appendix C).

The strength results of the drilling are
summarised on Figure 2. Even with short runs
and good techniques, core recovery was often
low in the sandy sections. This is typical of
drilling experience in other areas of the
Bridgewater Formation. Much of the recovered
core in the sandy sections appeared to contain
little or no cementing. Standard Penetration
Tests taken in adjacent boreholes failed to
indicate that the recovered sand differed in
characteristics to that in the non-cored sections.

The Standard Penetration Test (SPT) results from
all three sites have been plotted on Figure 3.
Results from another site at Port Lincoln are
plotted on Figure 4 for comparison. The lower
bound of the data for both sites is very similar.
Also shown on the figures are lines of Density
Index (DI) based on two published correlations
between the "N" value and the DI. The
correlation of SPTs with DI is influenced by
many factors and wide variations can be obtained
depending on which correlation is adopted.

Since the correlations were developed for
uncemented sands the published correlations may
not be completely valid for the Bridgewater
Formation, as that formation is cemented to some
degree in most locations. The data can be used
in a qualitative sense, however, and they give the

. best indication available of density and thus

strength of the unit. The SPT results suggest that
the sand is generally medium dense to dense.
There also appears to be some consistent
variation with depth in all three sites, which may
be summarised briefly as:



metres medium dense

5-10 medium dense to

dense

metres

medium dense (but
‘probably less dense
than from 0 - 5
metres)

10- 15 ~ metres

Below 15 metres the tests are beyond the depth
of the published correlations, however, they have
similar "N" values to the medium dense layers at
shallower depth. :

Figure 5 presents a plot of SPT results or "N"
value versus percent recovered for Sites 2 & 3
(That is the length of the sample recovered in the
SPT tube compared to the distance the tube is
driven into the ground during the test). There is
no significant correlation. However the recovery
at Site 3 was generally higher than at Site 2 for
the same "N" value. The better recoveries at Site
3 may be due to a combined affect of variation

~ in both Density Index and cementing, or
alternatively the shallower depth of the tests.

Complete circulation was lost in places in the
highly porous & shelly sections of the calcareous
sandstone, a phenomenon which has also been
observed elsewhere in the Bridgewater
Formation. It suggests.the Formation can have a
very high permeability in places.

Summary of Site 1 Drilling

The uppermost 16 m comprises a light
brown, poorly graded sand. It is fine to
medium grained. Cementing of the sand is
highly variable from nil to weak and in
parts cemented sands make up to about 10%
of the profile. From 16 m depth to about 19
m depth is light brown, medium to coarse
grained, porous, weak sandstone. The
sandstone is underlain by about 3 m of silty
sand to a depth of about 22 m. This sand is
yellowish brown, silty, fine grained with
minor weak cementing. From about 22 m
depth to the limit of drilling of 30 m depth
the sediments. consist of yellow green, fine
gramed apparently uncemented sand.

G04249.LIM

Summary of Site 2 Drilling

From the surface to 21.5 m the drill holes
intersected light orange to buff, fine to
medium grained sand. It is poorly graded,
with almost no fines and apparently only a
small proportion- of it is cemented.

The sand is underlain to a depth of at least
24.4 m (the limit of drilling at this site) by
light brown shelly sandstone. -It ranges. from
fine to very coarse grained, and is porous.

It ranges in strength up to moderately
strong.

Summary of Site 3 Drilling

The drill holes at site 3 penetrated 9 metres
of fine to medium grained light orange sand.
It is medium dense-and poorly graded with.
few fines. No cementing was detectable
with the drilling equipment used. However,
cementing was obvious in the same material
exposed 10 metres away in the adjacent
road cutting.

Although much of the sand material of the
Bridgewater Formation appeared, during drilling,
to be uncemented it is thought that there is some
small degree of cementing in most places-but
with a strength threshhold below that of the
careful drilling and testing methods used.



PROJECT TITLE

: WPPER SOUTH EAST DRAINAGE

CONDENSED REPORT LOG
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SITE |

PROJECT TITLE : UPPER SouTH EAST DRAINAGE CONDENSED REPORT LOG

. PR 0j ° -/~
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IPROJECT TITLE : UPPER SouTH Eka“ DRAINAGE
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CONDENSED REPORT LOG
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PROJECT TITLE::

UPPER SOUTH EAST DRAINAGE
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CONDENSED REPORT LOG
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PROJECT TITLE =
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CONDENSED REPORT - LOG
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PROJECT TITLE :
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CONDENSED REPORT LOG
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PROJECT TITLE: UPPER SouTrH EAST DRAINAGE CONDENSED REPORT. LOG
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PROJECT TITLE: UPPER souTH EAST DRAVIAGE CONDENSED REPORT LOG
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APPENDIX C

LABORATORY TEST RESULTS



LABORATORY TESTING

There was a concern that the early SPT results
from drilling at Sites 1 and 2 may have
indicated, from the short sample length recovered
relative to the distance the tube was driven, that
the Bridgewater Formation may be weakly
cemented in such a way that it resisted
densification and consequently had a high void
ratio. This could render the Bridgewater
susceptible to rapid loss of strength, with
consequent safety concerns in the proposed
excavations of up to 30 metres depth near to Salt
Creek.

There is widespread evidence that the formation
is quite ubiquitously cemented to varying
degrees, with much of the material being stronger
than a similar, uncemented sand, but there was -
no other relevant data available. It was
considered feasible and therefore advisable to test
the hypothesis using laboratory tests.

Block samples recovered from the road cutting
on Cantara Road adjacent to Site 3 (see Figure 1)
were carefully preserved and transported to the
Soils Laboratory of the E&WS Material Sciences
Branch for testing.

Tests were carried out to approved Australian
Standards and included:

confined compressive strength
moisture content

specific gravity

dry density - max, min and in situ
voids ratio

The road cutting at Site 3 is some 6 metres in
depth (see Figure 6). The cut has recently been
widened and shows signs of surface erosion. The
lower portion of the slope is covered with
deliberately placed talus and brush in an attempt
to reduce erosion. However it would appear that
the cut (except for the top 1 - 2 metres which
may be geologically younger than the
Bridgewater Formation and which comprises
completely uncemented sand) has been cut at
approximately 50°. There are no signs of overall
slope instability in this or other nearby .

G04249.LTM
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excavations, an attribute which is common in
man made cut slopes in the Bridgewater
Formation, and which can also be seen where the
unit is exposed in coastal cliffs. The most
common mode of failure appears to be by
erosion leaving more resistant layers of strata
unsupported and which subsequently collapse.

Block samples were taken from 300 mm depth
below the present surface in the road cutting.
Field personnel indicated that in the process of
digging the blocks out they noticed significant
variations in strength over short distances. These
variations were noted both between strata and as
a mottled affect within individual strata. Such
strength variations are typical for the Bridgewater
Formation, and have been frequently observed
elsewhere.

Three confined compression tests, the results of
which are contained in this Appendix, were
carried out on the material in the block samples.
Strengths ranged from 100 to 440 kPa.

It is not certain whether these strengths are the
result of near surface wetting and drying leading
to localised additional cementing ("'case
hardening"), but the SPT results from the drilling
done 10 metres behind the cut face at Site 3
would suggest that the block strengths are in part
due to this effect.

Void Ratios calculated from the investigations on
this and other sites, as well as published data,
have been summarised in Table 3. In situ void
ratios at Site 3 are-at the high end of the
anticipated range based on data from other areas
and the published data, but not unusually so.

The calculated void ratios from SPTs are
believed to be unreliable in a quantitative sense.

The relatively high void ratios are also consistent
with the observed highly permeable nature of the
Formation.
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APPENDIX D

PHOTOGRAPHY



PLATE1:Pit7-pitwalls ...ttt ia e Photo No
PLATE2:PRR7-SpOil ... iiiiniiniriisrnsrnsasssnnrssnenanss Photo No. 40284
PLATE3:Pit9-pitwalls ........cciv it Photo No. 40285 -
PLATE4:Pit9-spoll ......cciiiiniiiinietvnarianrnennnns Photo No. 40286
PLATES:Pit10-pitwalls . .....coieiiii i, Photo No. 40287
PLATEG:Pit10-8Spoil .....viierieinniiiirenrenansseannnans Photo No. 40288
PLATE 7 : Pit 11 - pit 17 - | Photo No. 40289
PLATES8:Pit11-refusal .......ccoiiiieiiiinrnennnnneanennns Photo No. 40290
PLATEQ:Pit12-pitwalls ... ..ot Photo No. 40291
PLATE10:Pit13-pltwalls ....ccvvirirniiiiriien e Photo No. 40292
PLATE 11 :PIt13-8pOll ..o ii ittt iie i e e an i sa ey Photo No. 40293
PLATE 12 : Borehole M3-16.00 mto 16.60 mdepth ................. Photo No. 40294
PLATE 13 : Borehole M3-16.60 mto 1700 mdepth ................. Photo No. 40295
PLATE 14 : Borehole M3-17.00 mto 1850 mdepth ................. Photo No. 40296
PLATE 15 : Borehole M3 - 1850 mto 1888 mdepth ................. Photo No. 40297
PLATE 16 : Borehqle M3-18.88mto20.06 mdepth ................. Photo No. 40298
PLATE 17 : Borehole M3-20.06 mto21.56 mdepth ................. Photo No. 40299
PLATE 18 : Borehole M3 - 22,16 mt0 23.07 mdepth ........... ..., Photo No. 40300
PLATE 19 : Borehole M3-22.16 mt0 23.07 mdepth ................. Photo No. 40301
PLATE 20 : Borehole M3 -23.07mto 2457 mdepth ................. Photo No. 40302
PLATE 21 : Borehole M3 - 24.57 m to 25.98 m depth .......c.ccivunnn Photo No. 40303
PLATE 22 : Borehole M5- 3.34 mto 3.76 mdepth .................. Photo No. 40304
PLATE 23 : Borehole M5 - 20.55 mto 21.58 mdepth ................. Photo No. 40305
PLATE 24 : Borehole M5-2235 mto23.10 mdepth ................. Photo No. 40306
PLATE 25 : Borehole M5-23.10 mto 2440 :gsth .ovvveevenonans Photo No. 40307

INDEX TO PLATES

. 40283



PLATE 1: Pit 7 - Note stable walls and groundwater recovered almost to Standing
Water Level (SWL). Photo No. 40283

PLATE 2: Pit 7 - spoil - note granvuiar and blocky nature. Photo No. 40284
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PLATE 3: Pit 9 - Note stable, smooth walls; recovering PLATE 4: Pit 9 - Spoil- Note granular, blocky nature;
groundwater level. Photo No. 40285 wet, sloppy digging conditions. Photo No. 40286
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PLATE 7: Pit 11 - Note stable pit wall, "sand dyke" extending down
into calcrete/clay mixture. Photo No. 40289

PLATE 8: Pit 11 - Refusal of excavator on strong calcarenite. Photo No. 40290
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PLATE 9: Pit 12 - Note smooth clayey wall of top section, tight nature of clays (below
SWL - but little seepage). Photo No. 40291
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PLATE 10: Pit 13
Note rough, ragged walls,
high SWL. Photo No. 40292

PLATE 11: Pit 13 - spoil - note bouldery, broken calcrete spoil. Photo No. 40293
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PLATE 12: SITE 1, Borehole M3. Core sample from 16.00 m to 16.60 m depth
Photo No 40294

it R

PLATE 13: SITE 1, Borehole M3. Core sample f: .6.60 m to 17.00 m depth
Photo No 40295
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UPPER SOUTH EAST DRAIN— - IME 5 WS
g OLEM 3 FROM 1700 70, 1850

PLATE 14: SITE 1, Borehole M3. Core sample from 17.00 m to 18.50 m depth
Photo No 40296

PLATE 15: SITE 1, Borehole M3. Core sample f 18.50 m to 18.88 m depth
Photo No 40297
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UPPER SOUTH EAST DRAIN—DME & EWS
M3 FROM._18.88.T0 20.08

PLATE 16: SITE 1, Borehole M3. Core sample from 18.88 m to 20.06 m depth
Photo No 40298

PLATE 17: SITE 1, Borehole M3. Core sample from 20.06 m to 21.56 m depth
Photo No 40299
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UPPER ‘SOUTH EAST DRAIN — DME
HOLE M3 FROM 21.56

PLATE 18: SITE 1, Borehole M3. Core sample from 21.56 m to 22,16 m depth
Photo No 40300

SOUTH EAST DRAIN—DME & EWS
3 FROM 22.18 70 23.07

PLATE 19: SITE 1, Borehole M3. Core sample from 22.16 m to 23.07 m depth
Photo No 40301
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PLATE 20: SITE 1, Borehole M3. Core sample from 23.07 m to 24.57 m depth
Photo No 40302

PLATE 21: SITE 1, Borehole M3. Core sample from 24.57 m to 25.98 m depth
Photo No 40303
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UPPER SOUTH EAST DRAIN— DME: & EWS
. HQEMS5 FROM 3.34 10
g ¥ 2 .‘i

e 1
F |

PLATE 22: SITE 2, Borehole MS. Core sample from 3.34 m to 3.76 m depth
Photo No 40304

PLATE 23: SITE 2, Borehole M5. Core sample from 20.55 m to 21.58 m depth
Photo No 40305
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PLATE 24: SITE 2, Borehole M5. Core sample from 22.35 m to 23.10 m depth
Photo No 40306

PLATE 25: SITE 2, Borehole M5. Core sai: from 23.10 m to 24.40 m depth
Photo No 40307
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