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REPORT ON THE GEOLOGY OF

KANGAROO CREEK DAM

INTRODUCTION

The site for the Kangaroo Creek Dam is on the Torrens'
River, 14 miles northeast of Adelaide (Fig. 1). The dam is to.
provide 250,000 acre feet of stbrage for the Adelaide metropoli- .
tan water supply system. A diversion tunnel in the right bank,
constructed during 1966, will provide permanent outlet works
during operation of the reservoir. |

Details of the proposed dam are as follows:-

Ro¢k fill, concrete élab upStream face,
Upstream face 1.3 : 1, Downstream face 1.4 ¢ 1
Total volume of rockfill L50,000 cu. yds.
Maximum height above stream bed 190ft.

Crest length LLOft.

Dam crest level, R.L. 910ft.

Full supply level R.L. 900ft.

A channel spillway, crest level R;L. 90Cft. in the
lef't bank is &esigned to pees amaximum flood of 40,000 cusecs. It
is proposed to use rock from the spillway excavation as rockfill
in the dam. |

Geological investigations of the site have included
the following:

vsese Regional geological mapping. Use was made of

aerial photos and 1-inch to 1-mile maps of the
Geological Survey of South Australia (Ref. 2 and
Pig. 1).



eosee Detailed geological mapping. OCutcrop maps,
sections and profiles were prepared on scales of
1in. = 4Oft. and 1in. =10rt. (Figs. 2,3,5,6, and
8,9,10)., |

eveee Detailed logging of cuttings along 01ld Gorge
Road, Gorge Road Deviation and Access Road (Fig. 3).

eseee Diamond drilling. 27 holes were drilled using
NX and NMLC equipment (Appendix A).

eeseo Water pressure testing of drill holes (Appendix
A)e |

Ceene Exploratory adits. Two adits were constructed
in the left bank, upstream from the site and logs
were prepared on a scale of 1in. = 10ft. (Appendix
B.)

eesee Diversion tunnel. Logs werse prepared on a scale
of 1ine = 20ft. (Appendix C).

aseees Laboratory tests on rocks. Samples were tested
for strength and durability (Appendicec
D& E.)

GECLOGY OF REGION

Adelaide is situated on an uplifted coastal plain at
the eastern margin of the Gulf St. Vincent. The plain is
bounded to the east by the Mount Lofty Ranges, a series of step-
faulted ridges and plateaus trending roughly northeast. The
River Torrens 1is the largest of several streams deeply entrenched
into the western part of the ranges, and discharging on to the
coastal plain. BetweenAthe headwaters and the plain the Torrens
flows through a gorge about 8ix miles longe.

The'geqlogy of the Adelaide region is shown on Fig. 1
and is described by Stapledon (Ref. 1) and Campana (Refs. 2 and
3)e
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The succession is summarised as follows:-

AGE DESCRIDTION LOCATION
Recent to | Unconsolidated marine clays and sands;
Pleistocene alluvial clays, sands and gravels.
Tertiary Marine sediments; fossiliferous lime-

stone, calcareous sandstones, marls,
sands and clayse.

Lacustrine sediments; sands, clays
and lignites.

;Coastal
Plain

Proterozoic Slates, phyllites, sandstones, guart- Mt. Lofty
zltes, limestones, dolomites and Ranges
tillites. «

Archaean Schists and gneisses.

The dam site is located near t he southern tip of an
elongated belt of Archaean rocks, known as the Houghton Complex.
The Archaean rocks are bounded on both sides and to the south by
Proterozoic rocks of the Torrens Group. The Xitchener Fault
crosses the river about GOOft. upstream from the dam site and
dips 40° to 50° to the southeast (downstream), forming the
eastern boundary between the Torrens Group and Houghfon Complex
rocks. It is a zone, several hundred fcet wide, containing

numerous narrow crushed seams.

GEOLOGY OF SITE AREA
Topography

The dam site is located close to the upstream entrance
to the steepest portion of the Torrens Gorge. In the site area
the gorge is up to 700ft. deep. The river follows a straight
course for 1,000ft., in a direction slightly north of west. The
gradient is approximately 1 in 35.

The valley is generally asymmetric with the left and
right banks in marked contrasts On the right bank the ridge
“rises 600 to 800ft. above river level and in the lower 250ft.
eonsists mainly of rock outcrops. Slopes range from 300 to u50
near the downstream toc of the dam to u5° to vertical on the up-

stream side of the dam axis. The left bank ridge rises up to
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550ft. above the river level and consists of rock outcrops in
minor ridges trending upslope and separated by soil-filled
gullies. Slopes are mainly 30o to u5°, flattening near the top
of the ridge. The valley floor is from 30 to 60ft. wide and is

mainly occupied by the river bed.

Rock Types
Type and Distribution

The terms'rock material' and ''rock mass’ are used,

a8 defined by John (Refe Ly De 3)e

Three main types of rock mater}al have been recognised.

Schist. This is a rather weak, fissile rock consisting
essentially of extremely fine-graincd sericite and
quartz which encloge quartz augen or lenses gen-
erally less than 2mm. thick. It shows pronounced
planar foliation along which it breaks readily into
platy or tabular fragments under a light hammer blow,

Gneisge. This consists essentially of gquartz, feldspar;
sericite and chlorite. It is coarser grained, and E
has a more banded appearance than the schist. The |
banded appearance is due to a pronounced gneissic
foliation, but the rock is appreciably stronger and
less fissile than the schist.

Granitic gneiss. -This consists essentially of quartz
and feldspar crystals 1 to 10mm. across. Foliation
is either absent or poorly developed. The rock
commonly contains thin bands or lenses of schist,
and quartz in veins or mineralised vugs. The bands
of granitic gneisé are up to 15ft. thick and general-
ly eccur at intervals of 20 to 5Cft. |

The roek mass at the dam site is composed of alternat-

ing layers and lenses of these three rock types. The boundaries

between the layers and lenses are generally parallel to the

foliation planes in the rocks, and are usually not clearly
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defined; there is a gradation from one type to the other. The
lef't bank is underlain almost entirely by schist, and the right
bank mainly by gneiss, with localized bands of schist and

granitic gneiss.
Physical Properties

The results of unconfined compression tests on dry
cores of the three types of rock material are giveén in Appendix

D, Table 1 summarises the rcsultse.

TABLE I

PHYSICAL PROPERTIES OF ROCK MATERIALS

k|

ROCK TYPE |NO. OF { ' UNCONFINED COMPRESSION¢ MODULUS OF ELASTI-
SAMPLES] - STRENGTH CITY
t 1b- / 8Qe in. 1b / Sg, in, x
10
Average Range. Avcerage Range
Schist 14 3,650 3,040 " 2.5 Lelp
Gneiss; 9 10,660 7,660 73 8.0
Granitic | L 14,300 8,800 59 Ceb
Gneiss:

A further series of unconfinéd compression strength
tests were conducted on paired samples of schist. One of each
pair was tested dry: the other after soaking in water for one or
two weeks. The test results are given in Appendix D. The samples
showed between 20 and 70% loss of strength after scaking.

In both the wet and dry tests the unconfined com-
pressive strength shows a marked increase as the angle between
foliation planes and applied stress directions changes from uo°
to 90°%.

The results of laboratory tests on rock spoil from the
exploratory adits and on drill cores and rock spalls are given in

Appendices D and E.
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Geological Structures

Although the rock materials are relatively strong and
compact in small samples, the rock mass is weakened to varying
degrees by geological defects of the type shown in Fige. 4. In
this figure, and in the following text, the terms spacing and
extent are used as defined by John (Ref. L4). The orientations
of most types of defect are shown in the diagram on Fig. 3.

Foliation, strikes N.320° to 360°E (i.c. 45° to 60°
to the river direction) and dips u5° to 60°E (upstrcam). The
foliation is the oldest structure and is a defect inherent in
most of the rock material,

Joints occur in L main sets. The spacings of the
joints within each set are variable over the site arca.

. . 01-7\
Set (i) joints strike N 320° to 360°Z. dip u5° to 65 &

(is.ee parallel to the foliation). They generally extend 50ft.
or more, They have slickensided surfaces and appear to have
been formed by shearing. They are planar or slightly curved so
as to intersect each other and divide the rock into platy slgbs.
Where exposed in sections of the diversion tunnel unaffecied by
weathering, most Set (i) joints are spaced between 3 and 15ft.
and are tightly closed. In sections of the Adits which have
been affected by weathering, Set (i) joints are commonly slightf
ly open and partly clay-filled.

Set (11) joints strike N 65° to 750E, (i.es approx.

35° to river direction) aip 45° to 80°N, They have rough and
slightly irregular surfaces and commonly occur en echelon (rig.
4). In the diversion tunnel Set (ii) joints are spaced between
5 and 30fte. and are commonly slightly open. They are the source
of~many water seepages into the tunnel. Surface exposures on

the right bank show Set (ii) joints extending from 10 to 50ft.
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Set (iii) joints strike N 120° to 145°E, (i.e. para-
1lel to the river diresction) dip 750 N through vertical to 75° S.
Their surfaces are generally rough and irregular. Cliff expo-
sures on the right bank show them spaced from 2 to L4Oft. and
extending from 50 to 80ft.

Set (iv) joints strike N 15° to 25° B (i.e. approxi-

mately perpendicular to the main river direction) and dip 650 to
75° W (downstream)es They are similar in appcarance and
occurrence to Set (ii) joints.

Minor Faults arc mainly parallel to Set (1) jointse
Two types of faults occur, and are distinguished on the basis of
the engineering properties of the fault materials (Fige L4)e

eeea Crushed Scams consist mainly of material with soil
properties, usually a silt soil with fragments of rock (ML to GP
in the Unified Soils Classification System, Ref. 5, De. 14) .

seeo Sheared Zones are very fissile but may have essential-
ly rock properties if the joints are cemented, or they may be-
have as soils (gravels) if the joints are clay=-coated.

The majority of the minor faults in the site area con-
sist of sheared zones up to 1ft. thick containing one or mcre
crushed seams up to 0.05fte thicke In the diversion tunnel thes:
faults are exposed at intervals of § to 100fts (iAppendix C).

Bankung or exfoliagtion joints occuf more oOr less para-=
1lel to the natural ground surface. They are believed to be '
formed as & result of weathering processes, and air¢ discussed

belowe

Weathering

’

Weathering is defined here as disintegration of rock
due to the action of surface agencies and phenomena. Two
distinct types of weathering have been recognized, namely

mechanical and chemical.
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Mechanical VWeathering. This is mechanical failure of
the rock due to the opening up of joints near the ground
surface, and is believed to be initiated by the redistribution
and releaée of streéses within the rock mass when overburden is
removed by erosion. Once fine cracks develop, the mechanical
weathering process is confinued by the roots of vegctation which
grow down along them, and perhaps by deposition of clays with
expansive properties. Other factors, e.ge. climatic, probably
also contribute.

In rocks which contain few Jjoints of tectonic origin,
irregular joints almost parallel to the ground surface tend to
form as part of the mechanical weathering process. Keislinger
(Ref. 6) describes these as Bankung or exfoliation joints. They
are clearly formed by failure of the rock across its fabric.

On the right bank Bankung type Jjoints are exposed in
road cuttings and cliffs, spaced from 4 to 20ft. They are mostl:
open, commonly as much as Oe3fte, O filléd with pléstic s0ils.
Much of the ground surface near the downstream toe of the éam is
formed by one or more of these joints. In the downstream sectio-
of the diversion tunnel the rock mass is partly léosened within
15ftes of the ground surface and several Bankung joints are
exposed in the portal excavation. In the tunnel, near the up-
stream bortal, the rock mass is considerably loosened due to
mechanical weathering at depths of up to UOft. below the ground
surflace.

On the left bank there are very few typical Bankung
joints, and it is clear that mechanical weathering has resulted
in small movements along joints and faults of tectonic origin.

Trench 1 beside the 01d Gorge Road (Fig. 3) exposes
joints containing infilled clay up to C.Luft. thick and penetrated.
by roots, up to 0.2ft. diameter, The base of this trench is
15ft. below the original ground surface. In parts of Adit No. 2
up to 70ft. vertically below the ground surface, several joints
and minor faults contain seams of infilled'clay up to C.05ft

thicke.
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dhemical Wegthering. This is decomposition of the rock
material due largely to the action of groundwaters. The rock
materials are virtually impermeable and the groundwater
has gained access to the rock mass mainly by percolating along
joints and faults. The degrees of chemical weathering are defin-
ed according to the physical propertics of the weathering pro-

ducts, as set out in Table IT

WEATHERING PRODUCTS OF ROCKS

TERM . ABBREVIATION DEFINITION:

Fresh Fr. The rock shows no discolouration,
loss of strength or any other
cffect due to-weathering.

Slightly - SW The rock is slightly discoloured,

weathered - but not noticeably weaker than
the fresh rock.

Moderately MW The rock is discolourcd and notice-

weathered - . 2bly weakencd, butMXdrill cores

cannot be broken up by hand
across the rock fabrice.

Highly HW The rock is discoloured and weak-
weathered ened to such an extent that NX
: drill cores can be broken up
readily by hand, across the rock
fabric. Wet strength usually
much lower than dry strength.

Completely CW The rock is discoloured and is
weathered entirely changed to soil, but

~the original rock fabric is
mostly preserved. The properties
of the soil depend upon the com=~'
position and structure of the
parent rock.

The change from rock to soil properties is gradational,:
but is placed nominally between the highly and completely |
weathered states. Material is defined as soil when it can be
excavated by hand methods or sampled by driven tube methods
without assistance from structural defects such as joints.

‘ The depth and degrec of chemical weathering in the rock

at the dam site are extremely variable, as they are related more
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to the pattern of Joints and faults than to the depth below the
ground surface.

On the 1eft bank, drill cores and adits show mainly
slightly to highly weathered materials in ths first 10 to LOft.
vertically below the ground surface. Beclow this, much of the
schist is fresh, but highly weathered adjacent to scme joints
and faults. The right bank is formed mainly by fresh or slightly
weathered gneiss outeropns. At the upstream end of the diversion
tunnel the gneiss was mainly slightly weathered, with some mod-
erately to highly weathered material near joints, up to 35ft.
below the ground surface. The gneise is fresh throughout the
remainder of the tunnel, except for locally weathered zones
adjacent to a few minor faults, and in the roof near the down-
stream portals (Appendix C).

In many places on both banks the outcrcps contain
shallow, irregular cavities, generally up to 2ft. in the lairgest
.dimension. A few desper cavities are developed at the inter-
section of joints and range from 10 to 20ft. in the largest
dimension. They appear to have resulted from differential

weathering of zones rich in accessory sulphide minerals.

superficial Depogits

Spoil from construction of the Gorge Road Deviation
fills the river channel and covers most of the ground surface on
the lower slopes of the right bank, extending in several gullies
up to ReL. 860. The spoil consists of rock fragments ranging
from silt sizes to boulders 6ft. across, the larger frag-
ments occurring mainly at lower levels. Drill Hole XC30
encountered 16£t. of spoil before entering bedrock at R.L.718ft.
(Fige 3). At the upstream portal of ths diversion iunnel, rock
in~situ was 10 to 20ft. below the surface cof thic spoil. At the
downstream portal, bedrock was under a veneer of spoil (Appendix

C). Natural soil (up to 6ft. decp in drill holc benches) covers
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most of the right bank above Bachelor's Bridge (Fig. 3),and
occurs in some places under the road spoil at the site.

On the left bank, soil covers up to 50% of the gréund
surfaces It occurs mainly as a vencer 1 fo 3ft. deep over in-
situ schist, but thicknesses in excess 6f H5ft. have becn exposcd
in benches for Drill Holes KC25 and KC27. Landslide debris

occurs in isolated deposits, as shown on Fig. 3.

Stability of Natural Slopes

Surface mapping at the dam site has shown scars of
numerous landslides, mainly on the lef't bank (Fige 3). These
can be classified into two distinct typesa

Soil slides are rccognized by surface morphology. They
form saucer shaped depressions having a steep back and sides,
with a mound of soil and dbviouély disturbed boulders some
distance down-slope. They occur mainly in the floors and on the
sides of soil-filled gullies on the left bank. Their depth has
not been determined. |

Block slides are reclatively intact blocks of rosk,
isolated from the main rock mass by seams_and joints along which
they have moved, usually only 2 or Sft.,'downslope. A small
slide mass of this type occurs immediately downstfeam from the
upstream face on the left bank (Fig. 3).

Road excavations show several V-shapecd re-cntrant
gullies extending 50 to 80ft. above road lcvels These have
clearly becn formed by the removal, by sliding, of small wedgcs

of rock during o since construction of the roads.

Groundwater

Water levels in diamond drill holes on the left bank

suggest a water table corresponding closely to river level.
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Measurcd water levels on the right bank arc higher but do not
suggest a simple Wafcr.table. Wide wvariations occur from place
to place, probébly due " to disconnected or partly connccted

bodiés of water within the rock mass. This is typical of ground~
" water in jointed rocks (Refe 7).

During winter months numerous see?ages occur from and
immediately above the stecp cliff slcpes on the right bank.
Numerous scepages and small flows up to 40 gal./hr. occurrcd in
the Diversion Tunnel as it was excavated (Appendix C). Most of

these diminished or disappeared during the following threec months.

Pecrmegbility of Rock Mass;

Diamond drill holes at the dam site were water
pressure tested by the Lugeon Method (Appendix A). Most héles
showed moderate leakages of 10 to LO Lugeons in the first 20 to
50f't, vertically below ground surface. Tests below these levels
gave generally very low leakages (O to 3 Lugeons), with

moderate leakages in some isolated sectionse

GECLOGY OF INDIVIDUAL FRATURES
Cut—-of'f Trench

The cut-off tzench will bc locatzd at the upstream
cdge of the dam embankment. It will be approximatcly 700ft. in
length, and sufficiently dcep and wide to CXpOSe groutable rock
over a minimum horizontal width of 12ft. Dctails of the design
arc shown on Fige f. |
Left Bank

The surface géolog& i Sﬁown in ﬁlaﬁ on'Fig. 3 and in-
scctions on Fig.'5. The pmosition of the concrote groﬁt cap is
approximate, and will depcend on the depths.of cxcavation. The

surface gceology is summarised in thc following table.
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TABLE III
QUT-OFF_TRENCH, LEFT BANK, NOTES ON GEOLOGY

R.Lgfft.z Approx.

From Io Horizontal Notes on Surfacc Geology
Distance (£t

735 753 60 0ld Gorge Road and cmbankment. Fill
conslists of unsorted schist fragments
up to 4ft. across. Position of in-
situ rock under f£ill is unknown.

753 775 20 Cutting exposes fresh to slightly \
weathercd schist and granitic greiss,
joints open up ta 0.05ft, Slide block
immediately downstream (Fig. 3).

775 800 25 V-shaped re-entrast gully formed
during or since cxcavation of road.
Clcanup (Trench 2) rcveals shearcd
zone, 2 to 3ft. wide, with highly to
completely weathered rock, in the
base of the gully.

800 815 30 Rocky ridge - mainly fresh to slightly
weathered schist at surface. Set (i)
joints opcn up to C.1ft., partly
soil-filled.

815 830 30 Numerous small outcrops and loose
: boulders scparated by soil.

830 860 50 Grass covered, soil-filled gully. Where
this gully meets thc gorge road, it
is underlain by relatively weak,
fissile schist containing scveral
crushed scams up to C.2ft. thick,
soil-filled in part, with plant roots
up to O.2ft. widc. Thcse arc ex-—
poscd in Trench 1.

860 685 L5 Schist and gneiss bouldcrs up to 3fte.
with some outprOps, scparated by soilf

River Channeol

The river channcl has boen filled with spoil from road
excavations. The sgoil has been washed by several floods since
its deposition. During normal flows (dischargc from Millbrook
reservoir) the water moves at depth through the spoil, and the
uppef few feet remain dry.

The spoil exposed at the surface is mainly fresh or
slightly weathered schist and gneiss f?agmcnts, ranging in size
from less than O.1fte. ﬁp to 6ft. in the largest dimension. Drill
Hole KC30, 80ft. upstream from the cut -off trench, passecd through

16fte of rock spoil before entering fresh rock at RL 718ft.
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The rock recovered was in core lengths less than CJ5ft.

The 8poii also contains some timber dedbris. Some of
~ this is probably the remains of timber and vegctation in the
channel prior tb filling with spoil, and the remainder has been
brought down by floods during and since deposition of the spoil.

Mapping upstream and dovnstream from the site, and
inspection of o0ld photos, suggests that originally the river bed
occupied most of the valley floor, and it is cxpected that the.
river bed beneath the spoil consists mainly of fresh rock out-
Crops.

Minor faults located during mapping and drilling of
the valley sides mostly strike obliquely to the river channel.
It is usually found that where such localized weak zones occur
in a strcam bed, they have been croded deeper by the river to
form trenches or slots. Such slots are usually backfilled with

alluvial materials.

Right Bank

The surface geology is shown in plan on Fig. 3,
and in cross secction on Fige 6. Table IV summarizes the geology
along the line of the Cut-off Trench shown in plan on Fig. 6.

Section KK' on Fige 6 is up to 20ft. upstream of this line.
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TABLE IV
CUT-OFF TRENCH, RIGHT BANK, NCTES ON GREOLCGY

RoLo fto » ABEI‘OX. ’
From . TO0 Horizontal ' Notes on Geology
Distance (ft)

735 775 145 Spoil from road excavation. Boulders
of gneiss and schist up to L4ft.
across, Generally larger sizes at
lower levels. The Inlet Portal
excavation, upstream of the cut-off
trench, and between RL's 720 and 770,
exposed in-situ gneiss beneath up
to 20ft. of road spoil. The gneiss
is mainly fresh to slightly weathered,
with joints slightly open or clay-
filled.

- 775 880 170 Outecrop, mainly of gneiss, with some

granitic gneiss, IFrosh to slightly
weathered. Set (ii) and (iii)

joints form steep cliffs. Joints are
mainly tightly closed, but open in a
few places up to C.5ft. At RL 8C5H
there is a pocket of soil with swanmp
type grasses. Seenages occur fronm
joints upslopce.

Between RL 840 and RL 870, the line
of the upstream face is up to 4ft.
inside the proposed boundary of the
knob to be removed i.c. the cut-off
trench will be excavated within the
knob excavation {(Fig. 6 Section 00',
See also section of report "Right
Abutment Block and Access Bridge').

Roeck Fill Zones

Left Bank

Slopes in the left bank foundation area range from L4O°
to 600 in the lower part including the cutting of the 0ld Gorge
Road, to 300 at higher levels,

About 20% of the ground surface consists of schist‘
outerops, mainly slightly wcathered. The rock outcrons mainly
form ridges trending upslope. Joints in th2 outcrops are general-
ly open at the surface up to 0.2ft. and partly filled with so0il

and plant roots up to O.2ft. diameter.
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A further 50% of the ground surface is covered.by soil,
mainly in gullies between the ridges. VWhere exposed in the road
‘cutting, drill benches and exploratory adits, this soil is scen
to be mainly less than 5f't. deep, extending to grecater depths in
isolated pockets along joint planes. In the road exposures, the
soil overlies partly weathered and loosely jointed rock similar
to that forming the outcropse.

The remaining 30% of the ground surfsce is covered by .
landslide scars and slide debris. The depth to which the slides
affect the ground has not been determined. The slide material
at the surface consists of angular schist boulders ranging from

1 to 10ft. across, loosely packed, in a claycy soil matrix.

River Channel

The river channel is filled mainly by road spoil with

some timber debris, as discussed above under '‘Cut-off Trench."

Right Bank

Slopes»on the right bank foundation areas rangec from
20° on the road spoil near the river to 500 on the upper slopes,
with several near-vertical cliffs up to 356ft. high.'

Rock outcrop forms about 50% of the ground surface. It
is mainly gneiss, containing bands and lenses of schist and
granitic gneiss. The rock exposed is mainly fresh. However,
road cuttings above the dam show loosely jointed, slightly to
moderately weathered rock in several places. The bands of
schist and granitie gneiss are.generally more weathered than the
gneisse » .. |

Most joints are tightiy closed. The intersection of
partly open Jjoints in a few plaqes gives risc to sémi—detached
blocks up to 5 cus yde in size.

Foliation.in the rocks strikes obliguely to the valiey
side, and dips into the bank. The rock is intersected by
gseveral crushed scams and shearced zones paréllel to the folia=- 1
tione In cuterop they are often partly cemented.with limonite,

or indicated as narrow slots and soil-filled channcls. Road
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cuttings show that the sheared zones are mostly less than 1ft:
wide, containing secams of crushed rock and clay up to 0O.1ft.
thick. The rgck within and near the zones is usually partly
weathered.

Bankung joints‘oécur at the surface in several places
and are exposed within 10ft. of the surface in road cuttings;

Road époil‘covers the remaining 50% of the ground
surface., It occurs mainly at lower levels near the river and
extends up the gullies. A study of old photos suggests that the
8poil is mainly underlain by rock outcrops, similar in appearance
to those exposed on the slopes above, and that natural soil and

talus are precent locally beneath it.

Channel Spillway

The spillway is shown in plan on Fig. 3 and in

sections on Fig. 7. The dimensions of the cutting are as

follow:

' Feet
Length (horizontal distance) 900
Width of channel floor : 36 to L4
Maximum vertical height, upslope face 210
Maximum depth on centre 1iné 80
Width of berms . 15
Vertical distance betwecn berms 50
Degrees

Cutting angle upslope side (between berms) 15°

Overall angle top to bottom (including berms) 38° to uo°
Cutting angle downslope side 60°
Section J J', Fig. 7 shows the geological conditions
at the surface along a line close to the deepest part of the
spillway cutting. Sections KK', LL', MM' and NN' show the
surface geology along lines across the spillwayizhannelo Sub-
surface information from nearby drill holes and exploratory

adits is shown in summarized form on the sections.
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The foliatioh strikes at about 30O to the proposed
cutting, and dips MS to 60° N.E ., towards the river. Narrow
crushed seams (mostly 0.01 to 0.05ft, wide) and clay-filled
Joints with partly weathered rock adjacent, occur at intervals
of 5 to 10ft. throughout holes drilled in the spilllway area.
Exposures in the 014 Gorge Road cutting indicate that the inter-~
section of crushed seams parallel to the foliation, and Set (i1)
Joints, tend to divide the rock into V-shaped wedges with the
long axeé dipping downslope at 45%t0 60°.

Exposures in road cuttings and the results of drilling
(Holes XC,.20 and KC.27)show that there are several crushed seams
roughly parallel to the foliation which dip at angles of less
than 35°.

More detailed information is given in Table V.

TABLE V.
CHANNEL SPILIWAY EXCAVATION

Station Horigz.

From To Distance Notes on Geology
feet

0400 5+35 535 Approx. 90% soil-covered, 10% outcrops and 100°'
bZocks, mainly of schist. Drill benches show
801l generally less than 5ft. deep. Soil and
boulders locally deeper in deposits of slide
debris in gullies., Adit No. 2 gives an indi-
cation of the depth of near-~surface chemical
and mechanical weathering under the ridge
(Appendix B).

The bench for Drill Hoie KC27 shows Lft. of soi
Drill Hole KC27 (Appendix A) shows:-

0 to 10ft. Schist and gneiss, fresh to

(45" core slightly weathered, fractures
recovered) spaced 0.1 to O, 5ft.

10 to 105ft. Schist, mainly fresh, fractures
(100" core spaced 0.2 to 3ft., some clay
recovered) filled joints.

5+35 6485 150 Approx. 80% soil-covered, 20% outcrops of very
flaky schist. Drill Holes KT19 and KC20, sho.
closely-Jointed and ssamy, very flaky schist:
(Lippendix A).

6+85 8+85 200 - Approx. 50% fresh gneiss outcrops, 50% shallow
soil containing gneiss blocks. Road cutting
below the spillliway discharge point shows fresi.
to slightly weathered gneiss. .

The bench for Drill Hole KC20 shows 2ft. of soil.
Drill Hole KC20 (Appendix A) shows:.

0 to 10f%t. Schist, slightly weathered.
(85% core
recovered)
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Station Horiz. Notes on Geology
From To DTE?E%CG
feet
cont,. 1C to 50ft. Schist and granitic gneiss,
(100% core moderatcly weathered to
reccovered) fresh, fractures spaced

mainly C.1 to Oanto

50 to 120ft. Schist, gneiss and granitic

(100% core gneiss, mainly fresh,

recovered) fractures spaccd mainly
0+1 to 1o5fto

Left Abutment Block

The left abutment block will be a concrete gravity
structure at the southern end of the dam and will also form the
northern spillway wall between Spillway STA 251 and STA 35C.
(Fig. 8, Section LL'). The block will be 25 to 30ft. wide at
the base and will be 37 to 42fts high with a horizontal crest at
RL,910ft. It will belconstructed on a rock fouﬁdation made by
horizontal continuation of the spillway cutting. The foundation
ranges from 10 to 38ft. bglow the natﬁral ground surface.

The ground surface at the site of the block is
hummocky with several deposits of slide material (Fige 3). It
is cpvered mainly by soil and rock fragments, with secveral areas
of schist outcrop. The bench for drill hole KC27, 50ft. south,
exposed L4ft. of soil. The drill core shov':-

0 to 10ft. Schist and gneiss, fresh to slightly
weathecred. Core recovery L5 %.
10 to 105ft. Schist;, mainly fresh, some clay-filled jocints
and several sheared zones approximately
parallel to the foliation. Core recovery

100%.

Right Abutment Block and Knob Excavation

The Right Abutment Block (Fig. 9) will be a concrete
gravity structure 63ft. long, 23ft. wide and up to 32f't. high.
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The block will be linked with the Gorge Road Deviation
by the existing access road which will be deepened near the top
of the dam to give a horizontal surface at RL, H3.5ft. (Sections
BB', DD' and FF', Fig, 9). The access road will be extended
further to the east by filling to the same level.,

Part of the right abutment consists of a steep, in
Places overhanging, knob with open joints and cavities in the
lower part., This knob 1s to be excavated using a smooth blasting
technique to produce a surface dipping towards the river at 500.
The knob is shown in plan and section on Fig. 9.

The surface geology is shown on Fig. 3. Exposures are
mainly of slightly weathered and fresh gneiss, with several bands
of slightly weathered granitic gneiss. Several sheared zones up
to 0.5ft. thick and dlipping uso to 60O upstream, pass through the
area. There are also several Bankung jointé, approximately
parallel to thé slope. One of these, exposed in the cutting of
the existing access road at about 7ft. below the origihal ground

surface (Fig. 9, Section FF'), contains up to 0.5ft. of clay.

Intake Structure

The intake works will be housed in a 2L0ft. long
inclined tower above the inlet portal of the diversion tunnel.
Before commenceﬁent of the main dam works, it is pr~posed that a
trenchk up to 16ft. deep and 20ft. wide will be excavated for the
atructure and the bhase of the inlet portal excavation deepened to
expose a horizontal rock foundation for a concrete base. A steep
faced knob of rock upstream of the intake structure (Fig. 10) will
also be removed;

The surface geology of the area at present, is shown in
rlan on Fig. 3 and in sections on Fig, 10. Further information

is given in Table VI,
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TABLE VI
GEOLOGICAL CONDITIONS FOR INTAKE STRUCTURE

RIGHT BANK
R.L, §ft=2 Approxe '
From To Slope Notes on Geology
Qistgggggft,z
720 780 68 Mainly slightly weathercd to fresh

gneiss outecrops at the surfacee.
Numerous Set ?i) joints, some open
up to O.2ft. and clay-filled,
intersect with Set (ii) and Set (iv)
joints to form semi-detached blocks.
Several soil-filled channels trend
upslope.

A 8 teep, partly overhanging knob of
rock occurs immediately upstream cf
the site for the Intake Structurs
(Figs 10 Section DD', #levation
EE‘%. Upstream of the knob a

Bankung goint forms a face dipping

4O to 65° towards the river, and

appears to continue underncath the

knob. Cracks near the top of the
knob suggest that there has been
some downslope movement.

780 822 53 Mpresh to s8lightly weathcred gneiss.
outcrops at the surface. dJoints
mainly tight; few are open to
0.02ft,

822 845 27 Slightly weathered greénitic gneiss
outcrops at the surfacec. Few
Joints, tightly closed.
84,5 905 ~ 95 Surface partly covered by thin veneer
' of road spoil. Outcrops are mainly
slightly to moderately wcathered
gneiss with lenticular bands of

granitic gneiss, mainly moderately
weathered.

Access Shaft

The Access Shaft will be located at the northern end
of the berm on the dowastresm face of the dam cmbankment,
directly above the diversion tunnel at STA 2 + 67 (Appendix C).
An Access House at the top of the shaft will be sited in a
cutting which will provide a hdrizontal base 25ft. widce

The shaft will be 8ft. in diameter and will extend approx.
37ft. below the base of the cutting, to the roof of the tunnel.
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Mainly slightly weatherecd to fresh gneiss and granitic
gneiss forms thé ground surface over the shaft site (Fig. 3).
Several bankung joints dipping towards the river at 35° to 45°
form part of the surrace in bthe viecinity of the proposed cutting.

The tunnel between Sta. 2 + 60 and Stae 3 + 20 saouo
mainly fresh gneiss, with few tightly closed persistent Set (1)

joints, and discontinuous, tightly closed Set (ii) joints.
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APPENDIX A

LOGS OF DIAMOND DRILL HOL:S
EXPLANATORY NOTES

i
INTRODUCTION

Twenty-seven holes totalling 2775ft. in depth have been
drilled in the site area as part of the geological investigations
for Kangaroo Creek Dam., Details of the holes are summarised
below:

Hole No. Co-ordinates®%(Ft.) Angle to Direction’ Depth:
B N Horizontal ' (Feet)

KC4 22,551 6,795 90° - 17647
Kc2 22,605 6,815 90° - 100,1
~KC3 22,650 6,835 90° - 7542
KOl 22,674 6,865 45° 025° 100.0
KC5 22,703 6,933 90° - 75.8
KC6 22,745 " 6,989 90° - 7501
KC7 22,726 7,034 90° - 50.5
KC8 22,718 7,068 90° - 176.0
KG10 22,U77 6,751 50° 270° 70.1
KC11 22,479 6,752 55° 090° 143.3"
KG1 2 22,721 75159 60° 3360 135.7
KC13 22,628 6,772 65° 069° 12542
K1l 22,630 6,773 50° 21,9° 131.9
KC15 22,773 7,007 70° 204° 134,8
KCA'7 22,691 - 6,810 90° - . 7.7
KC18 22,572 6,821 60° 260° 127.5
KC19 22,05 6,996 6c° - 225° 114.5
KC20 21,931 6,933 135° 536° 1200
KC23 22,423 6,795 L5° 265° 101.9
KC25 22,267 6,903 90° - 9943
KC26 22,263 6,905 Lo 184° 53,3
KC27 22,249 6,786 90° - 12143
KC28 22,596 6,875 90° - 10043
KG29 22,651 7,173 60° 185° 140.0
XG30 - 22,62 6,974 - 90° - 5145
KC31 Bnd of Adit No. 2 +° o1,8° 50.8
KC32 End of Adit Noe 1 +9° 24,0° 5245

_ The geological logs of the holes arce arranged in the
- same order as in this table. The notes below explain the pro-
cedures adopted in the drilling, and the various details entered
on the log shects. -

%The co-ordinates used here are in feet, and are obtained from
the state grid co-ordinates (given &n yards) by multiplying
the last four figures by 3.
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NOTES ON DRILLING FPROCEDURES

Equipment

The core sizes are as follows:-

Symbol Nominal Diameter of Cores
Inches Centimetreas
\XC (NX casing) 2.8 7.2
NMLGC 2.0 51
NMS 1.8 Le6
The NMS and NMLC corec?were obtained with MY type

stationary inner tube core barrels fitted with bottom discharge
bits. The inner tubes were of the split type, cnsuring minimunm
disturbance of the core during removal from the barrel,

Storing and Marking of Core

Cores are stored in wooden boxes, each compartment of
which 1s designed to contain five feet of core. The internal
length of each compartment is actually five feet one inch, to
allow for 100 per cent core recovery, when roughness of the ends
of the core, and small inaccuracies in measurement vhen breaking
it to £it the box, make it difficult to fit five feet of core in
a compartment of exactly that length. The boxes are marked with
consecutive compartment numbers at one end, and the drilled
depths from the surface in fecet at the other.

The cores of most holes were boxed in this manner at
the drill sites, the core being placed in its appropriate place
in the box as soon as it was extracted from the corec barrel. The
bottom of each 1lift was marked with paint immediately it was
placed in the box, and a corresponding palint mark was made on the
side of the core bhox. The measured depth of the hole in feet
from the surface was painted on the side of the core box and on
the core. Core losses where thelr position was not known, were
assumed to occur at the bottom of each lift. Timber blocks cut
to the corrcct length were used to indicate core not recovered,
or core removed for testing.

The cores of Drill Holes KC1 to KC8 inclusive were
originally boxed by a different method, but have been re-arranged
in the manner described above.

All of the cores are available for inspection at the
Department of Mines, Drilling and Mechanical Branch, Dalgleish
Street, Thebarton, South Australia.

NOTES ON DETAILS SHOWN ON LOG SHEETS

At the head of the sheet, details of the hole are
given, consisting of co-ordinates, reduced level at ground sur-
face, angle from horizontal and direction of hole.

The angle from horizontal and direction given are as
measured at the ground surface. The drill holcs were not survey-
ed at depth, and there may be some slight deviation at depth
from the figures given.

The logs are plotiecd on a scale of 1 inch = 10 feet
(41:120). In the column hecaded "Log', places where core was ob-
tained are shown by stipnling, and the traces of bedding, joints,
faults, and seams are shown diagrammatically by means of symbols.
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Places where core was lost are shown by blank spaces. The des-
criptions given on the log sheet refer only to material recovered
as core. Core is lost by the material being ground or washed
away during the drilling process; it may usually be inferred
that sugh material is relatively weak. Near the surface this
weakness may arise from the unconsolidated nature of soils or
weathered rocks. At grcater depths the weakness may arise from
weathering confined to narrow seams in otherwise fresh rock, or
from sheared, crushed or jointed rock. It cannot always be
assumed that the material not recovered is weak, since even solid
rock core may be ground away and lost during drilling operations.

The core size symbol is shown on the log sheets under
the heading "Size of Core."

The drilling lif'ts and the approximate percentage
core recovery are shown in the column "Lift and Core Recovery.

In the column "Structures', angles shown on joints,
bedding or other geologlcal structures are the angles they make
with the plane at 90° to the axis of the core, unlcss noted
otherwisec.

Results of water pressure tests carried out on the
. drill holes, to obtain some mcasure of the permecability of the
rock mass, arec shown in the column headed "Water Pressure Test."

NOTES ON WATER PRESSURE TESTING
Procedures

Drill Holes XC1 to KC8 inclusive were tested at
various intervals during the drilling by scaling the hole with
an expandable rubber packer placed at the base of the casing,
and pumping in water at mecasured pressures. Considerable
difficulties were experienced with these tests, and the results
should be viewed with caution.

(411 other holes, with the exceptions of KC31 and KC32,
(were water pressure testced using the single-packer method, as :
follows:

8. Immediately after drilling of the test section, usually
20 feet long, the hole was cleaned out by flushing
with water pumped down through the drill rods, until
the returning water was clear;

be A mechanically expandable rubber packer in series with
NX drill rods, was placed down the hole at the top of
the test section and expanded to form a secal against
the walls of the hole;

ce Water was pumped into the test section between the
packer and the bottom of the hole at a constant
pressure measured by a pressure gauge. The pressure
was maintained for a period of 15 minutes and the
quantity of water pumped into the hole during this
time was measured by a water meter., Without moving the
packer the test was repeated at increased pressures,
usually by increments of about 201b. per sge. in., up
to a maximum pressure not cxceecding the weight of a
column of rock of the same height as the depth of the
packer below the surface;

d. Drilling was rcsumed and the hole deepened a further
20 feet; this new scction was then tested in the
manner described ebove.

These tests are considered to have given reliable
results, The results have been used to calculate permeability
figures for the rock nass, as described below.
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Calculation of Permeability Figures

The results of water pressure testing of most drill
holes have been plotted as Lugeon units in the form of histo-
grams on the logse.

One Lugeon unit is defined in Talobre (1957 p. 151-5)
as a water loss of 1 litre per minute per metre of drill holS
of diameter U6 to 76 mm at a pressure of 1C bars (10.2 kg/cm<)
maintained for 10 minutes.

The testing procedure used on these holes has been
described above. The conditions of test differed in some
respects from those required by the above definition, bult were
sufficiently close to warrant the use of Lugeon units.

The drill holes tested were 72 mm in diameter. The
length of test section was 20 feet. The watcr pressure applied
to the test section was measured on a pressure gauge at ground
surface, and maintained for a period of 15 minutes. Usually
each section was tested at three different pressures.

In computing the Lugeon units in holes commenced above
the water table, corrections were applicd tc the test data to
allow for the weight of the column of water in the drill rods
which thereby increased the effective pressure at the top of the
test section. The leakage rate per minute was plotted in graphi-
cal form against the effective pressure acting on the test
gsection. In no case did the effective pressure reach 10.2 kg/cm
(148 1b/sqe. in.); it was assumed that the leakage was directly
proportional to the effective pressure and accordingly the graph
of effective pressure - leakage rate 85 minute per metre was
extrapolated to the valus of 10.2 kg/cm“e.

In some tests water was pumped into the test section
at full pump capacity without registering any pressure in the
gauge at the surface., In these places the Lugeon value has been
calculated assuming that the drill rods were filled with water,
although it is most likely that the rods were only partly filled
because no pressure was registerede.e In cases such as these the
actual Lugeon value would be more than that calculated and is
therefore shown on the detailed log as a "minimum value.”

The results of water pressure testing of drill holes
has been described using the following terminology:

Low leakages 1 to 5 Lugeqn units
Moderate leakages 5 to 20 i "
High leakages 20 to 5C i |

Talobre, Je (1957) La Mechanigue des Roches (Dunod: DParis)
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APPENDIX B

LOGS OF EXPLORATORY ADITS,
WITH EXPLANATORY NOTES

Kangaroo Creek Dam, Exploratory Adit No. 1,
Geological Log 65-816

Kangaroo Creek Dam, Exploratory A4dit No. 2,

Geological Log - 65-827
Kangaroo Creek Dam, Exploratory Cross Adits 1 & 2,

Geological Log 65-817
Kangaroo Creek Dam, Exploratory Adits u=326""

Geological Section 3 :
b3 20
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APPENDIX B
LOGS OF EXPLORATORY ADITS WITH EXPLANATORY NOTES

INTRODUCTION

Two horizontal adits 6.5ft. wide and 9ft. high were
constructed as part of the gecological investigations for
Kangaroo Creek Dame Details are summarised below:

ADIT NO, INVERT R.L, (FT,) _ BEARING LENGTH (FT,)
1 757 2,0° 120
2 ‘ 847 21,8° 139

NOTES ON DETAILS SHCWN ON LOG SHEETS

The title block in the lower right hand corner shows
the scale and the position of the sheet in thc sequence when
more than one log sheet is used. Headings on the left hand side
indicate the type of information contained in the horizontal
columnse A

Tunncl Stations

Positions in the tunnel are given by stations, one
station being equal to 100ft., measured horizontally along the
centre line of the tunnel, e.gs Stae« 1 + 15 is 115ft, from the
Datum,sta. O o+ OO.

Progress

The position of the heading at the end of each
working day is recorded.

Rock Type

The rock types shown graphically elsewhere on the
log sheet are here described in words. Degrees of weathering
are also described.

Log of Roof and Walls

Geological information is projected on to three
strips representing the roof and walls of the tunncl.

The strlps are obtained geometrically by rotating the
walls about their join lines with the roof outwards through 90°,
and then projecting them, together with the roof, on to a horiz-
ontal plane tangential to the roof. (The method is shown in a
diagram on the log sheet). This projection enables the user of
the log to obtain a 3-dimensional picture of the tunnel, by
folding the wall strips downwards. The roof and walls are drawn
as if viewed from outside the tunnel, and this must be borne
in mind when using the log sheets during an inspection of the
tunnel,

' The information plotted graphically includes the rock
types and the traces of structural features in the rock. The
true strike and dip of these geological features in rclation to
the tunnel direction, are plotted by conventional symbols in the
lines labelled "Plan', above the below the graphic strips.
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Bxcavation Condition

The figure in this column describes the condition of
the rock surrounding the completed excavation, taking into
account the rock material, the geological defects (joints, seams
etc.) and their orientation, and the effects of blasting and
stress re-distribution. The figures used are from the following
table, based on tables by Talobre and Terzaghi (Refs., 1 and 2).

CLASSIFICATION CHARACTERISTICS

5 The rock mass is perfectly sound and very com-
pacte )

L The rock mass is sound, but sbmewhat loosened
along joints.

3. ' The rock mass is considerébly looscned along
Jjoints,

2 The rock mass is very loosely jointed and seamy,
requiring continuous support.

1 The rock mass exerts considerable pressure on
supportse.

Percent Breakage along Joints

The percentage of the area of the roof and walls of
the tunnel which consist of natural joint faces (as distinct
from fresh fractures across the rock fabric) is estimated to
the nearest 10 per cente.

Support During Construction:

Steel supports are shown as thick vertical lines.,.

Excavation

The distance the tunnel has advanced in each cycle
is shown by a vertical line. The number of holes drilled and
their length, and the weight (in pounds) of explosives used
per round is recorded. Vhen records have becen incomplete a
summary in words is used to cover the appropriate length of
tunnel,

REFERENCES

1. TALOBRE, J. (1957) La Mechanique des Roches (Dunod: Paris)
. Po16o

2, TERZAGHI, Karl (1946) Rock Tunneling with Steel Supports
(The Commercial Shearing and Stamping Co:
Youngstown, Ohio) pe 91
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APPENDIX D

KANGAROO CREEK DAM

LABORATORY TESTS ON ROCK MATERIALS

CONTENTS

Spoil from Exploratory Adits, Particle Size Distri-
bution.

Spoil from Exploratory Adits, Results of Laboratory. - /(
Tests

.
Kangaroo Creek Dam, Strengths of Rocks, Results ©f
Unconfined Tests :

Kangaroo Creek Dam, Wet/Dry Strengths of Rocks, Q%D?fQL
Results of Unconfined Tests ' L' m

Kangaroo Creek Dam, Wet/Dry Strengths of Schist,

Effect of Antsatropy on Strength.

Tables 1 and 2 by E. & W.3., Concrete Laboratory,
Sassafrass

Tables 3 and 4 shd Figure 1, from Unconfined
Compressive Tests by Dams Section, E, & W.S.
Department’.
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APPENDIX D

KANG/ROO CREEK DiM, LABORATORY TESTS ON ROCK MATERIALS - SPOIL FROM EXPLORATORY ADITS

TABLE 1 -~ PARTICLE-SIZE DISTRIBUTION

Sieve Sizes % Weight'Passing

Gneiss

18"" '12w 9n. 7il 6"', 51:. uu 1.,;_n %u %_n 3/161 71! 1Ll-" 25 52 100 200,
100.0] 97,3194.8191.8188.8 1 83.4]76.2160.2{011.2] 3141 | 20,4 171112.6 ) 9e2| 647|5.3{11e5
% Weight Retained 2.7} 2.5} 3.0] 3.0 5.0117.2HM6.0116.0] 1321 | 107 | 3e3] Le5 ) 3eli} 2541|008
% Weight | Schist Toltl 1e3] 15 13 2.0] 2.8
of each
type o y
| retained | CGneiss 1¢3f 0.8{ 1.3] 1.3 2.2} 3.4
Granite - | o} 0o2) 0us | 1.2} 1.0
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APPENDIX D (CONT'D)

TABLE 2 - RESULTS OF LABORATORY TESTS

-.-:’-d-_‘ e
)
)
'_.l
O
>
= o
w0y .
g na| 8 @ B ol S
Lles ] 0mn 0 ol o 9} o (4] .3 ([:é) Vi
Size Los Angeles % SeGey ® o | % OWR o 8 A, 58 o
S.5.D, 3] 5& IR -ﬁx e e PRV o ot
o g a0 M0 [ ) @ 0n.o Q ﬁ%
s 18s) 9 | 3% |S5lg5|35|ag|es
2 U‘;é’; A H A A | A aH L aom
Only 1 rock Schist 46" 2,80 04242 | 0422
was taken 1T
for each Gneiss 4-6“ 2.714- O.)—LOO Ce75 .
test due to § Granite Gneiss | +6" 2.68 | 0.475 | 0.80
large size
Schist “1%" + 1" 1 h2.6)44" 2.68 | 0.780} 2, 74 6L.1 | 5047
: Material Combined} Granite
Gnoiss -4 4 v | 36,2 gr'(_)kelg 2.71 | 0.580 } 5.45|{Gneiss and Gneiss
\18%1%3 55420} 16 .20 }
Granite Gneiss. "1':‘2""' + " 38.25 2.62 00695 500“- Minus 36+ fractibn
Combined Sample] -3" 3846 2470 | 0.570 | 2.45 22.8]12¢3 | 10.5{1+3 }1.79




L S:ze OF core womples i m.Wimelres, omerer v leng?h
@ Approximor/e deprh to fap of sormple

3 Approximole any@ barweer pone o fofiotior ond the plone rormo’ fo the /o. g budina/ oxis of e core /€ dp O foliotan o core //‘)
¥ Uncon/ined compressive SPrengths pounds per Sguere inch
3 Youngs Moduhs. £ pounds per Sguore ‘ch, Colivioted of > sA-ess of tooo or 2000 /6/.57 meh

W Vef boca.

TESTS CAMRIED OUT BY E&WS DEPT — DESIGN BRANCH

SIZE X o O pErTH| FOT FoLIATION g st WEAHERING OTMER GEOLOGKAL FEATURES | wcs. | TOVES FRACTURE
o A S HAUE 'ap) 2 | TYPE il 3. i W
54 % 10/ AC3 Vil Schust Intensely folioed 35° | Fresh, Limorits Storred olorrg Sessictth:  Some aisseminofed 22/0 800000 Tvo froetures, 60°f &°, irrapulor; very rowgh
fclafm in ,oor/ Aoemorife ord myre ch Sericite coofm,s
:54 /39 b._/{CG 0 Schist Infensely floted fo bonckd J0° Slly/x/ '& nalw Commmors Abundlon?  Seric/te . Aburnobrt 3020 |2/00000 Smyb ﬁwlyr‘l 60° M raguko: slightlhy ]
obundmfguadz and /‘¢/spar himarnile a/ammg ,oyr/n orne Veoched onmdxe? muy/; Sericite cooted
.. — N P - B i ] e - - B fatamanrd - - .
sS4 5 ¥ ACE V4 Schrst Moy infensely Foliated 0" Sligh? Yo moderate. /imonite Abundont sonclh ond 6 /70¢C | 5,500,000 Corn,o/c- Fracture Scum/ ar 60°70 90°
1 /¢w diatinct coorser écmda Stoined Ihrouphout bacln-af howmitite !
95 % /Ao - AC/ /6 Schist /,7/.,,“0 folioled, commonly #5° | Fash Ao Sght. Srmonile Slained 4 Jcm:/lc rich, some pyrite and | 2880 | /800000 Two Fractures 65, Plonar Siightly irragular,
! _coarser groined aﬂd u»abd pearts, /Imao/b cootad ar jeivs. Aozmatite. Severo! Joints. Slightly rough, part Inflvanced by joints. i
- —_—f I R — - " e -‘}-«--. - - B e — —— e ———d PR |
46 ¥ AC/ /5 Schis? /nhn.ﬂ} Soliokd, faw coorser| SO Stight /m-an't stoinad )‘W Sericile rich. 3720 | /400, 000 ? Singh Vracture, 60 Plonor; Slighthy  reugh
grains, Sancad in por/ ]
S4=/21 | AC3 | /2 | Schist | Intensely fohated, vary SO | resh. Seme shght limonrhe Same Sowmalite omd 2970 | 920,000 Single froctue, 65° Ploro: Siohty
irvaguir  in par/ Stainmng crysfaline pyrte  Sericitic lrragular, vary rouwgh Common Sericite cootings.
S /27 AC2 | /155 | Schis? | ronsely foliaked fo coorse S0° Supt  Jo modarcie, /imorve Sericile # Schisiose bands. 5250 |8,200,000 Complex. Mo fractlure 70", plonar but
gromned ond bonded, /rroyub- uav'md ano/ coohd rthroughout : rraqulor; rovgh. Several othsr bresds.
96 x 52 SC/ /7 Schisr | /nfansely rfohoted so* Ff‘«/) W/ Jo moderosk olorg Sericitc . Janr porollel o 3980 | 2350000 Two frochres. e por? porele/ fo, pors sheeoer
Join? reor fao of core. Kliotiorn o Jop of core Pharr /n//o//on Othar olorng yoint
62 x /149 AC2 /2 Schist | /infarses stiofad, bonded s0° Slght /fo mocarofe Aburndon? Sericitic , Bome disseminofed 4320 | 2 200,000 J/ny/c /)'oc/am, 65°, plorar sk Wbty ;
»n par/ /zmmt J‘nwm», /Arou,tou/ /)ocmahb | irragular; slightfy ~ousph |
S = /62 ACE /4 Schist /nhnao& fliowd H bonded, s0° 5//9# //mm"k e #rouyh'r vadc rich. Soms pyrife and 4500 | 4,000,000 WO maor varticol froclures. oma ocross
19 coorse b my coorse m/ ﬁmnvﬂl cooked on JOInAs. howrmiotite Severe! joirts. fobvic, ore along joimt
62~s85/ |4€C2 | 13 | Schint F/mbmg ftiated fo banced, | 60° | Sigrr o mocerets, imarte | Sericitic. Abunceons 2880 | 2,700,000 Single froctma, 65°. Plonar s vary
‘ Commonfy irragwn SHho/rres’  Mwrouphout | olisearninciad hoemode. vragulon slightly rouph Sericite coatings.
| S#x 152 | HC3 | 45 | Schist | trremses fokotwa, Shphity | 70° | Stphr Mbwviclors hmonrsite sthoining | Serichic. Some olesemirrorec/ 5030 | 2600000 Singla froctre X7 Plowar, shghtly lrvepeto
‘ bonded ir faw perts. Yhrough fabric of sock. pyrife ond Acemarlits S/i ghHy roa?hvhwpov“/ % oliarion.
S » /82 ACS 76 Greiss | Bonded 7o intensly foliored 20° Shght  Mamnly limonife Skumed Abuncrn? Saricile, some /2,300 | 7400000 Single Hocture, 07 very irvaguior, rough.
throvgh fabr/c af rocl pyppite Savero/ joinds. " Sevaral ofther crocks osong soinks.
54 » /28 HCS V4 Graiss /mbmc& Soliosed Jo ‘tmobo’ 30° | Sresh Somg Sericike w1 foliorad bovrols |/2,400 | /2,000,000 Complax. Moir froctkmre irragule: vary "'?”f
— Moinky //'/:t_)t sy &nugrw'nﬂ ] % ‘o‘l.v:schd k. 1 i _._rouﬂ faiy Sericita coolimps. Sovaros oMer M_
KZ X AC7 | 10:5 | Gness Mointy Pine groined bonded fo | 20° Sightt  limonife siwred Some Seric/fe ond /Q €00 |4300,000 Comphax /‘roc»‘v’cs
| Closaly folioko! poorly devalops, | #Arovghout Sisseminated howmatite )
S4» /52 HCo /s Graiss + Moirnly mfensaly fekolad HO° | Frash te shght. Same /imenite lbandani a’u.nfmomta/ ”nﬁ HEDO0 7000000 Jl'lyb rrocture, 20", Oloryg Limonite coorect
/cw coorrur bondls, ofknm-,-ﬁr | Shmm, wNT foamarte. Join? /"c»- ohar brecks eccrows core.
JR— e g — e T - - — . — — [RUEES———
sS4 /5/ ACS L3 Gneiss llom/y //rkmc& Solialed 40° | Fresh Soma dissaminated pyrife /0,000 | 8,400,000 J/nyh /ivc/wt Very /myu/a'- Rort olorng
| S//yl://y bonokd in povt Sfoliotior, smooth pov? ocross &w-rr rough.
54 x/52 #C7 | 73 | Graass 80ﬂa&d mﬁzm& /Blmd 40" Sthght  Moinly fimonite Shornmed | Abundint sericite . Prife S, 440 |4 000,000 Single /r‘agv'm, 70" P/anor ‘//,b{ot
N i ports. Coova gromad Mwoughout Olsseminofed ond irn cr)u/a& ] ,rmygb’ m.,y/, t’gw ;g,,c,b: f:y:/”’;{“‘_—
—_—t 1 . . ___J. | -
S » /34 ACS /2 Gnesss | Inansely foliofgd Rew coorser| €5 Fresh. Sorma JMﬂ»;MM pyrite. | 8700 |/2,000000 Single  focruwe, 65° /’/enar S/ightly
bordls, moink peorly deva/omed [ irragukon shightly rough Few ofhar crocks
— L ] . - ’ — e}
S /52 ACT /2 | Gracs | Moinly bonded, infarsely 50° | fresh 7o shight soma limonite Sericitic. Dixsaminated pyrite | 14700 | 5000000 Complax. Moin froctura 66, plormos irreputer,
fosofed in pork Srosrirg. ard Asematide. rough. Sevaro/ other /rrepwin- fockes.
S "/5/ ACH 2/ | Gomitic| Wery coorse groimed 20° | Fraotr. Shoht Lmonite sHoining | Moink puorizs falepor crystats|/3,/00 |5, 600000 Two /rocfano, very rough /rregulav;
Greiss | foliafion very poorss clevedan " Jaw par’s. 70° 7o 90°
76 x /50 #C8 /6 | Gromhc | Monly coorse groired bavdd] 30° | Frush fo Sigh? Some /imon/re Soma oisseminokd hoematite | /0,800 |6 003000 Smrgle Frocture, 70" Aarmor, Slightly
Gnesss | chosesy folioked rrm povd | shoiming in coorser bor . irragulor, rowgh. féw ofser J’wlu
nh. e eeemm—— - - - - e -_— e m———— B e o -t ——— -t - o —
6 - /3/ HCE | £35S | Gromwshc| Mornly bandao! /nfansal 40° | Fraesh. Coorse 7o very coorse groirad) /3,400 |6,000,000 Single Yroclure, vary /rragulor very rot-:y’:.
e e Oreiss | Mo in S porSs. | Some sarjcite. Few other irragufar focrures.
76 v ¥ AC8 | /¥ | Svomific| Banded fo mfensel foliosed 90° | Freshs Some /imomta stomng | Coorse fo vary coorsa gra/me| A 300 |6,00G000 Complex. Tao froctures of 70" 4 90°
Greiss | poorly oeveloped in ports.
NOTES
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/. Apprommote oeplh K rp of somple
2 Approximala ongk. batween phine of folotion o fractire ond #he piore rormol k tha forgivdinal oxns of the core je G of foliation on core {/ )
3 Degrees of weotherng ore okfined os folbws:

Fresh. The rocik shows ro Oiscolorotor or Joss oFf Strength
7hHe rock rs Shghtly Oh3colored Sut rof nofxcobly lower i Strengh than the Fresh rock
AMoaerate: 7he rock ‘s uswolly Oiscolored ond roticecbly wes ierec, but MYLC or KMS cores comnot be broken in unaided honds

5/,'7/)/:

Of P& paic aos cooked W woter for /or2 weoks belore rc;/;»,//ndmafed under 7est value(Zwks)

o

VESTS

CARRIEO ©QUT B8Y

EAW S DEPT —~ DESI6N BRANCH

Yourgs Modulus was evoluated for eoch Specimern under a
low dry sirength moay be due foerror in festing procedure

Stress of /000 /b/sy inch

Unconfined comprassive strength. pounds per Sguare inch Somples were tested w poirs Oneof eoch poir wor tested ory.The other

SAMPLE |DRUL \DEPTH| ROCK v S YOUMES MODULUS
FOLIAT/ON 74 WEATHERING OTHER GLOLOG/CA. FRACTUR
Ao HOLE %c?@ TYPE 0s (2,)[ Q) ;umﬁgg “ ORY W[%‘t ORY WET (5) YRE
PLI62/&S | KC/O) /3-8 SAMALE  DESTROYED BEFORE TEST/ING.
P/36.3/&5 AC/0 | /# 2 | Schis/ Mamly Sonced, c/losely 30° Stight Limori/e staining Abundont sericite ond - 3250 - $30 000 \Smyle Frocture irreguor Surfoce rough,
Yoloted i pors. Common through fobric of rock | disseminoted haoe motife Qwhs) srreguky, port cooled with Sericile
PIISE66S | AC23 | /2:/ | Schist Bornded mainly 10" | Stight Lrmonite sloinac Some sericile 2/00 - /,080,000 - -
coorser groined J
SN U B - — - 4 —
p,L3 6‘7)6'.5 AC23 } 72°5 SAMALE  DESTROYED BEFORE TEST/ING
P1371)65 | AC27 | 37-8 | Schist | Areavmed as bakw ] 45° | Presumad os below 3600 | - _{4.3/0,000 - -
P/3 70/65 ] KC27 | 3/ Schist Port borded, por? 45° Slight Yo moderote dbunctor? | Abundon? seriche, some - 2000 - 570,000 | Two froclures of 60 Severa/ discont.ruous
/nfensely Solioted limronile SPowring Yhrovpbou’ Hesaminoted hoamori/e. (2vks) crocks Surfaces rough irreguks:
P29/66 AC27 | 93/ | Schist Mainly bonched! 40° | Fresh Sericite rrich  Cormmor 2320 - Single fraciure, pPhonor, Shphtl rough
. | ] | soliored " far/ N arssermmnorsed haemotile ] 7 _ i Commonr sericite cootings (&)
P28/6‘6 #C27 | 927 | Schist | Close foliotion more | 40° | Fresh Some slight  timonite As cgbove - ;3470 - As obove. More irregulor
common. sfoining (2 wky)
PII6YES | KC23 | 457 | Schust | Presumed os Below /0° | Presumed os below 6400 | -~ 4/5,000
ey — -._J - — —1 -
P£/368/65 C23 | 453 | Schist fotoled fo bornded, /0 Ffresh rtoShoht Some limonite | Aburndant sericite ond - 4450 - 417,000 | Single Frocrure. Plnoyr very rough
irraguln poorly oevelgped storung within Jfobric of rock disseminared hoematife (/wh)
r22/66 AC20 | 3/-8 | Schisf | Foriored Yo bonoed 10" | Free4 Aburdowr? sericite, some 5800 - | Single frocture, very irrepulor; rough.
—l ° pyrife in coorser bonds | Common seric//e coatirgs.
JR— —— —— [ — : [UNENUNES S —_— . . N S ——
r23/66 AC20| 323 | Schre# As obove, but coorser | /O fresh. As obove. - 4/40 Complex Jrocture, numerous Crochs.
grained more banoko (2 was) Cone” Jfoilure evidemt
Pp25/66 AC23 | 32:6 | Schis? | fime growred, foliotiorn o Fresh. Sorme oisseminated /2830 - Complex Frocture, mumerous Crocks
very poork develgped hoemotite Cone® Jo/lure evident
i ~ | — —— -y ] —_—
r24/66 AC23 | 322 | Schus? | As ocbove. 0° | Fresh As obove - 8260 Single Krocture, plnos rough. Severdl
@ ms) paralle! JSCONhhuous cracks.
PL37365 | C20 | 282 | Schis? FPresvmeo’ os below o° Presumeo’ os below 7/00 - |336 000 - — -
9/372/%5 AC20) 277 Schis?# /nte nsed folorseo! few o Fresh Sericite rich - S950 - 3/0, 000 \finyk Hoctwz. Very /’/’fcyu/a-, rouyb
coorser bornk irregulor (Twk) | fow Sericite Cootings
PL36465 | AC/0 | 361 | Schist | Moing mrensely forared) 20° | Fresh. Some /imonte 8300 | - |6m000| - -
few coonser Sonats &foiring in coarserborok.
——— ——— — ——] . -4 . el e S —— o]
| P1365/65 | AC/0 | 56'5 | Schist | As above. 20" | As obove - 3800 - SHL000| Smple Sroclure plomar Smooth foslighll
(7wk) rovph Sercite cooted (pre-existirg frocture)
P26/66 KHC25 | 92:-6 | Schisr /hrensely fosiored Coonser| 50° | Fresh Sericite rich some pyrite | 3,660 - Singfe fracture. #Mainfy ploror irregular iy
_J gromns rnot Sornded! _-J port rough. Rore Sercite coatimps
P27/66 KC25 | 930 | Schis# | As obove 50" | Fresh. As above, with some - 300 Sl Srocrure Plomon shohty rouph
orssemirnated hoemosire @wts)
NOTES
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SOAKED FOR
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INTRODUCTION

In connection with dam site investigations at
Kangaroo Creek being conducted by the Department of Mines on
behalf of the Engineering and Water Supply Department, the
following laboratory test work was carried out.

(1) Specific Gravity and watér absorption tests on bulk
: samples on crushed aggregate. :

(2) St?ndard get/dry weathering test as conducted by D.M.R.
NeSeWe )

(3) Combined effect of temperature cycles and weak salt
solutions: A.S.T.M. C218 =~ L8T,

(L) Chemical analysis of extract waters recovered from
weathering tests.

(5) Sodium sulphate soundness test.
SUMMARY

Specific Gravity and water absorption results (see’
Table 1) show that there was no significant difference betweer
the diamond drill core samples and the spall material. Water
absorption of all samples tested was comparatively low, rang-
ing from 1.05 to 1.21%. Weathering tests conducted on spall
samples and on crushed aggregate showed that they could with-
stand repected conditions of wetting and drying, without

‘suffering any significant mechanical disintegration. No

physical breakdown of spall samples occurred during 20 wet/
dry cycles, and only slight breakdown of crushed aggregate
was apparent after 10 wet/dry cycles (see Table 4).

Chemical analyses of extract water recovered from
the 1st, 5th and 10th wet cycle of weathering (spalls and -3
inch. material) showed no significant increase in soluble salt
content. However, there was a sharp increase in soluble salt
concentration after 20 wet/dry cycles (see Tables 2 and 3). °
The combined effect of temperaturc and weak salt solutions
(A.S.T.M. C218 - L8T) indicated no significant trends in the
behaviour of the test pecimens. The results (see Table 5)
show that absorptions wvaried in the range -4.3 to + 7.0% and
volumes in the range =0.39 to +2.43%. One test specimen
C3-5, from Hole 11 failed completely after 30 cycles. This
particular specimen showed partial failure prior to testing.
All other specimens tested were not visibly affected after
30 cycles.

, The resistance of crushed aggregate (-13"+3/16") to
disintegration by saturated sodium sulphate solution was 7.5%.
This figure indicates that the material would not be subject.
to serious disintegration when exposed to normal conditions
of weathering and frost action.

MATERIATL EXAMINED.

Three samples of fresh rock material were submitted
for testing, namely, '
1 Spalls from an excavztion on the left bank
é2§ Core from Drill Hole K.C. 10, 30 to 31-1ft., schistosity
at 90° to core. -
(3) Core from Drill Hole K.C. 11, 78 to 80ft., schistosity
at 10° to core.
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L1« SAMPLE PREPARATION

Because of the small amount of drill core available
only a limited number of specimens could be prepared for testing
as in A.S8.T.M. 218 - 48T, Viherever possible core specimens
measuring 3 inches in length were cut using a diamond saw
operated with a coplous flow of water. In similar fashion
irregular cubes were cut from individual spalls oconsidered
representative of the rock type. It was not possible to obtain
perfect cubes as specified. Samples of crushed material used
for Speecific Gravity determinations and for the D.M.R. (N.S.W.)
Wleathering Test were prepared by stage crushing designed to
minimise the production of fines.

5. EXPERIMENTAL, PROCEDURE

5¢1 Specific Gravity and Water Absorption

This test work was conducted according to. the
test method described in British Standard 812:1960. Test
results are given in Table 1.

5.2 Weathering Testé

Accelerated weathering tests were done on lump
material and on aggregate stage-crushed to pass a 3 inch
sieve., Distilled water was used for each of the soaking
cycles and controlled drying was effected by use of sand
baths,. At the end of the 1st, 5th, 10th and 20th wet
cycles, sufficient water was syphoned from each test on
which to conduct analyses for total soluble saltse. The
results of these analyses are shown in Tables 2 and 3.

Table 1 Specific Gravity and Water Absorption

Sample Specific Gravity and Water Absorption
Spall samples S.G. (Appt.) = 2480
. SeGe (SeSeDe)=2475
SeGes (Bulk) = 2.72
Water Absorption % =1.11

Crushed Spall Saﬁples ‘S.G. Appte) =2.80
~34g" S.Ge (S.8.D) =2.75
S.G. (Bulk =2e(2

Water Absorption % = 1.09
Cofe specimens S.G. (Appt.) = 2.79
Hole K.‘G_. 10 SeGe Se.S5.D = 207“-
S.Ge (Bulk ) = 2470

Water Absorption % = 1.21
Core Specimens SeGo (Appte) = 2480
Hole K.Ce 11} SeGo SeSeD = 2075
S.Go Bulk = 2072

Water Absorption % =1.05

NOTE: SeGe (SeS.D) Denotes Specific Gravity on surface satur-
ated dry basis.

S.G. (Bulk) Denotes, Specific Gravity on surfaee dry
-basis.
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Table 2  Chemical Analysis of Decant Water from
Weathering of Spall Samples

Assumed Soluble Salt Concentration gre./gale
Composition . -
After 1st | After bth After 10th | After 20th Cycle-
Cycle - Cycle Cycle

CaC0x 0687 066 1432 1.71

CaS0y, - - - 2.65

CaCl, - - - -

MgOO3 0.83 0«31 0.83 -

MgCl, - - - 0.04

MgsO0y, - - - Oe75

Na,C03 1422 1470 - -

NaZSOu; 0«85 - 0.68 125 -

NaCl 148 1412 142 2.76

NaNOz 0.10 0.15 0.10 C.10

KCl - - - -
" Total 5435 L1462 L.92 8.01

Table 3 Chemical Analysis of Decant Water from Weathering of

—=2" Agprepgate

Assumed Soluble Salt Concentration gr./gal.
. Composition :
After 1st | After 5th | After 10th |After 20th Cycle
Cycle Cycle Cycle '
03.003 0050 1 051 ZOOLI- | 60614 ‘
Caso), - 1420 1420 15030 .
CaClso - - - 2,82 i
MgC0 % 0.62 - - -
Mg012 - - .- 1054
MgsO0y, - O0e13 2e32 -
N"c'lzCO3 1 03)4- - - =
Nazsou 0485 2419 0457 8e75
NaCl 0449 0475 0.87 -
KC1 - - - -
Total 3490 - 5.88 7o 35615

————
T S -G - oL
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Table L Weathering Test on Stage~Crushed minus 2" Material

Sieve Size B.S.S. Grading % Passing
Before Weathering Affer Weathering

% inch 100 | 100
g " | 83 | 90
¥ 55 | 59
L ~ 34 39
z " 22 29
3/16 inch 18 2l
7 mesh | 11 : 18
1" 7 13
25 " 5 10
36 " L 9
52 " 3 8 .
100 ¥ 3 7
200 " 2 6

5.3 Bffect of Temperature and Weak Salt Solutions

A.S.T.M., Designation: C218 - 48T.

This test is designed to determine the
effect of temperature cycles and weak salt solutions
on crystalline natural building stones, exposed to the
weather above ground level.

Test specimens were prepared from drill
cores and spall samples submitted, and subjected
to 30 wet/dry cycles as specified in the test.

Generally most of the specimens showed
no visible changes in physical characteristics
except in one specimen (C3-~5 from Hole 11), which
showed distinet failure prior to test. Results
of the tests are shown in Table 5.
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Peble 5 Absorption

and Volume Changes -~ A.S.T.M. C218 - L8T

Sample Wy | Vs W3 W, W5 [increase | Increase
in Absomr~] in Volums
. tion % ¢ %
Core From
Hole 10
G2-~1 L27.35) 433,40 | 274.13 [ 433.18] 27440 =13 -0.35
02_2 360.8’4 365.96 231 085 366015 232.80 3.5 O
C2-3 L00,.221 405.35 | 255.12 | 4O5.42f 25L4.99 1.56 O.ly1
Co-4 143. 28] 145.00 92.35 | 145.04 92.32 2.5 0.12
Core From
Hole 11
C3-1 422,351 427.85] 273403 | 427415;269.75 7.0 2.43
C3=-2 423,88} 428.85 | 271.83 | 429.111271.95 51 0
C3-ly L28.891 U33.55 1 277.27 { 433.79}277.10 51 O.h
03—5 LI-2608O Ll-31 0614. 273075 Ll-30080 273910 -001,.]. —0039
Spalls- ’

Cube 1 701.88} 712.45 | Lt .45 | 713.04 442,50 L.98 |~0.16
"L | 716.79]720.27 | 45755 | 72074 {L58.40 Oc2h4 [-0.17
NOTE : Wy = Originai weight of oven dried specimen. -

Wy = Original weight of surface-dried specimen
after 24 hours immersion in water.

Wz = Original weight of specimen suspended in
water, after 24 hours immersion in water.

W, = Final weight of surface-dried specimen after
30 cycles of the test and 24 hours
immersion in water.

Ws = Final weight of specimen suspended in water,

after 30 cycles of the test and 24 hours
immersion in water.
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APPENDIX F

INCHES TO DECIMAL FEET - CONVERSION

Inches Feat Usually Inches Feet
adopted
12 1400 1.0 | 1 0,08
' 1 0.91 0.9 1/, 0.0l
10 0.83 0.8 1/, 0.02
9 0.75 0. 75
8 0.66 0.7 1/g 0.01
7 0.58 0.6
6 0.50 0.5 - | /46 0.005
5 0.42 © 0.
L 0.33 0.3
3 0.25 0425

2 Oe17 0.2

1 0.08 Oe1
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