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1. INTRODUCTION

This report describes the geological investigations carried out
{for the proposed Telecom Cable Tunnels under Queen, Lonsdale, Russell,
Exhibition and Rathdowne Streets, Melbourne. The Department of Construction
is the design and construction authority for the Australian Telecommunication

Commission.

The first report on geological investigations for the Melbourne

Cable Tunnels, BMR Record 1978/16, was issued in July 1978 (Purcell and
Trand, 1978). ‘Since then, the drilling of anothexr 13 holes in August 1978
has provided additional geological information, and changes have been made
in the route and invert levels of the proposed tunnel. This report updates
the July 1978 BMR Record by amending the tunnel alignment and the inclusion
of results of the additional drilling, but it does not duplicate information
already included in the appendices to the earlier Record such as drillhole

logs and coxre photographs.

The tunnel locations, the location of shafts, chambers and

investigation drillholes and geology are shown on Plates 1 to 8.

Design of the works,including location of tunnel invert, chambers
and shafts was not finalised until August 1978. Consequently, some drill-
holes do not now coincide with the final location of the engineering
structures that they were originally drilled for. Because of changes in
tunnel locations, drillholes 28 and 29 in Exhibition Street are some distance
removed from the final tunnel alignments, and drillholes 1, 2A and 4 are

located on the alignment for a future tunnel in Queen Street.

Queen, Lonsdale, Russell and Rathdowne Street tunnels will be
"single" tunnels with a maximum width of 3.1 m and a height of 3.3 m(B-line to
B-line) (Plate 2B). The Exhibition Street tunnel (Lonsdale to Victoria
Streets) will have an enlarged profile with a width of 4.4 m and a height
of 5.9 m (B-line measurements) (Plate 2A). The total length of the tunnels

(including chambers) is about 1850 m.

Depths of cover above tunnel crown will vary from about 5-9 m in
Queen Street, 6-7T m in Lonsdale Street, 4-6 m in Exhibition Street, 6 m in

Russell Street, and about 4-9 m in Rathdowne Street,

The site investigations were carried out between July 1977 and
mugust 1978 by Mr G. Trand (Department of Construction) and Mr D.C. Purcell

(Bureaw &f Mineral Resources). T -ty-one holes were drilled for a total depth
of 631 m,
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2. SUMMARY OF CONCLUSIONS

Following the site and laboratory investigations it can be

concluded that:

1. Construction of the tunnels, chambers and other appurtenant works

are feasible.

2. The geological information available for the Lonsdale, Russell,
Exhibition and Rathdowne Street tunnels is regarded as satisfactory
for a reasoned prediction to be made of the distribution of the
various geological formations other than dykes, and for an assess-—
ment of their tumnelling characteristics to be made. However, the
relationship between the various Cainozoic formations that overlie
the Silurian Dargile Formation in Queen Street, namely the Werribee
FPormation, the Older Volcanics and the Brighton Group, is so complex
that the drillhole information is reliable only for assessing the
tunnelling characteristics of the formations, and not for making a

reasoned prediction of the distribution of the various formations.

3. The tunnels will be driven through the stratigraphic units listed
below., Tunnelling conditions will be extremely variable within
individual units and between units; the best conditions will be in
zones 3 and 4 mudstone, and the worst in the Colluviwmn , Zone 1

mudstone and the Elizabeth Street Formation.

. *
Rock type Weathering Approximate Approximate total
length (m) length in unit (m)
Mudstone Zones 1 and 1-2 490
Zone 2 and 2-3 330
Zones 3 and 4 480 1300
Older Volcanics 135
Brighton Group and ,
Werribee Formation 70
Colluvium 200
Flizabeth St.
FPormation 145
¥k . v
TOTAL LENGTH OF TUNNELS 1850

* Definitions in Appendix 1

*# Tncluding chambers

4. The w»reserce or “sence of groundwater will determine tunnelling
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conditions and stability more than any other factor.

Geological formations will have a fairly low perméability,

except the fractured Older Volcanics, and the formations most
sensitive to changes in groundwater levels for stability purposes
will be the Colluvium, Werribee and Elizabeth Street Formations,
and Zone 1 Mudstone. Whilst no majdr sustained inflows are expected,
draining of wet formations would greatly improve tunnelling conditions;
constant pumping from a deep bore in MW to SW Dargile'Formation could

be expected to dewater such materials.,

Rock loads should not be very high, the largest vertical load
being about 290 kPa (Zone 1 Mudstone) and the smallest about

50 kPa (Zone 3 Mudstone). Rock loads in the Colluvium may be

close to the strength of the material, Initially the tunnel face
in clay (Zone 1 Mudstone or Elizabeth Street Formation) is

expected to be stable in all cases, but a decrease in strength
associated with dissipation of pore water pressurc may reduce

stability in the longexr term.

Some loss of ground can be expected from all units; the loss could
be potentially large from the Colluvium if it is water saturated.
Good tunnelling techniques should minimise both ground losses and
rock loads; ground surface settlements should be small, possibly

ranging to 15 mm in places.

Most of the tunnels and all appurtenant excavations will require
support during construction. A concrete sub-invert may also be
required in places. Combinations of rockbolts, mesh and shotcrete,
or of steel sets, lagging and shotcrete are likely to be the
dominant support systems. Shotcreting may not be possible in

Zone 1 Mudstone, Colluvium and the Elizabeth Street Formation,
particularly if these units are water saturated. The option of
chemical grouting of the Colluvium from the surface has heen
assessed as not economically feasible due to the extremely low water

injection rates achieved during investigation.

The most appropriate excavation methods would be as follows:



Method Approximate Percent
. length of of route
route @mi
Conventional drill-blast-muck

Zones 3-4 Mudstone ( 9o m) 140 (8)
Basalt (50 m)

Road Header (or like) machine
Zones 2 and 3 Mudstone (720 m)
Basalt (85 m)
Elizabeth Street Formation, if dry (145 m) 950 (51)

Hand mining or/and overhead mucker
Zone 1 and 1 to 2 Mudstone (490 m)
Colluvium (200 m)

Brighton Gr. & Werribee Fm (70 m) 760 (41)
TOTAL 1850
9. Chamber excavation conditions will be fair to good in basalt and zones

2 and 3 mudstone, but poor where Cainozoic sediments are at or near
crown. The potential for loss of ground during underground excavation
is high, and if not carefully excavated and supported, caving to the
surface is possible. Settlements above the chanbers will be greater
than that above tummels and traffic loads should be added to rock load

computations,

10. Excavation conditions for the shafts will be poor and support in

the form of steel rings and full timber lagging will be required.

11. Manholes and ventilation shafts can be readily drilled and

cased to prevent caving.

3, SITE INVESTIGATIONS CARRIED OUT

3.1 REVIEW OF EXISTING INFORMATION

The geology of the central business district of Melbourne is
described by J.C. Brumley (1974) in "Explanatory notes on the
1:5,000 stratigraphic Map of Melbourne Central Business District"
and "An Engineering Geologic Mapping System for the Central
Business District of Melbourne, Australia" (1975). Additional
information on the geology of the project area has been

obtained from rock exposéd in nearby building and civil

engineering projects. In compiling this report reference has
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been made to many published papers on the properties of the

Melbourne mudstone.

3.2 DRILLING

Twenty eight holes were drilled by Soilmech Pty Ltd between
July and November 1977; 6 were angled and 22 were vertical.
The planned holes were numbered consecutively, but decisioné
not to drill some holes account for missing numbers in the

drillhole logs.

In August 1978, another 13 vertical holes were drilled; some were
required to gain additional geological information at key tunnel
points, and others were required by Golder Associates as part of
an assessment of the feasibility of grouting the colluvium in

the vicinity of Russell Street (Golder Associates Pty Ltd, 1978).
The holes were drilled to an average depth of about 15 m. Of the
35 vertical holes six were augered to their full depth. A total
of 631 m was drilled. Tube samples were taken in unconsolidated
materials and piezometers were installed in appropriate drillholes
(see geological logs of drillholes, Appendix 5).*' Cores 1 to 29 were
photographed in the core barrel prior to sealing (against

moisture loss) and all cores were photographed in the core bnxes
prior to selection of samples for mechanical testing (Core photo-

graphs, Appendix 4). »

3.3 ROCK TESTING

Selected samples of drillcore have been subjected to rock strength
tests. Appendix 2 summarises results of these tests. A more
detailed report on methods and results has been prepared by the

Department of Construction (Department of Construction, 1978).

4, GENERAL CGIOLOGY

Plate 1 shows a plan of the tunnel layout and the interpreted
geology of the tunnel route, based on the drilling and records of construction
in Melbourne, and the Stratigraphic Map of the Central Business District of

Melbourne, first edition, 1974.

* Geological logs > ~hotographs of drillholes 1 to 29 available only in
appéndices to - - 3 1978/16 (Pureell and Trand, 1978).



Queen Street Tunnel

The Queen Street tunnel line bears north-northwest and intersects the
general bedding and structural trend of the Sjlurian sediments at an
acute angle ranging from 10 to 40°. The tunnel, 266 m long, will be
driven through extremely weathered Silurian sediments, marine sediments
of the Werribee Formation, basalt and tuff of the Older volcanics and
shallow marine and alluvial sediments of the Brighton Group. These
formations are separated from each other by an unconformity and two

disconfoxrmities. .

Tunnelling conditions will vary greatly between the formations, and

in some cases within the formations themselves.

Lonsdale Street Tunnel

The Lonsdale Street Tunnel line bears east-northeast and intersects
the trend of the Silurian sediments at an angle ranging from 25 to 90
degrees. The tunnel is 1200 m long and will be driven through
extremely to slightly weathered sediments of the Dargile Iormation,
and unconsolidated sediments of the Elizabeth Street Formation and an

unnamed colluviwn near Russell Street.
Tunnelling conditions will vary greatly within the Dargile Formation
itself, and the unconsolidated sediments provide two sections of potentially

difficult tunnelling.

Russell, Bxhibition and Rathdowne Street Tunnels

Russell, BExhibition and Rathdowne Street tummels are short tunnels,

128, 120 and 13%4 m long respectively.

The Russell Street tunnel is aligned in the same direction as the
Queen Street tunnel and will be driven mainly through unconsolidated
colluvium, with minor sections of extremely weathered Dargile Formation

at each end of the tunnel.
The Exhibition Street tunnel is also aligned in the same direction as
the Queen Street tunnel and will be driven through moderately weathered

Dargile Formation.

The Rethdowns ftreet funnel .nsists of 3 sections that range about a
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general northerly direction, and it will be driven through extremely
weathered to moderately weathered Dargile Formation, and possibly
weathered dyke rock.

4.1 PHYSTOGRAPHY AND WEATHERING

Constxuction fill covers most of the city area; it is usually

less than about 1 m thick but may be deepef where it overlies
Quaternary sediments. The Silurian Dargile Formation of mudstone
or more precisely claystones and clayey siltstones with minor beds
_of fine sandstone (Nielson, 1970) has been weathered to varying
degrees depending on the structure, defects, and proximity to
dykes and/or sills, and can be highly weathered to depths in
excess of tunnel invert. Weathering and lithologic boundaries

may be quite irregular. The igneous intrusions are also weathered
to varying degrees and may be extremely weathered to a stiff,

whitish-grey siliceous kaolinite; some are only slightly weathered.

Pive zones of weathering in the mudstones have been recognised by
Neilson (1970) and are defined in Appendix 1. These zones have
been used in the weathering description of mudstone in this report,
but the weathering of other lithologies (e.g. sandstone, basalt) is
described in accord with the 'Degrees of Rock Weathering' also set

out in Appendix 1.
4.2 ROCK TYPES AND STRATIGRAPHY

Silurian mudstones and sandstones crop out over about half of
the city area and elsewhere they underlie Cainozoic sediments and

basaltic lavas.
SILURIAN

Dargile Foxmation ~ The formation is composed of interbedded mudstone
(claystones and clayey siltstones) and fine-grained
sandstone and is intruded by acid igneous dykes
and sills. Where weathered this formation is
yellow-brown. The most common bed thickness is
between 25 and 50 mm; some sandstone beds are
much thicker (1 m and more). The strike of the
beds within this formation varies mainly from

*
about "15° to 020° , and the beds range in

¥ All bearings refer to grid north.



TERTTARY

Werribee Formation -

8.
dip from horizontal to vertical.

The weathered profile of the Dargile
Formation is characterised by a gradual
transition from clays at the surface to
fresh rock at depth. The progress of
weathering is facilitated by close joint
spacing associated with fold axes, shear
zones and igneous intrusions. With
inereasing depth, the water content of
weathered rock decreases and both hardness
and strength increase. Reversals of the
weathered sequence have been noted. in
profiles, but are genefally associated with a

local condition such as close jointing or shearing.

This formation was intersected below the
Brighton Group in holes 8, 40 and 41 in Queen
Street and below basalt in hole 10 at the Queen
Street-Lonsdale Street intersection.

The materiai is an orange to white clayey

silt with a 0.4 m thick gravel-silt marking

the base of the Formation. It is a shallow

water coastal marine deposit.

The formation rests unconformably on
weathered Silurian rocks that form a surface
of low relief. Over a distance of about 350 m
along Queen Street, the formation was
encountered in only 4 of the 7 holes; it
ranges in thickness to 6 m (hole 40) and

should be regarded as discontinuous.

The Werribee I'ormation is overlain by basalt
and/or by sediments of the Brighton Group,. and
there are some marked changes in relief over
short distances at the top of the formation,

At hole 40, Little Bourke Street, the formation
is 6 m thick and extends from below tunnel

invert to above crown level of the nearby



Older Volcanics

90

cable chamber (R.L. 18.59); however, 13 m
away on the other side of the cable chamber

at hole 8, the formation is only 2.7 m thick
and will intersect only the lower third of
the tunnel below R.L. 14.69. Similarly at
hole 41, Little Collins Street, the Werribee
FPormation is 2 m thick, intercepts the crown
of the cable chamber, and the top of the
formation is at R.L. 10.44 m; at hole 4, 22 m
further south, the Werribee Formation was not

present.

The nature of the Verribee Formation is such
that it would erode readily and form an
irregular surface, and the complete removal
of sections of the Verribee Formation is to
be expected prior to extrusion of the QOlder
Volcanics, and during a later period prior to

deposition of the Brighton Group,

Later sediments of the Werribee Formation
elsewhere in Victoria overlie some basalts of
the Older Volcanics; however, Werribee sediments
overlying basalt have not been recorded in
Melbourne central district and the Werribee

Formation is considered to underlie the basalt.

Basaltic lava flows occurred periodically

throughout the deposition of the Werribee Formation

in Victoria. The basalt was intersected in
drillholes 4, 5A and 6 in Queen Street and in
hole 10 at the Lonsdale-Queen Street inter—-
section, but was missing from holes 41, 40 and
8. Drillcore shows the basalt to be variably
weathered, mostly dense, and vesicular in
parts (up to 40% vesicles were logged in a
section of hole 5A). The basalt is confined
almost entirely to the Queen Street sections
of the route, and does not form a continuous
sheet. It ranges in thickness to about

10 metres in hole 5A. The base of the
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basalt, where it overlies the Werribee
Formation, is likely to be an irregular

surface.

Brighteon Group - This group is composed of shallow water
marine and alluvial clayey sands and sandy
clays, and was intersected in Queen Street
in drillholez 6, 8, 40 and 41, and was missing
from holes 4 and 5A. The sediments are partly
or poorly consolidated with a variable degree

of limonite cementation.

The Brighton Group sediments are also dis-
continuous and range in thickness to 7 m (hole 8).
They rest on the irregular upper surface of the

Verribee Formation and also overlie the basalt.

QUATERNARY

Colluvium - The Colluvium at the Lonsdale and Russell St.
intersection was recovered in drillholes 21A, 22
23, 23A and 24; and 33, 34, 35, 36, 37 and 38.
Stiff silty clays to depths of about 5 m over-
lie interbedded clayey sands and sandy clays.
Sand grains are sub-angular to angular (minox
rounded). The Colluvium appears to fill an
erosional depression striking roughly in a
northerly direction, across Russell, Lonsdale
and Exhibition Streets, and it ranges in thick-
ness to about 15 m. Weathered dyke material
was recovered from beneath the Colluvium in

drillholes 21A, 2% and 27A.

Elizabeth Street — This is a fluviatile deposit of soft to stiff
Formation sandy clay with some rounded sand and gravel.
Drillholes 11, 12, 13, 14, 15, 16, 17 and 39
intersected this Formation along Lonsdale
Street down to a depth of 14 m. The mudztone
undcrlying the thickest part of the Formation

is generally moderately weathered.



4.3

1.

The upper surface of the Dargile Formation is irregulaxr and the
location of this geological boundary is likely to vary considerably
from the approximate boundaries where they are shown in the
accompanying sections. The upper surfaces of the Werribee Form-
ation and basalt are also irregular and both formations lack
continuity; it is not possible to show bhoundaries between these
formations or their boundaries against underiying or overlying

formations with any confidence.

STRUCTURE

4.3.1 Tolding

The Dargile Formation was folded in Devonian time into major
folds with many superimposed minor folds that consist of
closely spaced pitching anticlines and synclines. The bedding
in the drillcores varies greatly even over a few centimetres
in the one drillhole. The strike of the fold axes varies

from 3400 to 040O grid bearing. Drag folding adjacent to
dykes has been observed in the area, and a sharp change in

the dip of bedding in drill core can sometimes be attributed

to intrusion of a nearby dyke (e.g. core from drillhole 21).
Inferred fold axis locations are shown on Plates 1 to 8.

The Tertiary sediments and volcanics, and Quaternary sediments

are not folded.

4.%3.2 Faulting

Faulting within the Melbourne area is common with faults
generally of limited displaceéement. The main faults strike
O1OO grid with a steep dip to the east or west, and a second
set strikes 290O grid with a steep dip to the north or south.
Major faults are rare, however fractures zones are common in
the mudstone (and sandstone) and such zones are to be expected
in tunnelling. Sheared rock may be associated with dyke

intrusions.

Paulting may have affected the Tertiary rocks; evidence
of such faulting was not found during the investigation, but

if faults:.are present, the displacement will be small and is
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not expected to significantly affect tunnelling

operations.

z

4.3.% Jointing
No statistical analysis of joint orientations in the mudstone
was possible during this investigation due to lack of outcrop

and the fact that only 2 core orientations were ohtained.

There are three predominant joint sets in the Silurian stratas

( i) joint planes that cut across the bedding planes
approximately at right angles,

( ii) those that have a strike of 290O grid and a steep dip
to the north or south, and

(iii) Dbedding plane joints.

At tunnel level, joints will mostly be closely spaced although
Joints in zone 3 and 4 mudstone may often be moderately close
to moderately spaced (see Appendix 1 for definitions of joint

spacing).
Joints in the basalt are often irregular and closely spaced;

some are rough and open, and others are tight or cemented to

varying degrees.

Close jointing is likely to be more common near the axes of

folds.

4.3.4 Dykes and Sjills

Within the Melbourne area many dykes and sills have been found
to intrude Silurian strata. As weathering of the igneous
intrusions within the Melbourne area is often near complete,

an accurate petrological classification is often difficult.

An acid dyke (position indefinite) is present near the \‘\
corner of Exhibition and La Trobe Stieets. This dyke which

has a thickness of approximately 14 metres is composed of
quartz and minor feldspar with disseminated fine pyrite.
Intermediate and basic dykes are common; the identifiable
constituents. are coarse biotite [lakes disseminated in a
groundmass of kaol’... -~
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Most dykes are probably aligned parallel to the main fold

axis and most are near vertical. Bedding in the mudstone

has been dragged adjacent to some of the intrusions and has
caused some shearing, fracturing and close jointing near the
contacts. Most dykes are highly to extremely weathered (holes
14, 21 and 26) but some are moderately fo slightly weathered
(holes 21A, 23 and 2%A). Known and interpreted dyke locations

are shown on Plate 1.
4.4 GROUNDWATER CHEMISTRY

From 1965 to 1973 several hundred groundwater samples from MURL "
shafts and bores were chemically analysed to determine whether the
groundwater was aggressive to construction materials. It was

found that groundwater under the north and east parts of MURL in

the vicinity of the proposed Telecom Tunnel is a slight to
moderately aggressive sodium chloride type water. Detailed analyses
are given by Brumley, 1977. Contours of the potentiometric surface

prior to MURL excavations are shown on Plate 1.
4.5 SEISMICITY

An extract from the "Earthquake Risk Map of Australia (1978)”
is included in Appendix 3, BMR Record 1978/16 (Purcell and Trand,
1978), with a print out of earthquake data relevant to construction

in Melbourne.

The best defined cluster of earthquake epicentres is near

Wilsons Promontory about 150 km southeast of Melbourne City.
Another cluster occurs to the southwest of the city off Otway Coast.
In southeast N.S.W., the return period of an earthquake of M5.5
(Richter) and 6.5 is about 30 years and 300 years respectively
(Drake, 1976); the Melbourne area is probably less active than
this. Although it is unlikely, it is not impossible that an
earthquake of M6.5 or 7 could occur in the area. Ground displace-
ment along faults is most unlikely but liquifaction associated

with ground movements in saturated unconsolidated deposits (such

as the colluvium in Russell and Lonsdale Streets) is possible, even

with earthquakes lower thon M5.5.

A*
MURL < Melbowrne Underground Rail Loop
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An isoseismal map of the 20/6/69 Gippsland Earthquake (M5.9 ML)
with its epicentre about 30 km south of Morwell, shows Melbourne
City to lie within zone IIT felt intensity (Modified Mercalli)
(Wilkie, 1970).

Seismic risk calculations for a 50 year return period for Hastings
(a few km south of Melbourne City) give peak horizontal acceler-
ations of 85 cm/sec2, and a peak velocity of 5 cm/sec (Underwood,

1969).

5. ENGINEERING GEOLOGY

DARGILE T"ORMATION

Silurian mudstone (and sandstone) may comprise about

20 percent of the Queen 3treet tunnel, 70 percent of the

Lonsdale Street tunnel, approximately 30 percent of the Russell
Street tunnel, and all of Rathdowne‘and Exhibition Street tunnels.
Seventy percent of the entire projéct may be located in this
Formation. About 75 percent of the Dargile Formation may be mudstone
(siltstone and claystone) and about 25 percent is interbedded
sandstone. Drilling and excavations indicate that the sandstone
content will increase east of Elizabeth Street, although at tunnel

level most of.the sandstone will be moderately weathered.

5.1.1 Weathering

The degree of weathering of the Dargile Formation at tunnel
level varies considerably along the tunnel routes, and

conditions at the tunnel face may range -from Zone 3 at invert

to Zone 1 or 2 at crown.

Because mudstone weathers readily to form clay minerals, its
presence in the formation is significant. There is a pre-
ponderance of mudstone over sandstone, and a mudstone bhed can
be weakened by weathering to a partly plastic condition whereas
an adjoining sandstone bed may retain its hardness and strength.
Thicker sandstone beds may be extremely hard and resistant to
weathering owing to a siliceous cement between quartz grains;
thin éandstone bands are generally somewhat silty and clayey

and lacking in siliceous cement and weather far more readily.



150

Weathering of sandstone bands makes them friable and
finally, with increasing intensity, reduces them to clayey

sands and sandy clays.

Zones 1 and 2 mudstones are soft and have low strength; they
are generally yellow-brown in colour with a high clay content,

and bedding is almost always indiscernable.

Zone 3 mudstone is of moderate strength and hardness; clay
seams (extremely weathered beds) and clay-coated joint surfaces
occur occasionally. The mudstone is generally pale brown-grey

with clearly defined bedding.

Zone 4 mudstone is hard and strong, and defect surfaces are

generally tight and clean; it is greyish in colour.

Zone 5 mudstone was not present in the drill cores and is not

expected in the tunnels.

An estimate of the percentage lengths of tunnel in the various

weathering categories is given below:

Degree of Zone of mudstone Length  Percent of Percent of
weathering weathering (m) Dargile tunnel
Formation

W 1 140 11 8
EW-HwW 1 to 2 350 27 19

HW 2 120 9 5
HW-MW . 2 to % 210 16 11

MW 3 390 30 21
MW—SW 3 to 4 90 7 5

TOTAL 1300 100 69

NO™I: These lengths and percentages are approximate only as they

rely on interpretation between widely spaced drillholes. In
calculating these percentages, the stébility of the tunnel
crown has been considered; for example, if Zone 3 rock
occurred up to crown'level and was immediately overlain by

Zone 1 rock, then the length of tunnel involved would be
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classed as Zone 1. Where more competent material above

the springline, such as dry Elizabeth Street Formation,

overlies damp Zone 1 rock, then for stability reasons,

the section would be omitled Lrom the Dargile Formation

figures.

The percentages given therefore, should be

regarded as "effective" percentages with regard to crown

, stadbility.

5.1.2 Rock strength

A number of samples from drillcore were tested at the

Department of Construction Central Investigation and

Research Laboratory (C.I. and R.L.) Melbourne.

Parameters

were obtained from cores in different states of weathering

where possible. The ranges of the various parameters are

sunmarised below. Full results are given in Appendix 2.

Degree of weathering
Dry Density (kg/mj)
Moisture Content (%)

**UCS (MPa)

UCS equivalents derived from -

*¥Point load (MPa)
Shear Stress (kPa)

Zone 1 Zone 2 Zone 3
1700 to 2000 - 2000 to 2300 2200 to 2500
7 to 20 5 to 10 3 to 8
- 1.3 to 1.6 4.1 to 10.1
1.8 to 11.4 3.7 to 27.0
(mostly 3.2) (mostly 8.0)

127(single test only)

#* Point Load values have been converted to UCS equivalents using a

conversion factor of times 16 in accord with the results in Appendix 2.

#* Unconfined compressive strength.

Most of the Zone 3 mudstone at and above tunnel levels occurs

in Lonsdale Street between hole 17 and Swanston Street, and

between Exhibition Street and Spring Street. Zones 1 and 2

mudstones

intersect the tunnel elsewhere.

Zones 1 and 2 can be regarded as incompetent rock (Appendix 1)

as far as
generally
difficult

tunnel gtability is concerned; Zone 3 rock is
competent and Zone 4 rock is very competent but

to excavate without blasting.

*

5.1.3 Groundwater and the Potentiometric surface

Groundwater levels and piezometer locations are shown on

the weological sections (Plates 3 to 8) and in Appendix 6.

* con APPENdix 4 LUl us. .

Aitions of putemtiometric surface and RQD.
/
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MURL construction has depressed the potentiometric surface
below tunnel invert ; however, now that the MURL excavations
have been closed, reéovery of the potentiometric surface is
expected, and piezometers have been placed to monitor its

recovery.

Groundwater will seep into excavations from the more permeable
formations and will maintain the less permeable formations in
a saturated condition wherever the potentiometric surface is

above the material under consideration.

Permeability of the mudstone varies considerably. Groundwater
inflows through open joints and fractures will affect tunnelling.
Permeability in Zone 1 and 2 material will be low, possibly

less than about 1 x 10—5 cm/sec, due to the high clay content.
Water inflows into the tunnel through open and clean defects
will probably be confined to Zone 3 or 4 rock where open
fractures are more likely. Groundwater inflows and seepages

are to be expected from the base of any formation overlying

the Dargile Iormation.
The presence of groundwater flow or seepage along clay-coated
and poorly ovicnted defccts in otherwise competent rock will

decrease tunmel stability.

Rock quality

In order to give an indication of "rock quality" or degree

of fragmentation of the mudstone, the core was assessed for
rock quality designation (RQD)* for weathering Zones 2-3 and 3
and 4. The figures are given as percentages and are considered
somevhat subjective due to the difficulty in deciding whether
some bedding plane partings were parted in situ, or were

caused by drilling and handling of the core.

RQD RATTING

0-2% 25-50 50-75 76-90 90-100 Length of

(very poor)(poor ) (fair) (good)  (excellent) core (m)
Zone 2 to 3 2206 10% %5% 27%% 10% 25.1
Zone 3 and 4 18% 2006 22% 100% 2006 123.0

* Length of core with this RQD cateégory as a percentage of total length of

core examined for the particular zones.

U Sccwar dianis

# See Appendix 1 for definitionms of potentiometric surface and RQD
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5.1.5 Rock defects
5.1.5.1 Bedding planes

Bedding planes are generally closely to moderately
spaced, and vary from planar and smooth, to rough;

some planes are tight, others are partly open and clay-
coated and some are limonite cemented. Bedding attitudes
are variable,and may vary from horizontal to vertical in

the one drillhole.

Gently dipping candstones interbedded with mudstone in

the tunnel crown may become unstable with large sandstone
blocks becoming detached; this is referred to as slabbing.
Vhen beds are steeply dipping, generally greater than 400,

blocks may become detached from the tunnel walls.

In Zone 1, bedding planes are mostly indiscernable and
in most instances are not expected to play a significant
role in tummel stability. Bedding planes in Zones 2, 3
and 4 are easily recognised and will affect tunnel

stability where they are clay-coated.

Queen Street. Bedding attitude along Queen Street is expected
to be about 65°-70° W/360°, and will intersect the

tunnel alignment at about 10 to 40 degrees.

Lonsdale Street. Bedding attitudes will vary considerably.

From Queen Street (hole 10) to about Stn. 413 m (hole 16),

bedding is generally expected to be steeply dipping (>50°),
and strike will be controlled by the fold axes near
Elizabeth Street (Plate 1). Eastwards from hole 17 to
beyond Swanston Street (hole 20), the beds probably dip
east at about 350. Beyond hole 20, the beds probably dip
west at 200 to BOO, steepening to 800 towards Russell
Street. Bedding to the east of Russell Street flattens
to 20° to 350 west and probably persists to Spring Street,
The strike of the bedding varies, but is generally
favourably oriented for tunnel stability. Some sections
of tunnel will intersect unfavourably oriented bedding
planes and some fracturing and crumpling of the rock

may be present at fold axes.
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Russell Street. Bedding along Russell Street will

probably be about 450 w/36o° intersecting the tunnel
alignment at about 200; however, the Zone 1 mudstone
below the colluvium is not expected to fail along

bedding planes,

Ixhibition Street. Bedding along Exhibition Street will

probably be about 45° W/360° intersecting the tunnel
alignment at about 20°,

‘Rathdowne Street. Bedding attitude will probably be about 350

W/36OO, sub-parallel to tunnel alignment. Failures along
bedding planés will be facilitated by the presence of
joints, particularly along clay-coated continuous
surfaces in the east wall. Major failures due to

bedding planes are unlikely if the tunnel is carefully

excavated and supported.

5.1.5.2 Joints

Joints are mostly closely spaced as indicated by a
predominance of low RQD values in the drillcores. In
steeply dipping beds most joints will either follow the
bedding or be perpendicular to the bedding (with the

same strike). 1In gently dipping beds, jointing normal

to the bedding planes w%ll steepen and be more [avourably
oriented in a tunnel that intersects the bedding planes

at an angle greater than 450.

Joint strengths will vary from weak to strong, depending

on

( i) degree of rock weathering

( ii) degree of limonite cementation (stronger in Zone 3
and Zone 4 rock)

(iii) orientation of joints relative to alignment of
tunnel walls

( iv) joint roughness (bedding plane joints of ten
smooth and planar, whereas others may have rough

surfaces).

The degree'of limonite cementation is variable and will

depend on the groundwater conditions and the mineralogy
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of the surrounding rocks (e.g. a higher percentage
of limecnite occurs in rock below the basalt flow
in hole 5A). Strongly cemented defect planes are
almost as strong as intact rock. Laboratory shear
strength tests on joint or bedding planes were not

made.,

Clay is common on joint surfaces and will significantly
reduce stability; clay may be more common on low angle

planes in highly weathered rock.

Joint plane stability will depend largely on its degree

of surface roughness, its tendency to dilate, the presence
of clay, the grain size, and joint orientation to tunnel
line, The drill logs give an indication of surface
roughness, grain size (i.e. claystone, siltstone or
sandstone), presence of clay coatings, and dip from
horizontal (vertical holes only), but the strike of

joint planes is not available. Zone 1 and Zone 1-2
mudstone can be treated esszentially as a clay soil and
joints will generally have little effect on the stress—

strain behaviour of the rock mass.

51.5.3 TFaults, sheared and fractured zones
Several sheared or fractured zones were intersected in
drilling even though most drillholes were vertical
(e.g. holes 1, 12, 20, 21A, 26); others may not have

been recognised in highly or extremely weathered rock.

Large fault zones were not detected in drilling. TFaults,
and sheared and fractured zones may be present belween
drillholes. Most will probably strike parallel to the
major structural trends (OOSO to 0250). A large
percentage of faults and shears will follow bedding
trends and dip at greater than 450, but will be only

a few centimetres wide.

5.1.5.4 Contacts between formations
Contacts between the Dargile Formation and the othexr
geological formations will generally be weak and

constitute possible failure planes. Over-break of
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mudstone up to its contact with the basalt or other
formations may occur if the contact is near tunnel

crown level (e.g. between holes 5A and 6 along Queen
Street).

I+ should not be assumed that such a contact would

cause catastrophic ground losses. Catastrophic failures

would only occur during or immediately following'a:sudden
and unexpected formational change to a vastly less

competent material, such as from Zone ) mudstone to
water saturated colluvium. The contacts between rock
units in these tunnels are not expected to contain

large volumes of water.

ELIZABETH STRERET IPORMATION
Approximately 145 m will be tunnelled in this formation.

5.2.1 Tormation properties

Approximate ranges of mechanical properties are given
below, and these figures have been used in assessments

of rock loads and tunnel stability (section 6.2).

General material classification: mostly CH but variable
(CL, SC). Average moisture content: variable, mostly
near 20%, but ranging to about 50%.

A
Wet density: 1500 - 2100 kg/m’

6 8

Permeability: close to zero (estimated 10 = to 10~
cm/year), but variable.
Unconfined compressive strength (UCS): 300 - 350 kPa

Shear stress: about 300 kPa

The major clay minerals are kaolinite, illite and
montmorillonite, with lesser amounts of mixed-layer

clays (illite-montmorillonite).

5.2.2 Groundwater

As MURL excavations arenow closed, recovery of the
potentiometric surface is to be expected. As the base
of the formation is more than 2.58 m below sea level,

the lower part of this formation
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would probably have been below the potentiometric surface
Q
prior to the excavation for MURL.

TERTIARY OLDER VOLCANICS

Approximately 135 m of this unit will be tunnelled.

Rock strength and weathering

Strength of the rock material is variable and depends on the
degree of weathering., Thick sections of basalt were cored in
holes S5A and 10. Weathering appears more advanced in the
basalt from hole 5A, possibly due to the high percentage of
vesicles that are generally clay-filled (c.f. hole 10).

Where the basalt is slightly weathered to fresh as in the
bottom of hole 5A and in most of hole 10, the basalt is hard
and strong, but the strength of the rock mass is weakened by

closely spaced open joints and fractures.

Only 2 UCS tests of the basalt were made due to lack of
suitably sized cores. Comparison of the UCS tests with two
point load results gives a ratio between the two of 6.75,
whereas 24 is the generally accepted ratio'from other work,
although a range from 10 to 30 may occur. Point load results
in Appendix 2 have been converted to UCS equivalents by a
factor of times 24 in line with that proposed by Broch &

Franklin (1972). A summary of tests results is given below.

Dry density: 1760 (MW-HW Tuff) to 2820 (SW-MW basalt) kg/m3
Moisture content: %06 (MW-HW tuff) to 1% (SW-MW basalt)
Point load: 0.10 (EW-HW basalt) to 1.36 (MW-SW basalt) Is(50) MPa
UCS: 2.02 (SW-HW basalt) to 5.26 (SW basalt) MPa (Point Load
on these two samples gﬁve 0.26 and 0.82 Is (50) MPa respect-
ively.)

The maximum point load value of 1.36 MPa was obtained from
slightly to moderately weathered basalt from hole 10, and is
equivalent to 9.2 MPa(UCS) using a conversion of times 6.75.
The minimum value of 0.10 from highly weathered basalt from
hole 5A, is equivalent to 0.75 MPa (UCS).
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Unconfined compressive strength testing of SW to fresh
basalt from the Older Volcanics in the Melbourne area often

produces results as high as 200 MPa.

5.3.2 Joints

Core recovered from holes 5A and 10 is closely jointed and
highly I'ractured in places. Some joints are limonite
cemented but many are open and clay-coated. The action of
drilling has further fractured the core, probably along the
numerous incipient partly healed fractures. The very low
RQD values that were logged for most of the basalt may be
conservative as it is likely that many fractures in the core

were intact prior to drilling.

Groundwater
Groundwater may be present with the basalt forming a perched
aguifer on top of highly weathered mudstone. The basalt in

hole 5A was dry at the time of drilling, but a complete loss

of drilling water between 8 and 9 m gives an indication of the

high permeability of the variably weathered vesicular basalt.

The potentiometric surface is expected to be below the basalt,

and inflows from the basalt are not expected.

WERRIBEE IFORMATION

The Werribee Formation is lilkely to intersect the Queen Street

tunnel over a distance of 60 m near Little Bourke Street, and 25 m,

mainly in the upper part of the tunnel, near Little Colling Strect;

it may also underlie the basalt between holes 5A and 6 as dis-

continuous lenses. It is also present near the invert level

of the Lonsdale Street tunnel in the vicinity of Queen Street.

5.4.1

Formation strength

When drained of groundwater, the strength of this élayey
silt formation is increased. In its damp state immediately
after core recovery, strength readings of 0.3 MPa to 0.5 MPa
were obtained using a pocket penetrometer (direct readings).
Laboratory tests that were done on this formation are shown

in Appendix 2, Sheets 3 and 4.

5.4.2 Groundwater

The potentiometric surface is expected to underlie this
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formation. Any inflows are expected to fall off quickly to

seepage from near the base of the formation.

As MURL excavations are now closed, the potentiometric
surface is expected to rise and piezometers in this
formation at Little Collins and Little Bourke Street inter-
sections with Queen Street are being monitored (Holes 40

and 41).
BRIGHTON GROUP

Up to about 25 m of tunnel may intersect the Brighton Group; it
will be confined to the Queen Street tunneli mainly in the region of

Little Bourke Street, mainly in the tunnel crown.

5.5.17 Strength

Mechanical properties within the Brighton Group will vary;
the lower strength readings were obtained from a stiff, damp
clayey silt layer (5.5 m, hole 8) and the higher readings
from a limonite-cemented sand and silt layer (6.8 to 7.0 m,
hole 8).

The range in values obtained from limonite cemented cores

from hole 8 are as follows:

Dry density: 1890 — 2100 kg/m’

Moisture content: 11 - 16.5%

Point load strength: 0.21 to 0.72 Ia(50) MPa (equivalent to
about 5.04 to 17.28 MPa (UCS), using a

conversion factor of times 24.

5.5.2 Groundwater
The potentiometric sﬁrface_is expected to be bhelow the
Brighton Group. Small inflows anly are to be expected.
As some beds in this group are permeable, recharge from
rainfall may temporarily bhoost inflows into the tunnel,
possibly causing some instability in the uncemented parts

of the group.
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5.6 DYKES

5.6.1 Rock strength and weathering

Hardness and strength of the dyke material is variable and
will depend on mineral composition and degree of weathering.

"Most dykes will be highly weathered, soft and fairly weak.
Pocket penetrometer readings in extremely to highly weathered
dyke material range from about 100 kPa to 350 kPa for allow-
able bearing capacity. The strengths of less weathered dyke
material will increase to a point where it will at least be
as competent as the surrounding rock. Laboratory tests on

dyke material were not carried out.

5.6.2 Joints
The dykes are generally closely jointed, although jointing in
extremely and highly weathered dykes is partly or wholly
obscured, with joint surfaces and openings filled with
weathered material and clay. Séme joints in moderately or
less weathered dykes will remain open and clay-filled, or only
partly cemented. Attitudes of joints in the dykes have not been
obtained, but rock cores indicate that at least 4 closely

spaced sets exist.

5.6.%3 Faults
Bedding adjacent to dykes may be steeply dipping, closely
jointed and fractured; this could be attributed to drag
folding of the mudstone associated with faulting at the

plane of the dyke.

5.6.4 Groundwater
Weathered dykes, where fractures and joints are filled with
clay, will be relatively impgnneable. Moderately weathered
(or less weathered) closely jointed dykes will be much more
permeable, and will show limonite staining on fracture surfaces
as in drillcore in holes 21A and 23A. The greater permeability
of open~jointed dykes would facilitate groundwater circulation

and may have accelerated weathering of adjacent mudstone.

5.7 COLLUVIUM

s e e

Colluvi = will be present for a total distance of about 200 m.
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It is potentially a difficult material f{or
tunnelling. Colluvium i3 also present in
Exhibition Street, but is expected to be more than 2 m

above tunnel crown.

5.7.2 Mechanical properties

The properties will vary with depth and the weakest material
will be a fairly clean fine sand (50% clay) at tunnel level.
The cleanest sands had about 13-15% fines content that
consisted almost entirely of clay-size particles with virtually
no silt-sized material (Golder Associates, 1978). CI & RL test

results are shown in Appendix 2. A summary is given below:

Moisture content: 15% to 25%
Density: 1400 to 1700 kg/m°

Shear stress: 156 to 179 kPa

The major clay minerals are kaolinite and illite. The results
of X-ray diffraction analysis of samples from holes 2%, 23A
and 24 are listed in Appendix 2. The classification of the

material ranges from CL to SC.

5.7.3 Groundwater

Drainage of the MURI, excavations has depressed the potentio-
metric surface within the area of the colluvium to an unknown
depth below tunnel invert. Piezometers in the colluvium range
from dry to water levels at 7-10 m (14.9.78) and are being
monitored. The potentiometric surface is expected to rise as
a result of closure of MURL excavations. The colluvium

may have been saturated at tunnel level prior to

excavation of MURL.

The report on investigation into the permeability of sands in
the Colluvium by Golder Associates contained the following

conclusion:

"These sands were [ound to have a surprisingly low
permeability (of the order of 0.5 x 10—6 cm/sec) in

laboratory tests and this was attributed to the
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fact that the fines were clay-sized particles.

The equipment used for the packer tests in the
boreholes was not sensitive enough to measure

the low flows associated with such low permea-
bilities. Some small inflows were recorded, but
they could have been due to small leakages as much
as to injections into the ground." (Golder

Associates, 1978).

The July 1978 report by BMR (Purcell and Trand) recorded the

resultsof a pump~in test in drillhole 23A between 5.5 and 13,0 m,,

and gave a figure for the permeability of the material of
3,9 x 10“'4 cm/sec; however, the water pressures in that test
were well in excess of the overburden pressure, and the water

losses are not considered reliable for permeability calculation.

6. TUNNEL EXCAVATION AND SUPPORT

DARGILE FORMATION .

General rock conditions

About 38 percent (490 m) of the tunnel will be located in

Zones 1 and 1 to 2 of the Dargile Formation. The remainder
of the tunnel in the formation will be driven through Zone 2
or less weathered rock. The 90 m of tunnel in Zone 3% to 4
mudstone could be considered as hard rock tunnelling, and
constitutes about 7 percent of the Dargile Formation to be

tunnelled (see also 5.1.1).

Attitudes of bedding and joint planes will affect tunnel
stability particularly in Zone 2 and 3 or less weathered
mudstone. Zones 1 and 1 to 2 have a high clay content
assoclated with joints, and the cohesion exhibited by the
clays in such material causes . weathered rock to behave

more like a soil. Assessment of structural attitudes and

N

their effect on tunnel stability have been made on Plates
to 8. Harder and more competent sandstone beds in highly
weathered mudstone may break away from the crown or walls
(depending on orientation of defects) due to weak bedding
plane contacts and this is éommonly referred to as

"slabbing'"; if thick enough, the sandstone bed may initialiy

span the opening without failing.
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Sharp changes in rock hardness and strength can be expected
when dykes are intersected. Some indication of changing
conditions such as drag of bedding, change in major joint
orientations or an increase in the degree of weathering may
be observed; however, in other instances the change from

madstone to dyke may give no indication of lithological change.

Groundwater inflows may take place from rock below the
potentiometric surface mainly from open joints and fractures
in Zone 3 and 4 rock. Inflows from Zone 1 and 2 rock will

be insignificant; however, if the rock is in a saturated state,

a marked decrease in its strength and stability will be evident.

If groundwater is present, there will be a decrease in
stability of clay-coated defects in Zone 3 and 4 mudstone;
there will be little change in stability if defects are clean,
unless they carxry groundwater under pressure, a situation that
is considered unlikely. Targe groundwater inflows are not

expected from the mudstone.

6.1.2 Stand-up times

The stand-~up time or bridge action period gives an indication
of the time available after exposure to erect support before
disintegration and loosening of the rock has progressed to

the stage where fall-outs start to occur.

Stand-up times have been estimated by Bienawski's method
(1974), using data from drillcores and mechanical tests
performed on the core; they are presented in two tables.
Table 1 presents the calculations for stand-up times for the
various rock zones and weathering categories. The range of
conditions in the rock mass have been rated from the cores of
each weathering category, and the table shows how the range in
rating affects the calculation of stand-up time. The regular
calculation of staond-up times at the tunnel face during
construction is essential wherever rock conditions are
variable. Table 2 presents the stand-up times calculated for

a nunbexr of drillhole cores at tunnel level.

When considering the stand-up times in the tables and on the

accompanying plates, it should be noted that:
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( i) unsupported spans equal to the tunnel width are
assumed (i.e. full face tunnelling),

( ii) the values in Table 2 apply to the rock obtained at
a particular drillhole location, and conditions between
holes are likely to vary considerably;

(iii) no allowance has been made for the cohesive strength of
extremely to highly weathered rock (particularly with
respect to Zone 1 mudstone, which would be considered
.by Bienawski to be a soil and not a rock with its UCS
of less than 1 MPa);

( iv) joint orientations are not known with any certainty,
and therefore the orientations have been assumed to be

"fair to unfavourable" for rating purposes;

( v) the area will be fairly well drained soon after excavation

commences and inflows generally of less than 25 litres
per hour have been assumed for rating purposeé;

( vi) stand-up time values given are considered conservative,
particularly in Zone 1 and 1 to 2 mudsitone due to (iii)
above, and cxperience in the MURT, tummels would appear
to confixrm this; and

(vii) in calculating stand—up times in Table 2, the
condition of the rock from tunnel invert to about 2 m

above crown has been used.

The above comments regarding stand-up times apply to all

rock types to be tunnelled in this project.

6.1.%3 Settlement and rock loads

The mudstone is subject to loosening loads and deterioration
by water softening. Loading on the support system and settle-
ment will depend on the amount of loosening that is allowed

to take place and this will depend on the type of support,

how quickly it is erected and how close to the face it is
placed (hence the importance of the calculated stand-up times
in the preceding Tables). Loads on steel and timber will be
lower where shotcrete is also used, as the shotcretg will

restrict loosening that would otherwise take place.

Loosening will be greater if the tunnel is drilled and

blasted than if it were excavated by mechanical means.



29 a.

TABLE 1

Geomechanics Classification
(Bieniawski, 1974)

Rock Classification and Stand-up times for the Weathering Zones

and Weathering categories of the Dargile Formation

ZONE STRENGTH | RQD JOINT RATINGS {GROUND }TOTAL* { ROCK STAND-UP
MUDSTONE{ RATING [RATING|SPACING ORTENTATION | CONDITION [VATER (RATING | CLASS TIMES
1 0 3 10 10 5 10 38 POOR(IV) |about 2 hrs
6 0 8 27 POOR(IV)| > 10 mins
2 0 8 10 10 10 43 POOR(Ivg about 8 hrs
3 5 6 5 8 27 POOR(IV)| >10 mins.
223 0 8 10 10 10 10 48 POOR(IV)|{ > 10 hrs
5 6 5 8 32" | POOR(IV)| > 1 hr
14 10 59 FATR(III] 1 week
3 0 8 10 6 - 15 10 49 POOR(IV)| 1 day
4 0 14 20 10 15 10 69 FAIR(ITII} > 1 month
6 8 63 FAIR(III) about 3wks
WEATHERING
CATEGORY
SANDSTONE
Hy-MW 0 8 5 10 15 10 48 POOR(IV) |about 10hrs
6 8 43 POOR(IV) |about 5 hrs
HW 0 3 5 10 5 10 33 POOR(IV) [about 45min
6 8 27 POOR(IV) {about 20min
MW 0 14 5 10 15 10 54 FAIREIII about 2daye
8 6 5 8 32 POOR IV)j about 50
min

aE Bl ah ON o &Gl BN AN GR SN A G a8 AR A &n Gk 08 R Bm

* out of a possible 100
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TABLE 2

DARGILE FORMATION — ESTIMATED STAND-UP TIMES AT TUNNEL LEVEL

HOLE NUMBER WEATHERING ZONE RATING* ESTIMATED STAND-UP
TIME

11 1 (Qe about 1 m above crown) 13 (very poor) less than 10 minutes
12% 3 48 about 1 day

13 1 to 2 (Qe about 1 m above crown) 13 less than 10 minutes
17; 1 (Qe above crown) 13 less than 10 minutes
19 3 58 (fair)_ about 4 days

20§ Lonsgdale 3 48 about 1 day

Street

20A 2 (mainly) 40 (poor) about 8 hours

25 3 (mainly) 33 (poor) less than 3 hours

26 3 42 (poor) about 8 hours

27 3 (mainly) 50 (fair) about 1 day

22 Russell** 2 to 3 (Colluvium at crown) 48 (poor) about 1 day

Street

¥ Maximum possible rating is 100

*%* Colluvium occurs about at the tunnel crown at this location.,
Stand-up time would be much less than calculated as the height of loosened
rock arch is in the colluvium. The same would apply to other drillhole
locations where the loosened rock arch would extend into less competent

material (e.g. holes 11 and 13 where the Elizabeth Street Formation lies 1 m

above the crown),
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The experience of others (MURL) in the mudstone (Dargile
Formation) indicates that downward deformation at the tunnel
crown is unlikely to be greater than about 12 mm if steel sets
and shotcrete are used as primary support. In addition, the
zone of deformation is unlikely to extend beyond about 2 to

3 tunnel diameters above the crown.

6.1.3.1 Vertical rock loads
Lstimates of vertical rock loads are bhased on the extent
of upbreak (Terzaghi, 1946). The estimates are probably
conservative, especially if the tunnel is to be machine
excavated. A range of rock load is given, which should

cover all orientations of bedding and jointing.

Estimates for zone % mudstone have been calculated

using the following assumptions:

Tunnel diameter: 3.5m

Cover above tunnel crown: > 3 times.tunnel diameters
Average rock density: 2100 kg/m3

Unconfined compressive strength (UCS): 10 MPa
Traffic loads have not been considered

where: Hp = height of loosened rock arch

P2 = total rock load
B = tunnel width
H = ftunnel height

‘It has been assumed that shotcrete has not been used
and that loosening loads have had time to develop. The
height of loosened rock (Hp) is assumed to be zero

initially, but increasing with time to 0.25(B) to 0.35(B+H).

Hp = (0.25).(3.5) to (0.35).(7)
= 0.875 to 2.45
P_ = 0.18 to 0.5 kg/om®

or 18 kPa to 50 kPa
These values can probably be reduced by about

500 if the tunnel is above the water table.

Face stability in Zone 1 and 1 to 2 mudstone

To determine the short term stability of the tunnel face
it is assumed that the face will be stable if Pz/C <6,

where ¢ equals undrained shear strength (Deere, 1969).
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Using overburden pressures of between 150 and 288 kPa
(using initial terzaghi values of Hp = (1.10 to 2.10)
(B + H)) :

© where wet: 150/130 = 1.15
- or 288/150 = 2.21
where dry: = 0.57
or = 1.10

In all cases the face should be stable initially, but a
decrease in strength associated with dissipation of pore

water pressure may reduce long term stability.

Final support loads in zone 1 mudstone will probably be

carried by a ground cylinder.

6.1.%3.2 Lateral (side) pressures and heave

Initially vertical rock loads are expected to be greater
than lateral pressures, even in zone 1 mudstone where some
swelling pressure may act on the side walls. If moderate
lateral pressure were to occur, invert struts may be

required (possibly in zone 1 mudstone).

An estimation of lateral pressure in zone 3 mudstone is

given below.

Side pressure = 0.% x 2100 (0.5 x 3.5 + 2.45)
0.26 kg/cm2 (wet)
(25 xPa)

Bottom heave as well as lateral pressure is possible if
the potentiometric surface is such as to maintain clays

in a saturated condition, even though very little water
enters the excavation. Highly plastic clays do occur in
the mudstone (zone 1 mainly) and in the overlying
colluvium and the Elizabeth Street Formation. Dissipation
of the pore water pressure over a period of time may

lead to swelling and a decrease in strength such that

the ratio Pz/c‘may be greater than 6 and the face become
unstable (Deere, 1969). Rapid advancement of the face

through such material is therefore recommended.
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6.1.4 Support
Most of the Dargile Formation will require support during
construction; however, there are sections of tunnel in zone 3
to 4 mudstone that would be self supporting for several days
at least during construction (section 6.1.2. staﬁd—up times).
The type of primary support required during construction
will depend on the rock conditions, estimated stand-up times,

rock loads, groundwater conditions and the method of excavation.

A concrete sub-invert may be necessary, to prevent deterioration

of the invert during construction.

Rock mass quality (Q)

According to Barton, Lien and Lunde (1974), the following

calculations can be made:

(Rap/ ) (32/5,)  (3u/gppy

Using Q

where Q = rock mass quality
RQD = rock quality designation
Jn = Jjoint set number
Jr = Jjoint roughness number
Ja = Jjoint alteration number
Jw = Jjoint water reduction factor
SRF' = stress reduction factor

In zone 1 and 1 to 2 mudstone
10, 1 1
Q@ = (/1) (/8) (/5)

- 0.016"

*. . .
Azsumes 4 oxr more joint scls and swelling clay [illing;
these conditions are considered exceptional and not

representative.

According to Baxrton et al., a Q figure of 0.016 corresponds
to Terzaghi Class 7 (squeezing rock) with Pz between 1.54 and
2.94 kg/cm2 (as calculated above); suppori pressure would be
about 8.0 kg/cm2 and this would correspond to their support
category No. 35 i.e. steel sets, mesh and shotcrete as the

primaxry support.
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In zone % mudstone
o = (®ns) () ()
Q = 3.0

According to Barton et al., a Q value of 3,0 corresponds to
Terzaghi Class 4 (moderately blocky and seamy) and agrees
fairly well with Terzaghi's rock load assessment based on

Hp = 0.25 B to 0.35 (B + H) (see previous calculation).

Q = 3.0 corresponds to a support pressure of about 1.0 kg/cm2
which is on the borderline for requirement of support.
Shotcrete with steel would probably be ideal for rock slightly

poorer in quality, i.e. zone 2 to 3 and zone 2 mudstone.

Table 3 presents the calculations for rock mass quality

(Q number) for the various rock weathering zones and weathering

categories. The'ratings for the various parameters used by
Barton, Lien and Lunde (1974) for each weathering category
were derived from the drillcores. From the @ number, Barton,
Lein and Lunde derived the permanent roof support pressure in
kg/cm2 by an empirical method based on case studies, and they
also prepared recommendations for permanent roof support for
38 categories of rock mass. Table 3 also sets out the support

pressures and support categories.

Table 4 lists the support measures for those rock mass
categories relevant to this project; it was compilea directly
from the tables of Barton,‘Lien and Lunde. Their permanent
roof support system is based on various combinations of rock
bolts, mesh and shotcrete. If the stand-up time is short,
the placement of steel sets and shotcrete, or steel sets with

timber lagging may be quicker to install.

Effective use of shotcrete will generally obviate the use of
heavy timber lagging between steel sets, with the possible
exception of "very poor'"-conditions, mainly in zone 1 where

the use of shotcrete may not be practical.

Steel sets spaced 1 to 1.5 m and shotcrete will probably be
the most effective forxrm of support in zones 2, 3 and 4

mudstone, and will be effective in reducing loosening loads
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TABLE 3

ROCK MASS OUALITY, ROOF SUPPORT PRESSURES, AND SUPPORT CATEGORIES

DARGILE FORMATION,
ACCORDING TO THEE METAODS OF BARTON, LIEN AND LUNDE, 1974

TAPLE &

Suppert “easures for Rack Hasse

3% a.

RQD/ Jr/ Jw/ SPAN/XX Support Supvort
Jn Ja SRF /ESR Pressure Q Categories
}cgg/cn1
Mudétone
z1 10/9 -1.1  1/4 1/5 3.1/1.6-1.94 6. 0.06 33
10/2 =5 1/4 1/5 4.4/1.6=2.75 - 3.5 0.25 29
YA 10/9 -1.1  1/4 1/5 " 6. 0.06 33
60/9 -6.6 1/4 . 1/5 " 3. .26 29
72-3 25/9 -2.78 1/4- 1/5 1.94 4. 0.14 29
2.75 : 30
60/9 -6.6 1/1" 1/5 A 1.94 2. 1.32 No support
' 275 21
z3  30/9 -3.3 1/3 1/5 1.94 and 2.75 3.5 0.22 29
30/6 -5 1.5/3 1/5 " " 2.1 0.5 25
80/9 -8.1 1/1 1/5 1.94 1.7 1.62 No support
2.75 21
80/6 =13 1.5/2 1/1 1.94 & 2.75 1. 10 No support
80/6 -13 1.5/2 1/5 1.94 & 2.75 1.1 1.95 No support
z4  80/9 -8.1 1/4 1/5 1594 & 2.75 2.8 0.41 25
1/1 1.94 & 2.75 1.7 2.05 No support
Sandstone
HW  17/9 -1.89 3/4 1/5 1.94 & 2.75 1.1 0.28 29
AW-MW 40/9 -4.44 3/1 1/5 1.94 & 2.75 0.5 2.67 No support
MW 30/9 -3.35 2/4 1/5 1.94 & 2.75 1.2 0.33 29
60/9 -6.66 2/2 1/5 1.94 1 1.33 lo support
XX SPAN/pgois represented by two values derived from the tunnel diameters of

3.1 and 4.4 m and the Excavation Support Ratio (ESR) for such a

tunnel is 1.6.

Surpard readitiona) fectars Tyn: of euprort
calesory 200/ Jrtis SEAN/ESR
Rogk Yrzses of MFair® o3 "Faor® Quality
(% range: 107}
7 bl 2125 SO - 1.5 2.1-5. (vtg) 7w
S22 ¢
- - 785 e
<17.5 <075 - .: S E
. >C.7:J . (Ul@) Pom
Rock Masses of "Vepy Poor™ Juzlity {Q range: 1.0-0.1)
25 1,036 >t =35 - 2 2 (uig) 1w+ ar o cin
=10 =>0.5 - B (utg) 1 meS (ar) & cm
_ =05 - B (o} * meS (ar) 5
20 0kl 5 >0.05 - 3. i 5 {utg) 1 meS 2-2 cn
¥ - f
=5 (.23 - {vic) 1 neS {mr) S om
— ~ =
- =0.2% - 2 (15) 1 neS (r) 5
3G 5.0 N
%
1
25 - - 2 B (45} 1 2eS 2,55 oo
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- - - B (“[g) 1m
+ S (ar) 5-7.5 ca
Rock Masses of "Exiresely Poor? 2nd "Excepiionzlly Foor® Gualitly
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1 01000 2 - - 6 8 (tg) 1n
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<? - - (rr) S-4T co
\ -
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35 0.1-0.01 - - =150 6 6. B (to) 1 m
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on steel sets and timber lagging. Shotcrete may not be
practical in zones 1 or 1 to 2 mudstone in which case steel
sets and timber lagging will be required. The quantity of
timber lagging will increase with weathering of the mudstone;
lagging in zone 1 mudstone will cover up to about 80)% of the
tunnel profile. Very short stand-up times have been
estimated for zone 1 mudstone and forepoling may have to be
applied, especially if the clays are saturated owing to a

high potentiometric surface.

If it is assumed that shotcreting of zone 1 mudstone is not
practical and that steel sets and timber lagging are used for
support, the estimation of "pay" timber guantities in paragraph

6.1.4 (Purcell and Trand, 1978) would be relevant.

6.1.5 Methods of construction

6.17.5.1 Conventional mining
Mthough the conventional drill-blast-muck method is
probably not the most practical method of excavation in
the mudstone, it may be necessary in those sections
where zone 3 to 4 oxr less weathered rock is encountered,
particularly if the rock is not closely jointed. Up to

about 90" m of zone 3 to 4 mudstone may require blasting.

Zone 1 mudstone will probably need to be excavated by hand
or hand-operated excavating equipment without the use of
explosives. Forepoling may be necessary, especially

where the tunnel is below the watexr table.

Overbreak in blasted sections may be greater than in
machine excavated sections, but will ultimately depend
on the contractor's skill and the time taken to support
the rock. Overbreak may increase with a decrease in
degree of weathering, but will depend on the degree of
cementation, continuity, spacing and orientation of

defects.

Ground vibrations associated with blasting may also be

a problem and vibrations will need to be monitored.
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The rate of progress of drilled and blasted sections
will probably be less than in machine excavated sections,

but greater than hand mining in zone 1 rock.

6.1.5.2 Tunnel excavating machine ("Road Header" type)
A Road Header type machine (such as the "Alpine AM 50)
would be suitable for excavating zones 2 to 3 mudstone,
as has been shown in MURL excavations. Zone 4 mudstone
may prove too strong for a Road Header unless the rock
is highly fractured. Assessment of the drilling woulad
indicate that about 55% or 720 m of the mudstone section
could be successfully excavated by a Road Header machine;
these figures are approximate due to the variable nature
of the weathering, and the difficulty that could be

encountered if combinations of zones 2, 3 and 4 rock were

present at a working face.

ELIZABETH STREET FORMATION

6.2.1 General Tunnelling conditions

Tunnelling conditions in this formation will depend largely
on whether the tunnel is below or above the potentiometric
surface during excavation. Tunnelling conditions will be
substantially better if the formation is dry. Approximately

145 m of tunnel will pass through this formation.

It is likely that the tunnel invert in this formation

will be wet at some time during construction; in

addition, the possibility of inflows of surface runoff
into the excavation during rainstorms should be

considered. The potentiometric surface should be monitored

by recording the piezometer and standpipe levels during

construction,

Drainage of the Elizabeth Street Formation would take place

through the tunnel if it were driven upslope, but this may not

T~y
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© improve invert conditions. Dewatering of this
formation by pumping from a deep bore in the moderately to
slightly weathered Dargile Formation below the Elizabeth
Street Formation could be expected to improve invert

conditions.

6.2.2 Properties and stand-up times

SPT, shear, and UCS tests show this formation to be very

stiff in parts, with strengths between 200 and 400 kPé.

However, the formation is soft in parts also, and the tunnelling
conditions will be variable. Different strata may be exposed

in the tunnel face such as silty sand overlying clayey sand,
with part of the face ‘being initially unstable (silt-sand,
especially if wet) and the clayey sand initially stable, but

poscibly becoming unstable with time, especially if wet.

6.2.3 Stability

Stability calculations have been made using the following data:

Tunnel diameter

3.5 m
>3 tunnel diameters
Material density 1200 - 2000 kgﬁn)

Undrained shear stress = 200 - 300 kPa

Cover above crown

1]

Unconfined compressive strength = 150 - 400 kPa

Vertical rock load

Hp = 0.62 to 1.3%8 (B + H)

= 4.35 to 9.7
P, = 4.35 x 2000 (density) to 9.7 x 2000

= 8700 to 19400 kg/m’
= 0.87 to 1.9 kg/cm2
or 85 to 186 kPa (wet)
42 to 93 kPa  (dry)

Lateral pressuxre

Assuming side pressure = 0.3 d—(density) (0.5 K + Hp)
0.3 x 2000 (1.75 + 9.7) (wet)
0.69 kg/crn2 (68 xPa) (wet)

Side pressure
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Stability of face
Assuming stability if Pz/c <6

(where ¢ = undrained shear strength)

then if wet: 186/300 = 0.6

if drz: 93/300 = 0‘3

Tnitially the face is stable where the tunnel is being
excavated in the typical stiff dense Elizabeth Street Formation.
The critical value of Pz/c may increase witH time especially if
silt layers are present, as they are very sensitive to pore
water pressures. The long term stability may be less than
indicated in the above calculations, as aissipation of pore
water pressure may cause swelling and result in a decrease in
strength, particularly if the tunnel is below the potentiometric

surface and highly plastic clay is present.

Stand-up times have not been calculated, but they will be
determined more by water content than any other factor. In
general it is expected that stand-up times will.be long enough
for support to be erected before significant ravelling can
occur. Assuming the tunnel is above the potentiometric surface,
the stand-up times for a 0.5 m wide strip of SC-GC material
would be greater than about 1 hour, but for a silty sand with

some clay binder it would be about 10 minutes.

6.2.4 Support

When excavated this formation will probably be damp. Steel
sets spaced atabout 1 m centres with timber lagging will be
required. It is unlikely that side pressures will be great
enough to require the use of invert struts, unless the

potentiometric surface is above tunnel invert level.

6.2.5 Methods of construction

In phe worst possible case, which assumes that the material
is soft and weak and subject to swelling pressures, hand
mining and forepoling would be required. The worst
conditions are likely to be found iﬁ the lowest part of the

tunnel near drillhole 15 in Lonsdale Street at chainage 374.
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The most likely condition is for the material to be damp,
and hand mining or a mechanical shovel would be the most

effective excavation method.

It is considered that a Road Header, or similar machine, may
be unsatisfactory if the formation has not been drained due to
the plasticity of the clay and the likely sloppy conditions of

the invert. A concrete sub-invert may be required.
TERTIARY OLDER VOLCANICS

6.3.1 General rock conditions

Basalt may be present in the tunnel crown for as much as -
150 m of the Queen Street tunnel (Plate 3); possibly less than
40 m of this distance will have a full tunnelling face in the
basalt. The remainder will have zone 1 mudstone at invert
level, or possibly the Werribee Formation which is known to

be discontinuous below the basalt, and could underlie it
between holes 5A and 6. The competonce of the basalt will

vary considerably.

Drillhole 5A (Queen Street) shows the basalt to be mostly
siiahtly to moderately weathered at tunnel level and for
about 2 metres above tunnel crown level. Jointing is

generally close and rough; some joints are clay filled.

In drillhole 6 (Queen Street), about 2 m of highly and
extremely weathered basalt was intersected, and this was at

and above tunnel crown level. At this location the tunnel

is mainly in zone 1 mudstone. Turther north, towards hole 8,
the tunnel intersects the Werribee Formation. The rock
contacts mudstone-basalt, mudstone-Werribee Formation are

weak and resulted in losses of drillcore. The upper surface of
the basalt below the Brighton Group is likely to be highly

to extremely weathered.

The Lonsdale Street tunnel will be in basalt from drillhole
10 to about midway to drillhole 11 (Plate 4). DBasalt in the
tumel will be mostly slightly weathered, but is very closely
jointed or fractured; however, manjrof the fractures in the
drillcore were caused by drilling stress on previously healed

or partly healed natural fractures.
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6.3.2 Stand-up times

Stand-up times have been estimated using data from
drillholes 5A, 6 and 10 (Table 5). Stand-up times derived
from drillhole 6 data will probably only apply to a short
section of tunnel where highly weathered basalt occurs in

the tunnel crown, just west of hole 6.

6.%.3 Rock Loads

The ultimate rock load will depend on the extent of the
loosening of thé arch. If shotcrete is used soon after
excavation, the loads on steel sets will be smaller than
if the steel and timber lagging were used. Estimates of

final loads are calculated below.

Vertical rock load for slightly weathered basalt

Assuming density = 2800 kg/m5
Ucs = 5260 kPa
tunnel diameter = 3.5 m
Hp = 0.35 (7) to 1.1 (7)
= 2.45 to 7.7
P_ = 2.45 x 2800 to 7.7 x 2800

¥4

= 6850 to 20150 kg/m2
or 0.68 to 2.0 kg/cm2 (67 to 196 kPa)

Vertical rock load for highly weathered basalt

. Z

1750 kg/m)

2000 kPa (drillhole 5A)

Assuming density

Ucs

©0.35 (7) x 1750 to 1.1 (7) x 1750

1.)
Z
0.4% to 1.35 kg/cm® (42 to 132 kPa)

Side pressures have not been calculated,

The rock mass quality ratings have been calculated according
to Barton et al. (1974) for extremely to moderately weathergd,
and moderately to slightly weathered basalt (Table é).
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TABLE 5

Geomechanics Classification
(Bieniawski, 1974)

Rock Classification and Stand-up times for Weathering categories
of basalt, and drillcore from basalt at tunnel level

WEATHER- STRENGTH RQD JOINT RATINGS XX
ING RATING RATING ORIENTATION GROUND TOTAL ROCK  STAND-UP
CATEGORY SPACING CONDITION WATRR RATING CLASS TIMES
10 10 33 POOR Ivg abt 45mir
M -3
W -HW 0 3 > 6 > 8 27 POORéIV abt 20mir
. 3 10 10 3% POOR(IV) abt 45 m
-SW 0
M-S 8 > 6 > 8 32 POOR(IV) abt 45m
1 10 48 POOR(IV) abt 1day
Hole 54 0 8 10 ¢ 10 8 42 POOR(TV) abt 4hrs
10 10 33 POOR(IV) abt 45mn
Hole 6 0 5 > 6 > 8 27 POOR(IV) abt 20 mix
10 10 38 POOR(IV) abt 2 hrs
Hole 10 0 3 5 10
6 : 8 32 POOR(IV) abt 45 mir

XX out of a possible 100
Note: These stand-up figures are regarded as conservative, and the assumptions

applicable to this method should be referred to (6.1.2).

TABLE 6

ROCK MASS QUALITY, ROOF SUPPORT PRESSURES, AND SUPPORT CATEGORIES

FOR BASALT,
ACCORDING TO THE METHODS OF BARTON, LIEN AND LUNDE, 1974

‘ XX
WEATH~ .
ERING RQD/In Jn/Ja | JW/SRF bPAN/ESR 2i€§2§;e q  Support
CATEG'Y ' B ‘ K categories

g/cm
Basalt
EW-HW 10/6 - 1.6 3/8 1/5 3.1/1.6- 1.5 0.12 29
1.94
MW-SW 10/6 - 1/6  3/3 1/5 1.94 1.1 0.32 29
3/2 1.0 0.48 25
i 30/6 - 5 3/3 1/5 1.94 0.5 1.0 No support

XX SPAN/ESR is represented by two values derived from tunnel diameters of 3.1 & 4.4m
and the Excavation Support Ratio (ESR) for such a tunnel is 1.6.
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6.3.4 Support

6.

s

2

5

The base of the basalt is expected to be irregular,

Selection of support for the Queen Street tunnel must
take account of the poor invert conditions in zone 1
Dargile Formation and the mixed face tunnelling that

is expected. As far as the basalt itsell is concerned,
combinations of rock bolts and mesh with shotcrete as .
required would be satisfactory (Table 6), but the
flexibility of steel sets, shotcrete and/or timber
lagging may be desirable in such variable conditions.

A concrete sub-invertmay be required in EVW basalt at the

contact with the underlying mudstone.

Slightly weathered basalt would probably require support
(although not immediately). Extremely to moderately
weathered basalt would require steel and lagging support
as soon as possible. If hand mining is required, then
steel and timber lagging will need to be erected close

to the face. In addition, shotcrete (5 cm to 7 cm thick)
could be used if found to be practical in this tunnel,

as it would reduce the amount of timber lagging

required. |

‘

Methods of construction

There appear to be three construction alternatives, of
which the first is the most likely for most of the basalt
section:

( i) Road Header should be suitable especially where
bazalt is moderately to slightly weathered and
closely jointed.

( ii) Blasting will be required in
slightly weathered or fresh and less jointed
rock,

(iii) Near the contact with the Brighton Group above
and the Werribee Formation below, the basalt is
extremely and highly weathered, and hand mining

is the likely option.
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andi competent rock may be interspersed with highly
weathered basalt, zone 1 mudstone, and Werribee

Formation,
6.4 WERRIRBEEZ FORMATION

This formation may intersect the tunnel between holes 10 and
11 in Lonsdale Street. It will occur between holes 6 and 8
in Queen Street rising from near invert level at hole 8 to
above crown level at hole 40, only 13 m away (Plate 3). It

will also be present in the chamber crown at and near hole 41.

Excavation properties of the Werribee Formation should be
similar to zone 1 mudstone unless it is making water, in

which case close support will be required to prevent flow
into the tunnel. MHand mining or mechanical shovel would

be satisfactory. Tunnel invert may be "sloppy" and a

concrete sub-invert may be required.

6.5 BRIGHTON GROUP

This group will probably occur in the upper part of the tunnel
near hole 8. As this group is more competent than the
Werribee Formation, the excavation and support measures used
for the underlying Werribee Formation would be adequate fox

the Brighton Group.
6.6 DYKES

Most dykes at tunnel levél will probably be near vertical and
will generally be soft and clayey. They may require hand
mining il they are found to be highly plastic and wider than’
a metre or so. The amount of timber lagging in dyke sections
will probably be more than in the adjacent mudstone, unless

the mudstone is zone 1.
6.7 COLLUVIUM

6.7.17 General conditions

The Colluvium will be intersected in Lonsdale Street (125 m)
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and Russell Street (75 m) (Plates 5 and 6).

Tunnelling conditions will generally be poor through
the colluvium. The density of the material will vary
from loose to firm, but is generally expected to be

fairly dense,

The colluvium is potentially unstable

with very short stand-up times. Stability of the
Colluvium will depend more on the water content than
any other factor; the water content will depend on the

level of the potentiometric surface.

6.7.2 Rock loads

Calculation of final vertical loads according to

Texrzaghi have been based on the following formula:
Hp = 0.62 (B + H) to 1.38 (B + H)

This assumes that (i) wet conditions prevail (below
potentiometric surface)
@ (ii) colluvium is dense, and
(iii) initial rock loads will be
slightly less.
@

If the sand 1s loose, then initial rock loads will be
a little higher, but final loads will be much the same
as those calculated below. If loose sand occurs at and
below invert, the vertical rock load may be greater

than calculated due to compression of the base.

Calculation:
Hp 0.62 (7) to 1.38 (7)
P, 0.62 (7) x 1400 to 1.38 (7) x 1400 (kg/m’)
0,61 kg/cm2 to 1.35 kg/cm2
(60 kPa) (1%2 kPa)
Note: shear stress = 156 to 179 kPa (Appendix 2)

i

Side pressure values have been calculated below:
where: Ph = '0.3 ‘)(0.5 H + Hp)
Ph = 0.% x 1400 (0.5 x 3.5 + 9.7)
= 0.48 kg/cm?
(47 xPa)
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This value is about one~third the higher limit of

the vertical load calculated above.

6.7.3 Support and method of construction

There are two alternatives for this section of tunnel:
( 1) The tunnel may be constructed by the cut and cover
method, or

(ii) the formation may be tunnelled.

If the tunnel in the colluvium is below the
potentiometric surface, the method of excavation
and. support would require special techniques such
as the use of face boards and forepoling or a
tunnelling shield. If the colluvium is above that
level, excavation by hand mining or mechanical bucket
with steel set support and timber lagging would be

required.,

Dewatering of the Colluvium, Dewatering of the

colluvium would seem to be required if use of special excava~
tion techniques is to be avoided. If there is hydraulic
continuity between the colluvium and the underlying Dargile
Formation, then pumping from a deep bore in moderately
weathered to fresh mudstone will lower the potenfio—

metric surface and dewater the colluvium. The fact

that ﬁermeabilities in the intervening materials, such

as extremely and highly weathered mudstone and parts of

the colluvium itself, are very low may retard the

process, but will not prevent dewatering of the colluvium.
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SETTLEMENTS

Settlements .and the extent of loosening will depend on

the tunneller's expertise and care, and suitability of

the excavation method and type of support for the

particular formation. Estimates of settlements are not

given here, but it can be noted that:

(1)

(2)

( 3)

Scme loss of ground will be associated with each
formation tunnelled and consequently some settlements

at and above tunnel crown will occur. However, in all
formations except possibly in saturated Elizabeth Street
Formation, zone 1 mudstone and colluvium, the resultant
surface settlements will probably be less than about

10 to 15 mm.

Loss of ground in the exceptions noted in (1) above may
be more serious if groundwater is present, and poor
tunnelling techniques fail to contain unstable ground.
The presence or absence of ground@ater will probably Be
the most important factor in determining surface settle-
ments. It should be possible to keep surface settle-
ments in zone 1 mudstone to a minimum, assuming loss of
ground does. not occur through accident; however, larger
settlement may occur where the clay is more plastic

and subject to swelling that would bring about inward
squeezing of the clays. Very little surface settlement
would be expected in the Elizabeth Streef Formation
above the water table; if saturated, greater settlements
may be associated with lpés of strength and possibly
with swelling clays. Drainage of the Colluvium is

considered a prerequisite for minimum settlement.
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7 CHAMBERS
GENERAL

Location and geology of the 11 chambers are shown on Plates 3 to
8 inclusive. Regarding stand-up times, the comments and provisos
set out in 6.1.2 will also apply to any discussion of stand-up

times for the chambers.
QUEEN STREET CABLE CHAMBER
This chamber is located at chainage 100 (Plates 3 and 8).

The geology is expected to be similar to that of the nearby
chamber described below (7.3) and the same comments are expected
to apply. This chamber was not investigated by drilling and the
thicknesses of formations is not known. As this chamber is
smaller in size, stand-up times, rock loads and stability will be
marginally better, although excavation conditions are still

considered to be poor.
QUEEN - LITTLE BOURKE STREET CABLE CHAMBER

This chamber is located at chainage 126.50 m between holes 8 and

40 (Plates 3 and 8).

The Werribee Formation will be present in the lower part of the
chamber, generally below the spring line, but rising to the southern
crown of the chamber. The remainder of the chamber i; expected
to be located in the Brighton Group. Initially groundwater may
flow into the excaQation, but flows should decrease rapidly to

\

seepage.
Excavation conditions will be poor, although parts of the Brighton
Group may be well cemented and reasonably competent. Steel sets

and timber lagging will be necessary.

Vertical loads on the crown of the chamber will include all the

. material between the chamber and the road. Traffic loads will also
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need to be considered. Stand-up times can be expected to be

short. Hand mining will probably be required.

The Brighton Group is variable in its compactness and strength,

but the potential for loss of ground and settlement of the road

surfaoe is high.' The presence or absence of groundwater will be
crucial for stability. The groundwater level is being monitored
(holes 8 and 40).

QUEEN - LITTLE COLLINS STREET CABLE CHAMBER

This chamber is lbcated at chainage 359.88 m near hole 41 (Plates
3 and 8).

The chamber crown will be located in the Werribee Formation which
overlies zone 1 mudstone. The contact between the Z1 mudstone
and Werribee Fm. could be irregular. The major excavation will

be in the zone 1 mudstone. Water inflowg should be negligible,

Excavation conditions will be poor and hand mining will probably
be necessary. Careful excavation of the Werribee Formation in
the chamber crown will be required to minimise settlement. Steel

sets and full timber lagging will be required.

Vertical rock loads will include all rock and soil from chamber
crown and tunnel level to road surface (maximum depth of about
8 m). The vertical loads will be in the order of 220 kPa, but
are potentially greater due to traffic loads. Stand-up time
can be expected to be short, and, will depend on the method of

excavation and support.

Ground settlement above the chamber will probably be greater than
that resulting from tunnelling on either side of the chamber, but

will depend on the method of excavation and support.
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LONSDALE ~ QUEEN STREET CABLE CHAMBER
This chamber is located at chainage 100, Lonsdale St. tunnel near

hole 10 (Plates 4 and 8).

The chamber is located entirely in the basalt, and the Werribee
Formation is expected to underlie the basalt, 1-2 m below tunnel
invert. If the Werribee Formation is intersected, it may be

necessary to pour a concrete sub-invert. Initial small ground-

water flows are expected to dry out.

Although the basalt is hard and strong it has been weakened
éonsiderably by the high degree of fracturing. Excavation
conditions are therefore expected to be fair, with an estimated
stand-up time of less than about 5 hours. Vertical rock loads
should be in the order of 170 kPa, but will be modified according

to traffic loads.

Ground settlement may be greater than that caused by the tunnel
adjacent to the chamber. Hand mining with some blasting will be
required; a tunnel excavating machine could prove suitable for

much of this excavation.
LONSDALE STREET WEST OF ELIZABETH STREET, LOADING COIL CHAMBER

This chamber is located at chainage 297.9 in Elizabeth Street

FPormation and zone 1 mudstone, between holes 13 and 14, 19 and
30 m away respectively. (Plates 4 and 8>. Open cutlexcavation
should be good, especially if above the groundwater table. The
chamber walls will require support during construction; particular
note should be taken of the chamber-tunnel junction where the

Blizabeth St. Formationh rests on zone 1 mudstone at about tunnel

-crown level, and where the greatest instability may be found.

Unless groundwater levels rise to chamber levels before commence-

ment of excavation, the excavation will be dry.
LONSDALE-RUSSELL STRELT CABLE CHAMBER

This chamber is located at chainage 807.75 in zones 1 and 2
mudstone with colluvium above chamber crown level (Plates 4 and 8).

Hole 36 is located at this chamber.
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Excavation conditions will be poor even if the excavation is above
the groundwater table. Stand-up times could probably be 1éss than
about 10 minutes. Full support with steel and timber lagging
erected during hand mining operations will be required; shotcrete
may not be practical, especially if the rock is wet. Loosening

of the rock above chamber crown could potentially reach ground
surface level if poor excavation techniques are used. Rock loads
in the order of 120 kPa are possible if loosening up to the surface

is allowed.
Groundwater levels are being monitored by piezometers in hole 36.
LONSDALE STREET EAST OF RUSSELL STREET, LOADING COIL CHAMBER

This chamber is located at chainage 874 and holes 2% and 34 pass
through the site (Plates 5 and 8). It is located entirely in

Colluvium,

Excavation conditions will be poor, particularly if the colluvium
is water saturated. Dewatering of the colluvium should be examined,
iﬁcluding the option of pumping from bores down to SW rock in the
Dargile Formation; this would prevent exceptional loss of ground
and would improve stability in the excavation. Piles and lagring

or other methods of support will be required.
LONSDALE-EXHIBITION STREET CABLE CHAMBER

This chamber is located at chainage 1047.9 in zone 3 mudstone;

hole 32 was drilled to test this structure (Plates 5 and 8).

Leaky sewers have been reported in this area and therefore seepage
other than groundwater may occur, and most inflows are expected

at the top of the mudstone. The mudstone will be closely jointed
and has an estimated stand-up time of more than 10 hours (hole %2).
Vertical rock loads up to about 120 kPa can be expected. Steel,

timber lagging and shotcrete support will be required.
LONSDALE-SPRING STREET TERMINATING CHAMBER

This chamber is located at about chainage 1300; however, no holes

have been drilled to test the site (Plates 5 and 8). Most of the
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structure will probably bein mudstone ranging from zones 1 and 2

to zones 2 and 3; prediction of weathering boundaries has not
been attempted. Initial groundwater inflows will be small and

will decrease rapidly to seepage.

BExcavation conditions should be good. The stability of open cut
walls will depend on joint and bedding plane orientations. Dip
of bedding may be greater than the angle of friction, and could
lead to failure of wall sections. Assuming the beds dip west,
then the west facing wall may be unstable. If the dip of the
bedding is around 350, then the factor of safety of the
unfavourably oriented excavation wall will 'probably be less than

1.0, Dykes may be present in the mudstone.

With careful excavation, overbreak should be small. Rock bolts,
mesh and shotcrete below about 2 m may give adequate support.
Some overbreak may occur at the chamber-tunnel junction if not
well supported with steel sets or rock bolts, particularly if the

corner is cut by unfavourably oriented defect planes.
RUSSELL-LITTLE BOURKE STRERT CABLT CHAMBER

This chamber is located at chainage 216 in Russell Street, only

5 and 10 metres respectively from holes 38 and 22 (Plates 6 and 8).
The chamber crown will be close to the Zone 1 - Zone 2 and 3
weathering boundary; most excavation will be in zone 2 to 3

mudstone. Small groundwater inflows from the colluvium will

decrease rapidly to seepage.

The chamber crown will be unstable, and without support the
stand-up times would be about 10 minutes. Steel sets with

shotcrete or lagging should provide adequate support in the

.mudstone. Careful excavation will be required in the crown to

minimise loss of ground.
VICTORIA-RATHDOWNE STREET TERMINAL CHAMBER

This chamber is located in Victoria Street, and hole 30 was
drilled to test the site (Plates 7 and 8). The chamber will be

in colluvium, zone 1 and' zone 2 to 3 mudstone,
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Excavation conditions will be fair, with some improvement towards

invert level. Little if any groundwater inflows are expected,

and at worst the excavation will be damp. Piles and timber lagging

or other support methods will be required to support the walls.
The tunnel-chamber junction will need to be supported with steel

sets and timber lagging.

Dykes have been mapped in the vicinity of Rathdowne Street and

could be found in the excavation.
8 SHAFDS

Locations and brief geological descriptions of the shafts are

shown on Plates 3 to 8.
MANHOLE - LONSDALE STREET, CHAINAGE 436.5

Most of this manhole will be in the Elizabeth Street Formation,
with about 3 m of zone 1 mudstone close to the manhole-tunnel
junction (see hole 17). There should be no problems associated
with drilling and casing a hole at this location. Water seepage

will be small.

MANHOLE AND VENTILATION SHAFT , LONSDALE STREET, CHAINAGE 652

The Manhole will intersect zones 1 and 2 mudstore and no '
problems associated with drilling and casing are

anticipated. If the shaft is to be excavated by means other
then boring, then steel ribs and full timber lagging would be
necessary to prevent excess loss of ground. Water seepage will

be small.

9  RECOMMENDATIONS

All piezometers should be monitored regularly prior to and during

construction.,.

Four large auger holes to either sub-invert level or groundwater
level would be uselul as inspection pits for tenderers; they
should be prepared immediately prior to the inspection day. The

pits could be located as follows:
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(1) Near drillhole 19, Lonsdale Street - to exposure the various

weathering Zones of the mudstone (21 to %3).

(ii) Near drillhole 39, Lonsdale Street - to expose sediments of

the Elizabeth Strect Formation.

(iii) Near drillhole 40, Queen Street - to expose sediments of

the Brighton Group and the Werribee Formation.

(iv) Near drillhole 34, Lonsdale Street - to expose the Colluvium.

3. Owing to the likelihood of surface settlements along the route,
a detailed survey of the ground surface should be carried out

prior to construction.

4. During excavations of the tunnels and appurtenant works, the rock
conditions should be regularly monitored and logged by an

engineering geologist.
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APPENDIX 1

DEFINITION OF TERMS

Rock Mass

Rock mass is a body of material which is not effectively homogenous,
that is, the rock substance is crossed by natural defects such as

joints, faults, seams etc,

Rock Substance

This is defined as intact, effectively (for engineering purposes)
homogenous rock. Repeated mechanical tests on the material would give

acceptable coefficients of variations (e.g. uniform results).

Sheared Rock

Consists of rock intersected by close ( < 1 cm) slightly curving
intersecting fracture planes; the fracture surface may be smooth,

polished, slickensided or coated with clay.
]

Crushed Rock

Consists of rock which is mechanically disintegrated but not obviously

chemically decomposed.

I'ractured Rock

Consists of rock which is intensively jointed in several directions.

Fracture surfaces are often clay coated.

Faulted Rock

Faults can be sheared, crushed or fractured rock and where relative
displacement of rock can be seen. Unless evidence for faulting is

quite definite the term should not be used.

Defect Spacing

Very close .~ Jjoints spaced < 5 cm

Close - Jjoints spaced 5 cm to 30 cm
Moderately close ~ joints spaced 30 cm to 1 m
Wide - joints spaced 1 m to 3 m
Very Wide | - Joints spaced > 3 m

Joint Aperture

This describes the amount of separation of the joint surfaces. Joints may
be open or tight. If two joint faces fit perfectly it is probable that the
joint in the rock mass was tight (or closed). However, if they do not fit
it probably means that the joint was open; or possibly filled with clay

that has been wa:" ! away during drilling.



Bedding
Laminated - < 10 mm thick
Thinly bedded -~ 10 mm to 100 mm thick N

Thickly bedded ~ > 100 mm thick
Grainsize

Coarse-grained 1 mm to 4 mm in diameter

Medium-grained - % mm to 1 mm in diameter

Fine-grained -<% mm in diameter

Potentiometric Surface

The potentiometric surface is an imaginary surface connecting

points to which water would rise in tightly cased wells from various

points in an aquifer. The water table is a particular potentiometric
surface that relates to an aquifer affected solely by atmospheric

pressure.

Rock Quality Desigmation (RQD)

RQD is the ratio (expressed as a percentage) of length of core recovered
to the total length of core run, counting only those pieces of hard ang

sound rock 10 cm in length or longer,

Rock Competence

The terms "competent" and "incompetent" are relative ones, combining
properties such as weathering, degree of fracturing,and ultimately estimated
stand-up times. The terms also relate to tunnelling in the Melbourne City
area such that zone 3 mudstone may be termed competent in Melbourne but
would be considered incompetent in coﬁparison with tunnelling through
dacites in Canberra.

Zones 1 and 1-2 mudstone are incompetent due to a high degree of weathering,
softness and very short stand-up times. Zone 2 is more competent than
zones 1 and 1 to 2 but less competent than zone 3, unless zone % is highly
fractured with a shorter stand-up time. For this tunnel, rock with a

stand-up time of more than about 8 hours is considered competent.



FRESH

FRESH STAINED

SLIGHTLY WEATHERED

MODERATELY WEATHERED

HIGHLY WEATHERED

EXTREMELY WEATHERED

DEGREES OF ROCK WEATHERING

No discolouration or loss in strength.

Limonitic staining along fractures; rock

otherwise fresh and shows no loss of strength.

Rock is slightly discoloured, but not
noticeably lower in strength than the fresh

rock,

Rock is discoloured and noticeably weakened;
N-~size drill core generally cannot be broken

by hand across the rock fabric.

Rock is discoloured and weakened; N-gize
drill can generally be broken by hand across

the rock fabric,

Rock is decomposed to soil but the original

rock fabric is mostly preserved.



Zone Degree of Material Type Typical Mohs! Reaction to Visibility Soil or
Fumber Weathering Colour * Hardness Blow from of Bedding Rock ##
2 1b. Hammer
1A Extreme Silty clay or sandy clay (usually Yellow Max C.5 - Bedding Soil
stiff to hard) brown
1B Silty clay or sandy clay containing
harder rock fragments
2 High Soft mudstone, with clay seams common. Yeliow 0.5-1.0 Shatters easily indiscernible
Clay is often from decomposition of - =~ brown with light blow.
mudstone beds; often it is in joints, Rock
with iron oxide also. Strength low.
.3 Moderate Moderately hard mudstone. Thin Pale 1.0-1.5 Only fractures Bedding
mudstone bands weathered to clay brown with light blow. mostly
are known, but uncommon. Joints & pale Shatters with discernible
sometimes carry thin clay deposits, grey fairly heavy
or often iron oxide. Strength moderate. mottled blow.,
4 Slight Hard mudstone. Joints sometimes Pale 1.5-2. Shatters only Bedding
contain thin clay films and often grey with very heavy clearly
iron oxide staining. Strength blow. visible
fairly high.
5 Fresh Very hard mudstone, Joints ciean or Dark > 2.5 Fractures, but
with pyrite films or occasionally blue not shatters, by
calcite. Strength very high, grey very hard hammer

blow.

* Colour can be much paler if leaching has occurred.
®%® In engineering sense.

Weathering Zone in Melbourne Silurian Mudstone (Neilson 1970)




APPENDIX 2

SUMMARY OF LABORATORY AND FIELD TEST RESULTS

ON SOIL AND ROCK SAMPLES

(For X-ray diffraction analyses of clay min-
erals and field permeability tests, see
BMR Record 1978-16)
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: : 120
5¢2 36 - Ironstone 100/8 170/200 1676 1742 o
400
565 35 ) Brighton Group -~ 1.89 16,5 5e04 0.21 46,0 ~
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10 8.35 39 ) ~- 2,68 2.7 5.28 0.22 47,0 =
SH-1t . . . . .
8.90 40 ) ~ 2.82 1.0 31.2/9.6  143/0.4 47.0 -
10,05 41 ) - 2,69 2.4 32.64/ 136/ 47.0 -
22.8 0,95
11,0 42 MU-HW tuff - 1,76 29.9 2,64 0e11 4645 =
12 3,0 4 \ Eliz., St Fm CL 32 16 16 9.0 100 91
7.0 43 \ - 7206 2423 749 5052 0623 5145 1248
To7 _ 44 ) ?3) mdstome 4234 2,28 7.9 168 0032 51.5 29.0
13 1.5 64 ‘Elize 3t Fm CH 67 14 53 170 1100777 150/13 30/60/ 1.72 15.7 | 10/23 30/60/4 1.55 23.8 |. =
N 120 i 120 ’ '
4 1.0 6 Eliz. St Fm CH 53 14 39 ..°400°76 80/7 20/40/ 170 21.2| 16/21 20/40/ 1.66 21.9
. . - op , o
dyke CH 124 28 .96°25.0 100 94 101/3. 4B/280=1407 54.7| 85/15 100/200 1,22 4444
9.0 7/° " 21 mudstone “CL 30 15 "'~ﬁ§§§0\ /309

15655 100 78
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3.0 6 ) CL 41 15 26 13.0 100 70 76/20 @420/ 1.71 18.5
240
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Unified | c s Ry Cc cL
Description Sailly efos | Sutfy Moy soefy pPu) 5.2 qcle
Feld Moisture | /4(,7-7» Y /7?7 ] );{;{ 1o
Passing 75 mm *%
375 " O/o
190 » % o
95 » %
L75 /o
230 " %
B %
600 Um °/o
425 n o/o /oo -. /= A /o2
00 » %
SO
B % 75" 5 2 9 s %3
005 mm /e
002 " %
Q005 %
0002 "l .
Liquid Lirnit 32 357 2 9 2 2
Plastic Limt 2! 20 z e ’ g
Plastic Index_ - z 7 9
Linear Shrinkage 6-5 | 7 N ey 6
Solid Density _t/m3 _ B
0DD_ SdM tym3 |
Optimum M-C




APPENDIX 3

EARTHQUAKE MAP OF VICTORIA

(Not included in ¢his report; see
Appendix 3, B.M.R. Record 1978-16)
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APPENDIX 4

DRILL CORE PHOTOGRAPHS

DRILLHOLES 30 TO 42

(For drill core photographs of
drillholes 1 to 29, Appendix 4,
BMR Record 1978/16)



APPENDIX 5

GEOLOGICAL LOGS OF DRILLHOLES

30 10 42

(For logs of drillholes 1 to 29, see
Appendix 5, BMR Record, 1978-16)
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GEQLOGY 8 GEOPHYSICS LOCATION. MELERQRURNE _ CV T Y. i oo
SETATION 97 +20., RATHOOWNE ST, (]
ANGLE FROM HORIZONTAL (&) _ 907 | DIRECHON _ - oo oo
GEOLOGICAL LOG OF DRILL HOLE CO-ORCINATES o o _ o e oo RL OF__30.560 _____ SHEET | OF. 2.
Drilting informotion Rock Substonce Rock Moss Dafects
° \"g 12 @ .g v e ;{‘ Defect . g?
v | L% ‘(’ﬂ 3 el Substonce description F K] 2= |spacing| © Dofact description g ®
0|2 1g 1 2 olg ¢ E . . TR (em) . . . 1 . oS &
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F
o ] .
W 4 .
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i
§ j
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2.0 clay j Quafi sond, 1 _
S and sl )
d
{o/e] .
] .
] T .
—1 30 - - v =
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1 minor imSnile 1
h .
55 1% 3
. ]
' QOEH D -+ -
Ffd core  Loss CORE LOSS I
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1 RN R
i. -
W
o ()1:) CORE LOSS CORE 1LOSS .
Z < : 1 J
Q I Tt + 4
Y J B 4 4
< —eO-f :
o 2 1 | Sillslone, 5oﬁds\onc-, . r Hiah! to moderclely ]
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2 1. micon and limonite, | to ! o 20 e Wide ;3 Ahan bc:ddmj ]
- ] z3 jonls |, limomiye cooted ;
o \oO 1/ beddin 4.0° Tounts ol
o L ] 75° normal 1o \v»c.:\.:hnL\ B
w 70~ { -+ JO"\\S e Nevcly, -
- 17/ : ) recemevied with limonite . ]
74 i ||]32 !
— :]/ : _m...n.
/ [BRE )
80._'/ | H .
v 4 14 J
100 / tHRE ]
/ q | EL ]
/ : ]
- i ! ]
3.0 4 - -
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fole! 1/ ; ]
B - & bt
4. , 8 )
f / ] H 1
& 100l / . ; 1
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HOLE No..30_

SHEET .2  OF_ 2 .

Drilting information Rock Substancae Roch Mass Dofects
. \"; " gg £ gfg Defect . gé’
Sle o o) 5% [% gle 3122 Substonce description g 2 2% {spacing| © Detect description < ®
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Z- o = ; 5% 2 . =
fi5° S| 2j&= _‘g S E ‘.,18, colour, structure, minor components 2 ;838 roughness, cogting strength u:g,g
oo 2w ~
9% Tl |
! 79 .
ﬁ 100 1 1o p
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4 ;
: S
o & .
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b 100 ¥
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] (R.L. VT-0Bm) ]
| ! -
] | 1
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Drllter .\T.. ﬁorgc.un HW -Highly woatherod
<] Complete driliing water loss F=---- TTTToTToTs

sd:s----
Comploted _U[B[T18 __ __
Logged by G TRAND_
varticol scate 2L im | _

Commanced _

EW-Extromely woothared

Notes

Bedding & Joint Planes-Angles are meosured relative to o plans normal to the core oxls
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EW-Exiromaly weothered

Bedding 8 Joint Pianes-Angies ore measured relative to @ plane normal to tho cors axis
% Woter Prossure Tests
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BUREAU OF MINERAL

GEOLOGY 8 GEOPHYSICS

GEOLOGICAL LOG

pROJECT _TELEC M. | TWINNCL.

RESOURCES,
LOCATION. . DWLI1LQw N

’ SSrat 02 L 9 LONMSOALT S AIL L]

OF DRILL HOLE

CO-ORDINATES . _ _ _ . . __ R

ANGLE FROM HORIZONTAL (0)_ A0 [OIRECTION . . _ . __ _____

HOLE N .23

LOFL 2Q AT m____

SHEET_|_oF 2 .

Drilling information

Rock Substonce

Rock Moss Defects

Me thod
Oxifling

roie
Lifs 8%

Pressure
COre recovery

test ¥

Woter

"

Deafect
spocing

strength

1000 13 {50}{xPc]
Y
3
Q.0

rock type, grain chorociaristics,

Substonce description g
colour, struclure, minor componants §2

Geoohic i
Bcore los
30 Pot load

10Q

{metres)
300

Oofect description
thickness, type, inclination, plunarity,
roughnass, coating strongth

Rock

condition No

{1nter or e tive]

W
o}

FiLe
1

COLLOviIum

Daork brown silF\/ do“/

N »
IAPEY
:('v?‘l‘e

NOTE: Loga 3
s:éﬂ;:??s 0of\\)l.

PR AT Y

:
i

HELD BY C.1. & R.L.

in 6 min
1

SAMPLE
——————— S0 KPa/3lin Smin

AUGER
60 K P /o loss

TUNNEL

1 Smin

P)l

~—— 60 10 KFo/ No losg

Q-

&
@}

Ry

{f;

[0

o
odd
i'h

Dark brown  cloy

';‘}.: ;?
32 g.?

obove 1L

Lol
«lal°l.
>
[

2N 1% %
-eilez‘ I,(

e
o
]

\(

5 H‘)/ clovy -

!

AREATS
I RR

!

I
I?

b - ar 1
c\:';);\.ln QY 1

)

4

L]
€

Liawhl brown—cycy silly

So.f\dy clo\y_ N

1e240" r‘“\eo

g,'l'{‘,(.? I'd

o
4

b

d RCIEOSE
sond |

As okove |
amounl T ot

dA. ~e LA}

()véq)o oe
/) o

Gray c(ayey <ilk

$1p°
IR
e

°
.

a0 e
.
e
o!

°ols  As albove
Ol~o~|:

_SPT 15 blows / 300 mm

SHIT hord | dry

As obove
SPT 20 blows/ 300mm

Very herd brittle
6‘3»‘. 22 b\owg/ BQO mrn

Mothed cloy, moist 4 soft
SPT 31 blows /200 mm

As obove
SPT 30 blows/3200mm

As  obove

SPT 21 blows/ 300 mm

SPT 1l blows [ 3comem
Poorl conzsolidoded
colluviurm t:k‘_p(:w:ﬁl~i 3o}
ond  Mmoigt,

N RN

RS

Food _ Y DRRAVLIC _ __
Coro borroi type

Drittor L TIQRGAN _
Commencod - 25:)./:'./ UL =T
Completad _2.-.’1_”[}_'15 -

vertical scate . 2em_-_lm

T

[* Water Prossure Tests

Woathering Wator
Fr - Frash P
SW-Slightly woathered

MW- Moderately woathored

D> | Water Inflow

FaY

. Partial drilling wator
HW -Highly weaihared

EW-Extramoly waothored

Notes

Bodding 8 Join! Plones-Angles are maosured ralative 1o a plane normal 10 The core oxly

_zr;s:g/ééyz;;/fz,/ér:;

Piezome har. 1| 10 Oct 73 wotor level doto shown
s

< Complote driliing water loss

Depth{m) B 8 W Colour

loas b o - -

Core Photography Noqativ? No
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BUREAU OF MINERAL
GEOLOGY 8 GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

RESOURCES,

LOCATION . AL OUE UL L GO Y e o o e e e e e
JOTATIONL L9002 LwL GO 3 LORADALIL L OTRERY

HOLE No.. 23

- SHEET_2 OF_2._ .

Orilling information Rock Substance Rock Mass Defects
. \°¥ R 2 g 3= Defect . gg
§ . . .4_* ‘:ﬂ 8ls [ tz-v = Substance description z e =§ spocing 9 Oofact description g ®
2|Ee Z 2 a‘li zela gy rock Iype, groin characleristics, e | 2| lem) o thickness, 1yps, Inclination, planarity, | of &
X '23 Bl 2182 |58 €] &8 colour, structure, minor componants | £ | £ .3 oo | & roughnoss, cooling sirengih myp &
- - = S - o o °§ 0Qo0 SS
3 \O - nm n-=M_m I
[ 1™~ 1 As  olbove -
¢ 1o .
.3 3 ~e y - - b
£ le ™~ L SPTY I} blows /300 mm ]
w 1 Nv' b
< g
) *c’ -
K "o 1 ‘ .
Vo do ~ . - . -
2 d~o,| Grey cloyey st
- 42 ~ ' .
{eo o .
ﬁ 1~ e L 9PT 10 blows [ 200 mm ]
10% 1 B
O 1.5 i
~ ~7 .
1 ‘r .~ 1
dy e . 4
3 1 SPT 25 blows [SOmm )
1 126 ] ~ %
b END OF HOLE '220m J
] (rL 8.37m) ]
1 ]
B e
<4 E -
- L J
—y R —:'
4 B
R
J
1 | i
1 ]
— + |
B
] ]
. i ]
1
4 T ]
1 }
1 ]
1 i
Dritl typo . FOX o o ___ 'Wumhorlﬂ i Water Core Photography Nagative No

Foed _HMYORAULLIC. _ ___| Fr~Frosh

Cora borral type_R LS.

Orilter L _MIORG AN - ..

- -~| SW-Slightly woathored
‘= | MW-Moderately weathared
HW =Highty weothered

Commanced ZQA'L/.—T_Q. —w-| EW~Extromely weathorod

Comploted .27 L1718 _ __ Notes
Loggod by O TRAND. _ __ Bedding 8 Joint Plonos-Angles ore measured relotive to a plans normal to the cora oxls

vertical scalo 2¢m-_bmy |

3¢ Water Prossure Tests

10 Oct 73 water level date shown

Water Infiow -

Particl drilling watar Joss

Compiate drilling wataer loss

Dopth(m) 8 B W Colour
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BUREAU OF MINERAL RESQURCES, PROJECT . TEIECOM | _TUNNEL. .. _____._____._ HOLE N 3L
GEOLOGY 8 GEOPHYSICS LOCATION. _MIE LBOUANE. _ CATY Ore e
~-RTATION. . BT (S0, LONSDAVE L STREET. . __ .. _
ANGLE FROM HORIZONTAL (8) _Q" _ DIRECTION _ __ _ _ _ . _ _ __
GEOLOGICAL LOG OF DRILL HOLE CO~OROINATES _ _ _ . __ __ RL OF. 20.02xn
------- i Toooe] sHeeT L of 2
SLOF L
Deilling Informotion Rock Subsionce R Roch Mass Defocts h T T
» "

. X - .gs ) £ T e ‘5 Defect . _‘9?
§ e el 5 5.* gl B ‘E’—- SUDI’OHCG. descnpﬂoln 2 e ‘=’§ spocing o Detact dascription )‘c"f
£lEels| 2| 5, zels i gg rock type, qrain characteristics, 3 IE e {em) o thickness, type, inclination, plonarity, o2
* 83 8 z|&e Sl el S 8 colour, sfructure, minor compononts z & o0 o0 @ roughness, coating sirongth xrxy

8ol 28205 .2823 §s
=z
@ : 4 PAVEMENT
N o
% 172
f&\ : M'
. P
4 [BFS) 15~ :
: T T -
\.‘ J e
Hy 1"
1 v Gray ‘.)ilF)/ cloy :
a - E
A e "
5‘ pXe] 10~ :
;‘k _‘ ~ [ T ":
& Ax ;
jn; v NOTE * LOS(;(:\C of bon 4
%- - AP SonT 1&s or\\y :
3 {mo D—-125m 1
i Bo .
t T K
PAAIR]
I COoLLLVIO™M 1
N Brown - grey cloy Herd | motied )
F" 1y Lo T SPT 22 blows / 300 mm X
b @
I .
A .
N T ]
| [ o0 A bove b
.- ~ ©° s oove -~ -
! £ 1o~ As  above 1
| s} JdN .’\. -
j . 1o R, L SPT 17 blows/ 300 mm
oA
£ ~
Jo :
; ot ]
4 )
| 9 50—\ oy As obove T ]
i K ~ :_,': As  obove 1
L]
! < Py = SPT 20 blows /200 mm
) 17 | -
fed ?‘ 30 ~ 1
’ U * oo R
1q 0 ¢ d~e ol Brown limons bic ) .
- N . -
s 0 i GO0o o o Guortz sond | minor B -
of % n 175 cleny Unconsolidal ed :
"o A .
" . {~ e M SPT 34 blows/ 210 mm 1
oL |
ja P BEPNARS )
G419 | 38 Lo~ ?
— - o
o P04 °~l As  olbove - .
\_g z 1 °°,\: As cbove ]
3 ~ T~*0o -
g S o on SPT 12 blows/ 60 mm
M PPN
2 o 102 -
" Ve ' :
gBoJ Y| G it ]
O]~y rey  sil y doy T ~
[ 4
c R~ Heneel , weall  conwslidaled ]
£ :o°~ - "
E : ~ . SPT 4O bows / 2300 man
< 0 ~a ]
< 1o
> 4 i~ . . ]
Py |2 Qo_|e ¥| Brown limonilic 4
0 Ria A guariz sand T -
§ 12es Unconsol.daled | loose _

1 x :,Ja,:, 11 SPT 295 blows /[ 14O mm :

$ 10 1

0 1% N bt grey fine quartz ]

D 100)¥Al sand ;"minor  cloy } 4
Orit type . FOX __ _ ___ | Weotharing Water Core Photoqraphy Negotive No
Food _HYDRAULIC . _ _ _ Fr = Frosh P Piczomeler 10 Oct 73 woter lavol dote shown |Depth(m) B 8 W Colour
Cora borrel type NMLC _ _ _| Sw-Slightly waocthered Watar inflow ’ PR meme m e {
—————— rmem == =--==] MW-Moderately woothared X . = e e m e d
Driller _3‘; MORGAN ~ o —| HW-Highly wcothared Partiol érilling watar loss r-"-"- TeTs o TEET
Commanced .2 [.Q/_"_B._ ~mww| EW-Extromcly waathered Complste driling woter loss .- - : : : : : : : : : :.:
Complated . 2/B[18 __ __ Notos Fo-o-- R 1
Logged by (2 TRAND_ __| Bedding B Join! Plunes-Angies ors measured relative 100 plans normal 1o fhe cors axis | oot *

i W Water Prosgure Tasts (""" Tttt
veriteal scote_2<m ~Jon ~C L S S s T TTT T Tt TTess
L85 [/ /2066
7
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BUREAU OF MINERAL RESOURCES, PROJECT. JLLECOM. _TOMNEL . _____. HOLE No. 2%
GEOLOGY 8 GEOPHYSICS LOCATION . TIELBOURNE _CLTY _ _ oo emmooo_.
‘ _STATION - B9 .4 50 , LONSDALKE _STREET_ _ . ___
ANGLE FROM HORIZONTAL (0) 1O L DIRECTION ., | oo i
GEOLOGICAL LOG OF DRILL HOLE CO-OROINATES | _ . ___________ RUOFL2Q Q). _ . SHEET 2. OF. 2.
Orilling Information Rock Substonca Rock Mass Defocts
23 S Z lezd|oatect | 28
° o ° vl w2 Substonce description § |2 2% |{spocin e Defoct description >
212 {ol -] 3% s3js ol E g 2R ] i =52
£ -g.. Sl 2)n.. sela = cex: rock type, qrain chorocteristics, s g% em) [e] thickness, 1ype, inclinotion, ptonarity, o2 &
% |xe 8l $1&s [S2/8 Bl 58| colour, structure, minor components | £ 1 & %o oo | « roughness, coahing sirength T3 g
v N 2838 |, 2552 [
Ic 1o Lighl rey fine quariz Unconsolidaled, loose
‘£ ~ 2] sand T minor CIQ\/_ L . 3 4
) ,\";\" - SPT 25 blow5/7o mm ]
°
£ 1% ]
v N
YA _6 ,‘Ao-]{vu: Li%h* ey b ne q’uo\r‘\ kN R i
w o 4288 scindd , More clowy ™
4 Al . . -
\g. 1% :",20': B Slight  cohesion
g S-(‘_ 1 ° ki SPT 28 blows / 300 mm b
158 o )
Q 40 % o
o 1 5% !
) <™~ A <
8 12071%.°2] T “
154 Hord  well consolidadad
1~ As b / ]
e ":lz S obove — SPT W blows [300 men B
] END OF HOLE 172-Sm .
4 (AL, T7-92m) J
B ’ 4 <
] \ ]
] i ‘ ]
. T =1
9 ‘ ]
) [ ]
] 4
Dritd type _EQX_ - . - .- 1V\M«mherlﬂi Watar Core Photography Negative No
Feed _HYORAULIC _ _ __| Fr=Frosh | ¥ 10 Oct 73 wotor tevel date shown |{Depth(m) 8 8 W Colour
Core Dorrol type NNPALC | SW-Stightly woathered > | water inflow beeem - e .
------ rememw e ———~=| MW-Moderotely woulthored d portial ¢ - -mm - mmes — = —md
tiol il 1. i b e o - - - S
Oriller T MORGAN _ _ | HW-Highly woothered 4 orfial driiling walar loss
Compiote drilling woter loss r=-=-- Tttt TTmTt 1
Commanced.2 18[18 _ ___| EW-Extromely weotherad o : Lo e o e e
Comploted _2[3?1/] 5- - ~~| Nolgs [~~""7 =""7 ~===- 1
I - e m e - -- 4
Logged by G TRAMO . _ Bedding 8 Jolnt Planos-Angles ars measured relative to o plane normal to the core oxls | _ _ _ _ _ . ]
3¢ Woter Prassure Teats ) ..
vertical scale 26z o _Z‘S_S'/Q/g/z_/gg """" Tttt T
v s
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BUREAU OF MINERAL RESOURCES, PROJECT TELECOM __TUNNCL ... HOLE No.25_
GEOLOGY 8 GEOPHYSICS LOCATION. MELAQUANE. _CATY
.
. ANGLE FROM MORIZONTAL (8)_ O  DIRECTION. . __ . _ _____
GEOLOGICAL LOG OF DRILL HOLE CO-ORDINATES _ _ _ oo o mmmeeme RL.OF QB L. SHEET I OF. 2
Orllling Information Rock Subatonce Rock Mass Dofocts
oy g . v e Dafoct , 0%
- 3F3 o Sk ig e 2 38 Substonce description 2 T%|1pocing| © Dotact doscription ,‘EE
£lze § K] ﬁ -pla . rock type, grain choractoristics, 2] leml | o thickness, !ype, Inclination, planarity, |3 &
fixe 8| § EE = ¢|8 E| &8 colour, structura, minor components 2 |& ‘8‘ oo | & roughness, coating strongth mgg
© §los| © 2838 |, 2958 ~ 3
] ] ]
: ) PAVEMENT | FiLL b
4 :
N jo % CoLLIVIL M
o7 ~. -+ -
q 1 ~e 4
f"* L7
3 -3
W is s _~
g Js~| Dork gre to light 1
E I~t~! brown “sity cley. J
o 204 *~ -H
& 1™~ ] NOTE - Bog somples ‘o
] 15 1225 m,
"":ii B ad .
F) :“ O~ J
~'3
4s
DR -]
30 :_N,: ; v
lo o coLLLviIu M . Farrugqinous stained, sitly 1
i~ ~] Deovk brown cloy silt, cloy, wetl consolidaled, )
Jood fimonite. | mottled layer, 4
" 1o+ 1 SPT 19 blows/ 200 mm .
< 1%,
- B ~ O~
£ 12
wn 4.0—~° :’,\, . -
de 2 . S . - - -
< 1": L Az above \l(‘,\lf‘!' as ooy :
1o "~ M SPT 15 blows/ 300 mm
v LI
v oA
L '_‘°~'° 1
° AL
0 ) '
z bo’—f:’.’\'i /-\’5 above‘ PlUS ﬁQf\d o HQI"C{ br(%‘e ‘ PQf”Y ,.4
3 Xt consolidoted . «
W 1 e =S 35 blows [300 mm |
st 1 X ] '
. v ~
? S
1l o~
% e ] 3
: o~ | Grey brown silly cloy L -
X NP Well consolidaded , mothed
15 % L SPT 41 blows/ 300 mm
ol 1~ 4
o ) | Jo ™~
w il | ) :,"o .
9 o 1 *n .
) ) £ 7o 180 G{ucxri-z sand; minor R
54 4 £ 6| <loy sitt ¢ limonite 4 —
1 0™ ] . ~ N g ]
] o "l 185 Colluvium unconsolidated y
e ) o
a1 5l < eV 1 SPT 25 blows/ 14O mm ]
.xfl‘ D ‘Oa ~“
?‘; HoF o ‘ :
g - so_lose Clomn quartz sand and .
l;$| g ol S t, minor cloy ] As above
) X ° ~ - SFT 5 blows /1O =mm 4
] o b ]
R (o] ..-\° J
M1 9 P b
4 ! 4o o~ ]
:!'." _— 0 _'\ ° ]
r n N‘: .
-0 . S As obove 1 -
y f’«..N ToSPT 12 blows /150 mm ;
] Biad Y -
& e .
.f’ ~_ D d
2 15 ]
2 1> ] ]
i Q.04 270 T —
Dl type _FOX_ _ __ _ .. _ .Womhmlnﬂ Waltar Coure Photogrophy Nagotive No
Food _ 11 YOIRALNI C_ _ __| Fr-Fresh P Pierometer Y] 10 Oct' 73 water tsvel date shown [Depth(m) © 8 W Colour”
Cora barral 1ype_fNMALC. _ | SW-Slightly waeothered b | water Inflow U2:5-13-2 $6720¢ $B7IC |
------ m—--===-<---1 MW-Modoraiely woatherod d por fpe==-== === ~==--9
fiol drilli ter Joss 0 b _- ... .. e e m o
Dritter T ORGAN _ __} HW -Hignly weothered arfiol arifiing water loss r
< Complete drilling water loss P STt TEoTC

Commonc ad .3 LQ’:’.Q —_————
Completod _ 4|9 11@ ——-
Logged by .G TRAND. __

£
vertical scate 2ea1 - Loy

EW-Extromaly waathered

Noies

Water Prossure Tests

Bodding 8 Joint Plunes-Angles ore meosured relative 1o ¢ plans normal 1o the core oxis
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BUREAU OF MINERAL RESOURCES, PROJECT_._T.E\LECOL"\__J'ZUJ\{NE_L\_ __________________ HOLE No. 35
GEOLOGY 8 GEOPHYSICS LOCATION. IELDOURNE . (AT L. ___| 77 %
SSTATIent B35 v 00  1onSDALE | RIREET_
ANGLE FROM HORIZONTAL (8)_ Q... 0WRECTION. _____ ___.__
. - 19 - .
GEOLOGICAL LOG OF DRILL ‘HOLE CO-ORDINATES _ _ _ _ . _ .. ____. RLOF\LBZm_ _____ SHEET 2 OF. 2. _
Drilting information Roch Subatance Rock Maes Dofocts ‘
S N . £ 1y ffoetect | .
v |o - ° v vl Substonce description ° 2% |spocing Defect description
o ié ol -~ 1’* BPIE ofE R L z ] : . X . .
£ |Ze 5 2|4, -eld = g rock type, groin characteristics, S |Ex % lem) o thickness, type, inclinotion, planarity,
5o(81 S1 28 [Zel 8| £8| colour, structure, minor components "3 ol « roughness, coaling strength
ol o el R - 21 © 13888, 0538
4/ ' ]
/ DARGILE FORMATION [ L SPT 21 blows/ 200 e 1
Clowy , mudsione., [ . 7
¢ ) A Crlvermel weathered
¢ ) mud stone. Soft moisl q
3 ; clowy , weil consotidated 1
0 ] becormni ne hard A
o ll-O._/ Az obove 4 -
w - ] )
J - ]
2 o 1/ et 29 blows/ 60 mm 1
& 3/ Z\ . ]
x 1 4
Q J / .
12-Q_] - -]
</ As  obove 1
] | SPT 25 blows/ 120 vam ;
'// AVGE®  REFUINL VL5 en )
] S :/ mud stonea Extreren ¢l wenthe red ]
5 4 / cloy |, lironita Zi rudsione . -
1 - 100 - . .
<y 130 / -+ -
0" 1 /1 . ")
g ENDO OF HOLE 132 m 4
1 ( RL., 662 v'Y'\) E
d .
1 1
) )
; !
E ]
] 4. -
1 j
A P
Oritt type _ EQOX_ __ _ ___ 'Woofhering Watar Core. Photography Negative No
Food . LIY QRALILIC._ _ __[ Fr-Frash S ‘5“c-\r\dp] pe 10 Oct 73 water level dato shown |{Dopth{m) B 8 W Colour
Cora barrel type_NMLC__ | SW-Slightly woothered Water Inflow 12:5- 32 5670¢ 5.6]/-6..
—————— romm— === =~! MW-Moderaigly woatherod 4 part . o mmm e mm e = e
tial drill ot loss L ___ .. e e e
Oritter J. MIQUGAN _ _ _| HW-Highly weothored artiat drilling waterloss
- - Complote drilll ater loss r--°--" STt T T
Commoncod_§£§[_'_a_ -] EW-Extremoly weothorod 4 NG water doxs L P T
Completod _ ‘_“LSL-’.& =~ - ~| Notes -t STt T T
Logged by (0  TRAND _ _ _ Bedding 8 Joint Planes-Angies oro measured relative o o plone normal to the cors oxls | _ _ _ _ _ ]
¥ Water Prossure Taels
| vortical seale 20 < dm_ I55/,9/g/? /€7 [T 77 ToTtoTTTTs
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BUREAU OF MINERAL

RESOURCES,

GEOLOGY 8 GEOPHYSICS

GEOLOGICAL LOG

OF DRILL HOLE

PROJECT Y ELECOM _TTUNNEL

LocaTioN. FMIELBQUARNE _ _CUVY. _ _ L ...
_STATION _BOB X TS _ ,LONIOALE. _STREET___ ____

HOLE No.. 3&

SHEET_'_OF_2-. .

O:liling Intormation Rock Substance Rock Maoss Dofacts
. 2 ; - §§ £ |2 ’g Delect . 2f
§ 2 lol «| 5% | gle 5127 Substonce dascription 22 ’S< spacing | © Oofoct description «c @
£, -5. K3 - I . -eld & g N rock 1ypa, grain.choracleristics, o |g & < {em} o thickness, typae, inclination, planarity, g2¢
F{ ‘SB 813 g e [Sel8 €l &8 colour, structuro, minor components £ &5 oo | « roughnoss, coaling strangth g e
=e - S ~ ] 08068 owoo § <
8 o0 n2wQ lp=m—n ~
BRS
o I b
v e
S 1:as,
ol O g _
4 iy
3 I .
24 1 FiLl
A -+
&4 1
K 2.0~ oot P
o A BINEN ]
3 o 107 N
S| F Ja
< o tLt A L 1
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3 *; - / ]
™ o -
z o] / i h
) 3 > ] ]
1 o ::. */ ]
¢ 3?&‘ ] / L ]
Y Vst 1 d :
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Q2 o—:/ brown | qrey '«:luy‘l'iwnn\\p £ sittztone s . 5%(2,30-,.',..5 -
: ) - § monnty (IXZ {ek  or
4 : steinedl . Beds cenerally ]
4 lesa {lho«f\ WO am™ W\;c <. \ ;
4 4 BAeddin ainte, 3%° woinlls
j/ . I r\ormc\\g-\o‘) beddin )'\gir\\s, 1
] 1 Occoaional lense? B 3
3 q & O~ -4 C\Qy, —
¢ 3 .'
- 1 / ! ]
o - 1
v d ] z2 o |
?5 o '7'0"_‘1 L _‘
L y ‘ ‘
o q 4 R
Zz 9 I -/ X ]
Ol w V) 72 1
I|x 1
< ] / ]
Qv 1 .
ﬁ N 80—4/ - -
;_. —— ] ]
< 100 :/ ]
(%) 1 4
prrrem j p
so| 1 / ]
-0 . .
Py lac -:/ - -+ Smooth and -lhin pedding
] L oints  (235%). Cloy (itled
N 1/ to qz Jom‘s ol 8.5 VOB, h
o | &8 - ; LA
‘ S 1/ ‘ zZ3 C; ' 25 a0° I0em Haak . Beddi Ny 1
] : Ol e
1 / Q: R
10Q ou
Orit type (HEMEQ. 21Q 'wemhoriﬂ ep Po.:kf')" Penetromeater Wator Core Photagraphy Negativa Mo
Food _ HYDRALUNC _ ___]| Fr~Frosh e Plezometar | 2§ 10 Oct 73 waoter lovel dote shown |Dapth(m) 8 B W Colour
Core barral type_ DNILC.. _.{ SW-Slightly weatharod b | Water Inflow 47-1.25 S670c Sb7IC |
------ === === ] MW-Modarataly woathored < Partiol dritiing \ r— e me e e s - mm - d
i tor loss 0000 L. ... e e et —
oeiar Golder 4 - Asses.| HW-Highy woatharad arfiol oriting wmter loss -

- 4 Comptete drilling water loss [~ °°° " Tt T T T
Commencod_:s.jﬁl IS .. EW-Extomoly weothered < TG watac loss S mm e e ==
Completed _ _513_/_’_8_ —— -1 Notes K: : : T Tttt TTT ]
Loggod by G . TRAND_ _ _ Bedding 8 Joint Plones-Angles are measured relative 10 o plans normal to the coreﬂ'oxh Lo e ]

% Water Praggure Tests e -
vortical scale 280, - Lon - \_7‘55//;’/5/2./ €& -
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BUREAU OF MINERAL RESOURCES, PROJECT . JTTLLCOML . WUNNEL . .. HOLE No. 3G
GEOLOGY 8 GEOPHYSICS . LOCATION. FIE L BQURNE _CATY - o o oo . T
CRTATION _BOR + TS . A ONSOALK L STREEN. | L _ |
ANGLE FROM HORIZONTAL (0) Q" _.OIRECTION . _ .. __ ...
GEOLOGICAL LOG OF DRILL HOLE CO-OROINATES . _ _ ____ . ___.__.___ RLOF.13. 5% m _____
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APPENDIX 6

GROUNDWATER LEVEL MEASURMENTS
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MATERIAL HARDNESS . . o1 2:02 (I1'7m), 526 (13-8m) Hole 40 (6.4) 49/300; (8.0) 59/300 HOLE 8
AND STRENGTH Hardness and strength variable. Hardness and strength may be MOST variable Is (50) 026 (11 7m). 0-51(12-1m) , 0-82 (13-8m) , 010 (6-:05m) SPT ;:(}) 23;;88: g;{ 2?;;88 1s(50) 0-2t (5:5m), 0-43 (6:8m), 0-72 (7-0m)

ROCK MASS DEFECTS

dip into tunnel.

Werribee Fm. in chamber roof and near
tunnel ecrownj irregular boundary between
Zone 1 mudstone and Werribee Fm, Zone 1
mudstone incompetent; Werribee Fm. soft and
loose if wet. Stability depends on water
present,and whether steeply dipping defects

Brighton Group above the Werribee
Basalt is EW at its lower contactj

Basalt overlying Zone 1 mudstone is likely;
Formation.,

tunnel at & very acute angle. Bedding in mudstone 45-90

however,possibility exists of sections with Werribee

Irregular surface #t top of Z 1 mudstone; most irregular surface at top of Werribee Fm,
otherwise generally highly fractured/closely jointed,some limonitic cement on joints. Dykes may intersect
© and closely jointed/fractured adjacent to dykes (if present).

Fm overlying Zone 1 mudstone,and with basalt or

Soft and loose in Werribee Fm. and Brighton Group if wet;
some hard bands in Brighton Group with limonitic cement.
Zone 1 mudetone is incompetent.

(1f present).

PREDICTED TUNNELLING
CONDITIONS

Poor in Werribee Fm and Zone 1 mudstone

require blasting. Tunnelli
(hole 5a), 1 day; mudstone

Gonora.lly‘ poor in Zone 1 mudstone,and in Werribee Fm. and Brighton Group (if present);
generally alow due probability of mixed rock at face over most of this section,
hole 6), 1 hour; stand-up time at mixed face generally minimal.

conditions fair in basaltj short sections of basalt may
Estimated stand-up times; basalt

Generally poor in Brighton Group,Werribee Formation and
Zone 1 mudstone., Brighton Group and Werribee Fm will be
fairly atable if drained.

PREDICTED OVERBREAK

at tunnel crown.

Potentially large where Zone 1/Werribee Fm.
or Zone 1/basalt boundaries are close to or

dyke rock.

Potentially large where any formation boundaries are at or close to tunnel orown,
gotentially large for Werribee FPm, and Brighton Group (if present) if wet and uncemented,more stable if dry.
o

Overbreak can be kept to a minimum with care in tunnellings
Larger overbreek may occur adjacent

Potentially large if wet and uncemented; more stable if
dry.

PREDICTED SUPPORT

be required.

Steel sets at 1 m spacing with full timber
lagging in crown = concrete sub-invert may

Steel sets and timber lagging generallyj probably reduced lagging in basalt; possibility of face boards if Werribee Fm. and Brighton Group (if
present) are wet, more stable if dry. Concrete sub-invert may be required.

Steel sets at 1 m and timber lagging,possibly face
boards if wetj sub-invert concrete may be required.

PREDICTED GROUNDWATER
INFLOWS

plezometers,hole 40.

Groundwater level may be between invert and
crown initially. Inflows potentially high
initially,but minor inflows only expected
mainly from top of mudstone. Seepages should
dry out within weeks,but some may recur. See

but some may recur after rain,

Minor inflows expected from top of mudstone; initial groundwater levels probably close to tunnel levelj scepages expected to dry out within weeks,

Potentially high initially,but only minor inflows
expected; seepage expected to dry out within weeks; some

seepage will recur after rainj see Piezometers in holes
8 and 40.
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i @ Pzrcentases not gdiven for = Bmghhon 6(‘oup (Tb) E Ext:r*emz,(% weakhered N Position BPP”Olea*Q 1) Unified S~il Classification CL, CH, SC,etc. reod " con‘\\ur\c_\—\ovr\ W\W\C 3-10-78 P.c. Porcell
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10
0 N\ ,/\/ RL,l-3m
35 { Of\c-'z’
1 185M (R,L —|-7m) Possible N-% stnking ,\“\Y 7
o synclinal axis in fhis area . Three N-5 shiking fold oxes moy occur in fhis sechon of dunnel.
A number of steeply dipping dykes are expected in this section within the Dargile Formation ‘ CHANGE
DATUM -5-000 /0 I 2 3 /CGRADE —=— -5000 |DAT 00 —=—
- 0 el =< ; 4 -5 ATUM —15-0 /5 /6 /
TUNNEL CHAINAGE o 9 gle 3le e s S SE: 5 e S 5 = S 5
o Q PN ~® ) Ne o~ ME © i I c . Q o ol W .
- U —1= N & N S a 3 § @ X S o S N N
S LI . . . ! © ~ 1 X< s
MATERIAL HARDNESS Iuéso;o.zz %s 3 m), 1.30 ge 9 m), 0.90 (9.0 '
. . . , Oe . m; Hardness and strength most variabl CL o, 7.06(7.0 m) 4.34(7.7 m) Hardness and strength CH SPT(7.5 m)14/150, 24/300 CH SP!'§7.7 m)4/150 CH SPT(6.5 m)7/150 o 648 (10-54m
AND STRENGTH I8(50)1.36 (1.05 m), 0,95(10.2 m),0.11(11.0 m). | ngTh me able | 14(50)0.23(7.0 m) 0.32(7.7 m)  variable CL 0i307(7.5 m) (9.0 m)30/150 s 312(6.0 m ( 7/ ' ( ) )
- s 249(9.0 m) o1 344(6.0 m 9/30014/450 Is (50) 0-47(9:6m) 0-99(10-54m
V;;r;i\;eebl‘:}.l étkolz ;longt:cction gf 1révert; less likely to continue to crown. Base | Zone 1 to Zone 3 mudstone; some dykes expected to intercept
ROCK MAS zabe reet Pormation may be at or close to tunnel crown. Basalt is closely | tunnel; mudééone adjacent to dykes likely to b Zone 1 mudsfone gradin
ASS DEFECTS Jointed with defects rarely spaced =10 om, Mudstone below the basalt and Elizabeth | fractured. Zone 3 mxjxdstone mayyextend :bzuto1 ; :tl):::lzrg:inzz“/ Eligabeth Street Pm - mudstone contact at or near tunnel crown; elsewhere Z1 and 2 mudstone; one or Poorly consolidated Elizabeth St. Pm east lo Zone 7
3%, Po. is extremely weathered; some dykes expected in mudstone . Siaces. Bedding ateep. Some hard sandstone bands. more dykes intercept tunnel,possibly with closely jointed/fractured mudstone adjacent to dykes. y o Bedding 450(?5”0
: Jemts 45° ond 90
Good in the basalt,but some sections may require blastingj poor in the mudstone and | Variable,but fair to poor depending on support requirements Poor. Potential settlement greater if Elizabeth St. Fm. 1
: . 00T . « is wet and drained by tunnel. Poor especially if wetj tunnel face stand-up time would be short gy '
PREDICTED TUNNELLING %l:;rib::.f::), the latter will be fairly stable if drained; poor in Eligabeth St. Fm. Direction of summel sdvance upslope would facilitate drainage. tonner Face lively 1o vary from silty sand to clayey sand. If ; C;nd ?ns /g;pmwng towirdls
CONDITIONS - . tunnelling proceeds upgradient Elizabeth St. F. would drain and ,@ns or ,
Stand-up times basalt (hole 10)<5 hrs,mudstone (hole 11)<10 min (see text) Standeup time 23 mudstone (nole 12) 1 day. Stand-up time for mudstone (hole 13)<10 min gecome m(;re stable. Surface water inflows may take place during fsf/;zaffzd ?ﬁ,d/;d;(yjl)o /[@?56
) . eavy rain, mudsione (hHhole .
Main overbreak probably confined to sections where basalt-mudston d Elizabeth than 10 mins (c 7 tole +9;
PREDICTED OVERBREAK Fu. - mudstone gounda.ries are at or close to tunnel orown. La over zabeth St. potentially large where Zone 1 rock is at or close to tunnel Po i ng #o ~
. . tential Potentially moderate initiall t Slabbin M Crown or 13¢¢
if Werribes Fm. extends to tunnel crown rge overbreak possible | ..., entially large if not mined carefully with proper methods and support tomel levZI or higher. ally as water table is likely to be at ,oossfb/egf bedding plores y |
PREDICTED SUP 31?1:;3 ;ets and ;m:;rilagging'tig basalt and mudstone; increased lagging in crown ) - poory oriented #o drecren 9 el dve
PORT ore overbreak is expected,or wherever Werribes or Elizabeth St. Formations |Steel sets and timber lagging. Rock bolts plus mesh reinforced , : . Steel sets and full timber laggi c t j Stee! sets and rmber /399y
;:;e&:; :‘I;d;\zg:.f\mnol orown, Concrete subinvert may be required in Werribee Fm. and shotcrete may be preferred in Zone 2 and 3 mudstone. Steel sets and timber lagging; full lagging in wown,reduced lagging below spring line if in mudstone. required. Some settlement toagg 251)002:2‘3 ° sub-invert may be or rockbolts :/(;5 n:es/y
renforced Sholcrert
PREDICTE GROUNDWATER Probabl ot
small flows only coming from r tact d Werrib . ; 4
INFLOWS up rapiily. Groundwa ter 31"evel zgpocted :kbzogalzwatinnneleﬁve;; Fa.sbut ehould 8ry Prr:::iy “:11 flovs 1on1y; will not persistj groundwater level Small inflows initially,mainly from upper surface of mudstone; should not persist but may recur Moderate inflows should decrease fairly rapidly as excavation Intally small; some Seep~
. P y at or near invert. following rainfall. Groundwater level within mudstone expected above invert level. proceeds from hole 15 towards hole 17 (upgrade{. ages may recur with ram. i
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ol — (R | ons ) oxis w s fold oxis n 4his dyke
DATUM -8-000 i oseo. (N-S sirke 7) areo. (N-S strike?) CHANGE
u.,,q T 20 204 2/ GRADE 36 .
TUNNEL CHAINAGE 3 3 > R $ 3 o ; R 2l 2 -
3 R 3 2 & § 3 2 3 ¥ SR 3
: 3} ) X N N ~ % =
XQBEFSQ‘IQ%EN%IT\_E{DNESS e )o;\ 55(5:;3(23;)&:?:@.7m),9<1(11-0m) S eaen 4-14(9-6m) S| 3/13(7-85m) 18111 -0m) ardness and strength decr:&smg ot wird . #
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m m), 0-50(11-0m) (&) 0-38(7-6m (}153&9(’15'3\')“) Ts(50)0-19(7-85m) 0-14(9-39m) 0-18(10-01m) 0-19(1 -0m) Doke pp 100-350 KP3. See
N R o . X . . e e ST, e vt e e e = et e - PR - - - - - . - - B *
ROCK MASS DEFECTS Beddinglgeneralléy ?gh;;l probably dips ez?,stward at about 35°. Joints generally tight with some limonite cement. Rock mass Bedding probably dips west at 200_300 (increases to about 550 near tunnel invert in hole 20A). Jointing close Weathering main defect; moastly Zone°1 and 2 mudstone. Prequency of dykes may increase plate
generally competent. e few closely jointed or fractured zones are expected to be tight. Rock becomes a little less and rough with some limonite cement. Weathering is main defect. Some moderately weathered sandstone beds. Fold east of hole 21. Bedding dips at 80" in hole 21 adjacent to dyke, but is variable else- _
competent at each end of this section. Dargile Formation, mainly mudstone with thin sandstone bands at tunnel level. axes in this section may align with closely jointed zones. where. Joints open with some clay seams. Some closely jointed and fractured zones. 5 .
. i
Good tunnelling conditionsj 1ittl iati i i ; - '
PREDICTED TUNNELLING ng nsj ittle variation in rock quality expected. Pair tunnelling conditionsj; some mgtability, particularly near tunnel crown, dus to shallow dipping beds and Poor in Zone 4 and 2 mudskone . Blocks of loose rock likely, for §
CONDITIONS possibly from the hanging wall of thick hard sandstone beds. Estimated stand-up time (hole 20A) about 8 hours; especially in region of dykes and in tunnel crown. £
Estimated stand-up time Zone 3 mudstone (hole 19) about 1 week. :i:::i;xg may occur from main tunnel face if driven Eatimakbed skand-up time Hole 21 = less tham 1 Hr. detail i
PREDICTED OVERBREAK Should be negli - | |
gible if rock quality remains uniform rticularly if i i ' Y
y Pa ularly a tunnel excavating machine is used. Potentially moderate; slabbing from crown and beneath hard sandstone beds is possible in places. Pot.ent.ially h.‘g;\,Pw-Hw;m—\y n zone | mudstone and extremely weolhered dykes. of ;
PREDICTED SUPPORT Rﬁzn&tfrim no Bugpor: (w;th rz:?dom)rockbolts), to rockbolts, untensioned and grouted at 1 m centres, mesh reinforced (plus Rockbolts, tensioned and grouted, 1 m centres plus mesh reinforced shotcrete (5 cm). Alternatives steel sets Rockbolls tensioned énd grouted, Im centres plus mesh reinforced shotcrete (Scm, . Affernatives mess this )
SREDICTED GROUNDWATER shotorete in more fractured sections). and lagging or mesh reinforced shotcrete (10 cm). reinfrced Sholcrete Ocm Thick, or Steel and timber (3gging, with addition of shotcrefe I p/@ces.
" |Negligible; some seepage initial | ;
INFLOWS page initially; some seepage recurrent. Some seepage initially; some seepage recurrent. Secpage only. No sfﬁin}ﬁcan&—. flowsa section
. - . 1
DRILL HOLE SUMMARY LOG (D RQD. (Rock Qudity Designation) GRAPHIC LOG (CONT) (3 ROCK_WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH Nore © These sechona st | oegos prOLDBET s
. Percentages nok given for o B”ighh"' Group (Tb) E  Extremely weakhered N ] - _ be read in comionchio 28-6-78 G.Trond PROPOSED TELECOM CABLE TUNNEL.
RaD * EHMEF I 7(R.L) exkremely weakhered rock. — Highl a hered - —  Positien approximate 1) Unifiz2 3cil Classification CL., CH, SC.etc . _ O " 8-8-78 DC Curcell ~
| Basalt Terkiary Older y Mlgdﬂ we;at reathered 2) Direct Snear: Stress s , kPa, (depth) . %\; n?PProPrme 9-10°78 CRECKED GEOLOGICAL SECTIONS
) - Vol oderately weathere ) : ¥ - g = ) s o e wriften - .
Terkiary Tuff dlcanics (Tov) SF Slightly weakhered or fresh WEAT HERING BOUNDARY 3) Uncontined Compressive Strength - Soll gy - kPa, depth] | Pr:por—\’, .G wilson LONSDALE ST CH. 100 TO 460m
<17 @ GRAPHIC LOG Werribee Formation (Tw) When dealing with mudstone L) Unconfined Lompressive Strength - Rock—— 0y . MPa, (deptn] LONSDALE ST CH 460 TO807m
— _ _ — —_ iFi : 5) Point Load Index Is(50,MP ' DATE '
212] Concreke . bik. Dok E Zone 1 Position approximate "~ : _ —_ Is a., (depth)
- _20— ! ol a'nd'/ u"“;" and fill Devonian Mﬂd: _ H >one 2 6} Penetration resistance SPT (cepth in metres] N°of blows/ length of hole{mm| I SEFT. 1978
120 |, olluvium or clay (Qce) udstone M Zone 3 ) : : :
Quakernar , , _ , . ) : CALE : Hor [:500 Vert [1:200
o1/ uakernes Elizabeth Strack Formakion (Qe) Dilurian Mudskone with Dargile SF Zone 4or5 \\ Sheared rock stAnD -up TimMES: Most figures given ore  considered TUNNEL BEARING:Add 6°39'40" to DRAWING NO SCALE: fror 13 il
/ 1o < minor aand sktone Format.ion R 2T, | in olrill | Locat! d of trati o be conservative (see text). bring fo AMG ZONE 55 approxi- ' ' T
, 210 (Hole deptn) ; ster level in orill hole v ocation and no. of penetration : , & Uy _ ~ J55/A5/12 PLATE 4
P Mainly sandstone (S) P Location of piezomeber 6/6 resistance Test (static cone) mate plane bearing. REAU OF MiNeRAL Rusoulces | GeEowoad § Geofiisics | CANRERRA | AC T
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‘ T % = 835 023 34 23A. 33 24 , |
TUNNEL CHAINAGE ‘ i, & < N & 39 Y o o]  © = 52
] ® © 3 § § § S . b s e KR Sl o 3 3
MATER! Hole 35 . 3 , . £ . > . L) 8§ 0 3‘, NN ¢ SLL—‘ o
AND SWA&EN%AI'%DNESS ole 35 S P7 ((_f;g ;///s":’o[(;zg//;;;,h 3 757140, S1_ %% £Fa (5-5m) SPT(¢3)20/300,(5-3) 22/300,(6-1) 337300 = = Q 91 JRp 8 g Py :M~ 'f.f'ﬂ DA
S —— 4 SPT (7-0m) 50/380 (8-0m) 36/450(2.0m) 50/200 (7.3) 30/300,(8.3) 2//200,4.0) ¥#/300 s(50) o 2"1(?‘2‘5, 2L ikl Im
PR ' * - ' o ’ T T ‘ - —— : 0-481(7.5} 9.0)
. Colluvium consiati f el - . . . i e e e _ L Weathered Dargile F'orma'hon with zones {and 2 mudstone, colluvium at or near M ‘
ROCK MASS DEFECTS mear base of ooglu?rgu:. gtﬁ?ysﬁ}c;scﬁg :;?:;::22 ;e:nédi giay;; sox:: clean sands with 13-15 percent fines mainly clay; eome pebbles . | '°ne'<=n Bedding horizontal o 35% wiest; Jomts apen with some cray semms. |
be presence of vater in sands. ’ erlies the silty and oclayey sand present at tunnel level., Main defect will 25
. T L ee
PREDICTED TUNNELLING ) ?Pt:;nhmni glling conditions; possibly the most diffioult material to be turmelled if wet. Low xsem.;bnity’ugd{ not readily Poor in zones |and 2 mudstone; blocks of losse rock likely | \ :
CONDITIONS slabilize bY grouting (Williams, 1978). Surfaey water inflows may take place during heavy rain. bot improving eastward in zone 3 mudstone with e e T z next
_ : i S?GCHOn
Pot’nﬂall lu 1: = P - N B T el R B o - — PE— A - et ‘,,‘w\..w._. ~ A
PREDICTED OVERBREAK careful mi ing g:quir:&ndld o Zﬁ:éﬁf'.mﬁﬁﬁf silty clays would probably limit initial overbreak. Some settlement is to be axpected;” Potentially high particularly in zome 1 mudstone
- ..,ﬂl-.*vix;-,uu, - 1 . . ' 7 . B be‘ow
PR Sheet pilea and timbe . : & - : : - - , ‘
F“PREB'ETFP SUPPORT maintarned: Shters oaTmor open out. Steel sets: | m cantres with full tizber lagsing for tumnelling) if full face stability cammot be | o L thl Ly Num o oo ol LT I Tl " S
ICTED GROUNDWATER P PORES 20 TeqUiIet. : ~ — _ e om Hick or stes’ sels wih fimber 1399'ng ! or
INFLOWS m“;tmiy‘i:" but z:;‘etstcnt inflows from sands of low permeability,particularly during rainy periods; groundwater levels below Seepage only, will subside but may recur after rain '
consd ;’:’:a foag;:{.c 3 : ri“o“’ standpipe and piezometer levels for groundwater monitoring. Direct dewatering of sands not i text L
e ool lovi o3 dewatering by pumping from deep bores in fractured MW to SW Dargile Fm, should improve invert conditions in ; :
i
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30/
VEL _ -
_ﬁ% TUNNEL INVERT L Excavation
0 7e,/", - C-Line
w/// 20.0\,‘:,5ﬂ‘
N TS
——'loo/a Zone 3 arjd 4 Zone 3 Yo 4
~ R MURLA TUNNELS
|
|
DATUM _7-000 32 l 26 27
o Q o
TUNNEL CHAINAGE o I 5 3 Lo 3
= e - —- N o 'R “(*} o
. : - TV , — - PV - N
XQBEF‘;#\F%EN%AT?{DNESS % Material strength and hardness broken by dykes,generally improving to the sast. Is(s0), 08,12 (8m) Issdi2 (B8m)
O Bedding generally tight and olose and surfaces often roughy probably dipe west at 20-35°, Jeints frequently normsl to bedAing,generally Hight but
ROCK MASS DEFECTS | we vary from strongly to weakly cemented; some are westhered and clay coated. Thin clay on bedding plane surfaces not common. Praoture sones likely ‘
o in mudstone adjacent to dykes,some of which may be 1 m wide. No drillholes near the Lonsdale~S8pring St. Terpinating Chambexrs- Zone 5 mndatone |
a is expected to continue through to Bpring 8%,  Stand-up fimes: Hole 26 about 3 hours ; Hole 27 about 1day. . ' o L CL
— ‘} . ‘ N ‘ . (Y ) : . :
ESEB:_C‘_'ITOENDS TUNNELLING < | ‘Tunnelling conditions generally very good; rock weathering decrcases east of hole 26 to Zones 3 and 4, Some minor instability may arise from .
: 5 11 slabbing from tunmel orown vhere joints and/or bedding planes are open asd clay coated, . SR ~ .
PREDICTED OVERBREAK = B Vexy smal l.ylimrv r amount nmo yinted with lhbhin&fm $unnel orown or fase (if driven sguinst dip direction, 1.0. east). Little overtresk rbreek
O ug;:ohd from a tunnel excawaiion mevhine. Blasted sections will have grester overbresk. o . N ;
PREDICTED SUPPORT . E m‘ﬂ{ryﬁmo.:‘:wﬁo;)ﬁm randoa reokbolts to pattern rookbolts,untensioned and grouted at 1 a m""ﬂ‘*”‘”‘?’““i(ﬁ?fﬁ“m’hu \
I’?\JRFFT_[())ISVEED GROUNDWATER | n’%nly dry or partly damps some sespages initially and scme ssepage murrontafm redn, v | |
DRILL HOLE éUMMARY 106~ (D RQD(Rock Quaiity Designation) GRAPHIC LOG (CONT) 3 ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH MRS oEOLOGIST TITLE |
oV Taer :z:;'r':: es ::zh eﬂ’;np?;: | 23| Brignton Group (TD) & E*:J“m‘w hwea!;-hercd —— ——— Position Approximate 1) Unified Soil Classification CL, CH, SC, etc "‘—-—-—°TE‘\DZ“:’:; ie‘:o:;‘ui C;_\';‘:‘S’“ 15-3-7;; DC furcell PROPOSED TELECOM CABLE TUNNEL |
w . i . ¢ _ -
» - water ° Basalr Terkiary Older " ghiy weakhere Z)DlreCt.Sheqr . . s, kPa{depth) with the oppropricte tts 3-lo-73 CHECKED _ GEOLOG'CAL SECT'ONS
P P : Tt . Volcanics {Tov) M  Moderately weathered 3)Unconfined Compressive Strength - Soil—— ¢ kPa.(depth) of the written Pm &PQ E.G. Wilson
lezometer erbiacy Tu ". : SF Slightly weathered or fresh WEATHERING BOUNDARY 4VUncontined Compressive Strength - Reck— oi ,MPa(depth) ' port LONSDALE ST CH. 807 TO1054m
(2 GRAPHIC LOG Werribee Format.ion (Tw) When desling with mudstone — | 5/Point Load Index—————- - ————1Is(50),MPa. (depth) LONSDALE ST CH.I054 TOI300m
3 ' . A —= E Zone 1 - — Positicn Approximate 6)Penetration Resistance SPT(depth inm) N°of blows /lengt DATE ‘ o
___ 3 concrete, bikunen and fil Devonian 7] Dyke o W Sheared Rock P 9'h of hole{mm) 1 SEPT. 1978
—— et —— " R o [ . .
Quaternar -g‘g Colluvium and for cle(g (Qco) ZZ Mudst.one M Zch 3 N STAND -UP TIMES Most ‘ci%uvas given are cons)’:derecl TUNNEL BEARINGS: Add 6° 39 40" 1o SCALE : Hor 1:500 Vert 1:200
U B . M . .
= ¢ B Elizabech Street Formakion (Qe) Silurian ./ Mgdst.om:i:h g?‘rm‘g::ion SF  Zone 4or3 v6/6 Location and no.of penetration to be conservedive (see texty :1::: p'l?:n:Mbia:r?gNE %% epprort” DRAWING NUMBER
minor sandst.one v ; ; . ' , .
—8 oM ‘ 77 Mainly sandstone (S) i Zjii;;ive‘o; np':l;:m:::; resistance test(static cone). BureAu oF MiNERAL RESOURCES | GEOLOGY § GEOPHYSICS CANBERRA A .CT. J55/A5/13 : PLATE 5 / -
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Gr 37 \ |l — RUSSELL-LITTLE BOWRKE ST, / E,E, / L
TP2 | | w CABLE (CHAMBER / /
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2 1R = EXHIBITION
= N 8 MURLA%/
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l 2 ' rH Tunners | / R
22 38 / NQRTH
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R ’
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;,- T ——— s |
7 it 4 i /
% L] 4l P !
% S £ i3 \ / /
Z s = SR : / /
/! s 52 | /
] £3 Qco \'\:7 /
L/ o 0T I
25% gﬁ::l‘wm INVERT Leves ! -—~-, 2°] ol /
Zem ~% M 72 / .
RL B33m ke L N5e5 - /
e /
Yo ° 1 e o
\ 7 } Zone ! Zones ./ i NS
% R 2and 3 T 147m (R.L - 7m) AL Sh2m
1¢-6 L2 1&2 —%-em(aL 3-w)
Zones 2 ong 3
' VICTORIA -
RATHDOWNE ST S
DATUM -5-000 36 37 TP 22 3g TERMINAL CHAMBER
S ~ & HY QNS 8 b )
TUNNELWEHAINAGE S 3 sle &4 s a R
MATERIAL HARDNESS SPT 3 m - 17/300; 5 m = 20/300; 7 m = 47/3005 9 m - 2:/150
AND STRENGTH 4m-19/3003 6 m - 25/300; 8 m - 30/1605 10 m - 25/120
Colluviums mottled dark Brown,orange,firm to stiff silty clay from surface to about 5m. o Clayey silts and sands at | )
ROCK MASS DEFECTS tunnel levels. Zones 1 and 2 mudstone 3t each end of this section,bedding 25=45" clay lined. Main defect will be i
presence of water.
PREDICTED TUNNELLING Poor tunnelling conditions in colluvium,possibly the most difficult material of the project if wet, Low permeability sands not
CONDITIONS readily stabilized by grouting (Williams, 1978). Zones 1 and 2 mudstone will provide poor tunnelling conditions, 31, DRlLLI—/OLE 29 30
PREDICTED OVERBREAK Potentially about 1 m extending up to base of firm silty clay if the sandy clay at tunnel crown is wet. Some settlement to be : OFFSET 29m Viclorsa - HOLE 29
expected,careful mining required to control settlement. Blocky overbreak from crown in mudstone,particularly in Zone 2. WEST /?af/?dowfclj 52 CSH-ed oM Pr"evious route c:chr“no-Hve,)
Termmnal amber .
] PREDICTED SUPPORT Steel sets at 1 m spacing with full timber lagging; if full face stability ocannot be maintained,shield or hand mining would be TR4 T.P3 TRP2 TP e N ¢ SHAFT
! required. Sheet piles and timber if open cut, Y I g g
- — — . K . 3R e
_ ‘ Potentially low but persistent inflows from sands of low permeability,particularly during rainy periode; groundwater levels below § §’ 3 $ Excavation Vi Ao Py & g ; ?
PREDICTED GROUNDWATER the tunnel are expected to rise; see standpipe and plezometer levels for groundwater monitoring. Direct dewatering of sands not N S| C Line e 2r P s
INFLOWS considered feasiblej dewatering by pumping from deep bores in fractured MW to SW Dargile Fm. should improve invert conditions in | OIS = ] R
the colluvium, N _— R B )
, Ee— : % —_— Qco Lol
w | 5 otrobe  S¥ _ q)o J— v -
__/ | = :~; Information inadequate Zone | :
! N Qco ;“:i : Qco Dykes likely to intercept tunnel '
‘ ;"  —— p e —_— between holes 3| and 30
i —-\
| -—3 600 (INTERNAL) PROPUSED TUNNE ) p
— | EXHIBITION | 38001 ) FROP JINEL A N STREET GRID It 2047 | Zone 1-2 U /————  zZone 2-3 |
f ; 2 N ! ~ L /  §/ Ik
T : K~ m; 0V lL.19-485 b
| ° ’ 7 . : | —1 - —— e \\ _ -
! v TUNNEL BEARING 332 (03 53 815 m 42 =2, l _I 1N _
104705 A Y < , | 75 Zone3 T\ \Uﬁ 58
————10¢7. 90 Z(J \]3_2 A : I I N \ Z\mmljl.‘a'é “9‘ /_{ . :::‘55\2"'0 ENC L
8 ( i , l R‘VL'GI':;,\M A Excavation L 1108m 12:5M (R.L. 16-88m)
\ Z f | I C-Line !
'®) P j | | l ’
= jur] ! MURLA l
TP2 224.54 EASEMENTS '
DRILLHOLE 28 ' I
oFFseT 875m | | | | INGITUDINAL SECTION ON ¢ OF TUNNEL ,
dj WEST. t l
i
‘ ,v— l ‘ : | ~
; t ‘
‘ | | |
@— L .
- ) RL. 0O 00
,"\ 90 ,L'ébr
P L2
P I —— 2%
5| i | —
- \ —— EKCC:-O \/.Q‘(I_}\(;‘ ™M QC—O g;_j}. QCO
! - Ling L3
7 T \\/\ e —| = ’//-2 P )
_/ ( — Zone I'spgd 2 Pl 2% Zone 1
E)-/ ( T — &9 —_— — BH g -
? I e S 57 , 4/ [ I
78 _.".: | Zone 3 N I/ _'-‘ .
é 23'9'77 o Zones o 80 3/ i /
_"/ L 14-000 TUNNEL INVERT LEVEL _‘// 2 and3 ' : :
loo/ ——/ ol 1010 m 1010
1620 Zone 3,;’-& 4 B "“d\/cﬁ‘ior‘\ _2_0/ RL. {3.33m RL 13233 m
RL 12°57Tm . C - Liﬂ(Z 45"',-‘ (19M
| ]
| . N x
DATUM 8-000 28 Raz N 31 TP 24 30
3 5 < N|o 3 o = > S8 Elm 2 % SR 9 QN w
TUNNEL CHAINAGE : 4 NERE 'E 3 £ se o 5 NS 3 Sle e
MATERIAL HARDNESS Hardness and strength controlled by weathering and intensity of jointing I8(50) 5-7 m=0.711 N . t)
AND STRENGTH 7=9 m=0,230 N Variable from Zone 3 mudstone to EW dykes (probably present).
e 9-10 m=0.140 o o
Dargile Fm. Zone 3 mudstone becoming Zone 2-3 mudstone at Little Longdale St.; MW interbedded sandstone. Zone 1 mudstone likely within 1 m Dargile Fm Zone 1 to 2 mudstone at Latrobe St. ranging to Zone 2-3 at Victoria St.j; some MW sandstone interbeds. Known 10 m dyke nearby; dykes
ROCK MASS DEFECTS above crown opposite hole 28, Bedding ranges from subhorizontal at Lonsdale St. to 35 west at Little Lonsdale St. Bedding tight and close likely to intercept tunnel at very acute angle, particularly between holes 30 and 313 EW dyke rock and closely jointed/fractured Dargile Fm
, to wide and open with clay fill or limonite staining; joints generally normal to bedding dip 45 to 70 ,ranging from close uncemented to ' . adjacent to dykes. Bedding strike subparallel to midesection of tunnel and dips 35-45" west. Joints and bedding partiallg cemented with
weakly cemented or open. Dykes may intercept tunnel at a very acute angle. limonite. Stand-up times generally > 8 hours in Zone 2 to 3, reduced where colluvium s within 2m of crown, about lQmunf at hg!@ !
PREDICTED TUNNELLING Tunnelling conditions good; some minor instability may arise from elabbing from tunnel crown where joints/bedding planes are open of ! Variable from good to poor,depending on incidence of fracture zones and dykes,proximity of colluvium to tunnel crown at hole 31,and the
CONDITIONS clay lined. Possible closely Jointed/fractured rock adjacent to dykes (if present). B tendency for slabbing from the crown. ' ST e
Estimated stand-up times from hole 32, > 10 hours; hole 42, about 10 hours. ' Stand-up times expected to vary videly.
Small,may be associated with slé.bbing from tunnel crown above eastern spring line. Little overbreak from a tunnel excavation machine. Lt
PREDICTED OVERBREAK Any blasted sections will have greater overbreak. Overbreak from east wall and crown will increase greatly adjacent to dykes (if present). | Small %o large depending on combined effect of rock defecta. Most overbreak expected from above east wall epring line.
. : ? Steel sets in centres and timber 1 ings alternatively rockbolts,tensioned and grouted at 1 m centres and mesh rainforced} shotcrete up to
PREDICTED SUPPORT Rockbolts,untensioned and grouted at 1 m centres, mesh reinforced (plus shotcrete in more fractured sections). 10 om added as required for utabil?%g.ngteel piles witnh full lagging for open cut., ‘ P
PREDICTED GROUNDWATER Mainly d , e
y dry or partly damp. small inflows initially; mainly dry. ,
INFLOWS i v ey &
: : : . AMENDMENTS GEOLOGIST TITLE
DRILL HOLE SUMMARY LOG (1) RQD.IRock Quality Designation) GRAPHIC L0OG (CONT) @ ROCK WEATHERING GEOLOGICAL BOUNDARY MATERIAL HARDNESS & STRENGTH NOTE :© Thoce cochons moes | 2e-c-78 6. Trard PROPOSED TELECOM CABLE TUNNE!
@ — NOTE - es secho ) 18- 8-178 : ‘;‘ \ L
Pcrcentages nok 8|'ven for sty Br'ighton Group (Tb) E E.xt:.r*emc!g weabhered —_——— Positi approximale 1) Unified Soil Cl ification CL,CH, $C, et be tead in coniunckion - 10-18 D.Q.. L rcel
—— osifion 00 mftie STe]] assitica s s 3 €1C | 3
AL L exkremely weakhered rock. > B®asait Tertisry Older H  Highly weathered 2) Direct Shear Stress s . kPa_ (depth) with the oppropriate CHECKED GEOLOGICAL SECTIONS
== Tuer Volcarics ( Tov) M M‘?‘”‘”a“’:i weathered 3) Unconfined Compressive Strength - Soil 0’y . kPa, (depth} ports of Hhe written £6. Wiison RUSSELL ST &
[¥T ‘ SF S}ughf_)fg weathered or fresh WEAT HERING BOUNDARY 4) Unconfined Compressive Strength - Rock —___ (TI . MPa , (depth) eror+. :
@ GRAPH'C LOG Werribee Formation (TW) When dzal{ng wikh mudatore : Position a”/O/DfOX/'mafZ 5) Point Load Index _-_15(50),MPG., {depth) CATE EXHIBIT[ON ST
23] Concrete , bitumen and fill Dyke 5 ZOHQ 13 6 Penetration resistance ¥ i SPT depthinm) Noof bm/s/ tencth of hole (mm) 1 SEPTEMBER. 1978
—=— ) one <= STAND -UP TIMES | Most iguTesS  given ore considered ‘o be SCALE : : :
RS ~ L Hor 1:500 Vert [f:200
Quahar‘nar‘(g Colluvium and/or cla(g (Qco) hl\:ud.stona . w Dargilc gAF ;one ;: s \\ Sheared rock conservaodtive (See +ex4). TUNNEL BEARING: Add 6°39'40" to . C L Q er.
"] Elizabekh Strect Formation Silurian 7 udstone wi ) one 4 or ' ' bring t¢c AMG 7ONE 55 approxi~ 2
ormation (Qe) ﬂ minor sanelstone Fb?";b.lon Y Warer ievel in orill hole v Locaton and no. of penetration mate plane bearing. BUREAU OF MINERAL RESOURCES, GEOLOGY 4 GEOPHYISICS [CANBERKA A €T J55/A5/14 PLATE 6
- —8om l‘ Mamt,ﬂ sandskone P Losation of piezomeber 6/6 res/slance 7est  (sfatic cone).
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G NORTH FACING EAST FACING EAST @ FACING NORTH FACING NORTH FACING NORTH FACING WEST
®
ESL _ .
_ FT] —_— \?’\\F_‘.ﬂ\ ESL  RL2z-34
—_T - =51 o |
o — Qe = VENTILATION
wennib Brighton
enribee Group. — S Tov Bore ES.L.
Fm. ~—_ s ! “*I/'// ¥ Hole Bl
- |
Zonel \' /L——: | Eal - I’/ \\i S Zone |\ and 2
wenmibee Fh. P %. Fitl F*-~T‘~‘__EJ:I ESL. T
' | ' Brighton  Grou —— Fifl ESL -
| , _ /:_’_9__ P —— ! Fill !
Formation boundaries : Te—— 'bee Fm Tw - T N — e e————— S
nat known Z e | werri Zone | Qe _ |
(some Zone2) — Zore 2 ?‘ t | Qe - Mainly Zone 2 %
! ; : I ‘
! — | Zone | 3 — _Zone| |
\
! = f Tt — 7 S — :
' ‘ I Zorne 3 I — i
DAT [ ‘ ‘ Zone_ 2 | ZOﬂé 2- 3
ATUM R.L 0.0 7 | l I - No dri /thole st Ithis chamber S
QUEEN ST QUEEN - LT. BOURKE ST QUEEN —LT. COLLINS ST i LONSDALE -QUEEN ST LONSDALE - WEST OF ELIZABETH ST LONSDALE ~-EAST OF L ONSDALE -WEST OF RUSSELL ST.
ELZABETH Sl
CABLE CHAMBER CABLE CHAMBER CABLE CHAMBER CABLE CHAMBER LOADING COL CHAMBER MANHOLE & VENT_ATION SHAFT
MANHOLE ( NEAR HOLE 20 A)
8 — 40 HOLE 10
TUNNEL CHAINAGE S 2 < N g H N 9 % 2 3
- N N Q 8 > 0 & 4 S
MATERIAL HARDNESS Hardness and stren S 1 B x = - ST B 4s (o e
gth variable Is(50)02) (5:5m) 043 (&-8m) Is 022 (835m) 113/0:4 (8 20m) TG o A7 (g em
AND_ STRENGTH ShEEoe e D3/8 3T S5 A 8 5 a2 B
Soff and logse 'm‘ Werribee Fm and Brignton Group 1f wef; Located entirely in hi HH Qe is generally firm in drg conditian, Mudstone s |Rack. mass eraily Rock. mass farrlu softand weak
ROCK MASS DEFECTS some hard bands in Brighfon Group with limomte cement Werribee Formation in chamber roof; irregular boundaries befween Werribee Fm and Zone | fractured variably weathered extremel weathered and soft and wea
Zone | mudstone is incompetent. mudsfone and Werribee Fm and Brighton Group. Zone { mudstone mcompefent, Werribee Fm soft and basalt. Topof Werribee Fm may be close fo ncormpetent. Mudsfone - Qe boundary very weak;
loase 1f wet stability depen—cij_mfz}nly on amount of water present and orienfation of rock defects or presence of dykd mnvert level Base of basalt is EW rock liable o be wet.
Poor in Brighton Group, Werribee Fm and Zone f mudstone, Brighton Group and Werribee Fm Malerial strong bul rock. mass | Good N Qe malerial f dr - Jeood for anilli and Good for drilli and cas(rg.
PF(;[%BIIEI:'TOENDS' EXCAVATION will stand up satisfactorily if drained, provided the delay in instatlation of support is Kept to @ minimum. Poor 1 Werribee Fm and Zone | mudstone. fairiy weak. due to fractures | Poor N Mudstone. E casng . = ™3
C bnne\h"nciocor\dlhons
orly fair. Estimated s nd-up tmedS
Loss of ground pofentially high if wet and uncernented Pofentially high particularl, in crown where Werribee Fm could be loose and uncohesive. Patentiallu high  especially above| Qe-small with areful exaavotion
r_VPREDICTED OVERBREAK }S?urffafei_s’efﬂgrneﬁf.s‘ poTeﬂalﬁ large ] i Zone | mudstone overbreak from walls depends on orientation of defects cluding dykes. Spr\ihnclg \i\rjqe, S E Mudstone - potentially higher han Qe | ‘ 3
PREDICTED SUPPORT S:g ?:\Zﬂ‘;rgn‘cé’r'éfgmmzerb‘:‘lgcm() b:hmd sefs. Steel sets and full himber lagging required for Werribez Fm and zone 1 mudstone. Steel sets and timber \ooging | Steel and imber lagging in tunnel section. Open cut walls Steel casing - Stee! casing.
S g oD el tongre® may e quire 3 Concrete sub invert may be required. | Rockbolts with mesh reinforced shotcrefe supporied by sddier piles and lagging only . e S
PREDICTED GROUNDWATER ,:)r_nha\ly may be high.decreasing fairly rapidly o seepage Groundwaler level may be bafween mvert and crown inifially. Initial inflows pofentially [~itally small fows +hrough Small intally - sespage to dry after Not relevant if manhole [Not relevant i manhole and
INFLOWS - Plezometers in rl°"’=5 8 and 40 for moniforing greundwdter B high, but will rever? to minor seepage only mainly from fop of mudstone froch. Basatt . Reducing o saspage. | excavation. dritled and cased . shaft dnilled and cased. .
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