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SUMMARY

In 1974 the then Department of Housing and Construction
requested the Bureau of Mineral Resources to carry out geological
design investigations of the proposed Ginninderra sewer tunnel,
extending about 5.2 km from Ginninderra Creek southwards to the
Lower Molonglo Water Quality Control Centre,

A continuous seismic refraction profile was obtained
(and also some cross traverses) along the route, which was
mapped at scales of 1:2400 and 1:9600. 14 diamond-drill holes
and 9 groundwater observation bores were drilled, by the Depart-
ment of Housing and Construction and Bureau of Mineral Resources
respectively, and several mechanical rock parameters were deter-
mined by the Bureau of Mineral Resources.

The tunnels will be driven through an Upper Silurian
sequence of acid volcanics, tuffaceous sediments, and a granite
porphyry intrusion. Some units in the sequence are gently to
moderately folded. TFive major faults have been detected, and
many small fractured or sheared zones are indicated by airphoto-
lineaments and zones of low seismic velocity. Seismic risk to
the tunnel, its lining, shafts, or other appurtenant works is
very low.

The engineering, geological, and excavation properties
of the different rock types have been determined. The rocks to
be excavated are generally very hard and strong, and mostly good
tunnelling conditions can be expected. Poor tunnelling condit-
ions will generally be confined to faulted, fractured, or sheared
zones, and about 16 percent of the tunnel will require support.

‘Shafts and portals are favourably located with respect
to geology, and no serious geotechnical problems are expected.



1. INTRODUCTION

1.1 BACKGROUND

Wastewater from the Ginninderra catchment (i.e., the
Belconnen and future Gungahlin development areas) is currently
treated at the Belconnen Water Pollution Control Centre (BWPCC).
Conventional treatment is followed by lagooning before discharge
of effluent to Ginninderra Creek, which flows via the Murrumbidgee
River to Burrinjuck Reservoir. The BWPCC has an effective
capacity to serve about 70 000 persons; this number is expected
to be exceeded in 1977-78, so that the plant must be augmented or
wastewater diverted to the Lower Molonglo Water Quality Control
Centre (LMWQCC) about 5.3 km away.

An augmented plant at Belconnen would require nutrient
removal facilities to avoid stimulating excessive aquatic growths
in the receiving waters, and an economic study indicated substan-
tial economies in both capital and operating costs by diverting
wastewater to the LMWQCC. A tunnel was preferred to a trench
sewer because the shorter tunnel route results in a lower capital
cost, and also because construction difficulties and environmental
impact are substantially less. :

The tunnel will have sufficient capacity to divert
future wastewater flows from the neighbouring Gooromon Ponds and
Jeir catchements because of the economies of treating all waste-
water at the LMWQCC and the small additional cost for a larger
tunnel.

1.2 ENGINEERING DETAILS

The Ginninderra sewer tunnel (GST) will join the exist-
ing BWPCC near Ginninderra Creek, to the IMWQCC near the conflu-
ence of the Molonglo and Murrumbidgee Rivers (Fig. 1).

The design details are shown in Figures 2 and 3.

This scheme will consist of two 2130 mm diameter con-
crete-lined tunnels about 4240 m and 860 m long, joined at Window
Bend by about 150 m of pipe which will be buried in an embankment
of spoil excavated from the tunnels. The sewer will fall 8.8 m
from RL 523.7 at the base of shaft 1 to RL 514.9 at the outlet
portal at LMWQCC - a gradient of 1:600. Two 2600 mm diameter
concrete-lined ventilation shafts (shafts 2 and 3) 41 m and 46 m
deep will be excavated 4 m west of the centre line of the tunnel
at Stn 17+12 and Stn 33+15 (Plate 1).

The GST will be connected to the existing Belconnen
trunk sewer by a 210 m section of 1500 mm diameter concrete pipe
in an open-cut trench, a tunnel about 148 m long lined with 1350
mm diameter concrete pipes, and a 61 m section of 2130 mm diameter
concrete pipe in an open-cut trench. '
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Two concrete-lined shafts - shaft C and shaft 1 of 2600
mm and 4500 mm diameter, respectively, incorporating vortex drop
structures - will drop the sewerage from the Belconnen trunk
sewer (RL 555) to the GST (RL 523,7).

The design provides for connection to future sewers from
Gooromon Ponds at point E (RL 536) and from Jeir at the bottom of

shaft 1 (RL 523.7).
1.3 REQUEST FOR GEOLOGICAL INVESTIGATION

In April 1974 the then Department of Housing and Con-
struction (DHC), who were to design the sewer on behalf of the
National Capital Development Commission (NCDC), asked the Burcau
of Mineral Resources (BMR) to carry out a feasibility investiga-

tion along the proposed route.

In late 1974, NCDC decided that the sewer was to be
completed in 1978. DHC then requested BMR to:

(a) carry out a geological design investigation along the
adopted route;

(b) provide geological information for the design of the
tunnel; and

(c) prepare a report for inclusion in the 'Information for
Tenderers' document.

1.4 SCOPE OF INVESTIGATION

During the feasibility stage, geological information
was made available to assist in determining:

(a) the feasibility of constructing a tunnel from BVWVPCC to
the LMWQCC;

(b) the most practical route and elevation for the tunnel,
taking into account cost and environmental aspects; and

(c) the best positions for the shafts.

During the design stage and for the 'Information for
Tenderers' document, information was made available about the
geology bf the route and the effect it will have on the design
and construction of the tunnel, shafts, portals, and the connec-
tion from the north end of the tunnel to the existing Belconnen
trunk sewer; in particular to predict the effect of geology on:

(d) choice of tunnelling method
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=

rate of advance
-~ wear rate of drills
explosive quantities

(e) excavation conditions

(f) overbreak

(g) support - type
- amount

(h) groundwater inflows - quantities
- duration of flow
- effect on excavation rate
- effect on concrete placement
- long-term effect on concrete
lining.

All these parameters have been studied and this report

lists and describes the results of the investigations carried out
by the BMR Engineering Geology Subsection for DHC.

2. GENERAL GEOLOGY

2.1 REGIONAL GEOLOGY

The regional geology of the area is described in the
Canberra 1:250 000 Geological Series map and explanatory notes
(Strusz, 1971), and the area was more recently mapped for the
Brindabella Sheet of the 1:100 000 Geological Series (Owen &
Wyborn, 1975).

The interpretative solid geology of the proposed tunnel
area is shown in Plate 1. The tunnels will be driven through an
Upper Silurian sequence of acid volcanics, tuffaceous sediments,
and a granite intrusion.*

o Thg rocks are ‘faulted, gently folded, and are tilted
about 20°-30" southwest.

2.2 PHYSIOGRAPHY AND WEATHERING

The area south of Stn 40+00 (Plate 1) is generally
steep and dissected by tributary creeks of the Murrumbidgee
River. Downcutting of the Murrumbidgee River and its tributaries
has caused rapid erosion of weathered rock, and a shallow
weathering profile remains,

The area north of Stn 40+00 is undulating plateau, with
depths of weathered overburden ranging from 10 to 35 m.

* Chemical analyses and petrographic description of rocks
samples are set out in Appendix 5.



2.3 GROUNDWATER

The water-table is 0 to 20 m below ground surface (i.e.,
generally 30 to 45 m above tunnel level) on the plateau area, and
0 to 45 m below ground surface (i.e., O to 20 m above tunnel
level) in the dissected area.

Permeability of the rock substance in the granites,
dacites, and shales are almost zero, and groundwater is contained
in open joints and fractures in the rock mass, No large water-
filled cavities are present in these rock types. Permeabilities
of the rock mass are expected to be less than 30 m/day and gener-

ally less than 10 m/day.

Chemical analyses of five water samples from Pine Ridge
tunnel are presented in Appendix 6. Water samples from drill
holes along the GST tunnel line will be collected and analysed,
and results will be available in 1976, See Appendix 1 for
investigation methods.

2.4 ROCK TYPES AND STRATIGRAPHY

2.4.1 Purple rhyodacite and green rhyolite

Generally the purple rhyodacite is weathered or partly
altered. No fresh samples have been obtained from outcrops,
road-cuts, or drill core. It is generally soft and weak, or
crumbly. Phenocrysts of quartz, pink feldspar, and epidote are
common in a fine-grained purple groundmass. In some places it
appears to be a bedded tuff with a sharp contact against the
green rhyolite; more commonly it appears to grade upwards into
the green rhyolite.

At Pine Ridge Hill (locality Cl; Plate 1) the purple
rhyodacite appears to grade up through a medium-grained highly
weathered and crumbly green rhyolite, into a fine-grained very
siliceous green rhyolite at the top.

The relationship of these two rock types to the rocks

'in the rest of the area is not known, because most of the contacts

are either faulted or their nature is not determinable, No
definite conformable contacts have been seen. The rocks may be
extrusive or intrusive. If intrusive they may be an offshoot of
the granite porphyry. If extrusive they probably underlie the
volcanics and sediments mapped as the lower part of the Walker
Volcanics.

The evidence for an intrusive origin is as follows:



(a)

(b)

(c)

(d)

(e)

(a)

(b)

(c)
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A dyke of green rhyolite intrudes the upper part of the
Walker Volcanics (locality D2; Plate 1); however, the
dyke-rock may be younger than the other green rhyolites
in the area.

Near the east end of Pine Ridge tunnel, exposures in
creeks and in the Molonglo River show green rhyolite
intruding purple dacites (locality D3; Plate 1).

The irregular contact between the green rhyolite and
purple rhyodacite near Window Bend does not appear to
be conformable,

The position of the contact in drill hole GST 16 (Plate
8) did not coincide with its predicted position assum-
ing the beds were conformable (see Appendix 8 for logs
of holes, and Appendix 7 for photographs of drill-core),

Possible intrusive contact against shales near Belconnen

.Golf Course (locality D5; Plate 1).

The evidence for an extrusive origin is as follows:

In Pine Ridge tunnel, the green rhyolite is welded and
massive at depth and grades up into a coarse agglomer-
ate, then into black shale. The transition =zone has
blocks of green rhyolite up to 50 cm diameter surrounded
by black shale.

On, and west of Pine Ridge Hill (locality D6; Plate 1),
the outcrop pgttern suggests the rhyolite is bedded and
dips about 20°SW, and is overlain by the shales and
tuffaceous sediments (locality Gl) in the valley south
of Pine Ridge Hill.

At Belconnen Golf Course (locality D4), the rhyolite
crops out to the east of the southwest-dipping Walker

~Volcanics which suggests that the latter overlies the

rhyolite. This would mean that the shales in Pine
Ridge tunnel and at locality Gl are within the lower
part of the Walker Volcanics.

A chemical analysis of a sample of green rhyolite from

a road-cut on Weetangera Road (locality D1), and, for comparison,
two analyses from a similar green rhyolite in Tuggeranong tunnel,
are tabled in Appendix 5.

2.4.2 Walker Volcanics, lower sequence

A sequence of dacitic welded tuff and agglomerates,

pyroclastic flows, and sills and dykes of dacitic composition
with interbedded tuffaceous shale, siltstone, and sandstone
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comprises the lower part of the Walker Volcanics. In some places
there is complete gradation from the welded tuff through to the
tuffaceous sandstone. Drill core from GST 7 shows several beds
of massive welded tuff grading up into reworked tuffaceous sand-
stone with scour-and-fill structures near the top of each bed.
Intraclasts of contorted shale up to 10 cm thick and 1 m long are
‘incorporated in the tuff in drill core GST 7 and in outcrops to
the west of Parkwood Road (locality E2).

Most of the sediments are near the base of the sequence.
Above these most of the rock is welded dacitic agglomerate and
tuff, and intrusive rock. Most of the extrusive rocks are
massive, but in places they show a strong flow-banding/bedding
due to flattening of dark grey, fine-grained rock fragments. In
some places they grade up through reworked tuff into sandstone

lenses.

The intrusive rocks are similar in appearance to the
welded tuff, but are massive and slightly coarser-grained.
Intrusive contacts against well bedded tuffs and tuffaceous sedi-
ments have been seen in several locations (E3 and E4). The
intrusions are probably high-level sills and dykes.,

The extrusive rocks in hand specimen are similar in
appearance to outcrops of extrusive Mount Painter Porphyry* near
Coppins Crossing, and have the following features in common.

(a) both have interbedded sediments

(b) both contain garnet

(c) both have a fragmental texture, e.g., contain angular
quartz

(d) both contain biotite which is often fresh
(e) composition of plagioclase is similar
(f) both contain rare potash feldspar phenocrysts

(g) chemical analysis of sample 75840019 is similar to five
analyses of Mount Painter Porphyry particularly Rb, Sr,
Ba, Zr (see Appendix 5). Sample 75840018 shows some
differences; it is an agglomerate and some changes in
chemistry probably occurred at the time of eruption.

* The Mount Painter Porphyry was the name given by apik (1958) to
a porphyritic rock of dacitic composition to the southwest of
Canberra that he regarded as a sill. Subsequent mapping to the
west of Canberra has indicated that rock with apparent continuity
with the Mount Painter Porphyry exhibits primary structures
attributable to an extrusive origin.

-n——-—-n——-n—-—-n-
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The lower sequence of the Walker Volcanics is faulted
against the upper part of the Walker Volcanics to the south;
against purple rhyodacite and green rhyolite to the east; and
against Willow Bridge Tuff to the north. It is intruded by a
granite porphyry sill (Plate 1). _

2.4.3 Walker Volcanics, upper part

The upper part of the Walker Volcanics is at least 1500
m thick (Malcolm, 1954). It is thought to be the same age as the
Hawkins Volcanics in the Yass Basin, but the units cannot be
correlated lithologically (Wyborn, pers. comm.,). It is a sequence
of dacitic densely welded pyroclastic flows and tuffs with some
lenses of shale and limestone.

In Pine Ridge tunnel the upper part of the Walker
Volcanics consists of densely welded pyroclastic flows and tuffs,
mostly massive but with some thin-bedded welded tuffs and some
thin lenses of water-deposited shales and tuffaceous sandstones.
The massive welded rocks grade up into well-bedded crystal tuffs
near the west portal of Pine Ridge tunnel; in the 8MWQCC, well
bedded tuffs are ubiquitous. The general dip is 20 SW, but the
tuffs are moderately folded in the LMWQCC area,

The rocks are generally blue-grey to purple, but green-
grey rocks are also common., Chemical analyses of five samples
collected in Pine Ridge tunnel are presented in Appendix 5.
Chemistry of the five samples is fairly similar except for
FeO/Fe, O, ratios which are high in the green varieties and low in
the pu%pie varlieties. Total Fe as FeO ranges from 4 percent to 6
percent; FeO/Fe203 ranges from 4.3 to 0.45.

The purple colour appears to be due to secondary
oxidation which has permeated into the rock from permeable
defects in the rock mass. The oxidation is more complete in the
more permeable rock (close jointed and fractured) than in the
very tight, wide-jointed zones. Calcite veins are common in the
blue grey to purple zones, but rare in the green grey gzones.

2.4.4 Willow Bridge Tuff (previously Laidlaw Volcanics)

The Willow Bridge Tuff unconformably overlies the Yass
Subgroup in the Yass Basin (Link, 1970) and unconformably over-
lies sediments (thought to be Yass Subgroup), purple rhyodacite
and purple rhyolite at Gooramon Ponds (Henderson, 1975). Near
the BWPCC, it either unconformably overlies or is faulted against
purple rhyodacite and pink rhyolite. The sequence is about 500 m
thick 1 km west of Yass (Link, 1971).
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In the area of the BWPCC, the Willow Bridge Tuff is a
sequence of densely welded pyroclastic flows of dacitic compos-
ition., It 1is generally pale grey with phenocrysts (approximately
25%) of quartz feldspar and biotite up to 5 mm in a fine-grained
groundmass; there is a dark grey bed about 70 m thick at the
base of the sequence which crops out along the eastern edge near
the BWPCC; this bed has fewer phenocrysts and a finer-grained,
darker groundmass.

Flow banding/bedding (dip about 35°SW/135°) can be seen
in some drill core and in exposures of extremely weathered rock
in creek beds (locality J2). Zones of quartz-epidote veining,
and pink calcite veining, are seen in GST 2 and 4 and in some
outcrops. Where this veining occurs the felspars and much of the
groundmass is stained pink.

2.4.5 Granite porphyry (Ginninderra Porphyry)

This is a sill of granite porphyry which has intruded
along the bedding planes of the shales and sandstones within the

Walker Volcanics.

Intrusive contacts have been seen in exposures in
creeks near the Murrumbidgee River (locality L1) and in drill
core from GST 1 and GST 22,

The granite porphyry was probably emplaced in Ludlovian
times (Upper Silurian). The granite porphyry is regarded as part
of the Ginninderra Porphyry, which intrudes the Willow Bridge
Tuff to the west and north. '

2.5 STRUCTURE

2.5.1 Folding

Walker Volcanics. Some gentle folding is present in
the lower part of the Walker Volcanics; and some strong folding

occurs in the shales near the granite porphyry intrusion (location

G2). No cleavage is apparent in the shales. The sequence is
tilted about 20°SW.

Gentle to moderate folding is present in the upper part
of the Walker Volcanics in Pine Ridge tunnel and in the LMWQCC
excavations. Most of the upper part of the Walker Volcanics is
also tilted about 20°SW.

Willow Bridge Tuff., The Willow Bridge Tuff is a very
competeng unit. No folding is apparent, and the unit is tilted
about 35°SW. :
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2.5.2 Faults

Seven major faults have been located during the mapping;
however, only five of them intersect the GST line (Plates 1 to 5)s
Many minor fractured or sheared zones are indicated by airphoto-
lineaments (Plates 2 to 5). Zones of low bedrock velocity, -and
defect zones are shown on the seismic profiles (Plates 6 to 8).

The major fault zones range in width from a few metres
to several hundred metres; they generally consist of one or more
clay-filled crushed and sheared zones from 3 to 30 m wide, with
adjacent fractured rock. All the major faults extend beyond the
area mapped or are truncated by other major faults.

The upthrown and downthrown sides of the faults have
been deduced from stratigraphic relationships and are shown in
Plate 1. The faults were active during Silurian and Devonian
time, with probably some reactivation during the Late Tertiary to
Quaternary Kosciuskan uplift. Significant displacement across
the faults is unlikely to have taken place during the last
million years.

Some of the faults may still be active (i.e., causing
earth tremors), but relative movement along a fault producing a
measurable displacement at or near the ground surface would be
extremely unlikely and prediction of the site of such a displace-
ment is not possible. See also Seismicity.

Fault 1 crosses the northwest corner of the mapped
area and does not intersect the tunnel line (Plate 1). It is
roughly parallel to fault 5 and the Winslade Fault, a major fault
crossing the Molonglo valley about 6 km to the southeast, It is
also subparallel to one of the prominent photo-lineament dlrec-
tions in the area.

In February 1975 an earth tremor of magnitude 3 on the
Richter scale originated from an epicentre on this fault at a
depth of about 1.6 km. There was no displacement along the fault
at the ground surface.

Fault 2 is an east-west-trending fault which crosses
the tunnel line near stn 13+00. There is no rock outcrop near
the tunnel line from which width or condition of the fault can be
estimated. Between the tunnel line and the Murrumbidgee River
the fault can be traced on aerial photographs, and appears to
divide into several fault zones. Near the Murrumbidgee River the
fault can be seen in creeks and in outcrops as sheared and
fractured zones up to 100 m wide. Drill holes GST 6 and 8 inter-
sected sections of crushed and sheared granite porphyry. The
extent of the fault to the east is not known.



-10- -

The northside of the fault is thought to be the down-
thrown block since it contains the Willow Bridge Tuff which is
thought to be younger than the lower part of the Walker Volcanics,
which occurs south of the fault.

Fault 3 intersects the tunnel at stn 40+20. Where fault
3 is exposed in creek beds to the west of the tunnel line the
crushed and sheared zone ranges from 25 to 50 m wide. Where fault
'3 crosses the Murrumbidgee River, there is 3 m of sheared and
crushed rock with 10 m of strongly fractured rock and up to 100 m
of moderately fractured rock on the south side of the fault. The
rocks on the north side of the fault have not been affected.
Drill hole GST 12 revealed a 3 m wide crushed zone with sheared
and fractured rock on the south side.

The south side of the fault is considered to be the
downthrown block; this interpretation requires a much smaller
displacement than if the south side were the upthrown block.
East of the tunnel line, fault 3 may be truncated by fault 6 and
probably by fault 5, although fault 3 may diverge and merge with

fault 5.

Fault 4 intersects the tunnel line at stn 47+50; it
trends southeast, subparallel to the Deakin Fault - a major fault
6 km to the northeast through Belconnen - and to the second major
photo-lineament and joint direction in the area. It is truncated
at its northwestern end by fault 5, and at the southeastern end,
it is possibly truncated by fault 7. Fault 4 is probably a con-
tinuation of fault 3 that has been displaced by dextral trans-
current movement along fault 5.

Fault 4 is exposed in several places in the creek near
Window Bend. The zone of crushed and sheared rock appears to
range from less than 1 m to about 15 m wide. Drill hole GST17
revealed that it consists of sheared and crushed shale and vol-
canic fragments in a heavy clay matrix with 20 m of sheared and
- fractured rhyolite on the northern side. The condition of the
rock on the southern side is probably similar to that on the
south side of fault 3, but will not have any effect on the con-
struction of the GST as the rock will be under the spoil heap at
Willow Bend.

The fault is an impermeable barrier and has held back
water in the fractured rhyolite to the northeast. Drill hole
GST17 went through this fault into the fractured rhyolite, and
water has flowed from the collar of the hole continuously since

it was drilled.

The south side of the fault is considered to be the
downthrown block for the same stratigraphlc reason that applied
to fault 3.
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Fault 5 appears to divide into several faults in some
areas. The fault zone is about 30 m wide near Pine Ridge home-
stead (locality Z; Plate 1) but widens out to about 200 m and
becomes hard to trace in the upper part of the Walker Volcanics
(locality Y; Plate 1). Aerial photographs show the fault con-
tinues south of Uriarra Crossing.

Fault 5 is subparallel to Fault 1, to the Winslade
Faulg, and to the prominent photo-lineament and joint direction
(0607) in the area.

Fault 6 is a branch of Fault 5. It was intersected by
drill hole GST13; it appears to have been intersected near the
surface in GST15, and it must lie between GST14 and GST21 as the
rock types in these two holes are on the opposite sides of the
fault. The trace of the fault on the ground surface is fairly
irregular (Plates 1 and 5).

Where intersected by GST13, the fault zone consisted of
0.5 m of crushed and sheared shale and rhyolite, with about 6 m
of sheared and fractured rhyolite on the eastern side. Drill
holes GST14 and GST1l5 revealed that in these areas there is at
least 20 m of slicksided, seamy, and fractured rock on each side
of the crushed zone. -

The wedge between faults 4 and 5 is very complex and
appears to be extensively faulted and the detailed structure has
not been worked out.

2.5.3 Photo-lineaments

Photo-lineaments are plotted on Plates 2 to 5 (see
Investigation Methods, Appendix 1). These probably represent
sheared and fractured zones. There are two main directions of
lineaments and several random lineaments. The main joint set
directions are probably parallel to the main photo-lineament
directions.

Photo-lineaments plotted during the design investiga-
tion of Tuggeranong tunnel correlated well with defect zones
encountered during its construction.

2.5.4 Joints

No detailed joint study has been gone an th areg. The
main joint sets in Pine Ridge tunnel are 90 /860 ,090 /1600, and
a third set parallel to bedding. The sets 907/060  and 90 /160°
are subparallel to the major fault directions (including the
Deakin and Winslade faults) and to the most common photo-linea-
ment directions in the area. These will probably be the most
common joint sets in the tunnel but joints are controlled by
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folding and faulting and vary according to structural domain.
Therefore, the main joint sets are likely to vary several times
along the tunnel 1line.

2.6 SEISMICITY

Recorded seismic data for the last 13 years show a
number of epicentres within a few kilometres of the tunnel line,
indicating the possibility that some of the faults are active
(i.e., causing seismic tremors), A tremor of magnitude 3 on the
Richter scale originating from an epicentre 1.6 km depth on
fault 1 was recorded in February 1975. Data are insufficient to
predict either freguency or magnitude of future tremors.

An earthquake producing measurable displacement at the

ground surface would be extremely unlikely, and prediction of the
site of such a displacement is impossible.

3. ENGINEERING GEOLOGY

3.1 ENGINEERING, GEOLOGICAL AND EXCAVATION PROPERTIES OF THE
ROCK TYPES :

3.1.1 DACITE: WALKER VOLCANICS, UPPER PART

(Stn 47+60 to 57+88. Drill holes GST17 GST18, GST20, MV7)
(Stn 40+20 to 43+80. Drill holes GST12, GST13, GST14)

Tunnelling conditions in these sections of Ginninderra
sewer tunnel are expected to be similar to those encountered in
the western 1800 m of Pine Ridge tunnel, which passes through the
same rock unit. Within this part of the text, references to Pine
Ridge tunnel refer only to the section within 1800 m of its west
portal (see note on 'Correlation with Pine Ridge tunnel',
Appendix 1).

3.1.1.1 ENGINEERING PROPERTIES OF THE ROCK SUBSTANCE

The methods for determining the mechanical rock para-
meters, and the results of testing, are set out in Appendix 4,

Most samples tested were of the purple or green variet-
ies of the dacite. The fresh blue grey dacite is expected to give
higher values for both UCS and Shore Hardness.
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UCS (MPa) Point Load Strength (MPa)
Sample ;
location No. of Range Average Samples Is(50)** ucs Mean
samples | » successfully equiv, * hardness
tested Range Average (Shore
' units)
GST 13 - , - - 6 4.2-9.9 7.0 170
GST 18 3 96-145 120 ' 7 2.9-7.8 5.1 120 68 |
GST 20 3 141-255 206 10 4,9-7.5 6.2 150 89 ?
MV 7 3 187-239 213 - - ' - - 91
Mv 11 4 177-262 222 - - - - 88
Pine
Ridge
Tunnel - - - 65 4,3-12.0 7.9 200 -

* Values in the 'UCS equivalent' column were obtained from Brock & Branklin (1972).
** Point Load Strength Index; see Appendix 4.
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3.1.1.2 TUNNEL SECTION STN 47+60 TO 57+88
(Drill holes GST17, GST18, GST20, MV7)

3.1.1.2.1° ggplogical properties of the rock mass at tunnel level

(Plate 8)

Weathering. This section of the tunnel will be excava-
ted through fresh dacite, except for about 40 m of moderately
weathered to fresh rock near the south portal at Window Bend. The
highest-velocity seismic refractor indicates that the base of the
zone of weathering is more than 10 m above tunnel crown along 700

m (about 95%) of this section.

Seismic velocities*. Bedrock** Velocltles range from
3500 to 4400 m/sec, similar to the 3400 to 4800 m/sec for the
same rock type in Pine Ridge tunnel. ,

Defects. No major faults have been detected by surface
mapping or seismic refraction along the tunnel line.

In Pine Ridge tunnel, long sections (up to 700 m) of
competent rock (RCN<4) are broken by shorter sections (generally
40-100 m, but up to 200 m) of less competent rock (RCN>4). In
the competent rock (about 75% of Pine Ridge tunnel) joints are
mostly spaced 0.3 to 1 m and are slightly open to very tight.
There are four main joint sets in Pine Ridge tunnel:

J1 80°/w/170° Spaced 0.6 - 2 m

J2 90°/060° " 0.3 -1m

J3 20° -40°/N/070° (bedding) " 0.1 - 0.6 m
J4 80°/s/100°-140° occur intermittently

The above joints vary in prominence from area to area, and in
many places some or all sets are not present. There are many
random discontinuous joints, and in some areas joints sets other’
than those listed above are more prominent.

' In competent sections of Pine Ridge tunnel, crushed and
sheared zones, generally 0.1 to 0.3 m wide, associated with thin
clay seams and close jointed and fractured zones up to 1 m wide,
are spaced about 10 to 200 m apart. Most are oriented parallel

to J1 or J3.

* Time-distance curves for the seismic profiling are available
at BMR for inspection by tenderers.

** The term 'bedrock' as used in this report refers to the deepest

seismic refractor detected, and the term 'overburden' refers
to the soil, colluvium, and weathered rock above that

refractor.
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The less competent rock (about 25% of Pine Ridge tunnel)
is more closely jointed (0.1-0.3 m), with joints slightly open or
with some clay on surfaces. Crushed and sheared zones (less than
2% of Pine Ridge tunnel) are generally 0.3 to 1 m wide, with 3 to
30 m of associated close jointed and/or fractured and seamy rock.

Defects in GST are expected to be similar in width,
spacing, and condition to those in Pine Ridge tunnel, except
thgt, alogg the GST line, Jjoints parallel to bedding dip about
20°SW/130°. Spacing is variable from 10 to 30 cm between the
Window Bend south portal and stn 51+00, to greater than 60 cm for
most of the rest of the section.

3.1.1.2.2 Groundwater inflowsX*

Watgr outflowed from each portal of Pine Ridge tunnel
at about 10 m“/hr during excavation., Outflows from this section
of the Ginninderra sewer tunnel are expected to be less than those
from Pine Ridge tunnel because groundwater in the area has been
substantially drained by the deeply incised nearby Murrumbidgee
River and its deep tributary creeks. The maximum height of the
water-table above tunnel level is about 10 m, The porosity and
permeability of this rock mass is expected to be similar to that
at Pine Ridge tunnel, so it is unlikely that there is much water
stored in the rock above tunnel level.

Based on experience at Pine Ridge tunnel, when water-
bearing defects were ingersected during excavation, _water inflows,
generally less than 1 m“/hr but possibly up to 10 m“/hr in a few
zones, will enter the tunnel initially but will decrease rapidly
after excavation.

3.1.1.2.3 Excavation properties

Effect of engineering properties. The rock is very
strong and very hard. Drill penetration is slow and drill wear
rate is high. 1In the hardest blue-grey dacite in Pine Ridge
tunnel one drill steel was worn out for about every 5 m of
drilling.

In Pine Ridge tunnel the average weight of explosive
(AN60 and ANFO in varying proportions) per cubic metre of rock
excavated (including overbreak**, which was cglculated from con-
crete quantities) ranged from 2.6 to 3.6 kg/m“. However, over-

* Water-pressure test computation sheets are available at BMR
for inspection by tenderers (see also Appendix 3).

** The term "overbreak'" in this report refers to the depth meas-
ured normal to the C-line (see Fig. 3) of the space produced
when a block or blocks of rock fall from outside the line of the
perimeter drill holes. Predictions of overbreak in this report
assume a well designed and loaded drilling pattern suitable for
the rock conditions encountered. Overbreak due to poor drilling
and blasting procedures cannot be predicted. The overbreak
figures quoted do not refer to the average overbreak which
could be expected for that particular tunnel section.
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break in Pine Ridge tunnel was excessive for such competent rock
and much of it is attributed to inaccurate drilling and over-
blasting. A neat tunnel profile with less overbreak could be
produced in this section of the GST with more accurate drilling
and slightly smaller explosive quantities. Tl

Effect of geological properties of the rock mass.
Using the same excavation techniques, overbreak would be slightly
greater in GST than in Psne Ridgg tunnel because of the prominent
joint set J2 (strike 040 to 070" in GST line), which is sub-
parallel to the tunnel line.

Joint set 20°SW/130° (parallel to the bedding) will dip
- with tunnel drive and should not cause extra overbreak if the
tunnel is driven from Window Bend.

Intersection of major joints spaced 0.3 to 1 m will
cause blocky ground in areas where the joints are open or clay-
coated, and random rock bolts** may be needed to pin some blocks.

The narrow sheared and fractured zones in the competent
sections (RCN<4) will generally not need support. In the less
competent sections (RCN3»4), low angle shears, seams, and frac-
tured zones will .occur at random orientations and will cause some
overbreak; some of these defects will need support. Defect
zones > 10 m wide will need support irrespective of orientation.

Excluding the portals, 3 percent of the upper part of
the Walker Volcanics in Pine Ridge tunnel had steel-set support
in irregularly spaced sections 6 to 15 m long. A similar percen-
tage is expected in this section of GST; however, it could be
higher if any major defects oriented parallel to the tunnel line
run along the tunnel crown for any distance.

In Pine Ridge tunnel the following percentages of each
rock condition number were mapped in this section of the Walker
Volcanics. See Appendix 2 for definition of Rock Condition
Number (RCN). .

RCN 2 . 20%
TCN 3 . 55%
RCN 4 23%
RCN 5 2%

Similar percentagés are expected in this section of GST.

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation progress are
expected. .

** The term 'random rockbolts' is used by tunnel engineers for the
placing of rockbolts as required by the rock conditions, as
distinct from 'pattern rockbolts' where rockbolts are placed
in a regular pattern along a section of tunnel.
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Combined effects of all parameters:

(a) Geologically there is na reason why the excavation rate
should differ from that maintained in the same unit in
- Pine Ridge tunnel,

(b) The blue grey dacite is very hard, and drill penetra-'
tion will be slow and drill wear rate high.

(c) Less overbreak can be expected in this section of GST
than in Pine Ridge tunnel if drilling is more accurate
and slightly less explosive is used.

(d) Excluding portals, about 3 percent of this section is
expected to need steel-set support.

(e) No major groundwater inflows which could significantly
slow excavation progress are expected.

(f) Within this section, the percentages of tunnel assigned
to each rock condition number are expected to approx-
imate those logged in Pine Ridge tunnel which are set

out below.

RCN 2 20%
RCN 3 55%
RCN 4 23%
RCN 5 - 2%

3.1.1.2.4 Contact, stn 47+50: fault 4 (drill holes GST 17)

The contact between dacite of the upper part of the
Walker Volcanics and the green rhyolite is fault 4. This will
affect the Window Bend north portal and its engineering signif-

icance is described in that section.

3.1.1.3 TUNNEL SECTION STN 40+20 TO 43+80
(Drill holes GST 12, GST 13, GST 24)

3.1.1.3.1 Geological properties of the rock mass at tunnel level
(Plate 8)

Weathering. This section of the tunnel will be in
fresh dacite of the upper part of the Walker Volcanics.

Seismic velocities., Seismic velocities of 3600 to 4600
m/sec indicate that the rock mass is fairly tight.
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Defects, This part of the tunnel passes through a
wedge of rock between faults 3 and 6, Fault 6 runs close to the
tunnel line for most of the length of this section and has prob-
ably caused some shearing and fracturing in the rock mass. Drill
holes GST12 and GST13 reveal that the rock has been partly
stressed and sheared, but most defects have been healed with
chlorite. Joint spacing is variable from 20 cm to 1 m, Joint
surfaces are slickensided and coated with chlorite and are fairly
tight. Many small fractured zones from 10 cm to 1 m wide, spaced
30 cm to 5 m, were intersected in drill holes GST12 and GST13.
Crushed seams up to 10 cm wide with clay are also common. Most
sheared and fractured zones probably strike parallel to fault 6,
i.e., at a small angle to the tunnel, '

3.1.1.3.2 Groundwater inflows

The water table ranges from 20 to 40 m above tunnel
level., Water-pressure test losses in drill holes GST12 and GST13
were up to 10 lugeons, but most were less than 1 lugeon, indicat-
ing that permeability of the rock mass is generally fairly low.

Most of this section will be damp, with persistent
seepages and drips from some fractured zones. Most open joigts
and fractured zones will yieldBinitial inflows less than 1 m“/hr,
but a few may yield up to 10 m“/hr,

3.1.1.3.3 Excavation properties

Effect of engineering properties: similar to stn 47+60
to 57+88, except that shearing and formation of chlorite through-
out the rock has probably reduced the strength of this rock
slightly. Drill penetration should be marginally faster and
drill wear rate slightly lower.

Effect of geological properties of the rock mass. The
"variable joint spacing from 20 cm to 1 m will mean that, when
blasted, much of the rock mass will break into fragments less
than 30 cm diameter, but in some sections some larger blocks will
remain,

The fracturing, shearing, and close jointing resulting
from the nearby faults will mean that there is more loose ground
in this section than in the section from stn 47+60 to 57+88,

Many of the crushed, sheared, ang fractured zones are expected to
be parallel to fault 6 (about 20~ to tunnel line) resulting in
longer sections of support and more overbreak. About 20 percent
of the section from 40+20 to 43+00 is expected to need steel-set
suppart.

’
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In competent rock some blocks generally less than 30 cm
will fall out from beyond the C-line. Crushed, sheared, and
fractured zones parallel to fault 6 will probably cause up to 1 m
overbreak in the east wall and crown in places, Clay-coated
defects with dips up to 45° against tunnel drive could cause in
excess of 1 m overbreak .(rare).

Effect of groundwater inflows. The water inflows
expected should not cause any delay in excavation progress. The
action of groundwater on the clay-~filled defects, especially near
fault 6, will reduce the stand-up time of the rockmass,

Combined effects of all parameters:

(a) Rock condition number is expected to be mainly 3, with
some 4 and possibly some 5.

(b) About 20 percent of the section from stn 40+20 to 42+30
is expected to need steel-set support with timber
logging.

(c)  Generally less than 30 cm but in places up to 1 m over-
break in the crown and east wall may result from
defects oriented parallel to fault 6. Other unfavour-
ably oriented defects may cause in excess of 1 m over-
break (rare).

(d) Drill penetration will be slightly faster and drill
wear rate slightly lower than section stn 47+60 to
57+88.

3.1,1.3.4 Contact, stn 40+20: fault 3 (Drill hole GST12)

The contact between the upper and lower parts of the
Walker Volcanics is fault 3. Drill hole GST12 revealed a 5 m
wide crushed zone of soft and weak clayey gravel with fragments
less than 2 cm in a sandy clay matrix. On the southern side of
the fault the rock is closely jointed and slickensided for 20 m
from the fault zone, and to the north of the fault the rock is
widely Jjointed and tight (i.e., little affected by the fault),



3.1,2 GREEN RHYOLITE: STN 46+10 (APPROX,) TO STN 47+45. (DRILL HOLES GST 16, GST 17)

3.1.2.1 Engineering properties of the rock substance

UCS (MPa) Point load strength (MPa)
Sample No. of Range Average Sémples Is(50) . Ucs Mean hardness
location samples success- equiv, (Shore units)
fully
tested Range Average
GST 16 NOT TESTED 9 6.1- 9.0 220 NOT TESTED
11.4 -
GST 17 3 247-322 283 11 5.9- 8.4 200 96
10.2
Road cut 9 6.1- 9.8 240 -
D1 11.4
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3.1;2°2 Geological properties of the rock mass at tunnel level
(Plate 8)

Weathering. This section of tunnel will be excavated
through fresh green rhyolite.

Seismic velocities. Bedrock velocities range from 3400
to 4400 m/sec. 4400 m/sec probably represents fairly tight rock;
3400 m/sec probably represents closely jointed rock, with joint
surfaces partly separated and rock mass moderately loose.

Defects. This section of tunnel will be excavated
through rock which is in a wedge between faults 4 and 5. Move-
ment on the two faults during the Siluro-Devonian and Tertiary
times has probably broken this wedge of rock into a closely
jointed and fractured mass; the movement has probably caused the
rock mass to be strained and the joint surfaces to be partly
separated. However many of the joints in the drill core from GST
16 and GST 17 have been partly cemented with silica. Where the
cementing is incomplete, cavities up to 70 mm but generally less
than 5 mm diameter have been formed (drill hole GST 16).

Most of the rock mass is expected to be closely jointed
(10-30 cm) and fairly loose with some fractured zones. Areas
where joints have been cemented will effectively be wider jointed
(30-60 cm) and tight. Clay seams and 'greasy backs' are not
expected in the rhyolite although there may be some, especially
approaching the contact with the purple rhyodacite.

3.1.2.3 Groundwater inflows

The rock mass is very permeable. Water-pressure test
losses in GST 17 were up to 25 lugeons and GST 16 lost alé drill-
ing water at one level, 3GST 17 flowed initially at 1.6 m"/hr and
decreased to about 0.5 m“/hr, When GST 17 was drilled, the water-
level in GST 16 fell 7 m in one week.

Water is contained in open joints and fractured =zones
and in the small cavities mentioned above, When these are inter-
sgcted during excavation, water inflows generally less than 5
m“ /hr, but possibly up to 20 m“/hr in a few zones, will enter the
tunnel initially.

3.1.2.4 Excavation properties

Effect of engineering properties. The Shore Hardness
and the UCS of the green rhyolite are higher than for the dacites
in the upper part of the Walker Volcanics. This suggests that
drill penetration will be slower and drill wear rate higher.
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Explosive quantities per volume will probably be
similar to or less than for dacites in the upper part of the
Walker Volcanics because the close spacing of joints will offset

the higher UCS of the rhyolite.

Effect o;:geologicalgprogérties of the rock mass. The
closely spaced Joints will cause the rock mass the break into
fragments generally less than 30 cm diameter when blasted.

Areas where the rock is closely jointed and loose will
require steel-set support with timber lagging. About 40 percent
of this section is expected to need steel-set support.

In loose sections, overbreak will depend mainly on
tunnelling methods (explosive quantities, drilling accuracy), and
how quickly support is erected to retain the loose rock.

In the sections where Jjoints are cemented, blocks gen-
erally less than 60 cm may fall, in, leaving voids beyond the C-
line. Rockbolts may be more efficient and economical than steel

sets in supporting rock of this nature.

Effect of groundwater inflows. The water inflows
expected should not cause any delay in excavation progress,

This section of tunnel is expected to yield the largest
water inflows. Special attention should be given to making a
watertight concrete lining in this section, As this section only
extends 150 m from the portal some consideration should be given
to providing a drain below the tunnel lining.

Combined effect of all;parametefs:

(a) Rock condition number will be mostly 4, with some 3.

(b) About 40 percent of this section is expected to need
steel-set support with partial timber lagging.

(c) Amount of overbreak could vary greatly in this section,
but will depend mainly on tunnelling method.

(d) -Advance rate will be slowed by (i) jamming of drill
stems in loose rock, and (ii) necessity to erect steel-

set support.

3.1.2.5 Contact, stn 46+10 (drill hole GST 16)

. The contact between the green rhyolite and purple rhyo-
dacite in the core from GST 16 could be either intrusive or con-
formably extrusive. No major defect is known to exist at the
contact. Water inflows, overbreak and support are not expected
to be significantly different at the contact than in the rocks on

either side of the contact.



3.1.3 PURPLE RHYODACITE: STN 43+80 TO APPROX. STN 46+10 (DRILL HOLES GST 15, GST 16)

3.1.3.1 Engineering properties of the rock substance

UCS (MPa) Point Load Strength (MPa)
1
Sample Mean 8
location No. of Range Average Samples Is(50) ucCs hardness !
samples success- equivalent (Shore
fully units)
tested Range Average
GST 15 CORE TOO FRACTURED NOT TESTED
GST 16 3 all samples failed 6 2,9-6.1 4,6 110 78
prematurely on
joints
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The rock was too fractured and seamy to enable samples
of required size to be collected for testing although 6 success-
ful point load and three Shore Hardness tests were carried out on

GST 16 core.

3.1.3.2 Geological properties of the rock mass at tunnel level
(Plate 8)

Weathering. The rockmass at tunnel level is below the
zone of weathering, but the rock has been altered by moving
groundwaters. Degree of alteration is probably variable; much
of the rock is probably equivalent to highly to moderately
weathered dacite, with zones of slightly weathered and seams of

extremely weathered material.

Seismic velocity. The seismic velocity of 3700 m/sec
for this material indicates that although the rock is moderately
weak the bulk density is high because there are few voids or open
joints; most joints are clay-filled.

Defects. The purple dacite is part of the wedge between
faults 4 and 5. Movement of the faults during Siluro-Devonian
and Tertiary times has caused the rock mass to be strained and
the joint surfaces to be partly separated, allowing water to
penetrate the rock mass and cause alteration,

The rock mass is éxpected to be closely jointed (10-30
cm), with most joints clay-filled. Clay-filled, crushed, sheared,

and fractured zones are likely.

3.1.3.3 Groundwater inflows

Water pressure tests in GST 15 and in the purple rhyo-
dacite in GST16 showed negligible water losses. Most of the rock
mass is expected to be relatively impermeable because most of the

defects are clay-~-filled.

Any3water inflows are expected to be small (probably
less than 3 m“/hr). Water will seep and drip from clay-filled

fractured and sheared zones.

3.1.3.4 Excavation properties

Effect of engineering properties. The UCS tests of the
purple rhyodacite suggests that much of the rock has the strength
of highly to moderately weathered rock. Drill penetration will
be rapid and drill wear rate low.

Effect of geological properties of the rock mass.
Blasting will break the rock into fragments generally less than
20 cm diameter because the rock is weak and closely jointed.
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Probably 70-100 percent of this section will need
steel-set support with timber lagging. In some places consider-
able weight may be imposed on the sets, and spacing less than 1 m
may be required.

Overbreak will depend mainly on efficiencyoin install-
ing support. Clay-coated defects with dips up to 45~ against
tunnel drive could cause several metres of overbreak in a few
places. Generally overbreak will be less than 60 cm.,

Effect of groundwater inflows. Groundwater inflows are
expected to be small. However the action of the groundwater on
the clay-filled defects will reduce the stand-up time of the rock
mass.

Combined effects of all parameters:

(a) This is expected to be the most difficult section of
the tunnel to excavate and support.

(b) Rock condition number will be mainly 4, but long sec-
tions of 5 are possible,

(c) Expect 70 to 100 percent steel-set support is expected,
which sets spaced less than 1 m in some zones.

(d) Overbreak will generally be less than 60 cm, but could
be in excess of 1 m in some zones where poorly oriented

defects occur, :

(e) Advance rate will be slowed by necessity to erect
support and sometimes to fill large overbreak with
timber lagging. It may be more economical to use hand-
held machines for tunnelling some sections.

3.1.3.5 Contact, stn 43+80; faults 5 and 6 (drill hole GST14)

The contact between the purple rhyodacite and the
dacite of the upper part of the Walker Volcanics is a fault =zone
(faults 5 and 6) which probably extends for about 150 m along
tunnel line. Drill hole GST14 reveals that the dacite in the
fault zone is closely jointed and fractured. Joints are gener-
ally spaced less than 10 cm, and are coated with calcite and
chlorite and are slickensided. Most joint surfaces are greasy,
having from 1 to 10 mm of clay. Clay seams up to 10 cm thick are
spaced less than 30 cm in places in GST14,

Rock condition in the tunnel is expected to be 4 to 5,

When blasted the rock will mostly break up into a coarse
gravel with few fragments larger than 20 cm diameter,
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80 to 100 percent of this section is expected to need

steel-set support.

Water inflows are expected to be similar to the remain-
der of the section from 43+00 to 40+20.

3.1.4 WALKER VOLCANICS, LOWER SEQUENCE

3.1.4.1 DACITE AND TUFFACEOUS SANDSTONE
(Stn 37+30 to 40+20: Drillholes GST 11 and 12)
(Stn 15+20 to 25+00: Drillholes GST 7 and 1)

The rock in these sections consists of dacitic welded
tuffs and agglomerates, with sills and dykes of dacitic compos-
ition.  The northern section (15+20 to 25+00) also contains
interbeds of tuffaceous sandstone and some minor shales. The
main section of shale in the Walker Volcanics is discussed in the
following section.

Samples of reworked tuff give lower strength results
than the welded tuff and agglomerates. This accounts for the
larger range of values and the lower mean on GST11l and GST 12,
UCS of welded tuffs is greater than 200 MPa. UCS of reworked
tuff is less than 120 MPa. There is a complete gradation
between these rock types, so UCS of the volcanics in this section
is expected to range from about 100 to 250 MPa,
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3.1.4.1;1 Engineering properties of the rock substance
UCS (MPa) Point load strength (MPa)
Sample _
location No. of Range Average Samples Is(50) UCS Mean
samples : - | successfully equiva~- hardness
tested lent (Shore
Range Average units)
GST7
(reworked
tuff) - - - 13 3.2-5.3 4.4 110
GST7
(welded
tuff) 3 203-205 204 11 6°5—15°8 9.8 220 73
GST 11 3 152-164 157 10 4,1-7.4 6.2 150 74
GST 12 3 97-105 102 12 3.4-10.6 7.2 170 70
Locality _
El - - - 10 7.1-14.0 10.5 250
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3.1.4.1.2 Geological properties of the rock mass at tunnel level
(Plates 6 and 7)

Weathering. These sections of tunnel will be excavated
through fresh rock.

Seismic velocities. Bedrock velocities of 4400 to 5100
m/sec were recorded in this rock type except for 80 m of 3300 to
3400 m/sec between stn 39+40 to 40+20. The higher velocities’
represent tight rock. The 3300 to 3400 m/sec velocities lie
close to fault 3 and probably represent partly fractured and
sheared rock. .

Defects., Most of the rock mass is expected to be
tight. Joints are generally spaced 0.3 to 1 m but are wider in
some places and are commonly cemented with calcite. Many.joint
surfaces are coated with chlorite and slickensided. Flow-banding
is apparent in some places but this is not expected to be a
weakness. Some narrow fractured and/or sheared and crushed zones

can be expected.

In the section from 37+30 to 40+20, GST12 revealed good
sound rock and GST1l1l revealed slightly weaker and more jointed
rock with some crushed seams (clayey gravel) generally less than
20 cm wide and spaced 1 to 6 m in the drill core.

3.1.4.1.3 Groundwater inflows

The water-table is about 30 m above tunnel level,
Water-pressure test losses in drill holes GST12, GST11l, and GST7
were insignificant, which indicates that the permeability of the

rock mass 1s low.

Most of this section will be dry or damp. Most open
joints and fractured zones wi%l drip or seep but somg will yield
initial inflows less than 1 m“/hr. Flows up to 10 m“/hr are
possible but unlikely.

3.1.4.1.4 Excavation properties

Effect of engineering properties. The Shore Hardness
of this dacite is less (i.e., softer) than the Walker Member
dacite. UCS values range from about 100 MPa for the reworked

tuffs, up to values similar to those from the dacite of the upper

part of the Walker Volcanics ( 200 MPa) for the densely welded
tuffs. Drill penetration, drill wear rate, and explosive quan-
tities for dacites with UCS near 200 MPa will be similar to the
dacite in the upper part of the Walker Volcanics; the softer
dacite will be more easily and economically excavated.
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Effect of geological properties of the rock mass. When
blasted, the reworked (softer) dacite is expected to break across-
the rock fabric more readily than the harder dacite and the
dacite in the upper part of the Walker Volcanics. Away from
prominent defect zones, joints will be tight and spaced generally
0.3 to 1 m,

About 10-15 percent of the dacite in these tunnel
sections is expected to need steel-set support. In most of this
rock type overbreak will generally be less than 30 cm beyond
C-line; wup to 60 cm may occur in blocky zones. Overbreak in
sheared or fractured rock will generally be less than 1 m, but
may be greater than 1 m (rare).

Effect of groundwater inflows., No major groundwater

~inflows that could significantly slow excavation are expected.

Combined effects of. all parameters:

(a) Drill penetration and wear rate, and explosive quan-
tities for dacites with UCS near 200 MPa, will be
similar to those for the Walker dacite; the softer
dacite (reworked tuffs) will be more easily and econom-
ically excavated.

(b) About 10-15 percent of the dacite in these sections is
expected to need steel-set support.

(c) No major groundwater inflows that could significantly
slow excavation progress are expected.

(d) Rock condition will be mostly 2 to 3, with some 4,

(e) Average excavation rate is expected to be slightly
faster than in the Walker dacite.

(f) Overbreak is expected to be minor along most of this
section; a good tunnel profile.

3.1.4.1.5 Contact with granite porphyry, stn 37+30

The contact with the granite porphyry (stn 37+30
approx.) is possibly intrusive or possibly faulted. Drill core
from GST24 revealed that the granite porphyry is closely jointed,
and joints are strongly slickensided. GST11l revealed that the
rock is closely jointed and that there are some crushed seams.

The contact is expected to be closely jointed and
fractured. Joints will be strongly slickensided, and coated with
chlorite and calcite. There may be some clay seams and zones of
clay-~coated joints. Parts of the rock mass will be moderately
loose.



3.1.4.2 SHALES: STN 25+00 TO 26+20 (DRILL HOLES GST7, GST1)

3.1.4.2.1 Engineering properties of the rock substance

Piint load strength (MPa)

UCS (MPa)
Sample , Mean
location No. of Range Average Samples Is(50) ucs hardness
samples " success- equiv. (Shore
: fully. units)
tested Range Average
GST7 3 >111 - | >144 9 1,6-3.7 2.8 55 68
>197
NOT TESﬂED
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All UCS samples of shale failed prematurely along an
incipient fracture in the test sample,

3.1.4.2.2 Geological properties of the rock mass at tunnel level
(Plate 7)

Weathering. The shales at tunnel level are expected to
be fresh. However, thin interbeds - beds of tuffaceous sandstone
or siltstone - may be decomposed to clay seams in some areas.

Seismic velocities. Bedrock velocities in the sequence
of rocks containing the shales are 4200-4400 m/sec, but it is not
possible to determine if these velocities are in the shale or in
the interbedded dacites since the seismic refraction method
cannot pick up a lower velocity below a higher velocity.

No seismic refraction profiling was done in the NSW
Electricity Commission Substation (stn 18+20 to 24+20).

Defects. Joint spacing in most of the shale is expect-
ed to be tight. However, some tight folding has been seen in
surface outcrops; tightly folded shales at tunnel level may be
very closely jointed.

GST7 revealed that the bedding planes were very tight
and were not a weakness in the rock. However, it is expected
that in places the shale will tend to part on the bedding planes.
In some places there may be clay seams on bedding planes and in
joints. In some places, thin beds (0.1-0.3 m thick) of tufface-
ous sandstone or siltstone may be decomposed to clay.

The general dip of the shale is 20°W/160°, but this is
likely to be variable owing to small-scale folding.

No major faults or defect zones have been detected, but
some may be present where the Electricity Substation prevented
investigation.

3.1.4.2.3 Groundwater inflows

The shale is expected to be mostly tight and impermea-
ble. There may be some open joints or fractured zones - especial-

. 1ly near contacts - that will yield some in%tial inflows but these

are expected to be generally less than 3 m™ /hr, although larger
inflows are possible.

3.1.4.2.4 Excavation properties

Effect of engineering properties. Drill penetration
will be faster and drill wear rate less than in the dacites, and
is expected to be about average for hard shale.
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Effect of geological properties of the rock mass. The
shale will generally fragment into pleces less than 10 cm
diameter. Most of the shale will be tight and a good tunnel
profile could be produced. In areas where the rock parts easily
on bedding planes, 'slabby' conditions may result, producing
overbreak generally less than 50 cm, Regular barring-down of
flaking slabs will generally be sufficient in these areas but
some zones may need rockbolts.

Some badly oriented defects may cause in excess of 1 m
overbreak (rare).

Any fractured or sheared zones that dip unfavourably or
that are wider than a few metres will need steel-set support. 1In
folded zones with decomposed thin sandstone beds or clay seams on
bedding planes, some steel-sets may be required, especially where
the dip is against the direction of tunnel drive.

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation progress are
expected.

Combined effects of all parameters:

(a) Drill penetration will be fast and drill wear rate low.
(b) Explosive quantities will be low. |
(c) Rock condition will be mainly 2 to 3, with some 4.

(d) About 15 percent steel-set support and about 5 percent
rock-bolts are expected in the shale.

(e) Overbreak will be minor in most of the section.

(f) No groundwater inflows that could significantly slow
excavation progress are expected.

3.1.4.2.5 Granite-shale contact between stn 26+00 and 28+00

The contact could cross the tunnel anywhere between stn
26+00 and stn 28+00, It is possible that the contact could
follow the tunnel for up to 200 m, but this is considered very
unlikely.

Drill hole GST1 revealed that the contact was fractured,
open-jointed, and limonite-stained; clay seams are possible.
Rock condition at the contact is expected to be 4 to 5. Steel-~
set support will probably be required if the contact occurs in
the tunnel for more than about 3 m,
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3.1.4.2.6 Granite contact, stn 15+20 apprax.

The contact between the granite porphyry and the lower
part of the Walker Volcanics has not been intersected by any
drill hole and cannot be seen at the surface., Its exact
position, orientation, width, and condition are therefore not
known. Rock condition at this contact will probably be similar
to conditions at the granite-shale contact.

3.1.5 GRANITE PORPHYRY :
(Stn approx. 13+00 to 15+20: Drillholes GST8, GST6)
(Stn approx. 26+20 to 37+30: Drillholes GST1, GST23, GST9,
GST22, GST24)




3.1.5.1 Engineering properties of the rock substance
UCS (MPa) Point load strength (MPa)
Sample . Mean
location No. of Range Average Samples Is(50) Ucs hardness [
samples successfully ‘equivalent (Shore w
tested _ units) =
Range Average
GST23 3 188-263 232 10 5.8-9.7 8.4 200 98
GST9 3 125-237 177 7 5.5-10.1 7.6 180 93
GST24 2 178-201 190 11 2,4-8.4 5.6 130 85
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3.1.5.2 Geological properties of the rock mass at tunnel level

Weathering. These sections of the tunnel will be
excavated through fresh granite porphyry.

Seismic velocities. Bedrock velocities range from 2000
to 5800 m/sec, but along most of the section range from 4000 to
5000 m/sec. Narrow sections with velocities less than 3000 m/sec,
mainly between stns 30+50 and 32+00, coincide with three sets of
intersecting photo-lineaments (Plates 4 and 7). These probably
represent zones of sheared and fractured rock.

Defects. Most of the rock mass will be tight. Joints
are generally spaced 0.3 m to 1 m and often wider. Along most of
the section, joints will be tight and often cemented with cal-
cite. There will be some sections where joints are open and not
cemented. Photo-lineaments and seismic profile indicate that
some fractured and/or sheared and crushed zones can be expected.
Most of these will be less than 20 m wide.

3.1.5.3 Groundwater inflbws

The water-table is generally 30 to 40 m above tunnel
crown. Most of these sections of tunnel will be dry to damp.
Most open joints and fractured zones will_seep or drip, but some
mgy produce initial inflows less than 3 m"~ /hr; flows up to 10
m“ /hr are possible,

3.1.5.4 Excavation properties

Effect of engineering properties, UCS values are about
the same as for the dacite from the upper part of the Walker
Volcanics; Shore hardness values of the granite are slightly
higher. Unlike the dacites, the granite porphyry does not have
the fine-grained siliceous groundmass which is considered respon-
sible for the high wear rate of the drill steels. Balancing
these factors it is considered that drill penetration and wear
rate will be about the same as for the dacite from the upper part
of the Walker Volcanics.

Effect of geological properties of the rock mass. -
Slightly more explosives may be needed in the granite porphyry
than in the dacite from the upper part of the Walker Volcanics
because the granite is more widely and tightly jointed.

About 10 percent of the granite porphyry will need
steel-set support, and probably most will be confined to individ-
ual sections 6 to 20 m long between stns 30+50 and 32+00.
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Along most of this section a good tunnel profile could
be produced with overbreak generally less than 30 cm beyond the
C-line. Where joints are open, blocky conditions may result
with generally less than 60 cm of overbreak. Overbreak in
sheared or fractured rock will generally be less than 1 m but

may be greater than 1 m (rare),

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation are expected.

Combined effects of all parameters:

(a) Excavation rate is expected to be the same as for the
dacite in the upper part of the Walker Volcanics,

(b) Drill penetration and wear rate is expected to be
similar to the dacite in the upper part of the Walker

Volcanics.
(c) Rock condition will be mainly 2 to 3, with some 4.

(d) About 10 percent of this section is expected to require
steel-set support.

(e) Overbreak is expected to be minor over most of this
section, resulting in a good tunnel profile,

(f) No groundwater inflows that could significantly slow
excavation progress are expected.

3.1.5.5 Contact, fault 2, stn 13+00 approx.

Fault 2 crosses the tunnel line at about 900. The
exact width, orientation, and condition of the faulted contact is
not known. Core recovered from drill holes GST 6 and GST 8 was

generally closely jointed, fractured, and sheared. It appears as

if fault 2 is comprised of several sheared and fractured zones,
separated by zones of harder, less weathered and fractured rock,
but nevertheless rock that would require support. Information
available suggests that the faulted contact could extend for up
to 100 m along tunnel line (stn 13+00 to 14+00) and probably all
of this would require steel-set support. Moderate initial water
inflows can also be expected (heavy limonite staining of frac-
tures was observed in the core recovered from GST 6 and GST 8).



3.1.6 WILLOW BRIDGE TUFF:; STN 1+70 TO 13+00 (DRILLHOLES GST5, GST 3, GST4, GST2)

3.1.6.1 Engineering properties of the rock substance

Point load Strength (MPa)

UCS (MPa)
Sample Mean
location No. of Range Average Samples Is(50) Ucs hardness
samples ' successfully equiv.| (Shore
tested Range Average units)
GST5 B 185-291 245 16 8.7-15.7 11.2 270 100
GST3 2 294-492 393 10 9.5-15.4 | 12.1 290 102
GST4 2 173-273 223 10 5.8-8.8 7.4 180 98
GST2 " - - 21 9.0-11.3 9.9 240 .
Locality :
J1 - - - 10 8.6-16.5 12.6 300 -
Locality
K1 - - - 10 11.0-14.0 12.9 310 -
Locality
K2 ~ - - 10 10.0-13.5 12.0 290 -
Locality
K3 - - - 6 10,0-16.0 12.3 300 -
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3.1.6.2 Geologiéal properties of the rock mass at tunnel level

Weathering., Most of this section is expected to be
tunnelled through fresh dacites. The seismic profile (Plate 6)
suggests that the zone of weathering may extend down to near
tunnel level from stn 8+00 to 9+00; however the correlation of
seismic results with drill core indicates that the seismic inter-
pretation may have placed the refractor too deep; 1if this is so,
then the rock at tunnel level will be fresh.

Seismic velocities. Bedrock velocities of 4500-5600
m/sec were recorded for most of this section. Velocities down to
2600 m/sec were recorded between 10+10 and 11+30. The lower
velocities probably indicate the presence of zones of fractured
and/or sheared and crushed rock.

Defects, Drill holes GST3 and GSTS and the bedrock
velocities of 4500-5600 m/sec indicate that the rock mass along
most of this section of tunnel will be very tight; Jjoints are
expected to be spaced greater than 1 m and tightly closed or
cemented with calcite.

Drill holes GST2 and GST4 revealed that in some sections
the joint spacing is commonly 10-30 cm, and in some places the
rock mass is fractured. Calcite and epidote veins are prolific;
as they generally broke during investigation drilling, they would
probably break when blasted.

No major faulted zones were detected during investiga-
tion drilling, but the seismic and photo lineaments (Plates 2 and
3) indicate that some narrow zones of very closely jointed and/or
sheared and crushed rock will probably be intersected, They are
expected to be generally less than § m wide, but a few may be up
to 20 m wide. These zones will have various orientations but the
most common ones will probably be near-vertical and strike para-
llea to the two major photo-lineament directions, i.e., 055~ and
145°.,

In places there may be jointsoor narrow sheared ahd
fractured zones parallel to bedding (35 °SW/1357).

3.1.6.3 Groundwater inflows

The water-table is about 20-30 m above tunnel level.
Water-pressure test losses in drill hole GST3 were zero, and in
GST4 and GST5 the results were unreliable. The permeability of
most of the rock mass is low.
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3.1.6.4 Excavation properties

Effect of engineering properties. This is the hardest
and strongest rock type that will be encountered. UCS values
range up to 492 MPa and average about 290 MPa. During investiga-
tion drilling wear rate of diamond-drill bits was extremely high
(some lasting for only 45 cm), and drill penetration extremely
slow (1% hours to drill 70 cm with a new diamond bit). During
excavation, drill penetration is expected to be extremely slow,
drill wear rate very high, and explosive quantities per cubic
metre of rock removed also very high.

Effect of geological properties of the rock mass, The
rock hardness and strength and the wide spacing and tightness of
Joints will require the use of larger quantities of explosive to
fragment the rock satisfactorily. .

The photo lineaments (Plates 2 & 3) indicate that most
of the sheared and fractured zones and the major jgints will be
vertical and will intersect the tunnel at about 45, These
defects should not require support except for a few that may be
more than 3 m wide. About 10 percent of this section is expected
to need steel-set support, and this will be mainly in fractured
and sheared zones from 6 to 20 m wide.

Joints and fractured zones parallel to bedding, dip
with tunnel drive and should not cause much overbreak or require
support. .

Along most of this section a good tunnel profile could
be produced with overbreak generally less than 30 cm, Where
joints are open, blocky conditions may result with generally less
than 60 cm of overbreak., Overbreak is sheared, and fractured
rock will generally be less than 1 m, but may be greater than 1 m
(rare) where clay-coated defects are unfavourably oriented. '

Effect of groundwater inflows. Most of this section
will be dry to damp, with seepages and drips in places. Some
open joints and.frgctured zones will yield initigl inflows gener-
ally less than 3 m“/hr. Flows in excess of 10 m"/hr are possible
but unlikely. _

Combined effects of all parameters:

(a) Excavation rate is expected to be slow.
(b) Drill penetration will be slow and drill wear rate high.
(¢) Explosive quantities will be high.

(d) Rock condition will be mainly 2 to 3, with some 4,
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(e) About 10 percent of this section is expected to need
steel~set support.

(f) Overbreak is expected to be minor over most of this
section, resulting in good tunnel profile.

(g) No groundwater inflows that could significantly slow
excavation progress are expected.

3.2 PORTALS

3.2.1 WINDOW BEND, NORTH PORTAL: STN 47+40. DRILL HOLE GST 17

3.2.1.1 Suggested portal position

Stn 47+40: this location would avoid the main fault
zone of fault 4, which intersects tunnel line between stn 47+60
and stn 47+45,

3.2.1.2 Conditions at portal face

Fresh to fresh stained closely jointed (10-20 cm) and
loose green rhyolite will occur from invert to about 3 m above
portal crown, and grade into loose variably weathered rock and
rubble towards the ground surface, which is 11 m above portal
crown. The rock face above portal crown will need to be battered
and stabilized with rockbolts and mesh.

In the tunnel, closely jointed and loose ground requir-
ing discontinuous sections of steel-set support with timber
lagging can be expected to stn 46+00.

3.2.1.3 Conditions of open cut

The open cut will be in water-saturated loose scree and
slopewash overlying fractured and sheared rock; heavy clay will
occur in the central section of the fault zone. A low batter
slope will be required to restrict slumping especially on the
eastern wall of the open cut.

3.2.1.4 Groundwater inflows

Near the portal and for §he first 100 m of tunnel,
water inflows initially up §o 20 m"/hour during excavation, but
decreasing to less than 3 m"/hour within a few weeks, can be
expected. '
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3.2.2 WINDOW BEND, SOUTH PORTAL: STN 48+90. DRILLHOLE GST 18

3.2.2.,1 Suggested portal position

Stn 48+90

3.2.2.2 Conditions in the open cut

Rock conditions in the open cut should be similar to
those in the existing open cut at Pine Ridge west portal if
similar excavation procedures are used., Mapping, seismic results,
and diamond drilling indicate that there is about 3 m of highly
weathered dacite overlying moderately to slightly weathered
dacite.

The rock mass is closely jointed. Many joints are
coated with 1-10 mm of clay. Some crushed seams and/or weathered
seams up to 20 cm thigk are Sxpected° The most prominent joint
direction is 20°S7/110° - 130° (spaced 10-30 cms), which is a
favourable orientation for stability in the portal face and the
walls of the open cut, but there are probably other joint orien-
tations (spaced generally > 30 cm) that may produce a few unstable
blocks of rock; these may need to be bolted or barred down,

With the exception of the few unstable blocks mentioned above,
near-vertical slopes should be stable in moderately weathered
rock below about 4 m if the cut is carefully pre-split.

3.2.2.3 Conditions at the portal

At stn 48+90, the tunnel crown is about 9 m below the
surface. The portal will be in moderately to slightly weathered
closely jointed dacite with defects as described above.

Rockbolts and mesh will probably be required to stabil-
ize the face above the portal.

In the tunnel, blocky and seamy ground requiring dis-
continuous sections of steel support with timber lagging can be
expected to about stn 49+90.

3.2.2.4 Groundwater inflows

Only minor seepages of groundwater are expected in the
open cut and portal. areas. '

3.2.3 SOUTH PORTAL (LMWQCC): STN 57+55. DRILL HOLE MV7

3.2.3.1 Suggested portal position

Stn 57+55. On geological grounds there is no reason to
shift the location of the portal face inwards (northwards) from
the existing northeast side of the access road-cut to Pine Ridge
tunnel,
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3.2.3,2 Conditions in the open cut

If the portal is at stn 57+55 then the only open-cut
excavation necessary will be deepening of the existing Pine Ridge
access road down to invert level, and removal of rock between the
portal and the connection to the LMWQCC.

In the area of the portal the existing cut shows about

2.5 m of extremely to highly weathered dacite overlying moderately

to slightly weathered dacite:

There are four prominent sets of continuous joints
commonly coated with 1-20 mm of clay:

1. 60°-70°sw/110°-130° spaced up to 4 m

2. 80°-90°s/065°-085° L "

3., 60°%W/015°-045° " "

4, 20°N/070 (bedding) " 0.3-0.6 m,

Stability of the portal face and northeast wall of the
open cut will be affected by Set 1 which dips out of the rock

face. A batter slope of about 60° and some rockbolts will prob-
ably be required to stabilize the face.

If the open cut is extended north of stn 57+55 along
tunnel line, then joint sets 2, 3, and 4 may cause failure of
blocks of rock on the resulting southeast wall of the cut unless
the slope is battered or stabilized with rockbolts.

3.2.3.3 Conditions at the portal

At stn 57+55 the tunnel crown is about 11 m below the
natural surface. The portal will be in slightly weathered to
fresh dacite with defects as described above. Rockbolting of the
portal face in a direction normal to joint set 1 should provide a
stable portal., Steel mesh may be required above the portal to
stabilize any loose rubble.

In the tunnel the four joint sets will intersect to
form blocks that may fall out of the crown and walls. Steel sets
will be required near the portal. Northwards beyond the steel
sets, rockbolts will probably be needed to secure some blocks
from falling out

3.2.3.4 Groundwater inflows

Only minor seepages or very small inflows are expected
from the portal face and the first 50 m of tunnel.
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3.3 SHAFTS

3.3.1 SHAFT C: STN 2+90 (DRILL HOLE GSTS5, FIGURE 4)

3.3.1.1 Geology

4,5 m of sandy clay fill and extremely weathered rock
(to RL 553) overlies moderately weathered to fresh-stained dacite
with some highly weathered seams to RL 549. Below RL 549 the
rock is mainly fresh-stained light to dark grey welded dacite

(Willow Bridge Tuff).

3.3.1.2 Excavation conditions

Excavation by mechanical shovel without preblasting
should be possible to RL 553; if any fresh boulders are encount-
ered they may need to be blasted.

Below RL 553 the rock is hard and strong. UCS values
obtained from GST5 core averaged 245 MPa (range 185 to 291 MPa),
UCS values up to 492 MPa have been recorded in the same rock type
from nearby drill holes. Average hardness is 100 Shore units,
During investigation diamond drilling, drill penetration in the
fresh dacite was very slow and drill bit wear rate very high. The
same is expected with construction drilling. Explosive quantities
will need to be high to fragment the rock satisfactorily.

Minor inflows can be expected below about RL 552, but
will rapidly decrease to drips or seepage (which may incregse
after heavy rain). Below about RL 549, inflows up to 10 m" /hr
are possible but will decrease fairly rapidly. Some minor
inflows near invert may persist but will not be large enough to

significantly slow construction.

3.3.1.3 Shaft support

Above RL 553 vertical slopes will need steel-ring
support. Between RL 553 and RL 546, some steel-ring support may
be required but rockbolts and mesh may be adequate to hold blocks
formedoby unfavourably oriented joints (possibly dipping at 30
and 607 ). Below RL 549, support should not be required although

any unstable blocks will require pinning with rock bolts.
3.3.2 SHAFT 1: STN 4+98.7 (DRILL HOLE GST3, FIGURE 5)
3.3.2.1 Geology

This shaft will be excavated in light grey dacite,
which is extremely weathered to RL 537, Below RL 537 the dacite
is mainly fresh. For engineering properties of the rock substance

see section 3.1.6.1.
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3.3.2.2 Excavation conditions

The rock mass is very hard and strong below RL 537,
with UCS up to 490 MPa; no prominent defects that would cause
excessive overbreak or shaft instability are known to occur.

Above RL 537 the extremely weathered dacite is soft and
weak, and water inflows or seepages could result in slumping of
the shaft walls unless quickly supported. The rock in this
section of shaft would be soft enough to be excavated by a large
backhoe.

Some groundwater inflow or seepage can be expected from
the sharp contact between weathered and fresh dacite at RL 537.
This section may need to be panned before the concrete lining is
laid. Groundwater seepage may occur elsewhere from open joints
or weathered seams.

3.3.2.3 Shaft support

Steel rings and complete timber lagging will be required
from base of top structure to RL 537. Below RL 537, support will
not be required unless any steeply dipping seams occur; rockbolts
would provide adequate support.

3.3.3 SHAFT 2: STN 17+12.3 (DRILL HOLE GST7, FIGURE 6)

3.3.3.1 Geology

The shaft will be excavated through dacite (60%),
shale (30%) and sandstone (10%). About 3 m of clayey soll over-
lies weathered shale bedrock.

3.3.3.2 Excavation conditions

Shale and sandstone. Bedding planes - the main defects
- are nearly horizontal, and little overbreak or instability is
expected to result from them. However, where the bedding planes
are cut by prominent joints dipping into the shaft, some instab-
ility will result; rockbolts may be required to pin back loose
blocks.

Dacite., Joints in the dacite are generally tight, and
little overbreak or instability is expected.

Minor initial groundwater inflows may occur above about
RL 550, but the shaft is expected to be generally dry. Panning
groundwater inflows or seepages before concrete is laid may be
necessary in places, although this is unlikely.
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3.3.3.3 Shaft support

Steel-ring support (spaced 1 m to 1.5 m) with timber
lagging is expected from base of top structure to about RL 552 m
(10 m below ground surface) and possibly to 548 m. Poorly orien-
ted joints producing unstable blocks of rock may need to be
pinned with rockbolts.

3.3.4 SHAFT 3: STN 33+15 (DRILL HOLE GST 9, FIGURE 7)

3.3.4.1 Geology

The shaft will be excavated through granite porphyry;
2.5 m of soil and slopewash overlies weathered bedrock. The
granite is fresh below RL 550 (14 m below ground surface).

3.3.4.2 Excavation conditions

The rock mass is soft and weak to RL 550. The shaft
walls may become unstable in areas of groundwater seepage and
along unfavourably oriented joints or clay seams, The rock 1is
expected to become progressively harder and stronger below about
RL 553.

Below about RL 550 the granite is essentially fresh and
the contact with the weathered rock above is sharp. Shaft stab-
ility in the fresh granite will depend on the orientation and
frequency of clay-coated joints and seams; no major defects are
known to occur and no major wall instability is therefore
expected. Overbreak is expected to be negligible in fresh rock.

The shaft will be damp below about RL 553, Any water
inflow will be small and will be mainly confined to the weather-
ing contact at RL 550, Panning water inflows or seepages before
concrete is laid may only be necessary near RL 550. Water inflows
through contraction cracks in the concrete lining should be con-
fined to the crack .closest to RL 550.

3.3.4.3 Shaft support

Steel-ring support will be required from base of top
structure to about RL 551 (11 m). Support is not expected to be
required below RL 551; however, if any unfavourably oriented
defect occurs, rockbolts may be required to pin back the defect,
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3.4 CONNECTION, SHAFT 1 TO EXISTING BELCONNEN TRUNK SEWER

3.4.1 OPEN-CUT EXCAVATION: STN 0479 TO 2+90 (SHAFT C)

400-1100 m/sec material (probably extremely to highly
weathered dacite) extends from the surface to below the bottom of
the excavation along most this section; this can probably be
excavated by a large backhoe without preblasting. However, the
seismic profile indicates that 1500 m/sec material (probably
moderately weathered dacite) extends above invert between stn 1+90
and 2+40, and some blasting or jack-picking will be necessary.
Boulders of fresh dacite (generally less than 1 m but up to 3 m
in diameter) surrounded by extremely weathered dacite occur in
the area; 1if encountered in the trench they may have to be
blasted or jack-picked. ‘

Groundwater inflows. No water inflows are expected,

3.4.2 TUNNEL: STN 2+90 (SHAFT C) TO AT LEAST STN 3+30

At stn 3+30 the tunnel crown is 16 m below ground sur-
face. From stn 2+90 to at least stn 3+30 the rock at tunnel
level is expected to be slightly weathered to fresh stained
welded dacite. It 1s extremely strong (UCS av. 290 MPa)* and
very hard to drill (abrasive and resistant to penetration).

The rock mass is expected to _be strong and fairly
tight. Joints mostly dipping about 30~ and generally spaced 0.3
m to 1 m are rough and tight, and sometimes with up to 5 mm of
flaky pink calcite cement (weak). The refractor between the 800
m/sec and 4700 m/sec layers (probably extremely to highly
weathered and slightly weathered to fresh dacite respectively) is
shown (Plate 6) to cross the tunnel at stn 3+30. However seismic-
drill hole correlations (see Plates 6-8) show that the seismic
interpretation may have placed the refractor too deep; if this
is so the tunnel could be continued in hard rock (4700 m/sec)

beyond stn 3+30.

Support. Steel-set support will probably be needed
from the selected portal to stn 3+20.

Groundwater inflows. Water-pressure tests in drill
hole GST 5 showed large water losses, but results are thought to
be unreliable. There are probably some open joints and weathgred
seams, but any water inflows are expected to be less than 5 m“/hr
and of short duration.

* An approximate value obtained from 9 UCS tests and Point Load
tests on rock from drill holes GST 3, 4, and 5, and from Point
Load tests on cubes from surface outcrops. Maximum value was
UCS 492 MPa from GST 3. See Appendix 4 for results.
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3.4.3 OPEN CUT OR TUNNEL: STN 3+30 TO 4+38

The contractor has the option whether to open-cut or
tunnel this section.

' The seismic profile shows that 800 to 1200 m/sec
material (probably extremely to moderately weathered dacite)
extends from the surface to below invert level in this section.
However, as noted previously, the bedrock refractor may be
shallower than this interpretation shows,

Excavation Alternative. The excavation will be at
least 9 m and up to 18 m deep depending on the position of the
tunnel portal. Most of the excavation will be in extremely to
highly weathered dacite which can be excavated by bulldozer and
ripper without blasting. If the bedrock refractor is shallower
than shown in Plate 6, then some blasting will be needed in the
bottom of the trench along at least part of this section. There
may be some large boulders of fresh dacite sitting in extremely
weathered dacite; these may need to be blasted. The excavation
will need to be battered or shored to prevent collapse,

Tunnelling Alternative. The portal crown will be at
least 7 m (at stn 4+38) and up to 16 m (at stn 3+30) below the
surface. This section of the tunnel will be mainly in extremely
to moderately weathered rock. There may be some slightly weath-
ered to fresh rock encountered if the bedrock refractor is
shallower than shown in Plate 6. Steel-set support with timber
lagging will be required throughout. Any areas of saturated
extremely weathered rock will need continuous timber lagging.

Groundwater inflows. Some water is expected to drain
into the tunnel or open cut through open joints and/or weathered
seams and especially from the interface between extremely
weathered and fresh rock. If any open joints are connected to
Ginninderra Creek, these inflows could become large especially if
'piping!' has developed in the extremely weathered dacite.

3.4.4 OPEN CUT EXCAVATION: STN 4+38 TO 4+99

Plate 6 shows that material of up to 1200 m/sec velocity
(probably extremely to moderately weathered dacite) extends from
the surface to invert level. However, drill hole GST 3 entered
fresh rock 1 m above invert level, which suggests that the

" refractor is shallower than marked on the profile,

Most of the rock can probably be excavated by bulldozer
with ripper, but some blasting will be necessary near invert.

Battered or supported slopes will be necessary.

Groundwater inflows. As for stn 3+30 to 4+38.
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4. CONCLUSIONS AND RECOMMENDATIONS

4,1 CONCLUSIONS

1.

2u

Geologically, construction of the tunnel is feasible.

The tunnel will be driven through dacite, rhyodacite, |
and rhyolite units (67%), granite porphyry (25%) and
tuffaceous sediments (8%). (Percentages are approxim-

ate.)

Most of the rock excavated will be fresh. Weathered
rock will occur at portals, top sections of shafts,
most of the section connecting this tunnel to the
existing Belconnel Trunk sewer (stn 0+79 to stn 5+00)
and in wide defect (faults, etc.) zones.

Unconfined compressive strengths for the acid volcanic
units mostly range from 200 to 300 MPa (but up to 400
MPa); granite about 200 MPa; and shales 145 MPa,
Shore hardness values were between 70 and 100 (average
about 90) for the acid volcanics and the granite; value

for the shale was about 68,

The contact between different rock types is generally a
defect zone. Deterioration in rock condition, increased
water inflows, overbreak and support requirements can
generally be expected,

Five major faults have been detected and many small
fractured or sheared zones are indicated by airphoto-~
lineaments and zones of low seismic velocity. Four of
the major faults occur between stns. 40+00 and 48+00,
and generally poor tunnelling conditions are expected
in this section.

All rock units along the route are jointed. Joint
spacing will generally be in the range 0.3 to 1 m,

Overbreak will generally be less than 50 cm beyond
C-line, although overbreak in excess of 1 m can be
expected in and near some wide defect zones or in

blocky and seamy ground,

Tunnelling condition will generally be very good in the
dacites of the Walker Volcanics, granite porphyry,
tuffaceous sediments, and the Willow Bridge Tuff. Just
north of the Window Bend area (stn 40+00 to 44+00), the
green rhyolite, purple rhyodacite, and that section of
dacite of the Walker Volcanics, will generally yield
poor tunnelling conditions, mainly because several major

fault zones are present.
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From the outlet portal (stn 57+88) to shaft 1 (stn
5+00), about 16 percent of the tunnel (850 m) will need
to be supported with steel sets and timber lagging
during construction (see also 'Recommendations').

No large underground cavities containing large cuanti-
ties of groundwater are expected in the area. Water
inflgws ranging from seepage to inflows not exceeding
20 m” /hr can be expected. Very few inflows in excess
o§ 5 m“/hr are expected and most will be less than 1
m“/hr; most will be reduced to dripping a few weeks
after excavation. Some water will continue to enter
the tunnel from open defects mostly near invert level.
In areas of shallow cover some defects will seep or
drip again after heavy rain.

An earthquake producing measurable displacement at the
ground surface is unlikely. Seismic risk to the
tunnel, its lining, shafts, or other appurtenant works
is low.

Owing to the variability of the rock units encountered,
the extreme strength and hardness of the rock material,
and the presence of at least five major fault zones,
the use of a tunnel boring machine is not considered
practical.

At Window Bend, the north portal open cut will be
located in fault zone material, soil, and slopewash;
the portal face will be in loose green rhyolite. The
south portal at Window Bend and the south portal
(LMWQCC) will be located in generally sound rock with
no known major defects.

No known major defects occur at any of the shaft sites.
Shafts 1 and C will be located in dacite, shaft 2 in
interbedded sediments and dacite, and shaft 3 in granite

porphyry.

The open-cut excavation, stns 0+79 to 2+90 (shaft C),
will mostly be in extremely to highly weathered dacite.

The tunnel section between stns 2+90 and 3+30-wiil
probably not need steel-set support.

The section from stn 3+30 to 5+00 will be located
mainly in extremely weathered to moderately weathered
dacite, although fresh rock may occur between invert
and springline in some places.
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RECOMMENDATIONS

10

A permanent drain should be installed at Window Bend
north portal near tunnel invert. (The purpose of this
drain is to release groundwater from the highly per-
meable open jointed green rhyolite that occurs behind
fault 4, which acts as an impermeable groundwater
barrier. Drill hole GST 17 penetrated the green rhyo-
lite behind the fault zone and is flowing at a constant
rate of 1200 to 1400 1/hr.)

Total groundwater outflows from the tunnel (and shafts)
should be measured accurately, using appropriate auto-
matic recorders, and an accurate record should be kept
of all groundwater inflows into the tunnel, including
initial inflow quantity, location of flow and duration.
(Such records will help in locating areas requiring
panning before concrete is laid.)

Greater use of rockbolts (instead of steel sets) should
be made, particularly in blocky ground or slabby ground
associated with shallow dipping sediments.

The lining of invert and walls up to only maximum design
flow should be considered for segtions of tunnel where
the standard (specified full 360 ) concrete lining

could be dispensed with. The sections for consideration

are.:

(a) Essentially self-supporting and free of steel-set
support, but including areas of rockbolt, gunite, or
shotcrete support. (Narrow sections, such as fault
zones, within essentially self-supporting sections may
require steel support and full lining, but these cannot

be predicted accurately.)

(b) Essentially dry sections of tunnel that never
produced water inflows even when first excavated.
(Narrow sections, such as narrow faults, etc., as des-
cribed above, may need to be grouted to reduce water
inflows to an acceptable level.)

Tunnel Sections ' Length (m)

Stn
Stn
Stn
Stn
Stn
Stn

5+00 to 8+00 300
9+00 to 10+00 100
10+30 to 13+00 270
14+00 to 25+60 1160
26+50 to 42+30 ‘ 1580

50+00 to 57+00 700

TOTAL 4110 (80% of tunnel between
~——— 5400 and 57+88)
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APPENDIX 1

INVESTIGATION METHODS

Correlation with Pine Ridge Lunnel

construction of the

The information obtained during
an aid in assessing

nearby Pine Ridge tunnel has been used as
conditions in the GST. Pine Ridge tunnel and its portals were
photographed and geologically mapped at a scale of 1:240;
geochemical, petrographic, and water samples were collected and
tested, and the results studied; - groundwater inflows were
measured; observation bores monitored; overbreak calculated
from concrete quantities; explosive quantities, drilling
pattern, advance rate, support, and overbreak were correlated;
and all the results were correlated with the predictions made
from mapping, seismic refraction profiling, and diamond drilling

during the design investigation for that tunnel.

Airphoto-interpretation

Airphoto-interpretation of photos taken from 760 m
(1968 black and white), 427 m (1968 colour), and 214 m (1973
colour) was done by P. Lang throughout the investigations.

Geological mapping

Geological mapping at a scale of 1:2400 and 1:9600 was
carried out by P. Lang and field hand D, Broome between April

1974 and September 1875. The maps were reduced to 1:2500 and
1:10 000 respectively, and metric coordinates added (see Plates 1

to 5).

Geophysical methods

A continuous seismic refraction profile was obtained by
the BMR Engineering Geophysics Group (Taylor, 1975) along most of
the route from stn 00+50 (on the preliminary tunnel line) to stn
55+20. The traverse consisted of 53 spreads, and fieldwork was
done in November and December 1974,

The following sections were omitted:

(a) {from stn 18+20 to stn 24+20 (Belconnen Electricity
substation) .

(b) from stn 41+60 to stn 42+30
(c) from stn 47+70 to stn 47+95

(d) stn 55+20 to stn 57+88 because of its proximity to the
Pine Ridge tunnel operations.
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During March 1975, eight additional traverses were done
to investigate the altered route at the north end (stn 4+99 to
stn 17+12), the connection from shaft 1 to the existing Belconnen
trunk sewer (stn 0+79 to stn 4+99), and to further investigate
the faulted zone from stn 40+00 to stn 45+00.

, Each spread was 88 m long, with 23 geophones spaced 4 m
and with a reciprocal geophone 60 m from each end of the spread.
Five shots were fired for each spread at -

geophone 1 -60 m
geophone 1 -2 m
geophone 12 + 2m
geophone 23 +2m
geophone 23 +60 m

Time-distance curves were made available at BMR for inspection by
Tenderers.

Drilling

From April to October 1975, 15 diamond-drill holes
totalling 665 m were drilled by DHC using three drill rigs. NMLC
triple-tube core barrels with split inner tube were used., Water-
pressure testing was done on each hole. Geological logs of drill
core showing water-pressure testing results are in Appendix 8,
Water-pressure test computation sheets are available at BMR for
inspection by Tenderers.

From December 1974 to October 1975, nine 125 mm dia-
meter observation bores were drilled by BMR. The holes were
partly cored but were not water-pressure tested. Geological logs
of drill core are in Appendix 8.

‘ Locations of drill holes are plotted in Plates 1 to 5,
and summary logs are plotted on the profiles (Plates 6 to 8).

Drill core is stored at the Department of Construction
Core Shed at Kingston, A.C.T. Photographs of the drillcore com-
prise Appendix 7. :

Rock testing

Several mechanical rock parameters were determined by
BMR. Point load induced tensile strength tests were carried out
on rock samples collected from surface outcrops at seven localit-
ies (see Plates 2 and 3 for sample locations), and from 35
localities in Pine Ridge tunnel within 1800 m of the west portal.
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The parameters measured on drill core were uniaxial
compressive strength, specific gravity, modulus of elasticity,
Poisson's ratio, Shore hardness, compressional velocity, and
point load induced tensile strength. Detailed results are in

Appendix 4.

Petrology

Petrographic descriptions and chemical analyses were
done on rocks from drill core and surface outcrops (see Appendix

5).

Water analyses

Water samples from drill holes and from Pine Ridge
tunnel were analysed for components aggressive to concrete lining

(see Appendix 6).
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APPENDIX 2

GLOSSARY OF TERMS

ROCK CONDITION NUMBERS

1. Descriptions of the Rock Condition Numbers (RCN)
have been modified here by one of us (D.C.P.) after Terzaghi
(1946) and Deere, Merritt, & Coon (1969) to suite geological
conditions actually encountered in tunnelling operations carried
out in the A.C.T. since 1971. To date these tunnels have passed
mainly through acid volcanics and sedimentary rocks derived from

them,

: 2. The predicted support requirements for each RCN
should only be used as a guide, as very narrow but poorly
oriented defects in an otherwise long section of competent rock
(e.g., RCN 2) may require 2 or 3 steel sets or a few rockbolts
for stabilization. The predictions of support assume an excavat-
ed tunnel diameter of up to 4 m,

3. It should also be noted that RCN 7 and 8 have not
been recorded to date in the A.C.T.

ROCK CONDITION
NUMBER

DESCRIPTION OF THE ROCK MASS

1 HARD INTACT ROCK: Rock massive, very hard and very
strong, with no significant joints or other defects.
Breaks across sound rock when blasted. No support
necessary.

2. HARD WIDELY JOINTED ROCK: As above, but may be
foliated or bedded with a fairly high resistance to
separation of surfaces. Prominent continuous joints
spaced 1-3 m are tight; Jjoints usually not continuous
for more than a few metres. No support required.

3. MASSIVE, MODERATELY JOINTED: Rock mostly hard and
strong. Continuous joints generally spaced 0.5 m - 1 m
are usually fairly tight, but some water seepage along
joints may occur. Rock may be partly blocky in places,
and generally breaks along joint surfaces when blasted.
Steel or rockbolt supports generally not required in 3
m diameter tunnel; in a 4 m tunnel, some rockbolts may
be required where blocky or poorly oriented defects
cross the tunnel.
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MASSIVE, MODERATELY JOINTED, SEAMY: As above but

defect surfaces generally clay-coated and loose. Clay
seams and sheared or fractured rock with clay common.
Rock may be moderately weathered or altered and soft in
parts. Steel-set support (1-1.3 m spacing) sometimes
required in tunnels up to 3 m diameter; more often in
4 m tunnel. Rockbolts may be preferable in places.

CLOSELY JOINTED AND SEAMY: Closely Jjointed, seamy,

and fractured rock; Joints and fractures are loose and
open (where not clay-filled), and may result in large
water inflows into the excavation; includes highly and
extremely weathered (or altered) rock. May exert con-
siderable weight on steel-set supports; steel supports
spaced at 1 m (or less) with heavy timber lagging.
Rockbolts not usually effective.

SEAMY AND CRUSHED ROCK: Includes unconsolidated sand,
slopewash, etc. Refers to fault zone material (gouge)
or shattered rock where clay and gravel sized fragments
makes up the greater percentage of the material mass.
If water content is high, these materials may run or
flow and exert significant side pressures. Stand-up
time near zero. Rockbolting not effective. Steel sets
<0.5 m centres, invert struts, and possibly linear
plates. Shotcrete or gunite often effective in con-

taining running ground.

SQUEEZING GROUND: Slow movement of rock into the
tunnel without perceptible volume increase (rock with
clay minerals with low swelling characteristics).

SWELLING GROUND: Material expands in volume upon
exposure to water (e.g. montmorillonite clay, serpen-

tinite, anhydrite, etc.).

DEGREES OF ROCK WEATHERING

: No discolouration or loss in strength.

FRESH

FRESH STAINED : Limonitic staining along fractures; 7rock
otherwise fresh and shows no loss of
strength.

SLIGHTLY WEATHERED : Rock is slightly discoloured, but not

noticeably lower in strength than the
fresh rock.

MODERATELY WEATHERED : Rock is discoloured and noticeably weak-

ened; N-size (54 mm) drill core generally
cannot be broken by hand across the rock

fabric.
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~ HIGHLY WEATHERED : Rock is discoloured and weakened; N-size

(54 mm) drill can generally be broken by
hand across the rock fabric.

EXTREMELY WEATHERED : Rock is decomposed to soil, but the
original rock fabric is mostly preserved.

hOCK 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).

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,

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.

FRACTURED 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.

JOINT SPACING

Very close - Joints spaced <5 cm

Close - Jjoints spaced 5 cm to 30 cm
Moderately close - joints spaced 30 cm to 1 m
Wide - Jjoints spaced 1 m to 3 m

Very wide -~ jointls spaced >3 m
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" JOINT APERTURE

This describes the amount of separation of the Jjoint
surfaces. dJoints may be open or tight. If two joint faces fit
perfectly it is prabable 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 washed away during drilling.

BEDDING
Laminated - & 10 mm thick
Thinly bedded - 10 mm to 100 mm thick
Thickly bedded - 2100 mm thick

GRAINSIZE '

1 mm to 4 mm in diameter
2 mm to 1 mm in diameter
£ % mm in diameter.

Coarse-grained -
Medium-grained -
Fine-grained -

ROCK QUALITY DESIGNATION (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 ard sound rock 10 cm in length or longer.
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APPENDIX 3
DRILL HOLE WATER-PRESSURE TESTS

Water-pressure tests were carried out on NMLC diamond-
drill holes along the route. Standard test procedures were used.

Permeabilities have been calculated for each test
section and have been plotted on the geological logs (Appendix 3)
in lugeon units. The lugeon is defined as:

'the rate of loss of water from a drill hole 46 to 76
mm diameter, of 1 litre per minute per metre of drill
hole at a pressure of 10 bars, the test being applied
for ten minutes over a test length of 2 metres.'

Computation sheets for every test carried out are not
presented here but can be examined at the Bureau of Mineral

Resources.
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APPENDIX 4

MECHANICAL PROPERTIES OF ROCK SAMPLES

Appendix 4 describes the measurement of mechanical
properties of NMLC and Treifus 22" drill core samples from the
proposed tunnel line. Point Load Strengths were determined by
N. Wise of the BMR Engineering Geology Section. The other
measurements were carried out by M. Idnurm and R. Eaton of the

Rock Measurements Group.

The rocks tested were dacites, rhyodacites, granite,
rhyolite, and shales. All samples were classified as fresh rock.

MEASUREMENT TECHNIQUES

Elastic properties

The elastic properties are measured on drill core
samples 10 to 13 cm long in a laboratory-dry condition,

Compressional sound velocity. The compressional sound
velocities were determined from the transmission times of a sound
pulse using a Cawkell ultrasonic instrument type UCT2. The pulse
consisted of a damped sine wave of frequency 150 kHz,

Modulus of Elasticity and Poisson's Ratio. The Modulus
of Elasticity and Poisson's ratio were calculated from the com-
pressional velocity and the resonance frequency of the driil core
sample. A Cawkell instrument type SCT4 was used for the resonance
measurements. The elastic moduli consequently represent the
dynamic rather than the static values. The experimental errors
in the velocity are estimated to be within 5 percent, and in the

elastic moduli within 15 percent,

The elastic properties, specific gravity, and hardness
of the drill core samples are shown in Table A together with the
drill log data. The gaps in the table denote lack of reliable
elastic property data owing to high sonic attenuation.

Hardness

The hardnesses were determined by the Shore scleroscope,
which measures the height of rebound of a diamond-tipped weight
from a flat test surface. A total of 64 readings was obtained
from the end faces of each sample, and the average of these was
taken as the Shore Hardness. The samples were tested in a
laboratory-dry condition. '

Table B lists for comparison the values of Shore Hard-
ness for several common rock types. This table is compiled from



~B3

the information given in the US Bureau of Mines report on their
Investigation No. 4727.

Uniaxial compressive strength (UCS)

The length to diameter ratio of the samples for the
compressive strength tests was 2:1. The specimen ends were
surface-ground to a flatness within 25 um (highest to lowest
point). The ends were parallel within %oq No lubricant was used
on the end faces. The samples were tested in a laboratory-dry
condition. A Baldwin tesEing machine Model 400 CT was used. The
loading rate was 500 KN/m" /sec.

Table C lists the uniaxial compression test results.
The samples tested represent the least jointed sections of the
drill core. Defect free samples were not available from some of
the drill cores. Where the failure occurred prematurely on pre-
existing fracture planes only the lower limit of uniaxial com-
pressive strength is given. The shale samples were tested normal
to their bedding planes.

Point Load Strength Index: Is(50)

_ The Point Load Strength (PLS) test was devised as a
quick means of determining the rock strength, The tests were
carried out using a technique developed by Brock & Franklin
(1972).

Where possible at least 10 tests were carried out on a
sample 'unit'. A 'unit' is a sample of rock considered on inspec-
tion to have uniform strength. In some cases it was not always
possible to obtain 10 suitable rock samples.

Failure of a sample was considered satisfactory if it
occurred across the rock substance. Where failure occurred along
fractures, joints, or bedding planes, the results were discounted.

Tests of shale samples were carried out perpendicular
to the bedding planes. The length of the drill core shale
samples tested was roughly equal to the diameter.

Drill-core samples and surface samples were tested in a
laboratory-dry condition.,

Drillcore samples

Tests were carried out on core samples having a length
to diameter ratio greater than 1.4, The samples were tested
through a core diameter at a distance 0.7 diameter between the
contact point of the platen and the nearest free end.
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All tests were carried out in the field using core
samples taken from the boxed drill core.

The PLS test results for the drill core are included in
Table D,

Surface samples

The PLS test results for surface samples from GST and
tunnel samples from Pine Ridge tunnel are included in Tables E
and F, The samples tested were the form of irregular lumps
collected from surface outcrops and from the tunnel-walls. With
one exception the testing procedures have followed those recomm-
ended by Brock & Franklin (1972). The exception is in the shape
factor for which the lower limit has been reduced from 1.0 to 0.9.
This should not introduce any serious errors and has enabled a
large number of samples to be retained, which would have other-
wise been unsuitable for the tests,

The following should be noted about the tests:

1, The test samples were roughly cubical in shape with an
average edge length of 6 cm. The final trimming to produce the
cubical shape was done with a diamond-disc saw.

2, The shape factor ranged from 0.9 to 1.3,

Correlation of Point Load Strength Index, Is(50), with Uniaxial
Compressive Strength (UCS).

From the Is(50) a corresponding UCS can be predicted
from the correlation curve of Brock & Franklin (op. cit.). The

correlation is:

UCS = 24 Is(50)

A comparison between Is(50) and UCS has been carried
out by M. Idnurm of the BMR Rock Measurements Group. The corre-
lation coefficient between Is(50) and UCS found here was 0.84,
which compares with values of 0.88 obtained by Brock & Franklin,
and 0.95 obtained by D'Andrea et al. (1965).

The results obtained by M. Indurm agree reasonably well
with those of Brock & Franklin at low and intermediate compress-
ive strengths, but deviate at high strengths. For example the
average Is(50) for fresh dacite from Pine Ridge tunnel is 7.9
MPa, and the corresponding UCS predicted from the correlation
curve of Brock & Franklin is 190 MPa; however, measurements by
M. Idnurm indicate a UCS of 210 MPa. These results indicate a
possible non-linear relationship between Is(50) and UCS at high
stress levels, and departures from the Brock & Franklin curve

start from about 160 MPa.
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TABLE A, GENERAL RESULTS OF ROCK TESTS
Drill hole Depth Geological Sample Spectific Compressional Modulus of Polssons Hardness
(m) description no. gravity velocity elasticity Ratio (Shore
(m/8) (E) (r) units)
(10 /m?)

G8T. 3 17.90 Dacite 76/529 2.67 5660 76 0,22 -
GST. 3 24.70 " 75/530 2.65 5560 72 0.23 -
GST. 3 35.60 ' 75/531 2.64 4420 45 0.24 =
GST. 3, 17.95 " 75/532 Shore Hardness test only 102
GST. 3 24.63 L 75/533 Shore Hardness test only 102
GST. 3 19,80 " '75/534 Shore Hardness test only 101
GST. 4 29,10 Dacite 75/535 2,68 5930 81 0.25 -
GST. 4 29.30 e 75/536 2.65 5650 74 0.24 -
GST. 4 32.40 " 75/537 2.66 5750 77 0.24 -
GST, 4 29,30 " 75/538 Shore Hardnoas test only 100
GST. 4 32.05 " 75/539 Shore Hardness test only 08
GST. 4 32.30 i 75/540 Shore Hardness test only .96
GST. S 12,50 Dacite 75/541 2.66 5480 67 0.28 -
GST. 6 12.60 b 75/542 2.85 5740 65 0.31 -
GST. & 12.80 " 75/543 2.67 5630 73 0.24 -
GST. 5 12.45 " 75/544 Shere Hardness test only 102
GST. 5 12.70 i 75/545 Shore Hardness test only 101
GST. 5 12,87 w 75/546 Shore Hardness test only 06
GST. 7 19.10 Shale 75/547 2.68 4400 - - -
GST. 7 19.63 " 75/548 2.68 4650 - - -
GST. 7 19,95 " 75/549 2,68 5020 - - =
GST. 7 19,05 " 75/550 Shore Hardness test only 72
GST. 7 19.50 & 75/551 Shore Hardness test only 64
GST. 7 19.80 o 75/552 Shore Hardness test only 67
GST. 7 35.76 Dacite 75/553 2.61 3850 - - =
GST. 7 38.70 t 75/554 2.63 4790 52 0.25 -
GST. 7 40,35 L 75/555 2.65 3900 - - &
GST. 7 35.85 " 75/556 Shore Hardness test only 81
GST. 7 40.40 " 75/557 Shore Hardness test only 68
GST. 7 59.80 u 75/558 Shore Hardness test only 71
GST. 9 44,10 Granite 75/487 2.68 5770 71 0.29
GST. 9, 45.90 " 75/488 2,67 5720 71 0.28
GST. 9 46.50 " 75/489 2.88 5650 60 0.33 -
GST. 9 44,50 " 75/491 Shore Hardness test only 91
GST. © 46,00 " 75/490 Shore Hardness test only 92

37. 9 47.50 " 75/492 Shore Hardness test only 97
GST. 11 31.80 Dacite 75/493 2,71 5070 61 0.24 -
GST. 11 38,60 g 75/494 2,74 5450 67 0.27 -
GST. 11 58.20 " 75/495 2.69 5500 70 0.25 -
GST. 11 31,68 " 75/496 Shore Hardness test only 71
GST. 11 38,65 " 75/497 Shore Hardness test only 75
GST. 11 58,05 " 75/498 Shore Hardness test only 75
GST. 12 70,30 Dacite 75/499 2.70 5330 598 0.30 -
GST., 12 71.50 " 75/500 2.67 5580 69 0.27 -
GST, 12 71.60 " 75/501 2.67 5310 59 0.29 -
GST. 12 70.20 " 75/502 Shore Hardness test only 71
GST. 12 71.42 " 75/503 Shore Hardness test only 82
GST. 12 77.70 L 75/504 Shore Hardness test only 57
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TABLE A. (contd.) l
Drill hole Depth Geological Sample Specific Compressaional Modulus of Poissons Hardness '
(m) description . no. gravity velocity elasticity Ratlo (Shore
(m/8) (E) (r) units)
103 /m2)

GST. 16 37.30 Rhyodacite 75/659 2.63 4560 48 0.22 - .
GST. 18 37.40 " 75/560 2.61 5030 81 0.20 =

GST. 18 39.50 i 75/561 2.58 4600 45 0.28 -

GST. 186 27.45 o 75/562 Shore Hardness test only 20 '
GST. 18 37.20 N 75/5683 Shore Hardness test only 81

GST. 16  39.60 " 75/564 Shore Hardness test only 63

GST. 17 20.00 Rhyolite 75/505 2.74 5710 75 0,28 -

GST. 17 21.80 " 75/506 2.66 5680 73 0.28 - '
GST. 17 21,80 . 75/507 2.60 5560 62 0.30 -

GST. 17 20.10 i 75/508 Shore Hardness test only o8

GST. 17 20.14 = 75/509 Shore Hardness test only 93 '
GST. 17 21.92 L 75/510 Shore Hardness test only 07

GST, 18 18.60 Dacite 75/565 2.70 4540 42 0.31 -

GST. 18 18.70 " 75/566 2.70 4740 49 0.28 - '
GST, 18 18.90 it 75/567 2.7 4390 - - =

GST, 18 18.50 B 75/568 Shore Hardness test only 63

GST. 18 18.75 . 75/569 Shore Hardness test only 69

GST. 18 18.85 L] 75/570 Shore Hardness test only 7 I
GST. 20 58.60 Dacite 75/511 2,72 4600 40 0.33 -

GST. 20 57.80 " 75/512 2.68 5650 70 0.27 -

GST. 20 58,00 " ' 75/513 2.69 5520 . 68 0.26 - l
GST. 20 57.61 9 75/515 Shore Hardness test only 90

GST. 20 58.00 e 75/514 Shore Hardness test only 89

GST, 20 60.00 " 75/516 Shore Hardness test only 87 .
GST. 23 48,50 Granite 75/517 2.68 5880 75 0.28 =

GST., 23 59.90 = 75/518 2.68 5840 75 0.27 =

GST. 23 61,30 " 75/519 2.68 5870 76 0.27 -

GST. 23 48.35 . " 75/520 Shore Hardness test only 100 '
GST. 23 58.980 L 75/521 Shore Hardness test only 97

GST, 23 81.35 . 75/522 Shore Hardness tesat only 97

GST. 24 43,90 Granite 75/523 2.66 5600 87 0.28 - '
GST. 24 44,10 " 75/524 2.68 5600 87 0.28 _

GST. 24 34.10 " 75/525 2,67 5440 85 0.27 =

GST. 24 43,60 v 75/526 Shore Hardness test only 82 .
GST. 24 43,90 " 75/527 Shore Hardness test only 87

GST. 24 43.064 = 75/528 Shore Hardness test only 86

MV 7 11,9 Dacite 71/229 2.87 5860 70 0.28 99

MV 7 18.8 1 71/230 2,70 5450 86 0.28 89 '
My 7 18.2 1 71/231 2.68 5600 69 0.28 90

MV 7 19.5 " 71/232 2.68 5500 67 0.28 86

MV 11 33.6 " 71/233 2,67 5850 75 0.28 96 '
MV 11 34.56 = 71/234 2.68 5640 64 0,31 93

MV 11 35.68 " 717235 2,89 65630 69 0.23 94

MV 11 48.5 " 71/236 - 2,69 4250 32 0.36 69 '
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TABLE B. SHORE HARDNESS RANGE IN COMMON ROCK TYPES*

Rock type Shore Hardness No, of localities of
sample collection

Granite 90 - 100 5
Basalt 69 - 84 1
Quartzite 81 (one value only) 1
Limestone 27 - 66 4
Sandstone 31 - 65 3
Shale 34 - 58 2

* From US Bureau of Mines Report on Investigation 4727
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TABLE C. UNIAXIAL COMPRESSIVE STRENGTHS (UCS)

Drill hole Depth Diam Geological description  Sample  Compressive Mode of failure '
(m) (cm) no. strength
MPa
GST. 3 17.90 5.2 Dacite 75/529 294 Fractured into numerous small pieces
GST, 3 24.70 5.2 " 75/530 492 Longitudinal fallure through length '
GST. 3 35.60 5.2 - 75/531 > 110 Premature failure trrough joint plane
GST, 4 29.10 5.2 Dacite 75/535 . >101 Premature failure through joint plane
GsT. 4 29.30 5.2 " 75/536 273 Fracture into numerous small pieces '
GST. 4 32.40 5.2 b 75/537 173 Longitudinal fallure through length
GST. 5 12.50 5.2 Dacite 75/541 291 Fracture into numerous small pieces
GST. 5 12.60 5.2 u 75/524 258 Fracture into numerous small pieces '
GST, 5 12.80 5.2 " 75/543 234 Longitudinal failure through lengths
GST. 7 19.10 5,2 Shale 75/547 > 245 Premature fajilure through joint plane
GST. 7 19.63 5.2 L 75/548 >124 Premature failure through joint plune
GST. 7 19.95 5,2 " 75/549 >197 Premature failure through joint plane l
GST. 7 35.76 5.2 Dacite 75/553 203 Conical
GST., 7 39.70 5.2 i 75/554 204 Fracture into numerous small pieces
GST. 7 40,35 5.2 i 757555 205 Conical ) '
GST. 9 44.16 5.2 Granite 757487 170 Fracture into numerous small pieces
GST. 9 45.90 5.2 k. 7574838 237 Fracture into numerous small pieces
GST. 9 46.50 5.2 " 75/489 125 Longitudinal failure through length '
GST. 11 31.80 5.2 Dacite 75/493 154 Fracture into numerous small pieces
GST. 11 38,60 5.2 " 75/494 152 Fracture into numerous small piéces
GST. 11 58.20 5.2 ¢ 75/495 164 Fracture into numerous small pieces
GST. 12 70,30 5.2 Dacite 75/499 104 . Semiconical failure '
GST. 12 71.50 5.2 £ 75/500 97 Semiconical failure
GST. 1 71.60 5.2 " 75/501 105 Longitudinal failure through length
GST. 16 37.30 5.2 Rhyodacite 7571559 > 52 Premature failure through joint plane .
G8T., 16 37.40 5.2 " 75/560 >389 Premature failure through joint plaae
GST. 16 39.50 5.2 " 75/561 >38 Premature failure through joint plane
GST. 17 20.00 5.2 Rhyolite 757305 279 Fracture into numerous small pieces I
GST. 17 21.80 5.2 " 75/506 322 Fracture into numerous small pieces
GST. 17 21.80 5.2 . 75/507 247 Conical :
GST. 18 18.60 5.2 Dacite 75/565 145 Longitudinal failure through length
GST. 18 18.70 5.2 1 75/5648 119 Longitudinal failure through length .
GST., 18 18.90 5.2 " 75/567 - 96 Conical
GST. 20 56.60 6.3 Dacite 75/511 141 Conical
GST. 20 57.80 6.3 ik 75/512 255 Longitudinal failure through length .
GST. 20 58.00 6.3 G 75/513 223 Longitudinal failure through length
GST., 23 48,50 6.3 Granite 75/517 188 Longitudinal failure through length
GST. 23 59.90 6.3 n 75/518 246 Fracture into rumerous small pieces
GST. 23 61.30 6.3 o 75/519 263 Fracture into numerous small pieces '
GST. 24 43,90 6.3 Grva.nita 757523 178 Longitudinal failure through length
GST; 24 44,10 6.3 = 75/524 201 Fracture into numerous small pieces
GST. 24 34.10 6.3 = 757525 > 110 Premature failure through joint plane '
MV 7 11,9 5.2 Dacite "71/229 239 Not avuilable
MV 7 18,8 5.2 " 71/230 214 Not avilable
MV 7 19.2 5.2 & 71/231 187 Not available '
MV 7 18.6 5.2 L 71/232 - Not available
MV 11 33.6 5.2 " 71/233 257 Not available
MV 11 34.8 5.2 L 71/234 262 Not avallable 1
MV 11 48.5 5.2 i’ 71/235 192 Not available .
" 71/236 177 Not available
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TABLE D, POINT LOAD STRENGTH TESTS8 ON DRILL CORE

' Hole no. Dapth No. aamples Formation No. mucceasaful MNean Standard Geological description
Rpprox. tested teats Ia(50) deviation
{m) MPu
' GST. 2 43.0 9 o 7 9.8 0.63 )FR - Dacite, light groy to
56.0 11 - 10 9.0 1.01 ) dark grey to pink with
€60.0 7 b4 5 9.4 0.94 ) zones of alteration,
. ke
. GST. 3 17.0 10 'F 10 12.1 1.66 F8 - Dacite, light grey
O f=
M7, 4 28,0 10 o 10 7.4 1,06 FS - Dacite, pule grey
. ot
68T, B 10.0 10 = 7 11.2 1.78 )FS - Dacite, wolded, mostly
' 20.0 10 9 11.1 3.08 ) pale grey
—_—
G381, 7 16.0 10 - 2 8 7.3 1.44 FR - Dacite, crystal tuff
0 9 arenite -
16.0 3 tE & 3 2.4 0.93 Black shale intraclasts
19.0 2 2 ad 2 2.8 0.02 FR - Black shale
25.0° 4 4 = 4 2.2 0.21 Blsck shale intraclaste
25.0 10 29 8 7.9 3,02 FR - Dacito tuff
36.0 i1 B 8 4.3 0.95 FR - Dacite igninmbrive tuff,
2 med, grey
' G8T. 9 15.0 10 “ 8 1.5 0.67 MW-F8 Granite porphyry, light
n grey
20,0 18 By 8 6.1 2.00 JFR - Grunitae porphyry
30.0 14 'g_;' 3 8.4 3.24 ) light grey
- 0
' GST. © 35.0 8 g4 4 2,9 1.48 FR - Granite porphyry, but
sll slightly ultered and
chloritized.
44.0 14 7 7.6 2,22 FR - Granite porphy:y
GST. 11 30.0 14 J°f;ate 8 - 6.3 0.82 FR - Dacite ignimbrite tuff
44,0 11 o 4 6.0 . 1.10 FR - Dacite ignimbrito tuff
Q0
G8T, 12 38.0 10 "52 4 5.1 0,82 FS - IR Dacite, mostly
5y sheared but healed with
i -ag' ’ chlorite and limonite
; 72.0 10 >0n 8 7.2 2.51 FR =~ Dacite ignimbrite tuff
+ Lo
GST. 13 63.0 10 83 6 7.0 1.91 FR - Dacite
80.0 14 = 6 4.1 0.95 )FR - RKhyolite, green mottled
. 82, 9 e 3 2.0 0.54 )Silicious with black chlorite
GST. 14 23.0 10 2 8.4 0.10 YJFR - Rhyolite, purple with
32.0 8 3 4.6 0.82 Jehlorite veins threoughout
GST. 18 20.0 10 ks o 7 6.5 1.32 _8W-F3 Rhyolite, pale greon
24.0 30 ] 9.1 1.67 SW~FS HKhyolite, blue green
37.0 12 "Ghrplo. 6 4.8 1.00 FS - Rhyodacite, purpile
GST. 17 20.0’ 15 e hvolite 11 8.4 1.07 FR - Rhyolite, green
Q
' GST. 18 19.0 10 E ° 7 5.1 2.00 FR - Dacite, welded, stained
-8 8?,; purple
~
G8T. 20 55.0 13 = S :Styz 10 6.2 0.94 FR -~ Dacite, blue grey
l GST. 23 46,0 10 Fe 10 8.4 1.1¢ )JFR = Granite porphyry pale
4 Bn Ire
60.0 11 «EE. 8 7.0 0.93 grey
4
GST. 24 28.0 12 gk 10 5.6 1.79 FS -~ PR Granite porphyry
3& y green grey



TABLE E. POINT LOAD STRENGTH TESTS ON SURFACE SAMPLES

Map Grid ' No. samples Mean Standard Geological description
locality position tested Is(50) deviation
and thin- MPa

section numbers

J1 198750 E 10 12.6 2.34 Light grey dacite,
75360026 ' 612590 N SW - FR
74360060 199180 E 10 12.9 0.92 Dark grey dacite,
612710 N FS - FR
74360061 199210 E 10 12.0 1.07 Dark grey dacite,
612100 N FS- FR
K3 199177 E 6 12.3 2.44 = Dark grey dacite, |
75360023 612310 N SW - FS |
1
75360021 199940 E 9 9.8 2,16 Purple dacite,
612340 N SW
El 196710 E 10 10.5 1.83 Dacite agglomerate,
610390 N : SW - FS '
D1 198810 E 9 9.8 1,85 Green rhyolite,
75360031 608690 N SW- FS




TABLE F.
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PINE RIDGE TUNNEL POINT LOAD STRENGTH TESTS

A1l samples consisted of fresh dacite containing -
cemented fractures.

Location No. of samples Mean Is(50) MPa
chainage (ft)
200 (w) 4 7.8
300 (w) 3 8.4
400 (w) 2 8.0
500 (w) 3 8.2
600 (w) 3 6.7
700 (w) 2 9.0
800 (w) 2 10.7
900 (w) 3 8.5
1000 (w) 2 8.1
1100 (w) 2 5.9
1200 (w) 2 7.3
1300 (w) 3 8.3
1400 (w) 3 7.4
1500 (w) 2 9.6
1600 (w) 2 7.5
1700 (w) 3 7w
1800 (w) 2 7.1
1900 (w) 3 5.9
2000 (w) 3 8.0
2100 (w) 3 7.3
2200 (w) 3 8.9
2300 (w) 2 7.1
2400 (w) 2 8.0
2500 (w) 2 T3
2600 (w) 2 6.4
2700(w) 3 10.4
Mean 7.9
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APPENDIX 5
PETROLOGY

THIN SECTION DESCRIPTIONS
(by C. Gardner)

SUMMARY

All the samples described are porphyritic dacites (62-
68% Si0,,) or rhyolites (SiO 68%) with between 30 and 50 percent
phenocrysts. These general%y include unbroken phenocrysts, frag-
ments of broken phenocrysts (fragmentation i1s a distinctive
feature of these rocks), and microphenocrysts. Quartz is the
dominant porphyritic mineral in all of the samples, in terms of
abundance and grainsize; it occurs as rounded or hexagonal
embayed crystals and always shows complete extinction.

Plagioclase (albite-?andesine) is always present,
usually as subhedral, partly sericitized, irregularly twinned,
zoned laths. Euhedral microphenocrysts of magnetite also occur

in all the samples.

Mafic phenocrysts were originally biotite + hornblende
+ clinopyroxene, orthopyroxene was found in one sample. In almost
all the samples, the mafics have been completely altered,
usually to chlorite + opaque oxides or sericite., Calcite,
tremolite, sphene are also common alteration products. Low-grade
greenschist metamorphism is inferred from these alteration

products.

The groundmass is usually composed of quartz, plagio-
clase, K-feldspar, chlorite, sericite, and opaque oxides in many
stages of devitrification. Strong flow-banding is evident in
some samples, the flow enveloping deformed biotite pseudomorphs.

Accessories include apatite, zircon, and epidote.

THIN SECTION DESCRIPTIONS

Purple rhyodacite

(No. 75360021) Phenocrysts: (35%) Most of these are clear
(i.e., not undulose) quartz, up to 5 mm,
cracked but not displaced., Sericitized

albite and biotite partly replaced by chlorite
+ opaques make up the remainder of the pheno-
crysts. Microphenocrysts of biotite, chlorite,
opaques and magnetite occur. (3%)

Groundmass: Partly devitrified quartz-feld-
spar-opaques. Feldspar is clouded with
inclusions of opaque oxides.



Green rhyolite

(No. 75360031)
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Extensively altered. Large areas of the
matrix are recrystallized - these may be of
sedimentary origin. Quartz phenocrysts (20%)
cracked but not displaced, and feldspars
(10%) sericitized. Rare original biotite

and hornblende has been replaced by opaques +
sericite or opaques + chlorite.

Groundmass'is poorly crysfalline°

Accessory zircon, magnetite microphenocrysts.

Walker Volcanics, lower sequence (Dacite)

(No.

(No.

(No.

74360064 )

74360065)

75360028)

Phenocrysts: (60%) composéd of rounded frag-

ments of clear quartz, sericitized subhedral
feldspar, and pseudomorphs after biotite and
hornblende. The pseudomorphs are aggregates
of quartz-calcite~tremolite-epidote, calcite-
chlorite, or Fe-rich chlorite. Former biotite

- laths are deformed.

Groundmass: is structureless cryptocrystall-
ine quartz-chlorite-plagioclase-K-feldspar.

Accessory: zircon, sphene, opaques.

?Phenocrysts: (60%) Comprised of fragmented
irregularly-shaped but well-rounded quartz,
dense enough that they are just touching, and
partly sericitized untwinned sodic plagio-
clase. As for 0064, mafic phenocrysts have
been altered (low-grade greenschist metamor-
phism) to aggregates of Fe-poor chlorite, Fe-
poor chlorite-sphene, and calcite-qtz-sphene.
Some of the sphene occurs as radially-grown
spheres.

Groundmass: structureless cryptocrystalline
quartz-Fe-rich chlorite-albite-calcite.

Possibly sedimentary as quartz phenocrysts
are generally not embayed, although some are
angular., However, texture is similar to that
of rhyodacites already described. Feldspar
phenocrysts are replaced by sericite, clay or
calcite; mafics (biotite, hornblende)
replaced by colourless chlorite + opaques.



(No.

75360030)
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Groundmass consists of quartz, clay, calcite,
sericite.

Probably sedimentary. Sub-angular quartz
fragments occur in all sizes from micro-
crystalline matrix to 1.5 mm (40%) and feld-
spar fragments comprise 25 percent of rock,
Matrix consists of quartz clay-feldspar-

calcite-opaques-chlorite no structure observed

(sed, or volcanic).

Willow Bridge rhyolite (dark grey)

(No.

74360060)

This sample (like most of those described) 1is
comprised of distinct phenocryst and ground-

mass phases, each making up about 50 percent

of the total rock.

Phenocrysts: 1) clear, sometimes strained,
quartz, 30 percent of total rock, from .05 mm
(microphenocrysts) to 5 mm, mostly fragmented
as well as embayed. Original crystal faces
are either rounded or hexagonal (indicating
high temperature origin).

ii) sericitized anhedral plagio-
clase (15%), smaller than quartz (indicating
relatively deep level of derivation), also
fragmented. '

iii) sericite and chlorite (+
opaques) pseudomorphs after biotite. Strongly
deformed - probably during solidification of
groundmass, as the contortions parallel the
groundmass flow structure.

iv) rare CPX.

Groundmass: Cryptocrystalline partly devitr-
ified qtz, Kspar, plag. Well-defined flow
structure.

Accessory. Apatite, magnetite, zircon,
goethite.

Willow Bridge dacite (dark grey and near base of unit)

(No.

74360061)

Similar to 0060 except (i) phenocrysts com-
prise 35 percent instead of 50 percent of
total rock, (ii) groundmass is fully devitri-
fied, consequently flow pattern in the
groundmass has been destroyed; deformed
former biotite laths indicate that flow
structure did originally exist.,
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Willow Bridge dacite (dark grey)

(No. 75360022)

(No. 75360023)

(No. 75360024)
(No. 75360025)

As for 74360061. Phenocrysts: (50%) fragmented
phenocrysts and microphenocrysts, plagioclase,

- oscillatory zoned, twinned.

Groundmass: very dark, due to density of
opaques, only incipient devitrification; flow
structure evident.

As for 75360022. Biotite (now chlorite or
sericite, + opaques) is strongly deformed and
is strung out to narrow elongate laths con-
cordant with the excellent groundmass flow
structure; also crenulated.

NOTE: the chlorite replacing biotite is an
intermediate biotite to chlorite alteration
product, having higher birefringence than
chlorite (same order of birefringence as
sericite). Magnetite and apatite are
accessory.

Porphyritic dacite (as for 0023)

Mineralogy as for 0023, 0024. Phenocrysts,
fragmented phenocrysts and microphenocrysts
comprise 50% of rock. Biotite is unaltered
and undeformed, i.e. red-brown phenocrysts.

Willow Bridge dacite (light grey)

(No. 75360026)

(No. 75360027)

As for 0025. Phenocrysts: Nearly all fragmen-

ted. Biotite quite fresh, dark brown-pale
green, Plagioclase shows good twinning and
zoning (Ano - 10). No K-feldspar phenocrysts.
Magnetite phenocrysts abundant.

Fresh orthophyroxene phenocrysts occur rarely
and carry zircon inclusions.

Groundmass: Completely devitrified, quartz-
albite-K-feldspar-chlorite. ‘

Phenocrysts: Fragmented phenocrysts and micro-
phenocrysts make up 50 percent of rock. They
include embayed, generally rounded, non-
undulose quartz, up to 5 mm diameter;

smaller subhedral partly sericitized twinned
plagioclase, zoned Ano - 10; strongly deformed
chlorite + opaque pseudomorphs after biotite,
chlorite pseudomorphs after hornblende.
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Groundmass: devitrified crystocrystalline, no
flow structure remaining.

Willow Bridge rhyolite (light grey)

(No.

74360069)

Granite Porphyry

(No.

(No.

74360062, 63)

75360029)

Phenocrysts: Comprise 40 percent of *total
rock. Most of these are qtz, clear, highly
fragmented, all with sharp angular edges.
Both plagioclase (albite~twinned) and potash
feldspar (microcline-twinned) occur. Some
K-feldspar phenocrysts are altered to qtz-
sericite. Biotite microphenocrysts (8%) are
altered to opaques + epidote, and carry
abundant zircon inclusioas.

Groundmass: is devitrified, rarely recrystal-
lized. :

Similar mineralogy to 0060, 61 except for
higher proportion of mafics in 0062, 63.

Phenocrysts. As for 0061 except quartz and
plagioclase are both commonly 4 mm (indicat-
ing shallower level of commencement of
crystallization than for 0061). Plagioclase
is twinned, euhedral, composition not deter-
minable because of sericitization.

Mafic phenocrysts (biotite, clinopyroxene) are

pseudomorphed by quartz-chlorite + calcite,
sphene~chlorite-opaque oxide or sericite

aggregates.

Groundmass. (50% of total rock) Fine-grained;
probably recrystallized volcanic groundmass.

Phenocrysts: (40%) Large, embayed quartz,
heavily corroded feldspars (to sericite,
calcite, clay, dusted with opaques). Mafics
altered to epidote or colourless chlorite +
opaques. Calcite abundant in groundmass;
assoclated with this calcite are abundant
tiny (.05 mm) euhedral magnetites.

This rock seems to have partly sedimentary
content.



-77-

TARLE G. CHEMICAL ANALYSES

Oroen Rhyolite Mount Painter Porphyry Walkor Volcapics
Lower mequsnca
Tuggeranong 8T Mount Fairter areoa G8T
tunnel Ares aros
Location 8tu, Stu, 811883 878883 KHT7952 060866 044872 Q38864 800000 803018
(1:100 (00 series) 244+15 246+38 D1 E2 £l
Registration No, ‘.76840014 76840016 73840101 74840003 74840004 74810035 738400B6 74840088 75840018 75840019
5102 71.54 72.60 B0O.25 64,40 87.15 65.65 66,53 6%.03 88.00 65,70
TLO:‘ 0.22 0.23 .22 57 .54 1] .07 .58 0,46 0.580
Alao3 12.93 13.3% 10,74 13.89 14.74 14,13 14,08 13.88 10.7¢ 14.00
l’eaoa 1.39 0,33 .cd .81 .88 .30 .40 .48 1.1 0.26
Yo 0.55 0.80 .07 4.47 4.34 4.52 4.20 4.02 5.40 4,50
¥nO 0.04 0.03 .01 .06 .09 .10 .07 40 0.13 0.13
g0 0.59 0.49 .23 3.82 3.09 3.08 3.8 2,80 4,01 4.65
CxO 2.40 1,73 .03 2.00 2,39 1.74 1.53 3.06 2,58 2,51
‘.mzo 0.78 1.1a .52 1.73 1.82 2.10 1,92 1,28 1,08 2,88
520 4,13 3.78 .94 3.38 2.51 3.86 4.27 4.87 1,82 z,78
paob 0.06 0.08 «05 .11 .11 .08 .07 .07 .10 0.11
H:,‘O* 2,23 .2.47 .87 2.41 2.69 2.7% 3.44 3.78 3.43 2.79
Hzo— 0.47 0.581 .15 <11 .13 .13 .08 .10 0.23 06,11
oo.‘ 1,08 1.80 .0B8 .05 05 <75 .40 1.4C 0.438 .25
Cu 20 14 8 28 68 " 30 22 30 34 36
wn 43 50 82 104 84 1143 71 104 110 ne
Co 3 2 & 20 18 2 4 2 8 2
Ni 3 14 2 24 a0 23 36 28 22 18
Cr 16 15 a5 75 80 88 80 85 75 75
:V 35 50 5 135 130 145 170 180 170 110
-Ba 320 540 530 £80 : 500 830 840 640 380 L4
Co 80 100 40 80 7Q §Q 80 80 Wo 110
REY 40 an 30 40 1] 50 6Q 80 40 50
Pb 38 34 30 14 0 12 8 12 36 34
‘Rb 240 210 260 150 130 . 170 160 300 73 138
9r 50 100 50 130 130 100 80 44 110 180
Th 18 18 i8 18 18 12 14 16 13 14
v [} 8 8 4 4 4 4 4 4 [
Zr 118 125 1485 190 185 178 1735 193 100 200
Nb 10 10 4 4 8 4 4 8 10 10
Y 30 30 20 20 20 a6 33 30 23 a3




TA3LE G, (contd.)

B

Walker Member (Purcell, in prep.)

Willow Bridge Tuff

Pine Ridge tunnel

North of Ginninderra Creek

Location Stn. Stn. 8tn, Stn. Stn, 759104 773123 757133 739214 803221

(1:100 000 series) 23+70 50+00 26+50 45400 45+00

Registration No. 73840487 73840468 73840489 73840490 73840491 | 73840436 73840438 73840440 73840446 73840449
510, 67.78 68,42 87,84 65.88 66.80 87.98 69.63 7.193 69,88 67.80
T10, .54 .51 .55 .62 .55 .51 .46 .31 .41 .50
A1,0, 13.95 12,86 14.10 14.37 13.68 14.94 14.67 14.00 14,04 15,18
Fo, 0, 2.12 2,58 .87 3.62 3.32 1.39 1.53 .15 1.05 1,25
FeO 2.08 3.73 4.06 1,63 1,63 2.35 1.98 1.73 2,14 2.44
MnO - .09 .08 .09 .04 .04 .03 .05 .05
MgO 1.70 1.63 1.82 1.70 1.46 1.43 1.30 .52 1,27 1.37
Ca0 1,73 .41 .32 1.44 1.83 3.81 3.05 .73 3,10 3,70
Na,0 2.33 .72 1,27 1.22 1.38 2.48 2.52 4.00 2.68 2,80
K0 3,55 5.46 6.43 6.46 5.88 2.85 3.20 4.49 3.16 2,97
P,0. L1 .11 .14 JA3 .12 .11 .10 .04 .08 .10
H,0+ 2.53 2.22 2,17 2.02 2.07 1,26 1.41 .87 1.22 1.54
H,0- .33 .28 .10 .22 .15 .16 .09 .13 .10 .10
co, .90 .05 .05 .55 1.05 .05 .10 .05 .05 .05
Cu 14 8 6 6 12 18 20 44 24 22
Zn 56 55 53 50 58 59 45 56 50 74
Co 6 8 8 6 6 10 18 2 4 2
N4 20 15 20 18 18 10 13 10 13 18
Cr 85 60 50 55 85 30 30 20 30 30
v 130 110 140 150 150 83 80 a8 85 100
Ba 450 1180 1020 1330 1310 600 660 700 640 620
Ce 70 80 80 70 70 70 80 70 80 80
La 40 40 40 40 30 40 60 50 50 50
Pb 105 8 10 14 1150 14 14 4 22 18
Rb 250 240 230 310 280 110 125 180 120 120
sr 95 40 45 60 50 195 185 190 180 220
Th e 16 16 12 18 14 14 22 14 18
u 4 6 6 4 4 1 4 1 4 a
2r 180 160 180 170 190 200 200 220 180 210
Nb 5 5 5 10 10 5 5 5 5 5
Y 30 30 30 30 25 25 30 30 25 25




TABLE G. (contd.)

=79

¥itllow Bridgn Tuff

North of Ginninderra Creek

Dark grey
near B,¥.P,.C.C.

location 783105 780130 822120 814153 802187 785160 738111 724107 823027
(1:100 000 seriva) K3
Regiatration No, 73840455 73840457 73840458 73840460 73840463 73840464 73840485 73840170 75640020

sto, - 70.42 60.33 74.92  56.80 67.08 67.81 88,09 84,61 72.01

710, .41 .48 .18 .53 A7 .49 .63 .48 0.31

A1,0, 14.33 14.43 12,02 15.40 14,0 14,41 15,06 14,61 13,34

Pa 0, 1.06 1,33 .89 1.44 1.11 1.19 1.41 1.21 0.85

Fet) 2.14 3,11 .81 2.40 2.44 2.48 2.40 2.29 1.40

M0y .08 .08 L05 .08 .08 .06 .08 .08 0.03

Miz0 1.19 1.323 .65 1.40 1.51 1.73 1.57 1.72 0.95

CrO 3.48 3.68 .83 . 4,13 3.85 2.77 2.96 1.15 2.17

N4 0 2.48 3.54 2.82 3.64 2.56 2.92 3.02 4.18 2,79

K.0 3.01 3,03 5.09 2.v4 3.03 3.20 3,27 3.48 3,93

P05 .09 .10 .04 .11 .11 .10 11 .09 0.12

U 0+ 1.00 1.38 .78 1.1 1.27 1.45 1.53 1.42 1.01

#,0- W1 W11 .18 11 .11 .17 .19 .23 0.04

™, .08 .05 .05 ,05 .05 .08 .05 .10 0.05

u 20 23 14 a3 22 . 20 20 34 21

Zn 16 56 av 63 48 53 68 43 35

Co 10 14 4 9 2 10 10 8 2

Nt 13 18 15 1% 15 18 15 18 12

Cr 20 20 10 25 25 20 23 25 20

v 8s o8 40 113 v8 160 100 100 45

Pu 580 600 400 820 620 620 620 380 680

Co 90 20 90 80 80 70 80 o 139

La 40 40 60 50 40 50 80 30 70

Fb 20 18 24 - 14 18 28 16 10 46

Rb 120 130 230 120 120 120 130 110 155

Sr 100 190 85 310 200 200 190 153 170

Th 14 16 18 10 14 14 12 16 22

U 4 4 4 4 4 4 4 4 -4

Zr 170 180 95 200 200 200 200 180 110

Nb 5 3 & 5 8 s 3 5 10

Y 25 25 80 25 a5 30 ) 2y 25
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APPENDIX 6
GROUNDWATER DATA

Conductivity and pH of water samples from GST bores.,

Date of sampling 14/10/75

Specific Conductance “legl pH
GST 3 367 6.4
4 550 6.0
S 550 ; ' 6.5
7 1520 6.2
17 608 5.8
Date of sampling 11/11/75
GST 17 688 5.9
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FIDURE A~

GROUNDWATER  LEVELS
IN DRILL HOLES
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FIGURE D

- RELATIONSHIP BETWEEN OUTFLOW
FROM GST 17 & WATERLEVEL IN GST 16

OUTFLOW

Litre/ hr

1000 4
o I
. 1 i
JUNE JULY |  AucUST lSEPTEMBER

GST 16

MAY | JUNE JULY | AUGUST | SEPTEMBER|OCTOBER
197

Popnapy 1OTE laad '‘ccfacaf«rr
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Rainfall {(m.m.)
&~
o

FIGURE C
RAINFALL RECORDINGS FOR _GST AREA
| i
z 7
7 Zl7
7B 27
7 7 A
7 YR
7 o
o =
vz 7 /R 77
% 2
MAY JUNE | JuLy . | AucusT SEPTEMBER [OCTOBE!
1975

*» ﬁar‘a fahken /ram Bureau o/- Me,fcro/ojj /?e/)off :
Year /975 ; Station O700S<9, Belconnen (l/Vce_‘/‘anjgrd ),'
Lot 35°15'S , Long (%9°3'E | [levation 6247 m .

Record 1976/44 155/A1 6/ 1464
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APPENDIX 7

DRILL CORE PHOTOGRAPHS
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APPENDIX 8

GEOLOGICAL LOGS OF DIAMOND-DRILL HOLES




BURE AU OF MINERAL RESOURCES

provect GINNINDERRA _SEWER

TUNNEL

‘tHOLE NOGST.1

l

Driil type MAYHEW ‘OOO
reea HYDRAULIC

Core barrel 'yp.TRElFUS
HQ . WIRE LINE ;
Driller L KEAST ( BMR)
Commanced 6/1 2/74
Compieted 14/1/75
Lugged by P ALANG
varntical scare 1CM = 1M

OCE

Checkad by

Heding und Joint Pranes -

Defec’ 5p0unJ (g spall'\j af natur

occurs g Gt

Wwoter Leve! Measuremenits —-
IS * A

EW-HW  GRANITL
@ MO CORE

N/A NOT APPUCABLE

x .
« 8o~ 10 complatad hole on spec.frad date

Nortes

Fracture i og — Numbar of fractures sror 25 cm of core Jones of core /oss blacked in

Angres re maasurad rel/0five 10 piane normal fo the crre xIs|

rol dafects (shears, joints, frocturaes)
sirmcifiad intercept angia ~unge

eve when holen progress :1f specified deprh

POKF 1YRY _

GEOLOGY 8 GEOPHYSICS on Al chainage 25393. on centre line of tunnel. ;
i Approx. %Om SW of Belconnen Sub_Station.. ... CANBERRA108
HOR! ( i
GEOLOCGICAL LOG OF DRILL HOLE ?SS:S.NF:?:’ ) ZISEIEL 812416N [:TES:IZSLLAR 573 Im |sHeetl of 4
e T o o TefZl o2 [ et <pacin « 3 Water Pressure
ROC:";YD” Descryshion g ‘ag ;ggg :5""{ Fh:('{:uf. RQD }- Dl:,llrcop'P:oqI: Structures, - 2 :WV"nPl,rou.l
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T
| ) — 1
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E35. e i
“f e T BRI |
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YD, £ 40% 8 . < /-V-22I1 [75
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Sl 916 | 94, s
v ’q;/ -2 sl
CORE 0wy o
35°/, o 1/ 1 /17]
E: / .
W Granite < ‘ =
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Vd v P! 2 7
v/ AORE /// 50°/ //// L L
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/ 4
/]
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7
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/ 4
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/ ’15’/.!
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Core Photograph Negative No
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BUREAU OF MINERAL RESOURCES,  prouectGINNINDERRA. SEWER...TUNNEL . .. .. ...
GEOLOGY & GEOPHYSICS LocaTion At. chamage _2593_aon_centre_line_at__tunnel.._______ HOLE NOGST!
Approx QOm SW of . Belconnen __Sub_Station.______ CANBERRA-103
LOGICA G OF DRILL H ANGLE FROM HORIZONTAL (&) _._Q__ .. ... DIRECTION . === ___
GEO CAL LO ORILL HOLE coorninaTEs J98417E 6]2416N _______ R.L. OF COLLAR. 57391"1 ------- sHEeT 2. oF 4.
T > @ - =
Roc;ndType Description g Eg g é% 5&3% Fracture — Dl(:\?::rcep' Anrk:e E ) Structures EE wc.’;:;f[g:::;e
Degree of Weathering | Lithology,colsur,strength,etc  |§ g-‘ "::o\°§ 8?;‘5 Loy 30 60 a% s0| Joints,veins, seams,faults,etc | S 4 (Lugeons) *

///NO/ /coﬁg /// 57
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2y
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/////
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/// / _
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+ )
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+ 1 Joinls cowy ¢ \n-e%u\cxr
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. ++ 100%/. - b ‘0"“4 \N.j veneer on éomk
1317
Mainly FS 3 |80
+{3237 Tor < irrequlor
to Sw 100% oinds 'g.)cw(é . 2
5 231 some <lckensides.
Granit + Nekewsid
e + Chlorife & limonrle on
; jont .
Forphyry + 1100°, jornts . No cloy. J
+
+ (3505
NOT | CORED Rack Relled 32&&
AS ABOVE oo ~
SW-FS 2 - Joinks rov \r\ &rrequlior
. + . wmast. fracture | 9
Granijte +{100°%/ HiE sub ho 11%?;}@1_ come \lmomk dmnmﬁ
Porphyry 4 1 d1li] 80 jﬁ;lf‘_3 ﬂ Koy 1
i {e— 4 s
. +13810 1 - — ]
P
H o i
| g 100°/4 1175 ]
SW-MW N e
{ J
Drill type MAYHEW 1 Q000. Notes Water Pressure Tests
Feed _HY,DP\AU LlC ___.__| Fracture Log — Number of fractures per 25 cm of core. Zones of core loss blacked in » I/a/ules /n./uge_ans shouldba_ reod
Core borrei typeTBE.LEus.“ Bedding ond Joint Planes — Angles are measurad relative to a plane normal to the core oxis. ;’;,::ZJU;:;;O:QZ,I,’ZH‘;"J:JLl’,:Z:éf;;ad
HQ’WIREJ_]NE _________ Dafact £pariry—av. spcung of natural defects (shears, joints,froctures) by blacked in 5”"175
" ~ occurring at specified intercept engle range. | -
Oritter LKEGA/-Q:!/:;BMR)“ Water Level Measuréements — _X__ [evel when hole in prograss at specified depth Core Photograph Negalhve -
Commanced12’/]112 754 """" . : X Leve/in complatad hole on specified dale Depth (m) Black & Whita  Colour
Completed 9 1 o S AL mmmemmmmes mmmemeeae ECE N S
Logged by RPA.LANG . . E GRAN{TE  PORPHYRY SW— SLIGHTLY WEATH, e ToEe S
Verticot scaleICM.=1M ..\ Ew — COMPLETELY WEATHERED FS —FRESH STANED [-—---m  --emeem
HW — HIGHLY WEATHERED N/A—MOT APPUCABLE |22 1.
creckes by DCR_ | yw _ MODERATELY WEATHERED '/354)&//45’7"}'0,»4 """"




BUREAU OF MINERAL RESOURCES
GEOLOGY & GEQPHYSICS -, ! -

Lt

GEOLOGICAL LOG OF Dsiu_ HOLE

" prosect GIMTINDERRA - SEWER
LOCATION At chainac

ApPprox. .
ANGLE FROM HORIZONTAL (

o N R TE “LiakthN

TUNNEL o
age 2593 on.centre _line.
o0m . sw of . Belcnnoan.._Sub Siahnn,_.._ ANBERRA 108
DIRECTION .

R.L. OF COLLAR . 573 Sm

tunnel.  __

HOLE NOGST 1

oo.--|sHEEThL OF 4

reea . HYDRAULIC .
Core borral prnTRElF..US
HQ WIRE LINE o+

Commenced 6/12 /74
Compteted 14/1 /75
Logged by PA LANG
verticel scate JCM = 1M

LCheckrﬂ! by DCP =

Drilier L . KEAST(BMR)

Wotar L eve! Meosurements — _X__

Qracrwa Log — Number of froctures si6r 25 cm of core Zones of core /loss blocked in
Eqddmg and Joint Planes — Angles ~re raosured relarive ro o o:une normal 1o the core (22~
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BUREAU OF MINERAL
GEOLOGY & GEOPHYSICS

RE SOURCES,

racarc 1 GINNINDERRA SEWER  TUNNEL®
LOCATION At totion 949Tm. on centre line of old.di&nmeﬁt at_
tunnel . of northend.

. r\o_rﬂ\ of Porkwood Rood. AL T.. CAWNBERRA 104

HOLE NOU .G.ZSI.

Core barrel type BQ. _L %6

Drilter G ¥ Braﬂdon ( BME‘\}
Commenced 2(}_‘“.‘74 = . mam
Completed 12-2-75_ . ...
Logged by P Lang ______
Vertical scale JCMsimo _

SW — Slightly weathered
MW — Moderately weathered
HW — Highly weathered

EW — Extremely weathered
NoTes:
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GEOLOGY & GEOPHYSICS
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Drill type _ _F_O_)‘_ _______ Weaothering Woter Core Photograph Negative No.
Feed _ _Hgd_f_ayl«'_c ______ Fr. = Fresh v 10 Oct. ‘73 water level date shown Depth (m) Black & white Colour
Core barrel type NMLC__ _| Sw — Siightty weathered water inflow | mmmem e mmemee e
"’.’ﬁd]( fwb.zf_ﬁﬂf_la‘lﬂ_fju"‘ MW— Moderotely weathered | | - | m=emms mmmmes s
Dritler b_.yvpm@j_. Sterk, _ | Hw — Highly  weathered Portiol drilling woter less | " -"°" "o TTso oo
Commenced _3[5—./75 ______ EW — Extremely weathered Complete drilling water loss = : - — i _ t :: : _______
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6iaEd B p_La Bedding & Joint Planes — Angles are measured relative to o plane normal to the core axis, | - - --- - ---. -
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Core barrel type AMLC _ _
trppls._Fobe T split immer subs_
Driller 0._VY/L¢H/]_,_ T Yerk.
Commenced . _3_/5/_75.. iy
Completed _L'/ﬁ/ I8 - .-
p

Logged by_ ---Lna]___ %

Vertical scale fcam_  E_ Lo _

SW — Slightly weathered
MW-— Moderately weathered
HW — Highly vnu"md

EW — Extremely weathered
Notes:

Water infiow

Partiat dritling waoter loss

Complete driiling water loss

Bedding 8 Joint Planes — Angles are measured relative to a plane normal to the core oxrs.
#* Water Pressure Tests — Values in lugeons ghould be read in conjunction with computation

sheets.

Test sections are indicoted by blacked in strips.

PROJECT GINNDERRA . SEWER = TUNNEL e emeBa
BUREAU OF MINERAL RESOURCES, tocation At Stabion KO 1S on  centre e of fummel. .. |HOLE NO.._.
GEOLOGY 8 GEOPHYSICS GST 12
ANGLE FROM HORIZONTAL (8) _ _ ¥5° . _DIRECTION . ©23%rid. | 1]
GEOLOGICAL LOG OF DRILL HOLE (oopomatess /99,784 /609,070 . ... _mL. of coLLar 370:8 . sHEET S _0F S _
Drilling Information Rock Substance Rock Mass Defects
) e 5| T|g 2 " o | Strengtn | Detect $
o ‘e Pressure Chal -E 2 o Substance description c 1s (50) spacing Defect description
g g -; test % | @ :5_: _5, ;3 ¢ rock type grain choracteristics a 2 (MPa) {cm) thichkness, type, iInclination, planarity, §§
38 " llugeons) | = e | £ ? S colour, wtructure, mmnor components. O P g0V - roughness, coating, strength x9
38 sgl|° = @ ? loooim® ngggg Particular General S
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HOLE NOGS3T

nggfégy O; '\ég\'OEPRHAYLS'CRSESOURCES L rocation 50m _ west of _tuopel _line at_station _62+62_______ A
ANGLE FROM HORIZONTAL (o) __ 3B° __ "~ “pirecrion 1287grid_ _ - - .
GEOLOGICAL LOG OF DRILL HOLE cooronaTesE397,719 - _NGQ890G_____r.L. oF coLLar 5465m___ . |sweer. 1 _or. 5.
Drilling Information Rock Substance Rock Mass Defects
o o Strength | Defect >
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2 E 3 test | o v | E 2 e rock type: grain characteristics| 2 (MPa) (cm) thickness, type, inclination, planarity, §§
§ o| ® (lugeons) & e '.‘é ? e colour, structure, minor componenis. (e} s 8—!"7009 o2 roughness, coating, strength. m'E
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orier J.Margan {DHC) _| Aw— Highty weathered Partial drilling water loss oot TToTTm ot
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Completed 9[ Z/_75 _______ Notes: e e e e e s e oo
o 4 b _PA ﬁl‘ G Bedding & Joint Planes — Angles are measured relative to a plane norma! to the core axis | - - - - - - - ____ . ______
33 ey B TT 77| % Water Pressure Tests— Values In lugeons should be read in conjunction with computalion | - - ---- - - _ . . ____
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GEOLOGY & GEOPHYSICS rocation 50m_ west ot tunnel line_al station 42+62 ______. 13
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Drill type _F_CK' ________ Weathering Water Core Photograph Negative No.
Feed Hy,dfaUUC _______ Fr — Fresh v 10 Oct. ‘73 water level date shown Depth (m) Black 8 White Colour
Core barrel type NMLC with_ | SW — Slightly weathered Water inflow e
:’t\i.l;_ t‘LD;;'LJ_SDL;t Janer, | MW— Moderately weathered [+ | -=-=-- -----— —--—eo
Driller .‘JVjQ[%aIL {LH_’.\_ l HW — Highly weathered Partigl driliing water loss : : - : :: : : :: : : :—t : oo
Commenced .7_3_;‘ f./T: _____ EW — Extremely weathered Complete drilling water loss | _ ___ . _  ___.___. -____._
Completed 3"_7_['7E _______ ND'“.: ) . _ e
Logged byf-A-LA_NG_ o Bedding & Joint Planes — Angles are measured relative to a plf:lne no.rmull ta the core U‘IIS.. ------------------
N ¥  Water Pressure Tests — Values in lugeons should be read in conjunction with computation | - - - --- - - - - - - —— -
vertical scate LOVZ MU - - _ | qneers. Test sections are indicated by blacked in strips. J55/ai6lI478 2675 T "
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GINNINDERRA _SEWER. TUNNeL .- . ____.
BUREAU OF MINERAL RESOURCES, RROJECT HOLE NOGST
n tation. 42+62________
GEGLOGY B GEOPHYSICS Location 5Om. west_ot _tunnel_ line_at station. 42+62 13
ANGLE FROM kén'nz_o_vﬁ&[ (@ 38~ owection125°grid __ -
GEOLOGICAL LOG OF DRILL HOLE (oopomares E 197719 N 6C8906 ~ ri. oF coLar 5465m_ - |smeer3 or. 5.
Dritting Information Rock Substance Rock Mass Defects
E Tle e Strength | Defect o
° | o Pressure o\c‘ H f 2 o Substance description g |sr (50) spacing Defect description z
Ji:) s %’ test % | o § E g @ rock type: grain characteristics| g (MPa) (cm) thickness, type, inclination, planarity, §§
; ‘3 > (lugeons) s e ‘i S S colour, structure, minor components. > ° 0 o o roughness, coating, strength. '1‘2
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Feed Hy.dfaU[JC _______ Fr — Fresh v 10 Oct. '73 water level date shown Depth (m) Black 8 White Colour
Core barrel type INMLC with| Sw — Slightly weathered e V| PR U ——
tople Yube Y split innec. | MW— Moderately weathered [ [ f--s--e ommmmm oo
Driller J-MQFSBD,(DHC)_ HW — Highly weathered Partial drilling woter loss i : :::: :j::i: ::ji’ “
Commenced 23! ! ol75 . ___ EW — Extremely weathered Complete drilling water loss | - ____ . ______  ___.__
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) _ %  Water Pressure Tests— Values in lugeons should be read in conjunction with computation | - - - - — - ===z sREmsos
vertical scale WM EImM. ___ sheets. Test sections are indicated by blacked in strips. /:5;5@/_6‘7/476 Wapsr TTnTET
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GEOLOGY & GEOPHYSICS

BUREAU OF MINERAL RESOURCES,

GEOLOGICAL LOG OF DRILL HOLE

provecT GINNINDERRA. _SEWER. TUNNEL . o
Location 5Cro_ west_ of _tunnel line_ at station. 42¢62. _______

-
(€8]
Zz
Z
. )
' -

T TU{INNEL

Core barrel type NML{ _esiiny
Arple dube & _split sanwe
Driller J.MQrgaD _(_DHCJ -
Commenced 23] 6.175
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Logged byE.AJ.ANG _____

SW = Shightly weathered

MW-— Moderately weathered

HW — Highly weathered

EW — Extremely weathered

Notes:

Orilting Information Rock Substance Rock Mass Defects
v ol v Pressure & g % '—? ; Substance description E ?:u(nsg(;'; :::.'c::; Defect description zo
E & -:;’ test % | © § £ 2 ; rock type: groin characteristics | —~ 2 (MPa) (em) thickness, type, Inclination, planarity, Eé
3 (S| 3 (lugeons) | = o | £ é‘ o colour, structure, minor components. s 2. (-] o roughness, coating, strength. ]
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= | 78_ \ f ______ ] some QY__—‘-_;%L(’.QC;ﬁ_‘_J }Jg- n
"/\ RHYOLITE 4
100 ] G . Silics
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Drilt type FQX _________ Weathering Waoter Core Photogroph Negative No
feed Hydraulic Fr ~ Fresh v 10 Oct '73 water level date shown Depth (m) Black 8 White Colour

Water intlow

Partial drilting water loss

Compiete drilling water loss

Bedding 8 Joint Planes — Angles are measured relctive fo o plane normal to the core auis.
»*  Water Pressure Tests — Values in lugeons should be read in conjunction with computation
sheets. Test sections are indicated by blacked in strips.

Vertical scale ICMEIM __ _
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GEOLOGY & GEQPHYSICS 77 7T TTonmmERoTEm o e s e m e 13
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Drilling Informatian Rock Substance Rock Mass Defects
° E Tles2 Strength | Defect ]
o |ol o Pressure & 2 -5 2 e Substance description 'c: ts (50) | spacing Defect description £
E s -g tes?! % | o ‘§ E 2 @ rock type: grain characteristics| ) g (MPa) (cm) thickness, type, inclination, planarity, §§
5 S| = (lugeons) . % g S colour, siructure, minor compononn.g 5 3~noo° o roughness, coating, strength. c“:
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B ’ -+ + .
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Drill type EOX ________ Weathering Wcﬁer Cbre Photograph Negative 'No.
Feed Hy_dfaUlJC _______ Fr — Fresh ! w| 10 Oct. '73 water tevel dote shown Depth {m) Block B8 White Colour
Core barrel type INMLC with [ SW— Slightly weathered ware w0 | mmmaee mmmemn e e
h’_\ple dube & ;phk \nnec | MW— Moderatety weathered [ | e e
Drilier JLMQI'QAU (DHC_)_ HW — Highly weathered Partiol drilling woter loss o __ - o : T
Commenced .23]6_!75 _____ EW — Extremely weathered Complete drilhing woter loss wrwn e aa e e e
compteted O[T (75 . .. _. Notes: L
i P:(A.lLANG Bedding & Joint Planes — Angles are megsured relative to o plane normal 10 the core aus.
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GEOLOGY & GEOPHYSICS

BUREAU OF MINERAL RESOURCES,

PROJECT

ANGLE FROM HORIZONTAL (©) _

30°
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GEOLOGY & GEOPHYSICS
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hé‘-’_ tibe & split. wner. _ | MW— Moderately weathered [ [ | =T=7oT mmomos mmomes
britier T. Shanahan (BMR)| Hw — Highly weathered Partial drilling water loss Tt Tt T
Commenced _17'_4. 75 ______ EW — Exiremely weathered Complete drilling water loss | - - - -~ - - ___ .- oo —_--
Completed 8- %75 _____. Notes: e s s s m s e
an Bedding & Joint Planes — Angles are measured relative fo a plane normal fo the core axis. | - - - - -~ - ---~- --——=-—
Logaed by_ELCH:_)gi TT7" 7| % Woter Pressure Tests— Values in iugeons should be read in conjunction with computation | - - - --~- - =--=-—-- - -—--—
Vertical ! = 10 | ; i i T T Qg ey e e
ertical scale sheets. Test sections are indicated by blocked in strips. /55//7/6/7492 prf
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GINNINDERRA SEWER TUNNEL
Interpretative Solid Geology

STRATIGRAPHIC SEQUENCE

ROCK NAME UNIT NAME AGE
T | | Ginninderra i
— Granite porphyry | Porphyry
Ludlovi
2NN Light grey dacitic densely welded 1 ., . ovian
v v >| 7 pyroclastic flows. \?/'&OZW Bridge
SV N| — Dark grey member at base. | y _ | |
unconformity
__ Dacitic densely welded tuffs & pyroclastic | ]
flows. Bedding in places.
Dacitic welded tuffs, agglomerates, ,
— pyroclastic flows, sills & dykes.
] — Quartz sandstone marker bed. | ;
g - o R e e T e e or \olcanics Wenlockian
— Shale.Thin beds interbedded with pyroclastics. Walker Volcan
1  Sandstone. Thin beds interbedded with shales
' & pyroclastics.
— Green rhyolite
— Purple rhyodacite i
— Purple rhyodacite
— Pink rhyolite
Registered
Named by Link 1971, replaces Laidlaw Voicanics
Refer 17100000 Geological Sheet , BRINDABELLA,
MOwen et al 1975, Preliminary Edition.
Regarded as intrusive equivalent of Mount Painter
Porphyry, with associated extrusive rocks.
REFERENCE
— Tunnel line with tunnel station in metres
SHAFT 1 Sh(]ft
GST 3
FAULTS N; MN
Fault number referred toin text oo
. 12
e Position accurate (upthrown & downthrown sides indicated)
. s e Position approximate
) s Fault inferred ;
AANER Fault breccia
Q9P 4q
GEOLOGICAL BOUNDARIES
Position accurate
________ Position approximate
> Boundary inferred
BEDDING
& Dip and strike of bedding
DRILL HOLES
GS.T. 20 . .
) Diamond-drill hole
7m0 Specimen locality and registered number
A Locality referred to in text
P Seismic cross traverse
. , SCALE
500 - 0 500 1000m.

W

Grid coordinates in metres
Contours in feet above Mean Sea Level

LEGEND

Road, sealed =————— Co-anal cale — Dam.  Tamk 1D o

Road, not sealed ======= Telsphone or telegraph line tdge of timber AT

Vehick Track with gnd 77—~ —a——~" Power transmission hine Cutting.  Embankment —'%;—‘w

Raitway line e+ Contours with contour value  ——"#%—— Scour,  flock owicro LI w

Wridge Culvert == 3==4== Trigonomelrical station Bench marx A A Saad,  Marsh : : ﬁ I

T Propert boundary, fenced __1,__ e Spetsievaten W T Tormimerial bowndary —— )

Property boundary uaf = #o_'_.;;.vf__:o;_s_ Watercourse, intermittent : District bowndary —_——

Fonce with gaie 20D Miver of siream, porennial ==- Division eundery —_——
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— ‘ ' . 199 . 200000 | |
198]000 | 19213250 198]500 198l750. 199(|)0(1 ) _ . _ 199]250 19%500 . ‘ 750_;.;_;_ — GINN IN DERR ﬁ SEWER TUNNEL
Surface Geology (STNS 00+79 to 8:00 )
|
STRATIGRAPHIC SEQUENCE
RACK NAME _UNIT NAME AGE
m _ ! Ginninderra ]
N E e — Granite porphyry | Porphyry1
uu 1 - Light grey dacitic densely welded ] . _ Ludlovian
© ., l¢ 4 |77 pyroclastic flows. W|Ll02w Bridge
L — Dark grey member at base. | Tuff
613500 — ~Jnconformity | ' ]
\' ;‘ Vv Dacitic densely welded tuffs & pyroclastic
613500 : v__ v|  flows. Bedding in places.
VY Dacitic vJeLded tuffs, agglomerates,
— v . .
v,V pyroclastic flows sills & dykes.
S O U T H V — Quartz sandstone marker bed. Walker Voblcanics® | Wenlockian
== L . . .
vl —_—] — Shale.Thin beds interbedded with pyroclastics.
o ViEivl __ Sandstone.Thin beds interbedded with shales &
S pyroclastics. -
- )
— x X}~ Green rhyolite.
t X+ ] — Purple rhyodacite.
#L35<°] — Purple tuffs, tuffaceous sandstones & shales.
‘ >~ % | — Purple rhyodacite.
W A L E S [T *
C w « 4| = Pink rhyolite.
1 Registered.
613230 2 Named by Link (1977) replaces Laidlaw Volcanics.
613250 — . 3 Refer 1:100000 Geclogical Sheet, BRINDABELLA,
| N MOwen et al, 1975, Preliminary  Edition.
4 Regarded as intrusive equivalents of Mount Painter
Porphyry ,with associated extrusive rocks.
REFERENCE
54+00 . _ . ,
e Tunnel line with tunnel station in metres
FAULTS
! Position accurate
|
| — Position approximate
. 7 s Fault inferred
NN Sheared zone
OGN Shear, vertical N MN
NAPA Shear, showing di
613000 oo + >HOWING dip
613000 — S Fault breccia 7
|
, Photo-lineament
GEOLOGICAL BOUNDARIES
Position accurate
—_——— Position (Bpproximote
—_— —? Boundory' inferred
OUTCROP BOUNDARY
D BoundcryJ of solid outcrop
(LD Boundory! of scattered outcrop
. . Boundary| of area with floaters
JOINTS !
T Dip and Ttrike of joint
‘ —& Strike of'vertical joint
612750 (— |
’ DRILL HOLES s
@ GST1 Diamond-drill hole vertical.
| GST 17 Diamond-drill hole (angle)
S @GST 20 Observation borehole
A) 2m. Hand auger hole showing depth.
.. =75360021 Specimen‘1 locality and registered number
|
} SCALE
100 0 100 200 300m
Grid coordinates in metres
Contours in feet above Mean Sea Level
Road kerbed .“ Telephone ot teiegraph tine with poir torot Ot Ruer or stream perenniy! j:i -
Road. ant kerbed .'—_ _,_‘ o Cor‘axul‘rame ‘,fxi, - Tree and position . ~J oy
g::zzr‘:l:":;:nd[h V - 7 ziiﬂ:?:r;zimmsmn e Wit pole io; ——T E}i?ﬁn:t “mr;':v:h,wkmmll E;E%JT%
~ ool track - ;\ = Contours with contour vaive " — 1950 — Seour Rouk oulcrop gxx_‘ &
Bridge or culvent - T TS — - Bench mark,  Spot eievation m ‘W18 Supg Marsh U et
Property boundary, fenced. Trigonometnical station A Division boundary —— - ——
Property boundary, unfenced Photogrammetric control point @ Drstrict boundary —— ——
fence with gate ——— - s Watercourse. msrnntient . T T —— Ternmnal boundary > -
i o Lo o S B ATl T G 7Y TV S . T P T et ’
ST T Tl )R G |, oo e
ol IR ' {oeverory ACTCONTOUR SERIES | - cawemma,act. .
a2 o £30 : TITE T
=~ swomyvi P A LANG | DETAIL SuRFAcE GEoogy
! Tompied od Facked Wmdﬂp\orw« .,~ — -
M . ~PAL b DeP |TGINNINDERRA SEWER TUNNEL )
‘ — " Projact gaologis! " Senior geologat STNS 00+79 ta8400Q -
” - VR (TS Lo To accompany Drawn by Orawing No. 1.
T 1 - EGW | recora1s7eja4 ?EK J155/A16 /1457 {45
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GINNINDERRA SEWER TUNNEL

e ae e e | - ; ' \\ )
. = . S 7N , N ay Lo ~ ) i Surface Geology (STNS 800 to 23:00)
i’ . Iy l \\_ K 3 f".’; |
¥ 1 . \ o .
;1- o 7350081 NI | ‘ STRATIGRAPHIC SEQUENCE
t | | J 61 ‘ 4l |
: '1‘153600‘ N R '~ ROCK NAME UNITdNAME AGE
HE R AL ' ¥ . 1 Ginninderra T
§ """" H( N —— Granite porphyry | Porphyry
. R 1R . . -
i W Light grey dacitic densely welded , _ Ludlovian
I EECE I N pyroclastic  flows. W'U02W Bridge
b N P v A — Dark grey member at base. ] Tuff
L < B ynconformity ] _
b 001 v Dacitic densely welded tuffs & pyroclastic
AR t‘f v__v|  flows. Bedding in places.
f B I Dacitic welded tuffs, agglomerates, ,
{ v, v |7 pyraclastic flows sills & dykes.
Ay VT i
--------- . s — Quartz sandstone marker bed. Walker Voleanics3 | Wenlockian
+ |v|{_— —| — Shale. Thin beds interbedded with pyroclastics.
vEYTo ] Sandstone.Thin beds interbedded with shales &
e pyroclastics. .
> X1 — Green rhyolite.
t X+ |— Purple rhyodacite.
_» {# »|— Purple tuffs, tuffaceous sandstones & shales.
i [~ %] — Purple rhyodacite.
43
< [Fae - ‘
; o .| — Pink rhyolite.
611750 oo b= g
1 Registered
2 Named by Link (1971); replaces Laidlaw Vo!canics.
3 Regrrded as intrusive equivalents of Moun* Painter

Porphyry with associated extrusive rocks.

4 Refer 1100000 Geological Sheet , BRINDABELLA,
MOwen et al,1875 Preliminary Edition.

REFERENCE

54400
s— Tunnel line with tunnel station in metres

FAULTS
Position accurate

ot i ﬁ:.‘-gt .|?;-;-§,?vg-:_.-: TR NN Iy s R

RS SRS

——— o Position approximate
R, J— Fault inferred

Sheared zone

[

Shear, vertical MN

»~

3 ,6?1500 Shec}lr, showing dip
RS Fault breccia 1"

Photo-lineament
GEOLOGICAL BOUNDARIES

Position accurate
—_——— Position approximate

—7—2  Boundary inferred

OUTCROP BOUNDARY
D Boundary of solid outcrop

(—’\

- Boundary of scattered outcrop
. ©  Boundary of area with floaters

JOINTS

’j" i B . ; : o ‘; . , :
oA S 3 S
6250 =77 b

Dip and strike of joint
—+ Strike of vertical joint

DRILL HOLES
Dicrr}ond—driLL hole vertical.

17+\00 .
ANFT 2 @)
AN

Diarnond -drill hole (angle)

Observation borehole

Hand auger hole showing depth.
+75360021 Specimen locality and registered number.

SCALE
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611000 , = 0T

{ Grid coordinates in metres
Contours in feet above Mean Sea Level
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' . 200000E
- . orpec 1 N e e GINNINDERRA SEWER TUNNEL
610668N r / N \ l ~ ; I : 3 '.:_.: P // / ] ' \\’ -, \’L‘
s -7 - i - '
- | o urrace eology (STNS 23+00 to 39+80)
STRATIGRAPHIC SEQUENCE
. ROCK NAME ~ UNIT NAME AGE
+ . Ginninderra ]
N — Granite porphyry | Porphyry 1
. | "
Light grey dacitic densely welded ] , : . Ludlovian
A /
e o pyrioclastlc flows. W'LLOZW Bridge
| : B : — : L A — Dark grey member at base Tuff
: : : ' ' ! S ' ’ : - ' T 610500N : ’ N -
610500N | o \ i | Y / e | ‘. ) . -nconformity - .
J ‘ v Dacitic densely welded tuffs & pyroclastic |
v__ Vv flows. Bedding in places.
v Dacitic welded tuffs, agglomerates,
v v | pyreclastic flows sills & dykes.
J|i5 — Quartz sandstone marker bed, Walker \blcanics® | Wenlockian
vl — -1 — Shale. Thin beds interbedded with pyroclastics.
Vvl o Scrdstone.Thin beds interbedded with shales &
~— pyroclastics. -
= X — Green rhyolite.
* X+ | — Purple rhyodacite.
(ﬁ —J
» | — Purple tuffs, tuffaceous sandstones & shales.
~ 7 > ]~ Purple rhyodacite,
i Pmk rhyolite
610250N N e s yotite.
1 Registered
2 Named by Link(1971); replaces Laidlaw Vo!canics.
3 Refer 1:100000 Geological Sheet, BRINDABELLA,
M.Owen et al 1975, Preliminary Edition.
4 Regarded as intrusive equivalent of Mount Fainter
Porphyry with associated extrusive rocks.
REFERENCE
54+00 | | S
meppmemmm  Tunnel line with tunnel station in metres
FAULTS
Position accurate
— Position approximate
— ) Fault inferred
510000N NN Sheared zone
610000N OO Shear, vertical N MN
76 . .
NGNS Shear, showing dip
e Fault breccia 17
Photo-lineament
GEOLOGICAL BOUNDARIES
Position accurate
T — Position approximate
—_— Boundary inferred
T g OUTCROP BOUNDARY
| — Boundary of solid outcrop
N</\ i (~>  Boundary of scattered outcrop
. A | _ _ oy ’\D[j . Boundary of area with floaters
) - ; =) ) : ; -— \ ; : \\ ™ W ; /_/“x , N
‘ g s : N ; = Iy ; / \ : : p 1 J & ~ . : < \ - ' T—"" Waterhole Y 609750N JOINTS
609750N <. Ve P T ' B L1~ ¢ ' \ ] 7 , N G ' . | O\ : \ ] o 4 | . .
s R ' | . | . A - Qf; | ' : . : * / / ~= T Dip and strike of joint
’ ) 7 PR A Ci ' - Strike of vertical joint
v DRILL HOLES
‘;*i GST1 Diamond-drill hole vertical.
®\GyST I7° Diamond-drill hole (angle)
4
s:
‘i}; @GST 20 Observation borehole
R
' () 2m Hand auger hole showing depth.
-75360021 Specimen locality and registered number.
t—T—4 Siesmic cross -traverse
SCALE
100 0 100 200 300m
609500N 609500N
Grid coordinates in metres ‘
? | Contours in fcet ahove Mean Sea Level
l ' T
N ‘. L T e T
B UV S O et
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GINNINDERRA SEWER TUNNEL
Surface Geology (STNS 39+80 to 57+88)

|
STRATIGRAPHIC SEQUENCE

ROCK NAME ~ UNIT NAME AGE
m L Ginninderra 1
+ — Granite, porphyry | Porphyry!
Light grey dacitic densely welded 7 _ _ Ludlovian
N pyroclastic  flows. W'U02W Bridge
[~ A — Dark grey member at base. | Tuff |
unconformity | ] _
v Dacitic densely welded tuffs & pyroclastic
v___vj  flows. Bedding in places.
v Dacitic welded tuffs, agglomerates,
V.o ¥ | pyroclastic flows sills & dykes.
V — Quartz sandstone marker bed. Valker Voleanics3 | Wenlockian
| - - — Shale. Thin beds interbedded with pyroclastics.
YEnvi . Sandstone.Thin beds interbedded with shales &
= pyrcclastics.
— » X1 — Green rhyolite.
t X+ ] — Purple rhyodacite. ]
¢ 11— Purple thffs, tuffaceous sandstones & shales.
>~ % | — Purple rhyodacite.
YAl — Pink rhyolite.
1 Registered
2 Named by Link (1971); replaces Laidlaw Vo!canics.
3 Refer 1:100000 feotogical Sheet, BRINDABELLA,
MOwen et al,1975, Preliminary Edition.
4 Regarded as intrusive equivalent of Mount = Painter
Porphyry with associated extrusive rocks.
REFERENCE
54+00 | |
e Tunnel line with tunnel station in metres
FAULTS
—— Position accurate

—?_

Position approximate
Fault inferred

NAANA Sheared zone
S NGNS Shear, vertical N MN
70 o . 4
oo Shear, showing dip
a) .
pRI Fault breccia I
Photo-lineament
|
GEOLOGICAL BOUNDARIES
Position accuragte
¢ Position approximate
P Boundary inferred
' QUTCROP BOUNDARY
D Boundary of solid outcrop
(.~ Boundary of scattered outcrop
Boundary of area with floaters
~ JOINTS
- Dip and strike of joint
i . . .
- Strike of vertical joint
- DRILL HOLES
i @ GST 1 Diamond-drill hole vertical.
! ‘
i GST 17 Diamond-drill hole (angle)
}
- (©)GST 20 Observation borehole
-@®am Hand-auger hole showing depth.
. +75360021 Specimen locality and registered number.
l—B——l Siesmic cross -traverse
SCALE
100 0 100 200 300m
Grid ):OOI‘dina‘tes in metres
fontours in feet ahove Mean Sea Level
Hiar kerbed : Tioephime o0 taingeyot nee weth oy : v s Rewrr nr st pereann LI 7_ Il
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|
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g REFERENCE
Al
i
Bend i SUMMARY LOG OF DRILL HOLES
- | . :
bearing | bearing @06 O .
' : Rock - material type
203°02° | 09°03 ,‘ .
l ? ; y_ (2) Degrees of weathering
S HAIFT 2 ‘ ; v las EW Extremely weathered
| : i
I - Vi
I | i Ew| HW Highly weathered
GEOLOGICAL . I ! : v MW Moderately weathered
bearing i S I
23°02° | FAULT 2 f v SW Slightly weathered
- = : v
580 N FS Fresh stained
SECT'ON ' Original tunnel i v
line 1s 42 m East » FR| v FR Fresh
GST 7 [ )
580} : i } L e N
ALONG I< : Seirsmic profile extrapolated from original tunnel line ! ‘ g v @ Rock Condition Number
ELECTRICITY SUBSTATION — NO SEISMIC TRAVERSES | : v (see text for definitions)
570k | ‘ GST 6 GST 8 ; |
l f —Y Water tevel in drill hole
TUNNEL LINE 560 i
600 i
550 77 500 o 800 : Rotr TYPEs
[/f"//-'!/_ 8OO _ 800 ___-_lgob——-——-——~—-L._-_ ! i C ) i 800 —_——— ]
v s /7 N ; 1600 yooN v - y 600, y y —_—— — - — 5 !
v L 4,-; -/f-' 7 v 2000 v N ) . _ - _ - —_— 6—— - - ) ) i A 1300 % N V1400 N A 1400 N 800 vl Granite Porphyry
v, 7 rJ,_,/J/ v 35000 "A ¢ \ 3800 v A 3 480 v N A 5100 w ~Y_ir__ Vv Q ™~ v [N v A L A NI
v Zlse ' ; YT R - =
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i’ SEISMIC
GEOLOGICAL PLAN ' g T
: A . Intermediate seismic velocity
@ "l refractor
ALONG % 1 v o | .
O] i AN - - e . Highest seismic velocity
Z” GST6 GsT @ [ 1 : refractor
TUNNEL LINE AN g : . G312 agpiox 100 |
L e : . ec:h:(’ *;U'm_d (600) Seismic velocity in metres
(At surface) . L | < cenire line A per second
N L | 1
1 : |
TUNNEL 20|0 + . j
EL STATION (metres) o] 19+00 - 18+00 17+00 16+00 - 15+00 - 14+ 00 s 13+00 - 12+00 - 11:00 10! GEOLOGICAL
ROCK HARDNESS AND S-I RENGTH Qocite UCS 150250 MPa. ov. 200 MPa. Av haroness 72 Shore Units Neo data from 65T b and GST B Mostly extremely hard and cfrong. UCSE 173 to 492 MPa, av. 300 MPa. Zones of partly epidotised rock with UCS 173 -273 MPa, av. 220 MPa_  Av hardness 100 Shore Unitg T Boundaries opproximate
. ; 3 [ R i i
ROCK MASS DEFECTS Mainly competent docite with joints spaced mostly 30cm — !'m but up to 3 m. Joints gereraily tight and cemented with calcite. Possibly some minor faults and fractured and seamy zones Possibly some thin lenses cf shale Mam _d°fe°h wilt be ‘-""“_":-d to """‘*“"f‘- Granite contact with dacite to the south probably & narcew Zones of very strong ond competent rock with very few defects. Joints spaced up fo 3m  very tight. Zones of close jointed mod tight rock ( ioint spacing generally 10 -60cm but up fo Im ) with surfcces generally weakly cemented Boundaries inferred
et ; - fracturad 20ne. Contact withh welded clacite to north probmbly fractured and dheared from 13420 fo0 about 1400 with pink  powdery calcite. Many qtz - epidote veins. Some joints slightly open Some narrow seamy zones. ! — =— — Fault zone approximate
u G rcce rnngs - - JR— —_ ;
igi ot 0 n 1ncks u u n L infavour mentation of prominent m c ibr zyen Lo She nses  mg u mo vernre: Overb K 7 L “ble ob ok conmbact; accompaniad b moderate to lar wote € intlow
PREDICTED OVERBREAK defecrs oriy Mostly negligible but blocky zones binck p to 30 ¢cm may fatl sut beyona C | Urnfavourable oirentation pro e defects ay couse > 30 ¢cm oveibreak hecyend . e Shale lens 1y CQuse ore overnreak qufbrw;t{;:ou\d ;H‘(u:ijlzmeln places +Ovlfbr¢.oul4- Q_,Ueufhﬂ.f'b g'SOpcm, 0ot quo l:qpoutbl', ot ?:;;H« ::n\‘qr.:’l ¢ In competent rock negligible overbreak. tn blocky zones, blocks generally <30 ¢cm may fall out beyond C —line. Unfavourable orientation of some defects may cause 260 cm overbreak beyond C tine (rare ) Trend Iine of bedd|r|q
PREDICTED TUNNEL CON DITION N Mostly @ 3 probobiy some -‘j Mostly 3. 4 at so0th contact and 5 at anduear north (onkack and {aule zone Mostly 2 to 3. Some 4 () GST3 Drill hole number and location
Fossibl steel ts but tal f St ' ; 50m. Pr . ts in i i or in an ‘ i i
PREDICTED SUPPORT REQUIREMENTS 0% y some steel sets but tota or sern‘on probably < 5O m. Prubably some random rock bolrs biocky areas in dacite or in any slably shote Vp to 100 m of tunnel wiay need stee set ;gPpor%-n-‘a‘mH confined Yo neortih contact and fault zone Very little expected. Possibly some steel sets in 2600 m/sec zone. Total for secticn probably < 30m ; @G_gi Angle dritl hole number and location
PREDICTED W Mostly dry to damp. Persistant seepages d ’d ng  froq me fractured zones. S incr imitig! " w3 hr Lo cin ol . .. nfiow 3 . ) \ Ly . . ) T - - Airphote -| t
ATER |NFLOWS poges an ripping om some octured zone ome mine initio nflows (< ) ht) from s € open joints or fractured zones. Infiows up to 5m%ni are possible but very unl-kely Mostiy damap 2 vay treva Contacts. %_)E‘ZT,.E.T"\‘:?n'::—l:::lo:::J::v«i'?:::_d’&y&:o?}:T::"?.\:l:l»:)ﬂ;l::an:r(‘:\:(:l“:::fdugt;wan Mostly dry to domp. Persistant seepage and dripping from some fractured zones. Possibly some deferts with initial inflows up tu I m3/hr. Inflows up to 10 m3/hr very unlikely Initial inflows wi!! decieage rapidly after excavation L phete-—hineatien
Bend Bend Bend g AMENDMENTS
bearin bearin bearin bearin bearin i : AUTHOR
ng | hearing ring | bearing jing bearing No DESCRIPTION oATE
183°03 l 52°35 232°35 | 103°54 283°5/ | 102°19 CHECKED
| | | : Cechion from 13t00o to isino (
1 added - based ow latert i'nforvuc.had 2) l/?Q
SHAIFT 1 | bHAIFT C A | trom 65T o and § W
Air pk-"'o liveokious awud
| I l ‘ ootcfops ollo added M D/I/?“
| |
GEOLOGICAL | | | |°
. | 'i
SECTION °90F  bearing | | | |
03°03 | | :
580 @ —— == GST 4 I~ - - Nofe : Limif jof nechanical open cut excavation probably shallower than highest velocity refractor - ] ;
ALONG | | | ;
>70I- ‘; | GST 5 « |4
l | | :
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510 N A b h ‘ Al A v LN b v Voo R I S N [ B LA < A N L T B LA v Lo VoA Lo g N LN v Lo g S ™ v L 3T A v LA N A P e S N T s e I I S N | COMPILED AND CHECKED | CHECKED AND APPROVED
500 N L A v 1 LN N v N A ~ v N N A = L N v Y ™ v NG N vt 1 N v N v N ™ > v N N ¢ v N v L ~ N 1 e A v A A < v oz A v N A L A N N1 v - |V v oA X LN L . S N I s S . T e S PA.L D.C. Purcell
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GEOLOGICAL PLAN / ‘ Lg N supenws':e TEOLOGIST
- N cale
GST 4
ALONG \ > ] 1/ ) O oo 3 IGST > — o 10 20 30 40 50m
, . . : (I) O [ - —_ ; L 1 1 1 1 )
| / Vv
| < = 1
TUNNEL LINE -~ \ | ;
/\ | TITLE
(At surface) / ‘ '
\ 4 J ‘ INTERPRETATIVE GEOLOGICAL
i E
TUNNEL STATION (metres) 10(00 9-00 8+00 | |  SECTION ALONG TUNNEL LINE
* . + . 7+-00 6+-00 5+00 4+00 - + * * '
ROCK HARDNESS AND STRENGTH ? o e 12 O%| STATION 00+50 T0O 20+00
Mostly extremely hard and strong UCS 173 - 492, av 300 MPa Zones of partly altered und epidotised rock at GST 2 .and GST 4 with UCS 173 - 273 MPa. Av. hord 100 Shore Units “ i w r 3 '
a v. hordness ore Mostiy soft and fairly weak UCS average 300 MPa OPEN CUT EXCAVATION . PROJECT
ROCK Zonegs of strong d tent rock ith v f defects . J t 5 d t 3 ht., 2 d. tight r joint i - .S ; : ; .. ~ R P 1 n ir :
MASS DEFECTS € very and competent rock w ery few defects om_s paced up to m very ftight ones of close jonted mod. tight rock ( xo: svurl_nzi generalty 10-60c¢cm but up to Im } with surfaces generaily weakly cemented with pink pc sdery calcite Many quartz - epidote veins Some joints slightly open S:erg:\ynzuo:\rec;w Weaothering (s the main defect Rock EW to MW. Possibly some SW near invert S;wn_g:sddfacci::“gm I. Extremely 1e ‘'ughiy wrathered dacite to base cf excavation along most of section — Excavatable by targe backhoc without preblasting I GINNINDERRA
Due to rock mass - - ) ] \ ] o '
PRED'CTED OVERBREAK detests only ~ In compelent rock negligible overbreak. In blocky zones, blocks generully < 30 cm may fail cut beyond C line. Unfavouraole orrentarion of prominent defects ma, cause > 60 cm overbreck beyond C line {(rare? OPEN CUT EXCAVATION If very carefully excavated, overbreuk could be kep! to g minimum Small to negligible 2. Probably o tew boulders ot fresh dacite generally < 2m in aiame’er sitting in extremeily wecathered daciie —L need biasting and /or jack picking , SEWER TUNN EL
PRED'CTED TUNNEL CONDITION Mostlty 2 =3 . some 4 Generally excavatable by bulldozer Mainly 5 to 6. Possibly some 4 near invert Mainly 2 3 Some moderately fto slightly weuthered dacite near stn 2 +0C0 -~ Probcbly need blasting of jack picking
with ripper. Some b'agsting necessary | TO ACCOMPANY
Very little expected . Probabiy < S0 total of steel «<s's. Poscibly s ' = SHEET | OF 3
PRED'CTED SUPPORT REQUIREMENTSL ry i ¢ cbabuy m 2 © ‘i 5 o y some rock Dpolts near invert. Sides of excavation will 100% steel set support indicated Probably none ! RECORD '976/44
PRED'CTED WATER INFLOWS Mostly dry to damp. ersistant seepuge or anpping fru . .me fractured zones Possibly some fractured zores wilh nifial inflows up to | m¥hr decreasing after excavation ‘ntiows r ‘o 10m°/hr ore possible but very unifikely need to be battered or supported initic!ly < 5m3/he. Most wili fiow from the intermediate — bedrock initiatly <5m3/hr and - T - N DRAWING NUMBER
velocity interface fapidly decreasing Mostly diy Possibly some mino. seepanes 155 /A 16/ 1306 A PLATE 6
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r REFERENCE

{ SUMMARY LOG OF DRILL HOLES

@ (D@ @Rock-materiol type

SHAFT 3 j —»_(2) Degrees of weathering
| ; 4-5 EW Extremely weathered
+
GEO LOG'CAL , Ew — HW Highly weathered
METRES +
b . ; MW Moderately weathered
earing —* A
590 on9’ SW Slightly weathered
SECTION 23°02 v .
—_— i FS Fresh stained
— GST |l B
%80 GST 9 } 600 FR|+ FR Fresh
R & T2 TRE AP e — | i i . . - 2
ALONG 570 ) : S 1000 Lol 1 600 ] i i . . . ; J - - - - : + (® Rock Condition Number
e . + l . —_——— —— T . 1200 | 1100 1100 1400 ] (see text for definitions)
v VT re— —_— 1600 — [ e + + + + 1200 + + + + + + )
TUNNEL L'NE 560 —VI3OOV L Y ‘v\v-w\_\ | 800 ) ) 800_ ) ) wa //——"" 600 _ |,+5 1200 1200 t’ _ . . ) /-]5100 -X_ Water level in drill hole
1600 Ty - earava ) vl - = — —— L A — — —_— . S
v v Yy Yy v i ov Y v Y Y v ' ey Yy Y v Y Y ey Yy Y Y WV 14-5 + . 3 {1 - + + Wl + + + + + o s — " - y + 4200 TZOOO + 4000 +
550'— \~ v v v v [ v 2009 v v Vv v v Vv Vv v ]590 v Vv v vav . 1300 X + X _____—___.————-' 4400 2900
v3300v § =y Ly v v v v v v v v v v v v v v v b 4800" ~_ Mw=l, [~ e 2900
v v v 3400 v fr— —— v v v v v v v v v v v Mwlv + T . - —_— + _—- - - e 5400 }
540 v v v v v v v v 5100 v v vy —4—50'0 v v v v v v vy — Swov[3-4 + 442)6’ + 4800 b L + 4800 + + + + + +. + + + + +
— . 4500 y . —_— + 3 |
MV T v U v L A VL R A v v v v y v y ) v v v y v Fs \x s . — |34 i ROCK TYPES
v v \ v v v ' Vv \Y v v v \ v \ v v Vv v v Vv + FR + I
-V v v v v v v v v v v v v v v v v v v v v vy + + + 4 |2-3 + + + + + + + + + i + + + + + +
530 _v \V Tl ViL v v v v A v v v v v v v v \ ) v v \% v + ‘}
v A v v v Vv v v ' v v v v v v v v vv + |3 ' R i
v TV —y VY. v v .oV v v v v v v v v v v v v Y v FRivY>T4 + + +H= | E Soil and slope wash
VT v v V— Vv TV~ V. v v v v v v v v v v v v v v vv + + + + + [2-3 + + + + + + + + + + + + + + +
520 v :'Lb e T TT— T e vV +
~ -~ 1 v ¥ ~v ¥ \' ~~ v V= v v v v \'4 \" v v v v v v \' \" + .
GST 12— v v oy V—_y Vo v L+ + Granite Porphyr
] Q?” v v V.o V— Vv V—_V ¥ v’ Y- v Y v Y v Y v Y v Y v Y v Y v Y v Y v Y \ Y v Y Vv 3 + : + + + + + + + + + + + + + + + + + + + + M i
510 v v v VA VR v v v v v v v v v v v v v v vy i
v v v A v v v V- Vv A v Vv v v v v v v v v v v v i ‘
v v v v v v Vv . v v v Vv Vv Vv \ v \ v v \4 v v Vv \ H
500] v v v v v v v v v v v v v v v v v v v y v v v + + + + + + + + + : + + + + + + + + + + + + + + + + + + + + - + + + + + lv-vv. Dacite 1
V | Sandstone; Interbedded
Eam— |
|\ + —_—— Shale ]
© \\ « I
- \ =
GEOLOGICAL PLAN : o, ! .
;‘ - | (o]
ALONG | > ! N Oo6sT9
! —
: AN \ \ i I 1 N SEiISMIC
TUNNEL LINE e N ) \
z \‘ L
: \ FE N e by NT\ R — .. Intermediate seismic velocity
‘ ‘ \ L ! L L B refractor
OcsT 24 © GSTi 22 , {
— - == Highest seismic velocity
TUNNEL STATION (me"es) 40|00 - . . . . . . . . 39+00 - . . - 38+00 - . . . . . . . . 37+00 - . . . . . . . - 36+00 - . . . . . . ; - 35+00 - .

i‘ . . . . - 33+00 - . . . . . . . . 32+00 - . B . . . . . - 31400 - . . . . . . . - 30 refractor
ROCK HARDNESS ond STRENGTH Rock breaks fairly easily across the rock fabric. Probably breok to gpieces from |0-30c¢cm when blosted

(600) Seismic velocity in metres
|
Y“ per second
ROAK MASS DE FECTS Rock mass is mostlty tight with joints spoced 30-60cm (10-40cm in some areas ) and generally cemented with calcite o
s Probably blocky in places Probably some fractured und seamy oreds especially near granite contact Mostly tight but probably some fractured and seamy areas The rock mass is very tight with joints generally spaced 30 ¢m — Im and commonly cemented with caicite. Possibly some narrow fractured or sheared zones. { Ncne detected during drilling ) Up %o 60m {totai) of sheared and /or fractured and/or blocky ond seamy rock with mostly tight sound rock elsewhere
|
due to rock mass
PREDICTED OVERBREAK defects only Generally very tittie to negiigible. Smal! to mcderate in some fractured, seamy or blocky zones Small to moderate In fractured and seamy areas,nejligible elsewhere

V[,ery little to negligible Small to moderate in sheared fractured or blocky zones. Negligibie elsewhere
k GEOLOGICAL
PREDICTED TUNNEL CONDITION Mostly 3.  Some 4. Mostly 3-4 } Mostly 2 -3 -

| Mostiy 3 Some sections of 4 -5
PREDICTED SUPPORT REQUIREMENTS Possibly some random rock bolts in biocky sactions. Posstbly some <chort lengths of steel

set support ( Probabiy < 30 m total) Possibly some rock bults and /or steel sets

;ery iittle if any Up to 60m of steel sets. Probobly some random rock b’olfs —_—— Boundaries approximate
I
PRED'CTED WATER lNFLOWS Mostty dry to damyp. Persistant seepages un-ﬁ‘ dripping from some fractured zones. Possibly some small to moderat= initiol ‘nflows Possibly some smaft to moderate initial inflows from some fractured zones (Aostly dry to damp Small to moderate initial inflows in fractured or sheared zones. Dry to damp elsewhere --?—---- Boundaries inferred
. e == Foutt infe.cd
i : ——- —— - Trend line
( @ Solid outcrop
| P in plan only
j v Rubbly outcrop
“ @GST 9 Drill hole number and location
f‘ (in plan)
! L AirPho+o-lnnea+\on
i
(‘ ®5.. ALQRC hole showing depth
SEISMIC | !
CROZS TrAVERTE
GEOLOGICAL e TRES )
GST 23
5901 | | | AMENDMENTS
! | ) ,
SECTION _ | _ GST | | No DESCRIPTION AUTHOR | CHECKED]
600 - T T — T - -
580 - - =15 1400 Ce— e _ 700_ ) ) ) ) 700 i _ } ) 600 T — l 1 Liveatioms aud 27el7e
ALONG 1400 * - T ' * 1400 + + i ~. + ) T — 800 | _ I ovtcrops macked en plon Loy | ey
570 L Hwl" |4 - ——— S~ 1000 " - ELECTRICITY SUBSTATION — No Seismic Traverses
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+ + . F— | + + + + + + + + + + + +
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+ + N + + + + + + + + + + + +
530} FRE | ﬁ
+ + = + + +
|2 + + + + + + + + +
520F + GEQLOGY BY
+ + 2 + + + + + + + + + + + + v v v v Y ! ) P.A.LANG
v 2 il v v v T
5'0"' — v v v v v v v v v v v v v
v v v v v v v v v v v Vv COMPILED AND CHECKED CHECKED AND APPROVED
500 * + + + + + + + + + + + + + + + iy vy Yo IR Y ) v ) v v v Voo Y ) ! P.A.L D.C.P I
v ) . v v Vo Vo \4‘ v Vo Vo v v v . v y v v v v .ALL. .L.Purce
|L l f PROJECT GEOLOGIST SENIOR GEOLOGIST
: ’ ]
GEO LOGICAL PLAN . . ‘I | SUPERVISING GEOLOGIST
, Scale
ALONG o : 0 10 20 0 40 50 metres
S 5m. Yoz
; H
TUNNEL LINE N |
‘, \\\ ) TITLE :
T QesT2s | 3 INTERPRETATIVE GEOLOGICAL
TUNNEL STATION (metres) 30(00 - : : : : : . : - 29+00 - : : : - : - - - 28+00 -

f - SECTION ALONG TUNNEL LINE
: : . : . 27+00 - . . . . . . . . 26+00 - . . : . : : T . 25+00 - . : . . . : : . 24+00 - . . . . . : . . 23+00 - . . . . . . . . 22+00 - : . : . : . . 1. 21+00 - . . . . : . . . 20
ROCK HARDNESS and STRENGTH

| STATION 20+00 TO 40+00

‘ PROJECT
The Rock .nass 1s mostly very tight with oin1£ enerally spaced 30 c¢cm - Im and commonly cementad ith caicite Probabl a0 arr fract i i joi ‘
ROCK MASS DEFECTS ) ‘ 9 y ] w y some narrow fractured or sheared zones (<40m ftotal), some blocky zones ¢ Probably some fractured rock « Mainly competent dacite with tight joints mostly spaced 3Gcm —1Im Some thin lenses of shale mostly competent and with tight bedding planes but possibly some zones with up to Icm of clay on bedding planes. Sltabbing ? Probably some minor to moderate folding in places Possibly some minor foults and ftroctured and seamy zones GINN'NDERRA
due tc rock mass { s ;
- . mall to moderate in

PRED'CTED OVERBREAK defects only Neq"q'blt‘E for most of section. Small to moderate in some fractured, sheared or blocky zones S fractured zone o Negligible 1n most of section bul may be moderate in shafe due to drilling up bedding planes May be moderate in fractured areas or in areas of minor folding and clay on bedding planes SEWER TUNNEL
PREDICTED TUNNEL CONDITION | Mostly 2-3 Probably some 4 . @ Probubly some 4 o Mostly 2-3 Probably some 4 {

% : TO ACCOMPANY SHEET 2 OF 3
PREDICTED SUPPORT REQUIREMENTS Possibly some random rock bolts if *l K ti P i ; Possibly some steel sets . | RECORD ‘976/44

12 1 any blocky sections. ossibly some short lengths of steel set support. Total for section probably O -30m < or rock bolts o Possibly some stee' sets but total for section Frobably <50m Probably some random rock bolts in blocky areas in dacite, or in slacbby areas in shale
PREDICTED WATER lNFLOWS Mostly ary to damp. Persistant seepages and dripping from some fractured zones. Possibly some small to moderate initial inflows from some fractured zones N - Hpmbably < 10 m3/br initiolly o Mostly dry to damp. Perststant seepages ond‘ dripping from some fractured zones Possibly some small to moderate initial inflows from s€ome fractured z0nes PRAWING NUMBER PLATE 7
. 'l decreasing to { 2m3/hr J . ' 1 55/A |6/ 1307
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| SUMMARY LOG OF DRILL HOLES

® O @ (@ Rock-material type
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bearing I _v_ (© Degrees of weathering
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4-5 EW Extremely weathered
| EW

GEOLOGICAL - l

METRES ‘ ]

SECTION 590 |
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580 GST 20 v

: \ 2
ALONG \ VV ® Rock Ccndiilon Number

—— HW Highly weathered
MW Moderateiy wem‘hered

3 SW Slightly weathered

FS Fresn stained

FR FFP  Fresh

570} vl e : (see 'ext for definitions)
vl Vv v 2000 v '
- _Y_ Water level in drill hole
TUNNEL LINE 560 VI ey~ V.
L \" 3700
550} Seismic extrapolated v v v
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g v v v v ROCK TYPES
540}
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/
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