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SUMMARY

The site of the proposed Tuggeranong sewerage tunnel
connection at Tuggeranong Creek, A.C.T., has been investigated by
geological mapping, seismic refraction surveying, and diamond
drilling.

Abundant outcrop of moderately weathered to fresh
dacite occurs on the steeper slopes north of the creek and along
the creek bed. Jointing is moderately spaced and fits into a
regional stress pattern, with maximum stress orientation of 066°

The sewer connection includes two drop structures of 15
m and 18 m depth respectively and 1955 m of buried pipeline.
Trenches will be excavated through the extremely weathered rock
and soil, which are up to 10 m deep, but the moderately weathered
to fresh rock below will have to be blasted.

Two joint sets and seven joint intersections are con-
sidered unstable in the proposed excavations, and support will be
necessary in the drop structures and the deeper sections of the
benches, particularly where joints are undercut by the rock
slope° The unstable joint orientations may occur singly or in
groups.
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INTRODUCTION

The Department of Housing and Construction (DHC)
requested the Bureau of Mineral. Resources (WAR) to carry out a
geological investigation of the site of the proposed Tuggeranong
sewerage tunnel connection. For location see Figure 1.

A 1350-mm diameter buried Pipeline along Tuggeranong
Creek will connect a 900-mm sewer from the east and a 1200-mm.
sewer from the southeast to Tuggeranong tunnel (see Plate 2);
the incoming sewer lines will be reduced to the level of the
1350-mm diameter pipeline through 15 m and 18 m drop structures
respectively. The Lai-1570n trunk sewer, 1350 mm diameter, will
join the system near the tunnel portal.

A diamond-drill hole was drilled by DHC at each of the
two drop structure sites. A seismic survey was carried out by
the Commonwealth Testing and Research Laboratory (CTRL) along
sections of the 'pipeline (Makarucha, 1975), and the depths below
which blasting will be required were estimated by BMR.

Previous geological investigations of the'Tuggeranong
water feature. (Purcell & Goldsmith, 1975; Michail, 1975), the
Village Creek and Tuggeranong sewers.(Michail, 1974), and the
Tuggeranong sewer tunnel (Purcell, 1974) provided additional sub-
surface information.

GENERAL GEOLOGY 

.^The area between Tuggeranong tunnel inlet portal and
the proposed dam across Tuggeranong Creek has been geologically
mapped at a scale of 1:2500 (Plate 1). The rock is a grey dacite
with phenocrysts of quartz and Plagioclase 2-8 mm in diameter.
Rhyodacite is present in small localized zones, with orthoclase
phenocrysts 1-3 Mm in diameter.

Abundant outcrop of moderately weathered to fresh rock
(Appendix 1) occurs on the steeper slopes north of the creek, and
along the creek bed where much of the more highly weathered rock
has been eroded from the gullies, but on some banks of the creek
large areas of highly weathered rock are exposed.

Jointing is generally moderately spaced (See Appendix
1) and tight, and open-fractured zones and closely spaced joints
are localized; there are marked changes in joint patterns over
20 m in some outcrops. A joint stereogram of the general area
(Fig. 2) shows four steeply dipping joint sets that indicate a
strsss pattern with the maximum principal stress parallel to
066 ;. joint.set 4 is. tensional, set q compressional, and sets 1
and 3.are. conjugate tsheart joints (Price, 1966). Also present
are three shallow-dipping sets which are probably the result of
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unloading subparallel to the surface owing to the downcutting of
the Murrumbidgee River. Epidote and calcite veins are parallel
to the closely spaced joints and are probably related to local-
ized shear zones.

No major faults are known to intersect the project
area, but airphoto-lineaments along Tuggeranong tunnel were found
to represent either a joint pattern, sheared zones, or concealed
faults. Airphoto-lineaments are shown in Plate 10

ENGINEERING GEOLOGY

Method of investigation

The diamond-drill holes at the sites of the two drop
structures were completed by DHC in September 1975. The geolog-
ical logs of the two holes form Appendix 2 of this report.

A seismic refraction survey was carried out by CTRL
along 1100 m of the proposed sewer routes. Spreads of 30 m were
surveyed using hammer impact and a Bison receiver. The seismic
profiles are shown in Plates 2-4.

Reinterpretations of the seismic results for traverses
E and I show a closer correlation with the drilling results (see
Plates 3 & 4). The seismic results of the other traverses were
not reinterpreted because there are no drilling results with
which to correlate them.

The bedrock refractor at the western end of traverse L
(2700 m/s) is at 10 m, but the same location intersected by a
traverse shot for the Tuggeranong water feature (Michail, 1975)
shows bedrock (4500 m/s) at 17.5 m. The discrepancy may be due
to different refractors having been observed, and to the possibly
misleading nature of average velocities. The 1150 m/s refractor

,(Michail, 1975) may represent an average of the 700, 1000, and
2700 m/s refractors of traverse L, and the 4500 m/s refractor too
deep to be picked up by the CTRL survey.

For excavations down to about 10 m the seismic survey
should be reasonably accurate.

The following table shows the correlation between
seismic velocity and weathering condition based on previous
experience in the same rock type in the A.C.T.
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Seismic velocity m/s 

300-1000

1500_

1000-1500

1000-2000

1200-3500

3060-4500

4100

Pipelines 

Description 

Soil and slopewash, dry

Soil and slopewash, saturated

Extremely weathered rock

Highly Weathered rock

Moderately weathered rock

Slightly weathered rock

•^Fresh-.rock

Excavation.tonditions. Excavation by a mechanical
shovel (e.g., a large Kato) should be possible in material with a
seismic velocity of up to 1200 .m/s.. Higher-velocity material
will generally require blasting. Excavation conditions at invert
are summarized in the following table.

Section

Seismic velocity
(a)^(b)

200-1200^1200-1900
m/s^m/s

(c)
2700-6000

m/s

Eastern pipeline'(900 mm). 515 m -45% 40% 15%

Southeast pipeline (1200 mm).
and eastern connector to
tunnel (1350 mm)

1250 m 40% 50% 10%

Lanyon trunk-sewer (1350 mm)
(section)

190m 90% 20%

Total 1955 m 45% 45% 10%

(a) should be excavated by mechanical means only

(b) will generally, require blasting

(c) hard rock, requiring blasting

Much of the lengths requiring blasting near invert are
less than 2 m thick (based-on,DHC seismic results). The thickest
section to be blasted will be 8 m near drop_structure.B (Plate
3).

Stability, Al_considerable proportion of the pipeline
will require excavation down to 8 m or more, especially on the
western side of the drop structures. Stability of the open
excavations depends On:
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(1) the depth of excavation

(2) the length of time the excavation is exposed

(3) the degree of rock weathering

(4) the orientation of joints and other defects with
respect to the direction of the trench walls

(5) the condition of joint surfaces, e.g., the incid-
ence of clay seams and the degree of water
saturation.

Most of the deeper excavations are within material with
a seismic velocity of 1100 m/s or less, except adjacent to the
drop structures. Any unsafe exposures in the trenches wil
therefore fail along weathered open joints in highly to moderat-
ely weathered rock overlain by a varying mass of soil, slopewash,
and decomposed rock. This condition is particularly applicable
along the eastern connector, and sections of the eastern and
southeast pipelines that lie at the foot of natural hill slopes.
Precautions should be taken to prevent the failure of walls along
these sections of the trench, particularly if any of the walls
are saturated.

The safe angle of batters for the trench walls is
difficult to predict owing to the irregular weathering. However,
in highly weathered rock, qability should generally be attained
with batter angles of 70-80 , except along the southwegt pipeline
whiO is parallel to the strike of joint set 7 (dip 35 , strike
15e). If pis joint set is intersected, batters should be safe
at about 50 , and only extremely unfavourable conditions would
require battering to 35°. The selection of a batter angle to
reduce the incidence of failure will be facilitated by geological
mapping of the excavations. If the time between excavation and
back filling of the trenches is kept to a minimum during con-
struction, the problems of instability in trench walls will be
greatly reduced.

Drop structure A

Excavation conditions and stability.  Excavation will be nearly
15 m deep, with blasting required below about 10 m. Drill hole A
intersected 10.2 m of extremely weathered dacite and soil with
residual zones of highly to moderately weathered rock (Plate 4).

From 10-15 m the rock is slightly weathered to fresh-
stained and is generally tight. Joints are either shallow-
dipping or near-vertical, as indicated by the joint stereogram
(Fig. 2). Numerous veins of sericite and epidote parallel the
joints.

Figure 3 lists the joint faces and joint intersections
likely to fail in a slope at 80°. The angle of friction of the
dacite has not been measured, but is likely to be steeper than
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20o , so that .cally set 6 and three joint .intersections would be
kinematically and kinetically unstable.

Precautions Should be taken to. prevent failure in the
exposed soil and extremely weathered rock. The most likely causes
of failure would be narrow clay seams or shears not necessarily
along joint trends; for example, 75 m south of drill hole A,
narrow clay-coated shear zones at a number of orientations are
more likely to fail-than closely spaced joints and associated
epidote veins dipping 25 west-northwest.

Any stability problems in this excavation will be
remedied by correct application of shoring or -rock bolts, or
both.

Drop structure B 
-^,

,

Excavation conditionsand Stability. Excavation will be about 17
m deep, with blasting required below abbUt 10:m. Drill hole B
(Plate 3) interse-Cted 8.5,m (92 m below -ground) of extremely
weathered dacite and soil, even though rubbly outcrop lies at the
surface. It is therefore likely that residual boulders of moder-
ately weathered to fresh dacite lie within this Weathered mantle.

The stability of the: 9,2 m orsOil and weathered rock
depends on its moisture content, and this section will need to be
supported to prevent failure, even if it is dry during excavation.

Below 10 m the rock is slightly weathered to fresh.
Joint set 6 is unfavourably oriented in the south and east faces,
as is set 7 in the'weSt face. Six unsafe joint intersections
could lead to wedge failure (Fig. 3). Narrow clayey seams along
joints also contribute' to instability, and they may be found on
joints that have not been located by this investigation. Drill
hole B intersected four narrow shear and crush zoBes. Defects in
the drill core mostly dip 0-30o with some up to 45°; but the
stereogram (Fig. 2) shows no major joint sets dipping between 35 o

and 82`'. The discrepancy indicates that irregular localized
joints are superimposed on the regional pattern, and that reass-
essments of stability in excavations' should be made from the
geological mapping of rock-defects during construction.

CONCLUSIONS AND RECOMMENDATIONS 

1.^Excavation of a trench for the sewer pipeline is geological-
ly feasible. Blasting near or within 2. m of invert level
will be:necessary_over 55 percent of the route, based on the

_ seismic- survey and drilling. The trench walls will have to
be supported in the deeplyweathered sections, and along the
southeast ,Pipeline where joint set 7 will be undercut in the
excavation,
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2. Depth to fresh dacite, ranging from 3 to 17 m, is based on
the results of the seismic survey. The maximum thickness of
rock requiring blasting is about 8 m, near drop structure B.

3. The drop structures have similar geological features, based
on the two drill holes. Extremely weathered rock and soil,
8-10 m thick, will require support. Moderately weathered to
fresh rock 4-8 m below this will be stable in slopes up to
800 although some rock bolts may be required.

4. The regional joint pattern indicates two joint gaces and six
joint intersections are kinematically and kinetically unsafe
inothe proposed cuts if the angle of joint friction is over
20 (see Fig. 3). The joint orientations may occur singly
or in groups on any one face. Clay seams in the exposures
will cause the greatest stability problems, but their
location cannot be predicted.

5. During excavation, joints and shear zones, particularly
clay-lined zones, should be mapped to assess slope stability
and the support requirements, especially in the deeper
sections.

6.^The time interval between excavation and backfilling of
trenches should be kept to a minimum to reduce the incidence
of slope failure.
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APPENDIX 1

GLOSSARY OF ENGINEERING GEOLOGY TERMS 

GRAINSIZE

Coarse-grained^- 1 mm to 4 mm in diameter

Medium-grained^-^mm to 1 ram in diameter

Fine-grained^- less than i Mm,in diameter

BEDDING

Laminated^- less than 10 mm thick

Thinly bedded^- 10 mm to 100 mm thick

Thickly bedded^- greater than 100 mm thick

HARDNESS

Hard to very hard

Moderately hard

Soft

PERCUSSIVE STRENGTH 

- impossible to scratch with
knife blade

- shallow scratches with knife
blade

- deep scratches with knife blade

Strong to very strong - cannot be broken by repeated
blows with a hammer

Moderately strong^- rock breaks after 3 or 4 heavy
blows with a hammer

Weak^ - rocks break after 1 blow with
hammer (includes brittle,
fissile,^friable,^plastic,
flaky rocks)

and

JOINT SPACING

Closely spaced - joints spaced less than
apart

15 cm

Moderately spaced - joints spaced 15 cm to
apart

91 cm

Broadly spaced - joints spaced more than
apart

91 cm
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JOINT APERTURE 

This describes the amount of separation of the jOint 
surfaces. Joints are open or tight. If two joint faces fit 
perfectly, the joint in the rock mass was probably tight (or 
closed); however, if they do not fit, the joint was probubly 
open, or possibly filled with clay that has been washed away 
during drilling. 

WEATHERING OF ROCK 

Fresh 

Fresh stained 

Slightly weathered 

Moderately weathered 

Highly weathered 

Extremely weathered 

No discolouration or loss in 
strength 

- Limonitic staining along 
fractures, rock otherwise 
fresh and shows no loss of 
strength. 

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

- Rock is discoloured and not
iceably weakened; N-size drill 
core generally cannot be 
broken by hand across the rock 
fabrico 

- Rock is discoloured and weak
ened; N-size drill core can 
generally be broken by hand 
across the rock fabric. 

- Rock is decomposed to a soil, 
but the original rock fabric 
is mostly preservedo 
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GEOLOGICAL LOGS OF DRILL CORES 
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