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SUMMARY

Tennent Damsite on the Gudgenby River, 32 km south of Canberra,
is one of two alternative sites for Canberra's next major water supply dam.
The other site is on the Queanbeyan River at Googong. Tennent Damsite
was investigated initially during 1966-1968, and further investigations
were carried out during 1970, The damsite is situated in a gorge on the
Gudgenby River; the river valley widens upstream to the south to provide a
suitable reservoir. The entire reservoir area lies within granitic rocks -
Tharwa Adamellite in the north and Clear Range Granodiorite in the south.
The meridional-trending Murrumbidgee Fault lies about 1.5 km east of

the damsite.

The damsite is underlain by adamellite with a foliation in a north-
northwest direction. The bedrock is strongly jointed in two directions -
parallel to the foliation and at right angles to it; both joint systems are
near-vertical. Shallow-dipping joints at various orientations are also present.
A major fault trending north-northwest, with an associated shear zone and
minor faults, occur on the east bank. Most of the adamellite is a grey colour
except east of the fault, where some of it is pink.

The depth of weathering at the site is variable. Rounded and sub-
rounded boulders of fresh and slightly weathered adamellite are prominent
on the west abutment and lower part of the east abutment. The depth to fresh
rock ranges from zero at river level to at least 23 m on the upper part of
the west abutment. Weathering in the shear zone on the upper part of the east
abutment is deeper than elsewhere and zones of highly weathered rock are
found at depths of more than 30 m. Dykes and veins of aplite are present in
large outcrops at river level, and also in the shear zone on the east abutment.

For the 220-foot (67 m) high dam proposed an earth and rockfill dam
would be suited to the site. Foundation preparation in the earth-core and
filter zone area would involve the removal of overburden and weathered rock,
shaping and dental treatment. The rockfill zone would require only the
removal of overburden and possibly some shaping. The depth of overburden
and weathered rock to be removed from the earth-core and filter zones
would generally range up to about 1.2 m on the west abutment and up to more
than 4 m on the east abutment. Generally similar, though slightly lesser,
depths of material would need to be removed for the rock-fill core; narrow
zones of highly weathered rock need not be removed. There is little or no
overburden or weathered rock on the lower parts of each abutment but
considerable shaping and dental treatment would be required. Both curtain
and blanket grouting would be required; permeabilities of 14 lugeons or less
indicate that grout takes should be low, probably averaging less than 10 cubic
feet of cement per 100 sq. feet of rock surface for the blanket grouting,
and less than 0.5 cubic feet per lineal foot of grout for the curtain grouting.
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The proposed location of the spillway on the west abutment requires
further investigation to determine the exact alignments; the most suitable
location for the spillway crest is probably on the knoll east of the saddle.
The problem of scour of superficial sediments and weathered rock will
require special attention. A small dam in the saddle will be needed. Two
routes for the diversion tunnel in the east abutment have been considered.
The shorter route west of the shear zone has advantages geologically;
however an extension 30 m long through the rockfill zone would be required
at the southern end. Water inflow into the tunnel would be small, probably
less than 25 1 per minute per 30 m of tunnel.

A source of earth-core material has been proved 1.2 km east of
the damsite. A proposed rockfill quarry on a spur on the west bank, immediately
south of the damsite, has been proved by drilling, Small deposits of sand for
fine aggregate have been noted along the Gudgenby River, but the required
quantity has not been proved. Coarse aggregate could be obtained by crushing
rock from the rockfill quarry. A suitable source of filter zone material has yet
to be determined; if no suitable gravel is found crushed rock from the rockfill

quarry may have to be used.



INTRODUCTION

Tennent Damsite on the Gudgenby River is one of two alternative
sites currently (August 1971) being considered for the next major water
storage dam for Canberra. The other site, which is at present favoured, is
at Googong on the Queanbeyan River. Tennent Damsite is 5 km south of

‘Tharwa and 32 km south of Canberra (Fig. 1). The site is named after

nearby Mount Tennent.

Initial geological investigations were carried out at the site during
1966-1968, and a report subsequently issued (Buchhorn, 1968) indicated
generally favourable conditions for the construction of an earth and rock
fill dam about 220 feet (67 m) high. A wide shear zone on the upper part of
the east abutment, however, was considered to be a major defect.

From January 1970, additional investigations were carried out,
including geological mapping, drilling and seismic work at the damsite,
and reconnaissance mapping of the reservoir area. The geological mapping
was done mainly by the author, except for costeans on the east bank, which
were mapped by D.C. Purcell. The drilling was done by a team from the
Snowy Mountains Engineering Corporation (SMEC) and the seismic work by
members of the Engineering Geophysics Group of the Bureau of Mineral
Resources (BMR). Most of the site was cleared under contract to the
Commonwealth Department of Works (CDW) of the thick ti-tree scrub which
had hampered the earlier investigations. Several costeans were excavated
by CDW to expose rock on the east abutment, and along the proposed spillway

alignment. :

The Watermore Boring Co. of Pascoe Vale, Melbourne, carried out
a program of augering and percussion drilling for earth core material in
selected areas, mostly within the reservoir area. Soil samples were tested
by the CDW Central Testing and Research Laboratories (CTRL) in

Melbourne.

This report incorporates the results of recent investigations in a
general discussion of geology and engineering geology of the damsite. The
results of the seismic work have been issued as a separate report by the
Engineering Geophysics Group, BMR (Dolan, 1972).
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PHYSIOGRAPHY

The Gudgenby River and its tributary the Naas River flow in a
northerly direction, and the Gudgenby River joins the Murrumbidgee River,
another north-flowing stream, about 1.5 km south of Tharwa and about
3 km north of the damsite (Fig. 1). The northerly direction of the rivers
and adjacent divides such as Clear Range east of the Naas River is controlled
by the regional structural trend of the granitic rocks. The Naas River, and
the Gudgenby River below its junction with the Naas, follow the eastern side
of a broad gently undulating valley up to one and a half kilometres in width.
The Gudgenby River becomes gradually entrenched to the north of its
confluence with the Naas River until it flows within a gorge 60 m deep at the
proposed damsite. Below the gorge the valley widens. The relief of the
surrounding area is considerable, ranging from 594 m above sea level at
the damsite itself to more than 1370 m on Mount Tennent.

REGIONAL GEOLOGY

The damsite and reservoir area are occupied by granitic rocks of
the Murrumbidgee Batholith, which occupies much of the southern part of
the A.C.T. About 1.5 km east of the damsite the Murrumbidgee Fault
(Plate 1) separates granitic rocks of the batholith from sedimentary and
volcanic rocks to the east. The fault strikes north as a line of quartz reefs.

The Murrumbidgee Batholith (Snelling, 1960) in the reservoir area
consists of two rock types - the Tharwa Adamellite, which occurs at’the
damsite and in the northern part of the reservoir area, and the Clear Range
Granodiorite, which occurs in the southern part of the reservoir area
(Plate 1). The boundary between the two types is gradational.

The Tharwa Adamellite has a primary lineation marked by xenoliths
and a secondary metamorphic foliation. The Clear Range Granodiorite differs
from it in containing a higher ratio of plagioclase feldspar to potash feldspar,
and more biotite. The Granodiorite has a primary lineation marked by
numerous Xenoliths, but mostly lacks the secondary foliation of the Adamellite
(Snelling, 1960; Mackenzie, 1966).

In the north of the area near the damsite, the foliation in the
Adamellite trends slightly west of north, and dips at about 80° to the west.
Towards the southwest of the reservoir area the strike of the foliation where
present in the Granodiorite is slightly east of north, and dips at about 80°
to the east.
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A zone of intense faulting and shearing in the right abutment of the
damsite can be traced both north and south, and appears to follow the steep-
sided east bank of the Gudgenby-Naas Rivers. Outcrops are small and sparse
in the faulted and sheared zone; aplite and quartz are common.

East of the Murrumbidgee Fault the sedimentary rocks dip at about
70° to the east, and probably underlie the volcanic rocks that lie farther to
the east. The sediments consist predominantly of siltstone with minor
sandstone and shale. Fossils have not been found.

DAMSITE GEOLOGY

- LITHOLOGY

Most of the damsite, including the west abutment, the river bed,
and the lower part of the east abutment, is underlain by coarse-grained
foliated adamellite (Plates 2 & 3). Where fresh, the adamellite is pale grey,
and is very hard and strong; it consists predominantly of quartz .and feldspar
in about equal proportions, together with a small amount of biotite and
muscovite; both potash feldspar and plagioclase are present (Buchhorn, 1968).

On the upper part of the east abutment pink adamellite has been
encountered in drill cores and costeans. The rock is porphyritic with
phenocrysts of quartz, plagioclase, and microcline in a groundmass of quartz
and feldspar; minor amounts of muscovite, epidote, chlorite, and opaque
minerals are present (Buchhorn, 1968). The rock has been affected by
shearing and is moderately hard but brittle, even where fresh.

East of the pink adamellite, sheared grey adamellite has been exposed
in the costean at river level. It has also been found on the east abutment above

the damsite.

Dykes and veins of quartz, aplite, and pegmatite have been mapped
along the river and in the costeans, and have been intersected by drill

holes on the east abutment.

STRUCTURE

Foliation

A foliation is present in most outcrops and drill core throughout
the damsite, particularly on the west abutment and in the river bed. The
foliation is caused by the sub-parallel alignment of biotite, and its alteration
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products, and of tabular quartz aggregates and granulated quartz and
feldspar (Buchhorn, 1968).

The foliation has a consistent orientation on the west abutment and
in the river bed, where it strikes at approximately 165°* and dips at about
80° to the west. On the upper part of the east abutment the foliation has
been affected by shearing and faulting, and tends to be less distinct and
more variable in attitude. Representative foliation directions are plotted
on Flates 2 & 3. ‘

Jointing

Two major steeply dipping joint sets are found on the west abutment,
in the river bed and on the lower part of the east abutment (Buchhorn's joint
sets 1 and 2), The orientation within each joint set ranges considerably but
they average about 070/90** (set 1) and 165/90 (set 2) (see Fig. 2); set 2
joints are approximately parallel to the foliation. Both of these sets of joints
are persistant throughout the damsite area.

Other joints showing a range of orientations can be seen in the
river bed and on the steep parts of the abutments. Generally joints at a part-
icular orientation are numerous and prominent locally, but do not persist
throughout the damsite area. Joints of all sets mentioned above are generally
widely spaced.

Joints in the sheared adamellite on the upper part of the east abut-
ment are moderately to closely spaced. In the costeans on the upper part of
the east abutment one major steeply dipping set is present (attitude 090/90),
but other joints at a variety of orientations are also present (see Fig. 3).
Joints are closely spaced in the pink adamellite and aplite close to the major
fault. Cemented joints filled with quartz or feldspar are common,

Near the surface throughout the damsite area joints are commonly
filled with highly or completely weathered rock and are impermeable. In the
slightly to moderately weathered rock, water pressure testing indicates that
joints tend to be slightly open (see Flate 4). At greater depth in fresh rock
they are expected to be tight. Tight joints were encountered below river
level in drill hole DG3.

* All bearings in this report are true (grid) bearings. They differ from
those given in Buchhorn, 1968, which are magnetic bearings.

** That is, strike 070°, dip vertical.
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Faulting

One major fault has been exposed in the costeans on the east
abutment (Plates 2, 3 & 4), and has been recognized in drill hole DG 1.
The fault strikes slightly west of north and dips at about 70° to the east.
The fault zone is about 4.5 m wide as revealed in the costeans, and contains
highly to completely weathered crushed rock. In drill hole DG 1 the fault
is indicated by poor core recovery between 90 and 145 feet (see log,
Appendix 2) and appears to be wider than indicated in the costeans; this may
be due to a zone of highly weathered rock adjacent to the fault at depth.

Minor faults with clay seams and slickensiding were detected in
the costeans on the east abutment (Plates 5 & 6) and in the drill holes.
They are very prominent in costean F at river level, near the proposed site
of the inlet portal for the diversion tunnel (Plate 6). Other possible faults
of unknown orientation have been intersected in drill holes DG 2 from
68'4" to 68'11", and DD 6 from 61'4" to 62'5". A few small clean-cut faults
and some containing narrow zones of crushed and cemented rock (mylomte)
are exposed in the outcrops along the river.

Dykes and Veins

Aplite dykes and veins occur in the large outcrops close to the
river and in the shear zone on the east abutment (Plates 3, 5, & 6). Along
the river they are up to 2 m wide, commonly strike parallel or sub-parallel
to the foliation (i.e. north-northwest) and are generally near-vertical. The
orientation of the aplite dykes in drill hole DD5A on the east abutment is
not known, but they are probably parallel to the fault zone. Those aplite
dykes and veins along the river which are parallel to the foliation are straight
and as much as 45 m long; those not parallel to the foliation are less
numerous, smaller, and generally sinuous. Pegmatite dykes are rare, less
than 15 cm wide, and are curved or branching. Quartz veins are not common
except at one locality at the downstream end of the gorge and in costean F
(Plate 6). Veins of mylonite along small faults are present in a few places in

the outcrops along the river.

WEATHERING

The weathering pattern at the damsite is related mainly to the
presence or absence of strong shearing. Thus for the purposes of this
discussion the damsite area is divided into a western zone which includes
the unsheared grey adamellite found on the west abutment, in the river bed
and on the lower part of the east abutment, and an eastern zone which
includes the sheared pink and grey adamellite on the upper part of the east
abutment. The zones are shown on Plate 2.



Western Zone

In the western zone large boulders and tors of fresh or slightly
weathered grey adamellite are surrounded, and in places underlain, by
moderately or highly weathered rock. Deep weathering along joints is
encountered in the drill holes. In places this weathering is no more than a
narrow zone of iron staining, but in two drill holes, DD6 and DG2, a small
fault or a major joint is surrounded by a zone of weathered rock. In drill
hole DD6 a probable small fault from 61'4" to 62'5" affects the nature of
weathering within a zone from 59'0" to 65'6"; similarly a faunt in drill hole
DG2 from 68'4" to 68'11" affects a zone from 55'6" to 81'6" in the hole. It
should be noted, however, that the true width of a weathered zone in a drill
hole depends on the angle at which it is intersected; in both the above cases
the orientation of the fault and weathered zone is unknown.

Despite the zones of deep weathering observed in some drill holes
the general depth of highly to completely weathered rock in the western zone
is not great. Table 1 shows the depth of weathering in the drill holes on the
west abutment and in the river bed. The holes are listed in order of increas-
ing RL of the drill hole collar to show a general tendency towards increased
depth* of weathering with height above river level. This feature is also

apparent on the cross-section (Plate 4) which is derived from both the drilling

and seismic results. Additional information on depths of weathering near the
surface in the western zone was obtained from costeans G, H, J, K, and L.

TABLE 1

Depths of weathering in drill holes on west abutment and in river bed.

- I BN N N I B B B S BN B e

DRILL HOLE COLLAR RL DEPTH TO BASE DEPTH TO FRES
(feet) OF HIGHLY TO ROCK (feet)
COMPLETELY
WEATHERED ROCK
(feet)

DG3 1945 - 0 0
DD7 2008 5 14
DD8 2062 9 ~38
DD9 2092 10 >36
DD4 2008 0 32
DD6 2127 15 37
DG2 2141 5 76

* For inclined drill holes the depth shown is the vertical depth from the surface,

not the slope depth. Depths are to the nearest foot.

-b--
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Eastern Zone

In the eastern zone of weathering, in the sheared zone on the upper
part of the east abutment, weathering is deeper than on the west abutment;
outcrops are sparse and small. The seismic results indicate that the depth
of highly and completely weathered rock ranges from 3 to 6 m. The drill -
core and costeans, however, indicate that weathering is irregular, particularly
in the grey adamellite immediately west of the fault zone. Zones of highly
weathered rock are found in drill holes DG1 and DD5A at depths of more
than 30. m. Weathering in the pink adamellite as seen in drill hole DDS is
more uniform than in the grey adamellite and is mostly moderate. Variable
weathering was also encountered in drill hole DD10, which was drilled at a
low angle (30°) in an attempt to gain undisturbed samples of highly weathered
rock for strength testing. However, the quality of the samples was unsatis-
factory. The hole was not logged.

The seismic results in the eastern zone of weathering (Dolan, 1972)
show that the highest velocity refractor is at a depth of about 18 to 24 m.
However, there is no close correlation of this refractor with the drilling
results, since highly weathered rock may occur down to 35 m (vertical depth)
as in drill hole DG1. Further drilling is needed in this area to test the
seismic results and to determine more exactly the effect of the fault on the

weathering profile.

ENGINEERING GEOLOGY

DAMSITE FOUNDATION PREPARATION

Preliminary designs by CDW (October 1970) envisage an earth and
rockfill dam about 67 m high with a curved axis as shown on Plate 2. The
following notes outline the foundation preparation and treatment that will
be required before placement of the dam.

d nd red R
Before laying the earth-core and filter zone, all soil and highly to

completely weathered rock should be removed, and the surface of the sound rock
cleaned of loose material with a high-pressure water jet. On the lower part of
the west abutment and along the river overburden, not more than about 50 cm
thick covers fresh rock. In much of this area large rock outcrops are present
and only the removal of loose boulders will be required. On the upper part of

the west abutment the seismic results indicate that soil and highly to completely
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weathered rock is about 1.2 m thick; it contains loose boulders and tors,
some of which are partly buried, and these will need to be removed. On the
lower part of the east abutment west of the shear zone the outcrop mapping
and seismic results indicate that there is from 0 to 3.5 m of soil and highly
to completely weathered rock with loose tors and boulders that will need to
be removed. On the upper part of the east abutment, in the shear zone, the
drilling and seismic results indicate that soil and highly to completely
weathered rock averages about 4 m thick; however, the irregular distribution
of weathering in the drill holes and costeans indicates that the thickness of
unsuitable foundation material in this area varies widely. Additional drilling
or augering and possibly seismic traverses are recommended on the upper
part of the east abutment to determine more accurately the amount of soil
and highly to completely weathered rocks that will need to be removed.

Preparatory work on the rockfill zone will require the removal of
all soil, large boulders, and completely weathered rock, so that the rockfill
will rest on a foundation of moderately weathered rock. Highly weathered rock
in narrow zones need not be removed, but large areas of such rock should
not remain. The depth of material to be removed will in places be a little
less than for the earth-core and filter zones, particularly on the upper parts of
each abutment. Care will be required in all zones to ensure that large outcrops
remaining on the prepared surface consist of firmly emplaced in situ rock;
all other material must be removed, and this may include rocks of large
dimensions.

Shaping and Dental Treatment

The treatment of the foundations for the earth-core and filter zones
requires that the final surface should be shaped in such a way that no voids
will remain between earth core material and the foundations; it should also
be shaped so that a firm bond can be attained between the earth core and the
foundations. On the lower parts of the abutments, large outcrops with smooth,
steep joint faces will require shaping to provide a rough surface for better
adhesion and to ensure that slopes do not exceed 2:1; some of the more
massive outcrops in and close to the river may require similar treatment.
Much of this treatment will require the removal of rock by blasting; however,
infilling of re-entrant voids with concrete will probably be needed in places.
Dental treatment, involving the filling of all open joints, will be necessary.

On the upper part of the east abutment, zones of highly weathered
rock, including the main fault zone, will require excavation and backfilling
with concrete. The depth of excavation will depend on the condition of the rock
encountered in the zones, the condition of the surrounding rock and the width
of the zones.



Grouting

Blanket and curtain grouting will be required. Curtain grouting
will be required along the axis of the dam to beyond the spillway and saddle
dam and for some distance beyond the dam on the east abutment. Blanket
grouting will be required within the entire area of the core zone foundations.

The exact lateral extent and depth of the grout curtain cannot be
predicted at this stage without further drilling. Water pressure testing of
drill holes (Plate 4) indicates that the lower limit of open-jointed rock is
probably at about river level (RL 1950 feet) under the east abutment, and
somewhat higher under the west abutment where drill hole DG2 apparently
reached the zone of tightly jointed rock. The negligible water losses in
drill hole DG3 indicate that there is no zone of open jointing under the

river bed.,

Water pressure testing of the drill holes indicates that grout
consumption generally will be low. The greatest permeabilities were 14 and
10 lugeons in sections of drill holes DD5A and DG1 respectively. Both of
these results were obtained from test sections close to the major fault and
indicate that a shatter zone of open joints occurs in the shear zone adjacent
to the fault. The fault itself is at least partly filled with clay and would be
less permeable than the adjacent rock. An approximate indication of grout
takes is possible from a comparison of permeabilities and grout takes at
Bendora Dam (Hill 1964). For the blanket grouting average takes of less than
10 cubic feet of cement per 100 square feet of rock surface can probably be
expected and for the curtain grouting average takes of less than 0.5 cubic
feet of cement per lineal foot of grout hole. However in making comparisons
allowance must be made for the different rock type at Bendora Dam. Grout
takes for the blanket grouting will probably be less than for the curtain
grouting because joints near the surface are filled with clay or weathered

material.

There is no possibility of serious leakage from the reservoir other
than at the damsite. The shortest leakage path is on the east side of the
reservoir area through a saddle near the proposed borrow area for earth fill.
It is about 1.5 km long and no structures which would provide a leakage path

were detected.

SPILLWAY

A possible location for the spillway crest is in the centre of the
saddle on the west abutment (Plates 2, 3 & 4). Alternatively, the spillway
crest could be placed in the knoll east of the saddle or at some location



-10-

between the saddle and the knoll. As the proposed top water level of 2150
feet is more than 10 feet higher than the crest of the saddle, a small
saddle dam will be required if the spillway crest is placed on the knoll. An
earth and rock dam would probably be the most suitable.

Two drill holes, DG2 and DD6, and several seismic traverses (Dolan,

1972) and costeans were designed to test possible spillway alighments. Drill
hole DG2 intersected slightly to moderately weathered rock at 1.8 m. DD6
intersected slightly weathered rock at 4.5 m overlain by moderately to highly
weathered rock; the greater depth to sound rock in DD6 is probably related
to weathering along a small shear zone, since outcrops of slightly weathered
rock occur close to this hole. :

The seismic results indicate moderately weathered rock at depths
between 1.2 and 2.7 m; depths are greatest in the depression north of the
saddle and least on the ridge to the east of the depression. Costeans G, H
and J (Plates 3 and 7) revealed moderately to highly weathered bedrock
from 60 cm to 2.5 m below the surface. Costean K (Plates 2 & 7) at the lower
end of the proposed spillway revealed soil and scree up to 3.5 m thick and
Costean L (Plates 2 & 7) did not reach rock at 1.8 m. Costeans G, H, and J
revealed no sign of a deeply weathered fault zone extending northeast from
DG2.

In most places the spillway will be satisfactorily founded on slightly
to moderately weathered rock; deeper excavation of pockets of highly and
completely weathered rock and backfilling with cement may be necessary in
places to provide a firm foundation. Generally foundation excavations would
have to be deeper in the depression north of the saddle than on the ridge
east of the depression. However, large tors of fresh and slightly weathered
rock would have to be removed on the ridge. The exact alignment, length, and
design of the spillway structure requires further investigations; however,
the proposed top water level indicates that a smaller crest structure could
be built on the knoll than in the saddle. The final alignment will depend to
some extent on geological conditions, but will also have to be a compromise
with engineering requirements, such as gradient and direction of water
discharge.

The discharge area of the spillway may have to be treated in some
way to avoid excessive scour of the soil and scree at the base of the steep
slope north of drill hole DD6. Seismic traverses ee' and pp' indicate up to
6.5 m of soil and scree; much of the soil and scree is v1S1b1e in costeans
K and L.
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DIVERSION TUNNEL

The route originally proposed for the diversion tunnel in the east
abutment followed seismic traverses RR' and QQ' (Plate 2). Most of this
route would be in sheared rock, and a tunnel in such rock would probably
need considerable support. The structural interpretation shown on Plate 2
and also in cross section on Plate 4 indicates that pink adamellite, similar
to that found at a higher level.in DD5, would be encountered along much
of the route. The inlet portal of this route would be in sheared rock.

Another route, proposed in 1870, lies in the grey adamellite on the
lower part of the east bank west of the shear zone. The grey adamellite is
stronger than the pink adamellite giving better tunnelling conditions, but for
this route the inlet portal would lie in the rockfill zone of the dam, and would
therefore require an inlet structure about 30 m long as a shield around which
to place the rockfill (see Plate 2). Another disadvantage of this route is that
the tunnel direction would almost parallel the foliation and a major joint
system, both of which strike at 165°; this parallelism could result in some
overbreak. However, this tunnel route would be about 270 m long compared
with 400 m for the original location. Another advantage is that the inlet
portal would be in sound rock instead of the soft, decomposed, and strongly
sheared rock exposed in Costean F.

Groundwater inflow into a tunnel in the grey adamellite is not
expected to be large. Measurements of groundwater levels in drill hole
DD5A indicate that in no place would the water table be more than 6 m above
tunnel level. Therefore any water inflow could be expected to diminish fairly
rapidly as the water table is lowered around the tunnel. Water losses in
DD5A and groundwater levels indicate that the maximum initial water inflow
per 30 m of tunnel in the grey adamellite is likely to be less than 25 1 per
minute.

CONSTRUCTION MATER
Rockfill

A rockfill quarry site has been selected immediately upstream of
the damsite on the west bank (Plate 2). The proposed site was investigated
by drill holes DD7, DD8 and DD§ and 6 seismic traverses. The drill holes
encountered fresh or slightly weathered grey adamellite at depths between
4.2 and 11.5 m; overlying the fresh or slightly weathered rock is a zone of
slightly to moderately weathered rock which in turn is overlain by up to
3 m of soil and highly to completely weathered rock. The seismic results
(Dolan, 1972) indicate fresh to slightly weathered rock at depths between 4.5
and 12 m, and up to 1.5 m and soil and completely weathered rock. The average
depth to fresh or slightly weathered rock from the seismic results is about 8 m.



-12-

Both drill holes and the seismic results indicate that there isa
general increase in depth to fresh rock with height above river level.
Although the depth to fresh or slightly weathered rock is greater than
desirable, much of the moderately weathered rock would probably be
suitable for rockfill, provided it is mixed with the £ sh rock. It is
estimated that this site could provide the 900 000 m  of rockfill required.

Earth-Core Material

Thirteen areas were tested for earth-core material by augering and
percussion drilling (Plate 1). The results are contained in a report by the
Department of Works Central Testing and Research Laboratories (Report
No. 73) and the following notes are based on the conclusions in the report.

The most promising source is Area 1, about 1.2 km east of the damsite. The
material consists partly of alluvium andSpartly of decomposed adamellite.

It is estimated that there are 400 000 m™ of material, which is considerably
more than the required amount of about 230 000 m . A major disadvantage

of this area is that it is outside the reservoir area and would not be submerged
when the dam fills.

Area 4, near the west abutment of the proposed dam also contains
suitable material; however, the amount of material in this area is less than
the total volume required. Other areas, which are all within the reservoir
area, and which possibly contain suitable material, are Areas 7, 8, 10 and 11.
The thickness of material in these areas, however, is not great and a large
surface area would have to be worked to provide sufficient material. Also
some of the material in these areas contains unweathered biotite mica which
may hinder compaction. The remaining areas are either too small or do not
contain suitable material.

Filter-Zone Material

Crushed rock from the rockfill quarry is likely to provide the most
satisfactory source of filter zone material. However, possible deposits of
river gravel along the Gudgenby River near the damsite could be investigated

as an alternative.

Concrete Aggregate

Coarse aggregate could be obtained by crushing rock from the
rockfill quarry. Pyrite and chlorite are known to be present in small amounts
and tests would be necessary to determine reactivity with cement. Sand for
fine aggregate could be obtained from sources presently being worked along
the Murrumbidgee River or from the numerous small deposits on the Gudgenby
and Naas Rivers. Resources along the Gudgenby River have not been proved.
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SEISMICITY

Seismic activity in the Canberra region is fairly common but of low

magnitude, generally not exceeding 3 on the Richter Scale (Cleary, 1967);
greater magnitudes have, however, been recorded near Gunning. Two tremors
between 1958 and 1961 with epicentres close to the Murrumbidgee Fault are
shown by Cleary; these tremors recorded magnitudes of 2 1/4 and 2 3/4. The
Murrumbidgee Fault lies 1.6 km east of the damsite at its closest point.

CONCLUSIONS

Most of the site is geologically suitable for the construction of an
earth and rockfill dam; some constructional problems may be
encountered from a major fault and shear zone on the east bank.

Foundation preparation and treatment will require the removal of
overburden and highly to completely weathered rock. Depths of this
material generally range from 0 to 1 m on the west abutment and
from 0 to more than 4 m on the east abutment. All overburden and
highly to completely weathered rock will need to be removed for

the earth-core and filter zone, but for the rockfill core some highly
weathered rock in narrow zones need not be removed. Some shaping
and dental treatment in the core zone area, particularly near river
level, will be needed. Both blanket and curtain grouting will be
required; grout takes should not be large.

The proposed location of the spillway on the west abutment is
geologically feasible, but further investigation will be needed

to determine its exact alignment. The discharge area may have
to be treated to avoid excessive scour. A small dam in the saddle

will be required.

The more favourable route geologically for the diversion tunnel is
in the grey adamellite on the east abutment west of the fault zone
rather than along the original route in the shear zone following

seismic traverses RR' and QQ'.

Sources of earth core material and rockfill have been proved close
to the damsite. Some small deposits of sand for fine aggregate have
been noted along the Gudgenby River but the quantity required will

have to be proved. A suitable source of filter-zone material has yet

to be determined.
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FURTHER INVESTIGATIONS

Further investigations at the design stage of the dam will be

required, and should include the following.

1.

Additional drill holes should be put down along the dam axis to
confirm that the proposed alignment is the most suitable. These
holes should be located to give more information on foundation
conditions, particularly on the east abutment, and so that the
required depth of the grout curtain can be determined by water
pressure tests. Further investigations on the amount of material
to be removed on the upper part of the east abutment are also

required.

The most favourable alignment for the spillway should be selected,
based on present information, and further investigations designed
to confirm its suitability or otherwise.

A decision on the alignment of the diversion tunnel should be
followed by drilling at the portal sites and possibly at other points
to determine the suitability of the alignment and to give.more
information on expected excavating conditions and support require-

ments.

As both rockfill and earthfill requirements have been provéd no
further investigations for these materials are required.

Systematic mapping and testing of sand and possible gravel deposits

for filter-zone material and fine aggregate should be carried out
along the Gudgenby and Naas Rivers within the storage area of the

dam,
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APPENDIX 1

DEFINITION OF SEMI-QUANTATIVE DESCRIPTIVE TERMS

Bedding

Grain Size

Hardness of Rock

Joint Spacing

Laminated
Thinly bedded
Thickly bedded

Coarse-grained
Medium-grained
Fine-grained
Hard to very hard
Moderately hard
Soft .

Closely spaced

Moderately spaced

Widely spaced

Percussive Strength of Rock

Strong to very
strong

Moderately strong
Weak

Weathering of Rock

Fresh
Fresh Stained

Slightly weathered -

Less than 10 mm thick
10 mm to 100 mm thick
More than 100 mm thick

1 mm to 4 mm in diameter
1/4 mm to 1 mm in diameter
Less than 1/4 mm in diameter

- Impossible to scratch with a
knife blade
- Shallow scratches with a knife

blade
- Deep scratches with a knife blade

- Joints spaced less than 15 ¢cm apart
- Joints spaced between 15 cm and

90 cm apart
- Joints spaced more than 90 cm apart

- Cannot be broken by repeated
blows with a hammer

- Rock broken by 3 or 4 blows

- Rock broken by 1 blow

- 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



Moderately
weathered

Highly weathered

Completely
weathered
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- Rock is discoloured and noticeably
weakened; N-size drill core
generally cannot be broken by
hand across the rock fabric.

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

- Rock is decomposed to a soil, but
the original rock fabric is mostly

preserved.
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APPENDIX 2

GEOLOGICAL LOGS OF DIAMOND-DRILL HOLES
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APPENDIX 3A

METHOD OF WATER PRESSURE TESTING AND COMPUTATION

\
\

Water pressure testing, whereby water is introduced unt\ier pressure
into a section of drill hole and the water loss measured, was carrled out in
all drill holes except DD7, DD8 and DD9. Testing was done in 20 foot sections
down from the highest level the packer would seal in each hole. Pressure in
the test sections was maintained by a mindrill pump capable of delivering
water at a maximum pressure of 150 pounds per square inch. All testing was
done using a mechanical packer.

In the computation sheets the field results are reduced to give water
losses in gallons per minute per foot of drill hole, and to give the effective
pressures in the test section. Rock permeabilities are also calculated. The
method is adapted from the Snowy Mountains Authority Engineering Geology
Manual.

The water loss (t), in gallons per minute per foot of drill hole, is

obtained from the formula:
kh

where k = a conversion factor, theoretically derived, which allows
for leakage paths at the ends of test sections different
from those at the centre of test sections.
h = the leakage rate in gallons per minute

i = the length of the test section in feet

The effective pressure (8), in pounds per square inch, is obtained
from the formula:

s=d+p-q-rT
where d = the gauge pressure
q = the loss of pressure in the supply line

r = the loss of pressure in the packer
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The calculation of the water column pressure (p) depends‘on.whether
the slope depth in feet to the water table (1) is greater or less than the slope
depth to the test section (a)

If 1<a the formula used is
p = 0.44 sin G (1+m)
where O = the slope of the drill hole in degrees -

m = the slope height of the pressure gauge from the:::
collar of the drill hole

If 1>a the formula used is
p=0.44sinOn
where n = the length of the supply line,

The pressure losses in the supply line and packer depend on the
rate of water loss in the test section. To obtain these pressure losses
graphs derived from calibration tests carried out at Corin Dam site
(Best, 1969) were used.

The water losses at the respective effective pressures were used
to determine, from a graph, the joint permeabilities in lugeons.

To compute the approximate leakage of ground water into the diversion
tunnel the following procedure is adopted. The leakage per foot of drill hole
at the effective pressure in the test section is converted to the leakage that
would occur from the groundwater pressure at the roof of the tunnel. It is then
multiplied by a factor of 1.6 which, in a 10-foot diameter tunnel, gives the
leakage per foot of tunnel for a 100-foot long section of tunnel.

The factors for different diameter tunnels are given in Snowy
Manual but source of calculations not mentioned.
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S | S 0-0 oo _| 00 | 00 L e INeed 00 | 00 s %o |\ ___ . _.__ _ .
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S 20 00 0-0 00 0-0 0-0 0-0 20 0-0. thlﬁg__
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WATER PRESSURE TESTS

REDUCTION OF FIELD RESULTS

BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS

erovecr _TENNENT _ DRAMO\TE
ANGLE FROM HCRIZONTAL (e)__&_o_.____ DIRECTION ___ z_‘]_._ —_ rrorcowan __ 1968 ,‘F_'S_t __ szeorwae. N
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FEATURE R!:Ye_t BQA__[\QQ!'_P!,'OPQSEA, Dam g’t_‘s

—
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D.G.3;
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SECTION TESTED

TIME OF] GAUGE

WATER METER READINGS,

WATER

LENGTH 3

FRICTION LOSSES

LEAKAGE 'oN! SLOPE ! sioPE WL} LENGTH I WATER EFFECTIVE | waATER REMARKS
DATE FROM T0 TEST [PRESSURE| START FINISH LOSS RATE :;J:so: (::Z’:?: '35:;:‘;: S:fff A? ‘Z’::PS: ch'FJSJS?J‘I‘iE SUPPLY | PACKER PRETSESSJRE LOSS SEALING PROPERTIES, WATER su»uj
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a b c d e f t-ez9 | %=h |b-azi] «* ¢ m n p* q* o dep-q-r kx Vi |
2 183 | 383 | 5 | 35 0-0 0-0 0-0 00 | 200] 0! O o | 20| 00! 00 | 0:0 | 3% 00 o I
S |35 | oo 0. | 00 | 00 — . INved] 1 00 | 00 | 35 _; 00 |
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$ __0-0 0-0 00 00 0-0 0-0 35 0-0 —
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. e _
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. _ﬂ.___ I - U | S S N
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- - - ¥ —
-
, i I e R e —— JE
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
WATER PRESSURE TESTS

srosccr _TENNENT DAMSITE

ANGLE FROM HCRIZONTAL (GI___‘tso

e rearure EasT Bm,knmr_?ro?_o_sg_d Doam Bxig | o€ ro
omeerion ___LO%® __ _ riorcownn_ 2150 feet _  sueorwee_ N —_— D D 5

REDUCTION OF FIELD RESULTS tocation E192@2, SBE392 acxer vee __mechamica) . orwwemer_ . sneet | of 3.
SECTION TESTED GAUGE | WATER METER READINGS] WATER | LEAKAGE sLoPE WT | LengTH )| wATER | FRICTION LOSSES |EFFECTIVE | wATER REMARKS
DATE T0 PRESSURE| START FINISH LOSS RATE :::ff;o asst:p:vr Sgé‘g;;ée PACKER PRETSESSJRE LOSS SEALING PROPERTIES,WATER SUPPLY
(£t.) (p.s.i.) (gatis.) (galls.) (galls ) (g.p.m.) () LINE (p.s.i.) (psi.) (ps.i) (g.pm.perft)| TYPE @ CAPACITY OF PUMP ETC.
b c d e t f-e=gq Y :=h m n p* r* d+p-q-r kx i
300 | S S 0.0 0-0 0-0 0-0 0 20 2-0 0.0 7 00
S S 00 00 | 0.0 | o0 N rod 00 7 0-0 PermgnB';lﬁ‘y
S to - 0-0 0-0 0.0 0-0 0-0 12 1. 00 | _ _Zero
S 10 0-0 0-0 00 0-0 00 | 12 0-0 _
S IS 0-0 0-0 00 0-0 00 17 00
S 15 0-0 0-0 00 0-0 0.0 17 0-0 o
22/6/70 soy |5 |20 | o0 | 00 0o | 00 o |&4o | 20 00 | 22 | 00 .
S |20 0-0 0-0 o-0 00 . N red 0-0 22 0-0.
g 2% 0.0 032 | 038 . - Q0 27 0-0
S 125 [ 03¢ | 075 | 037 [ o007 00 | 27 0.0 Permeability
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_ 5 25 oo 028 0-25 0-08 Q-0 27 _0-0
S 28 025 05 0-2% 0-0§ 0-0 27 g0
S 20 | 00 0-0 0-0 0-0 0.0 22 0-0
S | 20 0-0 00 0-0 Q-0 0-0 22 00
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- 5 | 50 | oo 238 | 239 | 0-48 0. $2 0-02 1__lugeon
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S | 35 | 025 05 0-28 0-05 I S | 0-0 ] 37 o0 | o
5 20 0-0 013 013 | 0-03 R 0-0 22 00
S | 20 | 043.] o025 | 012 | 0-02 I 0.0 | 22 00
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S 8o | 0-0 2715 2-7S | 0'55 0-0 00 | 815 0-03 <1 lugeon
S 8o 218 S5 2718 0-55 0-0 0-0 871S 0-03
S 60 g-0 1-13 1-13 0-23 ' - 0-0 0-0 b7-5 0-01
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S 30 | 00 -0 0-0 00 . 9-0 0-0 I7S o0 |
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. . B I o
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—_— S | 50 | 00 S-S S-S 10 | ' 0o | 00 50 0-05 . B
5 [so | S5 [mwo | &S |1l 00 | 0o | 50 | 005 Permeability
S |78 00 -8 n-s 2.3 - 0-0 0-0 15 o-1l 3 lugeons . __
i85 75 1}-5 230 1-g 23 0-0 0-0 15 0-1i ) —
5 50 | 0-0 $S 55 -l 0-0 0-0 50 0-05
5 50 5-5 -0 55 [ B 0-0 0-0 _ S0 0-05 S —
S 25 0-0 1-75 78 1 035 | N 0-0 0-0 25 0-02 o .
S 25 178 3-5 1-7§ — 035 - ~ N 0-0 0-0 25 0-02 e R
- o . —T T O . T
_). —_—— ] — ___r. - e e e
_F__ —_ U U (N T o I . i I _ . —
- F - 1 N L } _____ L PO -

# Volues ore regd from appropricte correction graphs +if Lt <a,p 2044 sin 0. (L m_);A W Loe » J0-34.sin 8.n.

fie v 1BS5/AlbJ9g0 . wenwor



BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

erovecr . TENNENT _DRAMSITE. . . _ . __ rearee EasT Bank near prorosed Dam Axis I HOLE mO.
WATER PRESSURE TESTS ANGLE From worizonTaL ey S®  owmection __',O_‘f_o_ —.—— reorcoarn _2150. -Geg't _ sze ofmwce N l D D 5
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DATE FROM T0 TEST |PRESSURE| gTART | FINISH Loss RATE EZJTE.ZL (.’22"2? STANOING a::ffa? * ety gg’rl'.'gswt‘)\r‘as SUPPLY | PACKER pngsEsSJRs LOss SEALING PROPERTIES, WATER SUPPLY
(1) ($1.) (min) | (p.s.i) (gatls.) {gaiis.) (galts.) | (gp.m) [ () NX hole) | WATER()|  (r2) LINE (p.s.i) |UINE(psi)| (psi) (p.s.i.) (g.pm.per ft}| TYPE @ CAPACITY OF PUMP ETC |
a b c d e t t-e=g Y =h b-azi K t m n p* q* [l d+p-q-r kx i :
30/b/70] 1285 | I485 | § 2s 0-0 20 20 04 |200] 1o o?, o |30 ) 85 00 | 00 | 25 [ 002 | _ . .
: : S |25 20 ko | 20 | 04 L) N rod 0-0 00 | 25 002 ]
S |'so | o0 b-0 b0 -2 00 | 00 50 __| 0-0b ,HPg.—mgghli{
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5 5 0-0 2-0 2:0 0-4 0-0 0-0 25' 0-02
/770 [14b3 | 1663 S0 | 00 2225 | 2225 | 445 | 200 10 [1077] O [ivso 330 | 05 | 065 | 82 | 022
s S0 (2225 | 445 22-25 | &-4S ] N rod ' 05 0-S 82 022
75 | 0.0 | 2b25 | 2b-26 | 5125 os | 05 | 107 | 02b
S | 75 | 2625 | 525 2b-25 | $-25 0-S 05 107 02b Permeahility
— S |00 | 00 3175 | 3178 | 635 -0 -0 131 032 S _lugeons
| S [1o0 [3175 | t325 | 316 | b3 L Tve 1o [z lo32 | _ _
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PLATE 7

GEOLOGICAL LOGS OF COSTEANS
ON WEST BANK.
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