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SUMMARY

Geological investigations to study in detail the feasibility of
a dam near Googong Homestead, 8 km south of Queanbeyan on the Queanbeyan
River, commenced in April 1970, The dam is required to supplement
Canberra's existing water supply. In 1954 and 1961 the site was examined
but the Googong site was rejected, in favour of the Bendora and Corin

dam sites respectively.

The present investigations confirm that the site is suitable for
a proposed rockfill dam, about 57.5 m high.

The geology of the site is complex but is now well established.
The local rock is a sequence of metasediments and dacite of Upper Silurian
age, both strongly sheared and striking 020°, The dacite is intruded by
the Googong Granite of Siluro-Devonian age.

Although shearing and jointing in the foundation rock is
pronounced, permeability is low. No major leakage or grouting difficulties
are expected,

No major weaknesses in the foundations have been found in the
investigation.

The proposed preliminary spillway/quarry design in general
suits the geological conditions at the site. The dacite in the spillway
section is fresh to moderately weathered; it is expected to be sound enough
to be used as rockfill without having to reject unacceptably large amounts
as waste, The granite in the lower part of the spillway might give some
fragmentation problems as the rock is massive and poorly fractured.

The site would require special treatment for a thin arch structure
because of the general shearing and fracturing of the bedrock and
particularly because of the existence of fracture zomes in the right
abutment.

The foundations of the proposed earth embankment in the Phalaris
Saddle, a low saddle to the northeast of the main dam, consist of slate and
dacite, both of which are greatly weathered and fractured. No major
leakage or foundations problems, are however, expected.

The storage area has been geologically mapped by G.B. Simpson
(1972), and is considered to offer no leakage problems.
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INTRODUCTION

The Googong dam site is on the Queanbeyan River, 8 km south of
Queanbeyan, N.S.W. (Fig. 1). The 1:50 000 Military Sheet grid reference
is Bungendore 274262.

The present investigations were started in April 1970, as a
result of a request from the Commonwealth Department of Works (CIW) for -
a detailed feasibility study of the Googong dam site, one of several
alternative sites for a fourth dam to augment the water supply for
Canberra and Queanbeyan.

Previous Investigations

During the 19208 the present Googong dam site was considered as
a possible dam site. Between 1920 and 1939 the site was studied and
explored by several shafts, adits and auger holes; the locations of the
excavations still accessible are indicated on Plate 4,

In 1954 the Googong site was considered again and BMR provided
more geological information on the site as requested by CIW. G.M. Burton
and M.A. Randal mapped the site under the supervision of L.C. Noakes.
Noakes & Burton (1955) reported on the investigation. However, the Bendora
site was preferred and selected for Canberra's second dam,

In 1961 CIW asked the Bureau to prepare feasibility studies on
the Googong dam site and the Corin dam site ECotter River); the proposed
height of the dam was increased to 150 feet (45 m)., Burton mapped the
site in greater detail than in 1954. Some costeans were dug by hand, and
four diamond drillholes (totalling 727 feet) were drilled by a team from
the Snowy Mountains Authority. The geology of the Phalaris Saddle
(400 m northeast of the proposed dam) was also mapped and described by
Burton; he reported on the complete investigation (Burton, 1963).

Two seismic surveys were carried out in 1961 and 1962 by
Wiebenga and Kirton (Wiebenga & Kirton, 1962; Kirton & Wiebenga, 1962)
of the CGeophysical Branch of BMR., The 1962 survey included two traverses
on the Phalaris Saddle (1962b). The locations of the traverses at the
dam site are shown on Plate 4,

Of the two alternatives in 1963, the Corin site was chosen as
the more suitable.

Present Investigations

The writer, assisted by Field Hand G.A. Greenwood, and later
in the year by Geologist G.B. Simpson, carried out the present investigations
under the supervision of Burton and E.K. Carter. The height of the
proposed dam was increased to approximately 190 feet (fu11 supply water
level RL2175 feet).

When the present investigations started, a rockfill dam was
envisaged and most of the testing was directed towards a rockfill dam with
a combined spillway and quarry on the right bank of the river. The
approximate outlines of the design can be seen on Plates 3 and 4.
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The position of the spillway as shown is a relocation to the north that was
made for hydraulic reasons during the investigations. Consequently the
testing, drillholes, and seismic surveys do not now give the intended
coverage of the final area of the spillway-quarry and additional seismic
traverses have been planned to supplement the earlier data,

Drilling

Eighteen diamond drillholes (numbered D5 to D21) were drilled
by an SMA team: fifteen at the dam site and the spillway/quarry section;

D19 in the Phalaris Saddle; and D20 and D21 in the proposed quarry/stilling

pond area in the granite on the right bank (Plate 4). All holes were
water-pressure tested. Geological logs of the drillholes, with water
pressure test results, are included in Appendix 2.

Mapping

The dam site and environs were mapped on aerial photographs
(scale: 1:1920 approx.) taken in August 1970. The field data plotted on
the photographs were transposed to Plate 1 (scale: 1:3840, reduced from
drawing CD70/422B of CIW).

The original outcrop map of the dam site, made by Burton in 1962
by plane table, was extended on the right bank to include the spillway
section (N.R. Baczynski assisted in this mapping). Drawing CD70/510B
was used as the base map, scale: 1:960 (See Plate 3).

The storage area has been mapped by G.B. Simpson at scale
1:2400 using base maps prepared by SMA in 1961 from aerial photographs.
No major leakage problems are expected, A separate report has been
written (Simpson, 1972).

Seismic Refraction Survey

The Compagnie Generale de Geophysique (CGG) carried out, under
contract to the Department of Works, a seismic refraction survey in May
and June 1970. The survey consisted of 2850 m of traverses (Plate 4),
approximately 1800 m being in the then proposed spillway section and 600 m
on the proposed tunnel-line on the left bank,

Costeaning

Eleven costeans were dug, nine by bulldozer and two by hand
(C1 to C11, Plate 4); some of the traverses are outside the area covered
by Plate 4.

PHYSTOGRAPHY

The Queanbeyan River and its tributaries have cut a valley
approximately 1.5 km wide upstream of the dam site and narrowing to the
south, The valley has a gently to strongly rolling topography and is
almost entirely underlain by Upper Silurian metasediments and volcanics,
both intruded by Siluro-Devonian granite.
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Hilltops consist mainly of quartzite, sandstone, and granite.
The lower parts of the valley are generally underlain by slate. The dacite,
being resistant to weathering, tends to form ridges.

The east side of the valley is bound by the Queanbeyan Fault
which forms a fault scarp. The fault is a high angle reverse fault with
a possible throw of about 900 m (Burton, 1963). The course of the
Queanbeyan River is probably determined partly by a zone of increased
shearing due to the proximity of this major fault. Its valley is parallel
to the fault between London Bridge and Queanbeyan.

The west side of the valley is partly marked by a fault in the
Colinton Volcanics and the London Bridge Formation. The fault, established
during mapping by Simpson, is probably an eroded or relatively mature

fault scarp.

The dam site lies within a ridge of dacite striking 0200. The
river has cut a narrow and steep gorge through the dacite ridge; the
valley widens out immediately upstream in the storage area, where dacite
interbedded with softer metasediments underlies the valley floor.

The profile of the dam site is assymetrical. The right
abutment is formed by a steep, convex slope. The steeper part of the
slope has two dacite cliffs, one (upstream) 25 m wide, the other (down-
stream) 30 m wide; they are separated by a 15 m zone which is steep and
without outcrops. As there is no difference in lithology, the lack of
outcrop is probably due to more intense shearing thereabouts.

The left abutment is not as steep as the right. It is more
deeply weathered than the right abutment, and slightly more soil and scree

cover is present.

REGIONAL GEOLOGY

The dam site and the storage area lie in a belt of Palaeozoic
metasediments and volcanics intruded by granite and porphyry (Fig. 2).

The most likely order of age is, from youngest to oldest:

1. Googong Granite, which lies immediately northwest of the dam site.
Granite of the same age occurs in the extreme south-east of the

storage area. (Siluro-Devonian)

2. The Keewong Quartz Porphyry, in the extreme west and south-west
of the storage. (Upper Silurian)

3. Colinton Volcanics, cropping out at the dam site and in the northwest
part of the storage. (Upper Silurian)

4. London Bridge Formation, which underlies by far the largest part
of the storage area. (Upper Silurian)

S5e Undifferentiated metasediments forming the horst on the east side
of the Queanbeyan Fault., (Ordovician
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Undifferentiated Ordovician metasediments form the westerly part
of the Cullarin Horst. They consist of a series of fine to medium-grained
feldspathic greywacke interbedded with slate. Only minor parts of the
storage are underlain by this formation.

The London Bridge Formation consists of fine to medium-grained
quartzite and sandstone of light colour. Interbedding with dark grey slate
is common. Limestone lenses, partly silicified (Veevers, 1953) occur in
the top of the sequence. Small granitic intrusions, not shown on Figure 2,
are numerous; most of them are concordant with the meridionally striking
sediments,

The Colinton Volcanics consist of dacite with interbeds of slate,
quartzite, and limestone. They are described in more detail later.,
The volcanics underlie most of the provosed rockfill dam. The nature of
the contact between them and the London Bridge Formation is not completely
clear, but it appears to be conformable, at least at the dam site.

The deformation in the Ordovician and Silurian rocks is complex;
Stauffer (1964) was able to distinguish four different phases, all occurring
during the Bowning Orogeny. Near the dam site and storage area the
bedding and cleavage strike approximately north-south and dip steeply or
vertically, The grade of metamorphism is low (quartz-albite-muscovite-
chlorite sub-facies).

The Keewong Quartz Porphyry was first described by Sharp (1949)
and is named after the trig. station situated on it. It shows well developed
schistosity, striking approximately 020° and dipping vertically. Veevers
(1951) regards the porphyry as a crystal tuff,

: The Googong Granite crops out downstream of the axis of the
proposed damj; it is described in detail later. Granite of the same age
occurs in the extreme southeast of the storage area. The granitic
intrusions found in the London Bridge Formation are probably also of the
same age.

GEOLOGY OF THE DAM SITE

The country rock at the Googong dam site and immediate environs
consists of vertical beds of dacite and metasediments (Colinton Volcanics).
The volcanics are intruded by the Googong Granite of Upper Silurian to
Middle Devonian age. The dacite forms the largest part of the foundations
of the dam (Plate 3); the granite underlies a small part only of the
proposed dam on the left bank and river section and the lower part of the
gpillway. Some metasediments occur in the easternmost part of the proposed
8pillway area on the right bank, and warrant close attention.

Joint Diagrams

Six stereographic projections of the poles of joints and
cleavage planes were prepared and contoured by appropriate methods to
provide joint diagrams (Figure 3) for structural analysis of the systems
of rock fractures at the site.
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Each diagram is based on approximately 100 readings from one of
six subdivisions (Plate 4) of the site. The diagrams thus permit not only
the determination of the main directions of fracture in each area but also
a comparison between fracturing in each abutment and rock type.

It should be noted that in these diagrams the pole of a joint
plane plots at an angle of 90° to the actual plane: thus a concentration
of poles at 1100 represents a system of joint planes striking 020°, Poles
near the circumference of the diagrams represent almost vertical joints
and those near the centre almost flat-lying Jjoints.

Metasediments

The metasediments almost immediately east of the gauging weir
are thought to be the oldest rocks at the dam site., They crop out as a
V-shaped wedge in the dacite (Plate 3) and occur as vertical beds or
lenses with an average strike of 0207, Interbedded in the metasediments
are several dacite lenses. Three different types of metasediments can
be discerned.

Sandstone: The sandstone is fine to medium-grained, light to dark grey
where fresh, and yellow where weathered. Beds 2 to 30 cm thick are common.
In thin section rounded to subangular quartz grains can be seen, set in an
aphanitic matrix, mainly of quartz. Little feldspar is present;
carbonaceous material is very common in some parts, and signs of intense
deformation are frequently encountered.

The sandstone forms about half of the metasediments in the
already mentioned V-shaped wedge. However, it does not underlie the dam
or the spillway section as far as can be seen from outcrop, existing
drillholes, and costeans.

In drillhole D6 some parts of the sandstone are calcareous;
however no signs of carbonate were observed in the sandstone cropping out
at the surface.

Slate: The slate is a dark grey rock which is in places (e.g. in Drillhole

calcareous, In thin section one can distinguish some fine-grained
quartz grains set in a matrix of micaceous material, with variable amounts
of carbonates. Slaty cleavage is well developed, strikes 020° and dips
vertically.

Limestone: A small outcrop of grey mottled sandy limestone is found on
the right bank of the river upstream of the gauging weir. In thin section,
well=-rounded quartz grains (up to 3 mm in size) can be seenm set in an
aphanitic matrix of recrystallized carbonate and some (approximately 20%)
quartz. The limestone changes to slate along strike. Since no indication
of faulting is observed, it is considered that this represents a facies

change,

The successions found in Costeans C4 and C6 coneist of alternating
slate, sandstone, and dacite. Although the distance between the two
parallel costeans is not more than 75 m, the two successions differ so much
that no correlation could be made. Again, the change is considered to be
a rapid change in facies.,
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Dacite: To the east and west of the metasediments dark greenish-grey
dacite crops out. It would form the major part of the foundations of the
roposed rockfill dam. In hand specimen quartz and feldspar phenocrysts
up to 8 mm) can be seen in a dark groundmass. In thin section a well-

defined augen structure can be observed; quartz has a wavy extinction

and feldspar is altered to epidote, sericite, and saussurite. The
groundmass consists of aphanitic quartz, chlorite, actinolite, and possibly
feldspar, In many places the dacite is highly silicified, and quartz-
epidote veins are common. Sulphides are disseminated through the rock,

and also in veins and fractures. In the drillholes near the river,
sulphides are common, but they do not appear to be present in holes in

the spillway section, where they have probably been oxidized.

The dacite cropping out at the dam site shows in general a
well-developed cleavage and in some places, foliation and schistosity,
both parallel to the cleavage; strike 0200, dip vertical. Between the
crest of the ridge on the right bank and the contact with the metasediments
to the east, some 10 m of vertical slate lenses with minor sandstone
strike parallel to the cleavage.

The dacite could be either extrusive or intrusive; but the
question is of little importance in this context. It was emplaced or
deposited before the sequence was deformed; originally horizontal dacite
overlay and was interbedded with the sediments. Later, probably during
the Bowning Orogeny, the sucession was folded into its present vertical
positicn,

Burton (1963) regarded the contact between the dacite and
metasediments as a fault, but this has not been confirmed by drilling,
costeaning, and mapping. Drillhole D6 was designed to penetrate the
contact; it did not show any evidence of faulting., Although the dacite
and metasediments are both intensely cleaved and possibly sheared near
the contact, those features are not necessarily caused by faulting. No
excessive quartz veining or hydrothermal alteration were observed near
the contact.

The off-setting of the dacite-metasediment boundary in the river

bed (Plate 1) gave rise to the suspicion that a fault might run approximately

westerly in the river section. However, D7 and D1 indicate that there is
no major fault in this section; D16 excludes the existence of a major
fault across its path in the right abutment. The off-setting of the
contact can be explained as a facies change or a sill of dacite cutting
across the metasediments,

Googong Granite

The youngest rock at the dam site crops out mainly downstream of
the axis of the proposed rockfill dam and would form part of the foundations
of the dam on the left abutment. In hand specimen the granite is light
coloured and shows quartz and feldspar crystals (up to 7 mm) with dark
fine-grained micas. In thin section signs of strong deformation can be
seen: quartz shows wavy extinction and in places is reduced by crushing
to a very small grainsize. Analysis of geological structures proved that
the granite was affected by the deformation that induced the 0200 vertical
schistosity in the dacite and metasediments - not to the same degree, but
enough to produce a marked set of joints, especially on the left bank,.



Structural Geology

Folding: As mentioned, the general trend of the Colinton Volcanics is
020° and vertical. The most conspicuous cleavage in the dacite has this
orientation, as do the slate lenses in the dacite, and the bedding and
cleavage in the metasediments; it is also one of the most important joint
directions in the granite. The V-shaped wedge of metasediments east of

the weir also trends in the same dlrection.

There is evidence of a fold system, whose axial plane strikes
at 020° and dips vertically, and plunges at 30° to north-northeast., In
view of this, the disappearance of the wedge of metasediments to the north
is explained by considering the dacite and the metasediments as forming
an anticliné plunging 30° at 020° beneath the overlying dacite. The
metasediments would then form the core of the anticline and the dacite the
outer part. '

Alternatively, the metasediments may be lensing out because of
a facies change, or squeezed out of the visible sequence by intense
deformation,

Paulting, jointing and cleavage: The dacite is moderately jointed. The
main joint direction is parallel to the 020° cleavage, as can be seen

in the joint diagrams (Figure 3). A less marked contribution appears to
strike between 080° and 1250,

The dacite contains numerous veins, mahy of which are probably
fillings of old joints; the other joints are generally fairly clean,
but iron-stained, and some are filled with carbonate. In the spillway
section, where the groundwater level is well below the surface, joints
are commonly coated with a few millimetres of white clay. Slickensides
on the Joints are sometimes observed.

Fracture or fault zones are common in the dacite; they are 10 cm
to 3 m or more in width, and consist of seams of white or very light clay
contalnlng angular fragments of slightly weathered dacite. The zones have
been identified as dacite weathered in gitu. Their structure suggests
that certain parts of the rock were more easily weathered than others,
Since most of these fracture zones occur in dacite which is silicified, it
is thought that the zones were affected by hydrothermal action, possibly
from the granite intrusion,

Generally the fault zones are not straight, but curved and
1rregu1ar and prone to die out from between 50 feet and 80 feet in Drillhole
D9 one of these zones occurs and also shows in Costean C6. Information
C6 and D9 suggests that the zone is vertical and strikes approximately
east-west. However, no evidence of a feature of the same size was found
in Drillholes D17 or D17A, nor was any surface expression of the zone
discovered, except in Costeans C6 and 7.

The granite on the left bank, like the dacite, contains 020°,
vertical joints (Fig. 3). The granite on the right bank, however, rarely
shows the system., The joint diagrams of both show lower concentrations
corresponding to maxima at about 080° and 140°, All systems are nearly
vertical. Although younger than the dacite, the granite near the dam does
not seem much less fractured. In the lower spillway section, however, there
is a marked difference in degree of fracturing, Drillholes D20 and D21
reveal very little fracturing. Bight-foot runs of unbroken core were
frequently recovered from granite,



Weathering

The dacite normally shows a rather predictable weathering patternm.

In the lower parts of the dam site fresh or slightly weathered dacite is
encountered at the surface, as can be observed in Drillholes D5, 6, 7, 8,
and 16. Higher in the spillway section, where the groundwater level is

deep and where recent stream erosion has not affected the surface, moderately

weathered dacite generally overlies fresher rock (Drillholes D9, 10, 11,
12, 17, and 17A). Previously described fracture zones tend to disturb this
regularity (note the completely weathered dacite found between 50 feet and
80 feet in D9).

The granite has a more complicated weathering pattern than fhe
dacite. The tendency to become fresher with increasing depth is broken by
the irregularity of weathering, as is common in granite.

The slate shows a very irregular weathering pattern in D18. This
is the only hole in the spillway section which runs for a considerable
length through slate, and no general conclusions can be drawn.

ENGINEERING GEOLOGY

Pgrmeability of rocks at the dam site

Fresh dacite and granite within the foundations of the proposed
rockfill dam do not possess intergranular permeability. Groundwater
movement in these rocks takes place in fractures, joints, and weathered
zones, Hence their permeability is a function of the number and type of
fractures present and the nature of the weathering.

Both the dacite and granite are strongly fractured, but water
pressure testing revealed only a few important zones of permeability,
i.e. exceeding 1 lugeon, This is probably due to the fact that the
fractures are generally tight and in some places sealed with clay. Also,
the granite might have sealed some early fractures with veins of epidote,
quartz and calcite, minerals which are found extensively in veins in the
dacite.

Of the 2520 feet of drilling in the dam foundation and upper
spillway section that were pressure tested, 475 feet had permeabilities
higher than 1 lugeon (Table 1), Most of the higher permeabilities were
found in sections above groundwater level. Grouting of the sections above
groundwater level in rock underlying the dam seems necessary and would not
present problems since the rock in these sections is generally not too
weathered. Below the piezometric surface the foundation rock is almost
watertight and little grouting will be needed., A few sections have
permeabilities higher than 1 lugeon and may need more treatment.

Since the most prominent joint system (020°, vertical) is
approximately parallel to the axis of the proposed rockfill dam, the
permeability of the foundation rock is probably greater north-south than
east-west., In other words the permeability may be anisotropic and the
greater permeability would be parallel to the dam axis. The existence of
anisotropy could be established by pump tests; if defined it could permit
the establishment of a more suitable and economic grouting plan.



The fault or fracture zones found in D9 seem to have permeabilities
only slightly higher than the minimum. The important fault zone encountered
in Drillhole D9 unfortunately could not be tested owing to caving. In
D17A a small fracture zone (1 m wide) was included in a test section of
20 feet; the full section had a permeability of 1 lugeon, when tested.
Since these zones consist mainly of clay, they are not thought to present
a considerable areal leakage problem; local leakage, if clay is cleaned
out, would be appreciable. Although the contact zone between granite and
dacite is strongly fractured (D15), no significant waterloss in the
drillholes that penetrated this zone was recorded. Burton (1963) suggested
the possibility of leakage through limestone lenses, which might be present
under the dam foundations., In the light of the present interpretation that
the metasediments dip vertically such leakage is considered unlikely,

Weakness in foundation rock

The fracture or fault zones present the major source of weakness
in the foundations of the dam site. However, they are not considered to
present a major problem in the construction of a rockfill dam. Near the
surface the fracture zones might have to be dug out and treated. Only
two zones were discovered: one in Drillhole D9 and Costean C6, and a
smaller one, possibly a continuation of the other in D17A., Both are
situated on the right abutment between the proposed dam and the spillway.
Since any structural defect in the spillway wall should be avoided, it is
important to establish the position of the zones accurately during further
exploration. The spillway should be designed in keeping with a detailed
knowledge of the zomes., It is expected that more fracture zones will be
discovered in further exploration as the site is better exposed. The
existence of these zones and their irregular nature, make the site less
suited for a thin arch dam.

During the early stages of this investigation a fault was thought
to exist in the river bed, causing the offsetting of the contact between
volcanics and metasediments. Between 39 and 42 m in D7 a fracture zone
was discovered. The dacite in this zone is fresh, and slickensides were
observed. However, the zone may be very weathered at shallower depth.

A low angle hole under the river bed should be drilled to test this

possibility.

The contact zone between dacite and granite was penetrated by
Drillholes D3, 8 and 15. In D15 fracturing is strong in a section of 8 m
of silicified granite above the contact zone; D3 and D8 did not show any
sign of weakness near this contact.

Depth of rippable rock

In general the depth of rippable rock is dependent on the depth
of weathering and to a lesser extent on the degree of fracturing of the
rock. On the dam site, fresh to slightly weathered rock is encountered at
the surface in the lower sections near the river, because the river has
removed the erodable material. Hardly any rock needs to be removed from
the lower sections, although deposits of alluvium and some soil cover will

have to be cleared.
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In the higher parts weathering penetrates deeper in the profile,
but moderately weathered rock (i.e. sufficiently sound to be used as
rockfill or to serve as foundation for a rockfill dam) is found at shallow
depth. Costean C5 gives a useful indication of the depth of rippable rock.
The bulldozer (a D6) used for the trenching dug to maximum possible depth,
Disregarding the gully at the east side of the costean, where alluvium
is more than 2.5 m thick and bedrock highly weathered, the trench is
nowhere deeper than 1.5 m, with an average depth of about 1.2 m. The rock
at the bottom of the trench ranges from fresh to moderately weathered.

The seismic investigations did not indicate any large-scale
irregularities in depth of weathering and confirmed the pattern found in C5.
Only slight evidence of the fracture or fault zones found in D9 were
revealed in the seismic records,

Quality of rockfill from proposed spillway/quarry

The spillway/quarry is designed to provide rockfill for the dam
from the rock that has to be excavated in the spillway section. It is
intended that the dacite in the upper (eastern) part of the spillway will
probably provide the bulk of the rockfill: the remainder will be
supplied by the granite from the lower (western) part (stilling pond).

Once the rippable overburden is removed most of the underlying
dacite should be usable as rockfill. The general pattern of weathering
has already been described; thicknesses of zones of different degrees of
weathering can be seen in the logs of drillholes in this area.

Slate lenses form 1 to 3% of the total amount of rock to be
excavated in the spillway. The slate is unsuitable for use as rockfill,
and will have to be separated during excavation,

The fault zones also are likely to yield material that would be
unsuitable for use in the rockfill. Although no surface expression of the
zones can be observed, the site seems sufficiently tested to warrant the
prediction that fault material will not be more than 5% of the bulk of
rockfill, and probably much less.

The sulphides in the dacite probably will not present a problem
in the rockfill: in fresh rock in the spillway section concentrations
are low; in weathered rock no sulphide was encountered, since sulphide
weathers readily above groundwater level. The presence of sulphides should
be examined carefully in subsequent testing.

Because the dacite is more fractured in one direction (0200,
vertical) than in others, rock fragments will possibly be platy instead
of equidimensional. To assess the fragmentation, and the best plan of
development for the quarry, a trial quarry is recommended.

The granite shows a more irregular weathering pattern, and has
to be tested further to yield sufficient information.

The possibility of zones of hydrothermal alteration within the
granite should not be overlooked; since it is much less jointed than the
dacite, problems are to be expected in fragmentation. Again a trial
quarry would be advisable and is recommended.



Expected geological conditions along the proposed diversion tunnel

The geological conditions along the proposed diversion tunnel are
as yet only partly known. Ko relevant drilling was carried out on the
tunnel line, and the seismic traverses MM, NN, 00, and PP are the only
sources of information, They reveal a smooth weathering pattern, penetrating
deeper at the downstream end of the tunnel, By far the greatest part
of the diversion tunnel will be in fresh rock, well out of the zone of
weathered rock.

Conditions in the upstream section of the tunnel are unlikely
to differ substantially from the rock to be seen in the adits on the
right abutment - dacite strongly sheared and fractured, with many clean
joints and a few fracture or fault zones. Fracture zones in the tunnel
wider than about 30 cm will probably need treatment. The sheared rock
and fractures with clean joints are considered unlikely to give serious
difficulties in the dacite. However, the section of the tunnel which
penetrates the contact zone between granite and dacite (approximately
halfway along the tunnel) may need treatment. This zone, as encountered
in Drillhole D15, is silicified and intensely fractured but not weathered.

The nature of the granite in the tunnel is more difficult to
predict. At this stage of the investigations no obvious source of major
trouble can be seen.

It should be noted that in both dacite and granite the major
fracture system is approximately perpendicular to the direction of the
tunnel except for a small section near the downstream portal.

Diamond drilling and water pressure testing

Eighteen diamond drillholes totalling 2343 feet were drilled by
a crew from the Snowy Mountains Authority under the geological direction
of the project geologist. During the investigations in 1961 4 holes were
drilled; thus altogether 22 drillholes, totalling 3070 feet, have been
drilled on the site. 10 were drilled to test the dam foundations and the
possibility of leakage, and 11 to test the rock in the spillway section.
One was drilled in the Phalaris Saddle to determine the nature of the
foundation of the proposed saddle dam.,

All holes were drilled with NMLC bits and stationary split-inner-
tube core barrels., Core loss was very small, Geological logs of D5 to
D21 are included in Appendix 2 (logs of D1 to D4 are included in Burton,
1963). In addition to the fracture log, in which the number of fractures
per foot of hole are plotted, a rock quality designation (RQD) was used.
The RQD is obtained as follows: the total length of core recovered (counting
only those pieces of core which are 10 cm in length and which are hard and
sound) is measured for each 1.5 m of drilling and is then expressed as a
percentage of the run., Thus if the sound lengths total 0.75 m the RQD is 50,
If the core is broken by handling or by drilling the fresh broken pieces
are fitted together and counted as one piece provided that they form the
required length of 10 cm. RQD's are shown on the extreme right column of the
log sheets,
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Photographs were taken of the core in the barrel and in the
boxes the latter in colour as well as black and white. Copies of the
photographs are available for inspection at BMR and the Department of
Works, Canberra. Cores from all holes drilled are stored at the CIW
Core Shed, Kingston, Canberra.

All drillholes were pressure-tested except where caved. Gauge
pressures were calculated before testing so that the maximum effective
pressure did not exceed 1 pound per square inch per foot of overburden.
The effective pressure was calculated in the following manner.

n

EP = GP + HPD = HPG = PL, in which

EP = Effective Pressure

GP = Gauge Pressure )

HPD = Hydrostatic preésure of water in drillrods

HPG = Hydrostatic pressure of groundwater at the
top of the test section

PL = Pressure loss due to pipe friction

The results of the tests were expressed in two ways: (1) as
water loss in gallons per minute per foot of test section for a given
gauge pressure; (2) in units (lugeons) defined as the waterloss in litres
per minute per metre of drillhole at a pressure of 10 bar maintained for
10 minutes, The permeability in lugeons was calculated according to SMA
practice.

Seismic Investigations

CGG carried out a seismic refraction survey at the dam site.
Traverses totalled 9300 feet, with geophone spacings of 10 feet. Section 1
(Plate 5) enables us to correlate the seismic markers with five drillholes;
from this and general knowledge of the geology at the dam site it can be
concluded that the seismic markers correspond in the following way to the
weathering profile in the dacite.

(a) Velocities up to 1250 feet/sec: soil, completely
weathered and highly weathered dacite.

(b) Velocities between 3500 and 6500 feet/sec:
moderately weathered dacite.

(¢) Velocities between 11000 and 17000 feet/sec:
fresh dacite.

Although the geophone spacings were only 10 feet it appears to
be very difficult to detect fracture zones or slate lenses; only slight
traces have so far been discovered in the time-distance curves, However,
the curves should be checked more carefully in an effort to delineate
possible fracture zones or slate lenses before further drilling is
undertaken. General weathering conditions can be established more easily.
The survey did not reveal any unexpected large-scale weaknesses in the
foundation of the proposed dam or spillway, nor were any departures from
the expected weathering conditions observed.

The survey did not cover the section across the river,
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CONSTRUCTION MATERIALS

Alternative Quarry Site

Southwest of Googong Homestead an alternative quarry site can
possibly be developed in case the spillway/quarry design does not prove
feasible., The site ('1' on Fig. 2) is a steep cliff on the left bank of
the river cut in a low hill immediately south-west of Googong Homestead.
The bulk of the rock of this hill consists of hard, silicified dacite with
little cover of scree and soil. From outcrops it was concluded that the
rock is fresh or slightly weathered at the surface or very shallow depth,
Interbedded with dacite are slate lenses, which could prove to be so
large or numerous as to render the site unsuitable.

The advantages of the site are its proximity to the dam site
and the fact that it will be covered by water when the storage area is
filled., The required quantity of 1 000 000 cubic yards of rock appears
to be present.

Filter Material

No borrow areas of filter material were investigated by the
author. However, it appears from preliminary results of the mapping of
the storage area that sand and gravel deposits are available within
reasonable distance along the Queanbeyan River.

Earth Core Material

A short survey was made of the availability of earth material
near the dam site., The most promising borrow area is marked by '2' on
Figure 2. The material is deposited in a narrow valley east of the
Phalaris Saddle, bounded on the west by the Queanbeyan Fault. The Cullarin
Horst is the source area of most of the earth deposits in the valley. The
Central Testing and Research Laboratories (CTRL) of CDW carried out a
seismic refraction survey in this area; auger holes were drilled and some
backhoe pits were dug by the same organization. The material was also
tested by CTRL. A report on these investigations is being prepared by
CTRL.

PHALARIS SADDLE

The Phalaris Saddle is underlain by the same rock types as the
dam site. From west to east one finds dacite then slate, both strongly
sheared. At the east side of the saddle the slate is intruded by a granite
of the same age and type as the Googong Granite.

The map and section along Costean 8 (Plate 2) illustrate the
spatial relationship between the three units. The strike of the cleavage,
and most probably the bedding in the slate and the dacite, averages 350°,
the easterly dip ranges from 45° to 80°, The sequence may be overturned,
i.e., older slate is resting on top of the younger dacite. The contact
between dacite and slate strikes 350° and dips at 70° to the east.
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The slate found in Drillhole D19 is highly to completely
weathered for 18 m below the ground surface, and the dacite is more
weathered than has been observed elsewhere at this depth, This is
probably due to the low groundwater level. Although both slate and dacite
are highly weathered and sheared, both rocks are watertight, and since
the proposed earth embankment is only low, the weak foundations are not

expected to cause serious problems,

SEISMICITY

Ample evidence exists that the filling of reservoirs can cause
increased seismicity in areas of low, or non-existent, seismic activity.
Two factors seem to be involved:

(1) The extra load of the water of a reservoir upsetting
the pre-existing delicate equilibrium in the crust;

(2) The influence of water at fault planes, causing an
increase in fluid pressure, which counteracts the
normal stress acting across the fault, The normal
stress combined with the friction coefficient acts as

the main fault-locking device.

The Googong Dam and Reservoir lie in a zone of relatively low
seismic activity; in the period 1960-70 only one tremor was recorded near
the Googong dam site by the Australian National University: it occurred
in 1969 and had a magnitude of 2.1 on the Richter scale. The tremor may
possibly have been associated with the Queanbeyan Fault. In the Snowy
Mountains area a tremor of this magnitude occurs, on the average, every

three months.

The Googong Reservoir will be small compared with most dams
which are known to have initiated durable seismic activity. However,
it is on the downthrow block of the Queanbeyan Fault, which may be still
active, or made active by the load of the reservoir. The Queanbeyan Fault
will be covered by the reservoir near Bradley's Creek, and water might
enter the fault zone and facilitate fault movements.

The Bureau's Geophysical Branch monitored the seismicity at
the Googong dam site from September to December 1971. The sensitivity
of the array was sufficient to record microtremors as low as = 0.3
magnitude (Richter scale); however, no natural tremors originating from
within 10 km of the dam site or along the Queanbeyan Fault were recorded.

CONCLUSIONS

1) The country rock of the dam site consists of a sequence of volcanics
and metasediments striking 020°, and dipping vertically. The
volcanics are intruded by a younger granite.

2) The contact between dacite and sediments is conformable., No
evidence of faulting was found.

3) No major faults were found at the dam site. The largest fracture
zone is encountered in Costean C6 and Drillhole D9, The zone
represents the most important structural weakness found in the

foundation rock.

4) More of these fracture zones may be found during further exploration.
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The fracture zones do not represent major areal leakage paths.

Although the foundation rocks are fairly heavily jointed no major
zone of permeability below the piezometric surface was found.

Apart from increased fracturing, no signs of deterioration of dacite
and/or granite was found near the contact between the two rocks.

The Googong dam site is suitable for a rockfill dam 56 m high.

The site would require special treatment to support a thin arch
structure, because of the presence of the fracture zones; the
treatment would add coneiderably to the cost of an arch dam.

The dacite in the spillway section appears to be of good quality

for use as rockfill for the dam: no excessive amount of sulphide

was found, the rock is fresh to moderately weathered and fragmentation
is likely to be easy; however, fragments may be jointed because of
the abundance and orientation of joints.

The massiveness and lack of fracture of the granite in the spillway
area might require care in quarrying rockfill to required dimensions.

The country rock at the Phalaris Saddle is highly weathered and
cleaved but is considered to be of very low permeability; since
the proposed earth embankment is low the foundation rock is sound

enough,
RECOMMENDATIORS

Several diamond drill holes should be drilled to five feet below
excavation depth on the final location of the spillway, to replace
Drillholes D12, 13, 14, which lie outside of the spillway, as
presently planned., The holes should be drilled to obtain information
about weathering and jointing conditions in the final spillway area.

The sulphide in the dacite in the spillway should be tested
quantitively: the percentage and type of sulphide in the rock should
be determined.

A costean should be dug by bulldozer to establish the depth of
rippable rock on the north side of the spillway section., This
costean should be parallel to C5 and slightly north of the centre-
line of the proposed spillway.

A small trial quarry should be made to obtain information about the
nature of fragmentation of the dacite, since it may break up in flat
fragments owing to close cleavage in one direction., This quarry
should be placed in a part of the spillway which is closely jointed
along the 020° system to give an indication of the most unfavourable
conditions.

The granite in the lower spillway section should be sluiced clear to
allow inspection for possible pockets of weathered rock.

A seismic survey should be carried out on the granite of the lower
spillway section for the same purpose as 5.
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7) To determine weathering and fracturing conditions in spillway section
of the granite, several shallow diamond drillholes should be drilled.

8) To establish adequately the properties of the granite, a trial quarry
should be made in the lower spillway section,

9) More drilling should be done across the granite/dacite contact to
examine the fracturing along this contact in the diversion tunnel
and spillway section.

10) A low angle hole should be drilled across the river to test the
degree of weathering of possible fracture zones at shallow depth,

11) The tunnel section should be tested by additional drillholes on the
completion of some further geophysical work, probably resistivity.
The suitability of resistivity work for Googong is being tested.

12) The exact location of the fracture zone found in hole D9 should be
determined by drilling. This zone is of importance for the positioning
of the spillway.

13) Pump tests should be carried out to establish the existence of any
anisotropy in the permeability of the foundations of the proposed dam.

14) The effect of hydrostatic pressure on the Queanbeyan Fault should
be investigated in the light of danger of increased seismicity.

15) The area which is to be covered by the earth core should be sluiced
as soon as is feasible to locate possible fracture zones.

16) The use of a device for orienting core should be specified for
further drilling in order to collect information about the orientations
of joints and fractures.

17) Since the refraction surveys at the Googong dam site failed to give
clear indications delineating the positions of the fault or fracture
zones, it is recommended that some experimental resistivity traversing
and magnetometer work be done to establish a sound method of subsurface
exploration for the forthcoming design phase of the investigation.
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DEFINITIONS OF DESCRIPTIVE TRRMS

Weathering

Fresh
Slightly weathered

Moderately weathered

Highly weathered

Completely weathered

Grainsize (igneous rocks)

Over 3 cm
5mm~ 3 cm
1mm - 5 mm
033 mMm = 1 mm

Under 0.33 mm

Rock shows no discoloration, loss
of strength, or any other effect of
weathering.

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

Rock is discoloured and noticeably
weakened, but 2-inch diameter cores
cannot be broken by hand across the
rock fabric.

Rock is usually discoloured and
weakened to such an extent that
2=-inch diameter cores can be broken
readily by hand, across the rock
fabric. Wet strength usually much
lower than dry strength.

Rock is discoloured and entirely
changed to a soil, but the original
fabric of the rock is mostly preserved.
The properties of the soil depend on

the composition and structure of the
parent rock.

Very coarse-grained
Coarse-grained
Medium=-grained
Pine-grained

Aphanitic



TABLE I. RESULTS OF WATER FRESSURE TESTING
No. of  Section in  Permeability Total Footage Total Footage with
Hole Feet in Lugeons }ressure loss higher than
Tested one Lugeon
D1 46 - 61 5 167 15
D2 30 - 40 11 185 40
47 - 57 65 :
D2 69 - 89 2
D3 13 - 23 250 140 75
23 - 33 70
30 - 40 34
39 - 54 37
54 - 64 3
65 - 85 2
D4 12 - 24 49 143 50
26 - 46 10
44 - 64 4
D5 9- 19 85 PA 52
19 - 29 20
29 - 39 14
39 - 49 5
81 - 93 3
D6 224 0
D7 9 - 19 2.5 192 20
29 - 39 0-207
D8 189 0
D9 193 0
D10 9 19 80 65 41
19 - 30 60
30 - 50 9
D11 53 - 14 3
72 - 92 6
89 - 109 2.5
104 - 123 18
D12 30
D13 45
D14 - 32 |
D15 20 - 30 2 124 30
30 - 40 2
40 - 50 2
D16 19 - 29 16 211 10
D17 26 - 38 3 129 22
48 - 58 2
D174 131
D18 32 0
D19 80 0
2 475
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APPENDIX 2

Geological logs of diamond drillholes and water pressure
testing.

(411 core was photographed in both black and white and
colour.)
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APPENDIX 3
CONVERSION FACTORS

1 inch = 2.54-0 om

1 foot = 30,48 om

1 yard = 0,944 m

1 mile = 1,61 km

1 Imperial Gallon = 4.55 litres
2

1 square mile = 2.590 km

11b = 453.5 gram

1 bl/square inch = 0.068 bar.
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