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INTRODUCTION

Core drilling, water pressure testing and
further detailed geological mapping have been carried out
at dam site "C" since September, 1956, when the First
Progress Report containing the diamond drilling pro gramme
was issued,

Although the exploration programme is not yet
complete, geological conditions are sufficiently clear to
Justify recommendation of the site for the construction of
an arch dam, The purpose of the Report is to record progress
and to confirm this recommendation,

Much of the information is presented in the
maps and sections accompanying the Report., The gensral
geolopgy of the site has already been described in the
First Prozress Report (Record 1956/98, to which readers
are referred); this general picture has been confirmed
and additional infomation is provided in this Report,

EXPLORATION

Drilling
The drilling of 8 holes, totalling 900 feet,

has been completed on the site of the proposed wall, This

footage includes the seven holes originally proposed

(780 feet), with an additional hole (No. 8 - 120 feet) to

test fractures found in drill holes in the western abuiment.

The drill used throughout was a lindrill 11000,
with hydraulic head, powered by an air cooled "Wisconsin'
engine; this is owned by the Works Department, and was
operated, except for the last hole (No, 5), by drillers on
loan from the Snowy lountains Hydro-Slectric .Authori ty.

An NM core barrel (with free inner tube),
providing a core of 2,1/16 inch diemeter, was used &s
standard equipment, except for small sections in holes
Mos., U4 and 5 where an NX Dbarrel was used as a substitute.
Core recovery with the NHM barrel was 98-100 per cent and
was superior to that provided by the orthodox I'X equipment.
Drilling difficulties were found only in holes 6, 7 and 8,
high on the western bank, where finely jointed rock caused
some caving and blockage,

Holes were drilled in the order 3, 1, 2, 4, 6,
7, 8, 5 - approximately the order of imvortance, Geological
logs of 211 holes accompany this revort and the main geological
features are shown in Plates L and 5,

Jater Pressure Testing

£11 drill holes were tested for leakage excent
No., 8, in which ceaving threatened to jom or darnge the packers,
Both mechanical packers on loecn from the Snowy liountains IHydro-
Slectric authority and balloon packers designed by the Jorks
Denartment viere used; Pboth types gave similcr results in
fivix ground, but the balloon nackers »nrovided much more
religble sealing in froctured ground. Iiloct of the testing
vias done by single packer in approximately 20 feet sections
as the drilling of the hole progressed,
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The results of water pressure testing are
shown diagramatically in Plete 4 and their significance
is discussed in-a later section. One uniform pressure
could not be used throughout the water nressure testing
because high oressure is avoided in the upver sections of
drill holes due to the danger of opening up ILfruciuics, cnd
a low pressure vas not possible in the lower sections of
"dry" holes due to the head of water in the pipes connected
to the packer.

Costeaning

Costeans have been dug dovn the slope in the
vicinity of the oaxis of the well on both sides of the valley
and, high on the eastern abutment, an excavation hes been
made to check the depth of the mentle of soil, scree and
veathered rock, The position of these excavations is shown
on Plate 1 and detailed geological plans and sections will
be provided in the final Report.

GEOLOGY AND STRUCTURIL

Lithology

The lithological sequence within the Tidbinbilla
Cuartzite in which the dam site is situated hes already been
given in a previous Report; a stratigraphic section is
reproduced in Plate 2, 'The secuence cxposed in the vicinity
of the dam site shows a progressive change in sedimentation -~
the base of the section is quartz sandstone® and quartzitey
interbeds of siltstone and claystone®= become progressively
prominent in the higher beds, The dain site lies, suiltably,
in the lower members of the succession wnere fine sedimentation
is restricted to -

(1) +thin beds or lenses of sedimentary breccia
vhere thin claystone bands have been removed
by cuwrrent erosion and fra ments devosited in
the succeeding sandy bed;

(2) some thin claystone bands or lenses in member
6 on the western abutment;

(3) the marker bed (6-7 feet) probably an ashstone
which is a finely grained, hard rock,

With one exception the sedimentary breccias found
are less than 6 inches in thickness and are discontinuous;
they could result in weak pockets but will not coustitute
continuous weak bands in the sandstone. The exception is
the sedimentary breccia bed in member 7, which is a lenticular
bed, up to 6 feet in thickness under the eastern abutment,
consisting of fine or fine-medium grained, finely bedded
quartz sandstone with bands or lenses of sedimentary breccia
containing angular fragments of claystone, This bed lenses
out under the river along the axis of the dam, but occurs
with reduced thickness of about 12 inches in the western
bank dovnstream from the dam site, The bed is weathered
both in outcrop and in drill cores and gives fragmented core
due to many fractures and the friable character of sorme of
the sandstone.

“  then quartz sandstones in places grade into quartz
greywacke but for simplicity in this Renort they are
referred to as quartz sandstones,

@ massive sedimentary rock composed of grains of clay
fraction size (less than .004mm) - not to be confused
with clay which is unconsolidated material,
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The claystone bands or lenses inmémber 6 occur
in the top 20-30 feet, below the marker bed; they include
sedimentary breccias, claystone lenses and thin continuous
claystone bands, No more than 2 inches of claystone or
siltstone appears in the core and no core was lost. The
occurrence of such thin lenses dipping into the abutment
has little engineering significance, but both members L4 and
6 in the western abutment, though largely composed of quartz
sandstone, are less competent® than member 7 and produce much
more fragmented core., This is probably consequent on thinner
bedding (averaging 1-2 foot beds in general), the greater
variation in grain size between beds and closer jointing.
Proximity to the Cotter Fault may also be a factor leading
to fragmented core,

The marker bed is consistently hard and competent,
both in outcrop and in core; it is closely jointed but
provides strong foundations. The average thickness is 6-7 feet
although where intersected by D.D.8 the marker consists of
about 3 feet of ashstone grading downwards into 3 feet of
fine grained blue quartzite,

The sandstones high on both abutments show
medium to slight weathering to a depth of some 20 feet
from the surface, but elsewhere surface weathering is
much shallower and in general the surface weathering of
the rocks themselves will not provide foundation problems,
On the other hand, closely spaced and comparatively open
joints have allowed oxygenated water to penetrate and cir-
culate well below the present water table, with the result
that iron staining and a degree of weathering is found in
Joints throuzhout the length of a2ll drill holes. Consequent
on this circulation, minor beds in the sequence which are
more susecptible to weathering than the general run of
sandstone, have been weathered; the sedimentary breccia
bed in the eastern abutment is an example of this. The
distribution of such weathered bands, main zones of fragmented
core and the occurrence of sedimentary breccia are shown on
Plate U4,

S tructure

Folding, The beds at the dam site d%p genegally
to the west-south-west at angles ranging from 12~ to 27,
However, the rocks have suffered more deformation than these
comparatively gentle dips would suggest. Small rolls
apparently accompanied the folding or tilting of the beds,
and evidence of small shearing movements along many joint
and bedding planes suggests that the rocks have suffered
structural deformation on more than one occasion,

In more detail, the structure of the sediments
at the site is shown by the structure contours on the marker
and sedimentary breccia beds (Plate 3%. There is a swing in
the strike of the beds from apout 3407 % on the upstream
side of the wall to about 350~ on the dovmstream side. The
structure cgntours show only an average strike; variations
of up to 20~ from this general strike have been noted in
individual outcrops and these are apparently due to s@all
rolls in the bedding. Theodip flattens from about 20~ on
the eastern abutment to 12~ high opn the western abutment and,
as in the case of the strike, variations occur in outcrop.

»  competent - combining sufficient firmmess and flexibility
to transmit pressure and, by flexure under
thrust, to 1lift a superincumbent load.

28 All directions quoted in the Report are magnetic,
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The structure contours on the two beds confirm
that the sedimentary breccia behaves as a conformable bed
within the sequence; the 3 foot variation in the stratigraphic
interval, as shown on Pjlate 3, is not significent since the
breccia bed is lensing out on the western bank., The roll on
the marker bed on the downstream side of the wall is under
investigation; it may be exaggerated by present data because
more exposure is needed to prove that all points surveyed in
this vicinity are, in fact, on the upper surface of the marker.
However, there is some evidence of a roll and it is possible
that the structure is a flexure increasing in severity up the
sequence wvest of the river and this may pass into a fold dis-
placement., /Any possible displacement of the marker would be
very small and the structure is not sufficiently close to the
proposed wall to affect stability or promote leakage,

Faulting, Three structural breaks indicated by
the mapping of the marker bed on both sides of the river were
mentioned in the previous report and no additional faults have
been found. The possible faulting some LOO feet downs tream
from the site cannot affect the wall itself and has yet to be
investigated. The near vertical transcurrent fault which
displaces the marker some 12 feet horizontally about 80 feet
on the upstream side of the wall on the western abutment does
not closely approach the wall nor underlie it. The displace-
ment of the marker bed and abnormel 1y high dips in the vicinity
of the river bend upstream from the site are interpreted as
disruption due to a land slip, whose approxXximate boundaries
are shown on Plate 1, Interpretation of this break as a fault
would indicate a fracture running down river normally to the
wall but lack of evidence of faulting in D.D.3 and the occur-
rence of the sedimentary breccia bed on bothr sides of the
river prove that no such fracture exists,

There is no evidence, therefore, of any sifnificant
faults in or very close to the proposed wall, either in outcrop
or in drill holes; with almost 100 per cent core recovery ve
are confident that significant faults would not have been
missed,

Jointing, The structures at the site with the
most engineering significance are the joints which have
largely controlled erosion. The pattern of Jjointing is
shown in histograms on Plate 6. Measurements of joints in
the eastern abutment showed little vaeriation and strikes are
represented by only one histogram, whereas variations on the
western abutment required two histograms.

Variation of pattern along the wall 1is slizht
but definite and may be due to a2 number of factors, particularly
original difference in compctence and severity of later move-
ments., In general, the pattern includes two scts of major,
steeply dipping joints, one trending about north-east and
the other about north-west, with the angle hetwreen them
slichtly acute to the west. On the westecrn abutment a
minor set of gsteeply dipping joints trends approximately
east. The major set trending north-cast dip south-east
rather than north-west, but the set trending north-viest
anparently dip ecually north-east or south-west. The
minor set trending east probably favours a northerly dip.
Recorded dips range from 15  to vertical but most are very
steep. There are probably more flat dips than have been
recorded; in poorly bedded sandstone it is difficult, both
in outcrop and in drill core, to distinguish between bedding
and jointing along sub-parallel planes. Ilowever, where
vedding planes are clear, flatly dipping joints are not
prominent,
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Some bedding planec clso shov filiic of Jouge
end the essenticl »nottzrn of deformetion at the site is
accomnodation to siress by minute uif ferenticl novenents
of blocks bounded Ly joint cnd bedding plones, with littlc
demonstrable Tault disnlacement, Folding towerd the cnd of
Silurian vime, Tollowed slichtly later by moin movement on
the Cotter Fault and cmplcocement of granite, and additional
stressces in the Devonilan weriod, doubtlesc clil contributed

) to the deformation of the Widbinvillec  uvartzite.

AHGTITHWRING G 0LOGY

Detailed investigctions have confirmed the
carlier nromise thait the Widbinbilla juwartzite vould
provide sufficiently strong abutinents for an srch dam at
dcm site "C" and that the main engineering problem tould
be the grouting of Jjoints.

Foundations

The eastern abutment consists of cuocrtzite

and quartz sandstone with a fcw thin weathered zones, and

a sedimentary breccie bed, divping at cbout 20 toward the
river (sce Plate 4), The western aoutment cousists wainly
of cuartzite and gquertz sandstone but includes some interbedgs
or lenses of siltstone and clsystone. The beds are thinner
o> less messive than those in the eastern coutment, jointing
is nmore pronounced and in general the rocks of the vicstern

. abutment are not as strong as those on the eastern bank of

uhe river.

On the other hond, the western abutment has
the advantage of more s.itable structure in that Wic beds
dip upstream and not towcrd the river, so that the chances
of differential movement on clayey bands o lenses &aie

) minimised,

barly investigation indicated thet founda tion
o weaknesses could lie in four nain directions =

(1) Possible landslip or creep in blocks hich
appeared to be solid outcrop in the castern
. abutment, The recognition of o landslip
s farther upstrcam underlined the ossivility
of slip on the eastern cbutment where beds
dip with the valley slope,

(2) The possibility of the sedimentory breccia
bed providing &« plane of glip or weakness
in the eastern abutment,.

(3) 'The prescnce of the cliff in the eastern
abutment some 80 feet dovnstream from the
proposed vell,
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(4) The character of the western abutment near
proposed topwater level of the dam, where
cores were considerably fragmented and
included some claystone bands.

These points are discussed in order,

(1) Apart from a small surface slip between the
excavation and the site of D,D.2 and 4, no
evidence of major slip has been found on the
eastern abutment; the evidence pointing to
outcrop in situ is convincing.

The problem was tackled from a number of
angles, Core drilling and water pressure
testing would be expected to provide evidence
of major slip and holes were sited partly
with this in view. The core (with almost
100 per cent recovery) shows no slip gouge
or planes of moverent which could reasocnably
be interpreted as due to major slip. ilater
pressure testing shows a fairly regular
decline in leakage with depth in all holes
and no restricted zones of high leakage,
High leakage at the top of holes 2 and 4
could include a restric ted zone of high
leakage, but the leakage in this section
is of the same order as that determined at
the top of hole 7, which is in a similar
position in regard to the zone of weathering
on the other bank. IFurthermore, exposures
in the excavation dovmslope from holes 2 and
L show, beneath a surface slip, bedded and
jointed sandstone with no evidence of distur-
bance,

The measurement of 180 joints in groups
up the eastern abutment shows no noticeable
variation, and finally, there is no cvidence
of slip in the cliff section downstream from
the proposed wall, ‘e are, therefore, satis-
fied that foundations on the eastern abutment
will be in rock in situ,

(2) The sedimentary breccia bed consists largely
of thin pedded sandstone in which claystone
fragments occur in random layers. The pro-
portion of claystone material is, therefore,
very small. PFragmentation of the core is
due to the presence of many smell fractures
and the friable character of some of the sand-
stone, The relative weakness of the breccia
bed is shown in the cliff downstream from the
proposed wall where erosion of the bed has
caused undercutting of the quartzite, but
susceptibility to surface erosion does not
necessarily infer weakness under load, Beneath
the proposed wall the bed lies below the water
table, is very tight under water pressure and
has already stood up ¥o far greater loads than
those likely to be imposed by an arch dam. The
bed would underlie the foundations of the dam
on the eastern bank of the river by about
20 feet; it pinches out under the river between
holes 5 and 3.
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The nroblem as to what thickness of rock

is required between the arch on the eastern
abutment and the cliff on the downstream
side to take the downstream component of
the thrust is not within our competence;

we may point out that since the joints on
and near the cliff are open, the effective
thickness of strong rock between wall centre-
line and cliff to resist shear is less than
the actual thickness, which ranges from 80-
100 feet (see Plate 1), The effective
thickness is 1likely to be about 60-80 feet.

Cores from holes 6 and 7 showed considerable
fragmentation, some claystone bands and a
little brecciation; hole 8 was sited to
explore the abutment between 6 and 7 and to
probe for a possible fault or sheagy The

beds fragmented in core in holes 6 and 7
stand well in costean exposure on the western
abutment.

Hole 8 disclosed no shear or fault and
the third sub-surface intersection of the
marker bed allowed structure contours to
be plotted on the top of the marker; these
showed no displacement,

The explanation of fragmented core in
these holes has already been ment ioned;
it is conseguent on close jointing in thinly-
bedded sandstone which includes some cddystone
bands or lenses and to the friable character
of some of the sandstone., The wvariation in
joint pattern in this area is itself strongly
suggestive of dif ference incompetence between
these rocks and those farther east along the
wall, Slight differential movement along the
joint planes, some of which show a spacing as
close as % inch in core, would impart a tendency
to fragmentation, particularly in a core where
support is removed from all sides. This seems
a logical explanation of the difference in
behaviour betvween unsupported core and costean
where support is withdrawn from one side only.

It follows that the costean is a more
reliable guide than the core to the likely
character of these rocks in foundation ex-~
cavations., In general they snould stand
well, although blasting will need careful
control and close grouting will bhe necessary,
The worst section is likely to be over the
outcrop of member 6, between the marker bed
and the top of the cliff below., Claystone
bands and weathered zones will need special
scrutiny in excavation, but these will dip
upstream and into the ridge.

The main thrust of the arch will be
suitably directed approximately along the
strike of the beds.



-8 -

Qur conclusion is that the cbutmentis at site “C"
are sound, although careful grouting and excavation will be
necded, particularly on the western abutment. The bprobsble
depth of excavation needs more investigation but it ic likely
to be of the order of a few feet only nesr the river,rising
te some 15-18 feet high on the eastern side and over rnwuch
of the western abutment,

Leakane

Thorough grouting to control leckage is the
obvious problen where the site lies largely in competent
cuartzites with a2 well developed joint system and with ¢
consequent low water table., ''he results of vater pressure
testing, shovm on Plete 4, give a fairly clecor weture of
leckepe conditions ot the cite. These rcsulits show con-
vincingly that lcakage rates cennot be correloted vith
individual beds or riembers, but arc co trolled by fracturcs,
mainly in the zone of veathering ebove the woter tebvle,

Leakage rates decline foirly regularly with
denth cnd except Tor noles 3 and 7 are low pelow vater
level. Significant leakage occurs under the river to a
depth of 60 feet, sugsesting open joints which have partly
controlled the position of the river., Rates of up to &
gallons per minute, 2t a pressure of 50 lbs, per sguare
inch, are shown in jointed sandstone below water level in
hole 7,

The highest leakage rates, 1l2-14 gallons ner
minute at 15 n.s.1. occur high on both abutmecnts where the
neriod of weathering has becn the longest and where circulation
is least impeded. These scctions will have littlce head of
vater wvhen the dam is Tull, but sections of the sobutments
which will e under Hrecgsure of the order of 30 1DS. DeBe i
vhen the dam is full clso show a commaratively hiznh leakase
rate of 6-8 gallons per wminute under ennroximately thot
nressure,

The joints meinly respoasible for locekape are
the shear Jjoints, one set of vhich is orientated nomacl to
the viall along its entirc length., 'the tension joints crce
comperatively few; some are curved and they are not as
persistent cs the »nlanar shear joints.

To prevent scrious leakage an effective rrout
curtain will have to extend to the level of the wnresent
water table and fao 60 feet belov the river, Inforrn tion
from vvhich may be determined the neccssary extension of
this curtain east and west of the wall is being sought in
holes 9 and 10, whose positions are shoim on Plate 1,

Seismicit

Bvidence on the likely incidcnce of earthquakes
in the Cotter River area was discussed in 1946 (B.i1l.R. Record
1946/12) and the guestion has been recently revieved; only
our conclusions are given here.

Je consider that aveilable geoloical and
seiomological evidence does not support the view that
the design of a dam in the area should include a safety
factor to cope with earthcuakes with on acceleration of
.18, This is the standard factor for coanstruction in
major carthquake zones and in our opinion, is not really
necessary in this nrea. /e sungest that a factor based
on an accelerction of .05g would be more in keeping with
the geoclogical facts.
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Diversion Tunnel

“he eastern bank of the river offers the more
suitable site for the diversion tunncl; & tunncl sited in
the Jestern vank wvould be longer and would wmrobobly nced
more cupnort. .. tunnel laid out to follow the sedinentory
breceia bed, for ecase in drivin-, vas ‘oo closc to the
Toundation orf the vall and necds to be forther wect in ©
cbutment,. The tunnel should be sited vo lie at least 10
velow the breccia bed, for as greaiter distonce cs nossivl
to nossivly avoid overbreak up into the bed or into the
guartzite immedictely below the bed wvhich nommally nroduces
broken corc,

he
iect
Cy

Rock Licterials

These will e the subject of o scparate report
wvhen investigations cre more comnlete., ..ogregate and sand
could be transported fran Canberra and the llurrumbidgee Niver
resnectively, but the investvigation ol possible sources nearer
the da.a site is procecding as fast us the availaple supply ol
lebour permitse.

The cuartzite bed hipgh on the vestzrn bank of
the river near the dam site and close to the Cotter Fault
nronises some 60,000 to 70,000 cubic yards of aggregate under
overburden ranging from 0 to 20 feet; drilling will Dbe
necessary to »rove cuentity and quality. Possible sources
of vuartzite aggregetc on the eastern bank or the river are
clso being investigated,

Supplies of gravel, only part of which would
need to be crushed, are being investigated ot Voo Flats
and Cov Plat, which lie within a few miles of daw site "C'g
there iz little doubt that sufficient cuantity will be found
wut the deposits are thin cnd a large arse would need to be
vvorked. fN'he only significant cuantity of sand in the loecality
accompanies the gravels at Top Flets; there is some doubt ol
this stage whether a sufficient quantity would be available,
Testing of alternative sources of aggregsate and sand will be
arronged when cxploration has bece.a sufficiently advonced to
»nrovide reliable reorcsentative samplces.,

FURTIIZR .JORK

Holes 9 and 10 will be complcted to provide data
on the position of the water table and on leakoge raies in
the rocks immediately east and west of the proposed wall; o
short exploratory drillhole moy be necessary to provide
information on conditions ncar the soathern end of the
diversion tunnel,

Geological work will be completed on and near
the site, investigation of sources of rock waterial concluded
and the final renort compiled. This will include a special
report for use by contractors.
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