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SUMMARY 

The object of the survey was to determine the .
depth and nature of the bedrock at the site of a proposed dam in the Upper
Cotter Valley. Two 'borrow areas' were also investigated to gather
information about the quantity of clay present that can be used in the
construction of an earth dam.

The seismic refraction method was used, supplemented
by resistivity-and magnetic traversing. Laboratory tests were made on samples
from drill holes in the area of the proposed dam site.

The results show that the overburden is relatively ,h
thin, generally less than 50 feet. Seismic velocities of the bedrock range

• from 7000 ft/8 to 19,000 ft/s. The zones of low velocity suggest the
presence of shear zones.

Sites for further investigation by drilling are
suggested.

I



1. INTRODUCTION

The Commonwealth Department of Works proposes to construct a
dam on the upper reaches of the Cotter Valley in the Australian Capital
Territory. The water impounded by the dam will supplement Canberra's
water supply. It is proposed to construct a dam with a wall height of
about 220 feet.

The Geological Branch of the Bureau of Mineral Resources,
Geology and Geophysics (B.M.R.) is carrying out the geological inves-
tigations and supervising some technical aspects of

-the drilling.

A short geophysicalsurvey -was-made in the area in 1961
(Wiebengs, Polak, and Kirton, 1962), and in responseto a request from
the Geological Branch of the BMR, a further survey

-was -made to determine
the depth and nature of the fresh rock along the axis of the dam, along
the ridge dividing the Kangaroo Creek from White Sands Creek, and on two
borrow pits. Seismic refraction, magnetic, and resistivity methods were
used. The survey was made between the 18th February rind 11th March, 1964
by a geophysical party comprising E. J. Polak (party leader), L. Kevi
(geophysicist), and J. P. Pigott (geophysical assistant). Field assistants
were provided by the Geological Branch of the BMR. The topographic survey
was made by the Department of the Interior.

It is desired to acknowledge the assistance given by the
Commonwealth Department of Works and the Geological Branch of the B.M.R.

As used in this record the term 'bedrock' refers to the deepest
refractor with the highest recorded seismic wave velocity. The term
'overburden' refers to soil, alluvium, scree material, and weathered rocks
in situ. Soil is defined as a surface layer consisting of a mixture of
organic matter with other material in situ or transported.

2. GEOLOGY

Plate 1 shows the geology of the area as interpreted by the
Geological Branch of the B.M.R. (Best & Hill, 1962). The geology has been
discussed in a previous record (Wiebenga et al, 1962). The main direction
of jointing coincides with the bedding plane, which is indicated in Plate 1.
Subsequent to the geophysical survey of 1962, several holes were drilled
and the scree covering the area on the right abutment of the dam was stripped
off. This work disclosed a shear zone underneath the Cotter River. A shear
zone indicated by the geophysical survey of 1961 was also exposed.

3. METHODS AND EqUIPMENT

Seismic refraction method

The seismic refraction technique used has been described in
several reports of previous surveys in the A.C.T. (e.g. Hawkins & Stocklin,
1956).

Longitudinal and transverse wave velocities were measured in the
present survey. Longitudinal velocities were used to determine the depth
to the bedrock using the 'method of differences'. Longitudinal and trans-
verse wave velocities were used to determine the dynamic properties of the
bedrock (Polak & Mann, 1959a). On most of the seismic traverses a 50-ft
geophone spacing was used. A 25-ft -spacing was used -when .more detailed
information was required. Two shots were fired at each endof each geophone
spread, one at 25 feet and one at 200 feet from the end of the spread. In
addition, weathering spreads' using a geophone spacing of 10 feet were
used to obtain the velocities of the upper layers.
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The seismic velocity of a rock depends primarily on the lithological
composition, porosity, and water content (Wyllie, Grsgory,& Gardner, 1956).
Laboratory and field experiments show that an increase in porosity resUlts
in a decrease of velocity. Because a decrease in porosity corresponds
with an increase in density (assuming the same rock type) it follows .
than an increase in density usually corresponds wit an increase in velocity.
Fracturing and jointing usua#y decrease the velocity of the rock in bulk
unless the rock is recementecL A large number of rocks show seismic
anisotropy, with the larger velociti4s parallel to the bedding or joint
planes, and the lower velocities across or perpendicular to the bedding
or joint planes.

A South-western Industrial Electronics Co. 24-channel seismograph
was used in the investigation with Technical Instruments Cogeophones
having a natural frequency of 20 c/s to record longitudinal waves. Three-
component Hall-Sears Inc. geophones with a,. natural frequency of 4.5 c/s
were used to record longitudinal and transverse waves.

Realati1ityconstaltztaa2

Resistivity traversing with constant spacing has been used on •

previous surveys in the A.C.T. (Jesson & Kevi, 1963). At the Cotter °E'
dam site, the method was used on Traverses NN and HH. On other traverses,
the presence of a dry layer of scree prevented resistivity measurements
being made because of high contact resistances.

A YEW resistivity meter, manufactured by the Yekagawa Electric
Works (Tokyo) and a Megger Earth Tester manufactured by EVershed and Vignoles
(London) were used on the present survey.

Magnetic method

The Magnetic method is described by Polak (1964).

A verticalcomponent fluxgate magnetometer manufactured by E.J.
Sharpe Instruments of Canada Ltd (Type MF-1, serial number 30749) was
used. The sensitivity of this instrument is 10 gammas per scale division
and the accuracy is estimated as + 5 gammas.

Magnetic traverses were made along the seismic lines, readings
being taken at 50-ft intervals. Smooth magnetic profiles were obtained
on all the traverses except on Traverse CC, where low magnetic values
indicate demagnetised zones, probably caused by weathering on shear zones.

RESULTS - COTTER DAM SITE 'E'

Plate 1 shows the arrangement of the geophysical traverses and
Plates 2 and 3 give the results of the interpretation of geophysical work.

Seismic velocities

The seismic velocities may be arranged in three groups, corresponding
with the following three layers:

To 1 er. This is interpreted as soil with a'velocity of 1000
to 1800 ft s. The thickness of the layer is about 2 to 5 feet.

•^ Secoacilm2r. This layer, with a velooity of about 4000 to 5000
ft/s is interpreted as rock with weathered joints. During the 1961 survey,
,which was made during wet weathOt when the rock pores and joints were
filled with water, the presence Of water increased the seismic velocity-- •
from the range 4000 to 51000ft/s to 6000 ft/s. Wyllie eta]. (1956, p. 51
& 56) showed that an aggregate Of:glass beads increases itb'sóisMi&VatOcity.
from 1300 f .gs to 4600 ft/s, and a 30% porosity sandstone from 5500 ft/8
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to 8000 ft/s 9 when becoming saturated with water. The layer described
in this record seems to form an intermediate example between these two
cases.

Third layer. This is interpreted as bedrock with seismic velocities
of 7000 to 19,000 ft/s.

The error in depth determination is considered to be less than
+ 20 percent. This estimate is based on experience of results in other
areas with comparable geological conditions. The possibility of a fairly
large percentage error in the depth of bedrock is due to many factors,
such as abrupt lateral changes in composition of the overburden, abrupt
changes in thickness, changes in water content, steep slopes, and excavations.

The_properties of the bedrock

Seismic velocities. Seismic velocities in the bedrock are shown.
in Plates 1 9 2 9 and 3; they vary between 7000 and 19,000 ft/s.

By comparing the seismic velocities with rock types present in
the area (Plats 1), the following correlations were found:

1. Towards the western end of Traverse Ak massive sandstone, siltstone,
and quartzite show seismic velocities of 15,000 to 16,000 ft/s,
while the phyllites correspond to a seismic velocity of about
10,000 ft/s.

2. Finely laminated shales on the right bank of the river show a
velocity of 11,000 ft/s. Interbedded shales, sandstones, siltstones 9

and quartzites show velocities of 10,000 to 13,000 ft/s 9 depending
on their content of higher velocity rocks.

Velocity anisotropy is shown in places where two seismic traverses
intersect. For example, the seismic velocity at the western and of Traverse
NN is 12,000 ft/s 9 while at the south-east end of Traverse FF it is 11,000
ft/s. Traverse FF is located at right angles to the strike of the bedding,
whereas Traverse NN makes a small angle with the strike. Similar differances
were found on the traverse intersections JJ/AA, JJ/KK, BB/CC, CC/DD, and
DD/E:

"In several places, low seismic velocities in the bedrock or a ]ow
resistivity anomaly along a resistivity traverse indicate a fault or a shear
zone. On Traverse AA (near station No. 21) 9 a subsurface gully was fo/med
by deeper weathering and the decrease in velocity to 8000 ft/s sugLests a
fault or a shear zone, possiby the Cotter Fault.

On Traverse HH (stations Nos. 8 and 9) and Traverse NN (stafje
Nos. 10 and 11), the existence of a shear zone is suggested by
velocity and by low resistivity on a constant-spacing resistivity trarse,

On .Traverse BB (stations Nos. 7 . to 9), Traverse JJ (stations Nos.
4 and 5), and Traverse LL (possibly stations Nos. 20 and 21) 9 indications
for shear-zones are found on seismic traverses. It is possible that these
three indications belong to one shear zone.

On Traverse^stations Nos. 3 to 5), a shear zone is suggested
by low seismic velocity and low values on the magnetic profile.

Dynamic properties of rocks

Field determination. The dynamic properties of the bedrock were
determined from longitudinal and transverse velocities in four localities of
the dam site area. The velocities were measured along 200-ft sections of
the traverse; thus the calculated values of Moduli will represent an average
value of the moduli along the measured length in the direction of measurements.
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The elastic moduli were calculated for an average specific gravity
of 2.55, which was determined from the weights and volumes of the samples.

Table 1 gives the calculated values of the dynamic properties of
the bedrock at the dam site. Values of Young's modulus and Poisson's ratio
are also shown in Plates 2 and 3.

Laboratory determination. Bynamic properties of the rocks were
determined on several samples of cores obtained from the drill holes in the
area of the dam site. The determinations were made in the BMR Laboratory
at Footscray; the usual technique was used (Polak, 1963). The results
are given in the Appendix.

The geological descriptions of the rock types were given by BMR
Geologist, J. Hill (personal communication).

Some of the samples were saturated with water for 48 hours under
partial vacuum and then retested. Table 2 gives the results of the dynamic
tests made on wet samples.

Comparisons of the values of several properties of the rocks measured
in the dry and wet states are shown in Plate 6. Examination of the figures
indicates -

(a) Seismic velocities in wet rock show a tendency to be higher
than in dry rock.

(b) Poisson's ratio for wet rock is generally higher than that
for dry rock.

(c) Young's modulus for wet rock is generally equal to that
obtained for dry rock except that a decrease in Young's modulus
is shown by wet stilstone.

(d) Bulk modulus is higher for wet samples than dry samples.

(e) Modulus of rigidity for wet samples is lower than for dry
samples (for siltstone only).

4

(f) Logarithmic decrement for wet rock is higher than that for
dry rock.

Static .propertiesof rocks

Plate 7 shows the results of the static tests on five samples
from Cotter dam site °E°. The tests were carried out at the Commcnwealth
Department of Works Laboratories 9 Melbourne. Philips wire strain gaugss,
type P810 9 were used. Stress-strain diagrams were plotted from the
load and deformation measurements for each specimen tested. The tests
carried out to the destruction of the rock sample. Ultimate strength was
calculated from the maximum load.

The initial modulus of elasticity (Young's modulus) was determined
as the slope of a tangent at the origin on the increasing phase of the
.first branch of the curve. For sample No. 1371 9 which shgwed a 'false'
initial modulus 9 the curve up to a micro-strain 300. x 10^as ignored
following the normal practice (Liebenberg 9 1962). The false initial
modulus may indicate the existence of micro-cracks, the cracks be2..4; closed
at the beginning of loading.

,

The numerical results of the tests : , re re-Lven below the stress-strain
curves. Table 3 compares the static and dynamic results.
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TABLE

lami......„..c_praeLt.i_.esofbekock determined in the field

Traverse Stations Seismic velocity
(ft/s)

Poisson's
Ratio

Modulus ,(10 lb/in )
BulkYoung's Rigidity

AA 1^- 4 12,500 0.37 3.0 1.1 4.0
BB 3 11,000 0.30 3.1 1.2 2.6
JJ a - 12 11,000 0.36 2.5 0.9 3.0

00 3 - 6 7,000 0.30 1.2 0.5 1.0

TABLE 2

Dynamic propertied of wet samplf,lsof bedrock

Sample No.
(field)

Longitudinal
velocity
(ft/s)

Poisson's
Ratio

Modulus (10 6lb/in2 ) Logarithmic
decrementYoung's Bulk Rigidity

408 16,900 0.32 7.1 6.8 2.7 0.16

411 179800 0.10 1100 4.6 5.0 0.13

420 159900 0.37 4.6 5.9 1.7 0.33

431 17,900 0.18 lox 5-3 403 0.08

432 17,100 0.15 9.7 4.6 4.2 0.17

243 13,800 0.41 2.9 5.4 1.0 0.54

239 17,100 0.22 9.1 5.4 3.6 0.09

235 12,200 0.39 2.4 3.9 0.9 0.46

231 11,250 0.41 1.7 3.4 0.6 0.36

232 13,400 0.36 3.6 4.4 1.4 0.36

226 13,500 0.38 3.2 4.7 1.2 0,35
271 8,800 0.41 1.1 2.1 0.4 0.24

276 11,900 0.39 2.3 3-7 0.9 0.24

277 12,400 0.41 2.3 4.3 0.9 0.23
281 11,200 0.39 2.1 3.4 0.8 0.31

284 119900 0.29 5.7 4.7 2.2 0.08

261 13,000 0.40 301 5.2 1.2 0.2

TABLE . 3

A^an son of the static and dynamic

Drill^Sample Sample
Hole No.^No.^No.
(DDH)^(field) (labj

(^6^/. 2\
Poisson's ratio Younes Modulus_ A102, 1b/i_L
Static Dynamic^Static^Qynamic

2 412 1371 0.39 0.10 7.7 7.7

.^3 417 1376 0.12 0.10 9.5 9.6

3 419 1378 0.21 0.10 10.5 9.6
4 422 1381 0.16 0.31 10.5 8.5

4 429 1388 0.16 5.5
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--Table 3 shows that the values of Young's modulus found in static'
tests -tend to be equal to or higher than those found in dynamic tests.

'
Static measurements on wet samples were not carried out 9 but it

is expected that the results would bear the same relation to those obtained
on dry samples as is shown for dynamic measurements in Table 2 (Mann &
Fatt, 1960).

Values of dynamic and static properties were determined using
standard procedure and equipment and the results are within the + 5 percent
error accepted by the American Society for Testing Materials (Ramberg, 1952).

5. RESULTS - RED HILL BORROW PIT

Red Hill borrow pit is located approximately three miles south
of Cotter dam site 'E°. It is proposed to use material from overburden
in the construction of the earth dam.

Two seismic traverses (Plate 4) were made to determine the thickness
and character of the overburden. Plate 4 shows the seismic cross-sections
and their interpretation.

Depth to bedrock

Seismic traverses indicate a maximum depth to bedrock of 84 feet
at station SS3. Along three quarters of Traverse SS, the velocity ranges
from 7000 to 8000 ft/s, possibly indicating weathered shear zones. Along
Traverse RR, the velocities in the bedrock are higher and reach 15 9 000 ft/s.

Character of the ovemburden

Under a thin layer of soil the overburden consists of rock of
uniform velocity of 4000 ft/s. This velocity is characteristic of a
°stiff ° or compacted wet clay (Heiland 9 1940, p. 469; Polak & Mann, 1959b).

6. RESULTS - BRILOS BORROW PIT

Bridge borrow pit is located approximately six miles south
of Cotter dam site 'El. It is proposed to use the overburden material in
the construction of the earth dam.

Two seismic traverses (Plate 5) were made to determine the
thickness and character of the overburden. Plate 5 shows the seismic
sections andand their interpretation.

Depth to bedrock 

Seismic traverses indicate that the maximum depth to bedrock is
approximately 200 feet near station PP 15; here the bedrock consists of
rock with a seismic velocity of 11 9 000 ft/s. In other places the velocity
is 14,000 to 16 9 000 ft/s.

Character of the overburden 

The overburden consists of three layers. The top layer 9 with a
seismic velocity of 1 9 000 ft/s 9 represents the soil. The second layer 9

with a seismic velocity of 3500 ft/s 9 is interpreted as a mixture of clay
and fragments of solid rock. The bed is porous and not saturated with water.
The layer with a seismic velocity of 5000 ft/s is probably decomposed bedrock.
in situ or material of the second layer below the water table. This
interpretation of the overburden velocities is based on previous experience
(Polak & Mann, 19591)0:

-

-
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7. CONCLUSIONS AND RECOMMENDATIONS

The overburden in the area of the darn foundations reaches 57 feet
at station AA 15. The weathered joints in the rock are open as indicated
by an increase in seismic velocity when wet (Wiebenga et al, 1962). In
places, the bedrock has seismic velocities as low as 7000 ft/s. These
localities should be further investigated by drilling before the type of dam
to be constructed can be decided.

Areas of low seismic velocity on the ridge between Kangaroo Creek
and White Sands Creek should be further investigated by drilling to determine
the possibility of water leakage from the proposed reservoir.

Young's modulus og the bedrock measured in the field is between.e
1.2 x 10

6 
and 3.1 t 10 ib/ine aborapry measurements show much higher

values of 2.6 x 10 to 10.6 x 10 lb/in . The large difference in value is
due to the fact that in field tests an average value for jointed rock is
measured, whereas in the laboratory only a sample of the homogeneous rock.
material can be investigated.

Of the two proposed borrow pits, the Red Hill area is the more
promising and should be further investigated, possibly with a multi-channel
refraction seismograph or a °seismic interval timer'.
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