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ABSTR: OT

Details and results are given of seismic
refraction and résistivity surveys made in response
to an application from the Hydro-Electric Commission
of Tasmania to investigate a proposed site for & dam
on the River Derwent. The dam is to be part of theé
Derwent-Dee power development scheme.

The purpose of" the surveys was to determine
the depth to bedrock and the nature of the overburden

and the bedrock. The overburden consists of scree,

alluvial deposits, sandstone and weathered dolerite and :I:

is up to 104 ft. thick, The bedrock consists of
jointed and unweathered dolerite.
The following velocities (ft. per secs) were

recorded 3=

Soil 1,000 - 1,200
Dolerite scree 2,500 - 3,200
Weathered dolerite 3,100 - 6,000
Jointed unweathered dolerite 11,000 -~ 15,000
Unweathered dolerite 15,000 - 22,000
Weathered sandstone 3,000 - 5,0C0
Partly weathered sandstone 7,00C - 9,000

Comparisén with drilling data shows that the
averaze thickness of overburden indicated by the seismic

method is about 13 per cent too larze.
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1.  INTRODUCTION

As part of the Derwent-Dee power development
scheme, the Hydro-Electric Commission of Tasmania proposes
to erect a dam on the Derwent River near its junction with
the Repulse River (Plate 1).

Two possible sites for the dam were chosen by
the Commission for investigation, one 900 ft. below the-
junction of the two rivers (known as the Lower Repulse dam
site) and the other above the junction (known as the Upper
Repulse dam site). A seismic refraction survey of the Lower
Repulse dan site was carried out by the Bureau in 1955
(Wiebenga, Dyson and O'Connor, 1956).

The object of the survey of the Upper Hepulse dam
site was to determine the denth to bedrock and the character
of both overburden and bedrock. Twelve diamond drill holes
put down by the Commission were used as controls for the
geophysical survey. »

The survey was carried out in iay, 1956, by a
geophysical party consisting of E.J. Polak zparty leader)

and A, Stocklin, geophysicists, and K. Mort, field assistant.
The Commission provided additional assistants and carried out
the topographical survey.

It is desired to acknowledze the co-operation of
the staff of the Resident Engineer's office at Wayatinah.

2. GEOLOGY

The geology of the area has been described by
Jennings (1955) and Pdather (1955). The main rock in the
area is a medium-grained Jurassic dolerite (see Plate 1),
which is extensively jointed. The dolerite crops out in
several places, and is covered elsewhere by alluvial
deposits and scree. Sandstone is present on the left bank
of the Derwent River. In drill hole 38970, in the north-
western portion of the area surveyed, the sandstone is
almost 100 ft. thick and is covered by river terrace material.
The sandstone is of Triassic age (Knocklofty Group) and
ranges from fine-grained silty sandstone to coarse grit.
At the contact between sandstone and dolerite, the sandstone
is metamorphosed into a hornfelsic quartzite.

3. METHODS AND INSTRUMENTS

Resistivity and seismic refraction methods were
used :-

(a) Resistivity method.

The variation in apparent resistivity for electrode

‘spacings of 40, 80 and 160 ft. of a standard Wenner

configuration shows how the electricel resistivity changes
with depth. In general, non-porous rocks such as dolerite
have a high resistivity. The resistivity of porous rocks
such as sandstone depends on the degree of porosity and on
the character of the water contained in the pores.

A Megger E.rth Tester was used in the resistivity
traversing with station intervals of 4O ft. iline thousand
feet of traverse were surveyed by the resistivity method,
which was confined to the left bank of the Derwent River.
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(b) Seismic method.

The seismic method of exploration depends on the
contrast in the velocity of elastic waves through different
rock formations. Hard, unweathered rocks have higher
velocities than their weathered and fractured couaterparts.
The velocity in soil and scree is considerably lower than
in the weathered end fractured rock.

The method of differences was usec¢ (Heiland, 1946,
p. 548; Boniwell, 1952) and the following types of spreads
were shot :=-

(i) Weathering Spreads. These were used to obtain
seismic wave velocities and the thickness of the
soil and near=-surfzce layers., Geophone interval
was 10 ft, and shot points Wwere at distances of
5, 10, 20 and 40 ft. from both ends of the spreads.

(1i) Normal Spreads. The geophone interval was 40 ft.
ancé shot points were at distances of 20, 4C, 120
and 2C0 ft. from both ends of the spread.

(iii) Broadside Spre:ds. This type of spread was used
on steep slopes. Geophones were spaced at 40-foot
intervals and shot points were 50 and 150 ft. from
the spread along a line approximately perpendicular

to the spread from its mid-point.

The geophysical ecuipment vsed in the survey
consisted of a Heiland six-channel refraction recorder and
Technical Instrument Co. geophones with a natural frecuency
of about 19 cycles per second.

The total length of traverses surveyed by the
seismic method was 10,320 ft.

4.  RESULIS
(a) Resistivity Survey.

The results of the resistivity survey using an
electrode spacing of 80 ft. are shown as a resistivity
contour map (Plate 2). The results from this apacing show
more detail than those from the 40-foot and 160-foot spacing.

Drill holes 8690 and 3691 show .dolerite scree at
the surface, overlying weathered and jointed dolerite;
dolerite crops out near stations TW452 and I.P.E. The
higzh resistivity area shown on Plate 2, delineéated
approximately by the 30,000 ohm-cm contour, coincides
generally with the area where dolérite occurs close to
the surface or in out ¢rop. The indications are, therefore,
that the overburden along traverse { probably consists
mainly of weathered dolerite.

In the graph of Plate 2 the depth to the interface
between sandstone and dolerite (from drill hole data) is
plotted on a logarithmic scale against the value of apparent
resistivity. The approximete empirical formula derived from
the graph is :- ™ «3,16
X =1.,7 x 10 5 ¥

where x is the depth in feet to the dolerite/sandstone interface
and y is the apparent resistivity in ohm-cm.

3



3

The area enclosed by the 10,000 ohm-cm resistivity
contour corresponds, according to the above formula, to a
sandstone thickness of between 4C and 1CO ft.

(b) Seismic Survey.

Longitudinal-wave velocities for the various rock
types at the Upper Renulse dam site are shown in Table 1,

TABLE _ 1.

Rock_type - Seismic velocity (ft/sec)
soil 1,000 - 1,200

Dolerite scree and talus 2,500 - 3,200
Weathered dolerite 3,160 - 6,000 (1)
Jointed unweathered dolerite 11,000 - 15,00C (2)
Unweathered dolerite 15,000 -~ 22,0CC
Weathered sandstone 3,00 -~ 5,000

Partly weathered sandstone 7,00 - 9,000 (3)

Notes:

1. Determined on traverse T (stations 455-454) and near
traverse O (stations 575-577) where weathered dolerite
crops out,

2., Determined on traverses C, Q and T where the logs of
drill holes 86839, 8696 and 8591 respectively show
jointed dolerite.

3. Determined on traverses T, L and V where the logs of
drillholes 8679, 8970, 8699, 8692 show sandstone
(as the results were calculated using average
velocities some of the velocities recorded do not
appear on Plate 3).

Because the velocities in weathered dolerite and
weathered sandstone overlap, as indicated in Table 1, these
two rocks cannot be distinguished from seismic data alone.
However, the resistivity contour plan provides additional
data frown which it is possible to delineate the boundary
between them fairly accurately. 1In this report the terms
"overburden' and "bedrock™ are vsed to distinguish between
rocks with low seismic velocities and those with high seismic
velocities. The overburden is here defined as rock with
seismic velocity not exceeding 9,0CC ft. per sec. and bedrock
as rock with seismic velocity exceeding 11,000 ft. per sec.

The seismic results are shown on Plate 3 as profiles
along the traverses,

The depth to bedrock was determined by using
average overburden velocities. These were computed either
from weathering spread data or by application of the curved-
ray technigue (Handley, 195%). In this technicque the
assumption is made that the increase of velocity with depth
can be expressed as an exponential function. This technique
enables the interpreter to determine the approximate seismic
velocity at any selected depth or to determine the approximate
denth to which a given velocity corresponds.

Near drill hole 8692, the 7,5C0 ft. per sec.
velocity horizon is at a depth of 44 ft. The log of drill
hole 38692 states that "Rock appears sound bélow Ll ft."
A 7,50C ft. per sec. horizon was therefore computed and plotted
on those portions of the seismic profiles where drilling data
and the resistivity contour plan indicated sandstone at, or

A



)

}

L4,

close to, the surface, i.e. on profile T between stations
461 and 1006, on profile R between 165 and 1060, on U-Q
between 246 and 1032, and over nearly the whole lenzth of
profile V. Assuming a density of 2.4 for the sandstonée and
a Poisson's ratio.of 0.3 (Birch, Schairer and Spicer, 1950),
Young's modulus for sandstone of 7,5C0 ft. per sec. velocity
is 1 x 10=11 c.g.s. units.

Plate 4 shows the bedrock contours slotted from

the seismic data. The southern boundary of the sandstone

(Knocklofty Group), represented by the 30,000 ohm-cm contour
of Plate 2, is indicated on this plan.

Plate 5 shows the comparison between seismic and
drilling data. The drill logs and seismic velocities and )
depths to discontinuities are shown side by sicde. The plate also
shows a statisticel analysis with regression lines of the
following :-

(i) Correlation between depnth to bedrock from seismic
data and depth to jointed dolerite from drilling data.

(i11) Correlation between depth to bedrock firom seismic data
and depth to rock which shows 100 per cent core recovery.

The regression lines show that the seismic data
indicate the depth to bedrock fairly accurately (standard error
is 6 ft.), irrespective of whether the bedrock is defined
geologically as jointed dolerite (the joints being filled with
calcite or zeolites) or as rock with 100 per cent core
recovery.

5,  CONCLUSIONS

The geophysical survey provided information on the
depth to bedrock on both sides of thé Derwent River. On the
right (south) bank, the overburden consists of weathered
dolerite and the bedrock of jointed unweathered dolerite.

On the left (north) bank, the overburden consists of weathered
dolerite near the river and sandstone further from the river,
The interpretation of the seismic refraction data enabled the
thickness of the overburden to be estimated, but it was not :
possible to differentiate betweesn sandstone and weathered dolerite -
on the basis of seismic velocities alone. The data from the
resistivity survey indicated clearly the boundary between
low-resistivity sandstone and high-resistivity dolerite. Thus
the two methods were complementary and ehabled a complete
interpretation to be made.

On the three north-south profiles the deéepth to the
7,5CC ft,. per sec., velocity horizon (Young's Modulus 1 x 10=11
CeZ.S, Units) is shown. This represents a horizon defined
by the geologist as "sound rock" in drill hole 8692,

The geophysical results indicate that the most
suitable area for further invegtigations is near cross-traverse
Q - U, because:

(i) The overburden along this travérse consists mostly
of weathered dolerite.

(ii) The depth to bedrock is less than along the other
cross~traverses T and R,

(iii) The bedrock is less jointed thah along other traverses,
as is shown clearly by the seismic velocities on Plate 3,
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CORRELATION BETWEEN DEPTH TO BEDROCK FROM SEISMIC
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