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SUFTIDRY 

This Record describes a seismic refraction survey, on the 
site of the Barrington (Devils Gate) dam and power station, made for the 
Hydro-Electric Commission of Tasmania. 

The survey showed that the overburden consists of a 
layer with a seismic velocity of 4000 ft/sac, representing very 
weathered rock with open dry joints, covered by a thin layer of soil. 
The bedrock consists of Precambrian chert with a velocity between 
7000 and 12,000 ft/sec. The value of Young's modulus for the bedrock 
ranges between 1.2 x 106  and 3.5 x 100  lb/in. 



1. INTRODUCTION 

The Hydro-Electric Commission of Tasmania proposes to 
erect a power station on the Forth River near Barrington. A dam will be 

constructed in a narrow gorge, Devils Gate, about 12 subs south of 
Devonport. The approximate co-ordinates are 426908 on the Burnie sheet 
of the Australia 4-mile series. 

The geology of the area was mapped by Paterson (1959). 
In addition, several holes were drilled, two adits were driven, and 
a static determination of Young's modulus was made in the adits. 
The Commission requested the Bureau of Mineral Resources, Geology and 
Geophysics to assist with the investigation, the main problem being the 
determination of the elastic properties of the foundation rock on the dam 
site and the depth to bedrock on the power station site. 

A geophysical survey was done between 13th and 15th March 1961, 
by a party consisting of E.J. Polak (party leader), D.J. Harwood 
(geophysicist), and J.P. Pigott (geophysical assistant). The Commission 
provided additional assistants and did the topographical surveying. 

2, GEOLOGY 

C 

Devils Gate is a gorge of the Forth River, where the river 
flows throgh a low plateau originally covered by basalt.  In the 
surveyed a\ea (Plate 1)  the basalt has been eroded away. The rock is 
chert of age, strongly deformed by a series of wrench faults 
with northerly strike. Two sets of joints are recognizeth the older, 
quartz-filled joints with e no erl-&t-ri, and the open 
younger joints weser+T--tke. The latter joint system 
controls the course of the Forth River through the gorge. Th bh 

-4ee-4d rik di be 70-,and-9&de-gre-(-F&rerson, 1959). 

3' ME THODS AND EQUIPINIENT / 

The seismic method of exploration depends on the contrast 
between the velocities of the seismic waves as they pass through 
different rock formations. Hard unweathered rocks have higher velocities 
than their weathered counterparts, and these in turn have higher 
velocities than soil and unconsolidated deposits. A detailed description 
of the method has been given by Polak and Moss (1959). 

To determine the dynamic properties of the rock the velocities 
of the longitudinal and transverse waves were measured. A throe 
component geophone was placed on rock outcrops or on solid rock in the 
adit. Shots were fired at several distances and on different azimuths 
from the geophone. From these velocities the dynamic properties of the 
rocks were calculated (Polak and Moss, on. 

The tmethod of differencest was used for calculation of the 

depth to bedrock on the power-station site (Holland, 1946; P. 540). 

The equipment used in these surveys was a Midwestern 12-channel 
reflection/refraction seismograph with TIC vertical geophones of natural 
frequency about 20 c/s to record longitudinal waves and a TIC three-
component geophone to record longitudinal and transverse waves. 



TABLE 1 

(3) (4) (5) (6) (7) (8) (9) 
Shot Position of aeophon.e Position of shot Apa rent ve10 Phase velocity Poisson's ratio Young's modulus 

No. (see Plate 1) Longit. Transv. Longitansv. (App. vol.) (?hase vel.) (x 100 lb/ink) 

1 A outcrops near 0115554 50 ft down stream 7200 3800 0.24 1.5 

10,400 6400 0.22 3•4 

2 U 100 ft down stream 8400 4800 0,25 2.1 

125,000 7000 0.24 4.3 

3 U U 150 ft down stream 9300 5400 0.25 2,6 

4 50 ft up stream 8400 5000 0,23 2.1 

5 U U In river, 110 ft from A 7800 4600 0.24 1.8 

6 B outcrop near 0H5562 100 ft up stream 9100 5300 0.23 2.5 

7 U U 50ftdown stream 8400 
7200 

4600  026 2.1 
8 C near left bank adit 50 ft down stream 4200 0,24 1.5 

9 U U 100 ft down stream 8400 4800 0,26 2.1 

10 U 150 ft down stream 10,600 6300 0,24 3.5 
11 0 35 ft in left bank On the track 6400 3500 0.28 1.2 

adit 

_9_ 0_ 
2.3 12 E 60 ft in left bank 

-T  
On the track 8600 4700 0.27 

13 F 

adit 

110 ft in left bank 1  On the track 6800 3700 
3000 

- 
0.27 

1.2 
o.8 

0.29 
adit 

14 F- 200 ft down stream i 
along (the track 

10,800 5900 0.25 3.3 

NOTE- Adit crosses major fault between B and F. 
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4. 

Plate 1 shows the location of shots and. geophones. Table 1 
column 2 describes the location on Plate 1, columns 4  and  5 give the 
measurements of seismic velocity, columns 6 and 7 Poisson's ratio 
computed from columns 4 and  5, and column 8 and 9 give dynamical 
determinations of Young's modulus, computed from columns 4 to 7. 
Values of Young's modulus and Poisson's ratio are also shown on Plate 1. 

In the computation of the apparent velocities (Table 1, 
Column 4) the distance between the shot and the geophone is divided by 
the time taken by the pulse to travel the distance. Hence, the apparent 
velocity is lower than the true velocity ('phase velocity') of the 
refractor because the path of the seismic pulse through the weathered 
layer is included in the computation. However, with thin weathered layers 
and long shot distances, as in the present survey, the errors in the 
computed values are expected to be small. Column 5 gives some phase 
velocities; these were computed where the shot locations were in line and 
at various distances from the recording 3-component geophone. 

The longitudinal velocities in the bedrock are expected to be 
higher than the apparent velocities shown in column 2. For equal shot 
distences, higher apparent velocities indicate fresher, less jointed 
rock The longitudinal phase velocinies of column 5 range between 5300 
and 15,500 ft/sec. The velocity of 5300 ft/sec was measured in an adit, 
across a major fault zone, and is consistent with jointed or fractured, 
weathered bedrock 

Longitudinal velocities of 10,000 to 12,000 ft/sec indicate 
moderately jointed bedrock, and velocities in excess of 1.5,000 ft/sec 
indicate unjointed fresh rock, or rock in which the joints are closed and 
cemented. 

It is expected that the velocities in a direction across the 
open rock joints (which have west-south-westerly strike) are generally 
lower than the velocities parallel to these joints. This is illustrated 
by the observations close to geophone position A (Table 1, Shot Nos. 2 
to 6). 

In Table 1, columns 6 and 7 show that Poisson's ratio conputed 
from apparent and phase velocities has values in the range of 0.25 

0.04. 

6 
Young's modulus fron apparent velocities ranges between 

1.2 x 10 lb/in2 (column 8, Shot No, 13, apparent longitudinal velocity 
6800 ft/see) and 3.5 x 16 lb/in2 (column 6, Shot No. 10, apparent 
longitudinal velocity 10,000 ft/see). It is expected that these values 
of Young's modulus represent average values for bedrock. Column 9 shows 
that Young's modulus from phase velocities may be higher and lower than 
these average values from apparent velocities. Young's modulus of 
0.8 x  106 lb/in2 corresponds to a true longitudinal velociy of 5300 ft/sec 
for weathered rock in q shear zone; 3.4 x i06 and 4.3 x 10°  lb/in2  for 
moderately jointed rock whose velocity is 10,400 and 12,000 ft/sac, and 
7.7 x 106 lb/in2 for unweathered or cemented rock whose velocity is 
15,500 ft/sec. 

- For the sake of comparison, Table 2 gives some data of 
measurements and results of laboratory determinations on drill hole cores, 
taken from Paterson (1959). 
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TABLE 2 

Drill Dejth__~f 
fl.QP.&. Sample 

(ft) 

5551 111 

5554 37 

5562 55 

5555 137 

5561 112 

Longitudinal PoissonIs ratio Youns modulug  
velocity Dynam c Static (106 lb/in2) 
(ft/sec) Diic Static 

16,666 0.22 8.6 

17,667 0.39 11.1 

16,181 0.26 8.8 

16,077 0.09 12,6 1 

18,587 0.17 8.0 

Patersonts report shows that the samples of drill holes 5555 
and 5561, refered to in Table 2, showed compressive strengths of 15,200 
and 3460 lb/in respectively in a tandard compression test, The low 
compressive strength of 3460 lb/in is associated with a dense, fractured 
rock cemented by quartz veins. A 'jack test' with a hydraulic jack in the 
adit, near locaton B (Plate 1, gave values of Young's modulus ranging 
between 1.0 x 10°  and 2,4 x 10 lb/in 2. 

5. RESULTS )  POER STATION SITE  

Plate 1 shows the traverse plan, and Plate 2 the results in the 
form of cross-sections. 

The 'overburden1  consists of a layer with a seismic velocity of 
4000 ft/sec, representing very weathered rock with open, dry joints, 
covered by a thin layer of soil. 

The bedrock consists of ..dambrian chert with velocities 
ranging between 7000 and 12,000 ft/sec. The zone with lower velocities, 
representing bedrock with open and weathered joints, is indicated on 
Plate 1. 

6. CONCLUSIONS 

The geophysical survey provided information on the dynamic 
properties of rock on the dam site. The thickness of the overburden 
and the character of both overburden and bedrock was indicated on the 
power station site. 

On the dna1 site, velocities measured parallel to the open joints 
were greater than those measured perpendicular to this direction. Poissonts 
ratio was found to be 0.25 - 0.04, and Young's modulus of bedroc 
measured in situ from apparent velocities rangedbetween 1.2 x 10 and 
3.5 x 106 lb. These values are roughly the same as the values found 
in a static test in adit No. 1 1  but are much lower than values found in 
laboratory investigations. 

A zone of low velocities, associated with jointed rock, was 
found on the power station site. 
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