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. SUMMARY 

A seismic refraction survey was carried out in February 1971 
by the Bureau of Mineral Resources, Geology and Geophysics on the 
site of the proposed pumped storage hydro-electric scheme of the State 
Electricity Commission of Victoria (S.E.C.) at Wilhelmina Falls near 
Yea, Victoria. Two 24-charmel seismic refraction sets were used with 
geophone spacing of 50 ft on normal spreads and 10 ft on weathering 
spreads. 

The bedrock in the area consists of Devonian granodiorite and 
metamorphosed siltstone, sandstone, and mUdstone and is characterized 
by a very high seismic velocity. The surface of the bedrock is very uneven. 

The overburden consists of weathered rock, . hUlwash and alluvium. 
The weathered rock extends on some locations to depths of more than 
150 ft. 

The values of Poisson's ratio and modulus of elasticity measured 
in situ, and in the BMR laboratory on ·cores, are given. Correlation 
between field and laboratory measurements is high. 
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1. INTRODUCTION 

The State Electricity Commission of Victoria proposes to 
construct two pumped storage hydro-electric schemes; one at Wilhelmina 
Falls near Yea, the second on the Ada and La Trobe Rivers near Powell­
town. Investigations, consisting of geological mapping, drilling and seismic 
refraction surveying were carried out on both sites. The results of the 
seismic refraction survey on the Wilhelmina Falls site are dealt with 
in this record and the results of the survey on the other site are the 
subject of another record (Dolan et al., 1972). 

The proposed Wilhelmina Falls pumped storage scheme is 
located in the Murrindindi area, approximately 60 miles northeast of 
Melbourne. 

The scheme consists of an upper water storage located on 
Falls Creek immediately upstream from the Wilhelmina Falls, and a lower 
water storage located on the Murrindindi River. The water storages 
would be connected through a power-station by a water conduit two-thirds 
of a mile in length; the head available for power generation being of 
the order of 1000 ft. During the low power demand in Melbourne the 
turbines will be reversed and the water pumped up from the lower storage 
area into the upper reservoir. The details of the schemes are discussed 
by Howard (1970). 

A seismic refraction survey was carried out by the BMR 
Engineering Geophysics Group to assist in the site investigations. The 
party consisted of E.J. Polak, P.J. Hill, B.H. Dolan (geophysicists) and 
M. Dickson, Technical Assistant. The work was carried out between 
18 February 1971, and 26 February 1971. The State Electricity 
Commission provided the topographic survey and six field hands to 
assist in the geophysical work. 

The interpretation of the results was carried out by the three 
geophySiCists from the party and Mr F.J. Taylor, also of BMR 
Engineering Geophysics Group. 

The field measurements were made in British units. The laboratory 
measurements and plots of modulus of elasticity, which resulted from the 
laboratory measurements, were made in metric units. 
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2. GEOLOGY 

(Prepared by P. Learmonth, S.E.C. Vic.) 

The Wilhelmina Falls area lies within the Black Range Granodiorite 
and its contact aureole. 

The granodiorite is a grey, medium-grained variety of Upper 
Devonian age which has intruded a series of Lower Devonian siltstones, 
sandstones and mudstones. The sediments have been thermally metamor­
phosed to hornfels and quartzite within the contact aureole, which is about 
one mile wide. 

The intrusive is regarded by Hills (1959) as forming part of 
a ring dyke structure associated with a cauldron subsidence. 

The contract between granodiorite and hornfels is marked over 
part of its length by granodiorite boulders. However, the occurrence· 
of granodiorite boulders either along this contact or elsewhere does 
not necessarily indicate, in situ, fresh rock at shallow depth. The 
large, sheet-like exposures in the v'tcinity of the Wilhelmina Falls are 
indicative of in situ rock, but elsewhere the granodiorite is generally 
extensively weathered. 

Along the contact zone the hornfels is highly fractured. 

The granodiorite is jointed and the stream pattern follows linea­
ments which may represent faulting or intense jointing. 

Most of the proposed works will be located within the granodiorite. 
However, the right abutment of the upper dam and the lower portion of the 
outlet channel will cross the contact zone, and the lower dam will be 
located entirely within metamorphosed sediments. 

At the lower dam site the meta-sediments strike northwest, 
parallel to the stream direction, and dip 60 0 to 70 0 southwest. Hornfels 
outcrops on the left abutment while 60 to 70 ft of colluvial material 
overlies hornfels on the right abutment. 

3. METHODS AND EQUIPMENT 

The seismic refraction method was used in the survey (Heiland, 
1946). The depths of the different velocity layers at the shotpoints were 
calculated using the time intercept mt.lthod (Heiland, 1946, 512) and the 
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depth at each geophone along the traverse was obtained using a modified 
method of differences (Heiland, 1946, 548). 

The eqUipment used during the survey consisted of two identical 
24-channel S.I.E. seismic refraction sets and 20 Hz T.I.e. geophones. 
The spacing of geophones was 50 ft for normal spreads and 10 ft for 
weathering spreads. Shots were fired 5 ft and 200 - 400 ft from each 
end geophone and in line with the spread, with an additional shot in the 
centre of the spread. 

The values of Poisson's ratio and modulus of elasticity for 
bedrock material at a number of localities were calculated from in 
situ measurements of longitudinal and transverse wave velocities(Polak, 
1963). To determine the ratio of longitudinal to transverse velocities, three 
Hall Sears 7 Hz 3-component shallow-borehole geophones were used. These 
were buried at 25 ft spacings along the traverse line and the shot fired 
at sufficient distance from the geophones to ensure that bedrock velocities 
were recorded. . > • 

In the BMR Rock Testing Laboratory, Poisson's ratio, modulus 
of elasticity, and logarithmic decrement, were determined on borehole 
cores from the area. These values were calculated from measurements of 
ultrasonic velocities in the cores and the longitudinal resonant frequencies 
of cores of known dimensions and the shape of their frequency response 
curves near resonance (Polak, 1963). 

4. RESULTS 

The layout of seismic traverses is shown on plate 2, and the 
sections obtained from seismic interpretations are shown on plates 3 
to 7. 

4.1 Seismic velocities 

On the seismic sections, two broad categories of materials can 
generally be resolved on the basis of seismic velocities (1) unconsolidated 
mE'.terial and (2) weathered and unweathered bedrock. 

4.1.1 Unconsolidated material 

Unconsolidated material consist of soil, alluvium, hillwash and 
scree material. Their seismlc velocities are· generally below 5,000 ft/sec. 
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1) Soil - a thin layer maximum 2 to 3 feet shows a seismic velocity 
of 1,000 to 1,200 ft/sec. 

2) Htllwash - found on the right abutment of the lower dam stte, 
and on part of the portal, consists of clay, angular and partly rounded 
boulders and gravels. The velocities in hUlwash are about 3,000 ft/sec. 

3) Scree material - found mostly on steep slopes (tunnel line, 
left abutment of the lower dam) and on upper dam sites. The velocities 
recorded in this layer are between 3,000 to 4,200 ft/sec. 

It is possible that on the tunnel line, where large blocks (6 ft and 
more) may be embedded in the scree material, the recorded seismic 
velocity may rise above the general value for scree material, and in 
this case it would be classified with the less weathered rock in this 
report. 

4) Alluvium - a velocity of 5,000 ft/sec in alluvium indicates 
it is water saturated and presumably below the water table. This occurs 
on the lower dam site and portal. 

4.1.2 Weathered and unweathered bedrock 

Weathered and unweathered bedrock, both granodiorite and 
hornfels, have seismic velocities ranging from 3,500 ft/sec for very 
weathered, but in situ, rock to 23,000 ft/sec for unweathered rock. 

Seismic velocities of 3,500 to 4,500 ft/sec indicate completely 
weathered granodiorite and hornfels in situ. Measurements in Koombooloomba, 
Queensland, indicated that weathered granite with velocity of 4,500 ft/sec 
may contain about 40 percent of ., core stones", and therefore may not be 
suitable for the impermeable core of an earth dam. This could also apply 
to the granodiorite in this area. 

Higher seismic velocities 4,500 ft/sec to approximately 8,000 ft/sec 
indicate rock less weathered than above, with seismic velocities increasing 
with the decrease in weathering. Above 8,000 ft/sec, the rock should be 
jOinted, possibly with some weathering on joints, and the joints may be 
open for lower velocities in this range. With velocities above 12,000 ft/sec 
the rock should be fresh with joints closed. The maximum velOCity 
recorded was 23,000 ft/sec. 

It is clear that a division between unconsolidated material and 
weathered bedrock cannot be derived from seismic velocities alone. 
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It is generally possible to remove, without blasting, rock with a 
seismic velocity of 6,000 ft/sec using a D 9 bulldozer. This criteria 
should be applicable on this area. In general, rock with a seismic 
velocity of 8,000 ft/sec will support a medium height earth dam, and this 
would also be expected to apply as a general guide in this area. 

4.2 Depth to bedrock 

Seismic cross-sections calculated from the survey results are 
shown on plates 3 to 7. Points to be remembered when making use of 
these sections are listed below: 

1) Using a spacing of 50 ft betWeen geopho"nes, some of"the details 
of the bedrock surface can be missed, and thus narrow zones of 
deeper weathering may not be recorded at all; the depresssions 
in the buried surface may be shown to be shallower and the 
uplifts to be depressed. , 
This fact is illustrated clearly on plate 6, on the upper dam 
where spacing of 25 ft was used. The surface of the bedrock 
shows much more detail. 

2) The depth to the bedrock is calculated using a conversion 
factor obtained at the shotpoints. Between the shotpoints 
the conversion factor is interpolated assuming a gradual 
lateral change of properties of upper layers. This may 
introduce some inaccuracy in depth determinations. 

3) The boundaries between upper layers are determined at shot­
points, but interpolated between them. For this reason they 
are shown as broken lines on the section. 

4) The error of the absolute depth determination is estimated to 
be about 15 percent. This is based on experience from previous 
surveys, where the interpretations of the seismic survey results 
have been tested by drilling. The relative depth to the bedrock 
and the general shape of the interface will show greater accuracy. 

4.3 Dynamic properties of bed rock in situ 

Table 1 gives the dynamic properties of bedrock as calculated from 
longitudinal and transverse velocities measured in situ. The locations 
of the geophones for each test are indicated on the table. 
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In computing the dynamic properties of the rock ,in situ, it is 
necessary to know specific gravity. In order to obtain a value for specific 
gravity, use was made of a plot of longitudinal velocity against specific 
gravity of core samples from boreholes in the area. Hence from the known 
values of longitudinal velocity in situ. the specific gravity was chosen. 

This procedure gives a value of modulus of elasticity for the rock 
in situ higher than the true value. This arises from an overestimation 
of density, since the average density of in situ rock is reduced by 
jointing, etc. This overestimation may be up to 10% for rock of lower 
velocity. For deeper rocks, where the joints are more closed, the 
overestimation is very small. 

4.4 Laboratory measurements on cores 

Table 2 gives values of the principal physical properties of rocks 
from Wilhelmina Site bores measured in the BMR Rock Testing Laboratory. 
Where there are gaps in the table for the values for Poisson's ratio and the 
modulus of elasticity, the cores were' too short to carry out measurements 
of the resonant frequency of the specimens (See 3), 

Plate 8 shows plots of modulus of elasticity versus the seismic 
velocity for the rocks listed on tables 1 and 2. The regression coefficients 
are very high (0.989 and 0.997). The regression equations are shown on 
the plate and indicate that for corresponding velocities, the values of 
modulus of elasticity in laboratory measurements are about 10% higher 
than for in situ measurements. 

5. CONCLUSIONS 

The following conclusions can be reached from the results of the 
seismic refraction survey: 

5.1 The depth of weathering 

The extent of weathering is considerable in all parts of the surveyed 
area, and weathering depth exceeds 150 feet on several locations. Deeper 
narrow zones of weathering can be partly missed, but the velocities in the 
bedrock, which are generally higher than experienced on other dam sites 
with the same rock type, indicate that there are no wide zones of deeply 
weathered bedrock. 
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5.2 . The character of bedrock 

High seismic velocities indicate good quality rock. This is 
supported by the high values of the modulus of elasticity, obtained in situ. 
Poisson's ratio is higher than generally found in previous surveys in granite, 
and may indicate more closely jointed character of the rock. Generally, 
the lower velocity in the bedrock along the axis of the upper dam may be an 
expression of more open jointing close to the slope. 

5.3 The character of the overburden 

The overburden in the area of the upper dam sites is characterized 
by a lower velocity than in other parts of the survey area. This fact can 
be explained by the slower erosion of an area protected by a hard band of 
rock on which Wilhelmina Falls was developed. 

The overburden on parts of the portal and lower dam site is 
characterized by a seismic velocity of. 5,000 ft/sec which indicates i( 
is saturated with water. 

The overburden on the right abutment of the lower dam is partly 
composed of relatively dry hillwash. 

Overburden along the tunnel line may contain large blocks. 

5.4 

Moduli of elastiCity of the bedrock, as measured in the field and in 
the laboratory, are high and the values of both measurements correlate 
closely. It is expected that the bedrock, if jointed, has the jOints closed 
(Polak, 1963). 
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I TABLE 1 - IN SITU MEASUREMENTS 

I Longitudinal Modulus of Elasticity S.G. as measured 
Location velocity Poisson's 

kg/em 
2 

Ibs/in
2 from the plot of S.G. 

m/sec ft/sec ratio against velocity for 
I x 105 

x 10
6 

core samples 

I Lower Dam Site 

axis 2/550 4,500 13,700 0.25 4.49 6.39 2.61 

I axis 00 3,350 10,200 0.28 2.26 3.21 2.52 

axis 31 4,570 13,900 0.27 4.47 6.36 2.62 

I cross-trav.1/0 5,180 15,800 0.28 5.65 8.04 2.64 

Tunnel line 

I - 200 3,660 11,200 0.265 '2.82 4.01 2.55 

I 
900 4,880 14,900 0.29 4.88 6.94 2.63 

1000 4,800 14,600 0.275 4.87 6.93 2.62 

I 2000 4,570 13,900 0.29 . 4.24 6.04 2.61 

3300 5,490 16,700 0.27 6.57 9.34 2.67 

I Upper Dam Site 

2/580 4,820 14,700 0.305 4.57 6.49 2.63 

I 3/300 5,270 16,100 0.28 5.87 8.35 2.65 

1/250 4,870 14,800 0.30 4.73 6.72 2.63 

I 2/200 4,800 14,600 0.285 4.76 6.77 2.62 

I Alternative 
Upper Dam Sites 

I 0 4,570 13,900 0.29 4.41 6.27 2.71 

CT2/100 5,180 15,800 0.305 5.29 7.53 2.64 

'1 
I 
I 
I 

.... 
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TABLE 2 - LABORATORY MEASUREMENTS 

Modulus of Elasticity 
Borehole Depth Rock type S.G. Longitudinal 

kg/cm 
2 

Ibs/in
2 Poisson's Logarithmic 

feet velocity ratio decrement 
m/sec x 10

5 
x 10

6 

M 7 33.0- 33.5 Granodiorite 2.57 3818 3.02 4.29 0.28 0.054 
slightly weathered 

M 7 36.0- 36.5 Fresh 2.62 4683 5.13 7.30 0.22 0.034 

M 9 16.0- 16.5 Medium weathered 2.40 2300 

M 9 39.25- 39.75 Slightly weathered 2.61 2958 2.14 3.04 0.19 0.061 

M 10 11.0- 11.5 Medium weathered 2.32 2400 

M 10 19.0- 19.5 Fresh 2.69 5198 6.21 8.83 0.25 0.028 

M 13 141.1-141.5 Fresh 2.70 5488 6.83 9.70 0.26 0.021 

M24 42.0- 42.5 Medium weathered 2.49 3000 

M 29 110.2-110.7 Hornfels fresh 2.69 6235 9.15 13.01 0.23 0.018 

--------------------



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 

A 

6 
I 

10 
I 

LOCArlON 

WILHELMINA 

PUMPED STORAGE 

o 
I 
o 

SEC 

4 

VIC 

10 
I 

8 
I 

MAP 

FALLS 

SCHEME 

1971 

12 MILES 
1 
20 KILOMETRES 

I 

J55/85- 44A 



" " 

0/100 

e M30 

~ 

m 

LEGEND 

Peg n Jmher 

Borehole 

Geooglcal boundary } 
SEC geological mapping 

Probable geological boundary _ 

To Accompany 

\ 

\, 

I eM33 
\ -

i 

) ) 
! I 

(~ \ 
"'; / 

Record Na 1972/10 

( -

I / ,/ 

ric 
, \ 
, 

~-

" 

/ 
/ 

/l ) I 

;/ ) 
! 

/ -

brig,12 

CT2/-301 

\ 

\ \ 
\ 

/ 

\ . 

/ 

-- -----

/ 

/ 
/' 

i / 

( 

/ / 
/ 

/ 

LOCATION OF TRAVERSES 

PLATE 2 

/ IN RELATION TO GEOLOGY 

400 o 
I 

400 800 FEET 

eM24 
\ ( ~osed 

\' { 

r 
100 o 100 200 METRES 

on SEC Geology. Locallon of Bores and Seismic Traverses Area Plan l 

" " J55/85-45 



• 

" h , , • ~ ~
 ~ ~ Ii ~ ~ ~ ~
 '" '" , co
 '" , .. '" 

u o o u o m
 

o ~
 

o ~
 
~
 

~
 

~
 

~
 
~
 

o o o o o N
 o o u 8 ~
 
~
 
~
 

~
 

r-­ C
) ~
 

1"1
) 

=t
'J 

.\
::

) 
h ~
 

(I
) .....
. 

'I
 

1"1
) 

"" f-.
.(

) 
C

)=
t'

J 
~
C
)
 

1"
1)

(1
) 

=
t'

J(
I)

 

\:
:)

~ 
h
~
 

~I
"I
) 

~
~
 

'
I
'
 

1"1
) 

....
.. 

'-

" ;: ~ l:: ~ 

r-
~
 
~
 

rt,
 t

:j
 

!"
 

"C
::

 
gj

 ~
 ~

 
" 

" , 

va
 

I 
11

61
 

IP
tl

g
 0

0
 

49
 

I 
1/

51
 

98
 

I 
11

41
 

14
7 

I 
11

]1
 

1
%

 
I 

11
23

 

2-
46

 
I 

1
1

2
0

 

2
%

 
I 

1
1

2
0

 

3·
16

 
I 

11
19

 

39
6 

40
4 

P
e
q

2
/0

 

4
1

6
 

1
1

1
0

 

'" -i; 

is
 
~ 

C)
 

.<
;::

, 
(:

; 
::-

::-:-8'
~!

' 
,,/

-a
/ g

 <
;)

 

~
 

G; 
'-':: 

-2
 

J I J 

" "'~
 

>
. 

~;
 §I

{~ 
~""

 -
9.1

 ~
 

c,
 

0
, 

f;
 " ~ ;;

'" 

1 1 I 1 

,I
 '
]
' 

~
 

'"' 
~
 

"I
 

" 
" 

" 
"
"
 

~t
 

71 
~ 

00
 

71
1O

Ipe
9

2
/o

 
~ 

f'
~,

!2
 

<:
) 

'"
 

'" 
11

01
 

I / I / 

98
 

1
0

J ," 17
2 

19
2 

23
6 

2
7

0
 

28
0 

32
4 

17
1 

18
9 

-1
11

 
42

1 

m
 

·1
77

 

,;1
1 

';2
1 

_,7
1 

6
2

0
 

66
·~

 

G8
1] 

71
2 

M
 

76
 J

 

81
1 

10
88

 
10

87
 

10
72

 

10
61

 

10
51

 

1
0

2
9

 

1
0

1
0

 
10

04
 

97
8 

%
1 

96
1 

95
8 

')
)9

 

9
W

 

%
5

 

9
8

9
 

99
9 

1U
()S

 

10
10

 
1

0
1

2
 

10
17

 

8
6

0
 I

 
U

)2
r,

 

97
0 

I 
10

31
 

9.
'19

 I
 

10
-.1

0 

70
09

 I
 

10
47

 

T
O

')i
l 
I 1

0'
)6

 
1

0
6

4
 

10
.')

7 

1
1

0
7

 I
 

1
0

6
4

 

1
1

5
7

1
 

10
71

 

12
06

1 
lO

R
D

 

12
55

1 
70

')0
 

/3
05

1 
1

0
9

7
 

J.
J5

41
 

1
1

0
7

 

1
4

0
2

 I
 

1
1

2
0

 

I-
U

9 

14
91

 

14
97

 

" ;: ~ ~ " ~ ~
 " ~ uu

 

so
 

lO
U 

15
0 

20
0 

25
U

 

lO
U

 

3
5

0
 

40
0 

-I5
U

 

5U
U

 

)5
0

 

6
0

0
 

6
5

0
 

70
U

 

75
(!

 

80
0 

8
5

0
 

90
0 

')
.'

)0
 

10
0U

 

1
0

5
0

 

lU
99

 

11
36

 

1
1

)"
0

IP
e

g
2

/1
5

5
0

 

11
51

 

"'
I'"

 
"'"

 " 
"'"

 
;;; 

c::
 I" 

t:.! 
()

 
<::

:l 

~ 
" 

'" 
'" 

"'"
 " 

"
,,

,.
 

;S
 2

j 
"J

 
t:-!

 I
'l-,

 
C

l 

" 
" 

9-
19

 
I P

eg
 I

/O
 

95
1 

9
.'

)]
 

95
 ~ 

9
.'

j)
 

') 
'>5

 

95
6 

95
7 

95
7 

') 
,7

 

';1
58

 

95
8 

95
6 

%
0

 

'1
62

 

96
2 

%
3

 

96
3 

%
4

 

9
6

5
 

9
(,

()
 

96
8 

97
7 

IP
sg

 1
/1

1
0

0
 

'" {,;
, 

" 
". '" 

0
, 

-~
 " 

/ 
~ 

/ 
~ 

W
 ~y'
" 

'"
 

~ 
~
 

C
) 

~
.
 

" 
. 

/ 
'" 

/ ! I I 
I-;

j>
 • " 

IJ 
~ 

I 
~ 

, 
. 

'>
l. 

--
-:

-r
-

'" 

,'
~~
 

~ 
~ 

"'I
'" 

" 
\..

'l 
C

) 
...

, 
""

 
C

) 
C

) 
-
.
~
 

I:
) 

D
 

'" 
'"

 
~
 

\ ~
 

~ 
~ 

\ \ \ \ 

'" , , 

<ii
I 

'"" 
'" 

"'~
 '" 

C
) 

..
. 

c
:
;
C

)
 

~-~
,~ 

~~
 ~

 
• 

I I 

" ~ '~
8° 

" 
' 

'" 
\ I 

II 
\\

~ 
" 

'" 
~
 

~
 

\ \ \ 

.;:
 

"" 
. 

~ 
'~
'"
'\
' 

....
.. 

.\
()

 
~
,
 

....
.. 

~f
()

 
8 

~ 
g 

~1
8.
 
~ 

~
 

I 

( " 8 '" '" 
\ 

.
~
 '" '" '" B " '" '" ~ '" ~ /.

 

.-"
 
" "'/"
' 

'" 
" 

'" 
'" 

"'. • 

I 1 1 I I 1 1 I 1 1 I 
~
 

1 

"'
 I

" 
'" 

'" 
~ 

'" 
'" 

' 
~ 

ID
 

b 
0

;'
" 

-:::
:: 

~ 
r 

Q
'
 

'" 
" 

" 
" 

I 
~ 

I 
' 

I " ;
;;~

' 
(
)
 

C
) 

;;S
 

8 
" 

" 
r 

~_-
2 ..

 :
_

 \ \ \ \ \ \ \ 
\ 

\ 

'" g '" ~ 

=
 

\ 
\ \ Q;
)\
~ 

~ 
\2

 
~
 

,
~
 

t:. 
",-

'" " " ,'" 

l>
 

-
i 

-
i 

:J
: 

fT
1 r o :E
 

fT
1 

;0
 

o l>
 

:s::
 

en
 - -i fT

1 

en
 

fT
1 en
 

:s::
 

(
)
 

(
)
 

;0
 

o en
 

en
 

I en
 

fT
1 

(
)
 

-
i o z en
 

-u
 

r !'j
 '" '" 



(1000) 
(1000) (IOOO) 

/4'~ 7' 3 -- - --- --- - -23"'-' 

(5500) (6500) 

- - - f/50PL-p7 - 17 -_10'_ 

I--E3' -- - --- (3000) (2800) 
-- --44'-- - - -42'_ 

(5500) (6000) 

000) 
r- IO ' (1000) - -1/' __ (1000) 
'-42'_ ' (2800)- -. 4'_ 33 ___ 

fB ~r.g!}O!?J 
(6000) (6800) 

...--. 

(/5;500) -
r--.... / - -

(14.000) 

(No velocity recorded) 

~ ~ , 
f... '" f... 
"- "-
'" '" 700' " " HL. "- "-

~ ~ 
"> 

f... f... 
"- "-
." '" " ~ "-

~ 
f... 

"-
~ 
"-

HEDUCED 0'> '" - U'\ '" "'''' "- ~ .~ '" '" :525 
LEVEL 

0 c '" c 0 - - - - - --
0 '"' - ~,,",,",: - .,. ~ ,.., 

'" "- N 
00 '" C' ~C' '" '" C' '" '" 00 00 

'" co <:> 00 <:> 0 '" <:> 0 <:> '" - - - -- - - - - - - - '" '" 0 Lj ~ '" ~ 0 ",. N 
00 "- "- ~ '...D " 

.~ ~ 
..,. .,. 

'" 0 0 00 0 <:> 0 0 - - - -- - - -- -
g OJ '"' " 1f: .~-CHAINAGE '1" '" 

.,. .,.'" - - '" '" 
c '" C' '"'0 co '" ~ <:> 0 c- O'. 
a ." '" co or, 0 '·0 "- 0 .~ '" ". -- N N '" '" co co or '" 0 .", ...,,,, g: '" 0 '" co 

'0 L, '" M .,. .,. 00 '" .". - - - N '" '" 
...., 

. 

TUNNEL PORTAL 

To Accompany Record No /972/10 

SEISMIC CROSS-SECTION S 

AT THE TUNNEL PORTAL 

I PI CrossLin.No 1 

(1000) - (2400) 
(1000) - - 8,~ - -/7 ___ -- - - _-..3- -

(6500) (6500) 

(17,500) 

- '" 00 - co "" 
..., - 0 "- "'''' .,. .,. ...., ~ ~..., '" '" '" N - --0 0 0 0 co '" '" '" 0 0 00 -- - - -- - - - - - --

:0 ,.,. 
'" 00 ,cO' 0'> co - ~ 00 ""CO 

'" - .,. 
'" ".,. '" .". "- .,. ",,0 

"" .". .,. .,. L-,lr') .~ '" '" '" "- "-'" 
. . " 

100 

30 

'" -0 -
'" .,. 
'" 

o 
I 

o 

-

"--0 -
g:: 
"" 

~ -'" -
'" .,. 
'" 

-

LO -0 -
g.; 
'" 

100 
I 

30 

PLATE 4 

(3000) ; 
1000) 

(5000) 
48' 

(1000) (TODD) 
8'-

(6000) 
(5800) (5000) 

(15,000) 

" 
, , 
"-

~ "' ~ 
'" 

, 

'" '" ~ '" '" 700' " " HL. "- "-
LO U'\ - -'" 0 - - HEDUCED - .r, .,. L"'l 00 '" 0 '" co '" '" "., "- U'\ ...., ~M '" 

..,. U'\ "- '" '" 
'" 0 0 <:> 00 c 0 0 <:> 0 -LEVEL -- - -

'" 
...., .,. '" 0 0 - - "- ..,. 

'" '" - .r, U'\ 00 "' 
..., 

CHAINAGE ..,. '" " e:: '" co co CO) '"0 '" "- '" "'''' N M ...., .,. .,. .,., 

CROSS LINE No.1 

( TUNNEL PORTAL) 

200 300 FEET 
• 

60 90 METRES 

J55/85-47 









I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PLATE 8 

9 

8 

7 

6 

5 ~ 

"' ....... 1-~ 
/ 

EO 

\0 ~ 4 ~ 
~ 

"1:>1-",'" ~~ 
<J 

~ 
~. / 

3 'l \0 ~ 
::.... 1-
.~ q;\ 
~ ... 'l 
~ 2 ~ 
q, 

..... 
() 

'" -2 
'" "\) 

~ 
..: 

o 2000 4000 6000 

Lonqiludinol seismic velocity (m/sec) 

8 LABORATORY MEASUREMENTS 

. • FIELD MEASUREMENTS 

PLOTS OF MODULUS OF ELASTICITY 

AGAINST SEISMIC VELOCITY 

To Accompany Record No . 1912//0 J55/B5-5IA 


	Front Cover
	Title Page
	Table of Contents
	Summary
	1.
Introduction
	2.
Geology
	3. Methods and
Equipment
	4.
Results
	4.1
Seismic Velocities
	4.2
Depth to Bedrock
	4.3 Dynamic Properties
of Bed Rock in Situ
	4.4
Laboratory Measurements on Cores

	5.
Conclusions
	6.
References
	Illustrations
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5
	Plate 6
	Plate 7
	Plate 8




