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" ABSTRACT

Details and results are given of a seismic refrac-
tion survey made in response to an application by the State
Electricity Commission of Victoria, to investigate the area
proposed for the No, 1 power station‘site at Hiewa, Victoria.

-The purposes of the survey were to determine the
thickness of the weathered layer and to supply a contour plan
of the depth to unweathered rock from which sites worthy of
more detailed investigation could be suggested.

The thickness of soil over the area ranges from zero
to 43 feet. The weathered layer of granodiofite, which varies
considerably in character (as shown by the velocity range from
3,900 to 6,200 feet/sec.), has a maximum depth of 213 feet.

The seismic velocity of the unweathered granodiorite bedrock
ranges from 11,000 to 18,000 feet/secc., the lower velocity being
correlated to shearing in the granodiorite.

Comparison between seismic results and drilling data
along and near the traverses indicates that depths determined
by the seismic method have a standard error of approximately
9 feet, .

Locations are suggested for further drilling investi-

gations for both a surface and an underground nower station.
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1.,  IIZ'RODUCTION

The planned Fiewa No. 1 Tower Station is part of uhe
Victorian 3tate Zlectricity Commission's Xicwa Fo. -1 Power Devele
opment Scheme, which consists of the Zocky Valley Dam, the
Pretty Velley diversion tunnel, penstock llne and a power station,

The seismic refraction survey of the power station
site was made Dy the Dureau in resnonse to an apnlication by the
State Llectricity Commission, during October and ¥ovenber 1955,
A preliminary report on the sur rvey zurqon, 1956) was submitted
to the Commission in July, 1956, 'the co-ordinstes of the approx-
imate centre of the area, on the grid of the lLi~mile military
maps, are 1356500 North and 1560500 38T

The purpnoses of the survey were to @determins the
depths to unwcathered bedrock in the surveyed area and to
supnly @ contour plan of depths to unweathered roc: to assist
in the desisn of an underground power station.

The ﬂeopnyglcal warty consisted of D, F. Dyson (narty
leader) and ¥. J, O'Connor, geophysicists, and J. ?. Piggott,
field aqs13uant. The Commission supplied adcditional assistants
and carried out the necessary topographical survey of the

traverses.
24 GIOLOGY

. The couniry rock consists of granodiorite which
weathers et and near the surface to a completely decom~osed rock,
Parts of the hill slopes are covered with sandy material (quarts
from the granodioritc) washed down hill.

The stear and fault patiern the area 1s relatively
complicated., One system of almost para]lel faults stries N503
to 80L, and another system with basic dyies @ssociated with it
strikes about MO0V,

A deer 1y weathered zone (disclosed By excavation and
diamond dr1111ng, #hich crosses the norcthe-western part of the
area is xnown as the "Pretty Valley Fault Zone". Some features
of the fault pattern are shovn on Plate 1.

From results obtained in other asreas, it may b~ ass ued
that the granodiorite in, or close to, the fauli and shear zones
is usually weathered to greater depths than in »laces where
faulting and shearing are absent, This was confirmed by surfoce
mapping, excavations and diamond arillings.

3. MJTHODS

The seismic refraction method denends on the degree
of contrast between the elastic properties of the different zones
of rock, In foundation investigations the objects are the
determination of the denihs to elastic discontinuities and an
indication of the rocks concerned. “he nhysical laws involved
resemble those of ontical phenomena in that energy proonagated
through the ground will undergo reflection end refraction at
discontinuities,

An exnlosive charge detonated at or near the ground
surface produces a train of seismic waves. In the normal
refraction method the cherge is in line with a series of detec--
tors (geophones), known as a spread, aund the first arrival times
of the seismic weves are recorded. A granh of first arrival
times against distances from the shot point is called a time-
distance curve.
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A technique Lnown as the Method of Differences
(Heiland, 1946, p.548) was used, If A is a shotpoint at one
end of the spread then the time taken for the energy to reach
8 polnt B within the spread is TBA and the time to a point C
beyond 3 is TCA. Similarly, shooting from C the time for the -
energy to travel from C to B is TBC and from C to A the time

taken is TAC. The times TgA and TAC are the reciprocal times,
and should be ecual. :

) _ .The dgpth is computed from the vertical travel time
TD which is defined a2s Z(TBA + TBC ~ TcA). The depth, D, beocomes

V2 .
.TDV1, where V4 is the velocity of the first
~ v2 . v2 recorded wave through the layer above the
2 ( discontinuity, and Vo is the velocity
through the layer below. For vz> 3V,
V2
approacnes the value 1, and the depth becomes

The velocities of the successive refracting layers
are determined from the time-distance curves. S:ismic velocities
give a fair indication of the type of rock encountered dut a
certain amount of geological control is necessary before a more
definite interpretation can be made, A sandstone for example,
may have the same velocity as a fractured granodiorite.

Ywo types of gecophone spread were uged -

(a) Normal spreads, in wvhich the geophones were placed
at 50-foot intervals, with shot distances of 50 and
300 fect.

(b) Weathering spreads, with geophone intervals of 10
feet and shot distances of 10, 50, 150 and 300 feet.

The vertical travel times and the velocities of the
near-surface layers were computed from date obhtained from these
S
spreads,

A 12-channel portable "Century" S-ismograph, Model 506,
with Technical Instrument Company geophones (natural frecuency
19 c.p.6.), Was used,

Operational Difficulties.

The following difficulties were encountered during
the survey :e

(i) Deep soil over most of the area (up to 43 feet thick)
neces=itated the use of large charges (a weximum of
20 1bs.) of gelignite and shot holes as deep as 12
feet. :

(i1) Construction work in or near the area resulted in high
noise level on the records, the thick soil layer acting
as a channel for low freguency waves.

(iii) ©Power line interference, both directly and by transe
mission through the ground, particularly when wetb.

(iv) The ene gy transmitied throush the refractors was
dissipated Hy faulss and snear zones.,

(v)" The presence of buildings restricted the selection of
shot »oints and the amount ol the charge.
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To improve the reliability of the records the
spreads were often shot a second time during periods of come
parative quietness and using different shot points,

L. L3ULTS,

The results of the survey are shown by the ciosse-
sections on Plates 2 to L4 and the contour map of the surface

of the "high velocity rock™ on Plate 1. ‘Wablez 1 shows the correl-

ation between velocity ané vrock type identifisd by surfaee
observations and diamond drilling data.

TABLL 1
‘Rock Type Seismic “‘elocity
(feet per second)

Soil 1,000 2 100
Weathered granodiorite 3,500 2 1,000
Fractured and partly 3
weathered granodiorite 7,000 = 2,000
Fractured or sneared "
granodiorite (unweathered) 12,500 Z 1,500
Unweathered granodiorite 17,500 2 500

The soll ranges in thickness from zero to epprox-
imately 4O feet. Soll velocities in the area range fyroin 900
to 1,100 feet/sec., and a uniform value of 1,000 feet/sec. was
used.

Average velocities in weatnered rock underlying the
soil range from 3,900 feet/sec. to 6,200 fect/sec. The lower
velocities in this range are considered to represent completely
weathered granodiorite and tne higher velocitics fraciured and
partly weathered granodiorite,

The term "high velocity rock™ is used for rocks with
velocities ranging from 11,000 feet/scc. to 16,000 feet/secs
Velocities of 11,000 to 15,000 feet/sec. were recorded on
traverses A, B, U; and D where they intersect the I'retty Velley
Fault Complex., The velocity of the »cfractor along traverse
H, which is within, and parallel to, the boundaries of the
Pretty Velley Fault Complex, ranges from 16,000 to 17,000
feet/sec, his indicates that the major fracture pattern is
parallel to the strike (NGOOE) of the Pretty Valley Fault
Complex. High vclocities of 17,000 to 18,000 fcet/sec. indicate
unweathered, unfractured granodiorite.

The large range of vclocities in the 'high velocity
rock" (from 11,000 feet/sec. on traverse B to 18,000 feet/sec
on traverse G) is due to the presence of shear zones, faults
and dykes., The local influence of these Teatures cannot Ve
distincuished clearly on the time-distance curves, and it is
therefore impossible to determine their position precisely.

In the prelimivary recort on the survey (Dyson, 1956),
a contour map of the "hich-velocity rock' was drawn from the
sections on Plates 2 to L, using gecophysical data only. As
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these data can stirictly bc used only for noints along the
traverses, a certaoln amount of interpolation is necessary
between traverses in order to complete the contour map, The
uncertainty of sucn interpolation is increased in the present
survey by the presence of °uruCuur31 comnlexities such as
shears with intersecting feults., This is particularly so in
the area bounded by traverses A, -, F and part of C, Drill
hole data indicate that the "high~velocity rock” is at a greater
depth in this area than that shown in - the contour man contained
in the preliminary report, +hat contour map has now been re-
placed, therefore, by the map shown on Plate 1 of this rcoort
waich has been compilcd from both geophysical and drilling data.

The map shows a trouzh striking east~north-east in the
northern part of the area. It coincides with the Pretty Valley
Fault Qomylex and suggests that weathering pencirates down-
wards along fault or shear structures. <There are indicstions
in the geophysical data of other smaller structures, dut the
information availablc is insufficient to delincete these struct-
ures, An examnle is the trough ou traverse I' bctwecen stetions
F10 and FP11. his may correspond to the geologically identified
I’'ault B4, but for precise »nositioning of this feult at the
level of the "high velocity rock, dieamond drilling investiga-
tions would be required.

5e ACCURACY

Frrorsin depth wstimetes to the “high vu1001uy roclk
arc due mainly to errorsin the calculated VClObltV in the
weathered layer and to errors in thc vertical travel times,

It apnpears from the data the the vecloeity in the
weathered layecr can be determined with a standard ervor of 715
:ct/sec. (number of data used, 15). “his means that 95 per
cent of the velocity dctermlnatlonf are within twice the
standard error, i.c. within £-1430 fest,/sec. ~/ith a vertical
xravcl timc of t mscec., this represents en accuracy of within

1.4 % t fcet,

Errors in vertical travel time dencend mainly on the
accuracy with which the records can e read and the ability to
maize reliable corrections for soil thiclinesses (“”Oll
Eorrection“) If the errors in reading the roccords ~we ~ivol.

g mqic., hen thec aeccuracy in Ehe vertical travel timg in

about N4 i.c, within about < 1 msec.
+ The maximum cerror in the estimates of s0il thickness
ig about = 5 feet. With a wcathercd layer velocity of 5,000

feet/sec., and a soil velocity of 1,000 fcet/qoc., the
resultant errors in soil correction are within % & 5 = % Imsec.

Based on thg al estimatcs, the errors in vertical travel time
are withinJ‘I2 + ﬁ%, i.e., ithin about £ 4 msec, With weathcred
layer velogl cs of about 5,000 fect/see,; this rcsulis in errors
of within = 20 feet,

The total error in depth estimetes to the "high
velocity rock" is then within % (20 4+ 1.4t). I'or en average
velocity in the weathered layer of 5,000 fcot/ cc., the
maximum possible perceuntage errors afu as shown in Table 2.

The depths of the high velocity" refractor obtained
by drilling and by the scismic method are compared in Table 3.

Drill holzs anitted from Table 3 include :~
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5.

(i) Those outside the area surveved,
Inclined holes cdrilled to investiigate vertical

structures crossing the aresa.

TABLD

£

Depth (f£t,)

iMaximum Zrror (ft.)

Maximum Percentage Lrron

25 27 106
50 3L 68
100 148 18
150 62 L
2OC 76 38
Drill Depth to high velocity rock (ft) T TT[pifference
Hole ' as » of
No, Drilling data Seismic data| Differenceldrilling data
1066 Vertical 62 76 4_1“ <+ 23
1087' - 124 1035 - 18 - 15
1088 " 100 102 ¢ 2 + 2
x1069 i 107 90 - 17 - 16
%1090 " 76 7 - 5 - 7
1091 " 116 103 - 13 - 11
x109L " 80 80 0 0
x1095 & 124 113 - 8 = 7
1097  ° 101 108 7 + 7,
1160 100 109 $ 2 + 5
118 15 71 - 4 -2
1166 Inclinecd 66 75 + 9 T+ 1l
1169 " 118 110 - & - 7,
1170 " 124 130 + 6 + 5
1171 " 68 67 P b o= 4
1174 " 102 95 ; = ¥ = T
1176 " 135 125 | - 10 -7
1178 - 179 170 - 9 = B
1182 " 107 105 P2 - 2
%1185 " 119 102 -7 - 1l
L . —
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6.

In the inclined holes the denth given is the
vertical depth from the surface to the woint &t which thc drill
hole intersected the refracior,

In the drill holes marked with an asterisk the
seismic refractor does not represent uaweathered granodiorite,
but fractured granodiorite.

In iigure 1 the depths calculated from the seismic
data are plotted against the depinhs obtained from the drilling
operations. The line which best fits the data is exprcssed by
the equation :- : :

¥y = 1.00% =4

Standard error iny¥.is 9.3 fect

Averagex= 100 féét

Average y'= 104 feet

The correlation cocfficient is 0.%4 with a standard

error of 0,027. As a closc approximation the scismic data along
the traverses indicate the depth of the "high velocity rock"
fairly sasccurately, with a standard erior of 9 feet in the range
from 60 to 170 feet,

These resulits indicate that the accurascy is within
the limits shown by Table 2,

Y

6. CONCLUSIONS AID R:-COu:ii-DAYIONS =+

‘The survey has provided informasion for the
selection of two possiblec areas worthy of detailcd investigation,
onec for a surface power station and the other for an underground
station. ;

It is considered that the area bounded to the south
by traversc G and bectween stations 141 and G16 is the most suit-
able site for further investigations for a surface power station.
The depth to suitable foundation rocl should be of the order
of 50 feet, Upon the removal of ths wecathered layer in this area
precautions may be necessary to guerd against slippinz of the
weathered material on the uphill side or tuc area. +he wost
liZxely point at which slipping may take place is neary stations
C41 and C2.

Datailed investigations for an undcrground station
should be made within the triangular area bounded by lines
joining %1, F8 and C21450 fezt., This arca should have sufficicnt
cover of unweathcred roci:i, with no major interseciing faults or
shear zones. The tail race from this site would »ass through
Fault B and possibly other faults which would reguire investiga-
tion by diamond drilling.
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