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A B S T R ACT 

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 Kiewa, Vic~oria. 

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 '.''1hich 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 granodiorite, 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/sec., 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 det e :cmined 

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 power station. 
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The planned Kiewa No. 1 Power Station is part of the 
Victoria n 3ta te :"laectric i ty Commiss ion's ICici18 ;--To.·1 Power Devel­
opment SCheme"p ':-rhich consists of the l~ocky 11'811ey Dam~ th? 
Pretty Valley diversion tunnel, penstock line and a power station. 

~C'he seismic refraction survey of ·iihe power station 
site wa"s made by "che·]ureau in res~)onse to an apj)lication lJy "lihe 
state Llectrici t~r Commission ~ durinG: October and Y[overll"ber 1955. 
A preliminary report on the survey tDyson, 1956) was SlfJmi tted 
~GO JGhe Commission in J"ul~r, 1956. 'J..'he co-orc;lins tes of the alJlJrOX­
imate centre of the area, on t ~1e grid of the l~-mile military 
mops, are 1356500 North and 1560500 :' as"G. 

The purposes of the survey were to determine the 
depths to unweathered bedrock in the surveyed area and to 
sUP91y a contour plan of depths to unweathered roc~ to assist 
in the desien of an underground power station. 

iI'he geophysical :[)crty consisted of D. F. Dyson (party 
leader) and M. J. O'Connor'~ geophysicists, ond J. ~? Piggott, 
field assis"Gent. The Corrnnission supplied ac~di tional assistants 
and carried out the necessar'y "Gopographical survey of 'che 
traverses. 

weathers 
Parts of 
from the 

2. GYOLOGY 

The country rock consists of granodiorite ~hich 
at Jnd near the fl"UTface to 8 com:JJ_eteJ.:;1' decomnoseCl roc!;:. 
the hill sloiJes are covered with"' sandy·' material (quartz 
granodiorite) washed do~n hill. , 

The shear and fault pattern in the area J.f:3 relstlvely 
complicated. One s~rstem of almost parallel fat'.l ts strL~es N50r; 
to F80T" and another system \7ith besic dY:::813 &ssociote0 1.':rith it 
stri~::cs a-Jout N6m,.:". 

A deeply weathered zon~ (disclosed by excavation snd 
diamond drilling) iifhidl crosses the: north-western l")art of' the 
area is }movrn as the flPi.~etty Valle~r :i~:lault Zone". Some features 
of the fault patterri are shoDn on Plote 1. 

Prom results obtained in O"~heI' Dr'eas, it may ~)': nSf: 1:ll~d 
that the g~anodiorite in, or close to, the faul~ and s~ear zones 
is usually weathered to greater degths than in places where 
faul t1ng and sheaX'ing are I)"hsent. ;1'l1i8 ,,'las confirmed lJy SU1"'1'8ce 
mapping, excavation8 and diamond drilling. 

3. IvL'lIHOD8 

The seismic refraction !uethod del)ends on the degree 
of contrast between the elastic properties of the different zones 
of rock. In foundation investigationr:. the objects are the 
determinat.ion of the depths ·GO elastic discontinuities and an 
indication of the rocks concerned. :J'he ~_~hysical laws involved 
rese~)le those of oatical phenomena in that energy pro~3gated 
through the ground will undergo reflection and refraction at 
discontinuities. 

An exulosive charge detonated at or near the ground 
surface produces a train of seismic vvaves. In the normal 
refraction method the charge is in linE with a series of detec­
tors (~eophones), known 8S a spread, and the first arrival times 
of the seismic vlf:.ves are recorded. A gra~)h of first arrival 
times against distances from t~1e shot point is called a time­
distance curve. 
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2. 

A technique known as the Method of Differences 
(Heiland, 1946, p.S-48) Vias used. If A is a shotl)oint at one 
end of the spread tl1en the time taken for the energy to reach 
a point B within the spread is 1'BA and the time to a l)oint 0 
beyond B is TOA. Similarly, shooting from C the time~for the 
energy to travel from C to B is TEO and from C to A J~he time 
taken is 'fAC. 'l'he times TOA and TAO are th.e reciprocal times, 
and should be Beual. 

Tn which 
V2 

The de_pth is COTlTimted from the vertical travel time 
is defined as t('I'BA + TBO - TOA). 1"I1e depth, D, becomes 

,..-__________ • 'fD Vi, 

~ V~ Vf 
where Vi is the velocity of the first 
recorded wave through the layer above the 
discontinuity, and V2 is the velocity 
through the layer below. For V2~3V1' 

• 

v~ 
approaches the v2lue 1, and the depth becomes 
V1 TD. 

The velocities of the successive refracting layers 
are determined from the time-distance curves. 3~i8mic velocities 
give a fair indication of the type of rock encountered but a 
certain amount of geological control is necessary before a more 
definite interpretation can be made. A [-landstonc for example, 
may have the same velocity as [\ fractured granodiorite. 

~wo types of geophone spread were used :-

(a) Normal spreads, in \/h1ch the geophones wer-e placed 
at 50-foot intervals, with shot distances of 50 and 
300 fee-Go 

(b) ~eathering spreads, ~ith 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 comDuted from data o')tained fr'om these 

'spreads. --

A 12-channel portable liCentury l1 Sr- ismograph, Hodel 506, 
wi th 'I'echnical Ins tl"'ument Compa ny geophones (na tura 1 fI'8r:'.uency 
19 c.p.s.), was used. 

Ouerational Difficulties. 

The following difficulties were encountered during 
the survey :.-

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Deep soil ove:r' most of the area (up -Co 43 feet -;:'llick) 
neces":i tated the use of large char[!es (8 mo.::Iimurn of 
20 l"bs.) of gelignite snd shot holes as deer) as 12 
feet. 

construction work in or near the ar8a resulted in high 
noise level on the records 9 the thick soil layer actins 
as a channel for low frequency W2ves. 

Power line interference, both directly and by trans­
mission through the ground, particularly when wet.-

The ene: BY transmitted throu~h the refractors was 
dissipated ~y faults and shear zones. 

The pre~ence of buildings restricted the selection of 
shot Joints and the amount of the charge. 
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3. 

To i~prove the reliability of the records the 
spreads were often shot a second time during periods of com­
parative qUietness and using different shot points. 

4. RLSULTS. 

J:'he results of the survey are shovm by the C1 o~s­
sections on Plates 2 to 4 and °C:1C contour nli:1'p of the surface 
of the I'high velocity rock" on Plate 1. '1' 8'J18 1 shows tl18 correl­
ation between velocity and rock type identifi ed by surface 
observations and d.iamond drillinc data. 

l IABI,I; 1 

-~ .- I 

ROCK 'I'ype 8E.ismic . . oeloci ty I 
(feet per second) 

; -
Soil 1,000 -f 100 -
W ca °c l1 ered granodiorite 3,500 ! 1,000 

Fractured and ~i'Jertly 
vreathered granodiorite 7,000 ... 2,000 -
Fracocured or sheared 

'" granodiorite (unweathered) 12,500 - 1,500 

Unweathered granodiorite 17,500 
..,. 

500 . ._- . . . 
The soil ranges in thickness from zero to epprox­

imat~ly 40 feet. Soil velocities in the area range from 900 
to 1,100 feet./sec., and a uniform value of 1,000 feet/sec. YfaS 
used. 

Average velocit.ies in weathered rock underlying the 
soil range from 3,900 feet/sec. to 6,200 feet/sec. 'Ihe lower 
veloci ties in this range are considered to re~Jresent completely 
weaochered gra nodiori te and t.he hirher veloc i ti U~; fl"Clcturec ana. 
partly weathered granodiorite. 

The term "high velocity roc!,:11 is us t:d foyo roc1cs with 
veloc it ies ra ngi ng from 11,000 feet/s ec. to 18,000 feet/sc,9.~· 
ve loci ties of 11,000 to 15,000 feet/sec. ii!8rc recorded oP' 
traverses A, B, C$ and D wher8 they intersect the rretty Valley 
Fault Complex. 'I'be velocity of the !'(;;fractor along traverse 
H, which is within, and parallel to, the boundaries of the 
Pretty Valley Fault Complex , ranges from 16,000 to 17,000 
feet/sec, 'o':his indicates that thE; major fracture pattern is 
parallel to the strike (N600 1.:") of thE; :2retty Valley E'Dulo~ 
Complex. High velocities of 17,000 to 18,000 feet/sec. indicate 
unweathered, unfractured granodiorite. 

The large range of v(;locities in the I'high velocity 
rock" (from 11,000 feet7sec. on traversE, B to 18,000 feet/sec 
on traverse G) is due to the presence of shear zones, faults 
.and dykes. ~he local influence of thcs 8 features cannot be 
distin~uished clearly on the time-distance curves, and it is 
therefore imDos,-;;iblc to determine thcirnosi tioD !Jreci8ely. 

J.: .L -- . 

In the preliminary report on the surV8Y (Dyson, 1956), 
a contour map of °Ghe II high-veloc i ty rock 1i was dra wn from the 
sections on Plates 2 to 4, using geophysical data only. ;\8 
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these data can s t r i ctly b e used only for Doints Dlon~ the 
traverscs, a certain amoun t of in t erpolation is nec G~sary 
between traverseG in order to conqllete the contour map, The 
unc~rtainty of such interpolation is increased in thE prescnt 
survey l:,y the 1)rcscncc of 8'cructur'aJ comDl exi ties such os 
shears with in~ersecting fzults. f hi s i~ 9articularly 8 0 in 
the area bounded by traverS 8s A~ Z, F and part of C, Drill 
hole data indicate that the "high-velocity rock' is at a greater 
depth in this area than that sho~n in the contour map containcd 
in-the preliminary report, ~hat contour map has now-be~n re- . 
placed, therefore, by the map shown on Plate 1 of this rCDort 
w;lich has been compil ed from both gcop hys ical 8 nd drilling data. 

The map shows a trough striking east-north-east in the 
northern part of the area. It coincides with the Pretty Valley 
Fault (lo1'C1lex and St'.gg0st!3 t hat weathering pcne-cra t es down-
wards along fault or sheD r s tructures. 'f hepc are in c1 ic <-) tions 
in the geophysical data of other s mnlle'!' s trnctures 9 :)l~t the 
information available is insuffici e nt to delineate these struct­
ures. An examrJl c is th.e trough on tra\·erse P 1,)Ctwec l":! ststions 
Fi0 and P11. tilis may co:r Y.'E;s pond to the gcolor ically i dc r. t i f ied 
Fault B1, but for precis e ) os itioning of t his faul t at the 
IE;vel of the iihiCh velocity rock" , diamond oril l ine: invcstic;o·· 
tions would be required. 

5. l\CCiJRACY 

Y'rrors in dE;p t h 5st ima -GC S 'GO the : i high ve loe i 'cy rock' 
arc due li1ainl~r to errors in the calcu18ted v8loci ty in the 
weathered layer and to t.:rr ors in t he ver'tical ·cravel times. 

It appears from the data thE; the velocity in the 
weathere& layer can be de termined with a s tandard error of 715 
feet/sec. (number of data used, 15). ' __ '111;3 means tl'lat 95 :per 
cent of the velocity determinations are within t wice the 
standard error, i. e! wi thin ~ 1430 fe(,t/scc. -) i ttl a verticB 1 
~ravel time of t m..~cc., -chis rc:prcse n 'cs 8 n DCC1.1ra C ~~r of wi thin 
- 1.4 X t feet. . 

Errors in vertical travel time; dC i) CnC, rna inly on the 
accurac~r with which the records can -)(; r e ad and thE ability 'GO 
ma::e reliable corrections for soil ·l~hicl·,:n cs Gcs (oi s oil 
~orrectionll_{. I~ the er r ors ~n 7. ~ ~din~-,,~G ~: ~:; r (:c?l'(: ', ~ ~" .'~:,, :;-:~h::',. 
- 1 ms~c. ~ ~n the accur8CY 1n ~'10 VCllol ",,-,1 tl'"lvc,J, 101!L,- '''',) 
about - ,*-,/3, i.e. within 8bout - 1 msec. ' 

. .. '::,'he maxin~1!l , err or in 'che e stima tes of, soil thicL:nE:ss 
lS about 5 feet. ~ ~~h a wC8t~ered layer VC10Clty of 5, 000 
feet/sec., Dnd a soil velocity of 1,000 feet/sec. 9 the 
resultant errors in soil correction are within _ i + ~ = ~ 4msec. 

Bosed on th.e a1?Q~ estimat~~, ,the: errors in verti~~ l traVe l time 
ere within/i T + , i.e. ' 71'chln about:*: 4 r.1.9cc. ':'!l.th wE.athc: red 
18Y81." veloSi tics of about 5,000 fe e t/sec, s '~:li,':o r e su.lts in errors 
of within - 20 feet. 

rrhe t otal error' in depth estima t es to the ii high 
velocity rock' i s t hen within ± ~20 ~ 1.4t), I 'or on average 
velocity in the weathered layer of 5,000 f eet/scc., the 
maximum possil)le percentage errors arc as s ho ',rm in Table 2. , 

'I' he depths of the iihi r:;h veloci ty" r (:fractor obtained 
by drilling and 'by the s e ismic method 8 I 'S compa l'ed in '1'81,lc 3. 

Drill ho188 ani t -ccd from 'Lo1J10 .3 include : -
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Drlll 
Hole 
No. 

5. 
(i) 'l"hosc oU"Gside "Ghe area sl~rveyed. 

(ii) Inclined holes drilled to invest igate vertical 
structures crossing the areu. 

Depth (ft.) I Maximum :;::·rj. ... or (ft.). l';:axirrrum I'erccntage Lrro --i--- -"----.~.--.--.--"-.-"-.---".-
25 27 10U 

50 

100 

150 

200 

1 
j 

I 

I 
34 

!.j.C 

62 

76 

~!~'.ABLr: 3 

68 

48 

38 

Delith to high vcloci'ty--rDck (ft) iffercnce 
as ~:~ of 

Drilling data Seismic data Difference dril~ing data _ . ..... _. 
1086 'Vertical 62 76 ... 11.4" + 23 

1087 . 11 121 103 - 18 - 15 

1088 " 100 102 + 2 + 2 

x1089 It 107 90 - 17 - 16 

h1090 11 76 71 5 7 

1091 il 116 103 - 13 - 11 

x109L!· 11 80 80 0 

\ 
0 

;;: 1095 \I 121 113 8 7 I 

1097 iI 101 108 ~ 7 'l + 7 

10S 
1 + 9 

i + 9 1180 n 100 i ! I I 

1184 II 75 7'j I 4 i -- 5 t 

I I 

i 
1166 Inclined 66 75 I 

"" 
9 

\ 
+ 14 

I , 
(3 1169 11 118 110 I 

t 
- 7 

I 
1170 " 124 130 I + 6 

I + 5 

" 68 67 
, 

1 I 1 1171 ; • 
; 

I 1174 II 102 95 7 7 

1176 II 135 125 - 10 i 7 

1178 11 179 170 5) I 5 I 
105 2 

; 2 1182 II '\07 

1 
-

LX1185 " 119 '102 17 14 , _ .. ___ . ___ .L _______ ·L-
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6. 

In the inclined holes the depth given is the 
vertical depth from the surface to the ~oint at which the drill 
hole intersected the refractor. -

In the drill holes marte~ with an asterisk the 
seismic refractor does not rC:G"lresent 'unweathered granodiorite, 
but fractured granodiorite. 

In Figure 1 the de~ths calculated from the seismic 
data are plotted against the depths obtained from th<:> drilling 
operations. rhe line which best fits the data is expressed ~y 
the equation :-

y = 1. Ol}x. -L~ 

sta ndard error inY:is 9.3 ,feet 
-

1\ verag8 x = 100 feet 

Average y:= 104 feet 

The correlation coefficient is 0.94 with a standard 
error of 0.027. As a clost=:; approximation the seismic data along 
the traverses indicatE: the depth of the :Ihigh velocity rock" 
fairly accurately, with a standard error of 9 feet in the range 
from 60 to 170 feet. 

These results indicate that the accuracy is within 
the limits shown by Table 2~ 

'" 
6. C07\Tj-'T_,U~, ',101'-,1 3' )1:,' 1)- n~" co' """,, ",CD F"IO'''JS .L'IV _ ,.., ~\. .. " .\, ~.:: ~" J. ' : 1 ... .!.. _ -~:2!.... 

The survey has provided information for the 
selection of two possi1Jlc Dreas worthy of detail~d invcstigat1on, 
one for a surface power station and the other for an underground 
station. 

It is considered that the a:.:ea bounded to the south 
by traverse G and 1)ctween stations (,~ 11 2nd G16' is the most suit­
able site for further investigation;;:; for a ;::;l~rf'Dce l~)Q'{{er station .. 
'l'hc delJth to Slli taiJle founda"cion roc~: should 'be of the order 
of 50 feet. Upon the removal of the weathered IDyer in this area 
precautions majr ;Je necessar~; t.o guoI'd. against slippins: of the 
weathered material on the u'Ohill side ot t:1C area. 'J,tiC : I;o~t ' 
likely point at whj.ch slipping may t8lw place is near Rcations 
C'i and C2. 

D'taiied investigations for an underground station 
should be made vvi tl:lin the triatigular area bounded by lines , 
joining ~1, F8 and 021+50 feet. This orea should have sufficient 
cover of unweathered TOC~, with no major int~rsccting faults or 
shear zones. 'l'he '(jail rsc c from this site ivould ,~-:> 3SS thrOUGh 
Fault B and possibly o'(jhej," faults which '!:ould reQ.uire investiGa­
tion by diamond drilling. 

Beavis, F., 1956 

Dyson, D.F., 1956 

Heiland, C.A., 1946 

RI'FBR:GNCES 

Reoort on the Geological Investi­
ga~ion for the N6~ 1 Undcrgr0und 
f O'.78 1'" Station, S. L.C. (InternDl 
Report) • 

Preliminary Report on a Seismic 
TIefraction Survey of No. 1 Power 
StDtion Site~ Kiewa, Vic.Bur.Min. 
£~cs. Geol.& Geophys., Hecords i 956 
Ho. 53. 
G~OI'HYSIC;;L T:XPLOruVJ:ION, Prentice­
I':: 0 11 , l'~ C:','r YOj'Jc,' 
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