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I. rfi'H OJ)UO'l' ION 
J I I 

At tho request of tho stnte RIvers and Wator SUimly Cr:t)'daslnn 
ot Vlatm:-ln,se1snt1c tonts u.sing the refl'actinn metlmd' ware oonc1ucted 
over six well locatinns neal' Cobram in the ;.llrX'ny Valla;y' Irrigation 
Dis trlot nt Central r.torthern Viotoria. Tha. r'UX'PC'lBO nf tho tests WIlS 
tu determine whothor tho dopth or the water table in thnt nrerJ. onuld 
bo measured b1 seismio :r>oi'raotlon 1'!1e thnds. 

Tho problem nf rls1nc water tables is ono uhloh f"IOQurs cn~nl:r 
in lrrlgatlon districts. In snme areas the l1rt'blem in purel,. a ltloal 
one in whlch only porobad water tables, say with1n ton teet nt the 
Burfaoe, are involved, but it 1s also pnaslble that the level t:)t the 
general water table over B IBrEe area mat be raised by deep porool­
ation. The state RIvora and Wator Supply 00mm1ss1~n IUlva maintained 
tl oheoI: on the \Yuter table depth in the ;',!url'ay Valloy lJ:'l'1(;at1nn 
Distriot fot' some tlna by ~'ooasure1i1alt ill axiatlnr; wol1s. These walls 
are not neoessarily in the beat posi tiona, snd Sl')tle are ta1linG in. 
The soismio mathnd WQS onnsldered aa an alternat:lve to axponalvQ test 
bor~ for ground viator maoUI'Gt1en.t. 

II. 

The Itbrray Valley Irrigation Distriot onvors 269,000 C:\crOS of 
land extendIng westward from Cobram tor a distanoe o£ 8~mo 40 miles 
to 1'10010" and In bm.mded b:r the Riverrn.wruy nn the north and the 
Broken Creek to the south. The area Is a plClin V/ith ner,llclbla 
topographioal relief ap~ trom an averQ€e 1"811 ,.,.r nbnut :1 feet per 
mile frnm east to wost. 

T..1ttle is lmown. about the underl,.1ng rooks 1."1 the Cnhram arca 
bOOBU30 of the scarcity nr reliable bnre dnta. At Oriklands 
approx1n1atel,. rnr'ty mil.es to the north east in }Te\., Sf'uth \,inioo" mDny 
bnres have boen sunk '!>7 the \'!ator CnnseI'vatlnn. and Irx-1t;atinn 
CorrrniOtlit>n. The shllllrl\1 sed1monts ~C')nalst of tlatlylng altornatine 
beds n1' sonds. cravals, am clays, bel10ved to be nf TOl"tiary £!t'"o. 
In oach bore, water was struck and msa to n statio ltwol, 11liiicat1nc; 
thnt it had Deon on.n1'1ned in n porvi(')UB aQu1f'or under n1"OO:::11.l1"O. In 
ar"me bores, several. aquii'orn \"!el'te enoounterod. 

Jlk)re l"ol)ont17. boreo sunk at Katunga SI"ldlerl ~ir~ttlEltTlont Araa. 
f'~Ul'toen miles sruth-wost f'lt Cobram, enoc:mnterad ulternating 11008 rr 
sands, gravels ax¥l olays .. and Ylater flows at var·lr'us dnpths. It 1s 
reast')nnblo tD nsnUtle that the gcological 30ot;1(\1'l at cQhrl1l~ is similar 
to that At Oaklands and Kutune;o.. 

III. 

The :loismia l"19thod nf suhauri'al'l8 axplorat1on is baaod en the 
contrast in velooitlaa of' wave prnp~ation t1'1.rnur:ll d1:r.rorant Idnda 
or rnoka in the e9!'th's orust. The pr~port1es or a rook "/llleb 
dGterm.inc the velocltr ot a. Qompression wave \'Jlthln it are its 
density and alantiC! modu11. Tho seismio wnVOA u.ndo",~(? retraction and 
re!'leet1nn at any :lnterf'aoG between two different typos ,of. rock 
chQl'antcrlsed by d1t'f'ersnt velnclt1un of' T>rnpec~at1nn. 

'l'.h.o saismic roothod. ertPlt.'lygd fnr shallow depth dGtor.rninntions 1. 
the re£ractinn MBthod. A 81'11t\11 mount nf explosive 18 plaood at n 
depth ot apprt'x1r.vltcly two feat balow tho aurface. Gonpmnos ntte 
flet In the grtlUlld nt nOa81..1.t'tld. distances along n straIght lino from 
the shnt pnint. The dotrm.ntnr fnr tho shot and thG gsophnneB 11%'0 
eleotrioally Qonne~tod tn nhntocraph1oall~ roo~~inc~ [;nlvon~tors. 
This enables tho shot inntant Qll.{1 tho times ,...£ tlm:'lvnl or tho first 
\'IO,VO d:f.sturbanco at oaoh f~oopht)ne to bo rconrdO.d em a rllrl/_ \'11th a 
tim.o scalo otlntrnUed by W1 oloet:rlcfllly drlvon tWllng rClrK. 
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Consider a number of 1.,er8. where aaCh suooesslvely deeper 
layer has a higher velno1ty than the 1a78Z- above it. The firat 
wave c11stlU"banoeB to reach the geophones noar the shot point 91111 ba 
those wh100 have travelled dlNotl,. through tho firat lo.7er of low 
va1oclt,.. At a oertain dlatanoe rran the shot polnt, the tlrat 
nI"rlvals at the geophones wl11 be those 'WtlV08 whioh have travolled 
down through the first layer, been Ntraoted along the interfaoe at 
the first and seaond 1a,.ar with a veloolty f)t the seoond layer, and 
re't\l1'nOd. tn the surfaoo again. Geophones stlll further .. q will 
reoeive their first arrival. :f't'OIIl waves 1'ofraotod fran. deeper Inter­
faoes w1th h~r velocitle. an4 80 on. 

T.he travel times of' the waves are plotted aga1nat diatance ot 
the geophones f'rom the abot POint as shown in Plate a. The slope. 
ot the ourve. represent the oharaoter1stl0 velooities ot the layer. 
and the depths to the retraoting horizons are oaloulatoe! tram. the 
disoontinuitles tn the curve •• 

Many faotors, suCh as molsture, texture, oompa~tlnn, vold 
sTlace, and oomentatlnn, Qontrlbute to the elastic proport1es ot 
sod1mentat7 rooks. Sed1ments whiah lie above the natural E~round 
water lavel usually exh1bit lower velocitIes than s1m11ar sedb:mnta 
beneath that level. l'revlnua investigators have observed that in 
certain area,. the ve1ooit7 contrut 1s great ennugh in otherwlse 
unifal'lll sed1menta to enab1_ the depth at the .. atox- to be determined 
acourately by seisml0 refraotion .. thode. 

In Oal1f'nrnia, Rieber observed distinot bl'eaks in near-surtaae 
travel-time C\U'V98 on the ground water. (Heiland, 1940, p • .f.75). 

Shepard (1939) statee that it 18 oftm possIble tn doterm:1ne 
the elevatlr.-n of tho water tab1. 1n silty or sand,. so11 by an abrupt 
ohange in veloolt,. from normally low values 1n the \.q)per strata to 
values ot 6000 to 7000 f'.p. a. On two sand beachq at Hampton, new 
Hampshire, a ve1ooit7 of 8300 t.p.ae above sea level, and velooities 
from 4500 to 5600 .t.P ••• below .8a 10'9'81 were reoorded. Super­
sntlU'ated porous soUa such as muoks, s11ta, and sands appear to 
exhibit velooities OOlitparahle to that or water itself. abOut 5000 
t.P... However the ph:sioal properties of well cnmpaoted olays are 
such that even well below the saturation point, tha:r f'reqUent17 
exhibit veloolties n1' 4500 to 6000 r.p.a. 

seismic surveys have shown that therG is noarly always present 
a onmparatlvely thin surface layer w1th a lC'lW ve1oo1t71 gone rally 
be~veen 2.000 and 3.000 t.p.e. Laster (1932) states that the low 
velnolty ~f this lQ1er 10 a tunotlnn 01' the amnunt of' aerat1nn of 
the shallow la7sra. He produces theoret1aal curves to show \ the 
chango in velooity with change in alr-elU'th m1xture. He oonflludos 
that *here _he water table Is suff101entl,. shallow. the thickness Cf 
the aerated 183'01' ls determined b,- the depth to the water table and 
an abrupt ohange in velooity at that depth can. be expeoted. lInt/evar 
if tho water table 1s at a onnaldel'able depth. the bottom ot the 
layer oxh1bit1ng the characterlstio low Velocity 18 determinad by 
the dep~ to Whloh Bn1 appreciable amount of air penetrate •• 

In a previous seiando l'fJfraotion survey oondUoted W the Duroau 
at Oaklands to (leterm1ne the oontSguratlnn of deeper 8od1inents, a 
veloolt1 d1ooont1nuit7 from approx. 3000 r.p.a. to approx. 6000 r.p ••• 
ooourr1ng over lIlOot ot the area was intorpreted as the static \vater 
table because the bores showed no obvious lithologioal. flhane;e or 
sediments and the dopth. tn tl» water in the bores was nt tho crdex' ot 
the oaloulated seismic deptb. 

W1th these results 1n view, experimontal tosta were carriod out 
in the Cnbram area tn onrnpare tha depthn of voloo1ty d1sonntlnu1tle. 
with the observed depths ~t water in thB nel1s. 
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IV. Ot1l'LlNE l"!P OPEnATI~NS • 
• 

The noist11o party ennsistlng of th:ree r;90physlc1ats .. au engaged 
in the area frnrn Janu8J!'7 23:rd to Janu~ 31st, 1952. ;!r. A. WebotGl'jl 
a RosearCh orfineX' or the state R!ve~B and Water Supp1~ Cnmm!ss1nn. 
aocompanied the PlU'ty to looate tho wella and stud,. the teohn.1que of 
the oporat:lnna. 

Se18~rama were reoarded &t BL~ well a, U8tnc the Heiland 12 
OlumnQl Reonrd1ne; Equipment mounted in a truCk. The looatinns vr the 
wolls "here tests Wel'C mado are shown 1n Plate Ifn. L Alongalde each 
well two slults 'Were fired. For the ail'at shot. the twelve apache 
geophones wore set at d'.etancea at 5,. 10" 15, 20. ~O. 40, SO, eo, 100, 
120, 140 and 160 rest i'l'm the ahot point. FoX' the st'tcond ahot, the 
Beophonea Vlore ('lot at distances of 140" 160, 180, 900, 220, 240, 280. 
320, 360, 400,450 and 500 teet from the sh~t point. ~ explosive 
charges wore lald about two teet below the surfaoe of the ground for 
each shot. 

v. RES t.1LTS (1\' TESTS 
I t. 1 • 

Frar,l the 1'Oon1'ded s.1~rlfts, the t1mo-d1.tanoo r,ra~ shown 
10 Plate No.2 were drawn. Volon1t1os ~r the la18~8 and depths to 
suooonslve refraoting bnr1~ons have been oaloulated. 

'.t'haSG are shown on the t1mo-d1stnnoo Graphs and ar& listed :in 
Tabl. I holmn-

WELL 110. vro:r.lr~WATr.~ DEP!t'l! , 

. ~.. . 

• • II .r. , 
13/2 36-toot 

.... 1 _ IF 1_ "II. .r I •• 

U/1 45-teet 

iISb - • __ • I. I .. 
_._. au 

6/1 4'1-i"oet 

uP ,"t U • .~ 

4/2 SA .. foot 

II: • .. r •• tl .. -

TAnIE I 

1180 r .. p.a. 
2350 
5150 

1000 1".P.s. 
3175 
5426 

...... .......... .M ~. I I • 

1900 f.p.s. 
4960 

• ... a: 

1000 f.p.a. 
1800 
SOOO 
5450 

t __ A . .. 
1200 1".1'.8. 
2130 
5650 

'PI,I E • 

l4'15 1'.p.a. 
2150 
6500 

, ~ ... , :IIi .... 111-

D8PTH TO BOTTorl 
OF 'r.:A!ER • 

9 .feet 
68 -

lIft._'" • 

a teet 
105 -

J - • 

59 teet -
3 feet 

2B 
07 .. 
• , 

"! foot 
73 
.-

ta ••.• I 

14 toet 
00 -

• • 
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The layers and tholl" volnol ties nhtwm by the soismic tests at 
tho f~ur wolls 59/2, 27/3, fill and 4/2 are probably represontative 
of the area. These show n layor or suri'aoe so11 fr.,m 3 to 14 .foet 
thich wlt..h. a velo'Jity of lO~e) to 1475 r.p. s. The seoond layer rangos 
l~'t v~l(\()lty i'1'0nl 2130 to 3175 .f.p.a. and the third l8.7er, .from 4950 
to <3500 r.p.s. At well 11/1, an Q(ldlt1nnal layer 0'£ 1800 f.p.a. 
tL"lnorllos tho 8011 lo.yorJ at \1011 13/2 a layer wlth valc.'Olty of 1800 
r.p.a. extends from tho surfa.ce dovm to Q dopth uf' fig foet. 

Howover, in. oach nr the six tosts a dofinito discontlnuity 1s 
rellorn.ed (represented b1f tho ereatoet depth OhOVlll in Ct"lumn 4 or 
Tobla I), whioh marks tne upper bnundary nf the layer with ohm'acter­
ist10 velo~lt7 botween 5000 and 6000 r.P.a. At this inteffaco, thero 
10 an lncrolWo in velooity of about 3000 r.p. e. at eaoh well. In 
vlo'~'" ot.' tho V!ork of pl~evlou8 inventigators, this inorease in volocity 
is of the ordor of tho cho.nge \b 100 would be expeotod between the 
layer a.bove tho water table and the oaturated layer below It,, and 1n 
tho absence ot other oontrol data would bo aaoepted as indloatlnc the 
t/ater table. This was the al381ll'llPtlon made 1n the interpretation of 

tho results of the seismio survey at Onklnnds. Tab1e:2 b(~loVi shows tbe 
oopth pf thin disQontinuity oomparod with woll-water rlapthB at 0obram. 

59/2 
27/3 
13/2 
11/1 
5/1 
4/2 

74-foet 
01 
36 
45 
47 
26 

56-foet 
105 

59 
87 
73 
00 

At :111 tlL'"C Vlolls tl:erc are disoropancios lH,tween tho ·{Tall-water rloptha 
and the 301i;UniO depths. In flve Vlolls, the seismio depth 10 onnsiCler­
ably great~r than the woll-wator dopth. In the sixth wol1, the seismio 
depth is lesa. If the depth ro-f \'latel'" measured in tho wells represents 
tho true dopth of the water tablo, It appoars that the selsm10 
discr'ntinuity has no relat10n to tho water table. 

VI. 

Tho seismic discontinuity with increase (If velooity from approx. 
30,_,0 r. p. a. to approx. 6000 f. p. s. 10 s lml1ar to that obsorved at 
Oaklnnds, where the discr.mtinuity was asnumod to represent tho water 
table. The intorpretation of thin dis(}ontlnuit7 was not important for 
the purpose of the Oaklando survey but it ie releVAnt tn t.he dis­
cunnion of tho Cobram rosults. 

A mnre detailed oxamination has been made or \)nrs infonmltion 
end soiflraio results at Oaklands. Table:; below shows the ol'rnparison 
botween seismic disoontlnuities and the depths of water in neighbour­
ing bOI'.S. 'I.'ha depths nt wat~r indioated are ~.vorar.e values at a 
solsTnlc shot point interpolated from tho dopths tn the bores around 
ths.t pf'il1t. 'rho se1SIn.l0 disoontinuity 1s al Inoreaae in velcalty rrom 
about 3000 r.p.s. to 6000 r.p.e. A correotion has been applied to 
tho d~pths previously oalculated. Thls nas done be'=tluse n(') aecnunt 
had boon taltan in the travol tinGa of' tho low volf"loity so11 horigon 
at the surface. Based ~n tho ~osults at Cobr~, 0 so11 layer of 
thlclcnosB rive foot and vclClolty 1100 r.p.D. has boon assur,1ed t'"lver 
the Oaklands area. ~lls involves n subtraotlnn nf 0 tn 10 feat from 
tho oopthn oalculated wltl~~ this corrootion. 

• ••• 5/ 
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TABIE a 
SH(JI POIlU OORRECti AVF2tJ\ftE BORE WATER 

15sp'i'H • • sl!§m" -ml 
struck at ROB! to 

No. 9 138-foGt 13o-reet 191-raet 127-t •• t 
12 145 136 130 116 
16 165 187 100 133 
16 148 140 170 130 
19 190 190 176 146 
BO 266 256 176 140 
21 159 151 170 130 
26 125 119 194 138 
26 US 100 104 138 
3B 135 126 136 93 
33 1:52 124 leO 98 
M 129 121 l24 100 
37 126 118 156 126 
~ lSS 146 156 12~ 
40 103 98 118 96 
41 91 at 117 90 
.a 1"18 163 114 93 
49 160 150 129 91 
50 86 79 97 79 
61 100 96 97 79 
66 144 1:s6 141 120 
67 136 128 141 120 
B 132 12' 142 132 
F 140 usa 142 132 

This comparIson shnw. that at tlfteen or a total of twenty tOUl' 
short pOints, the correoted seismIc dopth 1s aana1c:terabl,. greater 
than. the statio lovel ot the water 1n the bores# at two points it 
i8 1e88' at neve pn1nt. there 18 ressnnab17 goad agl' ... ent, with 
a d1screpanoy between 0 and 0 teet. 

\\'hen the saloMO dopths are oompared w1th the depths at wh10h 
water bearlng aquifers were struolc 111 the bOl'es 1t 18 tourx]. that 
at 12 boreB, tho oelsmlo dopth 1s onns1derab17 iessJ at 3 bora8 1t 
is Ot\ns1derabl1 greater, and at 7 bores there i8 reaaonabl7 good 
ogroomant with a max1muJJl d1soroplUlOJ' at 10 teet. The a.lamio depths 
compare as :favnurably with the deptm nf the aquifers as w1th the 
depths 01' standing well water. Thora is a s1m11ar1t7 between the 
re8u1ts of Cobram and those at Oak1ands, name1,. that in the majority 
of cases, the 801811110 depth exceeds the depth 01' stand1~ wator 1ft 
tho well. 

. It 1s diffloult to arrive at an ontirely satlstaotor,J 
explanation tnr the dlsagrocent between the slem10 reaU1t. ancl the 
depths or water 1n the wells 1n the Cnbl'am al'.a without detailed 
1nf'ormatlon on the subsurface l:o:matlQ118. 'l'he po8s1bl11t7 or a 
lIthologloal d1soont1nult7 to AOOOunt tor the observed abrupt change 
in v.loclt,. must be omalde1'9d •. At Oaklancls there 18 DO evidenoe in 
the bore loga 01' a dietlnot Change or se41mentar,r tJp.. 8Uftlo1ant 
to produce the increase 1n wloo"l1;y d the doptb,a 1ndioatod btJ the 
seismic results. Altel"Mtlng beds or sanda, gravels and o1~s are 
logged f'rom the surtaoe down to the bottom 01' each boN. All the •• 
aad_nta are boli8ved to be of TertllU7 age. At Oobl'Ul no auch 
bore intormatlon 1s avall.able but the seotion 1s probabl,. s1r.111ar to 
that at Onklancls. There 1s a neoGa8it:; tor deta1led bore l,a 1ft 
the Cnbr&m area to deoide wbetheX' the seism10 disoont1nu1t7 II due 
to a l1thologloal Change. ' 
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Annthor quostl(')n whioh arises ie whethor tho depth nl: wat~r 
in tho wells represents tho level or !'ree f,round wat~r. At 
Oaklands, the water is known to OOtJur in aquifors and Wldar snme 
pressure oausing it to rise when struck 1n tho bores. The sta.tio 
reduoed leval to which 1t r1SG8 is not unUorm over the whole ru."ea • 
Mt-. Martin at .naa, a well-sinker \'1M has boon e~aged in the 
Oobr8ri area 1'01' li1SlQ' years, stated that in his oxporienoe, over tho 
C"brom area E:enorally there exist threo bands 01' water, one at 40 -
50 teet approx., the soonnd at 90 feet appro.~., and a third at 135 
feet appro.x. Theso bands are about 10 feet thick, and water tapped 
in tho la'N8st bed (135 teet) rises to 90 fast in the bOI'.. 110 hard 
beds of rock WON onoountered in tho s1nJt!nga at least to 135 foet, 
and in one looation to 240 teet. The above ovidenoe str<'Il{,,:ly suggests 
that at both Oaklands and aobram the w'ldel'Gl'Ound water is wholly or 
partly oonfined to porvinus layers by underlying and overlying 
impervious formations. Water oontino 1 10 a l.)ervious bed will rise 
when fltruck by a bnro to a lavol depond1nc; on the hydraulio gradient 
between the intake lovel of tho bed and tho discharge level. Hence 
the depth of' standing water in the \,lol1a may not represent the level 
of a .free water tablo and this could acoount for the absence of Q 

marked increase in seismio volooities at that level. It 18 probably 
only in a pervious formation with the .froo water table marking Q 
def1nite upper lJX1it to the sone 01' saturation that an abrupt increase 
in velnai ties could be oxpootoo at tho same lovel as the standing 
'dater in the ~elb. It also 1'ollowe that if the seotion includes 
more or loss impervinus formations, it is unlikely that the observod 
seismic discontinuIty will be due to a tree water table axist~ at 
n level bolow ~lnt of the water in the walls. These connldorat1ons 
tend to support tha earlier s~,f;e8tion that the seismio velocities 
recorded at Cnbram are d.eterminod by the litholnc;y rathor than by 
the presenco nf eround water. 

Seismic roi'raction tests \"Jero c"nduoted ovar nix wells in 
tho C("lbram aroa ",f the lfUrray Valley Irt'1[~atlon District to doterm1lle 
whother tho dopth n!' the water tabla onuld bo measured by oe1ame 
methods. 'l'he oalculated depths of tho ooismia d.lsonntlnultios 
reof'rdod \"lore ()nnoldorably createI' than the doptbs "r watm' in the 
\'lolls 1n [) of the six toots. 

POf.'lslblo oxplanatlnnn :roY' tho dlno1"'opencles are 1-

(1) :,;eismic di90C'ntinuitiao aJ:OO duo tn 11thnlocioal 
0110n[;08 nnrl nnt to \"Jll.ter tublG. 

(n) 'J.lJlo woll-water dopth does nnt reprosent tlXl truo 
\,Ifltor table dopth, but is the stntio l(~val tC'"l 
whioh onn.fined water risoo in the \"lolls. 

A satls:faot"'X"'J intcrnrotution <"f the oc1nml0 rOf~ults \:/i1l be 
possible finly whon n dotailed geolot~',loal flootion in available. As 
tho observed s0101'.110 disoontinuity bearD no rolation vlhatevor to tho 
lovol of otandlng wntor in the vJOlls, it 10 -~loar that the seismio 
rof'raction r;'l6thod oannot bo used in plnoo of' tho toat wells and bores 
aD an altol'nn'civo netlmcl for study-lne tho chnl'l,f;OD or tho Cround water 
level in LhJ lrI~~~ation area • 

r.blbourne 
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