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2·esults c:re siven of 8 geo:Jhysical survey 

CElrried out on beh8l:f of the BorC:.e:&.". H.ivers Commission 

(New South Wales cmd (~ueensland), over a p:eoposec~ c-;.C1ii1 site 

near Mint;ool8 on the DU111Ell"'es:L River~ The purpose of the 

survey was to provide in:Lormc: t ion to the Com·,liss ion on the 

depth to oed:&.'Oc~.: in the river valley. The main pal't of the 

survey WfiS done in 1954, but some ?.dc~.i tionc\1 sho:&. .. t traver~es 

were surveyec1 in 1955. Dm"int::; the 1955 su:i."Ve~rs brief il'l­

vestigations were also made at two altern8tive sites on Pikes 

Creek r:me. t.Iole River. 

The contour m8p DhoWil1£; t;1e depth to be6..roc:: 

reveals a trough in tl1e cent:ec-ll ")O:!.'t:Lon of t t1e al"ea eurveyeC:. 

in which the nwximum clepth to 'bcC..:.."'oc~;: iB more t:ian 300 ft.. 

below dr:tum level. Upstre£1;·,! f:;...,om this trough the maxir,1UJi1 

depth cl.ecrcases gradually to 8 value Of 2bout 200 ft. on ttl.e 

northernmost traverse. 

A stEJtisticr:l analysis of t:1e results obtainei 

indicc:tes th8t the error in the depth estimates :c-~mges f:com 

78 per cent 8t a c:.epth of 50 feet to 14 per cent !?.t 8 depth 

of 250 feet. 

The s W."veys ~1 t Pilces Cree:,::: Rnd Uiole J.i ve r 

indicc: tec1 that the ove rbm"den 8 t both o:E the r;. e sites is much 

thi!li1er thrm th <:-:: t at the I,iingool.a site, 

(iii) 
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1. 

The :•)umarcs.~_ ~Uverl' which forms part of the borC:.e1 .. 
between north-esstern New South Wales and south-eaatern 
:&ueenslanC:.$ is a tl"'ibuts:;.~y of t~e hicint~rre :Rivel"'. The Few 
South Hales Water Conse:.."'vation ~:~ncl Irrig~:~tion ConF,1issiOi.'1~ on 
behfllf of the Bo:;."'c1.er :;_:.::.vers Commission (Few South ',fciles and 
·~JueenslanC:.) s h~:~s bee:L1 investigt::: ting fln fires :near Minc;oola 
for a d.Br.1 site. The purpose of the d['F•l is to provide con­
tinuity of water sujply downstream for irrigation. The 
Comrnis;:.ion ss:ced th.e Bureau of Minel"'8l Jlesources to assist 
in determininc:, by geo-physic81 methoc:.s 1 the depth to beo.rock 
in the river Vfllley. The flre~:~ inve s tiga teci. is in a narrow 
part of the v~lley, approximately one mile d.o-v:mstream from 
Mingoola HomesteaG., and is about two miles lont;; and. 1.?500 to 
2 1 000 feet wici.e (Plate 1 ). · 

The ,s:eophysical survey was r11a<:le ci..uri:11g September 
and October, 195L~ by a p~:~rty consisting of i:.R. St.lith 
(party lef-Jder) and. I<.J. O'Connor (geophysicist). Pl"'eliminary 
results o~· this survey v~eJ..'e :Eorvml"c1ed to the Cor;unission in 
Decei-.lber, 1954. 

Ac1clitional sei:;;,·l1ic traverr.:JeL ~-Jere surveyed in Sep­
tember 1955, by a Bureau ~Jfl:rty consisting of Jj.J. PoL=:l;: 
(psrty leader) and J.P. P.icgott (fie~& assistant). Results 
of ".Jott1 surve7s ere included in thiG l .. epo:c·t. 

At the rec,;.ues t of the Coinni:!.ssion some traver·ses 
\'Jere surveyed neer PE:e' s Creel\: ai1d Eole River, c-:ur~nc; the 
1955 survey, to ascertain \i:-!ethe:;. .. t:1ese locAt·ion{:l ue:ce '.io~t.h~,. 
of consideration as alternative darn sites. The results of 
theae investieatim.1s wo1'e fo:..'Hardecl to tho c6r,m1ist;;ion in V8y1 
1956, and are incluCecl as a~ Ap~en~ix to this report. 

The r-<ew South \Inlos Com:.ission supplied asr5istr:nta 
ane. un<lertoolc the topogrt:)hical survey of the travcr::;cs. 

It is clesirccl to ac~{nowlodee the assiot.:1nce g:i.vcn to 
the perties b~r mcm"bers of the staff of the \'later Consol .. vat:i.on 
and Irrigation Comr-:1ission, and espcci:Jlly thst given -.J;i )•;Ire 
H.A. Brice. 

2. G~~OLOGY. 

The c;cology of this area has beo:L1 deocl"ibed in a 
l)rclimin8:L."'Y report by Mulhollanc~ enC.. \Jhitinc; (1950). 

The main rock types in the area s~o GilicifieQ and 
incluratod mudstones, ~u~:~rtziteB and grey~acke of Palaeozoic 
age. Along the river~ tho::.,e for1:1ations are overlAin by 
alluviwn a:11cL. scl"Ce. 

The rocks th[-l t crop out alon:: tho vc-:lloy anc\. Which 
may serve as abutments for a dam~ consist of h8r~, dart gray 
mudstone, which v:oat~ers to 8 softer; yellow :.."'ocl-c. 

On the left banl·: of tl'lo rival" ncar dai!1 :::: :i. tos 2 anD. 3 
(soc Plato 1), tho mudstones sho~ dVi~onco of shearing ancl a 
clcevago has devclo)cd which strL<:es n 30° \-/ ~md c-:.ips stee:;ly 
to the north-east. ~he stri~e of tho cleavase coinci~cs 
approxime toly with tho rec; io:nal s t:;.'D:c of :;_, oc\:.s in tho c:::.."o G • 
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The overburden is here def ined as the alluvial 
depoaits, scree and hoathcrod Pnleczoic ~ocks$ and the bedrock 
as I.UlWeathcrec1. P8laeozoic ~"ocks . 

The ~ cismic rcfr8ction tcchni c ua$ which was used 
in this survey~ is ~J8 rU_cul8rly sui table for sl18llow in­
vestigations such c:s the lctormination of the thickness of 
overburden. The r.10tho~:_ :Ls oasc0_ on the velocity cont:::sst 
of elastic waves in diflcrent rock fo~nPtions. 

~;n explosion sets up a wr:wc tl'ain in tbe ::.:rounc1 snd 
the trc::vel ti r!1cs f:.:oiu the shot point to cact1 of 8 SlJ:L'Cad of 
seismometers or gOOJhones in line wi th the shot point are 
accura tcly recorc1.c ._~.. From t tw trc:ve 1 time C..?. ta tho ae ismic 
velocities and the depth to successive formations wore 
cl.e tc .:·mine c1. 

In sc~smic refraction work for engineering problems 
three main fo;,.":nations Elre usu c::lly c~i.;:, ti11guishecl~ namely:;,.. 

(i) soil 

(ii) wcatherc~ rock 

(iii) umveathcroci. rocl;:. 

The soil thickj,1ess is scim,~:~cally cLater"linoc1. 8nl1 t:1o 
lAyer of soil is :• repl?.ce ~L; 1 by ai1 c __ ui V8lent thicJo::ness of 
westhorod rock. Tho Ell1 plication of this :tsoil COl .. rcction:: 
i'ec1.uces the thl"ce-laycl' 1:•:L'oblcr,1 to a two-layo:..· proble i;l. 

Consider c: .'.'i~ vo ?triJ.(~ng the interf8cc betw.c.:m.1 t ·.-1 o 
formations of vcloclt:o& Vi an ~ - V2. Snull's law of Refraction 
states that 

Sij,1 i1 
srn--:c2 = 

where 11 is tho angle of incidence and i 2 the anclo of 
rofract1on. If V2 ') Vl then i2 ") il and tho w2. ve is r efracted 
away from the norrn8 l to the interfc:cc. For <-~ certain critical 
angle of incic1onca ic, the angle of ref~action bocom~s 90°, 
sin ic = V1$ 2nd tho refracted ~ay tr2vcls alone the interface 
with veloY2 city V2. The wave is then continually refracted 
from the intcr:Zaco at the cr it icsl r:~:ngle ic in to t.ho formation 
of vc loci t.t V1. 

I:'or 8 sprca ·~~ of o_c t ectors such r: s D1, D2~ etc. (sec 
Fig. 1 (a), ;;> laced in line, up to a cc:L'tsin critical clistcmco 
Xc from tho shot point- 81,~ the first e.rl'iV813 of energy at 
the du t oe to1 .. s 8 rc the direct wr:v.; s tlL.'OU[':l1 tbc f' or n1::-~ tion of 
lower velocity V1. For c~iEtancos f:eou 81 ~rcc:tCl' tt1an Xc

3 

the rcfrr-:ctud vtavc 'becomes the fi rst 8r :; ~ ' ival. 
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rrt1e shape 
a marked ch2ngc at 
(i) is givca by 1 

of the time-~istancc curve (Fic.la) shows 
x = Xc• The slope of the curve in part 
and the slope in part (ii) by 1 

v2; Vi-
In ens ineoring rcfrac ti on wor~.:, tho ;, i·.w thoo. of 

difforcncos;: is commonly used. 111 f ic;. 11J two fornw tiOi1S 
with seismic velocities V1 snc1 V2 [l:cc uhmm (V2 >v1 ), 
Tho time fl"'Om c: shot at 81 is rccol,C.e -~ c-1 t G and S2, the 
:..~eciprocal shot point of 81; tho rccol"'c"':.ce. soismj_c waves t:tJavcl 
the L:aths SI.A:OO And Sl.i~J)82 l,os ·Qc cti"vcly, The ti r.1c from a 
shot at B2 is recorded ot G a~C s1, tho reci~rocal s~ot ~oint 
of S2; the soisnl:t.C WEJves travel t~10 p8ths 82 D :~ C· c-mct. 32::)/181 

. respectively. Ac~dins the tl'avc l times for ·98 ths 81 1~ :o c. 
and 82 D C G and subtracti:-13 t:w trc;vcl time for )8 th 8J)\1JS 2 

[_ : .VC ::~ : -· . 

( S1A t AB + BG-
~ ( '~11 V2 V1 

= BG t (\} - DC 
v1 ¥2 

= 2GE v1 cos ic 

Subs ti tutine sin ic 

+- (82D + DC + CC'- ~ - ~S1A tAD + 82~)) 
<vr- V2 V1 Vj V2 V"-1) ; 

2GE tan ic ----------------·--·--· ( 1 ) 
V2 

I 2 2 -
= V 1 ; cos ic = !2 _ - V1 __ c:ll(. tan ic =/_. V 1 

V2 . V2 fv~:::fi12 

the lL E. S. of ( 1) becomes 

-------·-···· -···-------------------- ( 2) 

From (2), G:S:, the ci..u·;)th of the ~Jc:.roc~:_ ~Jdlow G C 8 l1 "bu 
calculated. 

0. 4 
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If V2 "-?3V1 then (2) a·:.J~;ro::~imates to 2CE._ or 2t <.:Ls tG~ - ; 
dcnotinc the trc-•vcl time to boc~rock v1 at [_:COj_)hOne G. 

The product v1 tm:~ yiolci.s t:w iJed.roc~.C depth at 
gc ophono .G. 

In this survey, t11 c:.vcl times 2.re co:.."'roctcC!. :fo:.:-· 
sul'faco elovt=: tions. The travel tiil'ics E:ro reduced. to a 
local cl8tw·,11cvcl of 1150 :feet <=:l1,~ hence the d.epths arc 
computed from this datum level. 

Tho velocity (V1 ) in the ovcrbur~on wau obtain~d 
by dividing the depth to bcCL:..'ocl<: found from drilling 0.8 t8 
by the vertical trGvcl tin10 ineasured v~hen using the r,lCtho ~: . . 
of differences. A comporison of those values of Vl with those 
obtained by ·weathering ano. normal S"i)reads a·)pCBrs n the 
section on results. 

(b) !Si,uipmenLa_I!_c1 f~1d Ol)e_ration.. 

The og_uipment used in tho survey l'.'flS a 24-chflnnel 
ABP.M seismogre)h, mc-muf:;~cturcd by tho Swc(ish :electrical 
Prospecting Company. The recording ey_uipmcnt was mounted 
in a cabin on 8 4-\lhcel-C:.rive truck. Two geophon(;). cables 
were used; each ~ith 13 tAke-offs At 60-foot intc~vals. 

Two types of geophone Sl)reacl. were used, namely 
weathering spreads with 12 geophones spacod 10 feet apart, 
and normal s :_1rcacls with 23 gooph:mes s paccC:. 50 feet a ·Qart and 
one geophono as a reciprocal· goophone. The s hot distance froo1 
the extreme end of the wocthering s~reae wos 10 foot • 
'de<1thcring spreads v-vcre usocl to obtc.in the thickness and 
velocity of tho .::5oil 1 c-md. t i1o velocity o~:.· tl1c ovcl'burci.on bolow 
the soil. Those weathering sprcaGs ~uro placed along the 
profiles at intc~vals of about 550 foot. The shot distaucoa 
from the extreme ends of the no:..~mal s ·~_, l"cac~s W011 1.3 50 - 100 feat 
and 400 - 600 feet. The data obtai:ncc-;. from tho sho:..~tcr shot 
distances were used to find tho ovcrburd.en velocity. The ~ata 
obtained from tho lone; or shot d.iB ta :.1ces wore usee} to find t~10 
boc~~·ock velocity ane. the t11 avol tii!lC to bedrock at each 
soophone. 

The charge: of gcliG:nitc use d fOr.>:· tho wcatheril'G 
spreads W8 s ·l: s tic~ B t 1 foot C.:..epth. :;.ro:t.~ norut~ l s p l·e::lu:J t~w 
charge was from 1 lb (3 stic1.c:s) to 20 lbs~ c.1c ·.:-; cl1cling Oi1 ttw 
type of soil, depth of 6hot-holo (2 to 5 foot)~ and tho · 
distance to the reciproc81 ~1.3ophono. The average rBtc of 
consumption of gelignj_t o wc: s approximately 40 lb. per 1000 
feet of trav e rse. 

Thirteen traverses wore surveyed by tho seismic method 
in 1954. Four of theso traverses, namely A, :s, C anc1 D 
(see Plato 1), are ap)~Oximatoly along tho centre of the 
river valley from.l':ro. 3 clam sito in the south to no.4 C'.am site 
in the north. Cros~ traverses K, F, E and M wore surveyed 
at c'Lam sites 1, 2, 3 and 4 respectively. 

Intermediate cross traverses G, Hs J$ L and N wore 
surveyed between clam sitos li·o.4 Emd l\· o .. 2. 

In tho 1955 survey, four additional traverses 
(P ) Ct ;~ allilc"i. S) wcro surveyed and thl"'Ge of tl1u uarlier 
travcrncs (F, G and H) were extended. A Century 12-ch:;~nnel 
rtifrac t ion cquipmont, Modo l 506 was llilc 0.1 t tw fie 10. ~) J.. ... ocodul ... e 
baing the samo as in the 1954 survey. 

• • 5 
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RESULTS. 

The values of the velocity V1 ootainod from the 
travel times to bedrock at tho dx•ill holes arc com:_Jareci. in 
Table 1 with the values oo tc:lined fl~Oiil t imc -dis tancc cuPvc s. 

rLrilf 
JJopt~ 

Station below 

~~ NWilOO ~ 1f5or 
d.a twn 
Icvel 
rr·£J~ 

------r--·--

8 B68 221 
r 

5 K23 35 

? B30 33 

203 .A38 2L~1 

302 A13 238 

-

33.5 
39 
10 

11.5 
e. 5 

36.5 
42 
40,5 

37 
34 

6600 
5650 
3500 

2870 
3880 

6600 
5750 
5950 

6440 
7000 

6750 

6600 

66oo 

6ooo 

3300 

5950 

5150 

5400 

---·--'- ----·-----·-----·.._ ______ ,. 
It will be noted th&:t tho voloc::.t:i.cs obt8inoc1 fPom 

the time-distance curves of wcathcPing sp~aads a~c lowor than 
thLJ co:.."rcs._)o-,;C::.ing vfllueo obt8incd fror,1 no:..~iilal sproac::.s. Jo.s tho 
depth penetration of tho wo8thcring spreads is much loss than 
that of tho normal spreads this in~icatus that tho velocity 
of tllo overburden increases wi tl1 dc)tl1. This is further shovm 
by tho lowcl" values of H obtaincC Rt tl1c drill holes wboi.~e tho 
depth to bedrock is -. T'- small~ c.c:. D.H.5 at st£;t.:.on ~::.:;.; 
m1c1 tl1e c(.l"'ill hole at :330. J\ t tho lattul" drill holu the 
velocities measured f:..~om timu-c.:i.:i_st::::-aco curves ere a:_))roxinwtoly 
twice those obtained from t~avul times to bedrock. Tho 
values of H in TJ.ble 1 aro ;·,1easm"omoilts of tho vertical 
velocity =·.ifi'.:.in ti1o ovorburc".c:o, \,iwror:s tho timo-distc.nco 
curves give tho velocity in 8 hol"izontEJl diroctioi1 •. Por 
this reason tho values of g were u~cd for tho velocity v1 • 
An average value of the 1 velocity obtained at each of tho 
drill holes~ 8j B30, 203 a:l1C:. 302 was used for traverses K_, G 
F and E respectively. For traverses A and B, the difforencus 
in tho values at drill halos wore smoothod out between tho 
holes. On traverse K, ncar D.H.5, a correction '>'lflS m8c"'Lo to 
allow for thra low value of V1 measured thoro. ':Che value of 
V1 obtainec!. from Tl.H. 8 \Vas used for all tr8vorsos to the north 
of traverse K. 

Plato 2 shows the depths to bedrock 8long each traverse, 
8S computed by the ;;method of cliffcronces;;, and Pl~ to 3 shows 
the contours of the top of the bedrock. Table 2 gives tho 
maxirzTW11 depths to bedrock snd. a Ii1o·asuro of t\:.o width of the 
trough in the bcc!.rock profile. 

• • 6 



.... 

r 
- 0 -

TABL}~ 2. 

Traverse 

> 100 1 

-------'11------ -------

J 

K 

L 

IVI 

300 

222 

227 

220 

212 

1300 

soo 

700 

700 

700 

/50? 

1800 2200 

>1050 1700 

;:::-1000 1700 

1000 1950 

? 1000 1950 , _________ ..._:. ____ _ 
- ··-··- ... _, - - '""·-·--~ ..... ---·--··--··- --~--·--· 

Tho accuracy of the c~C)th estii.r1ation ( zt). C:.cpcnc:.s Ol1 
tho velocity (v) and the vcrticol travel tDnc ( ) 

or~z 

in which 

c:md 

z = vt 

~z + ~( vt). 6.V 
dV 

- VL\t + tL\V 

v~t t <Wt · = (1 + 6 2 

a = Av.; 61 = vAt, 62 = Hvt 
v 

~ z = ;.JOSDiblo ei'r.or in do1'th 

~ t = ; i " vcrtic81 tr8vul time 

~v = II a overburdci1 velocity 

!1 = ·error in z due to crronuous tr8vel time 

62 = ; j z ~' .. \\ .. .; fl ,, ovcrbur~on velocity. 

6 is believed to be a~ cr~or caused by v a ri8tions in 
the soil 1 thickness. VJeathc.:rinD s~·n•Gt-:cls WOj_"C sl1ot .at inte rvals 
of ap~roximatoly 550 foot to measure tho velocity in and thic~noss 
Of the soil. The Goil thicknes a uas then corrected for, but 
variations of t ·hc soil thiclrJ1es b ovur the 550-fcet intervc:tls 
b e twe en wc athei'il1G spreac~s coulc~ cau.sc errors in this corroc.tion. 

Table 3 shows how the l:J urccntazc e rror in c~cp th c~oc re8oes 
with increase in depth. The VHluou of 61 in Table 3 wore 
obtained by considering e ;·,1P.Xiii1WTI value of 3 millisccond_s for 
~ t and an average vcloc i ty of 6, 000 ft/ soc • 

• • 7 
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The possible error in velocity» hvs incJ.~os;:,os with tbo distance 
from a control point (drill holu), a~~ vsrios with tho difference 
in velocity measure~ at successive d~ill holes. Aa the differ­
ences in velocity mo;;:su:coc"'c 8t thu C:c·ill holes sro Si118llcr in the 
dccpor sections of tl1e c~rcG:~ C v c:.ccJ.•oases as the depth inc:::'C8scs. 
Howovor, tho trsvcl tLic, t, i~1crcr:acs as tl1o d.upth incrosses. 

The o~timatoc1 values for l.lv, which wor .. o used to calcul2to 
tho values of 6 2 in Table 3~ ::.~a:(lgcd fl~om 400 fcet/:::oc. at ::: 
depth of 250 foot to 2,500 feet/sec. at a depth of 50 foot. 

z t1 ~2 61 +- ~2 1 oot(1 t_62) 
(ft) (ft) ( ft) ( ft) z 

-- --·-·-- -----·-
50 13 21 39 78 

100 18 28 46 46 

1.50 18 22 40 27 

200 18 t6 34 17 

250 18 16 34 14 
. . . . I 

-~~~-----------·-~----~·~--- ·-- ---·· ~ .. ......;..,.. ______ 
From ~~blc 3 it will ba seen tiat the doptts to badrock 

indicc::tod on Pl.ato .2 ma:)r be ovc:c~-cBtimC!tcd OJ more th::m 50 ;7nJr 
cant in tho range 0 ~ 100 foot. 

6. CONCLUSIOES. ___ ....,.;.. .... ":·'-· ---· ... 
Table 2 and tho ·GO c t j_ ons on Plc~ to 2 sho\'v that tho do c·,th 

to boo..rock is less. along t:cGvcrsGs J, K, 1~ snd: M tl1rm j.t ia 
along tho tr&•vorso t.o tl1,o south ot J. Ho.v:;cvcr, oven Oil t~·~:'JOl:GC~ 
J; K, L ~md M tho maximum c"Lop~h i::l mora than 200. foe t. Tl:ic 
abutments on tr8versc K (l~o. 1 ciam site). aro not as far apart 
a~ on travors~s L and hl. 

The d.G~Iths to bodroc~~. along traverse x· 8.ro more sccurato 
than those alonr; trsvursos L and M because thoro arc two dr-ill. 
holes on tl''svcrse K whici1· wore U:Sod t·o cc:lcul8to tho velocity 
of tr1o ova rburcLcn. Tho dop ths to bod.roclc in the shall mJcr 
sections EJ.lonc; L anc1 M mEJ.y therefore be less th8n indica ted 
on Pl8 to 2. 
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In response to Rn 8p)licrtion from the New South 

short additionBl seisn1ic investic8tions were made in 

locations of which o::.."e sllo-_·m on J?lt=d:.e 1. These Lwesti·-

gations were na~e to Bscertain whether lhe sites 8 re worthy 

of consideratio:n 88 8lter:n,""tives to thoce 8t ;:ine;ooL';• 

The Century 12-ch<•1nnel reflection e-.~uipment~ I··Ior::"':.el 506~ was 

used, the fielC::. procedure be ine: the same 8B for the main 

survey. 

(a) Pi~<e' s Creek. --·· ---- . ·--- The survey was C8rried out Abcrut 

foul' :ililes from the junction of J.?Ece's Creel<: a:i.1d 

Dumare so..:. Rivel". The loc8 t ion of the three t:.."ave l'; .. es 

surveye& is shown on Pl8te 48 tocether ~ith the 

profiles along the tr·8veri...es ;:;hewing depth to bec:r·ocJ.::.. 

Results indicate that the ovc~burden ranees in 

thic).mess from 4 to 1() feet which is much less than 

8 t the Hingoola si.te. le (~:o. .. ock velocity iu r:bou t 15,000 

feet 11er seconc~. 

the junction of the L:ole anc. DumEn•e.s..;. Rivers. ;.rhe 

loct=~tion of the t1ro travcrf...eo surveyeC'. Em0_ tl1e T):i'O-

files showi:i.l[; ci..epth to beC:.Poc1 : <::re illm;tr8tecl. on 

Pl8 te 5. The ove:.."bu:.."r.:'t.en ranees in t l1ic1:ne ss from 4 

to 13 feet '.7i1ich is much les'::i th<m 8 t the Hineoola 

site. Bedrock velocity is about 19,000 feet per 

second. 
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