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PREFACE

This report is a preprint of a paper that was submitted for 
inclusion and,presentation at.the International Conference 
on Groundwater and Man, to be held -in Sydney; from 5-9. December,
'1983V-' k./
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ABSTRACT

The structurally complex Barwon Downs Graben:in squthwesten Victoria 
has been investigated by,the Geological Survey of Victoria as a source of 
groundwater to augment the surface supply for the city of Geelong. An 
extensive drilling . program 'supported: by wireline logging, surface 
geophysics and detailedi surface mapping has been undertaken to delineate 
the Tertiary aquifer system. Data obtained from aquifer tests, water level 
monitoring, hydrochemical sampling and stream gauging records were analyzed 
to evaluate the resource prior to numerical modelling.

INTRODUCTION

In the late I960’8, the Geelong Waterworks and Sewerage Trust (GWST), 
anticipating a substantial Increase in water demand, commissioned 
Australian Groundwater Consultants to undertake a preliminary assessment of 
groundwater resources in the Geelong region with a view to identifying
those areas with potential to augment Geelong’s gxisting water , supply. 
This work indicated that the Tertiary sediments along the western 
flanks of the Otway Ranges warranted further investigation (Fig.l).

The Geological Survey ; of the Department of Minerals and Energy,
Victoria (DME) commenced (1971) a detailed investigation of the
groundwater resources in the Tertiary sediments in the Barwon Downs 
Graben. This investigation led to the design and construction of a 
borefleld for GWST near the Barwon Downs township (Fig.2). This borefield 
commenced pumping during February 1983.
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GEOLOGY

The Investigation area contains a complex suite of Cainozoic
sediments reflecting a combination of cyclic depositional events and
tectonic activity. Establishing the identity of surface exposures of 

sand, clay and marl especially, where deep weathering profiles 
exist is difficult and can be further complicated by the presence of 
overlying Quaternary deposits of similar lithological character. Sub­
surface, units are commonly observed to interdigltate ' laterally and
exhibit transitional facies changes.

Structure

Early attempts to map the structure of this area were largely 
based on topographic indicators such as scarps and drainage pattern 
disruptions. More . recent structural’: analysis incornorating
geophysical and drilling data has shown the structure to be far 
more complex than previously thought. Figure 2 depicts the major 
structural elements.

Seismic and gravity evidence indicate that the Lower Cretaceous 
Otway Group basement is block: faulted and tilted to form half grabens 
Both high angle normal and reverse basement faults have been recognized 
(Blake, 1980). Some of these faults extend to the surface but 
often they have no topographic expression even though drilling
.results Indicate .that there are sometimes hundreds of metres of vertical 
displacement across the buried structures. This lack of surface expression 
is considered to be'due to masking by eroslonal and depositional 
features, with younger, unconsolidated sediments being drapped over 
basement faults, such that these faults are often reflected as 
monoclines in the overlying strata. Faults may pass laterally as well as 
vertically into monocllrial flexures. Consequently the interpretation of 
many structural and depositional features has been and still remains 
controversial; nevertheless there is general agreement- that faulting and 
folding have dominantly northeastly and northwesterly alignments although 
the direction of individual structures are frequently at variance with the 
dominant trends.

Two grabens, the Barwon Downs and Carlisle River grabens (F,ig.2) 
separate the upthrown Otway aiid Earongarook blocks. The Tertiary sediments 
deposited in these grabens contain major aquifers. The relationship of
the Tertiary sediments to the bounding Otway Group rocks . in the 
Investigation area has not been fully resolved; for the most part the
contact is considered to be faulted but there are zones where the Tertiary 
sediments are draped over the basement faults. The change in the 
relationship can be explained by intermittent movement on faults bounding 
the grabens. Where the displacement occurred gradually. Tertiary sediment 

:-?99h?®POJ^aneously with faulting i.e., sedimentation kept pace 
with subsidence.. As a result the younger sediments are draped over the 
basement structures forming monoclinal flexures in the Tertiary.,Where 
fault moyeniqht occurred relatively rapidly younger sediments are faulted 
out against the basement rocks. Sections A-A and B-B (Fig.3) demonstrate 
the structural relationship of the Tertiary sediments to the uplifted Otway
Group rocks. These sections also illustrate how faulting in the basement
rocks gives way to folding in the overlying sediments. Section locations 
are shown on Figure 2.
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B BABONQAROOK HtQh  

R ECHARG E AREA
BABW Oft OOlVNS QRABEN

D A »B B A  F A U LT Z O N €  O TW A Y  BAHOBS HtQH  B '

H o riz o n ta l

2  km

0 . ,  , 4 Q 0 m
Y a r t ic a i

o e u / b r a h d  m a r l  

E L -H  C ii/^ IO N  FO R M A TIO H

n a r r a w a t u r k  m a r l

OLOBR V O LC A N IC S  

M EPUNQ A FO R M A TIO N

OfLW YN FO R U A TtO N

REMBER  RftfOSrONE 
PEBBLE P O IN T
f o r m a  TION

} ■- - O TW A Y  OROUP

Figure 3: Geological Cross-Sections



io

HydrostratlRrapliv

shown^ i r i S r T  outcrop pattern Is

" : r v r £ "  l - i : : " ™ ' ■ r  n

latter unit is of iofhvnrrn . overlying Pember Mudstone. The 
the Pebble Point f Y aoUc conductivity and forms an aquitard between 
sand sequences of t h n U w y n  and f^^^ion aquifers. The dominant
conti„ui\y a L  c 2  be c Z siderefa-T 1
pilwyn-Mepuhga aquifer ranges from fonFi a® ŷ'̂ ’̂ ostratigaphic unit. The
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Figure 5 Isopach Map of Basal Tertiary Aquifer System 
Graben :the Barwon Downs

.results on the Barongarook High indicate the presence bf two 
valley-like features flanking the Yeo Dome. These basement valleys have
Jesteri^''Se o f  the^H "r Tertiary sediments. The valley on thewestern side of the dome trends approximately south-north from Kawarren
towards Barongarook. and parallels the postulated extension T t h e  
thi Y (FTg-2). The second valley is inferred to extend from
the Yeodene area westward under the present course of Boundary Creek
I Z f a n r  . These valleys are considered to prfide
portant pathways for groundwater recharge from the area of

JfthffarLnl^wnrGfabe!:! High to the confined aquifer-system

RESOURCES EVADHATTOM

Groundwater flow in the Basal Tertiary Aquifer System

Figurf 6 '’f d l f h  contours shown on
V f  ̂  exposed Dllwyn Formation sand on the

!vstef i "̂<:3ke area for the basal Tertiary aquifer
oL b e f  basf Barongarook High into the Barwon Downs
vlf L o  r  aquifer system is considered to be predominantly
via two basement valleys flanking the marl covered Yeo Domf and 
designated here as the Yeodene and Kawarren recharge avenues.

Teodene, groundwater flows in two general directions; to the 
t latter component flowing

low divide into the Gelllbrand River catchment. Groundwate?
via Kawarren flows directly into the Gelllbrand River Catchment
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and is mostly discharged to the Gelllitiraiid River. Discharge to Che
surface streams continues as the flow path is constricted in the
vicinity of Gelllbrand township. Underflow is controlled by the active 
hydraulic cross-section and regional hydraulic gradient. As the cross- 
section is reduced discharge to streamfdow via the unconflned Dilwyn
Formation increases; the hydraulic gradient remains relatively constant. 
As the cross-section Increases beyond Bunker Hill the process is 
reversed and underflow increases possibly in part at the expense of
stream ; flow. Within the Gelllbrand River catchment local intake also 
occurs predominantly via the exposed Dilwyn Formation sediments. A 
partial flow net has been constructed on Figure 6 in an attempt to
quantify the recharge component derived from the Barongarook High. 
Flow net ‘calculations indicate that under the present steady state
equilibrium cohoitiohs about lA80p ML/annum flow off the Barongarook
High into the basal' Tertiary squifer system,in the Barwon Downs Graben.
This volume is split ; betŵ ^̂ ^̂  the Yeodene C6300 ML) and Kawa'rren
<8500 la) recharge avenues with inflow' via the Yeodene avenue further split 
into a north’ easterly "component (3200.ML) and a sbuthwesferly component 
(3100 Itt). The Yeodene and Kawarren recharge avenues together are consid­
ered to provide approximately 12000 ML/annum of j recharge to the Gelllbrand 
■ River', cat’chiierit.'' ' ' I - ' ' . . ' .-4

’ On the Barongarook HighJ groundwater flow Isl considered t o  be 
essentially ; under unconflned ’ conditio®®:. controlled by; surface catchment 
divides and . the. ; radial’" drainage; network. ,The estimated intake area 
for the Barwon;- Downs:; Graben on the Barongarook High: is approximately 54
km‘ 14800; la oyer this/area ,is equivalent: to an effective infiltrati^ 
of ; 27.4 cm/annum: dr ; (using :a value of :,;9b0 ; mm - for the mean annual
precipitation) &’;_30Z;̂  ofthe;; annual.'/'precipitatipai-:,;;;!̂  thia-i value. 
appearŝ t̂high', '.the- vvcleare’d’.'-’I’;gently';’u n d u l a t i n g ’.on'/ihe 
Barongarook IHigh" could reasonably; be ; expected,to feature high recharge 
charactefisCica.; y; r-\ ".--v

Recent numerical; mbdeling ' ; by the'authors indicates that the above 
rechafgevestimate is in; fact too; high. This,work also suggests that 
there / is/;a structural /, or stratigraphic;;barrier within the, Barwon Downs, 
Graben between the GWST borefield!and Kawarren which;significantly reduces 
the postulated ; southwesterly /fl̂ ^̂ :,bhe Yeodene recharge avenue.
A drilling and seismic i programme' is; .proposed ; to clarify the nature and 
extent’of this'barrier.

Hydrograph Separation and'Effective Infiltration. Analysis

Hydrograph separations .were undertaken , fof the Gelllbrand ,R.iver at' 
gauging : station GS 235208 and gauging station GS 235227. The results are 
tabulated in ' Table 1. Gaugin^station Iqcatiqnslare shown on Figure 1. 
Undefflov-s at GS 235227 and 235208 Fs,ve been derived from the application 
of Darcy's' law to relevant crossTsections .(not presented here) and river 
diversion data has been obtained from the SRWSC. In Ta'’le 1 the mean 
annual base flows determined from the hydrograph separatlbns have been 
adjusted for diversions, underflow and inflow bcfdre determining 
the precipitation and the effective infiltration. ,

Weighted effective infiltrations have been calculated in Table 2 and 
used to derive a recharge component for each of the rock units 
outcropping within the catchment for OS 235208.



Gellibrand 
River at 
GS 235227

Gellibrand 
River at 
GS 235308

Catchment area (km^) 300.0 548.5

Mean annual flow 1979-80 (ML) 132000 205900

, + 3400 (Dl) j+  3400 (Dl)

= 135400 ’ ,;;/■ + 8 7 0 0  (D2)

■ . ^
+ 180'& (D3) 

= 219800'
Mean annual yield (mm) 
% Precipitation

. ■ 451 ■ 
35

400
':-3p;„'.''- /

Mean annual precipitation (mm) , . ■ , 1300 . ; 1300

Mean annual baseflow (ML)
%■ precipitation , ■:
% Mean annual flow '

.. 32460 >  11300*
.- ' ■ '.5.4, '/■' "/ 

,---'23.9-,;l:"; ■ :

45600 + 8500**
7.It ■: 

- 24.6 .

Effective.infiltration overall . (cm) '. - ,- 7.1 " , • 9.9,;-"

D1 Diversions from West Gelllbrand Res. and Olangolah Ck and 
/ private', diversions'a!)qvb; GS 235227-(not added to bssef low)

D 2 ,  Diversions to Otway,System (added'to baseflow) '
D3 Total priyate, diversions a b o v e  GS 235208. (added to baseflow)
* inflbwffom outside catchment (12000 ML) - underflow at GS 235227

(.70Q ML)',- V ''---V -V-
** .D2 (8700 ML),+ID3 (1800 ML) + underflow at OS 235208 (10 000) -

inflow from other catchments (12 OOP ML) , ^ "

Table 1 :" Results of Stream Flow Data Analysis - ;

Table • 2' .suggests that the basal Tertiary aquifer (Dilwyn Formation)
outcrop accepts an annual /infiltration of about , 16 cm or 15% of the,
overall mean; annual precipitation - for GS 235208 catchment (1300 mm) . This
v a l u e  is considered reasonable in view of the nature of the sedimqnts 
and the low drainage density observed on the aquifer putcrop.. The low 
total dissolved ; solids content of groundwater obtained from all bores 
drillad in the area and the persisieat nature of the precipitation 
are -additional factors which further/ support a high effective
infiltration. However unlike the aquifer outcrop on the Barongarook

• High- much of the outcrop within the GS 235208. catchment is covered by low, 
woodlands and closed heath and could , be expected to incur, high 
Interception' and evapotransplration losses. This in part explains the 
higher effective infiltration suggested for the Barongarook High.

Total Volume in Storage

The Barwon Downs Graben extends from
Blrregurra Monocline (Fig.2) over an —

There are two components of storage elastic and unconfined. In
to determine the volume In elastic storage an isopach of the

km̂ . 
order

the Gellibrand Saddle to the 
area of approximately 250

S = . V.,- .

v.^-: : :
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Rock Units Outcrop
area

Relatlve
hydraulic
conductivity

EffectIve 
area

Weighted
effective
infiltra­
tion

Mean annual 
volume
infiltration

km^ km^ cm ML

Alluvium • 4.0,, 0.8 ■ 3.2 12.9 515
Mirranda 54.5 , 0 . 1 ", .'5.4 1.6 877
Dilwyn 218.5 1 0 218.5 16.1 35178
Older
Volcanics 1.5 : 0.6 !"’ . 0:9 9.7‘ 145
Otway 270.0.., 0.4 108.0 ' 6'.4 17388

548.5 : 336.0 54103

Mean annual total stream flow 1570-1980 = 219800 ML
Mean annual baseflow from hydrograph separation 1970-1980 = 54100 ML

effective infiltration 54100 9.9 cm
548;5,x 1 000

weighted effective infiltration 54100 .= 15.1cm ,
336.0 X 1000

Table 2 Calculation of Weighted! Effectiye Infiltrations for GS 235208 
"Catchment.

vertical distance between the 'potentiometric surface ; and the top of/ 
the aquifer system! was constructed. Plahimetrlc Integration of this 
isopach, and applying a '/value for the storage coefficient of 3 x/10 ,
indicate that approximately i5;000 ML are held in elastic storage.

ie. 4.97 X  l O ^ V  X  3 X 10"^ = 14,910 ML ' ! ' : /

T o  determine the volume in unconfined storage the aquifer is considered
to be unconflned and fiilly saturated. ' Planimetric integration of Figure 5 
provided, a volume for the basal Tertiary aquifer system of 2.96 x 10^^ 
m^. Applying a specific yieid/ of 0.20 to this .volume Indicates that 
approximately 5,920,000 ML arey’oeld in unconfined storage,

ie'." 2.96 10^° m̂ ' X ‘0.20 - 5,920,000 ML

Recharge

The principle source of recharge for the Barwon Downs Griiben
is considered to be inflow from the Barongarook High intake area. , Under
the present, hydrogeological equilibrium, virtually all this .inflow
(discussed earlier) except the component from Te.odene flowing to 
the northeast is considered to discharge to thd Gellibrand River
between the point where the river first crosses the Otway Group/Tertiary 
boundary and GS 235227 (Fig.l).

Potential sources 
development include :

of additional groundwater recharge after borefield
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(i)

(ii)

(iii)

(iv)

(v)

(vi)

waJer1cv.l''"r'”  ̂ recharge as a consequence of lowered
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from possible as yet undeliueated recharge zones 

ng the Bambta Fault and other bounding structures.

=f'~£S-Ŝ
become quite significant sourceF after, borefield development;,  ̂ ^
RESOURCE DEVELOPMENT

'Bsr^renr , , °l P^^PipS from the GWST borefield (end of February
J3) _  represents a significant groundwater development in the c e L S l  oar^
b 5 000 M, Graben. The borefield is Ucensed to extract up to
StPge I of Z  G W S r b o r e f l e l f - “axdmum of 12,500; ML in any yLr.

m o S L )  dependlng°upo^?!e Ssults'of lon?Jerm(iE'e”^months) pumping test,- and . further resource evaluation is to brrJt'a’/

12 500 ® /,‘=“ =pf®tions are correct, an annnual extraction of
faPfor fr 'So recharge^currently derived from this source by a
within the borefield after“twef ^est results that drawdowns
range Creatloh nv = twelve months pumping will be in the 80-100 m

y yet undelineated recharge zones along the flambra Fault.

g r a d i L t f \ a r " L  °LtaMrK"i°" negative vertical hydraulicBi«axencs may be established across the NarrauAr.irir m«i-i 1..5 ^

Clifton Formation aquifer within the GWST borefield to enable the
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SusSned\ore“ ieL ' ™nif°red during
attainment of a new equilibrium withirtL^^^b^r^e!!":^;::^ I T X V ^

rechargr will Uad"'L available rate or
declining watei levels as“"vr r  »y rapidly
monitoring of the observation b ^ r n S o r k  duS®the'*""1"""' . cycles of stage 1. of t h e  r u c T  k i? f; ® P“niping and recovery 
reassessment and evaluation of , ‘'ffl enable progressive
development does noroccurl °f options to ensure that over-

CONCLUSIONS

sound, basis for, the management o^tha^ b o r e f ? " ? ! w i l l  provide a 
into the nature and sivnifiranoo f ®̂ fnl.d and considerable insight 
central part of the Barwo^ o Processes v&'fecting the
during this investigation has provided a"fl '̂'h model developed
a finite element numerical model which “ j Preparation of.
use in determining borefield development strategj! ® of considerable
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