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1. Introduction and Background 
The purpose of this groundwater investigation was to determine if groundwater could be used 

instead of surface water from the Gellibrand River during the low flow summer period, to result 

in increased river flows and associated environmental benefits. The investigation site selected 

was adjacent to Wannon Water’s existing infrastructure at the South Otway Pipeline (SOP) 

offtake on the Gellibrand River, near the confluence with Kennedys Creek (Figure 1). This site 

has the advantage that if the groundwater investigations intersected a suitable resource in terms 

of bore yield, quality, and has minimal impact, if any, on the local environment, then transferring 

the groundwater into the existing reticulation network would be relatively easy and low cost. The 

disadvantage of the site is that it is close to Gellibrand River, and the potential exists for 

groundwater–surface water interaction, however this would be dependent on the local 

geological profile (i.e. presence of clay layers).   

Based on environmental flow studies overseen by the Corangamite Catchment Management 

Authority (CMA), Wannon Water estimated that it would need to substitute at least 6 ML/day 

(72 L/sec) into its supply network to achieve an environmental benefit in the estuary. It was 

considered that this volume could be extracted from an aquifer system in the vicinity of the SOP 

offtake, located near the Kennedy Creek and Gellibrand River confluence.    

This report provides a summary of the full report (GHD, 2017). 

 

2. Investigation Program Objectives 
The first stage of the project was therefore to develop the conceptual hydrogeological model for 

the study site and investigate the target aquifer characteristics in the vicinity of the SOP offtake, 

including: 

 Bore yield; 

 Groundwater quality; 

 Aquifer parameters; and, 

 Presence of overlying aquitards.   

Utilising the results obtained, an initial assessment of the likely degree of groundwater-surface 

water interaction at the selected site would be completed. Based on the results of this 

investigation, Wannon Water could evaluate the viability of developing a new borefield at the 

South Otway pipeline offtake. 
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3. Investigation Program  
The groundwater investigation program consisted of the following tasks: 

 Completion of a hydrogeological review to identify the target aquifer and the likely drilling 

depths; 

 Undertake soil sampling and testing for acid sulfate soil (ASS) potential within 500m of 

the test production bore; 

 Drilling and construction of a test pumping bore and four observation bores;  

 Completion of pumping tests including: 

o A short duration (8 hr) step drawdown test; and, 

o A longer term (7 day) constant rate test. 

 During the pumping test program, monitor surface water levels or flows at six local 

surface water sites (i.e. creek, dam or springs); and, 

 Completion of this hydrogeological assessment report, including development of the 

conceptual hydrogeological model for the target aquifer and conclusions in regards to the 

future development of the site and the potential for interaction with the Gellibrand River 

flows. 

 

4. Hydrogeological Conceptualisation  
Pilot hole drilling identified the Pebble Point Formation / Moomowroong Sand / Wiridjil Gravel 

units (referred to as ‘Aquifer 2’) as the target aquifer for groundwater extraction at this site.  The 

target aquifer was intersected at a depth of approximately 150 m, and was overlain by the 

Pember Mudstone, a thick sequence of silty clay, which acts as an aquitard and confines the 

deep target aquifer.  Overlying the aquitard and confined to the Gellibrand River valley is an 

alluvial aquifer system, which is in hydraulic connection with the Gellibrand River.  The 

conceptual hydrogeological model is shown in Figure 2.  

It is noted that when this drill site, which is adjacent to the existing pumping station, was 

originally selected, the available hydrogeological information (GHD, 2006 and SKM, 2008), 

indicated that the site was located on the outcropping Dilwyn Formation, albeit close to the 

eastern extent of its outcrop.  The pilot hole drilling, indicated that the initial hydrogeological 

conceptualisation, based on the available geological mapping, was not correct.  The Dilwyn 

Formation (i.e. Aquifer 1) was not present at this site, and as noted above, the site rests directly 

upon the confining beds of the Pember Mudstone, which had the advantage of providing an 

aquitard between the target aquifer system and the shallow alluvial aquifer system in the 

Gellibrand River valley. 
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5. Potential Acid Sulfate Soils 
The potential for Acid Sulfate Soils (ASS) to be present in the study area was raised by the 

Stakeholder Reference Group.   For this reason, a preliminary ASS assessment was completed 

in order to review the existence and nature of ASS at the site as well as the net acidity of the 

soil.   The results of this preliminary assessment indicated: 

 Shallow soil samples collected from 5 locations by GHD were acidic, however only one 

sample recorded Chromium Reducible Sulfur (SCR) and was considered an ASS.   

 The soil sampling and laboratory analysis completed by the local Landcare group, Land 

and Water Resource Otway Catchment (LAWROC) showed that the soil at all 16 

locations is an ASS and that net acidity exceeds EPA (2009) guideline criteria. 

Therefore, there is potential ASS in the direct vicinity of the borefield.   

 

6. Drilling Program  
6.1 Test Pumping Bore  

Based on the results of the pilot bore, a test pumping bore was designed and constructed.  The 

test pumping bore was screened in the deep aquifer system and constructed with: 

 Pumphouse Casing: 300 mm NB PVC Class 18 casing to 148 m depth. 

 Production Casing:  200 mm NB stainless steel casing, landed to a total depth of 225.5 m 

 Screens: 200 mm NB Stainless steel continuous wire wound screens.  At total of 19 m of 

screen was installed over six sand zones between 159 m and 219 m below ground level.    

6.2 Observation Bores  

Following the test pumping bore installation, a deep observation bore was installed to screen 

Aquifer 2 and three shallower groundwater monitoring bores were installed, one screening the 

water table in the Pember Mudstone, and the other two screening the Alluvial Aquifer on the 

river flats (refer Figure 2).  The construction of the four observation bores is summarised in 

Table 1. 

Table 1 Monitoring Bore Installation Summary 

Bore ID Aquifer Monitored Bore Depth  

(m BGL) 

Screened   

From 

(m BGL) 

Screened 

To 

(mBGL) 

Screened 

Lithology 

Comment 

OB1 D Target Aquifer (AQ2) 200 135 197 Silty sand 6 screen zones 

OB2 S Water table  

(Pember Member) 

40 18 39 Silty sand/  

sandy clay 

 

OB3 S Water table (Alluvial) 17.7 14.2 17.2 Silty sand  

OB4 S Water table (Alluvial) 8.5 5 8 Silty sand  
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7. Pumping test Investigations  
7.1 Pumping Test Program and Monitoring 

A step test and 7 day constant rate pumping test were completed on the installed test pumping 

bore.  A flow rate of 25 L/sec was adopted for the constant rate testing, based on the step test 

results.  During the constant rate test groundwater samples were collected on three occasions 

and submitted for laboratory analysis of a wide range of analytes. 

 During the pumping tests groundwater levels were monitored in the observation bores shown in 

Table 2.   In addition surface water flow or level was measured at 6 surface water features.  

Table 2 Observation Bores 

Bore  Aquifer Distance from Test Pumping Bore (m) 

OB1 D AQ2 122 

OB2 S Water table (Pember) 128 

OB3 S Water table (Alluvial) 238 

OB4 S Water table (Alluvial) 241 

75070 AQ1 (Dilwyn) 2,788 

 

Table 3 Surface Water Monitoring Sites 

Surface 
water 
Monitoring 
Site ID 

Type /Description Easting(1) Northing (1) Distance 
from the test 
pumping 
bore  

Water 
Parameter 
Measured 

Site 6B Pooled water in the northern gully 696896 5721603 350 Level 

Gellibrand 
River Bridge 

Gellibrand River  697044 5721338 285 Level 

Spring Small spring on break of slope 
near Gellibrand River 

696908 5721209 224 Flow 

Culvert South Gully  water flows 696753 5721049 229 Flow 

V-Notch South Gully water flows 696921 5721042 283 Flow 

Dam Small dam at headwaters of the 
northern gully 

696554 5721113 350 Level  

Note Coordinates (MGA GDA 94)(1) 
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7.2 Climate  

During the pumping test program rainfall was measured at a rain gauge installed at the raw 

water storage site. Prior to the pumping test there was significant rainfall in the area and 

upstream, resulting in flooding of the Gellibrand River and inundation across much of the alluvial 

flats.   The daily rainfall and river levels are shown in Figure 3 during the testing and recovery 

period.  

Figure 3 Gellibrand River Level and Rainfall during Pumping test Period 

 

The impact of the river levels on the groundwater levels in the water table aquifer during the 

testing period can be seen clearly in Figure 6, and in Figure 5 to a lesser degree (Bore OB2S).   

As expected, the groundwater levels in the deeper aquifer, Aquifer 2, are primarily impacted by 

groundwater extraction from this aquifer during the pumping tests, and not the river levels (refer 

Figure 4 and Figure 5). 
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7.3 Pumping Test Results 

7.3.1 Constant Rate Test 

The aquifer response to pumping during the constant rate test is shown in Figure 4 for pumping 

bore (PB1) and the observation bore OB1D, both screened in the target aquifer (Aquifer 2).  

Figure 5  shows the aquifer response at the nested deep bore (OB1D) and water table bore 

(OB2S) to assess the difference in the aquifer response in the water table aquifer and Aquifer 2.  

Similarly, Figure 6  shows the deep aquifer response and the nearby Alluvial aquifer response.   

The aquifer response during the step test is included in the main report (GHD, 2016).   

Figure 4 Constant Rate Test : Aquifer Response to Pumping (PB1 and OB1D) 
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Figure 5 Constant Rate Test : Aquifer Response to Pumping (Nested site 
OB1D & OB2S) 

 

 

Figure 6 Constant Rate: Aquifer Response to Pumping (OB1D & OB3S/OB4S) 
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It is clear the groundwater level response in the Alluvial Aquifer (ie OB3S and OB4S) is being 

predominately driven by the river levels.  The groundwater level therefore continued to fall then 

rise during the constant rate test and the step test, in response to the changing river level.   This 

has the potential to mask drawdown impacts on the water table aquifer during the pumping 

tests, however the current response shows no obvious connection between the deep aquifer 

system and the water table aquifer system during the step test.    

7.3.2 Surface Water Monitoring 

During the step and constant rate test the surface water flow or level data was measured from 

the 6 sites as listed in Table 3.  Review of the data showed that the surface water levels 

recorded, were driven by climatic influences, i.e. daily rainfall and/or river level.  There was no 

evidence of any impact associated with the groundwater extraction during the testing. 

This was expected considering there was no obvious drawdown recorded in the water table 

aquifer, during the pumping tests (as noted above). 
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8. Conclusions 
Pumping Test Results and Bore Yields  

Analysis of the pumping test results concluded: 

 The test pumping bore indicated a maximum yield in the order of 25 L/sec (i.e. 

2.16 ML/day).  Therefore, approximately 3 production bores would be required to extract 

Wannon Water’s target rate of 6 ML/day (without any contingency bore).  The number of 

production bores, and the cost per bore is much greater than Wannon Water originally 

budgeted for this option, prior to the investigation.   

 The aquifer transmissivity was estimated to be approximately 55 m2/day and the aquifer 

storativity was estimated to be approximately 0.0004.  Aquifer 2 is confined near the test 

pumping bore, and analysis of the drawdown data did not suggest significant leakage 

from the overlying aquitard during the test period. 

 The water level response in the overlying Alluvial Aquifer system during the 7-day step 

test indicated limited hydraulic connection with the deeper Aquifer 2. 

 Over a three-month extraction period, the predicted drawdown cone in Aquifer 2 is likely 

to reach the outcropping region of this aquifer, located to the east and south of the site, 

where the aquifer is likely to be unconfined. 

Potential for Impacts on the Gellibrand River Baseflows and GDEs   

This hydrogeological investigation suggests that the potential to significantly impact on surface 

water flows in the Gellibrand River in the vicinity of the proposed production bores over the short 

term (i.e. 3 month) summer pumping period is low, as the target aquifer system is a confined 

system where the production bores are located and overlain by approximately 100 m of silty 

clay, which limits hydraulic connection with the Alluvial Aquifer system in the vicinity of the site.  

It is therefore concluded, within the limits of this first stage of investigation, that substitution of 

surface water with groundwater from this site over the short summer periods is likely to be 

beneficial to maintain surface water flows in the Gellibrand River.   

It is noted however, that the drawdown cone associated with pumping has the potential to reach 

the outcropping region of Aquifer 2 to the east and south of the site, where the aquifer is likely to 

be unconfined.  It is in this aquifer outcrop area, that direct impacts could occur, such as impact 

to baseflow of the Gellibrand River, groundwater dependent ecosystems (GDEs) and activation 

of acid sulfate soils (if present).  Drawdown in the outcrop area is expected to be minor during 

short-term extraction (i.e. 3 months), however identifying potential GDEs or potential acid sulfate 

soils in the drawdown area would be required in the second phase of investigation.   

Groundwater Quality  

Groundwater samples were collected over the 7 days of the pumping test. Groundwater salinity 

was recorded at approximately 320 mg/L TDS.  This concentration is below the threshold limit 

considered for high quality drinking water (600 mg/L TDS), and therefore based on salinity, the 

target aquifer system would be considered suitable as a drinking water source. 

There were a number of analytes, which exceeded the limits for the Warrnambool treatment 

plant or the raw water storages, including: 

 pH; 

 Phosphorous; 

 Manganese; 
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 Total and Soluble Iron; and, 

 TDS and EC. 

There are also a number of parameters which exceed the ADWG (2011) aesthetic guidelines, 

including: 

 Total and Soluble Iron; and,   

 pH.   

Recommendations 

Based on the results of this investigation, the following recommendations are made: 

 Wannon Water should review the groundwater quality results, and assess the suitability 

of the groundwater, considering the existing treatment plant and dilution via other water 

sources during the proposed summer operation period. 

 If further quantification of baseflow impact is required (i.e. percentage of extracted 

groundwater being sourced from the alluvial aquifer /reduction in baseflow), under a 

number of pumping scenarios, then a numerical groundwater model should be developed 

to obtain these predictions.  This model would also be used to predict, with greater 

confidence, the extent of the drawdown cone during the pumping period. This would 

provide better definition of the aquifer outcrop area that should be investigated to identify 

potential GDEs or acid sulfate soils which may be impacted, as well as any impacts on 

the Gellibrand River further downstream from the proposed extraction site. 

 Alternatively, if the groundwater quality and cost for extraction at this site is not 

considered suitable, Wannon Water could consider installing production bores further 

west, along the South Otway Pipeline, and targeting the Dilwyn Formation Aquifer.     

Although the bore depth would be greater (i.e. 400 m to 500 m) and the bore construction 

cost higher, the bore yields are expected to be higher and there is potential that one bore 

may provide the required yield.  The groundwater salinity would likely be around 440 

mg/L TDS, although also potentially with high iron concentrations.  

 

 

 

 

 

 

 

 

 

  



 

GHD | Report for Wannon Water - South Otway Groundwater Investigation , 31/34684 | 13 

9. References 
 GHD,2006, “Report for Newligrook GMA: Review of Groundwater Resources: for 

Department of Sustainability and Environment. 

 GHD, 2017 “ South Otway Groundwater Investigation : Bore Installation and Testing” for 

Wannon Water. 

 Hsieh, A. 1995 “Deformation-Induced Changes in Hydraulic Head During Groundwater 

Withdrawal” Published in Groundwater, November –December 1996.Vol34, No 6. 

 SKM., 2010, “Lower Tertiary Aquifer Groundwater Resource Appraisal” for Southern 

Rural Water  

 SKM, 2008, “Newlingrook and Gellibrand Groundwater Investigations: South Newlingrook 

Observation bore Assessment Report” for Barwon Water 

 Wannon Water, 2016 “Improving Environmental Flows in the Gellibrand River: 

Assessment of Water Supply Augmentation Options”. 

http://www.wannonwater.com.au/media/20322/gellibrandsummerflowsimprovement_aug

mentationoptionsmay2016.pdf 

 

 

  



 

14 | GHD | Report for Wannon Water - South Otway Groundwater Investigation , 31/34684  

10. Limitations 
This report has been prepared by GHD for Wannon Water and may only be used and relied on 

by Wannon Water for the purpose agreed between GHD and the Wannon Water as set out in 

section 2 of this report. 

GHD otherwise disclaims responsibility to any person other than Wannon Water arising in 

connection with this report. GHD also excludes implied warranties and conditions, to the extent 

legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 

specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report.  GHD has no 

responsibility or obligation to update this report to account for events or changes occurring 

subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 

made by GHD described in this report.  GHD disclaims liability arising from any of the 

assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Wannon Water and others 

who provided information to GHD (including Government authorities)], which GHD has not 

independently verified or checked beyond the agreed scope of work. GHD does not accept 

liability in connection with such unverified information, including errors and omissions in the 

report which were caused by errors or omissions in that information. 
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