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Anal ysis of the observati on bore results from the SR & WS·: p11mping test 

in t.e G5 
? -1 

m - da)" • 

Storage basin indicate a Transmiasivity in the r ange 290 - 360 

This indicates an average per~eability for the Wa,neerrip Group 
-1 

s~u1s of between 6.9 to 8 . 6 m day • On the basis ~f the Tra.nsmiesivity 

derive1 from this pu:nping test a wellfield such as that proposed by Rose 

and Ife ( 1980) for the G5 Storage basin could yield up to 13 000 Iwfi in a 

ncru1al six month pumping period or 20 000 Ml over a t welve c~nth d.rou.8i'lt 

period . 

Extrapolation of the res~lts fTom the G5 wellfield to the Lard.ners Creek -

Gellibra.ni River and Charleys Creek - Gellibr2nd River area indicate that 

the Gellibrand Sub-basin could yield up to 37 000 Ml over a six month 

p1Jmpir1g period and up to 57 500 Ml over a twelve :nonth drou8ht period. 

Tne voltlme which could be extracted in a normal year represents 32 per 

cent of the average yearly flow in the Gellibrand River at the Bunker 

Hill gauging station. The wcllfield calculations presented here are 

subject to several j nip:>rtant asst1111ptions incluiing the fact that only 

induced r~cha.rge from the Gellibrand River is considered and other 

potential sources of recharge are ignored • 

A ~~itable bore design which could yield up to 10 Ml day- 1 is presented 

together with a cost estimate for the G5 wellfield (excluding pipelines) • 

• 

• 
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1 Il\1TRODUCTION 
LIB, A 

A j oint desk study comprising representati7es of the S ate Riv r e and 

Water Supply Cominj ssion, the Geelong Wate~'Orks ~ind Se~\·a1 ige Tr\lst and 

the Depart!Dent of Minerals and Energy was ini i a ted. t o st"dy he ground

water resources cf ·: h~ Gellibrand Sub-basin. O!le cf he rea.so11s f or 

i nitlating the a"t"1~y is ihnt SR&WSC, as part of tnai r s~b ission t o the 

State Parliamenta.r;? Public Wcrks Committee Enqui-r:y into the Gellibrand 

River, require est)mates of the cost and likely yiel d of groundwater 

fro~ the Gellibrand Sub-basin for the purpos.e of ~omparison with a 

surface water storage. 

Two initial meetings of the study group were held and tl1is report is 

the outco~e of these initial meetings. SR&WSC prese~ted reports to 

the group which included data from a p11111ping test in the G5 storage 

basin site and a discussion paper on a possible well field 

the G5 storage basjn site (Ife, 1960; Rose ~d Ife, 1960) . 

design in 

The GWW3:ST 

presented data on their anticipated growth in demand and on the distrib

ution of demand throughout the year. Tl1e Department of funerals and 

Eriergy prepared a discussion paper prjmarily on infiltration capacities 

of the bed of the Gellibrand River (Williamson, 1980). Notes on the 

first meeting are included as an Appendjx in this report. Much of the 

subject matter of this report was discussed at bot h mee t ings . 

The initial analysis of tht:? rePU.l ts of the SR&·~sc pwnpjng test s·1ggested 

that the permeability of the aquifer sands in the G5 storage basin were 

only half t hat of the s ame aquifer sands in the Bar-won Downs Sub-basin 

(Ife, 1980) and the resulting wellfield calculation (Rose aud Tfe, 1980) 

suggested :nuch lower yields from the G5 storage basin site than would 

otherwise appear reasonable. Inspection of the lithologi c and wireline 

loge from the test bores in the G5 storage basin suggested there was no 

geological reason why the permeabi lity of the sands should differ fro~ 

that in the Ba:rwon Downs Sub-basin as they appeared to be from the same 

depositional environment. This report pre~ents a re- analysis of the 

SR&WSC p-.i;nping test based on the observation bore results and concludeq 

that the permeability of the Wa.ngerrip Group sanis is in fact the same 

as in the 13a.rwon Downs S-ib-baein . 
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!n ord~r to arrive. at the possible cost of groundwater from the 

Gell!brand Sub-ba.ein some ( Jtimate of the likely scale of develop

ment and total yield from the S".lb-basin should be made. The basic 

development option which the Gellibrand Sub-basin offers is the 

exietance of a relativ~ly permeable and porous aquifer ~hich ia in 

hydraulic connection with several permanent bodies of water (the 

Gellibrand River and Lard.ner s , Charleys and possibly Loves Creeks) . 

Staged developments of wellfielde near or adjacent to the river a~d 

creeks could be designed to induce recharge into the aquifer. Induced 

recharge from the rivers whilst it is the most obvious and possibly 

the largest single source of a.ddition<U water available, is by no 

means the only source of available water. The existence of an 

extended cone of depression into the natural intake areas will 

induce further recharge fro~ these areas. The total base flo~ 

runoff from these areas which at present is derived from spring 

fed creeks could be diverted into a wellfield (by the extended 

cone of depression) and as such appear as induced recha-rge. The 

existence of an extended cone of depression beneath the presently 

regarded confining beds will simjlarly induce leakage from these 

beds. 1-1.ost of the1 natural infiltration to the aquifer in the intake areas 

which at present discharges to the Gellibrand Sub-basin, could also be 

diverted into wellfields. Potentially a very large vol11me of water 

is available for development. 

One way of estjmating the volume of water which may be developed ie to 

simplifj the analys is into just that of a hydraulic connection between 

an aquifer and a permanent source of water {the river). The hydraulics 

of the aquifer and the feasible rates of extraction then become th~ 

ljmiting factors on the amount of water which can be economically 

developed. A computer program is available (Blake, 1978) in which 

recharge from a ri vei.· can be modelled using 'Image Well' theoey. The 

effects of altering various condi tions1 such as aquifer properties, 

puniping rates and times f er possible wellfield layouts can be examined. 

This was done for the possible wellfield layout in +Jie G5 storage basin 

proposed by Rose and If.e ( 19eo) smd the results are discussed and 

tabulated. 

I 
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O:i the 11asia of the results of the wel.lfield calculations a suitable 

Productj.on bore design i s presented which c.ould yield be"t :e 11 8-10 Ml 
-1 day at the allowable d.rawdown. A cost eatjmate for the bore is 

presented for the pur~ose of costing groundwater from the Gcllibrand 

Sub-basin. 

2 GmLOGY 

Fig 1 is a geological map of the southen1 portion of the Gellibi~and 

Sub-basin (the Gellibrand Sub-basin is defined in the notes iz1 the 

Appendix). The majn aquifers are sands within the Wangerri~ Gr•"'!1 -..> . 

The Nirranda Gro".lp, Heytesbury Group and Quaternary alluvium f orm .:i. 

barrier to direct infiltration to the Wangerrip Group where present . 

Fig 2 shows a breakdown of the Wa.ngerrip Group into Formations in 

bore X in the G5 Storage basin. 

Also shown on Fig 1 are structure contours on the top Otway Group 

prepared fro:n all available bores which r·~ach bedrock. The stru.cture 

contours are necessarily tentative at this stage because of the paucity 

of data and are constructed in part using bores just off the area of 

the map . The structure contours show that the deepest part of the 

basin is at Gellibrand to·,.rnship itself which is consistent with the 

fact that the yo".l.Dges~ Tertiary Formations in the area (the Clifton 

Formation of the Heytesbury Gro".lp) are preserved here. The structure 

contours also demonstrate that there is a fairly steep northerly dip 

in the basin which gives it the form of a half-graben. This is similar 

to the Barwon Downs Sub-basin to the northeast which is also a half

graben. Most of the mapping f or Fig 1 was done during the Ba.rwon Downs 

investigation at about the time the D~ bore Ya~er 19 was drilled • 



• 

• 

-
• 

-

-

3 ANALYSIS OF PUMPmG T~sr I}l '.!'HE! G5 STORAGE BASIN 

General Co"lrnents on the design of an aquifer test 

Results from the obs~rvation bor~s X1 and x2 a.re ana1yzed here to 

determine the aquif~r p~operties in the G5 storage basin site. Ife 

(1 980 ) analyzed only the pumping bore results a.ni as observation 

bore results are more reliable the.."'1 those of a p11mpi ng bore these 

, are analyzed here . 

The SR&WSC teat in the G5 sto~age basin was an unconventional test both 

fro:n the I>·::>int of view of deaign of bores, conducting of the test and 

.a.nalysis of the results. The following ~neral observations can be 

madP on the purpose of aquifer testing. 

3.1.1 Observation l3ores 

Pumping tests can be p~rfor"illed to deterwine the Transmissivity, 

permeability and Storage Coefficient of an aquifer. Obser~ation 

bores are drilled prjmarily because flow in the region of the 

piln•ping bore is non-laminar and turbulent . For this reacon the 

Storage Coefficient cannot be detenained from pumping bore res!.1.lts 

alone. 

3. 1. 2 Constant Rate Tests 

Long-term constant r ate tests are used to determine the type of aquifer, 

the presence of permeability boundaries or factors such as leakage. The 

presence of boa.ndaries or leakage are detero•ined by departures of the 

actual drawdown curve from the ideal curve generated by a long-te1"al 

constant rate test. 
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Aqui fers Tested 

Aquifers wit h a different response (e.g. confined and unconfined) hould 

not l>e t ested. in the same pumping bors. If the aquifer tJrpe Ls u.."llm vn 

observa ti >~ b0res should be co 'lstructed a.nd tested prior to t c p11mping 

bore i n order that decisions cari be made on which aquifer to t eat in tl1e 

pumping bore. 

Distance-Drawdown Analysis 

At least 011e Observation bore should test all of the sands which are 

tes t ed in the p1Jmping bore. Thi.a is because indi vidua..1 sands may have 

different permeabilities and the Pumping bore draws water frcm each 

sand tested. The drawdown results therefore give only a.~ average 

Transmissivity for the entire se~uenc~ ot sands tested. Piezometer 

bores testing jndividual sands should at least test the same sand as 

tested in the p1nnping bore. Piezometer bores are useful in deter1nining 

head differences which exist within the aq11i fer but sl1ould not be usel: 

to the exclusion of observation bores testing the entira sequence of 

sands. If two or more ful:y penetrating observatiou bores exist at 

different distances from the pumping bore the Transmissivitf and 

Storage Coefficient for an aquifer can be detero1i ned independentl y 

from Distance-Drawdown plots. 

3. 2 Analysis of Observation :Bore Results 

3. 2.1 Plotting t~1e Data 

Time-drawdown results for the p11mpi~ bore X aru1 observation bores x
1 

an~ ~ were stored on magnetic tape on an BP 981 5A desktop computer. 

The d~ta can be replotted for analysis in two different ways either 

as Log--log ti me-drawdown curves f or analysis by the Theis curve ma 'tchlng 

technique or as semi -log plots for analysis by the Jacob strajght tine 

method. 
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Figures 3 and 4 a.re 

x2 and figures 5, 6 

Log-Log plots of Time "rs. ~a ~own for bores X1 ant.! 

and 7 are Semi-Log plo~s f or bores . , X 

Aleo shown on figu,~· 8 is a Distance-Drawdo\l!l plo for bores 

Th~ plots were analyzed using both the Theis cur;-e matching technique 

and the straight li11e method and ·the reeul "ts are sumarised in Table 1. 

Table 1. 

x 

x1 

~ 
-

• 

Sum1iary of Pumping Test Results 

Theis m4'thod 

T s 
# 2 - 1 · m dav 

N.C. N .A. 

N.C. N. C. 

• 324 2 .. 7 x 

- ' 

N.A. Not applicable 

N.C. Not calc:J.lated 

10- 3 

Ja~ob method 

T s 
# 2 - 1 · m dav 

-

148 N.A. 

290 0 . 04 

3~0 1.8 % 10-3 

~ 

The Theis curve match was not possible on bore x
1 

because there was 

insufficient early data available to obtain a match before leak.o.ge 

occurred. 

' 

One of the initidl problems ~n analyzing the t est was in deciding 

whether the three short step drawdown tests performed during the 

first 40 minutPs of the test significantly affected the results. 

Inspecti on J f the drawdovn results showed that drawdown did not 

occur in the observation bores unt.ll at least one hour after ptJmping 

• 
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be;sa...~ so it was deci ded that the first 40 minutes may not significantly 

have affected the test. The test was therefore analyzed as a constant 

rate test pumping for 23 hours (the time of the nert p\zn•ping rate change) 

at a rate of 111 1 m3 day- 1 • 

To further test the ass111nption that the first three step drawdown tests 

did not significantly affect the results the f ollowing assumption was 

made. If we apply the principle of superp:)sition to a step drawd.own 

pum11ing test each increase in p11mping rate i s equivalent to another 

bore at the pumping bore site beginning pumping at a rate equivalent 

to the increment by which the pu~pine rate wa.e stepped up at the time 

at which the rate was i ncreased. It 1~ possible theTefore to calculate 

the dra'#down curve at each observation bore using the appropriate T and S 

in the Theis equation t o drawdown and the principle of superposition. 

This was done for both observation bores and the results plotted with 

due allowance made for the first three step-drawdown tests. As can be 

s een the calculat ed curves (crosses) on Figs 6 and 7 ag~ee closely with 

the actual drawdown curves (points) so it can be safely concluded that 

the T and S calculated are those for the aquifer and that the three 

short step drawdown tests did not affect the result s • 
• 

Fig 5 is a semi-log plot for the p11mping bore . Application of the Jacob 
2 -1 method to the first ten minutes yielded a T = 148 m day \note the bore 

began pumping at 645 m3 day-
1
). However ten minutes is far too short a 

tjme for the pumping bore to settle down and pr oduce reliable results on 

a constant rate test and the result must be considered unrepresentative . 

Leakage • 

In Fig 5 the drawdown curve in the pumping bore departs from the straig!lt 

line in a leaky fashion after about 330 minutes. The departure is observed 

at about 50J ~inutes in x
1 

and 800 minutes in x2• Calculation of the 

drawdo~ at the river shows there is insufficient drawdown at this distance 
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after 330 minut~a of p1u 1ping for the departure to be due to a recharge 

boundary. The most probable explanation is that the pumping test 

encountered leakage either from overlying or underlying sediments • 

An al ter11ative explanation is th:.it t he pumping rate dropped off but 

as this is not recorded on the data sheets this is ass11med not to he 

the case. 

3.2.4 Permeability of the Sands 

SR&\YSC estimated a total of 42 m of sands in the pimping bore (Ife, 
2 -1 if we accept a T in the range 290 to 3'50 m day this 

' 1980) and 
-1 indicates a permeability of 6.9 to 8.6 m day • This is in very 

good agreement with the permeabilities obtained for the same sequence 
-1 ( of sands in the Ba.rwon Downs Sub-basin of 6.8 to 9.8 m day Blake, 

1978). It should be noted that the permeability calculated i s directly 

dependent upon the estimate of the proportion of sands to shales • 

Storage Coefficients 

Table 1 shows quite different Storage Coefficients obtained for bores 

x1 and ~· T'nis is probably explained by the fact that x1 and x2 tes t 

different sands (Fig 2). 

The result for x1 inJ.icates a storage coefficient of 0.04, i.e. in the 

range of a semi-unconfined aqui~ 1: . Inep9ction of the >i ray log for 

bore X (Fig 2) shows this to be a r easonable result as there are !11.inor 

confinill8 beds above the sand tested by x
1 

within the Dilwyn Formation. 

However care should be exercised in interpreting S for x
1 

because the 

sand tested by x
1 

was not actually tested in the pt1n1ping bore. In this 
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case f low lines wi l l not be horizontal in the sand t ested by x
1 

but 

will diverge both upwards and downwards towards the ac tual sard~ 

t ested. Whilst this may not affect the rate of draw<lown in X1 (and 

therefore 11 s an1 ~he calculation for T) the absolute val ue of the 

drawdowns (and hence S) will be reduced. This could also be an 

explanation for the unus12al Distance-Drawd.own resl.ll t (see below) . 

The Storage Coefficient calculated for~ of~ 2 x 10-3 is at t he 

upper end of the range for confined aquife~s. This is consistent 

with the stratigraphic position of the test inte-rval of x
2 

which 

i s in the Pebble Point Forniation. In Fig 2 the test interval is 

horizont ally opposite the Pember Mudstone but, because of a northerly 

dip between ~ and X, the test interval in ~ is actually within t he 

Pebble Point Foro1ation below the Pember Mudstone. In the vicinity 

of t he test location the Pebble Point Fonoation is confined by the 

Pember Mudstone. 

3.2.~ The later data 

From 23 hours onward the p\1mping rate was stepped up in f our successive 

steps and then reduced in one final step. Because the test was not a 

constant rate test for the entire 72 hours it is not really possible 

to accurately estimate whether the leakage initiated after about five 

hours conti nued for the full test or if boundaries were encountered. 

Ho•ever by treating the later step-drawdowns as if they were also 

produced by incremental pumping bores the drawdown curves f or the 

later part of the tests could also be calculated and compared with 

the actual drawdown curves. As can be seen the~ is a fairly good 

match f or bo"til bores on Figs 6 and 7 . 
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For x
1 

the actual drawowns ara less than the calculated drawdow"Il9 

which quite definitely suggests tha t no discharging boundaries were 

encountered and probably suggests leakage continued throughout the 

test. A better match was obtained f or ~ which indicat es that ~ 

behaved more ideally. However t owards t he end of the tes t the 

observed drawdowns in ~ are great er than the calculated drawdo•'llB 

which suggests either a discharging boundary or leakage from t he 

aquifer. This is particularly apparent at the end of the test when 

the pumping rate was reduced. The water level in x2 instead of 

recovering as it should {cf x1) actually continued to fall. This 
' is a most unusual result and the most probable explanation is that 

towards the end of the test the Pebble Point Fonnation was leaking 

upwards into the overlying Dilwyn For 111ation. For this to occur 

the drawdown in the sands i1111oediately above the Pember Mudetone 

must be greater than the drawdown in the Pebble Point Formation. 

Upward leakage, through the Pember Mudstone, would continue nntil 

the original bead difference was res tored. It should be noted that 

even at equilibrium prior to the test leakage must occur from the 

Pebble Point Forn1ation into the Dilwyn Formation because the initial 

head difference is higher in the lower aquifer. The rate of leakage 

is governed by the vertical permeability of the Pember Mlldstone. The 

p11mping test would simply accelerate the rate of leakage by drawing 

more water from the Dilwyn Formation than from the Pebble Point 

For1oa ti on. 

• 

Dista.nce-Drawdown Plots 

Fig 8 is a Distance-Drawdown plot f or X
1 

and x2• The most obvious 

feature of the plot is that the slope of the lines are the reverse 

of that expected i.e. drawdown is greater closer t o the pi>mping bore • 
• 

If extrapolated to the pl1mping bore this leads to the quite unrealistic 

result of a zero d.rawdown after f our hours p11mping. The most probable 

explanation for this unQSUal result is that X
1 

and X2 test different sands. 

Such a result is possible if the sand tested by x 2 has a lower permeability 

than x1• In this case for a given volume of extraction, Q, fi:\:>m ea.ch sand , 

drawdown is greater in the bore of lower permeability. 
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Alternatively the fact t hat the pumping bore does not actually test 

the same sand as tested in x
1 

(see above 3.2. 5) could mean th.at the 

drawdown in x1 is less than it should be • 

Whatever the explanation tl1e Distance-Drawdown result is a good 

demonstration of the need for observation bores testing all of the 

same sands as are tested in the pumping bore . 

The Wangerrip Group sands in the Gallibrand Sub-bas in, as tested by 

bore X, yielded a Transmissivity in the range 290-360 m2 day-1• This 

yields permeabilities for the sands which are the same as those jn the 

Ba.rwon Downs Sub-basin. 

At the test site the sands of the Dilwyn Fonoation indicate a Storage 

Coefficient of 0 .04 i.e. a semi unconfined aquifer, and the sands of 

the Pebble Point Formation behaved as a confined aquifer with a Storage 

Coefficient of~ 2 x 1 c-3. 

Leakage was encountered during the test after 330 minutes in the p11mpi~ 

bore and observed at 500 mjnutes in x1 and 800 minutes in ~- From the 

behaviour of the water level in ~ towards the end of the test it is 

concluded that upward leakage is initiated by p11mping, from the Pebble 

Point Forination into the Dilwyn Fonnation, a result consistent with the 

expected behaviour of the system. This is significant from the point 

of view of a well£ield development at this locality because it suggests 

that t he Pember Mudstone will act as a leaky confining bed t o the Pebble 

Point Fonoation • 
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WELLFIELl) DESIGN 

General Co111oenta on the Principle of Superi>os1 tion in 

Unconfined Aqui!'ere 

Rose and Ife (1980) applied image well theorys and the principle of 

superposition to an initial wellfield design in the G5 Storage basin 

site. The following general corr•ments relate to the applicability of 

superposition in unconfined aquifers such as the G5 Storage basin. 

For superposition to apply the following conditions must be met • 

4.1.1 Uniform Thickness 

The aquifer must be of 11niform thickness. If significant dewatering 

takes place in an 11nconfined aquifer ( sa:y > 1 f11,) this requirement is 

not met. In addition to dewatering the aquifer dips up and wedges 

out in a southerly direction in the G5 Storage basin. Geologically 

therefore the basin does not meet the uniform thickness requiremerJt. 

4. 1.2 Natural Infil tration 

Natural infiltration (as distinct from induced recharge from the river) 

is spread over the entire intake area and therefore difficult to model 

using image wells. 

4.1.3 Leakage 

Leakage cannot be allowed for using image well theory. After leakage is 

enco11ntered the rate of drawd.own chnngea and the aquifer acts as if it 

had a higher T. In the G5 Storage basin sources of l ~akage include the 

alluvium overlying the aquifer, ail ts and clays ~thin the aquifer, tl1e 

Otway Gro~p beneath the aquifer and the Nirranda Group f .Jle sands and 

silts to the north of the river. 
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Parallel Boundaries 

As mentioned above (4.1.1 ) the aquifer does not extend a large distance 

to the south. In a strict sense the problem should be treated as a 

parallel bo11ndary pro bl em i .e. a recharge boundary to the north ~~ 

a discharge boundary to the south. In this case the use of image \l.'ell 

theory is an iterative process i.e. each imaee well bas an image well 

of i ts own and so on. In a wellfield with a large number of bores 

this leads to an 1mmanageable n'l.1mber of calculations. 

4. 2 Digital Aquifer Model 

4.2.1 Variable and Minimum Streamflows 

It should be appreciated that the use of image well theory in the G5 

Storage basin is a very simplistic approach to the problem. The metho::l 

is really only amenable to calculating the dralldown in bores pumping 

adjacent to a constant head recharge source such as a lake or river • 

The method is not amenable to solving problems such as variable 

infiltration capacities in the bed of a river, variable flows in a 

river (including maintenance of mi~inn1~ flows) or variable natural 

in..fil tra tion. Suc.'1 pro bl ems can only be tackled using a digital 

aquifer model. 

4.2.2 Hydrogeological Investigation 

To solve questions such as the above a detailed hydrogeological 

investigation should be undertaken to establish 

i) The distribution and thickness of the Wangerrip 

Group and overlying sediments 

ii) The variability in aquifer parameters 

iii) The present groundwater flow configuratj on 
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Streambed infi ltration capacities 

The variation in climat ically influenced f actors 

such as rainfall, streamflow a:id baseflow. 

Data from such an irlv·estigation could be used as input t o a di gi tal 

aquifer model in ~hich all of the factors which wi ll affect t he 

location and design of wellfielde could be allowed f or. 

4.3 Practicality of Designing Well.fields at this staee 

For tllLe above reasons considerable reservations are held on the 

practicality of designing a wellfield at this stage on the basis of 

the prese1\tly available da t and on the applicability of image well 

theory to this particular case. However, as mentioned in the 

jntrod.uction SR&WSC need data on the gro11ndwater resources of the 

Gellibrand Sub-basin for the purposes of comparison with a large 

surface water storage. An attempt is therefore made here to estimate 

the likely yield from a wellfield such as that proposed by Rose and 

Ife (1980) tut the reservations expressed here should be bornA in 

mind. 

4.4 Wellfield Program 

A computer program is available (Blake, 1978) in whi ch a wellfield 

can be modelled using image well theory to allow f or bouniary effects, 

and which uses the principle of superposition . Input t o the program 

includes t he T and S of the aquifer, radius and well constant of the 

p11mping bore~ (if required) and the p11mping rate and metric coordinat es 

of each bore. The program calculates the drawdown at each bore and 

the drawdown caused by interference of every other bore and plots the 

result adjacent to the position of t he appropriate bores • 

• 

• 



l 
! 
I 

I 
I 
I 

•• 

.. . 

• 

.. 

• 

• 

• 
• 

• .. 

21 

For a confined aquifer in which the aquifer is relatively large in 

extent the program probably gives quite reasonable results. For an 

11nconfined aquifer however superpoei tion does not strictly apply as 

mentioned above (4.1.1) it significant dewatering is achieved in 

practice. 

Assumptions made in the Wellfield Calculations 

The following ass11mptions were made in the wellfield calculations. 

i) The aquifer is of 11niform thickness {i.e. the same T in all 

directions) and infinite in extent. The probable discharge boundary 

to the south was not allowed for • 

ii) Infiltration was ignored. There is probably somewhere between 

2-4000 Ml year-1 available from present direct infiltration not allowed 

for in the wellfield calculations . This figure would be higher when 

the cone of depression moves into the intake area. The only source of 

recharge considered was the induced recharge from the Gellibrand River 

and, ~en taken into account, the induced recharge was considered to be 

proportional to the pumping rate. 

iii) No 3.llowance for well loss was made and the 6..rawdown calculated 

is only that due to the aquifer. To allow f or well loss in an 80 percent 

efficient well (for example) the calculated drawdowna should be increased 

by about 15 percent in the present wellfield design. 

iv) Potential sources of leakage could not be allowed for. After 

leakage is encountered the aquifer acts as if it had a higher T • 
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The effect of i) and iii) i~ t0 underestimate the drawdowns although iii) 

can be allowed for and the effect of ii) a.nd i1·) is to overestjmate them. 

No estimate of errors are made but as each of the wellfield runs a.re 

subject to the same errors (or nearly so) at least the method offers 

a means of comparing possible layouts, varying pu:nping rates and times 

or varying aquifer parameters. The actual drawdown:J should not be taken 

too implicitly but the differences between various wellfield conditions 

are probably quite valid. 

4.4. 2 Conditions Modelled 

As discussed above the principal advantage of the program is that the 

effects of changing Transmissivi ty, p1mping rate and tjme on a "''ellfield 

can be c~~pared. For the purposes of comparison the position of the 

bores in the wellfield were taken as the ~ost westerly of the seven 

bores proposed by Ro~e and Tfe ( 1980) for the G5 Storage basin, i.e • 

the layout was each bore 200 m from the river and 500 m apart • 
• 

The effects on the wellfield of varying the following parameters were 

modelled. 

i) Transmjssivity 

Runs were made with aquifer parameters of 

a) T = 150 
2 -1 s G. 1 m day , --

b) T = 300 
2 -1 o. 1 m day s -

' -

• 

ii) Presence of Image Wells 

For each Transmissivity runs were made assuming 

a) The presence of the river 

b) The absence of the river 
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iii) Different Times 

For each p\1111ping rate selected the wells were allowed to pump continuously 

for different tjmes (e.g. six months, one yea:r and 18 months ) . The effect 

of pumping for only six months with six month recovery would be Geelong's 

norxnal requirement whereas 18 months p111Dping mj ght be a dr0ught year 

requirement . 

General For:n of the Drawdown 

Fig 9 shows the position of each of t}1e pumping bores and the Gellibrand 

River in the G5 Storage basin. The l;ores are mm1bered from or..q to seven 

as shown for the purpose of tabulating the results. 

One of the advantages of the prog1:am is tha-t the drawdown in observation 

bores can be calculated simply by entering the coordinates of the observ

ation bore and a zero pumping rate. Observation wells can be entered 

on a grid pattern around the wellfield and the drawdown in the aquifer 

contoured. Fig 10 shows a contour map of drawdown in the aquifer for 

the wellfield l'Ti th each bore r.umping continuously for six months at a 
-1 2 - 1 

rate of 5 Ivil day with a T =- 150 m d~" and an S = 0 . 1. The contour 

interval is one metre to the south of th_ bores and two metres between 

the bores and the river ( because space did not allow a closer contour 

interval). The :i1urnediate area around each pl>mping bore was also not 

contoured because this is the steepest part of the cone of depression. 

The actual drawdowns at each bore are shown adjacent to the bore. The 

main feature to note is the asyu1a1etry of the drawdowns caused by the 

proximity of the river. Between the bores and the river the cone is 

very steep with zero drawdown at the river. To the south however the 

cone is flatter and extends much further into the natural intake arec.... 

The steepest part of the cone is within 100 m or so of each bore and 

as such is limjted tc the area underneath the alluvial flats • 
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Comparison of Draw~~~ caused by varying Transmissivit-f 

2 - 1 
T = 150 m day , S = 0 .1 

2 s11uunarizes several wellfield runs for the aquifer ass1nning 
2 -1 - 1 150 m day anli S = 0. 1 with each bore p1nnping at 5 Ml day . 

Table 2. Dravdown in bores each ptl1Ilping cont inucusly a t 
2 -1 

-1 5 Ml d.q,y 

for different times with a T = 150 m day and s = 0 . 1 

OT Time Recharge Drawdown (m) • each Pumping Bore in Pumped Condition (ML) (days) 1 2 3 4 5 6 7 
. 

6300 180 No 47.3 51.3 51.6 50 . 1 49.9 48.8 '16 . 2 

6300* 180 Yes 40.3 43.3 44. 5 44.0 42 . 5 40 . 0 39. 9 
9450 270 Yes 41.0 44.1 45.5 45. 1 43. 4 40 . 5 40. 2 

12775 365 Yes 41.6 44. 6 46.2 
I 

45. 9 44. 0 40. 9 40 . 4 

* See Fig 10 f or a contour of drawaowns for this condi tion . 

The mos t signi ficant f eature to note is that drawdowns are only about 

16 percent greater i f the river is ignored compared with the condition 

i n which induced recharge i s allowed f or. The other point to n.ot e is 

that continuing t o pump t he same wellfie ld f or one year as distinct 

from six months increases the drawdowns by only about f our pe rcent 

(with the provision that induced recharge continues at the same r ate 

t hroughout the year). 

ii) 2 - 1 
T = 300 m day , S = 0. 1 

Table 3 911mmarizea several wellfield runs f or the aquifer assuming a 
2 - 1 T = 300 m day and S = 0. 1. The ef f ect of doubl ing the p11mping rate 

- 1 - 1 from 5 Ml day to 10 Ml day i n each bor e i s compared . In each case 

i nduced recharge is consi dered proportional to the pumping rate f or the 

per iod pumped. 

' 
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Table 3 .. Drawdowns in bores p~~pi~g continuously at 5 Ml 
2 - 1 

-1 
da;y and 

OTotal 
(Ml) 

6 300 

12 600 

25 550 

- 1 10 Ml day wi th a T = 300 m day and S = 0 . 1 

~ch Bo~e 
Time Dra,,;d-: ·.·'Il (m) • each Pumping Bore l.ll 
Pumped 
(days) (Ml. day- ) 1 2 3 4 5 6 

5 180 20.8 22.4 23 . 2 23 . 5 22 . 0 20 . 1 

10 180 41.5 44. ) 46. 2 45.8 44.0 40 . 9 

10 365 42 . 8 45 . 5 47. 3 47 . 2 45. 2 41. 8 

7 

20 . 0 

40. 3 

40 . 9 

The most important point to note is that doubling the Transmjssivity 

allows a doubling of the p11mping rate for virtually the same d.rawdown 

after six months (cf Table 2) . 

In a year of nora1al rainfall in which p.llllping would continue f or six 

months with six months recovery it w.:>uld appear from Table 3 that 

this particular wellfield l ayout could sustain a pump rate i n each 
- 1 bore of 10 Ml day f or a t otal yield of 12 600 Ml in six months • 

It should be noted that the wellfield calculation above relied onlJ

on iniuced r~charge from the river and ign~res natural infiltration 

(2-400J Ml year-1
), other sources of induced recharge or other sources 

of leakage. 

Long Periods of Continu~u3 Pu~ping 

In a drought year much l onger periods of continuous pumping mtght be 

required. For example with the failurd of one wi nt ers rainfall the 

wellfield might be r equired to pu:np continuously for 18 months (i .e. 
through one sum~er , winter an1 the following summer) before being 

allo·..,ed to recover. Several well f i eld runs were made assun1rn ing the 

( 2 -1 ) same T and S 300 ~ day and 0 . 1 but p:nnping f or longer times at 

a reduced rate (in this ca ~n each bcre at 
- 1 

9 Ml day instead o f 10 m 
- 1) day • Table 4 e11m~arizes the res'.ll ts . 

I 

I 

I 
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Table 4. 

~ 
(ML) 

10 080 

20 440 
30 520 
10 080 

20 440 
30 520 
10 080 

20 440 
30 520 

28 

Drawdown in bores pumping continuously at 8 Ml day-
1 

with 
2 and without recharge for up to 18 months with a T = 300 m 

- 1 day and S = 0.1 

Time (m) Drawdown in each pu~ping bore 
Pu!Dped Recharge 
(d3.YS) Condition 1 2 3 4 5 6 7 

~ 

180 NO~ 42.4 .i6. 5 47 .3 46 .4 45 . 9 44.2 40. 8 

365 NONE 48. 7 53.5 54.9 54. 5 53.7 51 . 0 46.3 
545 NONE 52 .9 58 . 1 59.7 59 . 6 58 . 7 55 . 5 50. 1 

180 WITH 33.2 35.8 36.9 36 . 7 35 . 2 32.7 32.3 
365 WITH 34.2 36.4 37.8 37 .7 36. 2 33 . 5 32 .1 
545 WITH 34.7 36.1 38. 2 38. 1 36.6 33 . 9 33 .0 
180 HAiiF 37. 9 41.1 42. 1 41. 6 40.6 36.5 36 .6 
365 l SAI.F 41. 5 45.0 46.4 46 . 1 45 .0 42 . 2 39.5 
545 43.a 47 .4 49.0 48.9 !.7 . 7 4 i . 7 41 . 6 . HALF 

. ' 

It would appear th~t even with induced recharge reduced by half the 

wellfield could sustain continuous pumping for a period of 18 months 
- 1 with each bore pt1mping at 8 ~Il tiay equivale1~t to a total annual 

extraction of 20 440 Ml. At the end of 18 montr.1s the aquifer would 

be allowed six mon'L~s to recover but there would be a deficit in the 

aquif er of 15 260 Ml (cf a normal year ) which the aquifer would have 

to make up by induced recharge from the river and other sources in 

this time . 

4.4. 6 Conclusion 

A wellfield could be designed for the G5 Storage basin t o yield up to 

13 000 Ml year-1 over a six months period . Tnis is dependent upon an 

average aquifer Transmiesivity of 300 m2 day-1 and Stor~ Coefficient 

' 

' 

' 

of 0. 1. The wellfield calculations above relied only on induced recharge 

from the river and i gnored. all other sources of recharge . 
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The well field layout tested hP,re is fairly arbitrary and cne ~hich 

would simply supply the desired vol11me of water. Different layouts 

may result when other factors such as infiltration, leakage, artificial 

recharge or minimum stream flow require~e~ts are taken into account . 

No allowance is made here f or environmental factors such as maintenance 

of minimum river flows for t wo r easons : 

i) There is insufficient data on f actors such as strea:n~ed 

permeabilities available. 

ii) The method is not really amenable to such calculations 

anyway. 

For the purpose of costing a gro11ndwater scheme in the G5 Storage basin 

it may be preferable to consider the conditions under which the well

field would have to operate in a drought year as well as the case for 

a normal year. In a drought up t o 30 000 Ml could be p11mped over an 

18 month period but the initial rate of 13 000 Ml in six months could 

not be sustained. In the case of a drought water is actually withd.ra·Nn 

fro~ storage in the aquifer f or the period of the drought. 

Individual p11mping bores could be equipped with p11mps of either 8 Ml 
-1 -1 -1 day capacity or 10 Ml day capacity . If 8 Ml day capaci ty pumps 

were installed t:-ie vol11me of water pumped over a six month perio1 

( -1 ) would drop t o 10 000 !11. cf 10 Ml d~y pu:nps but the drought capacity 

would remain the same . 
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5 PUMPING B01E DESIGN AND COST 

5.1.1 Yield 

For the purpose of bore design a yield of 8-10 Ml day-
1 

per bore 

with a p11mp setting 55 m and total p:imping head of 80 m is assumed 

(the total p11rnping head is dependent upor. the location of a main 

p11mping station on the pipeline). 

5.1.2 Pump Size 

The diQ.jleter of the bore is governed by the size of a p11mp required 
-1 

to p1unp up to 10 Ml day against an 80 m head. For a submersible 

electric ptllllp p11nrping at 8 Ml day - 1 thi'3 would require a 130 Kw 

Motor with a nominal diameter of 305 m1l . Pu:np manufacturers 

no1·mally reco1na1end a bore diameter of two sizes larger, i .e. a 

350 n1m diameter bore . For a yield of 10 Ml day-1 a motor of 185 Kw 

is required but the nominal diame ter can remair1 t i1e same if necessary 

( i. e. 30 5 oi:u ) • 

In order that well losses be kept to a minjirn1m it is probably advisable • 

to increase.the bore diameter to 400 mm (16 inches). 

Screens Required 

!£ 400 m111 ( 16'') diameter stainless steel screens are used the::i only 

about two metres of screen is required to pass 8 l'il day-1 at r~con1mended 
entrance velocities. However with a gravel packed bore two ~etres of 

screen could not effectively gather all the water from a 70 m section 

of aquifer. A suitable length of screen might be 15 m placed at five 

separate depths opposite the best sands • 

' 
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5.1.4 Graval Pack 

To drain all the sands including the top section which will be 

dewater~d a gravel pack would be the most suitable design. This 

is particularly so as much of the Dilwyn Formation sa.r1d is in the 

medi11m san1 size range . 

5.1.5 Bore Construction 

Long life and corros i on rasistance with mini.mum maintenance would 

be desirable for a wellfield of this nature and construction 

materials sholili be the currently available most corrosion 

resistant possible c~mmensurate with reasonable cost . Casing 

could therefore be Linelock AC casing butted to stainless steel 

s creens • 

The bore construction would be as follows : 

Length of bore - 80 m 

Ou~2ide aiei...~eter - 762 m 

Length of surt"ace • casing - 6 m (915 mm) 
Length of • 65 (445 m ID) casing - m 

Length of screen - 15 m (406 mm API scree!ls) 

Gravel paclc annul us - 80 m 

• 

5. 1. 6 Cost per bore 

On the basis of t he above requirements a quote was obtained from a 

leading well drilling contractor f or a bore of the above design. The 

quote received can be i tem.i zed as follows : 

Rig M~bilization and Demobili zation - s 8 750 

Drilling and Consumables - ct 16 0.10 

Co:istruction Materials - S20 31a 

Total cost per s ingle bor e - S45 10s 
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Because the rig mobilization costs could be spread over a number 

of bores rather than one bore the cost per bore drops to S39 275 

(say $40 000 ) if say three bores aJ.•e drilled at a time . 

5. 1. 7 Cost of Pump and Rising ~!a.in 

The: cost of the pt>mp is dependent upon the oapaci ty it is wished 

to install. The wellfield calculations showed that the bores 
-1 -1 could be p11mped at from 8 Ml. day t o 10 Ml d~ depending upon 

the conditions under .ml.ch the wellfield was operated . 

On the basis of these reqairements quotes were r eceived from two 

leading pump marr..tfacturcrs for aubmersible electric motors and 
-1 -1 p:imps with a 8 Ml day capacity and a 10 Ml day capacity . 

The quotes ca..YJ. be s111111narized as follo·.-1s : 

i) 

ii) 

8 Ml day - 1 capacity pu.11ping against 80 m head 

a) Four stage pump driven by 133 Kw motor -
b) Three stage pump driven by 133 Kw motor -

-1 
10 Ml day capacity pumping against 80 m ~ead 

a) Three (or more) stage plirnp d.rive:i by 
190 Kw motor 

b) Five st~""e pt1mp 1riven by 185 Kw motor 

-
-

s 11 861 

11 OOJ 

S25 028 

S23 400 

T"ne quotes rece ived included only the pump and motor assem~ly and 

excluded electric cables , rising main, valves etc • 

A suitable corrosion resistant material for r ising main might be 

resin bond~d fibreglass tubing • 

Total cost 50 ~ @ ~4 5 per m S2 250 --
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5.1.8 Total Cost of Bores Equipped 

The total. cost per bore equipped with 8 Ml. day-
1 c~pacity pump, 

rising main and connected to a pipeline wo:ild be 

Bore 

Pumps et 

Rising Ma.in 

Surf ace Works* 

Tot al 

S40 ooo 
$11 000 

$ 2 250 

s 5 000 

S59 250 

* Guesstimate only and i ncludes valve , seals , electric cables etc . 

T'na cost rises to S70 650 if a 10 Ml day- 1 pump capacity is installed • 

• 

Total Cost of Bores in the Wel lfield 

The total n11mber of bores r equi red is seven. The possibility of a 

sudden bor e f ailure is fair ly r emove . 'When a bore does fail i t is 

generally observed as a gradual deterioration in perforaiance and 

there is plenty of time to plan repairs or replacements . Pump 

failures, on the other hand , do o~cur suddenly even with regular 

maintenance so spare p11mps (two say) should be available. It is 

11nl ikely that Geelong' s water require:nents would be so critical 

that a ~ore could not be out of pro1.uction f or a f ew days for p'J:np 

replace~ent . 

Under normal operation the field would only produce f or six months 

of the year and any bore maintenance (e.g. redevelop~ent) could be 

carried out in the other six months • 

• 

• 
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For a wellfield with each bore equipped wit~ 8 

p..unps the total cost (excluding pipelines) is: 

_, 
Ml day capacity 

Seve~ bores @ S58 250 per bore equipped 

Two p1lmps @ S 11 000 per pump 

Total 

407 750 

~2 000 

~d29 750 

The yield from such a field would be 10 080 Ml in a noru3.l six month 

pumpi ng period or 20 000 Ml with continuous pumping over a 12 month 

period in a drought year . 

If each bore was equipped with 

cost (excluding pipelines) is : 

- 1 
10 ~ day capacity pumps the t otal 

Seven bores @ $70 650 per bor~ equipped 

Two pumps @ !23 400 per p11=np 

Total 

S494 550 

1t 46 BOQ 

S541 350 

The yield fro~ sucn a field would be 13 OJO Ml in a nor~al six month 

p:xnping period but the daily rate would d.rnp over a 12 month drought 

period to yield a total of 20 OQO Ml (in order that the ~a.ximum 

pumping depth was not exceeded if p1lmping continued for 18 m:>nths) • 

• 
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6 Yre:r:o FROM •raE: GEI,LIB.UND SU B-.B.lSIN 

6.1 Main Pipeline from Gellibrand Cat c:h!nent to Ba.rwon Catchment 

The G'WWT represent~ttve on the stuiy gro~p is to prepare estimates 

on the cost of pipelines for the G5 wellfield. However ln order that 

pipelimlayout and designs can be prepared some idea of the even~~al 

yield from the entire ~llibra.~d Sub-basi n is required . It is assumed 

hera t hat, for the p:irpose of comparison with a surface water storage, 

the cost of a pipeline out of the Gellibrand catch~ent into the Ear-won 

catchment is the same for a wellfield as for an equivalent surface 

water storages although the individual pipelines may start from 

different l ocations. It is also asswned that , for a wellfield in 

the G5 Storage basin, a pumping station would be requir~d some~here 

at the eastern ~~d of the Storage basin site t o lift water out of 

the Gellibrand catchment . It is the location of thi~ p~~ping station 

which determines the total head against which the bo~0hole pumps will 

have to p11111p • 

6.2 Capacity of the pipeline in the G5 Storage basin ~ellfield 

If on.,y the yield from the G5 Storage basin wellfit' ... .l is considered 

the pipeline linking the wellfield to t!ie p11mping station need only 

be designed to carry a maxirrr.lID of 70 Ml day- 1 (i . e . seven ~ores at 

- 1 ) 10 Ml day per bore • The yield from Euch a f ield would be approx-

j mately 13 000 ~ in a normal six month pumping seaso~ ~i~ ing to 

20 000 Ml in a drought year. 

However, as mentioned in the introduction, some estimate should be 

'Jlade of the yield fro:n the entire Gellibrand Sub-basin , not just the 

G5 Storage basin site, for the purpose of costing possible gcoundwater 

s che:nes • 
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Be~ause t~e yield from the Gellibrand Sub-bas i n would be mucl1 

hit~'1er than just that of a G5 wellfield, the ca:p3c i ty of the 

pi~eline i n the G5 wellfield would need to be designed f r om the 

outset to take the total capac ity of the St!b- basin . 

6.3 Possible Yield from the Gellibrand Sut-baain ~uwnstraa:~ 

of the G5 wellfield 

The possible yield of the Gellibrani Sub-basin ca..~ ba calculated 

qjmply ~n the basis o f extrapolating the results from the G5 well

field to the rest of the Sub- basin • 

La.rdnera Creek - Gellibrand River 

At 500 m spacings a further six bores could be located along thi s 

stretch of the river. These bores would yi~ld between 8 640 Ml 

:and 10 30~ Ml in a nor: ·tl six months p1Jmping season ·Ni th bores 
-1 -1 pumping at 8 Ml day or 10 XL day • In a drought year the 

yield. could r ~.3e to 17 520 m c,ver a 12 month period \li t h each 

bore pumpi ng continuously at an a,~erage of a Ml d "iY -
1 

• 

Charleys Creek - Gellibra.nd River 

This a.rPa of the Gellibran1 Sub- basin has t he hi gli~a t po ten tial of 

the en i re Ge 11 i brand Sub-bas in for developmell t . Her~ th•3 i:iqui f " _r 

i s t hicKgst (and hence a hi gher T) and the combined volu~~ of wat~r 

f lo•.vi ng ln the Ge 11 i brand River , Charleys Creek an !l.)v a Cr eek ( "':1!~h 

dda i to c ompon!?:l t o t he Gell ibrand) is higi1est . . n ·...-el f i 1 

layout would probably be different t o t he G5 ~tor ~~ n .a it 

could be baaed bet\~ !)en t he two s tcetches of t h:=- Gelli 1)r nd River 

and C:l'Jarleys Cr eek. .F'o r the pur pos e of t his por a yield • .. qu i v -

a len t to th~ G5 wellfi eld can be assummed btl t in pr c tice col1ld 

probabl :,,. be m.lch h ig!1E': . 
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6. 3.3 ]Urther Surface Water Supp~~es 

The existence of a pipeline to Gellibrand ,; 'Ud make fu.rthe1· 

sut:"face water supplies available. R~n of the river p11mping is 

envisd.g'ed f or the Gellibrand River at th~ easter n end of t he 

G5 Storage bas in at a rate of app=oximately 350() ' fi year_, 

(see notes in Appe~dix) . A further 10 OJJ ~rr year- 1 mi~t be 

available from r'1..~ 0f t he river p'.l!Ilping on Lardners Creek , 

Charleys Creek a..~d Loves 0"eek on the basis of c~cpe.rison with 

the intended. run of the river pu:nping on the Gellibrar.,i . This 
• 

estimate is only verJ approxi mate ~,d is made merely to illustrate 

the fact tha.t the existence of wellfields 3.Ild associated pipelines 

w0uld make available an extra source of surface water for very 

little cost . The capacity of the pi peline initially installed 

in the G5 wellfield should take a~count of this extra ·ol u.:ne . 

6. 4 Total Yield from Wellfields in the Gellibrand Sub-basin 

On the basis of extrap1Jlati:-Jn of res1Jl t s c f the G5 welJ f i eld 

calci.JJ.ations, two est i. rna.tes of thP. total yield fr"- m tl:ie Gellibrand 

Sub- basi n can be made : 

i ) Nor;n:tl year 

This c'3.n be calculated on the :,asis 1::> f each bor e pumpi11 at 0 

f or six mo~1ths and c~n be E'U.ll.Jlarized as f ollowJ . 

a) 

b) 

c) 

G5 Storage basin 

Lu-dn·~ :-s Creek - \n-»l i .... brci-nd Ri -v·er 

Charleys Creek - C<'llibran1'i River 

-
-
-

13 Q\)Q ~1] 

11 000 Ml 

13 000 Ml 

)7 000 J 

-1 
day 
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ii) D-:ough t year 

T'nie ca.D J e calculGted 

rate equivale~t to 8 Ml 

on the 
-1 day 

G5 Storage basin 

38 

basis of each bore pumping at a 

con~in~~usly f or twelv~ men hs . 

-a) 

b) 

c) 

Lardnera Creek - Gellibrand River 

Charl.&1ys Creek - Gelli brand Riv-er 

-
-

20 ()00 Ml 

17 50·J fil 

20 000 Ml 

57 500 Ml 

Tne same reservations expressed for tl:le wellfield calc\tlat ionr; 

p?rformed for the G5 Storage basin wellfield (Section 4. 3) apply 

to t he above calculations . The volu1le wl~ich could be ~xtracted 

in a nonna] yea;r (37 000 :11.) represents 32 percent of the average 

yearly flow in th~ Gellibrand river at the J3unkers i1ill gauging 

station • 

• 
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'fHE! FUTURE \-/ATER SUPPLY F'OR GEELONG 

.. OTl!!S ut~ TBE FIRST 'f\lE:ErfING OF '1'8Ei DESK TUD~ T-, r:-v~STiuATE THE GROU! 'A' 'ER 
F.ESOU:'1CES OF l'HE GELLIBRA.Jfil SUB-.BASil 

TD1E : 

VENUE: 

PRESENT: 

10. 00 8l!J, Mor1day 5 May 198C> 

Room 309, 107 Rt1ssell St1·eet r·, .... l'otu.·1. -:; 

Les Barrow (~W & sr), How~rJ ~ose a~d David Ife (SR & SC11 

Roger Blake and Ro11ert Will :iarn~1on ( D11 & E) 

The following notes are a resul~ of the first meeting of ~hose participating 

in the Desk Study and the points outli ed ht"re are no1: necessarily i11 t!1e 

order i n which they were discussed. T'rie notes are tl'"lert·fore not an accurate 

r ecord of the ~inutes of the meeting t~t do con~ain mo~~ cf the essential 

sub.i~cts raised • 

hlDROLOGY AND HYDROGEOLOGY OF PRE SL.TB-BAS IlT 

1 ) Defi::i..: tion of~ ·the Sub- basin 

The area of the Gellibrand Sub-baGin (3 conveni ent name to distinguish i~ 

froc: the Barw-on Downs Sub- basi'1) wa.s discussed and exte11ded to include • ne 

Loves Creek to the n0rth and Lardner- Cr~ek a..~d Charleys Creek to the west . 

To the north and south it is ho1mded by Otway Group sediments wi1ich "'01·m 

imper:neable boundaries whereas the eastern and ·&stern boundaries are 

per···.!eable boundaries. 

2) Basic Groundwater flow r egime 

The rela ionship of the ir1fe1~red groundwatei· flo·w o tl1 r~iver and o l 

the two dime .s1onal and three d:imen icr1al f lo·.-1 wj thi!l th aquif r "-' re 

ou~lined . Arising from this i t was realiz d that on_ of he compon n s 

of flow into the Gellibrand Sub-basJ n (that from tlie Barangm:oo - rec.1a""~ 

area) assume in the H Rose and D Ife report , cannot be cQnside d o 
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contribute to the Gelli bra:nrl. S b-1»asi11 because it is alreac.ly conni tted t o 

the Barwon Downs Suh-basin d \re lop~ent . The eastern boundary then, al tl10 Ui:r'l 

a permeable boundary, cai1 be consider\?cl a 1•no flow'' boundary which will be 

artificially created by ptu.i,pit15 .:n the B?.rwon Do~ns Sub-basin . Out.flow 

from the Sub-basin occurs through the permeable b~undary to i ~e wast . 

3) Potential recl~c.trge to tl1c outcr opping 'Wangcrr~ip Group · n the 

Sub-basin 

It was agreed that the area o f t.t1e basin sho"J.ld be defined 9.!ld potential 

recharge from direct rainfall , using a r ange of recharge rates , sl1ould be 

calculated . 

4) Stream.flow into and u1lt of the Sub-basin should be more closely 

defined 

This '"ould include analysis of the Bunker Hill gaugirtg station results to 

more closely define s11rfarE' outfl ow (particularly base flow) from the 

Sub-basin. It was p~inted 0ut that one ~r tne major weaknesses was the 

lack of gauging infor::nation O!l Loves Greek. The sum of the flows of the 

Gellibrand River (l pstr~am of Loves Creek), Lardnera Creek and Charleys 

Creek exceeded flow throu~n tne Gel librand River at Bunkers Hill . Th·a -
inf Prs that a.h· am:>11r.t at least eq' al t c or in ex~ess of L'ves Creek fl o\..'S 

recharges ~he aquifer from the r ver between Gellibrand and Dunker Hill 

(alternatively "water flows back ..l Loves Creek" - Les) . 

5) · Grouniwater outflow from the Sub-basin 

Groundwater outflow from thP basin takes place throu'7' , th•? narrow gap .:n 

the Tertiaries j1~ t to the ea• o f Charleys Creek (between Charleya Cre k 

and .Bunkers Hill) . I was agreed hat an es tima~e of this flow should b 

made using implc one dimens i ona l Darcy flo~ assumptio.s. 
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I') '11he Aquif ~rs 

11he recent drilling of bore X and the earlier Yaugher ~ 9 indica 

Warlg'erri p Group in the s~b-basin can be subdivided into three urd~s:- Tne 

DilY.":rr.t :t..,c1·111a 'tion, the Pember Mudstone and the Pebbie Poin: Fo rmation . ::"le 

Pember Mudstone f cT'tiis &n aquitard between the Pebble Point a.~d Dilwyn aqu: fP:·s . 

It was cor:sidered that t '.-ie two aquifers will behave dif fera:itly in respons~ 

t o 1evelopment : the P~oble Point being essenti~lly confined and t he Dilwyn 

Formation essentlally tL.~confired. In order to more prP-cisely define aquj fer 

parameters, aquif~r tests will eventually have to be perf or~ed on each 

aquifer separately . For the purpose of wellfield calculations (see below) 

it was considerad th~t the aquifer should be tr~1ted as essentially unconfinPd 
- 1 _, 

with average aquifer parameters of K = 5 m day and S = 1 x 10 • 

GROUND\af ATER D~! F:t .QPMENT 

1) Bore Constructions 

It waP a.greed tha~ thP bo~es should be designed for a maximum possible y ield . 

Both aquifers should therefore be ~eveloped (in spite of the c0mplication c f 

pumping test analysis). The bores should be large diame er (q y 00 mm) wi h 

maximum screens available . Bore X achieved a specific ca~ac·ty of J .09 
- 1 -1 

day m but bores testing the 'w'angerrip Group elsewhere i r1d:.ca te t at 

specific capacities ~n the range 0 .1 - 0 . 3 Ml day-1 m-1 should be po~sib:e. 
An arbitrary maxi.mum drawdown of 60 m in each prod c tion well co ul d be a imed 

at. Thie i~ opposi t e t he Pember Mudstone in bore v I t was f el t desirable 

that dewatering ~f t he confined Pebb: e Point Fonnation should no~ be at~empted 

(because of de.mag~ to the aquifer) and that it ie des i rable t hat Pome of the 

a.qui fer eande developed should be below t he pumps t o p1·ever1t cavi a ion ab.'.>v" 

the pumps and maintain cool i ng (if suhmersi ble). A d1 awdown of ~O m would 

produc~ cascad i11g i11 t!1e bore (becaue.e of uewa t ering of tl ... upp r sands) . 

Thie i s unies1rable f r om he point of view of corros;l on and ae ·a ion of 

the vater (wi t h consequ nt pr 4 cip1tation of i r on within he u~r ) b t i G 

unavoidable i f a r easonable drawdown i s t o be nchiev d . 



• 

, 

.. 

- ----- . - - - . - - ·' ~ - . - --. . . -
- --- - ... ~ '6., '~- • a 4.•· . • • . ! .. __ 4 . - -

• 

•• 

• 

• 

• 
• 

• 
.. 

-1 yield o 10 Ml day For the purpose o~ initial wellfield calc la~i)nS 

could be used (i.e. Specific Capacity x Drawdo~T. = - 1) u . . 7 _. 0 m = 0 111. day • 

'I'he distance apart , th number of Produc 1..ior •.:e11P nri ci.stance "to the rivei 

will all affect the ultjmate yield of the · ldiv~ ial b - ~s . 

2) \:ellfield Design 

The major purpose of the desk study is to cone t:p \~i tl1 o rder of m~i tude 

e stimates of numbers of bores , lengths of pipelini.::£ etc up:>n which costs 

may be prepared for comparison with al terna.ti.-·Je Sllrface •v:ater storages • . 

This aim led to much discussion on the nati....re of the various ~~naQ.'eruent -
practices which might be employed (i . e . the al~ernative ways in w~ich the 

conjunctive development of groundwater and r:ver wat er co~lJ be consider.ed). 

It was agreed that the amount of manual calcul~~ion required to investigate 

suitable wellfield designs and alternative management practices was l'~ohibitive 

witho~t the use cf at least some type of rnaths~atical mcdel . The ~se of 

several finite difference (or a finite element) mathematical models which 

could handle the type of prublem (i . e. strea~ f lowing ovPr an un~onfined 

aquifer) were discussed. The use of one partic~lar model ~as discussed 

which , in ~1dition to being three dimensional, could handle the problem 

of reduced river racharge caused by the lower vertical per~eability 

alluvium over which the river flows . If the model could be modified 

to run in a r easonably short time it was cons~dered tta• the following 

parameters might be entered initially as a st~r in wellfield d sign : 

Yield per bore -
Distance betwe~n 
bor1.;.; s 

Distance of bores 
from Gellibrand ri~1er 

K 

s 

--

--

--
--

--

- 1 
10 11 da·r • 

1 krn 

1 Y...ill 

-1 
r: m day 



• 

• 

•• 

• 

.. 
• 

• 
• 

f 

-

• 

5 

The available bore infor111ation would bo 11 ... ed t es \.imate aquifer thicknesses 

over the area of the grid. Output f r om the mod!l would con~io~ of drawdowns 

in the p11mping bores and the nearnees of the c !.cu.~ .... ed values to the desir~d 

'iO m drawd.own available would allow pur .p:!."1g at~~ e."'1a bore spacings to be 

va~ie~ in s ubsequent runs . 

3) Management alterna tives 

The discuseion on wellfield design l ed to discussion of the alternative 

ways in which groundwater could be extracted. Basi cally the problem reduces 

to the e:rtent to which the normal groundwater flow ~o the river can be 

reveraed i.e . t he amount of recharge which will be ind .iced from the r iver 

to the aquifer by the operation of a pwnping • ... el:!..±'ield . Two extreme 

possibilities emerged :-

a) No river recharge 

This alternati ve involves the design of a wellfield iP which the exis~ence 

of the river is i gnored. Tni s of course is a p.hysica1 ly impossible situation 

if the induced pumping cone extends beneath "the river but ·...-ould give a 

conservative estimate of the yields and lead to ~aximuru spacings of the 

bores required . The absolute amount of develop~ent in this case is only 

that which infil tratcs directly from rain water ~o the aq11ifer . I!1 the 

case of the area 9~cu~ied by the G5 storage basin onJy this was calculated 

c-.t 3000 ?-~/annum (ac;s..uning a 20% infiltraLi0!1 ra"t;e) . 

:>) En tire river rec~1arge 

In tl1is case assume that the cone of depression prodt1ced by pumpin is euch 

theit ihe entire flow of the Gel) ibrand River (upstream of the G gau-i?i 

eta ion say) can be induced to char ( ei h r l-.y na ural l v ind\1c d r chn.r · 

or arti ~icially ind t1ced recharge). 'l11ie cae~ i lsn pl".lj co.lly imposs ibl 

b~caus of cons rainta due to na ural ver~ical conductivi~ic 

very hi h river flow a ( sucl1 ae ·3 oo a . ThP a solutP runo t 

fo this alterna ive i s ,41'. 0~0 Ml (flO'I a.t Ge 'n 

000 MJ annum (infiltra ion) .e . 49 000 M1/ann11n1 • 

or p r iods o 

f w ~r availabl 

A a or, ) p us 

. 
' ' ,. 1' - - - -

- - - .- --- -., -----,-- - - - -
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Clea __ y a solution will lie somewhere inbetween the ~wu t c~e nossilili~ies 
• 

and l1ope:f'1111:r a wellfield can be designed which a.chie,ras n ortmu.m ix 

between gro~ndwater and induced river re~harge and t akes ac our.+ of minimum 

rec111ired downstream baoeflows and meets Gee l ong' s f u-rur e at r e~u.irements. -
Again it was generally felt tl1at reasonable a.."'lswers t o :n1,.. tJrpe of prollem 

CC'ttla only be achieved by use of mathema. tical mJdellin . 

4) Geelong's water requira~ents 

It wes decided that the amount of water requi red bi Geelo! at \ arious 

times in the .future, and for which periods of the year i t w s required. 

would fcI'"Jl the major input to the wellfield desigr1 i. e . \;011l d t..JO<" ... C.e the. 

number of bores required (Geelong's requirement/10 1·Il day- 1 
= .. ~o . of bores). 

It was also considered that the groundwater contribution should be only 

that required after "run of the river" pumping from the Gtllibra.d had 

been allowea f or in Geelong 's requiremen~s . 

TASKS F0i:? NEXT MF!ETING 

Following o!'l from the abo·1e po ints it was ~eed that +r.e f.,J.lov:ir!8 da "a 

shot1ld be a·1ailabl e fo r the next mee ting (if possib E:..) . 

I ) 

2) 

3) 

Define ~he area of the Gellibrand Sut- Basin 

Calculate the area of 

rates (say 5- 2()"(,) -
potenti'-11 

David . 

Calculate groundwater outflow 

jnfiltration risiig a r.ange of 

orr1 the Si1b- basin t ·.., the west; 

ueir1g simple Darcy aesl. mpti o11s - Roger . 

- - --- ---- -- - -- ---- --- - - -----,.. ----- - - - - -------- -
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Look at range of stream f lo,,_·s 0'1t ('f tl"e Sub-basin using the 

Bwlkei·s Rill gauging s tat i on for compu-i 3on ~th st earn.flows 

within the basin - How~rd . 

Geelong ' s water rPqu~rements 

for various times in future 

- sea.sor..a.1, lor~ term and drou ~,t 

- Les . 

r- ) Mathematical mode~s available - both in house and outsi de 

consultants. 

and possible 

F:s~ imate time to modify mode]_s for our purposes 

est ~mate of computing costs - Rc·b • 

• -

• 

• 






