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p^umsi^i mrmz m rag p-^Lmmj z*3&m?jj a-dsmzijazst LSVHLS 

The Horth Adolaldo I lolaa had boooca en area of (Ktoniilvo mm of txoua£watar froo the wicierlyini; bauia m^ixmita tahlch include ttppor nan-enrinx; s&ndo uM grsirelo and deeper narlna linootone and fossiUfaieua flana aqolfora* The h araullo bahirrioor of tb» Basin Xa ocaaplox* intake oodwriaf; principally fv«Q too riiwti low salinity roofcarsB watprs noring eastward leaving nodi&n* northern and not* thorn sonata of hl*$utr salinity* 
Jm lnerMDlas rato of withdrawal e&uood a Saf Anita dooHno in tho .ioaoaotric surface of tbe prooouro imtora trm tfco narlna â ulfors tfhicJt 1100000 v m apparent la the Zest tiroo yoovo* 51nao ploaoootrlo ralxum «ro approaching and 

mmtitim toforar/ foiling boloc, mm 00a lorel). tboro is a poaalMUt} that with tho preoont rato of inoro&aed ptiaiplQ£ & wtwmI in ̂ radiont will tond to proiiuee an oaatwurd Koroc&nt of oallno votors tifelolt &ro ̂ rooumd to occur in tho jiurlno ft^ulfors tmdor the Gulf* Additionally* oinoo &r*us of low salinity fiPow&#sator» am ctuoh nore hwnrily ojgaloitoO* thoro in a probability of a 4hm&* in. ̂ dloit causing ingroooion fron noartu aroaa sfclak contain relfititoly s&llno fipova&votorfs* 3ttt is insaffloioat to cir® an sppraadasto tins px»odlotlon for tboso oronts at this mtmmp possibly ace© ys&ro bolng required for the ingreasion of Gulf waters to hare a:; oeoooaio uffoct* X&grossion froa w o siilina portions of the buoin aro ecnotitute a aore lnaadlate but loofelixed dmgwi, significant vartioal contamination fron orerlyins and also deeper store saline waters la alao a distinct possibility* 
Tho fall in lovols of pr©oawpo voter oun be 03900tod to bo aoooBpaniod by further Inore&oes in coot in drilling pumping aquipaant &nd po&or usage* 
In ordar to bo abl@ to odviao on tho n&xicun isafo ylsld fron v«sl«is û rfca of tlic l^in, probl̂ no sft̂ jĝ stcd for further study aro dlncusaod* 



fiuim hert boon, a s&rkod Jjuspoiuw in th© of -
bortm withdrawing irrigation ©up̂ lloo or fro© tho 
"crth Adelaide Plains la tho 'last tea years* :>\tf>diviolan. off 
ĵ rasing land into until sllotsants has .iocolarat̂ a the drilling 
rate in tho last fivo years and a sontiauatim of iafcanaiva 
drilling is tko near fnture cm ejected* 

In addition to gff&sin&t the Worth Adslaid* rialns ansa 
to *» far nsrth ss Two alls has asooisd ®r®et aconmio import-
mem as & vegetable and. ltteenw ̂rsdnelAg arer.* Since those 

asoartain th® extent of thofts r-osqnwos 
ia apparent* 

Booognlsiag thia need th© l)ep«rtaent of ttinse hgus 
coniuotad anrveya (Miles* 1952) and (soloaea* ««©*&» linked) is 
gather data on tho nature of tbo Basin ssdiaeata* driHinrq 
conditions and the warying gtt&lity and hydraulic beh&YlO'Br of 
tho groundwater* a progrsn of sxmthly aaaouronanta of water 
levels in a nunber of observation "boron was instituted in 1953 
and this prv&m 2uui roeon&ly baon intensified* 

*Zbo Infosnation obtained htfi already en&bl&d consider-
able advice te bo &tapn to landholders and GOfvesaaMnt ̂x-.rtnents 
regarding £rou»dwatar proa$eets» Imodiato and Ions t<ma* and 
expooted drilling eendltlona ia partionlur areas* Oopartaent 
lias also acted on this infmnatioct in natcing a press release 
warning the general pablio of areas de&btful for Ion;: torn @o«ft 
irrigation quality water* 

Despite tho press relies* leeturos to leenl a^coltarsl 
bureaus iSkd aany oral *ind written edvioes and diaouoslons with 
land owners* the problems of the groundwater reseureea aro 
generally po&ely understood by tho public, «nd soee d^n^rous 
aiseaneeytiens exist* There la* for. aawmpla* a widespread belief 
©ran expressed by a boring contractor* that the aouroe of tho 
groundwater is omit water* desalted in its nevaoont throng 



the aodiaents* 
Although still further work: is rocuirod before a 

eoripĵ afceasiwe report osn bo eoqplcted* It Is ocsaai.Oerod that 
certain, facta about the response of the groundwater to heavy 
I-'Uaîlnc: as well as eoete inferaiicca* conclusions and rooocsaendf-
atiena should nm be est forth* This is appropriate sines the 
writer has recently transferred to other *orfe after a long 
maacci&tlen with the liorth Adelaide Plains Basin* 

as ' fiism flr m 
% r^mwrnrnm 

7b» area considered* «bout 200 syu&re rJUoa* la bounded 
on the oast by s faulted contact with the anciont ;roeanbrlaa 
reeks of the Adelaide Kills which can be inferred to underlie 
the Basin sediaoxAs on tha down tiirow side to the vraat* 2tai 
thickness of the overlying sedlnents has not boon satisfactorily 
measured by boring but is known to fco generally in «noos of 
500 ft** probably nore of the order of 1500 ft* and deeper 
in places* although the Basin aedinents continue to the 
north and south* for this discueelsn the southern liait Is taken 
as' the eontimmtion to the east of the boundary between tho 
Hundreds of Port .%delai.de and Tstala and the northern by an 
eaat-weat 11ns Just north of 2we r.elle* These boundariaa are 
natural in that higher salinity groundwaters* uaflt for goners! 
Irrigation* occur to the north and south «f these linlta* 
1 though no sample data is available* ths Basin sediments can 
confidently be inferred to continue westward under the Gulf* 
A hydraulic or elastic contract rith Gulf waters la Indicated 
by the ŝ upathetie movmmt of water levclo in bores to tidal 
fluctuations* This tidal rea^onae Ism boon meumxmd by 
autonatle rooorttora installed in bores in the western suburbs 
of t+ic '>tropolitan area of .delaide* Such hydraulic or cliistlc 
connection can be assanod to contlnne nerthimrd in parts of the 



Basin being discussed* 

• t, a vmm> w wm 
Tim Benin sadinonts include various striae* lagoonal 

und twrntvUl deposits* A sarins saa&y liatostons parol u to 
throughout sent of the sctm anA is tbs aost important aquifsr* 
Its surface paries in depth from dnntl 1*50 ttm nescp Salisbury 
to about 150 ft* nsar Two Kails* limatoao is not sveryubere 
unlfona in eharaetor and in soeta areas contains intosfeodded 
sands* silts and el̂ ys* fn the eastern edge of the b&oin nour 
Qawlar, the liaostone tends to give way to fine soada* 
Insufficient bomM hev® ponetHttod through this lines tone to 
gcnor&lly define its lOtror limits sad the daopor oodisumts 
wlilch underlie it* bi;t on present ovideuco, tl.000 doep-ar aadinants 
my bo fine cralnod and difficult to exploit as an agtzlfor* 

Tine sarins sands* containing shell beds, which occur 
above the. lintestass in aouthorn portions of tio area* foam the 
iaportant Sijixlfar in tbs aterloo corner csroa* the tmd-xlyins 
llaestons beinc; sen saline* These sands wodge oat south of 
Virginiâ  

Tbo terrestrial sadinento shleh ovorlia ths arise bods 
already discussed* vsry considerably laterally and slth dô th 
and although generally oiayfly* sand ̂nd gravel bods fro^ontly 
occur* "Those irregular often la&tleulax* coarser beda saactimo 
not as aquifers for irrigation supplies near the iiivoro* 
pc&rtleuiarly in the single Y&Je* Bolivar and* in part* the 
Virginia aroao* 

w. EP mmrn^m jm ^ -yv-ŷ , u m s 
2ho at̂ uifore of the Basin aro then not hcmoggsnooua 

Isotropic or in all ree/.-acta continuous* This is particularly 
true of the non-mrlm; sand and gravel bods *hoee aquicludeo vary 
in their capacity to act as a barrlar to the vertical and lateral 
Devoacmt of groundwater fraa one aquifer to unothor* The tmdor-



lyins marine â uifers* .Ithom̂ x continuous cnrar large areas* 
also vary fron ares* tc urea in their capacity to allow the 
ready novsoant of gre«n<iwatar* Zn the niadlo aid wsaterw 
portion*) of the Baein the â uialadao between the marine i*nd 
nen-oarins aquifers act as effective aeala* psiutalning waters 
in the marine a<juifers under pmssuro and preventing lnta&e 
frees ssimUm or surface supplies* However* these jsapcrweehls 
clayey eonfinlng hods are net continuous near the ess tern msrsglm 
or the Basin* end here Intafcft of catefcnmt watars to the deeper 
aquifers ooours in tJm vicinity of the outflow of the thiwler 
and Uttle Para P. Ivors* 

AQtdeludes between the r and lĉ cr marine aquifers 
are apparently suiYiciiantly effective to separate waters of 
different salinities under nonaaX pressure gradient conditions* 
In the Waterloo corner area good quality Irrigation water in 
Pliocene tends is separated fron novo saline deeper waters by s 
fairly thin c;Uy aqjoleludo which In places nay he discontinuous* 
Such a discontinuity in the clay seal any allow nixing to occur 
between the ts/o marine â uifoora giving rise to a ansll area of 
higher salinity as flfbotm on the aoeoispanying dee? wntar srOinity 

Pi Timm Pit mrnmmi wvafiy FP W K rr ^ m n ^ a 
15 and P) show approximate 

InndariM of asver&l salinity nones for both terrestrial azA 
marine a^uifero* Considerable vertical variation in salt 
contort occurs within the u^per* noa-Hmrine a;..uifora and hence 
the plan far these shallower ̂ ŵundwetcrii is cereraiisea to ofcow 
the overall pattern erf salt contentt vary shallow often hl^&ly 
saline trutera in snail supply ore not generally uaed *o datum* 
Them iiro also indications tsf variation of water quality v>itfc. 
dapth within one or othsr of tfes narine a^ulfera* A considerable 
variation of thia type is apparent in some of the few bores which 
are sampled at vs-rieua depths* aueh as the .lizabeth Oval l>ore^* 



11 

•Zha anisotropic nature of the layered sodlttenfcs way 
:<.llou preferential aovataent of roetusrce waters along the laors 
:>3vtaeable horlsena and different watsro say occur oo,: -are ted by 

poraeabilifcy barriers* 
"SIto general pttero of distribution of different 

willty deep ipoundwaters 1s clear* Krqn exaalKutiofc of salinity 
plans it is apparent that thoeo dsop groundwaters would be 
jjensrally saline If it \irora not for intake of runoff waters 
'from the Gawlar and Little i"ara For the deaper 
groundwaters the Intake io in the vicinity of tho divers in this 
eastern portions of tho r̂ sin whore ponaeofelo sands occur to 
considerable depth* r£hfi low salinity recharge vutom have a 
freshening effect in their aoraiiattt westward through the 
aquifers feralng senesfeat wider ssonss of better ̂ usllty toward ^ 
the west* a slnllar pattern occurs to tho south la proxiaity 
to the .iivor Tonrans and atari Elver as shown on iaoh&lsine 
plans previously prepared (Eiles* 1932)* 

A sone .about nidway between .the livers which includes 
Snlthfleld* J&isalttth* ronflold and Dirok is not in tho path 
of tho ttflwonent of tho bulk of tho rocharg* waters und Lonse 
contains hlnhor salinity doep (ppoundsmters* 1921s shadow 
xone of poorer quality waters narrows to tho treat and In tho 
vicinity of the Port * tikefield Road the good quality watars 
appear to mki oontaet* ' 

"She salinity pattern in t? © nterloo corner area* 
houever* is cociplaGc* v\horo hachurod on tho plan (appendix ?) 
tho tapper shelly sand &<<rlac aquifer contains- about 60 groin vater 
in contrast to the underlying ŝ ndy lizaootone ishooe tmtor Is over 
100 grains per oOlon* 2he occurrence of nor© saline water in 
the d^per aquifer soy be considered as an extension of the store 
saline gone in tho x?lro& area* If so* tho overlying* probably 
aore peraeable shelly sand my aero readily allow the lateral 
spread of the froaiwr intake waters which ore locally sealed oCf 
froa tho linssten® u£ulf*r by in̂ oimeablo cl&sti* 



?© ths north of th© haehursd aroa there is on occurr-
ones of nere saliao water in the shelly sand aquifer* Ears 
mixing of the waters of the two marine atjuifors nay occur 
through a discontinuous d ^ a :uiclude as previously ou&gestsd* 

Znsuffielent data is available to approximate ground* 
wator velocities In the various antiifera and areata of the Basin* 
Zn general the velocity Is directly proportional to the pernssb* 
llity and hydrsulle gradient and inversely proportional te 
porosity* with ths present progresse of water level neasurewjnts 
good cradisait determinations in a number of directions should be 
possible* Considering only data readily at hand an oust west 
natural gradient of about 1 1A 3CO is estimated* lie porosity 
peRsoSbiHty determinations hsve been made* Sinoo such 
parsneters would be espcoted to be subject to considerable 
variation fron area to area ~nd since the natural gradient nay 
be severely distorted near areas of heavy punning ths estimation 

natter for further invoatls-
ntlon* 

3b , - iriYftlt »iTOfiB 
At TOSTOfSQi ĝ RTi ffftSft 

suitable* boms for periodic measurement am not 
plentiful throughout the whole area* nany existing bores being 
either inaccessible or msraally pushing through ziuoh of the year* 
iSeasureasnts fron s number of early observation boron worn 
ourtailsd for these reasons but additional bores have been added 

time to tint and a largo masfeer hove recently been Inelndsd 
In the Observation programme* 

Study of water level readings fron sons of the early 
established observation bores (Appendix D) dearly shows that 
them are seasonal alaluuEi values eerrŝ cndlag to dry aonths 
of heavy pwsping- in Bo-rasher* Doeoaber* January and î bruary ami 
seasonal laajdUnm valuea corresponding to the wetter coolor 



months of June* July* August and î pteabar wfcon. pishing la 
snail* 

She tlnao which the tiaxtwwn and niniam values occur 
In lUfaront bore® vary according to the praxinlty of tho 
observation point to souroos of Intake ©d to concentrations 
of pushing bereo* For Individual boro® thsr© is & 
frocs yaar to year. In the Values of .tho Baxlioft and ninina and the 
tinea that they eoour* This variation la dm to yearly 
differences in rainfall which liiflusnoe both' pusplng rô ulroeonts 
and roohargo conditions* l&srs is, however * notioos&ia evorall 
trend* particularly apparent in the last tm yoars*. of a 
progressive lowering of thoapo matitom und nlste. the 
diffarenees between tho natias and minis® aro tending to increase* 

the hitter rainfall of last printer has resulted In 
a general cood recovery of the static water lovola, bettor than 
tho previous year* &atsr levels wore significantly hl̂ Sior oven 
in reeeabor of I960 than the oaa&e tine in. 1959* such 
recovery oan still ooour is sno^e^Lns in that it suggests 
that lnta3sp during & out winter con substantially rei--loo© -tho 
wntor withdrawn freei storage during; the pulping aŝ aon* Thla 
1? further boms out by ths fact th&t tiu> differwnoeo in miaxlua 
und »in£aa is inorê iing m& it would appear likely that horsy 
withdrawal* lowering the water levels in the intake sons* would 
enable iaoreeaed intake during the rainy season provided 
sufficient runoff water is available* 

She response of tho wutsr larvols to different 
we&thar condition** which offset both rnd IttbUse* should 
continue to bo studied and may dlfforvit viarlations to the 
gonsral pattern can bo ex̂ octod* It la the writes opinion, 
that tho sll^tly iaprcYOd position froa lost year* a good 
rainfall Is only a tsng>orary interruption to the progressive 
yearly decline in miter levels and Uv t oven vith fairly complete 
winter recovery the puaping season ninlain can be eâ octed to 
ecntlnua to decline* Unloss actual withdrawal dooreouoo or a 



succession of very vtt yoaro takes plane It is ualllr»Iy 
that restoration to ths M^i heads reported to exist 10 and 
20 years ago sill take plaoe* the probability of further deollno 
is increased hj recant scad proposed reservoirs on t e uouth <*nd 
Little Pare t?lvsrs* 

It should be stressed that even with eons&ete winter 
recovery* increased pw&ftge will result is an increased drop 
in the "•fofîiiw auzatar 

ga K m m TO, M a m a s 
A nudber «f landholders were rial ted and aaSsod to 

report on ths behaviour of water levels in their bores* Zn 
aoat esses these bores were net accessible for observations and 
only indirect evidence was obtainable* Instanoes of roplaceaaat 
of eentriftoflpl puaps by doep bote m p s and eaetoaslens to pun© 
celusns are taken as indications of a dsollns in water lovols* 
during the ptaplng seaeon, Brief case histories of wntsr levwl 
variations in a nmfeer of boms is appended (appendix a)* 

The date Obtained IfttpOy eonfiisas ths evidsno* fron 
ths observation boom but also shows that the fluctuations vary 
with isontlon* the decline In levels being aset proncuosed wwkV 
word l*e* down the hydraulic gradient* fron areas of heavy 
pimping and vertically as different aquifers am concerned* 

2Sis fflmsrsi piaasanetric ourface toads to be re-
established throng the winter nomths of relatively little 
popping* This period of "reft* la also one of intake to ground-
water storage in the eastern portion of ths Basin ?&ich provides 
additional heed* Zt would appear, fron the fairly rapid recovery 
or partial recovery of miter levels that the cessation of 
pasping is quickly followed b:/ local readjustment of distorted 
gradients to the nero static over all pissonetrlc surfaces* A 
progressive yearly defloisn«Qr In rccoveapy* howwver, indicates a 
net yearly draw on storage not »ade up ty intake* Long torn 
water lovel raoasurasGonts end pumpage data si&porta this none-* 
bslimce* 



4t , MmQAum rr h^are w s sira^ 
tha decline in water lovclo too alroa<3y h©d tho 

follo*,infc: officii in ecOTldonfoi? eroeos* 
1« Abandoawont of irrigation »»ajd etoeV. f<3oSii?£ froa tho 

natural of bo*s#* 
2* Seplaoaswnt of oentrlfug»l and aor punpt by 

store eaê onsivo deep bore 
Higher coots. 
If tho d*ep in t£se plo»e!»<e&rlc s-̂ rfaeo cbi?vl& booorae 

TOfficimtiy l!srg&» tha follo»3rin̂  sdtauno. results ttould be 
espoote* to oo*sri~ 

1« SfcsvwAosd etttpotttlas f«r t'̂  »t» liable w*tor# l~*ad» 
holders I5ftawr; with am* •nethar by deapsRlrr.ff And lotsraring 
psng?3 with lucraesel j&nplnj Wila has already 
•oatenM to an ̂ ystM&ftlo noctont in areas* 

** Xagresalcn of serins -mt^m t&m. areas leos heavily 
puspod* tm* the gulf" sad £ret*• •ausuiCsr aattC&ir* 

3* &M9 of of Site *2a4tl«. preaortic* of tns aquifers 
vith. possible poasiasfcjni to • vator bearing cupacifcy of 
the sodlsenta* 

M T T O v p w c t t o ar smn 
S9as - o£ £3Hfcri.3sm.$ara by aftline ingrossiono 

la iaswm to taw eeraur̂ i ererafts* -in Basins hayine snslogus 
features to the Adelaide riaius Suft&xw ouch 
ingresslon following & fall in tho plesasetrlo surface have boon 
described in aany publications elnouhero 3# 7§ 9# 10 9 11# 13# 
12t) and it is apparent ttaut saline eontai&lxk&tion Is a coru>c,?isaoe 
of Ohangss in the pressure balance of saline- m& fresh mtoro 
oiling rise to Istsoal dlsplaosnent and also tho Tertieal 
sKrroaaotit between aquifers, tho latter occurring particularly 
in the wielnity of bovoholes* 



-

la , & gutf affltaat* 
An important cespariaon of drawdosn vulues of the 

pressure grotsidaraters «m bi with respoet to the saean sea 
level along the coast* A oonpttvisan using the ̂ xiaum drawdown 
and minimum reoovary Mtf^Ctep in otasarratlon 'bores in 1959-1960 
with the mean saa Icwil la etootm approximately in Sable 1* 
o f those homo only hud previously fallen below aesn 
sea level* 

Additional bores larva not been read for a sufficiently 
long period to enable seasonal variations to be detourainaci* 2hs 
following data la* however* of interest* 

Xfittfl'; u 
Observation Bore t&ml of liaadmsi assignation fall Pete 

MP3Q76B abows $*S*Zi» 
13* " » Ciopt* 1959 

PAlfi? »' yob* i960 
below tt Jan* I960 

P4320 * n Jan* I960 
PA39&1 IS* *» Jon* I960 

Previous Observations by the. «m*ar» over a lone period 
ef tine indioate that the Water levels in bores* iolGj, IG26 
and K*153 did not previously approach ztean sea Icvol* 
It is s$p&rent fron Observation Bore Data that in the western 
portions of the Basin there is a snail overall pressure gradient 
fron 1* to in the marina aquifers t&leh oprosca the in̂ reesieft 
of saline waters inland tvm the Gulf into the water 
â uifero of the Basin* There is evidence that this pressure 
gradient is toBporerlly reversed during peak proving periods 
for some of the Observation boms* Thla revereal is nor© m&rfemd 
rfam the greater speeiflc gravity of salt water over sea water 
is considered* the difference being about 1 In IjC* ?or xsumpltt 
s peraeabls aquifer at 2D0 ft* eonmon to tte entry of saline 



TliMif̂i J 
mmw&m mm wmm ina mm m mm 

Observation Bores Designation Oooaer Klnlsun Levels winter Xnxlsua neomrsr Level Date 

Brooks A PA 122 91 above - - Patted zy I960 25* Obovo September I960 
Brooks D PA 122 2&* " « «3To4E»tursr» I960 17f ' • f Jtily 1959 
Brook® 0 FA 123 10* belov w Jaate&ry 1999 11* ft M iieptedt>er I960 
. *B* Fuss MP 7569 15* beloir H Sovoober 1959 3©f It July 196O 
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oreyllng ur 3226 17* belttar SOWKber 19̂ 9 X8f « ' « Jons 1959 
Pearson KX' 2271 10* below t?#3*L« January 19̂ 0 21** » » July 1999 

12* btlO«r 



Gulf rotor from the wost ̂ id fresh Intake .wstore from ths seat 
could be considered* Under these oohdl tlona en .ths fresh water 
aide a heed of fresh water would tc be five or alat feet 
above nsiin aea level to be in a ̂  state of hydrostatic balance 
with the Gulf waters* 

Bw volooity of movement of the mater through the 
golfer is direetly proportional fee the hydraulic firadiant and 
the ponsoabllity of ths sodimonts* 3inoe the velocity of novo-
aont of ths ̂groundwater in the Basin is probably small* say leas 
than lOO ft* per year* for normal gradients* temporary small 
reversals of gradient would tend to give an ln*iisnlfie&nt and 
temporary eastward shift 'of the e&llno 9ulf wntars* If* 
ho over* ths decline in the 
as would appear likely from present Indications* ths point may 
bo reached within even a few yaaro whsMfey there is a net 
yearly reversal of ̂ idisftl accompanied by an svordge eastward 
movement of saline CWLf waters into some areas* Such ingrssslon 
would initially pressed at a very slow rets but neuld insroass 
in velocity with continned hosvy pimping end further fall in 
the piosometrio surface inland* 

The increased rate of fn-.ll of water levels is too 
reseat feature to enable tine praoictittiia to be made but It 
would appear tfc&t the effects of such ingroasion nay qplte 
possibly become economically important within the present 
sensration if the present rate of increase in withdmml from 
storâ o should continue* 

Anotiusr aspect of maHna laerasslen is that wSilch may 
bo oxreoted from 

Basin ̂diaccrit to areas 
of heavy pushing ia good <mallty water sense* such more saline 
waters are known to exist in the Urate- onflald̂ mithflaid* 
saisabeth area and again in the rwo ..'alls - iwmgaroo ?late area 
as shown on the aooempsnylng salinity plans* Kear both areas* 
but particularly aeutlavest from ">irak In the Waterloo" Ocwnor 
area* there is a concentration of lar@» predttclne beraa in 



the stmm of good go&Hty ws»t<jr ««hleh is .la ooatvast to 
m m saline as**** differential -̂Jat tend to 
«etahllsh & ivsw and sioepar hydr©?allo rsmdiont. .jCanrmrinr: tha 
novweKott of tlie.isog* aalina mter to&ird tho nor* heavily 
exploited spmsidmter of Xwa? s it oontsnt* Kfjiteat of the 
saline water esf «aly fltas •̂Kirfc'.-s* of a Rile rotCUl "bo ok.Tilfiaa&t 
in this area t&sro s staep ailiaity smftloat trm "Dte&k to 
atarlco Coem* sjdist** -iltasptosh only tectaMirs- ©vitbines cf 
aueh lnsgnaalon is at tm&mgj for it to occor Is an 
inevitable tsmtmgimam of the present trend temasc. IncroftMA 
^lthdmvnl* -;ff*ets of iâ mssiion from tl̂ ao .Torcr,* »x ht bo 
sxpaofced to ba r*w»si&X? not so' ŝ wspe t«t "bsosm tiaperaafc 
nero qjiioJcl*/, thna that fwrn the Oidtf* 

Valine gj^mdRafcoxw ©eesaonly occrar o.t shallow^ 
thrcmfihoi.it soot of tJ?e Benin nma» ' 'Thsne wt.n* a«?m<lly 
contained frost dqwiswerd peraol;. felon. br Î ernRs'tu e a 000 
hMMti tid berets sot a iscnros of intake of these apparently 
oorreslvo tipper ts&lfc «afc*rn to deeper bsttos* ;ju*&tty uonoa by 
BO«n« of asrcft&sft holes In aaaing* The- ess-wat of this i&t«k» 
woqld bo « scalers tod by boror. fT«aa the deeper 
sv̂ sifcrzu here* oeGsisnieteS with overslso holes 

tho euitriclisAfiC may *llar vtrttfoul Ionise £om the 
ottt9l.de of loosely fitting easing* Vortiosl contamination as 
described has bocoso savers and caused the ab̂ wSoanent of 
Inportsm* snew ĵ saftoaisr ©tssfssss*^ sons mich 
oontamiiutica is occurring to sens aaall extent 
in the x̂ t̂h Adad&lds at the proaont tine* ifcero is no 
erlteiO£ to fogiesto thst lid* condition now Is serious* bat 
unlngs bores ahouin& .signs of #ueh let̂ sas* ore properly soiled 
or rehabilitated* as iaarOisse in this type of' eoatanlnatioii 
will occur tiiSh tlaa m nos* oasiniss bosons corroded* 



•Hi?" 
An additional possible souroe of vertical content nation, 

is f m Underlying QOJS3 S&llne Wtttsrs* In thO w*tarleO COTftSP 
ores-, for example* m'.j&et garden squall ty wat̂ r is being pu&ped 
from wholly aamls which occur fro© about 2C;C to sonieidtat ovar 
300 ft. in. depth* Below theoo sands water toe saline for 
jpr&enlng oocurs in pcjmeablo sandy linestcns* ith declining 
water 1avals there may be a tendency to install deep bore punps 
at greater dô th which say eventually cause mixing of these 
waters throng any points of woakness In the ccootiooa rather 
thin aguioludes which separate ths aquifers* 

Bi m m f̂fl imi-civf .agro 
It has been noted that the destine in water It;vol has 

aaeossitstsd fitting puŝ s to previsMoly flowing bores and 
replacing centrifugal punps wltli the aero exponaiv® deep bore 

mm. Kith a further fiOl in wster levels, pme* will have to 
be installed at greater deaths if the yield is to be maintained 
sad in sone eases bores nay have to bo deepened* Aside fron 
those additional expenditures there is fja increased poses* 
eost ontsiled in. puaping against greater heads fello«rta£ falls ' 
In water levels* 

Ono eriterion for ddtemining the "Safe yield" in 
studies of the groundwater resources of Basins is baaed on the 
eeoaculcs of pm*&tag coots end crop value. Boeauss of ths laCk 
of data available frqa users on punpln̂  schedules and rated of 
withdrawal n&SL th* fact ttet Most irrigation bores arc In&eeess* 
ibis for ms&surepent* tho uao of this criterion would be vexy 
difficult to apply In this area* It is fanoasxi* however* that 
a decline in tJis static water level and hence the .,/uapinc level 
in a bore of say 30 ft* requires an appreciable greater power 
expenditure, the amount vurying with tho particular equipment 
Installed. Following fron discussion vvith officers of the 
::*2**s*ii* it would appear that suoh costs increases may already 
be sl&&lflsant In soma oases* 
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On* further possible udTarso conaô xaano© or falling 
water levels should bo ocmsidsrod* it is icaosa ti at both 
atioifers and SQololttdos in basins containing pressure miters 
have «n elastic response to preasuro cĥ m&tm*̂ "*̂  With tho relief 
of hydraulic pressor* within an aquifar* basin sodlaonts hove 
boon fcnotm to oaflB*s»*« SlsottiterG under axtraaa conditions of 
withdrawal hss rarttul tod in an actual syflMiidenoo in the 
aurface level of tho ground of m much as ten foot*^^ Although 
perhaps possible* an expansion of the •ediasnts with a recovery 
of the hydraulic pressure within Um aquifer has not boon 
observed olseshoro an*. s less in the specific owelty of 
tho aquifer fron such ooaeresalon aey result in ixvspsercbie 
ôt̂ agy to the storage oanaoltsr of tte idsifiiw^^ 

Although tho hydraalic pressure decline which is 
MClootod by the water level in bovos* is not considered, to hay* 
been ouffielent to w m m aignifioant em&twmim of the sedlnontn 
In the Xorth Adelaide Plains* this study has not boon actively 
wtdsrtakon* ' 

B d s a m i m m s M 
In order to preserve and to inovosoo to * safe naxinun 

tho arse* a largo «nd still growing inj>ortenoo in nortest m rAming 
and pasture irrigation, oonaervatlen and intelligent usage of 
the arouadsrotor reoouroee, upon which tho arse la defendant* 
is indicated* Decisions on lialpful conservation seasurss in euoh 
a large s—jfIst Basis* require eonsldsr&tbls ]a*oi&od&s and under-
standing «f the problnss peouller to tho Basin* to its taiefcnent 
a*sa and to other areas using waters Aran its oatohaont* In en 
efXttrt to Obtain a thorough knowledge end understanding, a very 
extensive and intensive investigation sould bo uofiartakcrw It 
bstonps a difficult problan to drew the Units for each an 
investigation idiich could eestty booono so large as to drsin 
Investigation facilities "frocs other inpcrtrjit areas in the Stat* 



whioh aloe. require study* A discussion of various posaibls 
linos of investigation is given below* 

rk v ^ i ^ s m SK TO n^pfyg^ tomb 
Bis sroatly extended programme of water level 

neasursnont recently introduced is prgbably the stoat useful 
and practloaihle line of investigation* i&tondod pasrlod obaerr-
atlon Should enable a pattern of water level variation to be 
Oetsnslnsd which nay assist in poking at least four important 

1* Esther or net there Is a tendency for the jasreaont 
of 
such tmmmtm 

2* Whether or not storage la being depleted fron 
year to year* 

3* Whether or not water levola are- - failing- during 
ths ffû ln&SMS&son to mar tha botten of tho' aquifers 
or to levels too deep for eoonanic punping* 

it* y.hotbcr or not settings in individual boras 
are sufficiently deep. 

ik <«mmu mm or ;m ^ggmwa 
linoe of study are suggested* 

At has olrssdy boon recognised a More extensive nd 
systematic programs of periodic sampling from a grid of boron 
is dssirabld so that any variations in salt content can be 
studied* rovided sufficing peraonnel are available* suoh 
aanpllng should be reasonably straightforward as numerous pumping 
1jC»os are generally available, ilowevsr the drilling of outpost 
bores on the estrone western portions of ths plains or in tho 
Gulf itself niflfct be considered* mch drilling la discussed 
later in the report* Botm ahaula be selected from both narlne 
aquifers and particularly at aiiaa adjacent to the more aolins 
acnes and near areas of. heavy pta&lag* If ouch sites are loeated 
on a stoop salinity &ra£i«nt» acrto s&'JK>aul oscillations In 



a > 
in water quality nay occur* A possible eacsnpls of this is 
a bore in Sect* 2*26.3, Ed* of JJunno Para where analyses hawo 
Varied as follows 

A programs* of perlodlo analyses backed by active 

should Indicate any significant shift ixt salinity boundaries* 

a* Ij^ffgl^tlgt fiC smmflgn^Tff m\\ W r 

considerable prolininary study was initiated with ths 
plan of oharsetorlglng tho cfcwlô l nature of the vorlotsa groundr 
wetors so that tlioy could be treated statistically or graphic* 
ally* It was hoped tint crash an empirical treaimoat would enable 
a better understanding of the movement* separation and intake Of 
tho groundwater* It was alao hoped that if̂ fo ehsypaeterlsstlcn. 
and study would enable the typing of the waters end aid sanstlo 
interpretation of tho hlatoiy of ths dpoun&sators* 

Somehundreds of full sn&lyscs were rooaJLeulatod* with, 
the holp of computers of ths CMtophyslesl 

.'ioctlon* in tGR38 
of rosetlng valmes (the reeiproeals of tho o$ulvel4nt woi^ts)* 
By using peroentases of these roasting values it wee than 
possible to represent each analysis by two points* one each on 
snion and cation ternary diagrams* In this way many different 
waters of coasaon depth* aquifer or* location can be represented 
on single dlngMHRa* (Appendix 0) analyses cf the data had ' 
not pregrssssd sufficiently to enable conclusions to bo drawn* 
but the following seamed to be suggested* 

29/11/51 t loc grulWeuil. Horwood SkflBhas analysis* 
Wk/m 125^ 
17/7/60 16M> 
IVV60 16ft 
MAl/60 1J1 

111/232 
US/N& 
123AM 



(a) Tha aproad of tho patn&s on. tho di&gro&s 
though not largs ouggoatod that sons pooalfel® characterisation 

in this mmaer won i$osalblts« 
(b) Tbs density of the points appeared; to fall into 

groups* the significance of i&leh has not hoen studied* 
(e) The marina aquifers water cfrpoaro to he generally 

rlehsr in ealciua and carborrato ions ttum the sh&Uosnar wjatorâ  
She results aeon sufficiently encouraging to warrant 

further atudy* 

Thsvs are so naay variables of unkaoen Aâ nituds that 
a water inventory of the area is difficult to agproadtoato with 

to satisfactorily deteradtne all tho values required nay not ha 
oonsidsred warranted at this stage* nonawvor* acne data in 
readily available and 00020 holpful approxlnatlena oould possibly 
he nado with m w » 

1« Papacy 
tSio aaovnt of water punned for a ̂ vna period of tlna 

is not known with any praoislecu IThis is true area though 
nearly all of the bores in the area have boon recorded together 
with saae ocarasnt on supply* The problen# however, is not a 
static ens as now bores are continually "being drilled for 
different parpoass and established bores eh&ngs in their function 
(and hcaoe their predaotlon) or beo«nc cban&ocicd* Bar in largo* 
logs of puaping rotes and tinea are not &apt and tjua average 
withdrawal of noot of tho bores oan only roughly bo approocinutad* 
It would saen that the individual corporation of landholders 
in providing ptapaga data would be halpful and log form for 
entry of auafa data night be nado available* 

In order to Obtuin sons Approxiaiifcion of withdrawal 
free groundwater storage wi oatlmtlon of punping rata** of all 
fcnow* functioning boron for the year i960 was static b; tho writer* 
Goaaidar&bla personal intarpratatlon wso retires. to obtain a 



-19-
total pmpftge astimate of about y x 10̂  

additional wator is lost frea stsp&ao sops bores 
v.hloh still overflew through part of the wintar period* P«paae 
fron water boles is the rivers is another source of water loos* 

2* Jbilyfldttt 
Intake for the area aust first be defined before 

quantitative estimates can be consldmred* Fron previous 
discussion It nay bo understood that moot of tho intake into 
tho marine aquifers eesurs in tho vicinity of ths disqhar&» of 
ths two Tiffin rivers on. to the plains* Qlnoe ths marine 
bods do not actually outcrop in tho intake area* recharge is 
by way of the overlying non-marine sediments which sro 
of a sandy a&tSM along craCh of ths 

Smith** Creek make some contribution to 
intaks between tho rivers. The shallower* noaHnarlne oiuiffcro 
havo a more extended intake system which* although neat aetive 
aleni-; the two naier rivers wcfttld include intake fron minor 
drainages on the plains area Where the shallow ©edimssxts are 
sufficiently pcnaeable* 

Exoept in tho ê stest intake some* sufficiently 
continuous and thick clay a<jglclud*3 occur to prevent the 
hydraulic contest between the non-marina and marine aquifers* 
In some areas irrigation waters may partly infiltrate end to 
some extent rocJxargo the shallow groundwater* where water table 
conditions exist* 

A study to dstermine the total water inventory of tho 
catchment area using approximations for infiltration* ev&pepatlcn* 
transpiration and runoff may involve too many doubtful pamomtoro 
for satisfactory approximations of intake to groundwater 
storage and outflow of surface and groundwaters* Before wuter 
is discharged onto the plains it la used and roused as it is 
pooped fron rivers and grouaawater storage, for Irrlf^tion end 
ao exposed to repeated evaporation* transpiration und 
infiltration* 



It is considered that tho odjr satisfactory approach 
to ,uantitatlva intake detsrnln&tlanaAby & oyston of river 

®o*aurlng tho flow into tho Plain area* If poealble 
further gouging stations could ho ecnstruetod In tho vlulns 
area so <&s to neasure infiltration loss* Cuoh constructions 
vjauld ho difficult and expensive and further would ho 
ro jiired to datamlne feasibility and siting* For sites on the 
Plains allowance for rainfall incident to the plains and for 
puapine f̂ att the two Mvero ̂ roald have to ho nude* 

At present Elver gaugings are inadequate* one station 
is located on tho north era River downs tram fron tho n&resaa 
Valley which would probably bo usafial* Also it is understood 
that sooa readings are twken on tho south Faru ueoerroir* Tho 
applicability of tha iiouth iora raadings to tho investigation 
nsqplres farther discussion with tha & is* a* Department* 
Qaaglnps of tha Little Fara Hitar are not yet kno»n but are 
highly desirable, particularly in view ef tha proposed reservoir 
at tho function of Oould4a Creole* 

umm estimation of ran-eCf froa tho snail drainages 
Olaohurglag onto tho Plains between the two a&in rivers should 
bo nads - particularly Pith's Cweafc* 

3* Outjflew 
The bulk of the v-ter loot to tho oulf from tho ?l&laa 

area is surface water frora tha two sain watercourses* Ths 
praposod drainage thread (fee Bolivar Treataont -carics, however 
is expected to diseharg© considerable runoff waters fron 
rainfall incident to the i loins betroen tho Dewier sad Little 
Para Rivar* The determination of the total surface outflow to 
the oulf would be a valuable contribution to tho uadsrstandlag 
of both surface ana groundwater resources of the area and would 
be neoeaaary to any oonprohanslvo proeraeno of water namL^m&at» 
2hls outflow represents a loss of low salinity water, a 
conaodlty not in over abundance in tha area* 



A dstswil nation of the outflow of i3ra»asrater cannot 
bo reasonably sstiaated at tho present tiae as neither the 
vortieal dinsnslons or tho outer charctcterlstio* of the oarino 
uupolfars ore knoun* " 4 bettor appreciation of this lose m y 
follow fron a period of neasureaant of the increaoed roaaiber of 
observation bores* Seep outpost boroo woull be particularly 
helpful in det&nalalng pressure gradients and the thletoosaes 
of the deep aquifer© and heuoe evaluating outflow* 

In general outflow through tho utjulfaro can bo expected 
to decrease with fulling water levels and at peak periods of 
puapln£» to bo revorssd with the inland novaaeut of saline Oulf 
waters* 

fta • W m AMfflw 
Snowledgi of tho pcraoabilUy* porosity and coefficient 

or storage for ths â uifore is neoessary for a ̂ ood understanding 
of tho groundwater resources of tho .*»•» but the Obtaining of 

nay ontaH a greater axpenditur* of investigation resources then 
are 

avatfjftlo* 
Tbe value of t .ose p&reiaet̂ rs is indicated in tho 

fallowing relations* 
Q » PIA • 
& m' vI/0 

wlioae Q is tho Quantity of groundwater flowing thrombi 
a cross sootlon of ths Basin of area A with s pexaosblllty 
porosity p# hydraulic gradient 1 and veloelty v* 
Evaluation of ths coefficient of storage is alaoot equivalent 
in lnportajuso to pornsobillty determination* The cooffioi«nt 
ia defined as the water released frm or taken into storeso in 
response to a ohor®t in head* Satisfactory evaluation of those 
factors would facilitate determination of ths rate of novenent 
of saline waters sad ths outflow from the Basin* 



Tha a m approved ncthodo of portability and 
coefficient of steals* datarniaatiena are by various field 
puna? tests* saaple analyses beine widoly bold as unreliable* 
isomer* it Is considers* tfebt snob ponp tooits &n not at 
present readily or genareOly applicable to tho aarlna a.uifore 
in Forth Adslaida Plains for tho following rausanat 

a* Tho liwwv Xinits of tho sandy linestcno 
aquifer are not deteraiaed as praaont bores are too ah&Uow* 

b* Tha horizontal boundary conditions ore ofton 
not easily define* dva to changes in faeieoj this would nofceaa-
itato May oaparuto detewiinatiooa baforo tho poxsosahility 
variations could be understood* 

e* Vertioal bouadariea aro often vngaa* tho 
difference in the layered sadiron to giving anisotropic behaviour* 

4* Drill in/: dsnths romiirod ara of tho order of 
fron 290 ft* to over 5̂ 0 ft* for posplng and observation bor<»* 
since a naafrer of observations would be required* each nooosa~ 
itating several bores* a tasting prosrajaao would be costly* 

a* Existing boras are not gdnert»12y satisfactory 
for sue!* teats slawa 

{i) lienoval of pû pa far observation would 
bo required, 

not gsnggrally auitabla* 
(iii) 

in the borea is often not sufficiently 
detailed* ' 

f* !2ha tapper nsrfMH sandy a.ulfer* although 
narked by noro eleorly defined boandprloa* la alnost alweya 
developed bar blowing with ooagreased air which ooans that tlvtve 
is a largo sad undefined area of distuffemea around tho bora* 
Considerable error in using suOh boees in pmap tests would bo 
inti,otead# 



Semyite toee difficulties some field pump teste nay 
bo warranted under particularly favourable conditions where 
there la likelihood of obtaining useful infOdsstien* 

Other methods ef determining ths aquifer chkracterlst ins 
Should fee considered in view of the difficulty of puns? te*$ 
methods* 

Conversations with Mr* Moss flf the C*iS*I*H*0* 
indicate th&t it night bo possible to work out e ptv&twm*' 
of laboratory porosity a&d poreoability testis if suitable 
samples eon be Obtained* Generally sludfne dan̂ lee are not 
auffiaiently reliable for this wortc enm theuf ii eospiietlon 
equipment is avatlsble* It is suggested that in tho course 
of Departmental drilling that boring bo intofvupted at favour-
rtble depths and that tuba or core sampling b<* undortufcon 
St Departmental eocps&&*« If sufficient samples could so bo 
cfctalcad from various ê sifera and positions in the plains and 
tooted* the rMp̂ ltSm̂  datm m«y giro n truer picture of the 
<̂ reotoff&etlca of ths aquifers them a vary limited JwrSher of 
oaQyonsivo pump toots* From pMWl^us trial It wowld appocr 
thst ths sendy limestone a<juifer may bo ssmetimes too hard for 
ttfbo sanplln̂  and coring ww&d bf roQulred* Althoctfx difficult* 

sampled* but this would require 
trial* AlthMsfe 

samples any not bo obtainable from these sands* sufficiently 
representative ma&arla.l as»y be roeovoiwd so that by oewyaetl<y?. 
the order of pormoObllity ob?* at lê st* tho relative 
permeability from erea te swa i?lght be dstominidilo* 

3* iMtrwgatf Tiflrrtofr nf ftnra M B 
idaetm end radiometric logging methods discussed 

in D*a* appear to be promising methods for in situ 
porosity determination as well as obtaining stratl&raphle 
information* Such lodging is expected to siva porosity 



infomatlen for the entire length ef the hole whleh nay he 
nooh sore useful then porosity tests of saaplea taken t*m 
arbitrary daptha* particularly if undlstaAsA saaples are 
difficult to obtain* Qcae appreciation of pesneafeillty nay 
also be possible froa those logging nethods* The rsdiocwtrlc 
logging oan under a one elrsuastancoa bO dene in eased holes* 

u* aaitMillT rrWr 
It is considers* pertinent to :uote fren the 

Groundwater Hydraulics, Part lf ground-water notes of tha 
8*3*0*3*« page 3, sa folloaox 

"Per an artesian aaulfer* regardless of ita attitude* 
tha water released fro* or taken into atoiagae in response to 
a ahange in head* is attributad solely to oMpreaslblllty of 
tho aquifer Mfttoipf end of tUNe water*'1 

Altheaeh ctwisl datable theoretical study raaalns to 
ba dona' en the elaatlo behaviour of artesian aouifers SOBS 

relationships between eoaffleient of stovags end elasticity of 

applleablo to tha study of the asrtas aqulfere en the western 
asrgtna of tha Elaine and useful data nay psaalbly bo obtainable 
by aawit Of an extension and reflnaannt of water level 
observations* 

Ouch study is lsr̂ oly dependant upon water levels 
in the artaaisa aquifer ahawing & vaaponsa to tidal and 
barooetrio fluctuation* tld̂ l reaponss> having already be** 
pro van in the aquifers farther south, tha relatione boingi-

a* B»2«. » ""Û"* 
whore IS la the beroontrio efficiency 
dm » net ehm&e in water level In tha bora tapping 

tha a&ulfar 
8b * corresponding ehangs in atnaaphorlc xtrosauro* 
8*8* la datasnined by naasaving tha slope of tha 

plot of 8w against 8b* 
b* Wt m 

wfava 8t « range of tha U4» in ft* corrected for 
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e« Eolations between tidal and baronetrlo effldeneles 
and elasticity of artesian aulfero. 

1 • 

B»-l* • TmMm » , • • t » 1 

cA*. bulk t»M«k «f oflwpwmDiqft of tte iwlll 
skeleton of tho aquifer* 

* bulk nodnlua of ecnproesian of water 
(reciprocal of bulk nodulua of 

porosity of the «$ui£«r 
As Tim cesfficient of atonags lo a function of lb* 

elasticity of i>j» srteelan aquifer* 
a - f0 f/2 + 
wIn* jf0 m specific weiffct of water at a 
stated refararats issneratum 
(62*1* lba/ft3 .« 0*0361 l*/in3) 
n « thl*lm««> of tho avuif*r 

and shore loaa throng tbo confining layer Is °f*l)| 
ft * specific yield « Q tf^ [ S & i J 
«ad m » • l . 

, l -
Slsewfcore dpocific yield denominations fron elasticity 

study bote oonparod cloocly with vuluos obtained from pump teetsi^ 
It is considered that provided suitable tidal response 

can bo tibtained* that a study of ths nature would not bo 
crafty expensive and would be eonpatlble with proeont water 

yield independent fron any pua© test* oraluntiona which ni£ht 
bo undertaken* Porosity dotcrninatloas would be required which 



possibly could boat be dona by iastruBont logging diaeuasad 
la tte pravliw SMtiak 

s> m ^ m z m w w g w x w m 
A continuation off the nurino aquifers of the Basin 

under the eea watar of tha calf anst occur* Oodlnents of 
alallar otrutlgraphle age outcrop on the eastern aargln of 
partes Peninsula* Folding and faulting of thasa anrgln&l 
aedimnts and observed outcrop of agplfttr notarial In littoral 
senea Of tha Gulf atreng3y suggest that aallnt Gulf waters hava 
aoaass* over sona If not larn» araaa of tha Gulf for Inflltratian 
and percolation late tha a&rlne â uifare undarlloa tha 
Plains area* 

BdLo bain* the ease, tha haad of watasr In tha Gulf 
would tend to foroe the (half aatar tlwangti tha e$uif*» wall 
Inland under the plalaa araa. There haa boon however* a build 
up of fiaaTi intake altera in the aaatarn portion of the aquifer 
ovw a long period of tins resulting In a hl̂ ber hoad of 
ffcaafe water and a net navaoent of tha f*s& groundwater into 
tha oaiir* 

ftf^t^ there la a tendency for thia gradient to ba 
revawaad at tlnee of pooping inland, a* hue previoualy 
been dieeuosed, tha 6st*mlnatl«n of tha poaitlon of tha *ona 
of ri'asTi water contact in tha aeulfsvs end tha aevaasnt 
of thia aona boeoeoa laportant* neither determine tion oan ba 
aada until euoh tine an suitable Observations ara aa&e on 
bores which pane trate or braeja»t thia contact* the aonc of 
aontaat* prahibTy nixed and diffused, nay occur Just inland 
fron tha ceeat or wall out into tha onlf sad la probably in 
dlffevant poaitlona tor tha dlffsront agoifara* Tha oasurraaoa 
Of KlDG grain water in tha Fllooone oanda at St* Klldn wmt 
indicate aueh a aona or an anoawty* A report of 635 gralna 
water in saatlan 2>1* Hd* of tmt OawXor is alao weert&la* 

finaii asataots have l>>M*t studied in aooa detail 
elaowhwa (3# 10, 14) ̂aaro encroaching saline water has been 
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ofeoorvod to too wndipr tho fjportrer water in suoh a way as to 
give a balanced hood within ths a&ulfor* Ohylen̂ Rergbers 
Relationship* Whoro tho oontsot is undergoing movenent a 
m<jre ©snsral foira of tho Relationship ean ho used* 

^ f f c * - - iSfe " * 
Where & » altitude of a point on tho freah-malt 

water 
ha b altitude of tho water level in a woll 

flUod with salty water of doasity fs and 
terminates at ths oontaot at tho depth s* 

hf • altitude of tho water level in a box* filled 
with froth wateref tensity If and aloe 
terminates at the depth s* 

If ths position and movement of suoh a oontaot Is to 
ho determined there would appô r to be no alternative to tho 
drilling of outpost ofceerratlcxi beam* Jhroc suoh bores oould 
initially bo tried* which if at all possiblo should be drilled 
t* basement* uoeful positions being on tho estrone wostom 
margins of ttao Plains at Port Oawlcr, at* Kilda or to the south 
en the £e Jfevre Peninsula near tho Outer Haxbourw 

*hreo manaral aoaslbilities exist* 
1* If tho bores penetrate only fxeoft water in the sonifors* 

• then -they would bo valuable ss HTI IIHI outposts 
•!mm1a sneittfinfmstit oocur* 

2* If tho bores penetrate the salt-fresh contact* 
thom periodic c&aervations oould bo made to cotermino 
tho ante of movement of the oontaot in aocord wltl* 
tho above cations* ifo do this two bores per aito 
would bo retired* one to the fresh and org to tho 
^lliw regions* 

3* If smoh bores poaetratod only saline Gulf waters* 
thin this would indicate tho dan̂ sroua proximity of 
tho salt waters to areas of groundwaters use and 
suoh boree oould bo usod In determining the rmto and 
direction of movement of tho oalino water* 



Ib tha first esse discussed* (1m only additional 

boras, pasteups utilizing Dm ond of tfc* breakwater *t Outer 
Basfeour* Tho drilling of off shoroboree voder tho eircuBStaneea 
described nay bo considered prohibitively expensive said probably 
prenaturo unless furthor water loval drops Indicate a slgnlflaaat 

lapertanee of mash bores is Indies tod by the following quotation* 
"«ihe*e a salt water body lias entirely offahoro and there is 
raaaaa. to believe that it is enertwehing, Obviouely tharo la aa 
alternative exeOpt to oonatruot oatposi walla at or beyond 

severe! ether important usee strongly support deep outpost bora 
eaoatruetloa ut leest on the weetorn Halts of tha Plaiaa* 

1* *o provide a neans for oorvalatlag and ovnlstatlng 
aaiaaie data so that weleeity eoefficianta of wave 

appliod to tha delaide Kleins sdittlo aarvar sa a 

S* To flitiwifT1* tho dipth to 'HfTTMfrt rook ̂ nfl honaa 
tha thickness af tha Tfrhfrln sa its wootom ctargina* 

3* Si- datasnlne the flif ajfisani» nature and watar 
•haraetoriatics of' tha deaoer Pawlii Sadhasnta* 

partieularljr important with regard ta tha â ulfara* 
the storage and fatCUm fron whloh o&iatot at 
preaant bo eonputad* 

®o dotemlne tha diatrtbuttOci of. vuriosta salinity 
waters with depth, data which is net at preaant 

5* So advance tho w^Mrt&nding of the antigraphy 

If oaahboroe are to be drilled, it la ftittmmM 
that easing be preceded by electric tad other lagging far 



atratisraphic correlation̂  porosity dstominstion and 
pexoeablltty iaplieal̂ flna. cere and tube saeples trm ouch 
artlUng «nl4 be desirable* It is euggeeted that the uoe of 
a retaxy plant be seriously considered fron the point of vice 
of coat (possibly cheaper for a 1500 foot hole)* oorlog of 
liaestone samples* ana facility for caephysie&l testing* down-
hole shooting for velocity noasurenciits and instrument logging 
Of the hole* with * nudds* hole a jpvmter length Of mseasod 
hole could be loft for longer periods of tine to facilitate 

Is S M B I riffifl WIHSR Wflji 
JTos the discussion of intake it follows that the 

aaomnt and distribution of yenr̂ y row-off waters is not 
ade^tely knowi end that the available water for InteOm or 
recharge can be expected to deeroaso with the function of 
the sooth Pare Reservoir aad the proposed Little Bern Reservoir* 
certsinly at tlase of pm&emged strong precipitation* consider* 
M o water Is lost to the ftulf along the too main rivers - quite 
strong flee having boon Observed during the Idet rainy seaeem* 
the capacity afths drain through the Bell var treatment Rosace' 
is alio large but oacpocted to have a voiy short duration of 
flow eeettrim* only after fairly feesvy rains* 

Since available low eallnlty water is not abundant 
the utilisation of outflow water* to tho Gulf* betfe surface 
and gromdwator should bo oarsfully oonsldersd* 

outflow loss though tho eqwifoM can be minimised 
by sufficient Inland pimping* to arrive at a hypostatic 
b̂ lanse of heed of fresh water against •efefttfelaul head of 
Gulf water* Seme met outflow should* howevor* occur m & 
Safety margin to ensure against ingreesdon of saline water 
inland alon# local steep inland ̂ radlunta toward r»s~x*i«tod 
areas of excessive pumping* short seasonal pcriode of 
reversed grodlonte of low ira&altude would cause only sanll 
oodllations of the salino-froih water oontaot In the smlfers* 
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Surface waters on the Plains maid be dirfiault to 

inpeund, daellt end Intro&uoe Into the anrfia* aquifers, 
particularly in the western portions of tho plains* &ooe 
dlscusnlon of utilisation of various surface waters in the 
western portion of plains is glvan in reference U> the proposed 
Bolivar Troatnont wav&s, o**>t* 769/GO. 

Although auch study would bo required* it ia eonsidsrad 
inportent that aona Investigation should bo giyaa to diverting 
exaoas run-off waters, v&an thay nay bo availaMa* f*on tho 
Little Pam sad Berth and South T are Bivera to aoakags ponds 
in aonoa along tha eastern aargins of the ?laino* Bore the 
gonwoablllty of the undaarlying sedinonts asy allow infiltration 
and percolation to a free wntor table sane 50 to ICO feat or noro 
in planes boles/bthe grawd surface la positions oast froo tha 
GaaXer*«tda&&l&$ Bead* suefc infiltrated water* would bo 
oqg?aatad to pa*eolate damard m& to tha wast and to build x® 
tha fcydvoatatie head in tha narlna â uifere and to tmnanlt 
thia head through the aqulfera to tha waatom portions of tha 

Such Introduced vatera would alao bo oâ oated to 
have a alow progressiva frooJwming effect an tha grouadwatora 
weetward froa paints of laflltrotian* 

(>• jmiiirnri7- wrMtt 
Sana helpful neaaurea could pasaibly be Initiated 

with a ainiaun of Iuveal l jj*11 on, tlhaae iTwtlivIti 
1* An appeal oculd bo ssada to landowieva, drilling 

contractor® and wwq distributors to eo-*eperate atill forthor 
In asking drlHlag data, water aastplos end pqapagn reccrda 
available to tha Sarvay* Fsnpage log foms could bo supplied 
to landswnass Interested In oe oooxc. t iiLiî. particularly thoaa 
with beroa near to observation bores* Puapags records would 
aaaist in Interpreting static water level variations and 
al^t enable aaaa gaantita&lv* detensiaatlone of coefficients 
of stemga* 



2* The desirability of plugging old bores before their 
b̂andeuscmt and the ropuir of corroded casing should bo stressed 
to the public* If sufficient authority is available it would 
seem desirable to require that bores should be so treated* 

5* A programs of preventing groundsfater wmste Should 
be popularised and if possible enforced* It is sû ŝstcd that 
the application of legislation (if this la possible) to prevent 
the wasteful overflow of bores would not generally be unpopular 
to users* msny of when have expreesed ccmoom at water level 
fulls* 

§e , , ffPPBffiPCT 
' Although undefined* tha total grsungeater storû e is 

large but ftutft of this stores is too saline for irrigation 
purposes* Withdrawal fron the better gû lity senes in oxeoss 
of intake can result in depressed water lovels to t&e point 
ishere reduced supplies and. increased pm©ing cost may sake some 
ureas uneconomic foe* irrigation m ths scale suggested by 
present land subdivisions* 

Additionally* there la u danger of snsroaataeini 
of salins groundwaters into aoae iiromo of hi*& productivity* 
unequal distribution of large in areas of low salinity 
groundwater and snail in the nor® saline arei&s* causes & change 
in ths natural hydraulic gradients and such changes would 
favour the Bcvenont of saline waters to areas of highest 
production* ssush novemont nay first beOoxse apparent in 
restrieted areas i&ere the gradients become particularly 
stoop but s acre general encroachment could follow a 
continuation of the present yearly trend of inoreused fell in 
water levels by the slor novcaent of saline Gulf mtsvv 



The availability of good equality groundwaters to 
serve tho Irrigation rô oiremnta of & growing population 
of the "Greater Adelaide" oroa is sufficiently ll&ltad to 
make fall utilisation of tho Steoia's grctindsater raaourooa 
daalroblo* consequently hotter definition of safe yield 
froct the Basin la Iq^rtaaW 

She groundwater roeoureee sad thair response to 
are sufficiently ccnplaec to necessitate consideration 

Of porticos of the JSmain oa well ha tho area m a whole* 
The liaits of the 

poapega, outflow and 
hydraulic characteristics of the aquifer aro net adequately 
understood and further investigation is required before a 
definition of aavlawn a«fo yield eon he niveau 

Since ether iâ ortioit areoa in tho state also VQqnXtm 
study o sufficiently c^r^swlvi investigation to enable fall 
quantitative tfotomlnstlon of tho groundwater raeouroee vould 
prObahly overtax prqaont investigation faoilitloe* It la 
then probably necessary to critically cxaalne possible linos 
of investigation such di haws boon discussed in this report 
In tasns ef fsolidtloe and Objectives* 

A division of tho water roaooroou ef tho areu Into 
groundwater and surface wate* categories is not alwayn possible 
aad both of those interdependent foiae of eater supply sheaM be 
eonsldared together in overall water nnnsgsaent planning* 
Beeent end proposed reservoir construction nnst sat deletorioualy 
on intake to tint Basin aquifers* • Ppobloas of use an! reuse 
of svailoble waters should be studisd and possibilities of 
artificial recharge of tho groiaidwater â uifaro be oonsidsrad* 
&ven greater efforts should be node to explain the groundwater 
problems to the public so that greater and noee intelligent 
eo-eperetien nay bo poosiblo* 

E* 1* FFLWWG 
vMJtogua tailfitant 

1st Baroht 1961 aict*as. 
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sigaifieaiuea* Mining Eer» Ho* 103* Bspt* jgin̂ e* r<*A* 
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10* LE&L3Y* lUXe JT** KCHL3S*'' & i-SULKUS* J*L. 195®* 
Hydrology for engineers* itoGraw-IUll Boot Oo* lno** 
ii*Y* Toronto* T̂ ondon* 

U* BoCHJXZr:3$* c*l« 19U7* iJeefcarge and depletion of groundwater 
supplies* trans* a*$«c*fw» vol* 112* p* 9?2~99&* 



13* U * 1952« Oeo&egY and underground water rosourooe 
ef tho Adelaide Plains area* Ben* 27* oeol* gurr* 
south Auat* 

13* HAC&* R*Im 2999* - tf/ater una ami roeoareeo Izi £*&*/.*» 
s?*tar aad Hator ;*ngr»* vol* 63* 10* 766, Deo* 

14* FlStJWmE, !?,&** GSftaaor, <*•** d GFUOK, J*3* 1999* 
delation hereon fresh end salty gveundaeter in 
Seothern ftasaau aad H*K* vJMooa counties* Long 
1 aland* ff*T* 
Soonaoio ooolegy* Vol* p* lild-hJg* 

15* ibhzsl, UK* 191*2* Methods far doteralnin& poKsoahlllty 
ef eater hearing naterlala* »<ator supply Paper £87* ' 
B*$*0*Q« 
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flMttffT) T̂ ffi Suafclsad Pa*k* 
«» 13 ft* ( U m iroond lord 

& M U wes 1 sr i* tt+ • • * la 195® M W U n s i a w * * 2£39* . was oeaoured April* 1959 at 2 ft* 3'la* M U v fNWd lfVWl* 

A Wliukilil wao Inotallod la 1959* 

Buottfeuft Paffc* 
Bow overflowed sumor and visiter to a Jsoiflit of I* or 3 f t* abovo ground 1 m l but stopped flowing in m last 2 or 3 *»«re* 

Soetlat . Bucfclund i-arfc* 
2bis bora did overflow fron a pipe 3 ft* above the surface but etoprod six years a&o and wee. then eqpflfood frith * a windalll. Tho was wmsoured April* 1939 to 9$ ft* .below the ground level* 

Mr*' r«ntaala and JSrt Fuse hove noted a progressive 
Mr* sharpens bora aeroee the amlor Hlvor in Motion 7569* Hd* 

asotftea 68 
Mr* A* canals roports that his 33C foot bore has decreased in yield bar $? while punping wttk sn sir ooRprooocr. This has caused his to dloeoatlsnie the use of hie coajpreesor and to etuip his adjacent deep 'bore with a deep bore i>ts&* 

eaatlan SH% 
llr* C*K* BadEian roportu that his £*£ ycaro old bore 

\s&lch used to overflow mener and wintor eeseod flaring aft«3r the winter of 1936- and has not overflowed sinoo* 



JffPSBqUC A (Centd*) 2* 

fflBfllffifl .8Bim> FMfli 
a w u m 

Br* Brigs* reporta that 'he waa auoooeafuliy using a centrifugal snap on c 29® ft* her* until 12 won tha ago when St* supply fall off severely coins to a drop in tho water level in the bore-
In Aprtt"*3ay 1955 a»tt«£« Mf In /vprlMSoy 1953 3.KVU fcj* 

• The used to riee to tha surface in winter* 
Mr* Brlgg* reports that oentrifitgal puapo aro no longer used for tha deep beroa (bole* 2©o ft*; in tho area* 

9* & $* Trlaboli report the t they can mm pao- only 9*000 g*p*h* froa their tlree yea* old bore whereon initially it yielded 11*000 to 12*occ g*p*Iw with prolonged pttaping* They attribute the deeronee to a drop in the--Ml* rfce bore ie not eeeeeoible for direct neaaureneot* 

ttr* W Oeeei Obtains 3»ooc to i»*ooo is»p*h* a^dnat geld fron Oct* to Jan* in Ma 32D ft* bore* ife.oreae in winter ean 7,000 ofcllona per liour* Re ftttributee this to the oenyetit&ca of nel̂ Jkeuring bores puepin: threû i. tho etssaer* 

Mr* Chianer, eastward frcn the above, has dbsorvod *.han reacting his pts$ on ooeeeiene that there has boon no noticeable overall or sesaonsl variation in the in his ft* bore* 

lir* Goad irrigating esctenelvely fron a deep bore (opprex* MX* ft*)* h»s bean forced te use fewer sprinkle: a in euorcor tLan wintar and has noted that falling preasures in hie s»-rinklla£ ayeten coincides with ooa&etitlv* punping fron nei^bourine beroa* 

Lucerne iinltod have reeantly replaced a centrifugal 
peep with a deep ten pwsp owing to a decrease in supply and 
presumably a drop in tin 

Sflfitta 7562 
ICr* »WB« Puss has neteft a Jecroeoo in supply alnilsr to that which has occurred with lir* earnings bore* Sr* Fuse intends installing a deep bore pu>&* 



£ (Gcntd*) U 

(coatd*) 

soot 
The in a bora drilled to 307 foot two years ago baa boon measured periodically by Mr* a*?* Taylor oa fellcost 
i!T?rtn<ti<fij|» i f t* belee «u«faoo» 

W to 5*00G g*p*h* w o obtaInShfle* with a ecatnnfld punp ** tbe surCaoo* 
I with, the pta» still et tho uurf aoe* to about 5f00C< g*p«h* 
ThestaGdin& woter level cons to 5fW 

-Star foil to 25ft* by fofrnaunr 
— I I a ' M ) -• WWO Of 

jimJilSEL* s*W*l* a* ft* 

g*p*h* pao obtalna&le wit& tho puqp at tho S ft* i* 

Tho owner of a bono shifch produces up to 12. con to 13*000 g*p*lw hoo observed a fall in free 0 fw in winter to m ft* in suaeer* 

tSNWllflft 
Hr* Jones reports fhet his aeo rt* bora did overflew 10 feet above ground level 6 or 7 years age* Although he does not ponp a greet deal the bore stopped fleeing in'the manor of 1957 the 8#f,*I»* dropped to 14 ft* below ground level* The following winter tho bore |i tstflowed at ground, level* Shis owner the WHS. 39 ft* below ground level end by June rose to within 0 ft* of the surfaoo* 

"^IVt iffiS rijerast* Co* 
A bore and well about ace ft* deep* eonstrusted in 1901 overflowed enter end winter until the mmt$r of 1954** aee 

ffttttUflft, 121 Poet* Co* 
A bore over 300 ft* deep £.lthoufd& not punped since 1939 to 19kO oessed overflowing in sutssor of 1955* 

EWlUn 121 flfff Ily» Past* Co* 
This bore h&0 & record of overflowing in 19*i3* Zt stopped in tho scaner of 1933 although it htid not boon used for irrigation after 1939* 

ittittfli l£l mwnt ft i Xifafft ffaits 
Its wlnter'wSftew8^2!^^? for irrigation* thlii bore stopped 



Apaana*. a (coata*) (cmtd*) 
Caption 1&6 Ilya :aat* Co* 

A bore did «vutflflt at the ret* of l?t g«?*h* into & tank but etopped In the suaKor of 1957* *2he w*e aose&rsd 27*4*39 at ft* below ground level* 

3aa*lttn Ilya Poet* CO* 
A but about JCO f t# 4003 did have water standing at ground level* Zt mo Devoured Z7/k/59 at S ft* 3 in* belew tha aurfaee* 

fiaetii 163 Jlya Post* Ge* 
A Tory old (early 19eofe) dee? bore need to ovorflov at about 200 g*p*l>* at a haî bt of a ft* above the aurfaee* It stopped in the eutsaer of 19»7 «*nd a vindeill me installed* Zt eae naaenred 2VV99 at 4 ft* 3 in* boles Ground level* 

Saetiaa ̂  Buefrlrttid 
A 160 ft* bore overflowed to & t of 1 ft* abcee ground level ia 1957* stopped flowing in 1958 &nd wasaeaeurod at 9 ft* below ground level on 9* 

Mr* ansll senior reported tĥ t a 3SD ft* bore wae p«n>ed at llt»000 g*p*h» fras 1955 to 193? a centrifugal punp* She bore did overflow earner and winter but in 1957 the eae found to be 13 ft* bade* the' surface* A deep 
a bore en section 3S&3* 

Mr* Snail reports further that up to within 10 years age be had d to 10 bores all IdO ft* deep all of afeioh overflowed* Theae borea have aH stopped flowing in the euanar end all nee 
require puspe* 

ttr* J»B* Snoll'a bore, 103 ft* deep did overflow bat «4tb e fall in the £*»<*!« the bore was deepened to 3̂ 6 ft* 
Free tha damned bore a supply of 12»6OG to 1*1*000 g*p*h* wee Obtained with a eentrifu&l peep tit a depth ef 12 ft* in a shaft* In 1937 the supply dwreaeed to & the yield and it w$e then noted that the s*v?*L« fell to 2d ft* below ground lavel in the auaoser but filled the ahflft in the winter* - dsop bore peep was than installed* The- bora does now still ©rarflew in t&nter but laat year this flew was very oaall* 

Mr* Capaldo roporto that tha winter .>* .*.<..* in his bore has been the sane for the last three seasons at 7 ft* In useaotoer 1957 he noted that hia was Hi ft* fron ground loval* Mr* Capcldo eoye that the ronoiaing oentrifugal pia&e were replaced by deep bere paBPS load year in M e area* 

This bars hoe been noted to 

Bf̂ tlon IflQl 



APPEAR* A (centd*) 
(Contd*) 

.Sftttfl̂ft uStrfiifc 
3fr* Ro&lnsen did have a cantrlfugal imp at ground lave1 with no euetien wipe* a fell in the esaeod bin to 1 not nil «t tail pipe on his punp too years «g»t 
In naroh 1990 ths overflowed 25CC g*p*lu in tho sumer with a Isrgsr iimsniui'oft flow in tbi winter* 
Xn 1936 ths hops still overflowed with s oorricioat yield for stedk (apyroou 200 g*p«fc*} 
At present the befce still ovarflowe la winter but the euaeer is 

Hr* Jtefelneon reports that in the oanwer 1957-58 tho yield fron a 250 ft* bore boeaoa Tory saall eeing a oentrifogal puap, A ooapresaor was then installed tho then being 

In 1957 a bore ceased to flee and a windnill was fmtiTIrl* 
Investigation has ahom that aha 1 lew besree (about 100 ft* dees?) la the portion of the 3d* of Port Adelaide have 

supply* Deeper bores here, however* bare been attested by the lares withdrawals to east* 

It has been noted by sr* F«8* Trlefeoll that hie J05 feet bore whiofc pne#eee» Sdoo to 10*000 g*p>*h. at the start of soaasr yields only 6*000 to ?*0Q0 at tho oleee of the niooin 1 



APPENDIX B 

• TERNARY DIAGRAMS FOR PLOTTING TO REACTING- VALUES 
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