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FOREWORD 

G.M. Burto n ha d proposed t o make som e amendmen t 
to th e repor t tha t follow s t o bring i t u p t o date ; bu t 
died i n Novembe r 1972 , and rathe r tha n amen d hi s work t h 
Bureau ha s decide d t o issu e th e repor t a s a  memorial , 
however inadequate , t o a n esteeme d colleagu e an d a note d 
hydrogeologist. 

L.C. NOAKE S 
Director. 
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SUMMARY 

Bores ar e commonl y use d t o suppl y par t o f th e 
water requirement s o f farm s i n th e Australian Capita l 
Territory (A.C.T. ) an d th e adjoinin g area s o f Ne w Sout h 
Wales. Mos t o f th e groundwate r come s fro m fracture d an d 
weathered zone s i n crystallin e rock . 

Geologists o f th e Bureau of Mineral Resource s sit e 
bores fo r loca l grazier s an d investigat e groundwate r drain -
age problems . I n th e cours e o f thi s work the y hav e syste -
matically investigate d th e occurrence o f groundwate r an d th e 
natural environmen t whic h control s it . The y hav e pai d 
particular attentio n t o th e genesi s o f th e crystalline-roc k 
aquifers an d th e natur e o f thei r recharge . 

This pape r set s ou t som e o f th e informatio n 
gathered s o fa r durin g thi s work . 



INTRODUCTION 

Since 195 4 geologist s o f th e Engineering Geolog y 
Group o f th e Bureau o f Mineral Resource s hav e investigate d 
intermittently th e occurrenc e o f groundwate r i n th e Aust -
ralian Capita l Territory . Th e inlan d par t o f th e Territor y 
covers 80 0 squar e mile s o f th e tablelan d an d alp s o f south -
eastern Australia . Th e smalle r coasta l are a o f th e Common -
wealth Territor y a t Jervi s Bay , which i s i n a  completel y 
different geologica l setting , i s not covere d i n thi s paper . 
The work fall s int o thre e categories : 

1. Th e locatio n o f groundwate r supplie s fo r farm s an d 
small settlement s i n th e A.C.T., and i n adjoinin g 
parts o f N.S.W . b y agreemen t wit h th e New Sout h 
Wales Geologica l Survey ; 

2. Studie s o f undergroun d wate r a s i t affect s engin -
eering structure s o r give s ris e t o drainag e 
problems; an d 

3. Researc h int o aspect s o f th e occurrenc e o f wate r 
in crystallin e rock . 

The work ha s require d a  detailed stud y no t onl y o f 
the geolog y o f th e aquifer s bu t als o o f al l o f th e othe r 
elements o f th e loca l hydrologica l cycl e (Fig . 1). 

The developmen t o f supplie s o n farm s i s th e mos t 
important activit y an d ha s receive d th e greates t attention . 
Nearly al l th e bores fo r far m water supplie s ta p aquifer s i n 
fractured crystallin e rock . 

Crystalline roc k aquifer s an d thei r developmen t 

A crystallin e roc k i s define d fo r th e purpose o f 
this paper a s one whos e componen t grain s hav e crystallized , 
recrystallized, o r compacte d t o give a  dense fabri c whic h 
possesses n o significan t intergranula r porosity . Include d 
under thi s definitio n ar e plutonic, hypabyssal , an d volcani c 
igneous rocks , marmorized limestone s an d metamorphosed o r 
strongly re-cemente d sediments . Th e characte r o f th e aqui -
fers i n suc h rock s depend s o n th e porosity an d permeabilit y 
of joint s an d fractures , which ar e commonl y modifie d b y 
solution an d weathering. Suc h aquifer s ar e generall y les s 
regular i n extent an d permeabilit y tha n th e better know n 
aquifers provide d b y alluvia l deposit s an d sedimentar y 
rocks. 

Crystalline roc k aquifer s ar e no w receivin g mor e 
attention fo r far m supplie s i n Australia. I n th e past , 
rural landholder s generall y settle d nea r perennial stream s 
and springs , which togethe r wit h roo f tank s provide d 
sufficient wate r fo r thei r domestic , pastoral , an d agri -
cultural needs . 
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Closer settlemen t i n many area s ha s full y develop -
ed most o f th e lan d with natura l perennia l surfac e supplies . 
At th e sam e tim e domesti c consumptio n o f water o n farm s ha s 
risen with th e introductio n o f septi c tanks , hot wate r 
systems, washing machines , evaporative-type air-coolers , 
gardens and , i n som e cases , swimming pools . Improvement s i n 
pastures an d anima l husbandr y als o requir e more, an d bette r 
spaced, waterin g points ; change s i n far m economic s hav e 
also le d t o diversifications whic h requir e additiona l water . 

Figure 2  shows th e main area s o f crystallin e roc k 
in Australia an d thei r relatio n t o the main element s o f 
climate. I t will b e see n tha t th e main element s o f climat e 
vary markedl y ove r a  distance o f a  hundred mile s o r so . 
When thes e change s o f climat e ar e linke d with change s i n 
lithology an d o f tectoni c environment , considerabl e varia -
tion i n hydrogeology ca n b e expected . Th e finding s se t ou t 
in thi s paper shoul d no t b e extrapolated t o other area s 
without du e care ; fo r example, i n th e A.C.T., changes o f 
evaporation resultin g fro m variatio n i n elevation hav e bee n 
found t o produce considerabl e change s i n th e recharg e cycl e 
between point s a s clos e a s 3 0 miles apart . 

Figure 2  also show s tha t th e rainfal l i s bot h 
sufficient an d reliabl e enoug h t o provide goo d supplie s o f 
surface wate r i n roo f tank s an d well site d eart h dam s i n 
the A.C.T.; however , bore s ar e usuall y neede d t o full y 
develop a  far m an d make i t more drough t resistant . Th e 
time a t which th e bore s shoul d b e sun k depend s ver y muc h o n 
the relativ e merit s o f eac h water source , an d th e hydro -
geologist ha s t o be awar e o f al l relevant factor s (se e 
Table 2 ) s o tha t h e ca n advis e a  farme r whether o r no t t o 
defer sinkin g a  bore, particularly i f he consider s tha t a 
deep an d expensiv e bore , o r a  bore with a  lo w yield o r poo r 
quality water , i s likel y t o result . 

The chanc e o f failur e i n drillin g fo r water i n th e 
A.C.T. an d environ s i s lo w (5% ) as ca n b e see n fro m Tabl e 1 . 
Careful siting , however , ca n hel p considerabl y i n findin g 
the cheapes t an d bes t bor e site . Betwee n 196 1 and 196 7 th e 
number o f bore s i n igneou s roc k doubled , bu t th e averag e 
depth fo r thes e bore s fro m 194 4 t o 196 1 and fro m 194 4 t o 
196 7 has falle n fro m 9 5 fee t t o 8 2 fee t respectively ; i t i s 
believed tha t part a t leas t o f thi s improvemen t i s du e t o 
local hydrogeologica l research . 



TABLE 1 . WATE R BORE S I N A.C.T. AND ENVIRON S 
(TO MAY 1967 ) 

Country Number o f Salinity Successful Bore s Unsuccessful Bore s 
Rock Bores Range 

(ppm) 
Rock Bores Range 

(ppm) Number Average 
Depth 
(ft) 

Number Average 
Depth 
(ft) 

Crystalline 
igneous 

46 290-2240 44 82 f t 2 69 f t 

Crystalline 
sedimentary 

14 624-1560 13 199 f t 1 345 f t 

Limestone 2 300-700 2 115 f t - -



TABLE 2 . RELATIV E MERIT S O F A.C.T . FARM WATE R SUPPLIE S 
(Costs approximat e only ) 

Earth-dam Roof--tank Bore Well 

Usual siz e 1500-2000 cub . yds . 
(250 00 0 -  35 0 00 0 gals. ) 8000 gals. 100 f t dee p 10 f t dee p 

on 5-acr e catchmen t 

1967 197 2 1967 1972 1967 1972 1967 197 2 

Cost: (1 ) Supply poin t $400 $60 0 $540 $600 $900 $1100 $220 $30 0 
(2) Pump, moto r an d $300 $40 0 - $700 $900 $300 $40 0 

housing 
(3) Low tensio n $200 $25 0 - $200 $250 $200 $25 0 

electric suppl y 
per 10 0 yds . 

(4) Polythene pipin g 15c 15 c - 15c 15c 13c 15 c 
to house e t c 
per foot . 

(5) Total cos t o f 
equipment supp -
lying hous e $990 $134 0 $540 $600 $1890 $2340 $800 $113 0 
200 yds . fro m 
bore etc . an d 
100 yds . fro m 
power suppl y 

(6) Annual deprec - $80 $10 7 $35 $44 $100 $125 $20 $2 8 
iation an d 
maintenance. 

(7) Pumping pe r 10 0 
gals. 
(a) t o surfac e (a) - - - 0.5 -  1. 0 c (?) -(b) t o poin t (b) 0. 5 -  1. 0 c  (? ) - - 0.5 -  1. 0 c (?) 0.5 -  1. 0 c  (? ) 

further 10 0 
ft. above . 

Loss o f wate r by : 

(1) evaporation High Very low Nil Nil 
(2) drainage Low t o ver y hig h Nil Nil Nil 

Effect o f drough t Ver y seriou s Seriou s Noticeabl e bu t no t Noticeable , ma y b e 

serious seriou s i n ver y ba d drought . 



TABLE 2  (Continued ) 

Supply pe r annum/ o 100 00 0 gals . ?  2 0 00 0 gal s 
(nett afte r evaporation) * 

300 00 0 gals . 50 00 0 gals . 

Contamination: 

(1) Suspende d matte r 

(2) Animal pollutio n 
(3) Huma n 
(4) Industria l 
(5) Minera l 

Strongly discoloure d 
Great 

Nil t o grea t 
Nil t o grea t 
Medium 

Clear 
Slight t o grea t 
by rodent s an d bird s 
Nil 
Nil 
Nil 

Clear 
Slight 

Nil t o grea t 
Nil t o grea t 
Medium t o grea t 

Clear 
Slight 

Nil t o grea t 
Nil t o grea t 
Medium 

Suitable fo r us e by : 

Stock, irrigation , 
septic tan k 

All purpose s Often al l purposes ; 
each bor e shoul d b e 
tested befor e use . 
Special attentio n 
should b e pai d t o th e 
analysis befor e usin g 
in expensiv e machiner y 
such a s washing machine s 
and ho t wate r systems . 

Generally al l purposes ; 
each wel l shoul d b e teste d 
before use . 

I 

I 

* Yiel d depend s markedl y o n slop e an d th e typ e o f soi l an d pastur e i n th e catchment , 
/o Averag e consumptio n pe r house : (1 ) Yass : 9 0 00 0 gals , pe r annu m (consumption , 1959 ) 

Canberra: 13 5 00 0 gals , pe r annu m (desig n rat e fo r tow n wate r supply , 1966 ) 



-6-

NATURAL ENVIRONMEN T O F GROUNDWATE R 

Geology 

The Australian Capita l Territor y lie s i n a  belt o f 
Lower Palaeozoi c sedimentar y an d volcanic rock s with a 
northerly trend . Th e oldest know n rock s ar e Ordovician, bu t 
the presence o f Cambria n rock s i s suspected . Th e descrip -
tion of th e geolog y o f th e A.C.T. (Fig . 3 ) is based mainl y 
on th e work o f Opi k (1954 , 1958 ) an d Noakes (1954) . 

The oldest sediment s consis t mainly o f deep-wate r 
fine-grained slop e an d troug h greywacke , slate , an d clay -
stone which were strongl y folde d an d faulte d durin g th e 
Benambran Orogen y a t abou t th e clos e of th e Ordovician . 
During th e orogen y a  geanticline forme d i n th e vicinity o f 
Canberra resulte d i n a loca l chang e fro m troug h t o shel f 
sedimentation, an d a s a  result th e Siluria n Perio d i s 
represented i n th e A.C.T. by shale , sandstone , limestone , 
and volcanic rocks . Ther e wa s a  gradual increas e i n volcan -
icity durin g th e Siluria n Period . Som e tuff s ar e present i n 
the Lower Silurian , an d tuff s an d flow s ar e more abundan t i n 
the Middle Silurian , whil e th e Uppe r Siluria n contain s numerou s 
flows, tuffs , an d intrusives . 

The Bowning Orogen y strongl y fracture d th e Silur -
ian an d Ordovician rock s which la y a t fairl y shallo w depth s 
(much les s tha n 1 0 00 0 feet) , an d were henc e mor e subjec t t o 
the processes o f fractur e tha n t o flow . I t also consol -
idated th e Canberr a Welt (Noakes , 1954 ) which underwen t littl e 
tectonic dislocatio n afte r th e clos e o f th e Silurian . 

The Devonia n i s mainly represente d b y volcani c 
rocks which, petrologically , ar e simila r t o th e Silurian . 
There is , however, a  marked differenc e i n th e degre e o f 
deformation o f th e rock s o f th e tw o age s i n th e are a eas t o f 
the Murrumbidgee River . Th e Siluria n rock s ar e strongl y 
fractured wherea s thos e o f Devonia n ag e ar e relativel y 
unfractured becaus e the y were protecte d fro m th e effects o f 
the Tabberabera n Orogen y b y th e stabilit y o f th e underlyin g 
welt. Wes t o f th e Murrumbidgee, Devonia n rock s were no t o n 
the welt an d Siluria n an d Devonia n rock s diffe r littl e i n 
structural deformation . 

The onl y post-Devonia n strat a i n th e Territor y ar e 
local thi n grave l deposits , Cainozoi c alluviu m an d wide -
spread soils , some o f which ar e 2 0 fee t thick . 
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Topography an d physiograph y 

The centra l topographi c featur e o f th e A.C.T. i s 
the northerly-flowing , incise d Murrumbidge e River . Int o i t 
from th e east flo w th e Molonglo Rive r an d it s tributaries , 
the Queanbeyan Rive r an d Jerrabomberr a Creek , which drai n 
the hil l an d plai n countr y (elevatio n 180 0 t o 2  700 feet ) 
around Canberr a an d th e Gouroc k Highland s (230 0 t o 530 0 
feet) t o th e eas t an d sout h o f Canberra . Th e countr y t o th e 
west o f th e Murrumbidgee i s rugged an d mountainous (200 0 t o 
6000 feet) ; i t i s draine d b y th e Cotter , Paddys , Gudgenb y 
and Naa s Rivers . Th e topograph y an d drainag e ar e illus -
trated i n Figure 4 . 

The physiographi c evolutio n o f th e regio n ha s bee n 
discussed frequentl y i n geologica l literature , bu t s o fa r n o 
completely satisfactor y accoun t ha s been published . 

Certain broa d genera l feature s whic h ar e usefu l 
for th e hydrogeologist ca n b e noted , however ; 

1. Muc h o f th e ridg e an d plai n countr y aroun d 
Canberra (i n what Opi k (1958 ) call s th e Canberr a Rift ) i s 
essentially a n ol d mature lan d surfac e tha t ha d reache d a n 
advanced stag e o f maturit y eve n i n Lowe r Devonia n time . 
Long period s o f slo w weathering an d gentl e erosio n reduce d 
the are a t o a  peneplain i n lat e Tertiar y time . Th e surfac e 
is rejuvenated i n th e are a adjoinin g th e Murrumbidgee River . 
The ridg e an d plai n countr y wa s subjec t t o considerabl e 
periods o f wasting an d soi l formatio n i n Pleistocene an d 
Recent time . 

2. Th e mountains wes t o f th e Murrumbidgee ar e com -
paratively youthfu l bu t posses s puzzlin g area s o f mor e 
mature topography , notabl y th e valley s o f th e Gudgenb y an d 
Paddys River s an d th e Uriarr a area . 

3. Th e highland s eas t o f Canberra ar e mature bu t 
possess thinne r superficia l deposit s an d sho w more rejuven -
ation tha n th e Canberr a plains . 

4. Th e highlands sout h o f Canberr a appea r t o be a 
unit containin g man y o f th e mature feature s o f th e Canberr a 
Plain an d som e o f th e more youthfu l feature s o f th e easter n 
highlands. 

5. Th e rejuvenatio n whic h i s most noticeabl e nea r th e 
Murrumbidgee River , probabl y occurre d sinc e lat e Pliocen e 
time an d initiate d th e upstrea m migratio n o f nickpoint s 
along th e Murrumbidgee an d it s tributaries . Som e loca l 
meridional an d northeasterl y trendin g fault s als o devel -
oped durin g th e sam e perio d an d superimpose d thei r ow n 
pattern o f rejuvenation an d nickpoints . 
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6. Th e nickpoint s develope d int o features , simila r t o 
mexican dams , which th e writer call s Vnickpoin t bars' . 
Zones o f fres h roc k beneat h th e previous *potentiometri c 
surface wer e expose d a t th e nickpoint . Soi l subsequentl y 
developed ove r many o f th e nickpoints , particularly thos e i n 
the higher reache s o f th e catchments . Th e soil s wer e 
commonly pedocalci c type s o f lo w permeability an d enhance d 
the groundwate r barrie r a t th e nickpoint . Th e nickpoin t 
bars maintained hig h groundwate r leve l i n th e basins abov e 
the bars; becaus e thes e uppe r basin s wer e commonl y surroun -
ded by lo w hills with thi n skeleta l soil s conduciv e t o hig h 
infiltration, mass-wastin g rathe r tha n erosio n occurre d i n 
the basins. Erosion , however , predominate d a t time s an d 
partly strippe d th e basi n befor e a  new period o f mass -
wasting mantle d th e are a again . 

A bette r knowledg e o f th e evolution o f th e physio -
graphy woul d b e most useful . Th e hydrogeologist workin g o n 
crystalline rock s i s primarily concerne d wit h th e uppe r 30 0 
feet o f th e Earth's crus t an d i s intereste d i n th e natur e 
and duratio n o f th e processes whic h hav e no t only forme d th e 
topography, bu t als o considerabl y modifie d th e underlyin g 
rocks an d thei r abilit y t o stor e an d conve y water . 

It i s importan t fo r th e hydrogeologist t o recog -
nize th e pattern o f fossi l potentiometri c surface s definin g 
old lowe r surface s o f weathering, an d t o establish, a t leas t 
partly, th e subsequen t episode s o f weathering, mass-wasting , 
deflation an d erosion tha t hav e prevaile d i n differen t 
segments o f catchments . Continuin g advance s i n ou r know -
ledge o f th e influenc e o f mineralogy an d geographi c aspec t 
on weathering ar e helpin g i n thi s work . 

The tas k o f unravellin g th e picture however , i s 
difficult i n th e comple x geolog y an d geomorpholog y o f th e 
A.C.T. Th e writer believe s tha t importan t futur e advance s 
will com e fro m accurat e mappin g o f th e relativel y wel l know n 
system o f meridional fault s an d th e les s well know n move -
ments i n both systems . Th e most recen t faul t movements hav e 
largely determine d th e rat e an d extent o f erosion, an d th e 
deposition o f superficia l deposits , nea r each fault . Th e 
faults change d erosio n an d depositio n rate s b y truncatin g 
some drainag e basin s an d inducin g pirac y o f others. Th e 
formation o f faul t scarp s ha s no t onl y change d rive r grades , 
but ha s als o affecte d th e area l distributio n o f rainfall . 

* Potentiometric Surface . Th e potentiometric surface , whic h 
replaces th e ter m 'piezometri c surface' , i s a  surface wit h 
represents stati c head . A s relate d t o an aquifer, i t i s 
defined b y th e level s t o which water will ris e i n tightl y 
cased wells . 
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These point s emphasiz e th e fac t tha t th e essentia l 
basis fo r hydrogeolog y i s detaile d geolog y an d geomorphol -
ogy. Eve n thoug h th e secon d editio n o f th e Canberr a 
1:250 00 0 Shee t was publishe d i n 196 5 onl y 3 0 percent o f th e 
mapping ha s bee n classe d a s detaile d reconnaissanc e o r 
better; thi s i s understandabl e i n view o f th e complexit y o f 
structure, th e lithologica l similarit y i n much o f th e poorl y 
fossiliferous sediments , an d th e chemica l similarit y o f man y 
of th e igneou s rocks . 

Climate 

The Australian Capita l Territor y lie s i n a meteor -
ological zon e i n which th e rainfal l i s both reliabl e an d 
evenly distribute d throughou t th e year (Figs . 2 &  5 ). Mos t 
of th e Territor y receive s a n averag e rainfal l o f between 1 8 
and 2 5 inche s pe r year . Th e mountainous area s i n th e west , 
however, receiv e a s much a s 6 0 inche s o f precipitatio n 
(including snow ) pe r year . Mos t bore s li e i n a n are a havin g 
an averag e o f abou t 2 5 inche s o f rai n pe r year ; evaporatio n 
in th e sam e are a average s 5 1 inche s pe r year . 

The most significan t featur e o f th e climat e i s th e 
annual rang e o f evaporation . Wherea s th e rainfal l i s evenl y 
distributed, evaporatio n rise s sharpl y i n November an d 
declines equall y sharpl y a t th e en d o f April. Th e beginnin g 
of th e winter seaso n i n May wit h th e onset o f frost s an d th e 
end o f th e growin g seaso n fo r grasse s coincide s wit h th e 
sharp dro p i n transpiratio n an d evaporation , an d soi l mois -
ture rapidl y increases ; transpiratio n o f trees , however , 
continues an d a  differen t soi l moisture regim e prevail s i n 
forest catchments . Consequently , th e year ca n b e divide d 
into tw o main hydrologica l season s o f si x months eac h 
according t o soi l moisture, th e 'winter 1 o r wet seaso n 
beginning i n May, an d th e 'summer 1 o r dr y beginnin g i n 
November. 

Water Province s 

The A.C.T. is subdivide d o n th e basis o f differen -
ces i n geology an d physiograph y int o si x water province s 
each havin g significan t individua l difference s i n ground -
water regime . Th e si x provinces ar e show n i n Figures 3  & 4 
and th e main characteristic s o f each provinc e ar e se t ou t i n 
Table 3 . 



TABLE 3 . A.C.T . UNDERGROUN D WATE R PROVINCE S 

Province Topography Principal Roc k 
Types 

Approx. Annua l 
Precipitation 

(mm) 

Aquifers* 

Good Doubtfu l 

Aquicludes* Aquifuges* Depth t o 
Potentiometric 

Surface 
(m) 

General 
Salinity Rang e 

(ppm) 

East Gouroc k 
Highlands 

Mature valley s notic -
eably rejuvenate d i n 
lower reaches ; wel l 
defined rounde d ridge s 

Strongly folde d 
quartz greywacke , 
siltstone, an d 
slate 

25-27 Greywacke an d 
siltstone 

Slate, porou s 
soils 

Clay soils , 
weathered 
slate 

Probably slat e 
in nonfaulte d 
areas belo w 
about 10 0 m 

5-70'? 700-2000 

West Gouroc k 
Highlands 

Mature valley s notic -
eably rejuvenate d i n 
lower reaches ; wel l 
defined rounde d ridge s 

Volcanic an d 
intrusive por -
phyry, shal e an d 
limestone 

18-24 Stressed 
porphyry 

Unstressed 
porphyry, granite , 
limestone, porou s 
soils 

Clay soil s 5-50 1 300-2000 

Canberra 
Ridges an d 
Plains 

Mature undulatin g plai n Sediments , volcan -
country wit h ridge s o f ics , an d intrusiv e 
more resistan t rock . porphyr y 
Shows marke d rejuven -
ation nea r th e 
Murrumbidgee Rive r 

24 Stressed por -
phyry, volcan -
ics, an d 
competent sedi -
mentary rocks ; 
coarse alluviu m 

Unstressed volcanics , 
porphyry, granite , 
porous soil s an d 
alluvium 

Clay soils , 
alluvial 
clay 

Usually 0-50 ' 
Some area s o f 
sediments wit h 
poor recharg e 
50-90' 

300-2000 

Murrumbidgee 
Scarp 

Isolated ridg e wit h 
moderately dee p 
dissection 

Hornfels, siltstone , 
greywacke, slate , 
and granit e 

18-30 Hornfels, greywacke , 
stressed granite , an d 
pockets o f scre e 

Unstressed 
granite? 

20-100' ? 

Paddys 
River an d 
Gudgenby 

Rounded ridge s an d 
moderately broa d 
valleys. Rejuvenate d 
near Murrumbidge e 
River 

Gudgenby; granite . 
Paddys River : granit e 
and volcanic s 

30-35 Stressed o r 
closely jointe d 
granite an d 
volcanics 

Porous soil s an d 
weathered granit e an d 
volcanics 

Clay soil s Unstressed 
granite 

0-100' 300-2000? 

Bimberi 
Mountain 

Rugged mountainou s 
country 

Granite an d highl y 
folded greywacke , 
siltstone, an d slat e 

35-60 Greywacke, siltstone , 
stressed granite , 
volcanics, permeabl e 
soils, an d scre e 
pockets 

Unstressed 
igneous rocks ? 

0-150'? 300-2000? 

* Aquifer : a  geologica l formatio n whic h i s capabl e o f transmittin g appreciabl e quantitie s o f wate r unde r norma l fiel d 
conditions. 

* Aquiclude : a  geologica l formatio n whic h ma y contai n groundwate r bu t i s incapabl e o f transmittin g significan t 
quantities o f it . 

* Aquifuge: a  geologica l formatio n whic h neithe r contain s no r transmit s significan t quantitie s o f groundwater . 
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DEVELOPMENT O F GROUNDWATE R RESOURCE S 

In developin g th e groundwate r resource s o f th e 
A.C.T, th e hydrogeologis t i s intereste d particularl y in : 

(i) th e abilit y o f th e aquife r t o stor e an d 
transmit wate r 

(ii) th e water balanc e o f th e aquife r 

(iii) th e quality o f th e groundwate r 

(iv) th e economi c exploitatio n o f th e aquifer . 

The Aquife r 

For th e purpose o f thi s pape r discussion s o n 
aquifers wil l b e restricte d t o th e crystallin e o r fracture d 
rocks; th e important , bu t les s widely distribute d alluvia l 
and lacustrin e aquifer s o f Lak e Georg e an d th e Molongl o 
Valley wil l no t b e treated . 

The abilit y o f th e fracture d rock s t o stor e an d 
transmit water depend s mainl y o n th e permeability an d 
porosity o f fracture d zones , weathered zone s an d solutio n 
cavities; som e sediment s an d tuff s als o hav e mino r residua l 
intergranular porosity . 

A knowledg e o f th e progressiv e developmen t o f th e 
permeability an d porosit y o f th e fracture d rock s i s import -
ant i n tha t i t enables th e geologis t t o selec t th e mos t 
important targe t t o dril l fo r an y bore . Th e picture a s 
determined s o fa r by th e writer i n th e A.C.T. i s summarize d 
in Tabl e 4 . Th e tabl e i s quite detaile d bu t stil l somewha t 
generalized. 

The relativ e yield s o f differen t type s o f fractur e 
is next i n importance ; th e approximat e range s o f specifi c 
capacities ( 2 hours afte r pumpin g commences ) o f bore s i n 
some type s s o fa r determine d ar e show n i n Tabl e 5 . 



TABLE 4 . PHASE S I N FORMATIO N O F FRACTUR E PERMEABILIT Y I N TH E A . C . T . 

SEDIMENTS 

DIAGENETIC ETC . 

Negligible fractures . A 
few du e t o differentia l 
compaction. Formatio n o f 
or fillin g o f solutio n 
cavities. Goo d inter -
granular porosit y an d 
permeability retaine d 

EARLY 

Some joint s an d fault s 
formed. Variabilit y o f 
competence o f adjacen t 
beds produce s greate r 
jointing. Som e inter -
granular porosit y 
retained 

LATE* 

Many majo r an d mino r 
tensional an d com -
pressional fault s an d 
joints an d shea r zone s 
formed; tensional , 
rotational an d shea r 
joints forme d i n folde d 
competent beds . Mos t o f 
remaining intergranula r 
porosity destroye d 

EPEIROGENIC 

Increased permeabilit y o f 
most existin g joint s an d 
faults; ne w loca l fractur e 
zones develope d 

WEATHERING 

PHYSICAL 

Unloading durin g 
erosion open s 
existing joint s an d 
creates man y ne w ones , 
particularly whe n un -
loading proces s i s 
coupled wit h expansio n 
of mantl e du e t o perm -
afrost an d weathering . 
Stresses du e t o insol -
ation an d tide s ma y 
contribute signific -
antly 

CHEMICAL 

Permeability destroye d 
but increase d porosit y i n 
upper strongl y weathere d 
zones o f susceptibl e 
rocks, suc h a s shale . 
Weathering ma y produc e 
jointing o f les s sus -
ceptible bu t competen t 
rock (e.g . sandstone ) b y 
partial expansio n o f roc k 
itself o r adjacen t sus -
ceptible rock s 

VOLCANICS Som e beddin g an d coolin g 
INTERBEDDED joint s formed . Formatio n 
WITH, O R o f o r fillin g o f solutio n 
OVERLYING, LES S cavitie s i n sediments . 
COMPETENT Goo d intergranula r porosit y 
SEDIMENTS an d permeabilit y retaine d 

in som e sediment s an d 
tuffs. Vesicula r porosit y 
and permeabilit y retaine d 
in som e volcanic s 

Some coolin g an d beddin g 
joints partl y destroye d 
by welding . Som e frac -
ture cleavag e developed , 
other joint s developed , 
particularly i n sequenc e 
of bed s o f differen t 
competence 

As above , bu t siz e o f 
existing coolin g an d 
bedding joint s ma y b e 
further reduce d 

As abov e As abov e As above . Sheetin g joint s 
with goo d permeabilit y 
may b e develope d a t 
transitional zon e 
between weathere d mantl e 
and fres h rock s i n 
massive volcanic s 

VOLCANICS Som e beddin g an d coolin g 
joints formed . Fai r inter -
granular porosit y an d 
permeability retaine d i n 
some tuffs . Vesicula r 
porosity an d permeabilit y 
retained i n som e volcanic s 

Intergranular an d vesi -
cular permeabilit y o f 
tuffs an d lava s partl y 
destroyed. Som e beddin g 
and coolin g joint s als o 
partly destroyed . Som e 
fracture cleavag e an d 
other joint s develope d 
in sequence s o f volcan -
ics o f differen t 
competence 

Numerous majo r an d A 
minor tensiona l an d 
compressional fault s 
and shea r zone s formed ; 
fracture cleavag e an d 
tensional, rotational , 
and shea r joint s forme d 
in som e sequences . Som e 
cooling an d beddin g 
joints partl y destroye d 
Most o f remainin g inter -
granular an d vesicula r 
permeability destroye d 

Permeability destroye d 
but porosit y i n strongl y 
weathered zone s o f 
volcanics increased . 
Permeability an d porosit y 
in mos t existin g fracture s 
in partl y weathere d zone s 
improved. Sheetin g joint s 
with goo d permeabilit y 
may develo p a t trans -
itional zon e betwee n 
weathered mantl e an d 
fresh roc k i n massiv e 



TABLE 4  (Continued ) 

PLUTONIC AN D 
HYPABYSSAL 
IGNEOUS 

Some contractio n joint s 
formed nea r margins ; ma y 
be partl y fille d b y vein s 
Zones o f autometamorphis m 
may hav e appreciabl e 
porosity 

Generally e m p L 
in orogen y an d 
affected b y e a 
genie event s 

aced lat e 
hence no t 

Partly affecte d b y Iriportan t stag e i n 
last event s o f orogeny , developmen t o f loca l 
such a s diapiri c 
intrusion o f solidifie d 
igneous roc k 

acture zone s an d 
ii,creased numbe r an d 
s:ze o f joint s i n scarc e 
existing fractur e zone s 

Tectonic joint s ar e scarce , 
widespread join t zone s ar e 
hypabyssal rock s 

but durin g weatherin g 
formed i n plutoni c an d 

A relativel y smal l 
number o f joint s wit h 
good permeabilit y ar e 
formed b y stresse s du e 
to unloading , couple d 
with expansio n o f 
mantle du e t o weather -
ing, perma-frost , 
insolation an d tides . 

Zones o f goo d porosit y 
but poo r permeabilit y 
formed i n strongl y 
weathered rocks . Perm -
eability an d porosit y o f 
stress joints , previousl y 
formed b y physica l 
weathering i n partl y 
weathered zones , 
improved. Sheetin g joint s 
with goo d permeabilit y 
may develo p a t trans -
itional zon e betwee n 
weathered mantl e an d 
fresh roc k 

* Pncumatoliti c injection s i n lat e stage s o f orogen y ma y fil l an d partl y sea l man y joint s ver y clos e t o majo r igneou s 
intrusions. 
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TABLE 5 . SPECIFI C CAPACITIE S O F BORES I N TH E A.C.T. AN D 
ENVIRONS 

Lithology Typ e o f Fracture Approximat e 
Yielding Suppl y Specifi c Capacit y 

of Bor e 
(g.p.h. per ft ) 
(drawdown a t 2 

hours) 

Igneous roc k Major sheetin g an d reboun d 
joint zone s t o dept h o f 
about 3 0 m belo w surfac e 15 - 4 0 

Minor fractur e zone s t o 
about 3 0 m below surfac e 10 - 2 0 

Minor coolin g joint s an d 
individual tectoni c frac -
tures fro m 30-7 5 m  belo w 
surface 2 - 1 0 

Major fractur e zone s fro m 
6-90 m  below surfac e 15 - 5 0 

Limestone Well develope d solutio n 
cavities (bu t not caves ) 50 -• 400? 

Interbedded 
siltstone 
and slat e 

Minor fractur e zone s an d 
individual tectoni c 
fractures, 5  to 30 0 fee t 
below surfac e 2 - 1 0 

Medium t o major fractur e 
zone, 5  to 30 0 fee t belo w 
surface 10 - 2 0 

The yiel d o f bores i n th e A.C.T. after 3  hours 
pumping i s generall y betwee n 10 0 an d 180 0 gallon s pe r hour . 
One recen t experimenta l bor e drille d b y th e Bureau a t it s 
Fyshwick Depot , however , yielde d mor e tha n 900 0 gallon s pe r 
hour fro m a  major fractur e zon e abou t 26 0 fee t belo w th e 
potentiometric surface ; thi s i s th e onl y loca l bor e know n 
to exceed 200 0 g.p.h . 

The genera l pumpin g characteristic s o f bore s 
depend no t onl y o n loca l permeability bu t als o o n th e 
presence nearb y o f majo r zone s o f weathering, whic h provid e 
'leaky 1 aquife r conditions . Som e typica l example s o f test s 
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carried ou t b y Wilson (1960 ) fo r th e Burea u ar e show n i n 
Figure 6 . Som e o f thes e bore s were develope d during , an d 
by, th e tests , which were aime d a t determinin g th e declin e 
in yield unde r maximu m drawdown . I t was no t alway s possibl e 
to maintain maximu m drawdow n throughou t th e ful l tests . 

Longer test s carrie d ou t by th e writer a t varyin g 
pumping rate s achievin g nea r maximu m drawdow n a t th e Hal l 
School Bor e ar e show n o n Figur e 7 . Thi s bor e i s a  typica l 
medium standar d bor e which i s pumped heavil y fo r much o f th e 
year. A  mete r wa s fitte d t o th e bore o n completio n an d th e 
yield recorde d fo r severa l years . Durin g th e drough t yea r 
of 196 5 a  total o f 49 0 00 0 gallon s wa s pumped ; th e weekl y 
consumption commonl y exceede d 2 0 00 0 gallon s an d reache d a 
peak o f 3 4 00 0 gallons . Meter s hav e bee n fitte d t o severa l 
other bore s i n th e regio n i n order t o gathe r simila r usefu l 
statistics. 

Water balanc e 

The aquife r mus t no t onl y stor e an d transmi t 
water, bu t i t must hav e a  suitabl e wate r balance : i t mus t 
have suitabl e recharg e an d mus t no t hav e excessiv e natura l 
or artificia l discharge . Th e water balanc e equation , wit h 
emphasis o n th e more importan t element s i n th e A.C.T., i s 
set ou t below . Th e uni t are a o f applicatio n fo r th e equa -
tions i s a  regio n fo r which latera l losse s an d gain s ar e 
minor an d ar e no t shown . 

1. (Genera l equation ) 

Change i n groundwate r storag e =  (Groundwate r recharge ) -
(Groundwater loss ) 

2. (Detaile d equatio n -  the most importan t 
parameters ar e show n i n capitals , an d th e 
items nex t i n importanc e ar e underlined ) 

CHANGE I N ) 
GROUNDWATER )  = 
STORAGE ) 

PRECIPITATION 

(minus) 

(minus) 

(a) 
(b) 
(c) 

(a) 

(b) 

Run-off an d overlan d storag e 
Increment t o vadose zon e 
EVAPO-TRANSPIRATION 

GROUNDWATER DISCHARG E t o 
(1) EFFLUENT STREAM S 
(2) Spring s 

Groundwater los s t o vados e 
zone by : 

(1) Capillary actio n 
(2) Vapour movemen t 
(3) Biological consumptio n 

(c) Discharge b y bore s an d well s 
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Th is equation ma y b e expresse d algebraically , 
with symbol s fo r th e correspondin g terms , as follows : 

GS =  ( P - (S W + VW +  ET)) -  ((D E + DS ) +  (L C + LV +  LB) +  DB ) 
= P  -  (S W + VW +  ET) +  D E + D S + LC + LV +  LB +  DB ) 

In th e stud y o f th e water balanc e o f a n aquifer , 
it i s th e tren d i n groundwate r storag e tha t i s important , 
and thi s i s measurable a s fluctuation s i n th e potentio -
metric surface . Precipitatio n an d evaporation potentia l ar e 
directly measurable , an d strea m gaugin g provide s a  chec k o n 
run-off an d groundwate r discharg e t o effluent streams . A n 
examination o f suc h observation s provide s a  better apprecia -
tion o f aquife r potential , an d give s a n indicatio n o f th e 
bore specification s fo r tappin g th e aquifer . 

The Burea u san k severa l bore s i n lat e 195 8 (Fig . 
8) t o stud y seasona l change s i n th e potentiometric surface . 
Some o f th e observation s fro m tw o o f th e bore s ar e show n i n 
Figure 9 . I n vie w o f th e considerabl e amplitud e o f th e 
changes an d th e variatio n betwee n bores f i t was decide d t o 
expand graduall y th e network, usin g th e Bureau' s ow n drill s 
in slac k period s togethe r wit h observation s o n som e privat -
ely-owned bores . Th e networ k wa s systematicall y expande d t o 
catchments wit h differen t climates , geolog y an d vegetation , 
to isolat e th e effect s o f th e severa l parameters . Th e mor e 
important detail s o f th e networ k ar e se t ou t i n Tabl e 6 . 

Geologists ar e no w abl e t o predict quit e accurate -
ly th e amplitud e o f fluctuatio n o f th e potentiometri c 
surface a t most bor e sites , t o defin e a  suitabl e dept h fo r 
the bor e an d t o assess wit h greate r confidenc e it s saf e 
yield. 

Other importan t deduction s t o dat e fro m th e net -
work are : 

1. Th e mai n perio d o f aquife r recharg e i n th e averag e 
year extend s fro m mid-Jun e t o about Novembe r o n 
the Plains (elevatio n abou t 200 0 feet) , an d i s 
several month s longe r i n th e Mountains (a t 400 0 
feet). 

2. Th e aquife r recharg e i n fores t catchment s o n th e 
plains i s les s tha n i n th e grasse d catchments . 

3. Geomorphology , a s much a s geology , control s no t 
only aquife r recharge , but als o discharge . 

Several othe r trend s ar e als o unde r observation . 



TABLE 6 . REGIONA L GROUNDWATER OBSERVATIO N BORE S A.C.T. AND ENVIRON S 

Bore & Groundwater Elevation o f Nature of Catchmen t Gauging Depth to Maximum Approx. 
Location Province 

(Figs 3  & 4) 

Bore (ft ) Started Water 
71/276 7) 

(ft) 

Change i n 
Levels 

(ft) 

Yield (g.p.h.) Location Province 

(Figs 3  & 4) 

Bore (ft ) 
Ann. Rainfall 
(in inches) Geology Physiography Vegetation 

& Culture 

Started Water 
71/276 7) 

(ft) 

Change i n 
Levels 

(ft) 

Yield (g.p.h.) 

Belconnen 5 
(Gribbs Farm ) 

Ridges &  plains 2140 25 Intrusive 
Porphyry 

Higher slope s of low 
divide 

Natural grasslan d Dec. 195 8 48.8 ft 22 ft 200 

Belconnen 6 
7 & 8 (CSIR O 
Farm) 

" 1940 25 Intrusive 
Porphyry 

Small perched basi n 
with granit e ba r 

Grasslands, partly 
pasture improve d 

Dec. 195 8 9.3 
(Bore 8) 

10 1500 
20 

900 

(6) 
(7) 
(8) 

Jeir 1 
(Jeir Station) 

1875 25 Acid volcan -
ics, mediu m 
dip 

Margin of broad 
plain 

Mainly natura l 
grassland 

Oct. 196 1 19.7 5 100 

Belconnen 1 3 
(Black 
Mountain) 

2032.6 25 Siltstone & 
slate, strong -
ly folde d 

Lower slope s of 
strong dividin g 
ridge 

Mainly natura l 
eucalyptus fores t 

March 196 6 88.0 1 20 

City 1 3 (BM R 
Fyshwick) 

1895 25 Volcanics & 
sediments, 
strongly 
sheared 

Low ridge o n rollin g 
plain 

Natural grassland , 
partly develope d as 
light industria l 
area 

June 1 9 66 19.7 6 10 000 

Lanyon 5 
('Melrose 
Valley*) 

W, Gouroc k 
Highland 

2350 25 Porphyry Lower slope s of major 
perched valley , part -
ly rejuvenate d 

Grassland, pastur e 
improved with clove r 

Aug. 196 0 36.9 13 100 

Tennent 1 
(Honeysuckle 
Tracking 
Station) 

Gudgenby 3520.8 35 Granite, deep -
ly weathered 
on possible 
lineament 

Lower slope s of deep-
ly dissected valle y 

Mainly natura l 
eucalyptus fores t 

April 196 6 22.5 2 100 

Cotter Rive r 1 
(Corin Dam 
road) 

Mt. Bimberi & 
Paddys Rive r 

4064.2 40 Granite, deep-
ly weathered 
on possible 
lineament 

Major saddle i n major 
dividing range 

Natural eucalyptu s 
forest 

April 196 6 7.2 14 100 
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In additio n t o th e regiona l networ k o f observatio n 
bores, th e Bureau maintain s 8  observation bore s aroun d Lak e 
Burley Griffin , Seve n o f th e bores wer e commissione d b y th e 
National Capita l Developmen t Commission , actin g o n th e 
advice o f th e Bureau ; the y were establishe d a s th e lak e 
filled. Th e eight h was drille d b y th e Burea u a t it s head -
office a s a n observatio n bor e an d instrumen t testin g bore . 

All dat a fro m bot h network s o f observation bores , 
together with dat a o n rainfall , evaporation, ai r tempera -
ture, soi l temperature s an d barometri c pressure s fro m th e 
Yarralumla Climatologica l Statio n an d dat a o n water level s 
in Lak e Georg e an d othe r rive r basins , ar e entere d o n punc h 
cards. Graph s o f th e dat a ar e regularl y up-date d o n th e 
Calcomp plotte r o f th e C.S.I.R.O . computer . Log-plot s ar e 
similarly prepare d fo r som e o f th e Lak e observatio n bores . 

Quality o f th e groundwate r 

It ca n be see n fro m th e triangula r diagram s o f 
Figure 1 0 tha t th e groundwate r foun d i n bores i n th e A.C.T. 
and environ s i s principally a  calcium-magnesium-sodiu m o r 
calcium-magnesium water , a s fa r as th e cation s ar e con -
cerned, an d a  bicarbonate-chloride o r bicarbonate water , a s 
far a s th e anion s ar e concerned . Th e salinit y o f th e wate r 
(Table 7 , Fig. 10 ) i s o n th e whole quit e acceptable , wit h 
5 3 percent o f th e analyse s havin g a  salt conten t o f les s 
than 80 0 part s pe r million (ppm ) an d onl y 5  percent o f th e 
analyses exceedin g 160 0 ppm . Ther e ar e n o know n waters wit h 
dangerous proportion s o f fluorin e o r boron. Analyse s o f th e 
groundwater an d severa l surfac e waters ar e compare d i n 
Table 8 . 

TABLE 7 . FREQUENC Y DISTRIBUTIO N TOTA L DISSOLVE S SOLID S O F 
WATERS I N BORE S I N A.C.T. AND ENVIRON S 

Total Dissolve d Solid s Cumulative Cumulative 
(ppm) Number o f 

Analyses 
(%) 

400 12 25 

800 25 53 

1200 37 79 

1600 45 95 

1600 48 100 



TABLE 8 . WATE R ANALYSE S 

Source Total 
Dissolved 
Salts 
(ppm) 

Conductivity 
o 

pH Sodium 
Adsorption 
Ratio 

Radical (Milliequivalents per litre) Total 
Dissolved 
Salts 
(ppm) 

25°C 
( mhos/cm ) 

Sodium 
Adsorption 
Ratio Ca Mg Na K HC0 3 SO 4 CI 

Igneous rock , goo d 
quality wate r 

290 450 7.3 1.0 1. 3 0.9 1.1 - 2.7 - 0.8 

Igneous rock , mediu m 
water 

800 1200 7.0 1.5 7.1 4.8 3.6 - 8.6 1.0 5.1 

Ordovician sediments , 
medium wate r 

734 - 8.1 1.7 7. 5 5.1 4.2 - 9.0 1.0 6.5 

Ordovician sediments , 
poor wate r 

1560 2100 7.0 2.3 9.6 9.1 7.4 - 10. 3 6.4 9.0 

Lake George , N.S.W. * 1286 2270 8.0 13.0 1.2 2.7 18.1 0.1 4.4 1.6 16.6 

Lake Bathurst , N.S.W . 714 1310 9.3 6.9 0.8 2.5 8.7 0.5 2.8 0.4 8.8 

Queanbeyan River,* * 
Googong, N.S.W , 

100-180 100-150 7-8 0.2 0.3 0.4 0.4 - 1.0 0.1 0.2 

* Sampl e collecte d November , 1 9 60, whe n maximu m dept h o f lak e wa s 13. 5 feet . 
** Inlan d strea m drainin g sparsel y populate d area . 

NOTE': Th e Molongl o Rive r wate r du e t o pollutio n fro m minin g activit y i s no t a  typica l inlan d water , an d it s 
use fo r an y purpos e require s clos e examination . 
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The reasonabl y lo w concentratio n o f salt s an d th e 
bicarbonate natur e o f th e water reflec t th e loca l hydro -
geological conditions . Th e drainag e networ k o f effluen t 
streams i s quite dens e an d muc h o f th e groundwate r move s 
only 1  to 2  miles fro m th e recharg e areas , in area s o f thi n 
skeletal soil s o n th e hills, t o it s discharg e a s strea m flo w 
in th e effluen t stream s nearby . Mos t o f th e movement i s i n 
well jointe d roc k les s tha n 20 0 fee t belo w th e surface , an d 
circulation i s assiste d b y regula r recharge . 

The mai n disadvantag e o f th e water fo r domesti c o r 
industrial us e i s th e hardness -  practically al l waters fal l 
within th e classificatio n o f 'ver y hard ' i n th e syste m use d 
by th e Unite d State s Geologica l Survey , a s ca n be see n i n 
Table 9 ; 5 1 percent o f th e sample s excee d 60 0 ppm o f 
hardness. 

TABLE 9 . FREQUENC Y DISTRIBUTIO N O F HARDNES S O F WATER I N BORE S 
OF A.C.T. AND ENVIRON S 

Hardness Number o f 
(range: a s ppm o f CaCO^ ) Analyses 

Soft 2 
(0-60) 

Moderately har d 1 
(61-120) 

Hard 1 
(121-180) 

Very har d 43 
( 180 ) (incl. 2 5 o f hardnes s 

600 p.p.m. ) 

When use d with norma l cautio n a s t o drainage , soi l 
type an d metho d o f application , wate r fro m most bore s i s 
quite suitabl e fo r genera l agricultura l purposes . Althoug h 
the sal t conten t i s relativel y hig h fo r irrigatio n purpose s 
the rainfal l an d drainag e ar e sufficien t t o prevent seriou s 
accumulation o f sal t o n much o f th e agricultura l lan d i n th e 
A.C.T. Further , th e sodiu m adsorptio n rati o (S.A.R,) * i s 
quite lo w (Tabl e 10)• 

* Sodium-Adsorption Rati o (SAR ) , The SA R valu e fo r a water i s 
simply relate d t o th e experimentall y determine d adsorptio n 
of sodiu m b y soi l t o which th e water i s added . I t is define d 
by +the equation , S A R =  N a + / ( C a + + +  M g + + ) / 2 , w h e r e N a + , 

Ca ,  and Mg represen t th e concentration s i n milli -
equivalents pe r litr e o f th e respectiv e ions . 
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TABLE 10 . FREQUENC Y DISTRIBUTIO N O F SODIU M ADSORPTIO N 
RATIO (SAR ) O F WATER I N BORES O F A.C.T. AND ENVIRON S 

S.A.R. Numbe r o f 
Analyses 

2 3 7 

2-4 1 0 

4 0 

The temperatur e o f th e groundwate r i s usuall y betwee n 5 9 an d 
63°F. 

Economic Exploitatio n 

The economi c exploitatio n o f th e aquife r depend s 
on man y hydrogeologica l an d physica l factors . 

The problem usuall y facin g th e hydrogeologis t i s 
to fin d a  bore sit e mos t suite d t o th e farmer' s require -
ments . Thi s usuall y amount s t o findin g a  site givin g th e 
best possibl e combinatio n of : 

1. suitabl e geolog y an d geomorpholog y 

2. easy , an d minimum , drillin g 

3. closes t t o th e poin t o f consumptio n 

4. larges t suppl y 

5. bes t wate r 

6. greates t reliabilit y i n dr y periods . 

The economi c an d dependen t hydrogeologica l factor s 
involved i n thi s ar e analyse d i n Tabl e 11 . I f du e regar d i s 
had fo r th e hydrogeological factor s i n th e tabl e reliabilit y 
of suppl y i s generall y assured . 



TABLE 11 . ECONOMI C FACTOR S INFLUENCIN G SITE S FO R BORE S 

Economic Factor s 
of Constructio n Genera l Requirement s Consequen t Hydrogeologica l Requirement s 
and Operatio n 

Low cos t o f 
construction 

Low cos t o f 
pumping 

Greatest retur n 
on capita l 
outlay 

Easy drillin g 

Minimum casin g 
and screenin g ) 

) 
) 

Minimum drillin g ) 
( 
( 
( 
( Clos e t o powe r sourc e 
( A t optimu m elevatio n 
( Closes t t o poin t o f 
( consumptio n 

Largest quantit y 

Rapid penetratio n 

(Minimum reamin g 
( 
(Minimum troubl e from ; 
(caving o r swellin g 
(ground. 
( 
(Minimum dept h 

Best qualit y 

Best natura l qualit y 

Free fro m pollutio n 

Maximum percentag e o f self-supportin g soi l an d 
weathered roc k i n profil e an d minimu m thicknes s o f 
very har d o r abrasiv e rock . 

( 
(Avoidance o f structure s likel y t o deflec t drilling . 
( 
(Avoidance o f formation s likel y t o caus e caving , 
(swelling etc . 
( 

(High potentiometri c surfac e 
(Fractures o f suitabl e permeabilit y a t optimu m dept h belo w 
(potentiometric surface . 
( 
Careful mappin g outward s fro m poin t o f consumptio n 
and powe r suppl y an d fro m groun d a t optimu m elevation . 

(Thick zon e o f wel l developed , continuou s fracture s 
(preferably nea r a  zon e o f weatherin g wit h hig h 
(specific yiel d an d goo d permeability . 
( 
(Nearby majo r recharg e an d optimu m discharg e t o 
(prevent stagnatio n 

Path fro m recharg e are a fre e fro m harmful.mineralizatio n 
and infiltratio n b y cycli c salt . 

( 
(No pollution sources , suc h a s septi c tanks , disease -
infected dam s o r agricultura l chemica l discharges , nearby . 
( 
(Sufficient soi l cove r e t c immediatel y nea r bor e t o 
(purify o r seal-of f loca l pathogens . 
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SITING O F BORJES 

General 

The sitin g o f bores i n th e Canberr a regio n depend s 
on th e knowledg e o f eac h o f th e element s se t ou t unde r th e 
Development o f Groundwate r Resources , above . 

Cost an d difficult y o f boring ar e o f grea t import -
ance. Th e fres h crystalline-roc k i n zone s where joint s ar e 
few ca n b e s o har d tha t drillin g i s expensiv e an d i n som e 
cases impracticabl e fo r percussion an d som e rotar y drills : 
it i s importan t fo r th e geologis t t o selec t a  site whic h 
will encounte r th e minimu m sectio n o f th e hardes t rock . Th e 
introduction o f th e air-hamme r drill , however, i s givin g th e 
geologist greate r latitud e i n th e selectio n o f economi c 
sites. Th e air-hamme r als o permit s hi m t o dril l deepe r i n 
hard rock ; th e increase d availabl e drawdow n make s possibl e 
bores with large r yields . 

Aerial photo s ar e invaluabl e i n sitin g bore s i n 
the Canberr a region . Th e usua l practice i s t o stud y th e 
photos briefl y wit h th e larg e prismati c stereoscop e befor e 
proceeding t o th e field . Th e photo s ar e agai n use d i n th e 
field with a  pocket stereoscop e t o stud y th e geology , 
geomorphology an d hydrolog y o f th e are a i n which th e sit e i s 
required. 

The usua l procedur e i n sitin g i s t o conside r th e 
local recharg e o f th e area , th e geolog y an d th e topography , 
and the n t o estimate fro m previous experienc e th e dept h t o 
the potentiometric surfac e (th e potentiometric surfac e ha s a 
slope o f abou t 1  in 3 0 t o 1  in 4 0 over mos t o f th e plai n 
country). 

Allowance i s made alway s fo r th e estimate d season -
al an d lon g rang e fluctuatio n i n th e potentiometric surface . 
In thi s regar d i t i s interestin g t o note th e fluctuation s o f 
water level s i n th e bore s i n Figur e 4 . Th e are a i s als o 
examined fo r geologica l features , suc h a s faults , dyke s an d 
belts o f shale , an d geomorphologica l features , suc h a s 
nickpoint bars , that would imped e th e discharg e o f ground -
water an d for m area s o f above-norma l groundwate r level . 

A sit e i s the n selecte d wherei n suitabl e joint s o r 
fractures wil l b e encountere d a t leas t 2 0 t o 5 0 fee t belo w 
the lowes t lon g rang e potentiometri c surfac e an d t o have th e 
maximum thicknes s abov e thi s o f soi l an d weathered roc k 
which i s ver y eas y t o drill . 
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In limeston e country , th e slop e o f th e potentio -
metric surfac e commonl y i s a s lo w a s 1  in 15 0 t o 200 , an d 
great car e i s needed t o avoi d dr y o r ver y dee p holes . 

The procedure whe n searchin g fo r joint s an d 
fractures i n th e sedimentar y rocks , suc h a s th e Ordovician , 
is t o fin d firs t a  suitable sequenc e containin g sufficien t 
competent roc k which fracture s easily , an d the n t o locat e 
the bor e sit e i n faulte d o r suitabl y folde d an d fracture d 
areas o f tha t rock ; area s wher e har d steeply-dippin g bed s 
are likel y t o deflec t th e dril l ar e avoide d a s much a s 
possible. 

In th e fracture d igneou s rock s th e problem , 
commonly, i s t o determin e whethe r th e exfoliatio n sheeting , 
and reboun d joints , ar e well develope d an d li e sufficientl y 
far below th e potentiometric surfac e t o giv e a  good hydraul -
ic head . I f the y do , the y ar e th e natural drillin g targe t 
because the y hav e goo d permeabilit y an d generall y th e mos t 
direct recharge ; the y carr y th e lowes t salinit y wate r 
(usually 20 0 t o 40 0 p.p.m.) . 

If th e shallo w joint s li e abov e th e potentiometri c 
surface i t i s necessary t o proceed cautiousl y an d t o tr y t o 
find a n are a which contain s tectonic , o r igneou s contractio n 
joints fro m 4 0 t o 10 0 fee t belo w th e potentiometric surface . 
This usuall y require s carefu l fiel d work, particularly i f 
the are a i s underlai n b y little-fracture d late-Siluria n o r 
Devonian intrusives , o r Devonia n volcanics . 

Faulting mus t b e considere d carefull y i n Canberr a 
where bot h hig h angl e revers e fault s an d norma l fault s 
occur; fault s ma y provid e suitabl e drillin g targets , bu t 
each shoul d receiv e carefu l study . Th e revers e fault s ma y 
be tigh t an d may no t yiel d water . I t i s better t o site th e 
bore i n th e adjoinin g subsidiar y fracture s i f th e faul t ha s 
been determine d a s a  reverse o r compressiona l faul t o r i f 
the nature o f th e faul t i s uncertain . On e o f th e unsuccess -
ful bores nea r th e A.C.T. may b e entirel y withi n a  tigh t 
compressional faul t zone . Dee p weathering als o occur s i n 
some fault s an d adequat e permeabilit y ma y no t occu r unti l a 
great dept h i s reached . 

To assis t Burea u geologist s i n th e systemati c 
selection o f bore site s i n th e A.C.T. a shor t proform a Bor e 
Advice Repor t (Appendi x I ) ha s recentl y bee n instituted . I t 
is hoped tha t not onl y will thi s be of us e i n th e sitin g o f 
bores, bu t tha t i t will hel p buil d u p better hydrologica l 
data fo r th e region . 
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Examples o f simpl e site s 

Figure 1 1 illustrates thre e bor e site s unde r th e 
simplest condition s i n crystallin e igneou s rock , i n hill an d 
plain countr y aroun d Canberra . 

Site C  i s th e leas t desirabl e site . I t has poo r 
local storag e an d poo r recharg e becaus e much o f th e rainfal l 
is carrie d awa y fro m th e are a b y overlying , mor e permeable , 
surface joint s an d weathered roc k (Zon e 2 ) . Drillin g wil l 
commonly b e relativel y eas y becaus e o f th e dept h o f weather -
ing. Th e bore will no t encounte r th e potentiometric surfac e 
until i t i s in th e zon e of fe w tectoni c o r contractio n 
joints. Th e potentiometric surfac e will b e subjec t t o 
considerable fluctuation s (possibl y a s much a s 3 0 feet ) an d 
the bore may fai l i n drought . 

Site B  i s th e most desirabl e site . I t has th e 
greatest thicknes s o f soil , talus , lateriti c product s an d 
decomposed roc k (Zon e 1) . Th e potentiometric surfac e i s 
shallow an d a t time s artesia n condition s occur . Th e bor e 
will encounte r th e surfac e jointin g an d weathered permeabl e 
rock o f Zon e 2  at sufficien t dept h belo w th e potentiometri c 
surface. Th e best water suppl y i s i n th e open joint s o f th e 
slightly weathere d roc k a t th e base o f thi s zone . Th e 
aquifer i s subjec t t o good recharg e o n th e hillside, ha s a 
good hydrauli c gradien t an d i s subjec t t o periodical flush -
ing when surplu s water escape s rapidl y a s spring s i n ver y 
high rainfal l periods . I t will no t encounter muc h ver y har d 
fresh rock . Assessmen t o f yield a t thi s sit e shoul d tak e 
into consideratio n possibl e fluctuation s o f a s much a s 1 0 
feet (o n present knowledge ) i n th e potentiometric surface . 

Site A i s les s desirabl e tha n B  but mor e desirabl e 
than C . Zon e 1  (soi l an d very decompose d rock ) ma y b e thin . 
Zone 2  (surfac e jointin g an d weathered rock ) ma y hav e bee n 
partly remove d b y rejuvenatio n an d th e vertical joint s ma y 
have bee n confine d mor e i n th e absenc e o f topographi c 
relief. Th e bore will depen d fo r it s suppl y o n water i n th e 
few tectoni c an d contractio n joint s of Zon e 3 . Wate r i n th e 
deeper section s o f thi s zon e will b e more stagnan t an d hav e 
a higher salinity . Th e potentiometric surfac e i s no t likel y 
to fluctuat e much. Th e major cree k i s generall y a n effluen t 
stream an d unlikel y t o assist recharg e o r reduc e salinit y o f 
most bore s o n th e plain . 

Zone 4  has no t been discusse d i n regar d t o an y o f 
the sites . I t is th e zone , commonly deepe r tha n 25 0 feet , 
in which joint s ar e s o fe w an d tigh t tha t th e chang e o f 
obtaining wate r i s usuall y low . Bore s tha t reac h thi s zon e 
without encounterin g wate r shoul d i n most case s b e abandone d 
and a  fres h star t made elsewhere . 
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Miscellaneous Geomorphologica l Example s 

Figure 1 2 illustrate s th e relationshi p o f som e 
aspects o f geomorpholog y t o th e suitabilit y o f bor e site s i n 
the A.C.T. Th e main recharg e area s ar e o n th e thi n skeleta l 
soils o f th e ridges . 

The furthe r on e proceed s dow n th e catchment s th e 
greater th e salinit y becomes , but th e smalle r i s th e maximu m 
seasonal an d lon g rang e fluctuatio n i n th e potentiometri c 
surface. 

The valle y containin g Bore s 2 , 3  and 4  is a  lon g 
narrow depressio n forme d originall y b y rapi d erosio n alon g a 
fault; i n subsequen t period s o f mass-wasting th e valle y 
slopes she d considerabl e detritus , but th e surfac e run-of f 
from th e soi l an d th e profile o f th e lowe r reache s o f th e 
valley wer e unsuitabl e fo r th e remova l o f detritus ; super -
ficial deposit s u p t o 2 0 fee t thic k will b e foun d alon g th e 
northeastern sid e o f th e creek . 

Bores 2 , 3  and 4  are locate d i n smal l perche d 
basins abov e mino r nickpoin t bar s which diffe r fro m on e 
another i n th e degre e o f physiographic restrictio n the y 
impose. Th e restrictio n i s leas t fo r Bore 4 , but th e 
restriction i s reinforce d b y a  permeability barrie r a t th e 
fault an d b y th e high genera l groundwate r leve l i n th e lowe r 
reaches o f th e valley . 

Bore 8  is situate d a t a  major nickpoin t ba r wher e 
discharge i s relativel y slow , an d i s a t a  considerabl e 
distance fro m th e main recharg e area s o n th e skeleta l soil s 
higher u p th e valleys . 

Bores 1 , 5 , 6 , an d 7  have smal l bu t nearb y 
recharge areas ; discharg e i s easy an d rapid . Th e salinit y 
of th e water i s low , bu t th e seasona l an d lon g rang e fluc -
tuations o f th e potentiometric surfac e ar e great . 

Miscellaneous Geologica l Example s 

Figure 1 3 illustrate s a  group o f miscellaneou s 
examples wher e geolog y markedl y influence s th e choic e o f 
site. 

In th e cas e o f th e weathered massiv e igneou s roc k 
(e.g. granite ) muc h depend s o n th e relationshi p o f th e 
potentiometric surfac e t o th e geology . I f th e potentio -
metric surfac e i s shallo w (I ) Site 1  is preferable: th e 
sheeting joint s a t th e base o f th e weathered pocke t ar e th e 
natural target ; Sit e 2  would requir e a  considerably deepe r 
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bore i n harde r rock ? it s greate r availabl e drawdow n woul d 
be neede d t o equal th e greater loca l storag e a t Sit e 1  in 
the leak y weathered mantle . I f th e potentiometric surfac e 
is deepe r a  very muc h mor e carefull y judge d sit e woul d b e 
needed t o intercep t th e narro w faul t well belo w th e poten -
tiometric surface . 

In example 2 , which ha s a  major faul t with a  dee p 
weathering zon e alon g it , goo d permeabilit y coul d b e expec -
ted i n th e numerou s fracture s o n both side s o f th e fault . 
The potentiometri c surfac e o n th e recharg e sid e would b e 
high becaus e o f th e dammin g effec t o f th e deepl y weathere d 
fault zone . O n th e downstrea m sid e o f th e faul t th e incre -
sed permeabilit y an d th e possibly smalle r flo w o f wate r 
would produc e a  deeper potentiometri c surface ; th e qualit y 
of th e water would als o b e poorer a s sulphid e mineralizatio n 
is commo n nea r major fault s i n th e A.C.T. (particularl y 
those i n th e Middle Siluria n volcanics ) an d dee p circulatio n 
of water aroun d th e faul t throug h suc h a  zon e ca n b e detri -
mental. Sit e 5  is th e best site : ther e i s som e sof t roc k 
in th e section ; permeabilit y i n numerous fracture s i s goo d 
and th e potentiometri c surfac e i s high. Sit e 4  would b e 
unsuitable becaus e o f poor permeability dow n t o a n excessiv e 
depth. 

With bedde d sediment s th e choic e i s more diffic -
ult. I f th e dip s o n th e limb s o f th e fold s ar e ver y stee p 
the harde r bed s a t Sit e 8  could deflec t th e dril l of f lin e 
and caus e excessiv e delay s fo r reaming , t o straighte n th e 
hole. Th e sandie r bed s a t Sites 7  and 9  would b e preferabl e 
and much would depen d o n th e geologist fs judgmen t o f 
available drawdown , recharg e an d discharg e fo r eac h site . 

Limestone sequence s pos e seriou s challenges . Th e 
potentiometric surfac e i n suc h sequence s (a s distinct fro m 
isolated lenses ) i s usuall y deep . Solutio n cavitie s ten d t o 
develop alon g particula r bed s o f limeston e wit h suitabl e 
physical o r chemica l character , o r alon g th e line s o f stres s 
such a s faults ; onc e partl y developed , thes e cavitie s ar e 
rapidly an d preferentially enlarged . Sit e 1 1 on th e axi s o f 
the synclin e i s preferable becaus e i t cut s a  greater tru e 
thickness o f limeston e an d has a  higher chanc e pe r foo t o f 
drilling o f cuttin g a  suitable bed ; i t will als o cu t th e 
cavities wher e a  greater volum e o f water ha s passed an d 
produced bette r cavities . I t i s no t uncommon , however , t o 
find tha t acces s t o suc h a  site i s impossibl e becaus e o f th e 
deep gullie s tha t commonl y follo w th e axi s o f th e syncline . 
A bor e a t a  site suc h a s 1 2 would cu t obliquel y acros s th e 
bedding thereb y intersectin g a  smaller stratigraphi c thick -
ness pe r foo t o f hole tha n a t Sites 1 0 or 11 . Further , th e 
drill would ten d t o be deflecte d an d would possibl y ja m 



-28-

during drilling . Temporar y mechanica l failure s coul d als o 
occur i n th e finishe d bor e du e t o movement o f eart h ann d 
other debri s i n th e stee p cavitie s leadin g dow n t o th e bor e 
casing: suc h failure s hav e alread y bee n experienced . 

DEVELOPMENT O F BORE S 

The developmen t o f bores i n crystallin e rock s b y 
explosives, by aci d (i n limestones ) an d pumping, o r by surg -
ing with Calgo n al l hav e thei r place , bu t th e decisio n o f 
when an d what proces s t o use require s considerabl e experi -
ence. Th e us e o f explosive s fo r fracturin g i s th e mos t 
common technique . Th e siz e an d position o f th e charg e 
should onl y b e decide d o n afte r carefull y inspectin g th e lo g 
of th e hole . 
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APPENDIX I 

Example o f Bore Advice Repor t 
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BUREAU O F MINERA L RESOURCE S 

GROUNDWATER SURVE Y No . 19 6 7/3 

LOCATION: Parish Kowe n Sectio n 9 2 Block 3 

Name o f property : 

Owner: 

Postal address : 

OWNER'S REQUIREMENT S 

Water require d for : 

Quantity required : 

Quality required : 

Location preferred : 

Probable typ e o f Pump : 

Location o f electri c 
supply: 

HYDROGEOLOGICAL REPOR T 

'Kowenlea' 

Mr H.J . Harri s 

R.M.B. 252 , Sutton Rd , Kowen , A.C.T . 

Stock (includin g stu d animals) , 
garden an d septi c tan k 

Average 40 0 g.p.d. ; summe r maximu m 
3000 g.p.d . 

Preferably 100 0 pp m 

South o f homestead; reticulatio n t o 
One Tre e Hil l 

Electro-submersible 

Single-phase fro m transforme r a t 
south sid e o f homestea d 

Geology: Litholog y an d age : Interbedde d Middl e Ordovicia n 
greywackes an d slates . Greywack e 
dominant i n lowe r sectio n o f 
sequence 

Strike: 

Faulting j 

Geomorphology: 

N.20E Dip : Axi s o f anticlin e nea r quart z 
reef. Easter n lim b dip s 7 0 t o 
east. Wester n lim b 8 0 t o west . 

jointing, lineaments : Quartz-fille d 
fault strikin g N1 0 E an d dippin g 
70 t o E. Greywacke s ar e wel l 
jointed a t cres t o f anticlin e nea r 
fault 

Gentle east-wes t gull y o n rollin g countr y 
with thi n soi l cove r overlyin g 
deeply weathere d sediments . Slate s 
more deepl y weathere d tha n grey -
wacke. Vegetatio n -  natura l 
savannah. 
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Hydrology: Discharge : Discharg e o f groundwate r impede d b y 
belt o f deepl y weathered thic k 
sequence o f slat e cuttin g gull y S E 
of homestead . 

Recharge: Poo r excep t where faul t zon e cut s 
gully an d where fracture d grey -
wackes cro p out . 

Potentiometric surface : 10-1 5 fee t belo w sur -
face. Maximu m variatio n likel y 
over 1 0 years: 1 0 fee t belo w an d 
5 fee t abov e presen t level . 

BORE SITE : 

General location : 2 0 0 yards SS E o f homestea d 

Sheet: 1:25 0 00 0 Canberra ; 
Grid ref . 30542 5 

Forecast:* Probabl e depth : 

1-mile Canberra ; 

100 f t +  1 5 ft . Owne r 
should see k geologist' s 
advice befor e drillin g 
deeper tha n 15 0 f t if n o 
water i s encountered b y 
that depth . 

Soil 0- 5 f t 
Weathered slat e 5-2 0 f t 
Slate 20-6 0 f t 
Slate &  greywacke 60-9 0 f t 
Quartz ree f +9 0 f t 

Probable dept h o f aquifers : Mai n suppl y 
about 9 0 f t 

Probable logs : 

Standing wate r level : 

Yield: 

Quality: 

Possible pollution : 

Reason fo r location : 

About 1 5 f t 

1500 gp h +  50 0 gp h 

About 80 0 pp m 

Negligible i f drai n 
from septi c tan k i s 
removed. 

To intersec t quartz-fille d faul t 
which ha s goo d join t permeabilit y 
and goo d recharge . Flat-lyin g 
beds o n axi s will no t deflec t 
drill. 

*(This i s a  geological assessmen t o f result s expecte d an d i s 
for th e genera l guidanc e onl y o f intereste d parties . I t 
is no t a  guarantee o f drillin g condition s an d th e fina l 
performance o f th e bore) . 
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At leas t 9 0 minut e 
bailing test . 
Fault zon e ma y 
carry considerabl e 
clay. Bail unti l 
water lose s milk -
iness an d devel -
opment i s complete . 

Collect sampl e fo r 
chemical analysi s 
when water become s 
clear durin g test . 
Che ck analysis , 
particularly fo r 
sulphate. 

General comments : 

If sulphate i s lo w an d more wate r i s require d i n 
years t o come ? i t will b e better t o deepen thi s 
hole tha n t o sin k a  second bor e a s yield o f thi s 
hole will increas e dow n t o 20 0 f t because o f faul t 
zone. 

Recommendations fo r testin g Yield : 
and development : 

Quality: 

Geologist Date 3/2/6 7 



n v u . i . o l C U l ^  '  - I r - « - V . 

Fig. 1  Hydrologica l cycl e i n th e AoC.T . 



RELIABIL ITY O F PRECIPITATIO N 

20-407c 

> 4 0 % 

overage percentage 
deviation from 
normal annual 
precipitation Y D N E Y 

CANBERRA 

Y//A Main  areas  of  fractured-rock type  aquifers 
I 1  Sedimentary Basins,moinly  Palaeozoic  to  Recent age 
| |  contain  some  major  fractured  carbonate  sequences 

(eg Georgina) 

—2^~' Isohyets-inches 

~~^f_\Evoporation-inches 

Fig, 2 . Climat e and distribution o± fractured-rock typ e aquifer s in 
Australia. 



-35-

8te> • 

f \f- \ X xV-x-^<XxXx V 

DEVONIAN 

Volcanics and  intrusives 

E P I - S I L U R I A N -
M I D D L E D E V O N I A N 

Granite and  porphyry 

Ac 
* V 

; ^ tha rwo II I 

WEST GOUROCK<tv. \ 

M I D D L E -
UPPER S I L U R I A N 

Volcanics and  sediments 

L O W E R S ILURIA N 

Pe/itic sediments 

Psammitic sediments 

Successful water  bore 

Unsuccessful bore  for  water 

Geological boundary 

Fig, 3 . A.C.T . groundwate r province s -  geology an d 
bores. 
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Fig, 4 . Groundwate r province s o f th e A.C.T . (showin g topograph y 
and locatio n o f observatio n bores) . 
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f _  '  1  Hydrological 
Summer ^Seasons 

I p^T 
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CANBERRA 
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Evaporation 

Rainfall 

ANNUAL RA INFAL L HISTOGRAM S 
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1 8 7 1 - 1 9 6 6 

2 0 3 0 

R a i n f a l l i n i n c h e s 

n I  1 1 N I 

3 0 4 0 

I 5 5 / A I 6 / 4 3 6 

Fig, 5 . Climatologica l dat a i n th e Canberra-Queanbeya n area . 
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1800 • 
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H A L L 7 

4 0 0 
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30 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0 3 0 0 4 0 0 5 0 0 6 0 0 

F r o m Wilso n ( I 9 6 0 ) 

T I M E (  m in ., lo g scale ) 
I 5 5 / A I 6 / I 4 4 3 

Fig. 6 . A.C.T . and environs -  pumping tests . 



Rate G.P.H . Rat e G.PH . Rat e G.P.H . 

- 6 E -



- 4 0 -

UPPER S I L U R I A N - M I D D L E D E V O N I A N 

S I L U R I A N 

m 
B u r t o n a  W 

Geological boundary 

• 7  Water  bore 

= --=  Roads,  Tracks 

• Homestead 

\f Dam 

A Trig,  stattort 

^2ioo~Z- Contour  (interval  50ft) 
i 9 6 0 

Fig. 8 . Experimenta l wate r bore s -  Belconnen , A.C.T . 





PROPORTIONS O F PRINCIPA L CONSTITUENT S 

C A T I O N S 

l 

to 
I 

Na+K HCO3+CO 3 A N I O N S 

F R E Q U E N C Y D I S T R I B U T I O N 
O F T O T A L D I S S O L V E D S O L I D S 

1 
O O O 
O O O 

<T ID  C O 

O O O O O O O O 
O O o O O O O O 
o < M f  i n c o 0  w  < r 

Sample from  bore  in: 

• Igneous  rock 

x Sedimentary  rock 

S a l i n i t y ( p p m ) 

Fig. 10 . Chemica l compositio n o f groundwate r fro m wate r bore s 
environs. 

I 5 5 / A I 6 / 4 4 I 

- A.C.T . an d 



BORE C 

co 

Fig. 11 . Bor e site s i n crystallin e rocks , A.C.T. 
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Weathered massiv e 
igneous rock s 

Major faul t i n igneous rock s 

Bedded pelti c and 
psammitic sediment s 

Limestone sequence s 

Potentiometric 
surface 

rA7. 
Potentiometric / 

surface 

Solution cavities 

I 5 5 / A I 6 / 4 4 4 

Fig. 13. Example s of bore site s in fractured-roc k 
type aquifers . 
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