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ABSTRACT 

Current hydrogeological investigations being 
carried out by the Engineering -Geology 'and Hydrology 
Subsection of - the Bureau of Mineral Resources, are divided 
into three categories: 

(1) The location of groundwater suppl~es for farms and 
small settlements; 

(2) Studies of groundwater as it affects engineering 
structures or gives rise to drainage problems; 

(3) Research into aspects of the occurrence of 
groundwater in crystalline rocks. 

A brief description of groundwater occurrence in 
the ACT is given together with yields and .specific 
capacities. Recharge conditions ar~ described. 

Five major investigations concerned with aspects 
of hydrology are currently in progress. ' These are: 

(I) The ACT observation bore network. 

(2) The effect of tunnelling' on the groundwater 
regime, A~. 

(3) Drainage problems in urbanized and nonurbanized 
areas, ACT. 

(4) Consolidation of saturated soils during drainage, 
ACT. 

(5) Leak~ge from Lake Windemere, Jervis Bay, ACT. 

All hydrological data collected during and before 
these investigations are to be collated to derive a 
hydrogeological map of the ACT. 
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INTRODUCTION 

The purpos~ of this paper is to butline ,c.urrent 
investigations into "various aspects" of hydrology be'ing 
carried out by personnel of the Engineering' Geology -and 
Hydrology Subsection of the Bureau o~ Mineral, Resources 
(BMR) , to delineate the proposed future program 'of 
invest,igations, and to show how those investigations are 
related 'to major engineering projects within the Australian" 
Gapital Territory and its environs. 

Personnel of the Engineerin'g Geology :Subsection: 
(here after referred to as the I Section I) haye beenstud,ing 
grounQwater wi thin the ACT (including the Jervis, 'Bay 
Territory) for many years; ,their stud.:j..es can,}:)e cat¢gorized' 
as follows (Burton, 1967): ,~ , ,',',..:'. 

, 1. The location of ,groundwater supplies' for' farms arid 
small settlements in the ACT; 

2. Studies, of', underground water' as it, aff~cts 
,engineering structures or gives rise to' drainage 
problems ; 

, , 3. Research into aspects of the oc;currence of 'water ' 
in crystalline rock. 

Discussion of the first category ,has been more 
than 'adequately covered in,' various' publications' (Burton" 
1967; ,Burton & Wilson,. 1959; Burton, 1969) and ,'it is 
therefore intended to concentrate on the· latter :two 
categories in this paper. 

GROUNDWATER IN THE ACT 

Groundwater in the ACT occurs mainly in joints, 
fractures, and weathered zones of crystall,ine rocks; these 
include volcanics, porphyries, granite, some limestone, and 
metasediments such as slate and phyllite. A crystalline 
rock can be defined as one whose component grains havtq 
crystallized, recrystallized, or compacted to give a dense 
fabric possessing no significant intergranular porosity 
,(Burton, i967). Permeability therefore is secondary and 
confined to the aforementioned features. 

, Yields from bores in' crysta3line rocks are 
generally 3low and range from less than 0.5m /h ',(lOOgph) to 
up to 9m /h (l800gph). On rare occas,ions supplies of, 
l8-40~3!h (4-9000gph) have been ob~~ined., The _~pe~ific 
capacltles of bores range from 27 x 10 to 45 x 10 ,m /h/m 
(2-50gp~~foot) of _2dr~wdown in igneous", rocks, from, 
27 x 10 to 27 x 10 m /h/m (2-20gph/foot)' of drawd0!2 in 
interbed~2d 3siltstone and shale, and from 45 x 10- .to 
3~0 x 10 m /h/m (50 to 400gph/foot) of ' d~awdown in l 
llmestone (Burton, 1967)"1 " 
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Minor aquif&rs occur as -'t>erched lenses in 
slopewash or scree and in shallow pediplain basins such as 
Isabella Plains (Laws & Kellett, 1974) and it is invariably 
these aquifers that are responsible for the major drainage 
problems within the ACT. 

Recharge of groundwater generally begins in autumn 
as the soil moisture deficiency, created in the summer by, 
evapo-transpiration, ,is made up by April-May precipitation. 
Rainfall during. the winter months and especially in early 
spring eventually makes good the deficiency. However, 
absence of precipitation in autumn and particularly in 
spring will result in the onset of a period of groundwater 
drought. 

CURRENT INVESTIGATION PROGRAMS 

Five major investigation programs are cur~ently 
being undertaken by the Section. Two are essentially 
straight forward groundwater investigations, two more are 
concerned with the applicability of groundwater to major 
engineering and urban developments, and the fifth is an 
offshoot of one of the engineering oriented investigations. 

A program that has been in operation now for some 
time is the ACT observation bore network, and it is on this 
program that a lot of profound work of the late G.M. Burton 
was based. It has been this network that has enabled many 
decisions and reconnnendations concerning groundwater to be 
made to various government instrumentalities and to private 
individuals. 

In 1971 the study of the effect of tunnelling on 
the groundwater regime of parts of the ACT was begun. As 
the ACT develops it has become necessary to use tunnels for 
transport of sewerage to the various sewerage works within 
the ACT. The effect of groundwater both during and after 
tunnelling is of prime importance for the economic operation 
of tunnelling and waste treatment. 

Drainage problems, mentioned earlier~ occur in 
many places in the ACT, both in closely developed areas and 
in areas that are being developed. In previous years the 
section has been concerned with the former cases, but 
lately, with the greater awareness by the town planner of 
the value of expert geological information and opl.nl.on, 
greater emphasis has been .on studies in areas' yet to be 
developed. 

As 
section has 
consolidation 
been drained. 

an offshoot of the last investigation the 
recently been looking at the problem of 
of the soils in these areas after they have 

The study has been concentrated around a 
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particular prablem area in Canberra I s new satelli tetawn, .of:': 
Tuggeranang, but it is '''''expected that similar 'investigatians ,,'.' 
will be required in the future in ather areas .of the ACT .': 

- . ~ 

Finally, a small investigation is 'being 'carried:~ " 
,aut an tbe graundwater resaurces .of', the . Jervis, Bay • area," , 
with particular emphasis an the problem af'leakage framLake,,:' 
Windemere ~ , , , 

THE ACT OBSERVATION BORE NETWORK 

The establishment .of graundwater .observation bares 
is an essential part of any hydrolagical study and a 
sizeable netwark .of bares has been established aver the 'last 
15 years (Fig. 1). 

Generally the Sectian has used BMR drilling rigs 
,whenever passible, but in recent years, with the increase in 
the develapment .of urban gealagy, the Sectian, with the 
financial aid .of ather government autharities, has emplayed 
cantractars ta carry aut the required drilling •• , 'The Sec,tian 
naw has a tatal netwark .of 67 bares ·that are regularly 
monitared, generally an a weekly basis (see Table 1). ' 

The .original purpose .of the establishment .of this 
network was ta study fluctuatians of the patentiametric 
surface fram seasan ta season. Fram its beginning in late 
1958 the network has expanded ta catchments .of differing 
gealagical, climatalagical, and vegetatian canditians. Fram 
praviding infarmatian an just seasanal fluctuations the 
network enables the predictian .of future fluctuations in 
particular areas and at particular sites; it provides 
cansiderable infarmation in evaluating sites far bores and 
predicting their depths, and it helps cansiderably in 
assessing the safe yields .of bares. 

Lately abservatian bores have been established in 
representativ~ basins ta provide graundwater data input ta 
the Representative Basin Madel; an the shares .of Lakes 
Burley Griffin and Ginninderra, and the, prapased lake at 
Tuggeranong, ta pravide information an the effect .of the 
filling of the lakes an the graundwater regime and the 
predictian and measurement of any leakage, from the 
lakes; and in urban develapment areas ta pravide 
graundwater data priar to develapment sa that the effect .of 
urban develapment an graUndwater can be evaluated. 

The measure,ments of the water levels in the 
.observation ,bares, together with data an rainfall, 
evaparatian, air temperature, and barometric pressure, are 
recarded an punched cards. The sectian .operates several 
camputer programs that provide tabulated data and graphs. 
The hydragraphs (Fig. 2) fram the observation, bores shaw 

~-., .. :.. 
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clearly the regularity of recharge during the cooler. months. 
Contrasts can also be seen in bores in which the· water table 
is at different levels. In bores where the water table is 
deep (such as BS, Fig. 2). the movements, ,are obvious;. and 
considerable, but in bores where the water table' is 'at 
shallow depths (such as B7, .Fig. 2) the fl~ctuatlons ,due. to 
evaporating water can be· delineated . and· the aff~c~ '. of 
background • noise' can be seen~ ,. 

The . Section has_ recently taken po·ssesslon ·of· an; 
ele~tricsubmersible pumping unit; once, . operable it· is 
planned to make a' series ,of pumping tests.' on most of the 
observation bores. From the program of pwitpingtests it is 
hoped that detailed conclusions will be drawn on the 
availability of groundwater in the ACT and that mare, data 
will.be obtained to further the study of groUndwater in 
crystalline rqcks, wi th pa~ticular· reference'· to 
permeabilities and specific capacities with respec;:t·to depth 
of fracturing. . . : ... 

EFFECT OF TUNNELLING ON THE GROUNDWATER REGIME 

In the last four years two major sewerage tunnels 
have been designed and the construction of both 
commenced; the~e tunnels (Fig. 3) have been designed to 
cope with large quantities of sewerage from· the·sateliite 
town of Tuggeranong and other areas. 

During the course of the de,sign/feasibility 
investigation,officers of the Section, as a part of the 
engineering geological study of the routes, paid particular 
attention to the· groundwater hydrology of the area, for it 
was important that some indication be obtained of the 
quantities of groundwater that would be likely to flow into 
the tunnel during construction. 

In the initial investigations (Purcell & Simpson, 
1973;' Purcell, 1974) diamond-drill holes were 
water-pressure tested and from these results, plus 
observations on bores in the ACT observation bore network, 
and with knowledge of rainfall and recharge conditions in 
the area, it was possible to estimate the total l~kely 
amount of groundwater that would flow into the tunnel. 

Before tunnel construction started observation 
bores were drilled close to' the tunnel . lines 
(Fig. 3); these have been monitored regularly during the 
construction period and marked falls in water levels, that 
can only be attributable to the drainage of the sites by the 
tunnel, have been noted. 
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Recent .recalc)llatioris of total;groundwater inflows 
based on measured flows and' :the monitored water· ievels have 
shown that the initial predictions were low by'· approximately. 
15 percent and that the new prediction is likely to be very 
accur~te. . ' . 

. In· the followi~g-- months it is intended to "continue 
the . regular monitoring of the observation bores so that 
groundwater inflows can be checked. When the- t~nel is· 
constructed, and before it is lined, calculations 'will be 
made to' ascertain' the total effect of the open tunnel~on the' 
groundwater, regime. During and after lining~-' rnoni toring 
will continue as grqundwater levels rise,tocheck if' they' 
return to their pre tunnel condition. Monitoring will' serve 
as an' aid in the assessment of leakage of groundwater into 
the tunnels, for leakage of groundwater into ~he sewerage 
will result in increased costs for sewerage treatment. 

. . . . . . 

DRAINAGE PROBLEMS IN URBANI ZED AND NON-URBANI ZED AREAS 

Numerous minor drainage problemS" have been 
investigated over the years wi thin the urbani:zed areas of 
Canberra. Detailed investigations have been carried out, in. 
areas around Red Hill (Noakes, 1958; Wilson, 1959; Wilson 
& Noakes, 1959, 1963), Ainslie' (Wilson, 1959 Land in the 
Woden Valley (Wilson, 1963). In these cases the-Section was' 
involved after urbanization and asked to produce remedial 
reco~endations. 

In:recent years the town planners of Canberra .have 
become more aware of the value of geological data and advice 
and the Section has become involved in the investigations of 
areas requiring drainage prior to any urban constructions of 
any kind. Such an area exists at Isabella Plains in the 
proposed town of Tuggeranong (Fig. 4) and the groundwater 
investigations have been followed up by drainage 
recommendations (Laws & Kellett, OPe cit.). Isabella Plains 
is a pediplain basin, restricted at the outlet by a rock bar 
and a permeability barrier, in which interbedded layers of 
clay, silt, sand, and gravel in a saturated state constitute 
a complex drainage problem. Detailed investigations were 
carried out at the predevelopment stage, including detailed 
drilling of the area, insertion of up to 40 piezometers, and 
the carrying out of in situ permeability tests. Results of 
the investigation indicated zones of high horizontal 
perrneabilities and two major drainage channels·werelocated. 

Preliminary drainage channels, along the routes 
recommended by the Section, have been constructed. During 
installation the Section lost several piezometers, but 
enough remained to evaluate the effectiveness of the drains. 
Monitoring of these levels is continuing and so far the 
channels are working efficiently. By the time development 
begins on the site the drainage problem will be under 
control. 
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FIGURE4-

DRAINAGE PROBLEM AREAS, CANBERRA, ACT 
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This is the ~irst major drai"Ilage investigation of 
this nature undertaken by the Section, but it is clear the 
Section will be involved in similar work in other areas in 
the future. The Section is constantly evaluating equipment 
for such work (drilling, pumping, and monitoring) and 
studying methods of in situ testing of permeabilities. 

CONSOLIDATION OF SATURATED SOILS DURING DRAINAGE 

The Section's involvement in soil consolidation 
has sprung directly' from the Isabella Plains investigation. 
Because of the different rock. types present and. the' 
thicknesses of aquifers to be dewatered it was obvious that 
these soils would consolidate and the Section was . asked to 
review . the consolidation estimates made by .. consulting 
engineers. 

Absolute consolidation and time-ratios of 
consolidation were calculated according to the Terzaghi .. 
theory ". of one-dimensional primary consolidation i. e.' 
considering vertical drainage only. Expected settlements' 
due to the lowering of the water table during drainage are 
low because the soils of the plains are over-consol-. 
idated; settlements are expected to be a maximum of 15 mm 
due to 'dewatering 3 m of clay and a maximum of 50 rom when a 
1 m loading of fill is added (Kellett, 1974). 

The time for 80 percent of primary consolidation 
to occur due to dewatering has been calculated at 2 years 
(average) to 5 years (maximum), and for dewatering and 
loading at 2 years (assuming double drainage) and 5 years 
(assuming single drainage). 

This has been the Section's first 
studies of consolidation, but other areas 
problems are already under consideration. 

involvement in 
wi th similar 

LEAKAGE FROM LAKE WINDERMERE, JERVIS, BAY, ACT 

Investigations have been carried out at Jervis Bay 
(Fig. 5) in recent years, into the determinatio~ of leakage 
paths and rates from Lake Windermere. Lake Windermere is an 
inland freshwater lake that is used for domestic water 
supply at the Jervis Bay Naval Station. 8 piezometers have 
been installed and 2 rotary holes drilled. Up to the end of 
1973 a leakage path had not been accurately determined" but 
in April of 1974 additional piezometers were established. 
Pumping tests will be carried out on them and with the 
construction of a water table contour map and a flownet it 
is expected that the leakage path will be accurately 
determined. 

, '. 
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CONCLUSIONS 

'Hydrological investigations in the ACT are 
proj'ect-oriented; they are for the 'most part aimed at 
providing a hydrological data input into major engineering 
and 'urban development projects within the ACT. The effect 
of groundwater in such engineering projects as tunn~ls and 
dams, multi-storey buildings, and major excavations can be' 
considerable and costly. The work carrieq out 'by the 
Engineering Geology and Hydrology Section of th'e BMR in the 
field of hydrology is aimed at reducing these effects and in 
turn reducing capital e~enditure. 

Research into the' development of techniques for 
the analysis of groundwater problems is continuing. ',Better 
methods of determining groundwater inflows, into tunnels, 
better methods of solving major drainage problems ,and many 
other aspects are research projects that have evolved from 
the section's hydrogeological service to government 
organizations. 

The data gathered over the past'16 years are to be 
collated later this year for the compilation of a 
hydrogeological map of the ACT, which will provide the basis 
for studies in hydrology for many years to come. 
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BORB NAHB 
AND LOCATION 

Be1connen B5 

B6 
B7 

B8 
B15 
B16 

Black Mountain B13 
Hospital C9 
Yarra1umla C7 
Reid C4 
BMR Cl2 

Adllliniatration C5 
Secretariat C6 
Parliament House C8 
Canberra Grammar C17 
Fyshwick Cll 
Lake Ginninderra 4 

3 
2 

1 
Gungahlin 1 

2 
3 
4 
5 

GROUNDlfATBR 
PROVJ:HCB 

Canberra Ridges 
and Plains 

" . 

." 

TABLE 1. ACT OBSBRVATION BORB DATA 

BLBVA'l'ICDl 29/3/74 GAUGDlG. MAX APPIDX 
H.A.S.L. STAIIDDIG COMMBHCBD ·VAltIUIOII :~ (where WA'l'BR DI LBVBLS ,., 

LEVEL (Ill) t.uted) 

642 Destroyed Dec 1958 7.5. 1.0 

592 588.2 Dec 1958 3.5 3.7 X 10-2 

593 589.5 1958 4.0 U.I X 10-2 

592 587.8 1958 3.1 1.U 

630 599 Ju1 1971'- 7 0.1 

591 588 Jul 1971 2.5 2.0 
615 588.2 Dec 1958 ·0.4 '0.5 

561 556.5 Aug 1963 0.25 .. ~. 
I 

563 562.3 Aug 1963 r·' 4.' 
. 561 557.8 Aug 1963 .0.9 0.3 

562 560.6 Hay 1966 . f 7 1.' 
562 557.0 Aug 1963 

. I . 
.O.l 0.5 

564 556.2 Aug 1963 .~., 2.1 
565 559.4 Aug 1963 r '0.3 
589 596.5 Hay 1970 .5 "'.:;, 
583 578.4 Hay 1966 . 7' 1'.4' 
640 637.7 1973 :88 0.5 
633 627.3 1973 2.7 1.2 
648 643.0 1.73 

r-
0.5 

625 622.0 1973 2.2 
593 590.8 Jul 1973 4'6 3.5 

'631 Destroyed 1973 0.1 
628 617.2 1973 1 3 3.5 
645 639.0 1973 2;3 3.5 , 
654 629.3 1973 1;4 0.6 
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I 
REF. BORE NAME GROUNDWATER BLBVATION 29/3/74 GIWCWlG MU , U • .,. 
NO. AND LOCA'l'ION PROVINCE H.A:S.L. STANDING COMllBllC8D VUJA7lC11 ,,~ , 

WATER U LIV&I' ,., • lb. ,vaa.n 
LEVEL (m) teetH) 

.. 

I 
3.8' 

" 

26 GW1gBhlin 6 Canberra Ridges 652 6U.6 Ju1 11173 .. 18.~ 
and naine .. 

27 7 602 597.7 1n1 1.7 ,'0. , 
28 Pine Ridge 2 585 577.9 Oct 1t71 1.0 'i. 

•• 7. .~ ... ~ 
29 3 600, 583.6 11173 0.1; , .• ~7. 

I 
30 Ryan Tunnel, 2 564 534.2 1973. ' 1.' 

, 
.>: •• ~.-

Jl MVl 581 568.9 11173' , 3 •• " 
.. 

•• '1. 
32 Tu"geranong 

Tunnel 1 562 Dry Aug U12 t.O 0 .' •• 7~ 
33 2 611 587.8 1t72 13 ..... ' •• t'. ' 

I 34 3 652 596.7 1972 '.8 •• t' •. 
35 4 601 594.6 1972 •• 5 I!l.t'. 
36 
J7 Tuggeranong '1'01 593 De8troyed Jul 1972 1.1 1.0 

I 
38 '1'02 618 616 1972 . 1.1 5 •• 
39 '1'03 Hur1"Ulllbidgee 637 629 1972 1 •• 5.0 

SC!lrp 

I 
40 T114 ' Weat Gourock 700 695 U72 0 •• 2.0 

Highland 

41 T115 658 655 1972 1.5 3.0 
42 '1'06 Hilr1"Ulllbidgea 647 638 1972 2.1 '2.0 

Scarp 

43 Tuggeranong Town Canberra Ridges 

I 
Centre 2 and Plains 570 554~2 Sep 1973 1.' · ... 5 

44 9 580 566.7 1!17l 1.1 '.7 
45 1 ", 572 564.3 1973 1.1 .S 
46 4 567 561 1!173 0." 1 •• 

·1 
I 
I 
I 
I 

:,.' 

I 
-,:' 
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TABLP. 1. (Continued) 

I REF. BORE NAME GROUNDWATER ELBVATION 29/3/74 GAtlOIHG JWr APP8:)X NO. AND J.ncATIOH PIOVINCB M.A.S.L. STANDING COMMEHCaD VUlA7io. 
:~ (.n 

WATER IJI' LIVIrL8 (II) LEVEL (m) ,..M4) . 
47 Tuqqeranonq Town Canberra Ridges 

565.8 Sep 1973 5 •• .5 Centre 1 and Plains 570 I 
48 • 10 . 572 566 1973 1.' ., 
49 7 575 573 1973 1.' .5 
50 8 580 568.9 1973 0.' .5 
51 5 585 583.2 1973 1.3 ., I 
52 6 602 592.3 1973 0 •• ·.a 
53 Lanyon 1 West Gourock 658 649 Ju1 1973 0.5, 1.1 

Highland 
54 2 Canberra Ridges 

and Plains 633 1973 o.a •• 5 I 
55 3 West Gourock 

Highland 642 632.4 1973 o.a 8.1 
56 4 640 629.9 1973 0.6 36 •• • 10-Z 

57 9 Canberra Ridges 
and Plains 647 632 1973 0.2 a.7 I 

58 Gooqonq 36 West Gourock 
Highland 666 640.3 Dec 1973 1.3 .. ~. 

59 37 Bast Gourock 660 648.1 1973 8.0 .. ~. 
Hiqhland I 

60 38 701 687.6 1973 1.0 J.". 
61 39 663 658.9 1973 1.e .. ~. 
62 40 . 709 679.5 1973 0.8 .. .,. 
63 Koven 2 711 693 Jan 1968 5.0 ' 0.5 I 
64 3 725 714 Ju1 1971 1.6 H.". 
65 Corin Dam E1 Paddys River 

Area 1218 1216 Jun 1966 3.5 1.e 
66 CO2 Bimer! Mountain 

Area 900 900 Jun 1966 0 .. ~. I 
67 HoneySuckle Ck Gudqenby Area 

T1 1056 1049 Jun 1966 1.5, 0.5 

I 
I 

r 
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