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~ SUMMARY

Two dam sites = 2 and 3 - on the Gudgenby River wcre-ihvestigatcd in
November-Decenber 1975 fof the construction of anreérth and rock fill dam.

Both sites are ﬁnderlain by_foliated-Thafwa Adamellite, which is
extensively sheared and faulted on the right (eastern) abutmenfs - especially at
daﬁ site.3. The north-trending Murrumbidgee Fault lies about 1 km east Qf the
dam sites and has no direct influence on either of them.’ _

' Weathering-of the rock differs at both sites, but depths to fresh rock
are greater on the right abutments. At dam site 2, there is evidencé of past
landslide activity on the lbwer part of the right abutment. Ndrinstability of
this nature is evident at dam site 3,.where; however, the underlyihg rock is .
weak and highly to moderately weathered to a depth of 20 m on the right
abutment. | e '

Sites for two water-treatment plants were also investigafed. The

western_site, on a low rocky hill, has suitable foundations at floor level RL _ -
705 m, but up to 20 m of rock will have to be excavated, mostly by blasting;

this material would be suitable for rock fill for the dam. The eastern site is
on lcvel ground; with 2-3 m of gravelly soil overlying rock;.sﬁitablc
foundations are cxpected with @ minimum of excavation, but a number of
low-velocity zoncs probably indicatc deceper weathering along sheared zonces.

" Details of construction materials have been comprehensively covered in
previous surveys in the arca. Additional quarry sites fbr rock fill have beep
located upstream and downstream of the dam sites to satisfy any requirements for

two-stage construction of the dam.




- INTRODUCTION

At the request of the Department of Construction (DC) the Bureau of
Mineral Resources (BMR) carrled out a geological 1nvest1gat10n of two’
alternative dam sites and two water-treatment plant sites on the Gudgenby River,
A.C.T., near Mount Te;nent.= The locations are"shown in Figure 1 and Plate 1,
and the dam sifes are refcrred to as Tennent dam sitce 2 and 3.:'The dam sitcs
are shown in plan: view on Plate 1 as earth and rock fill embankments and the
report is mainly concerned with this type of constructlon._

Another dam site-on the Gudgenby River located 400 m upstream from dam
site 2 was 1nvest1gated by Buchhorn (1968) and Henderson (1973), and is now
referred to as dam site 1 (Plate 1) Dam site 1 was considered.as .an
alternative to Googong dam site for constructlon, however, Googong was preferred

and 1S now under COnStI’UCthH.

The alternative. projects. that are b01ng considercd are an off-river

. storage for the Murrumbldgee River, or a run-of-river storage for the Gudgenby

River with the option of 1ncrea51ng the dam capacity at a future date to store
water from the Murrumbldgee. The preliminary design details are listed ‘below in
Table 1. ’

TABLE 1. PRELIMINARY DESIGN DETAILS

DAM SITE 2* °  DAM SITE 3*
Top RL of reservoir . | 680 m 680 m
Dam height . , 100.3 m ‘ 85.0 m
' : — 3 : 3
Dam volume ‘ . 3 540000 m 3 005 870 m
' 3 3
% Earth core -710 000 m . 600 000 m
o ' ] 3 3
Filter zone : -180 000 m™ 150 000 m
: g ' 3 3
Rock fill 2 650 000 m 2 260 000 m

*  TFigurcs supplicd by Department of Construction.
0 Assuming core ls 20% ol total volume, Cllter zone 5%, and

rock fill 75%.,



é(g}chqrdsgn, {97511“aqq_inifhis;greq the contact has been obstured by

Dam sites 2 and 3 were geologically mapped at a scale of 1:2500,
and hand augering of superficial materialé was carried out over theveaétern :
water treatment plant site. Seismic refragtidn traverses were carried out by
the Engineering Geophysics Group along the centrelines of both dam sites and

across the spillway sites (Plate 1). The seismic traverse on dam site 3 was

extended'to the east as far as Smiths Road,. to provide information on changcs-

in the rock mass that take place with proximity to the Murrumbidgee Fault
(Horsfall, 1976). '

PHYSIOGRAPHY

Both dam sites are on the Gudgenby River (Fig. 1), which flows in a
northerly direction to join the Murrumbidgee River 1 km from dam site 2. At
dam site 2 the river has incised a gorge up to 100 m decﬁ into a partly
dissected platcau. .To the west Mount Tennent rises to 1370 m. Upstrcan from

dam site 3 the gorge widens into the¢ undulating cleared pasture land of the
Gudgenby and Naas valleys.

- REGIONAL GLOLOGY

The dam sites, treatment piants, and’resérvoir areca are underlain
by granitic rocks 6f.thc_Murrumbidgce Batholith (Plate 1), a large, granitic
composite intrusion concordant with the rcgionnl north-south structural
trend. Two granitic types are exposed in the'arca: the Tharwa Adamellité,
which crops out at both dam sites; and the Clear Range Granodiorite, which
crops out farther south in the reservoir area (Snelling, 1960). These

granitic rocks have intruded Silurian sediments and volcanics to the east

shearihg’associated with the Murrumbidgee Fault.
The‘Murrumbidgee_Fault, whi¢h'forms the eastern boundary of the

batholith near the dam sites, is thought to have been‘fqrmed about 350

million years.ago, and renewed minor activity has probably taken place since -

the Kosciusko Uplift‘in the Pleistocene (about 1 million years ago).

-Components of the batholith usually have a primary foliation* which’

is indicated by ‘the orientation of xenoliths. A sccondary (metamorphic)
foliation is superimposcd on rocks adjacent to the Murrumbidgee Fault - c.g.,

the Tharwa Adamcllite;

* Underlincd words defined in Glossary.
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DAM SITE 2

The géology of dam site 2 is shown in Plate 2. The siﬁe'is
asymmetric with steep, irregular slopes on the eastern side. Plate 4 shows
an 1nterpretat1ve section east-west along the dam centreline. Figure 2 is a

general view of the right abutment.

GENERAL GEOLOGY

Rock types

The Tharwa Adamcllite is a grey coarse-grained rock_contéining
quartz, feldspaf, biotite, and muscovite. Where the fock is weathered the
feldspars are altered fo clay, and the micas to iron oxides, éhlorite, and
sericite. B - A

Dark fine- gralned elongate xenollths def1n1ng the primary follatlon
are present in the left abutment.

The adamellite is generally fo1iated, with some local variation to
non-foliated textures on thé one hahd and gneissic textures on the other.
The rock is described as gneissic where mineral banding is apparent and the
rock substance is considerably weakened.

Also present are aplite dykes, which are fine-grained, in places
foliated, and contain quartz, feldspar, and minor biotite. Veins of quartz,
pegmatitc, and blastomylonite crop out towards the top'of thc-right-abutment
associated with gneissic adamellite. ‘ '

Surficial deposits

Alluvium up to 120 m wide and 6-8 m deep covérs the valley floor.
The Gudgenby River flows aloﬁg the eastern side of the valley close to the
right abutment with two wide river terraces on the western side. The lower

river terrace close to the river consists of fine to coarse.micaceous quartz

-sand and large subrounded blocks of adamellite. There is a lack of gravel-

size material at this locality. The older (upper) terrace contains. sand -and

silt which have undergone some mineral alteration and weathering.’



Fig. 3 Jointing in adamellite, dam site 2, right
abutment
Note the curved trees on the top left-hand side.
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Weathering

The degree of weathering in the adamellite is variable and is
related to the presence of"shearing-or»the intensity of the foliation, or
both. Appendix 3 contains a table comparing seismic velocity with degrees of.
weathering. o ' - | '

The upper part of the right abutment (above RL 630 m) is covered by
a silty, gravelly soil up to 7 m thick, containing lbose-blocky rock and
scattered outcrops of highly weathered gneissic adamellite. Below RL 630 m
the terrain steepens and moderately weathered to fresh:outcrop is abundant.

The lower part of the right abutment is formed by cliffs 60 m high -
(Fig. 3) and a large unstable mass of rock and soil (see section on
stability). |

The left abutment consists of scattered outcrops of moderately

weathered adamellite and 0-2 m of silty sandy soil with some quartz gravel.’
Structurc

Foliation. The adamellite has a primary foliation striking 345-005° and
dipping 70° east defined by the orientation of xenoliths, and a superimposed
sccondary foliation which trends Detween 320-002° uﬁd dips steeply west or
vertical, Aplite dykes are commonly concordant wifh this. foliation. A
gently dipping foliation striking at 330o which may be related to localised

shear zones, was recognised in an outcrop on the left abutment.

Jointing., ‘tThe adamellite is jointed 55 foilo@s:

Set 1 - 90/345 (parallel to foliation). These joints

are generally open, continuous for > 20 m,. and closely.

spaced. o

Set 2 - 90/088-096 - These are mosfly tight, continuous

for <5 m, ‘and mostly widely spaced. There are some -

discontinuous shallow dipping joints evident in the

steeper sections .of the right abutmenf (Fig. 3).

Closc to the'river, joints of all orientations are open owing to
the relief of stress in the rock mass conseqﬁent on the'incision of the
_Gudgenby River valley. Within the unstublc'afca, somc clay scams striking

090o occur,



Faulting and shcaring. A number of shear zones have been delineated by field

mapping, and confirmed as lower-velocity zones in the seismic profiles (Plate

4); however, a number of low-velocity zones have no surface outcrop. Quartz

veins, slickensides on joint planes, and blastomylonite at the top of the

right abutment indicate other displacements within the rocks.

ENGINEERING GEOLOGY

Embankment foundation conditions

Left abutment. This abutment has sound rock, free of major defects, with

only minor areas of deeper weathering. Fresh rock with seismic velocities
between 4550-5200 m/s occurs within 1-2 m of the ground' surface. Two zones
with velocities of 3450 and 3800 m/s probably represent slightly weatheréd
and/or more jointed rock. | | _

Outcrop covers much of the cmbankmcnt area except in the gully on
the south side where costeans and selsmlc traverses indicate much deeper
weathering, with moderately weathered rock at 20 m overlain by extremely to
highly weathered adamellite and alluvium (Dolan, 1972; Henderson, 1973).

The 1-2 m of soil and looée rock will have to be stripped from the
abutmént slopes; some additional stripping will be required in deeply
weathered zones. These zones of deeper weathering and clay seams will also
require grouting'or dental treatment.

No stability problems are anticipated on the left abutment. The
natural slope ranges from 20—350, and the major joint sets are not unde;cut
by the slope. -

River channel. Seismic traverses covered about half of the flat alluvial

terrace and channel area, and relatlvely sound rock _appears ‘to be prescnt at

least as far east as the river. Addltlonal seismic travcrscs have ‘been shot

but results are not yet available (P H111, in prep.). The rock beneath the
alluvium is probably strong and frcsh. The 6-8 m of alluvium beneath the
embankment will have to be stripped, and large boulders and deep pockets of

weatherlng are to be expected.

Right abutment. Foundation conditions are generallyvpoorer on this abutment,

which has -a deceper and more variable wcathering profile'than the left
abutment. ‘The highest recorded refractor (3800 m/s) is overlain by 15-25 m

of highly to modcrately weathered rock (1450-1600 m/s; Plate 4). Above RL
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630 m the slope is covered by loose rock and soil with some scattered
outcrop. Seismic refraetion traverses were not continued_across the lower
part of the abutment‘as'it'is too steep (greatef than 45°). P. Hill (in
prep.) is carrying out a survey on this lower slope. .

. Suitable foundation rock lies below an intermediatevelocity layer
1450-1600 m/s, and is mueh deeper than on the left abutment., ' If drilling
confirms this materiel as highly to moderately weathered rock, then a-
coneiderable thickness of rock will have to be removed.

Stability of right abutment. The right abutment is stable from about stn 400
to 500‘m'but to the west of Stn 400 a 10 m‘ciiff marks the baekWall of a slip
plane._ A combination of toppling, and sliding failure, has resulted in an

unstable zone (60 x 80 m in area) of transported mater1a1 w1th rotated blocks

of rock, scree, and soil (Fig. 4),
Evidence of movement is shown by
a) A number of large blocks (up to 15 m ) of adamelllte show d1ps of the N

foliation ranging betwcen 10-40° to the east (Fig. 5), whereas tlie same
foliation in undisturbed rock dips-about 90° and strikes between 345-005°.

‘This indicates that these blocks have tilted (Figs 6 and 7).

b) The topography exhibits pest-landslide features, with a nearvertical -
backwall and a lobate mass of scree and tilted blocks (Fig. 6). A highly
weathered shear zone runs parallel to this backwall.

c) Cypress pines arc gencrally younger on the displaced material on the
slope than on surrounding slopes (Fig. 6). Some of the older pines'haee been
tilted by movement, and have since straightened in growth to vertical again
(Figs. 3 and 8). | | _. .

d) Numerous angular blocks 2—3'm3 lie in the river bed and lack the rounded
corners and smooth waterworn features of river transport that are ~common
elsewhere in the boulders in the r1ver bed.

e) Open joints in outcrops at the base of thc slope display a wedge
mechanism for rotation of blocks to a potential toppling condition (Fig. 9) .
f) Low-angle open joints dip both into and out of the rock face (Flg. 3),

and facilitate the lateral movement of rocks by wedging.

The loose part of the unstable zone will have to be cleaned out to
provide suitable foundation for the'dam. The remaining rock will haye'to be
grouted, and concrete pourcd in the depressions, The depth of looscned rock
and open joints may be up to 20 m behind the slope, and may require treatment
for up to 35 m. Additional failure may be induced in thc backwall as the

looscned material is removed.



~ Spillway -

'd,The_proposed spillway crest lies in'alsaddle‘behind_a knoll on the .
eastern side oflthejdam-site,_and'theAspillway chute will follow5a-gully L
striking 325°>(P1ate-2) Skeletal gravelly 'soil and scattered outcropsdof7>

hlghly weathered schlstose adamcll1te and aplite.are found on the knoll.

Selsmlc rcsults (Uorsfall 1976) from near the splllway crest. show’d-'

an 1ntermed1ate ve10c1ty layer of 1950 m/s down to about 16 ‘m; th1s ve1001tyA
probably represents moderately weathered rock grading into fresh rock w1th a
velocity of 4100 m/s (Plate 4). A lower veloc1ty of 3250 m/s probably
represents a more jointed sectlon of rock. Suitable foundat1on for the
p111way crest is expected at a depth- of 7- 10 m. o
‘ Downslope, the gully contalns blocky ‘colluvium (estlmated to be up‘-.

to S5m th1ck), and moderately weathered adamellite crops out lower down
l(below RL 630 m). .

River diversion

A diversion conduit could. be located to. the ‘west of the river and
founded in 5450 m/s velocity rock at a depth of about 5 m, or less dependlng
on how far west of the present river channel the conduit is placed

L If a dlver51on tunnel were to be constructed in preference to a
valley floor conduit, then tunnelllng condltlons 1n the left (west) abutment

'ought to be better: than those in the right abutment..

DAM SITE 3

hGENERALfCEOLocyr'

The locatlon of thlS s1te 1s shown in Plate 1, and the rock
_ndlstr1but10n and" geology 1n Plate 3 ' The 51te is asymmetr1c w1th steep
slopes formlng the right abutment (Flg. 10), and a long, more gentle slope

which extends across the. Naas Road form1ng the left abutment

.Thurwa7ﬁdamcllite(.

The r1ght abutment and river valley are underlaln by fa1r1y weak

(3500 3700 m/q) on01<<|c adqmcll1tc wnth minor aplltc quartz blastomylon1tc,
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Fig. 6 View of unstable area, dam site 2

Fig., 7 Toppled blocks, dam site 2




Fig. 9 Potential toppling condition, dam site 2
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Fig. 10 General view of right abutment, dam site 3

Fig. 11 Adamellite and aplite dykes cropping out
river, dam site 3

in




-12-

-and schISt.; Shearlng has altered and weakened the adamellite, and outcrops
Zi are. hlghly ueathered, closely 301nted and fractured. The rock is less
.gnelss1c .and less sheared west of the rlver. A porphyrltlc adamelllte :
‘contalnlng unorlented plagloclase crystals up to 4 cm 1s w1despread Patches

of rock w1th flne-gralned dark xenollths are common.

Dykes' and veins

“‘;The morerprominent'outcreps are'aplite dykes, quartz blastomylonlte

~and uuart;-veins..'Aplite dykes both parallel to foliation and dlscordant are

fabundant'in'the-upper parthf_the'left'abutment. Crosscuttlng veins of B
'“aplite’and QUartz;erop_out_adjaeent to the river and on the left abutment
(Figs 11). ' ' i

Surficial deposits

- The valley floor at this site is 20 m wide and consists'of sandy
alluvium to a depth of about 3 m. A narrow (3-4 m) older river tcrrace

conta1n1ng srlty alluvium occurs on the western 51de of the valley.

.Colluv1um composed of_clayey.snnd and f1ne_quartz gravel covers the lower
. part of thelleft abutment. -

"Structure

Foliation. Fhe follatlon in the unsheared ‘adamellite trends between 008- 346

= and is. present in somc of thc aplltes,

Shearing. ‘Shear zones 'in the right abutment and river area~trend between
'-'320-0200, generally at about 000 .'uTowards the top'of'the right abutment'a
,fault .zone is 1nd1cated by phyllite and blastomylonlte. This fault alsoh.'

"passes through the right abutment of dam 51tes 1 and 2 (Henderson, 1973)

meo1nt1ng.. There are two main joint sets - one parallels the fol1at10n, the
‘ other 1s stccply d1pp1ng and strikes 068- 080 Joints are moderatcly to .
o cloScly spaccd on thc rlght abutmcnt but on thc left abutmcnt they arc:

'fa1r1y tlght and wrdely spaced with smooth planar faces._ Irregular

'lﬁdlscontrnuou5 301ntq, 1nc1ud1nﬂ cxfollnt1on JOlntq, arc common in “the largcr

xoutcrops. ,A road -cutting on thc Naas Road shows that thcrc is gcncrally a

'weuthefing,zone up to 30 cm wlde adJacent to joints, All JOlntS at and near

. _ e S we e _ | A
GS S B BS DN U & B8 S Ny U 8 S8 8 P N s .l e .
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the surface are 1ronsta1ned and’ most contaln th1n (1 to 2 mm) 1nf1111ngs of

.chlor1te/ser1c1te._

Weathering o

The rlght abutment is covered by a th1n 511ty 5011 w1th angular
rock fragments and. hlghly weathered rock outcrops.: The' adame111te at this
dam site is more deeply weathered than at dam site 2. 'The left abutment has

alm th1ck 511ty soil. cover between rounded boulders and outcrops of highly -

. to sllghtly weathered adamelllte. ‘The depth to moderately or less-weathered~
_rock is from 1,0 to 5.0 m. - ’ e A

‘The selsmlc results (Plate 4) show progre551ve1y hlgher basement :

._'veloc1t1es towards the r1ver 1n the rlght abutment. ' This probably represents

a sect1on through the weatherlng profile. = Equlvalent lower-ve10c1ty materlalg"'

'(2600-3500 m/s) has probably been eroded from the left abutmcnt by the
__easterly mlgratlng r1ver channel._ ‘ B

3 ENGINEERING'GEOLOGYn

Embankment foundation conditions

Left abutmcntt On the left abutment, fresh rock is 10 m-deep, but competent

rock-ShOUId be'between 1and 5 m deep. The intermediate-velocity’layer

.(Plate 4) of 1700- 2350 m/s probably represents moderatcly wcathered rock
-3grad1ng 1nto fresh rock (4100 5100 m/s) The 1rrcgu1ar margln betwccn

moderatcly weathered and frcsh rock may rcflcct a very 1rregu1ar proflle w1th,g

large re51dua1 boulders of fresh rock w1th1n ‘more weathered materlal

'Right'abutmcnt' Thc dccpcst seismic. rcfractor dctcctod (3500- 3700 m/s) is at_

- a depth of 15 20 q and probably represcnts a sllghtly wcathered gne1551c
adamelllte. o Tt '

~ The. 1350 m/s zone at stn 810 m represents a fault zone wh1ch can be

.traccd northwards down ‘the spur.

The 1ntcrmcd1atc-veloc1ty laycr of 140) ‘to 19)0 m/s probably

-_represents h1gh1y to moderately weathered Tock: gradlng into- sllghtly

'-weathered follatcd adamcll1te. Correlat1on of these ve10c1t1es W1th dr111
'_corc will 'he lchIlcd htlolc'm01c accurate dopths to - rock surtahlc for a.dam -

'_foundatlon canvbc given, | Bascd on thc scrsmrc VClOClthS Jlonc, surtable :



1
“{»foundation rock‘may be 5.12 m deep. ' Deeper‘excavation‘and more extensive:
' foundat1on treatment W111 probably be requ1red for this abutment than for the
¢ left abutment.'. _ ' ' , _
The steep slope comblned with the fractured and- sheared rocks on
?vthe rlght abutment have’ resulted in sheet eros1on and several areas of
= superf1c1al land. sllppage., Below a bench on the 510pe (at about stn 630) the :
: gradlent stcepens to 35- 40 and sllppages in soil and scree have occurred
. The ‘potentially unstable loose rock and soil is confined to the 250 to 850

7m/s velocity layer.- ‘No 1nstab111ty occurs on ‘the left abutment.
~ spillway
A proposed sp1llway is located in the rlght abutment (Plate l)

The splllway crest. traverses a small saddle and the chute w111 be excavated-
'1n a steop gu]ly, cntcr]ng the Gudgcnby River about 250 m downstrcam of thc o
embankment. EC o ‘ ,

The - valley of the spillway approach follows an a1rphoto 11neament L
‘~str1k1ng 005 whlch can be tracod for 2.2 km (Plate 1). This lineament
’probably rcprcscnts a fault or shear zonc: The scismic section (Plate’ 4)
shows a fault at station 920 m (1730 m/s), and d1amond drilling is

‘recommended to accurately locate: the fault and to determine rock

' out in thesc arcas.

" EASTERN WATER-TREATMENT PLANT-SITE |

The treatment plant (Plate 1) is located on a gently undulat1ng

plateau to the cast and southeast of dam s1te 2. The 1nstallat10ns will .

1nc1ude a clear-water storage reservo1r, a treatment plant bulldlng, and an

area of sludge beds. :p-*"f - R - .'w

:V'GENERALlGEoLocyil"

Plate 2 ‘shows - the geology of the 51te. “The area is underlaln by -
coarsc gralncd Tharwa Admmcllltc ‘with some minor 1p11te, quartz,vand

-, blastomylonltc. lhe adamcll1te is foliated parallel to ‘the rcg10na1

’ structural trend and quartz and blastomylonlte zones - are 51m11ar1y allgned

permeabll_lty. Cons1derable treatment of foundations w1ll have to be carrled o l
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A ferricrete hardpan-maybbe present in the soil, especially below low-lying

-aréas.

'Structural information from this site is limited to the scattered

moderately weatheréd outcrops to the north and west. Joint orientations are

not known in the area, but ‘they are 11ke1y to be s1mllar to those mapped
elsewhere on the r1ght abutment (Fig. 5)

fENGINEERlNG GEoLOGY

Excavation and foundation‘conditions

Hand augerlng 1n 5011 covered areas (for location see Plate 2)

: 1ndlcates that up to 2 3 m of gravelly clay ‘and extremely weathered rock

overlle hlghly to’ moderately weathered adamelllte.- Frgure 12,shows.the_logs
of the hand auger holes » , . "
" Scismic rosults’ 1nd1catc that 10.m of highly weathered rock -

(se1sm1c veloc1ty .800 - 1400 m/s) and 15- 20 m of moderately weathered rock
(2200 m/s) overlie sllghtly weathered rock at 25-30 m. The se1sm1c sectlon

1nd1cates that a serles of parallel shear zones 1ntersect the . area (Plate 4).
For the treatment plant and clear water storage reservoir,.
excavatlon to rock sultable for foundatlon at 3 m depth will be. p0551ble w1th

a m1n1mum of blastlng. The se1sm1c ‘velocity of the overlylng 511ty, sandy

'gravel and extremely weathered adame111te is 350-400 m/s.' The hlghly to

moderately wcathered adamellite is strong cnough to support the planned

‘ structures (IZG) 1400 m/s).

Groundwater '

Several small swampy seepage areas were noted in the field (Plate'

2). hese areas would probably be saturated after perlods of heavy ra1n o

1ow1ng to perched water-tables formlng on the clay or hardpan layers in the

soil,

WESTERN WATER-TREATMENT PLANTfSITE_"

“The troatmcnt plant s1to covcrs two rocky hllls and an - adJ01n1ng

saddlo on thv westoern side of the Nans anl nmlhwv € ol dom I(U (l lato

1.
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 GENERAL ‘GEOLOGY
- Lithology

" The site (shown on the left-hand side of Plate 2) is underlain by

"follated medium: to coarse- gralned adame111te whlch has a var1ab1e

composition and texture. The comp051t10na1 variation is due to the amount of '

"'b10t1te in the rocks. Textures vary from porphyrltlc W1th unorlented

plagloclase phenocrysts up to 3 cm 1n length to follated and gne1s51c.; The .

o gnelss1c var1et1es are. found on- the northern ‘hill, wh11e adamelllte W1th

poorly def1ned fol1at10n is found to the south.

Outcrop covers at least 40 perccnt of the upper part of the hills, .

_andfcomprlses large, rounded to elongate‘moderately to sllghtly weathered
IBOUIders projecting up to 3 m above'ground surface, Downslope, ‘the - outcrops
‘are flatter and more scattered w1th occasional loose blocks and flat

7soll—coyered_benches, Steeper areas are generally roeky.
Structure.

Follatlon in the adamellite dips vert1cally and trends at 322 356
Joints are widely spaced and continuous with smooth ‘planar to curV111near
__surfaces, most are tight with no 1nf1111ngs. lhere are two main JOlnt
_d1rect10ns. onc parallcl to the follatlon along which the rocks tend to
weather,'and an east-west ncar-vertlcal sct. Subhorizontal joints occur but
are not commonly exposcd : Closcr jointing parallel to the follatlon on thc
' northwestern side of- the southern hill may indicate a shear zone in the ‘
saddle. A small- northwest trending shear zone. assoc1ated with-aplite and '

quartz veins occurs to. the east of the s1te néar the Naas Road.
- Weathering =~~~ ao **"j»' R Af' o o ,I'“‘:

_ ) Rock at the surface 1s commonly moderately to sl1ghtly weathered
-aw1th the more weathered rock in closely jointed or sheared areas. The.
weatherlng profllc is cxpected' to be most 1rregu1ar at this 51te, with fresh

adamellite core stones, surroundcd by soil and cxtrcmcly wcathcrcd rock.

- Deeper_weatherlng 1suexpected in the saddle areavand along shear- zones.

5 i B ' §
- - - ' z
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 ENGINEERING GEOLOGY

. . Excavation and foundation .conditions . -

Treatment plant constructlon would nece551tate an excavation of up

to 20 m, and blastlng would be requlred however, the mater1a1 would be

-sultable ‘as rockf111 for the dam,

Trcatmcnt condltlons should be. adequate to support the planned
structures, although ‘the dceper weather1ng of material in the saddle may
cause problems of d1fferent1a1 settlement the depth of highly weathered rock

and soil-in the~saddle,should_be<ascerta1ned,by_selsmlc traverses or
drilling, or both. ' '

‘Groundwater

Thc only arca ltkc]y to have a g,roundw ttcr dralnag,e problcm 1105 on .
the northeastern side of the saddlc. The organic clays in this areca arc _
saturated after heavy raln. The problem would be ‘a minor one, as excavatlon

would. remove much of the soil. anyway.

CONSTRUCTION -MATERIALS

- The investigation of Tennent dam site 1 (llenderson, 1973) included

an asscssment of ncarby sourccs of construction materials. Suitable -

:aquantltles of rock fill (Henderson, 1973) and earch core material (McDeV1tt,
- 1970) were found for this proposed dam of 68 m helght, but additional sources

" of construction materlals will be requ1red for the proposed dam 51tes 2 and &

as thelr embankments are larger than the or1g1na1 site 1,

“Locations of" potcnt1al quarry 51tcs and carthflll borrow arcas are

. shown in Plate 1

_ ROCKFILL

For the dam construction, a quarry site upstream of the proposed

embankment is favoured, SO that subsequent f1111ng of  the reserv01r w111

_submergc the cxcnvat1on. Unfortunately there: is insufficient ‘volume of

rock i Il An the |_0:-_u|vv: so far investipated below tho _|)mpo:‘(~.(l, reservoinr.

. 1cvel . of 680‘mtth quarry”must bc'sitcd'on tho.wostorn side of the Gudgonby



L -18-

Rlver as the rock quallty 1s much better than in the more sheared rock to the

. east

Quarry 51tes A, B, and G could prov1de about 1.4 m11110n cubic
'metres (m ) of rockflll for dam 51te 2 but the su1tab111ty of the materlal,
_should be conflrmed by dr1111ng. Add1t10na1 reserves of rockf111 are
avallable from quarry sites D and E.

Quarry sites D and E, totalllng about 750- 000 m3 of rockf111 are
‘-the only ones below 680 m near dam 51te 3.

Quarry 51te F could prov1de 1.1 million m3 of rockfill from

“xexcavatlons for the water-treatment plant. Site G downstream of the dam

-sites, could prov1de a further 400 OOO m3 of rockfill, and_could prOV1de a
source for rockflll for future exten51ons of the dam. o - f\

‘ A number of 51tes on the. lower slopes of Mount Tennent and above:

r the ex1st1ng road would certalnly yield suff1c1ent quantities of rock. ',
'Another source of rockfill would be from the excavation for the spillways if

:they could be located west of the river. “At dam site 2, a splllway in the

- _saddle sklrtlng the area west of the water-treatment plant site. could provide '

much of the 2.6 m11110n m3 of rockflll ~This solutlon is not possible for

' the west abutment of dam 31te 3 as excavatlon would be greatly 1ncreased

EARTH CORE‘MATERfAL.'

The matcrlals snmplcd and testcd for earth core material were found
to be su1tab1e in four areas (McDev1tt, 1970) Area 1 about 1, 2 km east of
che dam sites contalns about 400 000 m3 of a11uv1um and decomposed
adamclllte, a dlsadvantagc of. thlS ‘area is that it is out51dc the reservoir:
area., '

: Area 4, the exten51ve area adJacent to. quarry site A, contalns thln _

- dep051ts of ‘suitable materlal but the volume is. small, Other p0551b1e

2borrow areas, all w1th1n the. bounds of the reserv01r, lie 3-6 km: upstream of

‘the dam 51tes, however, the dep051ts are th1n and- a con51derab1e area would
have to be- strlpped to obtaln the 600 700 000 m3 requlred

3 FILTER‘ ‘ZL'ONEJ MATERIAL

- Thc m11n sourcc of flltcr zone mntcr1n1 could bc the- dcpos1ts of

- sand and gravel in the flood p1a1ns and beds of the Gudgenby and Naas R1vers,

. % [} % ' B P L . N & - :
" - . . .t . - % . f .
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;'particularly:at the confluence of the two rivers. Crushed rock from-the'

- roCkfiil quarry could also provide satisfactory filterIZOne material.

:SEISMICITYfl_

The seismic act1v1ty of the Canberra region is low, W1th magnltude

| readlngs rarely exceed1ng 3 on the Rlchter scale (Table 2). The

Dalton Gunnlng area, D km to the north, 1s a more selsmlcally actlve area

w1th frequent minor tremors assoc1ated w1th faults along the marglns of the

Murrumbldgee Bathollth. Eplcentres ‘have been located close to’ the.

b*Murrumbldgee Fault Zone in the v1c1n1ty of the proposed dam sites,.

F1111ng of the dam reserv01r ‘is likely to create an 1n1t1a1 sllght'h

increase in- se15m1c1ty for the area, but the expected acceleratlons can be
= allowed for in de51gn and will not be a constralnt on development

TABLE 2. .RECENT EARTHQUAKES*

Date. :. ‘.Eggr-r." ; Egng. ; Magnitude - °. . fggggh
- DR | (Richter) )
2/7/60 - - 36,6108 149.100E - .- 2,30 . . 8
9/8/60° . 35.7708- . 149.1206 2,80 S
28/4/62  35.460S 149.010E 2,30 10
3/4/68 . 35.430S°  149.030E = 1.80 T S
11/9/68 ~ '35.550S  149.200E 250 . 1
173/71 . 35.4905 - 149.010E  2.10 _
11/3/75 35,5008 . 149.060E 5 - | 3,
~'.21/5/75 . 35.6105. . 149.050E - - 5 12

% To.30/6/76
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CONCLUSIONS's

. Both of the dam 51tes would be geologlcally sultable for

constructlon of an earth and rockflll dam, from 1nvest1gatlons to date; the

-.more sultable 51te appears to be dam site 2.

B N Exten51ve excavatlon ‘and foundatlon ‘treatment will. be necessary.

"(d) Dam site- 2 requires the removal of only 1to2m
'vof 5011-and loose rock from most of the left. abutment

except where deeply weathered rock occurs in the gully )
.on the upstream 51de of the left abutment and vhere

open JOlnted rock occurs on most of the rlght abutment
In these areas strlpplng to: depths of wp to 20 m w111

" be necessary. , ) '
h (b) . Dam site 3 w111 also need extensive strlpplng on:

~the right abutment.

(c¢) Grouting and dental treatment requ1red to prov1de s %
.sound. foundatlons and a smooth prof11e will be con-

'51derab1e on the- rlght abutments at both 51tes.
'(d) ~The river channel of dam site 2 will requlre

‘stripping“of,o—S m of alluvium and bouiders; .

‘Abutments. ’ . L
:'3. 'y--(a) " The stability of the left abutments . of both dam sites is’

satisfactory. (b) The rlght abutment at dam site 2 contains an unstable zone
of loose rock and soil to a depth of 10~ 15 m. (c) Sheet er051on ‘and

numerous small superf1c1a1 slides characterlse the right abutment of dam 51te

'-,{QS but do’ ‘not 1nd1cate a stability problem.

)
0
|

r“‘SpillwaXshi'

i, 1 | Sultable sites for. the constructlon of a splllway ex1st in gullles

to the east of each dam’ 51te,_ however, subsurface information is only

_avallable from the" splllway crcst areas, and the 1nvcst1gat10n of splllway

o foundatlons w111 requlre “diamond drllllng.

|
t
[

o - l
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- Diversion
"5, . Dam 51te 2 has a w1de alluv1al terrace w1th1n which to construct a.

d1ver51on condu1t. Dam site 3 w111 require a’ dlver51on tunnel which could be

constructed on either abutment tunnelllng conditions are expected to be less

-_favourable in the right abutment but would be good in the left abutment if-
" the. tunnel is in rock. within the 4100 m/s . layer.

6. '. The two water-treatment plant sites have rock su1tab1e for plant

foundatlon w1th1n 3 m of the surface.  The eastern water—treatment plant

'requ1res the least excavatlon, and the mater1a1 is suitable for mechan1ca1
A-excavatlon. The western site will 1nvolve an excavatlon of about 20 m to

conform. to de51gn water-levels most of this rock will ‘require. blastlng, but -

rock fill for the dam could be obtalned from here. ; _

s ;. Dep051ts of sand and gravel suitable for fllter mater1a1 and
dep051ts of clay for core- mater1a1 are_located upstream of the proposed'dam B
sites. | ’ o ' _ | ' ”,]_'
8. . Suff1c1ent rockfill should be available from quarry 51tes on the
western 51de of the. Gudgenby R1ver, however, no 51ng1e quarry 51te has enough'-
rock for - the dam constructlon._ e o
9. . Addltlonal rock could be derived from quarrles on the: slope of

Mount Tcnncnt ‘or by the- extension of quarrlcs A-C to the west. Addltlonal

'dr1111ng would be required to prove the quallty and quantity of matcrial. If

the spillway were to be placed on the west abutment the excavation for the.

splllway would provide" all_the rock f111_for the dam embankment.

. RECOMMENDATIONS

It 1s recommended that .

-(l) The flnal ch01cc bctwccn dam 51tcs 2 and 3 be deferred unt11 the

results of d1amond drilling are available from both sites, partlc-

ularly the rlght abutments.

(2) Seismic. refract1on surveys of the rock f111 quarry. sites be carrled

- out to enablc more accurate assessments of . rock quality and

iquantlty.

(%) Selsmlc refractlon surveys be carrled out at the proposed treatment

..plapt 51tes.
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APPENDIX 1
GLOSSARY OF GEOLOGICAL TERMS
.(summarlzed-from_Gary et al., 1972)

Blastomylonite. A mylonitic rock (see below) in wh1ch some recrystalllsatlon. '

and/or neom1nera11sat1on has taken: place.

Exfollatlon. A process by which th1n (from - less than a centlmetre to several""
-.metres), concentr1c sheets of rock are succe551ve1y broken loose from the i

. .outer.surface of a’ larger rock mass.

Foliation. A general term for a. planar arrangement of textural or structural

'u:'features in any type of rock. _ ,

"Hardpan. A general term for a relatlvely hard, 1mperv1ous, and often clayey
 layer of soil lying at or just below the surface. It comprlses 5011 partlcles %
_cemented by relatlvely 1nsolub1e, prec1p1tated materlals such as 5111ca, iron

"~ .oxide, ca1c1um carbonate, and organlc ‘matter..

leonlte. A compact chert- like rock w1thout cleavage, but - w1th a streaky or
banded structure, produced_by.the extreme granulation and shearing of,rocks

that have been pulverised'by the action of intense; dynamic'metamorphism;_

_ 'gmatite.. An cxccpt:onally coarse- gralned igneous rock, with 1ntcrlock1ng

crystals, usually found’ as- 1rregu1ar dykcs, lenscs, or veins, cspcc1ally at
the margins of bathollths.- ' '

Slickenside. A pol1shed and smoothly strlated surface that results from

mchment along -a fault plane.

“Xenolith.  An 1nc1u51on in an 1gneous rock that 1s not genetlcally related to

'ﬂ;thc surroundlng mater1al



APPENDIX 2

" DEFINITION OF SEMI-QUANTITATIVE DESCRIPTIVE TERMS -

Graln S1ze L
Coarse-gralned
Medlum-gralned

' Fine- gralncd

Hardness of rock -

Hard to very hard
fMpdérately hérd.

N ‘Joint,sbacing‘
' Very close
- Closely spaced

_QModerateiy'spaced_'”

.Widcly.spaced
Vefy'widely~spaced

Percussive strength of rock

-Strong to very strong

. Moderately strong- -
'Wéak |

: Véryzﬁcak{ o

I mm to 4 mm in diameter
1

"L mm to 1 mm'in diameter

Less than %mm in'diameter

’-Impossiblefco'5cratch‘with

a knife blade

 Shallow scratches with a
knife blade o

Deep scratches w1th a knlfe

'blade

‘fJ01nts ~spaced less than 5 cm '
-J01nts spaced between S.cm
. and 30 cm apart

_J01nt5 spaced between 30 cm

and 1'm apart
Joints spaced between 1 m.

and 3 m apart

-Joints spaced more: than

.3 m apart.

Rock abra51ve, rings when

struck (by hammer)

E Rock abrasive; “dull ring
. when struck o
* Rock defcrmed-and/or split -
“when struck flrmly
- Rock deformed and/or sp11t fg.' -

" when struck gently

a0 mw WS o8 W e =
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i " L

Weatherlng of rock

Fresh

5Fresh stained

S;ightly'weathéred

T M@dgrately-weathéféd:

Highly weathered -

 Extreme1y.weathered

- -25-

No discolduration or loss

in strength

Limonitic sta1n1ng along

fractures, ‘rock otherw1se

. fresh and shows‘no.loss_pf:JV

strength

‘Rock is sllghtly dlscoloured
‘but not notlceably lower in

'strength than the fresh rock o

Rock is dlSCOlOUled and .

,notlceably weakened; N-size

drill core generally éannot{'
be broken by hand across

.the rock fabr1c

“'Rock is dlscoloured and

weakened, N-size drill core

" can-'generally be broken by~

-'hand across the rock fabric

Rock is decomposed to a soil,
but the original rqck fabric

is mdstly_preseryed{
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~ APPENDIX .3 *
WEATHERING OF GRANITIC ROCK TYPES

Gran1t1c magmas form and cool at h1gh pressures deep w1th1n the

2 Earth's crust. -Joints develop as the magma cools,: and subsequent up11ft and

'eroslon brlngs these:rocks_elose to the ground surface, where unloadlng JOlntsn

'deveIOp to'form granite blocks. Chemical. weather1ng proceeds along these.'

301nt planes, 1eav1ng boulders of unaltered granlte surrounded by extremely
_weathered rock., '

Flgure A is-a. cross sectlon through a typlcal granlte outcrop wh1ch

-_sh0ws the stages of weatherlng and the formatlon of core stones. Quartz is

not-altered in the weatherlng_process, but feldspars-and mica decompose into .

clay minerals.

As 111ustrated also in Flgure A, it is d1ff1cu1t to determlne the
K depth to su1tab1e foundatlon rock and- ‘to predlct excavatlon condltlons._ The

seismic refract10n technlque can only give an approxlmate depth to rock as the B
- method averages out minor voloclty differences, and‘dr1111ng is likely to give -

" ‘an inaccurate picture of the general subsurface conditions, as shown in’ Figure

A, The seismic technique and drilling are, however, useful indicators of

general rock conditions,’

) {

-l - . .
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. Comparison of seismic velocity with degree of weathering

_ Seismic velocity, m sec-1

Material .

' 200-1000°

Soil or slopewash

850-1100.

Extremély to highly weétﬁéred.' -

1000-1400

Highly weathered

1350-2350 .

Highlyfto-médétately'wéétheied,

- irregular zone with less weath-

ered core stones surrounded by -

more weathered zones. Velocity

- also dépehds on the'éxtent of .

jointing .-

1650-2700

'Highly to moderately weathered
' gfdults'o:-sheared zones bounded-

by fresh rock at dépfh‘

3250-3800 -

Siightiyrweathered

4100-5800

Fresh or fresh stained




© Fresh i Jou\‘.'!d 6.-“,“‘"’{ '

Woker P.icoh“’ts ‘wto Jou\“b Ukerf. 4
wuﬂkamﬁ Yakes pla.oe

k’u*kerbﬁ odvancas mlbna) ;\0;0\+ planes,
and s0d 8 washed away at the '
surface with rtsolhuo tor devel-
op maat. :

Tors are well developad qmal.r;’.sidqn‘-l
~freh rode s sor rounded by ..
weathered wmateral Drill heles
" Aoamd B shew how investigations
" grqn;',t can be misleading.

* WEATHERING IN GRANITIC ROCKS

" Re‘c'or'; |9%7)|e' " _ . | | Appendnx 3 fngure A

us/mt/u.n :
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