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SUMMARY

Corin Dam is an earth-cored rockfill structuztie; it is the
largest of the three existing storages for Canberra's domestic water
supply, having a capacity five times those of the Cotter and Bendora
Dams combined. The dam has a maximum height of 245 feet, a crest

‘length of 916 feet, and contains 1.82 million cubic yards of placed

fill., The systematic site investigation commenced in 1961 with a

preliminary evaluation of the suitability of the site, and during
the following four years detailed feasibility and design investiga-
tions were carried out. (Construction of the dam commenced in April,

«531966, and the reservoir started to fill in April, 1968.

The country rock at the damsite consists of folded beds of

':q artzite, silicified sandstone and siltstone, and laminated siltstone.

The regional strike of beddlng is north-westerly, and bedding dips are

o generally steeper than 45 This sequence is terminated 1,000 feet

west of the river by the Cotter Fault, which is a major regional
structure; older rocks, dominantly phyllite, crop out to the west of =
the fault zone. The sequence of rocks present at the damsite also
crops out over much of the reservoir area. In addition, extensive
areas of the river valley are underlain by quartz porphyry which has

* been intruded along the Cotter Fault zone,

The. folding and jointing at the dam31te are consistent with

‘reglonal compression in a north-east/south-west direction which has

produced tight, asymmetrical folds with well-developed joint sets. Six
major faults were exposed in the damsite foundations, all with gtrikes
between north and north-west, and westerly dlps ranging from 40~ to’

_vertlcal.

Three distinct phases of site investigation - preliminary,

vfea81b111ty and design = were carried out before construction commenced;

each is :described briefly to show the sequence of the investigation, the
techniques used, and the relationship of the studies to the types of ‘dam
considered at each stage of he investigation. - The various techniques
used-in the investigation are then described in some detall to show the

'ba51s for the geologlcal evaluation of the site.

During'construction of the dam, geological services were .
provided on a full-time basis, pwing to the complex-geological conditions
revealed during the eite investigations. The scope of these geological
investigations is described briefly as a preface to the main body of the
report, which deals in detail with the engineering geologlcal ‘aspects of -
the constructlon of the dam and appurtenant structures.

At the damsite, the distribution of the s0il and scree over-
burden was plotted, using detailed survey spot heights, and related to

‘the bedrock geology. The criteria adopted for the surface treatment of

the core and filter zone foundations are discussed and related to the
exposed bedrock geology: a plan of the actual foundation treatment
reflects the geologzcal structure 1n some detail, . ;

'
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, The side chamnel spillway for the dam is excavated in the
western abutment and is fully concrete-~lined. Several design 5
changes were necessary during construction because of adverse geological
conditions. The factors influencing the location and design of the
" Bpillway structure are described, and a detailed account of the subse-
quent construction of the spillway is given.

The diversion tunnel, which is 1,308 feet long, was excav-
ated in the eastern abutment. No major difficulties caused by adverse
geological conditions were experienced during excavation, although some
extra excavation was necessary at the inlet portal. The geology
revealed during driving of the tunnel was logged and subsequently
correlated with construction factors such as drive rate, amount of
explosive used, overbreak and support. It is concluded that much of
the tunnel was umnecessarily supported with steel sets.

Rockfill for the dam embankment was quarried from a prominent
spur on the eastern side of the Cotter valley less than a mile upstream
of the dam., The rockfill was derived from a sequence of quartzite and
silicified sandstone, with some interbeds of silitstone, which was
preserved within economic quarrying depths from the ground surface by a
broad synclinal structure. The overall development of the quarry and
the suitability of the material were largely determined by the geological
.guccession and structure; these factors are considered in detail in the
report. The sources of core material, filter material and concrete
aggregate are also discussed in the sect;on deallng with construction-
materials,

Only two. paths of water leakage from the reservoir are consid-
_ ered at all possible, namely along the Cotter Fault and through the dam
foundations (including abutments). Serious leakage along the Cotter
Fault is considered unlikely; although the grout curtain.was not extended
. across the fault zone, an additional groundwater level observation hole
_was drilled to monitor the gradient of the water table in this area.
“Leakage through the dam foundations was controlled by a comprehensive

"-57“programme of curtain and blarket groutings.

Durlnb the grouting of the dam foundatons9 1,376 holes,
totalllng 49,529 feet, were drilled and grouted; the total consumption
was 30,536 bags of cement, The pattern of grouting and the practical
details of the techniques used are described, and the results are briéfly
summarised. The grout consumpt*on during curtain is analysed in consider-
able detail, and correlations are established with depth of grouting,
closure pattern, rock types and water test results. The results of these
" ‘analyses are used to assess the effectiveness of curtain grouting. The
grout consumption during blanket grouting is also analysed, and the high
consumption in the foundations are correlated with geological features, -
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INTRODUCTION

Corin Dam is the third ani largest dam constructed on the Cotter
River to provide domestic water for a rapidly-growing Canberra. It is
located at the confluence of Kangaroo Creek with the Cotter River; it is
seven miles upstream from Bendora Dam and 37 miles by road south-west of
" Canberra (see Plate 1). The storage capacity of the reservoir behind Corin
Dam is 16,600 million gallons, which is five times the combined capacity of
the Bendora and Cotter reservoirs; the three storage areas together ave
adequate for & population of at least 200,C00.

The dam is an earth-cored rockfill structure with a maximum
height of 245 feet, a crest length of 916 feet, and 2 base width of 920
feet; it contains 1.82 million cubic yards of placed fill, of which 1.36
" million cubic yards is rockfill. During construction of the dam, the
Cotter River was diverted through a 1,308~foot long tunnel excavated in
+the east bank. The tunnel is fully concrete-lined, and has an internal
diameter of 12% feets it also serves as the outlet for water, drawn from
the reservoir by means of a valve tower and concrete-lined shaft. The
- spillway for the dam is a side-channel concrete structure, with a crest
length of 210 feet, excavated in the west abuiment. The overflow basin
- leads to a reinferced-concrete chute 40 feet wide, at the downstream end
of which is a concrete ski-jump structure. The capacity of the spillway
is 40,000 cubic feet of water per second.

The site for Corin Dam is one of six damsites on the Cotter
River, selected in 1908 by surveyors during reconnaissance mapping of the
water resources of the Australian Capital Territory. The most suitable
" of these sites was selected for the construction of the Cotter Dam, a
concrete gravity structure 86 feet high, which provided Canberra’s water
supply from 1915 to 1961. Between 1945 and 1958, site investigations
were carried out at the five remaining sites, designated A, B, C, D and BE;
sites &4, B, C and D are located on & three-mile gtretch of the river,
while site E is a further seven miles upstream. Reconnaissance geolog-
ical surveys were made at each site in 1945 (see Noakes, 1946a and b), and
sites B, C and & were selected for more detailed investigation. Site C
was finally selected for. the construction of a double-curvature, thin,
. concrete arch dam 155 feet highs this was completed in 1961 and named
Bendora Dam, During construction, however, the population of Canberra
began increasing at am unprecedented rate (12% per arnum), and it became
evident that further water storage would be necessary by 1969. Prelimin-
- ary geologiecal investigations were therefore set under way in 1961 at
Damsite E on the Cotter River, and at Googong Damsite on the Queanbeyan
River (sites &, B and D were impracticable owing to the construction of
Bendora Dam)o' late in 1963, Damsite E was selected as the more suitable
site, and a. feasibility investigation tc determine the type of dam most
suited to the site commenced in January, 1964, Thie investigation contin-
ued until November 1964, when a decision was made to design and construct
an earth-cored rockfili dam at the site. A design investigation was
carried out during the following nine months. to- test specific aspects of
the design layout, and to locate sufficient quantities of construction
materials as close te the site as possible. .. All iuvestigations were com-
pleted by Auvguet 1965, and details of design were finalised soon afterwards. .
The contract for construction of the dam was let to Thiess Bros: -

Pty Ltd,in Mamch 1966, and work on excavating the tmnel poritals commenced
in April. Excavation of the tunnel, which was completed on 21st July 1966,
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was followed by concrete lining, and the Cotter River was diverted through
the tunnel on 12th November 1966. The partially-constructed cofferdam
was then extended across the valley, while the valley floor core zone
foundations were cleaned off, grouted, and prepared for core placement.
Construction of the core zone commenced in Pebruary 1967, and placement of
the earth, filter and rockfill zones continued throughout the remainder of
the year. Owing to the unusually dry winter, it was possible to place
core material almost continuously throughout the year, with only a few
brief interruptions caused by bad weather. Placement of the dam was com-
pleted in January, 1968, construction of the spillway was completed in
March 1968, and the inlet end of the diversion tunnel was plugged in April
1968 to start filling the reservoir (5 months ahead of schedule).

This report deals mainly with the meolog;eal features and
problems encountered during the excavation of foundations for the dam and
associated structures; the curtain and consolidation grouting programmes
are also considered in some detail. The techniques used and the results
obtained during the site investigation are also included in this report
30 as to give a comprehensive picture of the site development. Much of
the engineering geological information obtained at the site is given in a
series of detailed plans and sections, which ferm a concise record of the
foundation conditions exposed immediately before dam and concrete
placement. This "as constructed" information may be useful in future
years during maintenance operations, or if special problems arise.

411 phases of the site investigation were directed by the
Commonwealth Department of Works on behalf of the National Capital
Development Commission. The Bureau ¢f Mineral Resources provided all
geological services during the investigation, and was responsible for the
vlarning and supervision of the drilling progiamme; the Bureau also con-
ducted most of the geophysical surveys at the site and carried out
associated laboratory investigations. The Department of Works designed
the dam, and was responsible for the supervision of all aspects of con-
struction., A geologist was assigned by the Bureau of Mineral Resources,

on a full-time basis, to provide engineering geological services throughout

construction of the dam° he was on-=gite practically the whole time during
the. main- -constructional phase (May, 1966 to August, 1967).

“PHYS TOGRAPHY

The Cotter River flows in a northerly direstion through the
_ mountainous country occupying the western half of the Australian Capital
Territory. Its course and valley conflguratlon has been determined
mainly by the trend of the Cotter Fault, and the northerly strike of the
folded country rock over which the river flows for much of its length.

The topography of the Cotter Valley changes quite markedly in
the vicinity of Kangaroo Creek. Downstream from this tributary, the

river flows in a narrow, youthful valley with overlapping spurs and steep

river sides, whereas upstream from Kangaroo Creeks;the valley floor is
considerably wider and contains extensive alluvial flats (see Figs 4 and
5). This change in topography is explained on the basis of stratigraphy
and structure. Upstream from Kangaroo Creek, extensive bodies of quartz

[\
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porphyry and granite, exposed in the lower slopes of the valley, are
intruded and faulted along the Cotter Fault and associated faults. The
lower resistance to weathering and erosion of the granitic rocks has
resulted in the development of a comparatively broad and straight valley
floor for several miles upstream of Corin damsite. = The valley sides are
as steep as those downstream from the damsite, however, as the granitic
rocks do not extend far up the valley sides.. Towards the head of the
catchment area, granite becomes the dominant rock type and the walley is
very broad with gentle slopes (see Fig. 5)°

These phy31ographleal features have had a considerable bearing
on the location and construction of Corin Dam. The original site i
selection was determined by a narrow constriction in the valley, coupled
with & broadening of the valley floor immediately upstream which would
provide a good reservoir volume. The development of the wide valley floor

. resulted in the accumulation of extensive alluvial, flats close to the

damsite; these have been utiliseq during ccnstructlon to provide all the
material for the filter zones in the dam.  Also, the high degree of -
weathering in the granitic rocks exposed in-the reservoir area has resulted
in suitable impermeable core material being present close to the damsite.

REGIONAL GEOLOGY

;.. In the-Corin Dam area,'the'bs&rcck;eiposed-On the 1oﬁér sioPes:-~
of the Cotter valley consists of metasedimemis, while the upper slopes of
both the eastern and western divides are composed dominantly of intrusive

~ granitic rocks (the Gingera Granite to the west and the Murrumbidgee

batholith to the east). Two distinct sequences. separated by the Cotter
Fault, are recognizable in the metasediments. The oldest sequence
(probably Upper Ordovician) is restricted to the western side of the Cottexr
Fault, and consists of sericite phyllite with interbeds of sheared
quarizﬁte° these beds have a northerly strike and an average dip of 60° %o
the west. On the eastern (downthrown) side of the Cotter Fault, the rock
types range from sandstone and quartziie to finely banded shale and slate;
siltstone is an important component . Grade-of'métamorphism is low. Close

to the damsite, the succession has been deformed into & series of north-
 west trending, plunging folds, and silicification is evmien% to varying

degrees. The relationship of these younger rocks to those on the western
side of the Cotter Fault has not ‘been determined.

Several miles. downstream from the dams:.tey the Lnterbedded
sandstone, siltstone and shale on the eastern side of the Cotter Fault is
unconformably overlain.by the Tidbinbilla Quartzite, believed to be of
Silurian age. Several prominent quartzite outcrops are present in the
Corin Dam area which were originally thought to be outliers of Tidbinbilla
Quartzite. However, none of these outecrops have been proved to be of -
Tidbinbilla Quartzite; in fact, some are definitely part of the older
folded sequence, and evidence from the others suggests that they also are
part of the older sequence.

The Cotter Fault is the dominant structural feature of the area,
and can be traced for more than 40 miles along the Cotter valley. It is
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considered to be a high-angle reverse fault, and the main movement appears
to have occurred at about the time of the granite intrusion in late"
Silurian time. The throw of the fault has not been determined, but the
fact that no Tidbinbilla Quartzite has yet been found on the western side
of the fault suggests a large downthrow to the east.

Upstream of the damsite, granitic rocks also crop out in the
floor of the valley. The main rock type is a quartz-feldspar porphyry,
which is generally deeply-weathered. Every cbserved contact between
porphyry and metasediments is faulted along north-north-west trending fault
planes, and these faults are in turn truncated by the main Cotter Fault;
the intrusion of the porphyry and the faulting which has brought it against
the interbedded sandstones and siltstones must therefore have preceded the
main movement on the Cotter Fault. It is the weathering and erosion of
these porphyry bodies which has resulted in widening of the river valley in
the reservoir area. ' '

- GEOLOGY OF RESERVOIR AREA

The geology of the Corin reservoir &area is shown on Plate 3. The
surface trace of the Cotter Fault is entirely on the western side of the
river, dnd is below top water level for a total of about 1% miles;
therefore only a small part of the reservoir area is underlain by inter-
bedded phylilite and quartzite. :

For two miles upstream from the dam, the dominant rock type in .
the reservoir area is qugrtz porphyry. Outerops are restricted to low-
lying, scattered blocks and boulders, and the porphyry is generally deeply
weathered. On the eastern side of the valley, the faulted contacts with
the quartzite-siltstone sequence are generally below top water level, and
o the western side of the valley the porphyry crops out only on the eastern
gide of the Cotter Fault; the porphyry is therefore restricted to a narrow
zone up to 1,500 feet wide along the valley floor.

From 2 miles upstream of the dam to the head of the reservoir,
quartzite and cleaved siltgtone are the dominant rock types. Wide
variations in theaititudz@® of bedding indicate considerable deformation of
the succession, and the erratic course of the river suggests structural
control - this contrasts strongly with the almost straight section of river
where the porphyry is predominant. The Kangaroo Creek portion of the
reservoir i also underlain by a folded succession of silicified sandstone
and siitstone,

After filling of the reservoir, minor landslips will probably
occur around the reservoir rim, particularly along the western side for
one mile upstream of the dam (where the phyllite and the Cotter Famlt zone
crops out in the reserveir). In this area, the ground surface is steep,
the bedrock consists of phyllite which has been loosened by gravity creep,
and the overburden contdins much loosely-compacted phyllite scree. There
is no evidence to suggest that landslides involving displacement of large
masses of bedrock will occur.
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SEISMICITY

Barth tremors have been recorded in the Canberra area, but there
is no evidence to suggest that any have originated in the Cottexr Valley.
The only published data on seismic activity in and around the Australian
Capital Territory are contained in Cleary, Doyle and Moye (1964). Between
1958 and 1962, 44 tremors were recorded, of which the largest were shocks
of Richter magnitude 5 (epicentre 12 miles north of Jindabyne) and
magnitude 4 (epicentre 14 miles south-east of Cooma). The nearest
recorded epicentre to Corin Dam was about 27 miles south of the site, and
about 9 miles east of the Cotter Fault; the shock had a Richter magnitude
of 2. . No seismic disturbances are known to have originated from the
Cotter Fault.

" No special aseismic design factors were incorporated in the
of the dam and spillway structures, as it was considered that the
normal design factor of safety would be adequate for any earth tremors -
likely in the area. However an aseismic design factor was incorporated
in the valve tower structure. ' :

DAMSITE GEOLOGY

The country rock at the damsite consists of folded beds of
quartz sandstone,-quartzite and laminated siltsgcne, with a north-
westerly strike and dips mostly steeper than 45 (see Plate 4)., This
succession is terminated by the west-dipping Cotter Fault, 1,000 feet west
of the river; the strata mapped at the damsite have been downfaulted by
the Cotter Fault and brought into contact with the older, interbedded
phyllite and. quartzite to the west of the fault.

' LITHOLOGY

The dominant rock type at the damsite is silicified quartz
‘sandstone, beds of which occur throughout the geological succession; . -
The sandstone beds range in grain size from very fine to coarse,® and the
shape of the grains ranges from well-rounded to sub—-angular. The
sandstone consists mainly of quartz grains, with scattered grains of
siltstone and shale. In hand specimen, the matrix of the sandstone
appears to be of argillaceous.material, but microscopic investigation has
shown this to be the result of impaction of shale fragments and grains by
the quartz grains. The amount of shaly material in the sandstones
varies from insignificant amounts to 25% of the rock. In some sandstone
beds, angular fragments of grey-green shale, up to 5 cm long, are commonly
aligned sub-parallel to the bedding. In one part of the stratigraphical
succession, the proportion of angular shale fragments is sufficiently high
for the rock to be classified as a sedimentary breccia; generally, however,
the shale fragments are scattered sparsely throughout the sandstone beds
in which they occur.

Ve

*For definitions of grain size, see Appendix 1.



Silicification is evident to varying degrees in most of the
sandstone beds; some beds are so highly silicified that they are true
quartzites in which the individual grains are not visible in a hand
specimen.

Most beds of quartz sandstone are thick (6 inches to 20 feet) and
uniform, the bedding planes being clean or thinly covered with silty
material. Where sandstone beds occir interbedded with laminated silt-
stone, they are seldom more than 3 feet thick. Sandstone beds more than
3 feet thick are generally part of a sandstone seqaence which contains a
very few, thin interbeds of siltstone.

In the laminated s1ltstone, the laminae are from paper thin to
5 mm.thick, and show abundant cross bedding, graded bedding and slumping
features; they are also highly contorted in areas of faulting and tight
folding. - In many places.-where it occurs as thin interbeds between thick..
beds of quartz sandstone; the laminated siltstone is cleaved and sheared.
In areas where the interbeds of silistone and sandstone have a similar
range of thickness, however, shearin (1f present) is generally restricted
to a narrow zone (less than one inch at the sandstone-siltstone contact.

& particularly characteristic sandstone sequence crops out ex-
tengively on the west bank of the damsite; it consists of well-bedded,
silicified, fine to medium grained quartz sandstone, with many interbeds
of sandstone that contain numerous irregular silty laminse. The silty
laminae, which are dark grey and have a wavy appearance, are rhythmically - ' o
interbedded with very thin beds. of sandstone. The beds of uniform
sandstone range in thickness from 4 inches to 30 inches, while the inter- -
beds of sandstone containing silty laminae are more thinly bedded (2 inches.
%6 20 inches thick). ) _ : -

Pyrite occurs scattered through rock of all types exposed at the
damsite. It has four modes of occurrence: as single cubes, up to 2 mm,
across, disseminated through the rock; as clusters, up to 10 mm. across,
of pyrite crystals; as pods of disseminated pyrite up to 30 mm long by
10 mm. wide; and as irregular areas of dissemina%ed pyrite associated with
pods. The clusters of pyrite are restricted to sandstone beds, and
microscopic examination reveals thin sinuous lines of pyrite running
between grain contacts and linking the clusters. The pods of pyrite,
however, occur mostly in the siltstone and shaile.

Both sandstone and siltstone beds show a mild degree of meta-
morphism, probably due.to folding and faulting. Microscopic examination
shows that the quartz grains in the sandstones are strained, and muscovite
in the siltstone beds exhibits "pressure shadows®. . b

STRUCTURE
Fold

The foundation rocks at the damsite are tightly folded, the main
folds consisting of two anticlines, one on each bank (see Flg,6) and one :
syncline on the west bank. Joint and bedding plane stereograms from ’
exposures close to the dam axis show that the folds are asymmetrical, with
axial planes dipping 75 to the north-eagt; they also show that the fold



Fig. 5 1= Aerial view of the upper Cotter valley showing Corin Dam and reservoir area 3 months
after plugging of the diversion tunnel. Note the subdued topography and gentle slopes
in the granite at the head of the catchment area.

News and Information Bureau photograph NIDC 1113/19, taken in June, 1968,
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axes plunge at 20° to the south-zast (Best & Hill, 1962; Best, 1965).
Detailed mapping during the feasibility investigation and during construct-
ion has revealed much minor folding on the limbs of the main folds,
particularly on the west bank where several sets of tight minor folds are
evident in the quartzite beds which contain silty laminae (see Plate 7).
These folds are very tight, the crests and troughs being generally less
than two feet wide. The quartzite beds are.not significantly broken or
jointed along the fold area, and individual quartzite beds could be clearly
traced across the folds; it is inferred that much of the folding occurred
while the rocks were still piastic. )

Thé pattern of folding on the east bank has been Jbscured by
displacements along major faults. It was deduced from the geglogical site
investigation that the anticlinal axes on both sides of the 40° fault (see.

" Plate 4) were the same fold, and that reversals of dip farther uphill were

caused by a syncline., However, the attitude of bedding in the tunnel near
the dap axis suggests that the dip reversal is due to displacement along
the 60  fault exposed near top water level (Fault C in Plates 4 and 5).
Mapping of the scattered bedrock exposures in .the downstream rockfill zone
has not revealed the northern extension of the angiclinal axiss this could
be explained by assuming that the trace of the 60  fault continues to the
north-~west and displaces the fold axzis. ' :

On the upstrean (hanging wall) side of the 40° fault (Fault 4 in
Plates 4 and 5), the anticiinal axis can be correlated with a fold mapped
in the foundations near the upstream face of the dam at R.L. 3040 feet.
However, the fold axis of the latter plunges gently in the opposite
direction to that of folds mapped in the core zone foundations, Bedding
attitudes indicating north-~west plunging fold axes have also been recorded
on the west bank foundations, and at both the inlet and outlet portals.
The area has therefore been subjected to gentle cross foliding, which is
superimposed on the tight folding previously described; this has been
confirmed by obgerved cross folds in the well-bedded quartzite with silty

laminae in the western foundations.,

Faulting

The foundation rock at the damsite has been highly stressed, and
numsrous displacements of adjacent blocks of rock have been noted. 1In
the quartzite and sandstone, fault movement has taken place along joints
and bedding planes with the consequent development of innumerable striated
and slickensided surfaces. Where siltstone interbeds are present in the
sandstone and quartzite, local stresses were relieved by shearing of the
less competent silty interbeds.

Detailed mapping of the core zone foundations has revealed six
persistent major faults. Four of the faults were located during the site
invgatigation, and the presence of a suspected fifth fault, in the valley
floor, was confirmed during construction. The sixth fault, which had not
previously been located, was also exposed in the valley floor; although it
has a considerable displacement, it has little surface expression and was
of no engineering significance. Many other faults requiring treatment
are presemt in the dam and spillway foundations, but the six faults referred
o above are the most significant from the geological viewpoint; these
faults are labelled &, B, C, D, E and F in Plates 4 and 5, and are described
below in some detail.
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. Fault A is a zone of crushed rock, with much clay, which crops

out in the eastern core zone foundations and dips obliquely upstream at
40° (see Fig.T); it was the most significant structural defect in the dam- 4
foundations and required extensive surface treatment. The fault zone
ranges in thickness between 6-and 48 inches, and rock in the hanging wall
. of the failt is extensively sheared and weathered for several feet -
adjacent to the fault zone. The displacement along the fault is not )
~known; if the anticlinal axes mapped on both sides of the fault are the - :

same fold, the displacement would not be great. T~

. Towards the valley floor, fault A terminates against a steeply~
dipping, north~trending fault zone which is marked by a zone of highly
cleaved, laminated siltstghe,owith some decomposition to clay; thig is -
‘fault B, which dips at 70 =75 to the west and has a strike of 170" M (see
Figs 7 and 9). The wedge of rock at the intersection of the two faults,
i.e. on the hanging wall of fault A and the footwall of fault B, is so
highly contorted and fractured that the sequence of interbedded sandstone:
and siltstone is unmappable, even at a scale of 10 feet to 1 inch. The
fault zone (fault B) generally ranges in:thickness between 4 and 10 feet.
However, towards the downstream limit of the.core zone, the fault zone
gives way to a series of clay seams in_ jointed sandstone, with no apparent
dominant plane of displacement (foreground of Fig.9a). The fault was
penetrated at depth by drillholes D.D.7 and D.D.3. Hole D.D.3 shows
considerable shearing in the footwall of the fault at a depth of 100 feet
below the river bed. The amount and direction of movement on fault B is -
not known: however, the displacement must have been considerable, as it is p-
not possible to correlate any of the strata to the west of the fault with :
the geologieal succession on the eastern side of the fault. .

Fault;Cfcrpps out in the core zone foundations high on the o -
eastern bank (see Pigs 7 and 8); it consists of up to 12 inches of finely
‘crushed sandstone, which has weathered out to form a distinct notch in the

' bedrock suirface. The.footwall of the fault is silicified and contains

many quartz veins and stringers. The fault dips at 60  to the south-west,
and a projection of the fault plane down to the level of the diversion
tunnel correlates closely with a fault of similar attitude mapped in the
tunnel walls. Pault ¢ displaces the 40° fault (4), but it has not been
traced downstream in the rockfill zone foundationms. : ;

Fault D crops out on the west bank as a near-vertical zone of
very crushed quartzite 24 inches wide (see Fig.10). Downstream from the
dam axis, the fault bifurcates and continues along strike as two zones of
crushed quartzite 9 to 12 inches thick; both branches of the fault were
mapped in the spillway chute excavation. Upstream from the core zone, the
main fault plane becomes less distinct and branches out as a series of thin . ~
seams of crushed rock. It was deduced from the site investigation data
that the displacement along this fault is at least 250 feet, with downthrow
to the west. However, mapping of the spillway ski-jump excavation has .
proved conclusively that the thickly-bedded quartzite in drillhole D.D,17 .
is the same sequence as the prominent quartzite rib exposed on the west
bank, near the upstream face of the dam and in the spillway channel -
excavation. It is now evident that the total vertical displacement on
fault D is about 400 feet with downthrow to the east; this is made up of
about 200 feet displacement on each of the north-trending arms of the fault r
exposed in the spillway excavation.



Fig. 6 : The core of the main anticline on the west bank
where it is exposed in the core zone foundations

(looking downstream), The foundations have not

been treated in preparation for core placement.

The white cross on the rock marks the point 220 E,

1020 N on the dam grid.

M 454/6-9 18/10/66




In the core zone foundation, contorted laminated siltstone crops
out immediately downhill of fault D. The wedge of silistone widens to
the south, and contains a large isolated block of thickly-bedded quartzite
(see P1gté 4). Probably the contact of the siltstone with the regularly
interbedded sequence immediately downhill is faulted, and the contorted
3iltstone and isolated biock of quartzite are part of the fault zone
associated with displacement on fault D.

Fault E is the actual trace of the displacement which was pre-
dicted as a result of the site investigation; it is, in fact, 30 feet
west of its predicted position. The fault is near-vertlca¢, and consists
of a zone of erushed rock, ranging in width from 2 to 12 inches, which
contains a few 1mper51stent clay seams. Although the fault zone is rather
narrow (see FAg,12) the displacement along it must be considerable, as the
rock sequences on either side of the faulf are guite dis--similar. To the
east, a sequence of thickly-bedded silicified sandstone is overlain by
interbedded siltstone and sandstone, and underlain by sandstone with
interbeds of siltstone and sandstone with silty laminae; this suggests that
the thickly bedded sandstone, which is about 90 feet thick, is the same
sequence as the quartzite exposed at the upstream and downstream ends of
the spillway excavation. If this is so, the vertical displacement on
fault B is about 150 feet, with downthrow to the west.

The fault could not be traced across the upstream rockfill zone
foundations, as siltstone is predominant on both sides of the fault in this
area. However, the major fault exposed at the inlet portal is directly in
line with the upstream extension of fauit B. Downstream from the core
zone, faulting was evident in part of the rockfill zone foundations and in
the extreme downstream end of the spillway excavation; these faults are
also in iine with the trace of fault B. It appears likely, therefore,
that fault E extends across the entire site.-

Fanlt F contains very littie crushed rock, and in many places
~alpng its surface trace it has the appearance of a major joint. However,
the 'dis-similar rock sequence on either side of the fault again indicate
considerable displacement. Fresh, well-bedded quartzite with silty
.laminae is exposed between fault F and fault B, and is overiain by thickly

- bedded §uartzite with siltstone interbveds; the succession is therefore .. .

downthrown to the west. To the north, the fault trace is displaced an
unknown amount by fault B.

All of the major faults at the damsite trend north to north-west
and generally have stesp dips; they are therefore part of the system of
faults, mapped by Oldershaw during his investigation of the Cotter Fault
zone, which are truncsted by the Cotter Fault (Oldershaw, 1965). The
interpreted displacements are shown in the interpretive cross section,
Plate 18. The foundation treatment of the fault zones is discussed under
"Engineering Geclogy".

Jointing

In the sandstone and quartzite beds, jointing is invariably
moderately to well developed. Most joints are straight or only slightly
curved, and the more prominent joints persist for some distance at the
surface, generally at least 25 feet. Striations and slickensides are well
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developed on many of the joint faces, and iron-staining of the joint sur-
faces is very common. ‘

Joints are particularly well-developed in the well-bedded a
qugrtzite containing silty laminae. Bedding plane joints are dominant
and persistent, and are generally spaced less than 12 inches apart near
the bedrock surface. Other sets of joints are less regularly developed
and few of the joints in them are very persistent; however, the joints are
as closely-spaced ag the bedding plane joints. ‘ -

In the laminated siltstone, bedding plane joints form the
dominant joint set. Where siltstone occurs interbedded with sandstone,
the joints are closely spaced (less than 5 inches). In thick sequences : -
- of laminated siltstone, however, the joint spacing ranges from 5 inches to
3 feet, except where cleavage is well-developed.

In the sandstone and quartzite, dominant joints are open (see
Fig.14) and iron-stained to considerable depths (250 feet in drillhole
D.D.5). Joint places in the siltstone, however, are generally tight and
clean, except in areas of major faulting.

During the preliminary investigation, joint pattern stereograms
were constructed from joint measurements at prominent outcrops; these
showed that a definite joint pattern exists which is consistent with the
compressive forces which caused tight folding. A set of joints parallel -
to the Cotter Fault was also recorded from outcrops high on the western ' >
foundations. The sterecgrams were also used to predict that no adversely~-
dipping sets of joints would be present in the western wall of the spillway .
channel excavation (which would be up to 80 feet deep). Although this - -
prediction was subgtentiated during construction, one of the joint sets S
identified in the sterecogram analysis was much more persistent than
anticipated, and subseguently caused overbreak and instability in the much
shallower eastern wall of the excavation (for details and remedial
treatment, see "Engineering Geology —~ Spillway™).

STRATIGRAPHY

During the feasibility investigation, the stratigraphical

" . gequencesmapped in exposures at.the damsite were plotted and augmented by

““information from the diamond drill core logs; interpretive correlations

were then made to produce a composite stratigraphic column (Fig. 3 of Best,

1965). Even with the comsiderable additional information obtained during

congtruction, it has still not been possible to construct a reliable

composite stratigraphiecal column, owing to the considerable faulting and -
folding revealed at the site. = The stratigraphy of the west bank and

valley floor has been determined with some degree of certainty, and it is

now evident that some of the correlations in Best (1965) are incorrect. A .

The considerable displacement along fault B has precluded the ccrrelation %
cf any beds on the east bank with those of the west btank, and the paucity

of continuous bedrock exposures on the east bank has caused a lack of

detailed knowledge of the stratigraphy and geoiogical structure to the

east of the river. Figure 13 sumarises what is known of the damsite

stratigraphy, and Plates 17 and 18 show the interpreted structure and r
stratigraphy of the site. ,



Fig. 7 1= The eastern core zone foundations, after removal of overburden
by sluicing, showing the prominent surface trace of Fault A,

and the positions of Faults B and C,
M 454/10 18/10/66

Pig, 8 := TFault C exposed in the eastern core zone foundationms. The
fault is bounded on both sides by thickly-bedded sandstone.
The location of this photograph is shown in Fig. 7
M 437/30-35 17/8/66
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The key to the re-interprelatica of the stratigraphy of the west
bank and valley floor was the exposure of well-bedded quartzite with silty
laminae at the downstream end of the spillway excavation. This immed-
jately suggested ths+ the thickly-bedded quartzite exposed in the spillway
dowmstream of fault D is the same sequence as that exposed in the spillway
channel excavation, and not a separate, clder sequence as was suggested in
Best (1965). Detailed mapping of the succession at the lower boundary
of the thickly-bedded quartzite in the two exposures along the spillway
line confirmed that the sequences asre the same, even though the
sedimentary breccia is not well-developed in the downstream exposure.
Using this correlation, it was evident that the geological succession
downhill of fault D is a repetition of the succession overlying the well-
bedded quartzite with silty laminae; the downthrow on fault D is
therefare to the east, and not to the weat as was suggested in Best (1965).

The thickly~bedded quartzite in the valley floor core zone
foundations (i.e, between faulis E and F) is now thought to be another
ition of the sequence exposed in the spillway channel excavation.
rtunately the exposure at the downstream end of the spillway, which

””ié&ftb“the re-evaluation of the stratigraphy, was not excavated until
- several weeks after core had been placed on the valley floor foundations;

thersfors it was not possible to make a direct comparison of the valley
floor quartzite with either of the exposures in the spillway. However,
the detailed core zone foundation mapping shows that the sequence is - -
about 90 feet thick, and that it is overlain by interbedded sandstone . -
and siltstone.  Although a bed of sedimentary breccia was not noted at
the bottom of the sequence, it could well be present - the sedimentary
breccia at the downsiream end of the spillway was not located until
specific search was madz fe it.

The rock-sequence exposed in the core zone foundations between
fauits E and B is also part of the stratigraphic succession exposed on
the west bank, although the true succession appears to have been
obscured by subsidiary faulting. Downstream from the grout curtain
line, fresh quaritzite with «ilty laminae is exposed; this is terminated
a few Teet upstream of the curtain line by & shear zone and a bed of
highly cleaved siltstone. Farther upstream, 2 sequence of thickly
bedded quartzite with interbveds of siltstone crops out, while adjacent

" to fault B is & large faulted block of thickly-bedded ?uartziteg»which

abuts against the interbedded quartzite and siltstone (see Plate 7).

g To the east of fault B, no reliable stratigraphic correlations
are possible between the rock sequences mapped in various areas. In
fact, some of the sequences represented in Fig.l3 may be incomplete or
incorrect due to displacemenis along unidentified faults; two possible
faults are indicated in Fig.i3, along with two definite faults inter-
sected in D,D.11. The direction of displacement along fault B is un-
known, so it is not possible to determine whether the known stratigraphy
of the west bank overiies or underiies the succession exposed on the
east bank., Mapping upstream of the dam on the west bank indicates
that the laminated siltstone at the tor of the succession is at least
400 feet thick. Further, the guartzite bluff which crops out 200 feetb
west of Diadem Trigonometrical station at R.L,3400 feect (see Plate 2)
is part of the succession of quartzite with silty laminae which crops
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out extensively on the west bank of the damsite. It therefore appears
- likely that the west bank succession is younger than the rock sequences
exposed on the east bank; i.e., fault B is a normal fault with downthrow
to the west.

WEATHERING

There is no clearly-defined, uniform weathered zone at the
damsite, as the degree of weathering depends upon the abundance of open
joints and broken zones, In the absence of close jointing, the
sandstone and quartzite are fresh or only slightly weathered at the
surface. Where they are cut by persistent open joints however, a
weathered zone up to 12 inches wide, is developed adjacent to the joint
faces. If the joint spacing is close enough, the entire rock is
weathered to a considerable depth. Weathering along joints has been
noted at depth in all drill holes at the damsite; the deep weathering
is probably related to the low water table at the site.

_ The laminated siltstone is also generally fresh, or almost so,
‘at the surface, even in areas where it is cleaved. The joints are

" much tighter than in the sandstone, and so weathering along joint planes
is seldom extensively developed. Where the siltstone has been sheared,

‘however, weathering is pronounced and commonly has resulted in the

. development of clay; clay is particularly common in thin interbeds

.. of siltstone bounded by competent sandstone beds. Sheared siltstone
is generally weathered well below ground surface, e.g., the sheared
siltstone in fault zone B; where intersected by D.D.3 at a vertical

~ depth of 80 feet below ground surface, is very weathered, although
nearby rock is fresh. _



Fig. 9 (2) :- Fault B (dipping
70° to the west) as exposed in
the eastern core zone founda-
tions after removal of over-
burden by sluicing. This view
is taken from the downstream
boundary of the core zone

(see Fig. 7).

M 476/37 2/12/66

Fig., 9 (b) :- Fault B, after
excavation of clay and loose
rock from the fault zone but
before the placement of dental
concrete, Hammer is at
co-ordinates 652 E, 1005 N,

M 484/35-37 6/2/61
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GEQLOGICAL SERVICES BEFORE CONSTRUCTION

The systematic geological investigation of the damsite commenced

in April, 1961, and continued, with one major break of 21 months, until

August, 1965. Three distinct phases of site investigation ~ preliminary,
feagibility and design ~ were carried out during this period; they are
described briefly to show the sequence of the investigation, the
techniques used, and their relationship to the types of dam considered at
each stage of the site investigation.

HISTORY OF INVESTIGATIONS

The preliminary investigation consisted of a general appraisal
of the engineering geology of the site, and this was used as a basis for
comparison with an alternative damsite. Geoclogical information was
obtained by mapping outerops and bedrock exposures in hand-dug pits and
trenches. This was followed by a programme of diamond drilling and

-water pressure testing of specific geological targets. A seismic

refraction survey was carried out at the damsite to supplement informat-—
ion from drilling and surface mapping (see Wietenga, Polak and Kirton,
1962), and reconnaissance geological surveys were made of possible
sources of construction materials. t was concluded that the site was
unsuitable for the construction of an arch dam, though it appeared to

be Will-suited for a concrete gravity or rockfill dam (Best and Hill,
1962). ;

After the decision had been made to construct a dam at Corin
damsite, a detailed feasibility investigation was carried out to
determine the type of dem most suited to the site. Initialily, three
types of dam were considered; a concrete buttress dam, a multi-arch dam,
and a. rock-=fill dam, The feasibility investigation, consisting of
additional diamond driliing, water pressure testing, geoclogical mapping
and geophysical investigations, was dirested firastly to obtaining
general information common to the three types of dam, e.g. distribution
of rock types, degree of weathering and jointing, leakage, and so on.
Later, special requirements for each type of dam were investigated
(such as spillway line for a rockfill dam and buttress foundations for

‘3. multi-arch dam). A provisional cost-estimate of the three types of

dam indicated that the multi-zrch and rockfill designs were of compar-
able cost, and cheaper than a buttress dam. At this stage, an earthfill
dam was also considered because test pitting indiested a congiderable
volume of suitable consiruction material less than a mile from the
damsite; this type of dam was later rejected on economic ard technical
grounds,

One of the major phases of the feszgibility investigation was
the sluicing of large areas of the proposed foundations with high-
pressure water jets. Much valuable geological information was obtained
by this technique, and three major fault zones were exposed; one of
these is critical, as it affects a large area of the foundatioms close
to the dam axis. Insufficient time was available to determine the
exact location, attitude, and nature of the fault at depth, and this was
a major factor in the decision of November, 1964, to design and con-
struct a rockfill dam.
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The design investigation was initiated as soon as the type of
dam had been decided, and continued until August, 1965. By January,
1965, it was decided that the spillway should be located on the west 4
bank and the diversion tunnel on the.east bank., The search far
construction materials proved more difficult than anticipated and several
possible areas for rockfill were drilled before a suitable quarry site
was located. By July, 1965, the spillway site, tunnel portals and
valve tower shaft had been investigated by geological mapping, diamond
and water pressure testing; the main fault zone at the damsite had been
intersected at depth by drilling; an adequate supply of rockfill
material had been found; and systematic augering and pitting in the
Cotter valley upstream of the damsite had located sufficient impermeable
core material (Best, 1965). '

A1l aspects of the site investigation are described in detail
in two reports, which are accompanied, by all relevant geological maps,
sections, and drill logs; the preliminary investigation is described in
Best and Hill (1962) and the feasibility and design investigations are
recorded in Best (1965). As the present report deals with the overall
picture of the engineering geology of the site revealed during investi-
gation and ¢onstrietion, the main features end techniques of the
geological investigations before construction are briefly deseribed
below. '

GEOLOGICAL MAPPING o .
Outcrop. mepping

The first stage of the preliminary investigation consisted . k&
of mapping all outcrops in an area measuring 1500 feet by 1200 feet -
surrounding the damsite. Geological observations were plotted at a
scale of 50 feet : 1 inch by plane table tacheometry, supplemented by
Abney level, tape and compass traverses.

During the feasibility investigation, outcrop mapping was
extended over an area of 3,500 feet by 4,500 feet on the east side of
the river valley, as there are several possible leakage paths from the
reservoir in this area (see Plate 2). The most obvious leakage path,
however, is along the Cotter Fault zone immediately to the west of the
dam; this area was therefore mapped in as much detail as possible, and
a separate report on possible leakage of watér along the Cotter Fault
was prepared (Oldershaw, 1965). At the same time, all outcrops in the
reservoir area were mapped. The outecrop mapping during the feasibility
investigation was plotted at various scales, depending on the detail of
geology oxposed, but all information was compiled and reduced to a s
scale of 1 inch : 400 feet (Plate 3).

During the design investigation, the only additional outcrop
mapping necessary in the damsite area was at the tunnel outlet portalg -
an area 300 feet by 200 feet was mapped by plane table tacheometry at
a scale of 1 inch : 20 feet. However, a congiderable amount of mapping
was carried out at the prospective quarries for rockfill. Several
areas were mapped by tape, compass and Abney level, at a-scale of 1 inch
¢ 40 feet, before a suitable quarry site was located (see Best, 1965). 4



Fig, 10 :- Fault D exposed in the western
core zone foundations, looking downstream,
Folded, well-bedded quartzite crops out
uphill, while cleaved, laminated siltstone
is exposed immediately downhill of the fault.
Co-ordinates of P are 360 E, 1000 N.

G 9390 = 9392 18/10/66

Fig, 11 := Typical core zone found-
ations in the steeply-dipping,
interbedded sandstone and siltstone
on the lower slopes of the west
bank.

G 9393-9394 ) 18/10/66




Pitting and frenching

Because of the paucity of outerops at the damsite, it waas
necessary to expose bedrock between outerops so that the lithology,
stratigraphy and geological structure could be determined. The outcrop
mapping of the preliminary investigation was therefore supplemented by
1100 feet of hand-dug trenches and eigh®t hanéd-dug pits; 200 feet of the
trenching failed to expose bedrock because the overburden was too deep.

Bulldozed trenches were used extensively during the
feasibility and design investigations to provide continuous bedrock
exposures, Their use at the damsite was restricted to the proposed
spillway area, where several trenches totalling 500 feet in length were
excavated; and Yo the gully on the east bank at the upstream msargin of
the proposed dam (total length of trenches was 90 feet). However,
trenching was a particularly useful technique during the mapping of
possible sources of rockfill material, and also during the investigation
for possible leakage paths between Kangarco Creek and White Sands Creek.

- About 7,000 linear feet of bulldozed trenches were excavated specifically

tc provide geological information during the investigation. Useful
geological data were also obtained from exposures in the many roads, and
access tracks bulldozed through the area under investigation.

Pitting was used ‘extensively in the search foar suitable sources
of core and filter material.  All river flats and likely sources of
core material for several miles upstream of the site were.investigated
by a grid pattern of pits excavated by a mechanical backhoe. The grid
spacing was generally 200 feet, and the pits in the prospestive core

borrow areas were 10 feet deep; pits in the alluvial deposiis were

generally only 7 or 8 feet deep, as large boulders prevented the backhoe
from penetrating to its full range. In the most promising of the coxre
borrow areas, penetration to grester depths was achieved by bulldoming
trenches as deep as possible, and then excavating backhoe pits in the
bottom of the trenchegs. Hanéd augering in some of the pits was also
carried out.

Sluicing

The preliminary investigation indicated that the geclogical
structurs at the damsite is complex.. It was therefore decided that the
foundations of the damsite should be stripped of soil and scree by
bulldozers, and the expoged rock washed by high-pressure water jets.
(For details of the equipment usel see Best, 1965.) As effective
sluicing of the foundations did not start until late in the feasibility.
investigation, it was necessary to select areas of the foundations for
this treatment. BEven though the programme of sluicing was less
extensive than originally planned, the results obtained were of great
value. -

About 40,000 square feet of foundations were siuiced and
geologically mapped at 1 inch : 10 feet; the information obtained
greatly facilitated the interpretation of structure and rock types at
the gsite., Sluieing also provided a representative sample of the
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foundations for inspection by engineers, consultants, and prospective
tenderers, thus providing a sound basis for the evaluation of the
foundation treatment considered necessary. The location, during the
feasibility investigation, of a faulted area on the east bank was inval-
uable, as this was an important factor in deciding the type of dam to be
constructed. Had the fault not been discovered until construction had
commenced, additional investigation and treatment, with consequent
costly delays, would have been inevitable.

Sluicing was also used during the design investigation to
expose bedrock at the proposed inlet portal. A&n area 120 feet by 60
feet was sluiced and geclogically mapped at 1 inch : 10 feet; faults
and folds were revealed which could not have been ”ellably assessed by
any other 1nvest1gat10n technique.

T —_—

Forty eight diamond drill holes, totalling 7,151 feet in
length, were drilled by the Snowy Mountains Hydro-Electric Authority,
under the direction of geologists from the Bureau. Fourteen of the
holes, totalling 2,604 feet, were drilled to test prospective sources
of rockfill material; {three holes, totalling 869 feet, were drilled to
evaluate leakage through the dam abutments; and the remaining 31 holes,
totalling 3,678 feet, were drilled to test foundations for the dam,
spillway, tunnel portals, and valve tower shaft. The footages drilled
during the preliminary, feasibility and design investigations were 801;
2,994 and 3,356 feet respectively. The depths, coordinates, elevatioms,
d ﬁllnatlons, azimuths and objectives for all holes are tabulated in
Appendlx 2o

A1l holes were drilled with NMLC bottom discharge bits and

- stationary split inner tube core barrels, and core loss was restricted
%o the washing away of  some clay in a few of the fault zones.
Geological logs, at a scale of 1 inch : 10 feet, of all drill holes are
© included.in the twe reports of the site investigation (Best and Hill,

- 1962, ‘and Best, 1965).

WATER PRESSURE TESTING -

A1]1 holes drilled during the preliminary investigation were
water pressures tested as drilling progressed. Pressure water for the
tests was supplied by the drilis' circulation pumps which had a maximum
. capacity of 15 gallons per minute (g.p.m.)° As the rate of water
leakage from the test sections frequently exceeded 2 g.p.m. per foot of
hele, it was necessary to test the drill holes in sections of 10 feet
or less; even so, many of the tests were inconclusive as a sufficient
range of gauge pressures could not be obtained.

During the feasibility investigation, water pressure testing
techniques were modified to enable reliable results to be obtained in
high leakage zones.  Flush-coupled EX ' casing replaced N~rods in the
supply line, thus considerably reducing friction losses at high flows.
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Pig. 12 := Views of Fault E exposed in the valley floor core zone foundations,
The top view shows the fault after sluicing of the bedrock surface;
the bottom view shows the extent of excavation for concrete dental
treatment, Approximate co-ordinates of the centres of both views
are 540 E, 985 N,
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A centrifugal pump with a capacity of 140 g.p.m. was used to provide the
pressure water for the first four holes, but even this was noi entirely

satisfactory. A system of gravity feed was therefore used in all later
holes; this consisted of a 2,500-gallon water tank high up on each

" hillside which supplied water to all Arill sites through a 3-inch

diameter pipeline. The tanks were kept full of water by reciprocating
pumps ooerathg from the river, and the elevation of the tanks above

the river \400 and 440 feet) was such that the gravitational head of the
water was sufficient to produce an adequate range of gauge pressures for
water pressure testing. This arrangement worked very well indeed, and
is recommended for investigaticns where high leakage rates are likely to
be obtained.

The effective pressures of water in the test sections were
calculated from the recorded gauge pressures by allowing for the water
column in the supply line, back pressure due to groundwater, and
pressure losses in the supply line and packer. This was the first
prpject investigsted by the Bureau at which corrections were made for
friction losses caused by the packers; it was therefore necessary to
calibrate the packers used to determine the friction losses at a wide
range of water flows (4 g.p.m. to 80 g.p.m.). Calibration tests were

~also carried out on N-drill rods with streamflow couplings, as

correction graphs were not available for this equipment (which is often
used for the supply line on other projects). Practical details and the
results of the calibration tests are given in Appendix 3; it is evident

from these results that for a given flow, the friction loss for an N-size

mechanical racker is slightly higher than fcq/waglze hydraulic packer, but
considerably lower than for a B-size hydraulic packer. It was considered
inadvisable to use N-~hydraulic packers at Corin damsite, because the closely-
Jointed rock could easily jam the packer in the hole. liost of the water
pressure tes+1ng was therefore carried out using N-mechanical packers with
20 feet of perforated N-rod as an injector tube.

The corrected results were presented as histograms showing
water losses at a pre-determined range of pressures plotted against
depth, However, a more useful presentation of the results was obtained
by calwoulating joint permeabilities, using a formula derived by the
Snowy liountains Authority, and plotting the results against depth. Although
the derivation of the formula assumes isotropic rock and laminar flow
(conditions which are seldom obtained), it is considered that these values
are more useful for comparing results from different drill holes and
demsites than either the histogram method used above or the calculated

Lugion values.

Fuil field results of the waﬁpr pressure tests, their
corrections, and the water loss and joint permeability hlstograms are given
in the s1te investigation reports.

WATER LEVEL OBSERVATIONS

Two of the diamond drill holes (D.D.5 and D.D.11) were tased
for their entire depth with perforated casing so that groundwater level
measurements could be made regularly during investigation, construction,
and filling of the reservoir. Water level measurements were also
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possible in D.D.10 during the investigation, but the hole became blocked
as soon as site preparation for construction commenced ~

between April 1964 and August 1969 are tabulated 1n Appendlx 4, together -
with the corresponding rainfall figures at the site. The water table

configuration revealed by these observations is discussed in the section

"Leakage from the s1te“ ;

An addltlonal water table observation hole was drilled and
cased during construction of the dam; details of the planning of this
hole are given in the section on "Leakage from the site". ~ R

GEOPHYSICAL INVESTIGATIONS -

Geophysical methods; both field and laboratory, were used
extensively in the course of the preliminary and feasibility investigat-
ions. Seismic refraction traversing was the technique most suited to
the field investigations, and traverses totalling 15,150 feet were
carried out by the engineering geophysics group of the Bureau; a
geophone spacing of 50 feet was used throughout, and most traverses
consisted of 24-geophone spreads. 1In gddition, a geophysical survey B}
of prospective spillway locations was carried out by a private ‘
geophysical company, using a portable 12-channel seismograph; 8
traverses totalling 5,000 feet were surveyed, using geophones at spacings
of 20 feet. The seismic refraction survey was also supplemented by 1200
feet of resistivity traversing and 5,450 feet of magnetic traverses.

Laboratory geophysical investigations were carried out on 78
specimens of drill core from the damsite. Static and dynamic tests
were conducted, and some samples were tested both wet and dry. Elastic
medvli were determined from these tests and also from the field investi-
gations. This programme for determining the physical properties of the
foundation rocks was carried out to provide design information, should a -
concrete dam be built at the site; the results are therefore not included :
in this report. :

Details of the techniques and results of the geophysical
surveys are given in Wiebenga, Polak and Kirton (1962), Polak and Kevi,
(1966), and Starkey (1964); the geological implieations of the results .
?Ie d;scus@ed in the site 1nvest1gatlon reports and in Best and Hill

1967 ,

PETROGRAPHY

_ Five specimens of drill core from the preliminary investigation
were selected for microscopic investigation, in thin section, to determine
the nature of sedimentation and the origin of the pyrite in the specimens;
?hespitrographlc descrlptlons are given in Appendix 2 of Best and Hill
1962 : .
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During the investigation of the Cotter Fault zone by Oldershaw
in 1964, representative samples of rock types exposed in and adjacent to
the fault zone (phyllite, siltstone, silicified sandstone, and quartz
porphyry) were collected and examined in thin section. The petrol-
ogical characteristics of the rocks are described in the text of
Oldershaw (1955), but separate descriptions of the thin sections are not
given.

Petrographic methods were used to determine the amount of
pyrite in the quartzite beds of the rockfill quarry - this information
wags required to assess the suitability of the rock far use as concrete
aggregate. Specimens of drill core were cut with a diamond saw and
examined in. reflacted light under a microscope. The pyrite was ,
identifiable without polishing the cut surface, and a point counter was
used to determine the percentage of pyrite in the core samples. The
results are given in the section on "Concrete Aggregate".

GEOLOGICAYL SERVICES DURING CONSTRUCTION

DETAILED FOUNDATION MAPPING

" Damsite

Foundations for the core and filter zones of the dam were
clesned down with compressed air and water jets at an early stage of
the construction -~ this was necessary.so that surface leszks during
blanket grouting could be readily detected and treated. Geological
- mapping ‘was therefore carried cut as soon as possible, before the rock
-surface became obscured by cement and grout. At this early stage
there was 1ittle survey control on the foundations, and it was necessary
to use plane table tacheometry extensively to provide coutrol for the
geological cobservations; all of the esastern foundations and avout half
of the western foundations were mapped by this method, using 340 and
300 control stations respectively. Before the geclogical wapping was
completed, however, the positions of all blaukei greut holes were
painted on the bedrock surface by the contractor, These holes are on
a 10~foot grid, and by.plotting their positions on sheets of graph paper
it was possible to sketch the geology directly onto the field sheets at
a scale of 1 inch : 10 feet. This methed was used for mapping the
remainder of the western foundstions and the valley floor foundations.

A geclogical map of the core and filter zcne foundations was
compiled from all field sheets at a scale of 1 inch : 10 feet, The (Sl\zd)
information contained on this map provided the basis for the evaluation
of any problems which arose during groubting and foundation treatment.

As construction progressed the map was amended as necessary in areas

where foundation excavation and treatment substantially modified the

surface trace of geological featuves reccrded on the mzp. The finsl
map of the core and filter zone foundations is reproduced at & scale

of 1 inch : 20 feet in Plate 7. (\:Z40)

Detailed geolcgical mapping of the rockfill zone foundations
wag not possitle, as it was not necessary for the comtractor to remove
the rock rutble from the bedrock surface, Geological features
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exposed in the rockfill zone foundations were mapped by plane table
tacheometry at a scale of 1 inch : 40 feet; this information is included
in-Plate 4. However, many of the geological observations were isolated
.in rubble-covered areas, and may therefore not have been typical for the
general area in which they were located. The lack of continuous
exposure in the rockfill zones has also considerably hindered the
interpretation of the stratigraphy and geological structure at the site.

Spillway
~ The walls and floor of the excavation for the spillway were
geologically mapped at a scaje of 1 inch : 10 feet, except for the
western wall of the overflow channel excavation, which was mapped at

. 1l:inch : 20 feet. - The walls of the excavation were mapped in elevation,
. and control for the profiles was obtained by plane table tacheometry.

The western wall of the overflow channel is 50 feet high, and although

it was mapped in three stages, it could not be mapped accurately enough

to justify a map scale of 1 inch : 10 feet. The floor of the spillway
excavation and the foundations for the crest and buttressed sections
were mapped after final cleaning for placement of concrete. The
geology was sketched onto field sheets, on which were plotted the con-
erete construction joints, and there was sufficient control for the
sketching, in the form .of anchor bars, for plane tabling to be un-
necessary.. - The geology of the floor and walls of the spillway
“excavation is plotted in Plates 9 and 10.

- Punnel

The dl er31on tunnel was geologlcally mapped at 1 inch : 10
feet as excavation progressed. It was difficult to trace the contin-
uity of genlogical features from one wall to the other, because the use
of steel sets and timber lagging obscured the roof exposures; this
situation was aggravated by the fact that the tunnel alignment is at am
acute angle to the strike of many of the geologlcal features.
‘Geologmcal logs of the tunnel mapping are glven in Appendix 6.

Geological mapping was carried out at the inlet portal to
supplement the information recorded from the sluicing and diamond
drllllng, Plate 12 .is a map of the inlet portal as excavated. However,
no mapping was carried out at the outlet portal because of the
complexity of the exposed geology.

GROUTING INVESTIGATIONS:

Numerous consultatlons between engineers and the site

' geologist were held to discuss the progress of grouting, hole spacing
and orientation, likely causes of high grout consumption, effectiveness
of grouting, and the location of uplift gauges and grout caps. &
description of the grouting programme, its relationship to the site
geology, and analyses of grout consumption are given in some detail in
a later chapter of this report.
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STLOPE STABILITY

Geological advice was frequently requested on the stability
of steep slopes excavated in bedrock. Slope stability was particularly
important in the spillway excavation, where conditions after excavation
were often at variance with the anticipated conditions; details of the
particular problems and their treatment are given in the section on
engineering geology of the spillway. The quarry and the tunnel portals

" were other areas where slope stability was a matter for consideration

during construction.
FOUNDATION TREATMENT

_ fs the programme of blanket grouting progressed, doubts arose
as to the efficiency of the grouting in the top two or three feet of
the bedrock surface. To ensure that water could not penetrate to the-
contact between the core and the fecundation, a rigorous programme of .
foundation treatment was carried out. Geological advice was requested _
on many occasions where the attitude, nature and extent of particular
geological features had a considerable bearing on the type and extent
of foundation treatment in a particular area. - The criteria for the
various methods of foundation treatment were assessed early in the
construction period during discussions and field inspectiocns with the
site engineers and supervisors. The foundation freatment is discussed
in detail under "Engineering Geology — Damsite", and Plate 8 shows the
treatment carried out before core placement.

DEVELOPMENT OF ROCKFILL QUARRY

Befors any rockfill could be obtained from the quarry, the
area had to be stripped of soil and scree, and the laminated siitstons
overlying the suitable rockfill material had to be removed by ripping
and blasting.: . 4As the strata exposed at the quarry are considerably

‘folded and faulted, the lower 1limit of the siltstone could only be

determined by frequent inspections of the stripped area. During the
stripping, a fault was revezslied which considerably reduced the economie
area for guarrying; geological mapping, supplemented by percussion
rilling, was necessary to evaluate revised limits for the quarry.

During the quarrying operations, regular inspesctions were made
t0 check the exposed geology with the antigipated conditions, and
supplementary geological mapping was carried out. This enabled assess-
ments to be made, as required, of areas where a particuler grade of
rockfill could be obiained or developed.

The dewelopment of the quarry is comsidered in detail in a
later chapter. "
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ENGINEERING GEOLOGY
DAMSITE

. The cleaning down and preparation of foundations for the dam
did not reveal any unexpected geological features, and foundation
conditions were very much as predicted from the site investigation.
Construction of the dam therefore went ahead without any special
foundation investigations or treatment being necessary.

Qverburden

_ A .total. of 150,600 cubic yards of overburden, consisting of
topsoil, slopewash, scree and alluvium, was removed from the dam
foundation area during construction.,. The distribution of the over-
burden is shown in Plate 6, which was compiled from detailed surveys
before and after: cleaning of the foundations; in this Plate, naturally-
occurring pockets' of thick overburden are distinguished from the mounds
of overburden produced by bulldozing of .the abutments during the
investigation. ~Of the naturally-occurring pockets, A1 and A3 were
delineated during: the site investigation and were allowed for in the
contract estimate' of quantities. A2: represents the accumulation of -
scree at the foot: of the prominent quartzite outerop on the west bank.
The quartzite:is abruptly terminated by:.a. fault, and it is evident from
the bedrock contours that the Cotter River has eroded the siltstone. -to
the south-east. of the fault zone, farming a steep slope along the
margin. of the quartzite.  The notch so formed has subsequently been
filled with scree from the quartzite outcrop to a maximum vertical
thickness of 23 feet. = The depression at &4 was also formed by differ-
ential erosion along a fault zone with thickly-bedded quartzite on the
uphill side of the fault; the maximum vertical thickness of overburden
in this area was. 17 feet. -

Foundation Treatment

Rockfill znnéé'.i

A A The rockfill-zone foundations were treated mainly by removing
the overburden down to bedrock; mechanical scrapers, bulldozers and
front-end loaders were used. Although the resultant bedrock surface
was generally littered with loose rock after the operation (because of
the heavy equipment used), in most areas it was obvious that no further
treatment was necessary, and rockfill was placed on-.tHis surface. In
the valley floor, however, there were small depressions and gullies in
the bedrock surface of the downstream rockfill gzone amd these were
inspected by hand-dug trenches to ensure that no persistently-wide clay
seams were left untreated before placement of rockfill. Only one seam
was considered sufficiently persistent to require treatment, and this
was excavated by hagd and backfilled with filter material. The
extension of the 40  fault zone into the downstream rockfill zone high
up on the east bank was similarly treated.




Core and filter zones

After the removal of overburden from the damsite by bulldozers,
the bedrock surface below the core and filter zones was cleaned down by
compressed air and water jets. At this stage, much of the loose rock at
the surface was removed, either by the air and water jets or by pick and
shovel. Next, the foundations were consolidated by blanket grouting,
with holes at 10-foot centres. When the blanket grouting in the valley
floor was completed, the final foundaticn treatment was carried out, and
the core and filter material placed soon after. The blanket grouting
and final foundation treatment then progressed steadily up both abut-
ments ahead of e¢are placement.

The design criteria for the core zZone and filter zone
foundations were that they should be non—erodible and impermeable. The
main purpose of the blanket grouting was to.render the top few feet of
the bedrock impermeable, and thus prevent water from penetrating to the
interface between the bedrock and the earth core. It was anticzipated
- that grouting would not be completely effective in the closely-jointed
rock forming the foundations g,d two dismond drill holes were drilled
into grouted rock to evaluate the effectiveness of grouting. Unfortu-
nately, the drill core obtained was badly disturbed (owing to poor
drilling techniques and equipment) and only a few joints showed any
evidence of grout penetration. Excavation of rock for final foundation
treatment also indicated that many joints and cracks near the surface
were not grouted. The final foundation treatment was therefore carried
out with three objectives:

(1) %o complete the impermeable barrier partly-formed by the
blanket groutings;

(2) to remove seams of erodible or compressibie material, or
to cap them with concrete or mortar; and

(3) %o treat near-vertical or overhanging rock surfaces so
. that the slope of the contact between earthfill and

foundation does not exceed 2 : 1 (vertical to horizontal)

Criteria for foundation treatment were established during field
inspections and consultations between the site engineers and geologist.
Several factors (such as width, persistence, crientation and attitude of
seams with respect to the dam layout and to the bedrock surface) had to
be considered when evaluating the necessary treatment for each defect in
the foundations; it was therefore impossible to apply rigid critevia for
the treatment. However, examples of typical foundation treatment which
iliustrate the general criteria used are given in the followlng table:
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'FOUNDATION DEFECT
Fissures

Open joints and fissures

Clay Seams
Seams up-to 2" wide

‘Seams 2" to 4" wide

Seams more than 4" wide

Weathering
Pockets of highly weathered rock.

Steep Bedrock Slopes

Bedrock slopes with a gradient
of 2 vertical: 1 horizontal
or steeper.

Ungrouted rock at surface

Some areas occurred along grout
curtain line where geological

. features indicated that top 2
or 3 feet of'bedrock may not be
effectively grouted. |

*P.A.M. is pneumatically - applied mortar.

TREATMENT

Remove any loose blocks of rock.

" Apply cement slurry, mortar slurry

or P.A.l.* to open fissures in final
foundation surface. : 3

Cover with P.A.M.* or mortar slurry.

" Excavate seam and backfill with P.A.M.*

or mortar slurry. _ _
Excavate to depth equal to width of - -

- seam and backfill with concrete.

Excavate until ‘suitable foundation
rock is exposed,

Slopes flattened to 2: 1 by
trimming, backfilling with
concrete, or a combination of both. .

Excavate trench 3 feet into bedrock
along curtian line and backfill
with concrete (Grout cap);
jackhammers used for excavation.

Plate 8 is a plan of the core zone foundation, showing details
of the final foundation treatmen* It was impracticable to represent all
the areas where cement slurry wag used, but all individual areas where mortar
slurry, P.A.M, and concrete were used are shown on the plan., The guantities
of the wvarious types of treatment used were as follows:

Concrete for grout caps

Concrete for dental treatment

Pneumaficallybapplied mortar

~ Mortar slurry

‘Cement slurry

157 cubic yards
682 cubic yards
16?'cgﬁic yards
45 cubic yards

9% cubic yards



Open bedding plane joints in thickly-bedded quartzite exposed
in the valley floor core zone foundations (co-ords 540 E, '
1025 N ). These joints were backfilled with fine aggregate
concrete during foundation treatment.

M 484/34 31/1/67

Fig. 15 :-

Dental concrete foundation treatment after the excavation and
concrete backfilling of Fault A, This view looks upstream

to the intersection of Fault A by Fault B, Small areas of
concrete dental treatment of steep rock faces can be seen:
downhill of the trace of Fault B,

G 9851 g 13/3/67 :
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The figure for the groutcap concrete includer the continuous
grout cap along the curtain line extension below the spillway crest; of
the total, about 50 cubic yards of concrete was used for grout caps in
the core zone fcundations.

The most extensive single feature requiring foundation
treatment was, as anticipated in the design report, the 40  fault
(Fault A of Plate 4) on the east bank. Plate 8 shows clearly the
extent of the concrete dental treatment for this fault zone (see also
Fig.15), and a considerable amount of hand excavation was necessary
before satisfactory rock for concrete placement was exposed. The
shattering and weathering of rock in the hanging wall of the fault is
also reflected in extensive dental concrete used upstream of the
surface trace of the main fault., All other major fault zones are
narrow, and required 1litile excavation and backfilling with concrete.

The long, narrow areas of treatment with P.A.M. and concrete
evident in Plate 8 reflect the surface trace of bedding planes, as most
of the clay seams and broken zones were caused by movement along bedding
planes during folding of the rock sequence.

SPILLWAY
General

The site for the spillway at Corin Dam was dicitated by the
surface topography and bedrock configuration; topographic considerationz
elimingted the possibility of locating the spillway on the east bank,
and the bedrock surface on the west bank restricted the position of the
structure, within very narrow.limits, to a rib of rock close to ths
downstreem face of the dam. As the plan position of the spillway was
thus virtually fixzed, details of ths design were largely based on
laboratory model testz. These tests showed that & side channel
arrangement wag aivisable to prevent scour of the upstream fese of the-
dam during high spillway dischargss. The need for & hovizontal curve
in the chute was also indicated by model tests, as the scour basin in the
river bed wad dangerousiy close to the outlet portal and toe of the dam
with a straight chute layocut. Because of this curve, the downstream end
of the ckute, including the ski-jump structure, has a super-elevated
floor  to assist in throwing the waier away from the toe of the dam.

The entire spillway was excavated in bedrock, The vertical
depth of the excavation below original bedrock surface renged from a
maximum of 80 feet in the overflow channel area to a minimum ¢f 3 feet
at the north-sastern corner of the ski-jump structure. The reck exposed
in the floor of the excavation was everywhere more than adequate %o
support the concrete structure, and ne special foundation treatment was
necesssry. However, problems were eancountered in the walls of the
excavation where adversely-dipping cor closely-spaced joinks were exposed,
and changes in design were necessary to overcome these defects in the
rock. :

The geology of the spillwsy excavation is shown in Plates 9 and
10, The upetream end of the overflow channel is excavated in thickiy-
bedded quartzite and the underlying closely~jointed,; well-tvedded
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quartzite; apart from a few minor folds, the beds generally dip steeply

to the south. At the upstream end of the chute, the spillway line "
crosses the main anticline exposed ig the‘wgst bank of the damsite, and '
the well-bedded quartzite dips at 45 to 60  to the north-~east on the

northern limb of the fold. At chainage 520 feet, a major fault -
exposed in the excavation has downthrown the geological succession some

300 feet to the north-east; this has repeated the succession exposed in

the overflow channel, and the chute structure downstream from the fault

is founded on the thickly-bedded quartzite. The ski-jump structure is

founded on the uppermost beds of the underlying sequence of well-bedded

quartzite. = :

The engineerihg geological problems which arose during
construction of the spillway are considered below.

Spillway Crest

The spillway crest structure is founded on thickly-bedded
quartzite, except at the upstream end where interbedded sandstone and
" siltstone was exposed (see Plate 11). After excavation to the
founding level of the crest structure, the bearing strength of the rock
' was everywhere more than adequate. However, subsequent excavation for
the overflow channel revealed the presence of a set of persistent joints
which seriously reduged the stability of the crest foundations. The : )
joint set dips at 30 to the north (i.e. towards the channel excavation
and downstream), and many individual joints aré open or lined with a
veneer of orange-brown plastic clay; some joints persist for more than
20 feet at a constant attitude, The instability of the rock was
evident from the considerable overbreak which occurred during F
excavation, particularly along the lip of the channel cut (see Fig.l15),
and it was obvious that preventive measures would be necessary to
stabilise the crest foundations, This stability problem also had
implications for the proposed design of the crest structure, which
included the installation of a row of post~tensioned cables along the
spillway crest (to counteract the overturning moment during high dis—
charges¥. . It was originally intended tlat the holes far these cables
would be vertical, but as added vertical stresses would have increased
the sliding forces‘along the potentjal failure planes, it was decided to
"instal the cables at an angle of 65 , or less, in a downhill direction.
In consequence, the crest structure design had to. be altered because the
cable tensioning plates could not be left exposed for tensioning the
cables after the crest had been constructed, as was originally intended.

The stability problem was overcome by extensive rock-bolting,
and by constructing the concrete crest in three separate stages (see

Plate 11). After excavation of the channel, the crest foundations were
cleaned off with air jets and the area was geologically mapped at 1 inch
-5 10 feet. The mapping included the measurement of 200 joints, which e

were subsequently analysed by a contoured stereogram (see Fig.17); the
purpose of the joint study was to evalugte the proposed orientations

for the rock bolts and tension cables in relation to the attitudes of

the main joint sets. On the basis of the geological information obtained,
two rows of grouted rock bolts, nominally 5 feet apart and with a longi-
tudinal spacing of 5 feet, were planned along the crest. The bolts are
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Fig, 16 :- Views of the spillway crest foundations, before and after first stage
concreting, showing the persistent, adversely-dipping joint set which
caused overbreak along the lip of the excavation. '
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generally oriented normal to the dominant joint set, i.e. at 60° to the -
horizontal in a direction 174 M, and sl1l bolts are 20 feet long. The
length was determined by the desire to increase the coefficient of
friction on all joints of the dominant set which are exposed in the wall
of the channel (see section in Plate 11). In practice, the location
and orientation of each bolt was determined by examination of the
bedrock surface and interpretation of likely conditions to be encountered
during drilling; the orientation of some holes was changed to aveoid
adverse geological features. To ensure good conditions for the bearing
plates of these bolts, a concrete slab was poured on the crest
foundations, and the bolts were installed from the surface of this slab,
which is at R.L. 3125 feet. "Fig. 16 shows the spillway crest before
and after emplacement of the slab, and Plate 11 shows the position and
orientations of the 46 grouted rock bolts which were installed in the
crest. Bolts were no% consiiered necessary in the upstream and
downstream ends of the crest area, as the adverse joint set is not well-
developed. '

The orientation finally adopted for the 26 post-tensioned
cables was virtually dictated by attitude of the adverse joint set,
combined with the position of the bedrock surface downhill from the
crest area. On the one hand, the joint set dictated that the cables
should be angled at 65 or less from the horigontal in a downhill
direction; on the other hand, the holes had to be as steep as possible,
so that the anchorage zones are not too close to the bedrock surface.

It was therefore decided that the collars of the cable holes should be
located as originally plamned, but that the orientation of the holes
should be changed from vertical to 65 . in a direction normal to the

line of holes and downhill;'inspeétian~of the joint stereogram showed-
that this orientation is not near-parallel to any joint sets (see Figd'?)°
The cables are 35 feet long, have an anchozrage zone 124 feet long, and
were. tensioned. to 50 tons before final groubing of the cable holes, A
concrete anchor block was constructed along the crest before instaliation
of the eables, and after temsioning, testing and grouting, the third and
final stage of the concreie crest was placed (see sestion in Plate 11).

As an added precaution, the stability of the crest foundations
was further increased by the instaliation of 135 grouted rock bolts in
the wall of the channel excavation below the crest. The bolts are all
I2 or 14 feet long, and replace a similar number of proposed 15-foot
long anchor bars in the original design., However, whereas the anchor
bars would have been installed on a regular pattern, the rock bolts were
located according to the rock conditions exposed in the wall., The
programme of rock bolting in the wall is shown in the elevation in Plate
11, and the attitude of these bolts in relation to jointing and bedding-
is illustrated in the section through thke crest.

Overflow channel

Where the chamnel is excavated in the well-bedded quartzite
succession, doubits were originally held regarding the stability of the
western wall of the excavation, which is generally between 40 and 60 feet

~high. The rock is closely-jointed (1" to 24" spacing), many joints

having a thin venéer of clay, and the rock was obviocusly loosened during
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the excavation. Rock bolting was attempted, but with little success,
probably due to a combination of the attitude of bedding (which was
nearly parallel to the bolt holes) and the use of expansion shell rock
bolts. These bolts have a limited range of expansion to form the
anchorage, and it is likely that under the prevailing geological condit-
ions, the bolt holes tended to be enlarged during drilling; consequently
the bolt anchor would not grip the rock.

As there were no unfavourably-oriented joint sets or fault
planes which could cause major instability of the rock face (which has a
batter of 4 verticals 1 horizontai), it was considered that removal of
the loose blocks of rock before concrete placement would reveal sound
foundations for the concrete walls. The use of pre-splitting techniques -
during excavation was of considerable significance, as it reduced the
overbreak and replacement concrete to minimal amounts. The appliecation
of P.A.M. ,with or without mesh, was considered for temporary support and
protection against spalling and minor rock falls; however such measures
were deemed unnecessary when the contractor decided to change his
programme and place the concrete walls soon after completing the
excavation (it was originally intended that the rock face be left expos—
ed throughout the oncoming winter).

No problems were encountered during the construction of the
concrete wall, and no rock falls occurred while the rock face was left
unsupported. '

Spillway chute

The well-bedded and closely-jointed quarizite is also exposed
in the west wall of the chute excavation downstream tc the fault at
chainage 520 feet. However, as the bedding dips in towards the
excavation between chainages 400 and 520 feet (see Plate 9) the rock
slope was unstable at the 4:1 batter. The situation was further
aggravated by closer jointing and deeper weathering than in other areas -«
the result of tight folding and the major fault in the area (see Figs 18
and 19). The original design for the westera wall of the epillway chute
required a rock slope against which the cencrete was placed, as in the

overflow channel. However, the stability of the rock slope was so
doubtful that alternative designs for the chute were considered. The

merits of a monolithic structure with seif-supporting veviical'waiis

were compared with a modification of the original design, whereby
inadequate reck in the wall would be replaced by conerete; the former
solution was found to be the safer and cheaper, and was the design finally
adopted. The rock slopes behind the western wall of the chute were
subsequen tly inspected, and any unstable rock which could fall and
".endanger the chute wall was removed.

Ski~jump structure

" The main problem with the ski-jump structure was tc make a
realistic assessment of the extent of scour ia the river valley during
high spillway discharges, and the likelihood of eresion undermining the
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Fig. 18 :- Foundations of the spillway chute between chainages 460 and 540 feet,

. The thickly-bedded quartzite at the downhill end of the cleaned area
has been downthrown against well-bedded quartzite along Fault D,
M 488/12-16 20/3/67

Fig. 19 :- The western wall of the spillway chute excavation between chainages
460 and 540 feet, showing adverse bedding dips, tight folding and
closely-spaced jointing in the well-bedded quartzite. The instability
of this face under load was a major factor in the decision to adopt a
free-standing design for the spillway chute training walls,

M 489/17-22 31/3/61
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_spillway structure during very high discharges. Results from the model
tests showed that a scour basin up to 80 feet deep could develop in the
valley floor during high discharges, aml continued running of the model
at high flows resulted in progressive erosion of the sides of the scour
basin bty eddy currents. The fractured bedrock was represented in the
model by gravel of various grain sizes, corresponding to the spacing of
fractures in natural rock, but of course it is impossible to represent
the interlock of jointed bedrock in such -a model. It is considered
that this natural interlock impsxts a considerable factor of safety

to the actual spillway, as compared with the results of model testing,
and it is highly unlikely that even the maximum flood discharge would
enlarge the natural stilling basin to the extent of undermining the ski-
Jump structure. However, because of the impossibility of obtaining
reliable data for evaluating the problem, it was deemed prudent to
construct a concrete cut-off wall, 25  fleet deep, below the ski-jump,

and to grout the rock for up to 40 feet below the bottom of the cubt-off.
Construction of a concrete cut-off was indicated on structural grounds
alone, and the additional cost for grouting and making a deeper cut-off
was considered a small price to pay for insuring the stability of the
ski-jump structure.

An associated problem was the assessment of the necessary
surface treatment of the bedrock exposed immediately downstream of the
ski-jump. ' At low flows the water is not thrown very far from the ski-
jump, and some protection of the exposed. rock is necessary to prevent
progressive erosion. The contract specifications called far blanket
grouting of the rock, but in view of the low grout consumption in
similar rock diring blanket grouting of the core zone foundations, it
was considered unlikely that grouting would significantly consolidate
the rock below the spillway. It was decided that surface treatment with
P.A.M., reinforced by steel mesh securely anchored to bedrock, would be
adequate, and this was the only form of treatment cerried out. An area
of about 2,300 square feet in the floor of the excavation was treated in
this way, and the application of P.A,M. was extended for 6 feet above
the floor in the western wall.
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DIVERSION TUNNEL.

Inlet Portal

: The geology of the inlet portal excavation is shown
in Plate 12. The original bedrock geology was exposed by sluicing
and was mapped during the design investigation; this showed that
the dominant geological features, from the excavation viewpoint,
are the anticlinal structure and the fault zone along the axis of
the anticline. It was recommended in the design report that the
portal face be established in rock on the north-eastern side of the
fault, thus avoiding the main fault zone and adversely-dipping beds
in the rock face.

The design position of the portal face is shown in the
elevations of Plate 12, and excavations of the tumnel was initially
. carried out to this line. However, as the excavation was deepened
‘towards invert level, the fault zone was exposed in the face; the
fractured rock associated with the fault caused spalling behind the
design line to such an extent that a near-vertical face, which was
obviously unstable, was formed. It therefore became necessary to
batter back the portal face by drilling a row of pre-splitting holes,
at a batter of 2 verticel: 1 horizontal, in such a position as to
intersect the unstable face at tunnel roof level - this was to reduce
-extra excavation to-a minimum. The new face was supported, as excava-
tion proceeded, by grouted rock bolts, 10 feet long and at nominal
-5 foot centres, supplemented by wire mesh. Fig 20 is a composite
photograph of the portal face 4 months after excavation, and shows the
closely-jointed rock in the core of the anticline. -

It was originally intended that the portel face be lined
with pneumatically applied mortar as final treatment; however, it wag
decided that the grouted rock belts and siteel mesh would provide
adequate permanent support.

Qutlet Portal

The design investigation showed that the bedrock in the
outlet portal area consists of a succession of highly contorted and
faulted siltstone, with some sandstone interbeds. A horizontal
diamond drill hole 160 feet long was drilled along the line of the
tunnel from the river bank to test the rock at tunnel level, and to
determine the optimum position for the portal face. Closely-fractured
siltstone, with a prominent sandstone interbed about 10 feet thick was
encountered in the general area of the portal face. The sandstone bed
was seen to have a true dip of 65, and from correlation with surface
mapping, the most likely strike direction was parallel to the portal
face with dip direction to the north-west. It was therefore recommended
that, from the geological viewpoint, the portal face should be estab-
lished at the upper contact of the sandstone bed. However, because of
the steep slope of the east bank in.the portal area, thig would have
resulted in an unduly large excavation; the final design position of
the portal face was located in the siltstone cverlying the sandstone
bed. The portal was successfully established in the design position, due
largely to a prominent set of joints which are almost parallel to the
portal face. The sandstone bed was exposed in the tumnel 13 feet from the
portal face (see Appendix 6- sheet 12 of the tunnel logs).



Fig., 20 :- Composite photograph of the inlet portal excavation showing
the rock bolts and wire mesh supporting the portal face.

M 455/3-10 14/10/66
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Grouted rock bolts were used to support the portal face
during tunnelling, and were later supplemented by pneumatically-
applied mortar for permanent support.

Tunnel
General

As constructed, the tumnel is 1,308 feet iong from portal

face to portal face; and is fully concrete Xned to a circular

" section 124 feet in diameter., The tummel was used for diversion of
the river during comstruction of the dam; it also serves as the
channel for water drawn from the reservoir through the intake tower.

. The tower, which has six inlet valves at various levels, is comnected
to the tunnel by a concrete lined shaft, 17 feet in diameter, located
235 feet from the inlet portal.

Excavation of the tumnel from the outlet portal commenced
on 24th May, 1966, and from the inlet portal on 1st June, 1966. Much
of the tunnel was supported by steel sets, which were placed as
excavation proceeded, and 240 shifts were worked before breakthrough
was achieved on 21st Julu, 1956, In the sections supported with steel
sets, the tunnel was excavated to o horsehsce-shaped section, 16 feet
high and 16 feet across, except between chainages 228 and 300 feet
where the dimensions were 19 feet by 9 feet; in the. lengtis of tunnel
not supported by steel sets; the tunnel was excavated Lo a circular
section about 143 feet in diameter., The wedge cut method of excavation
was used, with a general advance of 5 feet for each round, and in
average conditions about 40 holes were required for each 5=foot advance.
AN6O explosive was used for all blasting operations, and rounds were
fired with 1 to 10 millisecond delay detonators. After firing, the
spoil was mucked out with a front-end loader.

The contract specifications were written so’ that support of
the tunnel during excavation was entirely the responsibility of the
contractor, unless it was considered that the support installed by the
contractor was dangerously inadequate. This situation did not arise,
as the support adopted was extremely conservative - steel sets were used
to support all but 230 feet of the tunnel. The sets were fabricated from
6" by 5" I - sectioms of rolled steel, and were installed at a general
spacing of 5 feet, decreasing to 4 or 3 feet towards the portals; a total
of 229 sets were installed. The sections of tunnel where sets were not
used were left virtually unsupported, as a total of only 37 rock bolts
were installed in 230 feet of tunnel, Wedge and shell anchored rock
bolts were used, and were generally 8 feet long; all bolts were used to
pin isolated blocks of rock, and as they were for temporary support only,
they were left ungrouted.

The valve tower shaft was excavated immediately after the
tunnel breakthrough. The shaft was excavated to a nominal diameter of
20 feet, except for the top 20 feet which was excavated to a diameter of
27 feet -this was to allow for the thickening of the shaft lining necess-
ary for a seismic design of the valve tower. The top 20 feet was pre split
with 3=inch-diameter holes at 23~foot spacing, and required only 2 circular
steel sets for support. The rest of the shaft was supported by steel sets
at 5-foot vertical centres.
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Geology _

Geological mapping of the walls of the tunnel was carried
out periodically during excavation. The roof of the tumnel was also
mapped in as much detail as possible; however, the timber lagging and
cribbing used in the sections of tunnel supported by steel sets
obscured most of the geological features in these areas. The geolog-
ical data have been plotted,at a scale of 1 inch . 10 feet, on tunnel
logs which also show graphically details of excawvation and support
(see Appendix 6). A more compact record of tunnel excavation is given
in Plate 13, ;

The conditions encountered during tumnelling were substentially
as anticipated in the design report. The rock is generally fresh, and
laminateﬁ siltstone is the dominant rock type; about half of the tunnel
length is excavated in thick sequences of ‘siltstone. Interbedded silt-
stone and sandstone was encountered in the tunnel for a total length of
405 feet (30% of the total tunnel length), and the remaining 270 feet
of tunnel is excavated in thickly-bedded silicified sandstone. The
strike of bedding is near-parallel to. the direction of the tumnel for
much of the tunnel length, particularly downstream from chainage 350 feet
(see Plate 13); the tunnel is therefore excavated in a part of the
stratigraphical succession which is small compared with the length of the
tunnel., Assuming there is no repetition of strata by faulting, the -
first 300 feet of the tumnel (from the inlet portal) peneteates 180 feet - -
of the stratigraphical succession, while the remaining 1,000 feet of
tunnel penetrates only 170 feet.

gointing is moderately, to well, developed in the rock penetrated | =
by the tunnel, and the percentage breakage along joints for the excava-
tion generally ranges between 50 and 90. Joints in the laminated silt-
stone are commonly tight and fresh, while in the sandstone major joints
are generally weathered and iron-stained; some are lined with a thin
veneer of clay. The dominant joint set throughout the tunnel is
parallel to the bedding, though other joint sets are locally weli=-
developed (see tunnel logs). The predominance of tightly-jointed silt-
stone along the tunnel line is reflected in the absence of significant
inflows of water during tunnel excavation. The scattered seeps which
did occur were invariably in sandstones beds.

Only one wide fault zone was intersected by the tunnel; it
crops out in the inlet portal area; and was penetrated by the tunnel 40
feet from the portal., At tummel level, the fault cousists of a zone 10
feet wide, of highly cleaved siltstone, which caused some overbreak in
the roof. All other faults intersected by the tunnel consist of zones of
crushed rock and clay less than 18 inches wide. There are 9 faults with
zones of crushed rock and clay between 6 and 18 inches wide, and most of
these are part of the dominant fault system at the damsite with northerly .
to north-westerly strikes; consequently the faults were intersected by
the tunnel at an acute angle, and were exposed for some distance along
the tunnel line (up to 70 feet). However, rock immediately adjacent to
the fault zones is generally not severely affected by the faulting; it "
is only where two or more faults occur close together that tunnelling
conditions deteriorated significantly. A number of seams of crushed
rock and clay less than 4 inches wide were exposed in the tunnel; they .
were generally caused by local adjustment of blocks of rock and occur
predominantly in the interbedde. sandstone and siltstone sequences. Such
seams generally occur along bedding planes or on prominent joint planes.



Two of the majer faults exposed on the east bank of the
dam fogndations can be correlated with faults mapped in the tunnel.,
The 60 fault which crops out high on the eastern foundations (fault
C in Plate 5) correlates with a 6-inch zone of crushed rock and clay
which was exposed in the tunnel between chainages 545 and 572 feet;
the rock on both sides of the fault at tunnel level is fresh
laminated siltstone. The 40 fault on the east bank (fault A) is
correlated 'ith a prominent contact hetween sandstone and siltstone
which was exposed between chainages 480 and 510 feet. Although a
significant 'féultvowas nog evident, the contact cuts across the
bedding, dips at 35 4o 40  to the south-west, and is on the projected
strike line of fault A at tunnel level,

o

Extrapolation of the 650 fault on the east bemk (fault B)
southwards along strike indicates that the fault should have been
intersected by the tumnel upstream from the shaft junction. No
faults were mapped in this section of the tunnel, however, and it is
assumed that the fault revealed in the tunnel between chainages 250 and
400 feet has displaced fault B. No other faults intersected by the
tunnel can be correlated with surface mapping. ' '

ingineeri olo

The engineering geology of the tunnel is summarised in Plate
13, which shows graphkically the geological conditions encountered and
their relationship to engineering factors, such as drive rate, support,
amount of explosives used, and overbreak.

The drive rate does not show any correlation with geological
conditions, and it is evident that there were no serious delays caused
by adverse rock conditions. Tunnelling was generally faster in
unsupported sections, as expected, and the slower-than~average progress
indicated between chainage 227 and 327 feet was due to the larger
tunnel diameter for 72 feet of tunnel near the shaft junction.

The plot of the amount of explosives used per foot of tunnel
also shows no significant correlation with geology. Apart from the
higher charges necessary in the larger diameter section near the shaf?t
Jjunction, only two correlations can be made; the low charges required
between chainages 856 and 871 feet were the result of penetration of a
faulted block of siltstone, and the higher charges used between chainages
1163 and 1210 feet were probably necessary because of excavation in
thickly-bedded sandstone.

It was not possible to make any reliable estimate of overbreak
during tunnel excavation because the steel sets and timber lagging
obscured most of the roof. However, it has been possible to calculate
overbreak,using the records of concrete placement in the arch section of
the tunnel. For each concrete pour of the tunnel arch, the volume of
rock excavated outside the final 123-foot diameter lined tunnel was
calculated by adding the estimated vclume of timber lagging left behind
the steel sets to the volume of conerete placed (4 cubic feet of timber
per foot of tumnel was allowed for lagging). The overbreak was then
calculated by subtracting from this figure the theoretical volume of
rock between the tunnel arch form and the peripheral holes of the drill-
ing pattern. : '
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The calculated wvalues of overbresk are shown in Plate
13 (the units are cubic yards p2r foot of tumnel). High values
were obtained between chainages 314 and 572 feet, where the tunnel
intersects a number of faults striking nearly parallel to the
tunnel alignment, and also in two sections towards the outlet end
of the tunnel. From chainage 1021 to 1054 feet, a prominent joint
set dipping 45 north-east was noted on the tunnel log as causing
considerable overbreak, and this is reflected in the calculated
value. The other tunnel section with high overbreak, between
chainage 1163 and 1210 feet is excavated in openly-jointed sandstone
which is affected by several minor faults.

The support used during excavation of the tunnel has been
the subject of considergble discussion between the contractor and the
client. A total of 229 steel sets were used for support, although the
contract speciifications made provision for payment for only 50 sets.
The contractor subsequently entered a claim for payments to cover the
cost of extra excavation and concrete placement required by the use of
steel sets throughout most of the tunnel; the claim was based on his
assessment that the support was necessary because of bad tunnelling
conditions. The following considerations based on the geological log
of the tunnel excavation, are relevant to the question of optimum
support requirements.

Te The contrast between the sections of the tunnel supported
with steel sets at spacings of 5 feet or less and the 230 feet of
tunnel not supported by steel sets should be noticeable, particularly
as very few rock bolts were necessary in the unsupported areas. This
contrast is lacking in all of the geological features noted on the log
sheets (such as rock type, rock classification, breakage along joints,
joint systems).

2. The lack of contrast in the assessment of rock classification
is brought out in Plate 13 by showing the plot of rock classification
which would require the support actually used (dashed line). This plot
shows that the rock condition as noted on the tunnel logs generally
shows better quality rock than is indicated by the support actually used.
In fact, the only areas where the assessed rock condition is significant-
ly lower than the condition indicated by a¢tual support occur in the
sections of the turmmel not supported by steel sets; this indicates that
the geologist's assessment of rock condition is generally conservative.
On the basis of the actwmal rock classification and thegeological logs,
only about 250 feet of tunnel required support with steel sets.

3. The contrast between the sections of tunnel supported by
steel sets and the virtually unsupported sections should be indicated
by substantially lower explosive charges being required to blast each
foot of tumnel in rock so openly-jointed and fauvlted that steel sets
are required. This contrast is not at all evident in the explosive
charge plot in Plate 13.

It is éoncluded that the geological conditions in meny
sections of tlHe tunnel supported by steel sets did not differ appreciably

from conditions in areéas which were either totally unsupported or support-

ed by rock bolts at very wide spacings. As there were no stability
problems in the sections where steel sets were not used, it is apparent
that steel sets were not necessary in other sections of the tunnel with
similar geological conditions.,
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CONSTRUCTION MATERIALS

Rockfill guarry

The quarry for rockfill is situated just under a mile
upstream from the dam, on the eastern side of the Cotter wvalley
(see Plate 3 and Figure 4). It is located on a spur between two
small creeks, 800 feet apart, and the quartzite sequence, which
provided the bulk of the rockfill material, originally cropped out
as a prominent cliff 140 feet high. The area was topographically
well-suited for the development of a deep quarry, and geological
investigations prowed that adequate quantities of suitable rockfill
material could be obtained from the one site.

The gquarry was worked by means of five benches, each
nominally 40 feet high. Explosive was placed in holes drilled from
the surface, or the bench above that being worked, at an inclination
of 4 verticalt 1 horizontal, to a depth of 40 feel. Holes were spaced
12 to 18 feel apart, and thHee hole sizes were used - 6 inch, 43 inch
and 3 inch diameter. The average rate of drilling, based on the
whole operation, was as follows:

Crawlmaster drill - 11.9 feet per hour of drllllng
Joy - Rand drill - 30.6 o
Joy drill -~ 21.9 " U "

Figures on bit wear are not available.

Ammonium nitrate, with Quilox and diesoleum, was the
explosive used, and A.N. 60 gelignite and Cordtex was the priming charge.
The average explosive factor - pounds of explosive per ton of rock
broken - for the whole quarry operation was 0.75. The rock breakage
factor is similar to results obtained in recent Snowy Mountains' quarry
operations of. comparable magnitude., So little secondary breaking of
rock was needed that none was recorded,

Geology

The stratigraphic succession of the quarry area is the same
as that which was exposed in the spillway overflow channel area. The
oldest sequence exposed consists of well-bedded quartzite at least 120
feet thick, which is overlain by 90 feet of thickly-bedded quartzites;

a sedimentary breccia bed between the two sequences confirms the corre-
lation with the succession at the damsite. A sequence of interbedded
sandstone and siltstone overlies the thickly bedded quartzite, and
grades to dominantly laminated siltstone at the top of the exposed
succession (see Fig.21).

The quarry is located on a broad syncline, with a gently
dlpplng west limb and a moderate to steeply dipping east limb. Dips on
~the west limb are regular, but on the east limb, considerable tight
folding and associated faulting has taken place. Exposures during
quarrying operations have confirmed the structural interpretations
made during the design investigation; the fo%d axes plunge at about 10
to the south, and the axial planes dip at 50 to the east.
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Three major faults are present in the quarry area, only

one of which was located during the design investigation. The -
known fault was located by a bulldozed trench along the western
margin of the quarry area, where the sequence of quartzite is
abruptly terminaged by a faulted contact with quartz porphyry; the .
fault dips at 50" - 70~ to the east. As the quartz porphyry exposed
. in the trench was seen to be sheared and deeply weathering, the

_contact marks the western limit of quarrying.

Thé most significant fault from the quarrying viewpoint
crops out along the northern margin of the quarry. The presence of

" a fault in this area was strongly suspected during the investigation,

because of the abrupt termination of the cliff outcrop; as this
coincided with a prominent gully, it was assumed that the surface

trace of the fault followed the gully. However, the fault was

exposed in th propgsed quarry area during stripping of overburden; .

- it dips at 45 = 50  to the north, and has a normal displacement of T
. about 150 feet. The attitude and displacement of this fault had an

" important bearing on the development of the quarry. :

B .. .~ The third major fault was exposed along the southern margin
‘ ofotheAqgarry at a late stage of the quarrying operations. It dips at

45" - 50~ to the north, and has a normal displacement. Only the well-
bedded quartzite sequence is exposed to the south of the fault plane,
s0 it is only possible to calculate a minimum amount of displacement,
‘which.is 140 feet. The fault was of no engineering significance, as very
little rock was gquarried from the footwall of the fault.

: Geological plans of the quarry. area, both before and after
quarrying, are shown in Plate 14; these are accompanied by itwo geolog-
ical sections which show the distribution of rock types and the
geological structure. The information in this Plate is necessarily
generalised, because of the impossibility of establishing control for
detailed mepping during quarrying operations. In particular, the faults
which are associated with the tight folds on the east limb of the main

. anticline are not répresénted on the geological plans or ‘Bections.

'Devélogment of guarry:

The first stage in the development of the quarry was the
removal of all overburden and the laminated silistone preserved in the
cores of the synclines. It was estimated from the investigation that
excavation to depths of up to 80 feet would be necessary in places before
suitable rockfill material was exposed; this was verified during the
stripping which continued until sandstone beds were encountered at depth.
Most of the siltstone could be removed by ripping, but blasting was
necessary in the deeper pockets where the siltstone was fresh and
tightly-jointed. The total volume of overburden and waste rock removed
from the quarry was 136,000 cubic yards. :

During the stripping of .overburden in the northern part of
the quarry area, the fault plane at the northern end of the quartzite
cliff was exposed. To the north of the fault trace, weathered silistone -
was exposed, and it was evident thdat the source of suitable rockfill
material would be at & tonsiderable depth over much of this area. The
attitude and throw of the fault was readily deétermined where it displaced .
the western limb of the main syncline. However, on the eastern limb, the



Fig. 21 :- Panoramic view of the quarry looking east from the ridge of quartz porphyry left along the western quarry boundary.
The structure and geological succession are indicated by ammotations - see Plate 14 for the referemce. This panorama
was taken at a late stage of the quarry development, and working of the fifth bemch is well-advanced.

M 687/11-18 7/11/67
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trace of the fault was obscured by subsidiary folding and faulting,
and drilling was necessary to locate the top of the interbedded
sandstone and siltstone sequence in the region of the inferred
easterly extension of the fault. Trial tests with a percussion

drill proved that sandstone could be differentiated from siltstone

by a much slower penetration rate, and nine percussion holes were
subsequently drilled to depths of up to 80 feet., From the information
obtained by drilling and geoclogical mapping, the northern limit of the
quarry area was revised as shown in Plate 14.

The revision of the quarry limits reduced the surface area
to such a degree that insufficient rockfill material was available
above the proposed quarry floor level of 3150 feet; the relative
merits of extending the quarry boundary to the south-east and lowering
the quarry floor were therefore considered. The presence of rockfill
material to the east had been adequately proved during the investiga-
tion. However, to the south-east there were no outcrops or other
positive geological information, although extension to the south of
the geological structure exposed at the quarry indicated that suitable
rockfill material would be present. On the other hand, excellent rock-
f£ill material was known to be present in the quarry area below the
3150-foot level. Calculation of the volume of solid rock required for
the rockfill zone of the dam, assuming a bulking factor of 1.27,%

- indicated that lowexing the floor of the quarry 20 feet to R.L. 3130
- feet would provide sufficient rockfill material within the revised
T ' quarry limits; this was therefore the solution finally adopted. Five
’ benches, each nominally 40 feet high, were worked.

s Full-scale quarrying operations started in November, 1966,
when the first and second benches were developed to provide rockfill |
for the cofferdam. All rockfill was derived from interbedded sandstone
and siltstone, and the grading was close tc the minimum acceptable
limits -~ some loads of rock were in fact rejected because of excess
fines. After river diversion, the downstream rockfill zone foundations
were prepared, and as 100% quartzite rockfill was required for the
bottom 30 feet of the dam (see Fig. 2), a quarry face was developed in
the thickly bedded quartzite. This was the beginning of working of the third
bench at the quarry, and after this, there were no problems in obtain-
ing suitably-graded rockfill. Whenever poor qualluy material was
encountered, mixing with loads of rock from the thickly-bedded quartzite
upgraded the rockfill to the desired specification,

- * The bulking factor is the ratio placed volume: solid volume, where
placed volume is the final volume of the rockfill after it has been
placed and compacted in the dam, and the solid volume is the original
in situ volume of the rock before blasting. Sometimes the bulking

. factor is calculated as a percentage, i.e. ‘

placed volume - s0lid volume x 1007
solid volume

The bulking factor for rockfill dams generally ranges from 1,18 to
1.36, and it was considered that the median of this range would be a
conservative estimate for the Corin Dam quarry.



The calculation of the quarry floor level was based on
an assumed bulking factor and assumed batters for the walls of the
excavation. Checks on the validity of the assumptions, as quarrying
progressed, were possible when the dam and the quarry were surveyed
in order to calculate progress payments to the contractor. Calcula-
" tions of volumes were based on survey levels on a 20-foot grid
covering the dam and the quarry, and the survey information was fed
into a computer programme to determine the volume of rock quarried
and the volume of rock placed at the time of the survey. At one
stage during construction, it appeared that there was not going to
be enough rock in the guarry. Development of the benches had reached
the stage where it was impracticable to further lower the quarry
floor, and tentative plans were made to quarry rock outside the
accepted limits. However, the bulking factors determined from the
calculated volumes between successive surveys varied so widely as to
be inexplicable by variations in the quality of quarried rock. An
error was subsequently found in the computer programme for calculat-~
ing the volume of placed rockfill, and when this had been corrected
it was evident that sufficient rock was available within the planned
quarry limits. In fact, the final overall bulking factor was 1.34
and final batters of the quarry excavation were & little steeper than
allowed for; this has resulted in about 40,000 cubic yards of avail-
able rock being left in the fifth bench of the quarry.

Suitability of materia

Except for some marginal rock at the top of the interbedded
sandstone and siltstone sequence, the rock from the quarry has been
more than adequate in fulfilling the requirements of suitable rockfill
material. The proportion of siltstone in the upper beds of the inter-
bedded sequence was sufficiently high for excess fines to be formed,
but mixing with good quality rock reduced the volume of rejected material
to an insignificant amount.

As expected, the quarry produced rock of adequate durability
and grading for use as rockfill. However, the engineering properties
of the rockfill, and the economical operation and development of the
quarry, have been considerably enhanced by particular geological
features of the quarry area. These features include:-

(1) different ranges in spacing of bedding planes in the three main
rock sequences, This has greatly facilitated the grading of the dam
- into the four main rockfill zones (see Figs. 2 and 3). In the inter-
" bedded sandstone and siltstone, the spacing of bedding planes ranges
from two inches to 5 feet, but mostly less than 3 feet; it therefore

provided rockfill for zones 3a and 3b. The main quartzite bed has
bedding planes which are so widely-spaced that the size of rock
fragments was determined mainly by joints and amount of explosives
used; it provided the bulk of material for zones 3¢ and 3d. The well-
bedded quartzite has bedding plane spacings between 2 inches and 2
feet; it provided rockfill for zones 3a and, to a lesser extent, 3b.
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(2) well-jointed rock caused by folding and faulting. Even at
depth, joints are well-developed and this has greatly facilitated
breakage of the rock during blasting. In the main quartzite bed,
the joint spacing is generally large, and fracturing across the
texture of the rock was necessary to provide convenient-sized
rockfill, However, in rockfill from the interbedded sequence and
the well-bedded quartzite, many of the rock fragments are bounded
entirely by joint planes.

(3) the lack of a dominant joint set or other prominent plane of
parting in the quarried rock, which has resulted in irregular,
roughly equi-dimensgional rock fragments. Apart from increasing the
bulking factor, and thereby reducing the volume of gquarried rock,
this fector has also increased the interlock of the rockfill frag-
ments and the overall strength of the rockfill zone. -

(4) the folding of the geological succession. The benches of the
guarry were developed in such a way that different rock sequences

of the geological succession were exposed in the same facej this
enabled working of the most suitable rock sequence in the quarry to
provide rockfill for any particular zone in the dam. In the earlier
stages of quarry development, this technigue enabled marginal

guality rock to be uograded by mixing with good quality rock from

a different section of the same face. The effect of folding is well-
illustrated by the sections in Plate 14. If the guarry had been worked
as a series of north-south faces, it can be seen from section XX' that
at any one time, a very limited section of the geological succession
would have been exposed in any one face. For a series of east-west
faces, however, section YY! shows that a large portion of the geological
succession would be exposed in each face. While it was not practicable
to work straight east-west faces at the quarry, the benches were
developed simultaneously to the east and north (east and south in the
fifth bench) so that the same effect was obtained.

On the other hend, the presence of pyrite (see Section on
concrete aggregate) which is apparently oxidising in the rogkfill has
produced highly acid waters that are emerging from below the dam (see
last two paragraphs of section on leakage from the reservoir). The
emerging waters are highly aggresive; their source and affect are
currently (Merch, 1969) being studied.

Quantities.

. The total volume of solid rock quarried for rockfill wag
1,032,600 cubic yards, and the total volume of stripping (overburden
and laminated siltstone) was 136,000 cubic yards.

The final volume of the rockfill zones in the dam is
14359,400 cubic yards; this is made up of 166,500 cubic yards in zone
3a (12.2% of total), 572,300 cubic yards in zone 3b (41.9%), 610,800
cubic yards in zone 3¢ (45.2%), and 9,800 cubic yards in zone 3d

(0.7%).
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Core material

The core borrow area is situated on the western side
of the Cotter valley, & mile upstream from the damsite (see Plate 3
and Fig. 4). It is located on a broad spur between two creeks, and
is entirely below top water level of the reservoir. The bedrock
consists of deeply-weathered gquartz porphyry, which is overlain by
up to 20 feet of slopewash material.

: The borrow area was delineated durlng the investigation
by systematic pitting and augering. Laboratory tests proved that
both the slopewash material and the weathered porphyry would be
suitable core materialj; the tests also indicated that the slopewash
material would be better than the weathered porphyry, and it was
intended that the porphyry. would not be used in the dam unless there
was insufficient slopewash. However, difficulty was experienced by
the contractor in adequately compacting the slopewash material in the
-dam, and after using some of the porphyry, he indicated that recom-
paction and the associated delays would be reduced to a minimum by

- continued use of porphyry in the core. As the physical properties
of the weathered porpiayry are adequate for the design requirements,
it was ahreed that porphyry could be used; T0% of the completed
earth core is composed of weathered porphyry.

‘ AThe.total placed volume of core matorial is 342,200 cubic
Yyards. ’ ~ S ' '

& .f Filter material

. All material for filter zones in the.dem was obtained from
river flats within a mile upstream of the dam: The upstream filter
zone is composed of unsorted alluvium from these flats, but as the
grading for the downstream zone is more critical, sorting and re-

. mixing of the alluvium was necessary. However, as the natural grading
of the alluvium was generally close to the specified grading, there was
very little waste material from the processing.

The tofal'placed-volume of filter material is 116,400 cubic yards.

* Geologlcal services in the investigation of core and filter material
were generally restricted to advice about possible sites of ®hitable
material., During construction, quality control and placement super-
vision was in the hands of Department of Works' officers.

7]
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Concrete aggregate

I+ was hoped that material suitable for coarse concrete
aggregate could be obtained from the gquartzite beds at the rockfill
quarry. However, visual inspection of drill core obtained in the
course of the quarry investigation revealed the widespread occurrence
of gcattered pyrite.in rocks in all parts of the geological succession.
It was considered inadvisable to counteract the deleterious properties
of pyrite by using sulphate-resistant cement; so petrographic tests
were therefore undertaken to determine the amount of pyrite in the
rock. '

Drill hole D.D.35 was selected for testing, and cores at
about 20-foot intervals were submitted for examination in reflected
‘light. The cores were cut with a diamond saw, and the percentages of

“pyrite (readily identifiable in refiected light without polishing) in
* the exposed faces were determined using a point-counter. The following
results were obtained. '

Depth ~Rock type Percentage of

pyrite
40t 6" Interbedded sandstone and siltstone approx, 1.0 .
67t oM Thickly bedded quartzite 1,42 .~ %
8g! ov Thickly bedded quartzite 0.50
© 109! 8"  Thickly bedded quartzite 1050
129 on Thickly bedded quartzite 1.26
144" 4" Thickly bedded quartzite .50
164! 6" Well-bedded quartzite 0.42
194! 6" Well bedded quartzite 0.08
210% O Well-bedded quartzite 0.05

The results show that the coarse grained, thickly-bedded
quartzite, which would provide the best concrete aggregate, has an
average pyrite content of 1.2% by volume. Although standard references
‘on concrete technology do not give a figure for the maximum allowable
ocontent of pyrite, it was evident that far too much pyrite is present
in the rockfill quartzite for it to be suitable for use as concrete
aggregate. The well-bedded quartzite judging from the samples tested,
has a lower pyrite content, but it was impossible to obtain suitable
rock at the early stage of construction that concrete was required.
The contractor therefore elected to obtain coarse concrete aggregate
from the Mugga quarry at Canberra.

A source of fine aggregate (particle sizes less than 3/16
inch) was located in the large river flat immediately upstream of the
dam. Treatment would have been necessary, however, and the contractor
preferred to use washed sand from the Murrumbidgee River at Point Hut
Crossing, 20 miles away.
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LEAKAGE FROM THE RESERVOIR.

Three general areas of possible leakage were considered
and evaluated during the investigatior; they were -

2 along the Cotter Fault zone, and

31; from the reservoir rim away from the damsite,
3) through the dam foundations.,

Reservoir rim.

The only area in which leakage could conceivably take
place is the Kangaroo Creek - White Sands Creek divide, within 3,500
feet of the damsite. In this area, a maximum theoretical head of
- 200 feet could act on a leakage path only 2,000 feet long. However,
for leakage to occur, the rock must be openly jointed or fractured
to a depth of at least 400 feet below the top of the ridge. Detailed
geological mapping and several seismic traverses were carried out,
and supplementary trenching was undertaken to expose bedrock in low
velocity zones. It was concluded that serious leakage in this ares
would not occur. Observation drillhole DD11, 470 feet east-north-east
of the eastern end of the dam crest, has provided information on the
effect of the filling reseevoir on the groundwater levels in the
western part of the divide - see Appendix 4 and the sub-section on
leakage through the dam foundations.

Cotter Fault zone

: The Cotter Fault crops out extensively in the reservoir area,
the nearest exposure to the dam being only 900 feet from the spillway
chamnel; it crops out again in the river a further 1,100 feet downstream.
If continuous open jointing extends to a depth of up to 300 feet, it is
possible that the full head of the reservoir will act on a leakage path
2,000 feet long.

The trace of the Cotter Fault zone was mapped in detail
during the feasibility investigation, and an evaluation of the possibility
of leakage was made (Oldershaw, 19055 in addition, a drill hole (D.D.6)
was drilled through the main fault zone. It was found that the Cotter
Fault truncates a system of parallel faults, trending north-narthwest,
which have considerable vertical displacements (the fault traversing the
west abutment and spillway is one of this system). In the area upstream
of the dam, faulted blocks of quartzite and quartz porphyry were mapped,
and at least two faulted blocks of quartzite are present adjacent to the
Cotter Fault in the downstream area. From the results of water pressure
testing in drillholes D.D.6 and P-2, and from observations of sections of
the fault zone exposed during construction of haul roads, it is apparent
that the fault zone itself consists of closely sheared, tight rock. A
leakage problem only exists if the faulted blocks of quartzite and porphyry
are present as an interconnected series of openly-jointed blocks of rock.
It was recognised that the reservoir might leak along the Cotter Fault
zone, but unacceptable leakage was considered to be so unlikely that the
grout curtain was not extended into the phyllite on the western side of the
fault zone. As a precaution, an additional water table observation hole
was drilled and caséd during construction and systematic water level
measurements were started as soon as the reservoir began to fill.
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The hole, C.F.1, is about 50 feet east of the Cotter Fault and is
600 feet north-north-west of D.D.5 {see Plate 4). It was anticipated
that any significahce leakage through the quartzite adjacent to the
Cotter Fault would be reflected in the gradient of the water table
between D.D.5 and the new hole as the reservoir filled; remedial
grouting can be carried out, if necessary, once the reservoir is
fully operational. '

Water levels in the observation holes are recorded in
Appendix 4, together with levels measured in investigation holes.
Holes D:D:5 and C.F.1 in March, 1969, had hydraulic gradients from
the reservoir (which at that time was at R.L. 3099 and had been
within two feet of that level for more than three months) of 1:7.4
and 137 2. Despite the fairly steep gradient indicated by the
observation holes springs have appeared a short distance east of the
fault, and 1100 feet downstream from the reservoir. Their proximity
to the fault zone suggests that the Cotter Fault and/or associated
faults provide the leakage path. The springs were first noticed in
November, 1968; flow has not been gauged but it appears to be steady
at no more than one or two cusecs. Provided rate of flow does not
increase substantially no remedial action is necessary.

Dam foundations :

4

All of the exploration holes drilled at the damsite were
water pressure tested to assess the amount and extent of grouting
necessary to reduce leakage to within acceptable limits. Moderate
to high water losses were recorded during testing, and special tech-
niques and modifications were necessary to obtain reliable results,
The corrected water pressure test results were used to calculate joint
permeabilities, which were then plotted on a section across the damsite,
(Plate 17 of Best, 1965)° The results showed a pronounced difference
in permeability between openly-jointed amd tight rock; it was
recolmmended that the grout curtain be extended 30 feet into tight rock
as shown in the section.

Joint permeabilities calculated from tests in the openly- .
jointed rocks were high (msny of the calculated values were greater than
1,000 feet per year); it was therefore concluded that grout consumption
would generally be moderate to high. The interpreted depth to tight rock
was greater on the west bank than on the east bank (90 to 170 feet com-
pared with 40 to 80 feet). The contrasting extent of open jointing on
the two sides of the river is illustrated by the groundwater levels
recorded, during 1964 amd 1965, in drillholes D.D.5, D.D.10, and D¢Do11
(see Appendix 2§o On the west bank, the groundwater level ranged between
20 and 50 feet above the river in D.D.5 (which is 800 feet from the river);
on the east bank, the groundwater level varied between 100 and 125 feet
above river level in D.D.10 (400 feet from the river) and between 90 and
115 feet above river level in D.D.11 (800 feet east of the river). It is
therefore apparent that the west bank foundations are generally more
permeable than those of the east bank.



"Leakage of water through the foundations was controlled
by blanket grouting and curtain grouting (the results of grouting
are discussed in the next section). The main purpose of blanket
grouting was to prevent water leaking through the foundations to
the base of the earth core. In spite of a close spacing of blanket
grout holes, it was felt that the blanket of grouted rock was by no
means 100% effective, and rigorous foundation treatment was carried
out to make up for any deficiencies, The purpose of the grout
curtain is to limit the leakage of water between the reservoir and
the valley immediately downstream of the dam to a negligible amount.
The curtain below the earth core was generally extended to a depth
- of 150 feet by the primary and secondary pattern of holes, though
over much of the west bank the grout holes were extended down to
175 feet. The tertiary grout holes generally penetrated to a
depth of 100 feet, and the gquaternary pattern to 50 feet. The
curtain therefore is generally deeper than appeared necessary from
the water pressure test results, particularly on the east bank.
There has been a general change in philosophy on grouting over the
past 3 or 4 years, and it is accepted that the site is over=-grouted
on the basis of present day criteria. , -

The recent change in grouting criteria is illustrated
by the grout curtain extension below the spillway crest, which was
grouted at a late stage of the construction period. The spillway
crest is founded on openly-jointed quartzite in which the joints are
open down to a depth of about 200 feet, The spillway crest is also
on the shortest possible leakage path from the reservoir, and the
grout curtain below the crest is the only  barrier to leagkage, which
could incidentally damage the concrete spillway structure by wplift.
In this critical situation, rough calculations were made of the likely
leakage rate, assuming that openly-jointed rock with a joint
pexrmeability of 10,000 feet per year is present to a depth of 250 feet.
Assuming a perfect grout curtain only 100 feet deep, the leakage rate
was calculated as 0.25 cubic feet per second (cusecs; for a 50=foot
deep curtain, the leskage rate would be 6.4 cusecs, The maximum
capacity of the drainage system below the spillway, by comparison, is
8 cusecs. It was therefore decided that primary curtain holes would
be. 175 feet deep, secondary holes 140 feet deep; tertiary holes 90 feet.
and quaternary holes 35 feet deep. Thus, although the grout takes in
the foyndations of the spillway crest were by far the largest recorded
for any section of the curtain line (see Plate 15), the density of
grout holes below the spillway crest is slightly lower than elsewhere
in the grout curtain.

Despite the generally rigorous treatment of the dam founda-
tions water began to emerge from a spoil dump below the dam *(as
sprangs which flow into the outlet channel 40-250 feet downstream of
the outlet portal)in June, 1968, when the reservoir depth was only 80-
90 feet. The initial flow was only a fraction of a cusec but increased
as the reservoir filled. At the time of writing (March, 1969), when

* The spoil dump was not included in thé design of the dam. It was
plactd against the ddwnstream toe of the ddih as a’ convenient means of
disposing of waste material and, at the same time, landscaping the area.
The dqump is up to 15 feet thick and has a soil-covered, level; surface
about 300 feet by 250 feet; it consists of both rock and soile
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the reservoir level is at about R.L. 3099, the flow is very roughly
one cusec and does not appear to have altered greatly in the last
few months. A fleature of this water is'its high acidity; the pH has
ranged between 3.1 and and 4.0, and is now 3.8. The spoil dump has
masked the source of the water but the volume is too great and the
rate of flow too consistent for rainwater or shallow groundwater.
Water also drains into the outlet tunnel, both upstream and dowm-
stream of the grout curtain; the very diverse chemistry of water
emerging into the tunnel at various points indicates a variety of
sources. However, none of it is as acid as that in the spoil dump
spring; it therefore seems likely that the acidity of the spoil

dump spring is mainly due to the oxidation of pyrite in the rockfill
of the dam. Investigations are continuing.

A separate report willi be issued on the water emerging
downstream of the dam, from the outlet tumnel, the spoil dump and the
Cotter Fault zone, _ :

Observation hole D.D.1%1 showed a hydraulic gradient from
the reservoir of 1:12.4 in March, 1969, indicating moderate permeability
between the reservoir and the hole; some reservoir water is therefore
probably leaking through the right abutment.

GROUTING

GENERAL GROUTING PLAN
» Two types of grouting were carried out at the sites-

(1) "A" hole curtain grouting, consisting of high pressure
grouting in deep holes, to reduce seepage under the dam.

(ii) "B" hole blanket (or consolidation) grouting, consisting
of low pressure grouting of shallow holes; to minimise leakage
of water through the foundations of the core zone; blanket
grouting also strengthens the foundations by cementing open
joints and cracks. -

Curtain grouting

The grout curtain consists of a single line of holes under
the impermeable core, upstrezam of the dam axis, with wing extensions
on both abutments; on the east bank, the curtain extends for 120 feet
horizontally beyond the dam crest, while on the west bank it extends
under the spillway crest (see plan in Plate 15). On the east bank
the grout curtain was supplemented by grcuting from the tunnel.

, The nominal layout of the curtain grout holes consisted of
150-foot deep holes at 20-foot centres (slope distance), with inter-
mediate holes 100 feet deep (also at 20-foot centres); this pattern
was then bisected with 50-foot holes at 10-foot centres, giving a
nominal spacing between holes of 5 feet., The mnominal orientation of
the holes below the embankment was at right engles to the average
slope of abutments. Holes at the fodt of esdth abutment were progress-
ively steepened as the bedrock surfacé slopé flattened,and holes in
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the valley floor were vertical. In practice, the angle of grout
holes towards the top of the west abutment was changed to vertical

to provide better intersections with steeply-dipping joint planes,
The western extension of the grout curtain consists of vertical holes
as far as the northern end of the spillway crest, where the orienta-
tion of the grout holes was changed to coincide with the plane of the
crest stressing cables (i.e. at 65 in a downhill direction at right
angles to the crest along the eastern crest, and vertical along the

. southern crest). The curtain extension ends as a fan of grout holes
in the western wall of the spillway excavation. Beneath the spillway
crest, the nominal spacing of grout holes was reduced to 43 feet so
-that the. cable holes could be used for grouting.

The spacing, depths, positions and orientations of the
holes actuglly drilled and grouted are shown in Plate 15. The total
number of holes drilled to construct the grout curtain below the dam
was 292 and the total length grouted was 25.757 feet.

Blanket grouting.

Blanket grouting was carried out over the entire founda-

tions for the core and downstream filter zone. Holes were planned
-nominally on a 10-foot grid with one axis parallel to the line of
curtain holes and the other axis parallel to the dam grid north-south
line. The holes were 25 feet deep in the area from 30 feet upstream
of the curtain line to 50-feet downstream; beyond these limits the
holes'were 15 feet deep. Generally, the blanket holes,were drilled
normal to the average slope of the abutments. However, if such an
orientation was nearly parallel to a set of prominent joints, the
direction of the holes was changed to obtain more intersections with
" the open joints, and thereby increase the effectiveness of grouting.

All holes to the sguth-west of the main anticline on the west bank
were drilled at 70  in a north-easterly direction to ensure that all
of the steeply~dipping bedding plane joints were intersected by
several grout holes:; A number of holes in the valley floor and on
the east abutment were also re-oriented to intersect a greater number
of bedding plane joints.

The number of blanket grout holes in the embankment area

was 1,034, plus 36 holes below the spillway retaining wall footings;
the total length grouted was 23,098 feet.

PRACTICAL DETAILS OF GROUTING

Drilling

All blanket holes were drilled with Atlas-Copco percussion
drills, attached directly to the stand-pipes of the holes; T% '
diameter bits were used throughout. Percussion drilling was also used,
wherever possible, for the curtain holes. However, the east abutment
was too steep and irregular for percussion drilling equipment, and
curtain holes betweén eastlngs 635 and 998 (dam grid) were diamond
drilled using EX bits (13" diameter). Percussion holes along the

curtain line were drilled with 24" diameter bits, except for the east-
ern wing extension (where 2" bits were used) and the spillway crest;
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albng the crest, the holes for the stressing cables were 3" in
diameter, while the intervening holes were either 2" or 24" across,
depending upon the rig used to drill the holes.

Washing and water tests

Before water testing and grouting, all drilled stages
were washed by water circulation to remove drill cuttings, rock
flows, clay and other loose material from joints in the rock
adjacent to the hole. Washing was continued until the discharge
water was clear, No attempt was made to wash from one hole to
another,

All stages were water tested for a period of 10 minutes
at a pressure based on the depth of the stage (1 pound per square. inch
per foot depth; calculated for the bottom of the stage being tested );
exceptions to this rule were the second stages of the 15-foot deep
blanket holes, which were tested at 25 p.s.i. The main purpose of
water testing was to obtain an indication, by comparison with other
stages previously grouted, of the quantity of grout likely to be used,

- and $he grout mix best suited to the conditions. In shallow stages,

water tests also revealed surface leaks which could be caulked before
grouting, to minimise leakage of grout,

Pattern of grouting

The closure method was used for both the blarket and
curtain grouting. For the blanket, primary holes were drilled and
grouted at 20-foot centres on the grid layout (defined in an earlier
section), Intermediate holes in the centre of each parallelogram
formed by four primary holes were then grouted, followed by closure
holes to complete the nominal 10-foot-grid spacing, Where intermediate
holes took less than 0.25 cubic feet (cu.ft)* of cement per foot of hole,
the closure holes were omitted. On the other hand, where closure holes
took more than 1 cubic foot of cement per foot of hole, additiomal holes
were grouted; this was seldom necessary. Downstage grouting in two
stages (0 to 10 feet and below 10 feetg was used in most blanket holes.

Primary holes for the grout curtain were drilled and grouted
at 40-foot centres (36 feet along the spillway crest), after which
secondary holes were drilled, midway between the primary holes, and then
grouted. The tertiary holes were drilled and grouted midway between the
combined primary and secondary pattern, thus reducing the spacing between
grouted holes to 10 feet. Quaternary closing holes were generally
necessary, the criterion being that if the last hole grouted had a stage
with a consumption greater than 0.25 cubic feet per foot of hole, a
closing hole was required. The downstage method of grouting was used
throughout, except aloag the éastern wing extension which was upstage
grouted, using packers. Almost all stages of thne curtain grouting were
25 feet long,

*¥ {1 cubic foot of cement is e€quivalent to 1 bafs
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Injection pressuref

The gauge pressures used throughout the blanket grouting
were 10 p.s.i. for the first stage and 25 p.s.i. for the second stage.

The gauge pressures for curtain grouting were based on 1
P.S.1i. per foot depth to the bottom of the stage being grouted.
Exceptions to this rule were.that stages at a depth gre@ter than 150
feet were grouted at 150 p.s.i.; further, some holes in the valley
floor were limited to a maximum of 100 p.s.i., owing to surface leaks
and connections. The curtain holes drilled from the tunnel formed a
radigl pattern and were 40 feet long; they were grouted in two 20 - foot
stages. The gauge pressure for the first stage of these holes was 50 p.s.i.
and for the second stage 100 p.s.i.

During grouting, full pressures were maintained continuously
wherever possible; however, it was sometimes necessary to reduce pressure
to enable leaks to be caulked successfully.

Method of grout injectibn

‘Grout was injected by the. continuous circulation method,.
using 2-inch ram, double-acting, reciprocating pumps, powered by com=.
pressed air. The mixers (80 gallons capacity) and agitators (40 gallons)
were provided with rotating paddles for mixing, and the amount/vater
mixed with the cement was measured with water meters. Pressures were
measured by gauges at the pump and grout hole manifold, and the volumes
of grout remaining in the tanks on completlon of a hole were measured by
~dip-stick. :

Most stages were grouted from the standpipe. However, in a
number of curtain holes, grout leaks occurred at the surface during
grouting of the first stage., In such cases, and in other holes where
. 1t was considered advisable to protect the near-surface rock from high
pressures (e.g. the spillway crest), a packer was placed at the bottom of the
first stage during grouting of the second and subsequent stages. The use
of a packer was also necessary in some of the blanket grout holes to
eliminate excessive surface leakage. Pneumatic packers were generally
used; a mechanical packer was used on a few occasions. -

Leakage of grout from surface cracks was controlled by
caulking with oakum, lead wool, wooden wedges and cement fondu. When it
. was suspected during blanket grouting that grout was travelling over a’

. .wider area, or to a greater depth, than was necessary, intermittent

.grouting was adopted: grouting was stopped when 100 cubic feet of cement
. had been injected, and after allowing the grout to set, grouting of the
stage continued. In several holes, intermittent grouting had no effect,
and it was necessary to thicken the grout by the addition of sand.

Grouting of each stage continued until the hole accepted
grout at a rate of less than 1 cubic foot of cement in 20 minutes at -
pressures of less than 50 p.s.i., in 15 minutes at pressures between 50
and 100 p.s.i., or in 10 minutes at pressures greater than 100 p.s.i.

The valve at the top of the standpipe vas closed on completion of grouting to retain



o

49

grout in the hole and connected joint systems until pressure
dropped or until the grout attained its initial set., Washing of
grout out of the hole was permitted 4 hours after grouting when
further stages had to be grouted.

: In order to avoid connections with ungrouted stages,
secondary curtain holes were drilled to follow at least two stages
behind primary.holes; similarly, tertiary holes were drilled and
grouted at least two stages behind secondary holes.' The criterion
generally used for depth of grouting was that if the planned final
stage of a hole took more than 1 cubic foot of cement per foot of
hole, a further stage would be drilled and grouted. After several
initial deep holes, this criterion was modified for the spillway
crest curtain on the advice of Mr.J, Barry Cooke, consultant to the
Commonwealth Department of Works; holes were restricted to a maximum
depth of 140 fee}, regardless of high grout consumption in the lower
stages,

A concrete grout cap, 3 feet wide and 3 feet deep, was
constructed along the curtain line where it was considered that
leakage paths across the curtain line existed nesr the surface; Plate
8 shows the locations of the grout caps in the core zone foundations,
A continuous grout cap was also constructed along the western extension -
of the grout: curtain.

Composition of grout

The cement used for grouting was Southern Portland Type
fAS Superfine Cement, The water: cement ratioc (by volume) used for
initial grouting was 6:1, and this was reduced to 4:1 if the grout
ttake! exceeded 1 cubic foot of cement in 5 minutes. If the high rate
of consumption continued, the mix was progressively thickened to 1s1;
this was generally sufficient to reduce the rate of grout consumption.
Where high grout takes were continually obtained, even after intermittent
grouting, a grout composed of 1 cubic foot of cement, 2 cubic feet of
sand and 8 gallons of water was used; this was necessary in only 5
blanket grout holes.

RESULTS OF GROUTING

Cement consumptior

The total cement consumption during grouting at Corin Dam
was 30,536 cubic feet; this was divided evenly between curtain and
blanket grouting (15,284 cubic feet and 15,252 cubic feet respectively).

The results ofwurtain grouting are plotted on a section
along the curtain line (Plate 15), which shows the stages of grouting,
together with the cement consumption in cubic feet for each stage. To
show the results graphically, the stages are classified, by variations
in line thickness, into 3 ranges of cement consumption. Oné obvious
feature of the plotted results is the generél low tonsumptibn for the
0 to 25 foot stages and, to a lesser extent, for the 25 tu 50 foot stages;
this 18 a reflection of the effect of grout travel from ddjacent blanket
holed, which were purposely grouted before the curtain holes. The only
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other discernible pattern is the correlation of high consumption
areas in the valley floor and below the spillway crest with the
thickly-bedded, openly-jointed quartzite sequence. The total length
of stages for curtain grouting (including the spillway cut-off) was
26,431 feet, made up of 306 holes; the average cement consumption was
therefore 0.57 cubic foot per foot of hole.

In the blanket grouting, 15,252 cubic feet of cement was ~
injected into 1,070 holes with a total length of 23,098 feet; this
. gives an average consumption of 0.68 cubic feet per foot of hole.
However, over a third of the total cement consumption was injected
into 26 holes which had individual takes of more than 100 cubic feet. <
It is likely that much of the grout injected into these high take holes
leaked beyond the general limits of the grout blanket, and a more

"ireallstlc figure of average consumption is obtained by eliminating these

‘results. The modified figures show that 9,732 cubic feet of cement was
- injected into 22,528 feet of hole, giving an average consumption of 0.43
-.cubic feet per foot of hole,

The detailed results of blanket grouting are not given in this
report, as the bare figures are rather meaningless., However, a plan
showing the cement consumption for all blanket grout holes has been used
as a basis for a statistical classification of the foundation rock accord-
ing to the amount of cement injected; the results are illustrated in -
Plate 16 and are discussed in "Analysis of Grouting - Blanket Holes". =

Uplift A e
Five uplift gauges were installed in the core zone foundations,

two on the east abutment and three on the west abutment; all gauges were

installed in areas where uplift was thought most likely to occur. Dis-

placement was indicated on one gauge only, which was located in a faulted

area towards the top of the eastern foundations where a joint system

parallel to the foundation surface was present. During grouting of the

top stage of the nearest blanket grout hole at 10 p.s.i., a displacement

of 0,035 inches was recorded.

During grouting of the second stage, no uplift was indicated at
25 pes-i., but a further displacement of 0.007 inches wag recorded when
the pressure was increased to 50 p.s.i. In the few areas of the east bank
where similar bedrock conditions were apmarent, the pressure for first-
stage blanket grouting was reduced t6 5 p.s.d, .

&

On the western foundations, extensive areas occur where bedding
plane joints in the well-bedded quartzite are nearly parallel to the
bedrock surface, Two uplift gauges were installed in such areas, and
pressures in adjacent blanket grout holes were deliberately increased by 3
up to 30 p.s.i. above normal grouting pressures; however, no uplift was
recorded. Normal grouting pressures. were therefore used in these areas
of slabby foundations, except in a few holes where conditions were

~ considered to be worse than in the areas tested by uplift gauges; <first-

stage pressures were reduced to 5 p.s.i. in.these holes.
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During the curtain grouting of tertiary holes at the foot of
the west abutment, some unexpectedly high grout takes were recorded
which were probably caused by uplift. Most of the high-take stages
were below 100 feet, and were therefore grouted at pressures of 100
p.sSei. or greater. Packers were placed at depbhs ranging between 25
-and 40 feet, and as the stages were part of the terfiary pattern, the
full grouting pressure was probably exerted at packer depth. This

© . factor was aggravated in at least three of the stages where a faulty

gauge pressure, reading 40 p.s.i. too low, was used., Surface leaks
were recorded during grouting of some of these high-take stages below
100 feet, and it is difficulft to envisage leakage paths to the surface
from such depths which had not previously been grouted by upper stages.
Uplift of previously grouted rock seems the most likely explanation

Al;for these high takes and surface leaks. In this area, the quaternary

holes (generally 50 feet deep) were extended to a depth of up to 150 -

' feet to seal any leakage paths left ungrouted or opened up by the

g tertiary grouting. There was no evidence of uplift during grouting of
any other sections of the grout curtain.

ANALYSIS OF GROUT CONSUMPTION

In the following analyses, the fterm 'unit take'! is used
gxtensively; this is defined as the cement consumption, in cubic feet,
per linear foot of grout hole, and allows direct comparison of grout
“takes in stages of differing lengths,

Curtain grouting

. Correlation with depth and closure pattern

Under normal conditions, it would be expected that the unit takes
would decrease with depth below the bedrock surface for each vattern:
further, the unit takes should decrease for each suscessive phase of
pattern closure., The following table shows the variation of unit takes
with depth and the ciosure pattern for tre entire grout curtain.

Depth of Unit takes (cu. ft/lin ft) for closure phases
grouting Primary  Secondary Tertiary Quaternary
0t . 50t 0.80 0.48 0.20 C.09
5Ct - 100! 1e53 0,63 0. 31 -
100 ~ 150 1.40 0.65 - =

Pull depth 1.24 0.59 0.25 0,09

It can be seen that the grout consumption progressively decreases
with each closure phase for all three of the arbitrary depth ranges, and
also for the full depth of the grout holes, However, a significent
decrease in grout consumption with increasing depbh is no%t apparent in
any of the four pnhases of groubing, There are two factors which obscure
the actual decrease in grout take with depth in the tabulation given |
above., Tne main factor is the interference of the blanket grouting with
thethe grout consumption figures for the upper stages of the curtain
holes., Blanket grouting to a depth of 25 feet was always completed
adjacent to the curtain line befeore curtain grouting, and this partially .
grouted the rock around the first stage of all curtain holes; in many
cases, the second stages were probatly partially grouted also. This
explains the low unit takes for the O tc¢ 50.foot zones, compared with
.deeper zones of the same grouting phases.,
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The other factor affecting the relative unit takes is the
increase in pressure of grout injection with depth. In the 50 to
100 foot zones, pressures of 75 and 100 p.s.i. were used, while in
the 100 to 150 foot zones injection pressures were 125 or 150 p.s.i.
Bearing this in mind, it is evident that for a standard injection
pressure, the average unit take between 100 and 150 feet would be
considerably lower than between 50 and 100 feet for the primary holes;
it is also evident that for the secondary holes, the deeper stages
would have a lower average unit take than the 50 to 100 foot stages,
instead of the slightly higher average unit take noted in the table,

- Correlation with rock types.

The unit takes tabulated in the previous section are the
averages for the entire grout curtain. Because of the irregular dis-
- tribution of rock types and the complex geological structure inter-
sected by the grout curtain, the figures are not typical for any
particular geological sequence. An analysis of the grout consumption
was therefore undertaken to determine the variation of unit takes with
rock type. This was done by plotting the geological structure and
rock type boundaries onto a print of the cross section showing curtain
grout takes (Plate 15). From this, areas representing the five main
rock types were selected, and then analysed by summing the grout takes
and the footage of grout holes in each division. Areas adjacent to
major faulting and around the diversion tunnel were excluded from the.
analysis so that the calculated unit takes reflect the overall jointing
of the various rock types. The results of the analysis are given in
the following table. ’

Rock type and area Total grout Total linear Unit take
: take (cu.ft.) footage (cu.ft/lin.ft).

Thickly bedded quartzite . .
Spillway crest 4,581 4,195 1,09

Thickly bedded sandstone
East bank ' 1,945 2,640 0.74

Interbedded sandstone
and siltstone

Spililway crest 997 1,970 051
Lower slopes west bank 819 2,485 0.34
Valley floor 568 1,200 0.47

Laminated siltstone
Lower slopes west bank 44 250 0,18

Well-bedded quartzite
West bank - 835 5,980 0,14
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It was not considered necessary to separate primary, secondary,
tertiary and quaternary takes in this analysis, as all four phases
are roughly evenly represented in each area considered. The figures
in the unit take column are therefore indicative of the relative
abundance and openness of joints in the various tock types and areas
analysed. '

The results are, in general, as expected from geological
considerations. The hard fresh, thickly-bedded quartzite is openly-
jointed to depths greater than 200 feet below the surface, and has the
highest unit take., The thickly-bedded sandstone on the east bank ts
also well-jointed, bubt the rock is nct exbtensively silicified and is
generally more weathered along joints than the quartzite; the unit take
is therefore lower than for the quartzite, The laminated siltstone
generally has fresh, tight joints and has a low unit take, while the
unit takes in the interbedded sandstone and siltstone are intermediate .
between the unit takes for the sandstone and the laminated siltstone,
The well-bedded quartzite with silty laminae has the lowest unit take
of all, and this is the only unexpected feature of the analysis. The
sequence 1s closely-jointed parallel to bedding and several other less
persistent joint sets are present. The results of water pressure tests
- carried out during the feasibility investigation were contradictory in
that D.D.2 showed low joint permeabilities, while D.D.4 showed very high
rates of water leakage (so high that in some test. sections adequate back
pressures could not be developed), In view of the mature of the exposures
in the sluiced areas, it was inferred that this rock sequence would
accept moderate to large quantities of cement during grouting., Low grout
takes were recorded during blanket grouting, and at first it was assumed
t0 be a near-surface feature caused by weathering and clay infilling
along joints, However, the low grout takes persisted throughout the
curtain grouting also, It can only be assumed that clay linings are
prevalent along the joints, that the water pressure tests in D.D.4 were
erroneous in some unknown way, and that the clay linings were washed
away during diamond drilling of D.D.2 and D.D.4.

Unit take evaluabtior .

The systematic evaluation of the results of curtain grouting is
generally a difficult and seldom-attempted process, particularly in
geologically-complex foundations; usually the qualitative reduction in
grout takes during closure is taken as an indication of effective
grouting, and an arbitrary cut~off is used to determine the final
closure pattern. Howevepr, a standard method for systematically summaris-
ing and comparing grout curtain unit takes has been proposed, and the
analysis can be extended t¢ determine whether the point of diminishing
returns has been reached during closure grouting (Grant, 1964) The
method appears to be very sound, and I considered that an evaluation of
Corin Dam grouting results by this method would be useful, in spite of
the compiex geological structure of the foundations. Briefly, Grant
- considered that comparisons of unit takes are wvalid when the values are
plotted for uniform split spacings and similar geological environments.
Under these conditions,a plot of unit take against hole spacing will
produce uniform grouting curves; when plotted on log-log scale, the
curves are, in fact, comparative void reduction curves. Providing that
grouting procedures are uniform, the log-log plot should be a straight
line, showing unit takes decreasing with closure, until the point of
dimishing returns (i.e, grout saturation) is reached, when a change in
gradient will be evident for closer hole spacings. :
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For analysis of the Corin Dam curtain grout takes, the curtain
was again divided into areas of similar rock types. In each area, the
total grout take and total linear footage of grout holes were calculated
separately for primary, secondary, tertiary and quaternary holes, From
these figures, the unit takes for the four phases of grouting were
calculated for each rock type, and these were plotted on log-log scale
ahainst hole spacing. The results, illustrated in Fig.22, show that 4
of the 5 rock type divisions are grouted to saturation. In these 4 cases,
the theoretical point of saturation occurs at a hole spacing between the
tertiary and quaternary spacings, which is as it should be for economical
grouting. The plot for the laminated siltstone does not conform to the
general pattern for two reasons: firstly, very few curtain grout holes
penetrated the laminated siltstone (total footage for all phases was only
250 feet); secondly, the grout hole stages which did penetrate siltstone
were all within 50 feet of the bedrock and were therefore affected to an
unknown degree by blanket grouting. .

A further indication of the likely efficiency of a grout curtain
can be obtained by calculating the reduction in unit void from the ratio
of unit takes in primary and closure holes. In his paper, Grant (1964)
concluded from a detailed study of curtain grouting at 7 sites that a
computed reduction in unit void of 90% or more of the original for the
_ rock mass treated results in an effective grout curtain. The following
table shows the calculated values for the main rock type divisions, and
for the curtain as a whole, at Corin Dam. :

Rock type Primary Terminal Indicated Indicated
unit take unit take terminal reduction in
unit¥* void uit* void
Thickly-bedded quartzite 2.01 0,11 5.5 94,5
Thickly-bedded sandstone  1.41 0.05 3.5 96,5
Interbedded sandstone .
and siltstone 0.90 0.10 111 88.9
Well-bedded quartzite 0,58 0.08 13,8 86,2 ..
Laminated siltstone . (insufficient grout holes) '
Entire curtain 1.24 0.09 7-3 92.7

* expressed as the percenéage of original unit void.

The résults (Fig.22 and Table above) together show that, by Grant's
«criteria, an effective grout curtain has beenn constructed at Corin Dam.

L
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Closure ratios

One of the measures of the completeness with which fissures

have been filled during curtain grouting is the closure ratio; this

is defined as the ratio between the average unit take of closure

‘holes and non-closure holes. At Corin Dam, a number of proposed
-curtain holes of the quaternary pattern were not drilled or grouted,

as grout takes in the adjacent holes were not high enough *o warrant
closer grouting (no stages had a unit take greater than 0.25 cu. ft./

1 in. ft). Therefore, in addition to the quaternary holes actually
grouted, some of the tertlary holes are closure holes also.

To obtain an indication of the ranges of closure ratios, the
grout curtain was arbitrarily divided into 12 sections for analysis.
The -areas are defined in the following table, and the unit takes in
closure and non-closure holes are given, together with the calculated
¢losure ratios.

Section of curtain Unit take in cu/ft/1in.ft.

Closure holes Non-closure Closure
holes ratio

Spillway crest 0.1 - 0.98 . 0.11
Spillway buttress 0.09 0,37 0.24
135 = 200 E : 0,09 031 0.29
200 ~ 300 E 0407 . 0,32 0,21 -
300 - 400 E 0,09 0,40 0.22
400 ~ 500 E 0.06 0.42 0.14
500 - 600 E 0.13 0.55 0.23
600 - 700 E 0.16 0.55 10.29
700 - 800 E 0.16 0,43 0,37
800 - 900 E 0.10 1213 0,09
900 - 1000 E 0,05 0.55 0.08
Eastern wing | 0.28 1.55 0.18

Entire site : 0.11 0.59 0.19
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It can be seen that the closure ratios range between 0,08 and
0.37, with an average for the entire curtain of 0.193 this indicates
that the closure pattern has been effective in progressively filling
fissures with grout.

gorrelation with water test results

The main purpose of water testing each stage before grouting
was to obtain a qualitative indication of the likely grout consumption;
the detection of surface leaks was an additional reason for water test-
ing stages close to the foundation surface. As is usually the case
with grouting, the water tests gave only a very rough indication of
likély grout takes at Corin Dam. After some 80 stages had been grout-
ed, the grout takes for each stage were plotted on a graph against
the corresponding rate of water loss, but the resultant plot had too
wide a scatter to indicate any reliable correlation which could be
of use in predicting grout takes. No quantitative use could therefore
be made of the water test results during the curtain grouting.

However, it seemed that there must be some relationship between
water tegts and grout takes, even though there is obviousgly no simple
correlation (probably due in large part to the varying penetration
characteristics of water and grout of varying consistency in fissures
ranging from minute cracks to open joints)s The correlation of grout
takes with water test results was discussed at some length with Mr G.
Kelleher, the Commonwealth Department of Works Resident Engineer at
the site, and he suggested that a statistical analysis of the results
of curtain grouting could indicate some correlations which would
othérwise be obscured by the volume of data (some 1,100 stagés were
water tested and grouted to form the grout curtaln) He suggested
dividing the water test results into 5 or 6 ranges, finding the average
grout takes and rates of water loss for each range, and then plotting
the results on a graph. If a linear relationship was revealed (which
was congidered likely), the standard deviation of the mean grout take
for each range of rate of water loss could be calculated.

The leakage rates recorded for the 25-foot stages during water
tests were divided into 6 ranges; O t0 5 g.p.mey, 5.% t0 10 goPel.,
10.1 to 15 gepem.y 15,1 to 20 gepem.y 20.1 to 25 goPom. and 25.1 to 30
g.p.m. The curtain was. divided into three parte for the analysis on
- the basis of different conditions of grouting; the spillway wing was
consgidered separate from the main curtain because of the abnommally-

high grout takes, while the eastern wing was considered separately be-
cause of high grout takes and absence of quaternary holes. In each
of these sections of the curtain, the results were analysed separately
for primary, secondary, tertiary and quaternary holes. During the
analysis, the results were tabulated in groups according to the stage
depth in case the volume of data warranted analysis of the variation

. of the relationship between water loss and grout take with depth.

‘ The curtain below the core zone was the first area analysed

by this method. To start with, the four closure phases of grouting
Were considered separately. The plot of average grout take against
average rate of water loss for the primary holes wag close to a straight
line, and although the plots for secofidary, tertiary and quaternary
holes were more scattered, a linear relationship was apparent, partic-
ularly if the high water loss values were ignored (see Fig. 23),
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Elimination of the higher values can be justified on two counts;
firstly, there are generally only one or two values in the higher
ranges (which do not constitute a good statistical sample), and
secondly, the high rates of water leakage probably cause a substant-
ial drop in pressure betiveen the pressure gauge and the stage being
tested. Assuming. that, for each phase of grouting, the grout take
in any stage is directly proportional to the corresponding rate of
water loss during water testing, the gradient of the straight lines
representing the begt statistical fit in the graphs is given by

sum of grout takes
sum of rates of water loss

Gradient (g) =

The calculated valués of ‘g’ for the four phases of grouting are

given in Fig. 23, and they show a progressive decrease from 2.89

for the primary holes to 0.81 for the quaternary holes. It is there~
fore evident that although water losses and grout takes decrease, as
expected, during closure of the grouting pattern, they do not decreass
proportionatelys this explaing the wide scatter which occurs when
grout takes are plotted against water losses with no grouping. Even
with the groupings selected as above, the plots still show a congiden-
able scatter, indicating that other factors are operating within these
groups which cause variations of the value 'g'. The scatter of the ~
plots ig shown in Fig, 23, and is further illustrated by the calculat-
ed standard deviation of the mean values of grout take for each range
of water losses; they are tabulated below, '

_ : Number of stages| Standard deviation of
Phase of grouting| . analysed mean grout take (bags)
Primary 119 5e1

Secondary 105 15.2
Ter‘tiar,y 135 50 3
Quaternary 65 2.9

The grout takes and water losses of the two wings of the grout
curtain were analysed in a similar manner, and although the volume of
data was considerably smaller, the game trend in the values of ‘g' is

evident.

The results are summarised in the following table.

fPhase of grouting

-“Value of gf

- Standard deviation of
mean grout teke (bags)

Spillway wing
- Primary
Secondary
Tertiary
Quaternaxry -

Eastern wing
Primary
Secondary
Tertiary

5. 58
2,94
1o 15
1.04

15
18,
i..60 !
0.8

— \UT (o
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. As noted earlier, the results for the four phases of grout-
ing were further subdivided according to the depth of grouting;
these subdivisions were then analysed separately to see if there is

“any correlation of 'g' with depth of grouting. Again, the results
are best summarised in tabular fomm.

Depth of Primaxy Secondary Tertiary Quaternaxy

groutlng g : So D. 8 So DD g SoDum g S. D.m

mean mean ean ean

: 25I - 50' .2042 10:3 1054 1402 1.64 1706 0071 201
50" = T5' | 4.02| 10.2 1.83| 18.4 1.32}) 2.9 0.92| 4.6
75?._ 100' 3935 1102 1:90 702 1322 304 - -

100' - 125° | 2.64] 12.3 1.40| 13.0 .79t 0.9 | - -

125" - 150" | 1.65] 13.4 1,33 16.8 - - :

150" « 175" | 1.59| 12.2. - - - = = -

i

In the primary holes, there is a definite trend of decreasing values
of ‘g! with increasing depth. The only grouting stage which does not
fit this trend is the 25 to 50 foot stage; this is probably caused by
partial grouting during the blanket grouting programme (the O to 25
foot stages have been omitted from all of these analyses because of
interference from blanket grouting). The secondary holes also follow
the same trend as the primary holes, except that the range of 'g'
values ig much smaller because of partial grouting. In the tertiary
and quaternary holes, there is no correlation of 'g' values with depth
of grouting. This is only to be expected as, by this stage of the
closure pattern, the grout travel is restricted to reflect any general
characteristics of the ungrouted rock.

The values for the standard deviation of mean grout take are
moderately high, indicating a further variable affecting the value of
‘g's this variable is almost certainly the rock type. Analyses in
previous sections have shown the correlation of grout take with rock
type, and it was not congidered necessary to further substantiate
this correlation., An analysis of the variation of 'g' values with :
rock type wéuld, it is expected, show that the thickly-bedded quartzite
has the highest 'g' value, followed by thickly-bedded sandstone, inter-
bedded sandstone and siltstone, laminated siltstone and well-bedded
quartzite in decreasing order of 'g' values.

A further variable which has not been taken into account in
any of these analyses, but which certainly affects the ‘g’ values, is
the grout mix. Any correlation of grout consumption with water leak-
age rate implies a constant viscosity for the grout, and therefore a
fixed grout mix., In the moderate to low take stages, most of the
grout was injected at a water-cement ratio of 431 or 6:1, whereas in
the high take stages, the ratio was generally increased to 1:1,
Taking the thin grout mixes as the nomm, this means that the calculated
'g® values for the high take stages are considerably lower than they
would have been, had the stages been grouted entirely with a -thin mix.



59

Summarising the analyses of grout take/water loss ratios, it
has been shown that grout consumption can be correlated with water
logses during water testing; however, at Corin Dam the ratio grout
take/wauer loss for any stage has been affected by the phase of grout—,x
ing, the depth of grouting, the rock type being:grouted,; and any varia-
tiong in the compos1tlon of the grout. From the various calculated
values of 'g' presented in thé graph and tables, it appears that effect-
ive grouting has been achieved when - the g Value drops to the range
1.5 to 1.0,

Considering the analyses in, retr0spect, 3% is llkely that better
correlations would have been obtained if smgller ranges of water leak-
age rates had been used for the original class1f1catlunl(say 3 g.p.m.
ranges instead of 5 gapama)a The few stages where water losses of
greater than 15 or 18 g.p.m. were obtained could then.have been dis-
carded without significantly reducing the volume of data, and the stand-
ard deviations of the means would almost certainly have been reduced
considerably; it would also have eliminated many of the stages where
thick grout mixes Were extengively used. :

Blanket grouting

The results of blanket hole grouting cannot be amalysed in such
detail as the curtain grouting, because the .grouting process is subject-
to many varistions caused by the closeness to the bedrock surface. The
frequent surface leaks which occurred during blanket grouting gave rise
to varying grouting pressures and many changes in grout mix. The only
analysis carried out on the results-.of blanket grouting was the prepara-
tion of a plan of the core zone foundations in which the'bedrOCK has been
classified statistically into 6 classes, according to the grout congump-
tion in bags per 100 square feet of rock surface (in plan). The plan
was prepared by plotting the cement consumption in bags at each hole,
and. then moving a transparent overlay with a square sample area of 400
square feet marked on it across the plan on a 10 foot.grid. At each
point, the total cement consumption within the square was divided by 4,
and this figure was plotted at the grid point under the centre of the
overlay. When the whole core zone foundation-area had been covered in
this manner, the figures at the 10 foot grid centres were contoured -
according to the 6 arbitrary classes; the resultant contour plan was
then shaded to emphasise the areas of high grout takes (Plate 16)., The
takes in the blanket holes which were only 15 feet deep were adjusted
to equivalent takes for 25 foot holes by assuming that the unit take
for the 10 to 15 foot stage would be continued between 15 and 25 feet
(i.e. the grout take for the second stage of the 15 foot holes was
trebled).

Correlation with geological features

The pattern of cement consumption produced by the analysis (see
Plate 16) shows several areas of high grout consumption where takes of
more than 100 bags per 100 square feet of rock surface are indicated;
all of these high take areas are correlated with specific geological
features such as faults or major fold axes. The tightness of the founda-
tions on the west bank where the well-bedded quartzite with silty laminae
crops out is also clearly evident ¢n the contoured plan. The variations
of grout consumption in the other rock types is not obvious however -
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this is probably due to the erratic grouting pressures and grout mixes
necessary in grouting near—surface rock, One other particular feature
revealed by the analysis is the low grout consumption in the thickly-
bedded sandstone adjacent to the 650 fault high up on the east bank.
Analyses of the curtain grouting have shown that ghe'éandstone generally
accepted large quantities of grout, but as the 65 fault is characterised
by quartz veining, which has cemented most of the fractures caused by
faulting, the grout consumption in the fault zone is low,

EFFECTIVENESS OF GROUTING

3lanket grouting .

' During the blanket grouting, two cored holes were drilled in the
eagt abutment in an attempt to check the effectiveness of the grouting.
The holes were drilled with an air-powered Mindrill E 500 machine with
gcrew feed, using an NMLC triple tube core barrel., Unfortunately, there

~wWere no drillers on site experienced in the use of the triple tube core
barrel, and the cores recovered showed excessive grinding; any grout
in joints would have been broken up and washed away in the drilling
water, Once the placement of core material started in earmest, the
grouting was not sufficiently far ahead of core placement to allow time
for the grout to set before core drilling, and no further attempts at
coring were made. Reliance was placed on water tests and grout takes
of closure holes to indicate the effectiveness of blanket grouting,

~ During final foundation treatment after blanket grouting, local
excavation of bedrock was necessary in many areas. This treatment show-
ed that some of the open joints were filled with grout right to the
surface. In a number of areas, however, excavation to depths of up %0
4 feet failed to show extensive penetration of grout, and it was evident
that the blanket grouting did not seal all the fractures in the near-
surface rock. As noted in an earlier gsection, extensive treatment of
the foundation surface was necessary to complete the impermeable barrier
.partly formed by the blanket grouting.

Curtain groutigg

The results of curtain grouting have been analysed in detail
by several methods in this report. The unit take evaluation sghowed
that grout saturation was achieved during quaternary grouting in all
foundation rock types; further, the reduction in unit void was generally
greater than the 90% considered necessary by Grant (1964) to fom an
effective curtain. The calculated closure ratios were all low (less than
0.4, With an average of 0.19), and this also indicates a high degree of
grout saturation. On the other hand, the analyses apply to the curtain
as a whole, or to extensive areas of the curtain. It ig therefore
quite possible that there are small localised areas where the curtain
is by no means as impermeable as the analyses would indicate - in faoct,
congidering the variable geological conditions of the foundations, local
variations in the degree of grout saturation are quite likely. Refer-
ence has already been made to a spring which has fommed immediately down-
stream of the dam, and this is probably due to such a localiged ‘'gap’
in the grout curtain, However, it is emphasised that thée léakage raté
from this spring is emdll, and the only concern with this leak is the
high acidity of the water which is potentially agressive towards cement
and concrete, '
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As yet, it is too early to assess the effectiveness of curtain
grouting from observations of groundwater levels in drill holes and of
water leakage in the valley downstream of the dam., While smalTl-leaks,
such as the one which has already occurred, can be expected, it is
highly unlikely that any major leakage wi'l occur which will be attribut-
able to an inadequately-constructed’ grouf curtaln°
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APPENDIX I

DEFINITIONS OF SEMI-QUANTITATIVE
DESCRIPTIVE TERMS

Grade Scale

Very coarse grained
Coarse grained.
Medium grained
Fine grained

Very fine grained

- Bedding
' | - Laminated
Thinly bedded
Thickly bedded
‘-;Hardnessr

Hard to very haid
Moderately hard

Soft

Pefcussive strength

Strong to very strong
Moderately strong

Weak

" Joint spacing
Closely-spaced
- " Moderately-spaced

Widely gpaced

1 mm,

1 mn, to 2 mm in diameter.
% mm. to 1 mm in diameter.
-immo to 4 mm in diameter.
g mm. to i:mm in diameter,
: to § mm in diameter,
.1

less than 10 mm. thick,
10 mm. to 100 mm. thick.
More than 100 mm. thick.

Impossible to scratoh with knife
hl adeo
Shallow scratches with knife
bl ade ° "
Deep scratches with knife blade.

)

Cannot be broker after repeated
blows with a hammer.

Rock breaks after 3 or 4 heavy
blowg with a. hammer,

Rock breasks after one blow
(includes brittle, fissile,
friable, plastic and flaky.
rocks). o

Joints spaced less than 6 inches
apart. -

Joints spaced between 6 inches
and 3 feet apart. .

Joints spaced more than 3} feet
apartp



APPENDIX 2,
DETAILS OF DIANOND DRILL HOLES,

(Locations shown on Plates 2 & 4,)

Coordinates (in feet) ‘R L, of Direction Inclination to
Hole No,  Depth  Stromlo Grid Dam Grid collar (ft)  (degrees magnetic)  horiz. (degrees)  Feature lnvestigated
(feet)
PRELIHINARY INVEST IGAT 108
P -1 152 79819 §, 51745 W 957 N, 506 E 2930 086 30 Damsite - River bed.
p-18 112 79868 S, 51638 W 948 N, 024 E 2930 265 - 50 Damsite - River bed.
P -2 198 79516 S, 52552 W 962 4§, -357 E 3264 270 k5 Cotter Fault
P-3 134 79950 §, 51811 W 1000 N, 1003 E 3155 010 45 Dansits - top of east abutment.
P-4 84 79881 S, 51811 W 876 N, 465 E 2948 227 . 30 Demsite - anticline on west abutment.
P-5 121 7970 S, 51337 W 1201 N, 852 E 3090 165 55 Damsite - fault on east abutment,
801
FEASIBILITY. IRVEST IGAT 0K
D.D. 1 234 79767 S, 51693 U 1025 N, 539 E 2927 282 : 30 Dansite - west abutment,
.2 161 79663 S, 51896 W 1052 N, 313 E 3020 282 40 Damsite - west abutment
3 195 79763 S, 51686 W 1031 N, 544 E 2927 068 60 Damsite - river bed.
4 200 79653 S, 52146 W Q7% N, TBE 3127 047 45 Damsite - west abutment
5 280 79555 S, 52363 W 991 N, -163 E 3215 = » 90 Damsite - west abutment (groundwater observation hole).
6 250 80452 S, 52959 W -58 N, -411 E 3112 083 70 Cotter Fault
7 141 79878 S, 51621 W 946 N, 645 E 2937 057 30 Damsite - east abutment.
8 158 79894 S, 51444 W 992 N, 817 E 3050 - 90 Damsite - anticline on east abutment
9 201 79953 S, 51312 W 983 N, 961 E 3129 21 65 Damsite - east abutment.
10 165 79949 S, 51309 W 987 N, 962 E 3131 063 45 ) Damsite - east abutment
11 421 79877 S, 50796 W 1233 N, 1419 E 3303 = 90 Leakage through east abutment (groundwater observation hole)
12 176 79998 S, 51134 W 1001 N, 1144 E 321 097 50 Damsite - east abutment
13 115 79180 S, 52181 W 1406 N, -123 E 3045 - 90 Proposed spillway
14 253 80940 S, 48237 W = 3202 280 30 Proposed rockfill quarry
15 44 79385 S, 52229 W 1197 N, - 96 E 3127 = 90 Proposed spillway.
DESIGN_INVEST IGATION,.
D.D.16 4h 79229 S, 51792 1l 1495 N, 260 E 2985 ‘ - 90 Spillway
17 3N 79286 S, 51852 W 1421 N, 223 E 3011 ' - 90 Spillway l
18 127 80223 S, 50567 W - 3110 - : 80 Proposed rockfill quarry \
19 150 80334 S, 50751 W - 3137 - 90 Proposed rockfill quarry
20 160 80056 S, 50384 W - 3109 050 45 Proposed rockfill quarry
21 151 80477 §, 50843 W - 3139 - 90 Proposed rockfill quarry
22 8 80300 S, 50440 W - 3030 - _ 90 Proposed rockfill quarry
23 75 80263 S, 50940 W 821 N, 1417 E 3239 - 90 Proposed rockfill quarry
24 n 79039 S, 51629 W 1730 N, 346 ¢t 2925 -- - 90 Spillway stilling basin
25 161 81422 S, 48673 U - 3129 100 . 30 Proposed rockfill quarry
26 100 79300 S, 51380 W 1571 N, 669 E 2941 126 60 Tunnel outlet portal
27 160 79178 S, 51493 W 1647 N, 522 E 2920 120 0 Tunnel outlet portal
28 236 81995 5, 48469 W - 3160 082 30 Proposed rockfill quarry
29 110 80319 S, 51606 W 537 N, 812 E 3000 210 55 Tunnel inlet portal
30 88 80433 S, 517MC W 394 0, 754 E 2950 030 30 Tunnel inlet portal
3 130 80238 S, 51527 W 641 N, 858 E 3023 = 90 Valve tower shaft.
32 269 84961 S, 52170 W - 3331 - 90 Rockfill quarry
33 185 84963 S, 52014 i - 3374 090 45 Rockfill quarry
34 256 84673 S, 52059 il - 3281 = 90 Rockfill quarry
35 218 84760 S, 52267 W - 3275 - 90 Rockfill quarry
36 40 80151 S, 52196 W 561 N, 157 E 2965 - 90 Danmsite - overburden thickness
37 03 80069 S, 52212 W 490 N, 201 E 2987 - 90 Damsite - overburden thickness
38 53 79900 S, 51537 W 95 N, T7s2 E 2993 - 90 Damsite - fault on east abutment
39 75 79926 5, 51517 W 937 N, 759 E 3010 - 90 Dansite - fault on east abutment
40 40 79900 S, 51487 W 972 N, 718 E 3020 - 90 Damsite - fault on east abutment
41 175 85084 S, 52300 W - 3291 = 90 Rockfill quarry
& 42 180 85309 S, 52153 W - 3223 - 90 Rockfill quarry
3356
OBSERIATION HOLE DRILLED AT COISTRUCTION STAGE
CF1 150 78972 S, 52433 W 1487 N, 502 € 3091 - 90 To observe change of groundwatep

level with filling of reservoir



APPENDIX 3

CALIBRATION OF COMPONENTS USED FOR WATER PRESSURE
TESTING OF DRILL HJLES

Packers

Both NX mechanical and BX hydraulic packers were used during
the Corin Damsite investigation. The actual.packers used were .
calibrated to determine the pressure losses of water flowing through
the packers at a wide range of flow rates; an NX hydraulic packer was
also calibrated so that comparlsons could be made with the other
packer types.

The calibration equipment consisted of a 20-foot length of
3-inch-diameter pipe, which was used to simulate the drill hole; a
valve was attached to one end for controlling the rate of leakage
from the "drill hole"., A hole was drilled in the pipe, to which-a
pressure gauge was. connected to measure the water pressure in the -

. "test section"e The supply line, with the packer attached, was then
inserted in the appropriate position in the pipe, and the packer was
sealed (w1th mechanical packers this was done by means of a turnbuckle
which had one end attached to the pipe and the other end attached to the
- supply line above the packer) “The supply line above the packer was

equipped with a pressure gauge, a flow meter, and a valve to control
‘the flow and pressure of water from the supply tank. Water pressure
was exerted by the gravity head existing between the calibration equip-
ment and the supply tank; the maximum head obtainable was 440 feet

(194 p-S-lo)

The flow rate and supply line pressure were controlled by
adjustments of the. two valves, Readings of pressure above and below
the packers were taken for flows ranging from 4 to6 80 ge.p.m,, and the
pressure losses were plotted against flow for each packer tested, The
graphs so obtained, which are included in this Appendix, were then used
to correct the field data on the computation sheets,

Sugglx line

: During the feasibility investigation, flush-coupled excasing was
used as the supply line for water pressure tests, and friction losses
were obtained from the standard graph of friction losses in pipes. In
the design investigation, however, NX drill rod with steamflow couplings
was used. Because of the constrictions in the couplings, standard
graphs of pipe friction could not be used, and it was necessary to cali-
brate the drill rod.

The calibrations were carried out on four 10-foot lengths of NX
‘drill rod comnected by streamflow couplings. Similar couplings were
necessary at each end of the drill rod string so that gauges and a water
meter could be connected; a total of 5 couplings were therefore necessary:
in the 40 feet of rods usider calibration. Water was passed through the
rods at flow rates rangirg bétween 10 and 82 g:pem., and the pressure
losses were calculated from ‘the readings of pressure gauges at each end
of the drillrod string. ' Becausé of the extra ¢otipling, it was necessary
to caloulate the total 1oss in ihe 5 couplings at any given flow rate Ly
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subtractlng the friction in the 40 feet of deill rod (read from

- standard graphs) Thus, the loss for one coupling was calculated,

. and this was subtracted from the total loss to give the pressure loss
‘for 40 feet of rod and 4 coupllngs,

Results

; - The results of the calibration tests are plotted on the following
series of graphs, Each'packer has its own friction characteristics, and
for-accurate water pressure tests results individual packers should be
.callbratedo However, the: follow1ng graphs can be used with a reasonable
‘degree of accuracy if it is impracticable to calibrate equipment on any
particular project; this course of action is certainly preferable to

ignoring friction losses in packers altogether.
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APPENDIX 4

GROUNDWATER LEVELS IN OBSERVATION HOLES

R.L. of groundwater in feet

.Date
D.D.'5 D.D. 10 D.D. 11
(Collar RL 3315') | (Collar RL 3131') | (Collar RL 3303')

28/4/64 2969 3034 -
22/5/64: | . 2950 3031 -
3/6/64 2946 3029 3020
11/6/64 2946 3028 3015
4/8/64 2960 3039 -
3/9/64. |- 2961 e 3026
- 24/9/64 2961 - 3023
13/10/64 2975 3049 3035
21/10/64 | - 3043 3033
28/10/64 2960 3037 3018
- 10/11/64 2961 3044 3015
20/11/64 2953 3035 3029
3/12/64 2947 3034 3026
12/1/65 | 2944 3037 3020
22/1/65 | 2943 3029 3016
28/1/65 | 2943 3029 3017
5/2/65 2943 3028 3016
11/2/65 2943 3028 3016
18/2/65 2943 3028 3015
24/2/65 2943 3028 3015
4/3/65 2943 3028 w
17/3/65 2943 3025 3015
25/3/65 2943 - 3024 3014
31/3/65 2943 3023 3015
1/4/65 2943 3024 3014
14/4/65 2943 o 3024 3014
19/5/65 2942 3023 3011
18/8/65 below 2933 3022 3007
9/12/65 1 2961 3039 3014
22/12/65 2954 3040 3016
6/2/6T 2949 hole caved 2988
15/3/617 below 2935 " 2983
- 28/3/67 " " 2983
- 6/7/67 " " 2978
5/9/67 " " 2982
23/10/67 2943 " 2992
6/12/67 . 2941 " 2988
23/1/68 2935 8 2983
27/3/68 below 2935 " 2982
] f 2982
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(ii)

Reservoir | R.L. of groundwater in feet :
Date level D.D. 5 : D.D. 11 CsF -1
(@ollar RL 3215') | (Collar RL 3303') |(Collar RL 3091¢)
14/5/68 - below 2935 2982 below 2941
23/5/68 |2973.9 2965 2982 "
4/6/68 |2987.5 2982 2986 "
12/6/68 |2999.0 2984 - 2997 "
26/6/68 | 3007.0 2982 3005 "
3/7/68 13009.3 2981 3008 .
10/7/68 ]3011.8 2981 3009 n
18/7/68 |3014.0 2982 3011 -
31/7/68 ]3017.8 2983 3013 "
7/8/68 |3019.7 2985 3015 u
13/8/68 |3026.2 3009 3018 "
22/8/68 {3032.8 3002 3022 "
2/9/68 13044.4 3017 3026 2949
10/9/68 {3050.0 3015 3028 2951
17/9/68 13054.1 3016% - 2952
25/9/68 3057.8 3018% 3030 2953
4/10/68 |3062.5 3022 3032 2955
11/10/68  |3072.5 3042 3034 2959
18/10/68 | 307841 3044 3038 29612
25/10/68 |3081,3 3047 3038 -
4/11/68 |3085,0 3050% 3038 »
8/11/68 13087.0 3056 3043% 2970
15/11/68 13092.0 3062 3048 2975
22/11/68 |3095.0 3060 3052% 2976
29/11/68 3096.9 3659% 3054 2977
6/12/68 (3098.2 3061 3055% 2978
12/2/69 |3098.2 3063% 3065 2980
19/2/69  13099.6 3063% 3065 2980
18/3/69 13099.6 3063 .- 2979%
25/3/69 13099.9 3063 3066% 297
1/4/69  [3101.7 3065 3067 2980
8/4/69 13103.0 3066 3067 2980
17/4/69  {3112.9 3079% 3072% 2985
2/5/69 (3121.2 3077 3079 2986%
9/5/69 |3122.6 3079 3081 2990
16/5/69 131241 3080% 3082% 2990%
27/5/69 |3126 3082 . 3091 2989
2/6/69 13127 3084 3095 2990
10/6/69 13130 3080 3094 2992
18/6/69  3131.80 30845 3093 2993
25/6/69 13135 3093 3093 2996%
1/1/69 13137 30945 3094 2997
10/7/69  {3137.50 3095 - -
23/7/69 13137.50 3096 3097 -
28/7/69 13137.50 3095% - 2995
4/8/69 13137.50 3107 3095 2993




APPEMDIX 5

ROCK CLASSIFICATION USED It TUNNEL MAPPING
*
(after Pender, Hosking and Mattner, 1363)

Rock
Class

Rock
Condition

Characteristics

Typical support used on works of the
Snowy Mountains Authority.

58

Excellent

Excellent
{but highly
stressed)

Good

Very fair

Fair

Poor

Very Poor

Sound, compact, usually dry rock, either unjointed or with tightly closed,
strongly cemented joints, Tends to break across the rock on cxcavation,

rather than along joint planes, hence the traces of blast holes usually remain.

As above, but "spalling® or "popping" occurs,

Hard rock generally dry with tightly closed weakly cemented joints; some
slightly open joints with water seepages or flows may occur, MHay contain

some narrow sheared or crushed zones, Tends teo break along the weakly
cemented joints on excavation, rather than across the rock. The percentage
breakage along joint planes in any particular case largely depends upon the
orientation of the excavation surfaces in relation to the main joint direction.

Mainly hard rock, but considerably Toosened by the opening up of weakly
cemented joints on excavation, or due to the presence of slightly open joints
or narrow sheared or crushed zones. May be dry but usually wet, Tends to
break entirely along joint planes on excavation regardless of the orientation
of excavation surfaces in relation to the joint planes,

’

Partly hard rock but usually containing more than 10 percent of soft material
classifiable as soil, i.e., crushed zones loosely jointed sheared zones or
highly to completely altered zones,

Consists of more than 50 percent soft material classifiable as soil, i.e.,
crushed zones, loosely jointed sheared zones or highly to completely altered
zones, Can be excavated without the use of explosives, Exerts pressure on
supports.

Consists entirely of soft material classifiable as soil, usually crushed or
completely altered rock, Exerts pressure on top and sides of supports,
Includes squeezing and swelling ground,

* Grouted rock bolts for permanent support of major underground works.
Jo Inst. Engrs. Aust, V. 395, No,7-8, pp. 129-150,

No support, except in large excavations such as power stat
Not as yet encountered on these works,

Meinly unsupported or with few rock bolts to pin shoulders
if orientation of excavation is adverse in relation to mai
jointing, Generally less than one bolt per linear foot of
20 feet diameter tunnel,

Light steel sets or "completely" supported in rock by rock
bolts, occasionally supplemented by steel channel and wire
mesh, Usually 2 to 3 bolts per linear foot of 20 feet
diameter tunnel,

Generally heavy steel sets in tunnels and light steel sets,
or rock bolts, with mesh in shafts,

Generally heavy steel sets with close timbering in both
tunnels and shafts, Invert struts occasionzlly required
in tunnels,

Heavy steel sets at close spacing in both tunnels and shaft
Invert struts required in tunnel, Timber or steel spiling
required, Pilot drifts and other special tunnelling techn
possibly required.



APPENDIX 6

GEOLOGICAL LOG OF DIVERSION TUNNEL.

All geological data and relevant engineering data from the
tunnel excavation are given on the appended log sheets, The following
explanatory notes are pertinent to the presentation of information on
the log sheets.

1a The geological symbols used are the same as on thé'geological
plans, except that the rock type symbols for siltstone and interbedded
sandstone and siltstone are omitted for the sake of clarity.

2s In the excavation column, the vertical lines represent the
position of the working face after each blast. From chainage 50 to 605
feet, the figures to the left of the face ih8Bicate the number of holes
in the round, the advance in feet and the amount of explosive used to
blast the round; from chainage 605 to 1350 feet; the figurts are to the
right of the corresponding face.

3w The vertical lines in the support column represent the actual
positions of steel sets,
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g il B 5 A8 et "CORIN DAM DIVERSION TUNNEL — GEOLOGICAL LOG
-~ T.P. .
TUNNEL STAT'QNS _ Qo+50 00+9b For cection from 00+9b to Ol1+50 see Sheet 2
DIRECT'ON INVERT LEVEL SLOPE o L Direction : 059°se'09'—> Slope 00537 Invert leyvel 2924 feet

PROGRESS

LOG OF FACE

CROSS SECTIONS

o -
shimong VEEEREAK aeg (CNTROL
ot SHAPE by SOINES Fa 7L SQOFT
SEAMS evc
T T T T TPLAN
Floor/ — T -
/
5 Ve
WEST /
WALL /

EAST \
WALL N
N
e L B —

HEAD'NG AT CATE

e - - = -+

T O R R R A A e e e

INTERBEDDED SANDSTONE RAND SILTSTONE

_fresh to clightly weathered  icleaved, fresh) laminated , fresh |

' SITSTONE 1  SILTSTONE

A

1y 3244

b9+00 N

Fo

T <3P 46y b0y

P
Floor PLAN
'

STRUCTURES

8 W
E’edc“ngi planes most prominent partings.

Direction of beouin\g variable dve to fo)cling-
Beddu'rgj Panex spacec{ 69 o 2 feel apm-f and

! Fault zone of | Most prominent !
5clzavc¢5\ sil-l-dme.l\jo}n’l:c strike 80° !
| Cleavage .{h—l'l!q' totonne] ond

- surfaces Scner—alb weathered. E°+ 20° to -hmnel: dips75°® 4o 85 "eas]
Favlt<: ©! 40°b0° +o tunnel and ol'tpfirb Lb5°-60° vest E“"d"\'.Pf aroer: 3enerally around :
- '“.\ »,'\'A'N;. : @ 45" +o tvnne] and Ol"PJ’;’lﬂ 70°-80° west ;7&" east. : b aPaF{". :
e e e + = = - ! i H .
ROCK CONDITION |~ 3 | + | 9 ! ‘
PERCEN" BREAKAGE a1/nE LC NS 30 : 90 i 90 N
NTAL OUANTTY DATE T T T ' o - ]
GROUND oot | S e s e e e - o e o s - - - - > - —
WATER ~ TEMPERATURE T - T i i - T - - ]
o CIMLEATVE TCTAL w o a- gz daoy B 0T - T T T T o - ! Tt T o T T 7
EXCAVATION ADVANCE No o' HOLES 17-',3i|l7:.7 20:4129:4 |w:3|25:3)i8:3 [35:3]32:3[42:3 [40:3 | 44 b5 |4o0:7 |#0:5 |ho:s | - - B
SUPPORT EXPLOSIVES 1b 35 | 7 [7£ ] 23 | 2030 |20 |50 |43 |55 |53 100 83 | 8l b5 )
WEST WALl
DURING  “wrrarg ne 7 rror 11 " =
CONSTRUCTION EAST w2l
LOGGED: E.J Best and G.A.M. Henderson DATE LOGGED: 22/6’/66 DRAWN : G.A.M. Henderson To accompany Record 1969/111 I155/A16/571 ()

.
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Sheet 2 of 12.

CORIN _DAM_ DIVERSION TUNNEL—GEOLOGICAL LOPG.
T.

TUNNEL STATIONS For section from 00+4l to 00+9b See Sheet | 00+9b 01+00 01+50
DIRECTION, INVERT LEVEL, SLOPE v " Direction: 08¢ —> (appron) Slope: 0-053% Ivert lovel 2924 Feet
PROGRESS  weoing AT, DATE afefob|22/b/s] 2sfefee T /s | 2siefie | 21/8/68 |
ROCK T :
Dsccjase oF WEYRTPHERINC OR RALTERATION 1 SILTSTONE laminated , £rech
/73\'3"
face \
/ / Weak
cleaved rock
_____ s . l- - e = — 4 :
. Tt ot i
%' & ] £k a s o
B - \‘ m S \ m o
olz \ { ’g (ol D /
£ 3 { b .. Te pur} .
= L ) = 2. b 5 B IR
3 ‘3’-2 ! @ ! 23 ~ -
2 e /' 2 { " =
<o » ’ ol s 3 o
S a a9 =
+ 3 o ad R +
3 & ! - +
T - NIE TP S ol A e N (P -
e R RS Voo 8 G 8 et y /,"‘ \‘\
[?) ’ y \ weak rock T+
\
) \ \ c|eavec(
! \
\
€ace \\
o ohike ‘ N o\ 2
: \\X%\ I\ ho\ e

P15 Y49 e™

STRUCTURES

JOINTING PATTERN—ATTITUDE SPACING.
PERSISTENCE (HARACTER-
SURFACE SEPARATIONS COATING

FAULTS SHEARED AND (RUSHED 7ONES
ATTITUDE RELATIVE
DISPLACEMENT WIDTH
(HARACTER OF MATERIAL

<. . Mest F'}«or;\in:e'rd' \joir\—r dl'lred':'on 70° 4o £0° 4o Twnne] and °[i)>5 T0°-15"°
+to eaS‘{‘,- becomes a c’eo.vage n rlaceg, O+ther \)'o’m_f o((f-cc'hbn 10° 4 LO°
4o dvnnel and near vertical. Beziclin\a) qune: not Pbom'lne':t,‘ diPS‘
range from 2% b k1 to east in diregtion of tonnel.

Many Jofr\_" Planes c[aj coated .

ROCK CONDITION

2 + 3

PERCENT BREAKAGE ALONG JOINTS

70 4o 90

INITIAL QUANTITY, DATE

Small waler flow &+ above invert on east wall

GROUND QUANTITY, DATE
WATER TEMPERATURE -

CUMULATIVE TOTAL million gal . day
EXCAVATION ADVANCE No of HOLEi 43:5 132:5 |29:65 |38:6 |37:5|38:5 |32 :5|37:540:5 [40:5 [39:5
SUPPORT SOJTX:L\(I)V?LVLES" - 67 SS | 65 | 67 b3 bS b5 b3 | 89 | 82 [79
DURI NG Springing |me< ROOF .

CONSTRUCTION NORTH WALL

L.OGGED : G.A.M. HENDERSON .

DATE LOGGED :2227/6/66.

DRAWN : G.AM HENDERSON .

To accompany Record 1969/ 111 Iss /A /6/571(2)

i




0 10 =
0 : 20 Decer CORIN DAM DIVERSION TUNNEL—GEOLOGICAL LOG. Sheet.3 of 12.
TUNNE
UN L STATIONS 0l1+50 02400 02+28 For section from 02+28 10 O03+00 see Sheet 4
DIRECTION, INVERT LEVEL, SLOPE Direction: 032°—> (approx) Slope : 0053 % | avert  level : 2923 feet
PROGRESS  Hewoing T, pATE 29/feb | 29/e/eb | 30/6/bb [ 1/7/sb [ 2/7/6b [
?E?gsKOFLzaﬁlEING OR ALTERATION SANDSTONE  AND  SILTSTONE fresh
' fea ‘
> Siltstone
e r?l 1. »
\\ . Ry 4 ?r_
— T g 8] &
—_— 9/ 3\
- z 9 = 3 o )
vl oEse -\‘r
4 » o v 30
3 :/ D (;)L Q/‘_,
o~ !/ L = =
Si[tsYone
N\ N FL
;:\ &7
7
STRUCTURES _ _
JOINTING PATTERN—ATTITUDE SPACING, Bedding planec are the most prominert partings and range from 2 inches 4o several <Leet

PERSISTENCE (HARACTER-
SURFACE SEPARATIONS. COATING
FAULTS SHEARED AND (RUSHED ZONES
ATTITUDE RELATIVE
DISPLACEMENT WIDTH
(HARACTER OF MATERIAL

apm:l’ .accor—Air;\a) to the rock +5Pe. AHitude of be.clo(in\j F[o.ne: is variable doe o {-’o(o({no. Other
\')oir\T directions  are l’rreﬁulm— and  not Pet—si:‘*m’f. .

Ma"3 Joir\df sorfaces “are coated wilh clay.

ROCK CONDITION 3 to &
PERCENT BREAKAGE ALONG JOINTS 300/, in sano\:'\‘bne 50% + 80"/. B :fH‘d‘one
INITIAL QUANTITY, DATE

G RO U ND QUANTITY, DATE
WATER TEMPERATURE

(UMULATIVE TOTAL million gal sday

T HOLES 40:5 |40 15142 :C |42 :5| 42:5(42:5]38:6[38:5| 40:6| 40: 38:6 ] 40 s [ 42Z: <
EXCAVATION ABVENGE Yo g E S[42:S S| 405
EXPLOSIVES, b 85 75 77 77 80 79 70 70 77 77 75 100 80 g2 75
SUPPO RT SOUTH WALL :
DURING Springing |ine< ROOF
CONSTRUCTION NORTH WALL
LOGGETD : G.A. M. HENBERSON . DATE LOGGED: 4.5/7/66. DRAWN HENDERSON . To accompany Record 1969/111 T 55/4/5/57:(3)
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CORIN DAM DIVERSION TUNNEL_GEOLOGICAL

LOG.

Sheet 4 of 12.

e : 30 Fger
T ) TP
TUNNEL STATIONS For section from OI+50 +o 01+1¢ see Sheet 3 02+28 02+50 02453 ) 03+00
DIRECTION, INVERT LEVEL, SLOPE : | l Direction: 014° 58’ 09" Slope: 0-083% Invert level : 2923 feot
PROGRESS  Heabing AT DATE Tofe | s | efr/es ] y=ym I = ey
ROCK TYPE
DEGREE OF WERTHERING OR ALTERATION SANDSTONE AND SILTSTONE {resk

>

'

]
nl
D | \
s}

m |

( L_ﬂ_
D . -2
~ _°5‘L:

t . —J-°
_'f“l 5 23
21 ! T ouw
Y —t

t \F 2 9
o - 2 3

i >
IN) ~ ©
# * o /
F 1
W, :

« y
( ==
: &

' : -A Tk "”-3" '.mT:
il ot Sll+ one

- A8 Kand hone Kedb

Ceds””

/si Hetone

’ "

Interbedded sandstone

. and_dltdone

\c.‘itz\‘:}\\
W

)

#t

87~ - B 4 e f
STRUCTURES

JOINTING PATTERN-ATTITUDE SPACING Beo\clin\g P]ane: are the most Fl~0m1’ner\+ Pa.l—”(‘a'nd-t and  are _:Paceal as shown above;

PLROISTENCE LHARALLLE= ° attifude  of beahl{no g \rqt«(aL'e dve to foldina. CleaV43¢ in Weqkl c,eatréol eildstone ch-ikes
‘ G ’ * o ..- . » .

FAULTS s:?f::e:éiA:;PA.'%?SLNDSI((&AEQN ot 40° 1o tunnel q,r\ol o(!r: €0° east. Other dom"' olu-ec'hon.r are 1pre@9‘ar and not
ATTITUDE RELATIVE PEP‘iS+el\T- ) ‘ ' .
?::Li(([!T;NE)FWLﬂDAI:‘[RMl Many joinl sorfaces are clay coated. The 3° clay seam on the east wall appears

: to be a fault.
ROCK CONDITION - e Ty
PERCENT BREAKAGE ALONG JOINTS A —— e T
INITIAL QUANTITY, DATE
GROUND QUANTITY, DATE
WATER TEMPERATURE
(UMULATIVE TOTAL mithon gol ;d0y
. ADVANCE No. of HOLES 42:5 [4b:S |48:5 [4b:5 [bo:S [b0°S |4b:S |47:5 [0:5 |20:§ [4b:5 |58:5 |bo:S |bkb:G
EXCAVATION EXPLOSIVES. Ib ; 80 Ho 100 112 100 100 100 ql 120 100 s 100 100 g8
SUPPORT SOUTH WALL
DURING Sprnging line””  ROOF
CONSTRUCTION NORTH WALL -
LOGGED : G.A M. HENDERSON DATE LOGGED: 5,7,11/‘7/66, DRAWN : G A .M. HENDERSON . To accompany Record 1969/111 155/416/57/(4)




Lo, 2 ey ____CORIN_DAM DIVERSION TUNNEL — GEOLOGICAL LOG. Sheet 5 of 12.

TUNNEL STATIONS 03+00 £ 03+50 , O4+00 O4+50

DIRECTION INVERT LEVEL SLOPE Direc‘h’on : ow'f?i 97."«, > L Slope: 0-053% Invert level : 2922 feet

PROGRESS  toohs k1 oatt C7E T R SR | [ R IR R T S R L T T |

CK TYPE SR, o
,%Egn 0f WEATHERING OR ALTERATION 9‘?{\(DSTONC AND ~50)‘“1_“:];5'!‘0Nl: i {resh

LOG OF FACE gl N
, al alr g2g 4. > "
o o ] miLEe®K
Springing = i ; X 7
CROSS SECTIONS B 3 b
ol o R o S S LY 31 LU N .
Llooking in direction of tunnel stations o ' : § ' : »
v A ) - ) = ’
showing OVERBREAK ond (ONTROL ::l l o 004 l : :"
of SKAPE by JOINTS £A.1T5 SOFT | :’ : | : 3
SEAMS el o e RS .
o Floor-;_ Z‘fri - ¢t e TR A'”/o/ I ey k. e N B N ST L . 52/ B D
S Interbedded  sa
and  siltst
. / 7
7 ; .
WEST rd ! Interb d spnds\tone nd  silitone face
WALL / Giltstone :
] [
\' : ln“l‘el—beola\cay\
: _ ! ! sandstone  and
-ROOF R g % i, o P = —glrteRe == =) S i =

Siltstone by Silkstone

\

EAET T %
WALL .

b'- 12" Siltstone beds

et

N

£

=

Siltstone %.}%
\ \ C'
= &

Geology projected to B line” — _] _ it : i _— - A
i i O P st , T S N O DR ' o AR L1 Lo Y M
STRUCTURES Dk o + on el : oy o : ’ . : .
IR i oo - 4 00 Beodling planec most promine~t partinge:| [?ecJ\Am\») P[qne: s+~ck|n3 nearly. Fﬂ.l—-a.”e[ o tonnel direction and A'/’P"‘G between| 47° and b7° west are most F#ommer\‘f Pa}-+(n\9g, Other \)o,,\+5
e ‘~“\ ’ t u’ﬁ“{““uio_ va Ha[ole dve to ‘@o[oh”\\g. Other i il—r%ulm— and. not pe Lcictent
GWkiE sEssiRmbE roRIiE Joints  are ir—regular and not re|~si:+€r¢'f— ; § 4o b"| seam of o(@_g and weatlhered rock on easT wall bebween
AND (ELORED JONI ‘ ! , cka.{nasw 03+822 and OL+49 g Fa!—o.l)e,( +o bccio(a'ng
v};‘,' w': . X Clq& on  many LecQAt'r\:) a,n()i d‘o[r\T .P{q,\ec ‘”\l—ouokau'(”
HAFRALTER OF MATERiAL :
ROCK CONDITION P o B RN T X A g I -
PRI Dranaln AU ORI i L IR T S AR, SE el /7 S O o bo-g0% . g K - B
NITIAL QUANTITY DA
G R O U N D j‘v'«:"ii—g}ﬁl‘y Y‘:: ,, ) . 9 B e e e o o 1 b A B e e > e o — = S A T R o I e T o . e R I
WATER “ (s TEMPERATURE BEE e Pt R i ) ' et e ' "t . ‘ A . T - S i
CUMULATIVE TOTAL milion gat do. | ’ : g R ¥ ' EEg s ' Faigh N
EXCAVATION - AOVANCE No of HOLE' 138:5 | bo:5 |42:6 |40:5 |38 :5 (38 :5 |40:5 |40 :5 |3b:5 |38:5 |37:5|37:5 |40:5 |40:5 |40:5|42:5|3b:5 |3b:5 |40:5|40:6 |42:5 |36 :5 |36 :5|38:5|3¢:5[38:540:5 |40 :5|32:5 (22 :5
s EXPLOSIVES tb | T7b | 75 70 bo 80 75 75 70 75 77 bo b2 75 | 78 75 | 8b 59 | bl 75 J7s 20 b2 71 70 70 70 g0 8l 53 b1
SUPPORT o A/ EST WAL oL PRl S A I R e T 7 Y L S ; [ i
DURING Springing line { (# ROGS I

=

_CONSTRUCTION " &mr wil

LOGGED : G. A M. HENDERSON. DATE LOGGED: (| 13 15 ,3/_7/“; DRAWN ' 6. A M. HENDERSON. To accompany Record 1969/111 ISS/A/6/57/[5)




CORIN DAM DIVERSION TUNNEL - GEOLOGICAL LOG.

2 0 20 P FeeT Sheet 6 of 12.
TUNNEL STATIONS Ob+50 05+00 05+50 | ob+00
DIRECTION INVERT LEVEL SLOPE Direction: oOI4° 52' 09" B Slope 0053 % lnvert level : 2921 feet
_PROGRESS weone o1 or1e_ | 15[7/eb | b7/ || _i8[7166 1 19/7/66 l 20/7] 66
ROCK TYPE a :
DEGREE OF WEATHERING OF AL'ERATION SHNPSTORE = HRB  AILvamoRE _‘f"_“‘* o SILTSTONE frech
LOG OF FACE ol A\
AND S| :‘E ! " ™
Y Spr ng ng m rnl |l \ \
CROSS SECTIONS Cre o | D
"~ . . - il . o N
Lock mg £ cirect cr 0 ‘urnel stotions T T 3] - - 2, A 3 S
shoming OVEFEREAK org (ONTROL = al & X
. & | -y \
of SHAPE by LONIS Fa 175 SOFI + A
’ 1 = A
SEAMS erc l I Lo M
e Floor PrAn |71 S8 r i 507 10770 — 12 20 4%
~ o
/ face .
*® Interbedd ed Y-
WEST rd
Sa.m{s"tcne 0./\6(
WALL / si[tstone
face
% :
.ROOF % = - = == = = - = = -
N4
%
EAST \
WALL Lo v/
\ /AN
N
¥ Geology projected to B line~ — _ | _
N Floor  piaN So \UF 72 % 10:20 €0 —<7s 2] 5
STRUCTURES ;
JOINTING PATTERN—ATTITICE SPACNG Bedding planes ave the most rkominer\'l“ P“’“+i”3‘ ; Widely srqceo\ \‘)oin‘tc d:—ik,‘n3 around T0° fo Fvnne] direction] and da’P})inﬁ between b5° and g0° east are Frvminercf and
o v B P R A . ! . 4
PEFS.STEN. & (7o "R and are sPacecl more than (8% apql-'f‘,- beolo(m\,> s‘h—i‘(ej: fob-m many Lacex. Be&Amé Pla.nes are sFaceo( 9 thches 4o 3 feet apak‘(‘ and are " also Pe—ominer\‘l”; be\t)or\d 0S+40 Ho ObtoO
b (SUR:A;E SEPRERT TS IDGRFNG at 6% 4o ko® + tunnel and o[xPJ between 57°and 71° ! becu'mo stikes Po.t—a”e) to the tunnel and c(iPs Fange between| 10° and 22°.
TS SHESEEL AND . <ED JONES ; ) > s
= e ;HAME " west, : C{ag seans are contined +v certain of the si’eepb dl”’l’l\g \)om'h-.
DISPLACEMENT W [ w :
(HAPA( TR Ch NATERIAL ;
ROCK CONDITION 3 b4 ; 2 1o 3 ; 3
PERCENT BREAKAGE ALONG JOINTS so -70 % E 30% | 70-90%
INITIAL QUANTITY. DATE
GROUND QUANTITY DATE
WATER . TemperaToRe | T T i -
CUMULATIVE TOTAL million gal , day - T T —
EXCAVATION ADVANCE No of HOLES [24:6 |30 :c |3% :5 [36:S [36:5 [35:6 |40:s |40:5 |38:5 |38:S |3%:6 [42:5 [w2-s| 40:5[38.5 [38.5 [ 38:S [42.5 | 42 - g 42:8 42 . 8 42 . 6 42 : € 42: ¢ 40 : 8 15:9
EXPLOSIVES. Ib | S | 70 76 77 70 70 76 75 Y0 88 75 80 q1 75 go 80 &4 95 130 |00 120 120 132 (00 120 [Xelo}
SUPPORT WEST WALL
DU R'NG Springing line ROOF
CONSTRUCTION ERST WALL
LOGGED - G.A.M. HENDERSON. DATE LOGGED: 18,20,21/7/66_ DRAWN : G.A.M. HENDERSON. To accompany Record 1969/111 Iss/Aie/57:(6)




i L 20 et CORIN DAM DIVERSION TUNNEL —-GEOLOGICAL LOG. Sheet 7 of 12.
_TUNNEL STATIONS Ob+00 ) _ 0b+50 07+00 07+50
DIRECTION. INVERT LEVEL SLOPE — M Direction : ol° 5¢' " &— Slope: 0-:053% Invert level :  292] feet
PROGRESS -HEADING AT. DATE 20/7/66|| 20/7/6 | 19/7/66 I 18/7] 66 ! 16/7/ 66 | 15/7/66 | 16/7/66 12/7/bb | 12/7/b6 |
ROCK TYPE i
DEGREE OF WEATHERING OR ALTERATION T SILTSTONE | SANDSTONE fresh
) 1 (I
L OFFICINL ' |
OG OF FACE BQEHKTHROUQH g: l' gl
B 217166 m
CROSS SECTIONS pnens ! 2l == ::
fine - B . ;‘ ! - e 3 l 3
look ng n direction of tunnel statwons 2] | = —_— — T‘ }
-1 £, . 21
showing OVERBREAK ond CONTROL 3! : ‘ s o'
o
of SHAPE by JOINTS FAJLTS SOFT ‘Z‘I '1 3
SEAMS etc | |'~_~ ':1‘] o O
Floor  __ PLAN Q50 53
. \—\\\ \
WEST T
WALL T
.ROOF s 1 ”/ = —/—\ . /T
EAST© \ T .
WALL \ B TE
- . oo
¥ Geology projected to ‘B’ ling — . sy P : .
o Floor PLAN 1‘ _ﬁ-}_ /63 33 /(53 A¢E_ 35.{ ?,32 50, bz/‘/ 5;‘/
STRUCTURES » ) : .
O NTNG PATIERN-ATTTLDE SPACING Prominent Joints s‘h-.ike atoond  40° to tunne| djredion and dip bétween 71° and 84° east, and are ' @eddu;\? » lanes are the most prominent partings ;
BEEC CTEniE (HARACTER - wio(el\zﬁ sPo.ceo\_ [?edo\[r\\:) i«  alco Ppemn'neA'J(; strike @€ bede s paralle| to Hunnel ot ob+00 feet but swl’nos : bedding rikes around 2o® 4o the +unnel and o{iP{
SLRFECE SEPARATIONS COATING atound 4o  about T0° 45 the tunnel at 0b+50 feet and bebomﬁ ] DIP: range from 37° 4o bo° west 'I Fange from So° 4o 72° west. Other \jol'»\"ts are il—t—ego,a;—.
LIRS '-L“"i*?h“*ﬁ JFLUHED 7CNES Clay "seams are hot common . onlr) ohe seam| on a sTeeply c((PPins Join'f p{ane, was noted. : The contact between The sandstone and siltstone
e ‘,ffv;:,“:{mu ) ‘ | containg aboot | inch of clay and appears v be
:ka;:"tq Ct MATERIAL : fav lted. Clay occurs on some bec[clin\ﬁ P(a.ne.r.
ROCK CONDITION L 4 ' 3
PERCENT BREAKAGE ALONG JOINTS 70 - 90 % E 30-50%
INITIAL QUANTITY, DATE
GROUND QUANTITY, DATE
WATER . TEMPERATURE | L
CUMULATIVE TOTAL milhion gal ;day - -
EXCAVATION ADVANCE No of HOLES | |46.S|| 45:¢ 45: 8 4217 42:7 | 40-.8 42 . g 42 &€ | 424 | 42:5| 3% S [7 '5.]42:5|42:5|36:6 |3b:5| 42.6 | 42:6|38:5[3b:5142:5| 44:5[36:6 [42:5 [42:5 |40:5
EXPLOSIVES, Ib 8o g£s oo 138 14S 125 132 12§ 95 87 70 bS 80 82 70 71 80 84 75 72 76 &b be 8s gs b0
SUPPORT WEST WALL :
DURING  Seringing line ROOF
CONSTRUCTION FAST WALL
LOGGED : G.A.M. HENDERSON . DATE LOGGED: 13,15, 18121/7/66 : DRAWN: G A.M. 'HENDERSON o 7o accompany Record 1969/111 755/a/6/57€7)




0 19 20 3 Feer CORIN. DAM DIVERSION TUNNEL—GEOLOGICAL LOG. Sheet 8 of 12.
CTUNNEL STATIO[\J_S Q7+50 08*06 08+50 09+00
DIRECTION INVERT LEVEL SLOPE Direction: oi° 58 9" <— o Slope : 0:052% Invert leve| : 2920 feet
PROGRESS HeaDING a1 pate n/7/eb | 9/7/6b e @/7_/5(, B | 7/7/ 66 | b7/ 4k | 5/7/bb
"ROCK TYPE | SANDSTONE AND SJLTSTONE i h
DEGREE OF WEATHERNG OF RLTESETCON ) L 3 o GENBSTEHE _f'fﬁh ) | Frarh. , SANDSTONE  fres
] : ]
LOG OF FACE . S
k] :DI L
ANC . r?'r’ Sl 1
£rongen .
CROSS SECTIONS - % 2! z| !
Y - - _ N T e ! - d 5 o Be e mao =
leck ng # direct on of turre stotons Z‘\I 3 ﬂjl |-
z =z
shca ng OVEFBREAK zrc . UNTROL T ol !
9! Q.
of SHEPE by, LONTS $& (" SOFT Al B +|
: » [ o 1
SEAMS erc o | ' '°| |
DR = S
- \ .
« / L .
WEST / L Siltstone
WALL - / -
| _ = T 27
H 2T
.ROOF h - e - mad /-j( =
e T
E e,
= S
- ///- 5
* '
EAST \ .
WALL . L
N :
* Geology projected to ‘B line~ — __| _| .~ e 8 5 . i RN s . PR
o Floor  p AN [Pb— 74-/ oI SEW~ 57, b7, /Lo 85)’ A3 b7/ 4'9/\/ .
STRUCTURES ' ? R :
JOINTING PATTERN—ATTITUDE SPAC NG Bedding planes are the mofT prominent parTings; strike of : Several  thin  siltstone inferbeds are present which : Bedding planes are the prominent joints. | 59?
PERS.STENCE (HARACTEP - bedding is at 25°-40° to tuhnel and dip is. 45°-70° o SW, ! have weathered o clay. Dip of bedding is "10°-25° | They are widely spaced (4"-30 generally 8" 20"): following
SURFACE SEPARATIONS (OATING A set of joints is also present striking af 30° to funnel | o N.W., indicating folding which was probably caused } and only a few have a wveneer of clay. | sheet
. =HEBELS RESBRD 4O LELIHED TCMES and dipping steeply to the SE.  Other joinfs- are irregular. t by the favlt ot 08+5l; +the favlt zone is narrow | | The siltstone is more closel jointed (2"-15"
ATTITLDE RELATIVE pPing Py J g i By : | ¥ J !
] . . . I 1 .t . . . . '
DISPLACEMENT WIDTH Generally  little cloy on joints. : gnd does not constitute a major zome of weakness : spacing) but joints are tight. |
. (HARACTEX OF MATERIAL : in the rock. ! [
ROCK CONDITION 2 ! 3-4& ! 3
PERCENT BREAKAGE ALONG JOINTS L0[-b0% ! 30-50% t 50-70%
INITIAL QUANTITY, DATE
GROUND QUANTITY, DATE B
WATER o TEMPERATWRE | 7 Al s g\ s oun o . g
CUMULATIVE TOTAL milfion gal ;doy T i - s /":_7 Rl A N P Y Y 5 _
EXCAVATION ADVANCE No of HOLES J4b:S | 45:5 | 40 :S [40:5 [40:6 [42:5 |29:5 |28:5 |42:5 | bo:S|45:5|37:5[37:5] 40:5[40 S| 40:5[28:6 |2¢:S [4o:5 [40:5 [S0:5|38: ¢ 3 8 42:S 140:5 | bt :7 42 27 |37:s
EXPLOSIVES. 1b 97 95 82 85 70 70 42 Lo q0 89 100 70 bl 78 g0 100 -2 40 7b 75 100 9l 85 75 75 100 100 4|
SUPPORT WEST WALL -
DU R|NG Springing line ROOf
CONSTRUCTION EAST WALL
LOGGED : G.A. M. HENDERSON. DATE LOGGED : 6,7,//,13/7/66c . DRAWN : G.A.M.HENDERSON. To accompany Record 1969/111 xssfa6]57/(8)
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10 20 30 FEET CORIN DAM DIVERSION TUNNEL ——GEOLOGICAL LOG. Sheet 9 of 12.
- T.P.
_TUNNEL STATIONS 09+00 09+50 10400 [0+54
DIRECTION. INVERT LEVEL SLOPE =Z——  Direction: 0I4° 58 09* | Slope: 0-053% i Invert level: 2919 feet B
PROGRESS HeADING AT DaTE 5/7/bb | - “/7/bb | 2/7/64 [ 1/7/66 [ 30/b/b6 [ 29/6/bb | 28/6/bb
ROCK TYPE SANDSTONE ! )
DEGREE OF WEATHERING OR ALTERATION fresh . SILTSTONE  fresh
LOG OF FACE ol
3 31
AND O I'?I
5 Spiinging m |
CROSS SECTIONS hiE . - i
. 3 _ . _ . . _ " N
Looking «n direction of tunnel stations 2? ﬁ—i
showing OVERBREAK and CONTROL =z él
of SHAPE by JOINTS FAULTS SOFT 3 0
SEAMS eic = I
= PLAN Sl — b8/ e S T =
P N N S
o t " \\ .
N z =
. * 4 weak
WEST / siltstone ~ | SiltsTone Siltston
WALL / \
N\
N\
_ i ’
.ROOF * = / — - - - . i - - . - — - ’ - - . - _ _
EAST "\ Si Hstptie /S -
WALL \ Siltstone /\’ ] .vee-y
o . ' soft ; /\'/
-/ : siltstone /
Geo|ogy projected to ‘B’ lines — _1_V ., J
Floor pLAN 52, &g 3% 7| e TN : S ST &5 5 55 55,
STRUCTURES Joints spaced : Fresh laminated  siltstone with some ds i Prominent set of bedding plane joints striking| parollel | No reqular paftern of joints : See following
1 K _—::;;-&::;:g“(T:EEASP:“NG 2"-20" & generally : showing cleavage parallel to bedding. Beddjing I fo tunnel and  dipping 55° fo W Another set is lalso | other than bedding plane joints. I sheet
W smﬁ&wc weathered - several | plane joints are prominent, and are gererally t developed, with strike ot b5° to tunnel and dip of 7p° To S.E |Joinfs are fresh and clean |
FALUTS SHEARED ANL FLSHED ZONE® clay seams vp To : iron- stained. Other irregular joinfs are alsp ! JoinTs are generally: fresh and clean. | generally ~ a few have a veneer | Several Joints
ATTTUDE RELATIVE (" wide are i present. No clay seams are present, other | then 1 'Several bedding plane | joinfs :oF grey clay. 'd'PP'”S #5°N.E. thave
DSPLACEMENT WIDTH present. :+hose noted on log. | |Mﬂ1 iron staining have cavsed | |cqused overbrepk
(FAPACTER OF MATERIAL : : !'significant overbreak. : iin E. wall.
ROCK CONDITION 3 | L 3-4 { 4 | 3-4 : 3
PERCENT BREAKAGE ALONG JOINTS 50-70% : §0-90% | 70-90% | 80% ! b0 - 80% : 50-80Y
INITIAL QUANTITY. DATE
G R OU ND QUANTITY. DATE
WATER _ TEMPERATURE, . - i
CUMULATIVE TOTAL million gal , day T T - T ) 1 e P g i
EXCAVATION ADVANCE No of HOLES |38 -5 [37:5 |40 :6 [40:5 [42:5[40:5|37.:p |37 :5 4o :s]s0:5[38:539:51%0 : 8¢ T4o *5S [40 :5 [3¢:5 |40:5 |40:S [42:S [45:5 [45 :5.[32:6 [38 :b 5 |28 4 425 |42 5462 b | 42:b |4b :b
EXPLOSIVES. 1b 75 bS 80 78 80 80 63 - | b0 75 g0 77 75 100 70 80 7S 75 75 75 73- 75 75 - 75 70 So 80 82 80 gS - .93
SUPPORT WEST WALL
DURING Springing line ROOF
CONSTRUCTION ERST WALL
LOGGED : G.A.M. HEN?D'ERSON. DATE LOGGED :4'5’,6/’7/66. DRAWN : G.A.M. HENDERSON . To accompany Record 1969/111 T 55 /A /5/57, (9)




: I ST CORIN DAM DIVERSION TUNNEL —GEOLOGICAL LOG. Sheet 10 of 12.
ey T.P .
TUNNEL STATIONS - o 10+5k 11400 ' ’ 11+50 12+00
DIRECTION, INVERT LEVEL, SLOPE ) Slope : 00539 ‘l Invert level : 2918 feet
PROGRESS  Herowe ar, oate 27/b [bb B 25/b /bb [ 26/6/06 | 23/b/bb - l 22/b/bb | 21 /b/bb [ 20/b/6b | 18/6/66 | 17/b/bb
ROCK TYPE SILTSTONE fresh ) ; SANDSTONE AND  SILTSTONE fresh

DEGREE OF WERTHERING OR ALTERATION

‘NAS 16 3Ju4

g1+l

HL+01 'NLS 1Y 3Dud

—— e = = -

k]
D

\3¢

.1_\%

~50\

STRUCTURES : . . ' |
JOINTING PATTERN—ATTITUDE. SPACING No * regular  joint sefs, other than [bedding plane joints which ; Bedding plane joints and a sef dipping | Thin film of clay
PERSISTENCE CHARACTER— ] are spaced 2"-24" apart ( generally 8°-1b]). A few major joints have | 70°-80°NE. are developed. Other joints are ! 'on most bedding plane
RFACE RATIONS COATIN . . ) . . C . = .
EAULTS SHS:]ARED A:;PA(_R'L?H{DS;(ONES up to 1" grey clay; all others are fresh tight and clean. {lrregular. Some joints are stained brown. :Joln‘l's,- brown staining is
ATTITUDE RELATIVE [ ! ' lalso common adjacent
DISPLACEMENT WIDTH i 5 o a3 o | i < s
SHARMOLR, BF MATERIA ! A| few parallel dJost, ddlppmg 50°-b0° N.E. are ! jto  joints.
s eveloped. I I
} 1 ]
ROCK CONDITION T | : 3I-4 1 3
PERCENT BREAKAGE ALONG JOINTS 50 - 80, : 70-80%,
INITIAL QUANTITY, DATE
GROUND- QUANTITY, DATE
WATER TEMPERATURE
R CUMULATIVE TOTAL million gol ;coy - .
EXCAVATION ADVANCE No of HOLES $0:7 |44 8  |38:4]39: 385 [39.b |38:5|43:S [39:687:6] Ll 8 3¢5 |3¢:5 [3¢:5]39:6 [40:4[3%:5 [X9:5[43:6 [39:5 [ 44:S|45:5[39:5 |[63:b [40:5 [38:4 |47:4]38:4[39:5
il EXPLOSIVES, 16 g0 75 55 g2 75 g5 | bS5 | 87 71 | ss 95 o 75 bS 71 | 73 75 | 71 | 2 75 72 70 77 | 1o g3 | 72 70 | 72 | 73
SUPPORT WEST WALL . .
DUR'NG Springing line ROOF
CONSTRUCTION EAST WALL




CORIN DAM DIVERSION TUNNEL—GEOLOGICAL LOG.

) i P 3 Feer _ DIVE . OL Sheet 11 of 12.
TP
TUNNEL STATIONS 12+00 12+4b For section from 12+4b to 13+50 see Sheet 12
DIRECTION, INVERT LEVEL, SLOPE Direclion - Slope: 0-0537% Invert level: 2918+
PROGRESS HEADING AT, DATE 16/b/bb ] 15/b/bb ] 1/b/bb ]H/L/Tl,[lo/l,/!,b
ROCK TYPE :
DEGREE OF WEATHERING OR ALTERATION SANDSTONE  AND  SILTSTONE fresh

Interbedded sandstone

and giltstone

Siltstone
b7 3 ¢ 50
STRUCTURES ¢ , - ;
JOINTING PATTERN-ATTITUDE SPACING | Heavily stained joints present, | See
PERSISTENCE CHARACTER - | offen  with a veneer of clay. : following
SURFACE SEPARATIONS COATING .
FAULTS SHEARED AND (RUSHED ZONES : Several clay seams uvp Yo 3 : sheet
ATTITUDE RELATIVE , wide present. Joints gpaced |
DISPLACEMENT WIDTH U g “ v |
(HARACIER OF MATERIAL :3 24", mostly 8"-1§8" I'
! I
ROCK CONDITION 3
PERCENT BREAKAGE ALONG JOINTS : 80-907 : 70 -90%

INITIAL QUANTITY, DATE

GROUND QUANTITY DATE
WATER TEMPERATURE
CUMULATIVE TOTAL milion gol doy , »

: ADVANCE No of HOLES [48:4|40 :G |SZ S |47 ‘G (40 6§ |27l (38 4 [Z7:4 [4b il [43 4 b4 &

EXCAVATION EXPLOSIVES. Ib [b9 | 72 70 b7 L8 2 | Sb | sk bS 57 L3

SUPPORT WEST WALL

DUR'NG Springing ||ne/’ ROOF

CONSTRUCTION _ ERST wal

LOGGED : GA.M. HENDERSON .. DATE LOGGED: 9/7/ce. DRAWN : GAM. HENDERSON. To accompany Record 1969/111 155 /A16)57/(11)
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; 10 20 Neeer CORIN DAM DIVPERS-lON TUNNEL —_GEOLOGICAL LOG. Sheet 12 of 12.
A :

TUNNEL STATIONS

: For section from 12+00 to 12+4b gee Sheet Il |2+l;b 13+00 _
. DIRECTION INVEPT LEVEL SLOPE . r Dil”ECTiDn: 319° 1}-8, 38" s SlOPe: 0'053% InVEI’T 'BVCI 2 2917 feeT
PROGRESS HEADING AT DaTE o o B 10/b/bb | 9/b/bb | 8/b/bb [3/efos| 2/e/66 | ifelet | [ si/sjes | 30/s/es [28/s/os | 27/5/66 | 26/s/bs  [as/s/ss|28/stus
ROCK TYPE o N
DEGREE OF WEATHERING OF ALTERATION e . SANDSTONE  AND SILTSTONE fresh
LOG OF FACE ‘
LIND
. Sprngrg
CROSS SECTIONS P
~ . o _ S o ]
lecs 'g r drection of tunnel stations T T o
shew ng OVEREREAK cnd (CNTROL ,'l‘ - ’
of SFAPE by JOINTS FAuLTS SOFT
SEAMS etc o
e PR | I ’ LT == =0
7~ / Giltstone S SiH‘s"‘on:\ wi A interbedded
7 AP come sandstone 1
WEST~ / = ot o EiliRa Siltstone
WALL / / o
_c_ i \' 'l
'E \\ 'V ‘l /l
* : ! ' !
Py ROOF ; == — = e — 24 - - —_ -— — o m—_— l\ — —_ e p ) s 50 ’/ - -
¥ » / y
i: \ 1‘ II
* ’ -‘ .‘ ‘l‘s"'one wi-“\
EAST ™\ - - . -\ )
WALL \ : \
- i .Sil'f"sTon_e
" ¥ Geology projected to ‘B’ line~ — _| _
o Floor  p AN o
STRUCTURES .
JONT NG PATIERN-ATI TUDE SPACING inferbedded  sandstone amd siltstone with thin clay
EEEC STENCT (HARACTER - seams commonly present on inTterFaces. Bedding plane JoinTs
LRFACE SEPARATIONS CCATING are the only well-developed sef| Joints striking 30° to funnel
ey "‘:‘:%tPCANDE i:_t%_l) TCNES and dipping 75° to N. are dedeloped in the sandstone beds.
27 DE RELATIY . : " " " .
T — Joint  spacing 1" To 2", commoply 3" to 127
CHAFA(TER OF MATERIAL
ROCK CONDITION 3
PERCENT BREAKAGE ALONG JOINTS T 70490%
INITIAL QUANTITY DATE ] g
GROUND QUANTITY. DATE B ‘
WATER . _TempeRaTuRe | _ -
CUMULATIVE TOTAL million gal day T s T/t ‘ o T ) s
EXCAVATION —__ ADVANCE No of HOLES T | Tk ert s v ler b oz {7 7 1he -7 |Sb b |55 b [bg k(S0 kb3 4 b€ ¢ [72  uafss -5 Joe s [er3sfs0a[p3 ¢ [e2:36b 3 [77:3 [73%
_ EXPLOSIVES 1b b8 |22 | 4o |75 [ 74 {26 | 7 bS wo | 40 | 37 | ko | 38 | 295 | 43 [9z| 90 35 |40 b 75 bo|3e [27 | 9
SUPPORT WEST WALL
DU R'NG Springing line A ROOF
CGNSTRUCTION EAST WALL
LOGGED : G.A.M. HENDERSON.

DATE LOGGED : /9 /%7/66. DRAWN : G.A M. HENDERSON. To accompany Record 1969/111 155 /A16/571 (12)
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PLATE 1

‘REFERENCE

Built up area
Railway

Highway

Principal Rd.
Secondary Rd.
Vehicle Track

Territorial Boundary

True North
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To accompany Record 1969/  ,cco
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\, 48000W

\ PLATE 2

50000W ~

e

52000W

Fine groined sondstone, predominently
|0inted and cieoved

e

CORIN DAM

| GEOLOGICAL MAP OF
IKANGAROO CREEK-WHITE SANDS CREEK DIVIDE

- —————

B
Scattered outcropy
%) \
.=

of closely jointed siftstone s

B
‘ o
| / ) |l

L7sooos / #o - = — N\ e - ~ P g \\ - 78‘(\)005‘<j
! A few inferbeds of closely jointed sandstone are . N AN - TR - \ AND THE COTTER FAULT ZONE
: present Also some Quartz veining (\ “ N ~ \ / & ~ \/ :
N ) A > .
| ( S ~ \
| \ N N . ) o \\ 3 Fine grained silicified sandstone with numerous i~ SCALE
& \ O }j{’quaru veins roughty parallel to the creek -E
3 \ N 3 / g 200 O 200 400 600 800 FEET
. .. \ i = ———— — oenesamni——————— ee—— |
N\ A Paie b.r?wn,coe\rse groined sandstone. ™ <, / 7 g s < |
X \ \ ¥ {"qu&y with °'°"’i"°,'i joint direction of 120 M. / ",/ P § REFERENCE 1
Thinf interbeds of black slote 9 \ l Z
\ g Quartzite; silicified fine fo coarse grained quartz sandstone

Massive siltstone

208

Y - /
: \
‘Brown, blocky, tine 1o coarse e & g Closely jointed siltstone and shale
S k N
. /

Laminated siltstone

Cleaved siltstone; shale

(2

/‘@ groined sondstone Y
20 \ N

1

Interbedded quartz sandstone and siltstone

F7777
iiilli
ORI
IIIII
e

- ) ' . N
Grey, fine '°~ﬂ°w‘1_’°_"2'»°“° 4500 Interbedded phyllite and quartz sandstone
! Werl Quartz porphyry
i Ahvqu Fault breccia
IADEM T TS Sandstone
Fine to medium grained, btocky, 40,\/ Dip and strike of bedding
FHicitied sondstons I rubble 8Q.- Dip and strike of jointing
\7& Dip and strike of cleavage
5. Dip ond strike of foliation
A Strike of vertical foliation
59, Direction and plunge of lineation {usuclly slickensides)
—4%—  Anticlinal axis
4 Synclinol oxis
e Drag fold
2‘—- Fault, position occurate, with dip indicated
—62‘—- Fault, position approximate, with dip indicated
60, _ - .
- Reverse fault, position approximate
Road or bulldozed track, position accurate
Road or bulldozed track, position approximate

yvvvr  Cliff or bluff foce; embankment
)22 Bulldozed costean
©0D2 Diamond drilt hole collar

A Trigonometrical station

0
30029 \?

Base map compiled from aerial photographs. Geology mapped by plane
table survey and compass, tape ond Abney level traverses.

Geotogy by. D.F. Maggs, W. Otdershaw, E.J. Best, J.K. Hil}

and D.E. Gardner.

Evidence of shearing: quartz]})
veining poralle! fo cleavage

/ : “ ) i : O U !

ﬁ Some qu/onx veins
Slitstone imerbcdsén (\
N . \\\
e i )
o2 ~ ¥ )

"fup to | inch wide
d
)

=%
3500'

To accompany Record 1969/111 820005
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CORIN DAM
GEOLOGICAL PLAN OF RESERVOIR AREA

1000 o] 1000 2000 3000 FEET
| IO T S BN S W WU | | | J
pter love; /
W= 9
s \i—“}/\?)l

Siticified sandstrone, quartzite

Cleaved siltstone, shale and slare

Interbedded sandstone and siltstone

TR
AL
s

'..q..;.:.:.‘ Interbedded phyllite and quartzite
'—‘}'5 Dip and strike of bedding
23 Dip and strike of cleavage
_-3—0 Dip and strike of jointing
— Foult Or Shaar zone, position accurale

— — Faull or Sheor zone, position approximate

—9— Foult or sheor zone, inferred

Base mop compiled from aerial photogrophs Geology mopped
by compass and pocing, except for north bank of Kangaroo
Creek which wos mapped by plane toble survey and compass,
tope and Abney level troverses.

Geology by O.F. Maggs and W.Oldershaw.

7o accompany Record 1969/111
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TABLE OF DIAMOND DRILL HOLES PLATE 4.

. | e \\\\m«.\ %ag\g
C O R I N D A M Fiia % op.27 V‘\}?’;})

Hole No Length Ri.Collar Direction  Inctination
5/

P-l 152" 2930 086* M 30°
P-1B n2' 2930 265° M 50*
p-2 198 3264 270° M 45°
p-3 134 3138 010° M 45° DD.1
P-4 84’ 2948 227° M 30° ®
£-5 2 3090 1653° ™M L1
D.O.1 234 2927 282° M 30°
w0 100 200 300 400 FEET X 002 18’ 3020 282°M  40°
e e ey = i NG D 0.0.3 198 2927 o6e* M €0*
/ \ A\ 0.0.4 200 3127 047° M 45°
0.0.% 280' 3218 = 90°
73 00.7 181’ 2937 037° M 30°
s 5 N fi 0.0.8 158’ 3050 - 90°
7 jogical boundory, accurote Waste rock and soil\ fill placed 00.9 201" 329’ 277%m polt
5 ; i [l U . °
/j Lominoted  silistone 2 Strike ond dip of bedding @om valley floor to about RL. 2935 g,g,ﬁ :;62:: ;:;5 05_3- ~ ;:.
» dxis 0.0.12 176’ 32i’ 097° M 50°
7 . g
0.D.13 13 304’ - 20°
//% Intervedded sandstone ond sitstone — 0015 s nz7' o 50°
0.0.16 44 2985 - °0*
e Foult, position accurate but attitude unknown 0.0.17 3 o1’ = 90°
Thickiy bedded (>3 beds) 12it 0.0.24 7 2925 - 90°
m 4 (53 0e0%] quoriire ona Sanasions Inclined foult, showing omount and direction of dip D.D.26 100 2991' 126° M 60°
*
75 Do.27 160" 2920 126° M o*
»p w——fumnn  Verticol! faul! 0.0. 29 no' 3000' 210° M 55°
% Sedimentory oreccia bed i D0.30 88 2950 030° M 30*
4 _) Boundory of rock outcrop 00. 3 130 3023 = 0°
== . 0.0.38 53 2993 = 90°
P “ " Diamond drilt hoke, vertical and inchined, with hole :
[+7 Well - bedded quartzite (270 30" beds) with interbads of @ @O0t et (soe Tobie Tor atner deri) 0039 78 3010 - 90°
/| quarizite contaming many silty tominoe { 1" 1z 20" deds) 003 0.0.40 40 3020 - 90°
t?/, Embonkment CF. 150 309 - 90°
Interbedded sandstone ond phyltite S Access trock
- Fingl ground surface contour; final foundation L)
; [s]
/3040 surface contour below dam and spillway )
44 ) 3 <
'. Foutt brecera /\\/ Intersection point of Stromio Grid ?‘\
\ Where practicable ,the surfoce troce of bedding plones s
represented by the rock - type symbo/ 0012

33. \-/.QP

- .
— ’EQ Brecciated

quartzite
Iogp — o — Scattered outcrops

of quartzite

N
500"
) -
3
. =3
Bedrock \consists dominantly \\
Fe N \ of laminafed siltstone e%
o e B AN ) 3
RV W com . X ey AN
3 : AR oy o R , '§ & &
— N s . § n = L,
\ ™ 3 ) /\ @\ 2 e,
\ % AN
[ \ \ %l,. % Ed
0%~ < =
3 S || a \
40\ <<.?- \\\\“ / ;
\ :’\ \\\ 1§ Floggy sondstone ond & e 600
‘4 breccigted block siate 7
@, B 5 To accompany Record 1969/111 155/a16/521  \




3200

3100'

3000’

2900’

1

Concrete- lined
spillway channel

D.D.4
.t .'/

///; Laminated siltstone

é Interbedded sandstone and siltstone

e e e
:/ 0/(0 Thickly - bedded sandstone and quartzite
[ X ) 4
S Well - bedded quartzite (4'"to 30" beds) with interbeds of -
s quartzite conraining numerous Silty laminae (2"to 20" beds) /
Ag > 2
QAVéA% Fault breccia
The attitude of bedding is indicated by the A
o rock—type symbol. 3 X - e _
——— Fault, position accurate /
— e c— Foulty position approximate /
oo Shear zone o
DD2 _ -
/ Diamond drill hole, projected into plane of the .section /

The lithological data from diamond drill holes are projected into fhe plane
of the section along prevailing geological strike

Several drifl holes intersect glungung fold axes or foult planes with strikes
different to bedding strike; this dccounts for the breaks in the drill hole

information, indicated by broken lines.

Dips of beddmg measured from drill core are represented as apparent dips e e e
in the plane of the section; these were calculated using strike directions

measured at the surface near the drill holes

To accompany

DAM - GEOLOGICAL SECTION OF DAMSITE

LINE OF SECTION IS

40 ) 40 80
I I I

1000 N DAM GRID LINE
20 - 160 200 240 280

I l l l |

DAM CREST LEVELU-~- 3155 FEET

FEET

TOP WATER LEVEL -3137 FEET

‘8| Concrete

buttress

Record /959/ 1"

Anticlinal axis

[ JUENDE P I —

\ 7
<
WL

Fault F

D.D.1

7777777 o

@\\\\\\
N

N

Diversion
tunnel

Fault D

Synclinal axis

°\‘\

AN AN\Y

/e

Fau

It E:

- 3180"

L 3160'

- 3140"

- 3120

| 3100’

- 3060

155/A16/522

- 3220'

3200'

- 3080’

L 3040
- 3020
3000
F 2980
- 2960’
- 2940’
- 2920..
- 2900
~ 2880
- 2860'

L 2840




CORIN DAM
DISTRIBUTION OF OVERBURDEN REMOVED
DURING CONSTRUCTION

100 50 0 100
T

300 FEET
|

200
T
I

Ensasm———-

200 €

600 €
\\ | \ig ™
0

1400 N

Upstream limit of dom R

To ogccompany Record 1969/111

PLATE 6

Conrours showing thickness of overburden

in feet;based on Dept.0f Inrterior survays.

Noturally—occurring agreas of thick
overburden — figures denole agreos
referred to in tex!,
Arvificiol areas of thick overdburden,due ‘0
butldozing and stripping of obulments
during site investigation.

Boundary delineaoting 0reos which were

sluiced to bedrock during site investigotion.

Pre—construction position of Corter River

ond Kongaroo Creek.

i000E
[

[
20~

&
e

600N
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PLATE 7
CORIN DAM - GEOLOGY OF VALLEY FLOOR CORE ZONE FOUNDATIONS

20 o 20 40 [=le} 80 FEET
e S e N =1 F — ]

200t
300E
400E

Outline of
concrete buttress

Thickly bedded sandstone

by B with irregular tight joints
E}w'_y R
[« OV 7S N\
L*?, of clay >
vs.
3 f
“3 (8
JO00O N et

. 8 | 72
e c/abe/.j
NE SR

%

go\oasfisg .

A\Well bedded .

gum—fzifg with
bands confainng
s"lfy /OMl}yqe

¢ RERN L) AT N 2 W P " y 2\ { ¥/ 5 /LY i g :
/ i . \Chaotic sequence of broken X/ \ 2 5 TN E ' 5 SR B AN U N3 0
. y . 1658 7 lenses of sondsfone in very
. |deformed silisfone. No <lear

| stucture is eviden! as bedding
. plapes oppear fo_be rondom

N orienfed | —— )
/| No exfensive Cl"y Seams o i)
S

e

MY
Man, &, \ ‘\\
Y P"O"‘nnenf \\

\
P/Qne\\ W 3

/ are present. -
% s el | yuo

N
D\ ~

”

y 7 : T ) ‘»} J 0 \ \ / \‘ LA : : )/ 1 \ 72, Strike ond dip of beddlhg

S\\z
A\ \\:‘ ‘ M B 4;*— Sfrfke of ver“flco/ b%d‘%’hg g) % |
Thinly bedded (2" 30") quarfzife contfaining numerous silty laminae \ \\751;;;; Qnieid?:(‘/zizﬂ) 5(1) 3/2)— Strike and dip of joinfing ;. OZ
\ g me o7 .
\ SQThdfse/:;zls.\“ o) Lo Trace of joint, showing strike ondfor dip if known §t Si;t

Trace of vertical joint

Thickly bedded (>20") sandsfone and quartzife .

g
-———-@———— Trace of anticlnal axis

Trace of synclinal axis

\ Laminafed silistone with absi
\ few sondsfong .

interbecls. /
hae
49 36 f
i B |
387/ h “ as . {
s n \

il Trace of faull, showing dip if known. Thickness of seams of clay

Thinky inferbedded sandsfone and siltsfore.

and crushed rock (cr.rk) are indicated if significant

Fault  zore

".;‘(\
N

; % \ 4 C\'ﬁ"’%s ) Areal extent of prominent joint plame, showing strike and dip
5> 2 ' e o ‘ ! s S i
Laminaled  silfstore . ._‘_.ﬁ/o.f Ore i ’/fer‘ jﬁ \ A - ( \‘:) Areal extent of prominent foult plane
K ATA | .
- bt & / % ’ 45%: (‘,,j , ;@ Contour of final rock excavation , in feef
Where possible, the obove symbols are used fo illustrafe R L
3 l

w
g
the frace of bedding in the excavation. To accompany Record 1969/111 9
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ROCKFILL  ZONE

DOWNSTRE AM
FILTER ZONE

200 E

4OOE§

500E

Ly —

600E

-

— , .
CORIN DAM - PLAN SHOWING SURFACE TREATMENT OF CORE ZONE FOUV\*

To accompany Record 1969/1/1

DATIONS

700E

i

S00E

;
34 o

N

20 0 20

60 80

PLATE

I00 FEET

-----

| e—

— |

TYPE OF TREATMENT

( ) Concrete

TELEED  Preumatically -applied
‘ mortar; mortar slurry

( ) Cement slurry

REAS?N FOR TREATMENT

/

2
3
4

Clay seam

Fine cracks and joints

Jagged rock surface

.| Steep slope

I 55/A16/525
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ot CORIN DAM | ‘ f ' - e
GEOLOGICAL PLAN OF SPILLWAY EXCAVATION

g, 0

20 ] 20 40 60 80 100 FEET
(== = { I = 3 E 3
% Laminared siltstone . 72y - Strike and dip of bedding Areal extent of prominent joint plane,
. showing strike and dip
— Strike of vertical bedding
T ] ) @ Areal extent of prominent foult plane
] A Interbedded sandstone and siltstone 0 Strike and dip of jointing
Ll Top of batter in rock
073/27, i ‘
(j’ ok S Trace of joint, showing strike and/or dip if known
[ 7 . — — — — Bottom of batter in rock
| -
L | Thickly - bedded quartzite 8 Trace of vertical joint
3/203 Contour of final rock excavation, in feet
—+— Trace of anticlinal axis
ff‘/] Sedimentary breccia bed - occurs af base
L.[[{.f/ | of thickly-bedded quartzite sequence . ——t———- Trace of synclinal axis . . )

n Trace of fault, showing dip if known. Thickness
p » 5 K [A—
Well - bedded quartzite (2" to 30" beds) with of seams of clay and crushed rock ( cr.rk)
| interbeds of quartzite containing many silty are indicated if significant

1 laminae (1" to 20" beds) I Foult zone

Where possibie, the above symbols are used to -
illustrate the trace of bedding in the excavation

. 7
P

NRE® w AL T
2 S ' > s - =i 7 N A
1,2 — A ‘- SRR o= e
/4/ /A, S, ’/’/ s
7 g o / o>
LNz - [ [ LA y /
\ . / ]

200~

{
ov"

N e}
&>

To accompanmy Record 1969/111 5. : 1 55/A16/526
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CORIN DAM

PLATE 10
GEOLOGY EXPOSED IN WALLS OF SPILLWAY EXCAVATION
FEET 40 [o] 40 80 120 160 200 FEET
PLAN
)
)
z
<7 \‘?@‘S -
50 @ SR PN
o~ g —— S A \\A\\}__ ?/7[7'/" Y
’/ z % 4 37 12/ /o0 80 a2 37 7 33/ ~
= i o 800
FLOOR OF SPILLWAY CHUTE STRUCTURE
400 \ 500 600
., _ 5] <23 ,’.. ‘5/ . ’ u{ . 4 -v; £ \Q\
. o TR IR N Il&
“‘Eﬂv/‘\ \\ \ \\\ B \\\\\
] &) \\ Y ‘\ \ 0\ S
R.L S.W. / ‘zwa WU A
80! s -
. - \ e ~ -y .;' [//7 L . ELEVATION OF SOUTH—-EAST WALL OF OVERFLOW CHANNEL R'L.
3140' 3 S 3 R/ AN LI 27 o ELEVATION OF NORTH-WEST WALL ' 3140 N.E. ' Sw. e
T -y / / X7 . ‘, o | \\ \“‘g‘“‘i‘\ N A $< NN
3100' t = 4 HAPNAH A ‘ : U ' oy ' 3100' = ARR wi‘{%.‘k‘“-«-‘—’—‘-:\ S } 3100
l ZZAN AR A P LI LTI 2277 72 SUANIASEN 100
Cch.00 109 | | 7 : Ch. 200
200 300 > TN NN
400 ; \ /\ X
3060' 3060' /A\ LIRS 3060" 3060
ELEVATION OF SOUTH - EAST WALL OF CHUTE ZAN NN R N
N.E. S.W. ST '
~~ |
' _4’1\‘\%{‘}\\,\\\‘?“\\‘\ NS & ’ : \ O 0
- S R 3020 <N 3020
IR N \. -I¥ ) . ‘ Y =
74\ Qﬁ\\\\‘:\ | ) ] 3 Strike ond dip of bedding
” \\\\ 600 % Camiialed’ sHisions -, Strike and dip of jointing G(I,O
] InfarBedid . " —3, Troce of joint in plon or elevation
] " Al ond giltsene g~ Strite and dip of foult
ke of vertical fo
s s et
Sadimanory baceis Ded ﬁ Zone of closely-jointed rock
W Well- bedded quartzite with inferbeds of J ZO'ZT:: ’/;bl;;:va;f//ofrm’ ponks
lé quortzite confaining many silly laminaé
2940" | ' < . —_—
7o accompany Record 19689/111 : 800 155/A16/527




CORIN DAM -

PLAN

ENG!NEER'ING GEOLOGY OF SPILLWAY CREST

A
25 25A 24 24A 23 23A 22 22A Z2I 2IA 20 20A IS ISA 8 IBA I7 I7A 16 I6A 15 IS5A 14 I4A 13 13A 12 I2A 11l J\I\II-'\ 10 10A §9 9A 8 \8A 7 7\A 6
- Y . &2 - o . R - . o . . o » . . % o o 72f . , - . fe o © ~ . * e\e o et e, . o \ \\\\ \ ! 1
. ip . \a\§\\ N Xt . >%5< +/2N5 X\"" \// LK \7~+. . >3\\+\>< X \+ Nrs, +\ S{\&\\\\Eﬁ ) X&\}K\\%\\\C{\\\\x\\\fs\l\ \\W\+
AN L 2 e NS 4 421 N ) W > N LRI S ) A " g Jo2 SO\ |
g ' . .43: .\.o . ..3-9 .3.8.- 3;'>. 4 3.3: .‘ * 32 "":%'71.6502: 5 " . 2.».?/'75\ 1 ‘\\\ :é\ X \\ \

SUSUEASTR  WALLY, =

el

B .

trace of predominant joint set
in wall of excavation

Spiliway L
FLOOR Ch.100

4

%o

A

00 655 4 . . .
Ch.2 f Rock bolts, 20 feet long, installed after first stage concreting. Direction and angle ( from horizontal) of
’ bolts are as for bolts | and 2, unless otherwise indicated.

-+ Post- tension cable hole, 35 feet long,; used as a quaternary curtain grout hole prior to cable installation.
o Holes I1to5 are vertical; holes 6 to 26 dip at 65° in an easterly direction, perpendicular to the crest.(see section)

X Curtain grout hole. Attitude of holes are same as corresponding cable hole, except that 6A,6C and 68 dip at 82° 77 $and 72 °respectively.

DEVELOPED ELEVATION OF EAST WALL ‘

BOTTOM OF CREST STRUCTURE
* . * BLOCKS5 - - 7. BLOCK 4°
st B (T T R |- SN
O - '. Ol' y o.

A
LETA

® Rock bolts, 12 and |4 feet long, installed perpendicular to wall.
Bolts have coupled extension for anchorage into concrefe.

O Anchor bars, 15 feet long, installed perpendicular to wall.

7o accompany Record 1969/111

PLATE 11

TYPICAL SECTION (AA) LOOKING DOWNSTREAM

R.L. 3137’
concrete crest structure
_:/cable anchor block
A g rout ca
1t P R.L. 3125
A ; - . .
pipe drains, set in <y X " I -7, . .
no - fines concrete [ >, . T . . . . .
__A . : . . " . . P
o 4 a * X L crest rock - bolt
. AW X s . * ~ (projected into
5 O ° . ANEA W A N <. plane of section)
v .. $ ° ° 0 ry . . .
AT A Y . i . . post-tension cable
‘.-_'-.A..- o R4 2 * . d L] &
.vv’ 9 . ¢ . e ® ) ¢ »
L V- ° . P . ' ° F 3
I e s * * A ¥ o
Y . D LI . . ° s
SEDY RS2l vl 2 * + _ cable anchor zo
4 ﬁ. . . ¢ - . b e * . ne
B D 2 D bvpdv 4 . 5 . . . o . ¢ " ) o. "
\ . & . . 3 & o R [
b \ * 2! * * ;4 . . M 3 .
11 e . . * . . « ° e N\ .
SRR\ L AL

\:{ ¢ . . > £ g , - i . .
L S Tl . . :
bedding plane joints predominant joint set

dipping 20°- 30°norfh. .
grout curtain
(maximum depth 175 feet)

10 0 10 20 30 40 : 50 60 FEET
HHHHHE : — : =

1~
Ll

2 ¢

// Laminated siltstone

~%, Strike and dip of bedding
v v %, Slrike and dip of fointing
-

. . Thickly - bedded sandstone and quarrzite

257 Strike of vertical joint
,.';_I'T—'-',_,’JH Sedimentary breccia bed
=

35 Trace of joint, showing true dip

Wel/ - bedded quartzite with thin interbeds of
quartzite containing numerous Silty laminge ’ %5 Trace of fault, showing true dip

Engineering information based on C.D.W plans. System of numbering for rock bolt holes,
grout holes and cable holes refers to C.O.W working drawings.
Details of foundation drainage layoul are omitted for the sake of clarity.

1 55/A16/528




PLATE 12

CORIN DAM

GEOLOGY OF INLET PORTAL EXCAVATION
PLAN OF PORTAL EXCAVATION

~ o
FEET 20 o 20 40 60 80 100 FEET 3 - AT I S U
t — T r — x ] & %\\\ 2 X517
g * ' ADa 9
32 _
p —_— \ . N \er .“'
Bulldozed o R { a \ ‘%‘l"
- 44
rubble IS/ / 3 A :‘..-
2 3 /) Sl N $
% ! ) Exc.Avn}louu//- R W,
Silicitied sandstone, quarizite ’/5»/ Strike and dip of bedding oof ./ -
“ Interbedded sandstone and siltstone > Strike and dip of jointing “/ ///,/ FLooR ;;/ Ex : \
yad Va4 . 8
2 .. L 77 /s :
Laminated siltstone 75 Trace of fault, position accurate, showing dip if known ” /
///A ch 00,7, / // I/ Ch.40
% Fault zone /// Trace of foult, position approximate // ;‘ s/ \// 7 , // /’
sz
N VTN / /
@ Clesely - jointed rock - Position of rock bolt S % \\§\\ - / .
. X _— S /
‘ s \\\w
Note: Where possible, the trace of bedding in plan 2940'——  Contour of rock surface d . \\
and elevations is indicated by rock type symbols 8 o . \ \.(,
~ &? \‘% /
* X Z Y/
.\Q = -
¢
ELEVATIONS OF THE WALLS AND FACE OF THE PORTAL EXCAVATION
NORTH-WEST WALL /(“/ PORTAL FACE \%\ SOUTH-EAST WALL
/«m ‘ 1 : 2080'
‘ 3 2980 2980 T
2980’ J " x.” 4 N.E 5"':” S.w.
2960° 2960’ 2960 / /
AN
/ N\
. ; 2940' 'S ( \3
2940 2349 7 T NTunner NN, LINE
'."’ S v;- .
[ — N -
5\Q‘p.~ e
A
'dlof, ;
Llunnn EXCAVATION | .ﬁ".' T N N
m-\’ = —_—
, | | | ] 2935 ! | | 2020'
2020 ch.00 cnfao' cnfeo' 2020 Ch.80" cnf4o‘ cn'.oo

155/A16/529
To accompany Record 1969/111




Thickly-bedded silicified sandstone

Interbedded sandstone and siltstone

Laminated siltstone

Foult breccra

CORIN DAM — ENGINEERING GEOLOGY OF DIVERSION TUNNEL

100 0 100 200 300 400 FEET
GEOLOGICAL PLAN OF TUNNEL FLOOR HH T ] I ] —
NKXzo
Dam grig north
Mag north
50 5% a/ 48 53 4 29 067 56 80 50 73 64 77
k50 V26 g ¥ g3 % Uzpigss 05 22 A BH %% LY EHY D =
RN = Y SR N0 L - B SN TN N
/ e
200 | “72 | | I { 3/ | . | .
300 400 500 600 700 800" 900 1000

“La SFE G WA eaRny GEOLOGICAL SECTION ALONG CENTRE LINE
31507
/3 4 Strike and dip of fault (plan only) + = N
/ Apparent dip of fault (section only) . SOUTH
In the plan, the strike of bedding i's shown
graphically by the rock type symbol. R.L
In the section, the apparent dip of bedding .
inthe plane of the sectionis shown by " 30801 = —
the rock type symbol. FEET
TYPICAL TUNNEL SECTION 30004
Aline Timber lagging
: Excavation line
' 295071
Vemovsss etare. At X
concreting) I .
100 200 300 400' 500" 600 700 800" 900’ {elele} 1100 1200 1300
Structural steel DRIVE. RETE ! i |
rib 20 20
Concrete lining I;Zi' 10- —_—— . _——_>_—‘— I ﬁ/shift
\' shift e ' ’ e e .
0 (o]
10 FEET
EXPLOSIVE CHARGE
20 : (20
Pounds |5 — ———— T o e—— —_—— .
per foot |0] — ' - —_—— Ib/n
of tunnel g
EXPLANATORY NOTES o 0
TUNNEL SUPPORT
. x s " u T T
el fves negresent prafions of €78 § et isals M T T T e O T CTCTAINIT o Rock st (T T T Roo mons [T lesmeexeots T ALATATE AR AT
it . . ROCK CONDITION :
Actual rock condition, evaluated during mapping T 54 T~ —3
_ Theoretical rock condition, based on actual gf o "ll 1 3
support installed during tunneling 24 B - - T o < ?
N.B = SMHE A classification is used(see appendix 5) (I)- B e e o gupw  mpenvieseoos o omow EE fu, B2 i~ e e oa s - 0
BREAKAGE ON_JOINTS
T Range of breokage on joints '(8)87 — = - - = - P I t'B%O
) %89l - \ = - it 159 %
ode percentage 20 - _— - = 120
0 5 - o 5 ¢}
OVERBREAK IN ARCH
3 3
Cubi ds2 - —_— incomplete ___—~ I —>
See text for method of calculating overbreak p:r ;zgtar * Shaft junction records —_— - - Cl; -
of tunnel 1 S
o) s s e e B R cws we e e e s s o
l
100' 200' 300' 400' 500' 600' 700’ 800' 900’ 1000' 100’ 1200 1300’
To accompany Record 1969/111 155/A16/530




.d

3400'

3300'

3200

3100

CORIN DAM — GEOLOGY AND TOPOGRAPHY OF ROCKFILL QUARRY

100 ¢} 100 200 300 400
H o L EF y

500 FEET

PLAN OF QUARRY AREA AFTER STRIPPING BUT BEFORE QUARRYING R PLAN OF QUARRY AREA AFTER REMOVAL OF ROCKFILL MATERIAL
200
/b

@ o —— ——— — —— e e S A

)

>

Original quarry  boundary ~ %
(=]
3

(%)

&

e e e e e 3
£

Originagl  quarry boundary )
\

~

Interbedded sandstone
and siltstone

Quartr porphyry

L

" Silicified sanastone with interbeds of lominated siltstone;
beds range in thickness belween 2inches and 6 feet. For the
sake of clorily, this symbol is not shown on the plons. Y

o | Thickly bedded quortzite; beds ronge in thickness between ! foot and 15 feet.

SECTION YY'

X GEOLOGICAL SECTION XX' LOOKING EAST FROM COTTER VALLEY X' B GEOLOGICAL

PLATE 14

LOOKING DOWNSTREAM

3300'

3200'

{ 34 B
3400 C Sedi y breccio ded, 2 feet thick, of base of sequence. 20
Wall-bedded quartzite (2" to 30'0545} with interbeds of quartzite
=} containing mony silty laminae (1" to 20" beds).
NORTH SOUTH WEST
boundory, accurote
Annototed A,8or C (see obove)
e e amm G@0/OQICOI DOUNdOrY, pOSition opproximote.
— Strike and dip of bedding
26
3300 L ) ) 3300"
-—_.____.——_._________- —x Strike of verticol bedding First bench
~——
~
+ Horizontal bedding
+ Anticlinal oxis
—*— Synclinal oxis
—— ——— f0y]!, pOSItiON OCCurale, showing strike ond/for dip
—————— 145752 .
' G 3200 < Foull, position approximate, showing direction of 3200
— P
—_— movement il Aknown
w7 wmmmm Foult, position inferred
Prominent foult plone, showing areal exten! of
exposure and averoge sirike and dip
A Final boundary of quarry area
' 3100' 3100
J280—— Surfoce contours /
7o accompany Record 1969/111 155/A16/531
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PLATE 15
| CORIN DAM "A' HOLE CURTAIN GROUTING |
../ ~ : .
’ DAM CREST LEVEL —_— 3155 FEET
. P
B ¢ \ \
|
E E TOP WATER LEVEL — 3137 FEET \ |
. L . D ke T T N T T T y . . 7 I - - - - - T T — T - B T \
DAL 2 SPILLWAY: 7Ty P CREST 2ta 9 o T YA ! \ \
L Ry v Py iy AP T ) P | ! i i
Y T T T T M | » |
T}}if‘ T ; ' \| R
N ! i | : i |
i ; i | i ‘ ; I . \ |
. o | | E SECTION* ALONG LINE OF CURTAIN HOLES SHOWING STAGES AND GROUT CONSUMPTION \ | \
| i \ |
| . | i I |
| ; L | j \
¢ ?i»"iz\"e SR B R ¥ » | \\ \ \
i . : | ' |
12 l‘ I, i3 2 15\ l" ?' . | I — —T . i ! 96 |
I N A T T ~ e
‘ i : i - o A 0 40 80 120 160 200 FEET L«
4 s 44 5 J'R L ’3 13 z ! 3 s 133 | JH ! 12 R ‘ P E = : = E -
] ; L | ) & | 2 s ;
I ‘ [ h 4 I + ’— s I | ; i i . i
i i ! 2 4 ' e 3 2 Lo . " : G
3 i ‘ R Cla ; PRl Pt .
‘ ! | P o 21 10 ‘ ‘ |
| i i ‘ .
| 1 2 5 J? :
‘(9 | ] E3 i 4 23 J & 35 4 7 i |
! 2 5! 1 |
¥ 13 2 3 I 1 14 2 fao i ; i 32 -
| I 2 i
j FNE I } U (i RN [T
: i
3 . 1 !
! J° £l e j BB 20 CI PO P {i 1° -
3 10
o6 i
a1 2 | BN s 6
3 , £ . ; t
_.29 " 2 [ : : J i : i
a 7 3 1o n |
T ‘w +3 !
i . . i |
w ' I u 1 |
! i | i
| } 5 !
. 27 ! E I 5
6 9 » J 6 1s L“ ‘r r l
] 141 2 . +2
142 !
1 3
|
) 3
Jeo 58 o la (
21
35 ) 3 )
- 12 Typical pattern of primary, secondary,
n tertiary, and quaternary grout holes
4_‘83 24 LSO7 \\
0(0’ \\‘\
| : , -/ ;o L
‘ i NN VQL \
& eQ <> b
Slie) SN
S LG RN <&
c & S
e /\é OQOQQ\ p
P
T —— p/‘
[~——
267 Change in direction of
v \e . curtain line ( see plan)
4
i i3 Joly . wls falo B
42 2lo |, 1 ’ Primary grout hole
J 9
: 3 14 Bedrock surface
! )
PLAN SHOWING POSITIONS OF CURTAIN GROUT HOLES S0 O o 2 4o 3°
| : SR Cl 19
i + 4 4
'°°EE_,F [ S ,,____'00‘ ,,,,, e .. 200 Joo FEET 12 Cemient consumption in
bogs per linear foot
! 025~ 350
3 2 of hole {average for
- imit ot cor n — 3 each stage grouted) . Total cement consumption
/,Ei!vg"%-%ﬂ.'_—m———d — s s : . 15 [za 10 e 9 T,o‘e”"""‘fc.r stage { n- bags)
\ 3 14
L 2
. ; > 00
NI0OQ N NICOOU
o2l e 78 fee 2 o | E3
T 3 O |2
1t 9
39
y 2
M 2 The grout holes between A and B are projected into the plane of the section;
> PV o ong ° ) 109 true dip of these holes is 65° {from the horizontal in an upstream direction,
-oossooost ;
s 3 4 3 P i , . ! perpendicutar to the line AB.
i 3 I G i S l37 ! Atl other grout holes were drifled in the plane of the section
' } - Cortaim grout note Jeofee it
Upstreq / ) P Denotes primary grout hole
Z Lma ; B Denotes chonge in direction of 2
Core Lone /_,_/ ! ! '/\ une of curtain grout holes
— — This Plate is based on information supplied by the
‘ 16 5 2 Commonwealth Department of Wg4rks, Canberra
" fon | 24 25 9 57(2 J -~ ’
drout holss | A 5
. 10
‘ .
| | f / ‘ ’ 2
o ‘ . - N R SO B A | . :
€0 £200 £400 £600 £800 / £1000 - 1 55/A16/532
To accompany Record 1969/111
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PLATE 16

CORIN DAM 'B' HOLE BLANKET GROUTING

ANALYSIS OF GROUT CONSUMPTION, SHOWING CORRELATION OF HIGH TAKES WITH GEOLOGICAL FEATURES

40 80 120 160 300 FEET
1 I3 1 I
800F 1000€

]
=0

600E

200€

~ /000N

S00N

65

Cement co D1 in bogs per 100 sq.ft. of rock surface
{ assuming uniform blanket depth of 25 feet)

' .
x Apnfticlinal  axis
s

0o—95 5—10 10—25 25— 50 50— /100
This plan is based on information provided by C.OW, Coanberro. L8 /&\
Surface trace of foult, showing direction
€5 ond ongle of frue dip
' d

For the onalysis, grout ftokes in blonket holes which were only 15 feet

deep were corrected fo equivalent takes for 25-foot holes, assuming thot

the ftake per foor of hole would be the some for the extra /0 feet.

/ Surface trace of vertical foult

To accompany Recond 1969/111

X

Synclinal - oxis

>/00
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CORIN DAM — INTERPRETATION OF STRUCTURE AND
DISTRIBUTION OF ROCK TYPES AT THE DAMSITE |

— — —  Quartzite,with interbeds of
| quartzite with silty laminae

Interbedded sandstone ond siltstone

Lominated siltstone

———— Geologicol boundary, accurate
———--= Geological boundary, approximate .

Geological boundary, inferred -
—_ Strike and dip of bedding

100 0 100 200 300 400
HEeE HH { I — E
. . ~ . Anticline,position accurate
« L °| Silicittied sondstone and quartzite —<4— L !

showing direction of plunge

Anfticline, position approximate

Syncline,position accurate,
showing direction of plunge

Syncline,position approximate

Vertical fault position accurafe

Fault position accurate, showing
amount and direction of dip

Fault, position approximate

Fault, position inferred

Outlines of engineering structures are superimposed on the plan.
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CORIN DAM

GEOLOGICAL SECTION ALONG IOOON SHOWING

INTERPRETATION OF STRUCTURE

PLATE 18
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Laminated siltstone

- Interbedded sandstone and siltstone

o o | Thickly bedded silicified sandstone ; quartzite

Quartzite with interbeds containing silty laminae

Correlaled geological boundaries are annotated R,S &T.
To accompany Record 1969/111

_—"" Geological/ boundary, position accurate

_— — Geological boundary, position approximate

(P
(S Geological boundary, position inferred

— Fault, position accurate

— Fault, position approximate

Annolated faultls refer to descriptions in text.
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