
COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

RECORD N°.1962/144

FOUNDATION CONDITIONS,
CANBERRA LAKE DAM, A.C.T.

INTERIM REPORT
AUGUST 1962

o6 4171k

by
E. K. CARTER and E. J. BEST

The Information contained in this report has been obtained by
the Department of National Development, as part of the policy
of 'the Commonwealth Government, to assist in the exploration
and development of mineral resources. It may not be published
In any form or used in a company prospectus or statement without
the permission in writing of the Director, Bureau of Mineral
Resources, Geology and Geophysics.



06.1646

RECORD N°.1962/144

immix 07 TCY'v'r ' 4,1 

'^Girtot:

COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

FOUNDATION CONDITIONS,
CANBERRA LAKE DAM, A.C.T.

INTERIM REPORT
AUGUST 1962

by
E. K. CARTER and E. J. BEST

The information contained in this report has been obtained by
the Department of National Development, as part of the policy
of the Commonwealth Government, to assist in the exploration
and development of mineral resources. It may not be published
in any form or used in a company prospectus or statement without
the permission in writing of the Director, Bureau of Mineral
Resources, Geology and Geophysics.



Records No. 1962/144

FOUNDATION CONDITIONS, CANBERRA LAKE DAM, A.C.T.
INTERIM REPORT AUGUST, 1962

by

E.K. Carter and E.J. Best

The information contained in this report has been obtained by
the Department of National Development, as part of the policy
of the Commonwealth Government, to assist in the exploration
and development of mineral resources. It may not be published
in any form or used in a company prospectus without the per-
mission in writing of the Director, Bureau of Mineral Resources,
Geology and Geophysics.



CONTENTS

SUMMARY^ 1
INTRODUCTION^ 1
PRE-CONSTRUCTION INVESTIGATION^ 2
FOUNDATION CONDITIONS^ 3

EASTERN PART OF DAM
Geology
Blanket grouting^ 5
Curtain grouting^ 5
Cut-off wall^ 5

WESTERN PART OF DAM^ 6
Geology^ 6
Blanket grouting^ 7
Curtain grouting^ 7

CENTRAL PART OF DAM
Geology^ 8

CONCLUSIONS^ 11
ACKNOWLEDGEMENTS^ 12
REFERENCES^ 13

APPENDIX
Geological logs of drill holes

ILLUSTRATIONS
Figure 1 : Locality plan, Canberra Lake Dam,

Canberra, A.C.T. Scale 1 inch : 2/3 mile
2 : Sections showing possible explanations of

the 350 and 65 ° Faults and adjacent broken
ground.

Plate 1 ; Reference and key to plans showing geology
of dam foundations (Plates 2-9).

2 : Map of Foundations 1000 W - 1200 W and 50N-150S.
Scale 1 inch : 10 feet

3 : Map of Foundations 800W-1000W and 50N-150S.
4 :^it^It^600W- 800W and100N-1008.
5 :^

It^600W- 800W and 130S-300S.
6 :^tt^It^400W- 600W and 10CN-100S.
7 :^ 400W- 600W and 100S-300S.
8 :^n n^200W- 400W and1OCU-100S.
9 :^II^0 - 200W and 100N-100S.
10 : Sections showing drillhole data 600W - 1100W.

Scale 1 inch : 20 feet.
11 : Section showing drillhole data 100W - 600W.
12 : Western Part. Plan showing outcrop and

structure contours of fault, 700W - 1100W..
Scale 1 inch : 10 feet

13 : Contour plan of foundation excavations 766W-927W.
Scale 1 inch : 10 feet.

14 : "A" and "B" hole grouting. Scale 1 inch : 20 feet.



STIYARY

In the course of construction of the Canberra Lake Dam,
Yarralumla area, A.C.T. a previously unsuspected fault which strikes
at 45 0 to the axis of the dam and dips :Ynliquely downstream at 35 ° was
located. Another fault, striking perpen:licular to the dam axis and
dipping 65 ° to the east, joins or intey!sects the 35 0 dipping fault
beneath the former western channel of the Molonglo River In the
acute angle formed by the two faults in the hanging wall of the 35 0
fault extensive shearing, fractl„Ting and weathering has produced
unsound foundations and 5,000 cubic yards of material have been ex-
cavated at the time of writing.

As a result of the foundation conditions found to exist, a
portion of the dam has been redesigned and provision has been made
to pre-stress Blocks 4-6 of the dam. Drilling is in progress to test
the soundness of anchorages for the pre-stressing cables.

Available data on the strength and water-tightness of the
foundations are presented in this report. It is concluded that the
foundations are sound below Dam Blocks 7-14 and 1-3 but that additional
curtain grouting is needed along the eastern part of the dam. It is
also concluded that the rock below the spillway downstream of Blocks
4-6 has significant shear strength; drilling to provide further
information on the spillway area is recommended.

The present excavation level for Block 4 should provide
sound foundations. As it is not practicable to excavate Block 5 any
deeper, thorough consolidation and grouting will be necessary. Block 6
east of the 65 fault and above the 35 ° fault consists of strong fresh
rock but has clay-filled joints in it. The 35 ° fault zone under the
block is certainly extensively broken and will require thorough grouting.

INTRODUCTION

The purpose of this report is to set out the state of knowledge,
and conclusions drawn therefrom, about foundation conditions beneath the
Canberra Lake Dam, Yarralumla area, A.C.T., as a result of investigations
to determine the nature and attitude of a medium-angle fault located in
the course of construction of the dam.

Additional drilling is in progress to test the suitability of an
area at the upstream toe of the dam to provide anchorages for pre-stressed
cables required in a proposed modification of the dam design. The results
of this drilling are not included in the report, but are alluded to.

Foundation mapping was carried out by G. d'Addario, D.E. Gardner
and E.J. Best and recent drilling has been logged by E.J. Best.
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PRE-CONSTRUCTION INVESTIGATION

Twenty-four drill holes, of total length 1850 feet, were
drilled in the course of the preliminary investigations and costeans
were dug to expose bedrock. Twenty of the drill holes were water-
pressure tested at pressures up to 100 lbs per square inch. Leakage
was generally very small - in only one hole (DDH 3) did leakage exceed
0.3 gallons per minute per foot of section tested. Results are given
in detail in Gardner (1960).

Nineteen of the holes were on, or near, the axis of the
dam, and three were 100 feet south of the axis. In addition, extensive
augering was done to determine the depth and character of the uncon-
solidated sediments on the east bank of the river (see Gardner, 1960,
Plate 1).

The drilling, augering and costeaning accurately delineated
the boundary between unconsolidated sediments and the porphyry that
forms the bedrock. It also resulted in close agreement between design
foundation level and actual depth of excavation in the eastern part of
the dam (Blocks 7-14*). Divergences between predicted depth to sound
rock and depth revealed during construction ewhere are discussed below.

A Throughout this report Dam Block numbers used are those in the
contract design and not any modified system that may have been
adopted subsequently.
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FOUNDATION OCIMITIONS

The bedrock throughout the foundation area is a fine to medium
grained porphyritic igneous rock, referred to as porphyry. Some crystall-
ine tuff has been recognized, but it has not been established whether
the rock mass is extrusive or intrusive in its entirety or whether both
modes of emplacement were operative. it fair range in grainsize has been
noted, but the composition appears fairly uniform. No bedding or flow
structures have been observed. Unweathered and uncrushed rock, no
matter what the grainsize, is very st:eng.

The rock is everywhere closely and irregularly jointed and
fractured (see Plates 1-9). Where fresh, the joints and fractures are
generally sealed by calcite, quartz or epidote. A fresh dolerite dyke
occupies a fracture or shear under Block 1.

Shearing and slickensiding, consistent with severe stressing and
minor relative movement of adjoining joint blocks, are common.

Deep weathering is closely associated with deformed rock. In
many places sound, fresh rock occurs at, or within a few inches of, the
surface of the contact with the overlying unconsolidated sediments.
Drilling, on the other hand, has revealed profound weathering of sheared
rock at a vertical depth of 110 feet. The average depth of general weathering
is about 5 feet along Blocks 7-14 and 20 feet along Blocks 1-3 . Alter-
ation by weathering has resulted in the leaching out of soluble fracture-
filling material such as calcite to produce local voids, and the decom-
position, to various degrees, of the porphyry along and in joints,
fractures and shears. Complete decomposition of porphyry has produced
clay, quartz grains and limonite. The clay generally seals any
structure in which it has formed giving rise to an impermeable rock mass
even in many of the strongly fractured areas. Partially decomposed
porphyry is very much weaker than the fresh rock.

In the minor fractures and joints generally little, if any,
clay has formed, and because of tho irregularity of the cracks the
overall strength of masses of essentially fresh rock has not been seriously
impaired, though shear strength would have been reduced more than com-
pressive strength. In many of the larger and more persistent fractures,
joints and shears, however, sufficient clay has formed to produce a
mechanical discontinuity and to act as a lubricant should shear stress
develop along the plane of parting. Fracturing and weathering in .a
shear zone beneath Blocks 4 and 5 has been so extensive that the rock
no longer Terms a coherent mass. Mechanical tests were conducted by the
Department of Works Testing Laboratories, Melbourne, on specimens of
clay from a fault plane beneath Blocks 2 and 4. The clays were found
to have negligible strength (about 2 lb./square inch). It is, however,
emphasized that only in the larger and more persistent zones of shearing
and fracturing is the clay sufficiently thick and continuous to produce
pronounced planes of mechanical weakness. Elsewhere the lenticular, or
pod-like, distribution of clay (commonly with included rock fragments),
and the irregularity of fracture surfaces ensures that the rock mass
retains a fair to good overall strength.

Local foundation conditions are discussed at greater length in
the sections that follow. Geological logs for exploration drill holes
appear in Gardner (1960) and for recent drilling in the Appendix to this
report.
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EASTERN PART OF DAM (BLOCKS 7-14 AND CUT-OFF PLATES 4-9)

Geology

The foundations throughout are of strong, sound porphyry;
most of the rock is fresh and rings to the blow of a hammer. No soft
weathered rock was left except in a few high angle fractures: All loose
or unsound material on the surface was removed by hand.

Joints and fractures abound, but nearly all of them are tight
and the adjoining rock is either fresh to moderatly fresh, or is superfic-
ially weathered only, along the joint or fracture. The joint or fracture
pattern is shown in Plates 4-9. Only to persistent shears were exposed.
One is beneath Block 14; it strikes 178 it and dips steeply east and ranges
in width from about two feet to a few inches. Rock along the shear (which
rather has the character of a fracture in places) is weathered and iron-
stained and contains clay. Grout from a nearby grout hole emerged at the
surface and the structure is considered to be effectively sealed. As the
foundation at this point is at about RL.1777 and there is no spillway
below it (earth will be piled against the downstream face of the dam) the
shear is of no consequence relative to the stability of the dam.

A larger, and more persistent, shear (Plate 6) strikes across
Blocks 10 and 11 at about 70 0 to the dam axis and extends across the
spillway area downstream from Block 11. It strikes about 174 ° and dips
steeply east. It is up to six feet wide (including parallel structures) and
had to be cleaned out beneath the dam to a depth of up to 4i- feet below
the local level of excavation to remove unsound material. When this was
done the remaining material, though extensively weathered, was considered)
sound; it contained considerable clay, however. One grout hole, drilledi
to a depth of 25 feet, which probably intercepted the shear at depth took
8-A. bags of cement.

The numerous other fractures, joints and minor shears, though
irregular in detail, fall into two broad groups - a set roughly paralle;
to the two shears described above, and a set that strikes at roughly 15
to the axis of the dam (mainly about bearing 095 ° but some about 065 °).
They are all steep to vertical and most are tight. Some are slightly
weathered and iron-stained, others are fresh. Fresh fractures have blebg
and veins of crystalline calcite and quartz in them in places.^\

Information on rock conditions below the foundation level is given
by 13 pre-construction drill-holes, most of which penetrated 20-40 feet
below design level. Holes 7 and 12, below Blocks 8 and 9, penetrated about
90 and 70 feet below design level. Holes 2, 6, 13, 15, 16, 17 and 18 encount-
ered pronounced zones of weathering and crushing, some several feet wide, with
clay and ironstaining. Otherwise the rock is described as fresh with
tight, commonly calcite-sealed, fractures or thin iron-stained or clay-
lined fractures. Generally the rock condition below the foundations is
better than at foundation level.

No information is available about the low-angle (35 °) fault zone
(see p.6) which must be assumed to continue below the eastern part of the
dam. The fault is at a depth of 50-60 feet below the northern corner of
Block 7 and theoretically can be expected at a depth of not less than 200
feet below Block 14. It can be assumed that extensive brecciation and
crushing is associated, locally at least, with the thrust plane but
possibly in places where there are no associated or intersecting structures
the fault plane is narrow. The main fault plane beneath Block 1, for example,
even though near the surface o contained only a few inches of weak material.

it All bearings in this report are magnetic.



In general, the greater the depth at which the fault plane occurs the
less is the westhering and decomposition of broken and sheared rock,
and hence the stronger the struire,^On the other hand, where clay
has not formed and sealed the fault plane, water leakage under a strong
pressure gradient may be significant (unless sealed by calcite or other
vein minerals).

The ground below the thrust plane under Blocks 7-14 has not been
tested, but that belowBlocks 3 and 4 has been found to be very strong
and less broken than above the thrust plane.

Blanket Grouting

The foundation rocks were grouted on 20-foot centres in iwo lines
20 feet apart, to depths of 25 feet. Grouting of each hole was done in
single stage, though packers were used at varying depths. The results
of the grouting are shown in Plate 14. The greatest consumption was 87
bags of cement in Block 11, in a zone of persistent, but narrow fractures.
Three holes, forming a third line between the two principal lines, took
0, 0 and 11* bags of cement.

Elsewhere grout "takes" were generally very low : the only large
takes being 29 bags near the join of Blocks 6 and 7, 23* bags near the
junction of Blocks 11 and 12 and 10* bags beneath Block 14. Very few
interconnections between holes were established.

As the foundation rocks were considered amply strong the grouting
was directed towards preventing water leakage, rather than consolidation,
and was therefore confined to the upstream part of the dam foundations
to prevent impounding of water below the dam and thereby producing uplift.
No grouting was done beneath the spillway apron.

Curtain Grouting

Curtain grouting along the upstream toe of the dam was done by
stages of 0-15 feet, 15-30 feet and 30-50 feet. Holes were drilled in
the first instance at 10-foot centres to a depth of 15 feet. Alternate
holes were drilled to 50 feet and grouted. Where appreciable grout was
used supplementary holes were drilled. The densest grouting was along
Block 11 where holes are only two feet apart in places.

Grout takes were generally insignificant (most were one bag or
less) except under Block 11, where a total of 247 bags of cement, in 15
holes, were used.

An examination of the results leads to the belief that an effective
seal has been achieved to a depth of 50 feet and that in general, except
along the thrust plane, significant leakage should not occur below 50
feet depth. Below Block 11, however, where the greatest amount of grout
was used, it is considered that small leakage paths may still exist below
50 feet depth as, in general, grout takes are greater at depth than near
the surface.

The possibility of leakage along the main thrust plane is
discussed atwo.

Cut-off Wall

The concrete cut-off wall is three feet thick at the base and is
based on bedrock one to two feet below the bedrock-overburden contact.
The foundation rocks are moderately jointed and are generally slightly to
moderately weathered but are strong. Jointing and fracturing are
comparable with that farther west under the dam foundations; no pronounced
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shears were encountered. Grout takes were very small everywhere except
near the junction of Blocks 15 and 16, where 119 bags of cement were
pumped into one hole and grout emerged at ground surface through the
sand-silt overburden. It is expected that the rock below the cut-off wall
will provide an imperme table barrier to water.

The rock-overburden contact at the eastern end of the cut-off wall
is at RL.1803 - 22 feet below normal lake level. It is understood that
permeability tests have been carried cro. on undisturbed samples of the
silt and sand that overlies the rock in the area and that results obtained
indicate that significant leakage of water past the end of the cut-off wall
should not occur. The test results have not been examined by the writers.

WESTERN PART OF DAM (BLOCKS 1-3 AND CUT-OFF, PLATES 2 & 3)

Geology

The thick deposits of fine sand and silt which overlay the
porphyry east of the river are absent in the western abutment area and
the natural rock surface rises to above lake top water level. The found-
ations for Block 1 are at about RL.1808 - only 17 feet below the lake
level.

Block 1 foundations have two prominent features: a dolerite dyke
that strikes at bearing 052° - 58° to the dam axis and dips almost
vertically; and an almost flat fault plane with clay in it.

The dolerite dyke is about 10 inches wide and is massive and un-
sheared, but the adjoining porphyry is sheared parallel to the dyke.
The whole is compact, strong and water-tight and has no bearing on the
soundness or otherwide of the foundations.

The flat fault was exposed in foundations in a steep face near the
junction of Blocks 1 and 2; the trace dipped slightly downstream across
the face and showed a clay seam, up to 2 inches wide, and weathered rock.
Two short (14 and 14* feet) diamond drill holes were drilled in Block 1 to
determine the attitude of the fault. When it was found to be almost flat
and not to be clay-filled throughout it was treated by vigorous washing and
grouting. Only a negligible amount of grout could be forced into the
fault. The fault bifurcates from, and below, the main, 35 ° dipping, thrust
fault lc (see Plate 10). A strong system of iron-stained joints in Block 1 y
roughly parallel to the dolerite dyke, meet or intersect the shallow fault.
Exploration drill hole 4 intersected broken rock at RL.1780, on the axis of the d
dam beneath Block 1. Fault A (the footwall of which is shown by
structural contours in Plate 12) lies above the foundations in Blocks 1 and 2
but could be seen in the walls of the excavation for Block 2 and the
spillway below Block 2. The lower face of the fault forms the base of the
foundations in the southern part of Block 3.

Near the junction of Blocks 3 and 4 the fault zone was very much
thicker than farther west; it contained up to 5 feet of broken and
weathered rock with prominent clay seams.

Joints or minor faults do not appear to cut across Fault A, though
the joint pattern is similar above and below it. Where the fault plane was
exposed in Block 3, joints are not as numerous as elsewhere and are tight.
A very pronounced vertical joint (strike 109°), which marked the boundary
between broken ground above the fault in the dam foundation area and
sound rock in the spillway ar ea, terminated on the fault plane.

it Hereafter referred to as Fault A.
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Several persistent joints, some of them with strongly weathered
bounding rocks and clay, were ex:posed in the foundations of Blocks 2 and 3
(Plates 2 and 3). Most of these were cleaned out as far as practicable
and replaced by concrete so that a strong foundation of generally fresh
rock was provided for the block. In detail, as a result of the cleaning
out of the weathered joints, the block foundation is very irregular.
However, a block, covering an area of about 600 square feet, in the eastern
corner (upstream adjoining Block 4) which is underlain by clay (along
joints) up to 2 inches thick remains in place; it was subsequently found
to be part of a larger block, formed by two joints, which has been largely
removed from Block 4 (see below).

Many of the persistent, but 5/..regu1ar l joints in the foundations
of Blocks 2 and 3 strike between 055 and 070', and dip steeply south or
vertically. Grout takes, even in the most jointed areas, were nggligible.

The spillway area south of Blocks 2 and 3 (which is above Fault 11)
is closely jointed and most of the persistent joints strike in about the
same direction as the main joints in Blocks 2 and 3. Though slightly to
moderately weathered and iron-stained, these joints are generally tight
and free of clay. A set of joints striking normal to the axis of the dam
contains up to about 2 inches of clay in places. The rock in the spillway
area on which the concrete was placed is fresh to slightly weathered and
is considered to be strong in compression.

Three drill-holes were put down under the foundations of Block 3,
or immediately downstream of the block. Two - 302 and 401 - were inclined
at 45 0 1 parallel to he axi of the dam and one (3C1) was vortical. The
hole lengths were 50 1/3, 50 6 and 48 feet respectively (see Plate 10 and the
drill logs at the back of the report). Those holes all revealed excellent
blue fresh rock with tight, and commonly unweathered, joints and fractures.

It is concluded that the foundations of the dam under Blocks 1-3
are sound and strong as no weak structures have been detected within 40
feet of the foundations.

alanket Grouting

Foundation grouting followed the same pattern as for Blocks 7-14.
total of 30 grout holes were drilled and grout take was negligible -

the largest consumption was 3 ,1bags of cement. Twelve of the grout holes
were drilled in Block 1 to consolidate the flat-lying fault recorded above.

Curtain Grouting

Curtain grouting has been completed along the upstream toe of
Block 1, and part of Block 2, and under the cut-off wall.^The only
substantial takes were in the cut-off wall foundations where 95 :4 bags of
cement were pumped into grout hole No.2 (which was interconnected with
grout holes 3 and 4) between 0 and 15 feet depth, and 15-b- bags were taken
IDY hole No.5 between 30 and 50 feet depth. Hole spacing was reduced to five
feet and an effective seal was apparently achieved as later holes took
practically no grout.

It is concluded that an adequate seal against water leakage has
been achieved over those parts of the western end of the dam that have been
grouted, at least to 50 feet depth. There is no evidence for serious leakage
paths below this depth, though slight leakage is possible.
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CENTRAL PART OF DAM (BLOCKS 4-6)

Geolop7

The two major faults which have given rise to unsound foundation
conditions intersect or meet in this section. The distribution of
unsound rock, as known, is shown in Figure 2 and Plate 10. The bad
ground, consisting of profoundly to moderately weathered rock (some of
which was extensively sheared before weathang) and clay has formed in the
acute angle between the 35 0 dipping ithrust fault 2 which strikes at 065 °, and
a fault which strikes at 020°, normal to the axis of the dam, and dips 65 ° E
below Block 6. The volume of unsound material has been increased by
weathering along joints in the footwall of the thrust fault.

The foundations of Block 4 (not yet poured) will rest entirely
on or below the footwall of Fault A. In general the excavation floor dips
south-east at 35 ° on the footwnll of the fault, giving a downstream
component of dip, normal to the axis of the dam, at 27°, but a block of
rock formed by two intersecting, or joining, clay-filled joints (the
continuation of those described above ) under the eastern corner of Block 3)
has produced a sloping v-shaped trench up to 10 feet deep across the block.
The joints that have produced this trench or keyway strike at 115 ° and dip
32°NE and 125 °, 55°SW; the have been designated joints D and E respect-
ively. The heel of the excavation strikes 110 ° and plunges 25 0 SE. The
north-dipping joint appears to cut the other but recent drilling upstream
of the dam has revealed only minor jointing and weathering at the projection
of the joint plane.

At the western downstream corner of Block 4, the zone of unsound
rock and clay overlying the footwall of Fault A is about 4k feet thick.
Below the junction of Blocks 5 and 6 decayed rock has been excavated by
front-end loader and bulldozer from the original rock surface to RL.1740, a
depth of 20 feet. Only a small wedge of rock under the downstream edge of
Block 5 had to be blasted. A total of 5,000 cubic yards has been removed
to date. Excavation has been suspended, but broken and decayed rock remains
at the bottom of the excavation; its extent has not been fully established.
A third fault or joint, which was apparently confined to the zone between
the 35 ° and65 ° faults and which had a strike ranging from 150 ° to 200° and
dips. 40°E, appears to have contributed to the shattering and shearing of
the rock from which the bad ground was derived; this has been designated
Fault C. It joined Fault B 65 feet south of the axis of the dam at
RL.1760; south of this point Fault B is only 6-15 inches wide.

Some information is available about rock conditions under Blocks 4 and
5, below Fault A, from drill holes.

t Referred to as Fault B.
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The information is tabulated below:

Drill Hole^Depth penetraed.^below fault^Rock Conditions
(measured normal te -TTIITT

501^ 5 ft.^Fresh; joints generally
tight and fresh.

502^ 15 ft.^Fresh rock, clean joints except
5t-7 1 3" below fault where moder-
ate weathering, broken rock, clay.

3
^

9 ft.^Fresh rock, fractures sealed by
calcite.

6
^

60 ft.^11' weathered, fractured rock
immediately below fault; last
361 generally slightly weathered,
some badly broken and weathered
zones.

1 0
^

10 ft.^Good strong fresh rock, some
joints iron-stained.

The significance of the broken ground in the lower part of
exploration drill hole 6 is not clear; it was interpreted during explor-
ation as the extension at depth of a steeply west-dipping shear, or shears,
below the western channel of the river. However, subsequent work has
shown that that shear dips about 65°E and it has not been proven that the
shear continues below Fault A. Current drilling (607 2) upstream of
Block 6 has shown that extensive broken and weathered rock oclurs below
Fault A in that area. Ftrther drilling is planned to clarify this
problem. Attention is drawn to the fact that drill hole 4 intersected
broken and iron-stained rock at roughly the same depth below Fault A
as drill hole 6 did. Holes 301 and 401 terminated in good ground about
on the join-line between the broken zones in holes 4 and 6. It is suggested
that if possible 401 be extended a further 20 feet.

Until the extent and attitude of the known zones of fracturing
below Fault A have been established, the relationship between Faults A
and B cannot be conclusively determined. Possibilities are shown in
Fig.2.
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FIGuilE 2^SECTIONS SHOWING POSSIBLE EXPLANATIONS OF Ti4E
ZS ° AND 6 ° FAvi-T5 AND ADTRCENT EMOKEN CrP-OUNI).

They are:

1. The two faults are part of the same thrust fault system, Fault B
being a thrust plane extending into the hanging wall of Fault A
(Fig. 2a). This explanation was offered by Mr. D.G. Moye
(S.M.H.E.A.). This structure would explain the weathered and
broken rock above the projected position of Fault A in drill hole
605 and dthe clay and broken rock at 44- feet in 6A06'; however,
the intersection in 601 is in the predicted position. It is also
considered that deformation along Fault A could be sufficiently
irregular to account for the apparent misfit in 605; further,
the base of the weathered rock has not been reached in the drill
hole.

2. If this possibility (see Fig. 2b) is correct broken (but net
necessarily badly weathered) rock is to be expected at the junction
of the two faults below Fault A. No opinion can be expressed about
the likely displacement of Fault B by Fault A.

3. Fault B is a younger reverse fault on which the plane of Fault A
has been displaced a few feet (Fig.2c) to produce the apparently
high position of the broken and weathered rock in hole 605 (but
see 1. above; further, the intersections of Fault A in 601 and
6A06 are in the predicted positions). If this is so, bad'ground
probably extends along Fault B below Fault L.

FIG. Zb
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46 If movement on Fault A were hanging-wall-block down, the broken
rock intersected in drill hole 6 could be the expression of Fault B
in the footwall block (rig. 2d). Fault A appears to be a typical
thrust fault; however, it is not unusual for reciprocal movement
to take place on a fault, once established. On the other hand
the trace of Fault B has not been observed in the footwall of
Fault A. If the fourth explanation is correct, weathered and
broken ground can be expected below the present excavation down
to at least RL.1660:

The rock in the foundations of Block 6 east of Fault B is
generally fresh and strong but is cut by numerous persistent joints.
The joints forming the most prominent set strike at 070 0 and dip vertically
(Plates 3 and 4); some, however, dip south at moderate angles. Other
joints strike parallel to Fault B but appear to dip vertically; one of
them is clay-filled. Generally the joints are iron,stained lowith some
decomposed rock, but there is little clay. Drill hole 6AC6', however,
intersected about six inches of clay at 17 feet, which roughly coincides
with the extension at depth of a clay-filled joint mapped at the surface.

In the spillway area downstream of Blocks 4, 5 and 6, the
foundation rock immediately below the concrete is extensively jointed
but appears to be essentially fresh and strong. The face on the down-
stream side of the dam foundation for Blocks 4 and 5 reveals very fresh,
sparsely and generally tightly jointed, rock. Fault B appears at the
surface as a clay-filled fracture 1-6 inches wide, and the rock to the
west of it is generally sound. There are three main joint directions -
at 080°, 135 ° and 015 °. The first two strike at 15 ° - 40 0 tc the axis of
the dam and the third normal to the axis. Numerous minor joints strike
parallel to the axis. All joints are vertical or steep-dipping and many
are irregular in strike. No evidence was found for jointing parallel
to the dam with dip angles near the theoretical attitude of the shear
slip plane on which a "slip-out" of the dam would occur in the event of
failure - i.e. 30 0 - 450 upstream dip. Many of the joint and fracture
planes are iron-stained but very little clay was observed and most are
tight or have only a small parting.

No grouting has been undertaken in Blocks 4-6. Spring action
has been observed in one or two places and thorough grouting will be
necessary. Any very broken ground may not be amenable to complete sealing
by grouting.

CONCLUSIONS

1. The eastern part of the dam (Blocks 7-14), already built, is
stable and the foundations are amply strong. The possibility of leakage
along Fault A at a depth greater than 50 feet requires investigation by
some deep drill holes to determine the condition of the fault at depth.
Additional curtain grouting will probably be required as it is important
that leakage from the dam be kept as small as possible.

2. The foundations of Blocks 1-3 and the western abutment of the
dam appear sound and water-tight. In view of the slight possibility of
a fracture zone parallel to fault A and 40-60 feet below it (see P.4)
drill hole 401 should be extended a further 20 feet. On the evidence
of the intersections in drill holes 4 and 6 any fracture zone in this
position is not likely to affect the soundness of the foundations, but could
require deeper curtain grouting, to ensure water-tightness, than has
been carried out elsewhere.
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3. The spillway area downstream of Blocks 4-6 apg.)ars sound and
is adequately strong to suppol-.t, The spillway apron. The present re-
design of the dam is based on the assumption that the rock below the
spillway area has negligible strength in shear. As the rock is generally
fresh and strong, and as no persistent joints, with the same approximate
attitude as the theoretical plane of shear failure due to the hydrostatic
pressure of the lake waters and weight of the dam, are known it is
considered that the assumption of negligLble strength may be unduly
conservative. About 500 feet of dri]iing along the lines proposed by
Mr. H.Wilson, to test for the existence of joint$ fractures or shears
dipping upstream under the spillway area is therefore recommended. If
no unsatisfactory featurus are found less rigorous conditions for the
anchorages of the pre-stressing cables could be accepted.

4. Drilling is in progress to test the soundness of the proposed
anchorages of pre-stressing cables. A programme of testing has been laid
out. The practicability of the proposed redesign should be re-evaluated
when the results of the drilling, both of the cable anchorages and the
spillway area, are available.

5.^Dam foundation conditions in Blocks 4-5 1 in summary, are:

a) Block 4, entirely below Fault A, is considered sound,
subject to the additional test by extending drill hole 4C1.
As rquch as possible of the rock above the two intersecting joints D&E
near mock 3 (see p.8) should be removed. The wedge below the
plane of Fault A produced by the two joints will tend to
"key" Block 4 in place.

b) Under Block 5 drill holes 5C1, 502 and 3 have shown generally
sound rock for short distances below Fault A but some weathered
rock and clay were intersected; sound rock has been exposed
in the northern corner of the block, otherwise foundation
conditions are not known. If unsound ground extends below Fault A
it will not be practicable to remove it, and a thorough
programme of consolidation and sealing of the unsound ground will
be necessary. An inclined drill hole below the present excavation
is considered advisable to give information on the conditions to
be expected.

c) The block of ground under Block 6 but above Fault A consists of
generally fresh and strong rock, but numerous persistent joints
cut it and drill hole 6AC6' intersected clay at 17 feet. It is

•

^

^not safe or desirable for excavations to remove unsound ground along
Fault B to extend much farther. On present indications,
provided consolidation and sealing of the two fault zones is
undertaken, the rock to the east of Fault B should provide satis-
factory foundations for Block 6. Ftrther investigation of the
clay seams may, however, be necessary. Drill hole 605 should be
extended into sound rock in the footwall of the 35 0 fault.

Curtain grouting along Blocks 5 and 6 will need to be extremely
thorough and may have to be extended deeply.
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