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On June 12th and 13th, last, in company with Dr, S,
Warren Carey, Government Geologist, and Mr, H. H, Thomas,
Engineer of the Hydro Elegtric Commiesion, I visited the
Butlers Gorge damaite for the purpose of continuing the
detailed geological mapping of the damsite excavations.
The general geology of the area already has besen dssorided
in previous raports, sc that I need refer only to the
specific preblem of the fracture pattern and related
features in so far as they have a hearing on the mafety
and effectivenass of the vnrorosed dam,

The foundation of the Butlers Gorge dam consists of
massive, compact and sound rock (dolerite) interrupted at
irregular intervals hy fractures, which are partly open,
partly filled with clay or calcite and zeolitic material,
and for a part of their length with the walle in close
contact. Although the foundation rock is essentially a
dense, non.porous one, 1t has some permeability due %o the
agency of the extensive aystem of fractures, It is the
number of kinds and spacing of the openings in the generally
interconnecting systema of fractures that is the subject
of this study.

The study of the fracture systeme of the dolerite
within the arsa of the dam excavations ie too restricted
to give a complete interpretation of the structure of the
igneous mass, and the abaence of observable flow structures
in the rock preventes a correct orientation of the three
primary systeme of fractures recognised, decause their
trus position is determined by angular relations to flow
lines, For the purpose of this report, the thr:e systems
recognised are roferred to the following typesi=

(1) diagonal joints
(2) longitudinal joints
(3) flat lying joints

The diagonal joints are planes that form angles of
approximately 45 degrees with the probable trend of the
flow line, Of the two oconjugate systems, the one with a
meridional trend and an easterly dip apgears likely to be
locally suppreased, while the other with a general strike
of north 30" esst and a northewesterly dip appears to be
strongly devaeloped,

It 18 possible that the latter may be more rightly
termed inward-dipping marginal jointa and, although some
of them show evidence of displacement, suggest that the
upward lengthening of the rock mass during intrusion was
not great and that the marginal joints sufficed for the
necessary adjustments,

The longitudinal jointd are stcep planes that strike
parallel to the trend of the flow lines and probably are
represented here by three sets otbnearly vertical jo&nta
strikeing north 10”east, north 15 west and north 46
west respectively.

The system of flat.lying joints is most probabdbly
one of tension joints, but some may be due to exfoliation
at the surface,

The fault which traverses the dam-site near the left
bank gbuiment strikes north 52" east and dips north west
at 8573 the rock between adjacent fracture planes exhidits
localised disintegration, being ohloritised and impregnated
with iron oxides. It flakes emsily parallel to the joints,
rosambling a decomposed =chiatose rock,
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There are two subsidiary sets of joints developed
contemporaneously with the faulting.

(1) the platy structures due to secondary
shearing parallel to the faull,

(2) and at least, one of the two sets of conjugate
feather joints usually developed along faults
in igneous rocks,

In considering the general stability or load~bearing
ability of the foundation rock, it ia necessary to know
ita general crushing strength, The International
Critical Tables, New York, Vel, 2, 1927, indicates that
the average compressive strength of dolerite, under a
lateral pressure of one atmosphere is 1800~2700 kilograms
per square centimetre, Under high all sided pressure,
the same material would have a much greater compressive
strength, It is apparent then that any failure of the
ook will be due to certain structural featuree such as
fissuring and faulting rather than to deficlent crushing
atrength of the foundation rock.

The study of the fracture pattern has shown that
there are no clay seams of sufficient magnitude to
affect seriously the sBtability of the dam foundations,
Ae the throe directions of masimum weakness in the major
103nting ayugams are south €7 west at ap elevation otb

57 south 20° west at an o&evation of 197, and south 8
weat at an elewvation of 227, it is apparent that the
dirsction of the major thrusts of the dam are most
advantageously placed,

Some special treatment may be necessary in the case
of a fow of the clay seams and I would sugzest that some
attempt be made %0 remove the clay from the larger seams
by jetting before srouting,

Regarding the advisability of covering any portion
of the foundation rock with a blanket of concrete immed-
iately aftzr excavation 40 prevent erosion or desompos-
ition of rock or clay seams, I am of the opinion that,
with the emeception of the faulted zone in Block A which
requires special treatment, and the area in the o0ld
river bed, near the inlet pipes, whioh requires probadly
another ten feet of excavating to reach unweathered rock
there is no need to blanket with conorete, as the rate
of weathering of the dolerite is extremely slow and no
obsaervable change in the rook could be noted in the interwval
betwean final excavatior and commencement of actual
conetruection of the danm,

All rocks are somewhat permeable and loss of water
is inevitable from any reservoir which abuta on rock
masegs lying above the pre-existing water table, But as
pointed out above, the only possibility of leakage of
water under the dam and/cr through the abutments is
through localised porosity by means of the interconnect
ing systems of fractures, The majority of the fractures
have a general meridional trend and conse-quently croses
right under the dam into the reservoir basin, but the
cover of glacial material on the upstream side will
effectively seal the greater proportion of thoase that
rench the surface, ‘lovever, as the main effect of the
joints will be piping, this could be entirely removed
by an effective curtain of srout under the heel of the
structure,

The problem of shear, in particular, depends upon
the relationship of the moment of th:ust on one hand to
the frictional resistance of the possidble shear surface
on the othar this resistance being determined by the




nature of these surfaces and their atiitude or 18
inclination with reference to direction of shear force.
The atudy of the fracture petterm has showm that there
are no fractures so situated as to promote shearing
movenent by sliding. The very nature of the fraotures
alao militates againet any such poessible movement in that
they vary considerabdly along individual fractures, some-
times being partly open, partly filled with clay or
caloite and geolitio material and for a part with the
walls in close contact,

Regarding the fault, which orosses under Block A of
the left sbutment, the evidence of striae and slicken :
slides indicates that the general movement has been hori- i
zontal in the direction of the fault, Although the fault :
has been long inactive, there is no evidence of its
stability and the possibility of renowed movement along
the fault cannot be overlooked entirely, This i8 one of
the hidden faotors, the full effect of which cannot be
predicted, even after careful geologic study.

The chance of renewed movement upon this fault is
extremely remote, but as the possibility of earth move-
ment has to be considersed, due allowance must be made in

the design.

In the matter of local treatment of the excawation
on the fault zcne, all that is neceasary is to piock out
only the weathert& rook, in the shattered azone, for a
fow foet and back fill with sonorete. The downstream
side of the excavation will not require any further
excavation,

Concerning the weathered gsone in the river bed, in
the vicinity of the intake pipes, it ims recommended that
the excavation be deepened to at least ten fecet in this
area in order to seat below the weathered rock in the old
river bed. At the time of my inspection, the deapest
axonvation was no greater than three foet »elow the old
river bed, I am of the opinion that, with the decpening
of the excavation in this area, sound unweathered rock
will be obtained,

In a memorandum dated 22nd June, 1945, from the
Chief Oivil Engineer of the Hydro Electric Commission,
per Mr, H, H, Thomas attention was drawn to a poscible
leakage of water from the reservoir basin helow the out-
let of Lake Rufus, It was suggested that the leaskage
may be due to absorption into or passage under the button
grass plains, but I 4o not think that any appreoiable
quantity of water could be diverted from the river in
this manner, It was suggested further that there was a
possible leakage underground either to the Derwent or to
the River Gordon, In order to asgertain if limestone
beds do ocour in this area it will be necessary tc examine
the reservolr basin before expressing an opinion as to
the possible source of leakage, I think 1t desirable
that the question of poseible leakage from the reservoir
basin should be invemtigated,
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