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ABSTRACT
Diamond drilling near the Intake Portal of the
Happy Valley Outlet Tunnel has shown the Tunnel Portal
and Access and Chlorination shafts to lle in highly
to canpletely weathered slates« This weathered material
is marginal in properties hetwsen weak rock and very
strong soll. Support requirements for the shafts,

foundations for the trashrack structure, and batter
slopes for the portal open cutting are discussed.

INTRODUCTION

In a letter dated lst October, 1964 the Bngineer for
Construction, Engineerihg and Water Supply Department requested that
diamond drilling be carried out at the sites of two shafts at the
portal of Happy Valley Outlet Tunnel. |

The proposed chlorination shaft is to be 55 f£t. deep,
about 10 ft. square section, and the Access Shaft is to be 45 feét
deep, aﬁout 20 feet across, roughly Square‘section.

The shafts are to be 110 feet apart, and 260 feet and
150 feet respectively from the Inlet Portal of the tunnel (Figurg 1).
The>primary purpose of the exploration was to determine the rock
condition at each shaft site, and hence to enable selection of the
most suitable type of construction stage support. In addition a
reassessment was made of rock conditions in the Inlet Portal area,
to determine cutting angles suitable for permanent stability, and
foundation conditions for the Trashrack structure.

Two holes, HVOS 1 and HVOS 2 were drilled vertically to
57 feet and 45 feet respectively., The results are given on the
attached detailed logs, (Figures 2 and 3). Weathering products

referred to in the logs and in the text are defined on Table 1.
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SURFACE GEOLOGY
The Portal and shaft sites are located on a gentle
(79 to 100) soll covered slope, adjacent to an arm of Happy Valley
Resegvoir. (Figure 1). Cuttings up to 3 feet deep in the ares shéw
fragments of completely to highly weathered slate benéath organici

topsoll and red-brown clayey soil,.

TABLE 1
WEATHERING PRODUCTS CLASSIFICATION

Term Abbreviation Definition
Fresh Fr The rock shows no discoloration,

loss of strength, or any other
effect, due to weathering, '

Slightly SW The rock is slightly discolourdd.
weathered A but not noticeably lower in
strength than the fresh rock.
Moderately MW The rock is usually discoloured
weathered and noticeable weakened, but

two inch diameter cores cannot
usually be broken up in unaided

hands.
Highly HW The rock is usually discoloured
weathered ' _ and weakened to such an extent

that two-inch diameter cores
when dry can be broken up rea-
dily by hand, across the bedd-
ing erock fabric, Wet stnengt:
usUally much lower than dry

strengtha
Completely cw The rock is discoloured and
weathered reduced to a soil, but the ori-

ginal fabric of the rock is
largely preserved.s It is diff-
icult to recover as diamond
drill core. ‘
RESULTS OF EXPLORATION
Hole HVOS 1 was drilled 56.7 ft. vertically down the centre
line of the ppoposed chlorination shaft. From the surface to 8.5ft,
core recovery was about LL0%, the material rscovered being organic
topsofl}, clay soil, and slate which is completely weathered into
silty claye. From 8.5 to 17.5 ft. the recovery was almost 100%, in
completely to highly weathered slate. From 17.5 ft. to the end of
the hole 100% core was recovered in highly weathered slate.

Bedding in this slate generally dips between uOO and 600. The

rock tends te part along bedding, and in addition is intersected
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by two sets of clay—coatéd joints. Examination of surface exposures
and orientation of the cores suggests the following to be the true
attitudes of these structures.
(1) Bedding strike N.5%, 1.e. at 15° to tumnel
direction, dip 140° to 60° W,
(11) Joints, strike N 15° E, i.e. at 20° to tunnel

"direction, dip 60° E to vertical,

(1ii) Joints, strike N, 170° &, 1is roughly parallel to
tunnel direction, aip 0° to 20° E, i.e. into the
hill slope.

Adjacent to the majority of the drilling "1ifts' the
~ rock is locally crushed into plastic silty clay containing small wea-
thered slate fragments. It is considere& that this is a result of
"plugging'" in the core barrel immediately before removal fraom the hole.
The drilling was carried out with extreme care, but the highly weg—
thered rock when wet apparently has little more strength than a hgrd
clay, and when plugging occurred was readily broken up and moulded
into plastic claye Fragments of the intact highly weathered rock can
be broken up in the fingers and moulded to producé similar materiql°

| Hole HVOS 2, drilled L5 feet vertically at the Access Shaft

site, passed through slate which was noticeably more weathered thén
that in Hole HVOS 1., The material is verging on the ‘ficompletely
weathered' state, in which the rock is reduced to a soil, but retains
muéh of its initial fabbip. It was much disturbed by the drilling,
‘which was carried out very carefullye. '

The groundwater levels in the two holes are shown on the
.,detailed logs. In Hole HVOS 2, only 80 feet from the reservoir edge,
bgroundwater level was the same as reservolr level. In Hole HVOS 1, '
140 ¢ feet upslope from the reservoir edge, the water level was 5 feet
higher. These results suggest that the water table rises gently away
from the reservoir cdge. Below the water table the rock mass in=-
cluding joints and seams will be saturated.

Hole HVT 7 was drilled during the design stage, close to
the site of the Trashrock structure. The core of this hole 1is

similar to that of Hole No, 2 described above.



-l
CONCLUSIONS

(a) General

Three diamond drill holes in the portal and shafts area
show slate which is highly or completely Weathered, that is,
grading from rock into very strong soil, down to invert level of the
proposed tunnele.

The Weathered rock is intersected by steeply dipping
and flat lying joints, many of which are smooth and slickensided,
and have veneers of coatings of clay. Below R.L.'s 585 to 590 tpe
weathered rock mass is probably saturated. i

The core may easlly be broken up and moulded into
plastic clayey material during careful diamond drilling, and small
pieces_of core can be broken in the fingers and moulded into the
plastic state.s This type of behaviour suggests that the in—sitq
weathered rock will tend to break down rapidly to soil when sUbf
jected to similar treatment. This could be heavy blasting, or |
traffic over the tunnel invemt, if saturated with water.

(p) Chlorination Shaft

It is considered that because of its relatively smallf
size and simple shape, this shaft could he adeguately supported
by timber sets and lagging, during the construction period. The
core of Hole HVOS 1 suggests that close lagging will prove necessary
in at least the uppermost 20 feet, and could be necessary throughouﬁ
the shaft, depending upon the amount of disturbance of the Wea—k
thered rock during excavation.
(c) Access Shaft

This shaft is to be about 20 feet square, and core from
the site is noticeably weaker than that from the Chlorination Shaf't
site, It is therefore considered best to allow for steel support
with close lagging during the construction period.

(d) Trashrack Structure

The results of drilling (Holes HVT 7 and HVOS 1) suggest
that this strﬁeture will be located on compact, highly to compietely
weathered slate. It is considered that this material is comparable

to a very strong soll, and a safe bearing capacity of at least four
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tons per square feet can be assumed,

(e) Portal Open Cutting

The proposed cutting will be up to 4O feet deep and will
be mostly beneath reservoir level during operation of the tunnel.
Near the surface the cutting will be in organic topsoil, red-brown
elayey soil, and completely weathered slate.

The weathered slate should in general become more firm
wlth depth below the ground surface, grading to highly weathered
in the lower parts of the‘excavation.

Suggested cutting angles are as follow:

O0.bo 5 feet, 19° (1 in 3) or rlatter.
5 to invert, 30°, (approx. 1 in 2).
- The materials do not appear suitable for protection_by
means of é membrane of pneumatically applied mortar, and it is sugges--
'ted that rockfill may prove the most satisfactory means of ensuring

permanent stability of the cuttings.
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