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Foreword

This report presents the findings from the review of
engineering geological aspects of Hong Kong West Drainage
Tunnel. The objective of the study is to compare and contrast the
pre-construction and post-construction engineering geological
models of the tunnel.

This study was carried out by Mr Kevin L.H. Lo of the
Hong Kong Geological Survey of the Planning Division. It has
been reviewed by Dr Denise L.K. Tang.

Jeffrey C F Wong
Chief Geotechnical Engineer/Planning



Abstract

Tunnel mapping records are invaluable resources for
geotechnical practitioners as these records provide a factual
account of the subsurface ground conditions along the tunnels.
Hong Kong West Drainage Tunnel traverses from Tai Hang to
Cyberport, crossing crosses different rock formations, eight major
faults as well as subsidiary faults, shear zones and contact zones
in the western part of Hong Kong Island. The consultants’ design
models and the contractor’s as-built tunnel mapping records of
the project have been reviewed to evaluate the ground model
along the tunnel alignment in detail. Review of geological
conditions, including lithology, major faults, minor faults,
photolineaments, joints as well as the rock mass quality and
groundwater conditions of the main tunnel were conducted.
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1 Introduction

1.1 Objectives of this Study

Tunnelling works form an integral part of infrastructure development in Hong Kong.
Prior to construction, sufficient site investigations, adequate characterisation of ground
conditions and timely recognition of adverse geological features are indispensable in managing
geotechnical risk of a tunnelling project. During construction, subsurface ground conditions
encountered along the tunnel are carefully mapped and recorded. These tunnel mapping
records provide a factual account of the ground conditions which will serve as an invaluable
resource for geotechnical practitioners for future infrastructure development.

The objective of this review study is to compare and contrast the pre-construction and
post-construction engineering geological models of the main tunnel of Hong Kong West
Drainage Tunnel (HKWDT; Figure 1.1). The drainage tunnel traverses from Tai Hang to
Cyberport, crossing different rock formations, eight major faults as well as subsidiary faults,
shear zones and contact zones in the western part of Hong Kong Island. The consultants’
design models and the contractor’s as-built tunnel mapping records of the project have been
reviewed to evaluate the ground model along the tunnel alignment in detail.

1.2 Project Background

Hong Kong West Drainage Tunnel (HKWDT) consists of a 10.7-km main drainage
tunnel (hereafter main tunnel) traversing from Tai Hang to Cyberport, 34 intakes and around
8-km long adits connecting the intakes with the drainage tunnel. The drainage tunnel
intercepts stormwater collected from the upper catchment at the Mid-Levels area and discharge
into the sea directly. The invert levels of the tunnel ranges from +3.44 mPD near Cyberport
to +47.97 mPD near Tai Hang. The HKWDT project was commenced in November 2009 and
completed in August 2012. The Drainage Services Department (DSD) was the Client for the
project. Ove Arup and Partners Hong Kong Limited and Dragages-Nishimatsu Joint
Venture (DNJV) were the design consultants and contractor for the project, respectively.

Under Agreement No. CE 17/2005 (DS) — “Design and Construction of Hong Kong West
Drainage Tunnel”, a Geotechnical Interpretation Report (Arup, 2007) was prepared by Project’s
design consultant. This report presented a detailed pre-construction geological/engineering
geological model for the tunnel project, based on desk study data and site-specific ground
investigation data (i.e. 57 vertical drillholes, 16 inclined drillholes, 1 horizontal drillhole and
associated field/laboratory tests). At the subsequent construction stage, tunnel face mapping
at varying intervals ranging from 5-90 m were conducted by the contractor. The geological
data was then summarized into as-built geological long sections (DNJV, 2011) of the tunnel
alignment.

The main tunnel was constructed by two hard rock Tunnel Boring Machines (TBM) with
excavation diameters of 7.2 m for the eastern TBM and 8.2 m for the western TBM. The
horizontal adits connected to the main tunnel were excavated by drill and blast method. The
34 intake structures that were used to collect and convey stormwater were constructed in the
form of dropshafts primarily by raise boring method (23 nos.) as well as reverse circulation
drilling and mechanical excavation for the remaining intakes.
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1.3 Site Geology

According to the 1:20,000-scale geological map Sheet 11 (GCO, 1986; GEO, 2012), the
main tunnel traverses from fine-grained granite and fine- to medium-grained granite of the
Mount Butler Granite at around CH 0 — 3300, medium-grained granite of the Kowloon Granite
at around CH 3300 — 3750, fine ash vitric tuff of the Ap Lei Chau Formation at around
CH 3750 — 7900, coarse ash crystal tuff of the Mount Davis Formation at around
CH 7900 — 8800, fine ash vitric tuff and eutaxitic fine ash vitric tuff of the Ap Lei Chau
Formation at CH 8800 — 9800, fine-grained granite of the Mount Butler Granite at around
CH 9800 — 10000, and to coarse ash crystal tuff and eutaxitic crystal-bearing fine ash vitric tuff
at around CH 10000 — 10700 (Figure 1.2). A band of tuffaceous sedimentary rock of the
Mount Davis Formation was mapped at approximately CH 8700. The tuffs at approximately
CH 6550 — CH 7500 are inferred to have been affected by contact metamorphism, based on
earlier studies by Strange & Shaw (1986).

The major structural features along the main tunnel are dominated by faults,
photolineaments, and a series of folds. Five persistent faults, two of which trend northwest,
two of which trend northeast and one of which trends north, intersect the main tunnel at different
orientations. A northeast-trending fault is in close proximity to the main tunnel alignment at
around CH 8450 — 8950. Four photolineaments, of varying orientations, intercept the main
tunnel at different locations (i.e. CH 1850, CH 3300, CH 5700 and CH 6300). The volcanic
strata beneath High West and Victoria Peak were folded into a series of anticlines and synclines,
but the fold axes do not intercept with the main tunnel alignment as shown in the published
geological maps.

The Quaternary superficial deposits cover the low-lying areas. Colluvium commonly
occurs along valleys, drainage lines as well as the Mid-levels Area (at around CH 7750 — 8500).
However, with the exception of the portal areas, the main tunnel was largely situated within
rock at depths well below the soil/rock interface with a rock cover of 100 m or greater
(Arup, 2007).
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2 Pre-Construction and Post-Construction Geological Model

2.1 Overview

The aim of this section is to present the pre-construction and post-construction
geological models of the HKWDT project, based on the information presented in the
Geotechnical Interpretation Report (Arup, 2007) prepared by Project’s design consultant and
the contractor’s as-built geological long sections (DNJV, 2011) of the tunnel alignment
submitted by the Project’s contractor. The geological conditions, including lithology, major
faults, minor faults, photolineaments, joints as well as the rock mass quality and groundwater
conditions of the main tunnel will be discussed.

2.2 Lithology

The geological conditions along the main tunnel are discussed in seven portions, based
on distribution of rock types. Tables 2.1 and 2.2 summarise the predicted and actual
lithologies along the main tunnel, respectively. The distribution of predicted and actual
lithologies along the main tunnel are shown in Figures 2.1 and 2.2. No mapping records were
retrieved at CH 10583 — 10700 of the main tunnel.

Table 2.1 Summary of Predicted Lithologies along the Main Tunnel (after Arup, 2007)

Chainage (m) Predicted Rock Type to be Encountered along Main Tunnel
CHO0-130 Fine-grained granite
CH 130-830 Fine- to medium-grained granite
CH 830 -4100 Medium-grained granite
CH 4100 - 6350 Fine ash vitric tuff

Fine ash vitric tuff with lenses of coarse ash tuff and

CH 6350 — 6700 metamorphosed tuff at geological contacts

CH 6700 — 6900 Fine-grained granite
CH 6900 — 7100 Fine- to medium-grained granite
CH 7100 — 7150 Medium-grained granite
CH 7150 — 7450 Fine- to medium-grained granite
CH 7450 - 7770 Fine-grained granite
CH 7770 — 8050 Metamorphosed coarse ash tuff
CH 8050 — 8450 Fine ash vitric tuff
CH 8450 — 8900 Coarse ash tuff
CH 8900 — 9300 Fine ash vitric tuff
CH 9300 - 9600 Metamorphosed fine ash tuff
CH 9600 — 10100 Fine-grained granite
CH 10100 — 10450 Metamorphosed fine ash tuff

CH 10450 - 10700 Coarse ash tuff
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Table 2.2 Summary of Actual Lithologies along the Main Tunnel (after DNJV, 2011)

. . Actual Rock Type along .
Portion No. Chainage (m) Main Tunnel Rock Unit(s)
CH 0 — 1600 Fine- to medugm-gramed
granite
1 CH 1600 — 1800 Medium- to cqarse-gramed Mount Butler Granite
granite
CH 1800 — 4000 Medium-grained granite
CH 4000 — 6725 Fine ash tuff
2 Ap Lei Chau Formation
CH 6725 — 6860 Coarse ash tuff
CH 6860 — 7000 Granite
3 CH 7000 — 7400 Medium-grained granite Kowloon Granite
CH 7400 — 7550 Fine- to medlgm-gramed
granite
CH 7550 — 7800 Coarse ash tuff
4 Fine ash tuff and coarse | Mount Davis Formation
CH 7800 — 9058 ash tuff (occasionally
lapilli-bearing)
Fine-grained granite
5 CH 9058 - 10013 (locally medium-grained Kowloon Granite
granite)
6 CH 10013 — 10187 Granite and tuff (contact Kowloon Gramte ar}d
zone) Mount Davis Formation
CH 10187 — 10400 Fine ash tuff
7 Mount Davis Formation

CH 10400 — 10583

Coarse ash tuff
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In addition, the contractor recorded the rock weathering grades, which is summarised in
Figure 2.3. Grade I/Il rocks were encountered in nearly half of the length of the main tunnel,
followed by approximately 37% of length of main tunnel in Grade I.

Distribution of Weathering Grade along Main Tunnel

016% 0-16%  ~032%  0.16%

7.41%
0.47%

7.41%

H Grade | B Grade /Il mGade I-III  ®Grade 11 u Grade II/IIT
u Grade II-IV mGrade III  ® Grade III/IV B Grade IV/V

Figure 2.3 Distribution of Rock Weathering Grade along the Main Tunnel
(after DNJV, 2011)

2.2.1 Portion 1 (CH 0 -4000)

Granites were firstly encountered in the eastern portion of the main tunnel from Tai Hang
to Mount Cameron. Arup (2007) predicted that granites would be encountered at CH 0 — 4100.
The grain sizes of granite varied from fine-grained (CH 0 — 130), to fine- to medium-grained
(CH 130 - 830) and to medium-grained (CH 830 —4100). The boundaries between granite of
different grain sizes were inferred based on site-specific ground investigation data. Pegmatite
veins/dykes that were anticipated along the main tunnel. The colour of granites was not
described in the consultant’s geotechnical report.

During construction stage, fine- to medium-grained granite (CH 0 — 1600), medium- to
coarse-grained granite (CH 1600 — 1800) and medium-grained granite (CH 1800 — 4000) were
encountered in the first 4000 metres of the main tunnel as documented in the as-built geological
sections by DNJV (2011). The color of granites was described as light grey to pinkish grey,
spotted black and occasionally pinkish orange. Pegmatite veins and mafic dykes were
observed at approximately CH 601 — 792. However, their exact location, extent and
orientation were not recorded. The contractor assigned the granites at CH 0 — 4000 as the
Mount Butler Granite (Klb) of the Lion Rock Suite.
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2.2.2 Portion 2 (CH 4000 - 6860)

Portion 2 of the main tunnel passed through volcanic rocks from Mount Cameron to
Victoria Gap. Arup (2007) predicted that volcanic rocks, predominantly fine ash vitric tuff
would be encountered at CH 4100 — 6700. Bands of coarse ash crystal tuff and eutaxite might
occasionally present at CH 6350 — 6700. It was expected that the first contact between granite
and tuff would be encountered beneath Mount Cameron at around CH 4100, where the tuffs
were inferred to have been metamorphosed. In addition, granite intrusions, described as
“pervasive stringers of granite”, and minor quartzphyric rhyolite might be encountered in the
central portion of the main tunnel.

A sharp geological contact between medium-grained granite and volcanic rocks
intersected the main tunnel at CH 4000, but the orientation was not recorded (DNJV, 2011).
The location of the first geological contact encountered along the main tunnel was
approximately 100 m to the east, compared to the pre-construction geological model presented
by Arup (2007). The contractor gave a more detailed description on the rock type along the
main tunnel. Fine ash tuff was encountered at CH 4015 — 6725, while coarse ash tuff was
encountered at CH 6725 — 6860. The volcanic rocks were assigned to the Ap Lei Chau
Formation (Kra) of the Repulse Bay Volcanic Group. The contractor did not record any sign
of metamorphism in the volcanic rocks. Several fine-grained granite intrusions were
encountered at CH 6632, CH 6643, CH 6704 and CH 6761. A pegmatite intrusion was
encountered at CH 6856. However, owing to the simplicity of the contractor’s geological
sections, most of the extent/orientation of the intrusions were not recorded. No quartzphyric
rhyolite dyke was encountered in this area, as opposed to the pre-construction geological model.

2.2.3 Portion 3 (CH 6860 — 7550)

The western portion of the main tunnel passed through granites and volcanic rocks from
Victoria Gap to Cyberport, where the geology was more complex comparing to the eastern and
central portions of the main tunnel. Arup (2007) anticipated that the second lithological
contact between granite and tuff, of similar conditions described at CH 4000, would be
encountered in the vicinity of Victoria Gap at around CH 6700. Based on existing GI records
and the information collected from Mid-levels Study (GCO, 1982), the geological contact was
inferred to be complex, irregular in shape and include stringers and zones of inter-fingering of
granite and tuff (Figure 2.4). In terms of grain size, Arup (2007) assumed the granites beneath
Victoria Peak were folded in the form of an antiform, where grain size gradually increases
towards the core of the fold.  Alternating "layers" of fine-grained granite, fine- to
medium-grained granite and medium-grained granite were inferred at CH 6700 — 7770.

The geological contact between granite and tuff was encountered at around CH 6860
(orientation not specified) where a pegmatite intrusion was also recorded. The actual location
of the second geological contact was approximately 160 m to the west, compared to the
pre-construction geological model presented by Arup (2007).  Granite (grain size not specified)
was encountered at CH 6860 — 7000, followed by medium-grained granite at CH 7000 — 7400
and fine- to medium-grained granite at CH 7400 — 7550, in which the variation in grain size in
granite was different from the predictions by Arup (2007). The granitic rocks were assigned
to the Kowloon Granite (Klk) of the Lion Rock Suite.
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Figure 2.4 Granite Stringers (in Yellow Polygons) Close to the Contact between Granite
and Tuff near Victoria Gap, Hong Kong (Drillhole No. 43775/TP4, Box 31)

2.2.4 Portion 4 (CH 7550 — 9058)

Arup (2007) anticipated that the main tunnel would encounter the third geological
contact between granite and tuff beneath Victoria Peak at around CH 7770, and eventually
passed into fine ash vitric tuff. The tuffs between CH 7770 and CH 9960 were inferred to
have been altered by thermal metamorphism and hornfels might be encountered for several
hundred metres away from the geological contact between granite and tuff (Figure 2.5). Fine
ash vitric tuff was expected at CH 8050 — 8450 and at CH 8900 — 9300. Coarse ash tuff was
expected between CH 8450 and CH 8900.

Figure 2.5 Hornfels (with spots) Close to the Contact between Granite and Tuff near
Victoria Peak, Hong Kong (Drillhole No. 43774/MA14, Box 7)
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An approximately 50 m-wide contact zone, was encountered at CH 7550 (DNJV, 2011),
which was around 220 m to the east, compared to the pre-construction geological model
presented by Arup (2007). Coarse ash tuff, fine- to medium-grained granite and an aplite vein
were recorded within the contact zone. Four more aplite veins (CH 7655, CH 7698, CH 7731
and CH 7753) and one coarse-grained granite intrusion (CH 7718) were encountered within
150 m of the contact zone. The volcanic rocks were described as coarse ash tuff at
CH 7600 — 7800, and as fine and coarse ash tuff with occasional lapilli lithic clasts at
CH 7800 — 9058. No sign of metamorphism was recorded in the volcanic rocks.

2.2.5 Portion 5 (CH 9058 —10013)

Arup (2007) predicted that the fourth geological contact between granite and tuff in
between Pok Fu Lam and High West at approximately CH 9600. Based on available ground
investigation data, the contact was unlikely to be sharp and numerous stringers of granite could
be expected within the volcanic rocks (Arup, 2007). It was anticipated that fine-grained
granite would be encountered at CH 9600 — 10100. Subordinate quartzphyric rhyolite dykes
might be encountered along the main tunnel alignment.

According to the as-built records, the geological contact was displaced approximately
500 m to the east at CH 9058 compared with the pre-construction model (DNJV, 2011).
Fine-grained granite was encountered at CH 9058 — 10013. Subordinate medium-grained
granite was locally observed between CH 9200 and CH 9400. Quartz and pegmatite veins
were observed between CH 9400 and CH 9600. “Dark grey plutonic dykes”, possibly mafic
dykes, were encountered at CH 9830 to CH 9760.

2.2.6 Portion 6 (CH 10013 —10187)

Arup (2007) suggested that the main tunnel would encounter the geological contact
between granite and tuff in Pok Fu Lam at around CH 10100. They assumed that fine ash tuff
would be encountered at CH 10100 — 10450, followed by coarse ash tuff at CH 10450 — 10700.
Fine ash tuff adjacent to the contact was inferred to have been metamorphosed and numerous
stringers of granite could be expected within the tuff. Based on contractor’s as-built
geological sections (DNJV, 2011), the lithological contact was not clearly defined such that the
contact zone was about 174 m wide, given both fine-grained granite and fine to coarse ash tuff
were encountered between CH 10013 and CH 10187.

2.2.7 Portion 7 (CH 10187 — 10583)

Fine ash tuff was encountered at CH 10187 — 10400, whereas coarse ash tuff was
encountered at CH 10400 — 10583 of the main tunnel. The contractor did not record any sign
of metamorphism in the volcanic rocks. Granite and/or pegmatite veins were observed
between CH 10200 and CH 10583, which was similar to the pre-construction geological model
by Arup (2007).
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2.3 Structural Geology

2.3.1 Overview

In the consultant’s geotechnical interpretation report (Arup, 2007), eight major faults,
three minor faults and seventeen photolineaments were inferred based on desk study, API and
site-specific ground investigation data (Table 2.3). Arup (2007) attempted to estimate the
extent of different structural geological features, in which the terminologies “Fault Transition
Zone” and “Main Fault Zone” were used in their report. To avoid confusion, the above
terminologies were modified to “Transition Zone” and “Main Influence Zone”, respectively in
this report (Table 2.4).

In the contractor’s as-built geological sections (DNJV, 2011), “shear zone”, “fault zone”,
“fault breccia”, “fault gouge”, “highly fractured rock mass”, “shear zone with highly fractured
rock mass” were the terminologies used qualitatively for describing the major weakness zones
encountered along the main tunnel. The extent, orientation and nature of the geological
structures were not recorded. Table 2.5 summarises the weakness zones encountered along
main tunnel. The distribution of weakness zones, together with the inferred geological

structures by Arup (2007) are shown in Figure 2.6.

2.3.2 Faults

Detailed assessment of eight major faults was conducted by Arup (2007) such that their
predicted position, orientation, nature and extent (i.e. main influence zone and disturbed zone)
were documented in the consultant’s report. The right major faults are shown in Figure 2.6.

The NW-trending Tai Tam Fault was characterised by fractured zones, fault breccia with
slickensided joint surfaces (Arup, 2007). The fault strikes at 135-140° and dips at 80-85°.
The fault was anticipated to be 2-5 m wide, with an influence zone of 70-85 m wide at
CH 645 (Arup, 2007).  According to the as-built record (DNJV, 2011), weakness zone was not
mapped, but the contractor recorded a significant drop in Q-value (i.e. from 15.83-0.56) at
CH 651.

The NW-trending Wong Nai Chung Gap Fault was characterised by two distinct fault
bands comprised fault breccia, chlorite-coated and kaolin-infilled slickensided joints
(Arup, 2007). The two fault bands had a similar strike (140-145°) and dip angle (80-85°). It
was anticipated the fault zone was 1-6 m in width and the thickness of the disturbed zone ranged
from 35-52 m at CH 2130 (Arup, 2007). During tunnel construction, localised
highly-decomposed granite and fault breccia were encountered in between CH 2090 and
CH 2130 (DNJV, 2011).

The NE-trending Middle Gap Fault was characterised by minor brittle fault features,
chlorite-coated and kaolin-infilled joints (Arup, 2007). The fault strikes at 010-030° and dips
at 70° to 80°. It was anticipated that the fault was 1-4 m in width and the thickness of the
disturbed zone ranged from 130-135 m at CH 3270 (Arup, 2007). No weakness zones, which
might be associated with the Middle Gap Fault, were recorded in the contractor’s geological
sections (DNJV, 2011).
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Table 2.3 Summary of Anticipated Geological Structures along the Main Tunnel

(after Arup, 2007)

Predicted Chainage (m) Geological Structure Trend (Relation to the tunnel)
CH 215 Photolineament E (Oblique)
CH 645 Tai Tam Fault NW (Oblique)

CH 1850 Photolineament NW (Perpendicular)
CH 2130 Wong Nai Chung Gap Fault NW (Perpendicular)
CH 2420 Photolineament N (Perpendicular)
CH 2690 Photolineament N (Oblique)
CH 3130 Photolineament NE (Perpendicular)
CH 3220 Photolineament N (Oblique)
CH 3270 Middle Gap Fault NE (Perpendicular)
CH 3540 Minor Fault N (Oblique)
CH 4540 Wanchai Gap Fault NE (Perpendicular)
CH 5080 Magazine Gap Fault NW (Oblique)
CH 5215 Photolineament N (Perpendicular)
CH 5260 Photolineament NW (Oblique)
CH 5590 Photolincament NW (Oblique)
CH 5730 Photolineament NW (Oblique)
CH 5920 Photolineament N (Perpendicular)
CH 6420 Minor Fault NW (Oblique)
CH 6570 Victoria Gap Fault NE (Perpendicular)
CH 6730 Photolineament NE (Perpendicular)
CH 7050 Photolineament NE (Perpendicular)
CH 7530 Photolineament NW (Oblique)
CH 7810 Photolineament N (Perpendicular)
CH 8360 Sandy Bay Fault NE (Sub-parallel)
CH 8960 Sandy Bay Fault NE (Sub-parallel)
CH 9800 Photolineament N (Oblique)
CH 9950 Photolineament N (Oblique)
CH 10160 Telegraph Bay Fault N (Oblique)
CH 10360 Minor Fault N (Oblique)
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Table 2.4 Extent of Different Geological Structures along the Main Tunnel

(after Arup, 2007)
Type of Structure Inﬂmir(liz}; ;f;)nMez(lli)ll(m) Transit\i)z)/ildglo(r)li(z) (m)
Major Fault 5-30 10 - 150
Minor Fault 1-5 5-50
Photolineament 0.5-3 2-10
Notes: (1) Renamed from "Main Fault Zone".

(2) Renamed from "Fault Transition Zone".

Table 2.5 Summary of Adverse Geological Features Encountered along the Main Tunnel

(after DNJV, 2011)
Chainage (m) Adverse Geological Feature Width (m)
CH 946 Shear zone Not recorded
CH 982 Fault zone Not recorded
CH 2092 - 2127 Fault breccia 35m
CH 2220 Shear zone Not recorded
CH 4364 Highly fractured rock mass Not recorded
CH 5254 — 5873 Highly fractured rock mass 619 m
CH 6523 Highly fractured rock mass Not recorded
CH 6633 — 6644 Highly fractured rock mass 11 m
CH 8319 Shear zone Not recorded
CH 8834 Shear zone Not recorded
CH 8994 Fault breccia, fault gouge Not recorded
CH 9000 —-9071 Shear zone 71 m
CH 9343 — 9487 Shear zone 144 m
CH 9508 Fault gouge Not recorded
CH 9511 Fault zone Not recorded
CH 9514 — 9580 Shear zone 66 m
CH 9550 Fault zone Not recorded
CH 9616 — 10583 Shear zone with highly fractured rock mass 967 m
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The NE-trending Wanchai Gap Fault was categorised as an extensive and regional fault,
which comprised discrete zones of fault breccia and mafic dykes with microfractures,
slickensided and chlorite-coated joints (Arup, 2007). The fault strikes at 028-032° and dips at
65-75°. It was anticipated that the fault was 25-35 m in width and the thickness of the
disturbed zone ranged from 120-140 m at CH 4540 (Arup, 2007). However, no weakness
zones nor significant drop in Q-value, which might be indicative of the Wanchai Gap Fault were
recorded in the contractor’s geological sections (DNJV, 2011).

The NW-trending Magazine Gap Fault was characterised by a number of discrete fault
zones, shear zones and fault breccia (Arup, 2007). Narrow bands of fault gouge and foliated
tuff were inferred, based on ground investigation data (Arup, 2007). The fault strikes at
150-160° and dips at 80-90°. It was anticipated that the fault was 5-15 m in width and the
thickness of the disturbed zone ranged from 90-110 m at CH 5080 (Arup, 2007). However,
no weakness zones nor significant drop in Q-value, which might be indicative of the Magazine
Gap Fault, were recorded in the contractor’s geological sections (DNJV, 2011).

The NE-trending Victoria Gap Fault was characterised by brittle features including fault
breccia and slickensided joints (Arup, 2007). The fault strikes at 045-055° and dips at 75-90°.
It was anticipated that the fault was 1-5 m in width and the thickness of the disturbed zone
ranged from 115-135 m at CH 6570 (Arup, 2007). No weakness zones nor significant drop in
Q-value were recorded in the contractor’s geological sections (DNJV, 2011).

The NE-trending Sandy Bay Fault was categorised as a persistent, regional geological
structure, which comprised variable geological conditions ranging from closely-spaced
slickensided joints to shear zones of intense chlorite and kaolin-coated joints, hydrothermally
altered rocks, fault gouge and fault breccia (Arup, 2007). Despite the fault did not intersect the
main tunnel, it posed a significant risk as it ran sub-parallel to the main tunnel alignment. The
fault strikes at 235-245° and dips at 70-80°. It was anticipated that the fault was 1-2 m in width
and the thickness of the disturbed zone ranged from 130-135 m (Arup, 2007). It was estimated
that the main tunnel at CH 8360 and CH 8960 would be closer to the fault in comparison to the
other parts of the tunnel. During tunnel construction, no weakness zones nor significant drop in
Q-value were recorded near CH 8360. However, poor rock mass conditions, including fault
breccia, fault gouge, and shear zones were encountered at CH 8994 — CH 9071 (DNJV, 2011).
The calculated Q-value dropped to 0.03 the lowest at CH 9000 and with groundwater inflow of
100L/min at CH 9083 prior to pre-excavation grouting.

The N-S-trending Telegraph Bay Fault was characterised by both ductile and brittle
features, which comprised mylonite and fault breccia, slickensided joints (Arup, 2007).
Quartz veins and chloritised granites were also recorded. The fault strikes at 173-179° and
dips at 70-75°. It was anticipated that the fault was 2-6 m in width and the thickness of the
disturbed zone ranged from 95-105 m at CH 10160 (Arup, 2007). The main tunnel
encountered poor rock mass conditions from CH 9343 to CH 10583 (DNJV, 2011). Shear
zone with highly-fractured rock mass were recorded in the contractor’s geological long sections.
The average Q-value for this region was 1.58 and it dropped to 0.03 the lowest at CH 10135.

Three minor faults were anticipated at CH 3540, CH 6420 and CH 10360, respectively
(Figure 2.6; Arup, 2007). The first two faults were shown in the published 1:20,000-scale
geological map (GCO, 1986), while the latter fault was inferred by Arup (2007), based on aerial
photograph interpretation. The degree of disturbance of the minor faults on the main tunnel
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were inferred to be less extensive in comparison to the Major Faults. In reality, no weakness
zones nor significant drop in Q-value were recorded near CH 3540 and CH 6420 (DNJV, 2011).
On the other hand, poor rock mass conditions were encountered near CH 10360, in which “shear
zone with highly fractured rock mass” were recorded in the contractor’s geological long
sections, which might relate to the Telegraph Bay Fault.

2.3.3 Photolineaments

Seventeen photolineaments were identified based on desk study and API by Arup (2007)
(Figure 2.6). Eleven out of the 17 photolineaments at CH 215, CH 1850, CH 2420, CH 2690,
CH 3130, CH 3220, CH 5920, CH 6730, CH 7050, CH 7530, and CH 7810 had minimal effect
on the rock mass quality along the main tunnel.

Four photolineaments were inferred at CH 5215, CH 5260, CH 5590 and CH 5730
(Figure 2.6; Arup, 2007). Highly-fractured rock mass was recorded at CH 5254 to CH 5873
with a total length of 619 m (DNJV, 2011), where the four photolineaments were anticipated.
Significant groundwater inflow (i.e. up to 150L/min) was recorded at CH 5602. The average
Q-value for this region was 2.19 and it dropped to 0.89 the lowest at CH 5509.

The two remaining photolinecaments were inferred at CH 9800 and CH 9950
(Figure 2.6; Arup, 2007). “Shear zone with highly fractured rock mass” was recorded in the
contractor’s geological long sections, which might be related to the Telegraph Bay Fault
(DNJV, 2011).

2.3.4 Joints

Arup (2007) carried out rock joint assessment based on acoustic televiewer surveys from
the project-specific drillholes as well as mapping of surface exposures at rock slopes in close
proximity to the main tunnel alignment. The rock joint data is shown in five location plans
with stereoplots and a summary table in Appendix B. Arup (2007) attempted to summarise
the rock joint data by lithologies, which are divided into six portions as shown in Table 2.6.

The contractor recorded the rock discontinuity data during construction by mapping at
either cutter head or telescopic opening. In the as-built geological long sections, the number
of joint sets was recorded at each individual mapping record. @ The orientation of
discontinuities (each with a given range) was summarised at 100-m intervals, whereas
description of rock joint properties, including joint spacing, aperture, waviness and nature of
infilling were summarised at 200-m intervals.

The number of joint sets for each round of mapping along main tunnel is summarised in
Figure 2.7. In most cases, two to four major joint sets (574 nos.) were recorded during the
excavation, which account for 90% of the records. Rock masses with zero set (11 nos.) and
one set (32 nos.) of joint were also encountered along main tunnel and in very few extreme
cases, up to six to seven major joint sets were recorded in the contractor’s geological long
sections (DNJV, 2011).
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Table 2.6 Summary of Major Discontinuity Sets for Hong Kong West Drainage Tunnel
(after Arup, 2007)

Chainage (m) Rock Type Dip/Dip Direction (°)

82/041

72/056

CH0-4100 Granite 72/204

73/352

4/053

67/214

71/280
CH 4100 - 6700 Tuff

79/314

24/021

61/229

89/347

CH 6700 — 7700 Granite 47/301

16/072

30/302

70/060

59/189

38/243

CH 7700 — 9600 Tuff
40/301

62/307

12/360

78/178

78/267

CH 9600 - 10100 Granite
32/251

32/331

54/026

CH 10100 - 10700 Tuff 74/244

74/313
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Distribution of Number of Major Joint Sets along Main Tunnel

16, 3% 1,0% 1. 0% 11,2%
32,5%
No. of Major Joint Sets Quantity
Zero 11
One 32
149, 23% Two 149
4 Three 249
Four 176
Five 16
Six 1
249, 39% Seven 1
0635

nZero "One " Two ~Three mFour =Five ®mSix ®Seven

Figure 2.7 Distribution of Numbers of Major Joint Sets along the Main Tunnel (after
DNJYV, 2011)

Based on the distribution of lithologies and weakness zones as stated in the above, the
relationship between the number of major joint sets, rock type and/or weakness zones is
evaluated as shown in Figure 2.8. It is evident that the number of major joint sets observed
within the volcanic rocks were higher than those within the granitic rocks, which may imply
that the volcanic rocks were more fractured than the granite along the main tunnel. In addition,
it is noted that the number of major joint sets were relatively higher along weakness zones.
However, the relationship was not conclusive and did not tie in with all weakness zones.
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Joint infilling in the granitic rocks comprised a wide variety of materials. Three groups
namely “clay”, “non-clay” and “staining” were defined in the analysis of the joint data. “Clay”
minerals include kaolin and chlorite.  “Non-clay” minerals include quartz and calcite.
“Staining” includes iron oxide and manganese oxide stained. The rock joint data is subsequently
plotted on stereonets by using the computer software “DIPS” as shown in Figure 2.9. Table 2.7

summarises the interpreted major joint sets encountered at the seven portions of the main tunnel.

2.3.4.1 Portion 1 (CH 0-4000)

Arup (2007) predicted four sub-vertical joint sets and one sub-horizontal joint set at
CHO — 4100. In reality, four sub-vertical joint sets (J1-J4) were interpreted at Portion 1
(Figure 2.9). Major joint sets J1 (ESE-WNW trending) and J3 (NNE-SSW trending) were
more prominent within the portion and they formed an orthogonal pair at a dihedral angle of
around 90°. Joint spacing was generally described as “closely to widely spaced”. Aperture
of joints were mostly described as “tight to extremely narrow”. In terms of nature of infilling,
rock joints in 50% of the length of portion were stained, 45% with “non-clay” infilling and 5%
with “clay” infilling.

2.3.4.2 Portion 2 (CH 4000 — 6860)

Arup (2007) predicted three sub-vertical joint sets and one sub-horizontal joint set at
CH 4100 — 6700. In reality, four sub-vertical joint sets (J1-J4) and one sub-horizontal joint
set (J5) were interpreted at Portion 2 (Figure 2.9). Major joint sets J3 (NE-SW trending) and
J4 (ENE-SWS trending) were more prominent within the portion and they formed a conjugate
pair at a dihedral angle of 30°.  Within the portion, the spacing and aperture of the joints were
described as “closely to medium spaced” and “tight to extremely narrow”, respectively. In
terms of nature of infilling, rock joints in 71% of the length of portion were stained, 12% with
"non-clay" infilling and 17% with "clay" infilling.

2.3.4.3 Portion 3 (CH 6860 — 7550)

Arup (2007) predicted three sub-vertical joint sets and two sub-horizontal joint sets at
CH 6860 — 7550. In reality, five sub-vertical joint sets (J1-J5), one gently-dipping joint set
(J7) and one sub-horizontal joint (J6) set were interpreted (Figure 2.9). Major joint sets
J1 (ESE-SWS trending) and J2 (NW-SE trending) were more prominent among other joint sets
within the portion and they formed a conjugate pair at dihedral angle of around 30°. Joint
spacing was described as either “closely to medium spaced” or “medium to widely spaced”
within the portion, each accounted for 50% of the length of the portion. Joint aperture was
described as “tight to extremely narrow”. Rock joints within the portion were stained, but no
infilling was recorded.
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Table 2.7 Summary of Rock Joint Data recorded along the Main Tunnel (after

DNJV, 2011)
P?\?S?n Ch?rlrl:)a &e Rock Type Major Joint Set Dlp/Dlp(g frection
Jla; J1b 83/202; 82/020
. 12a; 12b 82/257; 83/069
! CH 0-4000 Granite J3a; 13b 75/294; 87/109
J4 82/326
Ja; J1b 82/206; 80/019
12a; 12b 82/261; 82/079
2 CH 4000 — 6860 Tuff J3a; J3b 82/311; 81/168
Jda; J4b 83/342; 82/172
75 19/208
Tla; J1b 83/208; 86/026
J2a; 12b 77/234; 86/055
J3a; J3b 83/323; 83/144
3 CH 6860 — 7550 Granite T4 66/355
75 82/113
76 19/202
17 36/039
Jla; J1b 82/216; 81/042
12a; 12b 75/253; 85/073
J3a; J3b 82/307; 80/132
4 CH 7550 =908 Tuft J4a; J4b 83/334; 80/158
J5 19/051
16 19/121
3] 82/185
12 82/216
5 CH 9058 — 10013 Granite 13 82/251
J4 82/149
J5 19/064
_ Tla; J1b 75/237; 75/063
6 CH 10013 — 10187 Gr?rmgf;md J2a; 12b 83/285; 75/093
" 13 18/199
I 83/225
7 CH 10187 — 10583 Tuff 12 591263
J3a; J3b 82/312; 83/135
Jda; J4b 82/342; 83/165
Note:
(1) Along geological contact where both rock types were encountered.
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2.3.4.4 Portion 4 (CH 7550 —9058)

Arup (2007) predicted five sub-vertical joint sets and one sub-horizontal joint set at
CH 7700 — 9600. In reality, four sub-vertical joint sets (J1-J4) and two sub-horizontal joint
sets (J5-J6) were interpreted at Portion 4 (Figure 2.9). Major joint sets J2 and J3 (both NE-SW
trending) were more prominent among other joint sets within the portion and they formed a
conjugate pair at dihedral of around 30°. Joint spacing was described as “closely to medium
spaced” or “extremely closely to closely spaced”, which accounted for 75% and 25% of the
length of the portion, respectively. Joint aperture was described as “tight to extremely narrow”.
In terms of nature of infilling, rock joints in 50% of the length of the portion were stained and
50% with clay infilling.

2.3.4.5 Portion 5 (CH 9058 —10013)

Arup (2007) predicted two sub-vertical joint sets and two sub-horizontal joint sets at
CH 9600 — 10100. In reality, four sub-vertical joint sets (J1-J4) and one sub-horizontal joint
set (J5) were interpreted at Portion 5 (Figure 2.9). Major joint sets J1 and J2 (both NW-SE
trending) were more prominent among other joint sets within the portion and they formed a
conjugate pair at a dihedral angle of around 30°.  Joint spacing was described as “very closely
to medium spaced”, “very closely to closely spaced” and “extremely closely to closely spaced”
in 60%, 20%, and 20% of the length of the portion, respectively. Joint aperture was described
as “tight to extremely narrow”.  In terms of nature of infilling, rock joints in 40% of the length
of the portion were stained and 60% with "non-clay" infilling.

2.3.4.6 Portion 6 (CH 10013 -10187)

At Portion 6, two sub-vertical joint sets (J1-J2) and one sub-horizontal joint set (J3) were
interpreted (Figure 2.9). Major joint set J3 (NW-SE trending) was more prominent among
other joint sets within the portion. Joint spacing was described as “very closely to medium
spaced”. Joint aperture was described as “tight to narrow”.  “Clay” infilling was recorded in
rock joints in the portion. The rock joint patterns were not compared with the pre-construction
geological model as both granite and tuff were encountered at Portion 6.

2.3.4.7 Portion 7 (CH 10187 — 10583)

Arup (2007) predicted three sub-vertical joint sets at CH 10100 — 10700. In reality, four
sub-vertical joint sets (J1-J4) were interpreted, of which J3 and J4 formed a conjugate pair at
Portion 7 (Figure 2.9). Some sub-horizontal random joints were also recorded. Joint spacing
was described as "very closely to medium spaced". Joint aperture was described as "tight to
narrow". Both "clay" and "non-clay" infilling were recorded within the portion.
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2.4 Engineering Geological Properties

2.4.1 Rock Mass Quality

Arup (2007) assessed the rock mass quality by using the Q-system with the following
equation as defined by Barton et al (1974):

RQD J ]
S X X e 2.1
Q J J  SRF @1

n a

Based on the above scheme, the rock mass quality could be sub-divided into a number
of Rock Rating Classes as shown in Table 2.8. The consultant also conducted a statistical
assessment of the anticipated Q-values into six portions by distribution of rock types. The
rock rating classes are simplified as shown in Table 2.9.

Table 2.8 Classification of Rock Rating Classes Based on Q-value (after
Barton et al, 1974; Arup, 2007)

Q-value Rock Rating Class
<0.1 Extremely Poor
0.1-1 Very Poor
1-4 Poor
4-10 Fair
10 - 40 Good
> 40 Very Good

Table 2.9 Summary of Distribution of Predicted Q-value of the Main Tunnel (after

Arup, 2007)
Estimated Percentage in Rock Rating Class
Chainage (m) I;}?IC)I; Ext Very Very
Poolr Poor Poor Fair Good Good
CHO0-4100 Granite 0% 1% 5% 21% 41% 32%
CH 4100 - 6700 Tuff 1% 5% 24% 35% 33% 3%
CH 6700 — 7700 Granite 0% 0% 5% 18% 43% 33%
CH 7700 — 9600 Tuff 0% 2% 14% 20% 51% 12%
CH 9600 - 10100 Granite 0% 2% 15% 21% 51% 10%
CH 10100 — 10700 Tuff 2% 8% 28% 38% 24% 0%
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During construction, the contractor also assessed the rock mass quality by using the
Q-system. However, the six individual parameters were not recorded in the contractor’s
geological long section (DNJV, 2011). A statistical assessment of the actual Q-values was
conducted and grouped into the simplified rock rating classes and by distribution of rock types.
A total number of seven portions are grouped and the results are shown in Table 2.10.

The anticipated ranges of Q-value and actual Q-value are subsequently plotted in
Figure 2.10. The rock mass quality recorded in various segments of the main tunnel is
discussed in Section 2.4.1.1 to 2.4.1.7.

2.4.1.1 Portion 1 (CH 0-4000)

At Portion 1, the as-mapped Q-value ranged from 0.25 to 400.00. Over 70% of the rock
mass was classified as “Good” or better in the rock rating class, which was consistent with the
predictions made by Arup (2007). Rock mass quality increased readily from CH 2000 to
CH 4000, such that a maximum Q-value of 400.0 was recorded at CH 3313 and CH 3736, which
was significant higher than the anticipated Q-value. The rock mass was inferred to be massive
with no major joint sets, based on the contractor’s as-built records. There was one exception
that the Q-value dropped from 15.83 to 0.56 at CH 652, which was thought to be related to the
Tai Tam Fault as inferred by Arup (2007). A significant drop in Q-value (i.e. from
15.00 to 0.44) was recorded within the weakness zone at CH 2100, which was in the vicinity of
the Wong Nai Chung Gap Fault as inferred by Arup (2007).

Table 2.10 Summary of Distribution of Actual Q-value of the Main Tunnel (after

DNJV, 2011)
Actual Percentage in Rock Rating Class
Chainage (m) Rock

Type Ext. Very . Very
Poor Poor Poor Fair Good Good

CH 0 —4000 Granite 0% 5% 9% 14% 40% 32%

CH 4000 — 6860 Tuff 0% 7% 57% 30% 6% 0%
CH 6860 — 7550 Granite 0% 0% 2% 34% 43% 21%
CH 7550 — 9058 Tuff 3% 5% 21% 28% 32% 11%

CH 9085 — 10013 Granite 0% 17% 43% 17% 23% 0%
CH 10013 — 10187 fgfaTrﬁg 54% | 38% | 8% 0% 0% 0%
CH 10187 — 10583 Tuff 27% 52% 21% 0% 0% 0%
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Q-value along the Main Tunnel

| 1000.00

i T

10.00

1'll’l '[M J ‘I"l' o
l Lo %
11000 3000 00 10000
3 z i o.10
= i : : - 0.01
Chainage (m)
Predicted Q-value (maximum) Predicted Q-value (minimum) —— As-mapped Q-value
[ ] Granite [ ] Tuff [ ] Granite and Tuff
[ ] Weakness Zone (DNJV, 2011) === Major Fault (Arup, 2007)

Figure 2.10 Distribution of Predicted and Actual Q-values along the Main Tunnel (after
Arup, 2007; DNJV, 2011)

2.4.1.2 Portion 2 (CH 4000 — 6860)

At Portion 2, the as-mapped Q-value ranged from 0.80 to 35.00. Over 50% of the rock
mass fell within the “Poor” category in the rock rating class, while Arup (2007) predicted that
there should be less than 25% of “Poor” rock mass. Poor rock mass with Q-values ranging
from 1.00 to 4.00 was primarily located at CH 5253 — 5873 where a prominent weakness zone
was described in the contractor’s geological long sections, which was in the vicinity of four
photolineaments as inferred by Arup (2007).

2.4.1.3 Portion 3 (CH 6860 — 7550)

At Portion 3, the as-mapped Q-value ranged from 2.67 to 200.00. Over 90% of the
rock mass was classified as “Fair” or better in the rock rating class, which was consistent with
the predictions made by Arup (2007). The maximum Q-value recorded in Portion 3 was at
CH 7055. Three photolineaments were inferred by Arup (2007) in Portion 3 but they seemed
not to carry any implications on the rock mass quality.

2.4.1.4 Portion 4 (CH 7550 — 9058)

At Portion 4, the as-mapped Q-value ranged from 0.03 to 100.00. Around 40% of the
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rock mass was classified as “Good” or better in the rock rating class, which was lower than the
anticipated rock mass conditions (i.e. over 60% of "Good" or better rock mass). Extremely
poor rock mass conditions were recorded at CH 8319 (i.e. Q-value of 0.03) and at
CH 8990 — 9000 (i.e. Q-value ranged from 0.03 to 0.07), which were interpreted to be related
to the Sandy Bay Fault.

2.4.1.5 Portion 5 (CH 9058 —10013)

At Portion 5, the as-mapped Q-value ranged from 0.13 to 33.33.  Over 40% of the rock
mass was classified as “Poor” in the rock rating class. “Very Poor” rock mass accounted for
17% of Portion 5, which were interpreted to be mostly related to Sandy Bay Fault, and
Telegraph Bay Fault running sub-parallel to the main tunnel alignment. The rock mass
conditions at Portion 5 were poorer than expected, such that Arup (2007) originally predicted
that there should be around 50% of “Good” rock mass.

2.4.1.6 Portion 6 (CH 10013 -10187)

At Portion 6, the as-mapped Q-value ranged from 0.03 to 2.20. Over 50% of the rock
mass was classified as “Extremely Poor” in the rock rating class. Portion 6 had the worst rock
mass conditions among other portions, which was thought to be related to the deeply-weathered
zones along the geological contact between granite and tuff.

2.4.1.7 Portion 7 (CH 10187 — 10583)

At Portion 7, the observed Q-value ranged from 0.07 to 2.52.  Arup (2007) anticipated
that near 60% of rock mass would belong to “Fair” or better category in the rock rating class.
In reality, over 50% of the rock mass was classified as "Very Poor", which was thought to be
related to the Telegraph Graph Bay Fault. Adverse rock mass conditions were recorded within
the whole portion in the contractor’s geological long section (DNJV, 2011).

2.4.2 Groundwater Conditions

Hong Kong West Drainage Tunnel (HKWDT) constituted a deep hard rock tunnel such
that the consultant treated the rock mass as a homogeneous medium with respect to its
hydrogeological behavior. The nature of groundwater inflow was assumed to be dictated
primarily by hydraulic conductivity of the rock mass. Due to the crystalline nature of both the
granitic and volcanic rock mass, the predominant factor controlling groundwater inflow
towards the tunnel would be the presence of discontinuities, weakness zones, faults, etc.
(Arup, 2007). HKWDT was designed as a drained tunnel dependent on pre-excavation
grouting to reduce water inflow. The following contractual requirements for allowable inflow
limit were imposed for the Project:

(a) 0.2 litre/minute per metre of probe hole ahead of the
excavation face;
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(b) 10 litres/minute per 100 metres of tunnel,
(c) 2 litres/minute through excavation face(s); and
(d) 300 litres/minute at tunnel portal(s).

Probing ahead of the excavation face was carried out by the contractor and actual rates
of groundwater inflow were measured to determine the need for pre-excavation grouting. The
groundwater inflow rate, together with the length of probe hole and volume of grout being used
were summarised in the contractor’s geological long sections (DNJV, 2011). The raw data is
compiled in Appendix C of this report.

Given the lengths of each round probe hole were different, the unit for groundwater
inflow was nominalised (L/min to L/min per metre). The data is illustrated in the form of a
distribution curve as shown in Figure 2.11. The maximum inflow experienced in the main
tunnel was 4.75 L/min/m at around CH 9834. Over 70% of the probing records indicated that
the inflow rates were lower than 0.47 L/min/m (i.e. the mean value as shown in Figure 2.11).

Distribution of Nominalised Groundwater Inflow along the Main Tunnel
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0.47-1.27 35 11%
1.27-2.07 30 10%
2.07-2.87 12 4%

>2.87 7 2%

Figure 2.11 Distribution of Groundwater Inflow along the Main Tunnel
(after DNJV, 2011)

The results, together with the distribution of rock type and locations of weakness zones
are presented in Figure 2.12. The groundwater conditions along the main tunnel are discussed
in Sections 2.4.2.1 to 2.4.2.7.
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Figure 2.12 Groundwater Inflow from Probing along the Main Tunnel (after
DNJYV, 2011)

2.4.2.1 Portion 1 (CH 0-4000)

The groundwater inflow in probe holes within Portion 1 ranged from dry to 1.78 L/min/m
with an average inflow of 0.16 L/min/m. The highest inflow rate was recorded at CH 627 and
was associated with Tai Tam Fault as inferred by Arup (2007). Insignificant groundwater inflow
was recorded in the vicinity of Wong Nai Chung Gap Fault and Middle Gap Fault.

2.4.2.2 Portion 2 (CH 4000 - 6860)

The groundwater inflow in probe holes within Portion 2 ranged from dry to
3.42 L/min/m with an average inflow of 0.68 L/min/m. The highest inflow rate was recorded
at CH 5602 and was within an extensive weakness zone at CH 5254 — 5873 as indicated by the
contractor (DNJV, 2011). Groundwater inflow was recorded in the vicinity of Wanchai Gap
Fault (i.e. up to 1.81 L/min/m), Magazine Gap Fault (i.e. up to 1.39 L/min/m) and Victoria
Gap Fault (i.e. up to 0.91 L/min/m).

2.4.2.3 Portion 3 (CH 6860 — 7550)

The groundwater inflow in probe holes within Portion 3 ranged from dry to
0.51 L/min/m with an average inflow of 0.05 L/min/m. The highest inflow rate was recorded
at CH 7340 and was not associated with any known geological structures.

2.4.2.4 Portion 4 (CH 7550 —9058)

The groundwater inflow in probe holes within Portion 4 ranged from dry to
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1.78 L/min/m with an average of 0.15 L/min/m. The highest inflow rate was recorded at
CH 9065 and within a weakness zone at CH 9000 — 9071 as indicated by the contractor
(DNJV, 2011).

2.4.2.5 Portion S (CH 9058 —10013)

The groundwater inflow in probe holes within Portion 5 ranged from dry to
4.75 L/min/m with an average inflow of 1.54 L/min/m, which was the highest among other
portions of the main tunnel. The highest inflow rate was recorded at CH 9833 and within an
extensive weakness zone at CH 9616 — 10583 as indicated by the contractor (DNJV, 2011).

2.4.2.6 Portion 6 (CH 10013 —10187)

The groundwater inflow in probe holes within Portion 6 ranged from dry to
0.01 L/min/m and was considered as minimal in this portion.

2.4.2.7 Portion 7 (CH 10187 — 10583)

The groundwater inflow in probe holes within Portion 7 ranged from dry to
0.17 L/min/m with an average of 0.03 L/min/m.

3 Discussion

3.1 Summary of Findings

In terms of the distribution of rock type, the pre-construction geological model proved
to be quite accurate in the majority of the main tunnel. Some deviations on the distribution of
grain sizes of granites were noted in the consultant’s report (Arup, 2007) and the contractor’s
as-built geological long sections (DNJV, 2011). However, these textural variations in granites
had a relatively minor engineering implications to the tunnelling project.

For volcanic rocks, either fine ash tuff or coarse ash tuff were recorded during the
construction stage, and their distribution generally concurs with the predictions given by
Arup (2007). The consultant also attempted to indicate the locations where metamorphosed
tuffs would be anticipated (Arup, 2007), given that it might carry engineering implications on
TBM excavation as their physical properties could be different from non-metamorphosed tuff.
Nevertheless, the contractor did not record any metamorphosed tuffs throughout their
geological section (DNJV, 2011).

The main tunnel encountered the intrusive contact between granite and volcanic rocks
at five locations, as predicted by Arup (2007) and confirmed by DNJV (2011), which is
summarised in Table 3.1. Intrusive contacts are usually irregular in shape and the underground
conditions are highly variable.  The fourth geological contact, which was originally
anticipated between Pok Fu Lam and High West at CH 9600. In reality, the contact was
encountered between Lung Fu Shan and High West at CH 9058.
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Table 3.1 Summary of Geological Contacts between Granite and Tuff along the Main
Tunnel (after Arup, 2007; DNJV, 2011)

Contact Prpdicted Actual Remarks
No. Chainage (m) Chainage (m)
1 CH 4100 CH 4000 Sharp geological contact, 100 m to the east
2 CH 6700 CH 6860 Sharp geological contact, 160 m to the west
3 CH 7770 CH 7550 Sharp geological contact, 220 m to the east
4 CH 9600 CH 9058 Sharp geological contact, 542 m to the east
5 CH 10100 | CH 10013 -10187 Contact zone that is not clearly defined

In terms of structural geology, three types of geological structures, namely
“Major Fault”, “Minor Fault” and “Photolineament”, of different extent of influence zone and
transition zone, were inferred by Arup (2007) along the main tunnel. On the other hand, the
terminologies “shear zone”, “fault zone”, “fault breccia”, “fault gouge” and “shear zone with
highly fractured rock mass” were used qualitatively for describing weakness zones by the
contractor (DNJV, 2011). The locations of weakness zones overlap with four out of eight
major faults, including the Wong Nai Chung Gap Fault, Victoria Gap Fault, Sandy Bay Fault
and Telegraph Bay Fault. An extensive weakness zone that overlapped with four
photolineaments was located at CH 5254 — 5873. No record of weakness zones, which might
be indicative of the Tai Tam Fault, Middle Gap Fault, Wanchai Gap Fault and Magazine Gap
Fault were shown in the contractor’s geological long section (DNJV, 2011).

In terms of rock joints, a wealth of rock joint data was collected by the contractor during
tunnel mapping and was plotted on stereonets. The volcanic rocks have a relatively higher
number of joint sets in comparison to granitic rocks along the main tunnel.

In terms of Q-value and rock mass rating class, the predictions made by Arup (2007) for
Portions 1 to 4 of the main tunnel generally concurred with the actual rock mass quality as
recorded by the contractor (DNJV, 2011). As for Portions 5 to 7 of the main tunnel, the rock
mass quality was poorer than expected and was thought to be related to the influence by the
Sandy Bay Fault and the Telegraph Bay Fault.

In terms of groundwater, areas of significant groundwater were mainly within Portions 2
and 5 of the main tunnel and were associated with Sandy Bay Fault, Telegraph Bay Fault and
weakness zones.

3.2 Limitations of this Study

The present study was largely based on the consultant’s geotechnical interpretation
report and the contractor’s as-built geological long section. Original tunnel mapping records
and operational information of TBM (e.g. advancement rate) of the project were unavailable
for review and study. In the contractor’s as-built geological long section, the descriptions for
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adverse geological features were very general, making it difficult to correlate with the inferred
faults as described in the consultant’s report. The data scarcity might also due to the fact that
tunnel mapping could only be conducted at cutter head or telescopic opening of the TBM tunnel.
The above limitations were acknowledged.

4 Conclusions

A review study has been conducted on the engineering geological aspects of Hong Kong
West Drainage Tunnel. The useful engineering geological data, including the lithology,
geological structures, rock mass quality and groundwater conditions were extracted from the
contractor’s as-built geological long section. The comparisons between the pre-construction
and post-construction geological models were documented in this report. The similarities and
differences between the two models, including the distribution of lithology, locations of
intrusive contacts, rock joint orientations and adverse rock mass conditions were discussed.
The data will be used in setting up a tunnel database for future use.
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Appendix A

Summary of Engineering Geological Data



Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 1 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
7.00 11V Kb gfin - Damp 3 0.44 -
22.00 /11 Kb gfin - Dry 3 0.44 -
23.00 1I/11T Klb gfin - Damp 3 1.94 -
27.00 Juviuig Kb gfin - Dry 3 1.94 -
29.00 1/111 Klb gfin - Damp 3 0.83 -
30.00 /111 Kb gfin - Damp 4 0.25 -
32.00 1I/11T Kb gfin - Wet 4 0.75 -
35.00 Juriuil Kb gfin - Damp 3+R 0.41 -
47.00 I Kb gfin - Damp 3+R 2.87 -
54.00 il Kb gfin - Dry 3 2.27 -
60.00 I Kb gfin - Dry 3 0.33 -
63.00 J\AY Kb gfin - Dry 3 2.00 -
66.00 /11 Kb gfin - Dry 2 1.00 -
68.00 I/I/IIT Kb gfin - Dry 3 3.50 -
84.00 Jurius Kb gfin - Damp 3 0.69 -
94.00 /11 Klb gfin - Dry 2+R 1.30 -
98.00 /11 Kb gfin - Damp 3 0.63 -
120.00 Jurin Kb gfin - Dry 3 1.25 -
123.00 il Kb gfin - Dry 3 3.00 -
137.00 1L Kb gfin - Dry 3 2.63 -
163.00 11 Kb gfin - Dry 3 1.25 -
180.00 i Kb gfin - Dry 3 1.29 -
183.00 1/ Kb gfin PW90/100 Dry 3 16.67 ET001
192.97 /1L Kb gfin PW90/100 Dry 3 16.67 ET002
214.70 i Kb gfin UW to PW90/100 Dry 3 16.67 ET003
231.16 il Kb gfin UW to PW90/100 Dry 3 16.67 ET004
264.16 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET005
290.00 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET006
304.76 1 Klb gfin UW to PW90/100 Dry 3 20.00 ET007
310.76 1 Kb gfin UW to PW90/100 Dry 3 11.10 ET008
357.20 /1L Kb gfin UW to PW90/100 Dry 3 22.20 ET009
376.53 /1 Kb gfin UW to PW90/100 Dry 3 40.00 ET010
388.79 /1L Kb gfin UW to PW90/100 Dry 3 18.90 ETO011
405.09 1 Kb gfin UW to PW90/100 Dry 3 20.00 ET012
424.04 il Kb gfin UW to PW90/100 Dry 3 20.00 ET013
43441 il Kb gfin UW to PW90/100 Dry 3 20.00 ET014
445.84 il Kb gfin UW to PW90/100 Dry 3 31.67 ET015
470.06 il Kb gfin UW to PW90/100 Dry 3 31.67 ET016
487.85 il Kb gfin UW to PW90/100 Dry 3 15.00 ET017
504.12 /I Klb gfin UW to PW90/100 Dry 3 15.83 ET018
529.90 il Kb gfin UW to PW90/100 Dry 3 15.83 ET019
552.05 v Klb gfin UW to PW90/100 Dry 3 15.83 ET020

144



Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 2 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
574.92 il Kb gfin UW to PW90/100 Dry 3 15.83 ET021

601.93 1 Klb gfin UW to PW90/100 Dry 3 21.10 ET022 pegmatite veins and basalt dykes observed
621.53 /I Klb gfin UW to PW90/100 Dry 3 15.83 ET023 pegmatite veins and basalt dykes observed
651.52 i Klb gfin UW to PW90/100 Minor Inflow 3 0.56 ET024 <5L/min, pegmatite veins and basalt dykes observed
652.96 1I-1V Klb gfin UW to PW90/100 Minor Inflow 3 7.50 ET025 <5L/min, pegmatite veins and basalt dykes observed
672.25 i Klb gfin UW to PW90/100 Dry 2 30.00 ET026 pegmatite veins and basalt dykes observed
682.96 /I Klb gfin UW to PW90/100 Dry 3 33.33 ET027 pegmatite veins and basalt dykes observed
688.96 i Klb gfin UW to PW90/100 Dry 3 33.33 ET028 pegmatite veins and basalt dykes observed
690.54 I Kb gfin UW to PW90/100 Dry 3 50.00 ET029 pegmatite veins and basalt dykes observed
702.55 I Klb gfin UW to PW90/100 Dry 2 50.00 ET030 pegmatite veins and basalt dykes observed
721.41 I Kb gfin UW to PW90/100 Dry 2 75.00 ET031 pegmatite veins and basalt dykes observed
735.37 I Klb gfin UW to PW90/100 Dry 3 47.50 ET032 pegmatite veins and basalt dykes observed
739.24 I Kb gfin UW to PW90/100 Dry 2 75.00 ET033 pegmatite veins and basalt dykes observed
758.24 v Klb gfin UW to PW90/100 Dry 2 50.00 ET034 pegmatite veins and basalt dykes observed
779.08 1 Kb gfin UW to PW90/100 Dry 2 50.00 ET035 pegmatite veins and basalt dykes observed
792.58 v Klb gfin UW to PW90/100 Dry 2 50.00 ET036 pegmatite veins and basalt dykes observed
804.31 I Kb gfin UW to PW90/100 Dry 2 50.00 ET037

810.31 il Kb gfin UW to PW90/100 Dry 2 50.00 ET038

818.11 /I Kb gfin UW to PW90/100 Dry 2 50.00 ET039

828.43 il Kb gfin UW to PW90/100 Dry 2 75.00 ET040

842.07 it Kb gfin UW to PW90/100 Dry 2 75.00 ET041

842.17 il Kb gfin UW to PW90/100 Dry 2 100.00 ET042

856.94 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET043

867.67 1 Kb gfin UW to PW90/100 Dry 2 100.00 ET044

879.62 1 Klb gfin UW to PW90/100 Minor Inflow 2 75.00 ET045 <5L/min

909.69 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET046

924.61 1 Kb gfin UW to PW90/100 Dry 2 71.25 ET047

945.74 v Klb gfin UW to PW90/100 Dry 2 23.80 ET048 Shear zone, manganese coating, surface staining and chloride coating
960.67 it Klb gfin UW to PW90/100 Dry 2 71.25 ET049

981.65 v Klb gfin UW to PW90/100 Dry 2 30.00 ET050 Fault zone, 85/350, 150mm wide grade iv infill
989.24 /I Kb gfin UW to PW90/100 Dry 2 75.00 ET051

1008.71 1 Kb gfin UW to PW90/100 Minor Inflow 2 75.00 ET052 <5L/min

1031.23 1 Kb gfin UW to PW90/100 Minor Inflow 2 75.00 ET053 <5L/min

1059.93 il Kb gfin UW to PW90/100 Minor Inflow 3 31.67 ET054 <5L/min

1062.72 1 Kb gfin UW to PW90/100 Dry 3 33.33 ET055

1070.30 /11 Kb gfin UW to PW90/100 Dry 2 47.50 ET056

1083.80 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET057

1092.79 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET058

1107.82 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET059

1131.78 1 Kb gfin UW to PW90/100 Dry 2 66.70 ET060

1144.38 1 Kb gfin UW to PW90/100 Dry 2 50.00 ET061

1170.74 I Klb gfin UW to PW90/100 Dry 2 47.00 ET062

9%



Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 3 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
1182.89 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET063

1193.36 1 Klb gfin UW to PW90/100 - - - ET064

1199.36 1 Kb gfin UW to PW90/100 Dry 2 75.00 ET065

1215.89 I Klb gfin Uw Dry 2 50.00 ET066

1245.99 1 Kb gfin UwW Dry 2 71.25 ET067

1259.38 1L Klb gfin Uw Dry 3 21.25 ET068

1269.92 I Kb gfin UW Dry 1 100.00 ET069

1298.29 I Kb gfin Uw Dry 2 50.00 ET070

1309.79 I Kb gfin Uw Dry 2 50.00 ET071

1325.32 I Kb gfin Uw Dry 2 50.00 ET072

1356.93 i Kb gfin Uw Dry 3 30.00 ET073

1376.50 I Kb gfin Uw Dry 2 100.00 ET074

1386.99 I Kb gfin Uw Dry 2 100.00 ET075

1400.37 I Kb gfin Uw Dry 2 100.00 ET076

1427.33 I Kb gfin Uw Dry 2 75.00 ET077

1451.47 I Kb gfin Uw Dry 1 100.00 ET078

1471.01 I Kb gfin Uw Dry 1 50.00 ET079

1481.55 I Kb gfin Uw Dry 2 100.00 ET080

1498.15 1 Kb gfin Uw Dry 1 100.00 ET081

1520.45 1 Kb gfin UwW Minor Inflow 2 66.00 ET082 <5L/min
1555.10 1 Kb gfin Uw Dry 1 66.67 ET083

1564.02 1 Kb gfin Uw Dry 1 100.00 ET084

1586.44 1 Kb gfin Uw Minor Inflow 3 11.88 ET085 <5L/min
1608.68 1 Kb gme Uuw Dry 3 20.00 ET086

1618.07 1 Kb gme Uw Dry 3 18.89 ET087

1636.05 1 Kb gme Uw Dry 4 5.30 ET088

1649.54 1 Kb gme Uw Dry 4 6.00 ET089

1664.43 1 Kb gme Uw Minor Inflow 2 28.30 ET090 <5L/min
1681.09 1 Kb gme UW Minor Inflow 2 21.30 ET091 <5L/min
1703.41 1 Kb gme Uw Dry 2 33.33 ET092

1712.62 1 Kb gme Uw Dry 3 18.89 ET093

1729.34 /1T Kb gme Uw Dry 3 8.90 ET094

1742.72 v Kb gme Uw Dry 3 7.50 ET095

1757.76 I Klb gme UwW Dry 4 9.00 ET096

1775.71 v Kb gme Uw Dry 3 13.30 ET097

1790.75 i1 Klb gme UwW Dry 3 16.69 ET098

1808.79 v Kb gm Uw Dry 3 5.00 ET099

1822.27 1 Klb gm Uw Dry 3 3.33 ET100

1838.75 11 Kb gm Uw Damp 3 8.80 ET101

1853.67 I/ Klb gm Uw Dry 3 31.67 ET102

1867.34 v Kb gm Uw Minor Inflow 3 21.25 ET103 <5L/min

9%



Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 4 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets [ Q value | Mapping Record No. Remarks
1886.78 I/ Kb gm UwW Dry 3 20.00 ET104

1901.82 il Kb gm Uw Damp 2 18.70 ET105

1922.76 /1L Kb gm Uw Dry 2 15.00 ET106

1942.25 i Kb gm Uw Dry 2 31.40 ET107

1951.25 /1T Kb gm Uw Dry 2 75.00 ET108

1963.24 v Kb gm Uw Dry 3 10.56 ET109

1981.33 il Klb gm UwW Dry 4 4.00 ET110

2000.84 v Kb gm UW to PW90/100 Dry 4 2.67 ETI11

2006.92 il Klb gm UW to PW90/100 Dry 4 6.67 ET112

2024.76 v Kb gm UW to PW90/100 Dry 2 15.00 ETI113

2039.83 /1L Klb gm UW to PW90/100 Dry 2 22.50 ET114

2056.40 v Kb gm UW to PW90/100 Dry 3 15.00 ETI115

2092.24 1I-1V Klb gm UW to PW90/100 Dry 4 1.83 ET116 Locally HDG
2099.92 1I/111 Kb gm UW to PW90/100 Dry 3 0.44 ET117 Locally HDG, Fault Breccia
2118.12 i Kb gm UW to PW90/100 Dry 3 7.22 ET118

2126.95 /11 Kb gm UW to PW90/100 Minor Inflow 3 7.22 ET119 <5L/min, Fault Breccia
2137.49 /11 Kb gm UW to PW90/100 Dry 2 12.50 ET120

2154.09 il Kb gm UW to PW90/100 Minor Inflow 4 5.67 ETI21 <5L/min
2181.19 il Kb gm UW to PW90/100 Dry 3 7.50 ET122

2193.09 I Kb gm UW to PW90/100 Dry 3 14.20 ET123

2209.56 111 Kb gm Uw Dry 4 5.66 ET124

2220.05 /1L Kb gm Uw Dry 5 1.86 ET125 Shear zone
2235.20 il Kb gm Uw Dry 5 5.33 ET126

2248.09 /1L Kb gm Uw Dry 3 15.80 ET127

2256.14 /1 Kb gm Uw Dry 3 10.00 ET128

2269.64 /1L Kb gm Uw Dry 3 14.16 ET129

2282.99 1 Kb gm UwW Dry 2 15.83 ET130

2299.62 1 Kb gm Uw Dry 2 15.83 ET131

2314.58 1/ Kb gm Uw Dry 2 14.20 ET132

2329.49 1 Kb gm Uw Dry 3 7.10 ET133

2349.07 1/ Kb gm Uw Minor Inflow 3 5.00 ET134 <5L/min
2352.09 11 Kb gm Uw Minor Inflow 2 9.00 ET135 <5L/min
2371.45 Vi Kb gm Uw Dry 3 11.25 ET136

2385.08 1 Kb gm Uw Dry 2 67.50 ET137

2401.45 i Kb gm - Dry 3 28.33 ET138

2428.48 /1L Kb gm - Dry 4 1.67 ET139

2452.44 v Kb gm - Dry 3 10.55 ET140

2476.51 1 Kb gm - Dry 3 10.55 ET141

2489.99 1L Kb gm - Dry 3 11.30 ET142

2501.92 il Kb gm - Dry 2 22.50 ET143

2524.62 v Kb gm - Dry 2 22.50 ET144
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet S of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
2531.92 /1L Kb gm - Dry 4 11.25 ET145
2546.98 I Kb gm - Dry 2 47.50 ET146
2555.99 I Kb gm - Dry 2 31.67 ET147
2567.94 I Kb gm - Dry 2 23.75 ET148
2581.48 i Kb gm - Dry 2 22.50 ET149
2598.00 I/ Kb gm - Dry 2 16.70 ETI150
2617.51 I Kb gm Uw Dry 3 7.08 ETI51
2635.55 il Kb gm UwW Dry 3 6.25 ET152
2647.70 /1 Kb gm Uw Dry 1 63.30 ETI53
2652.22 /I Kb gm Uw Dry 3 25.00 ET154
2670.12 1 Kb gm Uuw Dry 1 50.00 ETI55
2685.04 1 Kb gm Uw Dry 1 100.00 ET156
2700.08 1/ Kb gm UwW Dry 2 35.62 ET157
2716.63 it Kb gm Uw Dry 3 2.50 ETI158
2734.58 1T Kb gm UwW Dry 3 30.00 ET159
2748.10 il Kb gm Uw Dry 3 10.60 ET160
2764.61 /I Klb gm Uw Dry 2 50.00 ET161
2781.11 il Kb gm Uw Dry 4 6.33 ET162
2806.86 1 Klb gm Uw Dry 1 150.00 ET163
2820.13 il Kb gm UwW Dry 3 16.70 ET164
2833.70 1 Kb gm Uw Dry 3 6.25 ET165
2844.28 1 Kb gm UwW Dry 2 37.50 ET166
2858.68 I Kb gm Uw Dry 3 10.60 ET167
2890.68 I Kb gm Uw Dry 2 25.00 ET168
2904.27 v Kb gm Uw Dry 3 24.00 ET169
2928.23 /I Kb gm Uw Minor Inflow 2 12.00 ET170 <5L/min
2928.34 il Kb gm Uw Minor Inflow 2 12.00 ET171 <5L/min
2955.40 I Kb gm Uw Dry 4 4.00 ET172
2964.95 I Kb gm Uw Dry 3 16.70 ET173
2976.33 I Kb gm Uw Dry 3 15.00 ET174
2990.17 I Kb gm UwW Dry 3 28.30 ET175
3006.52 I Kb gm UwW Dry 2 60.00 ET176
3015.55 I/ Kb gm UwW Dry 4 2.37 ET177
3026.07 il Kb gm Uw Dry 3 3.12 ET178
3036.38 i Kb gm Uw Dry 4 2.25 ET179
3052.87 I/ Kb gm Uw Dry 2 25.00 ET180
3075.47 I Kb gm Uw Dry 2 5.33 ET181
3111.52 I Kb gm Uw Dry 4 25.00 ET182
3117.52 I Kb gm Uw Dry 1 50.00 ETI83
3132.34 1 Kb gm Uuw Dry 1 47.50 ET184
3147.26 I Kb gm Uw Dry 2 31.70 ETI85
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 6 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
3147.54 1 Kb gm Uw Dry 2 31.70 ET186

3164.03 1 Kb gm Uw Dry 3 21.10 ET187

3189.51 I Kb gm Uw Dry 2 23.80 ET188

3192.46 I Kb gm UwW Dry 2 50.00 ET189

3202.99 1 Kb gm Uw Dry 4 67.00 ET190

3235.96 1 Kb gm Uw Dry 2 10.00 ET191

3243.50 1 Kb gm Uw Dry 3 6.70 ET192

3252.46 1 Kb gm Uw Dry 3 6.70 ET193

3269.10 1 Kb gm UwW Dry 3 11.10 ET194

3278.00 1 Kb gm Uw Dry 3 11.10 ET195

3291.51 1 Klb gm Uw Dry 2 25.00 ET196

3295.97 1 Kb gm Uw Dry 2 33.75 ET197

3312.63 1 Klb gm Uw Dry 0 400.00 ET198

3317.22 il Kb gm UW Dry 1 400.00 ET199

3338.10 1 Kb gm Uw Dry 1 400.00 ET200

3345.64 1 Kb gm Uw Dry 0 400.00 ET201

3359.09 1 Kb gm Uw Dry 1 400.00 ET202

3366.68 1 Klb gm Uw Dry 1 400.00 ET203

3389.98 v Kb gm Uw Dry 3 7.20 ET204

3395.20 I Kb gm Uw Dry 2 50.00 ET205

3422.39 /1L Kb gm uw Dry 3 8.33 ET206

3431.17 il Kb gm Uw Dry 3 8.30 ET207

3444.69 /1T Kb gm UW Dry 3 13.30 ET208

3465.69 v Kb gm Uw Dry 3 8.30 ET209

3477.96 il Kb gm Uw Dry 1 71.25 ET210

3491.27 1L Kb gm UwW Dry 3 10.56 ET211

3494.24 il Kb gm Uw Dry 3 5.67 ET212

3531.75 11 Klb gm UW Dry 2 13.10 ET213

3539.19 11 Kb gm Uw Minor Inflow 4 2.50 ET214 <5L/min
3569.30 i Kb gm Uw Seepage 2 20.00 ET215

3582.83 I Kb gm UwW Minor Inflow 2 7.08 ET216 <5L/min
3588.82 s Kb gm Uw Dry 1 30.00 ET217

3612.79 I Kb gm Uw Minor Inflow 2 33.00 ET218 <5L/min
3629.86 I Kb gm Uw Dry 2 22.50 ET219

3638.31 1 Kb gm Uw Dry 2 45.00 ET220

3662.36 11 Kb gm Uw Dry 3 7.78 ET221

3675.86 I Klb gm Uw Dry 3 8.89 ET222

3684.86 1 Kb gm UwW Dry 3 9.40 ET223

3687.99 1 Kb gm Uw Dry 3 10.60 ET224

3706.00 1 Kb gm UwW Dry 2 23.80 ET225

3716.50 1 Kb gm Uw Minor Inflow 1 100.00 ET226 <5L/min
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 7 of 16)

Chainage Rock grade [ Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
3735.87 I Kb gm UwW Dry 0 400.00 ET227

3736.00 I Kb gm Uw Dry 0 400.00 ET228

3753.99 1 Kb gm Uw Dry 1 71.30 ET229

3773.53 /1T Kb gm UW Dry 3 8.89 ET230

3781.05 I Kb gm Uw Dry 1 75.00 ET231

3812.53 I Kb gm Uw Dry 2 23.75 ET232

3830.53 I Kb gm UwW Dry 0 400.00 ET233

3852.95 I Kb gm Uw Dry 2 71.25 ET234

3872.47 1 Klb gm Uw Dry 0 400.00 ET235

3887.92 I Kb gm UwW Dry 0 400.00 ET236

3905.49 1 Kb gm Uw Dry 0 400.00 ET237

3931.12 1 Kb gm Uw Dry 2 16.70 ET238

3941.62 1 Kb gm UwW Dry 0 400.00 ET239

3943.10 1 Kb gm Uw Dry 0 400.00 ET240

3944.60 1 Kb gm Uw Dry 2 75.00 ET241

3946.11 1 Kb gm Uw Dry 2 150.00 ET242

3947.61 1 Kb gm Uw Dry 2 150.00 ET243

3949.11 1 Kb gm Uw Minor Inflow 1 150.00 ET244 <5L/min
3950.60 il Kb gm UwW Wet 2 10.00 ET245

3952.08 /1 Kb gm Uw Minor Inflow 3 3.93 ET246 <5L/min
3953.60 il Kb gm Uw Damp 2 11.90 ET249

3955.41 v Klb gm UwW Minor Inflow 2 6.67 ET251 <SL/min
3956.66 111 Kb gm Uw Minor Inflow 2 15.80 ET253 <5L/min
3958.07 v Kb gm Uw Minor Inflow 2 15.00 ET255 <5L/min
3958.08 il Kb gm Uw Damp 2 11.25 ET247

3959.60 1 Klb gm Uw Damp 1 23.30 ET248

3961.41 1 Kb gm Uw Dry 2 17.80 ET250

3962.66 I Kb gm Uw Damp 2 25.00 ET252

3964.07 I Klb gm Uw Damp 2 25.00 ET254

4013.13 v KIb/Kra gm/fat Uw Dry 3+R 3.54 WT356

4067.51 il Kra fat Uw Dry 3+R 3.33 WT355

4109.34 /1 Kra fat Uw Minor Inflow 4 2.66 WT354 <5L/min
4198.12 v Kra fat Uw Dry 3+R 4.01 WT353

4243.15 i Kra fat Uuw Dry 3+R 3.44 WT352

4274.00 I/ Kra fat Uw Minor Inflow 4 5.50 WT351 <5L/min
4313.67 il Kra fat Uw Dry 3+R 3.44 WT350

4348.16 i Kra fat Uw Dry 4 2.33 WT349

4363.87 il Kra fat Uw Dry 3+R 1.89 WT348 highly fractured rock mass
4401.85 1/ Kra fat Uw Dry 3+R 5.00 WT347

4445.89 /I Kra fat UwW Dry 3+R 6.25 WT346

4468.58 il Kra fat Uw Dry 3+R 6.67 WT345
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 8 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
4483.46 1/ Kra fat UwW Dry 3+R 6.25 WT344

4509.14 il Kra fat Uw Dry 3+R 1.89 WT343

4558.51 il Kra fat UwW Dry 34R 1.33 WT342

4573.50 il Kra fat Uw Dry 5 3.75 WT341

4606.78 i1 Kra fat Uuw Dry 4 2.19 WT340

4653.18 v Kra fat Uw Dry 3+R 1.88 WT339

4683.18 /1 Kra fat Uw Dry 3+R 2.19 WT338

4713.54 i Kra fat Uw Dry 3+R 3.75 WT337

4754.07 i Kra fat Uw Damp 4 4.33 WT336

4783.81 /1 Kra fat Uw Minor Inflow 3 3.61 WT335 <5L/min

4803.39 il Kra fat Uw Dry 3+R 2.70 WT334

4842.59 1/ Kra fat UwW Dry 3+R 2.92 WT333

4908.50 il Kra fat Uw Dry 3+R 2.25 WT332

4926.20 il Kra fat Uw Minor Inflow 3+R 2.50 WT331

4937.03 il Kra fat Uw Damp 3+R 2.08 WT330

4955.90 11 Kra fat UwW Damp 3 2.70 WT329

4985.02 v Kra fat Uw Damp 3+R 2.08 WT328

5034.67 I Kra fat UwW Minor Inflow 4 3.33 WT327 <5L/min

5070.00 I Kra fat Uw Dry 4 3.33 WT326

5088.75 I Kra fat Uw Dry 4 2.70 WT325

5133.77 I Kra fat Uw Dry 3 2.22 WT324

5140.25 I Kra fat Uw Dry 3+R 2.81 WT323

5160.79 1/ Kra fat Uw Dry 3+R 1.33 WT322

5177.00 1 Kra fat Uw Damp 3 2.50 WT321

5253.91 1 Kra fat uw Damp 4 4.00 WT320 highly fractured rock mass

5271.89 1 Kra fat Uuw Damp 4 1.00 WT319 highly fractured rock mass

5276.34 1 Kra fat Uw Damp 4 1.33 WT318 highly fractured rock mass

5321.45 1 Kra fat uw Minor Inflow 3+R 2.08 WT317 <SL/min, highly fractured rock mass
5346.87 I Kra fat Uw Damp 4 3.33 WT316 highly fractured rock mass

5366.71 1 Kra fat uw Damp 4 3.33 WT315 highly fractured rock mass

5390.63 I Kra fat Uuw Damp 4 2.66 WT314 highly fractured rock mass

5416.15 1 Kra fat Uw Dry 3+R 3.75 WT313 highly fractured rock mass

5442.52 I Kra fat Uuw Minor Inflow 4 1.00 WT312 <5L/min, highly fractured rock mass
5465.81 1 Kra fat Uw Dry 3+R 3.30 WT311 highly fractured rock mass

5497.19 it Kra fat uw Minor Inflow 4 1.00 WT310 <5L/min, highly fractured rock mass
5509.35 1 Kra fat UW Minor Inflow 4 0.89 WT309 <SL/min, highly fractured rock mass
5540.69 1 Kra fat Uw Damp 3 0.97 WT308 highly fractured rock mass

5563.34 1 Kra fat uw Minor Inflow 4 2.33 WT307 [<5L/min, highly fractured rock mass
5585.77 11 Kra fat UwW Minor Inflow 3 4.90 WT306 <SL/min, highly fractured rock mass
5608.30 I Kra fat Uuw Minor Inflow 4 1.32 WT305 highly fractured rock mass

5630.80 1 Kra fat uw Damp 4 1.00 WT304 lem intrusion, highly fractured rock mass
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 9 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
5653.17 1 Kra fat Uw Minor Inflow 4 2.00 WT303 <5L/min, highly fractured rock mass
5674.56 1 Kra fat Uw Damp 4 2.00 WT302 gm intrusion, highly fractured rock mass
5693.67 1 Kra fat Uw Minor Inflow 4 1.07 WT301 pegmatite veins, highly fractured rock mass
5711.71 I Kra fat UwW Dry 3 6.70 WT300 gm intrusion

5734.45 1 Kra fat Uw Dry 4 1.07 WT299 gm intrusion, highly fractured rock mass
5753.99 v Kra fat Uw Minor Inflow 4 2.67 WT298 <5L/min, gm intrusion, highly fractured rock mass
5762.66 /1L Kra fat UwW Minor Inflow 4 1.33 WT297 <5L/min, highly fractured rock mass
5784.32 /1L Kra fat Uw Minor Inflow 4 433 WT296 <5L/min

5794.64 1 Kra fat Uw Minor Inflow 4 1.80 WT295 <SL/min

5811.92 /11 Kra fat UW Medium Inflow 4 1.10 WT294 10L/min, highly fractured rock mass
5829.36 /11 Kra fat Uw Minor Inflow 4 1.83 WT293 <5L/min, highly fractured rock mass
5843.76 /I Kra fat Uw Minor Inflow 4 1.33 WT292 <5L/min, highly fractured rock mass
5852.18 /11 Kra fat UW Minor Inflow 5 1.33 WT291 <SL/min, highly fractured rock mass
5873.10 i Kra fat Uuw Dry 4 1.06 WT290 highly fractured rock mass

5894.83 /I Kra fat Uw Dry 4 3.33 WT289

5900.70 1 Kra fat Uw Dry 3 6.25 WT288

5904.63 1 Kra fat Uw Dry 3 5.42 WT287

5930.15 1 Kra fat Uw Minor Inflow 3 5.00 WT286 <5L/min

5938.43 v Kra fat Uw Dry 4 4.32 WT285

5965.80 il Kra fat Uw Dry 3 8.90 WT284

5989.04 1 Kra fat Uw Dry 34R 7.08 WT283

5994.61 1 Kra fat Uw Dry 3 7.50 WT282

6013.53 I Kra fat Uw Dry 3 7.50 WT281

6036.91 I Kra fat UwW Dry 3 8.30 WT280

6051.59 v Kra fat Uw Dry 2 28.30 WT279

6088.68 il Kra fat Uw Dry 3+R 20.00 WT278

6097.89 1 Kra fat Uw Minor Inflow 3 7.08 WT277 <5L/min

6118.43 il Kra fat Uw Damp 4 5.67 WT276

6137.17 il Kra fat Uw Damp 4 5.67 WT275

6154.70 I Kra fat Uw Dry 4 8.00 WT274

6164.05 I Kra fat Uw Dry 3+R 5.00 WT273

6180.22 i Kra fat Uw Damp 4 5.67 WT272

6204.79 1/ Kra fat Uw Dry 4 4.67 WT271

6218.20 juis Kra fat Uw Dammp 4 5.00 WT270

6231.97 /1L Kra fat Uw Dry 4 2.00 WT269

6249.35 il Kra fat Uw Dry 3 8.90 WT268

6281.22 il Kra fat Uw Dry 3+R 1.25 WT267

6302.32 1 Kra fat Uw Dry 3 6.67 WT266

6323.20 1 Kra fat Uw Dry 3 8.90 WT265

6352.01 il Kra fat Uw Minor Inflow 4 5.00 WT264 <5L/min

6395.05 it Kra fat Uw Minor Inflow 4 4.00 WT262 <5L/min
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 10 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
6411.58 /11 Kra fat Uw Minor Inflow 4 7.30 WT261 <5L/min

6421.27 1 Kra fat UwW Minor Inflow 4 2.00 WT260 <5L/min

6438.64 1 Kra fat Uw Minor Inflow 4 1.96 WT259 <5L/min

6461.58 /11 Kra fat Uuw Dry 4 1.37 WT258

6499.09 it Kra fat UwW Dry 4 2.50 WT257

6502.15 il Kra fat Uw Dry 4 2.00 WT256

6524.71 /1T Kra fat Uw Dry 4 0.80 WT255 highly fractured rock mass
6548.70 il Kra fat UW Dry 4 6.00 WT254

6559.08 il Kra fat Uw Dry 4 11.30 WT253

6583.10 /1L Kra fat Uw Dry 2 35.00 WT252

6595.42 il Kra fat Uw Dry 3 1.87 WT251

6632.54 I Kra fat Uuw Dry 3 2.67 WT250 gf intrusion, highly fractured rock mass
6643.58 i Kra fat Uuw Dry 4 0.83 WT249 gf intrusion, highly fractured rock mass
6667.75 /11 Kra fat Uw Minor Inflow 4 3.00 WT248 <SL/min

6675.88 1 Kra fat Uw Dry 4 8.67 WT247

6691.09 1 Kra fat Uw Minor Inflow 3 3.06 WT246 <5L/min

6704.39 1 Kra fat UwW Minor Inflow 4 1.50 WT245 gf intrusion, <SL/min
6726.87 il Kra cat Uw Dry 4 4.90 WT244

6736.21 /I Kra cat Uw Minor Inflow 34+R 3.09 WT243 <5L/min

6761.93 I/ Kra cat UwW Dry 3 7.80 WT242 |ef intrusion

6771.05 /1L Kra cat Uw Minor Inflow 3 2.68 WT241 <5L/min

6792.01 I Kra cat UwW Minor Inflow 4 3.25 WT240 <5L/min

6798.01 I Kra cat UwW Dry 4 3.25 WT239

6817.49 1 Kra cat Uw Dry 3 8.30 WT238

6831.00 I Kra cat Uw Dry 2 13.30 WT237

6842.50 I Kra cat UW Dry 3 20.00 WT236

6856.29 I Kra cat Uuw Dry 3 20.00 WT235 pegmatite intrusion
6876.10 I Klk gm UwW Dry 1 75.00 WT234

6896.92 I Kk gm Uw Dry 2 15.83 WT233

6914.09 I Kk gm Uw Dry 3 8.33 WT232

6926.22 1 Klk gm UwW Dry 3 8.33 WT231

6946.88 1 Klk gm Uw Dry 4 2.67 WT230

6962.19 1 Kk gm Uw Dry 2 18.75 WT229

6970.81 1 Klk gm Uw Dry 1 75.00 WT228

6990.37 1 Klk gm UwW Dry 3+R 10.00 WT227

6995.08 1 Kk gm Uw Dry 3 14.16 WT226

7015.47 1 Kk gm Uuw Dry 3 15.80 WT225

7021.47 1 Klk gm UwW Dry 2 35.63 WT224

7039.12 I Kk gm Uw Dry 2 21.30 WT223

7039.74 I Kk gm Uw Dry 2 45.00 WT222

7054.57 1 Klk gm UwW Dry 1 200.00 WT221
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 11 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
7069.67 1 Klk gm UwW Dry 2 35.63 WT220

7084.84 il Kk gm Uw Dry 2 23.75 WT219

7098.71 1 Klk gm Uw Dry 3 20.00 WT218

7109.91 il Kk gm UwW Dry 3+R 23.75 WT217

7126.19 il Kk gm Uw Dry 4 4.33 WT216

7144.29 /1T Klk gm Uw Dry 3 8.69 WT215

7159.96 v Kk gm Uw Dry 3 7.78 WT214

7176.57 /1L Klk gm Uw Dry 2+R 14.20 WT213

7192.44 i Klk gm UW Dry 3 11.11 WT212

7215.69 11 Klk gm Uw Minor Inflow 3 8.25 WT211

7228.75 I Klk gm Uw Dry 3 21.10 WT210

7244.71 il Kk gm Uw Dry 3+R 6.25 WT209

7265.11 I Kk gm Uw Dry 2+R 23.80 WT208

7270.11 I Kl gm Uw Dry 2 16.66 WT207

7292.63 I Kk gm Uw Dry 3 9.44 WT206

7314.84 i Klk gm Uw Dry 2+R 10.00 WT205

7317.47 il Kk gm Uw Minor Inflow 3 10.00 WT204

7346.42 il Kk gm Uw Dry 3 9.44 WT203

7355.79 1 Kk gm UwW Dry 3 10.00 WT202

7375.38 1 Kk gm Uw Dry 1+R 47.50 WT201

7395.59 /1L Klk gm Uw Dry 3 6.30 WT200

7404.92 il Klk gfin UwW Dry 2+R 22.50 WT199

7422.01 il Kk gfin Uw Dry 3 15.80 WT198

7445.38 1 Klk gfin Uw Dry 1+R 100.00 WT197

7456.72 1 Kk gfin Uw Dry 1+R 50.00 WTI196

7471.68 il Kk gfin Uw Dry 1+R 100.00 WT195

7488.80 1 Klk gfin Uw Dry 1+R 100.00 WT194

7498.94 I Kk gfin Uw Dry 3+R 13.30 WT193

7531.29 /1L Klk gfin UwW Dry 3+R 18.80 WT192

7550.51 il Krd/Klk cat/gfin UW Dry 4 4.30 WT191

7564.27 I Krd/Klk cat/gfin Uw Dry 3 10.00 WT190

7576.87 I/ Krd/Klk cat/gfin UwW Dry 3+R 5.60 WTI189

7599.94 1 Krd/Klk cat/gfim Uw Dry 2+R 16.67 WTI188 aplite vein
7628.51 I Krd cat Uw Dry 3 33.30 WTI187

7629.56 I Krd cat Uw Dry 2 74.50 WTI186

7635.64 1 Krd cat Uw Dry 2 11.25 WTI185

7655.01 1 Krd cat Uw Dry 3 22.20 WTI184 aplite vein
7672.62 1 Krd cat Uw Dry 2+R 15.83 WTI183

7683.71 1 Krd cat UwW Dry 4 5.33 WTI182

7698.60 1 Krd cat Uw Dry 3 10.00 WT181 aplite vein
7718.80 1 Krd cat Uw Dry 1+R 66.67 WTI180 lge intrusion
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Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 12 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
7722.12 I Krd cat UwW Dry 2 100.00 WTI179
7731.51 I Krd cat Uuw Dry 2 75.00 WTI178 aplite vein
7739.14 I Krd cat Uw Dry 2 11.11 WT177
7744.45 I Krd cat Uw Dry 3 8.33 WT176
7753.27 1 Krd cat Uw Dry 3 10.00 WTI175 aplite vein
7768.36 il Krd cat Uw Dry 4 6.33 WTI174
7779.71 /1t Krd cat Uw Dry 3 9.44 WTI173
7786.12 1 Krd cat Uw Dry 2 22.50 WT172
7791.01 1 Krd cat Uw Dry 2+R 14.20 WT171
7799.02 /1L Krd cat Uw Dry 2+R 14.20 WT170
7817.87 1/ Krd fat & cat UwW Dry 3+R 2.29 WTI169
7833.25 il Krd fat & cat Uw Dry 3+R 2.71 WTI168
7864.06 il Krd fat & cat Uw Dry 4 4.67 WT167
7874.25 il Krd fat & cat Uw Danmp 4 2.33 WT166
7882.31 /I Krd fat & cat Uw Damp 4 2.33 WT165
7913.71 1 Krd fat & cat Uw Dry 2+R 25.00 WT164
7918.71 I Krd fat & cat Uw Dry 3 16.67 WT163
7928.32 I Krd fat & cat Uw Dry 2 25.00 WT162
7935.36 1 Krd fat & cat Uw Dry 2+2R 16.70 WTI61
7942.14 I Krd fat & cat UwW Dry 4 4.00 WT160
7961.38 i1 Krd fat & cat Uw Dry 3+R 5.72 WTI159
7976.89 I Krd fat & cat Uw Dry 3 10.00 WTI158
7997.71 I Krd fat & cat UwW Dry 2+R 30.00 WTI157
8011.37 I Krd fat & cat Uw Dry 24+R 50.00 WTI156
8018.45 I Krd fat & cat Uw Dry 2+R 47.50 WTI155
8031.74 i Krd fat & cat UwW Dry 3 2.41 WT154
8061.14 /1L Krd fat & cat Uw Dry 3 8.89 WTI153
8061.86 il Krd fat & cat UwW Dry 3 11.10 WT152
8076.84 1 Krd fat & cat Uw Dry 2 25.00 WT151
8095.37 1 Krd fat & cat Uw Dry 2 50.00 WT150
8099.87 1 Krd fat & cat UwW Dry 2 50.00 WT149
8110.56 1 Krd fat & cat Uw Dry 4 6.00 WT148
8112.87 1 Krd fat & cat Uw Dry 3+R 15.00 WT147
8123.04 1 Krd fat & cat Uw Dry 4 3.16 WT146
8137.51 /1L Krd fat & cat Uw Dry 3+R 1.81 WT145
8147.30 il Krd fat & cat Uw Dry 3 5.83 WT144
8163.53 1 Krd fat & cat Uw Dry 2+R 14.20 WT143
8187.02 il Krd fat & cat Uw Dry 3+R 1.88 WTI142
8198.36 il Krd fat & cat Uw Dry 3+R 1.83 WTI141
8236.51 1 Krd fat & cat Uw Dry 4 1.50 WT140
8265.91 il Krd fat & cat Uw Dry 3 7.78 WT139
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Chainage Rock grade [ Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
8286.20 I Krd fat & cat UwW Dry 2+R 12.50 WT138

8319.36 1/ Krd fat & cat Uw Damp 4 0.33 WT137 Shear zone

8350.73 juis Krd fat & cat Uw Dry 4 50.00 WTI136

8364.10 /1L Krd fat & cat Uw Dry 4 15.00 WT135

8376.17 il Krd fat & cat Uw Minor Inflow 3+R 4.70 WT134 <S5L/min

8413.60 il Krd fat & cat Uw Minor Inflow 3+R 12.50 WT133

8439.59 /1L Krd fat & cat Uw Minor Inflow 3+R 2.92 WT132

8456.86 v Krd fat & cat Uw Minor Inflow 4 7.56 WTI131

8460.99 /1L Krd fat & cat Uw Minor Inflow 4 4.67 WTI130

8489.82 /1L Krd fat & cat Uw Minor Inflow 4 10.00 WTI129

8502.21 v Krd fat & cat Uw Minor Inflow 3 16.67 WTI128

8539.76 /I Krd fat & cat Uw Minor Inflow 3 10.56 WTI127

8560.31 v Krd fat & cat UW Dry 2+R 21.10 WTI126

8570.47 il Krd fat & cat Uw Dry 2+R 4222 WTI25

8589.54 /1 Krd fat & cat Uw Dry 2+R 10.60 WT124

8591.61 v Krd fat & cat Uw Dry 2+R 23.80 WTI123

8616.25 s Krd fat & cat Uw Minor Inflow 3+R 7.90 WTI122

8624.35 /1 Krd fat & cat UwW Dry 3+R 11.90 WTI21

8640.50 il Krd fat & cat Uw Dry 4 9.50 WTI120

8649.93 /1L Krd fat & cat Uw Dry 4 6.00 WT119

8662.73 /I Krd fat & cat UwW Dry 3+R 11.90 WT118

8689.73 il Krd fat & cat Uw Dry 2+R 23.80 WT117

8707.57 /1 Krd fat & cat Uw Dry 3+R 11.30 WT116

8724.04 i Krd fat & cat Uw Dry 4 6.00 WTI115

8740.96 il Krd fat & cat Uw Dry 4 2.67 WT114

8761.83 /1L Krd fat & cat Uw Dry 4 5.67 WTI113

8786.16 v Krd fat & cat UW Dry 4 8.50 WT112

8805.01 il Krd fat & cat Uw Dry 4 6.00 WT111

8832.65 i Krd fat & cat Uw Dry 4 2.40 WT110 Shear plane

8842.43 11 Krd fat & cat Uw Damp 4 1.42 WT109

8868.61 il Krd fat & cat Uw Damp 4 2.25 WT108

8895.28 /1L Krd fat & cat UwW Dry 4 1.50 WT107

8919.69 /i Krd fat & cat Uw Dry 4 1.25 WT106 |granite vein

8952.53 1L Krd fat & cat UW Minor Inflow 4 1.17 WT105 <SL/min

8974.96 Il Krd fat & cat Uw Wet 4 3.30 WT104 >5L/min

8989.83 11 Krd fat & cat Uw Wet 4 0.06 WT103 >5L/min

8994.22 11 Krd fat & cat UW Damp 4 0.07 WT102 fault breccia, fault gouge (50/140-170)
9000.22 11 Krd fat & cat Uw Minor Inflow 4 0.03 WT101 Shear zone, <5L/min
9011.04 11 Krd fat & cat Uw Wet 4 0.13 WT100 Shear zone, >5L/min
9028.78 11 Krd fat & cat UwW Minor Inflow 4 0.80 WT099 Shear zone, <5L/min
9041.32 11 Krd fat & cat Uw Minor Inflow 3+R 1.00 WT098 Shear zone, <5L/min
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Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks
9057.56 /11 Krd/Klk fat & cat/gf UwW Minor Inflow 4 0.40 WT097 Contact zone, <5L/min

9071.16 i Kk ef Uw Minor Inflow 3+R 10.00 WT096 Shear zone, <S5L/min

9089.29 /11 Klk of Uw Dry 3 10.00 WTO095

9104.03 il Kk of Uw Damp 4 6.00 WT094

9130.84 il Kk of Uw Minor Inflow 3+R 15.83 WT093 <5L/min

9140.36 il Klk of UwW Minor Inflow 3 9.44 WT092 <5L/min

9153.71 juis Kk of Uw Damp 3+R 8.33 WT091

9185.26 /1L Klk of UwW Minor Inflow 3+R 25.00 WT090 <5L/min

9196.77 v Kk of Uw Minor Inflow 3 31.70 WT089 <5L/min

9216.71 i Klk of Uw Minor Inflow 3 22.22 WTO088 <5L/min

9237.88 v Klk of Uw Damp 3+R 15.00 WT087

9261.31 il Kk of Uw Damp 4 6.00 WT086

9264.65 /1L Klk of Uw Damp 3+R 22.50 WTO085

9276.03 il Kk of Uw Minor Inflow 3+R 12.50 WT084 <5L/min

9293.26 /11 Klk of Uw Minor Inflow 3+R 11.25 WTO083 <5L/min

9302.35 1 Kk gf UW Minor Inflow 3+R 33.33 WT082 <5L/min

9309.15 /1 Kk of Uw Minor Inflow 3 16.70 WTO081 <5L/min

9315.17 /1 Klk of Uw Minor Inflow 3 2222 WTO080 <5L/min

9342.77 v Kk of Uw Damp 4 9.60 WT079 Shear zone

9359.70 /1L Klk of Uw Minor Inflow 3+R 12.00 WT078 <SL/min

9369.94 il Klk of Uw Minor Inflow 3 10.56 WT077 <5L/min

9400.00 /1 Klk of UW to PW90/100 Damp 3+R 10.00 WT076 Minor shear zone

9409.00 I Klk of UW to PW90/100 Dry 4 7.20 WTO075 Minor shear zone

9439.03 /11 Klk of UW to PW90/100 Damp 3+R 6.67 WT074 Minor shear zone

9453.10 11T Klk of UW to PW90/100 Damp 3+R 2.38 WT073 Minor shear zone

9487.15 11 Klk ef UW to PW90/100 Minor Inflow 3 2.25 WT072 Shear zone, <5L/min

9507.92 11 Kk of UW to PW90/100 Minor Inflow 3 2.07 WT071 Fault gouge, <5L/min

9510.88 11 Klk of UW to PW90/100 Minor Inflow 3 2.83 WT070 Minor fault zone, <5L/min

9513.92 11 Klk of UW to PW90/100 Minor Inflow 4 0.93 WT069 Shear zone, <5L/min

9516.89 I Klk of UW to PW90/100 Minor Inflow 34R 3.20 WTO068 Shear zone, <5L/min

9534.90 11 Klk ef UW to PW90/100 Minor Inflow 3+R 1.50 WT067 Shear zone, <5L/min

9550.23 /111 Klk of UW to PW90/100 Minor Inflow 4 1.60 WT066 Minor fault zone, shear zone, <5L/min

9568.20 /11 Klk ef UW to PW90/100 Minor Inflow 4 1.80 WTO065 Shear zone, <5L/min

9580.28 s Klk of UW to PW90/100 Minor Inflow 4 2.83 WT064 Shear zone, <5L/min

9600.98 il Klk of UW to PW90/100 Minor Inflow 4 1.60 WT063 Shear zone with highly fractured rock mass, <5L/min
9616.24 v Klk of UW to PW90/100 Minor Inflow 4 2.27 WT062 Shear zone with highly fractured rock mass, <SL/min
9646.10 v Klk of UW to PW90/100 Minor Inflow 4 1.70 WTO061 Shear zone with highly fractured rock mass, <5L/min
9676.92 /1 Klk of UW to PW90/100 Dry 4 1.33 WTO060 Shear zone with highly fractured rock mass

9706.51 it Klk of UW to PW90/100 Minor Inflow 4 1.70 WTO059 Shear zone with highly fractured rock mass, <5L/min
9731.90 /I Klk of UW to PW90/100 Minor Inflow 4 1.60 WTO058 Shear zone with highly fractured rock mass, <5L/min
9745.34 /11 Klk of UW to PW90/100 Minor Inflow 4 1.70 WT057 Shear zone with highly fractured rock mass, <SL/min
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Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value | Mapping Record No. Remarks

9761.40 il Kk of UW to PW90/100 Minor Inflow 4 2.27 WT056 Shear zone with highly fractured rock mass, <5L/min
9767.40 v Kk of UW to PW90/100 Minor Inflow 4 2.40 WTO055 Shear zone with highly fractured rock mass, <5L/min
9789.80 /1T Klk of UW to PW90/100 Minor Inflow 4 1.73 WT054 Shear zone with highly fractured rock mass, <5L/min
9795.80 v Kk ef UW to PW90/100 Minor Inflow 4 2.40 WTO053 Shear zone with highly fractured rock mass, <5L/min
9819.32 it Kk gf UW to PW90/100 Minor Inflow 4 2.00 WT052 Shear zone with highly fractured rock mass, <5L/min
9825.32 v Klk ef UW to PW90/100 Minor Inflow 4 1.04 WTO051 Shear zone with highly fractured rock mass, <5L/min
9839.84 it Kk gf UW to PW90/100 Minor Inflow 4 0.80 WTO050 Shear zone with highly fractured rock mass, <5L/min
9886.75 /11 Klk of UW to PW90/100 Minor Inflow 4 1.60 WT049 Shear zone with highly fractured rock mass, <SL/min
9881.58 i Klk of UW to PW90/100 Dry 4 0.35 WT048 Shear zone with highly fractured rock mass

9896.20 11 Klk of UW to PW90/100 Dry 4 0.80 WT047 Shear zone with highly fractured rock mass

9907.42 I Klk of UW to PW90/100 Minor Inflow 4 1.20 WT046 Shear zone with highly fractured rock mass, <5L/min
9937.86 1I/101 Klk of UW to PW90/100 Minor Inflow 4 0.13 WTO045 Fault breccia, <SL/min

9945.92 I Klk of UW to PW90/100 Minor Inflow 5 0.13 WT044 Shear zone with highly fractured rock mass, <5L/min
9964.11 11 Kk of UW to PW90/100 Minor Inflow 4 0.60 WT043 Shear zone with highly fractured rock mass, <5L/min
9991.15 11 Kk of UW to PW90/100 Minor Inflow 4 0.60 WT042 Shear zone with highly fractured rock mass, <5L/min
9991.26 1 Kk of UW to PW90/100 Minor Inflow 4 0.60 WT041 Shear zone with highly fractured rock mass, <5L/min
10013.60 11 Kk of UW to PW90/100 Minor Inflow 5 0.60 WT040 Shear zone with highly fractured rock mass, <5L/min
10028.60 11 Krd/Klk fat & cat/gf UW to PW90/100 Minor Inflow 4 0.20 WT039 Shear zone with highly fractured rock mass, <5L/min
10034.60 Juvinn Krd/Klk fat & cat/gf UW to PW90/100 Dry 5 0.05 WT038 Shear zone with highly fractured rock mass

10054.20 1I/111 Krd/Klk fat & cat/gf UW to PW90/100 Dry 4 0.50 WT037 Shear zone with highly fractured rock mass

10066.60 Juvin Krd/Klk fat & cat/gf UW to PW90/100 Dry 7 0.13 WTO036 Shear zone with highly fractured rock mass

10083.90 11 Krd/KIk fat & cat/gf UW to PW90/100 Dry 4 0.33 WTO035 Shear zone with highly fractured rock mass

10106.40 I Krd/Klk fat & cat/gf UW to PW90/100 Dry 5 2.20 WT034 Shear zone with highly fractured rock mass

10108.70 11 Krd/Klk fat & cat/gf UW to PW90/100 Dry 4 0.10 WTO033 Shear zone with highly fractured rock mass

10135.00 I Krd/Klk fat & cat/gf UW to PW90/100 Dry 5 0.03 WT032 Shear zone with highly fractured rock mass

10158.90 11 Krd/Klk fat & cat/gf UW to PW90/100 Dry 5 0.09 WTO031 Shear zone with highly fractured rock mass

10174.40 /11 Krd/Klk fat & cat/gf UW to PW90/100 Dry 4 0.05 WT030 Shear zone with highly fractured rock mass

10180.30 1I/III Krd/Klk fat & cat/gf UW to PW90/100 Dry 4 0.04 WT029 Shear zone with highly fractured rock mass

10187.50 1I/111 Krd/Klk fat & cat/gf UW to PW90/100 Minor Inflow 4 0.10 WTO028 Shear zone with highly fractured rock mass, <5L/min
10199.00 1I/111 Krd fat & cat UW to PW90/100 Minor Inflow 4 0.13 WT027 Shear zone with highly fractured rock mass, <5L/min
10224.40 1I/11L Krd fat UW to PW90/100 Dry 4 0.15 WT026 Shear zone with highly fractured rock mass, g & p intrusions
10225.40 1I/IIT Krd fat UW to PW90/100 Minor Inflow 3 0.17 WT025 Shear zone with highly fractured rock mass, g & p intrusions
10231.10 /111 Krd fat UW to PW90/100 Minor Inflow 4 0.10 WT024 Shear zone with highly fractured rock mass, g & p intrusions
10249.60 /11 Krd fat UW to PW90/100 Minor Inflow 5 0.20 WT023 Shear zone with highly fractured rock mass, g & p intrusions
10259.80 1 Krd fat UW to PW90/100 Minor Inflow 6 0.30 WT022 Shear zone with highly fractured rock mass, g & p intrusions
10265.60 1I/11T Krd fat UW to PW90/100 Minor Inflow 5 0.30 WT021 Shear zone with highly fractured rock mass, g & p intrusions
10276.20 Juvinn Krd fat UW to PW90/100 Minor Inflow 4 0.09 WT020 Shear zone with highly fractured rock mass, g & p intrusions
10283.70 1I/111 Krd fat UW to PW90/100 Minor Inflow 4 0.07 WT019 Shear zone with highly fractured rock mass, g & p intrusions
10295.50 Juvin Krd fat UW to PW90/100 Minor Inflow 4 0.09 WT018 Shear zone with highly fractured rock mass, g & p intrusions
10302.20 1I/11T Krd fat UW to PW90/100 Minor Inflow 4 0.07 WTO017 Shear zone with highly fractured rock mass, g & p intrusions
10307.60 /111 Krd fat UW to PW90/100 Minor Inflow 4 0.07 WT016 Shear zone with highly fractured rock mass, g & p intrusions

8¢



Table A Summary of Engineering Geological Data (after DNJV, 2011) (Sheet 16 of 16)

Chainage Rock grade | Rock formation Rock type Rock mass Water Inflow Discontinuity Sets | Q value [ Mapping Record No. Remarks

10312.50 1I/I1I Krd fat UW to PW90/100 Minor Inflow 4 0.07 WTO015 Shear zone with highly fractured rock mass, g & p intrusions
10342.20 1I/111 Krd fat UW to PW90/100 Minor Inflow 5 0.25 WT014 Shear zone with highly fractured rock mass, g & p intrusions
10375.50 11 Krd fat UW to PW90/100 Dry 4 0.30 WT013 Shear zone with highly fractured rock mass, g & p intrusions
10395.00 /11 Krd fat UW to PW90/100 Dry 4 0.25 WT012 Shear zone with highly fractured rock mass, g & p intrusions
10409.60 1I/111 Krd cat UW to PW90/100 Dry 4 0.10 WTO11 Shear zone with highly fractured rock mass, g intrusions
10428.20 11 Krd cat UW to PW90/100 Minor Inflow 4 0.25 WTO010 Shear zone with highly fractured rock mass, g intrusions
10448.70 /11 Krd cat UW to PW90/100 Dry 4 0.25 WT009 Shear zone with highly fractured rock mass, g intrusions
10452.30 1I Krd cat UW to PW90/100 Dry 4 0.25 WTO008 Shear zone with highly fractured rock mass, g intrusions
10462.10 1I/11T Krd cat UW to PW90/100 Dry 4 0.30 WT007 Shear zone with highly fractured rock mass, g intrusions
10470.10 11 Krd cat UW to PW90/100 Dry 4 1.30 WT006 Shear zone with highly fractured rock mass, g intrusions
10481.80 /11 Krd cat UW to PW90/100 Dry 4 2.00 WTO005 Shear zone with highly fractured rock mass, g intrusions
10493.80 /11 Krd cat UW to PW90/100 Dry 4 1.20 WT004 Shear zone with highly fractured rock mass, g intrusions
10506.40 1/111 Krd cat UW to PW90/100 Dry 4 0.60 WTO003 Shear zone with highly fractured rock mass, g intrusions
10516.40 1/11 Krd cat UW to PW90/100 Dry 4 0.60 WT002 Shear zone with highly fractured rock mass, g intrusions
10520.62 Juvinn Krd cat UW to PW90/100 Dry 4 1.20 WT001 Shear zone with highly fractured rock mass, g intrusions
10535.00 111 Krd cat - Dry 5 2.52 - Shear zone with highly fractured rock mass, g intrusions
10583.00 1/111 Krd cat - Dry 5 2.52 - Shear zone with highly fractured rock mass, g intrusions
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Appendix B

Summary of Rock Discontinuity Data
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Table B Summary Rock Discontinuity Data (Sheet 1 of 9)

Starting Ending . s . .
Rock T Dip (° Dip Direct ° S Apert Infillin
Chainage (m)| Chainage (m) ock Type ip (°) ip Direction (°) pacing perture nfilling
45-90 325-355
CH 180 CH 290 Granite 75-90 175-205 .
Tight to
0-20 295-325 Very closely to o
. extremely Staining
75-90 330-000 widely spaced
narrow
CH 290 CH 400 Granite 60-75 010-040
20-40 295-325
70-85 300-330
CH 400 CH 500 Granite 70-85 210-240 .
Tight to
70-90 010-040 Very closely to
. extremely Non-clay
75-90 300-330 medium spaced
narrow
CH 500 CH 600 Granite 85-90 200-260
20-45 280-310
70-83 320-330
CH 600 CH 620 Granite 70-83 230-250
70-90 030-070
85 290-320 Tight to
CH 620 CH 720 Granite 85-90 210-240 Verycloselyto | i emely Staining
medium spaced
75-80 000-030 narrow
75-85 340-010
CH 720 CH 800 Granite 70-90 260-290
85-90 220-250
75-90 260-290
CH 800 CH 900 Granite 75-90 335-005 .
Tight to
73-90 005-035 Very closely to
. extremely Non-clay
75-90 305-335 medium spaced
narrow
CH 900 CH 1000 Granite 75-90 245-270
75-90 155-195
75-90 260-290
CH 1000 CH 1090 Granite 75-90 255-285
75-90 350-020 ‘Closely to Tight Non-clay
75-90 260-290 widely spaced
CH 1090 CH 1200 Granite 75-90 350-020
75-90 005-035
75-90 260-290
CH 1200 CH 1295 Granite 75-90 065-095 .
Tight to
60-75 335-005 Closely to L.
. extremely Staining
75-90 200-230 medium spaced
narrow
CH 1295 CH 1400 Granite 75-90 265-290
75-90 295-305
75-90 020-050
CH 1400 CH 1490 Granite 75-90 290-320 .
Tight to
75-90 050-080 Closely to .
. extremely Staining
75-90 195-225 widely spaced
narrow
CH 1490 CH 1600 Granite 75-90 030-040
75-90 290-300
75-90 240-270
CH 1600 CH 1695 Granite 75-90 300-330
- 150-1 Tigh
75-90 50-180 Closely to ight to
75-90 290-320 . extremely Non-clay
5075 10.140 widely spaced narrow
CH 1695 CH 1800 Granite - -
75-90 260-290
75-90 230-250
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Table B Summary Rock Discontinuity Data (Sheet 2 of 9)

Starting Ending . o . .
Rock T Dip (° Dip Direct ° S Apertu Infillin,
Chainage (m) | Chainage (m) ock Type ip (°) ip Direction (°) pacing perture nfilling
75-90 180-210
CH 1800 CH 1895 Granite 70-90 270-300 Tight to
Very closely to ..
60-75 120-150 . extremely Staining
108 270300 widely spaced narro
- - W
CH 1895 | CH 2000 Granite > !
75-90 200-230
60-85 030-060
60-90 120-130
CH2000 | CH 2095 Granite 60-90 290-320
75-90 200-230
- 20- Tight t
75-90 020-050 Closely to ight to
40-75 350-350 . extremely Clay
medium spaced
60-90 103-135 narrow
60-90 312-345
CH 2095 CH 2200 Granite 60-75 160-190
75-90 210-280
75-90 230-260
60-90 260-290
75-90 220-250
CH2200 | CH 2290 Granite 75-90 040-070 _
75-90 140-170 Tight to
Very closely to
75-90 300-330 . extremely Non-clay
medium spaced
20-40 080-110 narrow
75-90 345-015
CH 2290 CH 2400 Granite 75-90 270-300
75-90 200-300
75-90 235-265
CH 2400 CH 2495 Granite 75-90 160-190
20-40 040-070
75-90 250-280 Closely to Tight to
75-90 040-100 . extremely Non-clay
60-8 1010 | Veelspaced | o
- - W
CH 2495 CH 2600 Granite >
60-90 220-250
60-90 040-070
40-75 320-330
75-90 280-310
CH 2600 CH 2695 Granite 60-90 020-050
60-75 220-250 Tight t
! Closely to gt
75-90 005, 185 . extremely Non-clay
5 widely spaced narrow
CH 2695 | CH 2800 Granite 75-90 095,275
75-90 020, 200
20-40 020-050
20-60 185-215
CH 2800 | CH 2895 Granite 20-40 245275
45-90 320-350 .
Tight to
45-90 140-170 Closely to
. extremely Non-clay
50-75 340-010 medium spaced
narrow
CH 2895 | CH 3000 Granite 10-30 220-250
70-90 280-310
70-90 045-095
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Table B Summary Rock Discontinuity Data (Sheet 3 of 9)

Starting Ending . . . .
Rock T Dip (° DipD ° A Infi
Chainage (m) | Chainage (m) ock Type ip () ip Direction (°) Spacing perture nfilling
75-90 005-035
75-90 185-215
CH 3000 CH 3100 Granite 75-90 275-305 .
Tight to
60-75 305-335 Closely to .
. extremely Staining
0-20 185-215 widely spaced
narrow
75-90 005-035
CH 3100 CH 3200 Granite 75-90 200-230
75-90 065-095
60-90 335-005
CH3200 | CH 3300 Granite 60-5 195-185
75-90 245-275 . Tight to
Medium to very ..
60-75 125-155 . extremely Staining
widely spaced
75-90 160-190 narrow
CH 3300 CH 3400 Granite 90 350-020
40-60 245-275
75-90 040-070
CH 3400 CH 3500 Granite 75-90 230-260
20-40 260-290 Tight to
Closely to
75-90 020-030 . extremely Non-clay
75-90 200-230 widely spaced narrow
CH 3500 CH 3600 Granite - -
75-90 110-140
75-90 290-320
75-90 075-105
CH3600 | CH 3700 Granite 750 320-350 4
75-90 040-070 . Tight to
Medium to ..
20-40 225-255 . extremely Staining
widely spaced
75-90 170-200 narrow
CH 3700 CH 3800 Granite 75-90 350-020
0-20 230-260
;2_28 (2)22_(2)32 Medium to Tight to
CH 3800 CH 3940 Granite - - extremely wide | extremely Staining
75-90 350-020
spaced narrow
75-90 290-320
75-90 170-200
CH 3940 CH 3985 Granite 75-90 280-300 .
Tight to
75-90 290-320 Closely to ..
. extremely Staining
75-90 170-200 medium spaced
narrow
CH 3985 CH 4000 Granite 75-90 280-300
75-90 290-320
60-75 306-336
CH4000 | CH 4100 Volcanic 7590 096-126
75-90 176-206 .
Tight to
60-75 100-130 Closely to .
. extremely Staining
0-20 006-036 medium spaced
narrow
CH 4100 CH 4200 Volcanic 40-60 186216
75-90 096-126
75-90 306-336
0-20 036-066
CH 4200 CH 4300 Volcanic 75-90 306-336
40-60 306-006 .
Tight to
40-60 066-096 Closely to .
. extremely Staining
0-20 126-156 medium spaced
narrow
CH 4300 CH 4400 Volcanic 60-75 216-246
60-75 351-021
75-90 141-171
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Table B Summary Rock Discontinuity Data (Sheet 4 of 9)

Starting Ending . o . .
Rock T' Dip (e Dip Direct o S Apert Infillin;
Chainage (m) | Chainage (m) ock Type ip (°) ip Direction (°) pacing perture nfilling
0-20 156-216
CH 4400 CH 4500 Volcanic 75-90 156-186
75-90 246-306 Closely to Tight to -
75-90 306-336 . extremely Staining
50 G276 medium spaced narrow
CH 4500 | CH 4600 Volcanic 75
40-60 066-096
0-20 096-126
75-90 306-336
CH 4600 CH 4700 Volcanic 75-90 156-186
0-20 194-224 Closely to Tight to -
75-90 194-254 . extremely Staining
290 asaars | medumspaced | ow
CH4700 | CH 4800 Volcanic 75
75-90 314-014
0-20 194-224
0-20 186-216
CH 4800 CH 4900 Volcanic 75-90 111-141
75-90 186-216 Closely to Tight to -
75-90 203-233 . extremely Staining
290 263003 | medumspaced | row
CH 4900 CH 5000 Volcanic B
75-90 143-173
0-20 323-023
75-90 173-203
CHS000 | CH 5100 Volcanic 75-90 143-203 _
20-40 083-113 Tight to
Closely to ..
20-60 263-293 . extremely Staining
medium spaced
75-90 143-173 narrow
CH 5100 CH 5200 Volcanic 60-90 203-233
0-20 248-278
75-90 321-351
CH 5200 | CH 5300 Volcanic 40-75 171-201
40-60 261-291 Tight to
Closely to ..
75-90 051-081 . extremely Staining
medium spaced
75-90 021-051 narrow
CH 5300 CH 5400 Volcanic 60-90 306-336
0-20 351-021
60-75 201-231
CH 5400 | CH 5500 Volcanic 7590 231-261
60-75 081-111 .
Tight to
0-40 261-291 Closely to L.
. extremely Staining
75-90 186-216 medium spaced
narrow
CH 5500 | CH 5600 Volcanic 7590 261-291
0-20 141-171
60-75 111-141
75-90 321-351
CH 5600 | CH 5700 Volcanic 75-90 231-261
40-60 171-201
-2l 1-111 Tight t
0-20 o Closely to gatto .
75-90 319-349 . extremely Staining
medium spaced
75-90 049-079 narrow
CH 5700 CH 5800 Volcanic 60-75 110-140
20-40 049-079
0-20 350-020
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Table B Summary Rock Discontinuity Data (Sheet 5 of 9)

Starting Ending . Lo . .
Chainage (m) | Chainage (m) Rock Type Dip () | Dip Direction (°) Spacing Aperture Infilling
75-90 077-107
75-90 137-167
CH 5800 CH 5900 Volcanic 75-90 200-230
40- 257-2 Tight t
0-60 57-287 Closely to ight to N
0-20 350-020 . extremely Staining
medium spaced
75-90 285-315 narrow
CH 5900 | CH 6000 Volcanic 7590 141-171
75-90 345-015
0-20 165-195
75-90 173-203
CH 6000 CH 6100 Volcanic 60-90 133-163 )
60-75 203-233 Tight to
Closely to ..
20-40 213-345 . extremely Staining
medium spaced
75-90 140-170 narrow
CH 6100 CH 6200 Volcanic 75-90 245-275
0-20 232-262
75-90 261-291
CH 6200 CH 6300 Volcanic 40-90 O8I-111
40-60 321-351
0-20 171-201 Tight t
Closely to gto ..
75-90 173-203 . extremely Staining
medium spaced
75-90 265-295 narrow
CH 6300 CH 6400 Volcanic 60-75 310-340
60-75 025-055
0-40 055-085
75-90 283-313
75-90 193-223
CH6400 | CH 6500 Volcanic 7590 107-137
40-60 043-073 .
Tight to
60-75 137-167 Closely to L.
. extremely Staining
0-20 193-223 medium spaced
narrow
75-90 175-209
CH 6500 | CH 6600 Volcanic 75-90 269-299
60-75 359-029
0-20 205-235
75-90 229-259
75-90 309-339
CH 6600 CH 6700 Volcanic 75-90 048-078
40- 120-1 Tigh
0-60 0-150 Closely to ight to N
20-40 019-049 . extremely Staining
medium spaced
75-90 276-306 narrow
CH 6700 CH 6800 Volcanic 75-90 186-216
60-75 141-171
0-20 186-216
75-90 306-336
Volcanic and 75-90 210-240
CH 6800 | CH 6900 olane 60-75 216.246
Granite
40-60 351-021 .
Tight to
0-20 229-259 Closely to ..
. extremely Staining
75-90 320-350 medium spaced
narrow
75-90 020-050
CH 6900 CH 7000 Granite 40-60 050-080
40-60 310-350
0-20 110-140
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Table B Summary Rock Discontinuity Data (Sheet 6 of 9)

Starting Ending . e . .
Rock T Dip (° Dip Direction (° S Apertu Infillin;
Chainage (m) | Chainage (m) ock Type ip (°) ip Direction (°) pacing perture nfilling
75-90 109-139
75-90 049-079
CH 7000 CH 7100 Granite 75-90 179-209 .
Tight to
60-75 019-099 Closely to .
. extremely Staining
0-20 332-002 medium spaced
narrow
75-90 194-224
CH 7100 CH 7200 Granite 75-90 056-089
60-75 314-344
75-90 210-240
CH7200 | CH 7300 Granite 40-60 075-105
40-60 285-315
40-60 005-035 Medium fo Tight to N
75-90 209-239 . extremely Staining
widely spaced
75-90 149-179 narrow
CH 7300 CH 7400 Granite 60-75 329-359
40-60 040-070
0-20 180-210
75-90 115-145 Medium fo Tight to
CH 7400 CH 7500 Granite 75-90 209-239 . extremely Staining
widely spaced
40-60 005-035 narrow
75-90 115-145
. 75-90 209-239 Tight to
CH7500 | CH 7600 Cranite & 60-75 329-359 Closely to extremely Staining
Volcanic medium spaced
40-60 285-315 narrow
0-20 180-210
75-90 298-328
75-90 223-253
CH 7600 CH 7700 Volcanic 75-90 343-013
40-60 223-253
Tight to
0-20 029-049 Closely to ..
. extremely Staining
75-90 283-313 medium spaced
narrow
75-90 043-073
CH 7700 CH 7800 Volcanic 75-90 208-238
40-60 223-253
0-20 253-2R3
75-90 298-328
75-90 043-073
60-75 208-238
CH 7800 CH 7900 Volcanic 40-60 339-009
40-60 163-223
Tight to
0-20 253-283 Closely to ..
. extremely Staining
0-20 073-103 medium spaced
narrow
75-90 014-044
75-90 073-103
CH 7900 CH 8000 Volcanic 40-60 163-193
65-75 158-188
0-20 193-223
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Table B Summary Rock Discontinuity Data (Sheet 7 of 9)

Starting Ending . o . .
Rock T Dip (° Dip Direct ° S Apertu Infillin
Chainage (m) | Chainage (m) ock Type ip (°) ip Direction (°) pacing perture nfilling
75-90 026-056
75-90 149-179
CH 8000 CH 8100 Volcanic 7590 314-344
60-75 315-345
40-60 056-086
Tight to
0-20 060-090 Closely to ..
. extremely Staining
75-90 226-256 medium spaced
narrow
75-90 304-334
CHS8100 | CH 8200 Voleanic 75-90 135-165
60-75 046-076
60-75 135-165
0-20 175-205
60-90 323-353
CH 8200 CH 8300 Volcanic 75-90 068-088
60-75 002-032 .
Tight to
0-20 123-153 Closely to
. extremely Clay
75-90 356-026 medium spaced
narrow
CH 8300 | CH 8400 Voleanic 75-90 261311
60-75 206-236
40-60 119-149
75-90 156-186
75-90 336-006
CH8400 | CH 8500 Volcanic 75-90 198-228
40-75 078-108
20-60 258-288
0-20 051-081 Closely to Tight to
75-90 193-223 . extremely Clay
medium spaced
75-90 323-333 narrow
75-90 130-160
CH 8500 CH 8600 Volcanic 75-90 310-340
45-60 166-196
0-20 104-134
0-20 017-047
75-90 185-215
75-90 250-310
CH 8600 CH 8700 Volcanic 40-60 325-355
0-20 140-170
0-20 310-340 Extremely Tight to
75-90 104-134 closely to extremely Clay
75-90 179-209 closely spaced narrow
CHS8700 | CH 8800 Volcanic 75-90 260-290
75-90 333-006
40-60 261-291
0-20 004-034
60-75 098-128
CH 8800 CH 8900 Volcanic 75-90 218-248
0-20 114-144 Extremely Tight to
20-40 047-077 closely to extremely Clay
N . losel d
CH8900 | CH 9000 Volcanic 60-90 306-336 closely space narrow
60-75 171-201
75-90 272-302
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Table B Summary Rock Discontinuity Data (Sheet 8 of 9)

Starting Ending . o . .
Chainage (m) | Chainage (m) Rock Type Dip (°) | Dip Direction (°) Spacing Aperture Infilling
75-90 216-246
. 75-90 306-336
CHO000 | CHowo | Yoeamed& =g 186-216
Granite
0-20 096-126 .
Tight to
60-75 126-156 Very closely to o
. extremely Staining
75-90 156-186 medium spaced
narrow
75-90 246-276
CH 9100 CH 9200 Granite 0-20 051-081
40-60 246-276
75-96 141-171
75-90 147-171
75-90 066-096
CH 9200 CH 9300 Granite 75-90 201-231
75-90 086-156
20 051-081 Very closely to Tight to -
75-90 186-216 . extremely Staining
medium spaced
75-90 261-281 narrow
CH 9300 CH 9400 Granite 7590 141-171
40-60 351-021
20-40 031-086
0-20 051-081
75-90 186-216
CH 9400 CH 9500 Granite 7590 231-261
75-90 141-171 .
Tight to
40-60 351-021 Very closely to
. extremely Non-clay
75-90 156-186 medium spaced
narrow
CH 9500 CH 9600 Granite 75-90 186-216
75-90 051-081
0-20 045-075
75-90 230-260
CH 9600 CH 9700 Granite 75-90 155-185
0-20 050-080 Extremely Tight to
75-90 185-215 closely to extremely Non-clay
_ - losel d
CH9700 | CH 9800 Granite 7590 215-245 closely space narrow
40-75 155-195
0-20 275-305
75-90 100-180
75-90 215-245
CH 9800 CH 9900 Granite 75-90 300-330
-2 280-31 Tight t
0-20 80:310 Very closely to igatto
60-75 125-155 extremely Non-clay
closely spaced
75-90 140-170 narrow
CH9900 | CH 10000 Granite 7590 220-250
40-60 105-185
0-20 185-215
75-90 240-270
. 75-90 065-095
CH 10000 | CH 10005 | Oronie & 60-75 210-240
Volcanic
20-40 160-190 Very closely to
0-20 245275 1Y ClOSEV IO | Tioht to narrow Clay
medium spaced
75-90 140-170
CH 10095 CH 10200 Granite & 75-90 235-285
Volcanic 40-60 060-090
0-20 185-215




69

Table B Summary Rock Discontinuity Data (Sheet 9 of 9)

Starting Ending . . ] .
. . Rock T Dip (¢ Dip Direction (° S Apertu Infillin,
Chainage (m) | Chainage (m) ock Type ip(°) ip Direction (°) pacing perture nfilling
75-90 195-225
CH 10200 | CH 10300 Volcanic 75-90 135-165
75-90 315-345
0-20 195-225 Ver}/ closely to Tight to narrow Clay
20-40 300-330 medium spaced
CH 10300 | CH 10400 |  Volcanic 75-90 225-285
40-60 135-165
40-60 235-265
75-90 080-110
75-90 150-180 Verv closelv to
CH 10400 CH 10535 Volcanic 75-90 310-340 ry Y Tight to narrow Non-clay
medium spaced
40-60 270-300
60-75 255-265
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Appendix C

Summary of Probing Records



76

Table C Summary of Probing Records (Sheet 1 of 8)

Starting Chainage End Chaimage Probe length Inflow (L/min) Inflow (L/min/m)
15.00 35.00 20.00 5.40 0.27
27.00 47.00 20.00 2.50 0.13
35.00 55.00 20.00 13.95 0.70
44.00 64.00 20.00 0.60 0.03
60.00 85.00 25.00 0.00 0.00
80.00 106.00 26.00 0.00 0.00
97.00 122.00 25.00 0.00 0.00
114.80 139.80 25.00 0.00 0.00
130.00 155.40 25.40 0.40 0.02
146.70 176.70 30.00 0.00 0.00
189.00 229.30 40.30 0.75 0.02
220.70 281.10 60.40 0.00 0.00
270.16 326.86 56.70 1.80 0.03
316.75 374.45 57.70 0.10 0.00
363.20 423.60 60.40 0.00 0.00
411.07 465.97 54.90 0.50 0.01
451.84 506.74 54.90 0.30 0.01
496.84 546.24 49.40 0.20 0.00
535.94 590.84 54.90 0.20 0.00
580.92 621.22 40.30 7.50 0.19
607.93 651.83 43.90 1.10 0.03
627.53 669.63 42.10 75.00 1.78
657.52 712.42 54.90 3.60 0.07
696.53 751.43 54.90 24.00 0.44
708.55 763.45 54.90 7.20 0.13
746.11 795.51 49.40 1.30 0.03
785.08 839.98 54.90 7.80 0.14
824.11 868.01 43.90 25.95 0.59
842.07 896.97 54.90 30.00 0.55
885.62 927.71 42.09 25.00 0.59
885.62 940.52 54.90 0.90 0.02
930.61 980.02 49.41 34.00 0.69
966.67 1008.76 42.09 50.00 1.19
987.65 1029.74 42.09 15.00 0.36

1014.71 1069.61 54.90 35.00 0.64
1037.23 1079.32 42.09 4.00 0.10
1068.72 1108.98 40.26 33.00 0.82
1098.79 1153.69 54.90 0.50 0.01
1137.38 1192.68 55.30 0.60 0.01
1176.74 1231.64 54.90 0.90 0.02
1221.89 1276.79 54.90 8.00 0.15
1265.30 1320.20 54.90 2.30 0.04
1304.28 1346.37 42.09 6.80 0.16
1331.32 1373.41 42.09 2.80 0.07




Table C Summary of Probing Records (Sheet 2 of 8)
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Starting Chainage End Chainage Probe length Inflow (L/min) Inflow (L/min/m)
1362.93 1425.15 62.22 12.00 0.19
1406.37 1450.29 43.92 40.00 0.91
1433.33 1488.23 54.90 7.00 0.13
1477.01 1519.10 42.09 30.00 0.71
1504.15 1546.24 42.09 26.00 0.62
1526.45 1581.35 54.90 3.00 0.05
1570.00 1612.09 42.09 15.00 0.36
1592.46 1634.55 42.09 16.70 0.40
1624.07 1666.16 42.09 20.00 0.48
1655.54 1697.63 42.09 18.40 0.44
1687.09 1747.48 60.39 0.10 0.00
1735.34 1795.53 60.19 0.00 0.00
1781.71 1825.63 43.92 0.00 0.00
1814.79 1869.69 54.90 0.50 0.01
1859.67 1920.08 60.41 0.50 0.01
1907.82 1968.21 60.39 1.80 0.03
1957.25 2017.84 60.59 0.00 0.00
2006.84 2047.10 40.26 0.00 0.00
2030.76 2074.68 43.92 0.00 0.00
2062.40 2122.79 60.39 0.00 0.00
2105.95 2166.31 60.36 0.50 0.01
2149.49 2209.88 60.39 0.50 0.01
2199.09 2241.18 42.09 17.10 0.41
2226.05 2286.44 60.39 0.50 0.01
2275.64 2336.03 60.39 0.50 0.01
2320.58 2369.99 49.41 34.50 0.70
2358.09 2418.48 60.39 1.50 0.02
2407.45 2467.84 60.39 2.00 0.03
2458.45 2518.84 60.39 0.40 0.01
2507.92 2568.31 60.39 0.00 0.00
2552.98 2613.37 60.39 0.20 0.00
2593.50 2653.89 60.39 0.50 0.01
2641.55 2701.94 60.39 0.00 0.00
2691.04 2751.43 60.39 0.00 0.00
2740.58 2800.97 60.39 0.20 0.00
2790.09 2850.48 60.39 0.20 0.00
2839.70 2900.09 60.39 0.00 0.00
2884.74 2945.13 60.39 0.00 0.00
2934.25 2994.64 60.39 0.30 0.00
2982.46 3042.85 60.39 0.40 0.01
3032.07 3092.46 60.39 0.50 0.01
3081.47 3141.86 60.39 0.70 0.01
3123.52 3183.91 60.39 0.00 0.00
3170.03 3224.93 54.90 4.40 0.08




Table C Summary of Probing Records (Sheet 3 of 8)
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Starting Chainage End Chamnage Probe length Inflow (L/min) Inflow (L/min/m)
3209.00 3269.39 60.39 2.00 0.03
3258.46 3313.36 54.90 0.10 0.00
3301.97 3362.36 60.39 0.00 0.00
3351.64 3412.03 60.39 0.00 0.00
3401.20 3461.59 60.39 0.00 0.00
3450.66 3511.05 60.39 0.00 0.00
3500.24 3560.63 60.39 0.00 0.00
3545.19 3605.58 60.39 0.00 0.00
3594.82 3655.21 60.39 4.00 0.07
3644.31 3704.70 60.39 0.80 0.01
3693.99 3764.38 70.39 0.00 0.00
3741.47 3801.86 60.39 0.00 0.00
3787.05 3847.44 60.39 0.00 0.00
3836.53 3869.47 32.94 0.00 0.00
3858.95 3919.34 60.39 1.60 0.03
3905.49 3947.58 42.09 54.00 1.28
3937.00 3975.44 38.44 1.20 0.03
3956.50 4016.50 60.00 0.50 0.01
4007.13 3956.50 50.63 0.00 0.00
4034.45 3996.11 38.34 1.50 0.04
4061.51 4015.76 45.75 10.00 0.22
4079.37 4024.47 54.90 20.00 0.36
4103.34 4061.25 42.09 90.00 2.14
4145.49 4085.10 60.39 18.00 0.30
4192.12 4131.73 60.39 4.20 0.07
4237.15 4194.80 42.35 66.60 1.57
4237.15 4176.76 60.39 6.00 0.10
4268.00 4207.61 60.39 22.00 0.36
4307.67 4263.75 43.92 75.00 1.71
4342.16 4281.77 60.39 60.00 0.99
4370.95 4327.03 43.92 60.00 1.37
4395.85 4351.93 43.92 35.00 0.80
4439.89 4379.50 60.39 27.00 0.45
4462.58 4418.33 44.25 80.00 1.81
4477.46 4433.54 43.92 80.00 1.82
4503.10 4459.18 43.92 60.00 1.37
4552.51 4492.12 60.39 1.00 0.02
4600.78 4540.39 60.39 1.20 0.02
4647.58 4586.79 60.79 1.00 0.02
4677.18 4622.28 54.90 3.00 0.05
4707.54 4656.30 51.24 16.60 0.32
4748.00 4687.68 60.32 20.00 0.33
4797.39 4740.66 56.73 1.50 0.03




Table C Summary of Probing Records (Sheet 4 of 8)
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Starting Chainage End Chamnage Probe length Inflow (L/min) Inflow (L/min/m)
4836.59 4792.67 43.92 24.00 0.55
4874.20 4813.81 60.39 10.80 0.18
4902.50 4847.60 54.90 17.50 0.32
4931.03 4887.11 43.92 45.00 1.02
4949.40 4905.48 43.92 30.00 0.68
4979.02 4929.61 49.41 45.00 0.91
4997.40 4955.30 42.10 7.50 0.18
5010.85 4968.79 42.06 60.00 1.43
5028.67 4984.75 43.92 60.00 1.37
5051.17 5007.87 43.30 60.00 1.39
5064.00 5020.80 43.20 60.00 1.39
5082.75 5044.32 38.43 60.00 1.56
5127.77 5067.36 60.41 5.00 0.08
5171.00 5110.61 60.39 2.50 0.04
5214.84 5153.95 60.89 15.00 0.25
5247.91 5205.82 42.09 60.00 1.43
5265.89 5210.99 54.90 75.00 1.37
5315.45 5255.06 60.39 4.00 0.07
5360.71 5300.32 60.39 5.00 0.08
5410.15 5349.76 60.39 1.00 0.02
5459.81 5399.42 60.39 2.20 0.04
5503.35 5448.45 54.90 1.80 0.03
5527.61 5489.18 38.43 10.00 0.26
5557.34 5502.44 54.90 0.00 0.00
5579.77 5537.68 42.09 20.00 0.48
5602.30 5558.38 43.92 150.00 3.42
5624.80 5586.37 38.43 90.00 2.34
5647.14 5608.71 38.43 44.90 1.17
5668.56 5624.64 43.92 24.00 0.55
5687.67 5649.24 38.43 100.00 2.60
5705.71 5661.79 43.92 18.00 0.41
5728.45 5690.02 38.43 60.00 1.56
5756.66 5714.57 42.09 100.00 2.38
5778.32 5736.23 42.09 62.00 1.47
5805.92 5763.80 42.12 88.00 2.09
5823.22 5779.30 43.92 100.00 2.28
5867.10 5828.67 38.43 75.00 1.95
5867.10 5806.71 60.39 70.00 1.16
5888.83 5861.38 27.45 60.00 2.19
5932.43 5872.04 60.39 0.30 0.00
5983.04 5922.65 60.39 0.30 0.00
6031.81 5971.53 60.28 0.80 0.01
6045.59 6012.62 32.97 0.50 0.02
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Starting Chainage End Chamnage Probe length Inflow (L/min) Inflow (L/min/m)
6087.80 6032.70 55.10 8.00 0.15
6137.20 6076.81 60.39 3.00 0.05
6148.71 6106.62 42.09 8.50 0.20
6198.79 6138.40 60.39 2.70 0.04
6225.97 6182.05 43.92 10.00 0.23
6275.22 6214.83 60.39 1.80 0.03
6296.32 6256.06 40.26 27.00 0.67
6346.01 6285.62 60.39 1.50 0.02
6373.06 6329.14 43.92 7.00 0.16
6405.58 6356.17 49.41 14.50 0.29
6455.58 6395.19 60.39 0.00 0.00
6493.09 6449.17 43.92 20.00 0.46
6493.09 6443.68 49.41 1.80 0.04
6542.70 6482.31 60.39 1.20 0.02
6577.10 6522.20 54.90 50.00 0.91
6628.54 6566.15 62.39 0.00 0.00
6669.88 6609.49 60.39 0.50 0.01
6715.06 6654.67 60.39 0.00 0.00
6755.93 6695.54 60.39 2.50 0.04
6792.01 6749.92 42.09 25.00 0.59
6792.01 6731.62 60.39 10.00 0.17
6811.49 6769.40 42.09 21.40 0.51
6825.00 6764.61 60.39 17.10 0.28
6870.10 6809.71 60.39 0.80 0.01
6890.92 6847.00 43.92 0.30 0.01
6940.88 6880.49 60.39 0.00 0.00
6984.37 6923.98 60.39 0.00 0.00
7033.74 6973.35 60.39 0.00 0.00
7078.84 7018.45 60.39 0.40 0.01
7110.25 7059.10 51.15 0.00 0.00
7159.96 7099.57 60.39 0.20 0.00
7209.69 7149.30 60.39 5.00 0.08
7259.11 7198.72 60.39 0.00 0.00
7308.84 7248.45 60.39 4.50 0.07
7340.42 7291.01 49.41 25.00 0.51
7389.59 7329.20 60.39 3.80 0.06
7439.38 7478.99 39.61 0.20 0.01
7482.80 7422.41 60.39 0.40 0.01
7525.46 7464.90 60.56 0.20 0.00
7544.51 7511.57 32.94 0.00 0.00
7593.94 7531.72 62.22 3.00 0.05
7622.51 7562.12 60.39 0.50 0.01
7666.62 7606.23 60.39 0.20 0.00
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Starting Chainage End Chamnage Probe length Inflow (L/min) Inflow (L/min/m)
7712.80 7652.41 60.39 0.00 0.00
7762.36 7701.97 60.39 0.00 0.00
7811.87 7751.48 60.39 0.50 0.01
7858.06 7797.67 60.39 0.30 0.00
7907.71 7547.32 360.39 1.50 0.00
7955.38 7894.99 60.39 2.00 0.03
8005.37 7944.98 60.39 2.40 0.04
8055.14 7999.75 55.39 0.00 0.00
8104.56 8042.34 62.22 0.00 0.00
8131.51 8071.12 60.39 1.00 0.02
8181.02 8118.80 62.22 0.20 0.00
8230.52 8168.30 62.22 0.00 0.00
8280.20 8219.81 60.39 0.50 0.01
8313.36 8269.44 43.92 8.60 0.20
8358.10 8297.71 60.39 0.20 0.00
8407.60 8345.38 62.22 0.80 0.01
8450.86 8408.77 42.09 30.00 0.71
8450.86 8390.47 60.39 18.00 0.30
8483.82 8443.11 40.71 20.00 0.49
8533.76 8473.37 60.39 0.80 0.01
8553.76 8491.67 62.09 9.00 0.14
8583.54 8521.32 62.22 0.40 0.01
8634.50 8572.28 02.22 0.60 0.01
8683.73 8621.51 62.22 0.20 0.00
8734.96 8672.74 62.22 0.80 0.01
8780.16 8717.94 62.22 0.30 0.00
8832.65 8770.43 62.22 0.50 0.01
8862.12 8799.00 63.12 0.70 0.01
8913.69 8851.47 62.22 0.00 0.00
8946.53 8902.61 43.92 1.20 0.03
8968.96 8926.67 42.29 15.00 0.35
8983.83 8941.74 42.09 43.00 1.02
9035.32 8993.23 42.09 15.00 0.36
9065.16 9023.07 42.09 75.00 1.78
9083.30 9035.72 47.58 110.00 2.31
9134.36 9072.14 02.22 1.20 0.02
9147.71 9114.77 32.94 0.00 0.00
9179.28 9139.00 40.28 50.00 1.24
9210.71 9166.79 43.92 27.00 0.61
9231.89 9191.63 40.26 25.00 0.62
9255.31 9213.22 42.09 75.00 1.78
9286.77 9244.68 42.09 43.00 1.02
9336.77 9276.38 60.39 20.00 0.33
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Table C Summary of Probing Records (Sheet 7 of 8)

Starting Chainage End Chamnage Probe length Inflow (L/min) Inflow (L/min/m)
9363.94 9321.85 42.09 140.00 3.33
9394.00 9351.91 42.09 50.00 1.19
9403.00 9364.57 38.43 75.00 1.95
9433.03 9392.77 40.26 16.00 0.40
9447.10 9403.18 43.92 150.00 3.42
9481.15 9439.06 42.09 150.00 3.56
9507.92 9474.98 32.94 8.00 0.24
9510.89 9468.80 42.09 150.00 3.56
9528.00 9490.47 37.53 65.00 1.73
9544.23 9500.31 43.92 150.00 3.42
9562.20 9518.28 43.92 75.00 1.71
9574.28 9532.19 42.09 100.00 2.38
9594.98 9532.19 62.79 67.50 1.08
9610.24 9568.15 42.09 100.00 2.38
9640.10 9598.01 42.09 120.00 2.85
9670.92 9630.66 40.26 100.00 2.48
9700.52 9645.62 54.90 50.00 0.91
9725.90 9683.81 42.09 8.60 0.20
9739.34 9697.25 42.09 4.60 0.11
9756.57 9717.48 39.09 20.00 0.51
9789.80 9749.54 40.26 60.00 1.49
9819.32 9769.91 49.41 60.00 1.21
9835.30 9820.20 15.10 30.00 1.99
9833.84 9791.75 42.09 200.00 4.75
9860.75 9820.49 40.26 100.00 2.48
9875.59 9835.33 40.26 75.00 1.86
9901.42 9859.33 42.09 9.00 0.21
9931.86 9889.77 42.09 12.50 0.30
9939.92 9897.83 42.09 2.70 0.06
9985.26 9934.02 51.24 0.55 0.01
10022.60 9965.87 56.73 0.70 0.01
10060.60 10003.87 56.73 0.60 0.01
10102.70 10045.97 56.73 0.00 0.00
10129.00 10081.42 47.58 0.00 0.00
10168.40 10113.50 54.90 0.00 0.00
10218.40 10163.50 54.90 0.00 0.00
10270.20 10214.04 56.16 5.00 0.09
10336.20 10299.60 36.60 1.20 0.03
10369.50 10325.58 43.92 0.30 0.01
10389.00 10356.06 32.94 0.00 0.00
10422.20 10381.84 40.36 0.10 0.00
10446.30 10405.13 41.17 7.00 0.17
10472.90 10432.64 40.26 1.25 0.03
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Starting Chainage End Chainage Probe length Inflow (L/min) Inflow (L/min/m)
10488.28 10448.15 40.13 4.60 0.11
10514.62 10465.82 48.80 0.00 0.00
10532.00 10512.00 20.00 0.00 0.00
10535.00 10515.00 20.00 0.00 0.00
10551.00 10531.00 20.00 0.00 0.00
10560.00 10539.00 21.00 0.00 0.00
10571.20 10551.20 20.00 0.00 0.00
10583.00 10563.00 20.00 0.00 0.00




84

Appendix D

Revised Geological Sections



NOTES

+ MAJOR REGIONAL FAULT RECORDED [N BOTH unusssl AN
GASP AWD VERIFIED BY PAST / RECENT G| WORK:

2, LOCAL FAULT RECDRBED s INFERRED FAILT/ PHOTOL INEAMED
IN GEDI1366) OR GASP AND FAULTED GROUND [DENTIF[ED BY
KEARBY Gl WORKS.

3 iNFERREn FAULT RECOROED AS PHOTOLINEAMENT [N GED(198€

OR 1DENTIFIED THROUCH RECENT API. FAULT NOT

EO D B A g1 NoRke:
LEGEND
————— ALIGNMENT OF TUNNEL

HERsoT

11588 sor DEEP DRILLHOLE

11 ot WITH SOLID CORE RECOVERY
SR ROD AND ROD TNDICATED)

soIL
SOL 1D GEQLOGY
[ FINE ASH VITRIC TUFF

COMRSE ASH CRYSTAL TUFF
EUTAXITE

SANDSTONE.

COMSE ASH TUFF

FINE-GRAINED GRANITE

FINE T0 MEDIUM-GRAINED GRANITE

NEDIUM-GRATNED CRANITE

PEGMATITE
rf FELDSPARPHYRIC RHYOLITE DYKES
& & Z2A g
- - — - I ——— -l rq QUARTZPHYRIC RHYOLITE DYKES
| : 1| METAMORPHOSED GEOLOGY
Weakness Zone [ Granite : .
| | 1 B8 SHEAR ZONE
Tuffl Bl GeovoGicaL Ling FEATURE
L1 WAJOR G{[l.mlClL FauLY
s g o ----—-q,—--“n---- MO Com)
MINOR GEOLOGICAL FAULT
= ;% (REFER NOTE 21
=) EE JWEHR[D KDLDGICAL FauLY
....... 3T (REFER MO
b o
= SYNELIHE
—
=T
= ANTIEL INE
. CUIRTZ DYRE
, e | Ll oy S e BASALT DYKE
e e A _
Soll £
I =
....... e Bl
1| E
m 8 - | FIRST ISSUE Lw | o107
o = I
........................ Rev| Description 8y | Date
Consultant
ARUP . 2n85nE"
T L ve Arup & Pariners Hong Kong Limited
| Supported By +
L Norcensult AS
Jardine Lioyd Thompsen Ltd.
Deagons
Proiet s
<
2 ! & Contract No. DC/2007/10
=1 : 2
3 Design and Construction of
H ; Hong Kong West Drainage Tunne]
(:3 1 -100
. i : F H 3 2 H g 3 g 2 3 z 3 e
£ & = % & & = CHAINAGE
3 8 8 3 g 8 8 L] 8 8 g g g 8 2] GEOLOGICAL PLAN AND
=z
ér WED|UM GRAINED GRANITE FINE TO MEDIUM GRAINED GRANITE FINE GRAINED GRAK|TE ROCK TYPE SECT l DN
T
@ woR tEoLasicAL
INFERRED FAULT
é FAULT FEATURES
ANTICIPATED
-~ =02 10, WITH WICH 0 40 =1¢0<10— Q<1 —=s1<0¢10 a1 =1 ¢0< 10— =0>10 *1¢0<10 0 VALLE
5 (SHEET 1 OF 81
/‘;‘ = 100 = 200. LOCALLY > 200 = 50 - 100 <50 +— = 50 - 100 = 100 - 200 = 50 - 100 — = 100 - 200 = 50 - 100 ANTICIPATED UCS (WPQ) — TN
= ?’3 1010 16" i .1 e’ 7E aE’ ARie 24133/G/G/5K601 | -
K bl E .
85 B 3E CONDUCTIVITY (més) mp & ;:Jl-:un |;,w.,.m
my = 40 - 60 30 - 40 = 40 - &0 30 - 40— = 40 - 60 DRI ANTICIPATED i =
5 < 5% 5B [ G| AMCESMERER vismen | PREL [MINARY
N
Oy NOTE ¢ COPYRIGHT RESERVED.
-5 THE RANGES OF PARAMETERS INDICATED [N THE ABOVE TABLE
| ARE APPROKIMATI NS SASED. B T ANTICIPATED GENERAL ey FRESTABARERF
Sp| s cONDITIONS. LOCALIZED AREAS o OF THE INDICATED 2s 159 PN 100 % THE GOVERNMENT OF THE
o H TSR “E ILOGICAL SECT “E VETRES SPECIAL AOMINISTRATIVE REGION
E5 BRAINAGE SERVICES DEPARTMENT
€5 1 3 5000
oo

¢8



NOTES

1+ MAJOR REGIONAL FAULT RECOROED N BOTH GEC{1936) AND
GASP AWD VERIFIED BY PAST / RECENT GI WORKS.

. LOCAL FAULT RECOROED S [NFERRED FAULT/ PHOTOL INEAMEN
IN GEOt1986) OR GASP AND FAULTED CROUND IDENTIF IED BY
NEARBY GI WORKS.

.+ INFERRED FALLT RECORDED &S PHOTOLINEAMENT [N GED{ 1986
CASP OR IDENTIF [ED THROUGH RECENT AP[, FALLT MOT
CONF IRMED BY ANY GI WORKS.

ALIGNMENT OF TUNNEL

OEEP DRILLHOLE

INITH SOLID CORE RECOVERY
AND ROD INDICATED)

S0IL

FINE 4SH VITRIC TUFF

CORSE ASH CRYSTAL TUFF

EUTAKITE
[l SHOSTONE
] COIRSE. ASH TUFF
ot FINE-GRAINED GRANILTE
gfm FIM TO MEDUM-GRAINED GRANITE
g VEDIUM-GRAINED. GRANITE
| ] PECHATITE.
o FELDSPARPHYRIC. RHYOLITE DTRES
rq CURRTZPHIRIC RHYOLITE DYKES
METAMORPHOSED GEDLOGY
METAMORPHOSED
EE SHEAR. ZOME

3

GEQLOGICAL LINE FEATURE

MAJOR GEOLOGICAL FAULT
SESSESSS (REFER WOIE 1

1
o

SEE DRL 24133/6/G/5K5¢

MINR CEDLOGICAL FAULT
RSEESIS (REFER NOTE 23

aoa_.n_  INFERRED GEOLOGICAL FAULT
i e IREFER NOTE 3)

—’—— SYNCL INE
—!— ANTICLINE

i ? B LS —gt—f OWATZ DYKE

FOR CONT [RUATI DN
'SEE DRG 24133/6/6/:

Ry Pt LBt
FOR COMTTHOATION

—B—38 BASALT DYKE

27/4/2007

y

a
&
..................... &
s
) - | First s w | om
Rev| Deseription By | Date
Comaatont
ARUP ,.2%0:28m
Ove Afup & Partners Hong Kong Limited
Supported By
Norconsult AS
Jardine Lioyd Thompson L1d.
Deocons
L Project tite
S
< Contract No. DC/2007/10
2 Design and Construction of
& Hong Kong West Drainage Tunne]
i
]
* 7 Drowing fitis
2 CHAINACE
& GEOLOGICAL PLAN AND
£
o VEDIUN CRAINED GRINITE ROGK TPE SECTION
s
SHEAR WLJOR| SHEAR cEQLOOICAL
=) - INFERRED FAULT I INFERRED FAULT oy Lol s — INFERRED FAULT EORRES
]
e ANTICIPATED
e =010 F1cacto s0rmn icaco U1 i <acola i1 cocio <0310 1o %0310, MITH WCH 0 > @0 Gira {SHEET 2 OF 8)
£
= = 100 - 200, LOCALLY 200 50 - 100 < 100 - 200 {50 - 100 5 100 - 200 50 - 100[ ¢ 50 | 50 - 100 = 100 - 200 50 - 100 %100 - 200, LOCALLY > 200 ANTICIPATED UCS (WPa) T -
=
& T 5 = g T—— = = z = = o THTTCIPATED 4133/G/G/ i -
o w10 o € R R ® w0 0f! e’ "3{2 e a0’ 1€ e 0 oF ol - 2 nm3 Gu_cslseoz s
" S|
2 a0 -0 50 - a0 S0 -0 30 - 40 =0 - 80 30 - 40 a0 - 60 50 - a0 =40 - 60 ORI ANTICIPATED RS L :::'m L
& [ Fs-15 ] 5 - 15 <8 5-15 <8 Fs5-8 8 Ll | TN PARAMETERS 5000 @ 43 PREL IMINARY
o 5000 84
1 ot : COPYMIGHT RESERVED
THE RANGES OF PARAMETERS INDLCATED IN THE ABOVE TABLE F 7
AFE_APFAOXIMATIONS BASED ON THE ANTICIPATED GENERAL ROCK AREHTAEARRET
', | WSS CONDITIONS. LOCALIZED AREAS OUTSIDE OF THE INDICATED 0 % 50 73 100 125 THE GOVERNMENT OF THE
S| eawces wiLL ALSD GCcuR. n
2 GEOLOGICAL SECTION e SPECIAL ADMINISTRATIVE REGION
£2 DRAINAGE SERVICES DEPARTMENT
5 1+ 5000
ac

98




£T/47 700

Printed by *
ename

NOTES

T+ MAJOR REGIONAL FAULT RECORDED IN BOTH GEO(19861 AND
GASP AND VERIF1ED BY PAST # RECENT GI WORKS.

2. LOCAL FAULT RE:DRD{D AS INFERGED FAULI/ PHOTOL IEAC
IN GEDU1386) OR GASP AND FAULTED GROUND IDENTIFIED BY
NEARBY G WORKS.

5. INFERAED FAULT AFCORDED AS PHOTOL [NEAMENT IN GEOH198€
GASP OR [DENTIFIED THROUCH RECENT APL. FAULT NOT
CONF (RVED BY ANY GI NORKS.

EGEND
ALIGNENT OF TUMEL

DEEP DRILLHOL
(HITH SOLID CEIiE RECOVERY
AND ROD FNDICATED)

SDiL

FINE ASH VITRIC TUFF

COARSE ASH CRYSTAL TUFF
EUTAXITE

‘SANDSTONE

COARSE ASH TUFF

FINE-GRAINED CRANITE

FINE TO MEDIUM-GRAINED GRANITE

MEDIUM-GRAINED GRANITE

GEOLOGICAL SECTIQN

METRES
1t 5000

PEGMATITE
rf FELDSPARPHYRIC RHYOLITE DYKES
rq QUARTZPHYRIC RHYOLITE DYKES
METAMORPHOSED GEOLOGY
2 i 1 VETANORPHOSED
v R
_'|§§ WOUNT CAMERON L 1 NE_FEATUR
- 2% = I ———— —— — - - - - - wmummlm FAILT
= ulég .......................... z R ooy femmt ey = [
i =1 0
MINOR ﬁEﬂ.mn“l FauLT
= Zisy = SESSREES (peeen NOTE 2
£ = s & 1WFERRED GEOLOG! T
“ 2 CAL FAUL
" ERREEE" O . 300 ~E-R--t= (REFER NOTE 31
H + SYNCLINE
................................................................................................ 250 ANTICLINE
—qz——qL QUARTE DYKE
200 — BASALT DYRE
£
150 E
H
& - | Fimst issue w | oo
i Rev| Description ay | vote
Consuttant
ARUP B TR M
Ove Arup & Pariners Hong Kong Limited
a8 Supported By
Norconsult AS
Jordine Lloyd Thempseon Ltd.
Deacons
Frojeet f0s
8
- e Contract No. DC/2007/10
3 4 i
< Design and Construction of
5 Hong Kong West Drainage Tunnel
& -100
2 Y o & w - P - ® Orawing 5ve
2 % & £ i 2 g & i & & 3 & & A TNAGE
g E g 5 8 E g E g E & & 8 8 g g GEOLOGICAL PLAN AND
2
Slsmincers Fine asu viTRic Tuer VEDIUM GRAINED GRANITE ROCK TYPE SECTION
Bl
g POSSIBLY CEOLOGICAL
FALLT FALLT 1 [NFERRED FAULT t— INFERRED FauLT
é VE TAMDRPHOSED INFERRED INFERRED FEATURES
Zkw 1¢0¢40 021 =010, WITH MUCH 0 ¥ 40 1¢0¢10—| 2010 1¢a¢10 20310 =1¢0¢0 20310 Rk (SHEET 3 OF 8)
S
/q LLY > 200 100 - 300 2100 = 100 - 200, LOCALLY > 200 50 - 100 —¢ = 100 - 200 50 - 100 = 100 - 200 S‘Uﬂa = 100 - 200. LOCALLY > 200 ANTICIPATED UCS [WPa)
o
s = m = E 5 7 = a7 TITCIFATED Ll 6 \ =
3 E., 1{81'0 lE’ &‘E/,YD |E, TE 7 ﬂ:"m iE F a7t J xlE/Qlil 1E ¢ x](? r|[gm ILT cmu‘:{m}\-‘h\ﬂ(w i Ty 2 33/G/|G/SK 03| T
- s
=
wh 2 - 40 ~ 30 -5 50 - a0 w-e@ 3040 - T S oI WTICIPATED i sivon - D
g <5 <6 5 -5 — <6 5.1 <6 5 - 5] <6 CLI | TBW PURMIETERS 15 5000 & 41 |T PREL [MINARY
- COPYRIGHT RESERVED
et NOTE
‘HE RANGES OF PARAMETERS ]WlCUED IN THE ABOVE 'l»\BLE -
APPROXIMATIONS BASED ON THE ANTICIPATED GIMERAL ROS éi#“&a E&ﬁ%ﬁi
MES CONDITIONS. LDC-ILlZZD AREAS OUTSIDE OF THE |NDEU'§D 0 25 50 5 100 125
RRHGES WILL ALSD 0CCU

THE GOVERNMENT OF THE
HONG_ KON
SPECIAL ADMINISTRATIVE REGION

DRAINAGE SERVICES DEPARTMENT

L8



HOTES

T+ MAJOR REGIOWAL FAULT RECORDED IN BOTH
GASP AND VERIFIED BY PAST / RECENT GI

- LOCAL FAULT RECORDED AS INFERREQ FAULT/ PHOTOL INEAMEM
N CEDC1986) OR GASP AND FAULTED GROUND IDENTIFIED BY

NEARBY G1 WORKS.

INFERRED FAULT RECORDED AS PHOTOLINEAMENT 1M CEO(138E

GASA OR [DENTIF[ED THROUGH RECENT API. FAULT KOT

CONF IRMED BY ANY G WORKS.

EQ(1936) AND
ORKS.

ALIGAMENT OF TUNMEL

DEEP DRILLHOLE
(WITH SOLID CORE RECOVERY
AND ROD INDICATEDI

SOiL

FINE ASH VITRIC TUFF

COARSE ASH CRYSTAL TUFF
EUTAXI TE

SANDSTONE

COMRSE ASH TUFF

FINE-GRAINED GRAN]TE

FINE TO VEDIUM-GRAINED GRANITE

MEDIUM-GRATNED GRANITE

PEGUATITE

FELDSPARPHYRIC RHYOLITE DYKES

ra OURTZPHTRIC RHYOLITE DYRES
METAMORPHOSED GEOLOGY

i D Weakness Zone

WETAMORPHOSED
oo : e | =
HE PEAK L Al R

MAJOR GEOLOGICAL FAULT
=1L, CREFER NOTE 11
MINCR_GEOLOGICAL FALLT
(REFER NOTE 2}

EEmre g
e
TNEERRED GEOLOGICAL FAULT
.......................................................................... ===t (REFER WOTE 3)
+ STHCL INE
—a—

ANTICLINE
QURTZ DYKE
—B —8 BASALT DYKE
L]
&
= - | FIRST ISSUE Lo | oar
Rev| Description gy | Oate

L
ARUP ,.Anbrsnmy
Ove Atup & Pariners Hong Kong Limitad
Supperted By
Naorconsult AS
Jordine Lioyd Thompson Ltd.
eacons

27/4/2007

Printed by *

Fromet we
3
= Contract No. DC/2007/10
2 Design and Construction of
2 t
= Hong Kong West Drainage Tunnel
<o
3 a = Dravirg tte
2 & & CHAINAGE
3 8 g GEOLOGICAL PLAN AND
kil FINE ASH VITRIC TUFF 0CC. GRAINTE STRINGERS ROCK TYPE SECTION
°
2
o) INGR ujNoR T {i L — SHEAR | MAJOR | StEaR so) cEDLOCICAL
5 FAULT FAULT ERRED FAuL INFERRED. FALLT INERED FALL 0 | FALLT | ZONE VET FEATURES
2] 1<oca M i teca FOTenet i cocu 1ca¢a 1¢aca 1¢0¢a 1 €0 ¢ 40, LOCALLY 03 40 teaca B 1¢0¢40 1¢ ATICIESTED
H ™ . s “ 2 &
& F1coc4 RV (SHEET 4 OF 8)
g = —20- 150 5
2l so-a0 1% =50 - 200 # * 50 - 200 20 - 150 50 - 200 2 20 - 150 50 - 200, LOCALLY > 200 20 - 150 305 bo - 159 50 - 200, LOCALLY > 200 100| ANTICIPATED UCS LUP) S —
= = =
| 1 o, o7 = o = = = = = = % r = 7 ANTICIFATED 4133/ ‘
H R i:,s'ﬂ 1€ 10 1E sk B "1 1€ & 03] el L5 o 3 ® 1€ %70 1€ 50 56 e -3 03 1t W ol ORALIE e— 21M_33 G/E}EEEO’”W““
Ay - s
D w-aw  |w-6 w- 0 T30 -0 0 -0 BB 20 -4 %o 20 -0 3050 @w- 10 D08 mciparen Ll il el =
= <8 5-5 <8 5 - 1) 8 5-% <3 E5-1 8 5.5 8 cL] | THM PARAMETERS 15 5000 @ & PREL [MINARY
Z
= COPYRIGHT RESERVED
= o
THE RANGES OF PARALETERS INDICATED IN THE ABOVE TABLE § ‘
.| ARE AFPRGKIMATIONS HASED ON TiE_ANTICIPATED GENERAL hocK FREANGHEAKEL T
w|  MASS CONDITIONS. LOCALIZED AREAS OUTSIDE OF THE INDICATED 0.0 50 15 A THE GOVERNMENT OF THE
RRNGES WILL ALSD DCCUR-
g SPECIAL ADMINISTRATIVE REGION
g METRES DRAINAGE SERVICES DEPARTMENT
s T 1 500
o

88




NOTES

1. MAJOR REGIONAL FAULT AECORDED IN BOTH GEO(1S86) AND
GASP AND VERIFIED 8Y PAST / RECENT GI MORKS.

LOCAL FAULT RECORDED AS [NFERRED FAULT/ PHOTOLINEAMEM
’I‘rEi‘rEmé%asl OR GASP AKD FAULTED GROUND DENTIF [ED BY

3. INFERRED FAULT RECOROED AS PHOTOLINEAMENT [N n[nmai
EASF OR_IDENT(F |ED THROUGH RECENT APl. FAULT
RMED BY ANY GI WORKS.

———— ALIGHMENT CF TUNHEL

=
P =-3 DZEP DRILLHOLE
ST Tiini eat o' cone necoveR

SCR ROD AHD ROD INDICATED)

S0IL

FINC ASH VITRIC TUFF
COMRSE ASH CRYSTAL TUFF
EUTAXITE

SANDSTOKE

COARSE ASH TUFF

FINE-GRAINED GRANITE

FINE TQ MEDIUM-GRAINED GRANITE
VEDIUM-GRATNED GRANITE
PEGHATITE

FELDSPARPHYRIC RHYDLITE DYKES

'EY L ERRE K EIE

QURTZPHYRIC RHYOLITE DYKES

4 I | METAMORPH LOGY
eakness Zone ! Granite : M

NETAMORPHOSED

=R SHEAR 7O
GEOLOGICAL LINE FEATURE

WAJOR GEOLOGICAL FAULT
[FEFER NOTE 11

e
MINOR GECLOGICAL FAULT
SRS (RFER NOTE 2)

VICTORIA GAP

SEE DRG 24133/G/6/SK606

MATCH LINE

TG covaation

UFFSET 5324

+TP4

IEERRED, SE0L001CAL FAULT
“PeEoo:= (REFER MOTE 3

—‘—— SYNCLIKE
—'— ANTICLINE

——az—az QWRTZ DYKE
=fr—uy BASALT DYXE

B

=

H

= b FIRST ISSUE (L} 01/07
Rev| Description 8y [ Dote
‘Consullont

ARUP AumzmEn

Supported By :

Norconsult AS
Jardine Lioyd Thompson Ltd.
Deocens
Project title
3
9 Contract No. DC/2007/10
2 Design and Construction of
& Hong Kong West Drainage Tunnel
&
”:1) Drgwing title
= CHAINAGE
by
2 = GEOLOGICAL PLAN AND
s FINE TO MEDIUM GRAINED GRANITE FINE GRAINED GRANITE FINE ASH VITRIC TUFF ROCK TYPE SECTION
T
% FOSSTBLY e TAMORPAOSED
Bl wrenseD— winoR —] winor — /T wason—] b MINOR | MINOR SEOLOGICAL
Zl FAULT FAULT FAULT FAULT mvrllr"‘z" ;%ﬁ.lﬂag INFERRED FAULT FAULT MINOR FaULT FAULT FEATURES
2
—Tacd T30
2] co 0 o LOCALLY 14 0 ¢ 4 <o 1o 1 ta%4 1coc4 =1 Cacn Y00 [RLEEE 1<aca 140<a0 = ML
A 205 4, < ! LATI1Y.d R < 40- LDEALL' M (SHEET 5 OF 8)
o 100 - 360 =70 - 150
2| 50 - 100 =100 - 200 100 - 300 100 - soof (1,0 {20 - 150 = 50 ~ 200, LOCALLY > 200 20 - 150 50 - 200 50 - 200 ANTICIPATED UcS two) = —-
£
= et = S —— TR e = T a7 ATICIPATED 4 G/G/SK =
&8 13 S1E 10 1E 1700 1600 iE &1 o 1€ a0 % vietto ! 31036 <1e g [ T3 e raiE HYDRAULIC 2 nl.:ﬂ/ GQ.ES“BOS
Sm 10 3 CONDUCTIVITY (n/s) =
L] - 10 20 - 30 20 - 30 20 - 30 20-% | 20 - 40 30 - 60 | - % Fo-6 -4 |30 -5 [ JSTICIPATED 5
e 5-15 s 5 <5 [ | <6 5 -5 <6 Fs 15 <8 [5- Ll | TBM PARMETCRS 135000845 PREL IMINARY
SE o . 3060 3060 30 - 60 COPYRIGHT RESERVED
51 5-15 5-15
e THE PANGES CF PARMTERS INDICATED IN THE ABOVE TABLE
>, | ARE_APROXIMATIONS BASED ON THE ANTICIPATED GENERAL ROCK FARATAEAKEY T
o' | MASS CONDITIONS. LOCALIZED AREAS OUTSIDE OF THE INDICATED a2 S0 75 100 125 THE GOVERNMENT OF THE
o B AANGES WILL ALSG OCCUR. HONG_KON
5 VETRES SPECIAL ADMINISTRATIYE REGION
= DRAINAGE SERVICES DEPARTMENT
5 11 5000
an

68




...MATCH LINE
FOR CONTINUATION

SEE DAG 24133/G/G/SKEOT

| U Weakness Zone Hj Gramte

: o Tufr

1
B T

'
1
H

-
1
1
1
1

NDTES

1. MAJOR REGIONAL FAULT RECORDED [N BOTH GED[13861 AND
GASP AND VERIF [ED BY PAST # RECENT GI WORKS.

2. LDCAL FAULT RECORDED AS INFERRED FAULT/ PHOTOLINEAMER
IN GED(1986) OR GASP AND FAULTED GROUND IDENTIFIED BY
NEARBY G WORKS.

3. INFERRED FAULT RECORED AS PHOTOLINEAMENT IN GEQC398E
GASE OR IDENTIFIEB YWJGH RECENT AP1. FAULT NOF
CONF IRMED BY ANY G

ALTCHMENT OF TUNNEL

DEEP DRILLKOL
(WITH SOLID CDR[ RECOVERY
AND RGD INDICATED]

soIL

FINE ASH VITRIC TUFF

COMSE ASH CRYSTAL TUFF
EUTRKITE

SANDSTONE

COARSE ASH TUFF

FINE-GRAINED GRAN]TE

FIKE TD VEDIUM-GRAINED GRANITE

MEDIUM-GRAINED GRANITE

PEGATITE
rf FELOSPARPHIRIC RKYOLITE DYKES
rq GURTZPHYRIC RHYOLITE OYKES
TAMORPHOSED, Y
VETAORPHESED
SHEAR 20N
GEOLOG[CAL L [NE FEATURE
MAJOR GEOLOGICAL FAULT
CREFER KOTE 11

MINOR GEOLOGICAL FAULT
[REFER NOTE 2}

INFERRED GEOLDSICAL FAULT
[REFER NOTE 31

STNCL INE

ANTICL[NE

—gree—a QUARTZ DYRE
—— BASALT DYKE
g
5
2
] - | FIRST ISSLE LK | o1l
Rev| Description By | Date
Consutont
ARUP ORI TR M
Ove Aup & Partners Hong Kong Limited
Supported By :
Nerconsult AS
Jordine Lloyd Thompson Lid.
I Deocons
| Praject title
3
sl Contract No. DC/2007/10
2 : .
| Design and Construction of
G Hong Kong West Drainage Tunnel
& s ...
E 2 Drowing title
2 &S CHAINAGE
S s GEOLOGICAL PLAN AND
z
%l COARSE ASH CRYSTAL TUFF FINE ASH VITRIC TUFF FINE CRAINED GRANITE FINE 10 VEDIUM GRAINED GRANITE ROCK TYPE SECTION
@ SHEAR SHi ARTIELING ST, POSSIBLY WETAMORPHOSED STHIINE |~ 1neernen
2 I | FAULT ZONE | g WITH GAANITE STRINGERS FAULT i ity
INFERRED
P 1¢0¢10| 0¢4 [1¢acg 1c0¢a 1¢0¢ 10— Tcacan 0> 10 —1¢0¢m =05 40, LOCALLY 1 ¢ 1¢0¢ 10 ANTICIPATED
& o s i 0 VALUE (SHEET 6 OF 8)
3 50 - 150 50 - 100 |50 - 150 50 - 200 { 100 - 300 50 - 100 — 100 - 300 100 - 200 — 50 - 100 100 - 200, LOCALLY > 200 50 - 100 — ANTICIPATED UCS (WPo)
£
i T -5 -1 -6 - -i - = B -i ANTICIP. |
E < 1E 10 ME 1€ 1048 —¢ iEJgT\] IL? v[‘gm 1[1 -1!1 1E5Tll 1[7 TE j Vlu 4. 241 33!G/G/SK606
S5 CONDUCTIVITY tmvs) oo e |'¢v-"“’
;E 30 - 60 25 - 40 | 25 -4 30 - 40— 25 - a0 5 - 4 30 - 60 OR1 ANTICIPATED ;:‘:1» sin L
m
SN 5-15 <8 | <8 5 - 15— 8 3 5 - 15 CLI | TBu PARMETERS [ 13 ‘ PREL LMINARY
L 5000 8
Lo NOTE @ COPYRIGHT RESERVED
- THE RANGES OF PARAMETERS INDICATED IN THE ABOVE TABLE . -
oo | ARE APPROXINATIONS BASED O THE ANTICIPATED GENERAL ROCK FREANTABANELF
g o Jass, CONDITIONS, LOCALIZED AREAS OUTSIOE OF THE INDICATED 0 25 50 75 100 125 THE GOVERNMENT OF THe
st GEOLOGICAL SECT]ON s SRANAGE SEAVICES. DERARTHEWT
5 11 5000
2 :

06



NOTES

1u MAJOR REGIONAL FAULT RECORDED IN EDIH GEDU1986) AND
GASP AND VER]FIED BY PAST / RECENT GI WORKS.

2. LOCAL FALT RECORDED AS INFERRED FAULT/ PHOTOL INEA)
ILI‘E‘JE;I?[ I!!iaﬂﬂg GASP AND FAULTED GROUND IDENTIFIED @Y

3. INFERRED FauLT RECORDED AS PHOTOLINEAMENT IN GEOI13BE
EASF R !n[erl’l!.lé]wRDucu RECENT API. FAULT NOT

FIRKED BY ANY
f— AL|GNMENT OF TUNNEL
=-£
i 0T P DRILLHOLE
11, 50T {MITH SOLID CORE RECOVERY
SCR ROD AND ROD INDICATED)
SoIL

FINE ASH V[

1¢ TUFF

CORSE ASH CRYSTAL TUFF
EUTAXITE.

SKDSTONE

COMRSE ASH TUFF

FINE-GRATNED GRAN]TE

FINE TO MEDIUM-GRAINED GRANITE

MEDIUM-GRAINED GRANITE

PEGMATITE
rf FELOSPARPHYRIC RETOLITE DYRES
5 i o . i ' rq URTZPHIRIC RHYOLITE OYKES
wl & I TAM Ef Y
g g 1 D Weakness Zone I:I Granite 1| “ETaoePr0sE0 cEoLocy
= 1 VETAUORPHOSED
alzg
i A - GEOLOGICAL L N[“EMEAIMU E
T |ER
zits Tuff i
H
S5 g i L L L L T T rrrr T - — — - — - W c.mnalcn. FAULT
,,,,,, _;Iéﬁ it 5 -4 (REFER WOTE 1
i B % MINOR ueu.mlm FAULT
3 P = (REFER NOTE 2
i £ JE i INFERRED EEDLDG[CAL FALT
,,,,,, R LT . (REFER MOTE 31
SMCLI%E
T
QUTZ DYE
77777777777 BASALT OVGE
=
E
g
7
] — | Finst 1ssue e [ oer
Rev| Description By | Dote
Cansultont
ARUP oA 82588
Ove Arup & Partners Heng Kong Limited
Supported By -
Norcensult AS
dordine Lioyd Thompson Ltg.
Deacons
Frojeet fe
2
z Contract No, DC/2007/10
(=] . .
2 Design and Construction of
2 Hong Kong West Drainage Tunnel
PO b o R P SRR
5 = Drowing e
2 & CHAINAGE
5.* 3 GEOLOGICAL PLAN AND
§ FINE GRAINED GRANITE FINE ASH VITRIC TUFF COARSE ASH CHYSTAL TUFF CONRSE. aSH CRYSTaL ROCK. TYPE SECTION
3
]
3 I SHEM CEDLOGICAL
2 g POSSIBLY METAVORPHOSED ] el |Foul pocty
= a» 440 ¢ 40,LOCALLY HEHER 1¢0¢4 B 4€.0¢ 40 LOCALLY HGHER D LOWER 1coc| d HTICIERTER
- i
5 ki aid Lok 0N : 5 i i F1coca N 0 VALUE (SHEET 7 OF 8)
5 I~ 50 - 100
2 » 50 - 200 P = 100 - 300 | ~ 50 - 200 50 - 150 -} Bea e < 50 - 200, LOCALLY > 200 50150 | 50| ANTICIPATED UCS (WPo) S -
S -
. — — 8 — e 24133/6/6/5K607 |
=8 €00 16 1 W 1€ T00E 1610 1E S 1E 106 3 DAl e e Ao
[=lmy CONDUCTI¥ITY tmv/s) e il s l
m| 30 - 60 25 — 40 20 - 40 | 25 - 40 30 - 60 =25 - 40 30 4 ORI ANTICIPATED o i
=3 5-15 I 3 [ 5.5 =ce 5 oLl | TBM PARAETERS 1500084y I PREL IMINARY
I3
-7 e COPRIGHT RESERVED
TIE RAGES (7 PRNETERS DOICATED In 1ve aaNE TaBLE _
.| ARE_APPROXIWATIONS BASED ON THE ANTICIPATED GENERAL -moc i B s T FRLSGARR ARG
S gom!mgn ﬁﬁ] 260 WRERS UTSIDE OF ToE INDICATED 2 0 THE OYERNMENT OF THE
RANEE, A !EE IH Iui I ! SE ! !IN METRES SPECIAL ADMINI IATIVE REGION
1 : 5000 DRAINAGE SERVICH DEPARTMENT

16



NOTES

1. MAJOR REGIONAL FAULT RECORDED IN !uw Einuaus: AND
GAS3 AND VERIFIED BY PAST / RECENT

2. LOCAL FAULT R[cimum AS INFERRED FAULT/ PHOTOL [NEAMEM
IN GED(1986) OR EASP AND FAULTED GROUND IDENTIFIED Bt
MNEARBY G WORKS.

3. INEERAED FAULT RECORIED AS PHOTOL INEAMENT IN GEOn1s8e

GASP OR [DENT[F IED TKROUGK RECENT AF[. £ALLT NOI
CONF IRYED BY ANY G1 NORKS.

ND
EEREEE e ALTGHBENT OF TOMNEL
HER o7
11ES o1 DEEP DRILLKOL
1158 sot (MM soLio cuﬁs ECoiERY
SR ROD

solL

FINE ASH VITRIC TUFF

CORRSE ASH CRYSTAL TUFF
EUTAXITE

SANDSTONE

COMRSE ASH TUFF

FINE-GRAINED GRANITE

FINE 70 MEDIUN-CRAINED GRAN|TE.

MEDIUN-GRATNED GRANITE

PEGUAT]TE
— FELDSPARPHTRIC RHYCLITE DYKES
=2 .
-l rq OUARTZPHYRIC RHYOLLTE DYKES
GEOLOGICAL PLAN i T | Granite J| o s
i Weakness Zone Gr I .,
1 : 1| G SHOAR 208
e [EEweer] || | Granite and Tuff || Tuff | o
e ﬁ»fﬂ e l-———————————v——--——-3&#-3;------ R CEROGICN FALT
= 5= ’V mpmepm MR SELOOITAL FALT
4
EE £ IBFERRED GEOLOGICAL FAULT
ET 0 S L L . - . B R SEU S e
—'— STACLINE
2504 —i— ANTICLINE
——Gz——az  QURTZ DTKE
. 58 BSHLT DWE
] g
8 150 5
H z
& B - | FIRST 1ssu w | otvar
o0} Rev| Description 8y | Dote
Consultent
EHMIEMRMN
ARUP JAnnreay .
501 Supported By ¢
Norconsult AS
Jordine Lioyd Thompson Ltd.
Deocons
0]
Praject tie
=
<
© il Contract No, DC/2007/10
2 Design and Construction of
3 Hong Kong West Drainage Tunnel
& -100 —
D
t2d = - - > = 7 - - - s Drowing title
= 4 ? 2 2 2 T 1 & CHAINAGE
g B i i i i g Z : g 2 g GEOLOGICAL PLAN AND
5 COARSE ASH CRYSTAL TUFF ALALL L L - FINE GRAINED GRANITE ROCK TYPE SECTION
%
% binno 1o WINDR d GEDLOGICAL
= AL AULT| FAULT] ALy FEATURES
8
I —Fi<a<n ANTICIPATED
3 3
4 0.1 ¢0¢t l 1Cac hcq icq 1eacto sario oo 20510 I (SHEET 8 OF 8)
2 50 - 150 2 B0 - 15070 50 - 150 so-a0 50 - 200 ANTICIPATED UCS (WPa) - -
i 8 -1 S L 10 16 -8 -1 T | A -4 ANTICIPATED 24133/G/G/SK608 l
=8 1€ 10 1E 1€ 10 1E — LT RT3 1ET04E i€ 1€ T0E b 1E - ‘= e
S €10 9E CONQUCTIVITY (n/s) m°m m.r'uv - ;:’""
oo 30 -6 0 - &0 W-w 75 -40 30 - 601 5 -4 [ ANTICIPATED el e
=35 5- 15 -3 5-18 [ <8 CLI | M PARMETERS 125000 843 PREL IMINARY
i {— COPYRIGHT RESERVED
. THE RANGES OF PARAMETERS [NDJCATED IN THE ABOVE TABLE
e A RPPRGHIMAT 104 BASED O . SHTICIPASED. ShaENe ok , FRGHAABANEHF
& MASS CONDITIONS. LOCALIZED AREAS DUTSIDE OF THE INDICATED 25 B¢ 18 100178 THE GOYERNMENT OF THE
g RANGES WILL ALSQ OCCUR. | HONG KONG
=] m{—c-uw WETRES :::ﬁ:ﬂl. ADMINISTRATIVE REGION
T JAGE SERVICES DEPARTMENT
£5 * 5000
£

6



GEO PUBLICATIONS AND ORDERING INFORMATION
T HTEEAVIRETREERR

An up-to-date full list of GEO publications can be found at the
CEDD Website http://www.cedd.gov.hk on the Internet under
“Publications”. The following GEO publications can also be
downloaded from the CEDD Website:
i. Manuals, Guides and Specifications

ii. GEO technical guidance notes

iii. GEO reports

iv. Geotechnical area studies programme

v. Geological survey memoirs

vi. Geological survey sheet reports

Copies of some GEO publications (except geological maps and
other publications which are free of charge) can be purchased
either by:

Writing to

Publications Sales Unit,

Information Services Department,

Room 626, 6th Floor,

North Point Government Offices,

333 Java Road, North Point, Hong Kong.

or

- Calling the Publications Sales Section of Information Services
Department (ISD) at (852) 2537 1910

- Visiting the online Government Bookstore at
http:// www.bookstore.gov.hk

- Downloading the order form from the ISD website at
http://www.isd.gov.hk and submitting the order online or by
fax to (852) 2523 7195

- Placing order with ISD by e-mail at puborder@isd.gov.hk

1:100 000, 1:20 000 and 1:5 000 geological maps can be
purchased from:

Map Publications Centre/HK,

Survey & Mapping Office, Lands Department,
23th Floor, North Point Government Offices,
333 Java Road, North Point, Hong Kong.

Tel: (852) 2231 3187

Fax: (852) 2116 0774

Any enquires on GEO publications should be directed to:

Chief Geotechnical Engineer/Planning and Development,
Geotechnical Engineering Office,

Civil Engineering and Development Department,

Civil Engineering and Development Building,

101 Princess Margaret Road,

Homantin, Kowloon, Hong Kong.

Tel: (852) 2762 5351

Fax: (852) 2714 0275

E-mail: ivanli@cedd.gov.hk
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