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1. Introduction

In order to ascertain the engineering geological condition of UAHEP, two test
adits at both abutments and one test adit at powerhouse site were arranged
with total length of 1275m. Till May 20, 2020, 812m of them have been
completed. The parameters and completed works of test adits are listed in

Table 1.
Table 1 The parameters and completed works of test adits
Portal
. . Slope Planned Completed

S.N. Location EIeE/na:t)lon (%) e G | e (i Remark

AD1 Left 1595 70 30

AD3 | abutment 1635 80 0
E

AD2 . 1575 1 89 89 xtended

Right as

AD4 abutment 1635 1 103 103 suggested
by DSPOE

AD5S PH 1105.6 945 627

Total 1275 849

2. Geology of the Dam Abutment

As of May 20, 2020, adits of AD2 and AD4 on the right abutment have been
excavated to the adjusted lengths of 89m and 103m respectively, lower adit
AD1 of the left abutment have been excavated to 30m.The locations of the
adits at the dam site are shown in Figure 1. Considering that adit AD1 is under
excavation, the following geological note is only for adit AD2 and AD4 on the
right abutment.




Figure 1 The locaitons of test adits at dam site

2.1 Lithology

The excavation of adits on both abutments reveals that the lithology is
Precambrian gneiss with lenticular quartz vein (see Figure 2), in gray to dark
gray color, and the main mineral composition include feldspar, quartz and mica.
The strike of gneissosity is between 5° and 30° with dip angle between 12° and
25°.

A RN R , N < ‘
Figure 2 The gneiss rock and lenticular quartz vein in the adits of
abutments

2.2 Geological structure

No fault can be found in the completed adits, the main geological structure
revealed is joint. Generally, there are three sets of joints developed in the dam
abutment. J1 set of joints is nearly parallel to the abutment slope, inclining
outwards the slope, with dip direction between 160° and 210°, and dip angle
between 45°and 80°.The joints surfaces are mainly unloading and rough.The
J2 set of joints is nearly perpendicular to the abutment slope, trending to the
upstream (70 °© ~ 90 ©°) or the downstream (270 °© ~ 300 °), with dip angle
between 55° and 85°.Since the strike of this set is consistent with that of adit,
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the excavation reveals relatively few ]2 joints. The 13 is developed along the
gneissosity. Figure 3 shows the stereo net of joints at dam abutment. The main
characteristics of each set of joints are listed in Table 2.

Figure 3 Stereo net of joints at right abutment

Table 2 Main characteristics of each set of joints

S.N. | Strike | °P d('ff)-‘c“m Olp (?,;‘g'e Sp(‘:]i')”g Description
NWW | 180~210 45~80 The joint sets are parallel to the river
1 2020 bank. Mainly relief joints, mostly
NEE | 160~180 45~80 short, less than 20m. The aperture is
up to 5cm.
NNE 270~300 55~85 The joint sets are perpendicular to
1 5720 the river bank. The persistence is less
NNW 70~90 60~80 than 15m, the aperture is up to 8mm.
Mainly filling with rock debris.
Joints formed along gneissosity,
13 | NWW 55 10725 | 10~20 inclines into the slope on the right

bank while outside the slope on the

left bank.

According to the joint's occurrence, persistence, opening and undulation
condition, the main joints revealed by the right dam abutment are listed in
Table 3.




Table 3 The main joints revealed by the Adits of AD2 and AD4 at right dam abutment

Joint

Joint

Aperture

Persistence

Adit set Number Chainage(m) | Lithology | DA | DD | Spacing(m) (mm) (m) Infilling | Weathering | Roughness Remarks
1 0+010 Gneiss | 55 | 135 - 2-20mm >3 Silty w1 Roughand | = gaie entry
ma'_cenal wavy
2 04013.8 | Gneiss | 77 | 190 | 0.1-0.2 | 2-10mm >3 Silty wi Roughand | gy entries
ma'_cerlal wavy
o Jlu e 0+018.7 | Gneiss | 83 | 206 1 5-10mm >2 Silty wi Roughand | ¢, antries
AD2 aralle material wavy
tothe | 0+026 Gneiss | 68 | 182 | 0.1-0.5 Tight >3 . w1 Roughand | 5 oprjes
slope : wavy
10 04030 Gneiss | 45 | 192 - 2-10mm >3 Sty | wo-w3 | Roughand | gipoie entry
clay wavy
15 0+055 Gneiss | 63 | 204 | 0.1-0.5 Tight >2 ; W1-W2 RO‘fa*x”d 3 entries
1 0+009 Gneiss | 73 | 171| 0.5-1 | 2-100mm >3 Silty w1 Roughand | ¢ Entries
ma'_cerlal wavy
2 0+4018.2 | Gneiss | 66 | 169 0.5 2-20mm >3 Silty wi Roughand | 5 niries
ma’_cerlal wavy
3 04020.1 | Gneiss | 58 | 150 | 0.3-1.5 | 2-15mm >3 Silty wi Roughand | 3 niries
i mg’_cletcal 2 wak:/v .
' - i ough an .
Parallel 5 0+036 Gneiss | 69 | 177 <2 >3 material W1 wawy Single entry
AD4 | o th Sil Rough and
othe | 44 0+066 Gneiss | 56 | 151 - 2-4mm >3 iity w1 oughand | gingle Entry
slope material wavy
12 0+4072.7 | Gneiss | 87 | 151 0.1 2-4mm >3 Silty wi Roughand | 3 Epiries
ma'_cerlal wavy
15 0+087 Gneiss | 40 | 170 0.3 2-30mm >3 Silty w1 Roughand | 4 ontries
ma’gerlal wavy
16 0+091 Gneiss | 50 | 152 0.9 1-4mm >2 Silty Wi Roughand | 3 niries
material wavy




2.3 Weathering and relief

The horizontal thickness of moderately weathered rock mass in AD4 is
approximately 2m, while in AD2 is about 27m. The inside rock mass is mainly
slightly weathered and fresh.

Based on the opening of relief joints, combining with the spacing, the horizontal
thickness of highly relief zone in AD4 is about 23m, while in AD2 is around 30m.
According to the weathering, relief, together with the data reveled by the
surface geological mapping, drill hole and geophysical survey, the geological
profile of dam axis have been interpreted and shown in figure 4.
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Figure 4 The geological profile of the abutment slope along dam axis
1. Alluvium, colluvium and slope wash 2. Gneiss; 3. Boundary of Quaternary;
4. Boundary of W5-4 and W3; 5. Geological zoning; 6. borehole; 7. Gneissosity;
8. Excavation lines; 9. The boundary of highly relief zone

2.4 Ground Water

There is no obvious water gushing and dripping phenomenon in adit AD4 on
the upper abutment. However, there is a small amount of dripping water in AD2
on the lower abutment, but no obvious water flow exists. The total flow of 89m
of the whole AD2 is less than 10L / min. The type of groundwater is bedrock
fissure water.

2.5 Rock Mass Classification

During the excavation, the face mapping of each advance was carried by
geologist. Based on the Q value of each advance, the statistical results are
listed in Table 4.



Table 4 The statistical results of Q value of each advance at damsite

Adit AD2 Adit AD4 Total

Q System Class Length | Percentage | Length | Percentage | Length | Percentage

(m) (%) (m) (%) (m) (%)
0.09<Q<1 Very poor - - -
1<Q=<4 poor 1.60 3.0 - - 1.60 1.1
4<Q<10 Fair 16.62 31.6 17.02 17.7 33.64 22.6
10 < Q<40 Good 26.38 50.2 48.64 50.6 75.02 50.4
40<Q Very good 8.00 15.2 30.49 31.7 38.49 25.9
Total 52.6 100 96.15 100
The sections without mapping 36.4 6.85

From the statistical data, it can be seen that the dam abutment rock mass is
mainly Good, accounting for 76.3%, followed by Fair, accounting for 22.6%,
and the rock mass with poor quality only accounts for 1.1%, which is located in
the moderately weathered and relief zone of the slope toe area.

2.6 Conclusion and suggestion

The rock mass at the dam abutment is intact gneiss. The gneissosity gently dip
inward the right abutment slope. No obvious fault or weak fracture zone is
found in the completed adits. The main adverse feature is joint, and the overall
geological conditions are good.

It is suggested to carry out in-situ shear tests on some main joints in the next
step while completing the remaining adits.




3. Engineering Geology of Powerhouse Site

The design length of the adit AD5 at the underground powerhouse site is 945m.
As of May 20, 2020, the completed length of the powerhouse is 590m (Figure

5).

\ " Surge tank
& 590m/945m\é ]/
N L i ¥
# / -
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/)’ ~ 7/ | | ML Pressure drop shaft
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Tailrace outlet

Scale: 080 160 240 320m

Figure 5 The location of AD5 at PH site
3.1 Formation Lithology

The rock mass revealed by AD5 mainly includes Augen gneiss (see Figure 6),
mica schist (see Figure 7), amphibolic gneiss (see Figure 8), etc. Quartz vein
can be seen along the bedding plane (see Figure 9).
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Figure 6 Augen Gneiss (Ch5m)
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Figure 7 Mica Schist (Ch136m)

Figure 8 Amphibolic Gneiss (Ch133m)
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Figure 9 Quartz vein (Ch137m)

Among them, the Augen gneiss is of coarse-grained structure and massive,
which is distributed at and below the entrance of the adit. The surface layer is
mainly moderately weathered rock mass. The rock mass is relatively intact with
high strength. Mica schist is of coarse-grained and schistose structure, mainly
distributed in ch5m ~ ch290m of AD5, mainly in slightly weathered and fresh
state. The rock mass is well developed with schistosity and with low strength.
The amphibolitic gneiss is of microcrystalline structure massive, and mainly
distributed in ch290 ~ ch590 (face). The rock mass is mainly in slightly
weathered and fresh state. The rock mass is relatively intact with high strength.
The geological generalization map of the adits based on lithology and fault
structure is shown in Figure 10.

1 I T I | I | I | T
0 100 200 300 400 500 590

Legend Augen gneiss E Mica Schist Thrust fault Amphibolic gneiss

Figure 10 The geological generalization map of the adits based on
lithology and fault structure

3.2 Geological Structure

The geological structure in AD5 at Powerhouse site consist of thrusts and joints.
The main characteristics of the thrust faults, named F25, F24 and F23, and
developed in test adit of AD5, are listed in Table 4.
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Table 5 The main characteristics of the thrust faults in AD5

SN Chainage DD(°) | DA(®) | Width(m) Description

A thrust plane. The raw rock is mica schist.
F25 CH109 090 35 1 . , .
Mainly consist of debris and clay.

A thrust fault zone. The material composition in
the fault zone is mylonite and debris mixed with
F24 | CH148~CH160 | 090 35 7 o , ,
mud. The raw rock is mica schist. The spring

water flow is about 5 L/min

A thrust fault zone. The material composition in
the fault zone is mylonite and debris mixed with
F23 | CH280~CH285 | 095 30 25 o . .
mud. The raw rock is mica schist. The spring

water flow is about 10 L/min

Total 142 entries of joints in schist section (CH5Sm~CH290m) were recorded ,

The stereo net of these joints are shown in Figure 11. Three sets of joints and
some random joints are developed. The main characteristics of three dominant
joints are listed in Table 5.

Figure 11 Stereo net of joints in schist section of AD5
Table 5 The main characteristics of three dominant joints in schist

Dip Dip [Spacing

SN. | Stike | e ction(®) | angle(®) | (m)

Description

The joint set is perpendicular to
the foliation. The persistence is
J1 NNW 90~120 70~80 | 3~20 [mainly short and less than 3m.
The aperture is up to 5cm, filling
with silt soil.

The joint set is perpendicular to
the foliation. The persistence is
J2 NNW 280~300 10~30 | 2~30 [short and less than 3m, the
aperture is up to 8mm. Mainly
filling with silt soil.

13 NWW 0~15 70~80 | 5~20 |The persistence is long and more
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than 3m, mainly tight, or filling
with silt soil.

Total 286 entries of joints in gneiss section (CH290m~CH590m) were recorded ,

The stereo net of these joints are shown in Figure 12. The main characteristics
of three dominant joints are listed in Table 6.

Figure 12 Stereo net of joints in gneiss section of AD5
Table 6 The main characteristics of three dominant joints in gneiss
Dip Dip |Spacing
direction(®) | angle(®)| (m)

S.N. | Strike Description

The joint set is perpendicular to
the foliation. The persistence is
J1 NNW 80~110 60~80 | 5~20 |mainly short and less than 3m.

Mainly tight, or filling with rock

debris.

The joint set is perpendicular to
the foliation. The persistence is
J2 NNW 260~290 30~60 | 5~30 |mainly short and less than 3m.

Mainly tight, or filling with rock

debris.

The persistence is long and more
13 NWW 180~190 70~90 | 5~20 |than 3m, mainly tight, or filling
with silt soil.

3.3 Weathering and relief

The portal of the adit AD5 is located in the upper part of steep cliff near the
tailrace exit. The horizontal thickness of moderately weathered rock mass is
about 5m. Based on the opening of relief joints, combining with the spacing,
the horizontal thickness of highly relief zone in AD5 is about 8m.
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3.4 Ground Water

There are 15 springs developed in AD5. Based on the location and flow of
springs, the groundwater distribution profile is shown in Figure 13. Generally,
the spring water flow is less than 5L / min. However, influenced by faults F24
and F23, the spring water flow in three sections is between 5 and 10L / min, i.e.
145m-150m, 255m-264m and 280m-295m.

| 23
o
.8 Ms Ms X AMG
T T T T T T T T T
0 100 200 300 400 500 590
Legend Augen gneiss Mica Schist Thrust fault Amphibolic gneiss l:] Dry :] Water Flow<5L/min [:] Water Flow>5L/min

Figure 13 The water flow distribution of springs in AD5
3.5 Rock Mass Classification
According to the geological logging results of side wall of adit AD5, the rock

quality of schist zone (Ch Om - Ch 290m) is 1 < Q < 4, however in fault zone and

nearby, 0.09<Q < 1.

The face mapping of each advance by site geologists began at the Chainage
290m. The rock mass is mainly amphibolitic gneiss from Ch 290m to Ch
590m.Based on the Q value of each advance, the statistical results are listed in
Table 7.

Table 7 The statistical results of Q value of each advance at the dam

site
Q System Class Total
Total length (m) Percentage (%)
0.09 < Q=1 Very poor
1<Q=4 poor 9.8 33
4<Q=10 Fair 42.4 14.1
10< Q=40 Good 119.2 39.7
40<Q Very good 129.1 43.0

3.6 Conclusion and suggestion

The rock mass from Ch Om to Ch 290m mainly consists of schist with
development of F25, F24 and F23, the overall rock mass condition is poor.
However, the rock mass from Ch 290m to Ch 590mmainly consists of gneiss.
Three dominant joint sets are developed in gneiss rock mass. No faults have
been observed in this section, the rock mass is good at a whole.

Even though the adit has not been excavated into the powerhouse location,
according to the preliminary investigation results, including the data of surface
geological mapping and drilling, it is analyzed and interpreted that the lithology
of the powerhouse site is the same as that revealed by the adit Ch 290m to Ch

590m.What's more, the terrain of the powerhouse site is closer to the ridge. It
15




can be inferred that the rock mass conditions of the powerhouse are still good
in general, and there should be no major engineering geological problems
which restrict the layout of powerhouse.

In the next step, it is suggested to continue to excavate the adit to the
powerhouse, and carry out in-situ stress tests, shear tests, etc.
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Notes:

Test adit 2, Geological Logging of UAHEP
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Test adit 2, Geological Logging of UAHEP
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Geological Description
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1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the
ground features of previous geological maps, which only can be taken as a reference.
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps.
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Test adit geological logging of UAHEP
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Geological Description

Medium to coarse grained gneiss
Rock mass is strong
Persistency of joints: >3m
Silty material as infillings

1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the
ground features of previous geological maps, which only can be taken as a reference.
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps.
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Test adit geological logging of UAHEP (AD5 at PH site)
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Q value Summary

1<Q=4, locally 0.09<Q=1

Gneiss and its Gneissosity

Geological
Description

Mica Schist, light grey colored, slightly weathered, moderate to thin foliated, medium to coarse grained. Quartz
vein parallel with foliation can be observed at different chainages, the vein is 5 to 15 cm thick.
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Q value Summary

1<Q=4, locally 0.09<Q=1

Geological
Description

Mica Schist, light grey colored, slightly weathered, moderate to thin foliated, medium to coarse grained. Quartz
vein parallel with foliation can be observed at different chainages, the vein is 5 to 15 cm thick.
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Test adit geological logging of UAHEP (AD5 at PH site)

A

Q value Summary

1<Q=4, locally 0.09<Q=1

Geological
Description

Mica Schist, light grey colored, slightly weathered, moderate to thin foliated, medium to coarse grained. Quartz
vein parallel with foliation can be observed at different chainages, the vein is 5 to 15 cm thick.
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Test adit geological logging of UAHEP (ADS at PH site)

Chainage (m) 100 105 110 120 125
0
Left Wall PN / | 0\3‘3 & ) /\g G2 A
S S < 3\ |
p‘b‘ 2V} Q@% CQ ‘poﬁ /c\'\ (e0)
& e F2 g lg © &
S o S — 2 Legend
N 2 5 5
Mica /Schist 7 S neiss o
Crown ( ( ( ° | S
\ \ \ AneGn| Gneiss of Precambrian
Right Wal \ \ AN \ AneMS Mica Schist of Precambrian
N AN \ <
Gneiss and its Gneissosity
Q value Summary 1<Q=4, locally 0.09<Q<=1 10<<Q=40, locally 4<Q<10
v
Mica Schist, light grey colored, slightly weathered, W Schist and its Schistosity
moderate to thin foliated, medium to coarse grained. Gniess, light to dark grey colored, slightly weathered, moderately to thinly /
) Quartz vein parallel with foliation can be observed at bedded, slightly foliated, strong rock.
Geological . . . . ’ ’
Description different chainages, the vein is 5 to 15 cm thick. F25, a Boundary of lithol
thrust can be observed. A overbreak with 10m high Ty ogy
present between Ch105 and Ch110.
m% Joint trace, its Number and Orientation
Chainage (m) 125 135 140 145 150 -
R
LWl LQ\S @ © Foliation and parallel joints
eft Wa = oé'\ﬂ S 63\ y —
™ e — N
E % T 4 Fault boundary and number
9, IS F24
7% Mica Schist /Quartz
Crown | A Mica Schist | F24 ——
\ \ \ \ \ Seepage
\ Temporary supporting zone
Right Wall \ \ N \\ .
N DN ~
Q value Summary 10<<Q=40, locally 4<Q<10 1<Q=4, locally 0.09<Q=1 0.09<<Q=1
Faut 24, The composition
Gniess, light to dark grey colored, slightly Mica Schist, light grey colored, slightly weathered, ar.e crjnqutralte .rimc_jrhdebns
Geological weathered, moderately to thinly bedded, moderate to thin foliated, medium to coarse grained. Quartz ;2';? isWIMicZOI 'Schiset 'rl'ahvt\e/
Description slightly foliated, strong rock. vein parallel with foliation can be observed at chainage 140. thickness  of fault. is
around 7m, the water flaw .0 1 2 3 4 Sm
Scale
around is about 5L/min. ¢ —— —
Notes. e L D I
1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the = f f . . » Test adit geological logging [Gmcxen O - OgyD o=
ground features of previous geological maps, which only can be taken as a reference. i?m = ;{;c)’ﬁgﬂfnslgfgfgié'cgé Jfr',;/m» H{DJ UPPER ARUN HYDROELECTRIC PROJECT | of UAHEP DESIONED 75 T TRevision
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps. DRAWINGNO. STEETNO. 11
il Test (P) Ltd.
@ SOI %:clarallon It shall ?101 behwpled rec]orded1 dl;s]closed to others and used for other purposes, without being authorized by the owner of the intellectual property rights thereof.
e owner reserves the gl It o claim cga labis Il‘v agalml any




Test adit geological logging of UAHEP (AD5 at PH site)

Chainage (m) 150 155 160 165 170 175
"
¢ & Z>< LS
Left Wall e X\\%\o% / ;& - / é\ .
O & /S /N S Q-
V& /(/ \ ~ @ gé) o N
2 .~ [ BN g s %Y /€ Legend
/ e i Y y b) egen
: : ///ﬁ 2 S 2,
Mical Schist . o . O
Crown [ Mica Schist
K \ An€Gn| Gneiss of Precambrian
| <
Right Wall \\ \ AneMS| Mica Schist of Precambrian
Gneiss and its Gneissosity
Q value Summary 0.09<<Q=A1 1<Q=4, locally 0.09<Q=1
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Q value Summary

observed at different chainages. Some mica rich zone can be found.

Mica Schist, light grey to dark grey colored, slightly weathered, foliated, medium to coarse grained. Quartz vein parallel with foliation can be
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Test adit geological logging of UAHEP (AD5 at PH site)
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Q value Summary 1<Q=4, locally 0.09<Q=1
Schist and its Schistosity
_ Mica Schist, light grey to dark grey colored, slightly weathered, foliated, medium to coarse grained. Quartz vein parallel with foliation can be
Geological observed at different chainages. Some mica rich zone can be found. .
Description Boundary of lithology
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Chainage (m) 225 230 235 240 245 250 O
)} % \fa 5 N - | doarallel
07 5 = w % @ Foliation and parallel joints
Left Wall y // 2679 0 V’)A € A A\ '7/ o5 / A3/ / Lﬁ\/ — \—< P J
¢ SOpPes 2 : Q
\ (o) Q C‘,a c@\ /\@; N @) . S S
] <% 4/ N =2 05 / ccpage
P / N K2 Mica Schist
/ Mica Schist / // / N %
Crown i [ (> | )
L \ K \ \ Temporary supporting zone
\
Right Wall \\ \\ \\ \\\
\ \

Q value Summary

1<Q=4, locally 0.09<Q=1

Geological
Description

Mica Schist, light grey to dark grey colored, slightly weathered, foliated, medium to coarse grained. Quartz vein parallel with foliation can be
observed at different chainages. Some mica rich zone can be found.

Notes:

1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the
ground features of previous geological maps, which only can be taken as a reference.
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps.
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Test adit geological logging of UAHEP (AD5 at PH site)
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% Schist and its Schistosity
Mica Schist, light grey to dark grey colored, slightly weathered, foliated, medium to coarse grained. Quartz vein parallel with foliation can be

observed at different chainages. Some mica rich zone can be found. /

Geological
Description

Boundary of lithology

Ve . . . .
mﬂ Joint trace, its Number and Orientation

Chainage (m) 275 280 (%OO
NG Foliation and parallel joints
Left Wall 8 C;\/ S
it
F23 5 Y095/,
. o077 %2 4| Fault boundary and number
/ neiss
Crown (7855~ \ Seepage
Mica Schist \
\
\ Temporary supporting zone
Right Wall {
Q value by face map 480 |544] 270 | 923 |i050[21] 683
Q value Summary mainly 0.09<Q<=1 10<<Q=40, locally 4<Q<10
Faut 24, The composition are mylonite and debris mixed with Gniess, light to dark grey colored, slightly weathered, moderately to thinly
Geological soil. The raw rock is Mica Schist.The thickness of fault is bedded, Quartz vein parallel with foliation can be observed at different
Description around 2m, the water flaw around is about 10L/min. chainages. Strong rock.
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305 325
Left Wall
Legend
Crown
AneGn| Gneiss of Precambrian
, \ An€MS Mica Schist of Precambrian
Right Wall < \
Q value by face mep|13.66| 8.60] 6.28[21.32] 6.00| 6.29| 7.22 [5.00 7.1 [11.08] 9.81| 6.23 [1256] 801 | 172 | 22 hi3[7.3p] 272 p.13p.1¢l6.28[5.4555.45 Gneiss and its Gneissosity
Q value Summary mainly 4<Q<10, locally10<<Q=<40
/ . . . .
W Schist and its Schistosity
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be g
Geological observed at different chainages. Strong rock. The rock mass are mainly Fair.
Description / Boundary of lithology
mﬁ Joint trace, its Number and Orientation
Chainage (m) 325 ) 330 335 340 345, 350
ST e BN LSS S g
'?)l* “ - /\\ /\\ XY % D L/; . e . .
® > N N © < « Foliation and parallel joints
Left Wall 5\\,// E\p \ 9'\1)1 2 /- (= < LA /S ‘9’-\ S S oy \-2? p ]
015° ; o 9y ~ y N o it
; 0%01 .\S$°§\\§ 3 N ‘? / W 5\%//\/ z\/
— M» - L /N / > Seepage
= : N ® P
- Gneiss A&“
Crown E j//) .
Temporary supporting zone
Right Wall
Qualue by facemap| 6.28 | 3.14 | 5.45| 163 | 6.28 | 6.83 | 545 | 6.28|6.28|6.286.01 [6.005] 6.55 | 8.6 |6.005] 6.28 |6.005] 5.73 | 6.005 | 5.18 |545] 5.45
Q value Summary mainly 4<Q<10, locally10<<Q=<40
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
G . observed at different chainages. Strong rock. The rock mass are mainly Fair.
eological
Description
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Chainage (m)

Test adit geological logging of UAHEP (AD5 at PH site)

300




Notes:

1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the
ground features of previous geological maps, which only can be taken as a reference.
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps.

Chainage (m)

Test adit geological logging of UAHEP (ADS at PH site)

350 355 360 365 370 375

Left Wall

o
A

()%0 G eyo”
Gneiss i G
Crown
Right Wall

Q value by face map

6.28|6.28 [6.005| 545 | 314 | 683 |e6.83] 628 | 6.28|6.83| 425 [1528] 12.01 [27.33] 27.33 37.7] 41 | 628 | 983 |

Q value Summary

mainly 4<Q<10, locally10<<Q=<40

Geological
Description

Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
observed at different chainages. Strong rock. The rock mass are mainly Fair.

Chainage (m)

375 380 385 390 395 400

Left Wall

Gneiss

Crown

Right Wall

Q value by face map

175 [20.533] 26.23 | 18.85 [14.55 p7.33|57.7 | 2513 | 2513 | 30.35 | 12.765 | 18.22 | 26.23 |28.43| 26.23 | 26.23 [17.485 6.005 | 15.28 [8249.962

Q value Summary

mainly 10<<Q=<40, locally 4<Q<10

Geological
Description

Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
observed at different chainages. Strong rock. The rock mass are mainly Good.
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Gneiss of Precambrian

Mica Schist of Precambrian

Gneiss and its Gneissosity

Schist and its Schistosity

Boundary of lithology

Joint trace, its Number and Orientation
Foliation and parallel joints
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Temporary supporting zone
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Test adit geological logging of UAHEP (AD5 at PH site)

Chainage (m) 400 405 410 415 420 425
Left Wall < s /// . // . /
N NS
\\&b‘ 4/ \,\y / / ,\//
: ~ VA Legend
/ / / <~ Gneiss
Crown \ / / |
/ \ An€Gn| Gneiss of Precambrian
. AneMS Mica Schist of Precambrian
Right Wall
Qualue by facemep| | 6.005 [6.89] 18.22| 4265 |41.05]36.05 [ores| 86 | 455| 6.83 | 754 [886] 3057 | 41 48.06 | 56.86 [45.95] 44.3 [42.65] 4 Gneiss and its Gneissosity
Q value Summary mainly 10<<Q<40 and 40<<Q, locally 4<Q<10
v . . . .
W Schist and its Schistosity
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be g
/ Boundary of lithology

observed at different chainages. Strong rock. The rock mass are mainly Good. A jointed zone can be found around Ch410m,
mﬁ Joint trace, its Number and Orientation

Geological
D:;)c(r)?p:tcign where rock mass is Fair.
Chainage (m) 425 430 435 440 445 450
& & Foliation and parallel joints
Left Wall S 5;/ N S P !
— (=9 ~
Y, ARiE
~ A © S
T3 - eepage
o8 . /
Gneiss / / /
Crown ) .
Temporary supporting zone
Right Wall \
Q value by face map|42.65/ 45.56 | 8.6 | 9.42 | 4.63 |16.33|21.83 | 250 7 565 | 818 | 518 | 86 | 1146 | 13.33 13.11 13.66
Q value Summary mainly 10<<Q<40 and 40<<Q, locally 4<Q<10
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
Geological observed at different chainages. Strong rock. The rock mass are mainly Good. A jointed zone can be found around Ch433m,
Description where rock mass is Fair.
.0 1 2 3 4 Sm
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Test adit geological logging of UAHEP (ADS at PH site)

Chainage (m) 450 455 460 465 470 475

Left Wall ?
e 7 / Legend
i g G
Gneiss G
Crown
An€Gn| Gneiss of Precambrian
: An€MS| Mica Schist of Precambrian
Right Wall
Qualuebyfacemap| 1366 | 1421 | 205 | 1341 ] 1311 | 5026 | 2212 | 1305| 5223 | 3605 | 5662 | 2293 | 3075 [6.28] 16.75 | Gneiss and its Gneissosity
Q value Summary mainly 10<<Q<40, locally 40<Q
v . . . .
W Schist and its Schistosity
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be g
Geological observed at different chainages. Strong rock. The rock mass are mainly Good to Very Good.
Description / Boundary of lithology

Joint trace, its Number and Orientation

Chainage (m) 475 480 485 490 495 500
N Foliation and parallel joints
Left Wall LT p J
oY oY
0% %m\%go“a
r\haioo (\‘“7
Ghreiss Seepage

Crown

Temporary supporting zone

Right Wall

Qualuebyfacemap| 16.75 11| 2623 | 41 | 41 [27.33[92.7] 75.4| 91.9 |42.65|28.43| 82 | 88.6 [4265] 48.06 [2843] 56.86 |85.3 | 59.06 [:39% [68.92 |71.4
Q value Summary mainly 10<<Q<40 and 40<Q

Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
observed at different chainages. Strong rock. The rock mass are mainly Good to Very Good.

Geological
Description
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Scale: — — —
1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the e N ) ' s ~ Test adit geological logging [cprcken SCALE T DATE
ground features of previous geological maps, which only can be taken as a reference. E:._I) aﬁorfw’i{iﬁfig;éiéig{ﬁlﬂ{\/ﬁgL ;’DJ UPPER ARUN HYDROELECTRICPROJECT | of UAHEP DESIGNED SIZE | A3 | REVISION
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps. @ DRAWING NO. SHEETNO. | 11
Soil Test (P) Ltd. ' ;

Declaration: It shall not be copied, recorded, disclosed to others and used for other purposes, without being authorized by the owner of the intellectual property rights thereof.
The owner reserves the right to claim legal liability against any infi




Notes:

1.The geophysical profiles and the boreholes of 1991 FS and 1987FS in this map are located based on the
ground features of previous geological maps, which only can be taken as a reference.
2.The coordinate system in 1991 FS can not be transfered to present coordinate system due to the data gaps.

Test adit geological logging of UAHEP (AD5 at PH site)

Chainage (m) 500 505 510 515 520 525
Left Wall - oS
200y
QB2 '0(\6\53
Gneiss
Crown
Right Wall

Legend
AneGn| Gneiss of Precambrian
AneMS Mica Schist of Precambrian

Gneiss and its Gneissosity

Qualue by facemep|| 37.7 [61.26]59.06] 91.9 |52.67 |51.68446) 41 | 855| 44.3 | 1963 | 3275 | 4806 [1535] 82 2403 | 1024 | 1528 | 8.18
Q value Summary mainly 10<<Q=<40, and 40<<Q, locally locally 4<Q<10
i
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be /)
Geological observed at different chainages. Strong rock. The rock mass are mainly Good to Very Good.
Description /
525 530 535 540 545 550

Chainage (m)

Left Wall
Gneiss
Crown
Right Wall
Q value by face map| 9.01 3644 | 568 | 5686 | 886 | 205 | &2 39.35 | 34.94 | 61.26 [36.05]5.12| 764 | 272 [455 | 6.4 [36.44

Q value Summary

mainly 10<<Q=40, 40<<Q, locally locally 4<Q<10

Geological
Description

Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
observed at different chainages. Strong rock. The rock mass are mainly Good to Very Good.

Schist and its Schistosity

Boundary of lithology

Joint trace, its Number and Orientation

Foliation and parallel joints

Seepage

Temporary supporting zone
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Test adit geological logging of UAHEP (ADS at PH site)

Chainage (m) 550 555 565 570 575
Left Wall 5 no ,\$$05'\&‘J
Gneiss
Crown
Right Wall
Qvalue by face map|  56.86 |56.86[51.2661.26[39.27] 61.26 |63.46[00439.37] 59.06 | | 4265 | 853 | 36.05 30.75 | 2623 | 5951 | 41.01 | 21.325
Q value Summary mainly 10<<Q=<40, and 40<Q
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz vein parallel with foliation can be
Geological observed at different chainages. Strong rock. The rock mass are mainly Good to Very Good.
Description

i

/

Legend

Gneiss of Precambrian
Mica Schist of Precambrian
Gneiss and its Gneissosity
Schist and its Schistosity
Boundary of lithology

Joint trace, its Number and Orientation

Chainage (m) °7° 580 590 595 600
Foliation and parallel joints
Left Wall
Gneiss
Seepage
Crown .
Temporary supporting zone
Right Wall
Q value by face map| 39.35 [17.48]17.48] 28.43124.03] 17.48 |16.75 [19.675(6.83 | 59.06 | |15.31[27.33
Q value Summary mainly 10<<Q<40, and 40<Q
Gniess, light to dark grey colored, slightly weathered, moderately to thinly bedded, Quartz
Geological vein parallel with foliation can be observed at different chainages. Strong rock. The rock
Description mass are mainly Good to Very Good.
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Characteristics of joints in test adits (adit 1)

No. Chainage | Lithology DD DA Spacing | Aperture/Opening | Persistence Infilling Weathering Roughness Remarks
©) ©) (m) (mm) (m)

J1 0+003 Gneiss 15 67 0.3 2 to 20 >3 Silty material Fresh Rough, undulating 2 entries, left wall

J2 0+004.7 Gneiss 305 75 - 2to0 10 >3 Silty material Fresh Rough, undulating Single entry, left wall

13 0+005.3 Gneiss 140 80 0.1-0.2 2to 10 >2 Silty material Wil Rough, undulating 4 entries, right wall

J4 0+010 Gneiss 195 88 - 2 >2 Silty material W1 Rough, undulating Single entry, right wall

J5 0+012.7 Gneiss 190 88 0.3-0.7 tight 1.8 - Wl Rough, undulating 3 entries, left walll

J6 0+013 Gneiss 190 82 0.1-0.3 tight 1 - W1 Rough, undulating 3 entries, right wall

17 0+015.4 Gneiss 333 61 - tight 2 - Wl Rough, undulating Single entry, right wall

18 0+015.7 Gneiss 141 82 - tight >2 - W1 Rough, undulating Single entry, left walll

19 0+016.8 Gneiss 17 88 - tight 1.2 - Wl Rough, undulating Single entry, left walll

J10 0+019.5 Gneiss 193 82 0.15 2 >3 Silty clay W1 Rough, undulating 2 entries, yellowish weathering color
I1 0+020.5 Gneiss 318 77 0.3 2104 >2 Silty material Wi Rough, undulating | > "tries: left Wamc’oﬁl"WiSh weathering
J12 0+022 Gneiss 316 51 0.6 2t05 >3 Silty material W1 Rough, undulating Single enrty, left wall

13| 0+0232 Gneiss 196 88 ; 205 2 Silty material wi Rough, undulating | > "Ele entry; left ‘Zzﬂ;ryeuow weathering
J14 0+023.2 Gneiss 305 85 - tight 1.1 - W1 Rough, undulating single entry, right wall

J15 0+026.5 Gneiss 195 88 - 2to 10 >3 silty material Wil Rough, undulating 2 entries, right wall

J16 0+028.7 Gneiss 185 89 0.2 2 1.7 silty material W1 Rough, undulating single entry, left walll




Joints characteristics of Adit 2

S.N. Joint Chainage(m) | Lithology DA DD Spacing(m) | Aperture (mm) | Persistence (m)| Infilling | Weathering | Roughness Remarks
Silt Rough and
1 1 0+010 Gneiss 55 135 ; 2-20mm >3 "y w1 ougn and 1 qinsle entry
material wavy
2 P 0+013.8 Gneiss 77 190 0.1-0.2 2-10mm >3 Silty w1 Roughand | oo entries
material wavy
Rough and
3 13 0+013.8 Gneiss 48 281 0.1 Tight 2.4 - w1 Otvgavjn Four entries
4 14 0+018.7 Gneiss 83 206 1 5-10mm >2 Silty w1 Roughand | oo - entries
material wavy
Rough and
5 J5 0+023.7 Gneiss 71 190 0.1 Tight >2 - w1 Otvgavjn 2 entries
Rough and |2 entry, Right
6 I 0+024 Gneiss 49 12 0.05 Tight >0.7 - w1 oughand | 2entry, Rig
wavy wall
Rough and
7 17 0+026 Gneiss 68 182 0.1-0.5 Tight >3 - w1 Otvgavjn 3 entries
Roughand | 2 entries,
8 18 0+028 Gneiss 74 215 ; Tight >2 - w1 oughan entnes
wavy Right wall
Rough and
9 19 0+028 Gneiss 84 192 0.5 5-10mm 15 Silty clay w1 Otvgavjn Single entry
Rough and
10 110 0+030 Gneiss 45 192 ; 2-10mm >3 Silty clay | w2-w3 Otvgavjn Single entry
Roughand | 6 entries,
11 1 0+031.8 Gneiss 76 153 - Tight >2 Tight w1 oughan entres
wavy Right wall
Rough and
12 112 0+033.8 Gneiss 77 172 0.1-0.2 2-5mm 1.5-2 Silty clay W2 Otvgavjn 3 entries
Rough and
13 113 0+034 Gneiss 70 182 0.05 <2mm 1.2 Silty clay | W1-w2 Otvgavjn Single Entry
Rough and
14 J14 0+053 Gneiss 18 320 - 2-50mm >5 Silty clay W1-W2 Ol\j\,gavjn >5 Entries
Rough and
15 115 0+055 Gneiss 63 204 0.1-0.5 Tight >2 - W1-W2 Otvgavjn 3 entries
16 116 0+078.5 Gneiss 67 195 0.05-0.1 Tight 0.9 - w1 Rofahvjnd 2 entries
Rough and
17 17 0+084 Gneiss 73 203 0.15 Tight 0.8 - w1 Otvgavjn 2 entries
18 118 0+087 Gneiss 50 175 0.1 Tight 13 ; w1 Roughand | 2 entries,
wavy Right wall
19 119 0+088.5 Gneiss 78 182 - Tight >2 - w1 Roughand | Single entry,
wavy right wall




Joints characteristics of Adit 4

S.N.  |Joint Number| Chainage(m) | Lithology DA DD Spacing(m) | Aperture (mm) | Persistence (m)| Infilling | Weathering | Roughness Remarks
1 I 0+009 Gneiss 73 171 0.5-1 2-100mm >3 Silty w1 Roughand | o\ ties
material wavy
Silt Rough and
2 Ip) 0+018.2 Gneiss 66 169 05 2-20mm >3 "y w1 oughan 2 entries
material wavy
3 13 0+020.1 Gneiss 58 150 0.3-1.5 2-15mm >3 Silty w1 Roughand | 5 iries
material wavy
Rough and
4 J4 0+030 Gneiss 54 160 - Tight >2 Tight w1 l\jvgavv Single entry
5 55 0+036 Gneiss 69 177 - <2 >3 Silty w1 Roughand | o 16 entry
material wavy
Rough and
6 16 0+042.7 Gneiss 24 160 - Tight >2 Tight w1 l\jvgavv Single entry
7 7 0+045 Gneiss 76 162 0.1 <2 >3 Silty w1 Roughand |, tries
material wavy
Silt Rough and
8 18 0+048 Gneiss 57 122 0.2 2-5mm >3 "y w1 oughan 2 entries
material wavy
Rough and
9 19 0+054.5 Gneiss 66 148 - Tight >2 Tight W1 Otf'avjn Single entry
Silt Rough and
10 110 0+056.7 Gneiss 52 153 ; 2-5mm >3 "y w1 ouBnand 1 i sle Entry
material wavy
silt Rough and
11 11 0+066 Gneiss 56 151 ; 2-4mm >3 y w1 ouhand | qisle Entry
material wavy
Silt Rough and
12 12 0+072.7 Gneiss 87 151 0.1 2-4mm >3 "y w1 oughan 3 Entries
material wavy
silt Rough and
13 113 0+079 Gneiss 67 167 ; 2 >2 y w1 ouhand | ginsle entry
material wavy
Silt Rough and | Single ent
14 114 0+088 Gneiss 81 176 ; 2-4mm >3 "y w1 oughand | single entry,
material wavy Right wall
15 115 0+087 Gneiss 40 170 03 2-30mm >3 Silty w1 Roughand |/ tries
material wavy
Silt Rough and
16 116 0+091 Gneiss 50 152 0.9 1-4mm >2 "y w1 oughan 3 entries
material wavy
silt Rough and
17 17 0+098.5 Gneiss 51 184 0.2 2mm 15 y w1 ouBNaNd 1 gingle entry
material wavy
Rough and
18 118 0+0101 Gneiss 63 146 - <2mm >2 Tight w1 l\jvgavv Single entry
Silt Rough and
19 119 0+102.5 Gneiss 58 145 ; 2-20mm >3 y w1 ounand 1 qisle entry
material wavy




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
Joo1 0+11 mica-schist 110 | 35 > 3mm mica rich slightly weathered smooth, wavy
J002 0+13 mica-schist 110 | 35 3m altered, rock slightly weathered smooth, wavy brown color
mass with clay
JO03 | 0+13.5 | mica-schist 320 | 65 tight 1.3 silt-clay W3 rough, undulating brown joint face
JO04 0+15 mica-schist 110 | 35 >3 mica rich W2
JOO5 [0+20-22| mica-schist 95 75 | 20-40 cm tight >3 W2 slightly wavy, smooth brown color: 4 entries
JO06 | 0+39.5 | mica-schist tight 2 W2-1 wavy, slightly rough 1 entry
JO07 0+54 |Gneisstschist| 80 88 20 cm narrow >3 sand and clay W4 wavy, smooth brownish yellow color
JO08 0+53 Gneiss 268 | 61 tight 15 clay W2 wave, smooth 1 entry
JO09 | 0+58.6 Gneiss 295 | 75 | 20-50 cm tight 05 Fe W3 slightly wavy, smooth many entries
. extremly .
JO10 | 0+58.6 Gneiss 10 75 | 10-20 cm narrow 20-100 cm Fe304 w4 wavy, rough many entries
JO11 | 0+065 | mica-schist 120 | 84 20 cm tight 25 W2 wavy, smooth light grey. No. of jointis 2 in 1 set
J012 | 0+66.5 | mica-schist 172 | 86 >3 narrow >3 rok decklaanys, silt- W4 slightly wavy, rough brown color, 1 entry
JO13 | 0+071 | mica-schist 305 | 78 narrow 2 silt-clay W3 wavy, smooth 1 entry
J014 | 0+075 | mica-schist 250 | 30 eg;rricr)nv\lly >3 silt-clay W3 wavy, rough 1 entry
JO15 | 0+77.8 | mica-schist 101 88 1.3 narrow >3 silt-clay W3 wavy, rough 2 entries
JO16 0+80 mica-schist 280 | 30 extremly 15 W2-1 wavy, rough 1 entry
narrow
JO17 | 0+081 | mica-schist 230 | 30 | 10-20 cm tight 15 W2-1 slightly wavy, rough > 3 entries
JO18 0+87 mica-schist 295 51 tight 15 W2-1 slightly wavy, smooth 1 entry
JO19 | 0+089 | mica-schist 280 | 87 tight 1.8 W2-1 wave, rough 1 entry




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)

J020 | 0+91.4 | mica-schist 185 | 80 tight >3 W2-1 slightly wave, rough 1 entry
Jo21 The same as JO07
J022 97.4 mica-schist 279 | 88 | 30-50 cm tight >3 W2-1 slightly wavy, rough 2 - 5 entries
J023 97.4 mica-schist 55 40 eg;rricr)nv\lly 1 W2-1 wavy, smooth 1 entry
J024 | 100+2 | mica-schist 65 36 (gr%emn) >3 clay W3 slightly wavy, smooth 1 entry
J025 103 mica-schist 278 | 75 tight >3 W2-1 slightly wavy,smooth

J026 112 Gneiss 185 | 88 [10cm-1Im| 2-3 mm >3 clay W4-5 slightly wavy, smooth > 5 entries
J027 112 Gneiss 285 | 40 |10 - 20cm| tight 2 clay W2-1 slighly wavy, smooth > 5 entries
J028 112 Gneiss 102 | 68 | 10-20cm | narrow 2-3m silt-clay W3 slightly wavy, rough > 8 entries
7029 118 Gneiss 0 50 open >3 silt—gleagr,isrock W5 water flowld:J/rr?i% mansoon,
JO30 121 Gneiss 190 | 35 tight 15 W2-1 slightly wavy, rough 1 entry
Jo31 120 Gneiss 90 80 tight >3 W2-1 slightly wavy, rough 1 entry
J032 122 Gneiss 285 | 70 tight 15 W2-1 wavy, rough 1 entry
JO33 125 Gneiss 183 | 78 | 10-20 cm tight > 2 Ww2-1 wavy, rough > 8 entries, the same set as J026
J034 126.2 Gneiss 270 55 20 cm tight 1.2 W2-1 wavy, rough 2 entries
JO35 127 Gneiss 210 | 83 | 10-30cm tight 2 W2-1 wavy, rough > 3 entries
JO36 130 Gneiss 10 83 40 cm tight 1 W2-1 wavy, rough 2 entries
J037 131 Gneiss 225 | 40 40 cm tight 1 W2-1 wavy, rough 2 entries
J038 1315 Gneiss 90 83 open 2 rock dglbags, silt- W3 wave, rough 1 entry




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
JO39 1315 Gneiss 270 | 77 tight 15 W2-1 wave, rough 2 entries
J040 132.7 Gneiss 300 | 30 50 cm tight 1 W2-1 slightly wavy, rough 2 entries
Jo41 134.6 mica-schist 285 | 85 tight >3 W2-1 slightly wavy, smooth 1 entry
J042 143 mica-schist 110 | 78 10 cm tight 1 W2-1 slightly wavy, smooth 2 entries
J043 146 mica-schist 105 | 45 open >3 clay W3 slightly wavy,smooth 1 entry
J045 165.5 mica-schist 115 | 85 tight 2 W2-1 slightly wavy, smooth 1 entry
J044 165 mica-schist 310 | 40 tight 1 W2-1 wavy, rough 1 entry
J046 167.2 mica-schist 110 | 75| 10-40 cm tight 15 W2-1 wavy, smooth 3 entries
J047 168 mica-schist 30 50 tight 2 W2-1 wavy, smooth 1 entry
J048 169 mica-schist 300 50 tight 1 wavy, smooth 1 entry
J049 170 mica-schist 280 | 25 tight >3 W2-1 wavy, rough-smooth 1 entry
JO50 172.2 mica-schist 107 | 74 tight > 2 W2-1 wavy, smooth 1 entry
JO51 173.2 mica-schist 154 | 70 | 10-50 cm tight >3 W3 wavy, smooth > 5 entries
JO52 175 mica-schist 40 85 | 50-80 cm tight >3 W3 wavy, slightly rough 1 entry
JO53 179 mica-schist 310 55 | 30-40 cm tight >3 W2-1 wavy, rough > 8 entries
J054 182.6 mica-schist 55 50 50 cm tight >3 W2-1 wavy, smooth 2 entries
JO55 187.1 mica-schist 90 80 tight 2 W2-1 wavy, rough 1 entry
JO56 189 mica-schist 292 | 80 | 20-40 cm tight 2 W2-1 wavy, rough > 5 entries
JO57 195.5 mica-schist 100 | 78 15 tight >3 W2-1 wavy, smooth 2 entries




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)

JO58 198 mica-schist 295 | 75 20 cm tight 3 W2-1 wavy, rough 3 entries
JO59 | 196.7 mica-schist 80 40 Ww2-1

JO60 200 mica-schist 305 50 1-2m tight >3 W2-1 wavy, rough 3 entries
Jo61 202 mica-schist 340 | 70 >3 W2-1 wavy, rough 1 entries
J062 203.5 mica-schist 290 | 40 1 W2-1 wavy, rough 1 entries
J063 211.6 mica-schist 110 65| 05-1m tight >3 W2-1 wavy, rough-smooth >5 entries
J064 2144 mica-schist 95 80 |10 -20 cm tight 2 W2-1 wavy, rough >3 entries
JO65 219 mica-schist 310 | 75 40 cm tight 2 W2-1 wavy, rough 2 entries
JO66 221 mica-schist 85 73 >3 W2-1 wavy, smooth 1 entries
JO67 2221 mica-schist 305 | 40 1 clay W2-1 wavy, smooth 1 entries
1068 | 2247 | mica-schist | 165 | 70 2 w2-1 vy, slighty rough- 1 entries
1069 | 225 | mica-schist | 150 | 80 2 w2-1 wawy, slighty rough- 1 entries
JO70 229 mica-schist 90 40 20 cm tight >3 W2-1 wavy, rough 2 entries
Jo71 231 mica-schist 240 10 >3 W2-1 wavy, rough 1 entries
J072 235 mica-schist 170 60 [ 10- 40 cm tight 2 W2-1 wavy, rough 3 entries
JO73 2375 mica-schist 110 | 85 5m tight >3 W2-1 wavy, rough 2 entries
Jo74 242 mica-schist | 110 | 75 Ww2-1 2 entries
JO75 240.9 mica-schist 0 35 1.8 tight >3 W2-1 wavy, rough 2 entries
JO76 241 mica-schist 320 | 40 tight 1 W2-1 wavy, rough 1 entries




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
Jo77 2435 mica-schist 30 60 40-50 tight >3 W2-1 wavy, rough 1 entries
JO78 247.8 mica-schist 270 | 74 tight >3 W2-1 wavy, rough 2 entries
JO79 252 mica-schist 258 78 open >3 clay W2-1 wavy, smooth
J080 252.6 mica-schist 65 62 tight >3 W2-1 wavy, rough 1 entries
Jo81 258 mica-schist 98 72 tight >3 W2-1 wavy, rough 1 entries
J082 259 mica-schist 250 | 20 tight >3 W2-1 wavy, rough 1 entries
J083 262 mica-schist 310 | 20 tight >3 W2-1 wavy, rough 1 entries
J084 264.3 mica-schist 282 | 84 tight >3 W2-1 wavy, rough 1 entries
J085 267 mica-schist 280 6 tight >3 W2-1 wavy, rough same as J082
J086 271 mica-schist 97 84 tight 15 W2-1 wavy, rough
J087 272 mica-schist 107 | 86 1-2m tight 2 W2-1 wavy, rough 2 entries
J088 275 mica-schist 278 | 29 | 10-20 cm tight >3 W2-1 wavy, rough 3
J089 285 Gneiss 273 19 | 40-50 cm tight 15 W2-1 wavy, rough >3
JO90 286 Gneiss 285 | 84 Im tight 2 W2-1 wavy, rough 2
J091 288 Gneiss 280 10 [ 30- 40 cm tight >3 W2-1 wavy, rough >3
J092 290 mica-schist 90 50 |50 - 80 cm| tight 15 W2-1 wavy, rough 3
J093 290 mica-schist 188 | 89 40 cm tight >3 W2-1 wavy, rough >3
J094 294.3 mica-schist 100 | 89 tight 2 W2-1 wavy, rough 1
J095 294.7 mica-schist 314 | 46 tight >3 W2-1 wavy, rough 1




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
JO96 298.2 Gneiss 92 71 50 cm >3 W2-1 wavy, rough 2
J097 300 Gneiss 84 63 | 10-30 cm 2 W2-1 wavy, rough 4
J098 300 Gneiss 300 15 30 cm 2 W2-1 wavy, rough 2
J099 300 Gneiss 286 61 tight 3 W2-1 wavy, rough 1
J100 307 Gneiss 299 14 5cm tight 1 W2-1 wavy, rough 3
J101 308 Gneiss 106 | 89 | 0.5-1m tight 1-2m W2-1 wavy, rough >5
J102 309 Gneiss 111 | 46 |05-06m tight 1.5m W2-1 wavy, rough 4
J103 309 Gneiss 292 26 tight >3m W2-1 wavy, rough 3
J104 310 Gneiss 120 | 67 tight 2m W2-1 wavy, rough 1
J105 311 Gneiss 110 62 tight >3m W2-1 wavy, rough 1
J106 312 Gneiss 283 | 36 tight 15 W2-1 wavy, rough 1
J107 311 Gneiss 151 2 tight 2 W2-1 wavy, rough 3
J108 3125 Gneiss 270 53 tight >3 W2-1 wavy, rough 1
J109 314 Gneiss 297 | 46 tight >3 W2-1 wavy, rough 1
J110 316 Gneiss 103 | 44 tight 15 W2-1 wavy, rough >5
J111 317 Gneiss 276 | 87 tight 1 W2-1 wavy, rough 1
J112 3175 Gneiss 104 | 85 60 cm tight 2 W2-1 wavy, rough 2
J113 320 Gneiss 266 | 71 tight 15 W2-1 wavy, rough 1
J114 320 Gneiss 275 54 40 cm tight 2 W2-1 wavy, rough 4




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
J115 325 Gneiss 100 | 78 tight Same as J112
J116 325 Gneiss 340 | 46 tight >3 W2-1 wavy, rough >4
J117 329 Gneiss 321 | 81 tight 2 W2-1 wavy, rough 1
J118 331 Gneiss 270 | 41 tight 1 W2-1 wavy, rough >5
J119 332.6 Gneiss 263 | 48| 05-1m tight 15 W2-1 wavy, rough 4
J120 3334 Gneiss 105 61 0.5 tight >3 W2-1 wavy, rough 2
J121 336 Gneiss 101 71 0.5 tight >3 W2-1 wavy, rough >4
122 | 338 Gneiss | O1aMO Mica Schist ( Mica 10 cm thick)
J123 3414 Gneiss 296 62 15 tight 2 W2-1 wavy, rough >3
J124 345.7 Gneiss 295 50 15 tight 2 W2-1 wavy, rough 2
J125 347 Gneiss 187 | 87 tight >3 W2-1 wavy, rough 1
J126 3504 Gneiss 176 | 81 04 tight 0.7 Silt W1 wavy, rough 1
J127 351.8 Gneiss 100 | 72 04 tight 1 No infilling w1 wavy, rough 1
J128 3534 Gneiss 283 | 84 0.2 2 >3 Silt w1 wavy, rough 1
J129 354.2 Gneiss 275 | 69 0.1 tight 2 No infilling Fresh wavy, rough 1
J130 354.3 Gneiss 189 | 77 0.3 1 >3 Silt Fresh wavy, rough 1
J131 359.2 Gneiss 221 66 0.3 tight 0.3 No infilling Fresh wavy, rough 1
J132 367 Gneiss 264 | 43 0.27 <1 >2 Silt Fresh wavy, rough 1
J133 3722 Gneiss 286 | 47 0.3 tight 1 Silt Fresh wavy, rough 1




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
J134 3745 Gneiss 277 57 2 2 Silt Fresh wavy, rough
J135 377.3 Gneiss 288 | 43 <1 2 No infilling Fresh Slickensided 1
J136 3795 Gneiss 284 | 44 tight 2 No infilling Fresh rough 1
J137 381.3 Gneiss 89 58 tight 1 No infilling Fresh polished 1
J138 388.2 Gneiss 275 55 1 1 Silty clay Fresh wavy, rough 1
J139 390.3 Gneiss 252 | 57 tight >3 Silt w1 wavy, rough 1
J140 394.6 Gneiss 86 67 tight 1.2 Silt W2 wavy, rough 1
J141 395.6 Gneiss 92 65 tight >1 Silt W3 wavy, rough 1
J142 397 Gneiss 92 64 tight 2 Silt W4 wavy, rough
J143 401 Gneiss 110 | 66 1 tight >3 No infilling W1 wavy, rough 3 entries
J144 406 Gneiss 293 | 78 2 >3 Silt w1 wavy, rough 1 entry
J145 406 Gneiss 105 | 61 05 tight >3 No infilling w1 wavy, rough 2 entries
J146 409 Gneiss 104 | 85 11 tight >3 No infilling w1 wavy, rough >4 entries
J147 411 Gneiss 292 | 87 tight 2 No infilling W1 wavy, rough 1 entry
J148 412 Gneiss 15 58 tight >3 No infilling W1 wavy, rough 1 entry
J149 414 Gneiss 285 50 tight >2 No infilling w1 wavy, rough 1 entry
J150 419 Gneiss 85 78 tight 2 No infilling W1 wavy, rough 1 entry
J151 4195 Gneiss 287 | 80 tight 2 No infilling W1 wavy, rough 1 entry
J152 426 Gneiss 108 | 81 tight 2 No infilling W1 wavy, rough 1 entry




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
J153 | 4295 Gneiss 92 50 | 0.1-0.2 tight No infilling w1 wavy, rough >5
J154 | 4295 Gneiss 272 | 28| 0.1-0.2 2 Silt W1 wavy, rough >5
J155 | 0+430.8 Gneiss 114 74 - <2 0.9 Silty W1 Rough, wavy Single entry
J156 | 0+431.7 Gneiss 117 80 - 1 >3 Silty W1 Rough, wavy Single entry
J157 | 0+432.1 Gneiss 97 65 | 0.1-0.25 - 0.4-2 - Fresh Rough, wavy 17 entries
J158 | 0+432.4 Gneiss 267 34 0.3-0.4 2 0.7-1.8 Silty Fresh Rough, wavy 6 entries
J159 [0+435.10 Gneiss 281 66 0.5 - Im-2m - Wi Rough, wavy 2 entries
J160 | 0+437.1 Gneiss 98 68 0.8 - 1.8-2 - W1 Rough, wavy 2 entries
J161 |0+439.30 Gneiss 273 40 0.2-0.3 - 1 - W1 Rough, wavy 3 entries
J162 | 0+439.9 Gneiss 264 67 | 0.10-0.50 - 0.5-1 - Fresh to W1 Rough, wavy 3 entries
J163 | 0+440 Gneiss 313 43 - 1 2 Silty Fresh to W1 Rough, wavy Single entry
J164 |0+443.20 Gneiss 290 | 47 | 0.15-0.30 - 0.6-2 - Fresh to W1 Rough, wavy 6 entries
J165 | 0+446 Gneiss 104 88 0.15-1 - 1to>2 - Fresh Rough, wavy 8 entries
J166 | 0+450 Gneiss 283 60 - 1 0.8 Silty Wi Rough, wavy Single entry
J167 | 044552 |  Gneiss 275 | 52| 03 - 1 - wi Rough, wavy 2 entries, yenc"(:;’(i)ih weathering
J168 | 0+456.7 Gneiss 262 58 - - 1.2 - Wi Rough, wavy Single entry
J169 | 0+458.8 Gneiss 274 25 - - 2 - Fresh Rough, wavy Single entry
J170 | 0+462.4 Gneiss 246 46 - - >2 - Wi Rough, wavy Single entry
J171 | 0+465.5 Gneiss 189 86 0.1 - >2 - Fresh Rough, wavy 2 entries




Joints characteristics of Adit 5

No. Chainag Lithology DD |DA Spacing | Aperture | Persistency Infilling Weathering Roughness Remarks
e (m) (mm) (m)
J172 | 0+471.2 Gneiss 254 11 0.3 - 1to2 - W1 Rough, wavy 3 entries
J173 | 0+472 Gneiss 262 53 0.2-0.3 - 1to2 - Fresh Rough, wavy 4 entries
J174 | 0+473.4 Gneiss 292 37 | 0.04-0.1 - 0.5-1.4 - Wi Rough, wavy 9 entries
J175 | 0+475.6 Gneiss 283 34 0.6 - 1.2-1.9 - Fresh Rough, wavy 2 entries
J176 | 0+477.5 Gneiss 245 26 - - 1.5 - Wi Rough, wavy Single entry
1177 | 0+477.6 Gneiss 240 79 - - 2.4 - Wi Rough, wavy Single entry
J178 | 0+479.3 Gneiss 84 84 0.3 - 1.2 - Wi Rough, wavy 2 entries
J179 | 0+479.8 Gneiss 74 85 - - 1.4 - Wi Rough, wavy Single entry
J180 | 0+484.1 Gneiss 263 | 87 - - 18 - Fresh Rough, wavy Single entry
J181 | 0+487 Gneiss 267 | 68 0.26 - 0.7 - Fresh Rough, wavy 2 entries
J182 | 0+487.9 Gneiss 100 | 69 - - 0.85 - Fresh Rough, wavy Single entry
J183 | 0+488.9 Gneiss 94 76 - - >3 - Fresh Rough, wavy Single entry
J184 | 0+491 Gneiss 290 | 88 - - 12 - Fresh Rough, wavy Single entry
J185 | 0+491.7 Gneiss 105 | 81 0.08 - 1 - Fresh Rough, wavy 2 entries
J186 | 0+493.2 Gneiss 99 81 - - >2 - Fresh Rough, wavy Single entry
J187 | 0+494.1 Gneiss 103 | 79 - - 0.7 - Fresh Rough, wavy Single entry
J188 | 0+495 Gneiss 97 64 0.5 - 0.8 - Fresh Rough, wavy 2 entries
J189 | 0+495.9 Gneiss 267 | 42 - - 14 - Fresh Rough, wavy Single entry
J190 | 0+498.4 Gneiss 290 | 44 - - 2 - w1 Rough, wavy Single entry




Joints characteristics of Adit 5

No. Cha(ianag Lithology DD |DA Sp?::;\g Ap();r;c#)re Pers(irs]:;ency Infilling Weathering Roughness Remarks
J191 | 0+500.3 Gneiss 269 29 - Tight 1.7 No Wi Rough, undulating Single entry
J192 | 0+501.5 Gneiss 225| 28| 0.15-0.20 Tight 1 No Wi Rough, undulating 3 enries
J193 | 0+511.5 |  Gneiss 198 | 65 - Tight 1.8 No W1 Rough, undulating Single entry, Zzﬂ;w weathering
J194 | 0+511.6 Gneiss 275 22 - Tight >8 No Wi Rough, undulating Single
J195 | 0+529.5 Gneiss 286 76 - Tight 1.5 No Wi Rough, undulating Single
J196 | 0+532.7 Gneiss 283 83 - Tight >3 No Wi Rough, undulating Single
J197 | 0+533.8 Gneiss 12 80 - Tight 0.7 No w1 Rough, undulating Single
J198 | 0+541.8 Gneiss 254 78 - Tight >3 No w1 Rough, undulating Single
J199 | 0+542.7 Gneiss 274 62 0.4 1 1 Silty Material w1 Rough, undulating 2 entries
J200 | 0+543.8 Gneiss 283 66 0.1-0.2 Tight 1.2 No Wi Rough, undulating 5 entries
J201 | 0+549.9 Gneiss 95 81 - Tight 2 No w1 Rough, undulating Single entry
J202 | 0+551.1 Gneiss 102 | 83 - Tight 19 No W1 Rough, undulating Single entry
J203 | 0+572.2 Gneiss 80 61 - Tight 2 No Fresh Rough, undulating Single entry
J204 | 0+572.5 Gneiss 289 51 - Tight 1 No W1 Rough, undulating Single entry
J205 | 0+578.5 Gneiss 251 | 36 - Tight 1.3 No Fresh Rough, undulating Single entry
J206 | 0+580.3 Gneiss 291 | 53 0.12 Tight 15 No Fresh Rough, undulating 2 entries
J207 | 0+587.7 Gneiss 100 | 78 0.6 Tight 12 No w1 Rough, undulating 2 entries
J208 | 0+589.3 Gneiss 275 | 37 - Tight 1 No Fresh Rough, undulating Single entry
J209 | 0+590 Gneiss 251 | 63 - Tight 0.9 No Fresh Rough, undulating 3 entries
J210 | 0+590.5 Gneiss 278 55 0.25 Tight 2 No Fresh Rough, undulating Single entry
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