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Photo 6.1 1994GLOF (1/4) Punakha (View from Downstream)

Photo 6.2 1994GLOF (2/4) Punakha - Wangdi (View from Downstream)



Photo 6.3 1984GLOF (3/4) Wangdi (View from Downstream)

Photo 6,4 1994GLOF (4/4) Wangdi Bridge (View from Right Bank)
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Table 7.1

1) Field Investigation

Summéry of Geological Investigations for Foundation Rocks

Quantity

(thin section)

Item Unit Investigator Remarks
Aerial Photo Interpretation km’ 10JICA Study Team
Site Reconnaissance km? 1JICA Study Team
Drilling h;)nle : 7601.3(;;31;?%1 Survey of
Geotechnical Logging hoe BJICA Study Team
. m 760.0
Long Term Water Level hole 3 .. ..
Measurement time 24 ivision of Power
Pegmeability Test ?ii:: . 4?&?313?03] Survey Of.
Seismic Prospecting line ' 1Olkelwamg Consultancy
: m 4,000
2) Laboratory Test :
Item Unit Quantity Investigator Remarks
Density Sample 20Division of Roads.
Specific Gravity and Water | o, 1 20Division of Roads
Absorption _
Water Content Sample 20Division of Roads
Uniaxial Compression Test Sample 20Division of Roads
Petrographic Examination Sample 10JICA Study Team




Table 7.2

1) Field Investigation

Summary of Geological Investigations for Concrete Aggregates

Item Unit Quantity Investigator Remarks
Pit Excavation pit 4Division of Roads
m 6.0
Pit Logging pit HICA Study Team
m 6.0
, pit 4 . .
Sampling sample 4Dlvnsmn of Roads
2) Laboratory Test
Item Unit Quantity Investigator Remarks
Spemﬁc_ Gravity and Watg sample 4Division of Roads
Absorption : . :
Abrasion Loss sample 4Division of Roads
Soundness sample 4D1ivision of Roads
Sieve Analysis sample 4Division of Roads
Fineness Modulus sample 4Division of Roads
Alkali-aggregate Reactivity sample 4JICA Study Team
Petrographic Examination -
(X-ray diffraction method) sample 4JICA Study Team
Table 7.3  Summary of Geological Investigations for River Deposits
Item Unit Quantity Investigator Remarks
Pit Excavation pit 1 ivision of Roads |
m 1.5 '
. . pit 1 ‘ '
Pit Logging JICA Study Team
m 1.5 .
. ' ||
Sampling pit Division of Roads
sample 1 .
Sieve Analysis sample 1Division of Roads
Petrographic Examination
(X-ray diffraction method) sample IYICA Study Team




Table 7.4  Details of Drilling Investigation

Hole |Length Incl::]a:itlon Elevation Coordinates Permeability Remarks
No. | (m) | Lot tion (m) | Nosthing (X) | Easting (Y) |  Test

DD-01 60.00 907 1,145.873{1,073,183,854{2,734,299.387 9

DD-02 30.15] 60°, N6O'E| 1,145.873|1,073,183.854(2,734,299.387 None|

HD-03 60.00 907 1,106.602(1,073,158 971]2,734,256.509 None

DD-04 50.00 . 90° 1,101,393(1,073,118.698|2,734,187.112 17

DD-05 60.00] 60°, N60'E| 1,101.393/1,073,118.698|2,734,i87.112 None

DD-06 | 80.00 907 1,129.499/1,073,037.539(2,734,204 415 15

DD-07 100.00 90°| 1,187.070(1,073,072.552|2,734,128.125 None

DD-08 50.20| 60", S70°W| 1,187.070[1,073,072.552{2,734,128.125 None

DB-01 50,05 60°, N60O°E| 1,147.473|1,073,270.738|2,734,251.427 None

DP-0] 180.10 90° 1,070.575(1,066,305.563|2,737,235.033 None

DQ-01 10.00 . 50° - - - None|

DQ-02 | 10.00 90| - - - None

DQ-03 10.00 90° - - - None

DQ-04 10.00 ' 90° - - - None

14holes  760.0M - 41 tests

Table 7.5  Water Pressure Pattern for Permeability Test in Drill Holes

Depth from rock surface Water Pressure

to the center of the testing section (kgf/cm?)
Less than 5m 1-2-3-2-1

5to 10m 1-3-5-3-1

More than 10m 1-5-10-5-1

Table 7.6  List of Seismic Prospecting Lines

Location Line No. |Length (m) Remarks
SD-1, SD-2 285.0
Dam o 'SD-3 300.0
. SD-4 300.0
Intake SD-5 115.0
SP-1 1,000.0
Powerhouse SP-2 300.0
SP-3 500.0
SP-4 400.0
. SA-1 300.0
prdit SA-2 300.0

total 10 lines 4,000.0m




Table 7.7  List of Core Samples
Location |Sample No. |Hole No. Sampling Depth (m) Rock Type
from To
DD-1-01 DD-1 16.40 16.60Gneiss
DD-1-02 DD-1 16.60 16.85Gneiss
DD-1-03 DD-1 18.50 18.80Pegmatite
DD-1-04  DD-1 32.20 32.50Gneiss
bam DD-1-05 DD-1 50.10) . 50.50Gneiss
DD-5-01 DD-5 16.05 16.35Gneiss
DD-5-02  DD-5 21.00 21.30Gneiss
DD-5-03 DD-5 21.30 21.70Gneiss
DD-5-04  IDD-5 21.70 22.00Gneiss
DD-5-05  IDD-5 36.00] - 36.30Gneiss
DP-1-01 DP-1 39.60 39.90Gneiss
DP-1-02 DP-1 44,25 44 50Pegmatite
DP-1-03 DP-1 55.20 55.50Pegmatite
DP-1-04 DP-1 62.30 62.50Pegmatite
DP-1-05 DP-1 68.40 68.70Migmatite
bowerhouse DP-1-06 DP-1 74.70 74.90Migmatite
DP-1-07 DP-1 . 77.50 77.80Gneiss
DP-1-08  [DP-1 96.40|  96.60Gneiss
DP-1-09  IDP-1 118.30] . 118.50/Gneiss
DP-1-10 DP-1 154.70| 155.00Gneiss
DP-1-11 DP-1 15850/ 158.80Gneiss
DP-1-12 DP-1 168.60 168.85Gneiss
total 22 samples|
Table 7.8 List of Laboratory Tests on Core Samples
Quantity (sample) Testin
ftem Dam [Powerhouse| Total Standargd Remarks
Density 9 12 20iSRM
i‘;‘;‘(’)‘;&g"‘“w and 9 12l 20ASTMC97
'Water Content 9 12 20ASTM D2216
Compression Strength 9 12 20/ASTM D3148
Petrographic
Examination 5 5 10ASTM C295
(thin section) '




Table 7.9  List of Pit
Location | Pit No. [Depth (m)| Remarks
QP-2 1.5
QP-3 1.5
Quarry QP-4 s
Qp-5 1.5
total 4pits 6.0m

Table 7.10  List of Samples for Concrete Aggregate Tests

Location | Sample No. | Pit No. Depth of Sampling (m) Remarks
. From To
QP-2-01 QP-2 0.5 1.5
QP-3-01 QP-3 0.5 1.5
Quarty e a1 QP4 05 1.5
QP-5-01 QP-5 0.5 1.5
total 4samples

" Table 7.11 List of Laboratory Tests on Concrete Aggregates

Quantity

Item Testing Standard Remarks
(sample)

Specific Gravity and
Water Absorption 4ASTM C127, C128
Abrasion Loss 4ASTM C535, C131
Soundness 4ASTM C88
Sieve Analysis 4ASTM C136
Finess Modulus 4ASTM C117
Alkali-aggregate 4Equivalent of ASTM €289
Reactivity .
Petrographic Examination
(X-ray diffraction 4ASTM C295
method) -




Table 7.12

Item and Quantities of Investigations for River Deposits

Item Unit Quantity Remarks
. : Pit H
Pit Excavation v, x
Sampling Sample 1
Sieve Analysis Sample 1
Petrographic Examination
(X-ray diffraction method) Sample I

Table 7.13  Summary of Laboratory Test Results on Rock Cores (Dam)

Location Dam
Rock Type Gneiss | Pegmatite
Average 2.80 2.74
Dglfslgt Minimum 272 -
( glcma)), Maximum 2.89 -
Number of Data 8 1
f;verag__g o 2.81 2.74
SSL‘;}‘;‘:’" Minimum 274 -
(g/cm%f Maximum 2.90 -
Number of Data .. 8B 1
Average 2.67 2.51
Specific Minimum 2.58 -
Gravity Maximum 2.75 -
Number of Data 8 1
Average 1.56 2.64
Water' Minimum 1.60 -
Absorption ;
(%) Maximum 2.22 -
Number of Data 8 1
Average 0.43 0.27
Water \inimum 0.14 -
Content -
(%) Maximum 0.61 -
Number of Data 8 i
~ Average 322 351
Compressive IMinimum 317 _
Strength :
(kgf/cmz) Maximum 577 -
Number of Data 8 1




Table 7.14  Rock Mass Classification by CRIEPI

Rock
Class

Description

The rock mass is very fresh, and the rock forming minerals and grains undergo
neither weathering nor alteration. Joints are extremely tight and their surfaces
have no visible sign of weathering. Sound by hammer blow is clear.

The rock mass is solid. There is no opening joint and crack (even of lmm). But
rock forming minerals and grains undergo a little weathering and alteration in
partly. Sound by hammer blow is clear.

CH

The rock mass is relatively solid. The rock forming minerals and grains undergo
weathering except for quartz. The rock is contaminated by limonite, etc. The
cohesion of joints and cracks is slightly decreased and rock blocks are separated
by firm hammer blow along the joints. Clay minerals remain on the separation
surface. Sound by hammer blow is a little dim.

CM

The rock mass is somewhat soft. The rock forming minerals and grains are
somewhat softened by weathering, except for quartz. The cohesion of joints and
cracks is somewhat decreased and rock blocks are separated by ordinary hammer
blow along the joints. Clay minerals remain on the separation surface. Sound by
hammer blow is somewhat dim.

CL

The rock mass is soft. The rock forming minerals and grains are softened by
weathering. The cohesion of joints and cracks is decreased and rock blocks are
separated by soft hammer blow along joints. Clay minerals remain on the
separation surface. Sound by hammer blow is dim.

The rock mass is remarkably soft. The rock forming minerals and grains are
softened by weathering. The cohesion of joints and cracks is almost absent. The
rock mass collapses by light hammer blow. Clay minerals remain on the
separation surface. Sound by hammer blow is remarkably dim.

Table 7.15  Shear Strength by Rock Class

Rock Class | Cohesion (kgf/cm?) Igt!f;?jl(g:giz:;

CH 20~40 40~55
CM i10~20 30~45
CL less than 10 15~38




Table 7.16  Estimated Depth of Foundation Excavation at Dam Site

Estimated Depth of
Foundation Excavation
Hole No. [judging from drilled cores] Remarks
(m)
DD-1 - 12.6
DD-2 9.8 '
DD-3 unknown | Alluvium
DD-4 12.0
DD-5 51.6
DD-6 34.0
DD-7 19.0
DD-8 29.0




Table 7.17 Summary of Laboratory Test Results on Rock Cores (Powerhouse)

Location Powerhouse
Rock Type Gneiss | Pegmatite | Migmatite
Average 2.70 2.53 2.64
Dry  Minimum 2,58 2.29 2.62
Density :
(g/cm®) Maximum 2.82 2,70 2.65
Number of Data 7 3 2
Average 2,73 2.54 2.66
SSL“;:;? Minimum 262 2.30 2.64
(g/cm”) Maximum 2.87 2.70 2.67
umber of Data 7 3 2
_Average 2.47 2.61 2,75
Specific ~ Minimum 1.90 2.55 2.70
Gravity ~ Maximum 2.70 2.71 2.79
Number of Data 7 3 2
Average 1.37 1.68 0.90
Ab‘;ﬁfion Minimum 70.60 1.61 0.80
(%) Maximum 221 1.81 1.00
" Number of Data 7 3
Average 1,06 0.33 0.67
C‘m‘:;t Minimum 0.13 0.11 0.56
(%) Maximum 1.82 0.76 0.77
Number of Data 7 3 2
~ JAverage 411 914 1,080
C";‘r%‘:;f;"e Minimum 264 686 1,008
(kgf/cmz) Maximum 589 1,239 1,152
Number of Data 6 3 2
Pulse f{,‘;‘)‘“” Wave  hoz~a49 - .
Velocity Secondary Wave
(km/sec) (Vs) 1.89 - -

-



Table 7.18  Summary of Laboratory Test Results on Concrete Aggregate

Item Result Remarks
Average 2.45
Specific Gravity Minimum 2,011
(coarse aggregate) Maximum 2.64
Number of Data 4
Average 254
Specific Gravity Minimum 2.47
(fine aggregate) Maximum ] 2,61
Number of Data 5
: Average 1.5 B
Water Absorption Minimum 1.4
(%) Maximum 1.6
Number of Data 4 o
Average 36.5
Abrasion Loss Minimum 33.0
(%) Maximum 41.0
Number of Data 4
Average 2.0
Soundness Minimum 1.4 B
(%) Maximum 3.0
Number of Data -4
Average 3.73
Fineness Minimum 2.80 -
Modulus Maximum 4.16
Number of Data 4
Alkali-aggregate [Result Innocuous
Reactivity Number of Data 4

Table 7.19  Result of Investigations on River Deposits

Item Result | Remarks
Fineness Result 4.04
Modulus Number of Data 1
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Fig. 7.1 Block Diagram of Seismic Prospecting



Legend

12:Thimphu Formation migmatite and biotite-granite gneisses with thin beds
of quartzite, mica schist, calc-silicate rocks and
marbles

13:Thimphu Formation individual limestone beds

14:Thimphu Formation amphibolite dykes/sills

18:Tirkhola Formation bedded quartzites and phyllitic quartzites, locally

limestone

Fig. 7.2 Regional Geological Map of the Project Area

(after ESCAP (1991): Atlas of Mineral Resources of the ESCAP'Region, Vol.8 Bhutan)
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Legend

migmatite and biotite-granile gneisses with thin beds
of quartzite. mica schist. cale-siticate rocks and
marbles

individual limestone beds

amphibolite dykes/sills

bedded quartzites and phyllitic quartzites. locally

limestone

Fig, 7.2 Regional Geological Map of the Project Area

(after ESCAP (1991): Atlas of Mineral Resources of the ESCAP Region, Vol.8 Bhutan)
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