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Figure 7.2.2
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Vientiane Plane

Source: Nam Ngum 1 Hydropower Station Extension Feasibility and Engineering Study (Lahmeyer, 1995); partly correction
(original geological map is from [IDMG, 1989)
Figure 7.2.2 Regional Geology
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Figure 7.2.4

Prepared by JICA Survey Team
Figure 7.2.4 Location of Drill Holes

1)

Table 7.2.1 Table 7.2.3
Nippon Koei, 1972-1

Nippon Koei, 1972-2
1995
FS Al Ad

JICA 7-5 22 1



Table 7.2.1 List of Geological Drawings

Area type reference remarks
. . As Built Drawings
Dam Site area Geological Plan (Nippon Koei, 1972-2)
. . FS report
ditto Geological Plan (Lahmeyer,1995)
. . . As Built Drawings .
ditto Geological Sections (Nippon Koei, 1972-2) 37 sections
. . As Built Drawings
ditto Foundation Sketch (Nippon Koei, 1972-2) obscure
ditto Log of Inspection Adits (Logs are not left.) 2 in each abutment
. . . As Built Drawings . . .
Spillway Geological Section (Nippon Koei, 1972-2) included in dam sections
ditto Foundation Sketch As Built Drawings

(Nippon Koei,1972-2)

Power House

Geological Sections

As Built Drawings
(Nippon Koei,1972-2)

24 sections,
sound rock line

Diversion Tunnel

Geological Profile

Completion Report
(Nippon Koei,1972-1)

Prepared by the JICA Survey Team

Table 7.2.2 List of Existing Investigation Drillings

drill hole No. length  elevation inclination direction location coordinates stage remarks
(m) (degree)  (degree) E N
D-DX-By 1 ot dam site 'II_'ggtS :ersi Irl(s)talrinl
P-,Q-,S- (respective) 90 (N/A) ' (respective) (respective)  [construction - - .
1,714 powerhouse written in completion
total 94 holes
report
XA1/1 30 178.192 90 (N/A) | A1l option 18,240,899 2,051,670 FS,1995
XA1/2 25 177.498 90 (N/A) | A1l option 18,240,855 2,051,663 FS,1995
XA4/1 30 177.108 90 (N/A) | A4 option 18,240,930 2,051,522 FS,1995
XA4/2 25 177.169 90 (N/A) | A4 option 18,240,913 2,051,521 FS,1995
XA4/3 25 177.102 90 (N/A) | A4 option 18,240,894 2,051,527 FS,1995 |20m very weak rock

Prepared by the JICA Survey Team

Table 7.2.3 List of Investigations for the construction materials

Coordinates are revised by the topographic survey carried out in this study.

type number geology place reference material
- . . a few kirometers upstream of [ Completion Report
Drilling 30 holes | Nam Lik alluvium the confluence (Nippon Koei.1972-1) sand and gravel
. . . . Completion Report .
Test Pit 13 pits ditto ditto (Nippon Koei.1972-1) ditto
. . . . FS report .
Test Pit 2 pits ditto ditto (Lahmever.1995) ditto
Prepared by the JICA Survey Team
2)
B2
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Al

Al

D2

Table 7.2.4 List of Geological Mapping and Drawings Prepared in This Study

area type output remarks
. . Appendix
Dam Site Area Outcrop Mapping *Outcrop Map"
. . Drawing revision
ditto Geological Plan "Geological Plan" _|(integration of all investigation results )
Water Way Geological Profile Figure 7.2.14-19 all alternatavive options

New Power House

Geological Section

"Geological Section"

Drawing

optimum option(Al) only

Prepared by the JICA Survey Team

Table 7.2.5 List of Investigation Drillings Carried Out in This Study

drill hole length elevation inclination direction location coordinates stage in-situ test
No. (m) (m) (degree) (degree) E N
JCA1 | 20 | 177206 90 | (NIA) |Aloption| 182408727 | 20516633 |preparatory survey,2009 |Standard Penetration Test
water pressure test
JCB-1 25 | 177.689 90 (N/A) | B2 option| 18,240,810.6 2,051,466.8 |preparatory survey,2009 [Standard Penetration Test
JCB-2 25 | 204.893 90 (N/A) | B2 option| 18,240,869.3 2,051,458.8 |preparatory survey,2009 [Standard Penetration Test
JCD-1 25 | 176.887 90 (N/A) | D2 option| 18,240,736.2 2,051,800.3 [preparatory survey,2009 |Standard Penetration Test
jcD-2 | 55 |224777| 90 | (NIA) |D2option| 182409380 | 2051,859.8 |preparatory survey,2009 |Standard Penetration Test
water pressure test

Prepared by the JICA Survey Team

Table 7.2.6 List of Laboratory Tests Carried Out in This Study
test name JCA-1 JCB-1 JCB-2 JCD-1 JCD-2
nos. nos. nos. nos. nos.
Specific Gravity and Absorption test 2 2 2
Unconfined Compression Strength test 6 0
Splitting Tensil Strength test 6 0
Prepared by the JICA Survey Team
®3)
1)
3
Table 7.2.7
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Table 7.2.7 Rock Mass Classification in This Study

Weathering
slightly weathered, moderately weathered completely
unweathered weathered,
MODERATELY HIGHLY
conglomerae|  SANDSTONE | WEATHERED | WEATHERED
g SANDSTONE SANDSTONE
Lithology
?ﬁiigonle' CRESH MODERATELY HIGHLY
cla stoné MUDSTONE WEATHERED WEATHERED
s)r/wale ' MUDSTONE MUDSTONE

Prepared by the JICA Survey Team

45 90

a Fresh Sandstone

30cm
5-10m

b Moderately Weathered Sandstone
10cm

¢ Highly Weathered Sandstone

10cm
Moderately Weathered Sandstone
Highly Weathered Sandstone

Nippon Koei, 1972-1

JICA 7-8 22 1



a Fresh Mudstone

10-20m

b Moderately Weathered Mudstone

10cm
Highly Weathered Mudstone

¢ Highly Weathered Mudstone

10cm

2)
Figure 7.2.3 Nam Xan
Phou Khao Khoay
(Lahmeyer, 1995)
45 65
55 60 S75W
W
3)
1995 FS Ad XA4/3 20m

15 m

(4)
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1)

Table 7.2.8
Figure 7.2.5

UW: Unwecathered
SW: Slightly weathered
MW : Moderately weathered
HW : Highly weathered
CW: Completely weathered
Prepared by the JICA Survey Team

Figure 7.2.5 Point Diagram of Specific Gravity and Total Unit Weight

Table 7.2.8 List of Specific Gravity and Total Unit Weight

Prepared by the JICA Survey Team
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2)

1972-1

Figure 7.2.6

Nippon Koei,
Table 7.2.9

a Sandstone

o Mudstone

UW: Unweathered

Uw

SW

MW

weathering

HW Cw

Source: based on the completion report (Nippon Koei,1972-1)

Figure 7.2.6 Point Diagram of Young’s Module of Dam Foundation Rock

Table 7.2.9 List of Loading Test of Dam Foundation Rock

SW: Slightly weathered
MW : Moderately weathered
HW: Highly weathered
CW: Completely weathered

Rock condition Diemeter | Max load Creep under Total.testing Total Load of failure Young's moduls executed
Max load time settlement year
(geology) (feature) (weathering) (cm) (kgffem2) | (mm) (hr) (hr) {mm) (kegffem2) (kgffem2) | (Mpa)
Sandstone fresh SW 350 104.1 0.214 | 22:58 26:35 1,320 no failure 41,000 4,184 1960's
Sandstone weathered MW 350 72.9 0210 |22:31 25:42 1,450 no failure 21,000 2,143| 1960's
Sandstone weathered MW 350 83.3 0343 |23:10 26:35 2,912 no failure 19,000 1,939 1960's
Sandstone weathered MW 350 83.3 0307 |46:00 49:25 3,185 no failure 15,000 1,531 1960
Sandstone seriously weathered HW 350 83.3 0641 |22:10 25:35 7.610 no failure 9,000 918| 1960's
Mudstone fresh, shale SW 350 78.1 0.349 | 20:20 117:05 3,381 no failure 12,000 1,225 1960's
Mudstone decomposed, stiff clay W 350 23.9 - - 141:10 50.8 16.7 - -
Source: based on the completion report (Nippon Koei,1972-1)
3)
Table 7.2.10
Nippon Koei, 1972-1
Table
7.2.11
Table 7.2.10 Mechanical Strength of Dam Safety Design for Nam Ngum 1

Bearing capacity of foundation rock 400 tons/m? 3.92 MPa

coefficient of internal friction 0.65 33 degree

shear resistance 200 tons/m? 1.96 MPa

Source: based on the completion report (Nippon Koei,1972-1)

JICA 7-11 22 1




Table 7.2.11 Mechanical Strength Estimated with Unconfined Compressive Strength and
Tensile Strength

Prepared by the JICA Survey Team

Figure 7.2.7 Table 7.2.12

1995 No20
Figure 7.2.8 Table 7.2.13

Mudstone Sandstone

UW: Unweathered

SW: Slightly weathered
MW : Moderately weathered
HW: Highly weathered
CW: Completely weathered

Source: based on (Nippon Koei,1972-1) and (Lahmeyer, 1995

Figure 7.2.7 Point Diagram of Unconfined Compressive Strength
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Table 7.2.12 List of Unconfined Compression Test

Source: based on (Nippon Koei,1972-1), (Lahmeyer, 1995) and Appendix

UW: Unweathered

SW: Slightly weathered
MW : Moderately weathered
HW: Highly weathered
CW: Completely weathered

JICA

7-13

22 1



Source: based on (Lahmeyer, 1995)
Figure 7.2.8 Point Diagram of Unconfined Compressive Strength of Dam Concrete

Table 7.2.13 List of Unconfined Compression Test on Dam Concrete

Source: based on (Lahmeyer, 1995)

i)

Figure 7.2.9
Table 7.2.14 (Fresh) Slightly Weathered

UW: Unweathered

SW: Slightly weathered
MW : Moderately weathered
HW: Highly weathered
CW: Completely weathered

Prepared by JICA Survey Team
Figure 7.2.9 Point Diagram of Splitting Tensile Strength
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Table 7.2.14 List of Splitting Tensile Strength Test

Prepared by the JICA Survey Team

i) N

Table 7.2.15
Table 7.2.15 List of Standard Penetration Test
Prepared by the JICA Survey Team
4)
Figure 7.2.10
Table 7.2.16
unweathered moderately weathered

JICA
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UW: Unweathered

SW: Slightly weathered
MW: Moderately weathered
HW: Highly weathered
CW: Completely weathered

Source: based on (Lahmeyer, 1995))

Figure 7.2.10 Point Diagram of Lugeon Value

Table 7.2.16  List of Water Pressure Test (Lugeon type)

Source: based on (Lahmeyer, 1995)

(kgflem2) (kgflcm2)

JICA

7-16
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5)

Table 7.2.17 4
Table 7.2.18

Figure 7.2.11 80cm
1m 1 2kg

Table 7.2.17 Criterion on Curtain Grouting

Zone depth width | max. limit for determining intermediate hole
pressure total cement cement / 1m
no. (m) (m) |(kgficm?2) (kg) (kg/m)
zone | 0 4 4 1 50 12.5
zone |l 4 10 6 2 80 13.3
zone Ill 10 20 10 4 100 10.0
zone IV 20 30 10 8 150 15.0

Source: based on the completion report (Nippon Koei,1972-1)

Table 7.2.18 Total Cement Injection on Curtain Grouting

Source: based on the completion report (Nippon Koei,1972-1)

2nd O
wivet Ot % f K w %
1st .ﬁ). (@) (@)

im

Source: based on the completion report (Nippon Koei,1972-1)
Figure 7.2.11 Pattern of Grout Hole Arrangements
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Figure 7.2.12

Figure 7.2.13

JCA-1
@ Vi Drill Hole  (2009)

Drill Hole (1995)

Prepared by the JICA Survey Team
Figure 7.2.12 Geological Plan
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Eatal Long Cut Slope Mudstone Sections Seepage along
ata in Basement Rock Sandstone strata
Geology —
existing structure new structure new structure temporal closure
fault, toe of side of behind generator / | . outlet
- - tunnel inlet portal
landslide dam spillway | power house power house portal
Al,A2 - O O - - O - O
A4 - O] - - O O] - O
B2 - - - O O O - O
D2 - - - O] O O] O ©)]

Prepared by the JICA Survey Team
Figure 7.2.13 Geological Matters on Each Alternative Options

1)

Al

“O” indicates the requirement of countermeasures.

Figure 7.2.14

JICA
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0 50m
I I | L
Prepared by the JICA Survey Team
Figure 7.2.14 Geological Profile (A1)
Figure 7.2.15
55
(a) Sliding Failure (b) Buckling Failure, Toppling Failure
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Figure 7.2.15

Slope Failure Types

2)
Figure 7.2.13 Al
B2 D2
Al Figure 7.2.15 @
Ad B2 D2
Ad
D2
Figure 7.2.16 Figure 7.2.18
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0 50m

Prepared by the JICA Survey Team
Figure 7.2.16 Geological Profile (A4)
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Prepared by the JICA Survey Team
Figure 7.2.17 Geological Profile (B2)

0 50m
I T T T B
Prepared by the JICA Survey Team
Figure 7.2.18 Geological Profile (D2)
(6)
Nam Lik
(Nippon Koei,1972-1) 1995 FS
(Lhameyer,1995) 3 4 km

VATSANA PONGPANYA ABORBROCK BEACH COMPANY
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