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1. INTRODUCTION

The Nam Ngum River is one of the major tributaries of the Mekong River
which forms the border between Laos and Thailand in this area. The Nam Ngum
River originates on the Tran Ninh Plateau, north of Xeong Khuang, and after
flowing past both dam sites, joins the Nam Lik River and flows into the Mekong
River about 100km downstream of Vientiane. The Nam Ngum 2 Hydroelectric
Power Project (NN2 HPP) is located approximately 90km north of Vientiane in
central Laos and approximately 35km upstream of existing Nam Ngum 1
reservoir.

Nam Ngum 2 Power Company Limited (NN2PC), the client, agreed to make
a contract with Ch. Karnchang (Lao) Company Limited as the EPC contractor to
design, engineer, manufacture, supply, install, procure, construct, test and
commission a 615MW (3 Nos. of 205MW turbines) hydroelectric power plant.

The NN2 Concrete Face Rockfill Dam (CFRD) has the lowest foundation
level at 199.0masl and the crest elevation at 381.0masl, which corresponds to the
dam height of 182.0m. The NN2 CFRD will be the second highest of CFRD in
SouthEast Asia.

The face slab is the primary water barrier of the NN2 CFRD, which consists
of concrete face slab poured on underlying extruded curb laid above support
zones of the rockfill body of the dam. Thus, the design and construction of face
slabs has to concentrate on watertightness and durability. Attention has been
paid to identification and control of crack development in the face slabs.
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Construction of NN2 CFRD has mainly divided into 5 stages for
embankment in order to corporate with face slab construction, which has divided
into two stages. The total volume of rockfill is approximately 10 million m?
whereas the total area of concrete face slab is approximately 88,000 m?.

The extensive instrumentations have been installed within rockfill
embankment and concrete face slab to assess the performance of NN2 CFRD.

2. DESIGN OF NN2 CFRD

The design of the CFRD has evolved empirically over 40 years. As
successful and unsuccessful experiences of previous CFRD projects, understood
and thoroughly discussed with the experts, so that the design of NN2 CFRD can
be assured.

The configuration of NN2 CFRD is illustrated in Fig. 1. The NN2 CFRD is
consisting of compacted rockfill found on a rock foundation, plinth, face slab and
wave wall. Outer slopes for upstream and downstream are defined as 1V:1.4H to
suit with available rockfill material. The rockfill materials are generally classified
into three designated zones as follows:

(1) Zone 1 (1A and 1B) is concrete face slab protection zone in the
upstream of face slab,

(2) Zone 2 (2A and 2B) is concrete face slab supporting zone in the
downstream of face slab, and

(3) Zone 3 (3A, 3B, 3C, 3D and 3E) is the rockfill zone, which is the major
part of the rockfill material.

The plinth is usually made of reinforced concrete, which connects the
foundation with face slab. The face slab is the primary water barrier of the CFRD,
which is poured on underlying supporting zone of the rockfill body of the dam.

Fig. 1 NN2 CFRD Dam zoning



The joints of face slabs are of importance for CFRD. The perimeter joint is
the most importance, since it connects between plinth and face slab. The vertical
and horizontal joints of the face slabs have to provide with sufficient deformation
in order not to cause disruption of the face slab.

2.1 DAM ZONING

The designation of the rockfill zones of NN2 CFRD, as shown in Fig. 1, are
adopted as suggested by ICOLD (2004). The NN2 CFRD dam zoning is further
validated by FEM. 2D and 3D FEM have been carried out to assess the rockfill
material properties in order to make use of available rockfill material at potential
quarry (IWHR, 2008). The non-linear properties employed in the 2D and 3D FEM
is determined based on large triaxial test (IWHR, 2007). The analyses results
revealed that the material properties for Zone 3C is of importance to deformation
of upper part of the face slab. Therefore, material property for this zone has to be
improved.

From 3D FEM analysis results, it is recommended to construct the rockfill
layer from upstream to downstream haorizontally. The purpose is to eliminate the
possible impacts of differential deformation of rockfill on the concrete face slab.
For retaining the first year's flood, the priority section is necessary. However, the
height difference from the top of the priority section to the downstream rockfill
should be limited. Normally, this height difference should not more than 40m. The
stage of dam embankment is finalized based on experiences and 3D FEM as
shown in Fig. 2.

2.2 DESIGN OF FACE SLAB

Design of NN2 CFRD face slabs begins with the selection of face slab
thickness, width and location of vertical and horizontal joints. Selection of face
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Fig. 2 NN2 CFRD Embankment construction stages



slab thickness is based on past experiences. Face slab widths are controlled with
respect to dam abutments as well as valley shape. Current guidelines used for
determining the thickness of face slabs for NN2 CFRD is reservoir head
dependent.

The minimum design thickness of the face slab is usually on the order of
0.3m with thickness varying with reservoir head, H, in accordance with the
following:

Face Slab Thickness, T (m) = 0.3 + 0.003H

From the practices of recent high CFRDs in the world, it is noticed that the
face slabs in the riverbed section may be subjected to high compressive stress if
the deformation of rockfill dam is not strictly controlled. To avoid the rupture of
concrete face slabs in the riverbed section, it is proposed to increase thickness of
the face slabs in the riverbed section. Considering the fact that the ruptures of
face slabs are happened in upper part of face slab, the increase of the slab
thickness could only be applied for the second stage face slabs. The thickness of
the first stage face slab is remain unchanged. The suggested starting thickness
at the top of face slab is 40cm. Thus, thickness of the face slab for second stage
face slab at riverbed section can be determined from

Face Slab Thickness, T (m) =0.4 + 0.00178H

Panel widths for the face slabs are typically classified into two categories.
Narrower panel widths (7.5m wide) are used where vertical joints are desired as
tension joints, which are located on the abutments. Wider panel widths (15.0m
wide) are used where vertical joints are treated as compression joints, which are
mostly located in the riverbed area.

For improving the performance of concrete face slab, double layers of
reinforcement is recommended with 0.4% of the gross area of the concrete face
slab for each way. The reinforcement is increased up to 0.5% in the area close to
the dam plinth.

2.3 PREVENTIVE MEASURES

Measures adopted to prevent rupture of face slab during design stage for
NN2 CFRD include following:

(1) Increase the thickness of the 10 central panels in second staged face
slab.

(2) The reinforcement is separated into two layers, top and bottom, in
both directions as opposed to the usual location in the center of the slab. The



stirrups against reinforcement buckling are also provided at the high compression
area.

(3) The additional reinforcements are employed for anti-spalling and
bending stress resistant at the face slab rims.

(4) Increase the face slab protection zone, Zones 1A and 1B to EL
+298.4 masl, which is about 50% of the dam height.

(5) The copper waterstops and mortar pad is outside the theoretical
thickness of face slab at compression joints.

(6) The height of the central loop of the copper waterstop is reduced to
keep the theoretical slab thickness at compression joints.

(7) Increase the compressible filler thickness from 10mm to 20mm at
compression joints.

(8) The conventional V-notch at the top of the face slab is eliminated at
compression joints.

3. CONSTRUCTION OF NN2 CFRD

3.1 EMBANKMENT CONSTRUCTION

Prior to commencement of embankment work, the river bed cleaning and
foundation improvement is required to achieve the competent foundation. The
main dam embankment has mainly divided into 5 stages to corporate with face
slab construction sequences, as shown in Fig. 2.

Stage 1: Constructed the rockfill embankment of 10m height from
downstream and left the area of 30m at upstream in order to construct the plinth
at river bed section.

Stage 2. Constructed the main dam embankment to accommodate the
construction of first stage face slab upto elevation 315 masl, which corresponds
to 115m in height.

Stage 3: This stage had to construct parallel with the construction of the
first stage first slab. Partial construction of the embankment at downstream
portion has been carried out by controlling the different height of embankment
between upstream portion and downstream portion of not more than 40m. This is
to control the differential settlement and stress in rockfill for upstream and
downstream.

Stage 4: After completion of the first stage face slab concrete, the upstream
portion has been embanked upto the wave wall foundation. Whenever complete
this stage, the second stage face slab started commencement. In parallel the
face slab protection zone, Zone 1A and 1B, have also been started in this stage.



Stage 5: After completion of the second stage face slab and the wave wall,
the last portion of embankment above the wave wall foundation will be
constructed.

The total volume of rockfill is approximately 10 million m®, which have been
completed within 20 months. The peak production of rockfill is 700,000 m* per
month, which have been transported by 25 units of 35 tons-off high way trucks
and 50 units of 15 tons trucks. The compacted rockfill has been controlled to
achieve the dry unit weight of more than 21.5 kN/m®. The 15 tons vibrating rollers
with 8 passes and with 150-200 liters/m? of rockfill for water sluicing have been
conducted to achieve the requirement. The 0.80m lift thickness of 3B and 3C
material has been employed depending on the maximum size of rockfill material.

3.2 FACE SLAB CONSTRUCTION

The total area of concrete face slab is approximately 88,000 m% The
concrete mix design of C25/38 has been developed for concrete face slab, which
is suitable for 2.0m long slip form. The concrete has been delivered by transit
mixer trucks and distributed into 4 chutes, which the pouring controlled speed is
2.0m per hour. The construction of face slab is divided into two stages, first and
second stage concrete face slab.

4. PERFORMANCE OF NN2 CFRD

The extensive instrumentations were installed within rockfill embankment
and concrete face slab. Instrumented data are reading and analyzed continuously
to assess the performance of NN2 CFRD during construction, during reservoir
impounding and in-service of the dam. The instrumentations installed for NN2
CFRD within rockfill embankment and concrete face slab are summarized in
Table 1.
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Table 1 Summary of instrumentations installed at NN2 CFRD

Location Instrumentation Quantity
Vibrating Wire Piezometer 35
Total Earth Pressure Cell 3
Probe inclinometer & Magnetic Settlement Gauge 3 sets
Distributed Fiber Optic Temperature (DFOT) 900 m.
Weather Station 1 set
Rockfill | Hydrostatic Settlement Cell 22
Fixed Embankment Extensometer 111
V-notch Measuring Weir 1
Strong Motion Accelerometer 1
Gauge House 5
Open Standpipe Piezometer 7
Probe Inclinometer on Faceslab 1
1 Dimensional Joint Meter 4
2 Dimensional Joint Meter 10
Face slab 3 Dimensional J_oint Meter 13
Electro Level (Tilt Meter) 23
3D Concrete Strain Gauge 27
Rebar Strain Gauge 27
Non Stress Strain Meter 7
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At the present stage, during construction, some instrumented data are
reading and analyzed continuously to assess the performance of NN2 CFRD. An
example of the performance derived from the monitoring results of hydrostatic
settlement cells, which are installed in the cross-section at left abutment, center
and right abutment, are illustrated as shown in Fig. 3 to 5 respectively. The
maximum settlement observed in the rockfill is 2.13m, approximately 1.15% of
the dam height, which appeared at central part of the dam towards downstream.
This performance is considered as normal, which is similar to previous high
CFRDs. According to the observed performance of NN2 CFRD during
construction, additional measure is adopted to prevent rupture of the concrete
face slab. The thickness of compressible filler material at compression joint is
adopted to increase to 30mm for five panels of second staged face slab in the
riverbed section.

5. CONCLUDING REMARKS

The design of NN2 CFRD is taken into consideration of recent experiences
of high CFRDs with comparative considerations of the numerical analysis results.
Some CFRD phenomenon can be explained by the numerical analysis results.

The dam zoning, face slab and joints are initially based on experiences
from recent high CFRDs. 2D and 3D FEM are employed to assess the NN2
CFRD behavior with some madifications of initial design. According to analysis
results, preventive measures are applied to prevent rupture of the concrete face
slab. The actual behavior of NN2 CFRD during construction is observed by
extensive instrumentations. During construction, modification of the design is
required according to the observed performance.

The project is expected to be completed by March 2011 and the
impounding is scheduled on March 18, 2010.
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Owner: Nam Ngum 2 Power Co., Ltc

. (NN2PC)

EPC Contractor: Ch. Karnchang Pu
Design Engineer: TEAM Group
Independent Engineer: Poyry
Location: Vientiane, Lao PDR
Construction Period: 5 years

Commissioning: November 2010
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EPC Contract Packages

Project Packages:

Package 1 Civil Works, Awarded to Ch. Karnchang (Lao) Co., Ltd.
Package 2A  Gates and Stop Logs, Awarded to Alstom, India

Package 2B  Steel Liners for Penstock, Awarded to Wheesoe, Malaysia
Package 3 Electro-Mechanical Equipt., Awarded to Mitsui-Toshiba, Japan

Package 4A Main Transformer and Switchgear, Awarded to Sri U Thong,
Thailand

Package 4B Transmission Line, Awarded to CERIECO, China

Package 5 Associated Works (Access Road and Permanent
Camp), Awarded to PT Construction Co., Ltd., Lao PDR 3
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Main Components

Reservoir

River Diversion Facility
Main Dam

Spillway

Power Waterway System
Powerhouse & Switchyard




Project Location and Suitability

Location e 35 Km. Upstream of Nam Ngum 1
e 95 Km. Northeast of Vientiane

Suitability e Large catchments - 5,640 km?2

e Topography - steep slope
e Geology - sandstone/siltstone

e Hydrology - 50 year records

e Rainfall - bet. 1,800 - 3,700 mm.
- average 2,510 mm.
e Inflow - bet. 4,000 — 9,500 MCM.

- average 6,270 MCM. 5
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Reservoir

Catchment Area = 5,640 km?

Average Annual Inflow = 6,270 MCM

Maximum Flood Level = 378.75 mas

Full Supply Leve = 375.00 mas

Minimum Operation Level = 345.00 mas

Reservoir Area at FSL =122 km?

Storage at FSL =0,/7/4 MCM

Storage at MOL = 3,780 MCM

Active Storage = 2,994 MCM ;
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River Diversion Facility
Design Flood during Construction = 3,850 cms
Diversion Tunnels (Two Tunnels)
Type : Concrete Lined-Horse Shoe Shape

Diameter =11.70 m.

_ength = 1,100 and 1,200 m.

nlet Level = 210.50 masl

Outlet Level = 209.10 masl
Cofferdams

Crest Level of U/'S = 255.00 masl
Crest Level of D/IS = 221.00 masl 11
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Spillway Type: Open Chute with Control Gates

Crest Level = 359 masl
Crest Length =51 m.

Radial Gates 3 sets = 16.9x15.0 m.
Chute Width =50 m.
Energy Dissipater = Flip Bucket
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Intake Structure: Front End Opening-
Shaft Type Control Structure

Inlet Sill Level = 320 masl
Stoplog 2 sets = 5.6x10.7 m.
Roller Gate 2 sets = 5.6x10.7 m.
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Headrace Tunnel:

Diameter
Length

Penstocks 3 nos:

Diameter
Length
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Concrete Lined-
Circular Tunnel

=10.7 m.
=460 m.

Inclined-Underground-
Steel Lined-Circular-Shaft

=5.35 m.
= 265 m.




/ Gate Shaft

Headrace Tunnel
/ (RC Liner)

Manifold
/ (Steel Liner)
Intake Structure Qg

Penstocks
(Steel Liner)

Power House

Power Waterway System i
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PH: Onground-Reinforced Concrete Structure

Finished Ground Level = 226.8 masl
Turbine: Vertical Shaft-Francis Turbine

Number = 3 Units

Rated Output = 3x215 MW

Generator: Synchronous

Number = 3 Units

Rated Output = 3x205 MW
GFE
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Type: Indoor-Gas Insulated Switchyard

Dimension = 10x50 m.
Finished Level = 242.3 masl
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Dam Type: Concrete Face Rockfill Dam (CFRD)

-
—

Narrow Valley A/h? = 2.66

Dam Slope V:H =114

Crest Level = 381 masl

Dam Height =182 m.

Crest Length =512 m.

Dam Width =518.80 m.

Plinth Width = 6.0-10.0 m.

Thickness of Face Slab = 0.30-0.83 m. .
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Design of Excavation

Design of Foundation Treatment
Design of Grouting Works
Design of Plinth

Design of Dam Embankment
Design of Face Slab

Design of Dam Crest

Design of Joints and Waterstops

Design of Instrumentations
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Wave Wall

— FSL 37300
UPSTREAM —

Face Slabyg-

CONCRETE FACE SLAB
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Foundation Excavation

Grouting

Foundation Treatment
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Design of Excavation

Plinth Area

» Excavate to slightly weathered rock or better

Dam Upstream Area

» Excavate to slightly weathered rock or better

» 1/6 of the foundation width or 0.5H, i.e., about 90m
Dam Central Area

» Excavate to moderately to slightly weathered rock or better
» End of U/S area to starting point of the D/S area
Dam Downstream Area

» Excavate to moderately weathered rock or better
» 1/3 of the foundation width, i.e., about 175m
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DAM AXIS
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Foundation Treatment Objectives
» Positive control of seepage beneath or around the plinth.

» Removal of unstable or unsuitable foundation material
from beneath the plinth and the body of the dam.

» Preparation of foundation surfaces to receive concrete,
filters and rockfill.

» Limiting differential settlements of the plinth, the face
slab and the perimeter joint.
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Acceptance Criteria
» Permeability < 5 Lugeons (5x10-" m/sec)

» Seepage Flow < 1% of full storage capacity
during dry season (972 liters/sec )

> Exit Gradient at Plinth < 14 for SS and 8 for SIS
> Exit Gradient at Dam Base < 1

EEEEEEEEEEEEEEEEEEEEE



Elevation, m.ASL

800~ NN2 HPP: SEEPAGE ANALYSIS

760

720 — Left Abutment

680 — Case A2 : Foundation Improvement with Curtain Grouting Extend to rock mass with 5 Lu
640

600 3

560 ¢

520 —
480 —
440 |
400~ "/ FSL + 375.000 m.ASL
360 (—
320/
280+
i
200 — Rock Layer 3
160 — Rock Layer 4
120 Rock Layer 5 i
49) :
40— '

Foundation Parameters Used for Seepage Analysis

G0 1Medium Permeability Soil ~ 1x10-4m/sec
~200— 2Pervious Rock 1x10-5m/sec
-240 3Rather-Pervious Rock 5x10-6m/sec
-280 4Semi-Pervious Rock 1x10-6m/sec
320 — 5Semi-impervious Rock 5x10-Tm/sec
-360 | : [
-400 — -
-440 |
-480
520
-1.69-1.61-1.53-1.45-1.37-1.29-1.21-1.13-1.05-0.97-0.89.0.81-0.73-0.650.57-0.49-0.41-0,33-0.25-0.17-0.08-0.010.07 0.15 0.23 0.31 0.39 0.47 0.55 0.63 0.71 0.79 0.87 0.95 1.03 1.11 1.19

Distance, m. (x 1000)

Seer
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Elevation, m.ASL

-520

— NN2 HPP: SEEPAGE ANALYSIS

— Left Abutment
— Case A2 : Foundation Improvement with Curtain Grouting Extend to rock mass with 5 Lu

Seepage Flow, Q
— ./ FSL + 375.000 m.ASL f 4 Curtain 8.3832E-05 m/sec/m
| |
|
|
|

Dam Body 8.7204E-06 m/sec/m
Foundation 7.3740E-05 m/sec/m

Ly

-1.69-1.61-1.53-1.45-1.37-1.29-1.21-1.13-1.05-0.97 -0.89-0.81 -0.73-0.65-0.57 -0.49-0.41 -0.33-0.25-0.17-0.09-0.01 0.07 0.15 0.23 0.31 0.29 0.47 0.55 063 0.71 0.79 0.87 0.95 1.03 1.11 1.18
Distance, m. (x 1000)
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DH-17

EH-1

-d—L'C
[~ -b
| -a
- B
|- C
lag- D
leat— R-2
|- R-h
[-a- R-c

LEFT ABUTMENT RIGHT ABUTKMENT

.DH-9

SFILLAAT

Heavily —

Fractured Zone DH-3 St N 2
—g g

)

.
=iy

-
vl

W) WOLLYATT

ELEWATICN {(m ASL )

%
-

e | -
RADIAL GROUT QURTAIN TO CIVERSICH TI El M ed I u m
e

160 |3 RIMGS WITH STASGERED HoLES

| PR S Fractured Zone
o]

13 CF RESERVOIR HEAD (FROPOSED)

MIMIMLM BOLMDERY CF GROUT CLRTAIN

Sandstone . . Interbeded layer

7 < A Sandstone/SiltStone

o9 w F b o i o o o ™
33 E 5 2 & & ] g # 2
Gl oF Zg H g b g E g E 4 &
et AUIS thrm) - ke i S i B % x B S S S 2
5% 3 5 5 5 5 H 5 z z z 3 3
CHAINAGE () 800 750 700 650 500 550 s00 = Es
FOLMDATICN H g H g H u G t c rt u 2 g g g
# k3 = ES 7 P & & -
e 3 : | g Design Grout Curtain : i :
CROUTIMNG
ARRANGENENT 177.32m 29.36m 126.97m 104.42m 130.50m
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U/S View D/S View
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Na nf DL
LT i

Tela nth
3. Wil 1 ll-

Plinth Function

» Connects the face slab to the foundation rock.

» Act as a grout cap during grouting.

» Provides a starting position for concrete face slab
slipforming equipment.

EEEEEEEEEEEEEEEEEEEEE



Wave Wallj |
382.50 ! 381.00 DAM CREST
FSL 375.00 Bl —

=
UPSTREAM 366.00
— Face SIaB 7

.
1.4
MOL 345.00

\ g
COMCRETE FACE SLAB

30.00 @

5.00

ASSUMED FOUNDATION
LEVEL

routing

GFE
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FACE REFERENCE PLANE

1.405
—_
1 |

PLINTH REFERENCE LINE

T=0.3+0.003H

EXTRUDED CONCRETE CURB

CONCRETE PLINTH \

EL.+199.000
——

el
—_r R R T T TR P T i T 2 R R R A Rt A A R R e X e N (T
I e e e e e R A S ISR e e AN I A Ly et T g :
1.554
0.10 MIN. THICK BACKFILL CONCRETE . 0.10 MIN. THICK
REINFORCED SHOTCRETE
External Plinth
PLINTH REFERENCE LINE ——=]
- 0.75 | 1.50 | 1.50 \ 1.50 | 1.50 | \l\
i D|E u‘ﬂ @ {‘5
(=] i=] [=} o [=]
g 8z 3= g2 g2
[ i} ‘6 o fin] DB25 @0.20
z z 2 = £
g ‘d > g ‘d
2 H ¢ = 2
H H 35" PNC PIPE CLASS 13.5 H
0.125 0.425 oB25 @0.20 0125 CAST IN CONCRETE 0.425 0.125
. — -— — —_ | —-— — -— DB25 @0.20
e
M H z M HIH HIM
o i 1 i 1 | T DB16 §0.20
R A 11 11 Il 11 A1
= I I I 1 I T ri
11 I Il [ I 4 2
1 —H 11 1 11 1 s
T T - S s — I e T ot D) Lt e s e S S T P i TR S PLL SC Y PSS D A N e AP T EC e o= T e T T 5 7
e e o A s e B B e e e B L e i L KM A ER LS S S M il
010 MIN. THICK |——0B25 GROUTED ANCHOR BAR
BACKFILL CONCRETE 3.00 MINIMUM INTQ RGCK
+ < + L wITHsPacmNG 150x 150 b 1
0.50 1.50 1.50 1.50 1.50 1.50
10.00 300
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Dl nth Nim mensi r\n
I 111G EZINNIGIEI DIV

» Constant Thickness =0.70m
> Total Plinth Width =6.0~-23.0m
» External Plinth Width = 6.0 m, 8.0 m and 10.0 m

EEEEEEEEEEEEEEEEEEEEE




H/L = 0.285RMR - 3.031

GFE  Total Plinth Width DeteHmINatant = -




Diinth Qtahilifyv
il vlaviiily

» Stability against Sliding -S.>15
» Stability against Overturning -~S.>1.3
» Stability against Wedge Sliding -S.>1.3

EEEEEEEEEEEEEEEEEEEEE
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[[JLIJLIJLi bt External Plinth

o

| External and Internal Plinth

GFE Plinth
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w VERTICAL WATER PRESSURE - e
x
7 HHHHHHHHHH BEREN
x
: /- e
£ | P
= —— INTERNAL PLINTH
3:‘ [ EXTERNAL PLINTH \
s < "
= m
o IN SITU ROCK FOUNDATION .  ROCKFILL | :ffp,
£ “ g
‘—ll‘ -_-J—-“
- %
| =
B Discontinuities
é,'x#
VERTICAL WATER PRESSURE cp“('%
A IR RN SRR RTR NSRS ARN NN
3 L] - \
g f \ /— INTERNAL PLINTH
g EXTERNAL PLINTH \ —
s [
F—:. = | =
Z ROCKFILL B
8 ... CONCRETE BACKFILL = -
- T I~ %
Ty T =
;_i JT?.’—;?_!_'I"r-;!l_jl _ \\ '.é
I Y O Y B N ;1—, — :
| # ‘ ] \( } r -

I Y O Y B B
N Y N O Y B

e Concrete Backfill
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2816

1271300 khim 25200 kN/m
1212.00 kM/m|

402,00 kNS/m

10.00 kM/m

Discontinuities

1.974

485,00 kim-48500 kMNim

AGD N0 LA e i
A00.00 ki 114.00 kMN/rm

500.72 kiNm l

3500.00 kiim?,__ 138 00 kMN/m
0.00 kNt

S55.67 khim,

550.00 KMim L 107 "7 i 528 khim
240,24 khirm1 540.73 khim

Concrete Backfill

Plinth A Member of |
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TRANSITION SLAD THICKNESS = 0.J0~0.40 m. A< ,—mmmlmmamnm.

MIN. SLAB THICKESS = 030 m. I I MIN. SUAB THIOWESS = 040 m. | 1 MIN. SLAB THIOKESS = 030 m.
17146 | 1500 | 15000 | 15.00 l 148,50
257 000
il _ ;040 _ e | I _ o™ _DAMAKIS /0 O30 ] P sl - ] j
AP
T T T T T T T T T
TIL| TIZ | TI| M4 | TAS | Ti6| TAF| T8 [TIS a (=] (=} (=3 (=3 (=} o (=] (=) f=i) cz 1 c T20 | TEN | TI2 | TN | 24| VIS | TG | T2T | T8 | V29 | TR | THI | T2 | VAR | VRS | TIS | THG | TIF | TIE | TI9|
50 =} 458 @ 100 = 21000 B P B [HEE B Sl
o My
00K VERTICAL COMARESSION JO|NT 4 WERTICAL TENSION JOINT L+ 34189 AF P2
14398 386
=L
R 545 EL+ 357000
L.+ 340,355 / p !
“
5
TR
CH 0+000.000

CH 04000000 {DAM AXIS)

D+021 BI7 (DAM AIS)

A=88,000 m? | w_-:

EL+3f7
-l

CH 04323 827

1 +311.353
-

ELoMaTI0
=f A

L-m.mf:

HOREPONT AL COMSTRUCTION ICINT Fo+ 243,400 L+ 297,45
-

s E £

NHorizantal Joint | 7/

e 529/

/
g
/ i ’
EL57H9 ! i ; 2
—= ! ‘
8 —
. ELs2ensts 4
(SRR /
pY &
s EL+238.504 Y asha T
= n J % = NOTES:
|5 o/ Jde = -
3 ™ 1 | o= / ge — LA AREIN ED.
o oy i 3 %
¥ SEE DETAIL["Y | / 3 ST 2, SLAD THICKNESS SHALL B CONFORMED TO T = 0,340,000 1, UNLESS OTHERWISE SPECIFIED,
= , —
m - r; = 0+
o2 = . ¥ 3. SLAB THICKNESS IN THES SPECIFIED AREA SHALL BE T = 04+0.00178 H
~ = i 4, STCTION Ak 15 SHOWN OGN DWG. WO NHG-P1-MD-222

LEGENDS : SYMBOLS :
5 = TENSION SLAB PANEL HOLS REIWFORCEMENT RATIO SHALL NOT
5 = COMPRESSION SLAB PANEL NO.S I:l BE LESS THAN 0.4% EACH WkY

55 = STARTER SLAB PANEL NOLS

REWFORCEMENT RATIO SHALL NOT
BE LESS THAN 0.5% EACH WAY
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EL. +382.500 (WITHOUT CAMEER)
RN S

D316 @ 0.20 (ADDITIONAL)
AN
REINFOYCEMENT RATIC —— \ W

€.20% (MINMUH) EACH WAY
ML +375.000

Face Slab \ o

2.20% (MINIMUM) EACH WAY %,

EL.+377.21C (WITHOUT CAMBER}
—

RENFORCEMENT RATIO
0.20% (MINIMUM) EACH WAY

EXTRUCED CONCRETE CLIRE

REINFORCEMENT RATID

CL20% (MINIMUMY EACH VAT
REIN-CRUEMEN] RATID

0.20% {MINDMUM) EACH WRY \\

SEE DETAIL""——,

EL+350.000 ! ;%/
e RETNFORTEMENT RATIO Zhs
Sk

0.20% {MINIMUM ) EMCH WAY
D320 & 0.20 (ADDITIONALY Y

0.20% (MINDMUM) EACH WAY

A BOND BREAGER:

T=04+ 02017 H

l E_i 293,400
| DB20 § 0.20 (ADDITIONALY g

REIN-ORCEMENT RATIO —————,
\ 0.20% (MINMUM) EACH WY \\

Horizontal Joint

FIRST STAGE CONCRETE FACE SLAB
CL+245.000 1_&0/
e
hd
REINFORCEMENT FATIO RETKFORCEMENT RATIO

0.20% [MINIMUMY EACH WAY .20 (MINIMUM) EACH WAY
H T-03- 0003y

.

EL+214.356 N N, o

REINFORCEMENT RATIO

RENFORCEMENT RATICH

REINFORCEMENT RATIO 0.20%. {MINTMUM) EACH WY
I n 2% (MINIMUM) EACH WAY
p \
0625 Q20 (ATDITIONA) —cre {X‘ EXTRUDED CONCRETE CURE
AN FopreMEnT 2T

nm (MIHIHUM] EACH WY
REINFORCEMENT RATIO
0.25% [MINIMLI} EACH WAY

— Perimeter Joint

(DACETE FXTERNAL FYINTH——

A Member of \
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Dam Zoning Designation

» Zone 1. Concrete Face Slab Protection Zone
» Zone 2. Concrete Face Slab Supporting Zone
» Zone 3: Rockfill Zone
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LEGEND (CAM ZONING)

SELECTED FINE GRAIMED SOIL

NON-COHESIVE SILT CR FLY-ASH, 1m’ /m

RAMNDOM FILL

PERIMETER ZONE FILTER — SANGY GRAVEL (PROCESSED ROGK) MAX. SIZE 19mm
DAM FACE BEDDING LAYER — SANDY GRAVEL {PROCESSED ROCK) MAX. SIZE 76mm

TRANSITION ZOME — SELECTED SMALL QUARRY RUN ROCKFILL

ROCKFILL — SOUND SANDSTONE
ROCKFILL — SANDSTONE WITH 30% MAX. HARD SILTSTOME OR MUGSTONE
ROCKFILL (DRAINAGE ZONE) — SELECTED SANDSTOME

¢ DM AXIS OVERSIZED ROCKFILL

LLLL LI
WEOEE®E®@E®E

382.50 381.00 DAM CREST
e FSL 375.00 sy =
UPSTREAM 366.00 DOWNSTREAM
e e

MOL 345.00

CONCRETE FACE SLAB

181.00

1.6 THICK CAP OF
\ ZONE 3B MATERIAL
\ IN 2 LAYERS

\ 230.00

RIVERBED)
20000 _ RVERBED  _
ASSUMED FOUNDATION
LEVEL
‘ ’ EXCAVATION TO SUIGHTLY WEATHEREL ROCK EXCAVATION TO SLIGHTLY EXCAVATION TO MODERATELY WEATHERED ROCK ]
‘ ¥ y TO MODERATELY WEATHERED ROCK ' -1
PLINTH ZONE i
EXCAVATION TO HARD,
NON-ERODIBLE,
SLIGTHLY WEATHERED TO
FRESH ROCK

Original
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Triaxial tests Compression
tests
No Rockfill materials 05 10 e 20
G3= . G3= . G3= . G3= .
MPa | MPa | MPa | Mpa | D7 | Saturated
1 Zone 2B (SS: 100%) v v v v v N
2 Zone 3A (SS: 100%) v v v v v v
S1:0%;
$S:100% v v v V \ v
3 Zone 3B SI15%
. o,
SS:85% v v v V v V
S1:30%:
SS:70% v v v V \ V
4 Zone 3C S1-45%,
. o,
SS:55% v v v v \ \

Note: Triaxial tests: 24 samples, compression tests: 12 samples
SI: siltstone; SS: sandstone
Compression tests: ¢, = 0.0~4.0MPa

52
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Duncan’s E-B Model Parameters

Materials (t/\r(gf‘) K K, n R, K, m (klga) ZIZ(; ?o(;’
Zone 2B 215 1,600 3,200 0.38 | 0.918 800 0.20 - 441 | 4.2
Zone 3A 215 1,040 2,080 0.31 | 0.820 520 0.20 - 459 | 5.7
Zone 3B 215 1,000 2,000 0.38 | 0.864 500 0.20 - 46.5 | 6.2
Zone 3C 210 630 1,260 0.37 | 0.802 520 0.0 - 451 | 54

GFE
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o

50 100 150 200
410
| | | |

390
370
350
330
310
290
270
250
230
210
190

Elevation - Z (m)

o

50 100 150 200 250 300 350 400 450 500 550 600 650 700
Horizontal - X (m)

GFE
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0Z June 2007

DAM EMBANKMENT CONSTRUCTION SEQUENCES L0 Hrs.

o E2391.00 0 GREST

LUF STREAM

EL+315.400

MIOTE:

1. 15t Skage Face slab Below EL+ZB5.00 will start after comaleting rockfll placement stage 1 and 2 to
EL+ 310100

2. While working on 1st Stage Face slab, CK intznd to work on stage 3 and < rockfll placement

3. CK expects to complete rockfll| placement to EL_+310.00 {5%age 1 and 2} In 7 months.

GFE
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2D FEM Model

1158 elements, 1172 nodal points.
Interface: thin layer contact elements

eeeeeeeeeeeeeeeeeeee

32 construction steps
/7 water load steps

ember o TEAM
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3D FEM Model

Downstream upstream

7795 nodes and 6370 elements 26 construction steps

9 water load steps 57
GFE
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Results of 3D FEM Analysis

upstream
downstream

disp x

0.274
l 014322
o B — e s Ay ™ 0010442
s e e s R - -012134

--0.25312
-0.38449

: e e i Y & e | IRy e I-D.54a45
mN e I -0.78023
z e T W -0.812

Displacements in the Direction Along the River

58
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Results of 3D FEM Analysis

left abutment

right abutment

b

disp 3

0114
0.0593
0.0669599

- 0.040999
0.0149599
-0.01100

. - -0.037002
-0.063002
-0.039002

-0.114%

GFE
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Results of 3D FEM Analysis

Upsiream
downsiream

FE

"The Geotechnical Expert”

disp =

n0.0o8
-0 E7
-0.21134

--0.321

- -0.43067
‘- -0.54034
- -0.65001
-0.75967
-0.86934
-0.9749




mn
G)
m
=
o

SELECTED FINE GRAINED

NON-COHESIVE SILT OR FIV-ASH, 1m*m

RANDOM FILL

PEH]HEI'ERZO!EF]LTER—S.I\ND‘FGRA\J’EL{PRO(ESSEDROCK:] MAX. SIZE 19mm

DAM FACE BEDDING LA.YER—EMI[WGI!A\'E.(PHD(EEEE]RD(K}MX.EIZET&nm

Total Embankment Volume = 10 Million m3 T e S e
ROCEFILL - SOUND SANDSTONE

ROCKFILL - SANDSTONE WITH 30% MAX. HARD SILTSTONE OR MUDSTONE

ROCKFILL - (DRAINAGE ZONE) - SELECTED SANDSTONE

)’——DAMAXIS

EL.+381.000 DAM CREST W/O CAMBER
T EL+376.500

OVERSIZED ROCKFILL

ol

6.00
—| EL+319.000
— e

SECOND STAGE
CONCRETE FACE SLAB

j EL.+293.400

HORIZONTAL JOINT I
CONCRETE FACE SLAB FIRST STAGE

CONCRETE FACE SLAB

@ ‘;VAT INCREASED

50.00

3AWITH 0.40 m. LAYER

25.000 \j 25.000

5.00

EL.+230.000

EL.+204.000

Ry K Ky Ko
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1. Empirical
2. 3D-FEM

3. Beam Spring Model
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1. Barra Grande
2. Campos Novos

3. Mohale

4. Shuibuya

Bakun
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300.00—

250.00+

| | | | | | | | |
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00

CDlnl)l'eSSiOll ZOoIve I

tensile zone I tensile zone

GFE
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i i
0.0
0.0 05
0.0 )7 03
\] 1.2
124 ’fgﬁ
02
26 ap 12
15 03
0.4 14
49 /2-1
1397 0.1
04 55
pi \L 112
16.2 03
1.1 a5
I ) 248
11.7 05
45 44
60 .op 6.7
74 78
25 08
226
183 132
109 7 72
203
" 432
115 209 83

Perimeter Joint Movements 194 25 on 167

Settlement: 45.8mm R B
Shear movement: 19.4mm
Open displacement: 17.7mm

GFE Perimeter J < Member of
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Foceslab g

+. {\g
o

Horizontal Joint l_.,@“{
"\

pring

— Tangenthl Zpring

Hormal Spring
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|=——DAM AXIS

FL_+382,500

ST W/O CAMBER

MOL.+345.000 !
= #

@)

EL.+319.000

CONCRETE FACE SLAB e @ \1
\ —‘ 5
(2R)
3000 Ge) (39
EL.+290.000
e
BC+265.000
7 T 285000y 182,000
-

w ‘ 15,00}

g

m

H 20.00 '

=z

: Ira)

g EL.+259.000

¢ 14

5 ) '

a 3B

\E
X
\ FL.+230.000
T(5) =
35.00
EL.+213.000
[l ORIGINAL GROUND SURFACE
_ﬂ-—w-ﬂ(/ —=<71~- - i b
—— 1A - R T
S - —— o _ELTI08.600 \ =

rrt =, . ) NN L 858
HH: 2A . 7 / \( — e R e e S Ty =
1111 H— CONSOLIDATION GROUTING PROPOSED EXCAVATION SURFACE
1
.

m
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MATERIAL ZONE 3D
PLACE IN 400 MM. LAYER




zss.nnnEL_HE@p
O

(‘3

.r. EL-+213.0%g
B, O TR
&,

——ORIGINAL GROUND SURFACE
_— - _———— Pl S — S -— e Et:
T e e —— ———y -
i oRA 7 "
T
I1]1i4—— CONSOLIDATION GROUTING PROPOSED EXCAVATION SURFACE
L
ﬂ'”lr CURTAIN GROUTING
L
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53 cm (max)

-_________ __'__,_o-—--
i S — __'_,_4-"_-‘--
e S — = -

Longitudinal Section Cross Section

GFE Defor
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Additional
Reinforcement

-39 kKN-m

Additional

Reinforcemfy'

Additional Reinforcement Additional Reinforcement
DR <>

-175 kN-m -185 kKN-m -185 kKN-m
Longitudinal Section Cross Section

For First Stage Face Slab (Slab No. C9) -
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Empirical Considerations
1. Face slab thickness: T(m) = 0.3+0.003H
2. Reinforcement: 0.4% of gross sectional area

3. Slab width: 7.5m for abutments, 15.0m for riverbed section

AN

Nnn thaoa varticeal inint tn
IIU LI VUOI LIl JUIIl L\J

Individually

. Pre-cutting in the extruded curb al
ri

separate the face slab behaviou

@

5. Joint systems: Perimeter, Vertical and Horizontal joints

71
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[_)es_an Results

Numerical Considerations

1. Increase face slab thickness: T(m) = 0.4+0.0018H In
second stage face slab in riverbed section

2. Reinforcement: 0.5% of gross sectional area in the area
close to the plinth

3. Stirrups against buckling are provided in the central area of
face slab

4. Two layers of reinforcements (top and bottom layers) in both
directions

5. Additional reinforcement at the face slab rims
72
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EL. +382.500 (WITHOUT CAMEER)
RN S

D316 @ 0.20 (ADDITIONAL)
AN
REINFOYCEMENT RATIC —— \ W

€.20% (MINMUH) EACH WAY
ML +375.000

Face Slab \ o

2.20% (MINIMUM) EACH WAY %,

EL.+377.21C (WITHOUT CAMBER}
—

RENFORCEMENT RATIO
0.20% (MINIMUM) EACH WAY

EXTRUCED CONCRETE CLIRE

REINFORCEMENT RATID

CL20% (MINIMUMY EACH VAT
REIN-CRUEMEN] RATID

0.20% {MINDMUM) EACH WRY \\

SEE DETAIL""——,

EL+350.000 ! ;%/
e RETNFORTEMENT RATIO Zhs
Sk

0.20% {MINIMUM ) EMCH WAY
D320 & 0.20 (ADDITIONALY Y

PN

0.20% (MINDMUM) EACH WAY

A BOND BREAGER:

T=04+ 02017 H

—==:{orizontal Joint

l E_i 293,400
| DB20 § 0.20 (ADDITIONALY g

REIN-ORCEMENT RATIO —————,
\ 0.20% (MINMUM) EACH WY \\

FIRST STAGE CONCRETE FACE SLAB

REINFORCEMENT FATIO
.20 {MINIMUM) EACH WAY

RETKFORCEMENT RATIO
.20 (MINIMUM) EACH WAY
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.
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REINFORCEMENT RATIO
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TRANSITION SLAB THICKNESS = 0.30-0.40 m.

rq

MIN, SLAB THIOESS = 040 m. |

RAMSITION SLAR THICKNESS = 0.30-0.40 m..

MIN, SLAB THIOESS = 0,30 m.

55 = 0.9 m.
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CH 04000000
CH 04000000 (£ AXIS)
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2, SLAD THICKNESS SHALL BE CONFORMED TO

5 = COMPRESSION SLAB PANEL NO.S
55 = STARTER SLAB PANEL NOL5

5 = TENSION SLAB PANEL HOLS
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REINFORCEMENTS R&TID ————— \
0.20%: (MINTMLIM} EACH WAY

\ SHEAR RETMNFORCEMENTS WITH
_/ DB12 @ EVERY SECOMD MAIN BAR
DR 30 k/m® DRAMTE RC BY/S0 BN

REIMFORCEMENTS RATID
020% (MINIMLIMG EACH WaY

BOM D EREAKER:

EXTRUCED COMCRETE CURE
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DB20 @ 0.20 (ADDITIONAL)

CONCRETE FACE SLAB
(FIRST STAGE)

REINFORCEMENT RATIO
0.20% (MINIMUM}) EACH WAY

RETNFORCEMENT RATIQ
0.25% (MINIMUM) EACH WAY

= REINFORCEMENT RATIO
% O< : 0.25% (MINIMUM} SACH WAY
< BOND BREAKER
R EXTRUDED CONCRETE CURB
CONCRETE EXTERNAL PLINTH DI NE 2B ~
< : ' 4
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i agq . N é' . DB25 @0.20 (ADDITIONAL)
4 a0 A 4. Lo T
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~ ZONE 2A ~

REINFORCEMENT RATIO
0.20% (MINIMUM} EACH WAY

CONCRETE FACE SLAB
(SECOND STAGE}

DB20 @ 0.20 (ADDITIONAL}
ONAL)

BOND BREAKER

REINFORCEMENT RATIO
0.20% (MINIMUM}) EACH WAY

EL. +293.400

EXTRUDED CONCRETE CURB

DB20 @ 0.20 (ADDITIONAL)

0.20% (MINIMUM) EACH WAY

"“The Geotechnical Expert”

Additio

A Member of \



"“The Geotechnical Expert”

REINFORCEMENT RATIO REINFORCEMENT RATIO

EXTRUDED CONCRETE CURB

0.20%: (MINIMUM) EACH WAY \ / 0.20% (MINTMUM) EACH WAY
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REINFORCEMENT RATIO
0.20% (MINIMUM} EACH WAY

BOND BREAKER
REINFORCEMENT RATIO

0.20% (MINIMUM} EACH WAY

PRE-CUTTING Th EXTRUDED CURE
ALONG VERTICAL JOINT
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1. Increase the thickness of the 10 central panels in second
staged face slab.

2. The reinforcement is separated into two layers, top and

bottom, in both directions as opposed to the usual location
In the center of the slab. The stirrups against reinforcement
buckling are provided at the high compression area.

3. The additional reinforcements are employed for anti-spalling
and bending stress resistant at the face slab rims.

4. Increase the face slab protection zone, Zones 1A and 1B to
EL +298.4 masl, which is about 50% of the dam height.

78
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Dam Crest Dimension

» Camber: 1.5 m

» Height of Parapet Wall: 5.8 m
» Crest Width: 9.3 m
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sign of Join

Joints on Face Slab
» Perimeter Joint

» Vertical Joint

» Horizontal Joint
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CCNCRETE FACE SLAB

DETAIL "A"

Two Barrier Waterstop System
1. Copper waterstop 1.2mm thk.

== 2. GB filler and GB corrugated
Aot @ s eemewen  UDDEr waterstop covered by
GB-NR-EDPM cover

CONCRETE EXTERNAL PLINTH

s
.
v
| 030

- LEGEND:
-~ /
- \ 1. GB-NR-EPDM COVER
~
/ \ 2. GBFILLER

/ CONCRETE FACE SLAB

~
w

. GB CORRUGATED RUBBER WATERSTOP
4. PVC STICK
5. M10 HOT-DIP GALVANIZED EXPANSION BOLT @ 0.20-0.25 m. SPACING
6. COMPRESSIBLE FILLER {HARD RUBBER 15 mm. THICK) FOR VERTICAL COMPRESSION JOINTS
7. COPPER WATERSTOP 1.2 mm. THICK

8. MORTAR JOINT PAD MIN. 30 rmm. THICK
CONCRETE PLINTH

9. RUBBER CUSHION

10. BOND BREAKER

1

=

. POLYVINYL CHLORIDE FOAM

12. SK SEALING AGENT
13. 5x50 mm. HOT-DIP GALVANIZED FLAT STEEL
14. PVC BOARD (15 mm. THICK) FOR PERIMETER JOINTS WITH CONCRETE PLINTH
—— -
- 15. GB SEALANT 100x6 mm.
DETAIL "A
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0.50

\| | ~zoNE2BN |

I_‘ 0.50 MAX,

(a) Vertical tension joint

\

\— FRE-CUTTING TN EXTRUDED

CURE ALONG VERTICAL JOINTS
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0.50
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FRE-CUTTING IN EXTRUDED
CURE ALOMG VERTICAL JOINTS

(b) Vertical compression joint




COMCRETE FACE SLAB

k (SECOND STAGE)

CONCRETE FACE SLAB
(FIRST STAGE)

EXTRUDED CONCRETE CURB

GFE
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1. The copper waterstops and mortar pad is outside the
theoretical thickness of face slab at compression joints.

2. The height of the central loop of the copper waterstop is

reduced to keep the theoretical slab thickness at
compression joints.

3. Increase the compressible filler thickness from 10mm to

20mm at compression joints.

4. Increase the compressible filler thickness for five central
panels to be 30mm. (During construction)

5. The conventional V-notch at the top of the face slab is

eliminated at compression joints. 85
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Behaviour to be Measured

» Movements: Vertical, Horizontal and Total
» Joint Displacement

» Stress and Strain

» Seepage and Water Pressure

» Dynamic Response
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Behavior Measured

Instrumentations = RS = g c o o o3
= E S £ = = 0 2. 3| E&
£ | S5 | =S|z | &5 |58 £3
L= = Q= S b |6=8| BF
1. Hydrostatic Settlement Cell ° X X X X X X
2. Electro Level X X ° N N X N
3. Fixed Embankment Extensometer ) ) X X X X X
4. Probe Inclinometer and Settlement Gauge o ® X X X X X
5. Probe Inclinometer X X o X X X X
6. Vibrating Wire Piezometer X X X X X o X
7. Strong Motion Accelerometer X X X X X X o
8. Surface Settlement Points o X X N N X N
9. 3-D Joint Meter X X X ) X X X
10. 1-D Joint Meter X X X o N X N
11. Open Standpipe Piezometer X X X X X [ X
12. Seepage Flow Meter X X X X X o X
13. Stain Gauges
« Reinforcement " o y o ° y o
«  Concrete Face Slab
« Non Stress
14. Distributed Fiber-Optic Temperature (DFOT) X X X X X o X
15. Total Pressure Cell X N X N [ X X

GFE
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Location Instrumentation Quantity
Vibrating Wire Piezometer 35
Total Earth Pressure Cell 3
Probe inclinometer & Magnetic Settlement Gauge 3 sets
Distributed Fiber Optic Temperature (DFOT) 900 m.
Weather Station 1 set
Rockfill | Hydrostatic Settlement Cell 22
Fixed Embankment Extensometer 111
V-notch Measuring Weir 1
Strong Motion Accelerometer 1
Gauge House 5
Open Standpipe Piezometer 7
Probe Inclinometer on Faceslab 1
1 Dimensional Joint Meter 4
2 Dimensional Joint Meter 10
Face Slab 3 Dimensional Joint Meter 13
Electro Level (Tilt Meter) 23
3D Concrete Strain Gauge 27
Rebar Strain Gauge 27
Non Stress Strain Meter 7

"The Geotechnical Expert”

Proposed InstrufentatIONSEl = - |
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Main Dam (CERD
wviain vyam \Vi

Quantities of Works

Dam Excavation (LB) = 582,300 m3
Dam Excavation (RB) = 520,850 m3
Dam Embankment = 9,900,000 m3
Concrete Face Slab = 44,800 m?
Concrete Dam Plinth = 5,100 m?3
Concrete Wave Wall = 2,200 m?
Reinforcement = 4,100 tons

EEEEEEEEEEEEEEEEEEEEE



DAM Left-Abutment Excavation

Power Intake Power House

) Dam Axis
Spoil Area Slope Excavation Slope Excavation
Access Road A
Inlet _ To Dam Crest .
Portal Hauling Road Plinth Adit Tunnel
Construction

Outlet Portal

Nam Ngum 2 Temporary Bridaa

GFE
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DAM Right-Abutment Excavation

Spoil Area

Dam Axis
Spillway
Plinth
Construction
- > )
— EL38
P =187 0
- i T =
5340

GFE
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DAM Left Abutment (Upstream)

Plinth Construction

External plinth: 6-10 m wide and
700 mm thick to acquire 1-3 rows
of curtain grout and 2 rows of
consolidation grout.

Anchor bars of DB-25 mm with 3
m length embedded in rock on
1.50x1.50 m grid.

e 0.30% Reinforcement.
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Plinth Construction

DAM R




Sleeve
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SOILMEC.
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MGY,

Left Corner (P5)
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. EL.+381,00 DAM CREST ‘

UP STREAM DOWN STREAM

EL.+335.00 EL.+335.00
\I EL.+319.00
EL.+310.00

EL.+285.00

EL.+259.00

EL.+250.00

::::::::::

SCALE 1:2000

Rl

Dam Embankment Construction Sequence

GFE A Member of
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bankment Volume = 132,190 m3

l 99

GFE  Dam Construction SeqSHESISIGEMIN = -




GFE  Dam Construction SeqSHESISIGEMN = -]




GFE Dam Constructi
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bankment Volume = 1,614,840 m3

l 102

GFE  Dam Construction SeqSHESNSIGEMN = -




I 103

GFE  Dam Construction SeqiSHESISIGEmN = -]




15 tons vibrating roller

Unit Weight: 21.5~22.5
kN/m?3

Zone 3B: 0.80m lift
thickness with 8 passes

Zone 3C: 1.20 m. lift
thickness with 6 passes

Intensive compaction at
both steep abutments

Water Sluicing: 150-200
liters/m3
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LEFT ABUTMENT %
i

i

‘ @@ 7

RIGHT ABUTMENT

CIGIMAL GIGAME SURRECE

| S —

o

- , , .
EL.. 1.0 v &
| Elev.+377.214 . _ﬂ% H H %
: . |
| | e
i @ 1 MAIN DAM EMBANKMENT
H I LONGITUDINAL SECTION B-B STA. 04000
MAIN DAM EMSBANKMENT i <O H
vt : IR ) |
|
@
|
Febr Sl
Secand Slags
Cancere Faoe Siab EL +295.400 ///
| EL+gg3 400 EL4393400 i
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ORIGINAL GROUND SURFACE COMCRETE SUA .40 m_ thic

(e ~
Ve

CROSS SECTION A-A STA. 0+223,544 i

LEGEND:= (DAM ZONE)

(@) serzcTED FINe GRAND SOIL.

(%) on-coresae s

({8 mavcon Fu

{E) PERIMETER 200E FILTER-SANDY GRAVEL (PROCESSED RECK) MAX SIZE 18 mim.
(G DAM FACE BEDOING LEVERSANDY GRAVEL (PROCESSED R0CK) MAX SIZE 76 mm.

REMARKS: (GR) TRANSITION 20HE - SELECTED SMALL QUARRY LN ROCKTILL

[ YT —

@ ROCKFILL - SANDSTONE
m PROGRESS {30} ALCHFILL - (CRAINAGE ZONE) - SELCTED SANDSTING
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MNOTE:

1. 1at Szage Face Shin nelbow EL.+ 29340 will start after compleing kel placement
Stage 1 and 2 to FL+315.00
2. Wrlle vorking on 15t Stage Face Slad, CX Itend 1o work on stage 3 and 4 rockall
amen-
Pa 1 O T Latest survey reort dated 28-Aug-09 Inckated an admind embankment quantty
ge 104,80 . b ol e By o 354,601 co.
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e Settlement: less than 5
mm/month.

 Concrete: C25/38
o Slipform speed: 2 m/hr.

e Curing: Curing
compound and running
water.

GFE
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Observed Cracks on First Stage Face Slab

T |-_ i~
L "
| - TlEE|=l== - e =y W = r- @ o
el Ll Gl Ll Ll A = i a I =t =
L +353.42
Bo43empcT 3 ]
ELtang 120 H T ——
ELiTadnd ™ o ]
ELamd. e | p—
EL 43000 || N — —
E43a5.3T3 " E B

® Numerous horizontal cracks.
® Crack width: between 0.30-0.40 mm

® Cause: Concrete shrinkage

GFE
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Location Instrumentation Quantity
Vibrating Wire Piezometer 35
Total Earth Pressure Cell 3
Probe inclinometer & Magnetic Settlement Gauge 3 sets
Distributed Fiber Optic Temperature (DFOT) 900 m.
Weather Station 1 set
Rockfill | Hydrostatic Settlement Cell 22
Fixed Embankment Extensometer 111
V-notch Measuring Weir 1
Strong Motion Accelerometer 1
Gauge House 5
Open Standpipe Piezometer 7
Probe Inclinometer on Faceslab 1
1 Dimensional Joint Meter 4
2 Dimensional Joint Meter 10
Face Slab 3 Dimensional Joint Meter 13
Electro Level (Tilt Meter) 23
3D Concrete Strain Gauge 27
Rebar Strain Gauge 27
Non Stress Strain Meter 7

"The Geotechnical Expert”
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As of September 30, 2010

Hydrostatic Settlement Cell Section 3 (EL +259.0 m asl)

+400 — ELEWVATION eEvaTION  — +400
ol T {m- ASL}
South (L]
+380 — Hothil) — +380
Water Level 365.92 m.asl = & = (9 September 10
586 e iy . s Syl . = = = 16 September 10| _| 4360
= = = 73 September 10
+340 |- = @ = 78 September 10| — 4340
+320 oAl xop ey yy % - 30
RN E
+300 — NHSC3.3 NHSC3.4 NHSC3.5 — +300
N
+280 — N —| +280
+260 — o T TTTITTITTTT T T TV T T TTLTTTT B
A0 x b 4 X : X
+240 | __ NH5C3.6 NHSC3.7 NHSC3.8 'f._H.SEi',}? - +240
-500.00
+220 — -1,000.00 ..
——
+200 — , o -1,500.00 L
+1B0 — T e se 2\@00 -
VWwriig@ @ Settlement(mm.) .
VWP 3.4
+160, I O A | L1
-320 -300 -280 -260 -240 -220 -200 -180 -160 -140 -120 -100 -80 -60 40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 300 320 340

HSC 3.10
1680 mm (22 Mar 10) End of Construction

1734 mm (30 Sep 10) During Impounding

GFE Observed
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As of September 30, 2010

Hydrostatic Settlement Cell Section 3 (EL +319.0 m asl)

+400 — ELEVATION ELEvATION  —| +400
(m. ASL) (m. ASL)
10 DAK South [L')
+380 — Morth(L) E — +380
Water L 1365.92 m.asl -
Aer Leve s = L = m (9 September 10
T ] == N @ = == 16 September 10| | +360
® - 4 = 23 September 10
+340 | WEE" = &= 08 September 10| | +340
| _I L. 0.000 —
+320 T AT TTTTTTTT T T 320
NHSC3.1  NHSC3.2 NH!;EB.B NHSXCE 4 NHSCE?
+300 — 7500.00 - = 7| +300
] { @ L
. 1 ., f ~B
vas0 L 1000.00 .. / - PI/SG 3.1 -| +280
Ll 4
-1500 . FEEs2] o | R, ,/
- Y ~ [zl _
+260 200000117 F 'r‘ G~ G 2 A A A A A A A A A A A | +260
5 X / b3 : .,4 ¥ e g}
1240 HSC%2500.00 HEC2.8 '.'fl HSC3.9 -P ‘5.(\:.5.11-&-7 e HSC311 HSC3.12 N G | 4240
-3000.00 - ; ! [ Settiement =i N il [ )
J I I <, =
+220 — Settlement(mm.) |—(. \:k \ — +220
P ATION SURFACE [ .
A TPCHd— B fIrCc3s- e =’
+200 — s _/_/’ ey S ~Fo—— T~ T +200
VWP 3.2 "I . . \\____, T VWP 3.8 VWP 3,10 } VNP &
| VWP 3. . 051 & 1 —
+180 Wil © VWP 3,7 i 17 T i i i +180
VP 3.4 SCALE METERS
+160 | | | | | | \ | | \ | | | \ | | \ | | | | | | \ | | \ | | | | | 1160
-320 -300 -280 -260 -240 -220 -200 -180 -160 -140 -120 -100 -80 60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 250 300 320 340

GFE

"The Geotechnical Expert”

Observed

HSC 3.4
2130 mm (22 Mar 10) End of Construction

2520 mm (30 Sep 10) During Impounding
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Maximum Settlement Section 3 (EL +319.0 m asl)

HSC 3.4

Max Settlement
Observed

2.52m

+400 — ELEVATION ELEVATION  — +400
{m. ASL) (m. ASL}
+380 Norih(L) o* Seth +380
B Water Level 365.92 m.asl 7
aerteve a2 TG = == (9 September 10
(- . I I I B B B B B B B DD B B B B .
+360 | = == 16 September 10| | +360
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+340 — = &= 73 September 10| — +340
+320 — — +320
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+300 — 7500.00 - : : ‘ . — 4300
. [
B ]
- 4 =,
+280 — 1000.00 . / |~ P1/SG 3.1 — +280
-1500.00 - FFFB.J‘T.- - 4 -
+260 [— S Y . /: L RS | +260
FIMH‘*TT 5 Y A o0 A, 8 e o o o 0 o 0 o A o o A A |
P ] £ 784 T ¥ * DAs33
HSC%2500.00 HECE.E | HsC#¥ -FI’ SC3.10 HSC311 HSC3.12
+240 — fl ‘0 WITH D40 m _L&¥ER — +240
-3000.00 - . e [ Settlement - | |
+220 |— 2 1220
+200 |— " . = - T ] +200
— - * S ——
VWP 3.2 ’ ) ® ki_/’_/’ ,“,ﬁ. 2.8 ’0 VWP 3,9 - VWP 3,10
+18D — pse VWP 3.7 * Wi §5% +180
VP 33@ @ .0 ud
\nferd 3.4 * L
+16D | | | | | | | | | | | o | | | | | | | | | | | | | | | | +160
-320 -300 -280 -260 -240 -220 -200 ~-180 -160 -140 -120 -100 -8%‘ -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 =0 300 320 340

Location of
Max Settlement
Expected

2.8m?
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As of September 30, 2010
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(DAM Chalnage 0+442434 m.)
INSTRUMENT SECTION 3
(DAM Chalnage 0+241,450 m,
INSTRUMENT SECTION 4
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As of October 31, 2010
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Summai

e The instrumentation monitoring Is satisfactory.
« Deformation behaviour of the dam Is acceptable.

 Creep deformation and related structural dam
behaviour to be observed.

« Tightness of the dam is satisfactory.
e Seepage monitoring to be improved.

* Visual appearance of the dam is excellent.
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