12.3 Powerhouse

12.3.1 General

12.3.2

Just as in the case of the waterway, the power station is constructed
underground, in order to satisfy the environmental requirement.
Furthermore, we avoided watershed classification. areas 1A and 2A by
minimizing the entrance of access tunnel of powerhouse &nd the

switch-yard area (see DWG. 12-5).

The powerhouse in a large scale cavern underground power station
(width 22 m x height 45.7 m x length 117 m) constructed about 300 m
under the grbund equipped with pump turbine, 250 MW x 4 units, power
generator and other accessories. In the transformer room, & I&rge
cavern (width 20 m x height 25.5 m x length 108 m) is provided about
70 m apart from the center of turbipe, in order to install 4 units of
transformer and GMCS. A draft gate room is also arranged directly
under this transformer room.

The bird's - eye view of powerhouse are illustrated in DWG. 12-6.
The excavated amount of the powerhouse and the transformer room is

about 168,000 m*.

Geologic Condition

The geologic condition mnear the underground power house and
transformer room is such that the upper part of arch consists of
siltstone and fine-grained sandstone and the area under the arch is
made up of sandy siltstone and fine-grained sandstone. Both of them

are kept horizontal as in the case of the waterway.
It is expected that the arch excavation is carefully done by the

drainage, early lining after excavation, use of rock bolts, driving

prestressed anchor bolts, etc.

1z -~ 12



12.3.3 Undérground Powerhouse and Transformer Room

‘The cross-section of underground power house station and transformer
room is in the "mushroom shape® which satisfies a wide range of
‘geologic requirements’ and improves the economic aspect with the

minimized cross-sectional shape.

Since both underground powerhouse and transformer room are a large
cavern fype, there is a poésibility that both powerhouse and
transformer room may interfere with each other while excavating, thus
causing adverse effects such as the displacement or loosening of
surrdunding rock. To prevent thesge problems, the distance between

‘the center of turbine and that Qf transformer is designed 70 m.

The underground powerhouse and the outside on the surface are
connected by the accegs tunnel for powerhouse (total length; about

1,210 m) and power cable tunnel (total length; about 710 m).

“"The access tunnel for powerhouse passes from the National Highway of
"EL. 295.00m at a gradient of about 14%, ﬁhrough the transformer room

" of EL. 214.00m =nd reaches the erection bay of the powerhouse of EL.
214.00m. '

The power cable tunnel is constructed -at a gradient of about 20Z
 from ‘the mountain side (Altitude; EL. 350.00 m) to the vicinity of
underground powérhouse and the arch base of transformer room

(Altitude; EL, 225.00 - EL. 230.50m).

A gallery (Altitude; EL. 214.00 m) dis installed in the peripheral
area of undérground powerhouse, 'in order to reduce the spring water
which springs out in the powerhouse while the construction work is in
progress. With this gallery, the curtain grout and water draining
boring are carried out in the surrounding érea of powerhouse and when
completed, water pressure to the arch and side wall concrete is

reduced.

12 - 13



12.3.4

The water springing out in the peripheral. area of underground
powerhouse increases to the maximal level after each tunnel reaches
the underground powerhouse and all spring water is converged.to the
powerhouse, Thié converged water is removed to the outside of
tunnels by pumps installed in each tunnel, but when a power failure
should occur, the construction. work may. have . to be .stopped.
Therefore, designed ls the drainage tunnel which is br&ﬁched:from the
access tunnel for powerhouse to the powerhouse drainage pit. This
drajnage tunnel is used for hauling out the excavation muck. of the
lower inclined tunnel of penstock and 6f powerhougse cavern. It is

also used as. the drain tunnel in the future.

Disposal Area

The disposal area for the muck from powerhcouse and waterway_except
the upper horizontal tunnel of penstock is provided along the Lam Ta

Khong reservoir on the south side of outlet. This layout is designed

"by taking . into consideration the environmental control in the

‘mountain side of National Highway No.. 2. The surface of this

disposal area is a very wide area which is on the same level as the
elevation of National Highway. This area may bé utilized as a park,
a resort etc, in phe'future. When planning this disposal.area, it is
required to negotiate with Royal Irrigation Department (RID), Lam Ta
Khong dam control office, and only 650 x 10* m® of the capacity of the
Lam Ta Khong reservoir is reduced by this disposal area (reducing_

only 0.2% of the effective reservoir capacity of 290,000 x 10° m?).
The sloped surfaces of disposal area are covered with rubbles, and

the peripheral area is covered with trees to ensure harmony with

surrounding or to protect the sloped areas.
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12.4 Electric Facllities

12.5.1

Power Station

The power station is constructed under giround, about 60 m lower than
the highest water level (full water level) of the reservoir, at the
right side shore of the existing 1AM TAKHONG Reservoir (Lower

reservolr).
The underground power station is accessible through the road and
tunnel,  length about 1200 m, branched from Route No, 2 which runs

along the right side shore of reservoir.

The underground power station consists of two caverns; power house

- and transformer room. Dimensions of power house and transformer room

(1)

are estimated as shown in the following:

Power house : Length; 115 m, Height; 45 m, Width; 20 m
{See WG, 12-7, 12-8)

Transformer room: Length; 108 m, Height; 23 m, Width; 18 m
(See DWG. 12-9, '12-10) ' '

Specifications for Equipment
- Pump turbine
Type: Vertical shaft Francis type reversible pump-

turbine.

Quantity: & units
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’ Generating operation o ,
(Max.) {(Noxr.) (Min.)

Effective head (m) 397 357 . - 325
Discharge (m*/S) 73.1 82.5 78,7
Output (M) ) © 285 255 220
Revolving speed (r.p.m) " 375 373 ... 375
Specific speed {m-kW) , : - T122
. Pumping operation
(Max.)  (Min.)
Total head (m) - - 409.2 .. 346.7
Puﬁp discharge (m*/8) : 52.7 ;. 71.4
Pump Input (MW) 277
- Revolving speed (rpm)- 375 - 375
Specific speed (m-m*/s) : : e 39.4

Generator motor

Type :  3-phase AC synchronous
generator-motor

Quantity H 4 units

Generator output {(MVA) H 278

Hotor output {M) H 277

Voltage {kV) 3 16.5

Frequency (Hz) H 50

Revolving speed {(r.p.m.} : 375

No. of pole H 16

Power factor : Generator 0.90 tﬂag)

Motor §.98 (Lead)
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Transformer

Type : Special 3-phase forced 0il
' water cooled indoor type.

Quantity : 4 units

Capacity (MVA) : 290

Voltage (kV) :  230/16.5

On load tap changer is provided.

Main circuit configuration

The main circuit of this project consists of the following

equipment as shown in Fig. 12-1 single line diagram;

{a)

(b)

Pump-Turbine and generator-motor;

For the specification, refer to the above.
IPB (Isolated phase bus); 16,5 kV, 11,000 A.
This is an isolated phase bus which is used for

confiecting the generator-motor to transformer and is

installed in the bus tunnel connecting the power house

"and transformer room.

{c)  GMCS (Generator-motor main circuit system);

_(_d)' '

16.5 kv, 11,000 A.
This system consists of a low voltage circuit breaker (3 -
phase GCB) and enclosed type phase reverse disconnecting

switch.

Transformer: For the spécification, refer to the above.
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(e) Power cable; 230 kV, XLPE cable

Four_ci;cuita of three single-core XLPE (cross-linked
pqiyethylene) cables are laid for conmection between high
tension side of transformer and outdoor GIS switchyard
through the cable tunnel with the total 1éngth of about
700 .

- (£) Outdoor GIS switchyard; 230 kV GIS (SF, gas insulated

switchgear.)

G615 (Gas installed switchgear) cdnsisting of 9 bays_is
installed. Double buses with bus-tie are used. Four
circuits of transmission -line  and_ four circuits of

transformer power cables mentioned in {e) are commected.

{2) Layout of Underground Power Station Facilities

(a}

Powerhouse

Provided in the power house are the pump-turbines, generator-

motors, auxiliary equipment and various control systems.

The pump-turbines are installed at  the position about 60 m
lower than the low water level of the lower reservoir
(existing Lam Ta Khong Reservoir), thus preventing possible
troubles cansed by the cavitafion made while the pump is
operating. The power house is provided:with.s filoors. Two .

power house travelling cranes for election work are installed.
- Floor No. 1 {(Assembling floor)
This is the top floor of power house with an election bay
at the center., Two of four main units are installed-on.

one side and, other two on the other side of the electicn

bay. An access tunnel is connected to the bay,
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Main units and auxiliaries are assembled on the election
bay and put in proper positions making use of overhead
“travelling cranes. On this floor, the unit control board

and protection relay board are installed for each unit.
Floor No. 2 (Generator-motor floor)

Installed on this floor are the generator-motors, PT-CT
cubicles for main circuit, NGT (Neutral Grounding
Transformer), exciter, short-circuit disconnecting

switches for electric brake systems, etc.

The periphery of generator-motor air hood is made of
concreteé walls., The entrance to inside of generator-

" motor is provided on this floor.

Installed under the election bay, of this floor are the
power -supply cubicles for station service and compressed

air supply device.
Floor No. 3 (Pump turbine floor)

The pump turbine control beards, pressurized oil tank,
compressed air tanks, thrust bearing lifting devices,
bearing oil coolers -and motor control centers for
auxiliary' units are ‘installed on this floor. Also

installed is the entrance to the pump turbine pit.
Floor No. 4 (Auxiliary Floor)

Auxiliary equipment such as the pressurized oil supply
system, cooling water strainer, etc. are installed on
‘this floor. Many pipings for cooling water, pressurized

oil, etc, aré'also installed on this floor.

Access to the spiral case manhole can be made on this

floor.
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(b}

- Floor No. 5 (Pump floor)

This is the lowest floor of the undérground pover house
where the cooling water pumps, station water drainage
pumps, a penstock £illing water pump, etc. are instﬁlled.
Also installed on this‘floor is the passage to draft tube

manhole.
Layout of transformer room

The transformer room is constructed on the tailrace side of
power house in parallel with the power house. This room
consists of three floors. The access tunnel to power house
crosses the centeér, and a cable tunnel to outdoor switchyard

is commected to one end of the transformer room.

Two IPB tunnels are provided between power house and

transformer room for laying generator-motor circuit buses,
- Transformer floor

Four special 3-.phase transformer with on load tap changer

are installed on this floor,

AC and DC reactors and a power transformer for thyristor
starter and two station service-transformers'afe'also
installed on this floor together with cooling and fire
extinguishing water supply systems for above oil immersed

equipment.

Installed on the lower section of this floor is an oil
disposing pit which is used when the transformer has a
trouble. Also installed are the pit with draft gate and

the gate operation panel,
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- Thyrister starter floor

On this floox rectifire, inverter and control equipment
for thyrister starter are installed, and remaining spaces

are used for cable iaying and treatment.
- GMCS {Generator-motor main circuit systemﬁ flooz

Generator-motor main circuit breakers, phase reverse
disconnecting switches and various cubicles (dry type
transformer for generator motor excitation, switchgears
for thyristor starter, tapping switch to station service

circuit, etec.) are installed on this floor.

12.4.2 Qutdeor Facilities

(1)

Switchyard

When selecting the location of switchyard, two plans were proposed;
upper reservoir side plan and tailrace side plan, and the tailrace
side plan was finally accepted, from the technical and economical
point. of view, the tailrace side plan was considered most
advantageous for the cable installing work between the main
transformer and switchyard. When the cost of civil works is taken
inte consideration the tailvace side plan was especially
meritorious, because the power cable tumnel could be also used as

the exploratory adit.

For the switchyard, two different types could be used; the

conventional exposed equipment switchyard and the gas insulated

switchyard -(GIS); but we decided to use GIS, because GIS featured

the better reliability, maintenance and economical aspects, it was

-7in the vicinity of environment: controlled area and the switchyard

-of this GIS was rather small.
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(2)

{3

Comparison of area of switchyard (estimated)

Conventional type {230 kV, 7 bay, double buses)
~(See DWG. 12-11) : 165 m x 70 m

GIS type (same as above); 110 m x 40 m
{See DUG. 12-4)

Control Building

The “latest information transmitting-technology (Exémple; Optical
fiber seignal transmission) has _eliminﬁted the distance-wide
restriction between control station and underground powef station,
thus enab1ing to decide the location of control facilities by
attaching greater importance to the working condition of operators,

workers and all other people concerned,
In the case of this project, it is preferable to install contrel
facilities in a building-coﬁstructed adjacent to outdoor switchyard

from view points of environment around operating staff and economy.

Besides control facilities, the control building is designed to

- accommodate minimum maintenance staff necessary for daily patrol

and to cope first with unexpected accident or trouble.-

An outline of the control building is expressed DWG. 12-12,

Personnels of Control Station

As this project site is at proximity of an area on which strict
environmental conservation-régulation is applied, EGAT strongly
wishes to make the design of outdoor buildings as inconspicuous as
possible. Therefore, we have adoptéd such a design concept that
the floor area within which the minimum function of a cphtrOI

station, such as control room, auxiliary machine room and power
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supply room, can be accommodated will be approximaﬁely. 900 m?

{consisting of two floors each having £loor areas of 450 m®), and
it is planned to locate repair shop and warehouse at separate
locations. The office space in the building was estimated as 80 m?
(6 m? per person), where it is assumed that 13 personnels of 7
different duties will attend. The breakdown of these personnels to

be at the office is described in the table below.

Table of Duties\Personnels

Duty No. of Personnel Form of Duty
Station manager 1 Day duty

{Electrical Engineer)

Electrical Engineer 3 Day duty
Mechanical Engineer 2 Day duty
Coﬁmuﬁicatibn Enginéer 2 Day duty
Civil Engineer 2 Day duty
Cle:k _ B 1 Day duty
Janitor .V . I Day duty
‘Guard. o ) | o 1+ (1) Day duty +

(night duty)

Total _ 13 + (1)

. Dimension of building : W17 m x L 27 m x H 10 m {(two
Stqried)
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12.4.3 Operation Control

(1)

(2)

Mode of Operatlon

Lam Ta Khong Pumped-storage Power Plant is to operate usually being
remotely controlled from, according to EGAT's latest information,

EGAT's head quarter dispatching center,

However the plant is also to be able to operate by one-man-control
from contral room is control building to meet demands for operation
when remote control system is not available (troubles, testing,

maintenance work, etc.)

Features of Control System

& hierarchical SCADA (supervisory control and data acquisition)
system which mainly consist of central compﬁter systems and local

plant controllers, is applied as the control system of this plant.

Duplex systems of main supervisory computers supporting man-machine
interface equipment (CRTs display, typewriters, control desks,
graphic panel, etc.) and remote supervisory equipment to
dispatching center compose upper part of the system and, at the
lower level, a micro processor based plant controller is provided
for each of main units, station service equipment, GIS sﬁitéhyard.

etc.
The central computer systems and plant controllers are linked by

means of a optical-fiber loop dataway, through which high speed and

reliable data transmissions among them are achieved.
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12.4.4 -Additional Study

(1)

Location of. Switch Yard

The three plans shown in the attached figures (Fig. 12-2, Fig. 12-3

and Fig. 12-4) have carefully studied and are ensured that the

civil engineering work and electric work can be carried out without

problems,

{(a) Plan for ground GIS type (Refer to Fig. 12-2)

(b)

From. the standpoint of civil engineering and electric
technology, -this design 1s most acceptable because of the

following reasons;

The area used for construction yard can also be used for

the switchyard.

. Transmission line (4 1lines{2 routes) can be easily

instal}led,

Equipment can be easily instalied and maintained

~This project is located near the environment controlled ares,

but we do not have to worry about the "exposed scenery” viewed

from the national road side, because the difference of

‘elevation from the national road is more than 50 m and the

full caution is taken to protect the scenery by planting
trees, etc. Protection of environment from air pollution, oil
leak noise, etc. is fully ensured by using the gas insulated

switchgear (GIS).
Underground GIS type; alternative plan (Refer to Fig. 12-3)
In this design, the GIS in the main plan for ground GIS is

installed underground, but the area for cable head connected

to the transmission line can not be reduced very much, because
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{c)

the proper space should be provided between -electric
insulators. Therefore, this alternative plan is not superior

to the plan for ground GIS type when the difficulty in civil

‘engineering work and complicated installatlon\maintenance of

GIS areé taken into consideration. : However, this plan is

slightly better in regard ‘to the environment protection

measures {especially the protection of scenery). -

Alternative plan for the ground GIS type installed along
National Road (Refer to Fig. 12-4)

In this design, the location of ground GIS in the main plan is
changed to the area located along the national road, The
merits of this plan are the excellent access to equipment and
separation from emvironment controlled area. However, in this
design, it is very difficult to install the power line, the
distance of power line is incressed and the lenpth of XLPE
cable connected between underground power station and GIS is

increased.

In the above study on the 3 alternative plans, the advantages
of the main plan .are explained and in addition to such
advantages, this main plan is also advantageous in the
economic evaluation.  The following table shows the comparison

between construction costs of three plan.
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Comparing construction costs of 3 plans

Plan Ground GIS Underground GIS - GIS type
“type. type. installed along
Name of work This plan Alternative plan national road,.
Cost of civil 15.2 53.1 25.1
engineering work
(MB)
Cost of electric 221.0 2564.2 262.2
work (MB}
 Total 236.2 307.3 287.3
{1601) {130.12) {121.6%)
{2) Study of Pump Starting System

LAM TAKHONG Project is a pure pumped-storage hydroelectric plant
using a large capacity (250 MW) equipment. an estimated GP? is
about 6,100{ton-m?>. Approximately 20,000 kW of input is believed

to be required to start the pumping operation.

Thevefore, it may be appropriate to select & pump starting method

from the following two methods;

. -Pony motor starting

. Thyristor starting

it is also possible to use the synchronous back to back starting

for backing up the thyristor starting.

The following are the characteristics of pony motor starting method

and thyristor starting method (static frequency converter);
(a) Pony motor stérting method

- Since the pony motor is difectly connected to the top of

generator-motor, a total shaft length of machine is very
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long, which is -a- disadvantage for the shaft vibration
stabilitvy.

- Operation loss (Qind loss) incréase.

- In addition to the pony motor (revolving unit), the
revolving speed controlling liquid resistor, slip rings,
brushes, etc. are installed, which aredisadvantage for

proper maintenance. Reliability is also deteriorated.

- When compared with the thyrister starting method, the cost

of this method is less.
(b) ‘Thyrister starting method
- Installation space is wide,. but the reliability is
excellent, hecause all the components are stationary.
Excellent maintenance can be made.
- Price is high, but unlike the pony motor method, this does

not have toc be installed for every unit (one set of

starting system can be commonly used for more than 1 unit).
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12,5 Transmisgion Line
12,5.1 Transmission Line Plan

In the vicinity of this projected area, two 230 kV circuits (between
Saraburi 2 substation and Nakong Rachasima 2 substation) and two 115
kV circuits (between Pakchon substation and Sikkiu substation } are

installed.

A new substation named Thalan 3 is scheduled to be commissioned in
1993. The station is to be comnected with Tha Tako substation and

Saraburi 2 substation by means of 230 kV transmission lines.

The Lam Ta Khong power plant should be_connected to the existing
230 kV transmission line (Saraburi 2 - Nakhon Ratchasima 2, double-

circuit) by 1 m connection and the above new substation Thalan 3.

Therefore, two 230 kV double-circuit transmission_liﬁes are to be
constructed, one is between Lam Ta Khonpg project site and the point
where the existing 230 kV Saraburi 2 - Nakhon Ratchasima 2 line lies

and the other is between the project site and Thalan 3 substation.

To avoid an area controlled under the environmental regulations, the
new transmission lines have to be instaslled from the plant southward

-about ten kilometers along Route 2.

One transmission ‘lien is. to turn the direction eastward to be
connected to the existing transmission line above mentioned. The

total length of the newly constructed line is approximately 15 km.

 The other transmission line is to be constructed in parallel Qith the

route of -the existing 115 kV line betwsen Saraburi 2 and Nakhon
‘Ratchasima 2 and the route of the 230 kv line which is to‘lie.betweén
Saraburi 2 and Thalan 3. The total length of the line constructed is

-appfoximatély 95 km.
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Towers for the transmission lines to be newly constructed shall be
standard transmission towers for 230 kv doubLenciréuit transmission

lines of EGAT.

12.5.2 -Basic Requirement

The following matters should be taken into consideration when

studying the transmission line for this project:
(1) The voltage of line should be 230 kV.
{(2) Standard double-circuit steel tower is used.

{3) The conductor used shall be ACSR 1272 MCM which is consistent

with the standard of existing transmission lines of EGAT.

Thermal capacity of one circuit of the transmission line is as

follows:

1078A. 429 MVA (at 230 kV)

Conditions: Maximum cable temperature 75°C
Wind velocity T 2.2 kmfhr
Ambient temperature - : 35°C

Intensity of solar radiation 0.06 W/ em?

{(4) Follow the standard specifications of EGAT.

12.5.3 fTransmission Line Route

Two double-current transmission lines shall go southward about ten
kilometers along the national road from-the location of ﬁhis project.
One of the lines.shall turn the direction to -east crossing the
existing 115 kV transmission line and connect to the existing 230 kV

transmission line.
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The other shall go in parallel with the existing 115 kV transmission
line to Thalan 3 substation which is about 15 km to the northwest of

Saraburli city,

Since it is possible to install the transmission line along the
national road over almost entire length between the site of the
project and Thalan 3 substation, material needed for transmission

line construction will be able to be easily transported.

The land for transmission line will be able to be acquired with
little trouble, because there are not many houses around the probable

routes for the transmission lines.

The area stretching 2 km from Lam Ta Khong switch yard toward south
along the Route 2 will be rather difficult area in construction work
of the line, because this 2 km zone is located very close to the
environment control area &nd the distance between towers, that is,
the distance between the parallel two lines will be restricted.
Therefore, when deciding the position of each tower, the geological
survey of the foundation of tower should be carefully carried out to

ensure the optimum positicning.

There is & hilly area over 500 m high on the route of the proposed
transmission line between the site of the project and Saraburi eity,
but the consfruction work; including transportatidn of materials, can
be done without much trouble, because national Road No. 2 is running

across this area.
Fig. 12-5 shows the standard cross section of a 230 kV double-circuit

steel tower. Fig., 12-6 shows the plan of transmission lines for the

project,
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TYPICAL 230KV TRANSMISSION TOWER
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12.6 Communication Facilities

Communication facilities are designed in such aiway that they properly

conform to the existing EGAT method.

(1)

(2)

(3)

(4)

(3)

(6)

Microwave ¢ircult is newly installed between this project area and
EGAT's headquarter dispatching center and to both Saraburi "2,

Nakong Rachasima 2 substations.

A total microwave repeater stations are at 5 stations for the
circuit for headquarter, and each 2 stations for both Saraburi 2,

Nakong Rachasima 2 substation.

The microwave is the main means of communication, but the power

line carrier system is used as the back—up.

For the power line protection system, both power line carrier

method and microwave method are used together.

Pulse radar system is used for the fault locating systeﬁl of

transmission line.

Telephone switchboard and paging system are installed at Lamtakong

control building.
Mobile station is provided for power line maintenance and it's
base station is established at the micro relay stations and

Lamtakong control building.

Fig. 12-7 shows an outline of communication facilities.
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CHAPTER 13 CONSTRUCTION PLANNING AND COST ESTIMATE

13.1 Construction Planning and Construction Schedule

13.1.1 Basic Conditions

(1)

(2)

(3)

Hydrology

Hydroiogical conditions for the project are described in Chapter
6. Thé construction 'schedule was prepared considering these
hydrological conditions. The rainy season period which affects
the construction schedule is generally 6 months from May to

October.

Transportation

It is possible to use National Highway of Route.1 and 2 for the
access road to the project site, and the access road to the
upper reservoir site constructed by EGAT branches from the
Route 2.

Construction Materials

- Cement

Cement is to be supplied by the cement mill at Saraburi, about

80 km away from the project site.

‘- Reinforcement Bars, Steel Materials and Other Construction

Materials
Principal construction materials such as reinforcement bars,

‘'steel materials, explosives and so on are supplied from

Bangkok, about 160 km away from the project site.
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13.1.2

-~ Concrete Aggrepates.

Concrete aggregates are manufactured from quarries in the
vicinity of the project site andfor purchased from the
existing aggregate plant 25 km away from the project site.

- Embankment Materials

The excavation debris from the upper reservoir andfor quarries
in the vicinity of the upper reservoir are to be used for rock
materials of the upper reservoir embankment. The transition

material is supplied in the same way as concrete aggregate.
- Site Electricity
The temporary electricity during construction is to be

supplied by receiving the 115 kV transmission line passing

through in the vicinity of the project site.

Construction Planning and Construction Schedule

The construction schedule was formulated based on the abovementioned

basic conditions and work quantities. The construction schedule is

shown in Fig. 13-1.

(1)

Preliminary Works

As preliminary works, access roads to the upper reservoir and
various tunnel portals, temporary facilities (concrete plant
facilities, aggregate plant facilities, . asphalt concrete
manufacturing facilities, temporary power supply facilities),
camp and office facilitieg are to be constructed. (See Dwg. 12-
5 for the Temporary Works Program.). e o

Concrete and aggregate plant facilities are to be providea at
two locations, in the vicinities of the upper reservoir site and

the tailrace work adit.
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(2)

{3}

(4)

Upper Reservoir

After completion of temporary works around the upper reéervoir,
excavation and rock embankment works are to be started from the
gecond year. Part of the excavation muck is to be utilized as
rock embankment material, with the remainder disposed of at a
spoil area adjacent to the ﬁpper reservoir at its east side.

Rock embankment material, other than the diverted excavation
muck, is to be obtained from a quarry at a hill area south of
the upper reservoir site. Transition material, besides what is
diverted from excavation muck, is to be collected from the
aggregate quarry and manufactured, or is to be purchaséd from an

existing aggregate plant. The asphalt concrete manufacturing

plant is to be provided adjacent to the upper reservoir site at

the north gide. The asphalt facing work is to be started in the
third year and completed in the fourth year after requiring 15

months.
Intake

Excavation. of the wvertical "shaft of the intake is to be
commenced in the third year after excavation work of the upper
reservoir has reached the intake bed height. The vertical shaft
excavation muck is to be disposed of in the spoil area adjacent

to the - upper. reservoir at the -east side, Assembly and

Anstallation of linér'pipe'éﬁd placing of filling concrete are
-to be done after completing excavation of the vertical shaft.
After completion of filling concrete placement, bed concrete
around the intake and concrete of the intake proper are to be

. placed; and the intake screen is to be installed in the end.

Pens;ock-

Excavation of the upper (800 m) and the lower (1,200 m) access

'tunnels for penstocks is to he started from the second year,

The upper-access tunnel is to be also utilized ‘as a work adit

for hauling .out excavation muck from the upper horizontal
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{3)

penstock portion. The lower access tunnel is to pass the upper
part of the vertical surge chamber shaft of the taiirace,-
connect to the middle horizontal penstock portion,.and be also
utilized as a work adit fof hauling out excavation muck of the
middle horizontal peﬁstock ‘portion and -the middle inclined

portion. The powerhouse drainage tunnel and powerhouse access

tunnel are to be also utilized. as work adits ‘for hauling out

excavation muck of the lower inclined portion.

Installation of penstock pipe is to be done from the third year
divided into an upper penstock and a lower penstock with the
middle horizontal portion as the boundary and these two ﬁarts
are to be worked on simultanecusly. Temporary.field workshops
for penstock pipe are to be provided at two places, the south
side of the upper reservoir site and the spoil area site south
of the outlet.  Penstock pipes are to be hauled from the
workshops to the portals of the upper'and the lower access
tunnels by trailer trucks., Installation of penstock pipe and
placement of filling concrete are to be done in parallel, and
these are to be completed at the end of the fourth year going by

a schedule of 15 months.
Tailrace

The work adit for tailrace tunnel excavation is to be of a
length of approximately 700 m with its portal adjacent to
National Highway No. 2. Excavétion'of the work adit is to be
started from the first year, with excavation muck disposed of at
a spoil area at the west side of Nationai Highway No. 2.

Excavation work of tailrace tunnel is to be started from the
second year after completing excavation of the work adit.
Tunnel excavaetion of approximately 300 m on the dgwﬁstream
tailrace side is to be done at the beginning, followed by tunnel
excavation on the upstream powerhouse side. Excavation muck is
to be hauled out through the work adit and disposed of at the

spoil area on the west side of National Highway NWo. 2.
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(6)

* Bxcavation of the vertical shaft of the tailrace gate chamber is

to be commenced from the second year, and the tailrace gate is
to be installed so that the upstream-side works for the

powarhouse and tailrace tunnel will not be hindered by floods,
For the outlet works, a cofferdam is to be built in the dry
season of the second year with an embankment of earth and steel
sheet piles, and concrete structure is to be constructed.

Powerhouse

Excavation. of the powerhouse access tunnel and the power céble

‘tunnel is to be started in the second Yyear. The power cabhle

tunnel (700 m, gradient 20%) is to connect to the arch portions

.of the underground powerhouse and transformer hall and is to be

utilized as a work adit for hauling out muck from arch
excavation of the ‘powerhouse and transformer hall. The
excavation muck is to be disposed of in the the spoil area at
the west side of National Highway No. 2. The arch por£ions,
after éroviding_temporary support with shotcrete and rock bolts
immediately upon excavation, are to have arch concrete placed as
early as possible. It will be a 7-month work séhedule from the

start of excavation of the arch drift heading to completion of

" arch concrete placement,

- The: construction of the powerhouse: proper is to be done in

cycles of bench-cut excavation, primary shotcrete placement,

- rock bolt installation, secondary shotcrete placement, and

prestressed anchor installation -'7dril;ing holes, inserting
rods, and tensioning. For stability of the cavern, provision of
suppbrts is to Dbe completed as soon as possible after
excavation. For_hauling out excavation muck, the power cable
tunnel, the po&erhouse access tunnel, and powérhouse drainage

tunnel are to be utilized in successive order in step with

'cutting down of the bottom level of the powerhouse. The order
of construction of the powerhouse and surroundings is shown in
" Fig. 13-2.
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{7

(8}

Side wall concrete is to be placed from the bottom on providing
a temporary bverhead travelling crane after. the excavation the

powerhouse cavern has reached the level of the turbine hall.

Assembly and installation of the overhead travelling cfane will
be started at the assembly hall. Installation of turbines and

generators is to be done using this overhead travelling crane.

Turbines and Generators

Installation of draft tubes is to be done from the end of the
third year using a temporary overhead travelling crane for civil
works. Subsequently, assembly and installation of turbines and
generators will be done from the fourth year using the overhead
travelling crane for electrical equipment installation. . After
completion of installation, water is to be impounded in the
upper reservoir and wet tests performed, and Unit No. 1 ~ No. 4

is to start operation in 1997 successively.
Transmission Line

Construction of the new 230 kV transmission line (2 cct, ¢ = 15
km) between the Lsm Ta Khong Power Station ahd the existing 230-
kV transmission line and of the new 230 kV transmission line
(2 cct, ¢ = 95 km) between the Lam Ta Khong Power Station and
the existing Thalan 3 substation, and: installation of line-
equipment for 230 kV - 2 cct at the Thalan 3 substation are to
be started from the third year with the work completed at the

end of the fourth year.
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Description

Item

1st Year

(1893)

2nd Year (1994)

NED

ATMTITaTATS o[NP s [FIM[ATM]S

JJa[sTon]p

3rd Year (1995)

4 th Year

(1998)

5 th Year

(1997)

J|F M

Jlals

oIN|D

JIF M

Almld

JlAls

o[nD

J]Fm

E

J1alsToln]o

Preliminary Works

Upper Pondage

Excavation

Embaniment
{ Rock}

Embankment
{Transition)

Facing
{ Asphalt)

Intake

Excovation

Concrete

Steel Lining

Penstock

Access
Tunnel

l‘-

ower . Ex. §=1 200m

Upper : Ex. £=800m

Can.

Tunnei
Excavation

Concrete

Steel Pipe

Powerhouse

Access Tunne!
{£=1200m)

Can,

Cable Tunnel
{8 =700m

Ex.

Con.

Excavation

Arch

Cavern

Concrete

Arch

' Grouting

Tailrace

Work Adit
{8 =700m)

Tunnei
(R =1300m)

Ex.

Con.

Grout

Qutlet

Electrical Equipment

Transmission Line

Comissioning

#1 ~ #4

Fig. 13—1  Construction Schedule of Lam’ Ta Khong Project
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@ A . Excavation of upper water chamber is done through lower access tunnel @ A Upper cavern excavation of powerhouse is done through access tunnel for
powerhouse

for penstock
B . Enlarge excovation of surge chamber is done through tailrace tunnel

B . Arch excavation of powerhouse is done through power cable tunnel
C . Excavotion of drainage gallery is done through access tunnel for powerhouse

\

Upper Water Chamber

Surge’ Cbamber

Lower Access Tunnel
of Tallrace

Transformer Hall
for Penstock

Powerhouse

: jﬁg
~ 7 hccess Tunnel
for FPowerhouse

Access Tunnel|
for Powerhouse

e e
Tailragce Tunnel

@ A Lower cavern excavation of powerhouse is done through drainage
tunnel of powerhouse .

@ A [ Excovation of inclined shaft of penstock is done through drainage tunnel
7 of powerhouse
B . Excavation of pilot shoft is done through tailrace tunnel

Inclined Shaft
of Penstock

Orainage Tunnel
of Powerhouse

Drainage Tunnel
of Powerhouse

Fig.13—2 _Constructibn- Proced.ure 'SUrrounding Powerhouse

V excavating portion

excavated portion

concrete portion

transportation route

Note.
This figure represents

2 generators of 250 HW.
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