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Photo-3 Route of Waterway (View from Upper Reservoir)

Photo-4 Route of Waterway (View from Tailrace Site)
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UNITS AND GLOSSARIES

(1) Units

mm 1 HMilliwmeter

cm : Centimeter

m t Meter ’

tm : Kilometex

cm? ! Square centlmeter

m2 ! . Square meter

km? : Square kilometer

m3 : Cublc meter

MCM : Milllioa cublc meter (for development planning)
kg ¢ Killogram '

t ¢ Metric ton

m3/s ¢ Cubic meter per second

kW : Kilowatt

kih : Kilowatt hour

MW ¢ Megawatt

GWh : Cigawatt hour

kv : Kilovolt

kVA : Kilo#olt~Ampere

MVA ¢ Megavolt—Ampere

MCM : Thousands of circular mils (for transmission l1line)
rpm : Revolutions per minutes

Iz : Hertz (cycles per second)

El. : Elevation 7

°C : Degree in centigrade

mb : Millibar

% ! Percentage

Lu : Lugeon value (rate of water loss from a drillhole)
f{ : Liter

1 MW ¢ 1,000 kW

1 GHWh : 1,000,000 kuh

1 barrel : 159 (

1 rai : 1,600 m?

gal : co/sec? (acceleration of earthquake motion)

kine : cm/sec



(2) Glossarles

(1) Terms
MUWL : HNormal High Water Level
LWL : Low Water Level
TWL : Tail Hater Level
Us$ : U.S. dollar
i : Baht
M# : Million Baht
hrg t  Hours
yr ¢ Year
ea, : Each
Max. t  Maximum
Min. ¢ Minimum
cck : Circult
a.c. ¢ Alternative current
ACSR ¢ Aluminum Conductor Steel Reinforced
ASTM : American Standard for Testing and Materlals
CA : Catchuent Area
FY t Fiscal Year
GDP : Gross Domestlc Product
Mp : Body Wave Magnitude
Mg t Surface Wave Magnitude
IRR ¢ Internal Rate of Return
EDR ¢ Equalilzing Discount Rate
PAX : Private Automatlc Exchanger
PHMF ¢ Probable Maximum Flood
PMP ¢ Probable Maxlmum Preclpitation
UiF : Ultra High Frequency
VHF ¢ Very High Frequency
B-C : Net Present Value of Surplus Benefit

‘B/C Benefit Cost Ratio



(11) _Agenciés

Asian Institute of Technology

- ALT :
EGAT : FElectricity Generating Authority of Thailand
EPDC : Electric Power Dévelopment Cba, Ltd.
JICA : Japan International Cooperation Agency
Lao PDR : Lao People Democratic Republic
MEA : Metropolitan Blectricity Authority
NEA : HNatlonal Energy Admlnistration
NEPO : National Energy Policy Office
NEShB : National Economic and Soclal Development Boaxd
NIDA : National Institute of Development Administration
OPEC i Organization of Petroleum Exporting Countries
PEA : Provinclal Electricity Authority
RID ! Royal Irrigatiod Department
TDRY ¢ Thailand Development Regearch Ingtitute
IBRD : International Bank for Reconstruction and

Development
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- INTRODUCTION

This report concerns the feasibility study of the Lam Ta Khong Pumped
Storage Development Project. The feasibility study has been conducted
from 1990 to 1991 by the Japan International Cooperation Agency (JICA)

under a technical cooperation program of the Government of Japan.
(1} Background of the Project

Thailand’s economic growth rate in 1989 was marked at 11Z, being
prominent among Asian developing nations. Particularly, the growth

of its industrial sector was significant.

The installed capacity of electric power generating facilities in
Thailand was 8,314 MW in 1989, Composition of power sources
consisted of 2,271 MW in hydro plants (27.3%7) and 6,043 MW in
thermal plants (72.7%).

The rates of average annual increase of EGAT's power and energy
generation for ﬁhe five years from 1986 to 1990 were 12.97 and
13.22Z respectively. The rates increased in 1990 by 13.8% and 18.5%
respectively. The rates of increase of future demand will decrease
gradually to be 7.6Z7 and 8.3Z in 1995, and 6.27 and 7.2% in 2000,
After 1995, the annual increase of demand is considered to be about
900 MW and about 6,100 GWh respectively. Therefore, new power
plants having a capacity of 900 MW should be implemented every

year.

The Thai Government has a policy of utilizing indigenous energy
sources such as natural gas, lignite, hydropower, etc., while

suppressing the increase of o0il importation as much as possible.

Under such circumstances, keen attention has been focussed recently
on the Lam Ta Khong Pumped Storage Project which is close teo
Bangkok metropolitan area, the biggest demand area of electricity

in Thailand.



(23

In order to cope with the high growth of electricity demand,
especially peak demand, a feasibility study on the Lam Ta Khong
Pumped Storage Project was réquested to the Japanese Government by

the Thai Government in 1988,

Outline of the Project

The Lam Ta Khong Pumped Storage Project is to be carried out on the
Lam Ta Khong Riﬁer, a tributary of the Mun River of the Mekong

River system, 200 km northeast of the capital Bangkok.

The project features are shown on the table "General Project

Description on Lam Ta Khong Pumped Storage Project".



(3)

(4)

Provision of Equipments

To promote the study of the Project the following equipments were

provided to the EGAT, and the EGAT carried out the investigation

works listed below.

Equipments Provided and Investigation Works

Equipments

Investigation Works

FRP Boat (MODEL W-198F) and
Accessories | '
Depth Recorder (MODEL RS-615)

Sounding éurvey in the Lam
Ta Khong reservoir

Rotary Bdring Machine (MODEL
YBM-3JES) and Accessories

Drilling at upper pondage,
waterway and powerhouse site

Technology

Transfer to the Gounterparts

The technology transfer to the counterparts from the EGAT was done

(October 7, 1991 - December 4, 1991: Scheduled)

during the study period as follows:
- Counterpart Mr. Prakit Pooviboonsuk
(December 2, 1990 - February 7, 19921)
Mr. Pote Angwatasnapanich
Mr. Suvit Kritdum
(October 7, 1991 - December 4, 1991:

-~ Schedule

.

Scheduled)

Technology transfer and discussions on the feasibility-

grade design of the Project

Inspections at factories of turbines and generators

Inspections &t pumped

construction or iIn operation

-3 -
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Table 1-1 General Project Description of Lam Ta Khong Pumped Storage Project (1/4)

Project Name

Lam Ta Khong Pumped Storage

LOCATION

PURPOSE

HYDROLOGY

Catchment Area

Period of Runoff Aralysis
Average Annual Inflow
Design Flood

RESERVOIR

Normal High Hater Level (NHHL)
Low Hater Level

Total Storage Capacity
Effective Storage Capacity
Surface Area at NHHL

DAM

Type

Dam Height

Crest Clevation

Crest Length

Dam Volume

Upstream Face Slope
Downstream Face Siope

km?
¥r§.
MCH
m/sec

m.MSL.
m.M5L.
HCH
MCH
ke?

m.MSL.

10°

Upper Reservoir

Lower Reservoir

District, Pak Chong
Sikhiu

Nakhon
Ratchashima

Province:

Power Generation

0.4

660.0
620.0
10.3
9.9
6.3

Rockfill Dam with
Asphalit Facing

60
662.50

2,210

6,190
1:2.5
1: 2.5

L.am Ta Khong River
Tributary of Mun River

pistrict, Pak Chong
Sikhiu

Nakhon
Ratchashima

Province:

Hulti purpose
{Existing)

1,430
28
261
2,130

277.0
261.0
310
290
a4

Homogeneous Earth-fill
Dam

40.3
282.3
527
853
: 3.0 - 5.0

1
1:2.5




General Project Description of Lam Ta Khong Pumped Storage Project (2/4)

Project Name

Lam Ta Khong Pumped Storage

10.

IRTAKE

Type
Size
Rumber

PENSTOCK

Type

Humbey

Inner Diameter
Length

TAILRACE TUNREL

Type

Number

Inner Diameter
Length

SURGE CHAMBER.

Type

Number
Dimension

- Main Body
- Chamber

QUTLET

Type
Humber
Size

set

2 3 3

Rorning-glory
(18.0 - 5.8)% x 51
i

Inctined Shaft Embedded Steel
2 -1
5.8 - 2.6
690

Concrete Lined Pressure Type

4-2
4.90 - 6.60
1,470

Chamber Surge Tank
2

Inside B.90 Height 107.0
Inside 10.00 x 10,00 Length 35.0

4 Continuous Box Culvert
4

Hidth 6.6 - 30.0
Height 6.6 - 10.0
Length 55.0




General Project Description of Lam Ta Khong Pumped Storage Project (3/4)

Project Hame

Lam Ta Khong Pumped Sterage

11.

12.

13.

POHER HOUSE

Type_'-

Size (Width x Length x Height)
Draft Gate

- Type

- Number

Tailrace Gate

- Type
- Number

TURBINE/PUNP

(Turbine)

Type

Number of Units

Max. Gross. Head

Rated Intake Water Level
Rated Tail Hater Level
Gross licad

Normal Effective Head
Max. Power Discharge
Rated Qutput

Revoiving Speed

(Pump)

Max. Pump Head

Max. Pump input
Hax. Pump Discharge
Revolving Speed

GENERATOR/MOTOR

Type

Rumber of Units
Rated Output
Voltage

Power Factor
frequency
Revolving Speed

set

unit

m.M5L.
m.MSL,

m3/sec
MR
rpm

Mr
m3/sec
rpm

unit
HUA
kv

Hz
rpm

Underground type
22 x 117 x 45.7

Bonnet Type Gate
4

Roller Gate
2

Vertical Shaft Francis type reversible pump
turbine
4

401
653
276
377
357
82.5
255
375

409

277
71.4

375

3-phase AC Synchronous Generator-Motor
4
278
i6.5
Generator 0.9 (Lag) Motor 0.98 (Lead)
50
375




General Project Description of Lam Ta Khong Pumped Storage Project (4/4)

Project Name

Lam Ta Khong Pumped Storage

14,

15.

i6.

i7.

18.

19.

20.

21.

2.

MAIN TRANSFORMER

Number of Units
Type

Capacity
Voltage

SKITCHYARD

Type '

Nominal Voltage
Number of Circuits
TRANSHISSION LINE
Commection

Hominal Voltage
Rumber of Circuits
Lengthv

POYER GENERATIONl
Hax. Power Discharge
Normal Effective Head
Instailed Capacity
Annual Operating hours

Generating Capability of
Continuous Operation

PROJECT COST

ECONOMIC COST

ECONOMICS

C
c

mes o
=R ]

CONSTRUCTION PERIOD

COMMISSIONING

unit

HVA
kv

kv
cct

kv
cect
km

nP/sec

B
hrs
hrs

Hg
(MUS$)

H@
(HUs$)

& 1

yrs.

4

Special 3-phase in door forced oil water cooled

type with on load tap changer
© 290
230/16.5

Sfg Gas Insulated Switchgear Type

230
8

To Saraburi 2 - Hakon Rachasima 2
Existing 230 kV Line

230
2
15

340 {4 units)
357 :
1,000
800
8

16,674 (641)

11,254 {433)

1,500
1.16
17.4

1997

To Thalan 3
230
z

95




CONCLUSIONS AND RECOMMENDATIONS

The Lam Ta Khong Pumped Storage Project is situated on the Lam Ta Khong
River, a tributary of the Mun River of the Mekong River system, 200 km
northeést'of the capiﬁal. Bangkok, This Feasibility Study reveals that
the project i§ feasible from technical, environmental and economic points
of view. An outline of the conclusions and recommendations are plven

below.

Conclusions

(1) Electric power demand in Thailand recorded an annual growth rate of
14 percent in 1990 as a result of rapid industrialization. It is
predicted that demand will grow at an annual rate of approximately
16 percent in 1991 and 7 percent in 1997. The peak power demand in
1990 of 7,094 MW is estimated to become about 13,000 ~ 14,000 MW in
19497. Therefbre. there will be a necessity to construct new

facilities of approximately 900 MW every year.

(2) At present, only a few power source exist to meet the rapid
increase of peak power demand. In order to supply reliable
electric power in the future corresponding to the rapid
industrialization of fThailand, it is necessary to develop
hydroelectric power plants capable of coping with the peak load.
The Lam Ta Khong project is extremely promising as a power source
to cope with the above-mentioned increase in demand and as a power

source to supply peak loads of Thailand.

(3) 'The optimum scale of development of the Lam Ta Khong pumped storage
power plant is 1,000 M¥ having the capability of 8 hours’
continuous operation {storage capacity of upper reservoir). It is
desirable to commence operation of the project at the earliest, and
it is considered that this is in the year 1997. In the case that
the development of the project is divided into two stages and that
the unit 3 and 4 (250 MW x 2 units) are installed later than 1997,
it is recommended that the units 3 and 4 shall be installed by the

year of 2002 from an economic point of view,

-8 -



(4)

(3)

(6)

(7

The power system stability poses a limitation of plant operation.
The 1,000 MW generation will be possible in 1997, however, pumping
at off-peak time will have to be restricted to 500 MW at most from

the stand point of the power system stability,

_In addition to the function of power supply capability the Lam Ta

Khong power plant will provide the following benefits to EGAT's
system. The project will have quick load following characteristics
corresponding to load fluctuation, regulating the system frequency
and voltage, reserve capaci£y in case of failure of other power
plants, and reducing the frequency of start-and-stop of thermal
power plants thereby enabling high efficiency operation of thermal

power plants.

Civil structures including surface membrane fill dam for upper
reservoir, uhderground powerhouse, penstock and tailrace tunnel
were designed taking into consideration topography, geology,
avallability of construction materials, earthquakes and

environmental aspect.

Bedrock of the upper reservoir, the waterway and the underground
powerhquse is composed of sedimentary rock of Mesozoic era, and
remarkable faults or other problems were not found judging from the
results of in situ rock tests. There are no technical problems

which would influence the realization of this project.

The.'project area is located in an environmental area where
development is restricted by the Thai government. Construction of
structures on the surface are prohibited in a part of the area., 1In
order to evade the restricted area, underground structures are

adopted in this project.

There are no people living in the project area, so there will be no

reséttlement problem.

Since the project 1s designed considering the environment, it is

feasible from an environmental point of view.

-9 -



(8)

(9)

The estimated project cost including import duty, interest during

construction and escalation up to 1997 is 16,674 million Baht
(US$641 million).

The "present value of surplus benefit (B - ), benefit-cost ratio

- (B/C), and equalizing discount rate (EDR) of the project obtained

from economic comparison of the Lam Ta Khong power plant and an
alternative thermal plant are 1,504 million Baht, 1.16 and 17.4
percent, respectively. These values indicate that the development

of the project is economically feasible.

- 10 -



(1)

(2)

Recommendationsg

It is necessary to pfoceed to the stage of definite study as soon
as possible in order that the project is completed and commissioned

as scheduled in the year 1997.

The following additional  investigations and studies are

recommended :

- Exploratory adit should be excavated as soon as possible in order
to design the powerhouse and study its construction method. In
situ rock tests should be carried out in order to understand the

physical. properties of the bedrock.

- Along with the definite study of the project development, it is

necessary to study reinforcing the power system in future,
especially to study installing facilities to supply reactive
ﬁower for the purpose of holding voltage of 230 kV bus at each
substation at the appropriate level. It is particularly
important to hold the voltages at Saraburi 2 and Nakhon

Ratchasima 2 substations during Lam Ta Khong'’s pumping.

- In order that the power sources in the northern area can be
developed on schedule and the Lam Ta Khong power station and
other powér stations can be properly operated without limitations
it is necessary to reinforce the power system in and after the
end of 1990's when power system stability at pumping hours will
become critical. The power system reinforcement should be
studied including the possibility of pumping by three or four

units of the Lam Ta Khong power station,

- 11 -



3, LOAD FORECAST

3.1 Result of Load Forecast

Power demand forecast by the JICA Team are shown in Table 3-1 and Table

3.2, Futdre values on these tables were forecasted based on such data

of Thailsnd asg actual energy consumption, past GDP, GDP and population

- in future predicted by the Thai government agencies.

(1)

(2}

(3)

Energy Consumption

The JICA Team forecasted that the energy consumption would increase

~at the average growth rate of 13.01Z from about 31,500 GWh in 1989

to about 39,400 GWh in 1993, 9.527 from 1992 to 1996 and 7.367 from
1997 to 2001, and in 2000 it will be about 82,800 GWh, which is

about 2.6 times as much as that in 1989.

Energy consumptibn per capita in 2000 is predicted to be 1286 kWh,

which is about Z.26 times as much as 568 kWh at the present time.
Energy Demand and Maximum Power Demand

The energy demand at generating end is predicted to increase at an
average rate of about 8.93%7 per year from the current about

36,500 GWh to about 97,000 GWh in 2000.

The annual load factor at generating end is predicted to decrease

gradually in future from current 68% to 63.37 in 2000.
The maximum power demand at generating end is predicted to grow at
a rate of 9.42% per year on average and to be about 17,400 MW in

2000.

Comparison between the Load Forecasts Made by the JICA Team and

Thai Organization

- 12 -



Load forecast formulated by Thai organization is shown in table 3-
3. The difference between the above two is exceedingly small in
the energy demand at generating.end, although the JICA forecast is
a little bit lower than the High Case forecast by the Thai

organization. They can be regarded as almost the same.

As for the maximum power demand, each forecast predicts that it
will grow almost in the same way until 1995 or 1996, but after that
the values predicted by the JICA Team surpass those predicted by
the'Thai organization due to the different prediction for the

future annual load factors.

- 13 -
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Table 3-3 Load Forecast by Thai Organization
{High Case)

Peak Generation Energy Generation Load

Fiscal Year Increase Increase Factor
MY GWh —
: MW % (¥ % %
: : Actnal _
1979 2, 205,00 | .154.40 735} 13,964.55| 1,592.88 | 12.88 | 70.69
1980 2,417, 40 162,40 120 14,7193.73 189. 18 5,69 69,67
1981 2,588, 70 { 171.30 .09 15,959.97 | 1, 206. 24 8.181 70.38
1982 2,838.00 1 249.30 .63 1 16,881.95 921. 98 5781 67.91
1983 3,204, 30 |  366. 30 12.81§ 19,066.30;2,184.35| 12.94| 67.92
1984 3,547.30 | 343.00 10,701 21,066.44 32,000,004 1049 67.79
1985 3,878.40 ) 331.10 9,33 23,356.572,290.13| 10.87| 068 75
1986 4, 180. 90 | 302. 50 7.80 ) 24,779.53 | 1, 422,96 6.09 | 67.66
1987 4,733,901 553.00 13.23 | 28,193.16 | 3,413.63 | 13.78| 67.99
1988 5 444,001 T10.10 12.00 | 31,996.0013,812.84 | 13.49| 67.09
1989 6,232.70 | 788.70 14.49| 36,457.0914,461.09¢ 13.94; 66.59
Average Growth
1980-1989 - 397,77 10. 79 — 2,249,725 10.07 -
- Forecast
1980 7, 168. 00 935.30 15. 00| 42,203.00|5,745.91 ] 1576 67.21
" 1891 8,028. 00| 860.00 12.00] 48,013.00|5,810.00 13.77| 68.27
1992 8,911.00 | 883,00 11.00 | 53,760.005,747.001 11.97! 68.87
1943 g,802.00 | 891.00 10,06 1¢ 59,470.00 | 5,710.00 | 10.62| 69.26
1994 10,689.00 | 887.00 9.471 65, 113.00 ] 5,643.00 9,92 69.5%4
1995 11,498. 00| 809.00 7.97% 70,509.00 i 5, 392. 00 8.28 ) T0.00
1996 12,335.00 | 837.00 7.281 76,113.00 ] 5, 608. 00 7.951 70,44
1997 13,190. 00 | 855.00 6.93| 81,674.00 | 5, 561.00 7.311 70.69
1998 14,003, 00 1 903.00 6,851 R7,931.0016,257.00 7.66 1 TL1.23
1999 15,009, 00 | 916. 00 6.50 | 94,167.00 {6,236.00] 7.09| 71.62
20060 15,946. 00 | 937.00 6.24 | 100, 951.00 | 6, 784. 00 7.200 2. 27
200} 16,916. 00| 870.00 6. 04 | 108, 041,00 | 7, 090. 00 7.02¢ 72.9]
2002 17,842. 00 | 926. 00 5.47 | 114, 096. 00 | 6, 095. 00 5607 73.00
2003 18,777.00 | 935.00 1| 5.24[120,07500] 5, 97%. 00 5241 T73.00
2004 19,681. 00 | 904.00 4,81 | 125, 856.00 | b, 781. 00 4,81 73.00
2005 20,593. 60 | 912.00 4.63 | 131, 688.00 | 5, 832. 00 4,63 | T73.00
2006 21,499, 00| 906. 00 4,40 1317, 482.00 | 5, 794. 00 4,40 73.00
Average Growth

1987-1991 - 769. 42 13. 94 - 4,646.69 | 14.14 -

1992-1996 - 861. 40 8. 97 - 5620.00| 9.65] -—

1997-2001 - 316. 20 6.52 - 6, 385. 60 7. 26 -

2002-2006 - 916. 60 4,91 - 5, 960. 20 4. 94 —
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4,

POWER DEVELOPMENT PLAN

4,1 Power Development Plan of EGAT

The power supply capability of EGAT as of Séptember, 1990 is as follows:

Installed (MW) Dependable (MW)
Hydro 2249.2 1908.9
Thetmal 4306.5 4220.4
Combined 1176.6 1153.0
Gas Turbine 238.0 202.3
Total 7970.3 7484.6

The main part of EGAT's power development plan is occupied by the
development of thermal power which comprises combined cycle, lignite

fired and coal fired thermal power plants.

‘fThere are some development plans of hydro power and pumped storage, but
the ratio of their total capacity to the entire development capacity by

2006 is only 6.5 percent or so.
Total developed capacity added to the above by 2006 is 19,934 MW, but
some of old gas turbines and thermal power plants are planned to be

retired, so the total capacity in 2006 is supposed to be 24,874.2 MW,

Table 4-1 shows the power development plan in Thailand (EGAT's PDP 90-
03).

- 17 -



#.2 - Balance of Power -Supply and Demand

Reserve margin was estimated by combining the load forecast by the JICA

Team with the power development plan of EGAT.

It is noted that the estimated'reserve margin is 18 percent in 1993 but

it becomes smaller yearly to nearly zero in 2004.

A power system must have operating reserve or extra generating capacity
available to cope with emergencies such as unexpected interruption of
plant operation, decrease in output power due to shortage of water or

unforeseen increase of power demand.

The appropriate amount - of operating reserve must be studied in

conjunction with power supply reliability.

If Japan’s reliability target, LOLE 0.3 days per month, is applied to
Thailand, reserve margin of 4t least 15 to 16 percent would be required,
which means about 800 MW must be added to the capacity developed in 1997

to 1998 based on the present power development plan.

- 18 -



4.3 'Significance of Lam Ta Khong Project

A hydro power plant has a swift responsive péfformance for the
requirement of power generation. It takes charge of the peak portion of
load curve and is used as spinning reserve where the power can be called

upon very rapidly following any unexpected loss of generating capacity.

Hoﬁever, future development of hydro power in Thailand will be greatly
hampered by the lack of sites to be economically developed and troubles
on environmental concerns. As a result, the ratio of power supply
taking charge of peak load and power system fregquency control will

decrease gradﬁally.

When sites for hydro power development becoming scarce, the development

of pumped storage power will become an effectual alternative.

Because of its Functional feature like general hydro power plant, a
pumped storage power plant is used to secure supply capability to meet
power demand as operating reserve and to control the frequency and
voltage of the power system. It is also made use of for economical

operation of thermal power plants.

In Japan, the appropriate development capacity of pumped storage power
is said to be between 15 to 20 percent of increased demand, though it

somewhat varies according to a power system.

Taking account of the sgituation of future hydro power supply, EGAT
should develop Lam Ta Khong project as early as possible (in fiscal 1997

‘as the present power development plan).
EGAT should start to study reinforcement of the power system and
development of power sources to secure sufficient supply capability

after the end of nineteen-nineties.

In this connection, it 1is particularly important to study the

development of peak load power stations including pumped storage power

- 19



plants in reépect of power system frequency control and economical

operation of power system.

- 20 -
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Table 4-
Power Plant

Rayong. CC- 1 {6T)

Nam’ Phong C€C 1 {GT)
rayong cc 2 (GT}
Rayong cC 3 (GT) .
srinagarind

Bang Pakeng CC 3 (sT)
Bang Pakong CC 4 (ST)
Rayong cC- 1. (ST}
Rayong C¢ 2 (ST)

Nam Phong CC,l (ST)
Mae Moh - )
Rayong CC 3 . (ST}

Bang Pakoeng Thermal
Mae Moh

Bang Pakong Thermal
Pak Mun

Bhumibol Renovation
Nam Phong CC 2 {6T)
Bhumibol Renovation
Rayong CC.4 (GT)

South Bangkok cC 1 (GT)
Khanom CC1{GT)

Nam Phong CC 2 (ST)
Sirikit

Rayony CC 4 (ST)

South Bangkok CC 1 (ST)
Khanem €C 2. (GT)

Wang Hol Gas Turbine
Khanom CC 1 (8T)

Kaeng Krun

Bhumibol

. Wang ¥ol Gas Turbine

Khanom CC 2 {ST)
Hae Moh

Ro Phal

Mae Moh .
Lanm TakXhong
Ao Phai

Ao Phai.

HMae Taeng

Nam Khek
Lampang

Mae Lama Luang
Lampang

Nam Ngao
Lampang

Saba Yoi
Lampang

Saba Yol
Lanpang -
New -Gas Turbin
Lampang

Ao Phai

Saba Yoi

New Thermal
New Thermal - .
sip Pun

New Gas Turbine
New Thermal
Sin Pun

New Thermal
New Thexrmal
New Thermal

- Existing Capacity by September 1990
Total Added Capacity (Up to 2006)

Fuel
Type

Gas
Gas
Gas
Gas
Hydxo

Lignite

0il/Gas

Lignite

0il/Gas
Hydro

Hydro
Gas
Hydro
Gas
Gas
Gas

Hydro
Gas
Gcas
Gas

Hydro
Hydro
Gas

Lignite
Coal

Lignite
Hydro
‘Coal

.Coal . .

Hydro
Hydro-
Lignlte
Hydro
Lignite
Hydro
Lignite
Lignite
Lignite
Lignite
Lignite
Gag
Lignite
Coal
Lignite
L/
1/
Lignite
Gas

1/
Lignite
1/
1/
/

Hat

Plant Retirement
Total Capacity by Year 2006

Unit
Humbey

1-
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A W
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Rating
{Mw)

103
121
103
103
180

99

99
102
102
113
300
102
600
300
600

34

{70)
121
{70)
100
100
100
113
125
100
100
100
100
100
40
175
100
100
300
700
300
150
700
700
1848
50
300
80
300
70
300
300
300
300
450
100
450
700
-300
1,000
1,000
75
100
1,000
15
1,000
1,000
1,000

LI O 1

NMote @ )L/ Type of fuel will be detexmined later on.
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Total
(1)

206
242
206 -
206
180
99
a3
102
102
113
300
102
600
300
600
136 .

(70)
242

{70)
200
200
200
113
125
100
100
200
200
100
80
175
200
100
300
700
300
600
700
700
26
50
300
240
300
140
300
300
300
300
450
200
450
700
300
1,000
1,000
75
200
1,000
75
1,000
1,000
1,000

7,970.3
19,934.0
2,930.1
23,979.2

=

Commissio
Date

Hovember
becember
December
March
April
Maxch
July
August
Septenber
November
November
Decenbey
March
Hay

May

Jun 94 -

June
January
January
Marech
April
Pecember
January
February
March
April
Aprii
- November
Decembér

Decenmberx -

January
April
April
April
August
October
Dec 96 -
April .
April.
June -
Decenber
January
January
July
January
January
April
July
Octoher
January
April
July
October
April
Octobex
April
Rpril
May
January
April
January
October
April

Hi
MW

My

Power Development Plan in Thalland (EGAT’s PPP $0.03)

ning

1980
1990
1990
1991
1993
199)
1991
1891
19981
1991
199}
1991
1892
1992
1993 .
Nov 24

19492
1993
1993
19¢3
1993
1993
1994
1994
1994
1994
1694
1994
1294
1994
1995
1995
1995
1996
1996
1936
Jun 97
1997
1998
1998
1598
1939
1599
1999
2000

2000 .

2000
2000
2000
2001
2001
2001
200),
2002
2002
2003
2003
2003
2004
2004
2005
2005
2006



HYDROLOGY

Thé'Lam Ta Khong River, about 170 kilometers in length, is one of the
ma jor tributaries_of the Mun River. It flows generally north and
eastward passing the city of Makhon Ratchasima to its confluence with

the Mun River at Ban Tha Chang about 20 kilometers east of the city.

The Lam Ta Khong River basin originates in the high mountainous area on
the southwest corner of the Khorat Plateau and lies on the northern
slopes of the divide between the provinces of Nakhon Nayok and Rakhon

Ratchasima.

The rainfall in the project area mainly depends on the Southwest Monsoon
and the depression that originates from the South China Sea then passes

through Vietnam and moves toward the northeast of Thailand.

The drainage basin of the Lam Ta'Khong River lies in the area of less
rainfall. This is because the mountain ranges along the western end of

the Plateau act as high barriers against the Southwest Monsocon.

The average annual rainfall in the project area is between 900 mm and
1,100 mm, The annual rainfall as low as 500 ~ 600 mm may be expected in

dry vears, while 1,500 mm in wet years,

About 80% of the annual rainfall occurs during the months of May through
October, and maximum monthly rainfall of 200 -~ 250 mm occurs in

September.

The annual mean temperature is 26.5°C, and the extreme highest and

lowest temperatures are recorded 42.7°C in April and 6.2°C in December.
The annual mean relative hvmidity is 72.2%, and the monthly mean
relative humidity is as high as 94.77 in September and as low as 84.8%

in March.

The annual evaporation is 1,879.2 mm, and the maximum is 192.1 mm in

April.

- 22 -



The climatological data at the station of Nakhon Ratchasima is tabulated
on Table 5-1.

Dafa on stream flows on the Lam Ta Khong River upstream of the Lam Ta
Khong -dam are available ét five gaugiﬁg stations., The station M38C near
the Lam Ta Khong dam has recorded since 1962, hut the flow data since
July, 1968 are the butflows from the Lam Ta Khong dam. Locations of

rainfall statioms and gauging stations are shown in Fig. 5-1.

The monthly reservoir inflows of the Lam Ta Khong dam are tabulated on
Table 5-2. The mnatural annual reserveir inflow dis 258.94 MCM
(8.21 m’/sec) on the average, 110.00 MCM in the driest year (1968) and
495.00 MCM in the wettest year (1972).

The reservoir water levels of the Lam Ta Xhong dam are illustrated in

Fig. 5-2.
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6. GEOLOGY, CONSTRUCTION MATERIALS AND SEISMICITY

6.1 Geology

{1

(2)

Outline of Geology

As shown in DWG, 6-1 and 6-2, the bedrock of the project area is
composed of thé Phu Kradung formation which consists of siltétone,
fine-grained sandstone, and partly conglomerate and the Phra Wihan
formation which bonsists.of coarse-grained sandstone, claystone,
alternation of fiﬁe-grained.sandstone and siltstone. In terms of
hardness of rock, the sandstones are generally massive and hard
while the degrée of consolidation of siltstone is slightly low and
that of claystone is low. The relations between the layers are
conformable and the strikes of the layers are N30° W to N70° and
the dips 5° to 10° (average 6°) NE. Residual soil with a thickness
of several meters covers the bedrock at the upper reservoir site.

Colluvial deposit and Talus deposit which attain 30 m in thickness

‘are distributed in the slope above the waterway tunnel. Outlines

of the bedrocks constituting the project sites and the main values

of physical propertieé of each bed are given in Table 6-1.

In this ares no fault was found in the outcrop, however, the
drilling resulted in small-scaled faults being found. Also, in
aerophotographs several lineaments which may indicate the existence

of faults could be found.

Engineering Geological Evaluation of Main Structure Sites

{a) Upper Reservoir Site

The foundation rock consists of weathered coarse-grained
sandstone and claystone. The former has enough strength and
the latter also can be used for the foundation roék of the
dam. The residual soil distributed at the ground surface with
the - thickness under about 5 m is necessary to be removed by

excavation since its strength is not enough.
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(b)

(d)

Intake and Headrace Tunnel Site

The bedrock consists of coarse-grained sandstone, alternation
of finé—grained sandstone and siltstone. Although the bedrock
may be partly weathered and there is a fault shear zone with
the apparent width of approximately 4 m, there will be no

problem about the construction of the structures.
Penstock and Underground Powerhouse Site

The bedrock consists of alternation of fine-grained sandstone
and siltstone, cdarse—grained sandstone, siltstone and fine-
grained sandstone. It is not weathered and has few faults, so

the geologic conditions of the site are mostly good.

Although the conditions of siltstone observed in drill cores
look bad due to slaking, the geologic conditions of bedrock
are presumably mnot so bad from the result of drill hole
deformation tests. Siltstone .is judged to be capable of the
construction of tunnél, however, it will be necessary to spray
concrete as soon as possible after the excavation in order to

prevent the deterioration of bedrock.

Although the fine-grained sandstone distributed in the
underground powerhouse site is very stiff, the treatment for

spring may be necessary as its permeability is high.
Tailrace Tunnel and Outlet Site

The bedrock is' as similar as that of the underground
powerhouse site except that it is softened by weathering near
the outlet site since the depth from the ground surface is

shallow.
The colluvial and talus deposit of the slope over the tailrace

tunnel is highly likely to have been formed by the landslide

acted in the past. At present no particular phenomenon
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indicating current activities can be observed, however,
attention should be paid to the point that the excavation for
outlet, switchyard and access toad in the slope may eventually

cause a damage to the stability of the slope.
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6.2 Construction Materials

(1)

(2)

Embankment Materials for Upper Dam

As for embankment materials for the upper dam, it will be possible
to utilize residual soil, claystone and coarse-grained sandstone
obtained by excavation of the upper reservdir. There will be no
broblem about the autilization of coarse-grained sandstone for the
embankment material judging from the results of the drill core test
and the concrete aggregate test. According to the material test
results, residual soil and claystone are suitable for impervious
material, however, it is sufficiently possible to use them for the
embankment materials after adequate mixing with coarse-grained

sandstone.
Concrete Agpgregate

It is hard to collect the river bed gravel in the area around the
project site so that it is necessary to collect aggregate at
quarries. As quarry sites the following two sites may be proposed:
the one 'is the site where limestone of the Ratburi group is
disﬁribuﬁed about 12 km to the southwest of Pak Chong (about 30 km
to the southwest of the project site) and the other is the site
where coarse-grained sandstone is distributed about 1.5 km to the

northeast of the upper reservoir.

The limestone of the existing quarry comes up to the standard in
ASTM and JIS (Japan Industrial Standards). The rock, however,
centains dolomite component which may be noxious for concrete
because of alkali-carbonate reaction. Therefore the detailed tests

gshould be carried out hereafter to clarify the suitability.

As for the coarse-grained sandstone, the value of dry density,
about 2.35 glcn? is under that of the standard (2;50 glcnﬁ) in JIS
and the other test results satisfy the standard. As the standard

value of density is considered not to be absolute, synthetic
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examination considering design condition, economics and so forth is

necessary for the selection of concrete aggregate,

6.3 Seismicity

Judging from the wide standpoint of wview, it can be clearly said that
Thailand is an aseismic country except its northern part. Selsmic
activity of Thailand is femarkébly low compared with the adjacent
countries; or Myanmaf, India, China, Nepal, Japan and so forth. The Lam
Ta Khong pfoject site is located in the stable Khorat Plateau which has
no fold and the influence of ﬁetamorphism. No active fault or no large

fault has been reported in and around the site.

Cn retrieval from the earthquake data files of NOAA (National Oceanic
and Atmospheric Administration) with regard to earthquakes in which
tremors. were felt in the project area, the results obtained were zero
times within a radius of 200 km from the Lam Ta Xhong upper reservoir
site, 8 times within 500 km, and 543 times within 1,000 km.

As is clearly indicated by this, it may be considered that there has
been no historical earthquake at this project site from 1959 to 1987
which should be considered in design of the dam and other structures.
The maximum acceleration of seismic oscillation was estimated at 20 gal
at most at the Lam Ta Khong Upper Reservoir Site, according to the
results of earthquake risk evaluated based on earthquakes in history.
According to the estimated value, the design seismic intensity at the
project site has been adopted 0.05 in consideration of importance of the

" key structures.
Since the clear location of active faults near the project site have

never been reported, the design seismic intensity {0.05) is regarded as

appropriate.
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