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{ MW )

Load

Load Duration Curve on 25 Sept. 2000 ( Monday)

| 7 000
16673
186000 : ' '
. Existing Hydro
15000 :
Generating Enerqgy of Lam Ta Khong Power Plant
14000 ' '
13000
2000 o Pumping Energy
Thermal { Lam Tda Khong)
11000
, Purnping Energy
Kioo00 (Existing)
9000
8000 ¥ Pumping Energy of Lam Ta Khong
' ‘8hr= 8000 i
?QOO | .1000 MW X r. 0 .MV{h(Dutly)
' % Generating Energy of Lam To Khong .
. 8000 . ) _
8000 MWx 0.7 = 5800 MWh(Dally}
5000 S
. ¥ Existing Pumped Storage -
4000 o _
Srinagarind 360
3000 © Srikit 125
: ' Bhumibol 175
2000 .
Total 660 (MW)
I 000 - '

0O 2 4 6 8 10 12 14 16 (8 20 22 24

Fig.

10~ 3 _F’um;ﬁi'ng Energy in Load Duration Curve
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Fig.10-6  Typical Daily Lood Curve
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- Demand

Load (MW}

\ Shortage of Energy 1,

Eo ! Daily Generating Energy
o= Area(ABCD)
Td . Possible Daily Gensgrating Hours

I . Peck Duration Hours :
Required from Power System

Po .  Max. Output

Pt | Effective Output

i

o

Td 1

24 hr

Fig. 10-7 Concept of Effective Output
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10.5

10.5.1

Finalization of Development Plan (Feasibility Design Stage)

Comparison on Development Scheme considering Constraints of

Development

Considering the most effective utilization of. the pumped storage's
resource at the site, ihe installed capacity of 1,000 MW and
reservoir capacity of 8 hours were sslected in Section 10.4.3
"Investigation Stage". Taking into account the development’s

constraints mentioned below, the development scheme is studied and

-finalized.

(1) Constraints

-~ Upper limit of pumping is 500 MW because of the power system
stability on the basis of EGAT's transmission expansion plaﬁ
up to year of 2006. However generating..of 1,600 MW is
possible without strengthening the main transmission line

betweenn Mae Moh and Bangkok.
(2) Conditions for Study

(a) JICA team foresees‘main transmission will be strengthened in
the future and pumpihg of more than 500 MW is possible
whether the Lam Ta Khong project will be carried out or not.
However, considering the certainty of pumping'éﬁd generating
at present, the study is carried out on the condition that
the pumping of 500 MW and generating of 1,000 MW are
possible. The study period for economic analysis is 50

years.
{b) Commencement of Operation is assumed as follows.
+ lst Stage ‘s Year of 1997

+« 2nd Stage (for 2 stages development)
; Year of 2007
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{¢) In case of 2 stages development, the following development

is analized.

¢ Full Scale'develdpment

(1,000 MW)

» 1st Stage development only (500 MW, reference)

(3) Alternative Cases of Development

Following four cases are studied for the conditions mentioned

above.

The concept of the four cases .is shown in Fig. 10-8 and

‘preliminary design is shown in DWG, 10-1 ~ 10-3.

Case 1 (DWG. 10-1)
Development Stage
1st Stage
2nd Stage-

- Case 2 (DWG. 10-2)

Development Stage

lst Stage 1

2nd Stage
Case 3 (DWG. 10-3)

Development Stage

lst Stage

10 - 41

‘Generating Facilities with

Two Stages

Reservoir (500 MM x 8 hrs) and
Generating Facilities with 250 MW
x 2 units (Operation 1997)

ditto (Operation 2007)

Two Stages

Reservoir (1000 MW x 8 hrs) and
civil works for 250 MW x 2 units,
Generating Facilities with 250 MW
x é units (Operation 1997)

250 MW
units - (Operation 2007)

x 2

including civil works

Two stages

“Reservolr (1000 MW x 8 hours) and

Generating Facilities with 250 MW

X 2 units_ (Operation 1997)

including civil works of the 2nd

stage



(&)

2nd stage ; Generating facilities with 250 MW
% 2 units only (Operation 2007)

Case 4 (DWG. 10-3)

Development Stage : One stage
_ _ 250 MW x 4 units (Operation 1997)
Reservoir Capacity : 1000 MW x 8 hrs

(Rote) Concerning the. turBine ~type for the 2nd stage
development; two units of pump turbines are selected
for the condition of 1000 MW generating and 500 MW
pumping operation from a .result of. preliminéry

study.

Methodology of Economic Comparison

" {a}

(b)

Concept of economic comparison is same as Chapter 14.
However, in stead of annual cost (C) and annual benefit
(B}, net present value of benefit and cost are calculated
by using Discounted Cash Flow method as mentioned in

Chapter 14 "Econcomic Evaluation”.

Main numerical values for economic comparison is as follows

which are used in Chapter 14 (Section 14.2).

Construction Cost of Alternative Thermal (B)

= Effective Qutput of Hydro (MW) x 1.092 x 12,064 (B/KW)

O&M Cost of Alternative Thermal

= Construction Cost of Alternative Thermal (B)
x 0.03 + Annual Generating Energy (kWh)
x 0.8322 (B/kWh)
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(3)

{(c)

(d)

(e

O&M Cost.of Pumped Storage

= Gonstruction Cost of Pumped Storage x 0.0148
+ Annual Generating Energy (kWh)/0.7
x 0.4084 (B/kWh)

. (Note) The. combined cycle power plant was selected for

alternative thermal in “Investigation Stage",
however a gas turbine power plant is selected in

this section of "Feasibility Design Stage®.
Discount Rate 12%

Effective output is determined in a daily load duration
curve as of 2000 as shown in Fig. 10-10. In case of
1,000 MW of installed capacity, the effective output of
1,000 MW is adopted since the output of 1,000 MW can be
used effectively in the power system. 1In the same way,
effective output of 500 MW is adopted for 500 MW's

installed capacity.

Construction cost {(economic cost) of the pumped storage
project is estimated on the basis of preliminary design of

DWG. 10-1 ~ 10-3.

Results of the Study

The result of study is shown in Table 10-5 and the construction

cost of each case is shown in Table 10-4.

(a)

Main points of the results are described below.

Concerning the. full scale development (1,000 MW
development), Case-~4.is feasible economically. It is the
reason why the investment cost of full scale deveiopment is

the lowest.
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(b) 1In this case, daily possible generating hours are 4.1 hours
(Saturday 3.2 hours). It 1s considered that degree of
operating freedom of the power plant is not high, however
this degree is on the range that caﬁ be alloﬁed.
Furthermore, in case more than 500 MW pumping is possible,

daily opeating hours discribed below is possible.

750 MW pumping; 5.4 hours
1,000 Md pumping; 6.6 hours

(Note)
500 MW pumping 1,000 MW generating

J=6.3 x 500/1,000 = 3,15
Td = (T - /D + J (8 - 3.15)/5 + 3.15 = 4.1

[

750 MW pumping 1,000 MW generating
J =6.3 x 750/1,000 = 4.73
Td = (8 - 4.73)/5 + 4,73 = 5.4

1,000 MW pumping 1,000 MW generating’
J=6.3
Td = (8 -~ 6.3)/5 + 6.3 = 6.6

10.5.2 Adopted Development Plan
As shown in Table 10-6 and DWG 10-3, full-scale development of
installed capacity 1,000 MW and reservoir capacity of 8 hours is

adopted in this report.

The operation is 500 MW pumping and 1,000 MW generating by the time

that the main transmission system i§ strengthened.
- Position of the Lam Ta Khong Project in-the daily load duration

curve (year of 2000) and upper reservoirs’ operation are shown in

Fig. 10-9 and 10-10 respectively.
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Table 10-6 Comparison on Developiment Scheme

Case 1 Case 2 . Cased Case 4
1st. | st & 2nd st | 1st & 2nd 15t Ist & 2nd | 1st
Stage Stage Stage Stage Stage Stage Stage
(500 MK Pumping)
Installed Capacity 500 1,000 500 1,000 500 . 1,000 1,000
{MH) ' ' .
Year of 1st/2nd | 1997 2007 1997 2007 1997 2007 1997
stages .
Possible Daily - 6.6 5.1 5.6 4.1 6.6 4.1 4.1
Generating Hours (hwr) |- : : .
Effective Output (MH) 500 1,000 500 1,000 500 | 1,000 - | 1,000
Construction Cost
(8)
Pumped Storage | 6,466 12,636 7,261 11,861 8,465 11,432 11,254
Alternative 6,587 | - 13,175 6,587 13,175 6,587 13,175 13,175
Thermal :
NPV {ME) OF B-C ©(310) 351 (-274) 140 (-1,111) | - -310 1,504
B/C {1.05) 1.05 (0.96) 1.0? (0.83) 0.96 1.16

(Note} Condition: 500 MW pumping, 1000 MW generating

{Note) 1st stage: year of 1997, 2nd stage: year of 2007

{Note} * including cost of a part of connecting conduif between two upper reservoirs and cost of
the outlet for the 2nd stage R '

(Mote) Calculation sheet of 8-C and B/C: See Appendix B-b

10 - 46



Table 10-6 Description of Adopted Davelopment Plan

{(1st Stage Only)

Item - Upper Reservoir | Lower Reservoir#

Normal High Water Level (WL.m) 660 277
Low Water Level (WL.m) 630 261
Avallable Drawdown (m) 30 16
Effective Storage Capacity (MCM) 5.0 200
“Intake Water Level {(m.MSL) 653

Tail Water Level {m.MSL)' 276

Normal Effective Head (m) 357

Maximum Discharge (msfs) 340

Installed Capacity (MM) 1,000

B-C (M/P) 1,504

B/C 1.16

% : The Lam Ta Khong Reservoir (existing)

Note : cCalculation sheet of B-GC and BlC:

L0 . 47

See Appendix B-6



Case 1 L : - Case 2

Reservoir _J Reservour -\\ Reservoir
500MWx 8hrs \5oomw:zahrs,’ . 1000 MW x 8 hrs |

l.......-—n..,o

I
|
|
I
“‘-'l'-\
\

N
S
< N
/J."“\ TN ’L"v}
(2SOMWy ' 250MW) (oMW
\PT /\PT/ \ PT /
~ S~ ~
NS /
v/ . \// )
CLam Ta Khong ReservalD | (Lam Ta Khong Reservoir)
Case 3 _ Case 4

Reservoir ) ' - Reservoir - '
{ 000 MWx 8 hrs . OO0 MW X Bhrs :

50

/‘ -~ - ~
Izsomw\ ‘ésomw\
PT

SOMW
PT
CLam Ta Khong Reservoir) (Lam Ta Khong Reservoir)

{Note) Solid line . 1s! Stage
Dotted line . 2nd Stage
PT . Pump Turbine {Including Generator ).

Fig. 10-8 Development Cases of 1000 MW
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S—

{ MW -

Load

Load Durction Cufve on 25 Sept. 2000 { Monday )

17000 '
16 673

16 Q00 L
Existing Hydro

15000 : _ :
Generating Energy of LLam Ta Khong Power Plant

14000

{3000

T \.s\i

500 MW

12000 Thermal Pumping Energy
_ {Lom Ta Khong)
11000 _
. Pumping Energy
10 000 ( Existing)
9000
8000} % Pump;ng Energy of L.om T? )Khong
S Daily
7000} - 500 MW x 9hr = 4 500 MWh
. ® Ge neroting Energy of {am Ta Khong
6000 ( Daily and -Weekly Portson )
4500MthO? 3 150 MWh
5000 (8 000 ~ 500x6.3)/5 =970 MWh }4 120 Mwh
. X Existing Pumped Storage
4 000 .
‘ Srinagarind 360
3000{ Bhumibol 175
2000| Totol 535 { MW
t000]

( Study of Feasinility Design Stage )

O Z2 4 65 8 1o Iz 14 16 18 20 22 24

Hours

-Fig. {0 -9 Position of Lam Ta Khong Power Ptant
in Load Duration Curve
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CHAPTER 11 POWER TRANSMISSION PLAN AND POWER SYSTEM ANALYSIS
11.1 Power System in Thailand

The outline of power system in Thailand is as shown in Fig., 1i-1. The
voltages of transmission lines forming the power system are; 500 kV,
230 kv, 115 kV and 69 kV. fThe frequency is 50 Hz.

The power system. of Thailand is divided into the following 4 regions,

each region being connected by transmission lines of %00 kV, 230 kV or
115 kV.

Region 1: Metropolitan area and its surrounding area

Region 2: North-East area

Region 3: South area

Region 4:  North and middle area

As of September 1990;'the total capacity of power generating facilities
in Thailand is 7,970.3 MW (Diesel power plant 28.6 MW is not included)
which consists-of 2,249.2 MW by hydro power (28.2%), 4,306.5 MW by
oil/gas ﬁnd lignite fired thermal (54.01), 1,176.6 MW by combined cycle
(14.82) and 238.0 MW by gas turbine (3.02).

The regional distribution of electric power source and power supply to

each area as of September 1990 are as follows;

(1) In Region 1, there are thermal:power stations of large capacity
such as South Bangkok powér station (1,330 MW). Bang Pakong power
station (2,276.6 MW}, etc. and also reservoir type power stations
of large capacity such as Srinagarind power station (540 MW), Khao
Laem power station (300 M), ete,

A total capacity of these facilities is 4,752.3 MW (59.6% of the

total installed capacity of power sources in this country).

(2) In Region 2, there are hydro power stations of medium scale such as
- Chulabhorn power station (40 MW)..Sirindﬁorn-power station (36 MW},
and,some_gas'turbine power stations and a total capacity of these

.facilities is 136.3 MW (1.7% of the total installed capacity in the

11 - 1



(3

(4)

country), These power supply sources, capable of load-Frequency
control, operate in the peak time, The base power supply is
transmitted mainly from Region & thrbugh the 230 kY transmission
lines and also from Region 1 through the 115 kv trénsmission lines.
Some of the power vequired in this area is_supplied by‘putchasing
surplqs energy {(power) of Nam Ngum power station (150 MW) in Laos,

a neighboring country.

In Region 3, there are thermal power stations such as Khanom power
station (150 MW), Krabi power station. (34 MW), Surdtani: power
station (30 MW), etc. and alse hydroc power stations such as
Rajjaprabha power station {240 MW), Bang Lang power station (72
MW), etc. A total capacity of these facilities including the gas
turbine at Hat Yai is 611.3 MW (7.7Z of the total installed
capacity in the country). Regarding the power supply for base
load, the power is supplied from Khanom and Krabi thermal power
stations and Region 1 through the Second Central-Southern Tie Line
{230 kV) which has been completed recently..- . The electric power is
mutually exchanged between Thailand and Malaysia by means. .of the

115/132 kV Power System Interconnection.

Installed in Region 4 are Mae Moh thermal power station with output
of 1,425 MW (as of September 1990), and hydro power stations of
large capacity such as Bhumibol power station (335 MW), Sirikit
power station (375 MW), ete. A total output of these facilities is
2,470 MW, which is 31.0Z of the total power generating facilities

of this country.

EGAT has been making their efforts .to- develop power -generation
facilities, in order to meet the rapidly increasing demand for
electric power ‘in recent years. EGAT is now concentrating their
efforts to develop Mae Moh area in ‘the northern district and the

eastern seaside zone of Region 1.
The trunk power lines connecting among these regions have also beern

reinforced. Recently, the 500 kV line conhectiﬁg:Mae'Moh tHermal

power staticn with Greater Bangkok Area has been started operation

11 -2



at 500 kV in the entire line length. The 230 kV second Central-
Southern Tie Line has also been newly completed to connect Region
1 with Region 3. Furthermore, the following power lines are being

constructed at present;

Voltage From- Length No. of Conductor Commissioning
- {kV) To (km) circuit (MCM) Year
500 Mae Moh - 333 2 4 x 795 1992
Tha Tako AGSR
230 Tha Tako - 300 2 1 x 1272 1992
Khon Kaen ACSR
3
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i1.2

Transmission of Power from a Pumped Storage Power Plant

Generally a transmission line for a power source is planned according

to the following procedure:

(1) A substation to which the power plant will send power is selected
from the substations existing at present and those expected to be

'completed by the time when the power plant is commissioned.

(2) The transmission wvoltage 1s selected from the voltages used as

standard.

(3) Number of circuits and conductors for the transmission line are
deacided by taking into consideration of the required.transmission
capacity, reliability, difficulty/easiness to secure the route of
Line, “economic "agpect, future power development plans, future

expansion plans of network, etc.

(4) Whether the established transmission plan is appropriate for the

system operation or not is checked by power system analyses.

The transmission line must have sufficient power transmission capacity
and reliability so that the plant can be properly operated., It must

not cause any deterjoration in the power system stability.

If the transmission line is a- short distance line, its capacity is
decided by the current capacity of the conductors. However, if it is
a long distance line, the transmission capacity is decided mainly by

the power system stability.

In case when the ‘power system ihcludes a pumped storage .power plant,
pumping operation at off-peak hours offers severer condition than
generating operation at peak hours from a viewpoint of power system

stability,

When pumping, the phase angle difference between the phase angle of the

vbltage of generator supplying power for pumping and the phase angle

11 -7



of the voltage of motor in pumping operation is great, which causes the

stability of power system to become considerably deteriorated,

If the system is not strong enough, even a very siall disturbance sach
as rapid change of load will cause vibration to the generators and the
motors, and put some of the machines out of step. 1In such a state, the

power system must be reinforced, sometimes extensively.

The scale of pumping project is decided from the economic aspect of the
projected site and degree of necessity for system operation. .In this
regard, the transmission facilities required for the stable operation
of power system become very important, because they greately influence
the economic aspect of the project and sometimes have decisive effect

on developing it.

The transmission lines which exist at present and those which are Lo
be installed in the near future should be firstly examined if they can
send power to and from the newly born project (e.g. Lam Ta Khong

project}.

If ﬁhey are possible to be used, the new project will become feasible

and economically developed.

If they can not be utilized because of their capacity. shortage or
because of power stability problem, a new transmission line exclusively
for the project and/or an expansion of transmission system will be

needed.

1f the development of the project :equires an excessively great amount
of investment in'the-p0wer transmission system, the project will not
be feasible and the development of it will become meaningless.

A power system grows continuocusly and expands year and year, because
power supply sources and necessary . transmission system must be

constructed to cope with increasing power demand.

The expansion of the network is closely . comnected with the load:

i1 - 8



forecasts of areas and development plan of energy sources, and it also

concerned with the policy of the government and/or power companies,

If the development of the project needs new lines and an expahsion of
transmission system in the main part of the power system, another
examination by EGAT will be necessary, because these new facilities
will give effect to the future power system expansion and EGAT's policy

as well,

Therefore the expansion plan of transmission lines formulated by EGAT
as PDP 90-03 was treated as a basis and not changeable in principle,
to make a plan of necessary transmissicn facilities which enables Lam

Ta Khong project to be developed economically.

11 - 9



11.3  Capacity of Lam Ta Khong Project Recommended from Power System Analysis
11.3.1 Preliminary Study of the Scale Developed in the First Stage
We have agreed to study the following capacities for this project.

(1) ~ 600 MY (150 MW x 4)
(2)  BOO0 MW (200 MW x 4)
(3) 1,000 MW (250 MW x 4)

The result of our study is stated in Chapter 10 with our suggestion

of the most appropriate scale.

However, there is a possibility that the scale of this plant may be
limited by the stability, i.,e., the strength of power system, at @
time when the plant is commissioned, because pumping operation causes

a very severe state of stability of power system as described before.

We have mentioned in the intermittent report that pumping of 450 MW-
600 MW would be possible from the result of preliminary analysis on
the power system in fiscal 1997 when the project is expected to be

developed.

In the study, Lam Ta Khong pumped storage power plant has been assumed
to be connected with Saraburi 2 substation and Thalan 3 substation,
which is to be constructed by 1993, by 230 kV transmission lines. The
capacity at pumping operation has been examined by a dynamic
simulation of a five-cycle three-phase fault on the 230 KkV
transmission line connected with Lam Ta.Khong'pumped storage, at off-

peak hours in 1997-2000,
As a result, it.was shown that pumping capacity at the first step of
development could be 450 MW-600 MW, though it depends on ﬁatterns of

transmission of power from the plant.

However, it is necessary to study stability of power éystem taking a

three-phase fault on a 500 kV line into account, for the purpose of

11 - 10



11.3.2

‘choosing appropriate capacity in the first step of development of Lam

Ta Khong project.

The 500 kV transmigsion system is the core of the power system in
Thailand and a fault on the 500 kV line may produce such a severe
disturbance on the whole of power system that the plant can not

continue to operate.

Possible pumping capacity of Lam Ta Khong pumped storage power plant
depends on the developed capacity of Lampang thermal power plant,
measures for stability of the region 3 power system, and the expansion
plan of 500 kV transmission system, besides patterns of transmission

of power. from the project.

This report presents the result of study on capacity of Lam Ta Khong
project centering the possibility of developing 500 MW as the first
step capacity. The study includes dynamic stability analysis which
simulates a line fault on 500 kV transmission lines as well. The
power system built in the revised EGAT power deveiopment plan (PDP S0-

03) is basic in the study.
Power Flow Calculation

Before conducting the dynamic stability analysis, we calculated the
distribution of voltage and power flow at peak time and night time in
the year of 1997 when Lam Ta Khong project ‘is incorporated in the

power system.

EPDC’S'computer program for power system analysis, CASTLE, was used

for the power flow calculation.

- Typical power flow diagrams are shown as the result of calculation in

“Fig. 11-2 and Fig. 11-3.

In the power flow diagram, generators and transformers of a power
plant and transformers of a substation are shown by one unit

respectively. As for 230 kV transmission lines, a plural number of
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circuits are shown by only one line, but for 500 kV'transmiésion

lines, one circuit is shown by one line each.

A shunt reactor which is connected with each circuit at the end of 500
kV lines is shown.collectively on the 500 kV buses of the substations.

The existing 230 kV line, one circunit, installed between Tha Tako and
Saraburi 2 is assumed to be taken into projected Thalan 3 substation

for the reason below.

1) It is necessary to secure enough transmission capacity between

Saraburi 2 and Thalan 3.

2} If the line is not tsken into Thalan 3, a transmission facility
between Thalan 3 and Saraburi 2 will be only one circuit and a
fault on the line will cause the machines of Lam Ta Khong power

plant to put out of step.

The 230 kV transmigsion line installed between Saraburi 2 and‘Nakhon
Ratchasima 2 is to be taken into the project to formulate the’

transmission system for Lam Ta Khong project.

In case that the Lam Ta Khong powér plant has a capacity of 1,000 MW,
the plant is connected with the above 230 kV transmission line by 1 =
connection and with Thalan 3 substation by a 230 kV double-circuit

transmission line respectively.

It was found that the power system stability in 1997 limits pumping
power of the plant to 500 MW, although it gives no ‘problem for

generation of 1,000 MW power.

Therefore, it is conceivable to install four units Qith‘a cépacity of
250 MW each from the beginning of sefvice'to-cope with. the power
demand growing at a high rate, which enables the plant to generate
power of 1,000 MW by four units, although pumping at night time must

be done by two units at most.

11 - 12



The power flow diagrams indicate the results of power flow calculation

according as the above power plant operation.

Load factor at each substation is assumed to be 0.95 on & 230 kV bus.
"For power demand at night time, is used 502 of the peak demand
estimated for the year., Table 1i.1 shows constants of facilities such
as transmission lines and transformers used for power flow

calculation,

In the power system operation, bus wvoltage of each substation is
~normally held within tolerance of +/-57 of nominal in conssquence of
supply of reactive power from generators, tap chénging of
transformers, and supply and/or absorption of reactive power by shunt

capacitors and/or shunt reactors.

Table 11-2 shows reactive power facilities supposed from the result
of the power flow calculation to maintain the voltages at the above

level.

The results of power flow calculation show that there are no problems
such &s overloading on Mae Moh - Tha Tako - Thalan 3 - Saraburi 2
transmiSSioﬂ éystem which has close connection to power transmission
for Lam Ta Khong pumped storage, but the Thalan 3 - Ang Thong 2
transmission line may be overloaded when the plant generates 1,000 MW.

Some measures should be tsken to avoid this problem.

Reactive power facilities are required at many substations to hold

voltages in the power system within the allowed range.

It is dmportant to maintain the voltage at Saraburi 2 and Nakhon

Ratchasima 2 especially at night pumping hours.
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11.3.3 Power System Stability Analysis

11.3.3.1 Conditions for Power System Stability Analysis
Stability of power system has been analysed under various conditions
of power demand, capacity of Lam Ta Khong plant, method of power
transmission and fault location of transmission line.

Technical conditions for analyses are as follows;

(1) Fiscal year analysed 1997-2000

(2) Power demand _ - peak time and night time
(3) Capacity of Lam Ta Khong 500 MW, 600 MW and 1,000 MW

(4) Main facilities of the power system

Table 11-3 indicates a state of main facilities especially

related to stability of Lam .Ta Khong.
{(5) Pattern of transmission of'power from Lam Ta Khong

The figure {a} which shqwé—the use of the 230 kV line between
Saraburi 2 and Nakhon Ratchasima 2 has been studied mainly, but
figure (b) which shows reinforcement of the lines between Lam
Ta Khong and Thalan 3 has been studied as well for the

alternative in which the capacity of the plant was assumed 600

MW,
(a) .LTK _ - kb)
- . LTR
== b & .

TL3 SR2 230kv NR2 TL3 SR2 230ky CNR2
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(6) Provisions for power system stabilization

All the generators to be newly installed at remote places and
the generators for pumping use were assumed to be equipped with
a high-initial response excitation system and power system

stabilizer (PSS).

A static’ var compensator (SVC) was assumed to be installed at
Ban -Saphan substation which is to be placed under the 230 kV
Second Central-Southern: Tie Line in addition to existing Tha

Tako substation.
SVC at Tha Tako 230 kV  S8C 80 MVa;_x 2
' TCR 150 Mvar x 2
' SVC at Ban Sapahn 230 kV- SC . 300 MVar
' TCR =~ 50 MVar

(7) Fault conditions

Conditions of ‘a line fault for the stability analysis is

indicated_in Table 11-4.
11.3.3.2 Results of Power Stability Analysis
The results of the nower system analysis are shown in Tahle 11-5.
{1} In.case when Lam Ta Khong plant, 500 MW, is copnected with the
~ existing 230 kV line between Saraburi 2 and Nakhon Ratchasima
' 2-as indicated in the figure (a), the power system will be
stable "in 1997, even with.any'of line faults of Case 1, 2 and

3 in Table 11-4.

(2) As for the impact of a line fault on the stability, Case 1 has

“the severest. impact, while Case 3 the most lenient one.

7(3) In case when Lam Ta Khong plant has a capacity of 600 MW, its
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pumping machines will be put out of step, if such a line fault
on & 500 kV line as above mentioned Case 1 or Case 2 happens

during pumping operation.

With a-line fault of a 230 XV line such-as Case 3, the power
gystem will be able to keep stable.

(4} Even though. the transmission system between Lam Ta Khong and
Thalan 3 is reinforced with a 230 kV double-circuit line such
as the pattern of figure (b), Lam Ta Khong (600 MW) will be put
out of step, if a line fault occurs on a 500 kV line during

pumping operation.

(5) Accordingly the capacity for pumping operation of Lam Ta Khdng
pumped storage power plant should be 500 MW or below in case
when it is incorporated in 1997 into the power system projected

in PDP 90-03,

1f 600 MW is required for pumping, it is necessary to reinforce
the main power system of Mae Moh - Tha Tako - Thalan 3 and. to

construct a transmission line between Thalan 3 and Lam Ta Khong.

(6) The power system will become a very severe state from a
viewpoint of power system stability after July 1999 in which
Unit 2 (300 MW) of Lampang thermél power plant is commissioned,
because the phase angle difference between the phase angle of
the generator voltage of Mae Moh power plant and the phase angle
of the motor voltage of Lam Ta Khong will be increased in

proportion to the increase of power'from the north to the south.
(7) For the power system in 1999, the stability 1limit with Lam Ta
Khong (500 MW) is presented in its pumping operation in the case
when the system load is approximately 707 of the year’s peak

load.

(8) For the power system in 2000, Lampang Unit 3 and Unit 4 will be

11 - 16



{8} For the power system in 2000, Lampang Unit 3 and Unit & will be

(93

commissioned in January and July in 2000 respectively, and power

flow toward the south will be incressed.

Due to the additional 500 kV transmission line (single civcudiy)
constructed between Lampang and Tha Tako, there is no stability

problem in pumping operation in the case when the system load

"is approximately 50% of the year's peak load,

However, the power system is in a very severe condition from &
viewpoint of stability, because phase angle difference between

the phase angle of the generator voltage of the remote power

‘plants and the phase angle of the motor voltage of Lam Ta Khong

is very large,

Therefore, it is required to study the main power system after

the year 2000 with regard to improvement of the stability.
As for generation of 1,000 MW by Lam Ta Khong power plant, there

is no problem of power system stability as shown in the swing

curves on Fig. 11-15.
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11.3.4 Short Circuit Current

Three phase éhort ¢ilrcuit current atfpeak time.in 1997 was computed
corresponding to the power flow diagram (Fig. 11-2). Flows of short
current at .the substations in the vicinity of Lam Ta:Khong power plant

‘are showm in Fig. 11-14.

Direct-axis subtransient reactance Xd" was used for the machines in

the calculation.
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Table 11-2 Reactive Power Faoilities 'Censidere_d' in Power Flow Calcutation

Facllity Substatlon Voltage{kV) | Capacity (MVar)
Shunt Capacitot|South Thon Buri 230 .| . 120(80) -
Rangsit _ 230 120(80)
Nong Chok _ 230 | 180(180)
On Nuch . 230 120{120) -
Ang Thong 1 230 - 120(80)
Ang Thong-2 - ‘230 | 240(60)
Saraburi 2 230 120(120)
Bang Pa-n 2 230 | . 80(60) |
Phatthelung . 230  80{80}
Mat Yal 2 - 230 120(60) - -
Nakhon Ratchasima 2 230 80
Lat Phrao 230 | 120
Ratchaburi 2 230 - 240
Bang PRl .- -} 230 -t 120
| Ao Phai B 230 - 80
Bang Kapi 230 120
Ratchadaphisek 230 240
Bangkok Noi 230 120
Ban Pong 2 230 120
“18ai Noi ' 230 . |- 120
Nakhon Sawan 230 80 -
Khon Kaen 3 : 230 - 120 -
Shunt Reactor |Mae Moh 3 500 - 290(280)
Tha Tako ' 500 440(440)
Nong Chok : 500 © |. 245(245)
Ao Phai 500 150(150)
Prachuap Khirl Khan, 230 _ 50 -
Surat Thani 230 - 50

Note; { } indicates capacity planned to be installed by EGAT
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Fig. 11-4 Generation angle swing curves with Lam Ta Khong 24250MW when
3 three-phase fault occurs on the Mae Moh-Tha Tako line at
peak hours in 1997, B '

BASE GENERATOR=AVE

(DEG)
=90, 00 ~45.00 (0,00 45.00 90, 00

L Rt S (RN | S, 16490 ~A-2~3--—m= D T TemE *
I ¢ & 88 15400 A 2 3

|
i cC 6 88 * DOA 23 }
| [+ I g B 4 *bA1D * i
| Cé 8 B 4 # 2 23 |
0.5 + ® 8 B 45% % 2 +3 +
| 6 ¢ E B +% 19 2 3 !
| [ ¢ 8 B 54* 9 2 3 |
{ 8 [ 8 B 5 14%a8 2 3 \
T 6 c BB B 17T48A 2 3 [
1.0 + 8 + G 8B  SI1#DA 2 3 ¢ 4
! & c 88 S1a% A23 \
{ 1 c * ok 4D * 3 |
| 5§ ¢ 15 97 * 24 3 i
{ » 15 Tk q% A3 1
1.5 + W 6 * 15+ T D2 A3 ’ +
| [ & aB *  TaDZ A2 I
I ¢ 6 88 * 749D 2 A 3 t
I ¢ & 88 517490 24 3 I
| ¢ *B T4 ¥ 3 1
2.0 + + 0 ge  Slx* A 3 + +
1 ¢ T BB6 A47 ¥ A 2 3 |
| ¢ 8B 6 514790 A 2 3 \
I ¢ 88 65 #79DA 2 3 }
l ¢ ‘BB 65 4%9DA 2 3 I
2.5 ¢ +C 8B 6 S4%8DA 2 3+ +
t G " BB 6 G41THA 2 3 l.
| ¢ & 6 5J479% 2 3 1
t [ * €& w4T90A 2 3 i
1 € %6 Bl ¥ ¥A 2 3. |
3.0+ G * 51 « 90A2 3 + +
i G &% 51 %9 DA? 3 I
| ¢ 6 88 51D A2 3 1
] ¢ 6 88 51990 A2 3 |
! G6 8B 51300 A2 3 |
3,5+ + CB 88 51#9) A2 2 + +
| * 8B 51880 A 2 3 |
i 6C 88 5230 A2 3 |
| 6C BB 5%% A2 3 |
1 6 ¢ 88 Sa% A 2 3 l
4,0 + 46 C - 88 e DI A 2 3 + +
| 6C 88 5% D8A 2 3 |
i 8¢ 88 SATDA 2 3 \
| 6.C 8B Skl A 2 3 i
| &G ‘88 5¥lx A 2 3 1
4.5 + S +B G 8B #5£32A 2 3+ +
| sc 88 e dA 23 {
] * 8B 6 %0 A 23 l..
| C6 ) 5«30 A 23 |
| [l as G0 A 23 I
(SEC) . i
SYMBOL GNO SYMBOL GHO SYMBOL GNO
1=41-G 220 ETY- B
4=NPO2-G 5+530-G 6=KHN-G
 T=AP2-0 8=8NR-G " OTHR-G
ARY2-G . BeLTK-G c=8pPK-Q

D=BPK2-G

11 - 29



Fig. 1i-5

Generation angle swing curves with Lam Ta Khong 2¢250MW when a
three-phase fault occurs aa the Saraburi 2-Lam Ta Khong line at

peak hours in 1867,
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Fig. 11-14

Thrée-phasé short circuit currents and capacities.on-the buses

around the Lam Ta Khong project in 1997 ('x.''is used )
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Fig. 11-15  Generation angle swing curves wilh Lam Ta Khong 4250Mf when a
" three-phase faul{ occurs on. the Saraburi 2-Lam Ta Khong line at.
peak hours in 1997, : ' ‘ :
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11.4

Power Transmission Plan

Since the area of Lam Ta Khong project is undeyr vestrictions of the
environment control, the installation of 500 kV equipment may not be
possible. In the case of 230 kV transmission line, the installations

of 4 clrcults are believed to be the maximum,

The way to send power generated by Lam Ta Khong project depends on the
developing scale of the project, but we have made up a plan of power

transmission to meet a capacity of 1,000 MW.

In the vicinity of this pumping project, there are two circuits of 230
kV transmission line which connects Saraburi 2 substation and Nakhon

Ratchasima 2 substation (115 kV is currently used).

Since this line has a capacity of 429 MVA per circuit (conductor 1 x
1272 MCM ACSR), it can be used to send a part of power for Lam Ta Khong
project, by'taking its one circuit into the project site as shown by

figure (b) in the section 11.3.3,

In addition, a 230 kV double-circuit transmission line should be
constructed between the pant and the newly constructed Thalan 3

substation.

Therefore, two 230 kV double—circﬁit transmission lines must be
constructed to connect the Lam Ta Khong power plant to the power

system.

This pattern of power transmission enables the plant to pump up water

by two units of 250 MW and to generéte powey by four units of 250 MW.
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CHAPTER 12 PRELIMINARY DESIGH

12.1. Upper Reservoir

12.1.1

12.1.2

General

The - upper reservoir 1is &a pool type regulating pondage with

3 of reservoir

340 x 10° m?* of reservoir area and 10,300 x 10% m
capacity made by digging and partjally embanking & gentle sloped
plateau at about 640 m above the sea level on the right side shore
about 6.5 km up stream from Lam Ta Knong Dam. The maximum output is

1,000 MW and the power can be generated for 8 hours.

The inner surfaces of pool are covered with the asphalt concrete. The
embankment is made by using some of the muck. The upper reservoir is
large scale pool type reservoir with an allover asphalt facing fill-

type dam.

The asphalt facing is 25 - 30 cm in thickness and about 360 x 10% m?

in area.
The excavated amount of dam is about 7,000 x 10 m® and the

embankment volume is 6,200 x 10°m°. Some of the excavated muck is

used for the dam embankment.

Location of Upper Reservoir

For the location of upper reservoir, the most advantageous area was

selected by taking into consideration the topograﬁhy. geology,

extension of waterway, dam construction cost, etc. The watershed

classification dred 1A designated by the National Environmental Board

was avoided, thus preserving proper environmental condition {see DWG.

12-5).
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12.1.3

12.1.4

1f the upper reservoir is made on the northern side, the hight of dam
must be increased, thus requiring to increase the amount of dam

embankment.. On the oiher hand, when the upper reservoir is located
on the southern side, dam excavation Increases, .thus mﬁkingﬂ it
uneconomical. If the reservoir is located on the east side, the
waterway should be extended, thus resulting in uneconomical.. The
west side is the watershed claSéification area 1A with cliffs. The
most advantageous position is selected by taking.all these conditions

into consideration.

Geclogic Condition

The geologic condition of upper reservoir is such that the surface

. stratum contains 3 - 4 m of weathered residual soil and under this

surface stratum, about 5 - 15 m thick claystoné and 10 -~ 35 m thick
coarse-grained sandstone layer are alternately distributed.
Therefore, the foundation of dam is the claystone and coarse-grained

sandstone layer.

Structure of Upper Reservoir

The upper reserveoir is a square with a side of about 620 .m with a
large curve at each corner, thus avoiding concentration of stress on
the asphalt facing and making it easy to construct the asphalt

facing.

The slope grade of inner surface of reservoir and outer surface grade
of bank are all 1:2.5, in order to ensure safety of asphalt facing

and to ensure proper scenery.

The following table shows the specification foxr upper reservoir.

1z - 2



Specification for Upper Reservoir

Item Specification
Form of dam Asphalt facing fill-type dam
Height of dam 60 m
widﬁh of dam crest : 10 m
Length of dam crest . : 2,210 m
Altitude of dam crest E.L 662.50 m
..G:éée of ‘dam alignment surface (Both back and inner_éidé) 1:2.5
Total excavated aﬁount 6,960 x 10° m?
Total embankment amount - ' '6,190 x 10° m’
Aspﬁal£ faéing aresa - .(Sloped surface) 220 # 103 m?
o ' (Bottom surface) 140 ¥ 10° m?

The upper reservoir is made by excavating the northern side of gently
sioped'hill; 10 - 15% slope. The excavated depth is ‘about 45 m

(max.) and the deepest part of reservoir is 50.5 m from dam crest.

The bank in the vicinity of intake is highest, maximum being about
60 m. '

" The material used Ffor embankment is the excavated claystone,
Comparatively hard claystone and coarse sandstone are used for the

‘transition layer which is used as the foundation of asphalt facing.

The width of dam crest is 10 m, because the width of paving machine
used for the asphalt facing is téken into consideration. The
altitudé of dam crest is E.L 662,50 m including 2.50 m of freeboard
from the highest water level, because the wind, earthquake, structure

of dam etc, are taken into consideration.

The available drawdown is 40 m, because the effective capacity,

reservoir area, dam construction cost, etc. are taken into
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12.1.5

consideration. The bottom of upper reservoir.ié deslgned in such a

way that it ls constructed on the hard coarse sandstone,

Asphalt Facing

The entire inner surfaces of upper reservoir is covered with the
asphalt facing, in order to prevent water from leaking through the

excavated foundation and embankment surface.

The inclined side and bottom of asphalt facing are provided with
binder coarse of asphalt‘faciﬂg concrete énd.a'high dense non-water
permenting type highly dense asphalt concrete is used for both upper
and lower layers of the middle drain_layep.”_Therefore, if water
shquld leak through the upper layer, the water quickly flows into the
inspection gallery through the binder coarse of asphalt facing

concrete,

The thickness of asphalt facing is 30 cm for the inclined layer and
25 cm for the bottom. The area of sloped surfaceris abqut 220 x

103 m? and that of bottom surface is about 140 x ;03 m?.

Constructed under the asphalt facing is the transition layer with

60 cm of thickness for the sloped area and 50 cm of thickness for the
bottom area. The transition layer plays very important foies such as’
reinforcing the resistance against the deformation of asphalt facing,
cause by water pressure, dfaining the water épfiﬁging. out 'qf
surrounding bedrock and preventing the back.pressure.__Tﬁe following

figure shows the composition of asphalt facing.
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Asphalit mastic -

impervious course

Binder course

.\ Impervious course

Leveling course

Asphalt macadam course
{only stope)

Transition course

Composition of Asphalt Facing

12.1.6  Drainage System

The water leaked through asphalt facing and the spring water sprung
from the bedrock are allowed to flow into the inspection gallery on
the bottom of upper reservoir through the binder course and

transition layer of asphalt facing.

Several inspéction galleries ave installed around the entire
periphery of the bottom of upper reservoir, periphery of power intake
and across the bottom of reservoir. The leaked water and sprung
water flowed into the inspection galleries are collected in one
location, led into the vertical drainage shaft and drainage tunnel
and spbntaneonsly drained to the dale on the northern side of upper

reservoir.
The vertical drainage shaft and drainage tunnel are indispensable,

because they are used as the drainage while the construction work is

in progress.
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12.1.7

Disposal Arvea

The disposal area is provided 310ﬁg the  south ' side 6f &pper
reservoir, thus shortening the ‘distance to transport -the muck of
upper reservoir and reducing unit :cost: of the upper reservoir
excavation . Excavatéd muck f£orm the upper reservoir and the upper

horizontal tunnel of the penétock is dumped in this disposal area.
Surfaces of this disposal area is gently inclined and covered with

grasses, and also the surroundings are planted taking the

environmental condition into consideration.
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12,2 Waterway
12,2.,1 General

The route of watefw&y is designed in such-é way“that the length of
waterway on the gradual mountain cridge is kept shortest. Since the
penstéck is instalied écross watershed classification area 14, it is
instdlled undefground to meet the environmental control. Since the
tailrace is very long, 1,470 m, a surge chamber is installed to
ensure_full_safety against the fluétﬁation in power generation and
also toenable the powerstation to operate AFC (Automatic Frequency
Contfql). To ensure proper inspection and maintenance, the tailrace

is provided with draft gates and tailrace gate.

The following table shows specifications for waterway.
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Specification for Waterway

ITtem

Specification’

—

Power intake

Type

Inner dia. x Height

¥ No. of ways

D(18.00-5.80)m x 5lm x 2 ways

Morning-glory shape reinforced
concrete

Penstock

Type

Inner dia. x Length
x No. of way

‘Underground laid type-

D(5.80-2,60)m x 690m x {2~4)
ways - ' -

Tailrace tunnel

Type

Inner dia. x Length
x No. of way

Circular pressure tunnel

D(4.90-6.60)m x 1,470m x (472)
ways

Surge chamber

Type

(Shaft)
Inner dia. x Height
x No. of way

{Upper water chamber)}
Width x Height
x Length x No. of way

Simple, upper water chamber
type

D8.90 x 107.00 x Z ways

10.00m x 10.00m x 35.00m x 2
waeySs

Tailrace outlet

Type

Width x Height
x Length x No, of way

Reinforced concrete & series
box culvert type

(6{60—30.00)m'x {(6.60-10)m x
55.00m x 2 ways
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12.2.2

12.2.3

12.2.4

Geologic Condition

The foundation for the power intake is set on the hard and coarse-

grained sandstone.

The bedrock of penstock and tailrace consists of mainly siltstone and
fine-gfained sandstone with coarse-pgreined sandstone being partially
distributed. Since these strata are kept nearly horizontal, there
mdy - be some troubles such as the fall of rocks near the top when
excavating the horizontal tunnel, specially the tailrace tﬁnnel. It

is known that the siltstone is slaked when it is immersed in water.

However, such a trouble may be eliminated by the drainage work during

- pxcavation and by adopting NATM method.

Power Intake.

‘Since the upper reservoir is pool type regulating pondage, it is made
-in the morning-glory shape, because the power intake has to be

—inmstalled on the bottom of reservoir. This intake functions as the

outlet when pumping, and therefore the pier is set vertical and the
top slab, flow regulating beam, etc. arve installed to meet the

hydraulic characteristics, thus preventing vortex and drift.
The intake is connected to the penstock through vertical shaft with

the ecurved section. .The vertical shaft of power intake is provided

with the steel lining pipe.

Penstock

tThé_penstock is underground laid typé steel pipe with total length of

about'ﬁgo mx.2 -4 ﬁays. which connects with thé upper, middle and

'lowar horizontal sections and the upper and lower inclined tunnel

" (51°) .+ The inner diameter of the penstock varies from 5.80 to 2.60 m.

2 way is provided form the horizontal part of upper to the inclined
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12.2.35

tunnel of lower., For the sections lower than the horizontal tunnel

of lower, 4 ways are provided.

The static head, for the steel penstock is 90 m for the upper part

and 461 m for the lowest part and the maximum design head including
the water-hammer pressuré is about 600 m.  The steel: pipe is made of
SM58 and HT&0, which withstand the total hydraulic pressure. Total
weight of steel pipe is about 7,580 t.  Provided in the upper
horizontal tunnel is an upper access tunnel for penstock through

which the muck is hauled out and steel pipe is carried in.

The middle horizontal tunnel is provided.with the lower access tunnel
for penstack. This lower access tumnel for penstock is sloped down

toward the tunnél entrance, thus draining water when the construction
work around the penstock is in progress and wﬁen the construction
work is comﬁleted while at the same time serving as the working
tunnel for tailrace surge chamber and being used for checking and

maintenance.

The upper and lower inclined tunnels have a gradient of 51° so that
the muck falls easily, several tunnels around the powerhouse are

illustrated in DWG.1l2-6.

Tailrace

The tailrace is circular pressure tunnel with a'total length of

1,470 m x 4 - 2 ways,

Sine the tailrace tummel is considerably long, the surge chamber is
required against ioad built-up and load rejection. The surge chamber
is a simple upper water chamber type with the inner diameter of
8.90 m and height of 107.0 m. The upper water chamber (width 10 m x
height 10 m x length 35 m) is connected to the 1owér-accéss tunnel
for penstock, thus playing a role of work adit-while construction

work is in progress and also supplying/exhausting air while surging.
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Topographic features in the vicinity of outlet is gently sloped (1:20
- 50) down toward the lower reservoir. According to the result of
boring {(DPHT-3}, the surface deposit is comparatively .thin and the
siltstone is easily exposed. The end of tunnel is designed to pass

in the fine-grained sandstone under the siltstone.

-The outlet is designed in such a.way that it is continuously widened
from the circular pressure tunnel and changes to the 4-series box
culveft, thus ensuring that the water flow velocity is smﬂqthly
reduced and water is smoothly diffused while generating power and
. that. the ‘water flow is stabilized without containing air while

“pumping.

_The bottom of the reservoir located in front of the outlet is
~excavated in such a way that it becomes in a trapezoid section and is
gradually widened to ensure stable dischargef/intake of water. The
~‘finished - height is arranged so that it gradually . changes from
E.L 248.50 h at outlet to E.L 256.00 m.

Installed at the tailrace tunnel are 4 draft gates (Bonnet type;
$4.90 m) and 2 tailrace gates (Roller gate; width 5.20 m x height
6.60 m) which are used for the maintenance and inspection of turbines

and tunnels. A screen is also installed at the outlet.

The L.W.L. of the Lam Ta Khong reserxvoir {(lower reservoir) is EL.
261.00m: The Makhon Ratchasima Water Supply Expansion Project
designedfthe L.L.W.L. of the lower reservoir to be EL. 259.00m, thus
the outlet is designed to be able to intake/discharge at the L.L.W.L.
of 259.00m. '
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