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Proface

The Government of Japan, in vosponso Lo the request of the Govoerument of the
Kingdom of Thailand, entrusted tho Oversoas Technical Cooporation Agency with o
study on the Hydro-slectric Development Projoct in Upper Quae Yai, Thailand.

Bolng fully aware of the importance of the power development in the socio-
cconomic aspeets of the country, the agency dispatched a sur#ey team comprising
five tecimical experts, hoaded by My, Tswtomu Nishida, senfor engincer of the
Rlectrio Power Development Co., Lid, from Fob. 1973 to Thatland,

~Thanks to the kind cooperation of the government of Thailand and Blectricity
Generating Authority of ’l‘haiimlld, the study tncluding the field investigation and dala
colliection on 1iuai Nam Chon Pl‘ojCDl;_htld 1uai Khlong Ngu Project located uppor
stream of Ban Chao Nen hydro-slectrvic power plant which is now under preparation,
has been carried out for a period of 18 days from Febiruary, 6, 1973,

Alter returning Japan, the team, by virtuc of cooparation with the experts of
the B, 2, D.C,, made a comprohensﬁrc stidy on the rosults of the field investigation,
compited data and information, and thus, this reconniissance study report has been
completed for presentation here, |

Nothing‘ would he more gratifying Lo our agoency than if this report could be of
any help for the power development in Thallandy” also for promoting closer relation-
ships as well as cconomic interchange belween Thailand and Japan.

In closing, 1, on behalf of the 0.1, C, A, , would like to take this opportunity lo
OXPress ny sinceré gratitude to the officials of the government of Thailand and
Electricily Generaiing Authority of T'hailand for the wholohearted cooperation and

asgistance extended to us during the thme of the leam's study it Thatland,

% S

Keiichl Tatsuke,
bireetoy General
Overseas ‘I'echnical Cooperation Agoney

Qetober 1973,
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LETTER OF TRANSMITTAL

Mr, Kelichl Tatsuke, Director Genaral
Overseas Technical Cooperation Agoncv
Tokyo, _Japan

Dear Sii: _

'.Submittcd herewith is a reconnaissanco 1*01501‘1. on the Upper Quae Yai Ilydro-

olectric Dovolopment Project in the Kingdmn of Thailand,
~ Tho Survey Mission, in a joint effort with-the Electricity Generating Authority
of ‘I h'nl‘md carried out reconnaigsance of the sites of the Projeet and invesligation
of related areas, collected data and information on hydrology, topography, geology,
demand forecast and starvt-up plans, while cxchanging opinious on the PrOJeel, with
onginaers of tho Aulhouty.

After returning to Japan, the Survey Mission with the cooperation of the
enginooring staff of the EBlectric Power Development Co,, ILtd, prepared this Reporl
based on the data and information gathered in ‘Thailand,

The Upper Quac Yai Hydroclectrie Development Project consists of the 600- MW
Huai Nam Chon ProjécL (conventional type) lecated apprdximately 90 km upslream of
lho Ban Chao Nen Hydroelectric Power Station (1Mirst Stage, 360 MW), which is on
a gchedule to start construction work at the boginning of 1974, and of the 1, 000-MW
Huai Klohg Ngu Project (rcvefsible type) also located about 40 Km upsiveam of the
Power Slation, |

In this Report, a general study was made on hydrdlog‘ic analysis, optimum
scile of development and start-up plans for the two projeets, with 4 conclusion that
the projects are hoth advantageous and worth proceeding with a feasibility sludy,

Although more detailed su rveys and preparations over a long period would he
necessary before the hydrocleciric projecis can reach the stage of actual develop-
nment, it is expected that the characteristies of the Lwo pl'ojects will be recognized
in future and they will be expedited as promising projeets which will contribute to

the clectric power supply of ‘Thailand,



On tho occasion of submitling this Report I sincercly express hoartiolt gratitude
to all persons concorned for their genorous assislance and cooperation in performing

the studies,
Yours respectiully,

o o
Jenhmilrdisca.

‘F'sutomu Nishida, Chiel _
Upper Quae Yai Hydro-clectric
Development Project

Survey Mission
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Millimeter

mm :

om ¢ Contimetor

m : Meter

km : Kilomotor

8¢, nm ! Square millimoter
8¢, om : Square centimeter
s¢.m | : Sruare meter

8¢« kin : Square kilometer
ha ¢ Heclare |

cuL M : Cubic meter

myg ¢ Milligram

gr, ¢ Gram

kg + Kilogram

ton + Melric ton
m/sec, 1 Meter per second

o, m/see, Cubic moter per second

kw ¢ Kilowait

kWi _ 1 Kilowatt hour

MW 1 Mepgawalt

kv t Kilovélt .

kVA + Kilovolt-Ampere

MWh 1 Megawall hour

MkWh : Millions of kWh

rpm : Revolutions per minute

Iz, : Hertz (eycles per second)
KL : Height above means sea lovel
o¢ ¢ Contiprade ‘
PePam, : Payls peyv million

% . Percentage

1 ha 1 10,000 sq. .

1 MW ¢ 1,000 kW



Rai - Unil of land avea cqual to
1,600 sq, o = 0,16 ha = 0,395 acre
Baht {H) Unit of currency equal to 100 Satang
Changwat A politieal subdivision of lhe Kingdom
of Thailand; tho English equivalent is
provinee,
Amphoo A political subdivision of a province

{Changwatl); The Iinglish cquivalent
is distrief,

Ban A village
Huai A yivulet
Khiong _ A stream

Khao A mowmntain, a hill
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CHAPTER 1, I_N’I‘R ODUCTION -

A) Authorization

The Eleetricity Genorating Authority of Thailand (hereinaftor called KGAT) has
beon contompl_atlng numerous electric power development pl%ms in order to cope with
ele_ctt‘ie power'demand which has beon _increasing at an extremely high rate in redeﬁt_
| Years, | |

Thro Quae Yai River is a largo river with one of the greatest hydroelectric poten-
tlals in Thailand hﬁvlng a catchmeﬁt arca of approximately 14,800 sq.. kin, _mid annual
runoff of approximately 6, 000 miltion o, m, _

MGAT plalm.ed tho Ban Chao Nen Project for the downstream i)a 'l of the Quae Yai
River as tho first stage of development of tho river and earnest preparationé have
béen expedited and nearly all of thcse proparaﬁons have b_één completjed to starl con~

struction work at the bogiming of 1974, | )

‘To follow _the Ban Chao Nen Project, IZGA'T has eslablished the _Uppér _Quao_Yai '
Hydroelectric Dovelopment Project consisting of wo projects, at Huai Kleng Ngu site

~and the Tuai Nam Chon siﬁe, with thé purpose of éffective utilization of the water
resourcos of the ’u]':)stream part of the Quac Yai River, | _

In 1972, the Govemment of ’i‘hailand roque_ét.ed the Government of Japan to .carry
oul a preliminal'j survey .f or the Upper Quae Ya_i lIyd_roel(_}Ctric Development Project, |
~ Upon 1‘eceiv1n‘g‘this réquest, the GOVOl.‘lilllel.\L of Japah commﬁsio’ned the Overseas
’l‘echniczﬂ Cooperation Agency (Imreinafler. calléd OTCA) to carry .out the survey.

OTCA, dispatched a Survey Mission consisting of b persons headed by M. 'i‘sutomu_'
Nishida of the Flectric Power Development Co,, Ltd, {(hereinafter calléd EPDC) to

Thailand in February 1973, he roster of the Survey Mission is givén In 1-1,

B) Purposo and Scope of Réport

The purpose of this Report is to examine the various devolopment schomes for
the two projecis which had been already concelved by EG_AT in the Uppor Quéo Yai
Bagin and to prepare the most advantageous development schemes, and upon earrying
out general studies of the technieal and economie aspects of the schemes, to clarify
itemns of invesiigation and study required for a feasibilily study which would be con-

ducted in {he fulure,

1-1



1) Huai Klong Ngu Project

This project is located on a tributary of the Quae Yal River 40 ki north of
the Ban Chao Nea site, A pumped-storage type powor station will ho constructed
under the project ulilizing the Ban Chao Non Reservoir as tho lowor pondage,

2) Iluai Nam Chon Project '

This project ig located on the main Quae Yai River 90 km north of the Ban
Chao Non site. A conventional dam and roscrvoir type powor station will be con-
structed under the project taking advantage of the abundant waier flow from the
broad catchment avea,

The scope of stﬁdy of this Report covers the abovemenlioned two power generaling
schemes and the power transmission facililies proposed between the power stations

and substation to be built in the Bangkok area.

C) Contenls of Survey Operations

1) Field Survey

The Survey Mission conducted, from lebruary 6 to February 23, field surveys
of lhe project arcas and relaled ayeas and gatheved necessary information, while
exchanging opinions and discussing on the Projeet with EGA'T engincers.
Regretfully, duving the field reconnaissances, il was impossible to obtain access
to the damsite of the Huai Nam Chou Project due Lo abnormal low waler so that
the Mission was obliged to limil the investigation of topographical and geological
conditions Lo general veconnaissances by means of airplanes and helicoplers
provided by EGAT,
2) Works In Japan

After returning to Japan, the Survey Mission with the cooperation of EPDC
prepared this Repord in about 7 months from March 30 to Cetober 16, 1973 bascd
on the information and data gathered in Thailand, 'The major items of study arc
as {ollows:

a} Examination of development plan,

b} Hydrologic analysis,

c) Examination of geologlieal conditions,

d) Load forecast and examinalion of starl-up plans, and

o) Examinalion of power generation and transmission plans,

1-2



D} Basic Data

Basic data suoh as hydrologic data, topographical maps, reologicnl maps, dgia
of power supply and demand, dala for cost estimate, cte., which are necessavy for
the study of the Projects were Turnished by BEGAT,

Thoso data ave as shown in the list of data attached to Appondix A,

I5) Organization of Survey Mission
The Survey Mission wag comprised of the following persons:
Chief Tsutomu Nishida, Chief, foyone Conslruction

Seciion, Shintoyone Construction Office, IWPHC

Member Takashi Yoghida, Design Office, EPDC
Membaor Tsuyoshi {lanada, Thermal Power Generalion

Section, Thermal Power Depariment, KPDC
Member diro Inoue, Design Office, BPDC
Membey Norio Otomura, Foreipn Activities Depariment, EPDC

(Positions of Mission members are as of FPebruary 1973)

1-3
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CHA.PTER 2, | SUMMARY AND RECOMMENDATIONS

A) Goneral

In regard to tho Uppor Quao Yai Hydroelcetric Developmont Schome p'lanned hy
KGAT, fiold mconnaiqsanocq oi‘ tho Uppor Quae Yai B'tsin dnd surveys of related
areas were carrlod out, and various studies were mado in Tokyo afler raturning to
Japan based on fundamental data t‘tu‘nisllécl by EGAT, and as a result, it was posgsible
Lo obtain a general outlook on the basic concept o.f the developmont schome, economic
foaturos of thé schome and tho appropriate timing for start-up as deseribed in the
following chaptors,

| However, in cslablishment of the preéeht devolopment plan, the basic data

oblained and gathered were found to be insufficient, lispecially, with respect lo
geoiogy, the Mission unavoidably relied only on the results of surface reconnaissance
for the Iuat I(Iong Ngu Projact (reversible type) and mainly on interprotation of
aerial photographs for the Huai Nam Chon Project (conventional type) gince for the
latter it was nol possible to approach the projected damsite due to abnormally low
water, ' L

Nevertholess, from the outlook on the two projecis at the present stage, it is
considerced that the cconomics of the projects are good and they are promising for
dovelopment, Therefore, it is desirable as a first step to carry out a prefeasibilily
siudy to reconfirm the fundamental matters pertaining to the Projects, and as a
second step to proceed with necessary preparatory work and variotis formalilies in
ordar to conduct a detatled feasibility study, However, there will be conceived some
hopoful sites for puinped slorage power slation other than Hual Klong Ngu site and
g0 the comparative studies among the sites shall be conductled before the pre-
feasibilily study of the Iluai Klong Ngu Project.

‘the outlines of the two projects are given below,

B) Power Generation Development
(1) Iluai Klong Ngu Project (Reversiblo Type)
‘This Project is a pumped storage power gencration b(,heme located approxi-.
matoly 240 km west-northwest of Banglkolc which would use Ban Clhiao Nen

Reservolr (under eonstruction) as the lower reservolr, A new regulating pond
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will be excavated as tho upper vesorvoir, which pond is to be completely lined with
asphalt, to obtain an eifectivo head of 466 m for power goneration of maximum
oulput of 1, 000 MW {250 MW x 4 wnits),

The electric power demand of Thailand is expected to continue {o grow in the
future at a rale of 109 or highor, Conscquonily, electric power dovelopment, hoth
hydro and thormal, has heen taken up as an urgent probler, and EGAT {s planning
construction of lavge-~capacily thermal and nuclear power planls as part of the
development, Thereforo clevciopment of pumped storage power stalions ulilizing
surplus nighttime power of these thermal and nuclear stalions will ho necessary
for peak supply capabilily,

Since lhe Huai Klong Ngu Project is located at a site providing a high head
ravely found in Thailand and will utilize an existing veservoir, the economies of
the Project are excellent, Theve is an exceedingly groat possibility that it will
hecome one of the most promising sile for pumped storage power siation in the
country, _

The roughly calculated tolal construction cosl at this Lime including {he con-
struction cost of related power Lransmission lines ig 4, 310 million Baht (¥4, 310
per kW) and the henefit-cost ralio is 1.13.

(2)° TIuai Nam Chon Project (Conventional Type)

This Project is localed approxiniatcly 45 km north of the Huai Klong Npu site
described above and is noar the end of the Ban Chao Nen Reservoir which is under
consbruction on the main stream of the Quae Yai River.

The essence of the Huai Nam Chon Project is to construct a rockfill dam with
a hefght of 195 m across the Quae Yai River to build a reservolr with a high water
surface lovel of 360 m and effeclive storage capacily of 2,680 million ca.m to
ncavly completely regulate the river flow and to generate an annual energy pro-
duction of 1,158 million kWh at a maximum output of 600 MW (150 MW x 4 units}),

The roughly calculated total construetion cosl at {hls tme inclucing the
construction cost of related power iransmission lHneg is 3, 874 million Baht and
the benefit-cost ratio ig 1,20,

The Huai Nam Chon Project, as a key development of the Quao Yai River

which has one of tho greatest hydroelectric potentials in Thajland, is localed ai

22



a silo that is one of the few romaining in ‘Thatland whore largoe scale development
is possiblo, and since the cconomics of the Project arve quito good, if it should
be developed In succession to the downstream Ban Chao Nen Power Station, it
would play a largo role in the power supply system as a leading poak supply

capability,

C) Power Trangmission Plan

It Is assumed thal the electric power gonerated by the two projects would he
transmiited to Bangkok, the load center, and thal power generated at the powor
stations would be Lransmittcﬂ as follows taking into account timing of start-up,
transmisgsion voltages presently adopted and other factors:

Huai Klong Ngu Huai Nam Chon,

Transmission distance; Approx. 240 km . Approx. 226 km
1'ransmission voltage : 230 kv 230 kv
Number of circuity 4 ect 2 cct

IIuai Nam Chon - Ban
Chao Nen
3 cot

Ban Chao Nen - Bangkok

Cyeles ¢ 50 Hz 50 1z
Conductor : ACSR 610 mm? ACSR 610 mm?
(1272 MCM) (1272 MCM)

1t should be noted that transmission for the Huai Nam Chon Preject is in common
with the B3an Chao Nen Second Slage Project (360 MW} at the section belween the Ban

Chao Nen and Bangkok,

D) Demand Forecast and ‘Timing of Development

The demand forecast for Thailand prepared by EGA'T is hased on the pasl record
and real economic growth rate is assumed around 7%. According to the forecast,
the annual growth rale of maxlmmum electrie power Is approximately 12.4% averaged
for 1971 through 1980 and approximately 8, 5% averaged for 1980 through 1990, and
the maximum power of 1,020MW (actualyin 1972 is expected to increaso lo 2, 720 MW

in 1980 and 6, 180 MW in 1990, while clectric enorgy is expected to increase from
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tho 6, 711 million kWh (actual) in 1972 to 36, 550 million kWh in 1990,

In order Lo meeof this rapidly inoreasing power demand, BGA'T has established a
plan to add hydroclectric power stations centered around the BDan Chao Nen Project
and large-scaloe thermal and nuclear power stations { 1‘6m 1975 Lo 1985, and if this
plan were to be executed as scheduled, it would be desirable for tho Inai Nam Chon
Project (600 MW) to staxt operation around 1988 zind the Huai Klong Ngu Project
(1,000 MW) around 1994 or 1996, Since malorials and equipment for construction
of two projects will have 16 be delivered utilizinfg Ban Chao Nen Rescrvolr, and
congidering that completion of the Ban Chao Non First Stage Project (360 MW} will
be in 1879, the carliest slart of operalion of Huai Nam Chon. Powor Slation could be

around 1886 or 1987 from the standpoint of construction,

11} Recommondalions

(1) Huat Klong Ngu Project

As previously stated, this Project is a promising ﬁunmed storage power
gencralion plan and il is considered worlh conducling a prefeasibility study
hereafter as a first step. However, for example, as indicated in Appondix B,
a promising pumped storage sife ean I)_e congidered to exist downstream of the
Ban Chao Nen site, while it is imagined there would be other promiging pumped
storage sites in Thalland. ‘Therefore, 1t is recommended that selection of a
pumped storage site bo based on detailed surveys to be exceuted herealter by
carrying out reconnaigsance studies on the other pumped storage sites at least
to the samo degree as for the Hual Klong Ngu Project and by making comparisons
of the sites.
(2) Huai Nam Chon Project

As previously stated, this Project is considered to be exiremely promising
and it ig therefore recommended thal a feasibility study be carried out. However,
since lhe scheme is of ﬁn exceedingly Inrge scale and there is allowance in time
until start of development, it would be desirable for a prefeasibility study to
be made as a first step to reconfirm bagle matlervs,

It is recommended that the following he cerried out for the prefeasibility study:

1) Provide a base camp and make it possible Lo approach the projecied dam-

site at all times,
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2)

Conduet lield reconnaigsances of the projocted damsite by oxperts in
civil enpgineoring and geology,
Compile hydrologle and moteorological data, prepare topographical maps

and conduet goological survoys (seo Appendix C),
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CHAPTER 3, . OUTLINE OF PROJECT

A) Huai Klong Ngu Project

This Project is a schome for pumped storago power generation utilizing the head )
of approximately 600 m between the karslic plateau rmmling novth and south on the
vight bank of Ban Chao Nen Reservoir and the Huai Klong Ngu River, a Quac Yai
Rivor tributary which cuts down through this plateau, - In other words, a regulating |
pond Hoed completely with asphalt and having a high water surface level at 680 m
and an effoctive storage capacity of 6 million cu, m 1s Lo be constracted 611 the‘
- karstic plateau of clovation of 600 to 700 m on the loft hank of the Huai Klong Ngu
River app_roxi.mately 8 km upsiream from the confluence with the Quao Yai River,
Thig regulating pond and Ban Chao Nen Reservoir uﬁdér congtruction are to be
comnccted by a headrace tunnel, penstocks, powerhouse and tailraces, and uwlilizing
the effeclive head of 466 m obtained, pumped storage power generation of maxlmtﬁn
oulput of 1,000 MW (250 MW x 4 unilg) is to ho carried out with maximum discharge
of 258 cu.m/sce, N

'the construction cost per kW of this pumped storage power '_station including the
conslruction cost of a related transmission line would be K4, 310/kW. As for the
cconomies of tha Projeet, in case of 1, 000 hours of oporation amally, the surplus
benefil [(B) - (C)] would be 73 million Baht (with tax on [ﬁel) and the benefit-cost ratio
1E0/(C)) would be 1,13, |

The genoral outline of the Project is indicated in Fig, 3-1 and Table 3-1.

B) Huai Nam Chon Projoct

This Project congtsis of buildivg a rockfill dam with a helght of 195 m on the
maijn stream of the Quae Yal River near tho end of the backwater of Ban Chao Nen
Reservoir immediately upstream of the junction with the Huai Nam Chon River to
provide a reservoir with high water surface level at 360 m, available drawdown of
26 m and effective storage capacity of 2, 680 million eu,m to regulaio the sea.sonal
and annual fluctuation of the runoff of the Quae Yai River, and with an undorground
power station constructed at the left banlk, power generation of maximum output of
600 MW (150 MW x 4 unils) and annual energy production capabilily of 1,158 million

kkWh ig to he carried out.



"Tho economics of this power station shows surplus benofit [(B)-(C)] would he -
70 million Baht {with tax on fuel) and benefit-cost yatio [(13}/(C)] would be 1, 20,

The general outline of the Project is indicated in Fig, 3-2 and Table 3-2.
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Table 3-1  Goeneral Deseription of 1ual Klong Ngu Projoct

Upper Pond:

Normal Iligh Wator Surfaco Level

| Iffoctive Storage Capacity

Available Drawndown

Dam

Typo

Elevation of Crest
Height
Length

Volume

Lower Resevvolr (Ban Chao Nen Resgervolr)

Normal Ifigh Water Surface Level
KEifectivo Storage Capacitly

Available Dravmdown

Intake (ouwilet forr Pumping)
Tynpe

Number

Headrace

Type

Number of Line

Iner Diametor

Total {ength

Surge-tank
Type
Number

Riser Inner Diameter

3-3

680 m
6, 0 milllon cu, n.

30m

Asphalt facing rockfill dam and
concrete gravity dam

G8H m

60 m

600 m

2,600 thousand cu, m,

180 m
4, 550 million cu, m,

12 m

Moraing Glovy Type
i

Circular Presgure Tunnel
i

T.2m

670 m

Orifice Chamber Type
1

8m



?'

10,

11.

12,

Pengtock

Type .
Numbou of J.inos
Total Longth
Inﬁcr Diameter .

Virtical Angle

Poworhouse

Type-

Dimeaision -

Tail méo

Typo

Number ol Lines
Longth

Innor Piameter

Outlot (Intake for Pumping)

'l‘ype

Numbeir

Power Generating

Installed Capaclity

Unit Capacity
Number of Unifs
Rated Head

Max, Discharge

FTransmisgsion Line
Voliage
Numbeor of Clreuits

Length

Steel Yined Tunnel 'l‘ypé
2 4

2,660 m -

5,6m, 4,4 m, 2,8 m.

50 dogree

Underground ‘I'ypo
H = 4%, W= 22m, L = 190m

Cireular Pressure Tunnel
4, 2
620 m

3.9 m, 5.1 m

‘Slde Intake Typo

2

1, 000 MW

950 MW

4
466 m

258 cu. m/sec,

230 kv
4 oct,

240 km



13.

14,

16,

Construction Cost

Preparation Works
Civil Works
Hydraulic Equipnieont
Elccu_*ica_l Equ’ipment
Engincoring Fee

Interest during Construction

Sub-Lotal

Transmission Line

Total

Annual Enoi'g‘y Production

Sui*plus Bonofit

- Import Duly on Fuel included

| Import Daty on Fuel nol included

Benefit-Cost Ratio

Import Daly on Fuel included

Iraport Duly on Fuel not inoluded

8-5

62 million Baht

1,609 mititon Baht

312 million Baht
1,260 mitlion Baht
110 million. Baht
- 487 million Iaht
3, 740 mﬂiiqn .Baht

570 miliion Baht

4, 310 million Baht

1, 000 million kWh -

(1, 000 hour oporalion por ycar}

73 million Baht

89 million Bahi

1,13

1,15



G.

T

Tablo 3-2

Catchment Area

Anmnmual Inflow

Reseorvoir

Normal High Wator Surface Level
~Tofal Storage Capacity |
Effective Slorage Capaoity
Available Drawndown

Maximum Watoer Surface

Dam

'J.‘)’p(}

Elevation of Crest

Helght
Crest

Volume

Spillway
Lypo
Capacity

-

Intake

Type

Number

Headrace

Type

Numbey of Lincs
Total Length

Inner Diametor

Genoral Deseription of lvai Nam Chon Project

6,100 sq,km,

~ 3,000 millich cu,m,

360 m

5, 380 million cu,n,
2, 680 million o,
26 m .

364 m

Rocklill with Center Impervious Core
367 m
196 m
485 m

15, 300 thousand cu,m.

Open Channel Chute ‘1'ypo

3, 000 cu, m. /sec,

Side Intake I'ype
1

Circular Pressure Tunnel
2

420 m

78 m

3-8



8. Penstock

Typo Steal Lined Tamel

Numbor of Lines 4 |
T_otal Longth . 1,210 m

Innor Diametor ' 4,8, 4.1 m

9, Powerhouso. o _
Typo 4 Undorground ‘Type
Dimension . M:=38m, W=20m, L =104 m

16, Tallrace

Type . Circular Pressure Tunnel |
‘Number of Lines o 2

Length ' 600 m

Inner Damotor ' 7,8 m

11, Power Gonorating

Ingtalled Capacity | ~ 600 MW

Unit Capacity 150 MW
Numbef of Units 4 '

Raled Head _ 168,56 m’

Max, Discharge | 420 cu,m/sec.

12, Transmission Idne
Voltage 230 kv
Number of Circulls 2 cet, (PS. to Ban Chao Nen)
3 cct, (Ban Chao Nen to Bangkok}
Length 286 kn



13.

14,

15,

16,

.

Construction Cost
Preparation Works
Civil Works
Hydraulic Yguipment
Electrical Eq'uipnmnt
Engineoring Feo

Iterest during Consiruction

Sub-~total

Transmission Lino

Total
Annual Fnergy Production
Unit Construction Cost

Surplus Denefit

Import Duty on Fuel included

Import Duty on Fuel not included

Benefit-Cost Ratio

Import Duty on Fuel included

Import Duly on Tuel not included

144 million Baht
1,785 millon Baht

211 nﬁllion Baht
770 million Baht

100 million Baht
540 million Balt

3, 550 million Baht

324 million Baht
3, 874 million Baht
1,168 million kWh

6,460 Baht per kW, 3.35 Baht pex kWh

70 mitlion Baht
5% million Raht

1,20
1,17
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CHAPTER 4

DEVELOPMENT SCHEME



. CHAPTER 4, DEVELOPMENT SCHEME

"A) Basle Conditlons for Plaming -
| The sludios of the dovelopment schemo wore madeo bnsod on tho foliowing
‘conditions; . _ ' o
1) The b‘l.sic featul os of the Bau Chao Nen Pr ojoct are as given balmv in
accoxdauce with the l‘t,asibihtv wpmt of the Pr oject.

Bz_m Chao Non Resorvoir -

©. Nowmal high water surface level 180 m
Availablo drawdown L ‘ 12m
Effective storage capacity - 4., 550 milHon ouw.m

- Powver Generation

Maximum discharge ' o132 ou, m/sec,
kffectivo head - -~ 114 m .
Instatled capacity - 420 MW lst stage 360 MW

ond stage 360 MW

It tho hiasit.x' fea_tl_u‘és of the lian Chao Nen Project will ho modifiéd, rostudy |
of the iﬂ'eéant devel.opm-e'nt.sdmme 18 necassary, accordingly,
2) The dopendab]e output 'md aniual ener, gy pr oduction to he uqed frn the study
of the Huai Nnm ChonePr ojoct wero caloulated by the method deseribed in
(,haptel 4, C~2) using a mass om Ve obtained from runoff convelted fwm the
| 20-year rvimoff dafa al Dan Chao Nen Gagimr Station.
3) Detormination of the offociive stoxage camcity of the reservoir and normal
' dischm*ge:for tho Huai Nam Chon Project was_ done by mass curve,
1) Calculations of the catchment area and thé sforage ca'pacity.of the Muai Nam
Chon Project were mado using topographical maps of 1/250, 000-scale and
1/50, 000-scalo respectively, both published by the Department of Royal That
Survey, . | . '
6) ‘The installed capacily of the Huai Nam Chon Project was detormined taking
a plant factor of approximately 21% (6 hours of peak duration timo), 'l‘he depend-

ablo output was taken to be the output when the reservvolr Is at its lowost lovel.

4-1



8) Construction costs wore ostimated as of the presont time and risos I com-
modity prices were not takon into account,

Rough designs wore made based on acrial photographic survey maps furnished
by BGAT, 1/10, 000-gcale for the Hnai Klong Ngu Project and 1/5, 060-scalo for
the Huai Nﬁin Chon Projoct upon which tho construction costs wore calculated,

Furthor, it was considered that transportation of all matorials and equipment
for ﬂle_cOﬂStl‘thUOﬂ of thq two projecls would be accomplished uiilizing Ban _Chao
Non Reservoir asswning that the projects would be devoloped altor completion of
the Ban Chao Nen Project, 'I'axes wore included in the cost estimates for equip-
mont and matorials,

7) Interest was taken to be 7,5%.

8) The values given in Table 4~1 for the respeetive struclures are equalized

cost factors which are used in caleulations of annual costs for economic evaluation,
For the caleulation of annual costs of the HNuai Klong Ngu Project, cosls of power
for pumping-up corresponding to the annual energy production was added to the
amual costs for the investment anount,

For the unit price pér kwh of tha pumping-up power cost, the following values
obtained by dividing the additional fucl cost for extra oporation of a thermal power
plant by tho overall efficiency of pumping--up woro used:

Without tax on fuel ¥ 0,149/kWh
with tax on fuel K 0.166/kWh
'Phe annual operaling time for the pumped storage power station was taken to

he 1,000 hours as stated in Chapier 5, D},

‘Pable 4~1  Kqualized Annual Cost Factor for the Projecis

Genorating Plant  ‘Trangmission Ling

Servicegble Year 50 | 40
Annual Interest Rato 1. 5% 4, 5%

Fqualized Annual Cost Factor

(1) Interest and Depreciation 7.71% - 7.949%

(2) Operation and Maintenance 0,70 © 2,60

(3) Administration 0,30 0,30
Total 8,71 10,74
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9) It was gonsideved that tho cconomic evaluations of the {wo projects would bo
made basod on the annual costs of an oil-buriing steam powor plant installed
with 2 units of 600 MW, _

It was assumed, in this caso, that this thermal power plant would be constructed
in the area surrounding Bangkok, tha load centoer, ‘The unit capacity of thig
alternative thormal power plant is identical to the maximum unit capacities for
nucleay powar and thormal steam power to be developod by 1985, and is of a
reasonable size considering the scale of the LGA'T power system and the growth
of eleetiric power demand,

The basic features and construction cost of this alternative thermal power plant

arve given helow,

Table 4-2 Construction Cost and Genoral IPeatures
of Allornative Thormal Power Plant

Ingtalled Capacity _ 1,200 MW
Unil Capaeity ' 600 MW
Number of Unif 2 units
Annual Capacity Factor 70%
Thermal Efffciency at Sending End 37.2%

Annual Energy Supply al Sending End i, 100 million kWh
Annual Fuel Consumption 1, 664 mililon liters

FFuel Cost 0,40817 DBaht/lit,
{without taxes on fuel)

0, 456517 Baht/lit,
{with taxes on fuel)

Serviceabie Life 25 years

Congtruetion Costl (taxes inclusivo) 5, 200 million Bahi

48



‘As benefits of tho hydroeleolyic powor stations, the annual fixed cost per kW of
the abovo al_tornativo therial powor plant multipticd by a kW adjustmont factor of
1,15 was taken to be the bonefit per kW and the variable cost por kVh of the altor-

native thermal powor plant was tz_iken to be the honefit por kWh, -

Excludi’ng import - Including import .
_ duty on fiel . Guty on fuol
Benefit por kW . 550 Daht . 560 Baht
Benefit per kWh o 0,10 Baht - 0,11 Baht
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B) Hual Klong Ngu Project
1j Location {(8co Vg, 4-1)

Tho projoct sito is located roug‘lily at 34947 north latitudo and 98°57' east
longitude. "This avea belongs to the Northwest Mountain Reglon of Thalland and
Hes at distances of 240 km woest-northwest from the capital city of Bangkok and
100 km northwest of the city of Kanchanabuvi, approximately, I'or transportation

“to tho gite, a rajlway and a highway can he utili_zed balween Bangkok and Kanchan-
.aburi, whilo from Kanchanabui to Ihe Ban Chao Nen damsite the re is a laterito |
road, but mostly beyond that point theve is no other choico but to navigate up the
Quae Yai River by boal,

The Huai Klong Ngu River springs from the karstlic plateau spread out af a
high clovation on the right bank of Ban Chao Nen Reservoir under construction
and aftex changing its course from south-southeast to cast, it merges with the
mainstream Quae Yai River at a point appr'oxlmately 40 kn upsiream from tha
Ban Chao Nen damsife belween Ban Pak Na-Suan and 5§ Sa\vaﬁ, The design high
water surface .levol (11, 180 m) of Ban Chao Nen Resorvoir goes hack along this
tributér& approximately 10 km, Approximaiely 8 km upstream from the con-~
fluenco point, thore s a tributary feeding in from the left bank of the Huai Klong
Ngu River called the Huai Khiili River and the project site occupies a part of the
northwest bank of the junction point of the Huai Klong Ngu River and the Iuai
Khliti River, that ig, the left bank of the middie stretch of the Huai Klong J‘.\;g‘u
Rivor,

2) Topography and Geology (Scoe g, 4-2)

The project area is located approximaiely 10 kin west of the Quae Yal River
mainstream ai the »ight bank of Ban Chao Nen Reservoir under construction and
is situated from the western end of the plaieau spread out Lo the north between
the Hual Khliti Bivor and the Hual Klong Ngu River, down fo the Ifuai Klong Ngu
River, The eastorn side of the platean is separated from the Quace Yai River by
a mountain block with Mt, Khao Khliti (121, 951 i} ag the main peak and drops
down o the Huai IXlong Npu River ai the southwestorn side in a steop glopo.
Slopes around this plateau are oroded with steep valleys, Although parvts above

151, 600 m of the projeot avea comprise a genlly sloped plateau, the plateaw is
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gsenlterod with limestone huttes and sinkholos of medium and small size so that
- the micro-topography shows considomblc, variation, The upper pond is planned
on this plateau,

'The valloy walls of the Huai Klong Ngu River cutting down the plateau and
flowing east and 61‘ the {ributary Huai Khliti River compl‘ising the castorn edge

-of the plateaun are steep slopos of 35° f;o 55 and al many pla.ccs.thore aro cliffs
of large size with hoights oxceeding 100 m and slopos steepor than 709, The
powérhouse ig planned as undorground types at a steep slope facing the Huai
Klong Ngu River. '

Tho genéral geology of the project area, according to the Report* shows
distributions of karstie Ratburt limostono at paris of righor clovation and non-
kf;i'stid members of the so-called Kanchanaburl Formalion consisting of altor-
nations of shaly impure limestone, shale and calcarcous sandstone al lower
elovations. In the present survey, the distribution of rocks and the geologic
structuro were confirimed to ho correct as it had been reporied, And the flat
boundary of Rathuri limestone and Kanchanaburi, Formation is generally
traced along the eontour line of an elevation of 400 m, (sce Fig, 4-2 and Fig, 4-3),
‘Thorefore, the upper regulqting pond would be provided on a karstic plateau,
‘I'hin topsoil covers the entire plateau while #t seems that alinost no talus deposits
are distributed evon at the foots of buttes. At two test pils excavated at alternative
site approximately 2 lam distant {o the novth {from the proposed sile, there is a
existonce of weathered limestone, with 2 or 3 m Lhiék, fractured into rocks
including boulders covered by topsoil of thickness less than 1 m, In many cases
at limestone arcas, not only there aro many uncven portions of vavious forms at.
the ground surface but also the contact between the overburden and the underlying
limesione usually is hig!ily irregular, due to the agencies of golution and orosion,
'i‘hozefore, it is conceivable that thoro aro fairly thick portions of over buldcn

locally, and thorough uwesligatlon will be nocessary,

* Flectric Power Development Co,, Lid, (1972) Geological Investigalions of
Resorvolr Avea, Quae Yai No, 1 Project, ~ prepared for Eleclricily Generating
Authority of Thailand -
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The Ratburi limostone hag sinkholos of various sizes in gonoral, and oven
in the vicinity of tho proposed sito, thoro ave sinkholes of about 1.5 m in diameter,
This rvock is falrly eracky overall, Therefore, wator leakago of a degreoe that
would not he 1gnoroed from view points of dam stabllity and cconomy of storing,
nﬂg‘ht be discovored from tho dam foundation, its surrounding avea, and the
resorvoir area, _'Consequently, it 18 neceasary for an appropriate countermeasure
to be provided. Notwithstanding, it s considered this rock possesses sufficient
bearing capaoity as a foundation for low dams .or_asphalt and concrete pavements,

The slopo of the mountain proposed to be the site of the underground powerhouso
is disieibuted with talus doposits consisting chiefly of 1310¢l<s of 5 m didmeter or
larger from the river bed (K1, 130'm) up Lo around an elovation of 200 m, Most of
those blocks are limestone, There are continuations of cliffs where limestone is
exposged al slopos above clevation of approximalely 400 m, As proviously mention-
cd, thero iz a distribution of the so-called Kanchaunaburs Formation helow an
elovation of appl'()ximately 400 m, The strata distribuled in {his vicinily are
attributed to Formation B in tho Report, ‘The rock types of Formiation 13 consist

of altexrnations of shaly Hmesione, éhalo and calcareous sandstone, and is chavac-~
terized by partial intercalations of thin Iaycrs of limestone or saudstone, which
are non-kavstic, In the vieinily of the junction between the IHuai Klong Ngu Rivor
and the Huai Kbiiti River, theve are cutcrops of calcareaus shale, tho general
strtico and dip of which are N 10° W and 80° N1, '

‘The powerhouse and the greater partg of tunnel siles are located in this
Formation B, ‘thig formation, according to numerous oulereps observed, has
prominent hedding, has been folded in gentlo to intense slates, Therefore, in
construction of large~seale underground struclures such as tunnels with large
erogs sectlons and undeorground powerhouses, careful site selection and design
in acecordance with rosulls of thorough investigations will He necegsary,
Consequently, il should be necessary begides delailed geological reconnaissanco
and investigations by core boring and test adils, to earry out tests of the chamc--l
torigtics of roek mechanies of the bedrock, as required, io roflect the tosts

rosulty in design of undorground structures.
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Since tho upper regalating pond 1s presently planned to ho an oxcavated lype,
the muck [rom this pond would ho profitable to use as dam construclion material,
Adopting the suitable earthwork, this matorial could be suflicienlly stable for
embankment,

Asg for agerepato for concrete, natural aggregate cannbt he oxpecled and
artifictal aggregate would he used, Crushed rock from Ratburi limestono rather
than from stone belonging to the so-called Kanchanaburi Formation would be
befter as aggregale, but it will be nocessary Lo conduct aggregate lesls hefore
using.

3) Power Genoration Plan

i} Scale of Development

The Huai Klong Ngu site which would ulilize the Ban Chao Nen Resorvoir
undoer construction is one of the few sites where large-scale punped storapge
power generation can be carried oul,

In planning a pumped storage power plant, it is more cconomical to plan
for high head and lavge capacity so far as possible lechnically or lopographic-

_ ally and geologically,

Consecquently, the development scale for this sile was solecled Lo be as
indicated below within the range technically practicable and taking inlo con-
sideration the head, lift and the scale of the power system at lhe thme this

atation is pul into service.

Developient scale 1, 000 MW

Unit capacity 250 MW

Number of units 4 units

Turbine type Franeig reversible pump-turbine

IHowever, since thore is considerable (ime until development is realized,
the capacity of upper pdmlage and scale of development should be carefully
determined upon the study of trend of demand for the next several years and
timing of development for thermal and nuclear power statfons,

if) Study of Development Plan

| T'or the upper regulating pond of Huai Klong Ngu Project there had been

lwo gites considered by EGAL as shown In Fig, 4-4, Consequenlly, for the
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pumped stordge power generation plan for this Projoct, there would he lwo'
alternativo schomes in which pumped storage powor genoration would he
accomplished utilizing the heads of approximately 500 m obtained botweeon the
respective upper regulating ponds and Ban Chao Non Roservoir, but regarding
the structures from surge tank down (o tailrace outlet, single locations wore
solacted in consideration of topography and accessibility, and the two alter-
native schemes were compared comnecting these structures with the reapective
upper regulaling ponds by headrace tunnels (see Fig, 4-4),

‘The studios of thoge altornative schomes wore made based on a 1/10, 0600-
scale topographical map and ficld reconnaissanco, o oblain the rosults for
the various slructures aé described below,

The upper regulating pond would be buill on a karstic platcau, Becauso
it scoms that various size of sinkholos exist in the limostone which comprises
this kavstic plateau and since the limestone is cracky, it is anticipated that
troublesome loakage will be encountered for a rogulating pond that would he
croated merely by embantcling or excavating, Therefore, a surface walor-tight
regulating pond with its entire inner surface lined with asphalt was selected,

In planning the rcg'ulating pond, tho batance of amounts for excavation and
embankment was considered as much as possible, The capacily of the regulat-
ing pond was selocled Lo ba 6 hours in terms of maximum oulput taking allow-
ance for the present daily toad and the available drawdown was seleated to be
26 m and 30 m,

The intako is to be a morning glory type since the upper regulating pond is
a surface waler-tipht type linned with asphalt, while the headrace is to be a

“single line with inmmer diameter of 7,2 m taking the casiness of construction
and economy into account,

The surge tank is to be a restricted orifice water chamber type, while all
penstocks ave to be embedded lines, and in consideration of casiness of work, |
they will be made inclined shafts at an inclination of 50°, 'the pensiocks will
o branched into two lines immediatoly downstream of the surge tank and then
again branched into four lines al the middle of the ponstock, As steel for the
penstocks, exlra-high lensile steel will bo used since the intornal pressure

will be extromely high,
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Since the contors of the pump-turbines would be 63 m bolow the low watlor
lovel of Ban Chao Nen Resorvoir, the powerhouse is to ho an underground
typa, The main transformers will also be installed underground noxt to the
assembly hall, while swilching cqhipment‘_ and tho control huilding for the
power station will be above ground,

The longth of a tailvaco tunnel would be around approximatoly 400 m, and
on reforral to past porformanco and exporiencoé, it is considorved influence
of waler pressure of the lower roservoir {Ban Chao N'on Resorvoir) on the
undorground powerhouse can be avoided so thal a surge chambor will not bo
provided. 'The number of tailrace tuunols will be two lines immediately down-
stream of drafl gates, namely, one tailrace tunnol for two Lurbines,

‘Pho outlets are Lo bo of horizontal lype and since they would be buill under-
water in Ban Chao Nen Resorvoir, 1t was considered special construelion
techniques would be used,

The outlines of project components, construction costs and aconomic
justifications based on the above congidoration are as given in Table 4-3,
According to this table, due to ils ghort waterway, Plan A msulfs in more
advantageous In construction co.st_- per kW and beuefit-cost ratio, in spite of

its'high cost for construction of regulaling poad,



Tablo 4-3

Outline of Altormativo Schemeos

of Huat Klong Ngu Project

Unit

Upper Pond
High Wator Lovel
Available Drawdown

I'ffoctive Storage

Dam Height

Pam Volumo

Lower Roservoir

Iligh Water Level

Available Drawdown

Headrace Tunnel
Number

Length x Diameteyr
Penstock
Number

Diameter

Leuglh

Numbar

Length x Diameter

m
m

10G cu, m

m

103 o, m

m

-m

n

m

m

Plan - A Plan - B Remarks
680 670
30 25
G ) 6 hour oporat-
ing per day
60 50
2,100 1,000
Ban Chao Nen
Resgervoir
180 180
12 12
1 1
670 x 7.2 2,900 x 7.2
2 -4 2 -4
2.9 - 4,4 2,0 - 4,4
- 5,5 - 5.5
2, 660 2, 660
4% 4 -9
620 % 3.9 620 x 3,9
™ ﬁi ] - 5. I_
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(Continued)

Unit Plan - A Plan - 13

Powor Generalion

Installed Capaeity MW 1,000 1, 000

Max. Discharge cu, m/sec, 268 266

Lffective Head m 466 4153

Unit Capacity MW 260 260
Transmission Line

Voltago kY 230 230

Civeuit cel 4 q

Lenglh km 240 240
Construetion Cost _

Generaling Facilities 1058 3, 740 4,000

Transmission l.ing 1003 570 570

Total 108y 4,310 4,570
lieconomic Juslification *

Bonefit (B) 10%9 626 626

Cost  (C) 108y 553 676

Surplus Benefit |

@) ~ (C) 1001 73 50
Benefit Cost Ralio 1,13 1,09

¥ 1,000 hour operating per year
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C) Huai Nam Chon Projeet
1) Tocalion (See Mig, 4-1)
The 'dz.amsito of this Projocl is on the main stream of the Quae Yal River and
is l'o'cated at about 15°15! north latitude and 98965' east longitudo, ‘This sto s
qituatod appr oximatoly 110 16 120 ki upstroam of the Ban Chao Nen damsito, or
the end of the backwater of Ban Chao Non Reservoir tmdel construction,
IFor this areq, hesides the_pl oposcd dam axis desoribed in thig veport, six
- alternalive ones havo been cilbsctl by EGA'L. These éxes'aré numbored one to
six in order from downstream Lo upstream while proposed sito is localed in the
middle of No, 4 and 5, There 1s a distance of appmximately 5.5 km and a
difforencoe in river-hed eloevation of approxlmately 7 m between the uppmmost'
and lowermost dam axes, | '
2) Hydrology ‘
‘The locations of runoff gagmg stations and rainfall obgervatory stations in
tﬁe Quac i’ai River Ba_sin and its surrounding arca are indicated in Fig, 4-5,
‘T'ho periods for Whicﬁ runoff and rainfall vrecords at these stations exist are
ag shown in Table 4-4. .
River runoff of ﬂie Quae Yai River, was studied 1n I&aéié Study of Quae Yai
No. 1 i-IydroelegLrié Project, Volume 1 using the speeific runoff ralio ¢ aﬁd
: catchment avea. based.on Kang Ricng Gag,ing Station in the feasiblllty studies of
* the Project, ' ‘
The runofl at the project site ia calculaled by the following I ormaula:

Q = Qi e - W

Q, : Runoff at x Sito with catchment area of Ay
Q¢ + Rumoff at Ban Chao Nen (Kang Rieng) Gaging Station
I Catch_ment areaat X sito

| AK 1 Catchmont avoa at Ban Chao Nen (Kang Rieng) = 10, 800 sq. km

| a ! E:pecifio mnoﬂ‘ ratio obtafned from li{". 48

Accmdlng‘ to iopogmphic maps, tho catchiment area of the Huai Ndm Chon

damsite 1s 5, 100 sq. km. Runoff gaging stallons noar the project site are located
at 1iad Panal (C.A. = 5,644 sq.km) and Khao Chod (C, A, = 5, 530 sq. km) with

observatlion poriods of 4 years and 7 years reapectively,
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The ronoff gaging statlon with the longest period of obsorvalion on tho Quao
Yai Rivor ig Ban Chao Nen {Kang Rieng) Gaging‘ Station from which runolf data
for approximately 20 years are availablo,

Adding runoff dala oblained aftor the Quace Yai No, 1 Feasihbility Report
{heveinafter in this report, mervely called the Il‘easibility Report) and dotermining
the spocific ranoff ratio between Ban Chao Nen Gaging Station and Khao Chod
Gaging Stalion from tho cumulative correlation (Fig, 4-7), it is 1..55 and more
or less the same result as the specific runoff ratio of 1.6 for the same gaging
stations in Lhe Feasibilily Repori,

Therefore, it was decided to use Formula (1) in calculation of the ruoff of
the project site,

Substitutivg the calchment area of the project site and the spectfic runoff
ratio obtained from Fig, 4-6 in Yormmla (1), the equation for converting runoff

al Ban Chao Nen Gaging Stalion {o thal of the project site will be the following:
Q= Qi % @ - 0,68Q - )
x 7 wK A o K -

where
Ry ¢ Runoff at Huai Nam Chon site _
Q¢+ Runoff al Ban Chao Nen {Kang Rieng) Gaging Slation
Ay ¢ Calchment area at Huai Nam Chon site = $,100 sq,km,
Ay 1 Catchment area at I3an Chao Nen (Kang Rieng) Gaging Station -
10, 800 éq.ﬁm.

a : Speeific runoff ratio at 5, 100 sg, km obtained from g, 4-6 = 1,45

The 20-year (from April 1952 to March 1972) monthly average runoff obtained
for the project site by the above formula are as shown in Table 4-5, Amnual
rainfall at the site amounts to about 1, 000 min,

The design flood discharge of the project sile was determined from the design
flood discharge of 7, 500 cu, m/sce of Ban Chae Nen Dam studied in Supplementary
Report for Quae Yai No, 1 Projeét, Volume 1, using the conversion factor 0,68
n Formula (2), According to this caleulation, the design (lood discharge of the
project sito 1s estimated to he 5, 100 cu.1n/sec. The {lood hydrograph is as shown

in I'lg, 4-8.



Regarding evaporation, not evaporation loss was laken to be 500 mm/yy, as

in thoe Feasibility Report,
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Fig. 4=7 Correlation of Specific Runoff between
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3} Topography and Geology

The Project site is extromely close to and north of the surveyed area wheve,
in 1971 and 1972, RGA'T and BPDC joinlly carrvied out the investigation for the
Bai Chao Non roserveir aud for which EPDC comploted a Report * in Fobruavy
1912, compiling the results.

Since the prcSent reconnaissance was made {luring'thc_lowest waler season in
tho (.;lld of ¥ebraary 1973, it was only possible to reach a poinl approximaltely 10
km downstream from alternalive damsite No, 1, because an accessibilily to the
project site .is only available by boat through the river, ‘I'hercfore, the outlines
of Lopography and geology deseribed in this report are summary of aerial inspec-
tions by helicopter, interpretations of aerial photographs, judgement of data
including topographic maps furaished by BGAT, and information {rom Colombo
Plan Ii}xpért and TGAT geologist, |

The topographic and geotogic features of the project siles composing the pro-
posed site in this report and 8ix former alternative siles are more or less
similar and may be outlined as described botow, (Sco Tig, 4-9)

The Quae Yai river meanders somewhat in the projecl arca, bul the river
between the uppermost alternative damsite and the lowermost site is flo@ing
almost straight and has a rather gontle gradient, The width of the river bed is
30 to 50 m in tho abovementioned sites,

There are no flal arcas such as flood plaing and terraces near the river sido,
and valley walls rise direclly from both banks of the river channel, These
valley wallg have average inclinations belween 35° and 55°, but al various places
there are large-scale cliffs with height of 70 m to 150 m sloped at 700 or sleeper,

Although the shape of the valley presents a precipitous topography as described
‘above, the mountain-land on the right bank higher than X1, 600 m is spread out
in a gently-sloped plateau-like terrain, rom the fact that karstic topography ave

indicated to exist al many places on the 1/50, 000 scale topographic map, i is
thought this broad and gentle slope 1s a karslic plateaw consisting of calcarcous

rocks,

* }lectrie Power Development Co,, Lid, (1972} Geological investigation of reservoir
area, Quae Yai'No, 1 Project ~ prepared for Electriclly Generating Aulhority of
Thailand,
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The goologic structure of this avea, viewed macroscopically, is governed by
the Burmesc-Malaya geologic movement and the structure is genorally prominent
in the NW-SI divoction, that is, roughly heing paratlel to the Quae Yai river.

Taking into considoration the location of the project arca which is close to
the end of the Ban Chao Nen reservoir, nﬁwtoscopioally speaking, it should
naturally have a continuation of the geology distribuied in the Ban Chao Non
reservoir area. \

The rocks of the project arca seem to consist of Rathuri limestone at higher
clevations and, at lower elevations, probably FFormation B of so-called Kanchana--
buri series composing of alternations of shaly limestone, sandstone and shale,
sandstone beds with considerable thickness and intércaiatcd thin layers of
limestone,  Although the boundary belween Ratburi limestone and Yormation 13
ig not yet confirmed in the Held, it appears to he more or less horizontal from
the data of topographic considerationg, interpretations of acrial photographs and
reconngissance by helicopter, and it is assumed Ratburi limestone is distributed
(approximatély ahove 6001n). Bual there wore some small scale hollows were
- observed at an elevation between 325 m and 350 m around No. 1 aliernative dam-~
site by _hclicopter. _

Foymation B which underlies Rathuri limestone, according to the previously
mentioned RReport, has sustained severe folding at many places, but a variation
of geologic structure in thig formation is rather remarkable in a place.

Overburden is thin as a whole. But, at the foot of steop cliffs there is con~
siderable thick deposit of debris. In general, talus deposit of left bank is thicker
than that of right hank,

Koy preparihg thig report, geological interpretations of 1/25, 0600 scale agrial
photographs covering the project area which were in the possession of KGAL were
made. "The results which are given in Fig, 4-9 may be outlined as follows:

Iy TLine patierns which are thought probably to be boundavies of strata are

recognizable,

2) Judgtog from the continuation of line palterns, it is estimated there exists

a synclinal axis in the NW-SI0 divection crogsing the Quac Yai river midway

bolween dam axis No. 3 and dam axlg No, 4,



3) Numerous characteristic lincaments assumed lo be faults running in
various directions are recognizable,

1) At higher elevations on tho left bank downstream of the project avea,
there can be observed distinguishing factors which diffor from those of
other areas and this portion is thought to be inlrusive rock consisiing of
granitic rock,

As described above, extremely generalized inforiation has beon obtained,
but it is not possible to determine everything about the geologic features such
as differences in rock type and geologic structure from only information
gathered from interpretation of photographs,

The following is a general deseriplion which 1ﬁust be performed at this
project area in the future to make clear a geologic condition of a reservoir and
to decide a {inal danmsile,

The distribution of karstic rock with the risk of presenting leakage paihs
for yeservoir water is not clearly known, bul as the karstic rock is surely
distributed in the project area and it cannot be clearly dended that there is
no possibilily such paths may spread out [rom the damsile Lo downsiream
areas and cven from the reservoir area to the adjacent basins, Therefore,
it is necessary for geological field recommaissance to be carrvied out over a
wide range, and as a supplementary measure, for interpretations of acrial
photographs to be made for the whole project area including its surrownding
arca to sludy the distribution and corvoded condition of karsiic rocks,
Next, after finishing the abovementioned geological invesligation, a detail
ficld geological investigation by using a large scale maps such as 1:500 or
1:1, 009 is required to confirm a geologic condition of foundation at proposed
damsile, to scleet a (inal damsite comparing with alternative damsites and
Lo decide a location of drill hole, adit and other prospecting,

in regard to dam construction malerials, il appears natural aggregate cannot
be counted on since river deposits are shallow, I is assumed from the topo-
graphic conditions of this arca that obtaining large quantities of core material foy
construction of rockfill dam will not bo easy. Thorough lavestigalions in the

future arc also necessary in this connection,
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4} Power Genoration Plan
i} Seclection of Damsite

For the site of Huwai Nam Chon Dam, EGA'T has suggested 6 candidate
loeations as shown in g, 4-10, Since il was nol possiblo to carvy out a
surfaco reconnaissanco in the prosent field survoy, sulficient matorial for
deciding on the damsite from among the abovomentioned 6 localions could

not bo collected,

Thorefore, selection of a damsite was made by a 1/5, 000-scale tolio--
graphical map furnished by FGAL and the study of the development scale
was carvied oul based on the selected damsite,

The 1/5, 000-scale topographical maﬁ furnished by BGAT was not those
prepared based on the field surveying, but ohes mapped from 1/25, 000-scale
aerial photographs. Thercfore, the accuracy of the map is not so reliable,

Since the river gradient in the project area is oxtremely pentle, a dovolop-
ment syslem in which dischargo is made diveetly into Ban Chao Nen Reservoir
from a dam-type power stalion would clearly be of great advantage. ‘T'here-
fore, the damsite will be nalurally decided in relation to the waler level of
Ban Chao Nen Resorvoir,

Since there is almost no information for judging the geological conditions
of the 6 candidate sites, Lhe damsito should be decided upon various studies
after fuiure Held reconnaigsances, topographical surveys and geological
surveys,

In the sclection of the damsiie based on the present 1/6, 000-scale Lopo-
graphical map, a poini immediately upstream of the Huai Nam Chon River
and roughly midway belween Dam Axis No, 4 and Dam Axis No, 5 was
chosen in consideration of providing a sile 1) where the dam spillway and
structures related Lo power generation could be arranged without difficulty,
2) where it would be upstream enough to minimize the effect of care of river
on the backwater of Ban Chao Nen Reservoir, and 3) where there would be

no influence by the small [ributarics at the left and right banks, (Fig, 4-10)



{i} Roservolr Capacily '

For the effeclive storage capacity in tho Hual Nam Chon Project, the
following casos are conceivablo judging Trom the 1‘e}alion with the Ban Chao
Nen Project and the mass ecurve,

a) Case of Seagonal Rogulation of Inflow (Fig. 4-11, Casc a)

Vc = 1, 120 million cu. ni,

b) Case of Regulation for 6 - 8-Year Poriod (Fig, 4-11, Case )

Vo = 2,680 million cu, m,

¢} Caso of Capacity Providing Regulating Effect Identical to Ban Chao
Nen Project in accordance with Discharge from Catchmenl Area of

Huai Nam Chon Reservoir (Fig, 1--11, Case ¢)
Ve = 3, 090 million cu, m.

d) Case of Capacitly Securing Firm Discharge Corresponding to 20-Year
(April 1952« March 1972) Avoerage Runoff of 94 cu, m. /sce. {(Fig, 4-11,
Caso d)
Vo = 3, 940 million cu, m,
The relations hetween high water surface levels and available drawdowns
for the above 4 cases ave as shown in ig, 4-13,
_Minimuwn llead

It is said that the limit of variable head fucior (e« . e R
Maximum Head

of the Vrancis turhine ig 50%,

Asgsuming that the development will be with a Francis turbine, oven in
Case a, the dam height will be 150 m at the lmit of e - 50%, while in Caso d,
the dam height will be close to 190 m al the limit,

This indicatles (hat the storape efficiency al thig siie is not satisfactory,

Thorelore, it was docided (hat of the 4 cases, two cases of a and b would

be selected for examination of the development scale,
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iif) Scale of Develapment

Study of the seale of development was made for the damsite sclected in
(1) Tor the wo cases of effective storage capacilics of Vo = 1,720 million
ci.m, (Case a) and V= 2, 680 million cu, 1. {Case b) varying theiv respective
high wator surface levels,

The fundamental principles in this study aro as follows:

{1) 5 cases of high watcr surface level of 330 m, 340 m, 360 m, and
370 m lor Case a and 5 casoes of high water surlace level of 340 m,
350 m; 360 m, 370 m and 380 m for Case b or a tolal of 10 cagos
were studied, |

(2) Tho rocklill dam type was adopled for study of scale of development,

(3) Although on-sife recomaissance could not be carried oui, il was
assumed the geological conditions and embankment material would
not pose problems,

(1) The number of unit to be installed in the power station was considered
to be 4 units for all cases,

(5} The increases in power and energy al Ban Chao Nen Power Stalion
due Lo the Huai Namy Chon Project was considered that the low wator
level of the Ban Chae Nen Reservoir would be raised by the amount
ol the effective capacily of Tfuai Nam Chon Rescervoir, and the cor-
responding increases in the power and cnergy I 1"0111 Ban Chao Nen
Power Station were added to the benefit of cach case,

(6) Since lhe dead wéler of Huai Nam Chon Reservoir would deerease
the energy from Ban Chao Nen Power Stalion, al the commencement
of filling reservoir the deereases in cuorgy al Ban Chao Nen Power
Station corresponding Lo the dead water amount of the various cases
were equalized for the serviceable years and deducted {rom the
benefits,

() Reparding the transmission line, from the viewpoini of Lransmission
capacily, it was taken to be 230 kV, 2 cct in case of power plant
output of below 500 MW and 230 kV, 3 ccl in case of more than

500 My,
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The results of the siudy are as shown in Table 4-6 and Fig, 4-14,

In Case a, namely, tho case of clfcelive storage capacily of 1, 720 million
cu,m,, lhe swplus benefit reaches a maximum peint at high water surfaco
level of 360 m, whilo the benefit-cost ratio reaches a maximum point at high
wator surface level of 350 m, In Casc b, namely, the case of effeclive
storage capacily of 2, 680 million cu, m,, tho surplus benefit reachos a
maximunm poinl at a level between 360 m and 370 m, and the benefit-cost
ratio reaches a maximum pointl al high waler surface level of 360 m,

When benelil-cost ralios are compared for Case a and Caseo b al the
maximum values, they arve of the same value, bul as far as surplus henefit
is concerned, Case b indicales a higger value,

Therefore, in the prosent study, it was deemed that high water surface
lovel of 360 m and maxinuun outpul of GO MW in Case b would be the optimum
scale. However, Lthe development scale should be determined upon dotailed
examination piving full consideraiion to topographical and geological conditions
upon carrying oul topographical surveys and geological investigations in the
fulure,

iv) Comparisons of Dam Typos

A comparison was made with an arch-type dam for a development scale
of high water surface level of 360 m, effeclive storage capacity of 2, 680
million e, m., and maximum oulpul of 500 MW,

The site of the arceh daim wag assumed to be located upslream of Dam
Axis No., 5, and a comparison was made based on the plan with the spillway
provided at the lefl bank and an underground powerhouse immediately below
Lthe areh dam as shown in Fig, 4-15, The resulls are as shown in the Table
4-1,

As shown in Table 4-7, the results revealed thal a rockfill dam would
be of greater advantoge, but a decision should be made only after carrying
oul invegligations on embankiment matevial and geological surveys Lo be
followed by defailed comparison studies,

Tor the present, the plan for a rockfill dam was adopled.
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Tablo 4-7  Comparison of Dam Typos

Dam Type Rock-fill Arch
Dam Height {m) 197 197
Crest Lbng‘th tm) 485 YN
Dam Volume (]_Oscu, m) 15, 300 1, 950
Construction Cost  {10°) 3, 874 4, 399
Surplus Benefit {I'OGB) : 70 24
Bonefit Cost Ratio 1,20 : 1.06
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n) Power Transmission Plan

The eleciric power which would be transmitted, is a maximum output of 600 MW |
for the Huai Nam’ Chon Projeet and a maximum oulput of 1, 000 MW for the Huai
Klong Nga Projeot as‘desdr_ibed in Chapter 4 |

| “T'he approximate range of the Lransmission voltage is (l_ctoi'miné(l by the electiric
power which should b_b transﬁlit_tcd, and in making a decision it is ne cossary thal
‘the following conditions he studied, | |

1) Voltago should be standard one,

-2) - Voliage sl;éuld be economic.al one, 7

3) ;-Voltago should be sutable for intercdhnecﬁon with the existing power syslem,

4) V(ﬂtago should he suitable even when considering future electric powor flow.

The maximumn vollage of power systems In ‘Thailand is 230 kV and the total length
~ per circuit as of 19’!0 was as m.uch as i, 633 km, Turther, when Sirikit Power
Station (ultimalte output, 500 MW) now under construction and Ban Chao Nen Power
' Station (Firsﬁ Stagé, _360- MW} are aompleled, the length of the abovementioned 230-
kv trans‘hﬂssion line will be doubled, In the carly '1980'3, it is planned a nacleay
poweor sfﬁtim\' with a unit capacity of 660 MW will be put into service;

Except for tho Ban Chao Men Power '1'1*31131111ssi0n Plan for which the traggsmis-
sion voltage has already been decidcd as the working plan, the standard voltage
after 1980 must be studied in view of the long-term electric powoer developmont of
'1‘halland as a whole, However for the purpose of this Report, technical and
econmmcal comparisons were made based on the follow_mg transmission voltages
for the two projects, ' |

1) 230 kV (prosent maximum voltage)
2) 380 kv
3) 500 kv
1} Relation to Ban Chao Nen Sccond Slage 360- MW Power ‘ransmission Plan
EGAT at present has plans to construct a 2-cet, 230-kV, 196 km lenglh
transmission line from Ban Chao Non Powaer Slation to Rangsit Substation in
ordor to Lransmil 360 MW clectric power from the First Stage of Ban Chao Nen
Project, and further, to construct one additional circuil at the time the Second

Stage of the Project, with the installed capacity of 360 MW wiil be constructed,



As will be discussed in delail in Chapler 5, i is consldered approprinte
that the Liwiing of development of the abovementionod Second Stage of Ban Chao
Nen Project will be around 1987 while the luai Nam Chon Projeet would be
appropriato around 1988, It is thought suitable that the Iuwai Klong Nggu Projecl
will be added Lo the clectirie power system in 1994, Therofore, technical and
cconomic studies were made of the power transmisgion scheme {aldug the 3
power stations mentioned above into consideration,

2) Power Transmission Plan and Construction Cosl

I'or determination of Lhe transmission line schemae, comparalive studies were
made of 3 power systems as shown in Table 4-8, In this case, since there is
only one-year difference in the commencement of power generation of Second
- Slage of Ban Chao Nen Project (360 MW) and the Huai Nam Chon Project (GO0
MW), 1l was considered lhat construction of Lransmission line for transmitting
the electric power from these two power stations would be carrvied oul simul-
taneously. On the other hand, Hual Klong Ngu Project would be delayed by b
years from the above lwo projects,

As a vesult of the study, the lowest construction cost would be a 230-kV
transmission line as shown in Table 4-8, As seen [rom the table, the higher
the vollage is raised, the move the construction cost will increase.

3} Transmission Voltage and Transmission Capacity

In transmigsion of the 720 MW of clectric power from Ban Chao Nen Power
Station and the 600 MW from Huai Nam Chon Power Station, or a tolal of i, 320
MW, the results of the studies for power circle diagram show that under the
condition of 230-kV and 4 circuits (including the already decided 2 circuits),
when the vollage phase angle hetween Ban Chao Nen Power Station and Rangsil
Subslation is limited to 30° (generally considered to be the limil for steady-
state system slabilltly), the power capability is 1, 330 MW so that the {rang-
mission capacily is cloge to the limit, Thercfore, if was asswumed Lhat an
additional 230-kV, 3-cel line would be constructed in slep with the Second Stage
of Ban Chao Nea Project (360-MW) in consideration of stoppage of ono circuil
of the transmissfon line and transmission lHne faulls due to lightning strikes or

other causes, Arvound 1994, il would he Becessary to construcl a 230-kv, 4-cet



transmission line of 240 km lenglh belween Huai Klong Ngu Power Station and
Rangsil Substalion or olher substation in the neighborhood in step with construe-
tion of power station (Bee Fig, 4-16).

It may be added as a note that npone of tho power systons indicated in Table

4-8 imvolvas any technical problem,



Table 4-8 Comparison of Transmission Line Schemes

oy

Ttem Unit Cose | Case 2 Gase 3
Voltoge ky 230 380 500
Conducior ACSR 610 mm? ACSR 410mm® x 2 ACSR 330fnm2 x 4

Tronsmission Capocily X MV A 3. 800 4.100 5.800
SOOMW
LOOOMW ((ID : ((],)
CGutline of Power Syslen 4 e (G
2o of | i 1 C?
odlmrl el 10| el
. A3 B J 25, S0
b3
Tr Te
o | {]]¢
® 3 _
m o
— JH_’- ) }
]| | o o
- X1 1. k1 JUNN JE RN S e e
230%V 230 KV 230 kY
Conslruclion Cost 10% ¢ 1.020 1.180 1.700
(100 %1 {15 %) (166 %)
* Nole}
Transmission Copacily is Calculoled Bosed on
the Sofely Current of  Conduclor




Fig, 4~ 16 Trangmission Line Diagram
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CHAPTER 5

TLOAD FORECAST
AND
TIMING OF DEVELOPMENT



CHAPTER 6, LOAD FORKECAST AND TIMING OF DEVELOPM]!?N'I‘

A) General )
1) Prescnt situation of electricity domand _
Powm demand al generaling ond of whole Thailand recorded 1, 029 MW and
' By 711 million kWh as a maximum pedk load and an annual genemtion onergy,
respeelively, Amnual growth rate of powor demand in past decacde from 1962 to
1972 was ?A.’?% and 27.6% in term of kW émd lkWh, rospectivoly.

During the poriod from 1964 to 19'69; the eqononiy of Thailand was remarkably
developed by tho influence of the Vielnam War, while at the samo time, growth
of power (Ioma_ﬁd was also notable resuiting in 40, 6% of Increasce in 1065 In
comlmrison with a figures'récérdedin’ the prc\rloué year, Since, the Thal -
Government positively carried out power devclop.ment from heginning of 1960's,
the ltotal installed capacity 1s 1,391 MW of which hydro ig 475 MW and thermal
916 MW in 1972.. During the last deeade, Bumibo! Power PPlant which was
developed as a lavge scale hydro power station with veservoir was put in dervice

- in 1064, which hag actual tgot:ll'linsmlled capacity of 420 MW (Final fastalled capa-
city 5{50 MW) with the addition of units, whilo South Bangkok Power Plant which

| was constructed as a large scale steam power station wag also put in service
addfng 200 MW anit each in 1970 and 1972, respectively. |
2) History | o _

‘The first systematic forecast of elect'rlc power demand in 'l‘haﬂand was made
by a study team dispatched by USOM i 1966 and a reporl called the "Moulton's
Jleport' wag submitited, Since.the re wore no data necessary and adeguate for
making demand forecast at that time, the USOM leam made ils forecast hased

“on the econonie indexes in the Second Social and Economic Development 3lan
{1967 ~ 1971} which was then 111:&10 public, This forecast reflected the economic
IJ_com which had continued in ‘Phailand up lo 1966 and average anmual growth raies
of load were assumed as 22% for the 5-yoear period from 1866 (hrough 1970 and
17% for the 5-year period from 1971 through 1975,

In 1969, a veviow of the power demand forecast for Thailand was wade agaio

by the USOM study team and a veport called the “Jones' Reportt was published,
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In forecasting demand the USOM team classified tho areas supplied by MEA,
PEA aud directly by KGAT into 4 to 7 categories of consumers based on
statistical data which had hoon eonsiderably improved by the Thai Govornmenl
agencies concerned, and then estimated the number of customers and energy
consumplion por customer by cach calegory, thoreby oblaining the demand for
entire Thailand. As a result extremely high rates were oblained for average
annual growth; 24% from 1969 to 1973 and 17, 5% from 1974 Lo 1978, These
figures ave appareuntly dirveet reflection of the abnormal economie boom in
Thailand which had continued for several years up to 1969, However, aftee
1969 when Lhe report was submitted', the growth rale of GDP dropped {from 8%
to 6% and tho growth rale of annual government revenue dropped from 8, 9% to
4,2% as shown in Table 5-1, The actual growth of power demand in 1971 fell

helow the forecast of Jones' Report by 447 MW or as much as 51%.

Table 51  Aclual Record of Economie Indexes in
Second Five-Year Plan

Unlt 1967 - 1968 1970 - 1971
‘Growlh Rale of Gross Domestic % 8.0 6.0
Production {GDP)
Growlh Rale of National Treasury % 8,9 4,2
Revonue and Expendilure
Growth Rate of Govermment Revenue 9 13,5 3.8
Growth Rate of Government Expenditure % 15,1 B.5
Growth Rale of Private Investment % 16,0 2.0
Foreign Currency Reserves 106y +848 -3, 972

i s Py

KGAT vevises its long-term power developinent plans cvery year by incorpo-
rating the actual record of the preceding year,
Several forecasts made in the pasl on the maximum eleclrie power demands

and the growth rales for Thalland are asg tabulated below,



(Unit:  MW)
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Amual

Report \orn 1980 Growlh Raie
Eonéw's Report Forecastl 1,320 (7, 000) 20, 3%
Moultou's Projection "AY 1,180 4, 150 15, 0%
Moultonts Projection "B" 1,110 3,110 12,19
LGAT Iforecast 873 2,112 13, 5%
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B} Macroscopic VForecasi
Raged on the discugsions with EGAY, the survey mission adopted in this report
the figures of load forecast which had been prepared by EGAT,
Macroscopic forecast, as describad beléw, was made in this report for com-
parison with the BGAT forecast, |
1) Basic consideration for macroscopic forecast
i) Corvelation bolween GRP and kWh
it is a well-known facl that electric power energy cousumption (kWh) of
any country has a very good correlation with gross domestic production
(GDP) which reflecls the cconomic activities of the country comprehensively.
The trend of the future power demand of Thailand can be grasped macros-
copleally uiilizing this relationship,
The relationship between per capita energy production arc as graphically
shown in Pig, 5-1 for 54 major countries of the world as of 1969,
Actual recowds of per caplta GRP and per capita kWh of Thailand up to
1969 are shown in Fig, 5-1, which are plotied below the world average curve,
The relationship of per capita GDP and per capita kWh afler 1970 is
indicated with dotted Hue on ¥ig, §-1, based on the assumption (hat il will
grow and come cloger gradually to the weorld average curve.
if) Growlh rate of population
According to the BCAFEL Stalistical Year Book, the population of ‘Thailand
in 1970 was 34, 380, 000 showing an average increase of 3, 0% from J960 to
1970, However, in the "Uhicd National Feonomie and Social Developmont

Plan', a policy of family plauning Lo lower the growlh vale of population to
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2, 5% by 1976 has been adopted, and thus il was assumed the annual rate would
be deoereased gradually from 3% to 2, 0% in 1990,
The average amual growth rate over the period will bo 2, 6%,
| iii) Growih raté of GDP
Actual growth rato of GDP of Thailand was 8,1% for the First Six-year
Plan period (stavting in 1961 and ending in 1966) and 7.2% is assumed for
the Second Five~-year Plan poriod (starting in 1967 and ending in 1971),
Growth rate of 7% is established, as a target, in the Third IFivo-year Plan
stariing in 197%, _
Based on these aclual records and target value, it i3 considered that
an ananal growth rate of 7% would he appropriate. for the present study,
However, in consideration of possible fluctuation in the economic activilios,
growth vale of 8% and 6% were also taken in the estimation of kWh demand,
2) TForceast 6[ Power Demand

Based on the basic consideration stated in 1) above, total energy produclion
of Thailand as of 1980, 1985 and 1980 as well as avaerage increasc rales over
the 10 year-periods from 1970 to 1980 and from 1980 Lo 1990 were calculaled

as shown in ‘Fable 5-2.

Table 5-2 IForecasted Energy Production
(in mnillion kWh)

Growth Rate

of GDP (%) 1980 1985 1990

Case I 6 13, 500 24, 100 11, 300
- (11.8%)1/ (11, 7%)2/

Case I 7 16, 310 29, 900 55,300
- (13, 9%)1/ (13,0%)2/

Case 111 8 19,100 36, 700 68,840
| - (15, 7%31/ (13.8%)2/

KCGAT Bstimate - 15, 800 24,800 36, 500
(13, 1%)1/ (8.71%)2/

Noto: 1/ Growth rate of Xnergy demand from 1970 up to 1980,

2/ Growth rate of Energy demand from 1986 up (o 1990,

The results of the caleulation show the EGAT forccast well corresponds to the

maeroscople forecast with annual growih ratos of GNP estimated al 6% to 7%,



Fig. 5~1 Per Capita GDPand Per Capita Energy Production
Source : UN. Year Book in 1970
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C) Timing of Development

The development program lor powei' generating {acilities in ‘I'hailand for tho
poriod from 1973 to 1985 has alrcady been preparved by BGA'Y, and the prosent study
was made assuming that the development program contemplated by EGA'T would he
roalized accordingly and (hat the ITual Nam Chon and Huai Klong Ngu Projects would
be developed after 1985,

The major projects which will be put into sorvice on the power syslem of ‘Thailand
up to 1985 are hydro-projects including Sivikit No, 1, No, 2, No, 3 {lolalling 375 MW},
Ban Chao Nen First Stage No, 1, No, 2, No. 3 (lolalling 360 MW) and Quae Noi No, 1,
No. 2, No, 3, (lotalling 120 MW) and thermal projects including No, 3, No, 4 and
No. 5 of Sonth Bangkole (tetalling 900 MW) and No. 1, and No, 2 of New Mae Moh
{totalling 150 MW). While, the {irsl nuclear power stalion in ‘Thailand with a capa-
city of 600 MW will be in scrvico al the end of 1980, which will be followed by
No, 2 unit (600 MW) scheduled to join the system 4 years later, Looking at the
ralio belween hydro and thermal {(including nuclear, gas lurbine and diesecl) power
gencrating facilities, hydro comprises 34 ~ 43% and thormal 67 - 60%, Rogarding
cnergy supply capability, shaves of hydro and thermal ave 18% and 82%, respectively,
on an avervage in terms of firm energy {Sce IMig, 5-2 and Fig, 5-3).

The following principles were adopted in framing up development scheme for the
period aftor 1985,

1) Insiallation program for each year was established to halance the maximum

power demand with the firm capacity which would be caleulaled by deducting

maximum unil capacity {rom the sum of dependable peaking capacily of hydro
power planis and inslalled capacity of thermal power plantg,

2) Annual energy production of generating facililies was caleulated based on Lhe

firm encrgy for hydro power plants and plant factors of 90% in the first year and

80% in the following years for the thermal lﬁoxvel' plants,

3) ‘The power plants which were {aken into consideralion were as follows:
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Installed l)opcndahlo‘ }\lmual Firm

 Name of Project  Capacily —  Capacily  Mnevgy  Romarks
_ MW Mw
Ban Chao Non 360 360 - Pumping up
2na Stagoe 180MW x 2 units
IHuai Nam Chon GO0 541 1,040 x IOGI{Wh 150MW x 4 uniis
Hual Klong Ngu 1, 000 1, 000 - 260MW x 4 units
Thermal (Nuctear) 600 600 4,200 x 10%wh  First year

4,750 x 16%Kwh

Based on the above prineiples, the timing for stavt-up of the projects examined
from ouly kW and kWh balance in relation to demand forecaét is ag shown in
I'ig. 5-4 and Tablog 5-3, 5-4 and 5-5.

The timing lor placing into service of the projects would be as follows from the
standpoint of supply and demand halance:

(1) Huai-Nam Chon Hydroeleetrie Project (600 MW) around 1988

(2) Iluai Klong Ngu Pumped Storage Project, lst Stage (500 MW)  around 1994

{3} Huai Klong Ngu Pumped Storage Project, 2nd Stage (500 MW}  around 1996

On the other hand, for the Huai Nam Chon Ilydroclectric Project, the timing of
start-up is also examined not from the standpoint of supply and demand, but from
that of the construction schedule, At present the completion of the First Stage of
Ban Chao Nen Project (360 MW) is scheduled at the end of 1979 according Lo tho
development program of 1GA'Y, Since the Huai Nam Chon Project would be located
upstiream of Ban Chao Nen Project and it is desirable the start of conslruction of
Tluai Nam Chon PProject be after completion of Ban Chao Nen Project lor reasons
of constraction work, if construclion of the IuaisNam Chon Projeet is to be slarvied
immediately after completion of Ban Chao Nen Project, preparatory works would
require 2 Lo 3 years and the main works aboul 6 years so thal the completion of

the IIuai Nam Chon Project would be around 1986 or 1987 .

B} Pumped Storage Power Slation and Power Sources for Pump- l;})

Pumped slorage power stations utilize swrplus power, during high-water seasons
or during off-peak hours in the night-time and holidays, to pump up and store waler
which would he discharged during peak hours for power generation and consist of

the following lwo types:



1) Stations for mainlaining supply and domand balance ignoring economy becauso
of lack of supply capability (narginal pumped storage power gencvatlon or kW
pumped storage power genoration).

2) Stations with economic advanlage in comparisoﬁ of cost reductions duo to

pumped storage power generation and cost increases duo to pump-up (economical

pumped storage power goneration),

In the future, as the systom capacity becomes larger with increase in demand,
unit capacity of thermal (niclear) power plants will grow as large as 600 MW, while
waler resources which can be doveloped as peak supply capability will become
oxhausted, and develapment of pumped storage power slations for peak power supply
will thus hecome leading sources of power, IHowever, for pumped storage power
stations it will be necessary to secure eleetrie power {or pump-up, and prior to
development of the pumped storage power slations a long-term outlook on sources
of electyic power for pump-up must be grasped,

If it is assumed that the present daily load curve in Thailand will not be changed
fundameuntally in the future, it is thought that operation of pumped storage power
stations will be as described below.

1) Available duration of time for midnight pumping-up operation will he $ to 6

hours,

2} Peak~-hours of Thailand are 4 hours at present, As industrialization of TI'hai-

land progresses, the load patiern will change accordingly, It Is ostimated that

peak-hours will become longoer in the {uture,

In ¢onsideration of the above factors it is considered appropriaic that the average
annual operating hours of the plnnpe{lwslorage power plants g 1, 000 hours,

"The Huai Klong Ngu Pumped Storage Project is of a large capacity as big as
1, 000 MW in output, Since the power sources requived for pump-up would be 550 MW
% Sh in 1987 from the present development program of KGAYD and the supply and
demaund situation, it may be said it would be impossible lo pul Huai Klong Ngu Project
into serviee prior to the year taking the installed capacity of Ban Chao Nen 2nd stage
into consideration, Alter 1987, when large capacity thermal (nuclear) power stalions
required from the standpoint of supply and demand are starfced up, power sources for

pump-up calculated from the daily load curve are as follows (See Fig, 5-5).
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In 1987 550 MW x &h

1990 800 MW x 5h

1992 1,000 MW x 5h
1994 1,300 MW x 5h
1996 1, 500 MW x 6h

=
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Table 5--5  Teantotive Development Plan
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Fig.5-2 Transition of Thermal & Hydro Percentage
of EGAT System
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L. ‘Topographic Map
Seale of 1: 250, 600
© Seale of 1 50, 000

Scalo of 1: 80,000

Scale of 1: 50, 000

Scale of 1: 10, 000

Sealo of 11 10, 000

Scate of 1: 10,000

Secale of I: B, 000
i, Geological Map

Yealo of 1 1, 000, 000
Scale of 1: 50, 000

1: 200, 000

APPENDIX A
LIST OF BASIC DATA

G sheels

15 sheols

8 shecls

1 shect

2 sheets

. 2 sheels

3 sheets

2 sheels

1 sheet

1 sheel

1 shicel

-1

Sheet No, ND47-2,3,6,7, 14, 16

© Sheet No, 47P/CG-20,24

NG9, 18,17, 21
DIl-1, Cl-4,8, 12,15, 16,19, 20,24

Shect No, 47P/11-4,8, 12, 16, 19
20, 24
DI-1

Covering Ban Chao Nen, IHual Namn
CGlion and 1MTuai Klong Ngue Projeels
area

Covering Huai Klong Ngu Project

Jovering a part of Ban Chao Non
Reservolr

Covering downstream area of
Ban Chao Nen Project

Covering Huai Nam Chon Project

Coveriug Projecls aves

Covering Huai Kiong Ngu
{Geologic Interprefation map
aerial photograph)

Covering Ban Chao Nen Projeet
area



{1, Hydrological Data

(&) Daily Water Lovel and Discharge Record

()

()

Huai Mac Nam Noi (RID)
Wang Po ' (RID)
Tam Sum ' (RID)
Khao Chod {main) | {(NEA)
Khao Chod ('1‘rib\\tﬁr5;) (NFIA)
Ong Kha (RID)
Kang Rieng (RI13)
Lam Ta Phom (1)
Bang Wang Khanai : {(RID) |
Ban'Chao Nen (BGAT)
Ban Phu Tey (EGA'T)
Had Pana

Daily Rainfall Record
Umphang

Ban Nasuan

Sri Sawat
Kanchanaburi
Bangkok

Monthly Pj‘ccipitation Record
Pilk Mine

Sangklaburi

Thong Phaphum
Uniphang

Ban Nasuan

sri Bawal

Bo Phlod

Panom ‘Tuan

Kanchanaburi

- Tha, Muang

‘Tha Maka
Bangkok

Anhnd

(BEGAT)

70 (Apr,)

69 (Apr.)

T0 {(Apr.)
70 (Apr,)
70 {Apr,)
70 (Apr.)
70 (Apy.)
69 (Apr.)
71 (Apr.)
TO (Apr.)
70 (Apr,)
689 (Oct,)

70 (Jan,)

70 (Jan.)

70 (Jun.)
%0 (Jan,)
70 {Jan,)

70 (Apr.}

70 (Jan,)

70 (Jan,)
T0 {(Jan.}
20 (Jon, )
70 (Jun,)
7¢ (Jan, )
69 (Jan,)
70 (Jan, }
70 {dJan,)
70 {(Jan.)
70 (Jan,)

72 (Do)
72 (Dec.)
72 {Dec.)
7L (Dee.)
71 (Dee.)
72 (Dec.)
72 (Doc. )
71 {Mar.)
79 (Dec, )
72 {De )
72 (Dee,)
72 (Dec, )

72 {Oct.)
72 (Dee.)
72 {Dec,)
72 {Sep. )

12 (Dec.)

72 (Deoe,)
71 (Dec. )
72 (Dee, )
72 (Oct. )
72 (Dee. )
72 (DNec,)
71 {(Dec.)
92 {Aug. )
T2 {Sep. )
72 {Dec, )
72 (beo,)
7% (Dec,)



v,

{d) Daily Uppor and Surfaco Wind Speed at Bangkolk
Surface Wind Spoed 70 (Jan,)

Uppor Wind Spee'd 70 {Jan,)
(2,000, 7,008, 12,000 fi.)

{e) Daily Maximuwn and Minimum Temporaturo

Kanchanaburi I _ 70 {Jan,)

Ban.{.;lcok _ ' | 70 {(Jan,)
{{) Monthly Average Evaporaiion |

Bangkolt (Clags A Pan) 70 (Jan,)
() Montbly Rainfall and Rainy Days - |

Banp;kok - ' 0 (Jan.)

Kanchanaburi | _ 90 {Jan,)

72 (Dec. )
72 (Nec,)

T2 (Sop. )
72 {Doe, )

42 (Doe. )

72 (nec,)'
12 (Sep. )

(h) Rating Curve (1971 - 1972} at Had Pana GS, & Ban Chao Nen L S,

(i} Waler Level of ¥lood Discharge al Ban Chao Nen & Head Pana G. 5,

Floctrical Data \
Energy Rosources and Llectric Power in "haitand

Third Flve-Yeayr Invesiinent Prograx11 (1972 ~ 1976)

© Aunnuval Report of BEA'L 1970 and 1971

Details of Production Cost (Fiscal Yoar 1971)
Tustallation Schedule Analysis (1972 - 1985)

Summary Report, Quae Yal No, 1 Hydro Eloclric Project T'ransmission

System Study

Power Flow Charts in 19856

Daily Toad Curve {al January, September and December, 1972)

Monthly Generation Data of KGA'® (1972)
Single Line Diagram (R, Ry, Rg and Ry)
"Transmission Line Impedance Map (R, Rg and Ry)

ITlectric Power System of ‘Thafland

A-A-3



B.  PUMPED STORAGE SCHEMES DOWNSTREAM OF BAN CHAO NEN PROJECYT



) APPENDIX B _
PUMP]?}I) STORAGLE SCHEMYE DOWNSTRMAM OF BAN CHAO NEN PROJECT

At the right bank of the oquali?,ing pond of tho Ban Chao Nen Project, the vois
a karstic plateau of elevation of 500 m to 600 m which closes in on {ho pond and tho
‘topography is such that a high head can be obtaincd.within a relatively short dist.an'ce.
It is naturilly cbnceﬁable for a pumped storvage genovating schome to he provided
utili'}:i'ng. this high head between tho karstic plaieali and the equalizing pond of lhe:
Ban Chao Nen Project, |
- The Survoy Missibn sclected the 3 sitos Indlcated in Mg, B-1lona 1/50, 000-
scéle_ lopogr'aphical map and carried out a general study .for a 1, 000-MW pumped
storagoe povéer poneration schome,
The siudy was made based on the following conditions:
(1) Tha fealureé of the cqualizing pond of the Ban Chao Nen P 1:0joct' are planned

as follows:

High wator lovel - 55,00m

T,ow water lovol _ 55, 50 m

Drawdown 3.5 m _

Storage capzidity 14, OOO thousand cu, m,
Damsite " ot Bang Wang Kula site

T'he study of the features of thig equalizing pond was made on a 1/50, 000~
scale Lopographical map and is not delinite one. But as the condilions for
 {he lower reseorvoir of tho puivped storage power stalion, high water level
and low water léle were laken Lo be B1. 59 m and M1, 55,50 m respeclively,
| Thorefore, il was aésumcd it would be possible to secure the capacity
required for pumped storage powes generation by shifting tho site of the Ban
Wang Kula Dam downstream, _
{2} Defermination of the reservoir capacity and structures was made based on
the same gtandards ag for the Hual Klong Ngu Projeet,
'Tho results of the sludy are as given in Table 13-1, A general layowl is indicaled

1 g, B-2 for the schome Dy which (s the most advantageous allernalive,

A-B-1



In comparing selocted sehemo with tho Heat Klong Ng‘u projoct, construction
cost of gonorating facilitios s Towor for the Hual Klong Ngu Project, bui almost
the same for the Project and tho scheme, whon the eongtruction cost of the {rans-
mission lino is included. '

‘Therefore, in selection of the site for a pumped storage powor generation project
around the Baun Chao Nen Resarvoir, this scheme should bo il)ﬂltl(!e(l and the sclection
should be made upon future detalled survoy and study tolba porformed considerati.on '

of the rolation with the Ban Chao Nen Projeet,

A-B-2



‘fable B~1  Cutline of Alternative Schemos

Descriplion Unit DA DB DeC

Yigh Wator Surface Lovel m 560 590 440
Available Drawdown m 30 30 - 30
Kifoetivo Storage 105 cu, m 5,6 5.3 7.3
Effoctive Head - - _ m - 469 496 355
Max, Discharge Cu, m/Sec, 257 244 340
MW 1,000 1,000 1,000

Installed Capacity

- Numbeyr = 1 1 1
Length S m 600 - 850 1,029
Diametor m 7.2 7.0 8.4

Headrace
Tumol

Numboer _ - e-d 2-4 : 2-4

- Longth m 1, 080 1,360 - - 620

Tailrace

Tunnol .

' Diameter m 3.7-6,2 3.6-6,1 4,3-56.0
Generating
Tasilities
‘transmission 108 480 480 480
Tine

1003 3, 869 3,871 4,240
Construction '
Cost

Total

1004 4, 349 4, 367 4,720

Surplus Benelit 1059 79 76 46

Beneflit-cost Ratio 1,14 1,14 1,08

e o et o R A e e = o 2 A At b sl Rk £ = kbt it e A 3 e — et A R AT AL 1 e 8 S sy TR Sl
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C.  IIEMS OF SURVEY REGUIRED FOR IFUTURE STUDY



APPENDIX C
ITEMS OF SURVEY REQUIRED FOR FUTURE STUDY

As stated in the main toxt, it is desirable fm" future examination of tho Uppor
Quao Yai Hydroelectric Dovelopment Projoct to he made passing through ilic stages
| of a prefeasibilily siudy and a feasibility study,

The schedule of siudies (o be made in _I.he future for the Huai Nam Chon Project
which should be developed in succession to completion of the Ban Chao Nen Projeet
is as shown in Table C-1, '

The iems of survoy to he discussed herein will be Hmited to the ohes of
prefeasibility sludy, |
A) Huai Kloﬁg Ngu Project ‘

In regard to pumped slorage power generation, other projec'ts are also concoiv-
ablo, and if this site is sclected upon a oiomparison studies with otherprojeci's, the
following works will be necessary:

1} Preparation of ’1‘0})0[{1'5p11ica1 Map

a) Preparation .of 1/5, 000-scale lopogmphical maps.,

Theso maps should he for the area covered by the oxisting 1/10, O{)O«scale
lopog,laphiml map and should be checked through flcld surveying, Contour
lines should he at 5-m Intervals,

b} Yreparation of 1/2,000-scale Lopographical maps for areas around
structures (Including alternative plan) |

The maps should éover all structures sites {rom the upper regulating
pond to lhe tailrace, Contour lines should be at 2-m Intervals,
¢} River profile of the Huai Klong Ngu

From junction with Iiuaj Khliii Valley to waterfall ai)proximalcly 0.7 km
upstream,

2} Geological Survey

a) Preparation of 1/5, 000-scale geological maps through field reconnaissance,
by Preparation of 1/2,- 000~ gcale geological maps for struciures sites and

their surrounding arecas,

A-C-1



¢) Investigation of overburden in upper regulaling pond {including allernative
plan),

50 test pits, 3 to 5 m in depth,
d) Core boving for underground powerhouse site,

One hole approximately 2560 m in length,

1) Huai Nam Chon Project
1) llydrological Study

I is considered the basic runoff gaging slations for this Projecl will be the
Kao Ched and [lad Pana gaging stations which are lecaled closest Lo the damsite,
The observations al (hese paging stations should be carefully couliﬁued Lo furnish
.ado.quai.c rimoff daia, while it is also necessary to carry oul careful gaging
operations to improve accuracy of measurements for flood observalions,

It is also desirable Lo provide a runoff gaging slalion near tho. damsile to
obtatn the runeff al the location, Since there are few rainfall observation
stations in the calchiment area, il is desirable that the number of rainfall ohser-
vation slalions be increased to grasp the rainfall distribulion in (he calchment
area,

2) Preparation of Topographical Maps
a) Preparvation of 1/10, 000-scale topographical maps of the rescrvoir area
The maps should cover the arca up Lo an elevation of 400 m except that
for the vieinity of the damsite, 1'he maps should cover tho areas up to 6 km
from the river-hed on hoth sides of the river, Contour lines should be al

5-m intervals,

b) Preparation of 1/2, 000-scale topographical maps

'These maps should be for the area coverved by the existing 1/5, 000-scale
topographical map,

¢) Proparation of river profile

The coverage should be the same as for tho above maps, Relation with

tho water lovel of Ban Chao Nen Reservolr must be clarified by the profile,

A-C-2



3)

d) Prep'amtion of ¢ross scction of candidato damsiles

Scale must be 1/500 and up to elevation of 400 m,
Geological Survey
a) Preparation of 1/10, 000-scale geologleal map of reserveir through field
reconnaissance, FEspecially it is important to investigate karslic phenomoena,
b} Geological interpretation of acrial photographs covering through reservoiy
area which is cffective supplomentary method for geologlecal mapping and
Investigation,
¢} Prepavation of 1/2, 000-scale geological maps for surrounding arcas of
st ructures sites,
d) Scismic prospecting

Approximately 4 km for each damsife,
e) Core horing

For cach damsite, 3 drill holes for each bank and 3 holes for the river-
bed, One drill hole for the candidate powerhouse site, approximately 150 i
long, if underground type s adopled,

f) Investigations of embankment materialg and aggregates, -

A-C-3
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