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PREFACE

It is with great pleasure that I present this report entitled
FEASIBILITY REPORT OF UPPER QUAE YAT HDYROELECTRIC DEVELOPMENT PROJECT

to the Government of the Kingdom of Thailand.

This report embodies the result of a feasibility survey which was
carried out in the Upper Quae Yal area, Thailand from March 6 to March
29 and from July 2 to July 31, 1979 by the Japanese survey team commis-
sioned by the Japan International Cooperation Agency following the

request of the Government of the Kingdom of Thailand.

The survey team, headed by Mr. Hiroharu KISHO, had a series of close
discussions with the officials concerned of the Government of the
Kingdom of Thailand and conducted a wide scope of field survey and data

analyses.

I sincerely hope that this report will be useful as a basic reference

for development of the project.

I am particularly pleased to express my appreciation to the officials
concerned of the Government of the Kingdom of Thailand for their close

cooperation extended to the Japanese team.

June, 1980

Keisuke Arita
President
Japan International Cooperation Agency






LETTER OF TRANSMITTAL

Mr. Keisuke Arita
President
Japan International Cooperation Agency
Dear Mr. Arita:
We submit for your attention our report on the feasibility study
of the Upper Quae Yai Hydro Electric Development Project planned by the

Electricity Generating Authority of Thailand (EGAT) of the Kingdom of

Thailand.

The survey team of five members made a field investigation during
a period from March 6 to 29, 197% and that of ten members from July 2
to 31, 1979 concerning hydrology of the Quae Yai River in connection
with rainfall, runoff, ete., topography and geology of the Project site,
and dam construction materials, surveys with respect to the social and
economic backgrounds connected with electric power demand, the electric
power system, transmission lines, telecommunications systems, transpor-
tation plans, etc., and collected various data required for a feasibility
study. During the periods of the visits to Thailand, exchanges of

opinions were made with engineers of EGAT with regard to the Project,

Upon returning to Japan, the team studied based on these field

investigation results, and completed this report.

The Upper Quae Yai Hydro Electric Development Project comsists of
Nam Chon Power Station with installed capacity of 580,000 kW and Thi

Khong Power Station of 51,000 kW for a total capaecity of 631,000 kW.



This report contains studies such as hydrologic analyses, determi-
nations of layout and scale of the project, basic designs of principal
structures such as dams and power stations, basic designs of electrical
equipment, transmission line planning, system analysis, etc., and as a
result of studies, it is clarified that this Project would be ambly

feasible both technically and economically.

The Upper Quae Yai Hydroelectric Development Project has been
investigated and planned for a long period by EGAT as a promising hydro-
electric power generation plan, It is ardently hoped that the Report
would be useful for the early electric power development in the Kingdom

of Thailand in near future.

In closing, 1t is wished to express the heartfelt gratitude to
everyone who kindly provided guidance and cooperation in the carrying

out of this study.

June, 1980

Yours faitﬁfully,

Survey Team for Upper Quae Yai
Hydroelectric Development Project

SLodl Kl

Hiroharu Kisho
Team Leader






This report contains studies such as hydrologic analyses, determi-
nations of layout and scale of the project, basic designs of principal
structures such as dams and power stations, basic designs of electrical
equipment, transmission line planning, system analysis, etc., and as a
result of studies, it is clarified that this Project would be amply

feasible both technically and economically.

The Upper Quae Yai Hydroelectric Development Project has been
investigated and planned for a long period by EGAT as a promising hydro-
electric power generation plan. It is ardently hoped that the Report
would be useful for the early electric power development in the Kingdom

of Thailand in near future.

In closing, it is wished to express the heartfelt gratitude to
everyone who kindly provided guidance and cooperaticn in the carrying

out of this study.

June, 1980

Yours faithfully,

Survey Team for Upper Quae Yai
Hydroelectric Development Project

//éﬁiilthlnfégih_ [42:;kL££;;L
Hiroharu Kisho
Team Leader
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FORWARD

The fruits of feasibility study on the Upper Quae Yai Project are

presented in 4 volumes as follows:

* Feasibility Report — Summary -

* Volume 1 TFeasibility Report - Main - comprising 12 chapters

INTRODUCTION

NECESSITY FOR DEVELOPMENT
HYDROLOGY

GEOLOGY

MATERIALS

DEVELOPMENT SCHEME
PRINCIPAL STRUCTURES
ELECTRICAL EQUIPMENT

POWER SYSTEM ANALYSIS, TRANSMISSION LINE AND
TELECOMMUNICATION SYSTEM

10. CONSTRUCTION SCHEDULE AND PROCEDURE
11. CONSTRUCTION COST AND FINANCIAL PROGRAM
12. ECONOMIC JUSTIFICATION

M0 o~ O e o -

% Volume 2 Appendix 1. HYDROLOGY

* Volune 3 Appendix 2. GEOLOGY AND MATERIAL
Appendix 3. DESIGN OF STRUCTURES

* Volume 4 Appendix 4, LOAD FORECAST
Appendix 5. POWER SYSTEM ANALYSIS

Appendix 6, ECONOMIC JUSTIFICATION
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The power generating facilities presently existing in the Kingdom
of Thailand amount tec approximately 2,900 MW. Growth in electric power
demand is predicted to be at an annual rate of 10— 15% for abaut the
next 10 years, after which, although there will be some decline in the

rate, annual increases will be at least 8- 9% up to about 1995.

The Upper Quae Yai Hydroelectric Power Development Project which
is to have a large-scale reservoir indicates an economic superiority
over alternatives as a facility corresponding with the increasing demand
for electric power. It should alseo be fully realized that a hydroelectric
power station will be advantageous for the national economy in that

petroleum imports will be suppressed.

As a result of electric power demand forecasts, the start of opera-

tion of this Project should be in 1987.

This Project consists of the main power station of Nam Chon Power
Station of output of 580,000 kW and Thi Khong Power Station of output
of 31,000 kW utilizing the head between Nam Chon Power Station and the
downstream Srinagarind Power Station., The general features of the Upper

Quae Yai Project consisting of the above are as indicated below.

Nam Chon Power Station

Catchment area 4,908 km?

Annual mean inflow 2,975 x 105m3



Reservoir normal high
water level

Reservoir min., water
level

Total storage capacity

Effective storage
capacity

Reservoir surface area
(at EI. 370 m)

Power generation
Max. output

Annual energy production

Dam
Type
Height

Volume

Main electrical equipment

Turbine and generator
capacities

Number of units

Transmission line
Raute

Length

Thi Khong Power Statiom

Catchment area
Annual mean inflow

Regulating pond normal
high water level

Regulating pond min,
water level

Total storage capacity
Effective storage capacity

Pond surface area

Power generation
Max. output

Annual energy produc~
tion

El. 370 m
El. 331 m

5,975 x 10°m?
4,100 x 10%m?

137 x 10%nm?

580,000 kW
1,095 x 10° kwh

Rockfill dam with center core
185 m

12.7 x 10%n®
145,000 kW
4

Upper Quae Yai te Sai Nei Substation
277 km

5,145 km®
3,090 x 10%m°
El, 197 m

El. 196.8 m (E1l. 193.5 m during
one unit drop)

10 x 10°m®
0.3 x 10%°
1.45 x 10°m?

31,000 kW
93 x 10° kWh



Dam

Type Concrete gravity
Height 32 m
Volume 46 x 10°m®

Main electrical equipment

Turbine and generator 25,500 kW
capacities
Number of units 2

Since limestone is distributed in the catchment area, the Nam Chon
damsite, where a large-scale reservoir is to be provided, was carefully
selected upon consideration of geological conditions so that leakage
from the reservoir will not be a problem. The size of the reservoir was
also determined upon econcemic studies fully taking the geological con-

ditions into account.

Regarding the type of the dam, a rockfill dam having an impervious
core was selected as appropriate for this site upon technical and economic
studies including concrete dams. The power station is to be provided at

the left bank immediately downstream of the dam.

Thi Khong Dam is to be a concrete gravity dam with the power station

provided at the right bank side of the dam.

Regarding construction periods, approximately 6 years will be re-
quired for the Nam Chon Project and approximately 4 years for the Thi
Khong Project. The time of execution of works for the latter should be
scheduled so that care of river can be done during the impoundment of

Nam Chon Reservoilr.



The construction cost of the Project including all expenses such
as interest during construction, import duties, ete., will be the

fellowing in texrms of 1980 prices.

Nam Chon Project US$570.4 million (Bahts 11.694 pillion)

Thi Khong Project US$56.4 pillion (Bahts 1,136 million)

The economic evaluation of the Upper Quae Yai Projeet was analyzed
according to cost and benefit (B/C, B~ C) and internal rate of return

(IRR).

As a result, at discount rate of 10%, B/C=1.45, B - C = US$152.9

million, and IRR = 15.2%.

Recommendations

In order to start operation of the Upper Quae Yai Project by 1987,
the various investigation works such as geological investigations on the
damsite, investigations and laboratory tests of materials energetically
being carried out by EGAT at present should be continued to be expedited
for the purpose of detail design. The detailed concerned is stated in

Chapter 4.

Based on the investigation results, it will be necessary to immedi-
ately commence detail design, and also preparation of tender documents

and specificatiens,

Facilities required for construction such as access roads to project
sites and buildings should be prepared as early as possible in order to

meet planned construction schedules.
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CHAPTER 1  INTRODUCTION

The installed capacity for electric power generation owned by EGAT
as of 1979 was approximately 2,900 MW feor hydro aad various types of
thermal combined. The growth in power demand since 1970 up to the
present, although dropping to 5% in 1974 immediately after the oil crisis,
has shown annual rates between 8 and 15%. It is forecast that for the
period from 197% through 1990 the demand for entire Thailand, including
MEA and PEA, will increase at 8 - 15%, with extreme growth anticipated

particularly for PEA.

ECGAT is actively constructing power stations, both thermal and
hydro, to meet the increase in power demand. The Upper Quae Yai Project
has been taken up as a promising hydroelectric scheme and studies such
as variocus field investipgations starting with geological investigations,
project planning, etc. have been vigorously pushed forward for early

development.

1.1 Antecedents

The Quae Yai River, which is one of the main streams of the Mae
Klong River, because of its abundant runcff and favorable topographic
conditions, has been studied as one of the most promising streams in

Thailand suited to hydroelectric development.

EGAT has been thoroughly aware of the importance of water power
development of the Quae Yal River, and in 1965 requested the Japanese
Government through the Thai Government for technical cooperation to
expedite basic studies of the water power energy of the entire Quae Yai

River basin.



In 1%67, based on a contract with YEA (reorganized as EGAT in 1969),
EPDC prepared a feasibility report on the Quae Yai Meo,l Hydroelectric
Project. EGAT started development of the Quae Yai River in earnest
based on this feasibility report., The first tc be developed were
Srinagarind Power Station, and downstream of it, Lower Quae Yai Power

Station.

The second-stage develeopment is the Upper Quae Yai Project located
upstream of the end of the backwater of Srinagarind Reservoir. The
Thai Government requested the Japanese Government in 1972 for a recon-~
naissance study in order to promote this Project. Subsequently,
responding to the request of the Thai Government, the Japanese Government
provided the following technical cooperation up to 1976 for the Upper

Quae Yai Project.

o Dispatch of Reconnaissance Study Team in 1972 and preparation of

report

o Dispatch of @ technical expert from 1974 to 1976. During this time,
the Thai Goverament incorporated this Project in the Fourth National

Economic Development Plan (1977-1981).

Meanwhile, in order to speed up field investigations for this
Project, EGAT has energetically made preparations such as construction
of access roads to the site and a base camp for carrying out investiga-
tions. S5till mere, to accelerate the field investigations, EGAT requested
the Japanese Government to dispatch one civil engineer and two geologists

from 1978 to 1980 through the Thai Government.



The works completed by EGAT up to 1979 were the following:

e Provision of a base camp for investigation of the Project site in

1977

o Tmprovements of road between Srinagarind and the investigation

base camp in 1977 ~ 1979
o Preparation of Preliminary Report in August 1978

o Geological investigations of candidate damsites and reservoirs,

and materials investigations from April 1978 to June 1979

o Preparation of Pre~feasibility Report in June 1979

Taking into account the state of progress in investigations at the
damsite selected in preliminary studies, EGAT requested through the Thai
Government in January 1979 for a feasibility study team to be dispatched.
In response, the Japan International Cocperation Agency (JICA), on behalf
of the Japanese Government, dispatched the Feasibility Study Team in

March and July 1979 for the field investigations.

1.2 Scope of Work and Field Investigation
The objective of the work was to carry out an economic and technical
feasibility study of the Upper Quae Yai Hydroelectric Power Development

Project.

Field investigations for the Study were carried out twice, from
March 6 to 29, 1979 the first time, and from July 2 to 31, 1979 the
second time. Items such as the following were included in the investi-

gations.

o Social and economic backgrounds and power demand



o Topagraphy, geology and stream flows of the Quae Yai River basin

o Topography and geclogy of construction site of structure such as

dam and powerhouse
o Construction for dam embankment and concrete aggregates

o Availability of local construction materials and construciion

cost
¢ Transportation of construction materials, turbines, generators, etc.
e Transmission line and telecommunication system
¢ Collection of data
The followings were included in the study in Japan. As for prepara-
tion of topographic maps of the Project gites, and boring of drillholes
and excavation of test adits for geological investigations, these were

all carried out by EGAT. Basic data needed for the study were also

furnished by EGAT,

Selection of project scale and layout
o Basic design of structures such as dam and powerhouse
o Basic designs of electrical equipment

¢ Transmission line planning, power system analysis and telecommuni-

cation system designing

o Construction cost and financial program

e« Economic analysis

With respect to environmental assessment for the Project, it is

being made separately by EGAT.



The members of the feasibility study team and the persounel of EGAT

who cooperated in the investigations are as listed below.

a First Study Team
Hircharu Kisho Chief
Setsuo Takemoto JICA, Coordinmator
Yoshihiro Mitsui Electrical Engineer, Power Transmission
Takeshi Takena Electrical Engineer, Telecommunications

Yukiyoshi Ozakdi Civil Engineer, Planning

Experts, dispatched from the Japanese Government, Cooperating with Study
Yozo Fukutake Geologist
Kunio Watanabe Civil Engineer

Mamoru Yamada Geologist

o Second Study Team
Hiroharu Kisho Chief
Setsyo Takemoto

JICA, Coordinator

Tateshi Murai Economist, Load Forecasting, Economic

Analysis
Kunio Watanabe €ivil Engineer, Designing
Katsuo Goda Civil Engineer, Planning

Hiroo Miyairi Civil Engineex, Construction Cost

Ryczo Kobayashi
Kunic Kitamura

Takuya Takaoka

Mitsuhiroe Omori

Yozo Fukutake

Yoshihiro Nakazawa

Civil Engineer, Materials
Civil Engineer, Designing

Electrical Engineer, Electrical
Equipment, Economic Analysis

Electrical Engineer, System Analysis

Experts, dispatched from the Japanese Government, Cooperating with Study

Geologist

Civil Engineer
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o EGAT Personnel Concerned

Mr. Srid Aphaiphuminart Director, Planning Department

Mr. Sommart Boenpirugsa Assistant Director, Planning
Department

Mr. Somkiet Phalaprakarn Chief, System Planning Division

Mr., Vijit Somponpun Chief, Survey Division

Mr. Payak Ratnarathorn Chief, Water Resources Planning

and Development Division

Mr, Prasit Niratsayakul Chief, Envireonmental Division

Mr. Navongsak Vichetpan Assistant Chief, Project Division

Mr, Kitti Naparaxawong Chief, Hydrology Section, Survey
Division

Mr. Annop Kaovichagon Chief of Survey Section, Survey
Division

Mr. Danit Suvarmnsiri Chief, Geological Section, Survey
Division

Mr. Surin Karchanopas Chief, Laboratory Section, Survey
Division

Mr. Opas Kietsrikul Survey Division

Mr. Peel Chitakarn Survey Division

1.3 Acknowledgements

This Feasibility Report could not have been prepared without the
cooperation of all the gentlemen concerned in EGAT, and it is wished
to hereby express the sincerest gratitude of the Study Team. Profound
thanks are also owed to those concernaed at the Rayal Thai Government
agencies who assisted in coordinatiom of work performed by the Feasi-

bility Study Team in Thailand.
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CHAPTER 2  NECESSITY FOR DEVELOPMENT

2.1 Electric Power Situation of Thailand

The Govermment of Thailand, in its Fourth National Economic and
Social Development Plan (1977 - 1981}, has set the target for the annual
average growth rate of GDP at 7% (performance during the Third Develop~
ment Plan period: approximately 6%), with approximately 6% of the toral
development budget allocated to the electric power sector. This takes
into account development of large-scale hydro and modern thermal projects
to cope with the electric power demand expected to increase sharply in
the future, expansion and strengthening of the electric power system,
and development of the possibility for uvtilization of domestic energy
resources to replace power generating facilities burning imported oil

which has become extremely expensive in recent years.

Approximately 807 of the total energy consumption of Thailand is
of petroleum products and gas, of which 40 percentage points are for
the transportation sector, and about 20 percentage points each for
industry, electyicity and residential/commercial. Approximately 70% of
the total electric energy production depends on petroleum fuels, with
the greater part of the crude oil purchased coming from the Middle East

where the political situation is uncertain,

In Thailand, more than half of the electric energy production is
consumed centered at the Bangkok Area. Growth in demand recorded an
annual average 14% during the Third Development Plan period (1972 - 1976},
and is projected to be an annual average of approximately 11% for the

period of the Fourth Development Plan.

1-1



The demand for electricity in 1978 was 2,110 MW at maximum power,
and 12,372 GWh in electric energy production. Against this demand, the
total installed penerating capacity as of the end of December 1978 was
2,936 MW. This capacity consisted of 33% of hydro, 53% of oil-fired,

7% of lignite-burning thermal, and 7% of others (see Table 2-1).

The power transmission system consists of 230 kV outer loop line
connecting thermal power stations located in the outskirts of Bangkok
and substations in the load center, 230 kV trunk transmission line
connecting large-scale hydroelectric power stations located in Region—4
and the load center, 115 kV transmission lines connecting hydroelectric
power stations scattered in Region-2 and the load center, and an
independent 1153 kV system in Region-3 (scheduled to be interconnected
in 1980). Other than the above there are high-voltage transmission
lines (230 kV) being constructed or planned to connect a group of large-
scale hydroelectric power stations being realized in Region-1 with the
load center. The circuit length of transmission line as of the end of

December 1978 totalled 9,172 km.

2,2 Load Forecast

Long~range load forecasts for entire Thailand are made by the Load
Forecast Working Group, Power Study Sub-Committee, consisting of repre-
sentatives from the National Fconomic and Social Pevelopment Board
(NESDB}, National Energy Authority (NEA)}, EGAT, MEA and PEA. The forecast
figures are utilized for formulating power generation, transmission and
distribution system plans, studies of tariff rates, setting up of budpets
and carrying out finanecial analysis. In making load forecasts, a method
of correlative checking of microscopic and macroscopic forecasts is

adopted, the contents being as described below.
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In microscopic forecasts, the energy sales by type of consumer for
the MEA and PEA service areas are estimated based on time series analysis.
Besides the above, for PEA areas, concrete phenomena such as trends in
the economic growth rate, checks by correlation curves between GDP per
capita and electric energy consumption per capita, start-ups of new
industrial projects, regional increases or decreases in population, and
the state of progress in housing development plans are taken into con-
sideration. For consumers directly supplied by EGAT, analytical

forecasts are made for the individual consumers,

Macroscopic forecasting described below is done in order to check
these microscopie forecast figures. Customers are classified according
to the five categories of residential, commercial, industrial, street
lighting, and others, and the correlation between GDP per capita and
energy consumption per capita is analyzed for each category (1963 -1977)
to forecast total demand up to 1987. The results of microscopic and
macroscopic forecasts are extremely close to each other (see Fig. 2-1).
Based on these load forecasts, EGAT recently made lpad forecasts up to

1995 for evaluarion of the Project,

As a result of referring this forecast made by EGAT to a world
global model and an Asiatic countries model, it is seen that Thailand
belongs te a group of countries in a so-called growth pericd with there
being a possibility of future growth in power demand by leaps and bounds.
Accordingly, the load forecast by EGAT in which the growth in power
demand during the 17 years up to 1995 is estimated to be approximately
11.7% in the first half (1979~ 1986) and approximately 7.5% in the second

half (1987~ 19953) is judged to be reasonable, and it was decided with
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EGAT's consent to adopt the forecast figures of EGAT for this Report.

(see Table 2-2, Fig. 2-2)

2.3 Electric Power Development Program

In order to meet the power demand anticipated based on the load
forecast described above, it will be necessary to develop approximately
12,000 MW of new electric power plants by 1995, In effect, construction
of power generating facilities amounting to approximately 4 times the
present installed capacity will be required during the next 17 years,
which corresponds to a development tempo of an annual average of

approximately 700 M.

Since it is expected that future power sources will be diversified
with increases in coal-fired and lignite-fired thermal plants and
nuclear plants in order to conserve on petroleum fuels, large-scale
hydroelectric projects which can immediately cope with peak loads will
become increasingly important. At present, the largest-scale candidate
site for hydroelectric power development in Thailand is the objective
of the present Study, the Upper Quae Yai project site, It is scheduled
for this Project to be completed in October 1987, and the aim is to

contribute to stability of supply capability as a‘peaking power station.

The shifts in the power source structure according to principal

years are shown in Table 2-3.

2.4  Demand and Supply Balance
Demand and supply balances from 1979 to 1995 were studied predicated
on the load forecast and electric power development program described

above. The results are as indicated in Tables 2-4 and 2-~5.
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Besides the above, duration balances on representative days were
studied for the years 1985, 1987, 1988, 1990, 1992 and 1995. The results
are as indicated in Fig. 2-3. These typical daily duration balances
were prepared with the purpese of allocation of energy supply by type of
generating units and to detect the adequate capacity of Upper Quae Yai
Project, and are not proper toc match the actual operation of power plants
in daily load curve. Main factors considered in the balances were as

follows.

(1) Taking into consideration of rapidly increasing oil prices
and difficulties of its acquisition in the world market, energy
produced in nuclear, lignite and hydro power plants is to be
fully consumed in corder to save energy from conventional thermal
paover plants. An attention should be paid not to be down the

operational efficiency of the thermal power plants.

{2) A part of the hydroelectric power plants should continuously

be operated for 24 hours for the purpese of irrigation, etc.

{3) The reserve capacity is to be equivalent to a total capacity
of the first and second largest units of nuclear and or thermal

in the entire system,

2.5 Upper Quae Yai Project

As a result of studies by year of the demand and supply balances
described above and in consideration of the state of progress of the
Project, it is most desirable for commissioning of the Upper Quae Yai

Project to be in October 1987 as presently planned by EGAT.

1~ 15



The electric power demand im Thailand vecently has been increasing
steadily with progress made in industrializatien and with rising living
standards of the nation. It is anticipated that the pattern of demand
will show slight peaking without abrupt changes, and from 1987, Nam Cheon
Power Station of the Upper Quae Yai Project will be operated continuously
for about 5 hours as a peaking power station. As the scale of output,
approximately 550 MW to 600 MW in terms of dependable capacity would be
desirable, It is desirable for Thi Khong Power Station of the same
Upper Quae Yai Project to be operated according to a pattern identical

to that of Nam Chon.

The position of this Project in the long-range balance of demand

and supply of electricity is as indicated in Tables 2-4 and 2-5.
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100,000

Fig.2-2 RELATIONSIP OF PER CAPITA ELECTRIC ENERGY PRODUCTION TO
PER CAPITA GDP BETWEEN ASIAN AND WORLD WIDE COUNTRIES
(1967 — 1976

ASIAN MODEL SINGAPORE

3l 7 COUNTRIES CHINA
ol Y=-2.26462+1.36057 (X}  (TAIWAN)
—F Std Error (0.89928E-0t)

i T-velue (15.130)

- KOREA

i MALAYSIA

i WORLD GLOBAL MODEL

i PHILIPPINE S 99 COQUNTRIES

s oy Y=-223675 +1.32429 {X)

Std Error (0.23911E-01)

5 T-value (55.385)
o > THAILAND
of S
of &

i INDONESIA

] ] ] i 1 ] | ] I N I O | [ L L L ] i I

{0 100 1,000 10,000

PER CAPITA GDP (U.S)
1 —18



IVNHIHL IS
“\\\\\"’ .
A v
SNdHS e OHAAH DIsve | - 0%
OHOAH
WA 3RO H3d4d4N > — 08
an dwnd \\\
%219 47 dIS 0661 MWEPIL XYW T
4NoH =—=——r
e Qe g1 r| 8 tr
[ 1 | ] 1 0
JLIND 1T
—02
— Ot
AYWHE3IHL
sarauns”  ~—lT~2dAH 375h -0
08
— 00|

%<9 471 "d3aA8 .86l MINZ2695 XVIN

JAYNT NOILYHNA

— aaria. N M d
|
§\)\l
sSNIdENs __ -09
Io-~--PHAAH o15vE
N
QHAAH
-G8
YA 3IVND ¥3ddn
.1\\.
dn dwnd \A\.ﬁ\\
. ialel]
% 219 471 JW3S g86l MN BP19 XYIN %
4NOH ~—
2 [al4 k1] 2l 21 t
] 1 | 1 1 o
JLINS LN
-0 2
AywWHIHL
~Ot
~______odamn__Jisva__| °°
QUMUAAH
Svo g 13s3ia
—~0 8
L121430

AIva

%G9 471 d3as 586l MINEBLY .xq__au %,

190IdAL  ¢£-2°big



4noH —-e—08
v oe 7] 21 g 4 o
i ] 1 | 1
HYI00N
o2
ALIND 1T
-0
YWEAIHL
ehuiugpialinbeiinb ! —09
SN1dyNs
OHOAH .
T~ QHOAH 01SvE__ |
—0g8
1wA AVND d3d4dn
dn dmn
. — 00!t
% 6 9% 471 435 GE6| MINEB00| XVIN %
HNOH =——
v2 (o4 9l 2l g t
1 I | | | 0
dLINDIT
02
. — ot
ITWHIHL
s s
(A v
SAILHAS OHGAH 215v8 —09
CHAAH
IVA YN0 H3ddn —08
ele]

%2 L9 47 dIS 0661 MWGEPIL XYW %%

HNOH =

re o2 91 4| 8 14

1 1 I ! 1 o
JLINSIT
02
- 0ob
MYWHIHL
Sndyns

OddAH |-0B

dn dWnd

MW Z69G XYW %"

%29 471 °d43S Lgs6l

JAHNO NOILVHNA

b2 oz Y 21 8 t
1 | i | | o
HY31ONN
FLINDIT o0z
- 0p
IYWHIHL
T .
,\hﬁﬁ“ﬁﬁ&ﬁ&&ﬂﬂﬁSf.
SANJUNS —09
-0g
o . g 00
Yo O LS d7T 'd3S 266! MNIEZ8 XY %
HNOH = —
v2 oz 91 2 8 b
) I 1 _ _ o
ALINSIT
-0z
IVWHIHL ~Ov
sNduNs _ -09
J----PH94H SisvE
08
IvA 3IYAD HIddN
dn dwnd
. . . > 001
% &l9 471 435 gRrsl MN BPIOXVYIN T
HNOH =
v2 o2 ) 2l ) b
l i i i I o
ALINSIT
-0 2
TYWHAHL
-0 v
- _____osoa__oisve__10°
CHQAH
SV9 9 135310
-0 8
L1D1430
-00|

% GL9 471 d3IS 5861

ATV IVOIdAL

¢-2°'B13

MINZOLE XYW =,

1—-19



‘dag 62,03 "120 8.,: 62, 4D9\ [DIS14 : 810N

1D8} |D9SId b

S6¢ ©6,  £6,, 26, 16, 06,, 68, 88, , 2B,, 98,, SB¢, ¥B,, €6, , 28, , 189,, 08, , 62,

o L o
] - |
2 - 2
MWOP - 3NIT 311 93N-1v93
MWOV2 ~ € 01 2 ygPutipboulag
MWEL — € guonw BDKW
MWG.L — 8bipg
€~ MW 0b2~ & 01 | 4(2) Buosog Buog ¥
MWOPZ- 1t 01 | 4 (1) Duoynd buog I_I'
MWOE - 2yleqlwnyg
¥ - - &
MWOEZI ~({I) 53— Buoxby bucy \..l!.f\\T\ll
MWBE-Z 011 4!0A BDNY J18M07
MWL —g01| gluoiibg —!
¢ - MWOGG-| y Buodogbuog §
MWOZI-(2) 50— buoing Bung
I | MWOOE ~ S0 b g uol a0y
9 MWOSS —~ 2 ybuotog buog | o
[T MWODE - E01] 4 WaoT ooyy
WCEl— £ 03] g uong HupT
Kyjoodon pa||DISUY -]
L - MWOOE— 9 UKW 80N _
£3150d0) 3)gopuedeg - MNO9E-G-bydwng, puipbBoul g
MWOEI— 201, UIiDT MBIYD
puows(g ¥oeg MWOOS—-801L 4 U0 80K
g - j MWOBI-20gD-0(1)EY . g
MWOOE - G 4 UOW sDW
MWOBS — UOUD WON MWIEID=
_ 6 15+08G=
, uoyy tul -4 Uoud WoN B
s - BEBO%WMM._MHMN__% 1o8lolg 104 BOND Jdeddp 6
MWOBI-£ 0D —-2(2)EB
MWOO0SG —(1)dwing 1o) 8pnd
Ol -0
MWOOEG -~y 00130N
Vi ﬁn 1
MWOOE ~ 24 10910NN
2t - MWOOS~(2)dwng ipp a0ns .
o - €|
MWO0Z1-Ey D8]2NN
Pl -t
MHQOZ -t y J0850N0
(- O2i~by JORI9AN Lg1
Mo MO

M © u1l soup|pg 4pad AliDBA -2 bBld

M9 £1o0dpgy Alddng —~—4
1 —21



UM (Ot = UMD
'd@5 08, 0173190 6L, 62, 109\ |DI5I : Bl0ON

J03) |00Sid wf——

nmq\m .Vm« %mﬁ 1 Nm- 1 16, _om_._ _mms _®m~ _Mlm.. 1 S8, | mmn 1 ¢m~_ £8, 1 Nmn\_’_wq hlom.._ B2,

g1 q

S 2 -

Omvg

0
MWOP = 3NIT 311 83N - LY53 — 01
MWNOb2-t0] N#u:_._coo.._tm
MWG L~ E guow aopw
MG, — abiog
MWObZ - 01| 4(2) Buood Buog 6
MWOPE~t 011 (1) Buoynd Bupg
MAWOB— L gloqglunyg /
MWOEI—{1) 95— buoyrgbuog /,vf
MWBE — 2 01| 4 |0A 8DNY J8M07 I\\ll/
;SNN.IWA:—#_:U.—«U& \A‘/././/r - 02
ABJisun warg Jo) ABasu3 310138 ///,Y/M/.
MW 06 S --y3Buong Bupg
MWOZI(Z)o-2 buoned buog o=

MWOOE —§ 01 byyop 8oy
MW 0SS — 2 4 budyog buog
MWUODE ~ & 01)gWwepT ooyy

MWGE| — € 03] guong Buo

l_ MWOODE -9 y4YoN pOW

MWOSg-dung pulipbounag

MW 02| -2 01| x0T mely)

SE
Lbisuz sbotreay — |
ot
ABiauy W d [~
]
&biau
3 puowa (] —w] I||_||>.)I_>_00m
§ ¥ QIPARISI W
MW |G -DUSUM IuL
MWOBI
g0llga-2(2)ey
4 MW O0O0G
0G - {i) dwag o soayn
MWoose
| % IDB|O0N
GG MWOOE
Zya0e|ony
MWOCOCS
(2)duwny
09 fos sond
29—
MADOZI
€ 4 108]100N
cl
MINOO2I
t yi08120N

W0D9-B01. 4£4yoW soW

/ MINDZI-€ 011 40-3(1)EY
MWOOE ~ 6 yUow suw

MW DBG ~ UYoyg WoN

ymo Ul souoipg ABiaul Kjups) ¢-2°Bid

‘lom

~ G g
[ os
—~ S b
- 0¢
— GG
-09

-G89

— 04

—_
—r

UMS:0I ABisug Ljddnsg

1—23






Table 2-1 EGAT'S INSTALLED GENERATING CAPACITY
AS OF DECEMBER 1978

Piant Type

A. Hydroelectric Ptani
Bhumibof
Sirikit
Ubolrataono
Sirindhorn
Chulabhorn
Nom pung
Kang Krachon
Sub-Totagl
B. Thermal Palnt
Nerth Bangkok
South Bangkak
Surat Thani
Moe Moh
Krabi
Sub-Total
C. Gas Turbine Plant
South Bangkok
Nakhon Ratchosimao
Udon Thani
Hat Yei
Surat Thani
Sub-Total
D. Diese! Plant
Mae Moh
Chiangmai
Phuk et
Nakhon si Thammarot
Srinagorind
Bang lLang
Sub-Total

E. Nom Ngum Surplus
_Grand Total

Note:Date is given by EGAT.

Instalied in-Service
No. of Units  Capacily (MW Date {First_ Unit)
G 420 May 1964
3 375 Jan 1974
3 25 Qct 1966
2 24 Nov 1971
2 40 Nov 1972
2 6 Oet 1965
! ] Aug 1974
9 909
3 237.5 Mar 1961
5 [, 300 Apr 1969
I 30 Feb 1973
2 150 May 1977
3 60 Jun 1964
14 1,777.5
3 45 Dec 1970
I 15 Jun 1968
J 5 Jun 1969
3 45 Aug 1971
3 45 Nov 1977
I 165
9 9 Moy 1972
3 3 Jul 1968
4 10.6 Nov 1967
2 2 Jul 1973
5 5 These ald plants
5 5 were removed from
olher places for
28 34.6 temporary use
according to the
construction work
30 Dec. 1977
72 2,936 |




Table 2-2 EGATS TOTAL GENERATION REQUIREMENTS

Peak Generation Energy Generation Load
" ww | e | own | % ncrss | P00
ACTUAL
1969 638 22.59 3,376 28.95 60.25
270 748 17.28 4,095 21.82 62 47
1971 873 16.62 4,793 1 7.03 62.69
1972 1,029 17.89 5,711 19.16 63.37
1973 [, 199 16.97 6,873 20.39 65.42
1974 1,256 4.75 7.259 5.6 65.96
1975 1,407 11.96 8.212 13.13 66 64
1976 1.652 17.45 9.414 14.65 65.05
1977 1,873 1340 10,951 16.32 66 73
1978 2.110 1263 12,372 12.98 ©6.94
FORECAST
1279 2,405 13.98 14,188 13.62 67.34
1980 2.70% 12.64 15,914 - 67.06
1981 3.151 16.32 18,355 15.34 66.50
1982 3.567 13.20 20,714 12.85 66.29
1983 3,961 11.05 22,715 9.66 65.46
1984 4,356 9.97 24,828 9.30 63507
1985 4,762 9.32 27,025 8.85 64.78
1986 5,260 10.46 29,782 10.20 64.63
1987 5.692 8.21 32.230 8.22 64.69
1988 6,148 8.0I 34,843 8.11 64.70
1989 6.634 7.91 37.620 7.97 64.74
1990 7.149 7.76 40,533 7.74 64.72
1991 7,678 7.40 43,532 7.40 6472
1992 8.23lI 7.20 46,667 7.20 6472
1993 8,807 7.00 49,933 7.00 64.72
1994 9,423 .99 53.429 7.00 64.73
1995 10,083 7.00 57,169 7.00 64.72

NOTE . Data was given by EGAT.
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Table2-3 ELECTRIC POWER DEVELOPMENT PLAN

Unit | MW,{%)

End of Instalied Copacity
F.Y. Hydro Thermal Lignite Nuclear Total

1985 1954 (31) 3702 (60} 585 (9) 6241 (100)

1987 2434 (32) 3717 (49) 1485 {19) 7636 (100)
i988 3014 (35) 3717 {44) 1785 ({21 8516 (10Q)

1990 3865{41) 3897 (41) 1725 (18) 9487 (100)
1992 3865(34) 3897 (35) | 725 (15} 1800 ({16) | 1.287 (100}
1995 4865(33) 3897 (27) 1725(12) 4200 (28) 14.687 (100}

Note Therma!l copacity includes gas turbine and deise! plants
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Table 2-4 PEAK BALANCE Unit MW, %

'

Ey Peak Total Installed Capacily Tetal Dependable Capacity 22;23,% gg;%ré?y lst &2nd CRese-rtveL

Demdnd A | Hydro |Thermol |Lignite G/T Diesel |Nuctear | Tetal Hydro | Thermal| Lignite | G/T Diese! [Nucleer | Total B B-A EERO/A% bgir’gsest Lg?::;yu:ﬁs

18979 240¢ 1079 1567 210 165 35 O | 3056 812 | 489 197 148 28 0 |2774 369 5.4 870 —201
1980 2709 1319 1607 210 165 35 0 13336 1151 1529 187 148 28 0 3053 344 i2.7 570 —-226
1981 3151 1409 | 2i62 285 I65 35 0 | 4056 1226 2056 268 148 28 a |3727 576 183 570 6
1982 33567 1519 | 2282 28% 165 35 O |4286 1318 2170 268 148 28 0 (13932 365 10.2 570 -205
1283 3961 1519 2952 288 165 35 0 4956 1 3i8 2807 268 i48 28 O |4 569 608 153 I 045 - 437
984 4356 1819 | 3502 58¢% i65 35 0 | 6106 [ 554 3329 553 148 28 0 |56l12 i 256 28.8 1045 211
12985 4762 | 954 | 3502 585 165 35 O | 624l 1 689 3329 553 |48 28 0 (5747 985 20.7 1045 -60
1986 5260 2434 13502 885 165 35 Q |7 021 2159 3329 838 148 28 0 |6502 242 236 1045 197
187 5692 2434 {3682 1485 a 35 0 | 7636 2159 3500 1408 ¢} 28 0 |70395 1403 246 | 045 358
1988 G 148 3014 3682 785 o 35 C |8B3I6 2706 350C | 693 o 28 Q |7927 1779 28.9 1045 734
fego € 634 3365 3682 1785 O 35 O (8867 3030 3500 | 693 o 28 O |8251 1617 24.4 1045 582
1990 7142 3865 3862 1725 ) 35 QO |9487 3330 367! 1639 8] 28 O |8868 1719 240 1045 674
1gg 1 7678 3865 3862 I725 0 35 90C |I0387 3530 3671 1639 0] 28 855 89723 2045 266 1378 667
1992 g 231 3865 | 3862 1725 4] 35 1800 |Il287 3530 3671 1639 O 28 [710 10578 2347 285 1710 637
1993 8 BG7 4 368 3 862 1725 o 35 F800 (11787 4 030 3671 | 629 O 28 1710 tlo78 2271 258 I710 561
1994 9423 4365.0| 3862 }725 o 35 3000 |l2987 | 4030 | 367 1639 0] 28 2850 |l2218 2795 297 1995 800
1995 10082 4865 |3882 1725 o 35 4200 ll4e87 4530 3671 1639 o, 28 3990 |13858 377S 374 | 2280 (495
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Table 2—5 ENERGY BALANCE Unit- GWh.%
Ey Energy Anrual Firm inhergy Average Energy Refs;rvgira\ergy Re?irrveAvEél}eorélg
Demond A |Load Factor, | Hydro Nuclear eé.mf.ignne Gas & Die | Total B Hydro Total C | B-A { %) C-A (%)

ig979 i4 188 67.34 2 34| ¢ 12519 145 | 5005 3398 16 060 817 (5.8) Is72  [(13.2)
1980 15914 67 06 3155 0 12 660 145 15860 4 476 17281 46 |(29) 1367 |(8.6)
1o98i ig8 355 66,50 3155 o 14988 145 18288 4 476 19608 -67 -3.7) 1254 (6.8)
1982 20714 66.29 3295 0 | 16403 145 19843 4713 21261 -871 -42) 547 (2.6)
1983 22 715 65.46 3412 C I8 336 1453 21893 4 856 23327 -822 (-3 6) 622 (27}
1984 24 828 65.07 3679 0 22943 145 26767 5 30z 28380 fa3de [(7.8) 3562 (14.3)
e85 27 025 64.78 4095 0 27221 145 31461 5955 333zi 4436 (16.4)] ©2¢6 (233}
1986 29782 64 63 4 470 0 27385 i45 32000 6378 339C8 2218 (7.4) 41z6 (I3 9)
1987 32 230 64.64 4 594 c 31452 13 36058 65i& 37983 3829 (11.9)] 5753 (17.8)
1988 34843 64.70 5558 0 34245 G 39803 7628 41873 4960 (14.2)] 7030 (20.2)
1989 37620 64.74 6215 0 36051 0 42266 8285 4433¢ 464€ (123 67i6 (17.9)
1890 40533 64,72 6215 o 36218 a 42433 8285 44503 1900 (4.7 3970 {9.8)
1294 433532 64,72 6215 6 307 36577 0 49098 8285 5116¢ 5587 (12.8)] 7637 (17.5)
lgg2 46 667 64.72 6215 a 46| 36577 aQ 52263 B8 28% 54323 5586 (120} 7656 (16.4)
1993 49933 64.72 6215 12614 36577 0 55406 8285 57476 5473 [(ILO)] 7542 [I5.1}
1994 53429 64,73 6215 21024 36577 0] 63816 B 28¢ 6586¢€ 10387 [(19.4)| 12457 (23.3)
1985 57169 64.72 6215 25229 36577 o 6802 | 8 285 70021 10 852 (19 Q)| 12922 (226)
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CHAPTER 3  HYDROLOGY

3.1 Outline of Basin

The Quae Yai River having a length of approximately 450 km and a
catchment area of approximately 14,800 km? rises in Umphang District,
Tak Province, from a mountain range near the border with Burma. The
Quae Yai River flows down southward and is merged by the Mae Chan River
from the downstream of Ban Hom, and keeps flowing down southward. In
the vicinity of Thi Khong, the river flows intec Srinagarind Reservoir
which is presently being filled up. The inflow, after regulation by
Srinagarind Reservoir, is effectively utilized at Srinagarind Power

Station and Lower Quae Yai Fower Station.

The discharged water flows down still as the Quae Yai River, and
after being merged by a tributary, the Huai Taphoen River, it is joined
at Kanchanaburi by the Quae Noi River flowing in from the right bank,
after that it changes its name to the Mae Klong River, and ultimately,
the river flows into the Gulf of Thailand at Samuth Songkhram Province

approximately 100 km southwest of Bangkok.

Most of the mountainous part of the basin of this river is covered
by dense forest. The longitudinal profile of the river, as seen in
Fig. 3-1, shows the river gradient to be steep at about 1:400 in the

upstream part where a gorge is formed.

Near the confluence with the tributary Huai Kha Khaeng the gradient
is approximately 1:700. The river gradient gradually becomes milder

downstream from this confluence and becomes approximacely 1:1,000 in the
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vicinity of Sri Sawat and approximately 1:3,000 in the vicinmity of

Kanchanaburi.

The mean annual rainfall in the basin is approximately 1,000 ~
2,000 mm, being approximately 1,400 mm in the upstream part and appro-

ximately 1,000 mm in the midstream part.

At first Vajiralongkorn Diversion Dam, located approximately 14
km south of Kanchanaburi, irrigation water for about 1 million rais of
agricultural area is being used and after completion of the upstream
Khao Laem Project on the Quae Noi River and the Upper Quae Yai Project,
it is scheduled for the irrigated area to be expanded to about 2.4
million rais. Moreover the water utilization of Mae Klong River with
the increased demand for many purposes such as domestic and metropolitan

water use, river pollution and sanitary controls is under schedule.

3.2 Climate

The climate of Thailand is influenced by that of Asian Continent
to which it belongs. The climate is greatly influenced by seasonal
winds and a year is divided into the rainy season brought by the socuth-

west monscon and a dry season accompanying the northeast monsoon,

The southwest monscon normally starts blowing gradually from the
middle of May. Tt is a southeast wind at the beginning, but in June it
completely becomes a southwest wind which continues teo blow until around
the middle of October. During this period, temperature and humidity are
high, the weather tends to be cloudy, and heavy rainfalls occur frequently,

The heaviest rainfall occcurs generally in August and September.



At the beginning of November, the rainfall decreases rapidly with
retreat of the southwest monsoon, and a dry season continues until April

of the following year.

Annual temperature variations are affected by the mounscons and
the dry or rainy season. The high-temperature period is from the final
third of March to the first third of May immediately before the rainy
season begins, and when the rainy season is entered, the temperature is
gradually lowered. The low~temperature period is in the dyy season with

minimums mostly in January and February.

3.3, Rainfall

Rainfall in the Quae Yai River basin 1s mostly at the western slope
of the mountain range lying north-south in the path of the southwest
monsoon, whereas rainfall at the eastern slope of the mountain range is

comparatively light.

Tropical cyclones occur frequently from August to October in the

rainy season and bring rains and floods.

The annual rainfall of the Quae Yai River basin is roughly 1,000
nv 2,000 mm at the northwest part, approximately 1,000 mm at the Quae
Yai River on the eastern side of the mountain range, and approximately

2,000 mme at the Quae Noi River on the western side.

The average annual rainfalls at the various observatory stations

are as indicated in Table 3-]1.

13



The monthly rainfalls are as indicated in Fig. 3-2, showing that
approximately 83% of the annual rainfall is concentrated in the period

from May to Octocber.

3.4 Humidity

The humidity in the river basin is influenced mainly by monsoons.
The humidity is approximately 70 to 85% during May to October when the
southwest monsoon blows, and drops to about 50 te 70% from November to

April, the peried of the northeast monsoon.

3.5 Temperature
The temperature in the river basin is generally high except during
the period of the northeast monscon when cold air masses are generated

above China Continent.

Mean temperatures during the rainy season which is high-temperature
period are 25° to 32°C, while those in the dry season which is low-

temperature period are 20° to 25°C.

3.6 Evaporation
Evaporation is generally high in March and April when humidity is
low and temperature high, and low during the rainy season. The results

of measurements by pan are as indicated in Table 3-2.

Evaperation from the reservoir surface replaces the evapotranspi-

ration from vegetation prior to construction of the reservoir,

The evapotranspiration from vegetation in the reservoir area was
obtained by the Blaney~Criddle Formula, as shown in Table 3-3, while

the evaporation from the reservoir surface was cbtained from measured

1— 36



values at Hard Pana Observatory Station. The net evaporation losses
are estimated as the difference between the evapotranspiration from

vegetation and the evaporation from the reservoir surface.

The result of computations, as shown in Table 3-4, is net evapo-

ration loss from the reserveir of approximately 350 mm annually.

3.7 Runcff Gaging Stations and Meteorological Observatery Stations

The number of runoff gaging stations in the Quae Yai River basin
consists of 9 statioms on the Quae Yai including those presently closed,
3 stations on the Quae Woi River, and 2 stations on the Mae Klong River
downstream of the confluence with the Quae Noi River, or a total of 14

stations.

With regard to rainfall observatory stations, there is a total of
17 stations on the Quae Yal River, the Quae Noi River, apnd the Mae Klong

River basin, including those presently closed.

The meteorological observatory stations concerned with this Project
are those of Kanchanaburi, Don Muang, and Bangkok, where temperature,
humidity, atmospheric pressure, etc., have been observed over long

periods.

However, at the upstream part of the Quae Yai River where this
Project is located, there is only the rainfall observatory station of
Umphang, while the only runoff gaging station is Nam Chon where chser-

vations were started from July 1878.
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The locations of runoff gaging stations and rainfall observatory
stations are indicated in Fig. 3-3. The periods of observation are
shown in Tables 3-5 and 3-6. Fig. 3-4 shows relation between rainfall

and runcff in the basin.

3,8 Estimation gf Runoff
(1) Gaging Stationsg used for Runoff Estimation
In estimations of runoffs, it is desirable to use the closest
runoff gaging statiens to the proposed damsites for estimating reliable

inflow.

The runoff gaging station usable closest to the Upper Quae Yai
Project is Hard Pana, but since the period of observation is short
(1970 n 1978), supplementing for Hard Pana, Khao Chod (mainstream)
and Kang Rieng gaging stations at relatively next to Hard Pana are

selected.

{2} Runoff Calculation Period
Runoff data are available for Apri 1952 v January 1979, and rain-
fall data for January 1911 ~ December 1978. As a result of study, it

was judged advisable for data after April 1978 not to be used.

In order to judge whether the 26 year period from April 1952 to
March 1978 would be adequate for study of the Project, the periodic
cycle of runoff is examined by the three-point moving average method
and spectral analyses based on rainfall and runoff data over long

periods cf time.

The results of the examinations are as shown in Figs. 3-5 and

3-6, the periodic cycle of runoff being about 10 years.
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Consequently, it is suffiecient 1f runoff calculations for this

Project are mwade for the 26 years from April 1952 to March 1978.

{3} Runoff Estimations

(a} Supplementation for Recordless Period at Hard Pana Runoff
Gaging Station

The peried for estimation of runoff for this Project is taken
to be the 26 years from April 1952 to March 1978 in (2) above, but
the runoff measurements at Hard Pana Gaging Station claosest to the
Project site which are veliable are for 8 years from April 1970 to
March 1978. Therefore, it is decided to obrain the runcff at the
Hard Pana Runoff Gaging Station site using the runoff at Khao Chod
Runoff Gaging Station from April 1965 to March 1970, and the runoff

at Kang Rieng Gaging Station from April 1952 to March 1965.

Since these runoff gaging stations are not located near each
other, it is thought difficult tc obtain reliable runoff merely
using ratio of catchment area. Therefore, it is decided that rum-
off of the Hard Pana site can be obtained by the equation below
which takes into consideration specific runocff ratio.

Qn = Qx-%}% N
where,
QH = Hard Pana site runoff obtained from X gaging station
Qx = measured rumeff data at X gaging station
Ag = Catchment area of Hard Pana Gaging Station (5,644 km?)
Ay = catchment area of X gaging station

o = specific runoff ratio from X gaging station to Hard Pana
Gaging Station
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The specific runoff ratios between each gaging station are
compared and studied by the annual cumulative correlation method
and the seasonal correlation methed taking into consideration not

only runoff correlations, but alse rainfall correlations.

In seasonal correlations, one year is divided into the four
seasons of February < April, May ® July, August v October and

November v January.

The specific runoff ratios of each gaging station to Hard Pana
Gaging Stationm are as shown in Figs. 3-7 to 3-11 and Tables 3-7 to

3-10.

As shown in Tables 3-11 to 3-13, there are hardly any diffe-
rence between the annual cumulative correlation method and the
seasonal correlation method with regard to the annual inflows at
the Hard Pana Gaging Station site from conversions by the before-
mentioned formula dsing these specific runoff ratios. However,
there is some difference when compared by season, it is judged more
desirable to estimate by the seasonal correlation method for deter-

mining monthly runcffs at the Hard Pana Gagiong Station site.

(b} Inflows at Each Damsite

The inflows at each damsite of this Project are estimated from
the Hard Pana Gaging Station site runoff supplemented by the pre-
viously mentioned seasonal correlation method using the formula

below.
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L oon X
Qx = QH-AH'G

where,
X = X Damsite
H = Hard Pana site
¢ = specific runeff ratio for estimating inflow at X Damsite
from Hard Pana Gaging Station. Adopted values are given
in Table blow.
Period Feb. n Apr.|May <~ Jul.{Aug. n Qct.[Nov. A Jan.
No.9A Damsite 1.07 1.08 1.05 1.08
Nam Chon Damsite 1.04 1.05 1.03 1,06
Thi Khong Damsite 1.03 1.04 1.02 1.04

The natural inflows at each damsite obtained by the above
formula are indicated in Tables 3-14 through 3-16. According to
these tables the 26 year daily average natural inflows at each

damsite are respectively as shown below.

No.9A site 89 m?/sec
Nam Chon site 94 "
Thi Khong site 98 "

3.9 Sedimentation
{1} Outline
The feature of Nam Chon Reservoir is that, with the exception of
the tributary Mae Chan River basin, all of it comprises a steeply-
zloped stage of youth to stage of mature topography. Consequently,
the river beds of the mainstream and each tributary have steep
gradients. The !Mae Chan River basin presents a gentle hilly topo-

graphy in accordance with its geclogical conditioms.
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The gealogy of the basin, similarly to topography, can be divided
to the mainstream area and the Mae Chan River area. The area along
the mainstream making up the greater part of the reservoir is generally
covered by forests and basement rocks consist of calcareous sandstone,
dolomite and limestone exposed at both banks, and so~called river
deposits and slope wash are scarce. The area along the Mae Chan River

consists of Tertiary deposits such as sand, gravel and silt.

(2) Estimated Sedimentation

The sedimentation at the Nam Chon site was estimated basing on
correlation between monthly tetal runcffs and monthly total suspended
load quantities measured at the downstream sites of Khao Chod (1969 n

1971) and Hard Pana (1973 ~ 1977).

The inflows of the 26 year period from 1952 to 1977 were sub-
stituted in the logarithmic correlation to obtain the annual average,
and the upper limit value of the specific suspended load was calcu-

lated as 209.2 n?/km?/yr.

With bed load 20% of suspended load, the total load is to be 251

n?/km?/yr.

Considering the service life of Nam Chon Reservoir as 100 years,
the total sedimentation is estimated to be 123 x 10°n®. This value

comes to only 6.7% of inactive storage capacity 1,850 x 10°m®.
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3.10 Flood Analysis
Taking into consideration the socio-economic importance of Nam
Chon Power Station, it is thought important for PMF (Probable Maximum

Flood) to be the objective in design of the dam and spillway.

However, since the unit hydrograph was prepared bhased on limited
hydrological and meteorological data, whether the design PMF obtained
thereby would be appropriate was confirmed through an envelope putting

together past design flood discharges used in Thailand.

(1} Rainfall and Runcoff Bata for Hard Pana Site
The PMP (Probable Maximum Precipitation) in the Quae Yai basin
up to 1969 has already been compiled in "Supplementary Report for

Quae Yai NWo.l Project, Vol. 1, Feb,, 1973."

Therefore, the storms since 1970 are to be examined to prepare
a unit hydrograph for the Nam Chon site, The PMF for the Nam Chon
site is then to be determined using this unit hydrograph and the PIP

gelected from comparisons of past storms,

With regard to runoff data, the daily runeff dataz at Hard Pana

Gaging Station from April 1970 to Novewmber 1978 were used.

The average daily precipitation over the catchment area at the
Hard Pana site was obtained by the Thiesgen Method from daily precipi-

tation data at the Umphang and the Hard Pana sites,

Howaever, for the lack of precipitation data at Umphang for 1974
and 1975, the average precipitation for these two years was not

considered.
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(2) Preparation of Unit Hydrographs fer Hard Pana and Nam Chon Sites
Daily runoff and average precipitation data over the catchment
area at the Hard Pana site (hydrographs) were examined, and 9 storms,
having relatively isclated peaks and distinct relations between pre-
cipitation and runocff, were selected and used as data for preparing

a unit hydroegraph.

Firstly, the direct runoffs and base flows were separated based
on these hydrographs, and runoff coefficients were obtained from the
ratios of these direct runoffs to the corresponding rainfalls. Effec-
tive rainfalls were obtained by the constant ratio method using these

runoff coefficients.

The nine correlations determined by the above for the direct
runoffs and effective rainfalls, in effect, the data of direct runoff-
effective rainfall of the 9 storms, were processed statistically
{(linear analysis method) tco obtain a comprehensive unit hydrograph,
and upon some modification, the unit hydrograph for the Hard Pana site
was determined based on the conditions below.

Unit rainfall = 10 mm/day

36 hrs

[l

Time to peak

H

Time base 192 hrs = 8 days

The undt hydrograph for the Nam Chon site located approximately
40 km further upstream from the Hard Pana site is obtained using the
conception of Snyder's "Synthetic Unit Hydrograph" as shown in Fig.

3-12.



(3) PMP at Kang Rieng (Srinagarind) Site
{a} Maximum Moisture Inflow Index
The annual maximum 12-hour persisting dew points ar Kanchanaburi
from 1970 to 1977 are converted to values at the 1,000 mb plane and
plotted, and further, taking into account the seasonal variations
(July A November) in mean dew point since 1951, the envelope for the

maximum l2-hour persisting dew point is drawn.

Based on these dew point values, the envelope for precipitable
water corresponding to the calculatlon tables prepared by the U.S,

Weather Bureau is obtained.

When the envelope of upper wind speed at Bangkok and the enve-
lope of the abovementioned precipitahle water are multiplied together,
the maximum moisture inflow index will be approximately 1,100

{mm-m/sec).

However, in calculation of precipitable water in the previously-
mentioned Supplementary Report, the 12-hour persisting temperature

is employed instead of the 12-hour persisting dew point,

Therefore, upon comparisons of the cases of employing dew point
and of employing temperature, this Report adopts the following value
given in the Supplementary Report consldering conformity.

¥ax. Moisture Inflow Index = 1,400 {(mm-m/sec)

Further, as described in the following section, there are no
effects on the design storm regardless of whether temperature or

dew point is used.

1 —45



{b) Moisture Inflow Index and PMP during Major Storm

Moisture inflow indices were obtained for the 6 major storms

out of the 9 storms used in preparation of unit hydrograph.

The data used in the calculations were the 12-hour persisting

temperatures at Kanchanaburi to obtain precipitable water.

However,

the temperatures used were those of days of greatest rainfalls in

the respective storms.

The moisture Inflow index in each of the storms is obtained by

multiplication by the wind speeds corresponding te the above-mentioned

precipitable water gquantities.

Next, the maximizing factor (MF) was obtained by the equation

defined below, and the MF and the total rainfall were multiplied

together to obtain the required PMP.

MF =

Maximum Moisture Inflow Index

Recorded Storm and PMP

Moisture Inflow Index during Storm

Total Peak -
Storm & Flood Rainfall | Discharge MF (o)
(mm) (m®/sec)
Jul. 23
Jul. 29, 1971 66.5 737 1.4 90
Jul. 10 ~
Jul, 17, 1972 73.3 558 1.1 80
Sep. 6 ~
Sep. 9, 1972 69.4 881, 1.6 110
Sep. 18 ~
Sep. 21, 1972 60.1 916 1.5 90
Aug. 17 ~
Sep. 3, 1973 143.2 702 1.2 170
g 05" 126.2 1,270 1.3 160

Aug., 15, 1978

1 — 46



In contrast with the above, the storm from September 29 to
October 10, 1963 was of PMP = 350 mm, and considered comprehensively,
it was found to be the storm which should be considered for design

flood of this Project.

(4) PMP in Hard Pana Catchment Area (Including Nam Chon Site)

Depth-area-duration analysis was made to obtain the PMP to be

considered for design of the Nam Chon Project.

Selecting the 6 storms since 1959 far which hydrologic data of
Hard Pana and Kang Rieng Gaging Station were relatively well-kept, the
average precipitation over the catchment areas of the two sites were
studied by cumulative PMP considering the durations and respective

MFs.

As a result, for the design objective PMP for the Nam Chon site
belonging to the Hard Pana catchment area, PMP corresponding to the
storm of September 29 n October 10, 1963 mentioned in the preceding
gection was adopted, and it was found that for conversion from the

Kang Rieng site a surcharge rate of 13% would be appropriate.

(5) Determination of PMF at Nam Chon Damsite
The PMP for the Nam Chon dmasite was determined as follows taking
into account the results of depth—area-duration analysis and the ante-
cedents of the Srinagarind Preject.
° The storm of September 29 ~ October 10, 1963 is selected as the
objective storm. The duration of the storm is taken to be

5 days.
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° A surcharge rate of 15% is considered in coverting the above
storm to the Nam Chon site.

o Losses of 5 mm/day are considered for the entire period of
the storm and the remaining 807% is considered as effective
rainfall.

° The base flow is taken to be 300 m?/secc.

The above may be tabulated in the form indicated below.

PMP for Nam Chon Project

Day |PMP (Kang Rieng) {PMP (Nam Chon) Loss Effective PMP
®) ®=@x 1.15 [)=G)- 5.d3)=(%)x 0.8
1 56.0 mm 64.4 mm 59.4 mm £7.52 mm
2 191.8 220.6 215.6 172.48
3 25.9 29.8 24.8 19.84
4 42.8 59,2 44,2 35.36
5 33.5 38.5 33.5 26.80
Total 350.0 mm 402.5 mm 302.00 mm

The flood discharge was calculated combining the distribution
of effective rainfall as shown above and the unit hydrograph for the

Nam Chon site shown in Fig. 3-12.

Ag a result, PMF will be the following:
Peak flood discharge 5,900 m?/sec

Total flood volume 1,800 x 10°m°

With this taken as the design flood discharge, the relations

with the flood discharges of existing and planned dams in Thailand
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are clarified as shown in Fig. 3-13, Creager's curve has also been
added to this figure. It may be seen from this figure also that the
above design PMF will be reasonable as the design flood for the Nam

Chon Project.

As for the flood discharge throuwgh spillway, see the section on

the spillway Chapter 7, (2).

(6) Design Flood Discharge for Thi Khong Project

The design flood discharge for the Thi Khong damsite located
approximately 8 km downstream of Nam Chon Power Station will be 2,800
md/sec considering the converted PMF of 300 mi/sec of the remaining
catchment area of 246 km® in addition to the spill discharge of 2,500

md/sec from Nam Chon Reservoir.

3.11 Flood Forecasting System

Two large reservoirs viz. Nam Chon Reservoir (effective storage
capacity 4,100 x 10°m?) and Srinagarind Reservoir (effective storage
capacity 7,470 % 10%m3) will be situated in the upstream of Vajiralong-
korn Diversicon Dam on the Quae Yai River after completion of the Upper

Quae Yai Project.

Khao Laem Reservoir (effective storage capacity 4,800 x 10°m?) is
now under construction on the Quae Noi River joins from the right bank

in the near upstream of Vajiralongkorn Diversion Dam.

A various type of dams and power stations including pumped storage

power station is also under planning on the Quae Yai River.
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On the other hand, "Report on Technical Study for Mae Klong River
Basin Flood Forecasting System, Thailand, March, 1978 - JICA -" has
stated about the flood forecasting and warning system on the Mae Klong

River basin.

But, as discharge through Srinagarind Power Station on the Quae
Yai and natural runcff before starting the construction of the Khao Laem
Project on the Quae Noi was taken into account, the above Report is to

be reviewed considering the new-brought conditions.

(1) Retention Water Level of Srinagarind Reservoir
At present, water level of Srinagarind Reservoir is tc be res-
tricted to EL. 178.50 m in October which 1s expected to have the

heaviest storm.

This was derived from the fact that the water level will rise at
EL. 182.40 m under spilling maximum 2,420 m®/sec discharge through the
spillway during the design PMF (Peak flood discharge = 7,100 m?/sec,
Total flood volume = 3,900 x 10°m*) flowing into, and the level be

confirmed below the abnormal high water level 182,50 m.

In the meantime, after completion of Nam Chon Reservoir, the
design PMF for Nam Chon Dam (Peak flood discharge = 5,900 w?/sec, Tatal
flood volume = 1,800 x 10°n%) as explained in previous section and
Fig. 7-4 in Chapter 7 will be spilled down into Srinagarind Reservoir

after peak cut—off through spillway.

Studies were made concerning the possibility of mitipation of the

above-mentioned limited water level of Srinagarind Reservoir taking
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the spill discharge and the flood inflow over the residual catchment

area into consideration.

In this case, operation rule of gates is defined as follows:

o When the magnitude of flood inflow is less than the capacity
of the spillway, the gates are partly opened such that the
reservoir surface elevation is not changed.

o After the inflow is equal to the capacity of the spillway, the
gates is fully opened untill the reserveir surface elevation

comes back down at the normal high water level.

In conclusion, it could be found that only the time to peak of
Srinagarind Reservoir water level is delayed, and that the mitigation
of the limited water level of the Reservoir is difficult even after

completion of the Upper Quae Yai Project.

Early employment of the flood forecasting system to Nam Chon and
Srinagarind Reserveirs will be desirable in order to establish the
comprehensive reservoirs operation control including the method of
water level down according to the prediction of the flood attack in

addition to the safety of dams.

{2) Flood Forecasting System
A flood forecasting system is mainly composed of
o Rainfall observation stations {Robot rain gage),
s Water level - runoff gaging stations (Telemetering system),
¢ Meteorological observation statioms,
o A master control aorganization for integrated commands for data
collection and analysis, gate operation, information transmis-

sion, etc.,
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o A communication network making possible stable data transmission

from individual stations to the master control organization at

all times, and also transmission of commands without delay,

And for accurate and rapid predictions to be made is desirable for all

of the above to be evenly provided.

In this study, a flood forecasting system is foecused only to the

Quae Yai River Basin over the whole Mae Klong River Basin.

An observation system should be introduced for the first stage as

tabulated below.

Srinagarind Basin
(CA = 5,972 km?)

Nam Chon Basin
(CA = 4,908 km?)

Remark

Rainfall
Observation
Station

Upstream of Huai
Kha Xaeng (1 Stn.)

Vicinity of back-
water end of
Srinagarind Reser-
voir (2 Stns.)

Upstream of Nam
Mae Klong (1 Stn.)

Upstream of Nam
Mae Chan (1 Stn.)

Solar cell for robot
rain gage can be in
service during rainy
season,

Water Level
Observation
Station

Vicinity of back-
water end of
Srinagarind Reser-
voir (2 Stns.)

Vicinity of back-
water end of Nam
Chon Reservoir

{2 Stns.)

The above arrangement is based on the condition that a rainfall,

and a water level stations should be provided at least in each block

over the 4 blocks covering the whole catchment area.

However, it is a matter of course that each power station has its

function.
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An effective reservoirs operation contrel including flood control
to the downstream can be expected after grasping the correlation of
inflow into between Nam Chon Reservoir and Srimagarind Reservoir and

the meteorological conditions.
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River

Profile of the Quae Yai

Fig. 3—1
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in mm

Rainfall

Fig3-2 Monthiy Average Rainfall on the Quaeyai River Basin
(1952 ~78)
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| = —— «— ! Average in Umphang
AT
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Fig. 3-4

Runoff and Rainfall
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Runoff in m7s (Nam Chon site)

{Bangkok)

Rainfall in mm

Fig.
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Spectral [{cm¥s )2 month )

Power

Fig. 3-6 Cycle of Runoff and Rainfall { Spectral Analysis )
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Table 3-1  Annual Rainfall at Each Observatory Station

Station Period Average Annual Rainfall (mm)
Umphang 1952 - 1978 1,403.7
Kang Rieng 1952 - 1968 1,021.7
Sangkhla buri 1952 ~ 1978 2,312
Kanchana buri 1911 - 1978 1,000
Bangkok 1911 - 1978 1,390

1 - 173



Table 3-2 [Estimation of Evapatranspiration

N ‘ N kop (45.7t + 813) . (45.7t + 813)
onth 100 P 100
(°C) (%) (mm)

Jan. 22.1 7 94 4.76 18.23 86.8
Feb. 24.7 7.36 4.42 19.42 85.8
Mar. 27 2 8.43 5.06 20.56 104.0
Apr., 28.9 8.44 5.06 21.34 108.0
May 28 .4 8.98 5 39 21.11 113.8
Jun, 27.7 §.80 5.28 20.79 109.8
Jul. 27.1 9.05 5.43 20.51 1i1.4
Aug. 27.0 §.83 5.30 20.47 108.5
Sep. 27.1 8.28 4.97 20.51 101.9
Oct. 26.5 8.26 4.96 20.24 100.4
Nov. 24.1 7.75 4.65 19.14 89.0
Dec. 22.0 7.88 4.73 18.18 86.0

Annual — — — —_ 1,205.4

Remarks;

t: Mean temperature at Hard Pana from 1970 to 1978.

p: Monthly percent of daytime hours of the year, can be obtained
fram a table prepared by Blaney-Criddle, according to the location
of the proposed reservoir site (about Lat. 15°N, Long. 99°E).

k: Empirical coefficient to be estimated 0.60 by kinds of erop or
vegetation.
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Table 3-4¢ Esiimation of Evaporation

(1) (2) (3) (4) (5) (6)
Available Evapotran. Evapotran- Evaporation  Net
Precipitation spiration spiration from Reser-  Evaporation
. . for Crop Con-  obtaned by vour water Loss
Month Preciptation  gyppeon Blaney-Criddle surface
(4) — (5)
{mm) (1) x 0.8 (mm) {mm) {mm) (mm)

Jan. 8.5 6.8 86.8 6.8 91.0 (-) 84.2
Febh. 16.8 13.4 85.8 13.4 106.4 (-} 93.0
Mar, 38.3 30.6 104.¢ 30.6 129.7 (-} 98.1
Apr. 62.3 49 8 108.0 49.8 138.2 {(-) 83.4
May 170.0 136.0 113.8 113.8 116.3 (-} 2.5
June 140.3 112.2 109.8 109.8 91.1 (+} 18.7
July 202.9 162.3 111.4 111 4 B1.2 (+) 30.2
Aug. 167.7 126.2 108.5 108.5 2.7 (+) 35.8
Sept. 207.7 166.2 101.9 101.9 4.6 (+) 27.3
Qct. 123.0 98.4 100.4 8.4 79.7 {(+} 18.7
Nov. 30.2 24,2 89.0 24,2 73.4 (-} 49.2
Dec. 17.9 14.3 86.0 14.3 80.2 {-) 65 9
Annual 1,175.6 940.4 1,205.4 782.9 1,134.5 {-) 351.6
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Table 3-7 Annual Cumulative Correlation of Specific Runoil

Station Statlion Period
Hard Pana Khao Wang Masang 1970 - 1876 0.70
Hard Pana Kang Rieng 1970 - 1972 0.71
Hard Pana Ban Chao Nen 1970 - 1976 0.74
Hard Pana Khao Chod 1976 - 1972 1.00
Hard Pana Nam Chon 1978 1.15
Hard Pana Ban Wang Khanai 1970 - 1976 0.77

Table 3-8 Annual Cumulative Correlation of Rainfall

Period
Station Station 1957-1968  1971-1973 1977
Kang Rieng Hard Pana 1.13 1.10 1.19
Kang Rieng Onglkla 1.05 1.04 1.08
Kang Rieng Kao Wang Masang 0.99 0.99 0.99

I -7



TL10°T 08%6°0 L6LE0 £900°T €L, T - 99, *Inp Buess Suvm ovyl] Susty Suey
286G "0 68T 0 SLPT 0 83ST°0 69,°99Q ~ g9, 00Q (L) poyD ovyy] duery Suesy
SH66° 0 $L96°0 ¥210°T 93201 £ - L9, ady uaN owyp ueg fusry Juey
9921°1 Z6LO'T 2eeT° T 900T " T 8L, TEIN - 99, *I0F BHSUO Husly Suey
83610 ¥£60°0 9680°0 9107 *0 69,1090 - 89,090 (1)} pouyp owvys| poup oy
Z6EL"O $929°0 0£29°0 18690 gL, 8ny - 99, e Suesey 3uem ovydf pouD 2By
£869°0 6109°0 68%9°0 £80L°0 gL,"8ny - L9, ady uoN oevyd ueg POy ey
898L°0 L80L 0 89TL 0 L9TL"0 gL, *8ny - 99, *Inp BHBUO pPoyD o'y
£569°0 g1%9°0 gLE90 0489°0 gL, 80y - g9, ady dupry Juey poup ovyy
TPEL"0 6869°0 L8090 €689°0 L1 T8I ~ 69,°1°0 Buesep Juem OBy eued pPIeH
gEPL 0 Z85L°0 6489°0 L2L9°0 LL,TEI ~ 69,°3°0 uaN ovyD ueg BUBJ DPICH
1269°0 €0LL*0 9659°0 6L0L°0 82,1 - 69,7190 BHIUQ BUB] PACH
8%19°0 0FFL"0 $609°0 68%9°0 €L, B ~ 69,°300 Suany Sueyy eued pIeH
169 °0 6LLG"0 F0£6°0 S120°T gL, "8y - 69,°100 poyD ouvyy vued pIeH
*uep ~ *AON PO -t8Sy . cp - Aew tady -qog potxad uoryels uoTess

gouny offoadg JO UOTIRIOIIOD) [BUOSBAg

6-€ 91qeL



£186°0 0098°0 160870 8980 8L, IBIN - L, tady Sugszig Suem oeyll BUEJ PIEH
BLYG0 85080 EFI8*0 G980 8Ly AT - LL,*ady duety Buey] Tued paeH
9¥60° T L10%6°0 L%88*0 GL0G* 0 8L\ "IBI = 5y, tady [H3U0 BURA PIBH
¥PS2 T LP00°T 966L°0 £192°T ¥L, B -~ T4, "ady Buese Buem oeysf wuedg PICH
L0921 £600°T SF08°0 8693°T PLy I8N - Thycady Suery dury vutd pIeH
LPET T 0%20°T 18L8°0 9082 T PL. "B - TLitady BHBUQ Bvueg pIeH
£618°0 £188°0 06E8*0 18860 69, ITW - L8, ady Buesew Suem ovyud BUBY PILH
9980 £988°0 6E%8°0 9156°0 69, 1T ~ 48, ady Buoty 3ues] eued pIeH
180670 9T%6°0 89T6°0 PL96'0 69: T8I ~ LG, ~ady BY3UO TUTg PIEH
*uep - *AON 100 - *8ny ‘me-Aey cady--ged poriad uonTIS uoljels

NEIUIEY JO UOLIB[OII0) [BUOSTOg

0T-€ 9(YBL

1—-8



Table 3-11 Monthly Runoff at Hard Pana G.S. (Annual Cumulative Correlation Method)

3

(105 m3)
Year Apr. May Jun. Jul. Aug. Sep. Qct. Nov. Dec. Jan. Feh. Mar. Annual
1952 51.19 55.82 115.97 254,82 546.61 370.86 964.84 380.27 144.71 95.03 86.10 78.00  3,147.22
1953 66.64 104.46 195.77 536.89 1,721.54 913.01 731.42 577.91 264.55 166.70 107.70 93.96 5,480.55
1954 73.04 134.80 203.32 280.11 439.63 645.69 671.10 214.59 132.85 75.85 54.82 47.09  2,972.89
1955 55.16 64.20 101.66 202.30 225.66 602.41 410,44 257.90 117.10 76.07 51,31 41.81  2,206.02
1956 56.35 157.11 144.01 239,72 462.02 656.37 612.68 221.38 136.41 100.85 60.24 47.70 2,894,564
1957 42,53 31.71 120.11 231.49 638.05 769.93 968.72 224.03 118.47 81.13 52.01 42.80 3,320.98
1958 43.86 56.41 123.69 416.28 387.11 839.60 529.12 193.91 108.56 73.15 47.97 40.66 2,860.32
1959 40.10 59.51 105,99 165.55 418.23 604.27 1,060.16 208.97 113.40 73.92 51.87 36.77  2,938.T4
1960 33.31 52.12 58.35 73.52 424.07 327.55 601.09 167.73 136.17 70.23 47.08 89.10  2,030.32
1961 32.19 92.59 184.29 684.73 1,429.76 1,423.16 778.10 308.73 162.82 111.48 72.21 62.25  5,342.31
1962 53.65 69.05 127.63 319.02 643.89 1,176.56 694.46 208.97 119.43 77.03 47.44 42,02 3,579.15
1963 29.55 24.69 63.58 385.15 579.69 888.54 1,326.67 395.33 170.21 105.82 68.43 52.90  4,090.56
1964 52.90 126.82 120.11 243.15 429.91 741.70 1,058.21 323.79 175.06 107.38 74.15 80.91  3,534,09
1965 48.19 85. 74 378.74 593.69 660.25 502.41 497.86 208.45 126.98 99.85 76.47 62.03  3,340.66
1966 46.37 88.12 172.63 370.07 521.83 845.10 455.27 177.01 120.34 87.05 56.27 47.65 2,987.71
1967 47.41 72.42 120,32 211.38 742.80 695.64 612,34 199.69 123.53 80.14 59.53 54.85 3,020.05
1968 45.85 90.80 82.45 219.39 710.85 474.08 303.52 130.64 86.54 70.01 43.76 36.75 2,204,564
1969 32.45 53.25 169.02 367.40  1,134.17 1,154.27 511.17 286.00 141.10 105.42 64.93 58.31  4,077.49
1970 50.80 96.42 113.79 289.27 527.64 567,65 458.01 252.46 167.94 99.10 65.08 60.53  2,748.69
1971 42.25 57.59 222.65 610.68 495,50 479.52 321.41 165.89 99.37 69.64 44.60 33.48 2,642,58
1972 63.76 63.21 97.72 696.38 811.56 1,067.90 733.88 294.08 199.27 133.38 92.17 94.28  4,351.59
1973 47.69 75.26 285.12 425.87 680.31 819.07 551.75 216.43 139.54 9G.96 62.66 66.69  3,467.35
1974 66.61 109.55 241.06 294,62 953.51 588.38 736.56 360.29 180.26 134.99 83.22 75.53  3,824.58
1975 61.43 96.96 162.52 383,01 583.89 640.22 £80.31 347.33 173.56 113.83 T1.17 64.28 3,384.51
1976 49.77 114.10 130.38 310.69 492.83 715.39 439.26 331.78 148.38 103.65 64.35 63.21  2,963.79
1977 60.13 74.73 83.98 231.68 452.65 489.89 233.82 116.38 91.07 74.19 60.40 45.53  2,014.53

Total 1,293.18 2,107.44 3,924.86 9,036.86 17,113.96 18,999.17 16,942.17 6,'?:73.94 3,697.62 2,485.65 1,672.02 1,469.09 85,515.96

Mean 49.74 81.06 156.96 347,57 658.23 730.74 651.62 260.54 142.22 95.60 G4.31 56.50 3,289.08
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Table 3-12

Monthly Runoff at Hard Pana G.S.

(Seasonal Correlation Method)

( 105 m3)
Year Apr. May Jun. Jul. Aug. Sep. Qct. Nov. Dec. Jan. Feb. Mar. Annual
1952 51.94 62.25 129.31 284.15 519.07 352 18 916.25 421.30 160.36 108.61 87.33 79.12 3,171.87
1953 G7.60 11G.48 218.32 588.68 1,834.84 867.02 694.59 640,30 293.10 184,70 109.25 95.30 5,620.18
1954 74.08 150.31 226.72 312.36 417.48 613.19 637.30 237.76 147.20 84.05 55.62 47.76 3,003.83
1955 55.96 71.59 113.35 225.60 214.27 872.05 389.79 285.74 129.74 84.206 52.07 42.43 2,236.85
1956 57.15 175.19 160.57 267.30 438.7¢8 G23.32 581.83 245.28 151.14 111.50 61.11 48.37 2,921.54
1957 43.16 35.35 133.93 258.12 605.91 731.18 919.85 248.18 131.24 59.86 52.76 43.42 3,293.06
1958 44.50 62,92 137.92 454.19 367.61 797.30 502.47 214,82 120.26 81.02 48.65 41.25 2,882.91
1959 40.67 66.37 118.20 184.60 397.15 573.84 1,006.76 231.52 125.64 81.91 52.62 37.28 2,916.56
1960 33.80 58.12 G5.09 81.99 402.70 311.07 570.82 185.82 150.87 77.81 47.76 39.67 2,025.52
1061 32.66 103.25 205.52 763.53 1,357.76 1,351.49 738.92 342,04 180.39 123.50 73.25 6G3.16 5,333.47
1962 54.43 77.00 142.33 355.75 611.45 1,117.31 659.48 231.52 132.34 85.33 48.12 42.61 3,5087.67
1963 29.99 27.56 79.55 429.48 550.49 843.80 1,259.84 438.00 188.59 117.23 63.41 53.68 4,087.62
1964 53.85 141.42 133.93 271.13 408.24 704.35 1,004.91 358.73 193.97 118.97 75.21 82.09 3,546.60
1965 48.19 85.74 378.74 593.69 660.25 502.41 497.86 208.45 126.98 99.85 76.47 62.03 3,340.66
1966 46,37 88.12 172.63 370.07 521.83 845.10 455.27 177.01 120.34 87.05 56.27 47.65 2,987.71
1967 47.41 72.42 120,32 211.38 742.80 695.64 612,34 199.69 123.53 80.14 §9.53 54.85 3,020.05
1968 45.85 90.80 82.45 219.39 710.85 474,08 303.52 130.64 86.54 70,01 43.76 36.75 2,204.G64
1969 32.45 53.25 169.02 367.40 1,134.17 1,154.27 511.17 286.00 141.10 105.42 G4.93 58.31 4,077.49
1970 50.80 9G6.42 113.79 289.27 527.64 567.65 458.01 252.46 167.94 99.10 $5.08 60.53 2,748.69
1971 42.25 57.59 222.65 610.68 495.50 479.52 321.41 165.89 99.37 69.64 44,60 33.48 2,542 .58
1972 63.76 63.21 97.72 696.38 811.56 1,067.90 733.88 298.08 199.27 133.38 92.17 94.28 4,351.59
1973 47.69 75.26 285.12 425.87 6580.31 819.07 551.75 216.43 139.54 96.96 62.66 G6G.G9 3,467.35
1974 66.6G1 109.55 241.06 294.62 953.51 588.38 736.56 360.29 180.26 134.99 83.22 75.53 3,824,583
1975 61.43 96.96 162.52 383.01 583.89 640.22 680.31 347.33 173.56 113.83 T7.17 G4.28 3,384.51
1976 49.77 114.10 130.38 310.69 492.83 715.39 439.26 331.78 148.38 103.65 64.35 63.21 2,963.79
1977 60.13 74.73 83.98 231.68 452,65 489.89 233.82 116.38 91.07 74.19 60.48 45,53 2,014.53
Total 1,302.30 2,225.96 4,125.12 4,501.01 16,693.54 18,497.62 16,418.07 7,171.44 3,802.72 2,616.96 1,683.85 1,479.26 85,0617.85
Mean 50,08 85.61 158.66 365.42 642.06 711.45 631.46 275.82 150.10 100.65 64.76 5G.89 3,292.99

1 - 8
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Table 3-14 Monihly Runoff at No. 9-A Dam Site

( 106 ne )
Year Apr. May Jun. Jul. Aug. Sep. Qct. Nov. Dec. Jan. Feb. Mar, Annual
1952 44,56 53.89 111.95 245,98 436.87 296.40 771.16 364.72 138.82 94.01 74.90 G7.87 2,701.13
1953 57.98 100.84 189.01 518.27 1,375.95 729.73 584.59 554.30 253.72 159.90 93.70 81.74 4,699.73
1954 63.53 130.12 196.27 270.41 351.38 516.09 53G.38 205.83 127.44 72.77 47,71 40.95 2,558.88
1955 48.00 61.98 958.13 195.31 180.34 481.46 328.05 247.35 112.31 72.93 44.65 36.40 1,906.91
1956 49,01 151.65 139.01 231.41 369.30 524,62 48%.69 212.34 130.84 96.53 52.40 41,49 2,488.29
1957 ar.o1 30.61 115.94 223.46 509,97 615.39 T74.27 214.85 113.62 77.78 45.26 37.23 2,795,390
1958 38.18 54.45 119.39 401.84 309.38 671.04 422.89 185.98 104.11 70.15 41.93 35.38 2,454.52
1959 34.89 57.45 102.33 159.79 334.26 482.97 847.31 200.41 108.77 70.90 45.13 31.98 2,476.19
1960 28.98 50.33 5G.35 70,98 338.92 2G61.79 480.42 160.88 130.60 G7.36 40,96 34.02 1,721.57
1961 28,02 89.38 177.91 660.98 1,142.74 1,137.47 621.90 296.11 156.15 106.92 62.83 54.16 4,534.57
1962 46.64 66.67 123.20 307.96 514.63 940.38 555.04 200.41 114.56 73.87 41.27 36.56 3,021.23
1963 25,71 23.86 G8.87 371.79 463.31 710.18 1,060.32 379.16 163.25 101.48 59.53 46.04 3,473.50
1964 46.01 122.43 115.94 234.71 343,59 592,82 845.76 310.55 167.91 102.98 64.50 70.42 3,017.62
1965 41.32 74.22 327.86 513.96 555.69 422.83 419.01 180.46 109.92 86.43 65.58 53.19 2,850,417
1966 39.76 76.28 149.43 320,36 439.20 711.27 383.17 153.24 104.19 75.34 48.26 40.87 2,541.37
1967 40.87 62.70 104,17 182.99 625.17 585.48 515.38 172.86 106.95 69.37 51.06 47.06 2,563.86
1968 39.32 78.61 71.38 189.93 598.27 399.01 255.44 115.09 74.91 60.61 37.55 31.52 1,949.64
1969 27.84 46.10 146.32 318.06 954.55 971.48 430.23 247.59 122.14 91.25 55.59 50.01 3,461.26
1370 43.57 83.46 98.50 250.40 444.08 477.76 385.48 218.56 145.38 85.79 55.81 51.91 2,340.70
1971 36.24 49,85 192.74 528.66 417.03 403,57 270,52 143.60 86.03 60.29 38.26 28.71 2,255.560
1972 54.69 54.72 84.60 602.85 683.05 898.78 617.67 258.03 172.52 115.47 79,06 80.86 3,702.30
1973 40,90 65.17 24G.84 368.65 572.59 689.37 4(34.38 187.35 120.80 23.94 53.73 57.21 2,950.93
1974 57.13 94.84 208.68 255.06 802.50 495,20 619.92 311.90 156.04 116.86 71.37 64.79 3,254.29
1975 52.70 83.94 140.69 331.56 491.43 538.82 572.59 300.67 150.26 98.54 66.20 55,12 2,882.52
1976 42.69 98.78 112.86 268.96 414,78 602,10 369.70 287.22 128.46 89.73 55,18 54.2] 2,524,617
1977 51.58 64.68 72.71 200,56 380.98 412,31 196.78 100.75 78.83 64.23 51.87 39.05 1,714.33

L.

Total 1,116.97 1,927.01 3,571.08 8,224.89 14,049.96 15,568.32 13,818.05 6,208.19 3,378.53 2,266.43 1,444.19 1,268.75 72,841.37

Mean 42.96 .12 137.35 316.34 540.38 598.78 531.46 238.78 129.54 87.13 5b.55 48.80 2,80L.59
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Tahle 3-15 Monthly Runoff at Nam Chon Dam Site

(108 m3)
Year Apr, May Jun. Jul, Aug. Sep. Oct. Nov, Dec. Jan. Feh. Mar. Annual
1952 46.97 5G.84 118.07 259.46 464.92 315.45 820.66 388.33 147.82 100.12 78.99 71.57 2,869.20
1953 61.15 106.36 199.35 546.63 1,464.31 776.59 622.14 590.22 270.17 170.27 98.80 86.19 4,992.18
1954 67.00 137.24 207,02 283.20 373.93 549,22 570.82 219.15 135.69 77.49 50.30 43.20 2,716.26
1965 50.62 65.38 103.50 206.00 191.91 512.39 349,13 263.40 119.59 77.687 47.08 38.38 2,025.05
1956 51.68 159.95 146.63 244.06 393.00 558.29 521.14 226.10 139.33 102.77 55,25 43.74 2,641.94
1957 39.04 32.27 122.29 235.67 542.70 654.89 823.98 228.77 120.98 82.84 47.71 39.27 2,970.41
1958 40.25 57.45 125.92 423,86 320.26 714.12 450.05 198.03 110.86 T4.67 44.01 37.31 2,605.79
1959 36.78 60.61 107.93 168.55 355,72 513.99 901.74 213.40 115.81 75.50 47.58 33.72 2,631.33
1960 30.56 53.06 59.43 74.86 360.70 278.61 511.28 171.28 139.06 71.73 43.18 35.86 1,829.61
1961 29.55 94,28 187.66 697.16 1,216.13 1,210,52 661.83 315.29 166.28 113.83 66.24 57.13 4,815,90
1962 49,22 70.31 129.96 324.81 547.68 1,000.75 590.69 213.40 121.97 78.66 43.52 38.54 3,209.51
1963 27.11 25.18 72.63 392.14 493.07 755.78 1,128.41 403.73 173.83 108.07 62.77 48.53 3,691.25
1964 48.52 129.13 122.29 247.56 355.66 630.87 900.08 330.66 178.78 109.68 G63.03 74.25 3,205.51
1965 43,57 78.29 345.82 542.08 591.39 450,00 445.93 192.14 117.05 92.03 69.16 56.11 3,023.57
1966 41,94 80.46 157.62 337.91 467.41 756.94 407.79 163.17 110.94 80.24 50,90 43.10 2,698.42
1967 42.87 G6.13 10¢.85 193.01 G65.31 623.06 548.46 186.06 113.86 73.87 53.85 49,60 2,723.93
1968 41.47 82.90 75.27 200.32 636.68 424.62 2791.86 120.42 79.76 64.55 39.58 33.24 2,070.67
1969 29.34 48.61 154.33 335.47 1,015.86 1,033.87 457.85 263.63 130.06 97.17 58.71 52,74 3,677.64
1970 45.96 88.04 103.89 264.12 472.60 508.42 410.22 232.71 154.81 91.36 58.86 54.75 2,485.74
1971 38.21 52.58 203.29 557.59 443.81 429.49 287.87 152.90 91.60 64.20 40,34 30.27 2,392,15
1972 57.67 57.72 89.22 635.85 726.89 956.50 657.33 274.75 183.68 122,64 83.37 85,25 3,931.17
1973 43.13 G8.73 260.34 388.85 609,34 733.64 494.19 199.51 128.62 89.38 56.66 60.32 3,132.71
1974 60.24 100.01 220.11 269.02 854.03 527.01 659.72 332.11 166.17 124,44 73.26 68.30 3,456.42
1975 55,55 88.52 148.39 349.72 522.98 573.43 609.34 320.16 159.98 104.94 6G9.78 58.15 3,060.94
1076 45.00 104.19 119.05 283.70 441,43 640.77 393.43 305.83 136.79 95.54 58.21 57.16 2,681.10
1977 54,38 G8.22 76.67 211,54 405,43 438.77 209.42 107.28 83.94 68.38 54.70 41.17 1,819.90

Total 1,177.78 2,032.46 3,766.53 8,675.14 14,952.15 16,567.99 14,705.36 6,610.43 3,597.43 z,412.34 1,522.84 1,337.85 77,358.80

Mean 45.30 78.17 144,87 333.66 575.08 637.23 565.59 254.25 138.36 92.78 55.57 51.46 2,975.32
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Table 3-16

Monthly Runoff at Thi Khong Dam Site

»

{ 105m3 )
Year Apr, May Jun. Jul, Aug. Sep. Qet, Nov. Dec. Jan, Feh, Mar. Annual
1952 48.86 59.11 122,81 269.85 483,48 328.04 853.45 400.13 152.29 103.15 82.13 T4.41 2,977.71
1953 63.58ﬂ 110.62 207.33 568.587 1,522.78 807.59 G46.97 608.11 278.37 175.41 102.77 89.65 5,181.75
1954 69.67 142.76 215.32 296.66 388.65 571.15 593.61 225.82 139.81 79.82 52,30 44,92 2,820.69
1955 h2.64 68.00 107.65 214.25 199.59 532.84 363.06 271,28 123.21 80,03 48,98 39.91 2,101.54
1956 53.76 166.38 152.49 253.86 408.70 580.58 541.95 232.94 143.54 105.90 57.48 45.51 2,743.09
1957 40.59 33.59 127.19 245.13 564.37 681.05 85G.87 235.69 124.65 85.33 49.62 40.85 3,084.93
1958 41.86 59.76 130.97 440.84 342.41 742.63 468.02 204.02 114.21 76.95 45.77 38.78 2,706.22
1959 38.26 63.02 112.26 175.30 369.91 534.50 937.73 219.88 119.32 77.78 49,49 35.06 2,732.51
1960 31.80 55.20 61.82 77.86 375.08 289.73 531.69 176.46 143.29 73.90 44,92 37.31 1,599.06
1961 30,172 98.06 195,18 725.12 1,264.69 1,258.86 688.27 324.83 171.31 117.29 63.90 59.41 5,002.64
1962 51,19 73.12 135.17 337.85 569.53 1,040.71 G14.26 219.88 125.70 81.04 45.26 40.07 3,333.79
1963 28.20 26.17 75.56 407.89 512.75 785.95 1,173.46 415.96 179.10 111.34 065.27 50.49 3,832.14
1964 50.47 134.29 127.19 257.50 380.25 626.06 936.02 340.69 184,22 113.00 70,74 T77.22 3,327.65
1965 45.33 81.42 339.69 563.83 614.99 4G67.96 463. 74 197.98 120.61 94,84 71.92 58.34 3,140.65
1966 43.62 83.70 163.94 351.46 486.05 787.1G 424,07 168.12 114.29 82.68 52.93 44,81 2,802,83
1967 44,58 68.78 114.28 200.75 691.88 (647,95 570,37 189.G6 117.31 76.12 5G.00 51.59 2,829.27
1968 43.13 86G.24 78.30 208.35 662.13 441.57 282,71 124.08 82.20 6G.50 41.17 34.55 2,150.93
1969 30.33 50.57 160.52 348,92 1,056.41 1,075.14 476.14 271.62 134.00 100.12 61.08 54.85 3,819.90
1970 47,80 91.57 108.06 274,72 491.46 528.74 426.62 239.76 159.50 94,12 61.21 56.94 2,580.50
1971 39.74 54.69 211.46 579.95 461.54 446.65 299.36 157.54 94,36 66,12 43.94 31.50 2,484.86
1972 59.98 60.02 92.79 661,35 7595.92 994.71 683.58 283.10 189.26 126.69 86.70 88.68 4,082.78
1973 44,87 71.49 270.79 404,44 633.68 T62.93 513.93 205.55 132,53 92.08 58.93 62.73 3,2563.95
1974 62.6G5 104.03 228,93 279.81 888,13 548.05 585.07 342.17 171.20 128,22 78.29 71.03 3,588.58
1975 87.78 92.08 154.356 363.75 543.88 596,34 633.68 329.86 164.83 108.10 72.59 60.45 3,177.69
1976 46.81 108.37 123.82 295,08 459, 05 (666.35 409.15 315.08 140.91 98.43 G0.53 59.46 2,783.04
1977 56.56 70.98 79.76 220.03 421,61 456.30 217.81 110.52 8G.49 70.47 56.88 42.83 1,890.24
Total 1,224.98 2,114.02 3,917.63 9,023.12 15,549.12 17,229.54 15,292.59 §,810.83 3,706.51 2,485.45 1,583.80 1,391.35 80,328.94
Mean 47.11 81.31 150.68 347.04 598.04 662.67 588.18 261.93 142.56 95.59 60.92 53.51 3,089.57
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