el el o

2 e

. REPORT ON THE PRELIMINARY STUDIES -
OF :
THE COMPREHENSIVE DEVELOPMENT
OF
THE NAM GAM BASIN

"
|

rhoom el u o« g

W e = s T Nrts Sy T i, s o a1 et

P ™
H
T
f

.
%

y
+
SN PAAE RN
4

0

TR P

#

M

i

o
bl v’y
Ll T

PATIANN S A NN
-

b

.

DECEMBER 1962

£

R

N

o

JAPANESE INVESTIGATION TEAM
ON THE NAM GAM PROJECT .

e B
gL
R



REPORT ON THE PRELIMINARY STUDIES
. OF
THE COMPREHENSIVE DEVELOPMENT
OF
THE NAM GAM BASIN

_JI@\ LIBRARY

lilllll‘lﬂl\lll\l|lll|l\l|lllIMIHHI B
_];‘% s 13;?7?: F+ TR L:i
;182 4.2%2 -*\7-70‘(';

£ No. J

DECEMBER 1962

JAPANESE INVESTIGATION TEAM
ON THE NAM GAM PROJECT



BRBHAFED

5D a5 0 120
— 4/

B 380 | 5

=




LETTER OF TRANSMITTAL
Tokyo, Docembor 1962

His Excellency, Mr. Masayoshi Ohira ‘
Minister of Foreign Affairs, Government of Japan
Excellency,

As the lesder of the Japenese Government Investigation Team con
the Nem Gam Project, I have the honor of presenting herewith the compre-
hensive report on the investigations which the Team has undertsaken.

The Nem Gam besin, in which the Teem has conducted investigotions
and prepered preliminary deaigns, lies in the northeastern area of Thailand,
which borders on the northern part of Laos, and is one of the aress in the
Mekong basin where development is considered to be of immediate importance.

s a result of our studies and investigation it has been found
that an extremely favorable multi-purpose project can be developed in the
Nam Gam basin.

The Team hopes thet the result of its studies and investigations
will contribute to an early development of the said area and that it may act
as a pilot project for tﬂe future development of the Lower Mekong Basin.

Yours respectifully,

Fo— e

Takeshi Tokuno
Leador, Japsnese Investigation Team
on the Nam Gam Project



FOREWORD

The Japanese Investigation.Team on-the Nam Gam Project was organ-
ized as part of the Japanese government's contribution to the United Nationst
sponsored coordinated investigations of the Lower Mekong Basin.

The objectives of the Team are the establishment of a multi-
purpose development plan for the Nam Gem basin, a tributary of the Mekong
River in Thailand, and the preparation of preliminary designs for hydro-
electric power generation by means of a multi-purpose dem to be built on the
Nem Pung, a tributary of the Nem Gam, as well as, for irrigation by utili-
zetion of Nam Pung Reservoir and Lsake Nong Han.

A general description of the scheme for the development of the
Nam Gam basin is given in the Comprehensive Reconmaissance Report on the
Major Tributaries of the Lower Mekong Basin, dated September 1961, of the
Jepanese Government.

However, immediately after the presentztion of the said report it
was found that there were serious errors in the hydrological data, obtained
from the authorities of Thailand, which were used in determining the develop-
ment scheme of the Nam Gam basin and that the development possibilities were
over-estimated. Under these circumstences, the Team was compelled to re-
examine the hydrological data, make corresponding corrections to the develop-
ment plan as early as possible and communicate the corrections to the people
concerned., -

The first field studies were conducted in October 1961 by a team
of 4 who returned to Japan after consulting the Government of Thailand on
field investigations which were to be continued.in the rainy season.
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The second field studies by a team of 15 members were conducted in
December 1961, This team conducted investigations of en extensive ares.
These included topographic surveys, borings, investigations of embankment
meterials and geological surveys essentisl for the designing of the Nam Pung
multi-purpose dam. In addition, surveying and soil studies of the proposed
irrignotion district were made, as well as, surveying necessary for flood
control and water utilization of Lake Nong Han. The team also conducted
other variocus investigetions necessary for the establishment of electricity
utilization program and crop rotation program of the irrigation district.

As 2 result of efforts to obtein hydrologicael data the Team was able to
locate observation records for the past 13 years that would provide the data
for computation of the daily flow from the Lake Nong Han.

The Team returned to Jepen at the end of March 1962 after complet-
ing the field surveys.

A5 e result of analytical studies of the hydrological data obtained
from the authorities of Thailand, it has been found that the run-off in the
Nem Gam basin and the proposed dam site on the Nam Pung corresponds to 25-41
per cent of the figures contained in the Comprehensive Reconnaissence Report
on the Major Tributeries of the Lower Mekong Basin of the Jepanese Govern~
ment.

Re—examination of the plan for development of the Nam Gam basin in
accordance with the data collected and corrected hydrological data, rcsulted
in the formulation of the first stage development scheme of the Nem Gam
basin, and it was submitted to the Commitiee for Coordination of Investige-
tion of the Lower Mekong Basin in fAugust 1962 by the Japanese Government as
an Interim Report on Preliminary Studies of Nem Gom.

With the determination of the scale of the first stage development,

there arose the necessity to conduct supplementary field studies with respect



to power trensmission end sub-stations, dam construction and crop rotation
in the irrigation sree. Therefore, the third field studies (Supplementary
Studies) were made in September 1961 by a team of six members. The team
returned to Japan in October 1962 after consulting with the Government of
Thailand.

The result of the investigations indicated that the early comple-
tion of the first stage development of the Nam Gam basin will be most ed-
vantegeous in view of the present situation in the Mekong basin and that it
will be the most suitable pilot project for the promotion of the development
of the entire besin of the Mekong. .

The investigations also rovealed thet it would be possible to
carry out the second and third stage developments in the Nem Gam basin when
the development of the mein stream of the Mekong and other tributaries pro-
gresses in the future.

This Report contains the conclusions of the studies and investi-
gations. In presenting this Report, the Team wishes to express iis heart-
felt thanks to ECAFE, the Committee for Coordination of Investigetion of
the Lower Mekong Basin end the Government of Theilend for the various facili-
ties that have been extended to the Team.

Below is the list of the nomes, duties and posts of the members

of the Team who took part in the three field studies.

Nama Profession Post

(1) First (rainy season) Survey

Nobumichi Shuto (Economics) Electric Power Development
Co., Ltd.
Hitoshi Yoshinaga (Civil engineer) n
Shigekatsu Watanabe {Agricultural Agriculture-Forestry
engineer) Ministry
Gokuji Kimura (Pedologist) u
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Name Profasgion Post

(2) Second (drv remson)} Survey

Takeshi Toluno (Civil ongineer) Electric Power Development

(Leader) Co., Ltd.

Hitoshi Yoshinaga { n ) u

Nesuo Toyama ( " ) "l

Hemaaoki Aoki (Electrical w

enginecer)

Hireoshi Suetomi (Geologist) "

Mitsuhiro Chata (Civil engineer) n

Gakuji Kimura {Pedologist) Agriculture-Forestry
Ministry

Hiroshi Kato (Irrigation engineer) n

Kunio Tki ( n ) u

Ryozo Nogami (Surveyer) Electric Power Development
Co., Ltd.

Atsushi Odaira ( = ) "

Koichi Honda ( ) n

Sadeo Koyame {statistical engineer) "

Meirae Akimoto (Boring specislist) Koken Shisui Kogyo K.K.

Masatoshi Atarashi {Liaison) Association for Investi-

gotion of Integrated
Development of the Mekong

(3) Third (supplementery) Survey

Takeshi Tokuno {Civil engineecr) Electric Power Development
(Leader) Co., Lid.
Nasuo Toyama ( u ) n
Norikazu Murckami (Electricel engineer) "
Mogaharu Metsui (Agricultural "
engineer}
Sozo Minemura (Electrical engincer) "
Sedao Koyama (Statistical "
engineer)
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SUMMARY

For the convenionce of thosg concerned, the contents of this Report is

sumarized below.

A. 'This Report contains the conclusion of investigations conducted with
respect to the dovelopment of water resources of the Nam Gam basin, which is
one of the tributaries of the River Mekong, draig;pg thraugh tho territory
of Thailand, and the preliminary designs including hydro-electric power and
agricultural development for the fiirst stage development of the Nem Gem
basin,

Chapter I deals with the geographical features, hydrological conditions,
and natural resources in the Nam Gam basin, as well as, the possibilities of
their exploitation.

Chapter IT is on the analysis of hydrologicel data which were used in
determining the develdpment schemes of water resources in the Nem Gem basin,
This work involved the analysis of 13-years stege gguging!recordq of the
main Nem Gam and other hydrological data in order to prepere analysed data
necessary to formulate plans for the development of the Nam Gam basin in~
cluding the Nam Pung.

Chapter III is on the fundementel considerations of the first stage de-
velopment of the Nem Gem basin including concrete descriptions with respect
to the Nem Gam Reservoir scheme (122,000,000 m>), Lake Nong Han utilization
scheme (196,000,000 m3), flood control scheme, hydro-electric power scheme
(meocimum output 5,400 kW), and egricultural development scheme (14,500 ha),
as well as, on the results of investigations and studies with respect to

schedules of development and development of other related industries.



Chapter IV concerns the result of studies on fund requirements and
electric power needs, as well as, the economic feasibility of the ggricul-
turel and other development schemes of the first stage development stated
above.

Chapter V gives the studies made with respect to development of the Nem
Gam besin in the second and subsequent stages. These include an sgricultursl
development scheme (52,600 he), and estimetes of power demands (21,920 kW),
as well as, results of studies and investigations relating to measures of
reinforeing power sources to meet future growth of demands by verious in-
dustries.

Chepter VI is the conclusion which includes general recommendstions.

And based on the conclusion that the early development of the water resocurces
of the Nem Gam basin is necessary and extremely beneficial, this Chapter
indicates the studies, investigations and actions which must be initiated or
token by the people concerned.

In the appendix is included list of organizations that conducted analyti-
cal studies of hydrologicel data, test of fill materials and aggregates
for conerete for the Nem Pung dam, as well as, necessary soil tests for
agricultursl development that were easentizl in the preparetion of this re-
port.

A generegl description of the Upper Nam Theun scheme (meximum output
120,000 kW) studied by the Team in connection with measures to reinforce
power sources is also included in the sppendix.

Attached to this Report in a separete volume ere preliminery designs for
the Nem Pung hydro-electric, namely preliminary designs for the electrie
power project and preliminery designs for the Nam Pung irrigation project.
The development with priority of thes? projects, among the various schemes

in the comprehensive development of the Nem Gem besin, would be beneficiel



and sre recognized appropriate as pilot projects for the development of the
Mekong basin. Consequently, the iwo projects were prepared in accordance

with the Plan of Operation.

B. The Team makes the following recommendations in connection with the
promoting of the comprehensive development of the Nam Gem basin.

() Eerly development of the Nem Gem hydro-electric project

(b) Preparations for establishment of experimental stations, as well as,

construction of irrigetion work.

For this purpose the following investigaetions and studies are necessary:

(a) Continuation of hydrological surveys

(b) Various researches and investigations at the agricultural experi-

mental end extension service stations.

(¢) Studies of plen to reinforce power sources

The recommendations mentioned hereinabove are the conclusions arrived by
the Teem in the course of studing and preparing the development plen for the
Nom Gem basin and the construction program. These studies are matters which
must be teken into consideration in order to promote the development smoothly

end effectively.

C. The Nem Gem is one of the tributaries of the Mekong within the territory
of Thailand which is blessed with abundant water resources. It is especially
blessed with water available for irrigation during the dry season. According-
ly, the immediste commencement of verious studies end researches relating to
irrigetion during the dry season by the development, in advence, of o part of
the Nam Gam basin will be greatly beneficial to the future large scale agri-
cultural development of the Mckong basin. 4nd, by the construction of the

Nam Pung multi-purpose dam, power for irrigation pumps will become available.
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The Nem Gam besin is one of the arces in Theiland which in the fulure
can utilize most cconomically the abundant hydraulic resources of the Mekong
River. Thko Teom believes that the early development of power consuming in-
dustries in this eree will, in the future, contribute enormously to the pro-

gress ond development of Thesilend, as well as, the entire Mekong basin.
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CHAPTER I.

GENERAL CONDITIONS OF THE WATERSHED

A. TOPOGRAFHY AND GEQLOGY
The Nem Gam basin is located in the north-eastern part of Korat klateau

in Thailend. The Nam Pung, which rises from an elovation of 500m above sea
level on the western edge of a hilly region and several other rivers, which
drain into the right bank of the Nam Gam, flow north-eastward according to

the natural terrain and empty into Lake Nong Han and the main Nam Gam. In

the upper reaches of Nam Pung there are several falls, which form an ideal

site for the development of hydroelectric power.

The rivers draining into the left bank of the Nam Gam rise in the hilly
regions which form the divide with the Nam Song Gram (EL. about 200 m), flow
gently in a south-eastern direction and empty into the main Nam Gam.

The main Nem Gam rises from Lake Nong Han, passes through a control gate
and meanders along its course for some 133 kilometers before draining into
the main streem of the Mekong River at a point about 1,170 kilometers up-
gtreem of its mouth. (See Fig. I-1)

The catchment area of Lake Nong Han is 1,561 ¥km>. This lake has &
surface area of about 100 km2 under normal conditions (lake water level:

EL 156.50m and the maximum depth 3.50m), but, during abnormal flood run-off,
it acts to control the diseharge into the main Nam Gam  {(H.W.L. 158.72m,
maximum depth 5.70m). This condition creates a lake sbout 17 kilometers from
north to south and about 14 kilometers from east to west, which corresponds
to about one-tenth of its cabchment area. Leske Nong Han is rich in variety
and yield of fish. The Depertment of Fisheries of the Government of Thailand

has installed gates at the outlet of the lake to maintain the lake water

level in the dry seasson es means of protecting fish 1life in the lake.



At the western side of the lake is the city of Sakol Nakron {popula-
tion 16,500, and 153,600 inclusive of suburbs) which is the center of
political and economic activities in this part of the country. From Sakol
Nakorn, along the main stream cf the Nam Gam River, there is a highway
extending to That Phanom (population 11,000, and 68,900 inclusive of
suburbs) near the confluence with the Mekong River, where population is
relatively concentrated and agriculture, principally paddy field rice, is
developed on a comparatively extensive scale.

The district lying along the Mekong from the confluence of the Nam Gam
and the Mekong is located outside of the catchment area, but population
there is relstively concentrated, famming is developed, a highway serves
the district and at a point some 55 kilometers upstirean of the confluence
lies Nakorn Phanom (population 12,000, and 65,200 inclusive of suburbs).
At a point some 45 kilometers downstream of the confluence lies Mukdahan
(population 12,000, and 70,200 inclusive of suburbs). These cities, which
confront the major cities of Takhek and Savannakhet in Laos across the
river, are important centers of the trade between the two nations.

The general geological conditions of the Nam Gam basin is a large
land block jutting south~eastward, the bed rock of which is the Koral
Series belonging to triassic to turassic. The Korat Series is composed
chiefly of sandstone and conglomerate of terrigenous deposit, and the bed
rock (vwhich has formed almost horizontally and with extremely gentle folds)
at the proposed dam site in the upper reaches of the Nam Pung appears to
belong to the younger geologic time in the Korat Series. (overing the bed
rock is yellow and yellowish brown sandy soil. In the flat section were

observed small blocks of laterite which have undergone lateritigation.
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‘ Tmé distiict is the so-called tropical field climate according to the
classification by Af. W. Koppen and compared with the district having
tropical rain forest climate, which is also a classification by Af. W.
Képpen, and where tropical vegebation is thick, rainfall which varies from
season to season is comparatively little.

In summer (May to Sep’cember) this district is influenced by prevailing
south wesberly winds wh:.ch cause days of contlnuoub rain., While in winter
(November - April) due to effects of dry north-easterly winds, rainfall is
very scarce which_ causes the temperature to fall during the night creating
a desert climate. Because of this phenomenon one will see the intergrowth
of vegetation of tropical plants.

The annual rainfall in this district is around 1500 mm and the tempera-
ture seldom falls below 10°C. The lowest is aboub 5°0. Temperature
variation throughout a year is comparatively small, but there is an appre-
cigble difference between high and low in a day which is typical of
continental climate. The distribution of annual rainfall, as indicated
in Fig.__I:—l, has the tendency to gradually decrease towards the upper
stream of the \Matersr;ed.. Thie fact shows that closer to the main Mekong,
land becomes more suited for the culbivation of paddy-field rice.

The hydr010gy in the Catchment area is described in detail in the follow-
ing chapter. The Mekong Rlver, 1ni‘luenced by the above stated atmospheric
condltlon, hae no recognlzable run—off dur:Lng the months of December to April,
whlle most of the ennual dloCh&I‘gB 1s concentrated in the months of June to

IOctober. Consequently, at the end of the rnlny season each year an exben-
sive area around Lake Nong Han and along the banks of the main Nam Gam are
- inundated, and also. affected by the flood dlscharge of the ma:m stream of

the Mekong R:Lver, a vast stretch of 1and :m the lower Nam Gam is flooded.



In addition, around the end of the rainy season, typhoons which strike
the Indo—China Peninsula bring about strong winds and concentrated rainfall
to the district and cause great damages to rivers, roads and other struc-

tures, but the frequency is occasional.

C. HESOURCES AND INDUSTRIES

(a) Land and Population

The north eastern district of Thailand lies between 101° E to
106° B and 24° N to 18° 30'N. Geographically, this district is called
the Korat Plateau. The two provinces of Sakol Nakorn and Nakorn
Phanom, which are in the Nam Gam basin and the srea of study in this
Report, is located in the north eastern part of the district. The area
is 19,287 km® with a population of 835,000. The population density is
43 per km? which is somewhat below the 52 per ¥m? for the north eastern
district.
(b) Resources

The north eastern district of Thailand, inclusive of the area
under study, has an snnual average precipitation of about 1,000 to
1,500 mm, but this precipitation is concentrated during the months of
Jurne to September and/or October, and especially in pvgust and Septem-
ber. During this period the climate is extremely warm, and except for
some of the hilly sections, the plateau area some 200 meters zbove sea
level is influenced by Savanna climate. Vegetation on the southern
edge and western edge of mountginous regions is general thick growth of
tropical plants, while the slightly rolling part of the plateau section
is sparcely covered with tropical plants. The Nam Pung and the Nam Gam
basins which embrace these areas are blessed with water resources and,
consequently, agriculture consisting mainly of paddy fields is developed

at various locgtions in the basin.



Paddy field faming practiced in the region is generally by natural
rainfall and labte harvest variety of rice is planted in nurseries before
transplanting during the rainy season which is around July. Rice plants
are commonly subject to damages from drought during growth period and
also from floods or heavy rainfall in the flowering season.

As to mineral resources, the Team was not able to obtain necessary
data for studies in this Report.

(¢) Industry (Agriculture)

Thailand is well known as one of the biggest rice producing
countries. Generally speaking, rice production in the north eastern
part of the country, compared with other districts, is low on the ave-
rage because of the low productivity of the soil, as well as, the non-
existence of the practice to use fertilizer. Main products of the
north eastern area, such as, corn, castor oil plants, cotton, kenaf
have made remarkable progress in productiviby compared with other dist-
ricts, but so far nothing worthy of mention has been achieved in the

basin,

FUTURE POSSIBILITIES OF DEVELOPMENT OF RESOURCES
(a) Agriculture
Agricultural production is the fundamental object of industries in

this district, and the agricultural pattern may be comparatively easily

altered gradually from traditional rice cultivation to field crop culti
vation which has a higher productivity. That is, this district is most
Lavorably ble_ss;ad with water resources compared with other areas in the
north easstern district. By utilizing the water resources, we believe
that a structural change of agricultural production will be possible

as a result of year-round irrigation.

In relation to this, for the promotion of agricultural development,
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it will be necessary to strengthen the organizational functions of the
present cooperative associations, as well as, to mske available addi-
tional funds at longer amortization periods and lower interest rates.
AMlso a system for the collection of irrigation water charges for the
use of water year-round should be studied immedistely.

For the present, it is deemed that the study of these matter for
their implementation is very important for the development of the area.
(b) Forestry

It is desirable that detailed investigations be made in addition
to what hss been done so far in order that a coordingted forestry
policy may be established based on the preservation of forest and
nourishing of forest resources. On this basic policy, utilization of
forest resources for the purposes of manufacturing pulp and hardboard
and the like should be considered. The Team believes that studies for
the utilization of foresiry resources in the basin should be made after
the hydro-electric power development.

(¢} Fish and Livestock

The Team believes that careful studieg should be made in the future
with respect to the development of fishing industry in this ;rea, as
there appear to be great potentials in Lske Nong Han, as well as, the
Mekong River. As to livestock, this should be studied in relation to
the maintenance of fertility and nourishing of soil with ths progress
of field crop cultivabtion which will become possible by dry season
irrigation. For the promotion of field crop cultivation in this dist—
rict, studies, we believe, should be made with respect to increased use
of chemical fertilizer and organic fertilizer (from livestock raising).
(d) Industrial Resources

Since this district is situated inland from the coast, the utili-

zabion to the utmost of available resources in the district to produce
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goods which may be marketed within the district and in heighboring
districts would be promising. Also, as to materials produced within
the district and which may be shipped out as raw materisls, it will
become possible to process and shipped them out in manufactured fom.

From this point of view, in this district, the textile industry
and the oil extracting industry are most promising. Further, in dist-
ricts were means of communication are developed various industries
which consume timber for their raw materials are worth considergtion.
As to the mining industry, due to lack of related geological data, it
is difficult at this stage to consider suitable locgbtions for that
industry.
(e) Electric Power

For the development in the basin of the various industries stated
above, for the time being, required power may be supplied from the Nam
Pung hydro-electric project which is included in the Ffirst stage deve-
lopment of the Nam Gam basin. However, power needs for the secord and
subsequent stages of development may have to be supplied from sources

outside the basin.
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CHAPTER IT.
ANALYSIS OF HYDROLOGICAL DATA

A, INTRODUCTION

The estimation of the run-off of the Nam Gam basin from available hydro-
logical data only is impossible in view of the inadequancy and reliability
of the data. The Team estimated the run-off in the basin at essential lo-
cations by analyzing the hydrological data obtained, which involved very
complicated work.

In this Chapter will be recorded only the hydrological data used, the
methods of caleculations employed and the values obtained as a resull of the
calculations, and the details of the procedures of the analytical studies
shall be omitted. The type of data obtained, pericd of the data and the
location of the gauging stations are given below.

Stream Flow Records

Location of Station Period of QObservation Administered by

Nam Pung Dam site July 1961 to date N.E. A.
(May 1957 to November 1958 R.I.D.
Nem Pung Bridge site -(
(February 1962 to date N.E.A.
Stage Guaging Records
Iocetion of Station Period of (Observation Administered by

Nam Gem gate (down- January 1949 to date Fishery Office
steam)

Nem Gem gate (upsream) November 1949 to date "
Leke Nong Han Mey 1959 to date "
Precipitation Records

Location of Station Poriod of Observation Administered by

Sekol Nakorn January 1949 to date Mcteorological station

Ban Srong Khor July 1956 to date n
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Precipitation Records (cont'd)

Location of Station Paricd of Observation Aministered by

Hem Gam gate January 1953 to date Fishery Office

1t

Leke Nong Han January 1959 to date
(west shore)

Rainfall, temperature and eveporation recorded at the gbove stations
were relied upon and used on the assumption that all the apparatus function-
ed properly. With respect to streamflow data, those available are the ap-
proximately one year observation st the Nem Pung deam site and 1957, 1958 and
1962 observations at the Nam Pung Bridge site, which are extremely inade-
quete. Fortunately, 13 years of centinuous stage gauge records at the Nem
Gam gate, which is at the outlet of Leke Nong Han, are aveilable. This
record which is meintained by the Fishery Office of the Government of Thai-
land was recognized to be reliable.

The Team developed a calculation formula adoptable to the structure of
the Nam Gem gate, and celculated the discharge from the gate by correlating
the water level downstream of the gate to the gete opening and also prepared
a water level-discharge curve by correlating the water level of Lazke Nong Han
to the gate opening. From these, the daily discharge from Leke Nong Han for
the past 13 years was calculated.

The discharge at the Nam Pung dam site is being measured several times
in a day. The Team while in the field made actual measurements to test its
accuracy and, therefore, the recorded data at that site are believed to be
relizable,

The computed values were compared with the actual recorded values at_
the Nem Pung dam site in 1961. The results showed that the computed values
ere extremely proper and appropriate. A comparison of the recorded data

(1957 and 1958) at Nam Pung Bridge site with the aforementioned computed
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values and the velues at the dam site revealed that the recorded velues at
the Bridge site are much too big. That is, the 1958 streamflow at the site,
which is 1,003,000,000 m3 exceeds the total run-off of the entire Lake Nong
Han catchment area, which is 467,000,000 m3. Therefore s it was found that
the data at the Bridge site could not be used.

Thus, the Team analyzed the run-off condition of the basin from the water
levol records of Nam Gam gate and Leke Nong Han, the streamflow records of

Nem Pung dam site and the precipitation records of a1l stations in the basin.

B. HYDROLOGICAL ANALYSIS OF LAKE NONG HAN
Following is the formula used for calculating the discharge at the Nam

Gam gate,

2
Q=C'A\/2g (n + g; ) eeeereeeeennnn e ereereraeann (1)

Where: Q = run-off in m3/s

V’a2 .
Ze = approach velocity head
A = cross-section aree of flow (m<)
C = run-off coefficient = 0.9
h = difference of water level between the upsiream and
downstream of the gate
g = acceloration by gravity

wide of gate = 4 m by 2 gates = 8 m

Fig, 1I-1 is the water level-discharge curve prepared from the values
obtained from the foregoing formula and tl?e streamflow which was measured by
the Team. From the ian:ow to Lake Nong Han which is based on the recorded
steamflow at the Nam Pung dam site (NEA data from July 1961 to January 1962),
the run-off at Nam Gam gate was calculated by applying a specific run-off

with the following formula (2).
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Qo= Qi + Qp - QQ + QC R T SRR R R L R R R R AR (2)

Where: Qo = run-off at Nam Gam gate (m)

it

inflow to Leke Nong Han (m?), computed from the

Qi
run-off et Nem Pung dam site by specific run-off’

Qp = rainfall in the lake (m3)

evaporation from the lake (m3)

Qe
Qc

it

increase or decresse of water in lake ();
increase (-) and decrease (+)

In computing the discharge at Nem Gam gate, the water level records
migsing for the period of September 11, 1956 to July 20, 1958 at the Nam Gam
gate lower site were supplemented by calculations made with the following
formula (3) which gives the correlation between the Nam Gam gate upper water
level.

Y = - 0.0215 (X - 150)% + 1.2472 (X - 150) + 149.1952 ...ovn (3)

Where: Y = Nam Gam gate upper weter level (Fishery Office datum
in EL m)

X

n

Nam Gem gate lower water level (Fishery Office datum
in EL m)

Note: Fishery datum is clevation used by the Fishery Office. The
datum used in this schome is the Indian datum which is
of ficially adopted by the Government of Thailand, The dif-
ference in elevation between Indian datum and Fishery detum
is 0.54 m. That is, 0.54 m deducted from the Fishery Office

datum is the value of Indian datum.

Tn this way the streamflow (Qo) at Nam Ganm gate in the past 13 years of
August 1949 to August 1962 were computed. And, the inflow to Lake Nong Han
shown in Table II-1, was computed by formula {4) which is ancther expression
of formula (2). ’

Qi:Qo-—-Qp'l’Qe—QC sessssass e st e s s asnuren antesen (A)
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In this case Qp is the average valucs of the recorded data at the north

shere of Lake Nong Han, Sskol Nekorn observatory and Nem Gem gate site; Qe,

which is evaporation, is the velues obtained by applying the average values

of the 2 years rocords of 1960 and 1961 to the past 12 yoars records., Al-

though the evaporation records aveilable are 2 years only, and thore ave

noticeable monthly filuctuations the monthly variations of the respective
3 P

ears is not too great. The relation betwecn the measured evenoration with
¥ P

a circular pen (surface area 1 m?) end leke surfacc ovaporetion, was examined

by comparative studies at times when the gates were closed. The results os

shown in the following table revealed a ratio of 100% to 118%. Therofore,

the observed cvaporation was teken as the lake surface evaporciion.

(1) (2) (3) (4) 5)
Docreasc of haeinfall Inflow to Evaporaticn Measured 3Ratio (%)
leke water in leke lakc from lake  evapora~ (6)=(4)/{5)
level (nam) (1nm) (mm) surface (mm) %ion (mm)
January 5.16 0 0.93 6.09 5.16 118
19671
February bebly 0.08 0.72 544 5004 1c0
1661
March 1961 3.23 1.07 Sl 6.11 6.10 100

Since water level records of Lake Nong Han at the time when the gate is

opened ere missing for the period before fipril 1959, Qc was obtained by

finding the correlation between the gate upper water level and the lake weter

level with formula (5) end corrected with measured values preceding and fol-

lowing the missing section. (See Fig., II- 3{1) to 3{4))

When

When

x <155.50 Z = 1.266 (155.50 - X) + 156.46
155.50 <x < 158.00
&= 0.0717 (5-150)2 + 1.7789 (X - 150) + 148.8413
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When X > 158,00 % = 0.8764 (X - 158) + 158.48

Where X = Nam Gam gate upper weter level (Fishery Office datum -
EL m)

7 = Lake Nong Hen water level (Fishery office datum — EL m)

II -6
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C. ANALYSIS OF INFLCOW AT NAM PUNG DAM SITE

Measured streamflow data nt the Nem Pung dam.81te are aveileble for 1
year only from June 12, 1961. The deily streamflow for the other years will
have to be computed in some way from the inflow to Lake Nong Han which is
mentioned in the preceding paragreph.

The Nam Pung reservoir end power generation schemes described in the
Interim Report are based on the streamflow at the dam site estimated by
applying aﬁ annual run-off coefficient obtained from the anmual precipita-
tion at the dem site to the measured streamflow in 1962.

The recorded streamflow at the dam site in 1961 is 77% of the inflow to
Lake Nong Han which was computed in relation to its catchment area. A com—
parison of the rainfall at the dam site and Leke Nong Han showed & ratio of
93% which indicates also that the run-off coefficient at the dam site is
less than that of the leke. (See Fig. II-4, II-5, Table II-2, II-3, II-6)

Tn order to determine the available discharge for the irrigation scheme,
it became neceésary to celculate the daily run-off at the Nam Pung dam site.
This was accomplished through a complicated calculation in which the corre-
lation between the recorded run-off at the dam site in 1961 and the inflow
to Leke Nong Han, and the average monthly reinfell in Lake Nong Hen catch—
ment area end in the catchment arez of the dem site was obtained.

In planning the reservoir scheme described in this report, the following
formula (6) and (7) (See Fig., II-6) which are logicel and which have meny
sdventages in formulating the scheme were used instead of the direct calcu-
lation method which is the estimation of run-off in ratio to its catchment
area and the estimation of the annual run-off coefficient in relation %o the
ammuel rainfall that were used in the Interim Report. Formula (6) was used
for estimating the run-off from April to December, and formula (7) for es-

timating the run-off from January to March.

. II-7



Q = K° i' Q= 3.70 + 0,1825 Q  senesneenn U ()

Where:
Kk = _Ban Srang Khor reinfall
Average reinfall in Lake Nong Hen catchment area
inflow at Nam Pung dam site
inflow to Lske Nong Han
Qg = monthly inflow et Nam Pung dam site in m’/s
Qg = monthly inflow to Lake Nong Hen in m¥/s
A = catchment area of Lake Nong Han in km?
A' = catchment erea of Nem Pung dam site in km?
3 yeer run—off = —(& = 1) annuel precipitation y 1962 run-off ...

1961 precipitation
LR B I N B (7)

The inflow et Nem Pung dam site estimated by formula (6) and (7) are
shown in Taeble II-3.
The available flow of the Nam Pung for irrigetion downstream of the dam

site was computed in ratio to the catchment area of Leke Nong Han.

11 - 8
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Table~II - 2 Anelysis of Run-off at Nam Pung Dam Site, 1961

Rmn-Off secseesese For Nam Pung Dam Site National Energy Mthority data.

Precipitation Run - off : , Coefficient
No. | Period Pordiod | Daily max, Mass Base flow NMaxdmm (m3/ g) Volume (103m3) | Height (mm) of Run-off (%)
(mm) Date| (mm) | Date | (mm) Date | (m3/3g) Date | Base| Surface| Total | Base | Surface Total | Base |Surface| Total | Base {Surface| Total
[ h 4 {
1 123-29, June 87.5] 25 | 45.41 =22 | 87,71 23 0,06 | 26 | 0.08] 28,53 | 28.641 35 1. 3,580 3,415 0.1 12,01 12:2 | 0.1 | 13.8 13.9
2 | 29,June~4,July 940] 29 | 88,3] =28 | 5§75.2 | 29 0,11 1 | 0,327 34,75 | 34,87 €0 1 2,431 _ 4,203 042 13.9; 14,1 { 0.2 | 14,8 15.0
3 | 7-13, July 27,7 7 | 280 - 6] 680,27 7 0.19 8 |1 0,19 3.31 ! 3.30 i3 627 758 0l - 241 2,51 1.4 7.6 9.0
4 117-27, July 126,5] 19 48,51 =16 | €969 1 17 0,47 | 22 | 0.55| 9.78 | 10,33 487 § 1,596 2,083 1.6 5.1 7.0 1.3 L3 5.6
5 [ 2-8, Mg, 5l 2 [26,0| -1 8.1 2 0.78 5. 1081 1,42 2,22 413 271 T A 0.,9] 2,3 ] 2.7 1.8 L5
6 | 8=12, fug, 19,7 8 1158 ~ 7| 892,2] 8 0.88.] 9 | 0.88] 2,22 | 3,10 359 230 5891 .1.2 0.8] 2.0 6,1 foedl 10.2
7 112219, Mmpg. 96,71 13 | 46,51 11 | 911,91 12 1,45 | Y4 | 1,650 7.1 { 8.976F 1,007 2.2/81 3,35 3.7 | .61 11.3 | 3.8 7.9 iy
& |20-31, fug, 155.7] 21 1 81,2 -29 11,023.8| 30 3.25 | 22 | 3.52) 78,00 | 81.52} 3,801 | 12,686 | 16,487 [ _ 12.8 42,91 55.7 | 8.2 | 27.6 35.8
9 1 31,Mupg.~b,Sept. 65451 3L | 3840 | ~30 11,164.3 1 3% 4,85 3 | 485 38,78 | 43.67| 2,587 { 8,167 10,75 .87 27.6] 36.3 | 13.3 | 12.1 55,7
i" 10 ; 7«1, Sept. 78471 7 1264 - 611,229,8 7 7.40 9 Be00 | Y4o42 | 22,221 6,007 | 4,347 | 10,3524 20.3 14,71 35.0 | 25,8 { 18.7 4.5
11 15-24, Sept. 111.971 18 {25.01 -14 11,308,541 15 10,50 21 132,20 | 14439 { 26,59| 8,908 La342 | 13,250 30.1 1L 7] L4881 26,9 13.1 | 20.07]
12 | 2/-28, Sept., 86,8 2L | 65,8 | =23 11,213.4 | 24 12.75 | 26 112.75]| 13145 1144.20} 5,772 | 16,365 22,137 [ 19,5 55.31 74e8 | 2245 | 6347 86,2
{13 129,80%,-8,0ct. 56,91 1 | 35,61 =28 11,507,2 i 29 12,75 2 132,50 40,46 } 52.96: 9,530 | 9,343 18,873 32,2 31.6] 63.8 | 56,7 | 55.5 | 112,27}
1 110-12, Octa 3641 10 | 3447 -9 11,5841 1 10 7,90 | 11 | 7.20] 3,47 | 10.67] 1,427 3591 1,786 .8 1.2 6.0 [143.2 ] 35.3 | T76.5
15 1'12-17, Oct. 14.6] 13 | 14,6 -1l [1,567.5 | 12 6.80 | 14 | 6,00 1.7L | T7.7L] 2,387 297 | 2,63 8,1 1.0f 9.0 1 55.5 6.8 62.3
16 1 19-25, Oct, 37.6] 20 | 26,2 ~18 {1,582,1 | 19 4e80 ; 21 | 4,171 8,32 {12.49] 2,253 | 1,341} 3,59 7.6 4.5] 12,11 20.2 | 1240 322
1-16 Total 1,114.3 45,2547 69,942 1 115,196 1 152.7 236.3] 389.0 | 13.7 21.2 3449
23;2:2;-25,0&- 1;132.0 : 48,350 | 70,483 116,833 | 163.2 ; 238.1] 401.3 { 14ed | 210 | 35.4
i 1
Remarkss Precipitation .... For Ban Srang Khor Meteorclogical Staetion data.
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D. COMPUTATION OF‘%LOOb_DISEHAéﬂE
(2) Computation of Flood Discherge at Nam Pung Dam Site
Flood discharge records are availeble for the yoar 1961 only.
Therefore, the flood discharge probability porcentage was obtained by con-
verting the precipitation data into run-off. In this celewlation, the run-
off ratio wes found by obtaining the relation between the surface run-off
for each consecutive rainfall in 1961 and the totel ennual precipitation.
The probability percentages (4 consecutive days) of precipitation
obtained from statistical analysis of past 13 years records are as follous:
rainfall of 160 years probability percentage - 312 mm
reinfell of 200 yeers probability percentage - 340 mm
réinfall of 1000 years probebility percentage - 390 mm
Since the Nam Pung dam will be a fill type structure, a precipitation
of 390 mm, which is the probability percentage for 1,000 yeers, was teken,
and the computed 1,000 years probability percentage run-off (ebnormal filood

discharge) is 640 m3/s. (See Fig. II-8 and Table II-4)

(b} Computation of Flood Discharge of TLake Nong Han

The flood discharge of Leke Nong Han was compubed by teking 312 mm
as the 100 yeers probebility percentage of precipitetion, by estimating the
flood wave type from the relation between the flood wave type at Nam Pung
dem site and the arrivel time of flood discharge from the dam site to Lake
Nong Hen (1961 recorded data), and by a run-off coefficient which was de-
termined taking into account the characteristics of the Nem Pung catchment
area. The flood discherge of Lake Nong Hen which was computed in this manner

is shown in Table II-5 end the computed meximum flood discharge is 1,254 n>/s.
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E. RUN-OFF CONDITION OF THE MATN MEKONG RIVER BETWEEN NAKORN PHANOM
AND MUKDAHAN

The downstreem reaches of the Neam Gam are influenced by backwater effects
of the main Mekong River during flood discharges. The area influenced by
this backwsater effeet is aboul one half of the river chammel distance of the
main Nam Gom.

From the records of Nakorn Phanom and Mukdahan gauging stations, the
Team estimated the run-off and other conditions of the main Mekong River for
the peried 1959 to 1961. As a result of this work, the following were found:

(a) the alleviated inundation condition of the downstream reaches of

the Nam Gam after completion of the propesed Pa Mong project.

(b) +the conditions on which to determine the pumping hesd for pumps

necessary in the second stage development of the Nam Gam basin
and the power needs of irrigation pumps.

(¢) +the relation between the fluctuetion of annuel run-off of the

main Mekong River at Nakorn Phanom and Mukdahan, and the annual

run-off of the Nam Gam and szdjoining arocss.

With respect to (¢) above, it will be seon from the table which follows
that fthere is a wide difference of run-off cond*tion between the main Mekong
River and the Nem Gam. That is, the greeter part of the annual run-off of
the tributery - Nam Gem is concentrated in the 5 months of June to October
end there is almost no run-off in the other 7 months. In compsrison with
this condition, on the main Mekong River approximately 80% of the annual min-
off comes between June and October and the remaining 20% of the run—off

comes in the other 7 months.

IT ~ 10



Table-II -~ 6 Run-off date of Gauging Stations in
and around the Nam Gam Basin

Year | Station Catehment Jan. Fob. e fpr. Moy June July mug. Sept. Oct. Nov, Dec. Aol

&res o | % m % m g mm % mm e m % mm 9 — 4 o 7 m q m % mm % am %
1959 ffam Pun 1 2 '

g Dsm Site 296 ¥m 0.7 03] 0.2) 01 03 (01! 4371201 7.5 3.7 57| 271 15.8] 7.4 2.2 1o. . 100
Nong Han Lske 1,444 1.9:0.6 | 141 0.5) 3.3 |1.2% 43| 1.6 | 8.9 3.3] 6.11 2.3 18.8} 7.0 25.4| 11.91123.5 | 57.7 | 253 |16 1 3.0 4 1.4 g 09 %3 100
Makdshan 402: 150 bl i h : . N N . . . . . . . 134:8 22:8 16’?:7 28:3 84:4 14:3 35:5 6:0 20:4 3:1, 592:1 180
Kratie 651,000 " | 10.3 |2.0 | 8.0 | 1.5 7.3 | 1.4 | 5.8 11 | 8B 1.71 187 | 3.6 | 48.6] 9.3| 105.0120.2| 149.7 |28.8 | 99.3119.1 | 40.9 | 7.9| 17.8 | 3.4 520.0 | 100
lgw Nam P\.}ng Dem Site 296 }mlz 0.7 10.2 0.2 0.1 0,1 ] 2.5 0.2 3.9 1.2 8.0 2.5 33.6 10.6 123.8 39.1 104.0 32.9 31.6 10.0 L.3 1.4 3!'& 1‘2 316.1 100
Nong Han Leke 1,444 O 1.310.3 1.0 { 0.2 5.6 | 1.2 2.0] 0:5 3.81 0.9 9.0 | 2.2 | 41.9[10.3} 159.8 | 39.1{ 13642 {33.4 | 20.3] 9.9 L3114 3.2 107 408,24 100
Nakorn Phanom 384,400 15.9 12,6 12.4 | 2.1 10,7 | 1.8 871 1.4 1103} 1.7 24.3% 4.1 1 &L.0|10.6 163.9 | 27.31 148.01{24.6 | 87.9]14.6 | 32.9 | 5.5] 22.1 | 3.7 f01.1 100
Mukdshan 402,450 " 1 15.912,6] 13.0 | 2.1 112 | 1.8} 84| L4 | 9.7) 1.6 26,81 4.4 63.4110.3] 167.1 | 27.2]| 129.4124.3 | 92.0115.0 | 33.9 | 5.6| 22.9 | 3.7 613.9 100
Kratie 651,000 " ; 11,8 {1.9| 8.8 | 1.4 7.0 11| 5.51 0.9 | 7.6| 1.31 25,1 4.1 55.7 ] 9.1 162.7 | 26.5| 143.4 | 23.4 {11648 [19.0 | 25.3 | 74| 24.0 | 3.9 63.7 | 100
| 196L | Nem Pung Dem Site 296k? | 0,601 0.2 0.1f 0.1 ] 0 o5 1.} 3.7 0.9 68.4116.1 | 19.3] 4.6] 63.1 | 14.8} 169.5]39.9 82.2 | 19.2 1044 | 2.51 3.6 | 0.5 425.6 100
Nong Hem Lake 1,404 " 2,104 | 1.7 | 03| 2.8 10,5 4.6 0.8} 3.5] 0.6 87.4|15.4 | 32,9 5.8 &7.2 111.9}245.3143.3 | 97.2}1317.2 116.1 | 2.8] 5.6 {1.0 566.7 100
Nekorn Phanom 384,400 "} 15.2 12,2 11.4 4 1.7 11.7 | 1.7 ) 11.9 ) 1.7 | 15.4 1 2.2 58,7 8.6 77.8{11.3] 122.0 | 17.6! 175.7 | 25.6 1121.,2117.7 | 41.0 | 6.0 25.3 | 3.7 686.3 100
Mukdahan 02,450 % 1159 12,21 12,1 | 1.,7{ 11.7 { 1.6 11.8| 1.6 | 16,07 2.2} 63.4 1] 8.8 1.8 11.4] 126.6 | 17.6! 185.9 { 25.6 {126.3117.6 | 42.2 | 5.9 26.2 | 3.6 719.9 100
Kratie 651,000 " § 13.3 {1.6| 8.5 1.0 7.8 ] 09| 7.5 0.9 | 16,5] 2.0 66.5| 7.9 {120.5:14.4| 163.3 {19.5] 198.3 | 23.7 1163.3119.5 | 45.1 | 5.4} 26.3 | 3.2 836.8 160
i Averg-] Nem Pung Dam Site 296 ka® | 0.7 j0:21 02101} 017} 0 371 1.0 | 5.1 1.7 27.3) 8.6] 22,9 7.2] 70.7 |22.20 132,30 0.5 | 26.7114.6 | 5.9 1.9] 3.1 11.0 318.7 | 100
P ¥ong Ham Leke 1,444 O 1.910.5] 141 0.3] 3.9 (0.9} 3.61 0.9 5.4 1.3 34,10 8.2 1 31.21 7.5| 86,1 | 20.8) 180,01 43.4 | 56.L113.6 | 7,74 1.9] 3.6 | 0.7 415.3 100
Nakorn Phanom 384,400 v |} 14.8 (2.4 11.5] 1.9 11.3 | 1.8 ; 1044 1.7 | 13.1] 2.1 37.7{ 6.01 67.110.7] 139.9 | 22.3} 163.8 | 26,1 | 97.8]15.6 | 36.5 | 5.8] 22.6 | 3.6 626.5 100
Mukdshan 402,450 " | 15.9 2.4 12,6} 1.9 11.4 | 1.7 10.1i 1.5 : 12,91 1.9 45.1i 6.8 1 72,6]10.87 146.8 | 22.0| 167.7 125.1 |109,1 | 16.4 | 38,1 | 5.7] 24.6 1 3.8 | 666.9 100
Kratie | 651,000 " | 11,8 }1.8{ 8.4} 1.3; 7.4 !1.01] 621 1.0} 11.0% 1.7 367! 5,61 74.9)11.2] 143.7 | 21.9] 163.8 | 24.9 {126.5119.3 | 43.7 | 6.7; 22.7 | 3.3 I 6568 | 100

Notes: 1. Run-off at Nam Pung dam site - July to December 1961: NEA Data
Jan. 1959 to June 1961: computed values from inflow to Nong Han Leke,
2. Run-off at Nekorn Phanom and Mukdshan - computed from water level-discharge curve based on recorded
water level and discharge records of NEA,
3. Run-off at Kratis - Harza Fngineering Co, International data.
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Nam Gem Main Mekong

Annual run-off ¢ — ' '
distribution (1961) Nem Pung ' Loke Nong  Nakorn .
dem site  Han inflow Phanom Mukdahan  Kratie

November to Mey in % 5.2 6.4 19,2 18.8 15.0
June & July in % 20.7 21.2 19.9 20.2 22.3
August & September in % 54477 55.2 43.2 43.4 43.2
October in % 19.4 17.2 17.7 17.6 19.5
run-off in mm L25.6 566.7 686.3 719.9 836.8
Annual in % 100 100 100 100 100

Annuel run-off dis- 1 1

tribution Nom Gamn Main Mekong

(3 omws oporago of  Hen Tung T Lok Tong  Mekorn " muktenan” frotio
November to May in % 5.9 6.5 19.3 18.9 16.9

June & July in % 15.8 15.7 16.7 17.6 17.0

August & September in % 63.7 64.2 L8.4 47.1 46.8

October in % 14.6 13.6 15.6 16.4 19.3

Run-off in mm 318.7 415.3 626.5 666.9 656.8

Annual in % 100 100 100 100 100

* 2 years aversge of 1960 and 1961

From a study of an ischyetal map of the Mekong basin, it will be seen
that the figures in the foregoing table is generally appropriate, and indi-
cates that the run-off from the Nam Gam and Nem Pung basins computed from

the recorded water level at Nam Gem gate ere generslly appropriate.
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F. CONCLUSION
In the estimation of the run-off at the Nam Pung dam site, the following
3 metheds have been used.
1. method besed on the annual precipitetion included in the Interim
Report
2. method based on the inflow to Lake Nong Han

3. mnethod by which re-calculations were made in the present study

The trends and values obtained by the 3 methods of caleulations, cther
than the years 1950 to 1953, generelly egree, end it is believed that the
velues cobtained in either of the metheds may be used as approximate values.
(See Fig., I1-10 and Table II-8). Therefore, in this report the estimates by
method 3 above, which is logical and which has advantages were used in formu~
lating the development plan because it was believed that at the present
stage it would be most proper to use the run-off for the recent past 5 years
computed by method 3 which revealed the lowest values.,

The calculations involved in estimeting the run-off are voluminous and
we have refrained from including in this report all the calculations that

have been made.
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FlG, . - 10

Annual Run-off at Nam Pung Damsite

Run-off {10°md) Run-off (10%m?)
Year
, R -
By # By Annual {BY Ihl’ﬂo off 8 8
Precipitation jNongHanLake |&) =
1949 — 135.952 _ A~
\\
1950 | 147.076 | 111.207 | 169.490 ‘\ AN
\\ .
NN
1951 135.867 89.273 148.651 % 5
— ‘l
1952 | 140.628 86 964 155.903 ; :
: L // s
e d o
L1 |1
1953 | 173.847 | 136.692 | 193.466 /-:__‘-’-...__ o]
T
‘--.“--\
o]
1954 | 101.055 [101.812 | 110,586 e -
\\‘%\g‘é [//
|~
9 63.174 | 48.455 | 68.228 : =0
1955 I P E !
77 | 114.700 | 151.759 ";;’:‘//<\ 2 l‘ﬁ
1956 | 136.8 . . -..______:..._h:_\\ N E:’ .
T :::.,"'-.._ « ‘ -:
1957 75.133 | 100.640 81.489 Pl 5 R
. _S - e c
JAV.IAN R £
1958 86.852 [ 110.763 94513 < < = T8 of
\ A, g.‘ 2 g g
N :h\;g 2 o=
9 74.06 .910 127 o k)
195 2 96 80.12 i § 2
i 3| = |
1960 | 109.236 82.968 | 120.886 ] PP E D 3|
/ =
/’; /// < é &l &
1961 | 147.114 |129.056 | 168 365 e 4]/ & =
!
950-1961
| 115.0 % 100 % | 127.6 % Remarks : .
|12 Years
Total 1.390.921 208.540 | 1.543.463 Annual Precipitation
19544961 101.0% 100 % 11,5 % 1949 — [956 Sakol Nakorn
i‘;:c;rs 793.503 785.404 875.953 1957 — 196/ Ban Srang Khor
#IQ&SZ-ISSI 109.8% 100 % 121.4 % % Run-oft into Neng Han Lake and Monthly
10 Years Precipitotion Ratio {Nong Han Lake Droinaoge
Total 1.107.978 1,009.06 1.225.322 Average: Ban Srang Khor )




Tale-IT-8 Annual Run-off at Nem Pung Bridge Site

Anmual run-off at
Nong Ham Lake Nam Pung Bridge Site
Year Thai government Remarks
Anoual Anmual inflow Computed data
run-of £ from
Converted|annual Converted
into pre-|{inflow into pre-
cipita- |[to Nong (B) cipita-
tion Han Lake tion
1B®8) | 18w (mm) | (1Gmd) (13m)| (mm)
Aug.-Dec, | Aug.-Dec.| Aug.-Dec. |Aug.-Dec, @
1949 | 837.264 | gon.062] 559.1 | 476,912 (4)/(B)
1957. .. 44.9%
19511 759.969 | 734.807 502, 2 428.377
19521 629,485 | 764.158 526.7 449,275 @) Nam Pung
1953 {1,007.743 | 9k5.425 | 653.6 | 557.52L Bridge Site
cabchment
19541 420,699 | 546,474 373.6 318.68L
area 853 Km?
1955] 270,157 | 339.943 230.5 196. 617
1956| 7l2.511 | 711,817 5L2.7 137.333
1957 336,175 | 4(3.790 275.3 234.81 | 523.000 613
1958 432,521 | 467.011 ) 319.3 272.363 1,0(8.000{ 1,176
1959| 309,791 | 398.004  270.7 | 230.907
1960 541 | 592,695 4084 | 348365
1961 908,390 | &18.369| 566.7 | 48.395




CHAPTER III.

FIRST STAGE DEVELOPMENT SCHEME OF THE NAM GAM BASIN



CHAPTER IIiI.

FIRST STAGE DEVELOPMENT SCHEME OF THE NAM GAM BASIN

A, BASIC CONSIDERATIONS OF THE DEVELOPMENT PLAN

4 plan for the development of the Nem Gam basin is outlined in the
Comprehensive Reconnaissance report on Major Tributaries of the Lower Mekong
Bagin presented by the Japenese Government in September 1961. However, as
stated in the "Foreword" of this Report, the scale of development was some-
what over-estimeted due to errors in hydrological data obtained from the
authorities of Thailand.

As & result, of the investigation end studices conducted in the entire
basin of the Nam Gam, the Team has been able to estimate the maximum extent
to which the potential water resource of the basin may be developed in the
first stsge, and the Team has found that it would be possible to proceed
with the second and third stzage development of the basin when the development
of the main Mekong River and neighboring basins are underteken in the future.

Development possibilities of the second and third stage are covered in
Chapter V. Therefore, this Chapter will be devoted to the meximum possible
extent of development of the Nem Gom basin in the first stage through the
congtruction of 2 mlii-purpose dam on the Nam Pung.

There are several falls in the upper reaches of the Nem Pung, which is a
tributary of the Nam Gam, at a distance of about 30 kilometers to the south-
west of the city of Sakol Nakorm. These falls creat a continuous rapid
section where & heed of about 60 meters mey be developed.

Accordingly, it is proposed that a £i11 type dam about 32 meters in height
be built on exposed bed rock on the upstream of the falls to create a re-
servoir having an effective storaoge cepacity of about 122,000,000 m> in order

to store Tun-off from a catchment area of 296—km2.
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Utilizing this reservoir (hereinafter cslled Nem Pung Reservoir) 5,400 kW
of hydro-electric power may be developed. Electric power generated mey be
supplied not only to the city of Sakol Nekorm but alse to such distant cities
as Nekorm Phanom, That Phanom, Mukdechan, ete. along the main stream of the
Mekong River.

FUrtherE9;93 by the construction of an intake structurc at the Nam Pung
Bridge si£e it will be possible to draw water discharged from the Nam Pung
powor station to irrigate areble lend on the left bank of the Nam Pung (on
the southern side of the Lake Nong Haen) and the right bank of the Nem Pung
{on the right bark of the Nam Gam) throughout the year.

With an effective drawdown of 2.0 m the effective storege capacity of
Lake Nong Hen is about 196,000,000 m?. This pondege is currently not utiliz-
ed in the dry scesons, serving merely as a flood retarding basin for the Nam
Gam in the rainy seesons. However, on account of the ingufficient drainage
capacity of the main stresm of the Nem Gam (between Lake Nong Hen and the
confluence with the Mekong) the ares along the banks of the lake is inundated
year after year,

Utilization of Lake Nong Hem es a reservoir is possible even in the
present condition. If & pumping station is installed on the bank of the
lake, utilizing a drawdown of 2.0 m, for the pumping of water for irrigation,
it would be_possible to reclaim 4,500 ha on the northern side of Lake Nong
Hem. Tt would thus be possible to irrigate 14,500 ha, including the 10,000 he
along the Nam Pung, all the year round. 4&s a2 result, stabilized agricultural
menagement would be possible in the above area in both the dry and rainy
seasons.

With respect to flood control measures for the low-lying swemp land along
Lake Nong Han and the main stream of the Nam Gem, the construction of the

Nem Pung Reservoir would greably reduce the rising of the lake weter level in

IIT - 2



the rainy season, because the reservoir would be able to store on the average
approximetely 64,000,000 m? (27,000,000 to 96,000,000 n3) of the run-off of
the Nam Pung in the rainy season.

This run-off corresponds to 8.0 to 9.6 per cent of the annuel inflow into
the Leke Nong Han which is 340,000,000 to 945,000,000 m3.

The discharge capocity of the Nam Gom at the downstresm of Nem Gem Gate
is only 35 m3/S. To prevent inundation of the lower reaches, it is consider-
ed that the minimum required drainage capacity of the Nem Gam, in the wet
scasons, is 155 m?/s. The Teem has reached the conclusion that, in order to
maintain the water level in the Lake Nong Han below EL 157.50 m in the rainy
season, it is more economical to construct a drainege canal about 7.3 km
long connecting the lake directly to Huai Nom Un, a small tributary of the
Nem Song Gram, located on the northern side of the Nem Gam, rather than to
try to improve the river channel of the main streem of tho Nem Gem.

The proposed cenel may not only be utilized in the pump irrigation plen
for the Lcke Nong Han but oiso be used to divert flow of the main streom of
the Mekong into the Nem Gem basin in the third stege development, which
should be teken up when the development of the main stream of the Mekong
makes progress in the future,

Therefore, the connecting canzl may become a very important structure
that would serve meny purposes in the development of the weter resource in
the Nam Gam basin in the future.

In the following pages is briefly described B., Schemes for utilization
of Lake Nong Hen end Nam Pung Reservoir, C., flood control scheme D., hydro-
electric powér development scheme E., agricultural development scheme which
constitute the first st.a.ge development of the Nam Gam bzsin. Submitted to-
gether w:.th th:.s report in e separate volume, ore preliminary designs for
the Nam Pung hydro—elec'br:.c scheme and Nam Pung irrigation which we believe

would be appropriate for early development.
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B. RESERVOIR PLAN

(SCHEMES FOR UTILIZATION OF LAKE NONG HAN AND DEVELOPMENT OF

HAM PUNG RESERVOIR)

(2) Plen for Utilizetion of Lake Nong Han

The present hydrological conditions of Leke Nong Han is described in

Chapter II. At a point sbout 5 km downstream from the outlet of the Lake
Nong Hen there is installed a control gote to prevent the drop in the Lzke
water level in the dry scason in order to protect fish life in the leke, as
well as, to reduce the lake water level, as much as possible, in the begin-
ning of a2 rainy seeson so as to serve as a flood retarding besin when the
run-off in the Nem Gam besin rises in the rainy season.

It is possible and considered most desirable to teke adventage of Lake
Nong Hen as a reservoir and to pump woter from the lake during the dry season.

The outline of the plan for utilization of the lake is as follows:

Catchment area 1,561 km?

659,000,000 n° (everage of 13 years,
Sept. 1949 to Aug. 1962)

Elevation at high woter level EL. 157.50 m
Effective drawdown 2m
Effective storage 196,000,000 m>

fnnual inflow

The operetion of Lake Nong Han os a reservoir is given in Fig. IXII-2 and
Table IIT-1. The operation of the lake in the rainy season (Mey to September)
is designed to meintein the meximum weter level below EL 156.50 m (1.00 m
below the high water level) so as to drain the yeerly flood flows draining
into the lake and in the event of & probeble sbnormal flood (a four-day pre-
cipitation of 312 mm is estimated), the rise of the lake water lovel may be
kept at a meximum of 0.67 m over the high water lovel (EL 158.17 m) by utili-
zation of the drainage cenal. As 2 result, inundation of cultivated land
mey be reduced to about 16 days. (For deteils, refer to G. FLOOD CONTROL

SCHEME in this Chapter).
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Table - IIX - 1 Fluctustion of Noné Han Lé}ce Wapei- éﬁri_‘ace

q2 & Inflow from around Nong Han Lske =

(4 - 8530) or (7080 - Az}

Qg ® Nong Hen Lske Water Swrface Inflow = Ap X Precipitation

Ap = Nong Hen Leke Water Surface Area

Al = 1561-0 - A-

(® Precipitatien 1= 4 (Sakol Nakorn Pr. - Nam Gam Gate Pr,)

Nong Han Lake Catachment Ares {Chapter II, Table II-l)

Nong Han Lake Inflow {Chepter.II,- Teble ii -1}

r NN B . R e LTI : - ~
Yoar __,]) Stream Flow _ 7 i O L"SS - - Increase or ! Do ; : Reservoir (St’art of Month) -
92 a3 Total Purping | Evepora- ' Decreage of - Drainagc Sto T Remark
Month qy 7080= A2 as Pr Ao ! q,7Az+Pr @,1;*'@2""131 -Discharge| - -tion Total | Lake (1) ~(2)} Discharge a Gagzggty Water:Level ) -
1063 | w2 | 1043 mo | ka? | 1063 | 206371 02083 | 2063 | 10637 U 1063°)  j063 | 10837  Eilm , T
| 1952 Nowv, 5,409 | s20,2 111,050 0 | 127.8 0 16,459 8,765 20,500 | 29,265 ] o 12,806 O 1 265,430 | 157.50 Water level at beginning of month
195€ Dec. 1,687 | _583,0 | 2,050 0 | 125.0 0 3,737 1 10,439 | 19,400 | 29,8391 A 26,102 o i zs2,en | 157.43 : e
1959 Jan. 0 59040 1,123 0 118,0 0 1,123 22,2531 13,680 -1 - 35,933 O 34,810 ¢ 0 26,522 157,20 n
1959 Feb. 0 5% G 0,853 10,9 110.0 1,200 2,053 16,999 - 16,320 33,319 3 A 31,266 1- [\} e 191,712 ~156.88 1
1959 Mar, 0 590.0 1,942 13.1 118.0 1,545 3,487 18,518 17,950- | 36,46 H_ 32,981 o i -l60,AA6 - 156.58 n
71959 fpr. 0.282 | €10.0 | 3,590 5.l 98,0 | __ 55309 8,173 | 11,605 | 16,050 |- 27,745 §. A 19,572 G 197,465 "156.20 "
1959 May 7779 625,0 52540 150.6 1 830 12,500 25,819 | - 1,636 13,400 | 15,036 ; 10,783 0 107,893 156,00 "
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{
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The availeble storage that may be pumped for irrigation in the dry
season is about 147,000,000 m’. This figure is errived at by adding the
effective storage of 196,000,000 m° to the cstimated inflow of about
71,000,000 n° in tho dry season, the rainfell in the lake area, which is
about 30,000,000 n’ and deducting the estimeted evaporation amounting to
about 150,000,000 m3. The available water of the lake plus discharge from
the Nem Pung Reservoir may be utilized to irrigate in the dry season, a
total of 14,500 ha, comprising of the Nam Pung irrigetion crea and lsnd on
the northern and western side of Lake Nong Hon. (For details, refer to

E. AGRICULTURAL DEVELOPMENT SCHEME in this Chapter.)

(b) Nam Pung Reservoir Scheme
There is e suitable site for the construction of a reservoir in the
upper reaches of the Nem Pung, a tributary of the Nam Gam, at a point of
about 35 km to the south-west of the city of Sakol Nszkorm.

The proposed Nam Pung Reservoir will be a multi-purpose project includ-
ing the generation of power, control of flood and developmeﬁt of irrigation.
The construction of the Nem Pung Roservoir is the prerequisite to the plan
for utilizetion of Leoke Nong Hen.

The pumping of the water from Lake Nong Hen depends upen electric power
aveileble from the Nem Pung dam which constitutes the main part of the first
stoge development of the Nem Gam basin.

The annuel inflow at the Nem Pung Dam Site is estimated at 63,000,000 m3
to 174,000,000 m3. Tho effective storage cepacity of 122,000,000 m? will not
only serve to equalize flow to the downstream throughout a year but also in~
crease available water in an extreme dry year which is 63,000,000 m3 to
94,000,000 m’. In eddition, the effective storage was determined to be
122,000,600 n3 in order to provide storage for 16,000,000 m%/s of water which
would be additionally required for pumping of irrigation water in dry seasons.

(Refer to Fig. III~-3, III-4 and Teble III-2.)
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Following is a discription of tho Nom Pung Reservoir Scheme.

Catchment orea 296 ¥m®

Elevation at high water level EL. 284.00 m
Elevation at flood water level EL. 285.50 m
Elevation at low water level EL. 270.0 m

Aveileble drawvdown 4m

Gross storage capacity 133 x 106 m3
Effective storage capacity 122 x 10° n3

Pondage area 20 kn®

Annuel inflow 63,000,000 &’ — 174,000,000 m’

The proposed operation of Nam Pung Reservoir is as follows:

The annuel inflow into the Nem Pung Reservoir will change considersbly
gccording to the emeunt of rainfall. The annual inflow in the ten yeaors
from 1952 to 1961 is estimated to have been 63,000,000 m> ~ 173,000,000 m3.

It was found, however, that this run-off is concentrated in the rainy season
that lasts about four months, and the run-off in the dry seasons is almost
zZero.

The effective storage capocity of Nom Fung Reservoir, which is
122,000,000 n?, will regulate the annuel inflow and increase the minimum
yearly run-off to 94,000,000 2> so as to ensure an snnual power generation
of 15,000,000 kWh.

The effective storege capacity above mentioned also includes 16,000,000 n’
of storage to generate 3,000,000 kWh edditionelly during the dry season to
supply irrigation pump loads. (For deteils, refer to D. HYDRO-ELEGTRIC POWER
DEVELOPMENT SCHEME in this Chapter).

The inflow into the Nam Pung Reservoir other then that to be used for
power generstion will be discherged intc the mein stream of the Nom Pung

through e spillway builv in the dem.
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Table-III-2 Availalle flow of Nam Pung Reservoir

Year (Dlnﬂow Cl?}ﬁgifﬂ.lgxed é})vapOration gfpva;lable bgﬁﬁ;:g: herag
/s [F @ysy |2 wys) |68 -Gl ns) | (BL. m)
1952 | 445 . 68 0.36 432 79.3 28,0
195 | 5.51 5.00 ) 0. 46 o5k .0 263.0
1954 | 3.2 | 3.29 0.38 2.91 93.5 28,5
1955 2.01 3.30 0.33 2.97 77.8 280.5
1956 | 433 | 3.26 0.29 2.97 7.3 2793
1957 | 2.38 | 2.98 0.36 2.62 8.2 28L.0
1958 2,76 2.98 0:32 2,66 69.5 280.0
1959 | 2.35 2,98 0.25 2.73 56.4 278.5
1960 | 3.46 | 2.98 0.21 2.77 A 277.5
1961 | h66 | 3.17 0.32 2.85 70.2 280.0
10 years| 3.51 3.46 0.33 3.13 .66 -
average

NOTE: See FIG., III-4




It has beer observed that in the post heavy floods in the Mekong basin,
especially in the Nam Gam besin, have mostly occurred toward the end of
reiny seasons. However, since the Nom Pung Reservoir, with an effective .
storage capacity 122,000,000 m3, will store the rainy season run-off of the
Nem Pung, it will.heve great effects in reducing floods in the lower reaches
of the Nom Pung, as well as, the surrounding sreas of Lake Nong Hen and the
main stfeam of the Nam Gam.,

The probable abnormel floods (continuocus 4-day 390 mm precipitation is
estimated) must be expected to occur towards the end of the rainy season
when the reserveir is at high water level.

In order to reduce damages in the lower reaches of the Nam Pung from
probeble sbnormal flood, the plan is designed to Teduce peek flood discharges
by means of the Nem Pung Reservoir.

The probeble meximum flood flow is 640 m%/s. The design spillway copa-
city is 300 m?/s while the discharge capacity of the gate controlied spill-
way section is 52 m%/s at a high water level of EL. 284 m, creating 2 wide
difference between the two values.

Accordingly, the inflow into the reservoir during ebnormel flood flows
will be stored in the reservoir (rise in water level 1.50 m over the high
water level or storege cepacity of 33,500,000 ms). When surcharged the
spillway will be sble to discharge 281 m?/s which would reduce pesk flood
flows, as well as, reterd the flood discharge time. (The design spillway
capacity is 300 m>/s,)

In order to insure the storage neccssary for achieving the above objec-
tive, the dem is designed with a freeboard of 2.5 m over the design high
water level. (For the determination of flood discharges and calculation of
outflow, refer to Chapter II.)

In the design of the spillwoy 2 weir section (length ~ 30 m) has been
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incorporated so that water may flow uncontrolled when the operation of the
gates is delayed or the gates are ocut of order. (Refer to I. "Preliminary

designs of Nam Pung Hydro-electric Scheme" in the separate volume.)

C. FLOOD CONTROL SCHEME
The flocd control program of the Nam Goam besin mey be divided into two
general groups, thet is, flood control of the lower reeches of Nam Pung by
regulation of flow at the Nam Pung Reservoir and flood control in the en-
virons of Leke Nong Hen end the main stream of Nam Gam.
(2) Flood Control Program of the Nem Pung Reservoir
The flood control progrem of the Nam Pung Reservoir is summarized in
this Chapter, B, (b), "Nom Pung Reservoir Scheme” and the details regerding
the estimation of flood discherge is given in Chepter II, "Analysis of Hydro-
logical Deta.® This Peragraph will be devoted to the control of maximum
flood discharges.

The storage capecity of the reservoir sbove the design H.W.L. of 284 m,
for controlling peek flood discharges, when the maximum flood inflow to the
Nem Pung Reservoir is 640 m3/s, is 33,500,000 m’ which is 1.5 m above the
design high-water level. The relation between the said storage cepacity and
the type of flood wave which is shown in Fig, III-5 is expressed by the fol-

lowing equation.

ve 9" % . 1+ I W= (x-To)- W%,
2 2 2

Where: V = Storege capecity (m3) = 33,500,000
Gm (Meximum floocd discharge) = 640 m3/s (1,000 years probability)
9 (Base flow) = 16 m3/s (1,000 years probebility).
Tb (&rrivel time of pesk flood) = 49.75 hrs.
Tx (Airrivel time of peek flood after regulation) .... (hrs.)

Qm (Maximum fleood discharge after regulation) .... (w3/s.)

IIT - 8



The values of Tx and Qm calculated under the said formule are respectively
as follows:
Tx = 66 hrs. 30 min.
Qm = 265 ni/s.
However, in the said formula, the control of the base flow, which is
16 m?/s, is not tekon into consideretion, but if this condition is included,
then the values are respectively,
Tx = 66 hrs.
Qm = 281 m3/s.
Accordingly, the design spillway capacity was determined at 300 m?/s,
including some ellowances,
The controlled flood dischargo, as shown in the following teble, may be
discherged through the spillway in about 145 hours after the reservoir

reaches to maximum water-level, or in a total of 211 hours.

Discharge time 66.00~72.25  72.25-127.30 127.30-210.8; % 66.00-210.%;

(hrs.) 6.25 55.05 83.54 144. 84
1. Net discharge 0-113.68 113.68-84.00 84.00~0
(n3/s.)
2. Inflow of 281.00~146.32 146,32-16.00 16.00-16.00
flood run—off )
m3/s.)
3. Total 281.,00-260.00 260.00-100.00 100.00-16.00
discherge
(m3/s.)
Volume of discherge 1,279 19,589 12,632 2. 33.500
(203/m3.)

As shown in tho above teble, by the regulation of discharge at the Nem
Pung Resorvoir, the poak dischargo during abnormel flood flows may be re-
tarted by 49.45 hrs. to 66 hrs. and the moximum flood discharge of 640 m’/s

may be reduced to 281 mw?/s at the foot of tho dam. The offect of the said

III - 9



pock-cut ot the Nam Pung Bridge site is estimated to reduce the moximum flood
discharge of 720 m3/s. (HHWL 165.83 m) to 540 m¥/s. (HHWL 165.13 m) and
te reduso the flood water level in this vicinity by 0.70 m, thereby greatly
mitigate flood damages.
{b) ILeke Nong Han Flood Control Progrom
The Nem Pung Reservoir will contribute to some extent to the storage

cf discharge during the reiny season, but the average storage in relation to
the snnual inflow is sbout 64,000,000 m?, as shown in Teble IIT-3, which
correspends to only 8.0 to 9.6% of the annual inflow to Leke Nong Han.

Consequontly, the Nem Pung Reserveir will have little of no storage
spece at the time of abrormel flocd flows that aro anticipated to como at
the ond of the rainy scason. Therefore, the entire run-off is deemed to

drain inte Lake Nong Han.

Table ITI-3 Storage of Annual Inflow to Nem Pung Reservoir

Year Storage ?iogﬁg?al Inflow
1952 88.9
1953 90.7
1954 60.7
1955 27.2
1956 95.5
1957 37.1
1958 45.6
1959 36.5
1960 69.9
1961 85.1
Mrorage 63.7

IIT - 10
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As & result of analyzing the records of water-levels observed for the
past 13 years gt Nam Gam Gate instolled on the mein stream of the Nem Gom,
it is estimated that the discharge cepacity of the main Nem Gam is as shown
in the teble which follows. The Team has come to the conclusion that to
improve the river chennel to eccommodate a discharge of 155 m3/s at the de-
sign maximum high water level of 157.50 m will involve a tremendous improve-
ment werk which alone will not prevent the inundation of land in the vicinity

of the main stream of the Nem Gam.

Lake water- Water-level Difference of Discharge
lovel at Nem Gam water-levels capacity
(EL m.) Gate between the (m3/s.)
(EL m.) upper & lower
gide of the
Gatoe
(m. )
Past recorded
meximum flood 158.72 158.05 0.30 ‘189.2
flow
At design high 455 59 156.66 0.15 72.7

water-level
At normal water-

level during 156.50 155.58 0.10 35.3
rainy seeson

Consequently, it would be more economicel tc drain water from the lake
during the rainy season directly into the neighbouring basin, i.e., Husi Nem
Un, a tributary of Nam Song Grom by excevating a drainasge canal about 7.3 knm
which will create & head about 12.5 m (under present condition 13.5 m). In
the event, the proposed Takhek Dam on the mein Mekeng is constructed in the
future, its backwater will reach up to EL 145 m. on the Huei Nem Un. At
present, under the influence of backwater effects caused by flood on the main
stream of the Mekeng during the rainy season, an extensive ares up to about

EL 144 m. is inundated creating & vast stretch of unattended marshlend.
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The drainage from Lake Nong Han is to be discharged immediately upsiream
of the morshlend. Thus, without causing harmful effect on the Nam Song Gram
besin, the prevention of inundation of land around Loke Nong Han and along
the main dem Gem will become possible.

However, the inundaticn of land neer the lower most reaches lowest of
the Nem Gem, nemely in the vieinity of That Phanom is believed to be due to
the rise of woter—level on the main Mekong. Therefore, it may not be possi-
ble to completely prevent the imundetion of this area until the proposed Pa
lMong Preject on the Main Mekong is built.

Described in the following peges is the Leke Nong Han dreinage canal.

(See Fig. III-6).

Structure of Drainsse Conal

Maximun weter—-level during dry EL 157.50 155 m}/s. with gates open
sesson (Design high water-level). full

Normal woter-level during rainy EL 156.50 68 m2/s. with gotes open
seoson full

Water-level at abnormal run—off EL 158.17 226 ms/s. with gates open
inundation full

Contrellable flood flow 205,000,000 m>

Length of drainage canal 7,300 m

Base width of drainage conal Om

Depth of water in drainage canal
(at meximum water-level of L5 m
EL 158.17 m)

Gotes 4 sluice gates, each
6 m high end 4.5 m wide

The discharge reting curves of the drainage canal and gates ore ag

shown in Fig. III-7 ond Fig. III-8, respectively, and Fig, III-9 gives the

rating curve of the weter level and discharge of Lake Nong Hen.
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Comparative studies of the flood control functions of the lLske Nong Hen
dreinage canal and Nam Gam Gate reveals that at the maximum water-level
during dry season of EL 157.50 n (design high water level), the drainage
through Nam Gem Gate is 72.7 m3/s, while the Leke Nong Han drainage cenal cen
drain 155 m3/s. At the time of abnormel floed flow, as per Teble III-4,
Table III-5 end Fig. III-10, the meximum flood discharge is 1,081 w/s. (the
flood discharge based on 100 years probability is 1,254 w3/s. The peak dis-
charge mey be reduced by 173 m3/s. through regulation at the spillway of
Nem Pung Reservoir, but the total flond outflow remains invariable). The
Lake Nong Han drainege canal, at a meximum water—level of EL 158.17 m cen
drain 226 m3/s and the duration of inundetion (sbove EL 157.50 m) is 16 days;
while the Nam Gam Gate, at a meximum water-level of EL 158.53 m, the drainage
18 167 m3/s and the duration of inundetion (sbove EL 157.50 m) is 27 days.
Thus, it is evident that in the former case, the duration of inundation above
the design high water level (ovor EL 157.50 m) may be reduced by 11 days.

Table ITI-6 which follows shows the record observation records for the

past 13 yeers.
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The relationship between the inflow to Leke Nong Hen and rainfell at
the time of the respsctive maximum velues underlined in Table III-6 is shown
below. According to the reletionship, the maximum inflow to the lake during

the past 13 years is estimated to be about 540 n’/s.

Rainfall

Moximum inflow Period Em
September 14, 1949 533 m’/s 9-14, Sept. 108.3
September 8, 1951 361 /s 2 8, Sept. 198.0
September 12, 1956 240 m/s 31 fug. - 13, Sept. 246.7
September 26, 1961 531 m?/s 19-27, Sept. 164.6

The effects of draining woter by constructing the Lake-Nong Hen dreinage

canel instead of releasing weter from Leke Nong. Han to the Nem Gem has been

studied., The study showed that in the vicinity of Na Kas, which is about
70 km downstream of Nem Gam gete, the recorded 13-years momcimum discherge was

about 220 m3/s. (Sec Fig. I1I11-11, supplement station No. 11). By releasing
. L

-

flood run—off into the Loke Nong Han drainege canel the wqﬁgﬁflééel of the
Nom Gam near Ne Kae can be reduced azbout 2 m and the flood run-off of the.
Nem Gem can be discharged through the river channel. Thus, es indicated in <

fig. III-11, epproximately 8,700 ha. of lond extending-shout 70 km dowmstream

A
P

of Nam Gem gate can be completely prevented from inundaticn.

By the constz_'uct:l'..gr‘;.‘rg:i""_l,ake Nong Han drainsge cenal, approximetely
12,060 ha. (including 2zlég;hg,of cultivated lend) consisting of 3,800 ha
around’Lake Nong Hen and é;ﬁoo ha in the upper stream of Nem Gam may be pre-
vented ffom flood damages;.-gi
: The estimabed conéffﬁption ¢osts of, the Leke Nong Han drainege canal is

AR . :

Us $2,604,520. e .
Codt of canal $1,500,000

Cost of dam and gaotes  $340,000
AMdministrative end other cdits  §684,520
Totel  $2,604,520-
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Table III-6

Flood Water-Level & Duration of Inundetion

in the Pagt of Nong Hen Lake

Maximam

Yoar webar— Over 157.5 m Over 156.5 m
level Duration  Area inundated Duration Area inundeted
(m. ) (days) (ha.) (days) (ha.)
969 158,72 w7 2,820 o 6.800
1950 157.83 38 970 150 3,950
1951 157.67 11 520 157 3,000
1952 157,95 4 1,420 139 4,400
1953 158.07 30 : 1,720 155 4,700
1954 157.84 18 1,020 104 4,000
1955 156.89 - - 126 1,200
1956 158.28 54 2,420 12Ul 5,400
1957 157.07 - - 125 1,700
1958 157.45 - - 98 2,800
‘1959 157.19 - - 43 2,100
1960 157.93 20 1,320 135 4,300
1961 158.26 39 2,320 147 5,300
Total 298 15,530 1,614 50,150
Average 23 1,195 124 3,858

Mecimum 158,72 54, 3,820 157 6,800
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Computation of economic benefits of Lake Nong Hen drainage canal should
be made separately from irrigation benefits and will be extremely complicat-
ed. However, as stated above, 9,100 ha of cultivated land may be protected
from inundation, canal costs of Leke Nong Hen pump irrigation scheme may be
reduced by ebout $400,000, and a part of the canal may bo utilized in third
stage development to supply z meximum of 34 m3/s and 920,000,000 m? of water

annually te irrigate 37,100 ha of land.

D, HYDRO-ELECTRIC POWER DEVELOPMENT SCHEME

(2) General Description

The hydro-electric power development scheme of the Nam Gam consists

of the construction of the Nem Pung Hydro-electric Plant (maximum output
5,400 kW) which is en integrated part of the Nem Pung multi-purpose dam end
the installation of transmission lines to Sakol Nakeorn ond the cities of
Nakorn Phanom, That Phonom end Mukdahen on the Mekong basin to supply general
demands and irrigation pump leoeds in order to promote the developmen‘b' of the
entire Nem Gam basin,

The Nem Pung hydro-electric scheme involves the diversion of 8.5 m3/ 5
{meximum) of water from Nem Pung reservoir through e headrace about 1 km long
to the Nam Pung power station which will utilize an effective head of 78.5 m
(at normal water level) to generate a moximum of 5,400 kW of pover and
15,000,000 kWh annuelly with 3 sets of twrbine-generators. One set, which
will normally be a reserve unit, is to be operated to supply pump loads.

The output of the power plant is to be transmitted at a voltage of 66 kV
on trensmission lines with 2 total length of about 200 km to Sokol Nekorn
sub-station (cepacity 400 XVA x 6 units), Nam Pung Bridge Sub-station (capaci-
ty 400 kKVA x 3 units), Na Kae Sub-station (capacity 50 kVA in 1 unit), That
Phenom Sub-stetion (cepacity 400 KVA x 3 units) and Mukdshan Sub-station

(capacity 400 kKVA x 3 units) to serve general demands in the Nam Gam basin,

IIT - 15



as well as, the sreas along the Mekong River. Approximately 10,000,000 kWh
annually of electricity may be scrved to general consumers ad 5,000,000 kWh
ennually to pump stetions for the pumping of irrigation weter from Leke Neng
Han.,
(b) Determination of Powerhouse Discharge
The estimated ennuel run-off at the Nem Pung dam site computed from
paragraph C in Chapter II. "ANALYSIS OF HYDROLOGICAL DATA" is shown below.

(1961 is the measured data by NEA)

Year Annual inflow in 1,000 md /s
1952 140,628 b4
1953 173,847 5,51
1954 101,055 3.2
1955 63,17 2,01
1956 136,877 4e33
1957 75,133 2.38
1958 86,852 2.76
1959 74,062 2,35
1960 109,236 3.46
1961 147,11, 466
Average 110,797 3.51

From the estimated values for the 10 years of 1952 to 1961, & mass curve
(see Fig. III-4) of the inflow into the reserveir wes draw, and the volume
of inflow which con be regulated each year in the reservolr vith an effective
storage capacity of 106,000,000 n’ (design effective storage capacity is
122,000,000 m? which includes 16,000,000 m3 of storage for clectric pump
loads in the dry seasons) was obtained in order %o determine the maximun
aynilable discharge for each year. Then, from this regulated flow, evapo—

ration losses corresponding to annual fluctuetion of leke wator surface wes

IIT - 16
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deducted to arrive at the available discherge which is given in the teble

which follows.

Table III-7 AVATLABLE DISCHARGE QF NAM PUNG RESERVOIR
Average
Annual  Regulated Average Evapora~ Available storage
Year inflow flow water level tion disgharge  volume
m3/s ml/s n m3/s n’/3 106 3
1952 LobS5 4.68 281.0 0.36 L.32 79.3
1953 5.51 5.00 283.0 0.46 45k 89.0
1954 3.21 3.29 281.5 0.38 2.91 93.5
1955 2.01 3.30 280.5 0.33 2.97 77.8
1956 4.33 3.26- 279.3 0.29 2.97 71.3
1957 2.38 2.98 281.0 0.36 2.62 g82.2
1958 2.76 2.98 280.0 0.32 2.66 69.5
1959 2.35 2.98 278.5 0.25 2.73 56.4
1960 3.46 2,98 277.5 0.21 2.77 47:4
1961 4,66 3.17 280.0 0.32 2,85 70.2
Average 3.51 3.46 0.33 3.13 73.66

Table ITIT-8 which follows gives the ennuel evailable energy for each

year computed from the Table III-Y7.

II10- 17



Table III-8
Annval Aveilable Fnergy of Nem Pung

Aveilable Average Average Gross Head Effec- dverage  Annual
Year discharge inteke discharge heasd loss tive output  availzable

level level heoad energy
@/s)  (n) m @ @ @ ) (103 ki)

1952 432 281.0 192,32 88.68 6.20 82.48 2,890 25,400
1953 L.54 283.0 192.34 90.66 6.30 84.36 3,100 27,150
1954 2.91 281.5 192.17 89.33 5.70 83.63 1,970 17,250
1955 2.97 280.5 192.18 88.32 5.70 82.62 1,985 17,400
1956 2.97 279.3 192.18 87.12 5.70 8l.42 1,960 17,200
1957 2.62 281.0 192.40 88.60 5.40 83.20 1,765 15,450
1958 2,66 280.0 192.42 87.58 5.50 82,08 1,768 15,500
1959 2.73 278.5 192.42 86.08 5.40 80.68 1,785 15,640
1960 2.77 277.5 192.43 85.07 5.50 79.57 1,786 15,700
1961 2.85 280.0 192.43 87.57 5.70 81.87 1,880 16,450

Average 3.13 2,090 18,300

It will be noted from Toble III-8 that the firm availeble energy is
15,450,000 kWh and the average power output is 1,765 kW. Therefore, the
firm output was taken as 1,750 kW. And, the average flow of 2.62 was teken
as the firm discharge.

In the determination of the powerhouse meximum discherge, it was assumed
that the annuel lcad factors for genersl demsnds and irrigation demsnds are
around 30%, respectively, end 8.5 m3/s wes taken as the maximum discherge in
erder te gererate 5,400 kW under the rated head and 4,500 kW at the minimum

water level.

IiT - 18



(¢} Estimete of Demand

Estimating of demend is extremely important in determining the power
éutput and date of operaticn of a power project, as well as, in determining
the timing of development of the next power project. In a project as the
one under study which ineludes the installation of new power generation,
trensmission and sub-station facilities in order to promote the development
of agriculture and industries, the estimating of demand is a prerequisite
in determining the economic fessibility of the project.

In the propcsed service territory of the oufput of Nem Pung power plant,
there are individual diesel electric plants as shown in Teble III-9, Serving
these areas. On completicn of the Nem Pung power plant, it is believed that
these diesel electric plants will be retired from service or transferred to

other districts.

Table III-9

Operating Conditions of Diesel Electric Plants

No. of Installed Moximum Load Distribution

Consumers  Gapacity Demend Factor Voltage
Sekol Nakorn 1,026 356 kVA 158 kw 26.3 % 3.3 kV 400/230 v
Na Kae 114 14 6 23.2 - £00/230
That Phanom 650 125 80 13.6 - 400/230
Nekorn Phanom 1,112 450 194 27.4 3.3 400/230
Mukdahan 1,09 160 130 25.0 3.3 400/230

Total 3,97 1,105 568 - - -

Amost 211 of the loads in the districts in the above table are lighting
demands, In the cities of Sakol Nakorn, Nakern Phanom and Mukdahan electri-
city is supplied throughout the day, while in the other districts electric

service is available from 6 to 15 hours per day.

111 - 19



It will be noted from Teble III-9 that in comparison to the maximum de-
mand there is a considerszble reserve in the installed capacity. However,
the plants are operated with difficulty to supply peek loads in view of the
condition of the plants.

This condition may be seen by comparing the operating results of Sakol
Nokorn in 1956 and 1962. (See Table IIT-10) That is, though a sharp growth
in demand is witnessed by the 1.6 times increase in customers snd gbout 3
fold increase in energy consumption, the maximum load supplied has increased
only 1.1 times, indicating that consumption during peak load hours has been
curtailed.

Prevailing service rates are 2 Bahts per kWh which is extremely high
and what is alarming is the growth of demand at that rate of service. If
loads were unrestricted during peak lead hours, consumption undoubtedly
would have greatly exceeded the actual figures.

During the course of field investigstions, the Teem has heard at various
occasions the strong desire for electric service by non-slectrified rural
population. The reasons for this strong desire is that electricity, in com-
perison with oil, is handy in many respects and that costs would not be
noticeably greater than oil.

(1} Methods of estimeting demond

In cconomically advenced countries it is a generel practice in estimat-

ing demand to assume that it will deouble in o decade (about 7.5% ennual
growth). In consideration of plans to promote egricultural, as well as,
industrial developments, it is believed that the foregoing rate of growth
would be much tco low for estimating demand in this particular area.

The estimetion of demend (kW) from past records of the area would not
be the proper approach in consideration of the fact that records do not re-

flect actusl conditions in the area.
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A study of recent conditions.at Ubol where supply of electricity is
relatively stable reveals that the rates of increase of customers and growth
of demend is 11% and 16%, respectively. This indicetes that the meximum
demand is not restricted by reason of supply capability and can be taken as
the unrestricted demand. Therefore, the values of this district were used
es the base and taking into account annusl growth rates and prevailing con-
ditions of various localities, the annual rate of growth for existing gener-

al demands were estimated as shown below.

Annuel rate of growth (kW)

Sekol Nekorn 10.5 %
Na Kae 7.0
That Phanon 8.3
Nekorn Phanom 11.8-
Mukdahan 14.8

From trial estimates it has been found that new customers cen be served
on a paying basis provided that the routes of distribution lines are suitably
arrenged. Consequently, estimates of load growth by new customers were made
also., This annual rate of growth is 7%.

With this amount of demand there will exist a surplus of supply and the
creation of large power consumers will be necessary immediately. To consume
this surplus power, what has been considered, in relation with egricultursl
development, are a spinning industry (6,000 spindles - 200 kW) and irrigetion
pump stations (4 stations - 2,320 kW).

Various other industries have been considered and these are included in
Section G of this Chapter concerning development of other industries.

The estimates of energy demand were obtained by mitiplying a unit value

for each year, which were estimated separately, and the number of customers

III - 21



obtained from the demand growth estimates. The trends of growth are depict-
ed in Fig. III-14 and Fig., III-15. The annuel growth of lighting demend in
Fig., III-15 is 22.4%. This value is quite similar to the 25.1% rate of
growth in the city of Sakol Nekorn during the past seven years of 1956 to
1962.

In recent years, the use of electric fans, electric refrigerators,
television receiving sets have developed remerkably which probasbly is the
maein cause of the large increase in the demand for electricity in the city
of Sakol Nekorn. It is believed that potential demands for durable goods of
this nature exist in other proposed principal areas of supply.

Therefore, the estimated 22./% rate of growth for lighting demend is
not necessarily high. Depending on the speed these durable goods are market-

ed, a rate of growth of demand much higher than the estimate may be developed.
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FIG. M~ 15 B

MAXIMUM DEMAND IN kw FOR THE YEAR 1962-1975 - MAXIMUM 'DEMAND'-IN kWh . FOR THE YEAR’ 1962 — 1975 - .
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(a) _General Description of Pover Scheme L .
The electrical facilitigsfapd structures for the Nem Pung power

_ station, including the Nem Pgng dam are described §n detail in a sepa?aie

volume "Prelimiﬁany pgsigns of Nam Pung Hydro-Electric Powér Project.?

‘Therefore, only a general description is given here. A deseription of the

Ngm Pung reserveir which will be utilized for the generztion of power is

described in Section B-{6) "Reservoir Plan® of this Chapter.

The geology of the dam site is mainly sandstone and conglomeraie with
infrusion of mudstone and shele. The foundation rock cannot be said to be
sound t?_adeqqgtely support a concrete dam, an@ in view of the fact that
aggéegates for concrete are extremely difficult to obtain in the ares, o
£i11 type dam which the geology of the site would sustain will be more suit-
ed.

The dem is a rockfill structuye, with an impervious clay core, about
32 m in structursl height and conteining about 764,000 m? of embankment.

It will have an overflow spillway with a discharge capacity of 300 m}/s, as
well as, an outlet to releamse water below the design low water level of

EL 270 m.

~ An 1ntake structure of relnforced concvete tower, 22.5 m hlgh is to be
constructed on the Tight bank 1mmed1ately upstreem of the dem. The intake
will have one Toller gate 2.5 m high and 3.0 m wide. Adjoining the inteke
will .be a pressure conduit, 2 m-inside diameter and 439 m long, which will
connect to a pressure tunnel, 122 m long, and terminate ab a simple surge
tank, 2.0 m inside diameter and 34 m high. GComnection from thé surge tank
to the power house, which will be located on the right bank of the Nam Pung
gbout 2.5 km downstreem of the dem, will be by a steel penstock 4.2 m long
and 2.0 m inside diemeter (tapering down to 1.5 m).

In the power station will be installed 3 sets of horizontal shafti,
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single wheel, single flow, spiral type francis turbines (1,900 kW each)
directly coupled to horizontel shaft, rotating field, enclosed ventilated
type, 3 phase synchronous elternators (2,200 kVA each) to genérate” & maximum
of 5,400 kW and 15,000,000 kWh emuslly. Water discharged through the tur-
bines will be relsased into.the natural bed of the Nam Pung through a’taii—
rece tumnel. The outdoor substation will have 3 sets of single phase, oil
immersed, self-cooling transformers to step-up the power house output to
66 kV before transmission to centers of load.
(e) General Description of Transmission Lines

The firm peak capability of Nam Pung which is 4,500 kW will, 5 years
after completion of the plant, be inedequate to meet the ostimated demend,
and as shown in Fig. ITI-14, irrigation pumps may have to be oporated during
the off-peak load hours.

And, energy supply, 2s seen in Fig. III-15, may also be insufficient to
supply estimated demands 5 years after completion of the plant. Therefore, it
is believed that the interconnection of the Nam Pung power system to the Upper
Nem Theun power system, which is enticipated to be developed in the future,
will become necessary.

Listed hereunder are proposed transmission lines to_transﬁit the output

of Nem Pung to centers of demand.

Proposed transmission lines Length
Nem Pung Power Station to Sakol Nakorn Sub-station 31 km
Sakol Nekorn Sub-station to Nam Pung Bridge Sub-station 18 km
Nem Pung Bridge Sub-station to Na Kae Sub-station ) 30 km
Na Kae Sub-station to That Phenom Sub-station . - 2l km
That Phanom Sub-station to Npkozquhanom Sub-station 52 km -
That Phanom Sub-station to Mukdhan Sub-station 48 ¥m
Total -3 approx. 200 km
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Veltage of the transmissigp lines in consideration pf the nocessity of
future interconnection witb oﬁher_power fygtems,_transmission cepacity, -
voltage fluctuation and transmission losses, has been determined as 66 kv
(nominal voltage 60 kV, maximum voltage 69 kV in 1 circuit with 58 mn? ACSR
Conductor)} which we believe to be most reasonable and economical.

With this voltage, up to 1975, the estimated tronsmission loss during
peak load hours is ebout 5.5% end the estimated voltage drop &t Nekorn Phanom
is about 8.4%.

As described above the outpub of Nam Pung power plant is to be transmit-
ted on transmission lines with a total length of approximetely 200 km and at

a voltage of 66 XV to the following sub-stetions.

Sekol Nekorn Sub-station 400 kVA single phase transformer - 6 units
Nem Pung Bridge Sub-stetion 400 kVA single phase tremsformer - 3 units
Na Kee Sub-station 50 kVA 3 phasc transformer — 1 unit

That Phanom-Sub-station 400 kVA single phese trensformer - 3 units
(including reserve unit)

Nekorn Phanom Sub-station 400 KVA single phase transformer — 3 units

Mukdehan Sub-station 400 kVA single phase transformer - 3 units

Transformers for all of the sub-stations, other than Ne Kae which is
expected to he.%re g very small load, shall he single‘phaser 400 kVA units in
consideration of load growth and interchangesbility of units, and the wiring
system shall be delta-delta in order that operation may be possible by V-V
connéction in case of cutage of a phase.

| The reserve unit shall be a common unit for all the sub-stations and it
shall be stored at That Phanom Sub-station.

Voltage of distribution lines, in addition to economic factors should
be sgch that eiectéic service can be extended to rural consumers over an ex—

 tensive area. The voltage which hes been adopted is 6.6 KV end the range of
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distribution is about 30 km around the cities.

The communication network which wes planned for the operation and main-
tenance of the power station, sub-stations and trensmission lines, and load
dispatching, are a power line carrier telephone between the power station
and Sakol Nekorn Sub-station in consideration of relisbility and economles,
end a VHF radio telepheone for other stations east of Sekol Nekorn in con-
sideration of intermediate sub-stations east of Szkol Nakorn.

(f) Estimetes of Construction Costs end Power Cost
The estimeted costs of the development of the Nam Pung Hydro-electric
Power Projoct are given below. The Nem Pung dem is a multi-purpose structure
and, consequently, the costs of the structure should be allocated in accord-
ance with the uses. This calculation hes been made separately and is in-
cluded in Chapter IV. Given hereunder is the estimated cost of power

computed from the construction costs chargeable to power.

Item Costs

Dem Usg 3,142,360
Waterways end powerhouse 1,981,140
Transmission line and sub-gtation 693,740

(To Sakol Nzkorn)

Trensmission lines and sub-stations 712,500
{To Nekorn Phanom and Mukdahan)

Total 6,529,740

An itemized detail of this cost is included in a separate volume “Pre-
liminery Designs of Nem Pung Hydro-electric Power Projects." Listed here is
the total costs end main items of cost in order to estimate the cost of
power.

The output of Nam Pung is to be transmitted to Sakol Nekorn end the

districts along the main Mekong River. The transmission lines east of Sakol
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Nekorn, in comparison with their transmitting capascity, will be utilized at
an extremely low factor. These lines, until intercomnnection is mede with
other power systems, will be very uneconomical and, therefore, cost estimates
were made on the assumption that interest costs would be borne by the nation-
al treasury.

Assuming an interest cost of 5% per annum and operating cost including
depreciation of 2 to 5% per annum, the cost of power if all charges are
borne by it would be 3.56 cents per kWh. If operating costs only of the dam
are borne by power until the irrigation projects arc completed, then the
cost of power would be 2.48 cent per kWh. 4nd, if interest costs of trans-
mission lines sast of Sakol Nekorn are borne by the national treasury, the
cost of power would be 2.24 cents per kWh. In cornsideration of the fact that
power for agriculture will be consumed in and around Sakol Nakorn, the
reasconable charge for agricultural power delivered at Sakol Nakorn would be

about 1.99 cents per kWh and for general consumers at about 2.5 cents per kwWh.
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E. AGRICULTURAL DEVELOPMENT SCHEME
(a) Besic Conception of Development scheme
The proposed development area in this region under this scheme is
14,500 ha. The present classification of land in the respective arees is as

shown in Table III-11,

Table ITi-11.
Area by Present Classification of Land

in the Region Concermed

Benefited Area in ha

Areea Forost Remarks
Paddy | Upland Total
vt & Others| °
N
om Pung 9,000 o| 1,000 | 10,000

Lower Basin

West of 2,500 0 0 2,500
Leke Nong Han ” ?

North of 1,500 0 500 2,000
Lake Nong Han

Total 13,000 o | 1,500 14,500

This region is developed around Lzke Nong Han and consists of sterile
sandy loam. The weather is clearly divided into two - the dry season and
the wet season. Accordingly agriculture has been exclusively limited to
poor rice culture in the wet season. This region generally suffers from the
lack and unsettled distribution of rainfall because of great changes in
weather conditions brought about by monscon winds. Therefore, it cannot be
said that the rice culfure here is stable at ali.

In this scheme, the policy of developing and improving this region is,
in principle, to éﬁift the existing single paddy cropping in the wet season

to a direction of cropping throughout the year. The schome also includes
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the introduction of upland crops as profitable as possible into places on
relatively high land which are suitable for upland farming.

The present cultivated lands for paddy culture become mershy in the
wet season, end even if the natural condition of cultivation is considered
most of them are not suitable for upland crops throughout the year. Accord-
ingly, they should be continued to be menaged as paddy fields. Improvement
should be made with a view to securing the optimum time for transplanting by
constructing new irrigation facilities, and stabilizing one rice crop a year
and contemplating two crops a year by securing water requirements throughout
the irrigation season.

For this purpose smother large-scale drainage canal should be built on
the northern shore of Lake Nong Han. This canal can be used to control
flood waters which inundete sresas surrounding Lake Nong Han and along the
Nem Gam, end alleviate annual flood demeges to paddy fields. This will meke
it essential to select suitsble varieties for cropping and breed rice., If
the local price of fertilizers comes down in the future it will be possible
to apply them to paddy fields.

As to the introduction of upland crops in order to improve farmers'
management in this district there are two patterns. That is, one is the
planting of back crops in paddy fields and the other is the establishing of
permanent upland field. The securing of irrigation water will meke lands
that have been left intact in the dry season beer high productivity. This
is the growing of back crops in the paddy field. Exceedingly high water
table of peddy fields in the wel secason drops about 3 - 5 m in the dry
season, and, therefore, will not cause any moisture damage to upland crops
which are plantéd as back crops. A4s for permanent upland fields, selection
has been made of cultivated lands relatively high in topography and reclaim-
ed forest lands where the water table will not reach the ?oot zone of crops

even in the wet season. Mnd, irrigation water for the fields is planned to
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be secured throughout the yesar.

In the case of upland field balance can be

gained in the phese of profits, oven if fertilizers relatively high in price

are applied because high productivity can be expected accordingly.

Following such & course of policy, the area of respective cultivated

lands after the implementation of the plen will be as in shown in Table

ITi-12.

Table TII-12.

Arca by Classification of Lend After

Completion of Development Scheme

Totel Area of Cul-~

One-Crop-a-Year

Two-Crop-a—Year Land

tivaled Land in ha Land in ha in ha
Breakdown
A a =
PPl e MR 9| 5 [Bel 9 »] Ble las| B
i) -+ J g S + =] 5 [l e U
T |2 | 8 | 3 |83] 5 (8| & |8%|<d d
js 1 jam] s W) E:g. Py o] E-E‘ Em =]
& 8| B
[
Nem Pun
Lower Bisin 9,000 |1,000 120,000 | 9,000 {1,000 (10,000 |3,000|40,000(1,000|3,000{3,000
Western
Lako Nong Hen 1,000 11,500 | 2,500] 1,000]1,500( 2,500| 400| 1,800{1,500| 300 300
Northern
Lake Nong Hemn 1,000 |1,000| 2,000| 1,000|1,000| 2,000{ 400| 1,400|1,000{ 400| 200
Total 11,000 3,500 {14,500 {11,000 |3,500 [14,500|3,800| 43,200| 3,500( 3,700| 3,500

Comparing Table IIT-11 with Table III-12, the following becomes clear:

1. In the Nem Pung Lower Basin Area, no change takes place in classifica-

tion of paddy land before and after the execution of the plan.

1,000 ha

of forest lands will be generaily 163 — 165 n in elevation reclaimed

into upland fields.

2, In Lake Nong Hen West Area, 1,500 ha of relatively high land generally

162 m in elevation, out of 2,500 ha which is the preseﬁﬁ paddy fields
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may be canverted into upland fields. ' The remeining 1,000 ha is left os
paddy fields. -

3. In Leke Nong Hen North Area; 500 ha of paddy field, 160 ~ 162.5 m in
olevation, out of 1,500 ha of existing paddy field may be converted into
uplend field. Further, the present forest lends of 500 he (260 - 162.5m
in elevation) is plamned to be reclaimed into uplend fields. As a re-
sult there will be 1,000 ha of upland fields and 1,000 ha of paddy

fields.,

Thus, the actuel area of cultivated lands after completion of develop-
ment of the entire region will be 14,500 he consisting of 11,000 ha of paddy
fields and 3,500 ha of upland fields.

Furthermore, as for the farming of the 11,000 ha paddy fields, sbout a
third of sach acreage in the respective arees, totaling 3,800 ha is put
under the second rice crop imuediately after hervesting the first rice crop.
About another third, 3,700 ha is used for short-period upland crops. (Zc-
cordingly, the acreage for upland crops during this period totals 7,200 ha,
including 3,500 ha of permenent upland field.) The remaining 3,500 ha is
left in fallow. As for the peddy fields, in order to maintain, soil produc-
tivity and increase returns rotation of fellow, as described above, should
be practiced during the period of second rice crop.

For this purpose it is especially necessery to introduce varieties of
rice with a normal total growth period of 175 days (nursery period, 35 days
and irrigation period, 120 days) for the first crop, and, similarly varie-
ties with normal total growbh: period of 150 days (nursing period 30 days and
irrigation period 100 days) for the second crop. As the area is blossed
with a favorable,weather of high temperature and much sunshine all the year
round, "diversified farming is possible, by getting away from the simple

ferming as has been done, if ‘proper irrigation is practised.
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To apply irrigation water through the main intake facilities and the
driving channel in this plan is very importent for the development of the
Tegion concerned. In order, however, to expect ihe wished-for preduction,
it is necessary to further formulate a farm village plan comprising of the
alignment of drainsge channels, irrigation latersgls ond form roads, the
proper partitioning of cultivated lends and the errangement of communities.
And it is hoped that this is undertaken as a project in pece with the pro-
grass of the main construction works.

Furthermore, in order to settle the sbove items it maoy be necessery to
set up egriculiural experiment and extension service stations ;t the earliest
time, insomuch that the regular test and resecarch of methods to improve farm-
management including the breeding of crops, the improved application of
fertilizers and the correct distribution of labor, es well as, demonsirations
of their results to farmers have great effect on the results of the project.
It is also considered an urgent matter to train agriculturel improvement and

extension workers whose duty is to guide and advise the farmers in the area.

(b) Future Cropping Plan
(1) Paddy rice

At present paddy rice is grown once a yesr in the wet season. If
irrigation water will be available in the future the second rice crop
which is more faverable in growing condition than the first, cen be suf-
ficiently expected under the favorable weather condition of high temper-
ature snd much sunshine.

In the present customary rice cultivetion, rice is grown at nurse-
ries in May and June, and transplanted in June and July. The harvesting
pericd covers a month beginning. in the middle of November. Early-medium-
and late-maturing varieties are grown. The early variety is harvested

in 80 days efter the transplanting, the medium in 120 days and the late
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After, completion of the development the rotation of the first and
‘Second rice can be practised as shown in Teble ITI-13,

After the harvest of the second rice crop till the transplanting of
the first, the fields should be fallowed for two months (May and June).
In the mesnvwhile green manure crops should be grown to increese soil

productivity.
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(2) Upland crops

As for the introduction of upland crops, a difference can be made
between crops for permanent uplend fields and those for paddy fields in
the dry season.

Permanent upland fields should be selected on high upland zones,
lest the root zone of crops is invaded by waber in the wet season, so
that crops which have a deep root zone or a long growth period can be
cultivated there.

The kind of crops to be grown and the dimension of crop—growing
area are difficult problems that should be considered prudently taking
into aceount the suitability to soil of crops, the marketability at home
and abroad of products and the marketing system; and finally they depend
on the will of farmers in the region. Therefore, they can not be deter-
mined without due consideretion. However, the principal crops for in-
creased production in the proposed development area have selecled taking
into account the agricultural production program for the years 1962 - 1966
in the Northeast Development Plan prepared by the National Econcmic Board.

That is, as for the permanent upland fields of 3, 00 ha, cotton is
to be cropped on an area of 2,900 ha, which is to be linked with the
future spinning industry as a part of agricultural project processing
industry; pasture land of 100 ha is planned as o foothold of the future
deiry farming in the Northcast Distriet; 100 ha is allotted to grow kapok
which is one of the encouraged crops; and 400 ha is laid out for sweet
potatoes which are at present grown in this area.r Pasture, sweet
potatoes and kapok are grown throughout the year, but cotton between
Mey and December. As the period from Januery to April coincides with
the growth period of back crops on paddy fields, various kinds of short-

peried upland crops analogous to the following upland crops in the dry
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season should be introduced into en area of 2,900 ha during this period.
(See Fig. IITI-19):- -~ - -
Next, the dry-sesson uplend crops as back crops on paddy fields
may be grownlfoé gvgépét:paribdiof time (Janué}y toiﬂpril). Tobacco,
corn, sessme, castor-beens and peenuts as comme¥éial crops which can be
harvested during this short period, should be selected from among the
crops that ere encouraged for increased production. And, vegetables
should be grown for domestic consumption and merketing, in neighbouring
small towns. The cultivation of peanuts, like cotion, should be linked
with the oil extracting industry which is one of the future sgricultural
product processing industries.

The proposed area to be cropped is es shown in Table III-14 end

Teble III-15.

Table III-14.

Crops on Permanent Upland Fields

Classification | Acreage Growth
of Uplend Field| in ha (FOTCOMYagel po.0 04 Remarks
Upland Field (Second crop Jem.  Apr.)
to be Cropped 3,500 100.0
{ Tobacco 200 ha
Cotton 2,900 82.8 Mzy - Dec. H Corn 400
( Seszme 600
Sugsr Cane 400 11.4 | M3 year ( Castor-beans 600
round ( Peanuts 600
Pasture 100 2.9 n ( Kenaf 400
( Vegetables 100
. If necessary, converted
Kapok 4 100 2.9 into orehards




Table III-15

Crops on Dry-Season Upland Fields

Al
5 bo Crappad | 3700 100.0
Tabacco 250 6.8
Corn 500 13.5
Sesame 770 21.0
Castor-beans 770 21.0
Peanuts 770 21.0
Kenaf 510 14.0
Vegetables 130 2.7

Thus, the totel area for upland crops is 10,000 he.
In the above tables are given acresge by crops in the whole region. But
acreage by planned areas should be according to the above poliey, and the

details are given in (g) Effect of Project.

(¢) Present Status of the Region
(1) Topogrephy
The western part of this region is called Nong Hon Terraces 500 m
or so in elevation, from which originate two rivers, the Nem Pung and
the Nom Gam that flow through the region. The topography of the region
concerned is flat and with very little rolling. In the lower basin
eree of the Nem Pung the right bank slopes generally at 1 towards

1500
along the Nam Gam. Similar-

1
1200
1y the left bank hes & slope of —L - ~ —2L _ touards Lake Nong Hen.
v Pe OF 206" T “Ts00 one

Lake Nong Han West Area slopes at 1 ___ 1 towards Lake Nong Hen,

1200 1600

d Lake Nong Hen North Area slopes at —-f — - — L __ touards the lake.
an CIEg rlan or ope ¢ 700 1200 owaras e

the east-southeast end has a slope of
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(2) Geology and soil -

Thé"geoibgy-éf-this-région maérospépicglly, consists of a formation
of Mesozoié psammiéerwhéchjis ;o§q;éd £§ a tﬂin'layar of fine sond loam
derived from the psemmite. This Mesozoic formation called Korat series
contains halite,. gypsum and lignite.

Soils covering this ¥egion are generally sandy loam brown in colour,

sterile and scarce in humus. Results of survey and analysis as well as

the soil clessification are as shown in Fig. III-18.

(3) Quality of water

end it is not unsuiteble for irrigation water.

Table III-16

Analysis of River Water

The quality of water in this region is as shown in Teble ITI-16,

Unit (mg/1)
River | Sampled : ’ ! .
& Lake Place Date Ca | Mg | Na } K HCO4 S0, | C1 § 8i0p
Chiang July 1956
Mekong - June 1957 (32.1] 5.9} 8.4 | 1.7 | 116.9| 17.1| 6.9} 14.4
Saen
average
Mekong | VORE. u 3L.1| 5.7} 7.7 1.6 | 135.6 | 14.7) 6.2 [ 15.9
Mekong Mgk&;wn n 26.81 4.9 | 7.5 | 1.4 | 100.3 | 12.2] 6.6 [ 13.8
Neng Sekol 0w
Hen Nekorn 3.015.715.8]1.4| 5.5 0.3/9.5} 6.3
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Albu~ KMy, 0y, {Evapor- |Suspend- S '
4 NOB—N Nﬂsz' min-|[Con~ | etion | ed Turbidity{ PH |Hardness
A - sk

Fe | PO

0id |sumed |Residue| Matier
0.00(0,01 | 0.02| 0.04| 0.08( 7.1 | 145.3 186.2 145.1 6.9 104.5
0.00(0.00 | 0.041{ 0.04 | 0.09| 7.7 | 139.2 174.1 134.5 6.9 101.0
0-00 0.00 O-Oll‘ Onolvlr 0010 5-1 121I-O3 9909 57-1 6.9 8‘703
0.12

0.00 | 0.06)0.05{0.10] 7.2 51.1 35.6 58.4 6.1 10.4

*  Turbidity of 1 mg/l of kaolin is put at 1.

**  Represented by mg/1 of CaCOB

(Source: 1Inn Kobayashi, Chemical Research of Riversin Southeast Asisn
countries)

(4) Ground water

Some cultivated lands doveloped around Lake Nong Han are located
very close to the leke surface. On the other hand, an examinetion of
past records (1950 ~ 1961) shows thet the fluctuation of lake water
level renges from 154,34 (1950) to 158.72 (1949). Therefore, fluctua~
ticns of the water table during a year or between years might be exceed-
ingly great in the arees surrounding the lake.

The status of this water teble is the most importent condition of
location, especially, when areas are selected for upland fields.

For the so-called permanent upland field where crops are grown
throughout the year, location must be selected so that ground water does
not scak inte the root zone of upland crops. The same thing applies to
during the growing period of short-period upland crops as back crops on
paddy field,

It is very important in this sense to exactly grasp the actusl con-

dition of the former water teble in the fields concerned. During this
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survey, héwever, n; availab}e measufement data cdulqkbe obtained.
In the flocd control_plﬂn fof idke‘Nang Han'the highest water level
g established a2s 158,17 m. Thérefére,\from.fhe estimation. snd iechni-
;baldﬁbsgyﬁatibn of the éast weter-tebles, the glevaéion of -the permanent
ﬁﬁlénd field is geﬁqrélly planned ta be more than 160 m‘for sdfety.

The Fa@ei—tabléiin the dry'seaéon seems to be approximately 3 - 5m
lower than that in the wet season every year. If short-period uplaﬁd
crops of shallow root zone are grown, there would be no particnler prob—‘
lem in respect of elevation of paddy fields where dry-sesson uplend crops
are grown as back crops.

(5) Present state of farm msnagement

Form menagement in Thailand is small and poor. Cultiveted acreage
per household is a 1little more than 18 rai (about 3 ha), out of which
17 rai (about 2.8 ha) is paddy field. 1In addition to rice there are
produced peanuts, sessme, beans, casava, castor-beans, kapok, corn, sugar
cane, tobacco and cotton. Dairy products and meats are turned out in
& smell quantity. Lerge-size livestock are generelly water buffalo and
cattle. Chicken~raising has recently mede remarkable progress in the

suburbs.of -cities.

Y

_. - “Yarious egricultursal statisticel data relating to the proposed

' I

devélopment areas are as shown in Table ITI-17 to Table III-25 (Source:

Thailend Econcmic Farm Survey, 1953).
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Table ITI-17

Irrigated and Non-irrigeted Area of

Cultivated Land by Usage

(Unit: rei = 0.16 ha)

Peddy Up= | qopay (Non-ir-|Irri-|2-Cropi  Irrigation Method (%)
Rei land rigated |gated |a~-Year ;
egion |Acre- _ _ . Wind or| -
age Acre Acresge Acre Acre-|Acre~ |Mon~ |Animel Wat Cravit
age age age |zge pover |Power P§w§: Mo
North~-
eastern {20.11| 0.37| 20.48 91.45% 8.55% 0.17 |13.47} 1.08 0.80 C.05
district
Naetionel
Average 17.29| 0.82| 18.11 - - 0.32 - - - -

Table III-18

Number of Fazrm Families and its Ratio

by Management Scale

Number of Rotio of Ferm Femilies by Management Scale (%)
Region Ferm 6 rai or . . .| More than
Familieos Less 6-15 rai{15-30 rai|30-60 rai 60 red
Northeastern
District 815,810 10.02 25.36 32,97 22.18 9,67
Notional
Totel or 2,119,287 15.05 26.81 28,41 21.26 8.47
Average
Table TIT-19
Farm Area by Managemont Scale
(Unit: Rei)
. 6 rai 6-15 115 - 30 | 30 - 60 | More than
Reglon or less rai rai rai 60 rai Average
Northeastern
District 3.25 10.29 20.80 39,79 76.71 27.38
National
Average - - - - - 25.62
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Table ITTI-20

Population in Sakol Nokorn Province

Itemn 1955 1960
Population 334,687 414,832
Density 33 £0
Agricultural
Population 138,885 181,776

Rice-growing 1
rornors 37,850 139,005
Other Farmers 1,035 42,771

Teble ITI-21

Number of Farm Femilies and Cultiveted Aves

by Owner-Farmers and Tenants

Owner Ratio of Ratio of- Number
Region Farmers Ovmer- Tenont Tenants of Total
g {house- Farmers to Total Farmers
hold) to Total (household)
% - %
Northeastern
District 792,285 97.3 21,798 2.7 814,083
Totel
Parmland 1,745,873 82.7 365,656 17.3 2,111,529
Ares
Ctwner-Fermers! Tenants!
Lend Lend Total Area
1,00Q. % 1,009 ‘¢ 1,000'
rai rai rai
26,972 | 99,1 250 0.9 | 27,222 100
52,707 | 89.8 | 5,975 | 10.2 58,682 100
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The current growth periocd of staple crops in this zone is as .shown in

Fig. III-19:

Conditicns of Applying Fertilizers

In Thailend all chemical manure is imported from abroad. Therefore,
ammondiun sulphate, potassium chloride, Thomas phosfate, urea and other syn-
thetic fertilizers szre expensive. As the price of ammonium sulphate is 2.5 -
3 bahts per kg in Sakol Nekorn, the use of this fertilizer for rice culture
will not yield any profit.

However, as some upland crops are high in price, the application of

chemical menure would pay well.
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Tabie IIT - 25 Fammers! Balance Sheet'

by Districts
Uribt: Babt
Central | south- |North- | North-|South- | South-| National
Flain eastern |eastern |ern Western! ern average
1 pgricals [Cash 2,888 3,138 954 1,81| 3,213 | 3,68, 2,119
2 tural GrogGoods | 1,824 | 1,37 | 1,779 | 1.347 1,779 | 2,166 | 1,756
3  ss Income|Total 4,712 4,509 2,733 2,958| 4,992 | 5,850 | 3,905
L Farm- 1,335 420 206 346 696 623 664
Manage-
mend
Exenses
5 Agricul- 3,377 4,089 2,527 2,612 4,296 | 5,227 3,24
tural
Income
6 Non- 1,79 2,056 | 1,139 | 1,878| 4,895 | 2,176 | 1,756
Agricul- .
tural £
Income ’
7 Farmers! 5,168 6,11}5 3,666 Ll-:ll-go 7:191 73’4'03 4,997
Income
& hol.g| Cash 3,983 3,934 | 1,564 | 2,202 5,188 | 3,479 | 2,877
Ay -l A e AT R b
Tot 5 5,30 s 54 5, L
11 Farmers! ~ &9 ’8&8 ’323 941 | 2,225 1,758 "36l
Fconamic
Surplus
12 Purchase 1,016 1,031 246 271 631 385 554
of Capital
Coods
13 Balarce (11-12) 1,655 A19 77 67011,59; | 1,373 | 2190
Farm Manage-
12 ment Exrenses(h)
Agri el tural 28.4% 9.2% 7.6% | 1L.7% 1.4,0% 10.6%| 17.0%
Gross Income(3)
Agri cultural
15 Incame (5)
Agricultural 71.6% 90.8% | 92.4% | 88.%| 86.0% 9.4,%| $.0%
Gross Income(3)
Purchase of
1¢ Capital Goods(12)
Faimers' Income(7} 19.7% 16,8% 6.6% 6,04 6,9% 5.2% 11,1 %
t
17 Engells Co- . | €66 | 72,5 | ma2| 6. 659 | e6.8




j ~ =
] 099veoL 000vE0L RN
//! —— e 7 ~ .
frm————-- < == N e i = T )
| 1SIANYH N NOT3W ¥3LvM R | 1SIA¥YH NO13W HaLlvm N
e // RN, I _—— ——— —
e o a o] TR ]
Y s30iv104 .Gm_s N R s30Lv104 ._.H_BEW NETTNETT W/
AT - Ny NN S T
v3d Moo Y3d MOD
N0 N L v2d Moo R
[ ————————— ~ - —-=—7 (-~ === FAETN
_ 1S3AHVH /% NOL10D _/// ONIMOS; “ LSIAYVYH INO.L.LODY
e _ % AR ———— L e ] e
e // A |
I
SELSLE
r——= ~TTA
1 1S3ANYH ONIMOS!
L ——
FrT - =-==—- / e ~] -7 | - = :
! 1S3AHVH /// AYNIN / ONIMOS)| “ LS3AYYH | VNI
e __ ——— b e e RN
{-———— T | b e ~ /
| LS3ANYH /Lnummwmmmmuv/ ANV, mqo:m mmmwmwwwz///ozzzqfe ! 1S3AYVH //LHWUM INVD dvons /////
b // II.I.“ _IIII||!|1|III V TS e /////
I — N AL o It | - ARSI
| 1S3NVH % 3014 / ONIMOS | ! e NEET
Lom e o % N N N S NN
‘upp | ‘oeQ | ‘AoN $00 |'deg | 'Bny | ‘|np |‘unp [ Low dy | JDy | ‘84 | uop . '08Q | AON | ‘o0 | 'deg
SHLNOW——
6l-10 914

37ING3IHOS OSNILNVId 4080




—-——

(d) Irrigetion Scheme - :
(1)\Aqﬁtline of irrigation Scheme -

. The proposed “irrigation area is roughly divided .into three areas -
Nam Puﬁg Lower Bagin Arec, Leke Nong Han West “Area and Leke Nong Han
North Area. Among them Nem Pung Lowor Basin Area is most extensive. In
addition to the existing peddy fields of 9,000 ha, forest lands of 1,000 ha
is to be reclaimed into upland fields. A4And cultiveted lends 10,000 ha
in totsl ares sre planmed to be irrigated.

&s for inteke facilities & diversion weir is to be constructed at a
site 700 m downstream of the Nem Pung Bridge, and Nong Hen No. 1 Pumping
Station is to be newly installed at the southern shore of Lake Nong Hen.
The cultivated lands concerned are divided.into two parts——one is to be
irrigated with river water taken in from the diversion welr (including
cultivated lands to be irrigated by pumping from the lake when there is
a shortage of river water), and tho other to be irrigated exclusively by
means of pumps.

The former is the area which will be in prineiple, irrigated by
utilizing the naturel discharge of the Nam Pung and discharge from the
Nam Pung Dam. The acr;age concerned is 7,237.6 ha of paddy field and
785.2 ha of upland field, totaling 8,022.8 ha.

The latter is the area which is to be irrigated exclusively with
leke water pumped up by Nong Han No.- 1l Pumping Station{ without relying
upon weter teken in from the diversion weir. The acreage concerned is
1!762.4,ha of paddy field end 214.8 he of upland field, totaling 1,977.2
ha.

of the acreage to be irrigated with water taken in from the diversion
weir, 214.8 ha of upland field can not be irrigated-becauso of higher

elevation, so the plen is to irrigate <+hat land by 1ifting water in the
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second stage by meens of pumps to be installed at Ban Lat Du.

Lake Nong Han Vest Area is to be irrigated with lake water pumped
up by Nong Hen No. 2 Pumping Station. This station is plenned-to be in-
stalled in the western pert of Ban Thung Mon on the left bank of -2 lerge
drainage canal to be excavated north of Lake Nong Hen in order to con-
trol flood waters in the lake.

The area to be irrigeted with the water consists -of paddy field of
1,000 ha and upland field of 1,500 ha, totaling 2,500 he.

Loke Nong Han North Area, like Leke Nong Hen West Area, is to be
irrigeted with lake weter pumped up by Nong Hen No. 3 Pumping Station to
be installed in the neighbourhood of Ban Phon Sawang on the right bank of
the drainage canal. The area to be irrigeted comprises of- peddy and up~
land fields covering 1,000 he ocach, totaling 2,000 ha. A plen to supply
irrigation water to the respective aress concerned should be formulefed
to fulfil the proper distribution of water te such paddy end upland
fields, snd with a view to meeting this demand water requirements by
periods and arees should be celeulated and warious structures desipned.
(2) Water requirements

Water requirements arg calculated for rice crops and upland crops'
raspactively.

(i} Irrigation period
As for the first rice crop, seeds should be, as the standard, 'sown
in nurseries on June 10, and 35-dey-old seedlings transplanted on July
15. After then irrigetion is to be practised for 120 days. “And ‘they
-mey be harvested in 140 days after the trensplenting (Decomber 3). ™
As for the second rice crop, seeds are -to be sown in nurseries on
Dec. 10, ond 30-day-cld Seedlings transplanted on -Jan. 4 After then

irrigetion is to be practised for 100 days.’ Théy-may be hatvested in -
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120 doys ofter the transplanting., 4s the region is vast in area the
grbwth_period~becomes longer as is!shown in Teble IIT-13. In order to
completo puddling_ operation in each area within 40 days, ss will be
stated later, it is planned to complete sbout 2/3 of the totel irrige-
tion area in the-first half of the puddling period.

Upland irrigetion will be jn principle carried out all the year
round. '
(i1) Duty of water

1. Paddy fields

Water‘requirements for paddy fields vary according to topography,
soil téxfure, watér~tabi;, weather condition and rice growth pericd,
and théy should be determined based on measurement dﬁta for 3-5 yeors.
During this survey no measurement data could be obtained -because of a
very short stay. Therefore, water requirements for puddling is deter-
mined as 150 mm by adopting the duty of water of 10 m/day used at
present to form 2 plan for irrigation tank in the northeastern part of
Theiland.

2. Upland fields

Water réquirementé for upland irrigation have been celculated by
Blaney~0riddlehFormula. As for the hours of sunshﬁne, the calculation
is based on the average value over 5 years from April 1957A£o March
1962 at Nakérn Phanom because no observation date at Sakol Nekorn is
found., A8 for thé me&n temperature, the average value over 10 yeors
from 1947 to 1958 at Sekol Nekorn is used. ' The duty of weter is es
“shown in Table ITI-26. \

yBlaneyhbridéie Formula

U= Kof = Ko (tP)
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in whi

ch,

U : monthly consumed water (inch)

K
t

P

Table III-26

: crop coefficient (0.75

this celculation)

: monthly mean temporature (FO)

¢ ratio of monthly sunshine timo to annual sunshine
time (%)

Calculation of Water Requirements

for Upland Crops

Meen (Ratio of| Monthly Crop |Monthly|Monthly|5-Days
Monthly (P (left) Mean Coeffi-| Water | Water | Water
Month | Sun- Annuel [Temperature| txP | cient |Consum-{Consum-|Consum-
shine | Total co | Fo ption | ption | ption

Time % K |U{inch) |U (zm) (rmm)

Jan, 264.,3 1.3 | 21.8| 71.2| 8,05 0.75 6.04 153 2h.'7
Feb. 211.0 9.1 | 23.9| 75.0| 6.83 0.75 5.12 130 23.2
Mar. | 196.9| 8.5 | 27.5|815( 6.93 | 0.75 | 5.20 | 132 | 21.3
Apr, 217.8 OV4 | 29.3 | BL.T| 7.96 0.7 5.97 151 25,2
Mey 191.4 8.2 | 28,81 83.8| 6.87 0.75 5.15 131 21.1
Jun. 134.1 5.8 | 28.3 [ 82.9] 4.8 0.7 3.61 a2 15.3
Jul. 127.0 5.4 | 27.9 | 82.2| 4L.44 0.75 3.33 85 13.7
Auvg. 129.8 5.6 | 27.7 |81.9] 4.53 0.75 3.40 86 13.9
Sep. | 152.7 6.6 |27.3 [81.115.35 | 0.75 | 4.01 102 | 17.0
oct. 211.8 9.1 | 26.2 179.2] 7.21 0.75 5.41 137 22,1
Nov. 243.4 10.5 | 23.6 74.5' 7.82 0.75 5.87 149 24.8
Dec. 244.9 10.5 | 21.7 |71.1) 7.47 0,75 5.60 142 | 22.9

2,325.1| 100 1,490
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(111} Not wmter requirements

Net water requirements are cglbulatgdiby multiplying the duty of
weter by the acreage of the respective creas concerned.

This is on amount of water required for the growth of crop plentis.
Moreover, as for water requirements for puddling paddy fields the acre-
age puddled per day varies in every area. Usually the duty of water
is required from the dey following the puddling operation.

The net water requirements by srces and periods are as shown in

Teble III-27.

Table ITI-27

Net Water Requircments by Areas and Periods

Net Water Requirements

Ltem . (10°m3) Per-~
Arec e cent—| Remarks
Period Field | PField | ~° age

Jun — Nov | 125,357 | 13,349 | 138,706 | 67.2

Nem Pung Dec — May | 35,364 | 32,186 | 67,550 | 32.8

Lower Basin

Yearly y
Total 160,721 | 45,535 | 206,256 100

Jun - Nov | 13,358 | 9,985 | 23,343 | 54.3
Loke Nong Han ’
Dec - Moy 4,526 | 15,005 19,531 | 45.7
West

Yeorly 2
Totel 17,884 | 24,990 | 42,874 100

Jun - Nov 13,358 6,506 19,864 | 55.0
Lake Nong Han
' : Dec- — May 4,526 ("11,747 16,273 | 45.0

North
¥§§£iy | L7.8es | 28,253 | 36,137 | 100
| Jun-- Nov | 152,073 | 29,840 |181,913 | 63.7
ééﬁal ’ Dac - Moy 7'44{4;6 [ 58,938 {103,354 | 36.3

Yonrly - g 26
Total 196,489' 88,77 285,267 100

IIT — 49:



Furthermere, the detailed calculation of the net-water require-
nments by ereces and by semi-month is es shown 'in Tables IIT-39 to
III-41.

(iv) Amount of water supply
1. Reinfell
4s for effective rainfall for paddy fields, by using the rainfell
records of the Sekol Nakon Meteocrologicel Station, rainfalls of
5 mm or more have been summed up by semi-month, disregerding daily
rainfall of less than 5 mm. The upper limit of the semi-month rein-
fell hes been placed at 150 mm, and the effective rainfell for a

paddy field was calculated et 80% of the semi-month rainfall.

As for effective rainfall for upland fields, deily rainfalls of
5 mm or more have been summed up by semi-month and 80% of the semi-
month rainfall has been teken as the effective rainfoll. However,
the upper limit of effective rainfall has been token as 50 mm of

the semi-monthly rainfell.

The summation of effective rainfells by years and by months is as

shown in Teble III-28.

2. Bstimated natural discherge of the Nem Pung at the diversion
welr site
Yeerly and monthly discharges into Leke Nong Han from the catchment
gre, including the nam pung is as estimated in the Chepter concerning
hydrology. -
By the storage of water in the Nam Pung Dem, 'inundation on the lower
lower reaches of the river may be cc::ntroled. The catchment erea from

the Nam Pung Dam site to the proposed diversion weir site is 557 km2,

IIT -~ 50
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Estlmated dlscharge from.the catchment area by years and by months

_calculated from 1nflow to Lake Nong Han is. as shown 1n Table L ITT-29.

3.  Estimbted diSchérge from the Satohment aréa By years and by mohths

“The ratio’of thé net water reqiirefents bétweeh Juie dnd November,
which ig the wet season, to the yesrly net water réduiieméﬁts'15763.7% and
thct in thc-d;fvécaéon"36§3%: The ratio of the neb water requirements for
paddy fields in the wet season is 83.6%, and that for upland fields 16. 4% ’
In this 1rr1gat10n scheme strcsu is’ placed on rice culture in the wet season
In other words the determlnatlon of tho bcs;c year for the plannlng is to be
made on the. effective ralnfall for paddy field in the wet season and the dis
charge of the Nam Pung in the aame seaSUn. Howover, thls schemc aims t )
tldlng over a shortage of water which wlll-probably occur once in flve yecrs
Prom this péint of v1ew, both the yearly effective ralnfall end that in the
wet season in 1959 is the second “smallest over the past 13 yeors. And, the
yearly dischargé cfjthc Nem éung in the same yeer is the second lowest over
the past 12 yoors.  Therofors, the year 1959 has been fixed as ‘the irriga-
tion—plcnniné basic &car.

In determining a serles of more dotalled 1rr1gat10n schemes, a perlod
between November 1958 end October 1959 has been made the plcnnlng basic
period for calculating wctsr requlrements because the sacond rice crop, as
seen in the standerd rice planting plan on Table I11-13, bogins in the last

decade of November.

4. Puddling period end daily puddled area
When effective rainfalls for paddy field during the puddling perioed
from June 26 to August 4 are sumed up. from the rainfall records of Sokol

Nekorn, Table IV-30 can be obtained. :
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As puddling operation at present depends upon 5 1004 rainfall o'n‘thsk' )
total area, the rice~transplanting period is unsettled owing to ﬁrixehdisi;ri-
bution of rainfall in the year. It is advisable that puddling operation
in an extensive area should be finished as early as possible in order to
sconomize the total water requirements by utilizing the effective rainfall
in the cultivation season. However, puddling water requirements are about
15 times £hé'daily water supplies to paddy fields, so that the canal cross-
section becomes too large if it is detemined based on the puddling water
requireﬁaents. This is uneconomical. Accordingly, the water-carrying
capacity of a canal should be determined based on the maximum water supply.
And consideration has been given in the plan so that puddling og;;gation
is finished within 40 days with the cansl water carrying capacity.

As the maximum number of successive dry days is 17 in the p_l.}ddling
period from Table III-30, it is assumed that 2/3 of the total-areq con-—
cerned is completely puddled in case there happens to be 20 continuous days
without rainfall. Let daily water supply be A mm/day in the ple;n for
paddy field, and an smount of water required for puddling be B mn/day .

If the total area is 100% snd % =P,

an ares which can be puddled on the first day,

________ 100 P %

tﬁat on the second day d
________ 100 P (1-P) %

that on the third day .
________ 100 P (1-P)* . %

that on the n—th day

100 P (1-P)?f1 g
hence, the summstion until n day L o R v N

S = 100 - 100 (1-P)2 - %
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Table ITT - 30 Effective Rainfall by Years

(1949 - 1961)
Item Jun. 26 - Jul., 16
’ - Jun. 26 - | Jun.26 -
Jul, 15 Mg, L Aug. 4. g, b
Effective Effective Effective Kunber Remark
Ye Rainfall | % |Rainfall | % {Rainfall| % of
Successive
1949 90.9 |21 | 336.3 |79 | 427.2 100 9 In calculating
the mnn}aer of
1950 100,2 |53 88,2 |47 | 18.4 [OO 7 sucee ssive
dry days, less
1951 106.4 55 88.5 L5 1 194.9 100 10 than 5 mm is
neglected.
1952 100,0 49 102.2 51 202.2 100 9
1953 107.0 ] 155.4 59 262, .00 8
1954 3.8 281 112.7 72 156.,5 [100 17
1955 46,2 45 55.6 55 | 101.8 100 7
1956 158.5 54 137.2 46 | 295.7 100 7
1957 153.6 &6 77.8 34 | 231.4 1100 11
1958 28,1 75 32.6 25 | 131.0 [100 10
1959 64t 135| 120.3 |75 | 184.7 100 11 %iﬂiﬂg Basic
1960 212.1 3 £9.0 26 | 331.1 {100 5
194 8.9 70 38.9 30 § 128,8 ;100 9
Average | 107.8 49 110.4 51 | 218,2 [100 9
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Therefore, it is on the_safe side.-
In case P.= 0.0535 and n = 40
-8 =100 - 100 (1-0.0535)40 = g8.92¢ -
Therefore, in cases where-an area which can be puddled a day ié—detemineél
at this value of P = 0.0535, it becomes :sufficient if 88.92% of ';;he pud-
dling water. requirements. is. supplied with_irrigation water. and?;the,':{e:iain—‘,
ing 11,08% depends on t};e effective. rainfall during the puddling pesriod.
This possibility is considered based on the effective rainfalls in the last
half .of the puddling period from July.1lé to- fugust 4 from Table 2l.. The
minimum effective rainfall about orice-in five years is 55.6 mm. fs-66.66%
of the total ares concerned, C, will be.completed, an amount of wabter that:
can be saved during this period isy -~
556::06670 = 37.1C
Also, for 0.1108 ¢ corresponding to the above 11.08 %, .
Puédiing water requirement:
150 mm x 0.1108 ¢ = 16.6 C.
. Water supply-(on the safe.side): = - . - .
..0.1108. cxlomm/dayx19 day =-21.1 C -
v Total = 37.7-C
In addition, rainfall used:
‘ 55.6 mm x 0.1108 C = 6.2 C
Thérefore, - . 3710+ 6.2C=43.3C>37.70
- Accordlngly, it is on the safe side.

~ Based "upon the above way of thlnklng an area puddled per day in Nam

L1I- -.‘_.53 .



Pung Lower Basin Area may be determined. The summation-of such areas.for
every five days is shown on Tables III-31-32.
In Lake Nong Han West and North ireas calculation is made in a similar

way: and the summation for every five days is shown on Tables IIT-33-34.

5. Area of nurseries and nursery water reguirements
irea of nurseries has been calculated at 1/20 of the total transplant-
ing area, nursery-preparing water-requirement at 150 mm, and water supply

at 10 mm/day. (See Table II-35, Tgble III-36, Table III-37 and Table IT1-38)

6. CGColculation of amount of irrigation water supplied in the basic year

Required water supplies have been calculated for every {ive days from:
November, 1958 to October, 1959.

However, for water supplies the irrigationh efficiency in the upland
field is esbimated at 80% and the canal loss at 204. The discharge from
the dam was obtained by adding to the 1.7 B/s discharge for lighting and
general power demands and the discharge required for the generation of
power for irrigation pump loads.

Calculated amounts for Nam Pung Lower Basin Area, Lake Nong Han West'.
Area and Lake Nong Han North Area are as shown'on Table III-39, Table IIT-40
and Table ITI-41 respectively.

Ban Lat Du Pumping Area consists of upland“fields covering 214,8 ha.
The same calcwlsbion has been made with the obher areas, and the summation

by months is shown on Table III-42.:.
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Tahle IIT - 31 Calculated Amounts of Puddling
Water in Wet Season in Nam Pung Lower Basin Area

(9,000 ha)
Puddled Water- Puddlin
Date Are?.h ) El:‘epglled Water B Wsjterie a Total
& (ha) 103m3 103m3 1033
Jun.i 26 - 30 2,162 2,162 3,213 156 3,699
Jul,: 1 - 5 1,642 3,808 2,462 1,427 3,889
. 6-10 1,246 5,050 1,868 2,165 4,033
i 16 - 20 967 6,963 1,450 3,199 L, 650
D26 - 31 ‘Bl 8,492 1,177 4, 858 6,035
g, 1-5 508 9,000 687 4,385 5,072
:Total 9,000 - 13,500 | 22,860 36,360
Table III -~ 32 (Calculated Amounts of Puddling Water
in Dry Season in Nam Pung Lower Basin Area
(3,000 ha)
Puddled Water- Puddling Water Total
Date Area (ha) Supplied Water Supplied
Ba) | area (ha) | 10%m3 103m3 | 103m3
Dec. 26 - 31 &0 890 1,336 186 1,522
Jan. : 1 - 5 678 1,568 1,018 588 1,606
P 6-~10 517 2,085 777 893 1,670
P11 - 15 392 2,477 589 1,126 1,75
. 16 - 17 298 | 2,775 149 1,302 1,751
P -25 225 | 3,000 339 | 1,436 1,775
© Totel 3,000 - k4,508 5,531 10,039




Tadle ITT - 33 Calculated Amounts of Puddling Water
in Vot SeaSon in Nong Han Vest and North %reas
(1,000 ha)
iuddled Water— Puddling] Vater Tobal
Date -ree(lha) Supplied Vater Supplied
Area (na)| 1433 103m3 103m3
Jun, 26 - 30 400 100 €00 £ 680
Jul.: 1 - 5 300 700 450 260 7.0
6 - 10 200 900 300 390 690
(11 - 15 100 1,000 150 470 €20
“Tobal 1,000 - 1,500  |1,200 2,700
¥
Table TIT - 34 Calculated frounts of puddling Water
in Dry Season in Nong Han Hest and Norch AreaS
(400 ha)
Puddl ed Water- Puddiing | Waber, Total
Date Area supplied Water Sulpdlied
(ha) Area (ha) 103m3 1031'513 103m3
Dec.. 26 - 31 2E0 260 120 75 195
Jan,. 1- 5 120 100 1€0 170 350
Tobal 400 - 600 245 845




Table IIT - 35 Calculated Amounts of
Water Needed for Marsery in Wet Seasen
in Nam Pung Lower Basin Area

(450 ha)
Mrsery Water- Water Re- | Water
Area Supplied quirement | Supplied TOTAL
Date (ha) Area for
a (ha) | warse 103m3 10%m3
103m
May 326 - 31 150 150 25 30 255
June! 1 -5 100 250 150 95 245
. 6-10 50 300 75 135 210
fl] - 15 50 350 75 160 235
+16 - 20 50 400 75 185 260
A~ 25 50 150 75 210 285
 POTAL 150 - 675 a5 1,490
Table III ~ 36 Calculated Amounts of
Water Needed for Mursery in Dry Season
in Nam Pung Lower Basin Area
(150 ha)
Mersery | Water- Water Re- | Water TOTAL
Date Area Supplied quirement { Supplied
(ha)| Area for
(ha) | Nursery 103m3 103m3
103m3
Nov. 25 - 30| 50 50 75 10 85
: (569)
Dec.: L -5 35 85 53 32 g5
: (258)
i 6-10 25 110 38 L7 g
(11 - 15 20 130 30 59 9
16 - 200 10 140 15 67 &
‘A - 250 10 150 15 72 &7
S TOT AL 150 - 26 287 513
Note: Parenthesized figures include water-supply for crors

in wet season.




Table JII - 37 Calculated Amounts of
Water Needed for Mursery in Wet Season
in Nong Han West and North Areas

(50 ha)
EI\Ei.u:'ser,;,r Water Water Re- | Water TOT AL
Area [Supplied quirement | Supplied
Date Area for
(ha) (B) | Murse 10%m3 103n3
10°m
May 26 - 31 15 15 23 3 26
Jung 1 - 5 10 25 15 10 25
6 - 10 10 35 15 15 30
i - 15 5 50 8 18 26
16 - 20 5 45 8 21 29
2L - 25 5 50 8 23 31
TCrAL 50 - 77 90 167
Table ITI - 38 Calculated Amounts of
Water Needed for Nursery in Dry Season
in Nong Han West and North Areas
(20 ha )
Mursery { Water ‘Water Re- Water TOT AL
Date Area Supplied | quirement Supplied
for Nur
(ha) |2 (o[ *OF SO g303 103m3
103m3
Nov., 26 - 30 10 10 15 2 17
Dec, l1- 5 5 15 8 6 14
6 -10 5 20 8 8 16
11 - 15 - 20 _ 10 10
16 - 20 20 _ 10 10
21 - 25 _ 20 _ i0 10
TCT AL 20 31 L6 77




Teble TIT - 39 (1) Celculated Amounts of Water Suppl:
- in Nan Pung Lower Basin Area

|

. Available Fet ‘:’Iafer " Regquired Required Water- | Breakdown of Reqpired_Wéter Supply 10°p3 1 Possib.
Number | Effective Cultivated Rainfall Requirsment Fater-Supply | Supply Including DR i
Date | Period of Reinfall mm | Area  hg - 103m3 103m3- " | - 103’ - |losses 103m3 | Pump Area , - Vieir Area Natural
Days Paddy | Upland| Paddy| Upland | Paddy | Upland{ Paddy | Upland Péd_dy Upland || Paddy {Upland Paddy | Upland Total . P}aabj Upland Total |Dischar
1958 | 1~ 5 5 0 0[5,196.0{ 1,000 0 0 3,073 R4EY 3,073 248 | 3,608 372 | 22 g0 | g0z § 2,9661 292 1 3,258 | 2,882
Nov. 6~ 10 5 0 0i{3,951.0} 1,000 0 ol 2,335 .2el 2,335 24814 2,802 372 549 80 &9 1. 2,253 292 2 545 2,435
11 - 15 5 0 0|3,005.1| 1,000 0 01 1,776 | - 248} 1,776 218 2,132 372 27 80 197. 11,75 292 | 2 007 io1,99:
16 - 20 5 0 0{2,037.87 1,000 4] 01 1,301 | - 248% 1,302 2,81 1,561 372 306 g0 | .386. -1,255 | 292 1 519 1,551
21 - 25 5 0 0{1,272.4 1,000 0 0 854 - 248 854 248 11,025 372 201 . 80" 281 . o824 292 1,115 1,109
26 - 30 5 0 0| 578.4] 1,000 0 0 569 R4EL 569 48 682 372 132 80 244 54 292 840 66
Total 30 0 0 - - ) ‘0 9,908 '1;A§S 9,908 | 1,488{11,890 | 2,232 2,329 80 | 2,809 ,_9,561 1,752 | 11,313 | 10,62
Dec. 1- 5 5 0 0 50| 2,000 ) 0 258 L58 258 458 310 687 61 7/, 135 47 249 @3 862 42
6 - 10 5 0 0 851 2,000 0 0 85 458 85 4584 102 687 20 74 1 94 . 82 613 695 38
1 - 15 5 0 0 110| 2,000 0 0 89 45€ 89 4583 107 627 o1 74 95 | .. 86 &3 €99 33
16 - 20 5 0 0 130| 4,000 0 0 i 82 | . 916 82 916 98 | 1,374 19 275 294 794 1,009 | 1,178 29
21 - 25 5 0 0 140[ 4,000 0 0l 87 | -916 &7 916f 104 | 1,374 20 275 295 . %. 847 1,099 | 1,183 25
26 - 31 6 0 0 150 4,000 0 0} 1,522.| 1,100} -1,522 | 1,100y 1,826 | 1,650 358 330 | . 688 | 1,468| 1,320 | 2,788 25
Total 31 0 0 - - 0 0§ 2,123 | 4,306} 2,123 | 4,306] 2,547 | 6,459 199] 1,102 | 1,600 § 2,048 5,357 | 7,405 1 1,9%
1959 ] - : R I
Jan. | 1~ 5 5 0 4] 890| 4,000 0 08 1,606 gggl 1,606 | 988k 1,927 482 377 296 673 | 1,550| 1,186 | 2,736 18
6 - 10 5 0 ol 1,568| 4,000 0 0 1,670 . 9gg| - 1,670 9881 2,004 | 1,482 392 296 88 | 1,612 1,186 | 2,798 17
11 - 15 5 0 o] 2,085| £,000 0 04 1,715 ggg| 1,715 9e8 1 2,058 2482 103 296 699- I 1,655 1,186 | 2,841 17
16 - 20 5 0 o| 2,477} 4,000 0 o1 1,751 { - 988} 1, "751 . 988) 2,101 4482 211 296 707 § 1,690| 1,186 | 2,876 1¢
2 - 25 5 0 0] 2,775| 4,000 0 04 1,775 988l 1,775-1% 988§ 2,130 4482 117 296 73 1,733 1,186 | 2,899 1¢
26 - 31 6 0 0| 3,000 4,000 .0 0t 1,800 | 1,184% 1 800“ 1,1845 2,160 | 1,776 423 355 778 171,737, 1,421 3,158 1t
i - 'k i, L. N _:',":..\:‘_- . i ) - . : . S, .
Total 3l 0 0 - - 0 0 §10.317 | 6,124 10 517 6,121.\ 12,3807} 9,186 2,423! 1,835 | 4,258 | 9,9571 7,35 | 17,308 | 1,0



Teble III - 39 (1) Calculated Amounts of Water Suppl:
in Nan Pung Lower Basin Area .

5 Net Water Required Required Water Breakdown of Requi 10223 | Possi ; 3 ] ‘
. - quired Water Supply 10-m” ! Pogsible Inteke by Gravity 103m i Amount {Shortage of
Re;‘g%;g;ment Wa]*li.gg-gxzpp}y Supply Including - : | Released Wiater =~} Amount | Not Water (Amow : Amount
m Losses  103m3 Pump Area Vieir Area Natursl | from Dam Total ! Us%d_ Used {-nt Suvplied| Pumped
STond | Faday | Uplend| Paddy |Upiand| Peady [Upland | Paddy| Uplend | Total | Paddy | Uplend | Total [Plschareo | Nomel jadditional 10%7 | 10907 oy Porps) 1R s
juat
04 3,073 2/8§ 3,0 y
o1 1776 | el 1,776 | asl213: | 3 59| 80 | @9 2,253 292 | 2,045 2,437 73 | 281 | 34540 3,505 999 0 €29
o} 1,300 2/¢} 1,301 2181 1,561 372 47 0 497 11,7151 292 | 2,007 § 1,995 734, 281 3,010 | 2,007} 1,003 0 197
0 851, et g5y 278 17025 372 306 80 386 1 1,255 202 | 1,547 | 1,551 734 216 2,50L & 1,547 954 0 386
o s 2el e Ay R 2 201 80 281 £24, 202 | 1,116 1 1,107 734 216 2,057 1 1,116 941 0 281
372 134 80 214 & 548 292 840 663 734 406 1,803 | 840 963 0 214,
0 08 g ' : |
9,9 1,486) 9,908 | 1,488 [11,890 | 2,232 2,329 480 | 2,809 | 9,561 | 1,752 {11,313 j 20,637 4,404 | 1,681 [16,722 111,313 5,409 g 2,809
o] 2 | . ¥
S I 4 B - B 4 I - al w1l o1l o2 a3 skl 7 | 160 | 1,0 82| 48 0 135
° 29 e 2% e o7 S 20 77 % 82 613 695 380 734 169 1,263 1 695 588 0 94
5 a5 Se o are % | 150 21 74, 95 86 613 €99 339 734 169 1,242 4 699 543 0 95
G 87 olel g7 a6l 104 | 1,374 193 275 294 79{ 1,099 | 1,178 298 734, 216 1,218 | 1,178 70 0 29/,
ol 1,50 | 1,100] 1,522 | 1,200 1,826 1274 20 275 295 841 1,099 | 1,183 257 T34 216 1,207 § 1,183 2 0 295
2% 503 358 330 688 4 1,468 | 1,320 2,788 254, 881 819 1,954 4 1,954 0 834 1,522
0f 2 ] . :
_’_}_23 4,306} 2,123 | 4,306, 2,547 | 65459 9! 1,002 | 1,600 | 20481 5,357 | 7,405 1 1,949 4,551 | 1,758 5,256 | 6,571 1,687 834 | 2,435
. : - i
01 1,606 ogel 1,606! - 9B&| 1,927 | 1,482
) 377 296 673 || 1,550 | 1,186 | 2,736 184 73 €83 1,601 1,601 0 1,135 1,808
2 i’,‘;zg ggg iaf;zfs’ ggg 2’8% i,kgg 392{ 296 g8 | 1,612| 1,186 | 2,798 179 734, €3 1,596 1,596 of 1,202 | 1,890
ol 1,75 oee| 1,751 oeel 27100 1’282 403 296 699 | 1,655| 1,186 1 2,841 174, 734 83 1,551 1 15596 0 1,250 1,949
ol Y775 98¢ 1,775 . ogal 2130 1,482 1 296 707 § 1,690 1,186 | 2,876 169 734 761 1,66 ] 1,66L 0 1,212 1,919
ol 178 1 1.18a) Tle0d.l 1,184k 223%0 1,082 L7 296 73 § 1,731 1,186 | 2,899 163 734, 761, 1,658-1 1,658 0 1,241 | 1,954
L 22 s 2800+ 1, »160, 776 423 355 e {1,737 1,421 | 3,158 189 881 825 1,895 1,895 0 1,263 i 2,041
i R Y SR v -t N o . ; l a
0 410,317 6,124} 10,317 | 6,12412,38077| 9,186 2,423 1,835 | 4,258 | 9,957 7,351 17,308 | 1,058 4,551 1 45396 10,005 § 10,005 0 7,303 | 11,58




Table III - 39 (2) Calculated Amounts of Water Supply
in Nan Pung Lower Rasin Area

Cultivated

Available Net Water Tequired Required Water- Breskdom of Required Water Supply

Number Effective Rainfall Requirement Water Supply | Supply Including _— _ -

Date | Period of Rainfell mm frea  ha 103m3 103m3 103n3 Losses 103m? Pump Ares Tesr
Days Paddy | Upland | Paddy | Upland |Paddy | Upland | Paddy Ugland Paddy |Upland{ Paddy | Upland Paddy } Upland Total f Paddy | Upla

1959 .
Feb, 1- 5 5 0 0 | 3,000 4,000 0 ¢ | 1,500 928 | 1,500 9281 1,800 1,392 352 278 630 1,448 1,1
6 - 10 5 0 0 | 3,000 4,000 0 0] 1,500 92g | 1,500 9281 1,800 1,392 352 278 €30 1,448 1,1
11 - 15 5 0 0 [ 3,000] 4,000 0 01 1,500 928 | 1,500 928 1 1,800 1,392 352 278 630 1,448 1,1
16 - 20 5 0 o | 3,000] 4,000 0 0] 1,500 928 { 1,500 928 | 1,800 1,392 352 278 630 1,448 1,1
2 - 28 8 11.5 11,5 | 3,000 4,000 345 LED | 2,400 1,484 } 2,055 | 1,024 2,466 1,536 183 308 791 1,983 1,2
Total 28 1.5 11.5 - - | 345 LEO | 8,400 | 5,196 | 5,055 | 4,736} 9,666 { 7,104 1,891] 1,420 | 3,311 3§ 7,775 | 5,6
Mar. 1- 5 5 0 0 | 3,000] 4,000 0 0§ 1,500 852 § 1,500 8521 1,800 1,278 352 256 €8 1,448 1,0
6 - 10 5 0 o | 3,000| 4,000 o] 0§ 1,500 852 § 1,500 8521 1,800 1,278 352 256 g 1,448 1,0
11 - 15 5 0 0 3,000 4,000 0 0 1,500 852 1,500 gs52 1,800 1,278 352 256 08 E 1,448 1,0
16 - 20 5 0 0 3,000 | 4,000 0 011 1,500 &52 § 1,500 8521 1,800 1,278 352 256 o 1,448 1,0
21 - 25 5 G 0 | 3,000} 4,000 0 oy 1,500 £32 § 1,500 852] 1,800 1,278 352 256 08 1,448 1,0
26 - 31 6 0 0 | 3,000} 4,000 0 0 { 1,800 1,020 { 1,800 [ 2,020} 2,160 1,530 423 306 729 1 1,737 1,2
Total 31 0 0 - - 0 0t 9,300 55280 | 9,300 | 5,280111,160 7,920 2,183| 1,586 3,769 &,977 6,3
Apr. 1- 5 5 0 0 | 3,000] 4,000 0 ot} 1,500 1,00 { 1,500 | 1,0087 1,800 1,52 352 302 654, 1,448 1,2
13 - 15 5 0 0 | 1,432 4,000 0 o 912 1,008 912 ; 1,008¢ 1,094 1,512 214 302 516 280 1,2
16 - 20 5 75 7.5 915| 4,000 €9 300 €07 1,008 538 708 &6 1,062 127 22 339 l 519 g
21 - 25 5 10.3 10.3 523 | 4,000 54 412 374 1,008 320 556 384 894 75 179 254, 309 5
26 - 30 5 0 0 2251 4,000 0 0 198 1,008 198 | 1,008 238 1,512 L7 302 349 19 1,z
Total 30 17.8 17.8 - -1 12 712 | 4,905 | 6,048 | 4,782 | 5,336y 5,739 | 8,004 1,124, 1,599 ; 2,723 | 4,65 | 6,/




Water Supply

din Area

nired Water- Breakdown of Required Water Supply 103m3 Possible Inteke by Gravity 107m’ é Amcunt [Shortage of

Py Including = - : Rolegped Vater | _ Amount | Not  |Water (Amou | Amount
ises 0 Pump Ares Weir Are? ANatural from Dam _ Totel Usgd3 Usggg -nt Supply I:umped
idy | Upland Paddy | Upland | Totel { Paddy | Upland ;{ Total iDischarge| Normal ;Additional 10%m3 10 bylg%gs) L§03m3
Q0 | 1,392 352 278 630 § 1,448 | 1,114 2,562 152 734 562 1,448) 1,448 0 1,11/ 15744
00 | 1,392 352 278 630 § 1,448 | 1,114 2,562 146 734, 562 1,442 1,442 0 1,120 1,750
00 | 1,392 352 278 630 § 1,448 | 1,114 | 2,582 141 I 562 1,437 1,437 0 1,125 1,755
00 | 1,392 352 278 630 § 1,448 | 1,114 2,58 136 734 562 1,4321 1,432 0 1,130 1,760
66 | 1,536 783 308 791 | 1,983 | 1,228 1 3,211 205 1,175 899 2,2791 2,279 0 932 1,723
66 Ta104 | 3go1) 1,420 | 3,311 § 7,775 | 5,684 | 13,459 780 4,011 | 3,147 €,0381 8,038 O 5421 | 8732
00 | 1,278 352 256 68 | 1,448 | 1,022 2,470 296 734 562 1,592] 1,592 0 e7e 1,486
00 | 1,278 352 256 608 | 1,448 | 1,022 2,470 296 734 562 1,5921 1,592 0 878 1,486
00 [ 1,278 352 256 €08 § 1,448 | 1,022} 2,.70 296 734, 562 1,592 1,592 0 878 1,486
00 | 1,278 352 256 608 1 1,478 | 1,022 2,470 296 734 562 1,5927 1,592 0 878 1,486
00 | 1,278: 352 256 €08 | 1,448 | 1,022| 2,470 296 734 562 1,592§ 1,592 0 878 1,486
£0 | 1,530 423 306 729 4 1,737 | 1,224 2,96 358 881 674 1,9137 1,913 0f 1,048 1,777
60| 7,920 2,183| 1,586 ! 3,769 § 8,977 | 6,334 15,311 1,838 4,551 | 3,484 9,873F 9,873 0 5,438 9,207
0| 1,52 352 302 654 Y 1,448 | 1,210) 2,658 L57 734 562 1,753F 1,753 0 905 1,559
77| 1,512 309| 302 61 | 1,268 | 1.210] 2,478 157 734, 562 1,753] 1,753 0 725 | 1,336
94+ 1,512 214, 302 516 880 { 1,210 2,090 457 734, 562 1,753 1,753 0 337 53
%6 1,062 127 212 339 | 519 250 1,369 360 734, 260 1,3631 1,363 0 & 345
84| 894 75 179 25/, 309 751 1,024 32 734 260 1,306% 1,024 282 0 254,
38| 1,512 47| 302 349 191 | 1,210] 1,401 343 734 260 15337f 1,337 0 64 a3z
39 8,004 1,124 1,599 | 2,723 | 4,615 | 6,405! 11,020} 2,395 4yb0L | 2,466 9,265 &,983 232% 2,037 4760 |




Table III - 39 (3) Calculated Amounts of Water Supply
in Nean Pung Lower Basin Area

Net Water

) : ) Available Required = | Required fiater Breakdown of Required Water Supp.
3 Number Effective Cultivated Rainfall Requirement Water Supply § Supply Including !
Date Period of Rainfall mm dres ha 10°m3 10°m° 10%n’ Losses  107m Pump Avea Feip
Deys Paddy | Upland | Paddy | Upland |Paddy | Upland| Peddy Upland | Paddy {Uplend | Paddy |Uplend Paddy |Upland | Total § Paddy | Upl
1959
Mey | 1- 5 5 48 R 0] 4,000 0} 192 &4 844 6| 52 4 7€ 978 150 | 196 347 a7 '
6-10 5 39,8 39.8 0] 4,000 0{ 1,952 0 844, 0 0 0 0 o 0 0 0
11 ~ 15 5 344/, 3hed 0| 4,000 0} 1,376 0 844, | 0 0 0 0 o 0 0 0
16 - 20 5 41,3 1.3 0| 4,000 0] 1,652 0 - 844 0 0 0 0 0 0 0 0
21 - 25 5 25.1 25.1 0! 4,000 0 1,004 0 842 1 0 0 0 c 0 0 0 0 .
26 - 31 6 18,9 | 18.9 0{ 4,000 0 756f 2551 1,002 3 255 | 256§ 306 24 €0 77 137 246 :
Total 31 164.3 ] 164.3 - - 0, 6,932 319 | 5,232 319 908 § 1,074 | 1,38 211 273 484, £63 1',:
Jum. | 1- 5 5 0 0 150 | 4,000 0 0 245 612 245 612 294, 918 58 18/ 242 236 '
| 6 - 10 5 0 0 250 | 43000 0 0 210 1.2 210 a2 252 918 19 187 233 503 .
11 - 15 5 0 0 300 [ 4,000 0 0 235 &2 235 €2 282 91e 55 187, 239 509 -
1€ - 20 5 20,5 20.5 350 4,000} - 72 820 260 &12 188 0 226 0 v 0 W 182
21 - 25 5 0 6] 4001 4,000 8] 0 - 285 T 612 285 a2 342 918 &7 182 251 275 t
26 -~ 30 5 5442 50.0 450 | 4,000 | 244 | 2,000 3,699 612 § 3,455 0 j 4,246 0 812 0 812 ! 3,33,
Total 30 ThaT 70.5 - -1 316 2,820} 4,934 ! 3,672 | 4,618 | 2,448 § 5,542 | 3,67 1,085 736 | 1,821 | 4,457 | 2,
Jul. | 1- 5 5 0 0 12,161,8 | 2,000 0 C{ 3,889 274 | 3,889 274 | 4,667 411 914 44, 958 | 3,753
6 - 10 5 0 0 3,803 4| 2,000 0 0f 4,033 274 Y 4,033 274 | 4,840 411 948 4L, 992 | 3,892
11 - 15 5 10,2 10.2 {5,049.0 ! 2,000 515 2041 4,143 - 274} 3,628 TO { 4,354 105 853 11 86/, 3,501
16 - 20 5 32.1 32.115,994.9 ; 2,000 {1,92/ 642§ 4,650 274§ 2,726 G 1 3,271 0 41 0 &1 | 2,630
21 - 25 5 10,91 10.916,962.2( 2,000 759 1. 218% ,839 274 ¢ 4,080 56 | 4,896 84 959 9 968 | 3,937
| Total 31 1 1434 103.2] - ~ 17,922 | 2,064} 27,509 | 1,698 §19,677 | 674 123,600 | 1,011 L2 108 | 4,730 }18,979 '




ts of Water Supply

r Basin Area
Required Vater | Breskdown of Required Water Supply 103m3 Possible Intake by Gravity 103m3 1
Am
ﬁgﬁg In%ui:’én & A 3 oir A Releesed Water Totgl | Amount No:unt ??;zga Amgf:. Amount
i Pump Area oir area Natural from Dam Used | Used |-nt Supply | Pumped.
] Paddy |Uplend Paddy {Upland | Total | Paddy |Uplend | Total ||Dischargd Normal |Additional 103m3 §103m3 by _f’gggi) UP1Q3J1:3
768 978 1510 196 | 37 a7 | 782 | 1,399 516 73, | 13 1,423 || 1,399| 24 0 347
0 0 0 0 0 0 0 0 516 73, 0 1,250 o| 1,250 0 0
0 0 0 0 0 0 0 0 516 734, 0 1,250 o| 1,250 0 0
0 0 0 0 0 0 0 ol 1,215 734, 0 1,949 ol 1,499 0 0
0 0 0 0 0 0 0 0 1,215 734 0 1,949 of 1,499 0 0
306 8L 60 77 137 246 307 553 967 881 ) 1,910 553| 1,357 0 137
1,074 | 1,362 211 273 481, £63 | 1,089 | 1,952 | 4,945 4,551 235 9,731 | 1,952} 7,779 0 4?_{»;
294, 918 se | 184 212 "1 236 734, 970 716 734 121 1,5 o0l e 0 242
252 918 191 184 233 203 734 931 601 734 121 1,4564 9371 519 0 233
282 91 55 184 239 227 734 961 504 734, 121 1,359 961 398 0 239
226 0 L2, 0 L2, 182 0 182 503 734, 121 1,358 182] 1,176 0 A
342 918 671 184 251 275 734 | 1,009 206 734 121 1,261 || 1,009 252 0 251
45146 0 812 0 812 § 3,334 0 | 3,334 658 734 | 1,210 2,602 | 2,602 0 782 1,594
55542 | 3,67 1,085 736 | 1,821 | 4,457 | 2,936 | 7,393 3,388 L4004 | 1,215 9,607 || 6,661 2,946 782 2,603
4,667 411 914 L 958 |t 3,753 367 | 4,120 47T 734 | 1,210 2,421 | 2,421 0 1,699 2,657
L5840 411 948 L 992 { 3,802 367 | 4,259 475 734 | 1,210 2,419 | 2,419 0 1,840 | 2,832
43354 105 853 11 864 | 3,501 9. | 3,595 295 734 | 1,210 2,239 | 2,239 0 1,356 | 2,220
3,271 0 641 0 &1 | 2,630 L0 | 2,630] 2,216 734 143 3,093 || 2,630 463 0 641
4,896 84 959 9 068 | 3,937 75 | s,0121 3,57 734 268 4,574 || 4,012) 562 0 9ée
1,575 0 307 0 307 1 1,266 D0 | 1,266] 3,372 881 42 45295 || 1,266{ 3,029 0 307
fa3,60l | 1,012 Le@2] 108 | 4,70 l18,979 1 903 {19,882 10,407 4,551 | 4,083 119,01 14,967y 4,05 4,895 | 9,65|




Table TIT - 39 {4) GCalculated Amounts of Water Supply
in Nan Pung Lower Bagin Area

tingteq | Availsble 4 Net Water i Required | Required Water- | Breakdown of Required Water Supply 103m3
Number | Fffective Cultina Rainfall | Requirement | Water Supplyj Supply Including
Dete Period of Rainfall mm Ares  hs 103m3 | 103n3 i 103m3 Losses 103m3 Purp Area i Tieir Area
Days Paddy Upiand Paddy | Upland | Paddy |Upland| Paddy | Upland Y Paddy |Uplandi Paddy | Upland Paddy {Upland | Total Paddy | Upland Total
1959
hug. 1- 5 5 20.7 20,7 8,421.6] 1,000} 1,743 2071 5,072 1391 3,329 Ol 3,994 i 0 782 0 782 3,212 o 3,212
6-10 5 6.2 6.2 9,000 1,000 558 6211 4,500 1391 3,942 T 4,730 116 926 25 951 3,804 91 3,895
11 - 15 5 0 o{ 9,000 1,000 0 o} 4,500 1394 4,500 139§ 5,400 209 1,057 45 | 1,102 {4,343 164 | 4,507
16 - 20 5 8.8 8.8 9,000 1,000 4,392 488 | 4,500 139 1o8 0 130 0 25 0 25 105 0 105
2 . 25 5 3045 30.5{ 9,000} 1,000 | 2,745 3051 4,500 1394 1,755 ol 2,106 0 413 0 23§ 1,693 o| 1,693
26 - 31 6 22.. 22,41 9,000} 1,000[2,016 22, % 5,400 166f 3,384 ol 4,06L 0 795 0 795 3,266 0 3,266
Total 31 128,6 | 128.6 - ~ 11,454 | 1,286% 28,472 gé1j 17,018 2161 20,421 325 3,998 70 | 4,068 | 16,423 255 | 16,678
Sep. | 1= 5 5 49 4.9 9,000 1,000! 441 491 4,500 170% 4,059 1214 4,871 182 954 39 993 | 3,917 143 | 4,060
6 - 10 5 118.9 50.0! 9,000] 1,000 {10,701 500§ 4,500 170 0 o) 0 0 0 0 0 0 0 0
11 - 15 5 54.3 50.0] 9,000| 1,000} 4,887 500§ 4,500 170 0 0 0 0 o 0 0 0 o 0
16 - 20 5 7543 50.0¢ 9,000 | 1,000 6,777 500§ 4,500 170 0 0 0 0 0 0 0 0 o 0
21 - 25 5 23,8 23.8{ 9,000} 1,000] 2,142 2381 4,500 170{ 2,358 oll 2,830 ¢ 554 0 554 1 2,276 ol| 2,276
26 -~ 30 5 18,7 18.7] 9,000} 1,000 1,683 1873 4,500 170y 2,817 off 3,380 o 662 0 662 | 2,718 0l 2,718
Total 30 295.9 | 197.4 - - 126,631 | 1,9744 27,000 | £,260y 9,234 121 § 11,081 182 L 2,170 39 | 2,209 8,911 143 9,054
Oct. 1~ 5 5 0 0 9,000 1,000 0 0f 4,500 221 4,500 2214 5,400 332 1,057 71 1,128 L4343 261 4,604
6 - 10 5 0 0{ 9,000{ 1,000 0 O 4,500 2211 4,500 221§ 5,400 332 1,057 71 | 1,128 § 4,343 26 | 4,604
11 - 15 5 0 o{ 9,000 1,000 0 0F 4,500 2214 4,500 221} 5,400 332 1,057 71 | 1,128 § 4,343 26 | 4,604
16 - 20 5 0 o{ 9,000} 1,000 0 o} 4,500 221§ 4,500 221 % 5,400 332 1,057 TL | 1,128 | 4,343 261 | 4,604
21 - 25 5 0 0| 9,000: 1,000 0 01 4,500 2214 4,500 22148 5,400 332 1,057 7L | 1,128 § 44343 261 | 4,604
26 - 31 6 0 _ 046,382.2; 1,000 0 07 4,944 2651 4,944 2654 5,933 398 1,162 85 | 1,247 { 4,711 313 5,084
Total 31 0 0 - - 0 0f 27,444 | 1,370} 27,444 | 1,370§ 32,933 | 2,05¢ 6,447 L0 | 6,887 | 26,486 1,48 28,104
%giﬁy giat‘;:f 365 806.9 | 693.3 - -146,792 | 16,248 160,721 | 45,535§119,795 | 33,007 {148,034 | 49,515 § 28,982 | 9,688 | 38,670 ;119,052 | 39,827 | 158,879




Caleulated Amounts of Water Supply
in Nan Pung Lower Basin Area

Required Required Water- 3 Breakdown of Required Water Sipply 103m3 Possible Intake by Gravity 109m> o
{  Vater Supplyl Supply Including | Released Viater Amount I%m gunt Whorta e of
| 103m3 Losses  103m3 Pump Area Tieir Area Netural from Dam Totel | ; ggn T}Z od ategu AT;_“ Amoung
: A S -1 2
Paddy |Uplandj Paddy | Upland Paddy {Upland | Total | Paddy|{ Upland | Total {Discharge| Normal | Additional 10%n3 | 103u3 by Pugf,’p) UI p“mp
10903 103m3
3,329 Ol 3,99 0 782 0 782 | 3,212 | | 0] 3,222 1§ 3,086 734 199 4,019} 3,212 £07 0 782
3,942 7T 4,730 116 926 25 951 | 3,804f © 9L 3,895§ 4,103 734 307 5,241 3,8951 1,249 0 951
4,500 1394 5,400 209 1,057 45 | 1,002 || 4,343 1 164 | 4,507 | 1,260 734 | 1,210 3,204 3,204 0 1,303 2,405
108 0 130 0 25 0 25 105 0 105§ 2,968 734 7 3,709 105§ 3,604 0 25
1,755 0] 2,106 0 413 o 413 1 1,693 O 1,693 846 T34 134 1,74 1,603f 21 0 413
3,384 O 4,061 0 795 0 795 | 3,266 . 0| 3,266{ 5,098 881 228 6,2071 3,266 2,941 0 795
17,018 2161 20,421 325 3,998 70 | 4,088 || 16,423 255 | 16,678 | 17,361 4,551 | 2,085 23,9971 15,375; 8,622 1,303 55371
45059 121 4,871 182 954 39 993 | 3,917 143 | 4,060 ) 2,558 734 432 3,724 3,724 0 336 | 1,329
0 o) 0 0 0 0 0 0 0 0] 19,488 734, 0 20,222 0| 20,222 0 0
0 0 0 0 0 0 0 0 0 04{ 30,870 734 0 31,604 0} 31,604 0 o}
0 0 0 0 0 0 0 0 0 014 10,315 734 0 11,049 0] 11,049 0 0
2,358 0l 2,830 0 55/, 0 554 1 2,276 0| 2,276 12,570 734 160 12,464} 2,276 11,188 0 554,
2,817 off 3,380 o 662 0 662 | 2,718 0} 2,718 12,850 734 216 13,800( 2,718{ 11,082 0 662
! 9,234 | 121} 11,081 182 2,170 39 | 2,209 | &,911 : 143 | 9,05, 88,651 4 3404 gog 93,£63} 8,718 85,145 336 | 2,545
44500 221% 5,400 332 1,057 71 | 1,128 | 4,343 261 4,604 4 4,006 734 476 552617 4,604 612 0 1,128
4,4 500 221§ 5,400 332 1,057 7L ) 1,128 § 4,343 261 | 4,604 3,473 734 476 L6831 4,604 79 0 1,128
L s 500 221 5,L00 332 1,057 TL | 1,128 | 4,343 261 |  A,60L [ 4,359 734 476 555698 4,604 965 0 1,128
4,500 2211 5,400 332 | 1,057 TL | 15128 § 4y343] - 26L| 4,604§ 2,607 734, 864, 45205§ 4,205 0 399 | 1,57
i 4,500 2218 5,400 332 1,057 TL | 1,128 § 4,343 ! 2@ | 4,604 1,642 734 864 3,240% 3,240 0 1,364 2,492
| 45944 2654 5,933 398 1 1,162 85 | 1,247 | 4,11 3131 5,0840 1,641 881 | 1,037 3,559 3,559 0 1,525 2,772 .
27,444 | 1,370} 32,933 { 2,058 6,447 LLO | 6,887 | 26,486| 1,618 | 28,104 17,728 Ly551 | 45193 26,4712] 24,816| 1,656 3,288 | 10,175
. . i : .
119,795 | 33,007 {148,034 | 49,515 } 28,982 | 9,688 | 38,670 ;119,052 | 39,827 | 158,879 || 161,137 53,584 | 30,151 244,8721127,292 117,580} 31,637 | 70,307
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Table ITI - 42, Calculated Amounts of

Water Supply at Ban Lat Du

Bffective | Cultivated | Reinfall| iet yater | Required| jpavired
Momth g;llanigll ires (na) Availed | Requirement ‘giter Supply
) 103m3 10303 3 ofn%y ig i::lng

103m3
P 0 248 0 320 320 140
Dec, 0 214.8 0 305 305 $19
1933:1. 0 214.8 0 329 32 452
Feb, 11.5 24,8 25 279 251, 349
Mar. 0 214.8 0 28, 28 391
Apr. 17.8 214.8 38 324 286 393
May 164.3 2A4.8 231 279 48 66
Jun. 70.5 24,8 64 198 132 i
Jul, | 103.2 24,8 109 180 7L 98
Mg, | 128.6 214, 8 139 184 47 65
Sept, 197.4 24,8 196 222 26 36
Oct. 0 214, 8 0 29 294, 104,
TOTAL 6933 €04 3,200 2,396 3,295




(e) Main Construction Plan
(i) General descriptibn-

For Nam Purg Lower Basin Ares a diversion weir is to b built at
a site about 700 m downstream of the Nam Pung Bridge. The method is to
take in water from both bank.

' The intake canal on the right bank will connect to No.l and No.2 main
canal. The two canals will be connected to the pumping main canal at a
point about 200 m below the diversion weir in order to feed water from
Pumping Station No.l, in case of shortage of natural flow.

The intake gate on the left bank is connected to No.2 canal.

The above-mentioned Nong Han No.l Pumping Station is to be con-
structed near Lake Nong Han, at an intermediate point between Ban Tha
Wat and Ban Yang At. Ban Lat Du pumping equipment is to be installed at
the end of No.3 Main Canal. These mains are in a prineiple earth canals.
Especially, in sections which will require large-scale embanking work,
asphalt lining -is to be executed in order to prevent seepage of water and
for safety of the structure. From the results of soil tests, the slopes
of the earth canals are designed to a gradient of 2:1 in order to protect
them from possible damages caused by erosion.

Lake Nong Han west and north areas are to be supplied with irriga-
tion water from Nong Han No.2 and Nong Han No.3 pumping stations which
are to be built on both banks of a large drainage canal to be constructed
to drain flood discharges from Lake Nong Han. This drainage canal will
be excavated in a northeasterly direction from the northern end of the
lake.

Earth canals, similar to those for the Nam Pung lower basin area,

connecting with these pumping station are to be constructed.

III - 55



(2) Diversion weir

The diversion structure will be g movable weir, instead of fixed
weir in order to allow abnormal flood water in the wet seagson to flow
down without hindrance. Also in order to regulate the dischargs from the
power house, the highest intzke level is 0.5 m above the design intake
level. This will enable the regulation of approximately 100,000 m> of
flow per day.

The design intake level for the diversion weir is E.L. 163.70 m,
and the water level during regulation of flow is 164.20 m. The maximum

intake is 8.00 m3/s on the right bank, and 2,66 m3/s on the left bank.

(3) Pumping reuipments
(i) Design discharge

The desigh discharge is determined based on the tables show-
ing calculated amounts of water supplies in various areas - Table ITT-39,
to Table III-42.

Nong Han No.l Pumping Station has been designed to dischsarge
1,954,000 m3/5 days, vhich is the maximum required discharge in January,
by 1l6-hour operation per day.

Nong Han No.2 Pumping Station has been planned to discharge
1,161,000 m3/ 5 days, which is the maximum required discharge in July,
by 1l6-hour operation per day.

Nong Han No.3 Pumping Station has been planned to discharge
1,058,000 m3/ 5-days, which is the maximum required discharge in July,
by 1lé6-hour operation per day.

Ban Lat Du Pumping Station has been designed to discharge
74,000 m3/5 days, which is the maximum required discharge in April,
by 1l6-hour operstion per day.

(ii) Dimensions of pumps
Dimensions of each pump ‘e;re as shown on Table ITI-43.
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* Table IIT - 43~ Dimensions of Pumps - :

Design | Maxi-| | Num-~ Num-_ | Total Average energy

Plim_ping',- Dis- |mum i Bore| ber of| Prime|ber of| instal- | Consumption
Station | charge | Head | _ Pumps | Mover|Prime | led per m? of water
x Movers| capaciby
w3 /min} . (m) | (mm) (lar) (kh) _
Nong Han No.1| 407 | 9.7 {1,200 2 |{6,000v{ 2 1,000 | 36.73 x 1073
motor
Nong Han No.2| 242 [12.0{ 800 3 |6,000v] 3 750 | 46.71 x 1073
motor
Nong Han No.3| 220 | 8.0 | 700| 3 |6,000¢ 3 550 | 30.10 x 1075
motor
Ban Lat Du 16 |10.0 | =250 2 |400v | 2 50 | 52.08 x 1073
motor
Total 2,250

Note: Fluctustions in the water-level of Lake Nong Han is 2 m during
a year. Therefore, Nong Han No.1l, No.2 and No.3 Pumping Stations
are.designed for variable head of 2 m.
Average energy consumption per m3 of water has been calculated

by reducihg the maximum head by one meter.

(iii) Discharge, Operation hour and electricity required by months.
Discharge, operating hour and electricity required by months

are shown in Teble. ITI-4d.
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(4) Canals
The canal is in principle of a trapezoidal cross section and with
earth lining. The longitudinal gradient of the canals is within the range
of 1/2,000 - 1/6, 500,

The length of canals inh each area is as shown on Table ITTI-AS5.

Table ITI -~ 45 Length of Canals in Each Area

Area Main Canal Branch Canal Total
Nam Pung Lower Basin 53 km 67 km 120 km
Lake Wong Han West 27 17 4h
Lake Nong Han North 23 13 36

Total 103 kn 97 km 200 km

In the above table: the main eanal in Nam Pung Iower Basin
Area includes 20 siphons, 2,170 m in total length and
3 culverts, 910 m long.
The main canal in Lake Nong Han West Areg includes
3 siphons, 150 m in total length.
And in Lake Nong Han North Area there are 3 siphons,

150 m in total lengbh.

(5) Appurtenant structures to canals
Appurtenant structures to the main canal in each area are as

shown in Table III-46.
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Table IIT - 46 Appurtenant Structures to Main Canal by Areas

Nam Pung lake Nong Han Lake Nong Han
Name Lower Basin West: Area North Area Total
Area

Regulating Gate 11 7 10 28
Diversion Work 26 1L 1 51
Birect Intaske Work L 23 23 90
Drop s ) 0 1
Canal Spill-way 1 7 10 31
Highway Bridge 20 6 1 37
Farm Road Bridge 42 4O 32 14

(f) Construction Costs

The total construction costs zre as follows:

Table I1I - 47 Total Construction {ost

Total Cost Foreign ILocal
Currency Currency

us us & Baht
Nam Pung Lower Basin Area 8,756,030 4,993,965 78,062,827
Lake Nong Han West Area 2,751,090 1,635, 734 23,268,138
Lake Nong Han North Area 1,939,410 1,062, 302 18,199,992
Total 13,452,530 7,692,001 119, 530,957

Details of costs by Areas are as shown on Table ITT-48, Table ITI-49

and Table ITI-50.
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Table IIT - 48 Nam Pung Lower Basin Area

( $1 = ¥360 = 20,75 Bahts )

moT T Total Cost Foreign Local

“Name Currency Currency
) Us & Us $ Baht -

1. Canals, Structures,
Diversion Weir 4,178,222 2,563,000 33,515,856
2. Pumping Equipment Works 947,888 713,305 4,867,597
3. Land Improvement Works 1,739,944 582,472 24,017,543
Total 6,866,054 3,858,777 62,400,996
4. Contingencies 686,611 385,889 6,239,983
Cumulative Total 7,552,665  k,2hh,666 68,640,979
5. Overhead Expenses 552,695 378,222 3,620,31,

. a. Investigations and

design work 271,166 271,166 0

b. Supervision of
construction 107,056 107,056 0

¢. Thal Goverhment
expenses 174,473 0 3,620,314
Cumul ative Total 8,105,360 4,622,888 72,261,293
6. Interest during construction 650,670 371,077 5,801, 5%
Grand Total ‘s, 756,030 78,06-2, 827

k,993,965
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Table TITI - 49 Lszke Nong Han West Area

e

( $l = ¥360 = 20:75 Baht )

Totgl Cost Foreign Local”
Name Currency Currency
us § us § Bsht
1, Canals, Structures 986, 250 626,269 7,469,606
2. Pumping Equipment Works 649,860 487,397 3,371,107
3. Land Improvement Works 523,194 175,269  7,219,h44
Tobal 2,159,304 1,288,935 18,060,157
L. Contingencies 215,944 128,902 1,806,122
Cumulative Total 2,375,248 1,417,837 19,866,279
5. Overhead Expenses 179,089 101,394 1,612,171
a. Investigations and
design work 66,811 66,811 0
b. Supervision of
construction 34,583 34,583 0
¢. Thai Government _
expenses 77,695 0 1,612,171
Cumulative Total 2,554,337 1,519,231 21,478,450
6. Interest during construction 202,753 116, 503 1,789,688
Grand Total 1,635,734

2,757,090

o

23,268,138




Table IIT - 50 Lake Nong Han North Area

s b

. I_\( A$l,_=‘ ¥360 :'20,75 Baht )

R " Totgl. Cost. - - :Foreign: ~ _ Iocal.
Name Currency Currency
el T T o5 Dol sl ZUSKS . - - USSR - - Baht - .
1." ‘Canals, Structures = .- 630,000 400,050 . - 4,771,463
2., Pumping Equipment Vorks 315,556 - 236,667 . 1;636;947
3. Land Improvement Works 546,111 182,947 7,535,653
Total 1,491,167 819,664  13,94k,063
4.  Gontingencies- 149,166 81;966 1,394,400
Cumulative Total 1,640,833 901,630 15,338,463
5. Overhead Expenses 154,133 78,078 1,578,141
a. Investigations and
design- work 55,022 .- 55,022 0
b. Supervision of - s .
construction 23,056 23,056 0
c. Thai Government 76,055 0 1, 578,1:1;-1
P27 L lgxpenses el -
. Cumulative Totel 1,794,966 979,708 16,916, 60%
"6. Interest during construction Wb bhk: . - 82,59 - 1,283,388
. Grend Total 1,939,510 1,062,302 18,199,992
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(g) Effect of Project
(1) Cropping area
As stated earlier, the proposed development area covering 14, 500 ha
is to be irrigated with the natural flow of the Nam Pung, the discharge
from the dam and the water pumped up from Lake Nong Hesn. With irrigation,
the cultivation of paddy and upland crops are expected from a total crop-

ping area of 22,000 ha which is summarized below:

Paddy field:
‘First crop 11,000 ha
Second crop 3,800 ha Sub-total 14,800 ha

Upland field:
Permanent 3,500 ha

Dry season 3,700 ha Sub-total 7,200 ha

(2) Planned agricultural production and estimated income

On the premise that fertilizers coupled with irrigation are to be
applied to upland fields, it is necessary to initiate at an early stage
experiments on the breeding of various kinds of paddy and uﬁlz;nd czlops,
and the improvement of farm management at agricultural and experimental
service station in order that the results of experiments may‘bé reflected
upon the merits of the project.

In the table which follows are given the present average yields
and the anticipated a:f.‘ter-—the—pian yields by crops in this feégjon that
were estimated from test results at the Sakol Nakorn pgriculbural Experi-
ment Station and its demonstration farms, and the Ban Ken Agricultural‘
Experiment :Station, as well as, from the data of the Agriéultural Station

in Sakol Nakorn Province.
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Table ITI-51 Yields by Crops per Unit Area

Ttem ields
before Yields after project Remarks
Crop lproj ect

kg/ha kg/ha  Baht/kg Baht/ba US§/ha |1. Rice price before
project:
82 Bath/ha=39.1 $/na

Rice 1,160 1,750 0.7 1,225 59
Sugar - 42,000 G.1 4,200 200
cane
2. Increased produc-
Peanuts .- 3,000 2 6,000  289.1 tion of Ffirst rice
crop:
530 kg/ha - 413 B/ha
Se same - 950 3 2,850 137.3 -19.9 $/ha
Kenaf - 2,250 1.8 4,050  195.2
Corn - 3,000 0,9 2,700 130.1 | 3. Second rice crops

and upland crops
having never been
Cotton - 1, 400 2.6 3,640  175.4 grown, yields after
project are all
reckoned in as in-

Kapok - 6,300 1.8 11,340 5L6.5 creased production,
Castor - 1,560 2 3,120 1504

beans

Tabacco - 1,360 9 12,240 589.9

Pasture - 1,540 69. 4

Vegetatleg - 1,720 8e.9
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Table ITI - 55 Incremental Income from Entire Development

Area Baht $
Nam Pung lLower Basin 20,164,060 971,401
Lake Nong Han West 8,609,930 K14, 641
Lake Nong Han North 6,567,610 338,092
Total 35,341,600 1,724,134

Even though irrigation water is obtained according to this plan,
the above incremental income cannot be expected unless, as stated later,
agricultural experiment and extension service stations promote tests
and researches in various kinds of ggricultural techniques and dissemi-
nate new techniques to the farmers of the area. For the disseminagtion of
new techniques for practical application by fammers, great enthusiasm and

thinking will be required of agricultural supervisors.

F. STUDY OF CONSTRUCTION SCHEDULE

The construction program for the first stage development of the Nem Gam
basin has been already described. The economic feasibility of the said
develcpment will be discussed in the following chapter.

Cn the premise that the development projects should be completed at the
earliest possible timing, an optimum construction schedulc which we consider
to be most economicel and most effective from a financial stendpoint is dis-
cussed hereinafter.

Other than the preliminary investigations and preliminery design work
which the Team has conducted, prepsrations necessery for execution of the
development scheme have not been mede. Accordingly, deteiled investigetions
and design work must be conducted before construction work may be started on

the projects. This work will require at least one yesr. The projects,
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included in the first stage development of the Nem Gam basin, which should
be built with top priority are the Nem Pung multi-purpose dam and the Nom
Pung hydro-electric power project.

The power obtained from the development may be transmitied to Szkeol
Noekorn and also to cities along the Mskong River, and to supply pump loads
of the proposed pump irrigation scheme of Lske Nong Han.

The development of the Nam Pung multi-purpose dam will make possible
the Nem Pung irrigetion scheme. Therefore, the Nem Pung irrigation scheme
should be completed simultaneously with the Nam Pung hydro-electric power
project. However, the execution of the irrigetion project will require a
large investiment (national funds). In consideration of the fact that about
70 per cent of the Nam Pung Reservoir construction cost would be investments
allocable to agricultural development end also in consideration of the ef-
ficient utilizotion of the investments, it is believed appropriate to defer
completion of the entire irrigation projects to 2 years after completion of
the Nam Pung Power Project.

The flood control program of the Nem Gam basin aims at the increased
ubility of land by means of prevention or mitigetion of flooding, and on com-
pletion of the irrigetion projects, the utility of land will increase tre-
mendously. Thersefore, it is desirable that this project elso be completed
simultaneously with the irrigation projects.

Especiolly, in view of the fect that the Nong Hen drainage work will
require an enormous volume of excavetion, from the viewpoint of construction
procedure, the execution of this phese immediately after completion of the
Nam Pung dem will mske possible the employment of heevy equipment used at
the dem end thus mske possible savings in construction costs. Also, the
Nong Han pump irrigation scheme is designed to pump up water from the Nong

Hon dreinege cenal end, therefore, it is desirable that the drainage work

- -
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"In View'of the Toregoing considerations; the eppropriate time for com
pletish 5f the Noig Han drainage canal may be-one yedt after completioh’ of -
the Nem ?ﬁhévbéﬁﬁ‘iTéking"ihté ‘aceount t&e‘hbcégédré_periods of time for-
investigations, design work, and execution of the power, irrigation ‘and
drainage projects, the Team has prepared and included in this Report 2 con-
struction schedule, which it considers to be most reascnable.

According to the construction schedule, the power project may be com-
pleted 2t the &nd of 1965, the irrigation scheme between 1966 and 1967, ond
the Nong Hen drainege canal in 1966. An alternative progrem thet may be
considered is the exetution of the power project only and defer the execu-

tion of the other purposes to the future.

G. OTUDIES ON DEVELOPMENT OF OTHER INDUSTRIES

(a) . Conditions on' Industrializetion

i1

According to the Five Yeor Plen for the North-Eastern Districts
(1962-1966), the Government of Theiland has designated Khonkaen and Sakol
Nekhorn. the two.big.industrial zZones of the district and it is promoting the

inGustrialization of the 2 cities.

However, the estimated cost of power, from the development of the Nam
Ping .hydro-electric Scheme .ab Sakol Nakhorn is almost the seme or slightly

16w§;5§h§n<ﬁﬁg‘cégﬁﬁofﬁ§ie§gl;elect;ic power., Therefore, it would not be

T

proper, ﬁ?q@,ppepgpqupoinﬁfgf cgét.ofmpgyggwagg_a?gilap}g7outpuﬁ, to supply

power from Nem Pung to bulk power consuming industries, such as, chemical
. PRl PR e L A et SN DA 3 . P

ferpil;ze;,hagumigium{‘gﬁq._“Rgtper, ipﬁwggl@lyg‘a@yiqab}gvto supply the

said ﬁower to othei industrial, irrigation and general consumer @emang.
As stated eailiér, agricultural development includes the use of yeer-
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storage capacity, as well as, to pump water from Leke Nong Han fop irriga-
tion. Since the object of irrigation is to make possiblo the raising of.
two crops of rice e year in existing peddy fields, and to reclaim year-round
cultivable farmland, it is most advisable to consider the development of
industries to process upland crops.
(b) Probable Industries
Some industries which may be suitable to the area are as follows:
(1) Cotton spinning

The Team thinks it edvisable to cstablish cotten spinning enter-
prises on scale, as & first step, not smaller than the economic opera-
tion unit, mainly for the purpose of meeting the needs in Korat pleteaun
and Laos. The source of raw cotiton will be the fields irrigated by the
water from Nam Pung end Lake Nong Han shall (the latest improved species
(--long fiber cotton about 1-1/4") should be introduced). In case raw
cotton be insufficient, the shortage can be supplied from cotton fields
in the Koret Plain.

For the time being, the industry should be developed through local
medium and smell enterprises, as well as, cottege industries, for the
purpose of encouraging their development.

(2) 8ilk spinning

In order to enhehce the treditional craftmanship in this district
and promote its industrialization, we think it sdvisable, like cotton
spinning, to encourege the raisihg of silk worms and the development of
silk spinning industry. Like the cotion industry5‘thé'aevelépmeﬁf of
locad medium and small enterpriseé or cottage industries should be en-
couraged.

(3) 0il extracting industry

If mills are built and opprated‘t6~extract oil from peanutsénd !

seseme seeds raised in the proposed irrigation district, as well as, froﬁ
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pg?ﬂﬁﬁs, éésémé_éeeds and‘b§§£§; beans féiééd\jn adjoining areas, oil
cakes thus obtained mey bérused es feed.stuff or fertilizer to nourish
soil, l i
(4) Hemp industry

For the purpose of mesting domestic and export needs, gunny begs
may be manufactured at localities where kenaf can be easily collected.
(5) Sugar refining industry

The sugar refining industry to supply domestic demands mey be
feasible at points where sugar cenes can be collected. If the quantity
of sugar cane processed is of sizeoble volume, perhaps the production
of bagas pulps may be worth consideration. However, cconomic studies on
the feasibility of receiving power from the Nam Pung Hydro-electric for
this industry will require further studies in detail from the economic

point of view.

(c) Other Probsble Industries
Although the nursing of fresh water fishes in Lake Nong Han is a
necessary undertaking, the volume of catch and processing of fishes, will
depend upon whether or not rapid increase of demand can be expected.
Regarding the machine repairing industry, it may depend upon the local
needs which may.be created in proportion to the development of various in-

-

dustries, as well as, the degree of skill of repairmen.
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CHAPTER IV,
STUDIES OF ECONOMIC FEASIBILITY OF
THE DEVELOPMENT SCHEMES

In the economic studies of the development schemes, the present elec-
tric rate structure was used to estimate general power rovenues and the
wholesale agricultural products market prices in Bangkok discounted by 30%
wore used to estimete the agricultural income,

The cost of Nam Pung dem was allocated to power and irrigation. And,
in the allocation of the cost to irrigation, the calculations were based on
the assumption that the area to be benefited by irrigation in the Nam Pung
basin is 10,000 ha and that 6,100 ha of the said area would be irrigated
with water released from the Nam Pung dem.

From caleculations assuming an interest charge of 6% per annum on invest-
monts inclusive of construction period, and depreciation on a straight-line
method, it was found that the development schemes ere economically justifica-
ble. Therefore, it is believed that the present electric services rates mey
be reduced if funds with interest cost less than 6% could be invested.

In the following pages are briefly described the oalculations thet were

made by the Toam.

A, FUND REQUIREMENTS FOR NAM GAM DEVELOPMENT PROJECTS
(a) Total Fund Requirements
Total fund requirements for the Nam Gam development projects are as
follows:
Hydro-electric project USH 6,529,740
Dem 3,242,360 (see Preliminary Designs of Nem
| Gam Project — separate volume)

Weterways 1,276,970

-1



Powerhouse 1,254,990
Transmission lines 855,420
Irrigation Project US$12,454,663
Lower Nam Pung area 8,105,360 (see Chapter III-E(f), Table TI1I-48)

Area around Leke . 4,349,303 (see Chepter III-E(f), Table ITI-49
Nong Hen and 50) .

Flood Control Project Us$é 2,500,000

Waterways 2,057,000
Dam 443,000
Total Us$21,484,403

(b) Total FMund Requirements Including Interest during Constructicn
The totel costs of the Nam Gam development schemes, including interest
during construction of 6% per annum, would be as shown in the table which
follows.

Water stored behind the dam will be utilized to generate a meximum of
5,400 kW and 15,000,000 kWh annually. By utilizing the water releesed
through the power station and the natural flow downstreem of the dam, 5,500
ha of peddy fields and 600 ha of uplend field mey be irrigated. Therefore,
the dem is o common structure for power geperation and irrigation.

With respect to flood control benefits, essentinl data were extremely

scarce and, therefore, allocation of cost to flood control was not attempted.

Construction USH expenditure :Baht expenditures

cost (US§) (Us$) (1000 Bahts)

Common structure (dam) 3,204,931 1,601,336 35,142

Power generating facilities 3,528,028 2,324,525 24,973
Waterways 1,343,217 " 476,578 3,833
Powerhouse : 729,256 641,724, , 1,816
Substations 569,972 519,244 1,053
Trensmission lines- 885,583 486,979 8,271



Fo e Construction USH c;xpenditure Baht expenditures

R —cost- (US3). - - (US$) ._(1000-Behts)-
Irrigation focilities : - 13,452,534 5,692,175 . 119,527
Aree in dowﬁgiiéém reaches 8,756,031 4,993,564 78,071
of Nem Pung- - T o
Area around Leke Nong Hen .. 4,696,503 2,698,611 "41,456
Totel L 20,275,493 11,618,036 179,642
" Flood control facilities 2,604,520

Grend total - 22,880,013

- Outlays in USH end behts are respectively 57.3% and 42.3% of the totel
cost of US$20,275,493 (excluding flood control facilities).

The conversion rate used in the estimetes is 1 USH equals 20.75 Bahts.

{c) Allocatidﬂ gf Costs of Commoti Structurcs
Common structures are the dam and intake wbich will be used for the
dual purposeé‘of power generéfion éné irrigation. The ratio of justificeble
expenditures‘afé 54.99% for péwSr‘éﬁdlAS.Ol% for irrigation. The construction
costs end anqga%.gosts of the:cgﬁmqqlgtructures allocated to the two uses by

the ebove stated ratio are shown in the following table.

Construction Costs = - Annual Costs

(ush) (1000 Bahts) (US$) (1000 Behts) .
Pawer ., 1,811,884 37,597 162,622 3,3%
. Irrigation 1,483,047 30,773 . 133,111 2,762
Totel . .. 3,294,93L. 68,370 . 395,733 6,13 -

The total construétion costs of powér facilities including the costs of
- common structures aiigcéﬁééqto?ii‘éie g5 Tollows. -



~Uss 1000 Bahts

Power facilities 3,884,357 80,600
Dam (allocated amount) 1,811,884 37,597
w&tem&ys 1 ’ 343 Iy 217 27 3 871
Powerhouse 729,256 15,132

Substations 569,972 11,827

Transmission lines 885,583 18,376

Total 5,339,912 110,803

And, the construction costs of irrigation facilities including the costs

of common structures allocated to irrigation ere shown in the teble which

R e

follows: LT
usp ..., 1000 Bahts
Irrigation facilities for 10,239,078 212,461
lower Nem Gam basin ° S L Wy
Dam-{allocated amount)™ - 7 1,483,047 30,773
Irrigation facilities 8,756,031 181,688
Irrigation facilities for 4,696,503 97,452

areas around Leke Nong Han

B. ECONOMIC FEASIBILITY OF THE POWER PROJECT
(2) Cost-benefit Retio

Investments for the power phase of the development as stated before is
110,803,000 Bahts. To this investments appropriate costs of depreciation,
operation and meintenance, as well as, "interest charges calculated at 6% per
annum were added to obtain the cost of power. Benefits were calculgtgd in
accordance with prevailing rate beses and were estiﬁated at‘g Bahﬁs-éé;VkWh
for lighting demends end 1.3 Bahts per kWh for geﬂerél ﬁowe¥ @émnnds; takigg
into account separstely rental charges for meters; end for i:riguti;h buﬁp

loods a charge of 0.55 Bahts per kWh was assumed. Based on these calculations,



the following cost-benéfits velues for the fiscal year 1970 wero cbtained.
The electric charge for 1rr1gat10n pump loads was based on the a.'lloca'bed )
costs of the_ dam and wz;.’c;érways and 'bhe oper;.tlng and malntenance costs of a
new power station and sub-statlona, e:nd on 'bho assumptlon that in actual prac-

tice the pu.mps will be operated to avo:Ld system peak load hours.
in 1000 Bahts

Costs -~ = Benefits
Power production expenses - ?,966 lighting revenues 11,832
Sub—-‘stations expenses 1,082 General power revenues 2,158
Transmission exponses o 1:9;?9 Irrigation power revenues 3,316
(Suia-“total *11,027) Metez; rental revenues 36
' B (Sub<total . - 17,342)
Less: Distribution 2,654

expenses

Seles expenses 1,675
Surplus benefits 1,986 (Sub~total 4,329)
Total - - . . 13,013 - Total _ ¥13,013

Note: * To obtain cosi-benefit ratio

The cost-benefit ratio calculated from the foregoing tablé is 1,180 and
the surplus benef:n.t. is 18% of the costs. Therefore, at an interest ch&rga
of 6% per annum :.t is bal:.eved that the pro;]ect w:Lll be a relat:wely benefi-

cial undertaklng from the standpo:mt of netional economy.

(b) Study of Operating Revenuos

ir the prevalln.ng ra.te sy*‘tem of not charg:mg i‘or electr.m servz_ces to

.

govarnment ofi‘:l.ces a.nd publlc l:.gh'bz.ng is assumed to con‘b:mue untll 1970 the

est:.mzrbed powsr revenues are as fo]_lows.

S



in 1000 Behts

Expenditures Revenues

Generation expenses 7,966 lLighting sales 11,832
Transformation expenses 1,082 General power Sales 2,158
Trensmission expenses 1,979 Pump power sales 3,316
(Sub-total 11,027) Meter renteals 36
Less: Public lighting sales 592

(Sub-total 16,750)

Loss: Distribution expenses 2,654

Soles expenses 1,675

Profit 1,394 (Sub~total 4,329)
Total 12,421 Total 12,421

The total of profit and interest is 8,042,000 Bahts which is 7.26% of
the total investment of 110,803,000 Bahts. The estimated unit costs of
electricity are 0.62 Baht at the generating end, 0.77 Bahts at the primery
step-down sub-station, which is about the cost of diesel power, and 1.13
Bahts at the consuming end. If the rate of interest could be reduced by 1%,
the unit cost of power at the sub-station may be reduced by 10%. Therefore,
it is desirable to deep interest costs on construction investments as low as
possible.

The merits of transmission interconnection with other hydro-electric
power systems which would greatly stabilize supply capability should not Ee

overlooked.

C. ZECONCMIC FEASIBILITY OF THE IRRIGATION SCHEME
(a) Cost-Benefit Ratio
The areas to be benefited with irrigation water are 11,000 he of

paddy fields and 3,500 ha of uplond fields which will utilize the flow down—

stream of the Nem Pung dam. These areas are listed belows



(Unlt in ha)

Distriet Paddy field Upland fleld Total

Areas downstream of the Nem Pung 5,500 7 600 6 lOD
" dam to to be 1rr1gated by grav1ty .

flow
Lower Nam Pung basin areas b& 3,506 400 3,900
pump irrigation
Lake Nong Hen'westorn and northern 2,000 2,500 4,500
areas

Total 11,000 3,500 14,500

Investments for the irrigation scheme incliuding the allocated cost of
the dem is 309,913,000 Baehts. To the investments were édded, necessery de-
precia%ion, oﬁerati;n ané maintenance costs, in£ere$t charges calculated at
6% ﬁer annum, as well as, the increments of farmers' expenditures to arrive
at the costs. And, for benefits the incrementsl gross agricultural produc-
tion, which was calculated at 30% discount of wholesale market prices in
Bangkok, was obtaineq to give the cost-benefit in the fiscal year 1970 which

is-shown in the following table.

in 1000 Bahts

" Costs Benefits

Labor - . 10,137 Gross esgricultural 52,040
' . production

(ﬁlred 1,166)
(Domestlc 8 951)

Fartlllzer and feed 451
Ferm 1mplements and 1,881
building . - P
Land rentals,. 1nterest . 128
taxes ’

(Sub—total ' 12,577)

s *

Irrlgatlon water charges 28,792

Total " \: . ‘¥41,369 :

»\NIV ",»7 '
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Costs Benefits

Surplus benefit 10,67
Grand Totel 52,040 Grand Total 52,040
1. *To obtain cost-benefit ratio
2. Sec Chapter III, E (g)
The cost-benefit ratio in the above table is 1.258 and the surplus
benefit is 25.8%. It can be said, therefore, that the undertaking is feasi-

ble at an interest cost of 6% per annum.

(b) Operating Revenues
The estimated operating revenues of the irrigation scheme are shown

in the table which follows:
in 1000 Bahts

Expenditures Revenues
Operating expenses 3,999 Gross agricultural 52,040
production
Depreciation 6,198
Less; Labor cost 10,117
Interest 18,5495 Fertilizer and foed 451
Farm implements and 1,881
building
Land rental, inter- 128
est and taxes
Surplus 10,671 (Sub-total 12,577)
Total 39,463 Total 39,463

The surplus of 10,671,000 Bahts is the sum obtained by deducting
farmer's operating costs and irrigation water charges including interest
cost at 6% por ammum and deprcciation from gross agricultural production.
This surplus is 3.44% of the construction cost which is 309,913,000 Bahts.
If this surplus is epplied to rotire borrowings, according to calculations,
it can be retired in 29 years. Assuming that construction funds could be
borrowed at a rate of interest less than 6%, then the reotirement of borrow-

ings can be accomplished in a less shorter period.

v-8



CHAPTER V.

SECOND ,AND SUBSEQUENT'STAGES OF DEVELOPMENT-

OF -THE NAM-GAM BASIN.



CHAPIER V.
SECOND AND SUBSEQUENT STAGES OF DEVELOFMENT
OF THE NAM GAM BASIN

The development plan and economic justification of the first phase
development of the Nam Gam basin have been described in the preceding
Chapter.

Qur studies of the second and subsequent stages of development of the
Nam Gam basin have revealed that there are great possibilities of expand-
ing the irrigation area in the basin, That is, a gradual expansion of the
irrigation area will be feagsible, when the pumping of irrigation water
from the main stream of the Mekong becomes possible with the development
of other hydro-electric potentials, and when progress in the development
of the main stream of the Mekong makes possible the diversion of water into
the area through the Nam Song Gram basin. Furthemmore, the early develop-
ment of the Nam Gam basin will atbract various industries intc the area,
which in turn will create a considerabls growth in the demand for electric
power,

Following is a description of the proposed second and subsequent stages
of development of the Nam Gam basin,

A. AGRICULTURAL DEVELCPMENT SCHEME ALONG THE MEKONG BASIN

4 stretch of land on the right bank of the Mekong River, for aboub
100 km, betwesen Nakorn Phanom and Mukdahan, which is served by a highway,
relatively populated and along the route of the proposed trasnsmission line,
can be irrigated throughout the year by pumping up water from the main
Mekong River. As shown in Fig. V-1 and Table V-1, some 11,100 ha of land
can be irrigated year-round in the above area. This area is g fertile landn
influenced by alluvium deposited by the main stream of the Mekong and at

present, tobacco, fruits, ebc. are cultivated to some exbtent. Accordingly,

v-1



when extremely low cost power is supplied to the above area from places
outside the basin (other than Nam Pung) to meet the estimated demend of
sbout 3,200 kW (7,550,000 kWh amnually) to pump required water which is

14 m?/s. ( meximum ) in the dry season, to irrigate the said 11,10C ha, the
area will be turned into 2 most promising irrigation area in view of con-
venient traffic, fertile soil and low cost irrigation water.

In addition, there is a possibility of reising the planned high water
level at Khemarat, a main stream project by 3 m to EL 133 m. Therefore,
after completion of the Khemerat project the pumping head will be reduced
from the present 13 - 17 m to 9 - 12 m. As 2 result, power consumption
will be down te 5,800,000 kWh per year, which is 2 considerable economiza-
tion of operzting costs.

The development of the sbove orea was assumed to be in the second stage
because the pumping head will be higher compared with the pump irrigation
scheme in the first stage development of the Nam Gam basin, and, consequent-
ly, the estimated pump loads cannot be supplied with the output of Nam Pung.
Hence, the priority of development of the sbove area has been deferred.

However, it should be pointed ocut that it may be worthwhile to study
the possibility for the early development of suitable parts of irrigation
district My near Mukdehan, irrigation district M3 near Thet Phonom end
irrigetion district Mg near Nakorn Phonom & oxperimental stations, by
incorporating them in the first-stage agriculturel development which are
scheduled to ubilize electric power genereted at Nam Pung.

If the gbove arrangement can be made, it will be possible to conduct
verious investigetions and studies including crop rotation by irrigetion
during dry seasons in the whole of the Nem Gam basin, and thereby atlaining
the objective of meking the comprehensive development of the Nam Gam basin

the pilot projeet for the development of the Meking basin.
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Teble = V =« 1

Irrigation Program in the Second Stage Development

(Between Mukdshan and Nekorn Phanom along the Mekong River)

Head {m) i tng Pumps Length of Loéatiog ‘of
Trrigation i fres | Elevation of |Elevation of | Actual Ica“’pacitv s rote canel ,.fumnﬂng station, Remeric
district |Pumping station (na) pumped water | source water | head * | Bore ;Number Capacity | "ofg, S0 .\km from : fris
1 2 . (3mi-2 (/) (mm) ;of Unite | {XW) (Km) Mdahan)
Ny Mekong River |
N81 1,000 142,50 125.65 [16.85 | 1.26 | €00 2 360 1441 8.9
Mekorg River
Mo g . Near the confluence of
NE2 2,400 143.50 128,77 14.73 3.03 750 3 660 30.7 43.9 : Nam Gem and Mekong River
N Mekong River
3 N3 3,300 143.50 129,22 14,28 4.6 850 3 930 27.6 ‘55,4 i
M Mekong River
4 N=4 1,500 144,400 129.51 | l4.49 | 1.89 | 700 2 440 20.5 52.9
M Mekong River .
M Mekong River E
6 NE 6 1,000 1/43.00 130,14 [ 12.86 | 1.26 | €0 2 260 1.1 84.6 !
My Mekong River . -
N7 300 14450 130.63 |13.87 | 0.38 | 3% 2 100 4.9 92.0
Mekong River - 2
¥g NS & 1,000 14450 130.89 | 13.61 | 1.26 | 600 2 280 10.2 98.6 ,
Total - 11,100 - - - 14,00 - - 3,190 126.9 consumption 7,550,000 ke




B, AGRICULTURAL DEVELOPMENT OF. THE NAM GAM BASIN BY DIVERSION
OF WATER.FROM THE MAIN MEKONG INTO LAKE NONG HAN )
-The scheme to construct a drainage cansl (Nong Han Draincge €anal) to

connect Lake Nong Hen with Huai Nam Un, a tributary of Nam Song Grem, which

lies on the northefn side of the Nem Gem basin, hes been described in

Chapter III, C, FLOOD CONTROL _SCHEME._

When the Thakhek Daé'(des£gn high watef level of BL. 145 m) is const-
ructed at a point of sbout 10 km upstreem of Nakorn Phﬁnom in the future ss
proposed in the "Goﬁprehenéive Reconneissence Report on the Major Tribu~
taries of the Lower Mekong River® (Chapter V-5) dated September 1961 and pre-
pared by the Mekong Reconneissencé Team organized By the Governiment of Japen,
the back water will reach up to noar'the'&bove statéd Nong Han Drainage Canal.
When such condition is created, it will be possible to reclaim 41,500 ha of
1end through year-round irrigation, es per Fig. V-1 and Teb. V-2, by pumping
weter from Thakhek Reservoir to Lake Nong Han,_or direct to the irrigation
district. ‘

To be more ﬁrecise, thevscheme is to Suéply irrigation water to irriga-
tion area Ty and Ty directly from Thakkek Reservoir, and to the other areas,
water is first stored in Leke Noné Hen and then supplied to arees T3, Ty T5,
end Ty, while arees Ty, Tg and Tg are irrigated by pumping from Nam Gem or
a diversion weir. However, in the first steoge devaiopmcnt, the entire Nem
Pung irrigation district will be (su‘pplied with vater by pumping from Lake
Nong Hem and the run—off downstrean of Nem Pung reservoir will be utiligzed
to irrigate aress Py and Py (9,500’ha). In this way, an offective utiliza-
tioﬁ of weber reséurceé méy belfeuiized. - . _

Tlectric power reéuiredhfor the sbove scheme, which is the third-stege
developﬁenf, is!estimated‘at about 19,000Akw and éﬁé unﬁual eﬁergy reqﬁire-

ment is 44,300,000 kWh, In consideretion of the fact that the third-stoge
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development is to be initiated after the development of the Thakhek Dem on
the main stream of the Mekong, the required power can be supplied@ from
Thalland's share of the power-output of development sites on the mein streem

of the Mekong to which Thailend would rightfully have ownership.

C. PROMOTION OF DEVELOPMENT OF OTHER HYDRO-ELECTRIC POTENTIALS

AS MEANS TO REINFORCE THE SUPPLY OF ELECTRIC POWER

The hydro-electric power dovelopment of the Nam Pung, as well as pro-
bable demands for power have, clso, been covored in detail.

As the Governmeont of Thailand has enthusiestically promoted the deve-
lopment of the northeastern part of the country, it is presumed that the
demznd for electric power in the service area of the Nam Pung Power Plant
will show = repid growth which will exceed our estimations. Accordingly,
the time will come in sbout ten years when thé power output of Nam.Pgng
Power Plant camnot meet the demand in the service area. Therefore, it is
necessery to consider measures to reinforce the supply of eleciric power.

The main stream of the Mekong embraces meny places in the territory of
Thailand, such as, Pa Mong, Bung Kan, Thakhek, Khemarat, Pokse, eotc., where
hydro-electric power cen be developed. However, the development of these
sites, with the exception of Pa Mong, will be impossible until completion
of the Pa Mong Dom. Accordingly, before completion of the Pa Mong Dam, the
reinforcing of supply cepability in the northesstern area of Thailond must
depend upon the construction of thermal power plan?s.

It mey be added that in Laotian territory bordering on northeastern
Theiland, there are many tributariés of tbg Mekong, suchzas, Nem Ngum, Nem
Theun, Se Bang Fai, Se Bang Hieng, Se Done, etc., which from the terrain
appeer to be potential sources ;f low cost and &bundant»pswer when thé
projects become feesible iﬁ the future. Among them the two tr;bptaries, Nem

Theun end Se Bang Fai, are the closest to the Nam Gam basin, and are the

V-4



Teble « V - 2

Irrigation Progrem in the Third Stage Development

(Diversion of water to the Nam Gam Basin After Completion of Thakhek Dam)

Head (m) i Pumps
: : in - — Length of ti £
© Irrigetion Pumping station Area Elevation of | Elevation of | Actual head Purping Capacity Number |Capacity m:Iilzgl ca;a.l ;aou;;in;n °
digtrict pumped water | source water (n3/sec) Bore of S (Km) ) Station
D P:=0-@ (mm) |Units (1cw)
™ Huai Nam U nzé’gg n1=3.9 ’ - tary G
- T2 ual han Ln (= (35Feer 1y - . : On a tributary of
Nel 242,200’ 162,14 145.00 17.14 R=2,77 950 | 3 1,470 ¢ 107 | Nem Song Gam - _
T Huel Nam Un o ; At the end of T. Block
. Ng2 2,200 175.00 160,00 15.00 2.77 700 3 660 | /1.0 | Cunal Reservair Site
T ‘Nong Hen : o “Hong Hen (Routhern)
3 (Northern) 7,100 173.00 159.40 13.60 8495 11,150 3 1,890 | 21:4 | Right Bank Canal
NE 2 : L -
Neng Han . ! Nang Han- (Nouthern)
Ty, (Nor’chern) 3,300 168,50 160,62 7.8¢ 4,15 800 3 570 | 21,1 | Right -Bank Canal
NE€1 : . - .
Nong Han 5,400 6.80
Ts . T (Eastern) T5=2,700 (F5=3.40, ) Nong Han Lake
NS1 { 1¢e2,700) 166.0 155450 10.50 623,20 1,000 | 3 1,140 |. 31.0 | (Eastern)
Nong Han : < - -
Tg, (Easgern) 2,700 169,33 161.40 7.93 3.40 750 3 450 7.0 | Ts5 Block Ganel
NQ2 . : : * -
T Nam Gam 12/km vpstream from
7 N2 1,600 160.00 155.50 450 2,02 700 2 180 19.5 | the mouth of Nam Gam
T Nam™ Gam : | 70km Upstreal TToR
8 NRi1 7,400 160.00 146,14 13,86 9.32 1,200 3 2,040 A5.2 the mouth of- Nam Gam
R : . Diversion weir s to be built about Sokm
Tg - 2, 800 - - - 3.53 - - - : 3447 - upstream from the mouth of Nam Gam
Neng Han 9,50 L5 Ad;oinjng Pumping. Sta- - A
P; . P2 (Southern) P1=6,700) P1=37.0 tion is to.be ingta- P1P2 districts are to be irrigeted by
(Extension) P2-2 800 163,50 ) 155.50 8,00 6.80 1,200 2 1,000 P22/ .5 1ied 3in the. First Stage gravity flow
Nong Han {Nouth- 16,400 13.10 : 12, | Adjoining Pamping Sta-
T3 « Ty ern) Right Bank (TB-'? 100 (T3=8.95) T3= 4.9 tion is %o be ingtalled
Extention Tis3, 300 162.50 155.50 7.00 T4=4,.15 1,600 3 1,530 Tz 7.5 in the First Stage -
13.77.15.T6. 7. Fual Nam Un 34.00 - : - Un g tributary of Water level of Huai Nem Un at the
Tg.T9.P1.Pa. K23 37,100 159,00 144.0/, 14.96 (1.1 ,57) 2,250 3 7,800 12,3 Nam Song Gram - irrigation intake is 145m
Total 11 41,500 - - - 39.54 - - 118,730 317.8 Annual energy condumption 44,300,000 kwh




closest source of power that can be transmitted to the northeastern area of
Thailand by constructing a tie tronsmission line scross the Mekong River.
It is estimoted that the development of the Upper Nam Theun will taoke
about seven years at the minimum, including the time required for investi-
gations.
For information only, our studies with respect to the development of

the Upper Nam Theun is included in the appendix of this report.
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CONCLUSION



CHAPTER VI.

CONCLUSION-

The Team has studied the feasibility of development of water sources
in the Nam Gam basin. As a result, it has come to the conclusion that the
completion, as early as possible, of the first stage development of the Nem
Gam basin will be not only necessary but extremely advantageous.

Also, it is evident that irrigation water can be supplied to a vast
stretch of land, year-round, in the second and third stages of development
by diverting water from the main Mekong River.

The Team hopes that the water sources development of the Nam Gam
basin will be executed at an early stage and in an effective way, and also
hopes that in preparation for the execution of the development , the people
concerned will devote their efforts and studies, particularly on the follow-

ing matters.

A. EARLY EXECUTION OF THE NAM PUNG HYDRO-ELECTRIC POWER SCHEME

The development of the Nam Pung multi-purpose dam and the Nam Pung
hydro-electric power scheme will form the basis of development of the waber
resources of the Nam Gem basin. The Government of Thailand is carrying out
some preparatory field work in expectation of an early starting of the Nam
Pung project. It is, however, desirable that detail investigations, design
work, and preparation of specifications which are necessary for commence-
ment of the construction work be started without delay. About one full
year may be needed for completion of the above stated work, and the comple-
tion of the construction work may require some two years.

Completion of t.dhe Nam Pung hydro—electric power scheme will also enable
and will act to hasten the executiorla of the Nem Pung irrigation project and

the Lake Nong Han pump irrigation project.
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B. ESTABLISHMENT OF EXPERIMENTAL AND EXTENSION SERVICE STATIONS

AND PREPARATION FOR COMMENCEMENT OF IRRIGATION SCHEMES

Considering the fact that electricity for pumping, which is required for
the first stage agricultural development project of the Nam Gam, will demand
about 40 per cent of the output of the Nam Pung power station, it may be
said that some 80 per cent‘of the necessary fund for the first stage deve-
lopment of the Nam Gam basin will be invested in the agricultural develop-
ment ,

Benefits of agricultural development is the main object of the deve-~
lopment of the Nam Gam basin, and, therefore, mimtely aﬁ& detgiled preps-
rations should be made before starting on the development work.

Although it is fully acknowledged by the Pecple concerned that irri-
gation in the dry season in the Mekong basin will greatly increase agricul-
tural production, there are no actual experience. Therefore, studies of
crop rotation are necessary.

The Team believes that the primary step is the development of the Nam
Pung hydro-electric scheme and as the secondary step, recommends that detail
investigations, design work and preparation of specifications for the irri-
gation scheme should be started. Furthermore, we recommend thst two or
three experimental stations be estgblished within the proposed irrigation
area, so that studies mgy be started at once on paddy field cultivation and
field crop rotation programs with year-round irrigation. These experi-
mental stations should be locgted near Lake Nong Han in order to secure
irrigation water in dry season. On completion of the Nam Pung hyd&o-eleétric
power project, the districts along the Mekong River, too, mgy be suppligd
electricity. Therefore, it is desirable that two or three experimental
stations be established in suitable sections of the proposed district for
the second stage development of the Nam Gém basin with a view to conduct

studies and experiments of irrigstion in dry season by pumping water from
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the main lekong River,

The Tegm believes that pump irrigation from the main Mekong River will
be an imprtent Ffuture problem, not only in Thailand, but in the Mekong
delta, fjecordingly, the establishment of experimental stations along the
banks of the Mekong, as stated above, will not only be beneficial to the
surrounding srea, but will eventually be greatly valuable to the agricul-

tural development of the entire Mekong basin.

C. FUTURE INVESTIGATIONS AND STUDIES

It has been stated herein thet the early development of the Nam Gam
catchment area is necessary, and that in order to put forward its develop-
ment: (a) the Nam Pung hydro-electric power project, and (b) the estab-
1ishment of expel;-imental stations and the preparation for commencement of
the irrigstion project should be started at an early stage.

In the following paragraphs are some of the investigations and studies
which we think are necessary for development of the two big projects in the
aforementioned basiin and for development of projects to be undertaken in
the second and subsequent stages of development of the Nam Gam basin.

(a) Continuation of Hydrological Surveys

In the Nam Gam catchment area, at presemb, gauging of run-off is being
made at the Nam Pung Dem site and at Nam Pung Bridge site (installed by the
Japanese (overnme rit; Tean). Also, stage gauging of Lake Nong Han and at the
upstrean and downs‘cfreaxn of Nam Gam Gate is being made.

VHowever-, obéervatibn records, except gt the Nam Gam Gate, are availagble
for extremly short periods (1 to 3 years) and it is very difficult to
analyze thé _acltual rumn-of £ conditiofls of the Nam Gam basin,

Accordinély, on carrying i‘drward the development of water sources in
the Nam Gan basin, it is necessary to continue recordings at those stations

arid to lmeasure run—off at the downstream of Nam Gam Gate, from which
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discharge rating curves should be prepared to estimate the outflow from
Lake Nong Han.
(b) Establishment of Agricultural Experiment and Extension Station
Agriculture practiced in the proposed project area is the clltivation
of one crop of paddy field rice in the wet season. Under prevailing condi-
tions, an ideal pattern of farming is not possible due to shortage of irri-
gation water from the transplanting stage through to harvest time. After
the project is completed, the area will be blessed with assured supplies
of irrigation water which will enable the stabilized cultivation of first
crop paddy field rice followed by second crop of paddy field rice in the
dry season, as well as, the introduction of field crops, thus greatly
improve agricultural economy of the area. In order to fully usilize the
new condition which may be created and to produce greatest results, before
starting on the irrigation scheme, agricultural experimental stations
should be established and crop experiments conducted. .The resuits of ex-
periments at the station should be exhibited and dissiminated to farmers
for their knowledge and practical use.

The first stage development area and the second stage development area
of the Nam Gam basin from the standpoint of agricultural development, have
dif ferent nature of soil and, particularly, the nature of water for irriga-
tion. Therefore, it is considered appropriate to establish experimental
farms in each of the proposed irrigation area.

The experimental stations in the first and second stage development
areas, stated in the foregoing paragraph, should be divided into two farms,
one for paddy field experiments and the other for field crop experiments.
The size of the farms may be 15 ha to 20 ha, end each should be located
where water can be easily obtained.

In the first stage development area of the Nam Gam basin, perhaps, the

paddy field experimental farm could be located st Ban Lao Lamond and the
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field crop experimental farm at Ban Moet, while for the second stage area
the vicinity of That Phanom is thought to be gppropriaste.
The experiments that should be made at the experimental farms are as
follows:
(1) Experimental investigation related to rural project
(i) Determinastion of appropriate acreage per farm family and
size of fam
(ii) Proper location of irrigstion and drainage canals, and paths
(iii) Planning of location of villages and fields
(2) Experiments on crops and planting
(1) Plant breeding (paddy field rice and field erops)
(ii) ZIrrigation techniques
(iii) Fertilization (in relation to irrigation)
(iv) Insect control
(v) Methods of cultivation

(vi) Distribution of labor power

(e) Study of Reinforcement of Power Sources

The output of the Nam Pung hydro-electric scheme only, in considerstion
of growth of general demands, may create a shortage of supply several years
after completion of all the projects included in the first stage develop-
mernt of the Nam Gam basin,

Accordingly, the Team thinks it would be necessary to immediately begin
studies on means of supplying power necessary for the second stage develop-
ment of the Nam Gam basin and for the development of various industries in
the basin. The measures which can thought for the reinforcement of power
are the following three methods:

(1} Transmission interconnection between the Nam Pung Power System and

the Nam Puhg Power System.
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There is a plan to construct the Wang Chai Power Station (7,500 kw)
* by a re-regulating dam for the Nam Pung Electric Power System. Ry inter-
connecting both power systems it may be possible to supply a part of the
output of Wang Chai Power Stagtion to the Nam Pung Power System.
(2) Construction of thermal plants at suitable site adjacent to

centers of demand

In case that the reinforcing of hydro-electric power sources stated
in (1) above is delayed, the construction of thermal plants may be inevi-

table t0 meet the increasing power demands.

The pursuance of the foregoing studies will not only involve assump-
tions of general nature of the long-range development program for the
northeast part of Thailand, but, will cover development of hydro-electric
potentials in other districts which we believe will not be proper for

discussion in this Repert.
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In this Appendix is listed the names of organizations that conducted
analytical studies of hydrological data, laberatory tests of soil, aggre-
gates znd drill cores, which were brought to Japan from the field, that
were necessary in formulating the development plans of the Nam Gam basin.

Also included in the Appendix, as reference information, is a general
description of the proposed Upper Nam Theun project which is referred to in
Chapter V concerning studies on the second and subsequent stages of develop-

ment of the Nam Gam basin.

I. ANALYSIS OF HYDROLOGICAL DATA
Analysis of hydrological data were conducted by the Team with the
assistance of Project Development Department and Electronic Computing
Section, Planning Department of Electric Power Development Company. Data
which were used in this analytical studies were received from the following
organizations.
National Energy puthority (N.E.4.) (Thailand)
Royal Irrigation Department (R.I.D.) (Thailand)
Bangkok Head Office and Sakol Nakorn Station,
Meteorological Department, Royal Thai Navy
Bangkok Head Office and Sakol Nakorn Branch, Fishery

Department, Ministry of Agriculture (Thailand)

II. TESTS OF FILL MATERTALS FOR DAM
Engineering Laboratory of Civil Engineering Department,

Electric Power Development Co., Ltd. (Japan)

III. TESTS OF - AGGREGATE FOR CONCRETE
Engineering Laboratory of Civil Engineering Department,

Electric Power Development-Co., Itd. {Japan}



IV, GEOLOGICAL TESTS
Geology Section, Project Plamning Department, Electric Power
Development Co., Lid. (Japan)

K.K. Applied Geologicel Survey Co., Ltd. (Japen)

V. TESTS OF SQIL MATERIALS FOR TRRIGATION CANAL
Agricultural Enginecring Experiment Station, Minisiry of

Agriculture and Forestry of Japen

VI. SOIL TESTS
Agricultural Engineering Experiment Station, Ministry of
Agriculture and Forestry of Japan
Jepan Seil Foundation
Leboratory of Agricultural Biclogy, Faculty of Agriculture,
Okeyama University (Japan)

Based on the czlculetions, tested values aznd COnclusions gbtained from
items I to VI above, the development plans for the Nam Gam basin, and prelimi-
nary designs for the Nam Pung hydro-electric project and irrigetion develop-
rent schemes were prepared.

Since the calculations and values obtained from the various laboratory
tests are voluminous, we have refrained from including them in this report.
For reference only, o description of the proposed Upper Nam Theun Project is

included.

VII. UPPER NAM THEUN PROJECT
A. INTRODUCTION

From the very beginning when the development of the Lower Mekong basin
was token up for discussion, it has been emphetically maintained by people
concerned that the development of the Nam Theun should be promoted.

In the ECAFE Report published in 1957, a hydroelectric power scheme

wes suggested by diverting flow from the Upper Nem Theun to the Se Bang
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“List of Errata

Page L Line . ‘ Colum ' In the Text To be Corrected as
Léi_'.ter of - - . 19 .- Respectiﬁﬂ.ly j_'ours Reépectfully yours
Transmittal ’ )

6 - 25 Topcgraph Topography

7 3 Discription Description

I-1 17 See Fig. I-1 See Fig. I-1, -Fig., I-2

Fig. I-3

-3 7 (May to September) (June to September)
1-3 18 Fig. I-1 Fig. I-3
11-1 21 (down—steam) (down-stream)

" 22 {upsream) (upstrean)

n 27 Ban Srong Khor Ban Sreng Khor

IT-5 1 north western

" 21 Z = 1.266 % = - 1.266
" 23 2= 0.0717 . Z = - 0,0717

I1-6
(Teble II-1(1)) 21 13 10.9 10.0

TI-7 9 1962 1961

11-8 4 Jinflow at - — - _ _inflow at ~ - -

’ inflow to = - - “inflow o - - -~

I1-8 - -

(Table II—B) 7 7 69.85 67.85

I1-8 '

(Table II-4) . 2 2 Refer to Fig. Refer to Fig. II-8

II-8 ’

(Table II-5) 2. 2 (58" /min) (58 hr 11 min)
n 11 Lake Surface (f) Leke Surface (fl)
s 15~ Lake Surface = Ay.f;.r Leke Surface = Al.fy.r
n u = 10.3m3 = 35,000 x 1G°m°
" 17 .. 2) = 312 (oL ~3iz és
( ) f'T'\ ‘}Z% % 24
N | E 200 |
-1- -
f;'%ﬁ“ a.s 13@ f;




v

Page Line Column In the Text To be Corrected as
II-9 7 the total annual pre- the precipitation
cipitation _
IT-10 9 the following were the following were
found: . found: (Refer to Table
II-6, Table II-7, Fig.
11-9)
IT-10 Hotes: 1 computed values from ‘computed values in the
(Table II-6) inflow to the Nong Han present study
Lake
1I-10
n 7 10 9,195.01 2,195.07
I1-11 8 and 17 1 Run-off in mm (Run—off in mm)
11-12
(Teble 11-8) 16 3 546,474 546,494
n 9 2,35 10°w° 1063
and 6 .
ITI-4
(Table ITI-1) 3 3 7080 - Ay 70840 - Ap
" 4 2,4,7,8,
9,10,11, 1083 10%n3
12,13
Y and 14
n 10 7 5,309 5,301
" 14 7 17,550 17,520
n 17 4 58,400 68,400
n 21 (A1-8530) or (7080-4p) (43-853.0) or (708.0-Ap)
n 23 Ay = 1561.0 - A A = 1561.0 - A
" 2/, Sakepl Nakorn Pr. - Nam Sakol Nekorn Pr. + Nam
Gam Gate Pr. Gam Gate Pr.
IIT-7 1 post heavy flood past heavy floods
IIT-10 10 little of no little or no
IIT-11 g 3 Water-level at Nam Gam Lower side water-level
Gate at Nem Gam Gate
ITT-12 . the lower most reaches the lower most reaches

lowest of
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- .
Column ~ -

In the Text”

- —~ _
-Page . -~ Line To be corrected as
I11-13 16 - shows the record obser- shows the observation

- vation records for records for
III-14 8 2 - 8, Sept. - 2 - 9, Sept.
" 15 No. 11 No. 22
1IT-15 22 (ne sebt, which will One set is to
normally a reserve
unit, is to
ITI-23 7 B - (6) B - (b)
n 26 42 m 412 m
IIT-24 16 to the Upper Nem Thesun either to the Nam Fong
System or the Upper
Nam Theun
IT1-28 Nan Pung Diversioen Nam Pung Diversion
(Fig. III-17) Weir Weir
" Left Side Intake Left Side Intake
Qmax = 8,00 w’/s Qmax = 2.66 m3/s
n Right Side Ingake Right Side Intake
Qmax = 2.66 m”/s Qmax = 8.00 m”/s
IT1-29 11 For this Moreover for this
ITI-32 28 the late the late in 150 days
I1I-34 15 have selected have been selected
" 17 National Economic National Economic
Board Development Board.
" 22 the North cast the Northeast District.
. District . '
n 23,24,25 sweet. potatoes Sugar cane
I1I-29 23 high water high ground water
n 28 the water table the ground water itable
ITI-35 : .
(Table -IIT-14) Remarks Jan.  Apr. Jan, ~ Apr.
I11-38

(Table I1I-16) Inn Kobayashi Jun Kobayashi

I11-38 8. - this water table this ground water table



Line

) ]
Column -

Page In the Text . To be corrected as
I1I-39 4 the pest water—tables the past’ ground.water
tables ] -
IIT-48 . ) L
(Table III-26) 3 Retio of P (left)....% Ratio of {left).... FA
II-50  2,8,9, "
11,13,14 semi-month every 5 days
and 16
n 25 Jower reaches rcaches
IIT-50
{Table III-29) 1 Teoars Years
IIT-51 3 3, Estimated ....... 3. Determination of
by months Basic yesar for
planning.
" 26 Table IV-30 Table III-30
ITI-53 13 Table 21 Table 11130
n 14 66.66 % 66.67 %
" 17 - 0.667 C 0.6667 C
I1I-54 8 Table II-35 Table III-35
1TI-54 1, 00 1,600
(Table III-40(1)) 7 { 1, CO 1,600
1, 0 1,750
III-55 6 No. 1 and Ne. 2 1st end 3rd
n 10 No. 2 cenal 2nd main canal
IIT-57 - ,
(Teble ITI-44) 16 Total 5,945,580 5,945,590
I11-67 27 Nam Pung dam which Nem Pung dam which has
ovar the year cver the year
TIT-68 8 (1) Cotton Spinning (1) Gobton Spinning and:
: Veaving
n 20 (2) Silk Spinning (2) Silk Spinning and
. Weaving . T
w-6 17 desirable to deep “desirable to keep .- v
interest cost interest cost
V-8 -6 52,040 52;040% - - 7
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. - < - t - 1 - -
Page™ - Line - Column - - In the Text - To be corrected as

VA S :
(Table V-2) -~ -  -13- - . Remarks.
n 8 4 1660 166.00
" 6 12 At the end of T. Block At the end of T; Block .
VI-5 25 The measures which can The measures which can
thought be thought
" 28 - Tho Nam Pung Power The Nem Pong Power
system system
VI-6

The following corrections are to be made on page VI-6 of the
Report. fbllpyﬁng "(2) Construction of thermel plents at suiteble site
adjacent to centgré of demand", the page is corrected to read as follow;
"(3) Importation of power which may become availeble from the develop-

ment of other nearby tributaries of the Mekong River. -

. The pursuance of the foregoing studies will not only involve
assumptions of general nature of the long-range development pfogram for
the northeast part of Thailand, but, will cover development of hydro—
electric potentials in other distriets which we believe will not bg -
proper for discussion in this Report.

. -Liéted gbove ere the methods which we believe that may have to

‘be taken in the future to reinforce power sources."
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Fal basin.

In the Report on the Second Phase of Reconnaissance Survey on the Main
Tributaries of the Mekong presented by the Japanese Government in Juns
1959, a 120,000 kW power development scheme on the Upper Nam Theun was
suggested with a view to meeting the power demands in the neighboring
districts.

Also, in the Comprehensive Reconnaissance Report on the Major Tribu~
taries of the lLower Mekong Basin presented by the Japanese Government in
September, 1961, a scheme was described for the development of 1,725,000
kW in the Nam Theun basin inclusive of a 1,052,000 kW Nam Theun diversion
project.

The Team has investigated and studied the comprehensive development of
the Nam Gam basin in Thailand for the past twelve months and has come to
the conclusion that if the Nam Gem basin and its vicinities were to be
developed according to the scheme, in the near future, the power needs of
the area could not be satisfied even if other hydro power potentials in
Thailand were developed.

The development of the Upper Nam Theun will enable the whole of
southern Laos and north-eastern Thailand, as well as, the power demand in
the above-mentioned areas to be provided with low cost eleciricity.

In view of the potential, the Team proposes that investigations be- —
initiated immediately to attain an early development of the Upper Nam Theun.
Described hereinafter is the Upper Nam Theun development scheme including
power, transmission network and irriggtion vhich we have studied on the

basis of data that we had obbtained.
B. UPPER NAM THEUN HYDRO-ELECTRIC SCHEME

(a) Determination of Discharge

The Nam Theun development scheme which was described in the
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Comprehensive Reconnaissance Report on the Main Tributaries of the ipwer t
Mekong Basin, was prepared on streamflow that was estimated from ’E.he“
isopluvial map in the ECAFE Report because at thau'b time therse were almost
no hydreological data of the basin. )

Later, with streamflow data of the Nam Ngum and the Upper Se San
becoming avgilagble, the run-off on which the Upper Nam Theun scheme was
based has bzen modified taking into account the available data. Th_e modi-
fied run-off compared with the Nam Theun development scheme, is somewhat
on the safe side in termms of run-off per unit of area.

That is, the recorded run-off of the Nam Ngum and the Upper Se San
in 1960, converted into rainfall is as follows:

Nam Ngum (14,300 kn®) 1,063 mm

Upper Se San (2,660 km?) 823 mm  (Kon Tum)

Upper Se San (3,090 ka®) 1,010 m (Pleiku)

The flood discharge of the Mekong River in 1960 was not necessarily
large, or rather its maximum discharge was recorded to be less than the
average year. And according to the isopluvial map in the ECAFE Report, the
rainfall distribution in the Nam Theun cannot necessarily be sald to exceed
that in the Nam Ngum and the Upper Se San. Therefore, the snnual run-oif
of the Nam Theun was taken as 1,000 mm, and by including some allowance
in the storage capacity of the reservoir it was estimated that sufficient
discharge would be available for power generation.

Based on the above assumption, it is estimated that the annual inflow
and annual available discharge, after allowing evaporation -logses, of the
Upper Nam Theun basin, w:l.th a cabtchment area of 834 kmz, are 8%,000 Q00 m3
and 750,000,000 m3 respectlvely, and t.hat the effective storage capaclty
of the reservoir is 400,000,000 m3,

The available discharge for power generation was estimated on the
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assumption that the annual average discharge is 23.8 m3/s » the maximum

discharge 43.2 m3/s, and the annual load factor about 54%.

(b) Description 7of Power Generation Scheme

The Upper Nam Theun scheme includes the 'cbhstruction_o;‘ a dam about
45 meters high at Nam One, 9 ‘kilometers upstresm from the proposed site for
the intske of the Nam Theun diVez:sj:on No.l power station, to create a
reservoir with an effective storage capacity of 400,000,000 n® vhich is
believed to be adequate to regulate annually an estimated run-off of
830,000,000 m” at Nam One with a catchment area of 830 kn?,

By diverting the stored vater to Nam In on the.’ upstream of Se Bang Fal
through a tunnel about 1.5 km long, 120,000 kW of capacity to produce
547,000,000 kWh annually can be developed by utilizing an available ‘head
of about 330 m.

The development of the Upper Nam Theun should be executed in 2 stages:
first stage (60,000 kW) and second stage (60,000 kW), so that addition of
capacity may be made corresponding to growth of demand.

Pertinent data of the hydroelectric power scheme are as follows:

Catchment area ™ ' 83 lm?
Annual run-off 834,000,000 m>
Reservolir ‘ _
H.W.L. ) 5,0 m
Reservoir area 60 km?
Drawdown 10m

Effective storage capacity 400,000,000 m>

Power generation

Type of ﬁoviér“éerieration_ * Dam waterway type
Intake level . 550 m
Tailrgce level - ) 200 m

p -5



Gross head 340 m
Effective head 325 m
Max. discharge 43.2 n/s

Annual average available 23.8 m3/s
discharge

Average available discharge 23.8 m>/s

Maximum output 120,000 kW
Annugl average output 66,000 kW
Winter average output 66,000 kW
Annual generation 541,000,000 kWh
Winter month generation 270,000,000 kWh

Principal structures

Dam

Type Concrete gravity dam

Height 36.0m

Crest length 225.0m

Volume content 110,000 n?

Spillway 5 tainter gates, each

6.0 m high and 8.0 m wide

Intake

Typs Reinforced concrete tower

Height 15.5m

Pressure tunnel

Inside dismeter 4L.0m 1 line
Total length 1,300 m
Surge-tank
Type Reinforced cc;ncrete simple
surge-tank ’
Inside diameter ’ 8.0 m
Height 30.0m
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Pens@ock

Upper- part

Inside dismeter
Total length
Iower part

Insidé diametér

Total length
Power station
'Diménsion
Tailracé
7 Tunﬁel
Inside diameter
‘Potal length
Open canal
Base width

Total length

Machinery
Turbine

Type

Number of units

Output
Révolutions
Genergtor

" iype

Pressure tunnel, lined with
steel-plate

L.Om 1 line
65 m

Steel penstock

3.1 m tapering to 2.4 m 2 lines

(1 line for the first stage,
1 line for the second stage)

1,370 m

13 m wide and 60 m long

Lief5m
750 m

8.0m

1,300 m

Vertical shaft single-wheel
single-flow vortex type Francis
turbine -

3 units for the first stage
3 units for the second stage

20,700 kW per unit

500 r.p.h.

Vertical shaft rotating field,

-enclosed ventilated type, 3-,

phase synchronous alternator
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Frequency 50 cycles
Capacity 22,000 kVA per unit

Number of units 3 units for the first stage
3 units for the second stage

Transformer
Type Outdoor use 3-phase forced-oil
Alr cooled type transformer
Capacity 22,000 kVa
Number of units 3 units for the first stbage

3 units for the second stage

(¢) Influences on the Large-scale Nam Theun Development Scheme

The Nam Theun Diversion No.l Project includes the construction of a
dam gboubt 85 meters high on the main stream of the Nam Theun, to regulate
the discharge of a cabchment aree; of 5,230 km® and to divert waber to the
upper stream of Se Bang Fal for generation of electricity. However, the
Upper Nam Theun Project involves the diversion of water from the Nam One
{catchment are 830 kmz). Consequently, the catchment area of the Nam Theun
scheme will be reduced to 4,400 Xm=.

Based on this catchment area of 4,400 ¥m? and the modified run-off
coefficient of 1,000 mm, the Nzm Theun Diversion No.l Project will have 3
power potential of 600,000 kW in the first stage. In the second stage,
by the construction of a high dam on the Nam Nhang, a tributary of the Nam
Theun, run-off from a catchment areaof 2,530 xm? can be diverted into the
Nam Theun reservoir through s short waterway to increase the output by
300,000 kW to an ultimate capacity of 900,000 kY.

As for the Lower Nam Theun development project, which is estimated
to have a power outpubt of 673,000 KW in the Report on the Second Phase of
Reconnaissance Survey on the Major Tributaries of the Melmng-,’the power

output will decrease to some extent as a result of the diversion from the



Nam Nhang catchment area.

C. POWER T_E-tANSMISSION SQI-&EI@

The entire power output of the Uppef NamiTheun scheme ih consideration
of the centers of demand, will have to be first transmitted to Thakhek
some 80 kilomete;'_s away, and from the;:'e supi:lied to- southern Laos and to
Thailand on the opposite bank of the Mekong River.

By t.l-le time the Upper Nam TI;eun scheme is completed, the elsctric
power systems of the Nam Pong and the Nam Pung in north-eastern Thailand,
including interconnect:ﬂi_on of both systems, should he in service.

Therefore by the e_rection of several new transmission lines and a connnect-
ing line between Thakhu‘ek aﬁd Nalkorn Phanom, across the Mekong River,
transmission oi‘\ electricity to the whole area of north-eastern Thailand
will be possible.

On the other hand, in Laos, electric power will be probably transmiit-
ted from Thakhek to Pakse by way of Savannakhet by a newly crected
transmission line,

On the basis of assumed probable loads for the various centers of
consumption in Laoé' and Thailand, it is believed that the required voltage
of the transmiséion lines for the Upper Nam Theun scheme is 110 kV or

130 V.

D. SE BANG FAT PUMP TRRIGATION SCHEME

Water discharged from tl:aé Upper Nam Theun flows into the Se Bang Fai.
As a result the run-off of the Se Bang Fai is increased by 23.8 m3/s on the
ave,rage‘ during the dry—selason. MThis shows that a ‘fairly iarée—scale irri-
gation pro ject car; be caI;;it;d out by utilizing the water ﬁogether with the
natural fiow Sf the Se B‘a~ng Fal, 1In addition, in the distr:i:ct on the left
bank of the Mekong, downstream of Thakl;lek, pumping from the r;lain Hekong

will be possible.



That is, by installing pumps at the Highway Bridge Site and 7 other
Places on the Se Bang Fai and at 3 locations on the left bank of the main
Mekong some 44,700 ha of cultivated field below elevation 157 meters in the
downstream of the Se Bang Fai may be provided with irrigation water
throughout the year. The required pump capacity is gbout 15,300 kW and
the required energy is 36,200,000 kWh annvally. This power requirement
can be supplied from the Upper Nam Theun scheme. A description of this
irrigation scheme is given in FIG~AP-IV-4 and in Table AP-VIT-1,

In case the design H.W.L. (EL.130 m) of Khemarat Reservoir on the Main
Mekong River is modified to EL 133 m (see Chapter II "pnalysis of Hydro-
logic Data"), the pumping head of 10m to 17 m in irrigation districts
L1, Lg, Ly and Ig will be reduced to 9 m to 14 m, and consequently will

result in a saving of 1,200,000 kWh. of energy annually.

E. CONCLUSION

It is a well known fact to people concerned that the hydraulic poten-
tials of the Nam Theun are the richest and most economical among the
numerous main tributaries in the lower reaches of the Mekong River.

On several occasions recommendations have been made by people concerned
that either the Nam Theun, the Se Bang Fai, the Se Bang Hieng, or the Se
Done should be developed so that it may be the pilot project for the deve-
lopment of southern Laos and subsequently, for the development of the
Lower Mekong basin. To this day, however, such project has not yet become
definite.

In preparation of the developmeri’o plan for the Nam Cam ‘basin in Thai-
land, the Team thought that it might be difficult to supply the entire
electric power needs of the Nam Cam basin deVelopmeni'; scheme from hydro-
electric power sources in Thailand.

Electric power which will be produced by developing the Upper Nam
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Teble - AP, VII - 1 Se Bang Fai Pump Irrigation Scheme

(Southern Thakhek)

Location of
pump stations

Application

Mong the Mekong River, 55km
upstrean on the Nam Gam

Along the Mekong River, 34.5km
upstream on the Nam Gam

Along the Mekc-mg River, 20km
upstream on the Nam Gam

Along the Se¢ Bang Fai, 72km
upstreanm from its mouth

Mong No,4 main canal,
17

Along No.4 main canal, 26km

. . . Lift . : P
I +i . ump s
DI;:{L;E? cton Pump Station | Trrigation Elevation ; Elevation ; Net hoad Hex. de:Lschargeé . Lel?gth of
area (he) | of pumped | of souree ] (=’/a) { Bore | Number! Capacity |main canal
water (1) | water /2) |(3=D -2 mm) | (Unit) | (lw) (km)
Ly No.l 3,600 145.50 130.90 14.60 454 250 3 900 10.5
Leg No.2 2,600 147.00 130.10 16.90 3.28 750 3 870 14,0
T 12,13,L5,28.0
12.13.L;.15 No./ 23,000 151.00 140.00 11.00 28,98 2,200 3 5,130 17.0
Iz No.5 5,600 161.00 147.60 13.40 7.06 1,000 3 1,440 14.0
L3 No.6 2,700 156.00 154.80 1.20 3.40 750 3 120 8.0
Ly No.7 6,500 161,00 142.00 19.00 2.19 1,100 3 2,370 6.0
LB NO.S 5,200 m-oo 131.80 10.20 60 55 I,DGO 3 1’050 6-5
Ig No.9 65100 152,50 134.00 18.50 7.69 1,050 3 24160 10.0
15T No.l0 1,500 154,00 140.00 14.00 1.89 700 2 420 11.5
Total | St&t%gns 44,7700 56.33 29 15,300 108.5

Southern end of No.J main
canal, Skm

#long the Se Ban Fai, 32kn
upstream from its mouth

Mong the Se Ban Fei, 57km
upstream from its mouth

Along the Se Ban Fai, 72km
upstream from its mouth

Annusl energy requirements 36,200,000 kwh,




Theun willrbe the cheapest of all power that may be available in the near
future to the north-eastern district of-Thailand and southern Laos in the
Mekong basin. According to estimates the Team made, the cost of power of
the Upper Nam Theun scheme is 0.7 cent/kWh at the generating end in the

first stage and 0.3 cent/kWh in the second stage, and the average cost of
povier at the receiving end in southern Leos is 0.74 cent/kWh and in north-

eastern Thailand it is 0.77 cent/kWh.
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