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FOREWORD

In response ito the £equest of the Committee for Coordination of
Inv§stigations of the ibwér"Mekong Basin, the dovérnment of Japan con-
ducted Preliminary Investigations in FY 1961 with the object of for-
mulating the development plan for the proposed Sambor Project.

The Preliminarj Investigations were followed by a series of detailed
investigations conducted successively during the past three years by
the Overseas Teqhnicalfcooperation Agency (OTCA) which has been
entrusted with }heir execution by the Government of Japan since its
esfablishment in 1962.

With regagd to the First and Second Phase Investigations carried
out in FY 1962 and 1963 respectively, the findings and recommendations
have been compiled by the OTCA into progress reports already submitted
to the Committee.

The present Third Phase Investigetions, entrusted to the O0TCA by
the Government of Japan, were carried out by a Survey Team comprising
a total of 34 members with Dr. X. Aki serving as Leader. Field surveys
were conducted over two periods, d.e., fiom-Septembér.to QOctober 1964
and from November 1964 through February 1965.

I% is my pleasure to staite that careful studies are being made
at present on the findings aﬁd data obltained during the investigations
made to date with the view to submitting to the Committée a final report

on the Bambor Project.



On %the occasion of presenting the "Third Progress Report on the
Investigations of Sambor Project#, which reflects the outcome of the
joint endeavours of all concerned, I wish to express my deepest gratitude
to the Committee for Coordination of Investigations of the Lower Mekong .
Bagin, the Governmment and people of Cambodia, and to the cooperating

countries for their kind and unlimited cooperation.

September 1965 / /ﬁ . z

Shinichi Shibusawa

Director General

OVERSEAS TECHNICAL COOPERATION AGENCY
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1. INTRODUCTION

1.1 Background of Investigations

In compliance with the request of thé Committee for'Coordinétion of
Investigations of tﬁe Tiower Mekong Basin (hereinaftervreferred to as "the
Committee"), the Government of Japan conducted, over a period from 1961 to
1962, the Preliminary Investigations on the Comprehensive Sambor Development
Project, outcome of which was compiled into the "Sambor Project - Report on
Preliminary Investigations for Development of the Dower Mekong River Basin®
submitted to the Committee in ﬁqvgmber 1962, Based on this Preliminary Report,
the Overseas Technical Cooperation Agency (hereingfter referred to as "the
OTCA"), an executing agency of the Government of Japan, was entrusted with the
execution of the detailed surveys. The OTCA consequently carried out the First
and. Second Phase Investigations in FY 1962 and 1963 respectively, results of
which have already been submitted to the Committee as the "Progress Report" on
each of the two investigations.

For the present Third Phase Investigations (FY 1964), execution of which
wes commissioned to the OTCA, the Government of Japan zsppropriated in the
budget an amount of approximately $145,000. The OTCA subsequentl& orgenized,
with the cooperation of competent Government authorities and private organi-
zations concerned, a Survey Team headed by Dr. K. Aki, and despatched it for
field investigations during £he wet season (September to October 1964) and
the dry season (November 1964 to February 1965). Since its return to Jepan,
the Team hes directed its efforts to the compiletion and review of data and
materials collected during the field investigations, and the results are hercby
submitted to the Committee as the "Third Progress Report on Investigations of

the Sambor Project",



1.2 Outline of Investigetion Plan

The Third Phase Investigations (FY 1964) were conducted with parti-
cular raference to such aspects as transmission line, power market, inland
navigation and sgriculture, with the necessary cost borne partly yy ﬁhe
Government of Japan ($145,000) and partly by the Government of Cambodia
in 1océl currency as counterpart contribution (150,000 riels equivallent
to about $42,800).

Organizations participating in each aspect of investigations were

as follows:

1) Hydro Electric Power Aspect : ZFElectric Power Development Co., Lid.

2) Transmission Line sspect ¢ Tlectric Power Development Co., Lid.
%) Power Market Aspect : WMinistry of Intermational Trade and
Industry

Science and Technology Agency

Overseas Electricael Industry
Survey Inst., Inec. ’

4) Inland Navigation Aspect ¢ Japan Ports Consultants, Lid.

5) Agricultural Aspect : Senyu Consultants Internmational, Lid.
Ministry of Agriculture and Forestry

further, the core boring involved in the geological survey of Inland
Navigation Aspect were performed by Hazama-Gumi, Ltd., the subcontractor,
under the supervision end technical guidance of Japan Ports Consultants,
Ltd. The general coordination and accounting for the Survey Team were assumed

by the OTCA.

1.3 Hydro Electric Power Aspect
The present field investigetions (3rd Phese, FY 1964) centered upon

supplementary items, e.g., observation of the inundation of the Mekong during



wet season, collection of hydrologicai,ﬁata, investigations for compensa-
tions for properties to-be submerged, and sampling of materials for the
dem body. . ) Y

Home office work covered the re-examination of previous plans, which
includes: comparative study of theAa;ternative dam center lines (such as
Line C and Line C;) proposed from the results of the past two investi-
gations, selection of the most favqurable center line, and calculation of

storage cepacity and back water based on the topographical map (1/20,000).

1.4 Transmission Line Aspect

The First Phase Investigations (FY 1962) covered the reconnaissance
of the possible routes of transmission lines, and general review of the
problems to be teken intg consideration for designing.

During the present investigations, various field surveys were conducted
in connection with the proposed two routes (one connecting Sambor -
Phnom Penh - Sihanoukville, and the other linking Sambor and Saigon),
e.g., survey of bearing strength at 44 points along these two routes, re-
connaissance by automobiles, aerial survey for 7 days during wet and dry
season, and collection and review of meteorological data. As part of the
office work, rough designing was completed, with the cost estimation being
made at present for the construction of transmission lines, substations

and communication facilities

1.5 Power Merket Aspect

During the First Phase Investigations, the Team conducted surveys of -
the power supply situations in both Cembodia and-Viet-Nam, which would
constitute the principal service areas of the Project: namely, the Team

reviewed the various plans drawn up by the Governments of the above two
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countries in order to sppraise future prospects-of the economic and social -
development therein,collected relevant information and data to form the
opinion of the power supply and demand situation in the two countries,

and concluded, as stated in the First Progress Report, that the Sambor
Project may be scheduled for operation during the years from 1980 to 1985,
in which the power supply and demand would become even.

Needless to say that there would be various elements affecting the
scale and structure of power demand 20 years from now. Therefore, the
electric power surveys should be conducted in as intensive and extensive
a manner as possible, inasmuch as the time for the start of construction
of the Project and the benefits to be derived from the Project will be
directly influenced by the resulits of such surveys.

From this point of view, it can hardly be said that the menner in
which investigations were conducted in FY 1962 were adequate. Nor can it
be asserted that the information and data used in the investigation covered
a sufficiently wide range.

In FY 1963, therefore, efforts were directed principally to the home
office work covering compilation of various data collected in FY 1962, re-
examination of methods to be a dopted in estimating the long range supply-
demand situation and preliminary study relative to the establishment of heavy
electric power consuming industries in the regions under review.

In the present investigations; which is the last of series of three
investigations, an attempt was made to supplement the previous two investi-
gations: namely, the Team made surveys, based on the resulis of the two pre-
vious investigations, on the present state and future possibility of the
industrial and economic development, especially of the development of manu-
facturing industries. TFurther, the Teem chose a few heavy electric power

consuming industries and studied the siting conditions for such industries.

1-4



1.6 -Inland Navigation - -

The past two investigations involved the survey of the domestic trans-
port conditions in Cambodia. With the view to supplementing this survey, . ~
the p;esent state of inlend navigation was surveyed during the present
investigations. In addition, geological survey and soil tests were performed
at different points gf the proposed routes of navigating canals, thereby
to determine the locations of navigation locks and.cansls. Other basic
data to be used in designing structures were alsc collected.

The survey on the present state of inléndinavigation was conducted
with efforts made to avoid repetition of items already dealt with. Taking
into azccount the_outcome of the past two surveys for Hydro Electric Power
Aspect; the geological survey was conducted mostly by core boring and
partly by hend suger boring, with stress .placed on the proposed canal
routes on the left bank of the Mekong. _Supﬁlementary survey on the right

bank was also conducted. Number of bores and total bore length are as

given below:

Ho. Bore length
Core boring 7 13 187 m
Hand auger hdfing 20 63.3 m

Specimens collected by the boring tests were put to various on~the-gpot
tests, and a portion of specimens was brought back to Japan for further
laboratory tesis.

Baged on the results of the recomnaissance and geological survey and
of the review of relevant data collected, a comparative study is being made
at present with regerd.to the anticipated navigation and construction
difficulties and the estimated construction cost as envisaged by a number

of alternative plans drawn up for the canal route (6 routes).
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Studies are also being made to arrive at a basic plan for designing,
in FY 1965, the canal, navigation locks, bridges, roads and navigating'

routes.

1.7 Agricultural Aspect

The First Phase Investigations (FY 1962) covered a general field
survey to grasp the outloock of sgriculture in Cambodia and to explore pro-
blems for its development. The present investigation were conducted with
particular emphasis placed on thé surveys of the following items which,
as clarified from the resulis of the past investigations, are to serve asg.
the basic elements of the fubture development plen: topography, geology,
land end water use, and present state of the Cembodian agriculture.

The inundation of the Mekong cannot he prevented until the regulation
of the discharge of the main stream has been made possible. From the
viewpoint of land use, therefore, not mmch benefits can be expected from
the Sambor Agricultrual Development Project.

However, the irrigation during the dry season utilizing the storage
water of the Sambor Dam, and the irrigation and drainage improvement in the
downstream areas including the Mekong delta and the outlying area of Tonle
Sep, which are to be materilized by utilizing the electric ﬁower fiom the
Sembor Power Plant, are worthy of notice.

Changes in the present conditions of water use in the Mekong delta will,
if caused by artificial means, not only create problems releting to.agricul-
tural know-how but alsc affect, to a great extent, the social and economic
conditions wnder which the agricultural development in this area has been
placed over a long period of time. It is to be recognized that an attempt
to achieve ggriculturel development inevitably encounters a number of diver-

sified and complex problems.’



In view of the oubcome of the present investigations as well as of
the obvious difficulty of su&veying all the above-mentioned areas, an area
of 67,000 ha has been designated to be irrigated either by gravity flow or
punping. Since the agriculture in the designated area is still in the
infantile stage of development when compared with that in other cultivated
areas of Cambodia, it may be said that a new pattern of development can be
materiglized that cannot be put into practice in advenced areas of the
countxy.

Major items of the present investigations are as given below:

Outlock of topographicel ~ geological - soil conditions.

Distribution of soil groups and classification of soils into 5 groups.

Sampling and analysis of 200 soil specimens.

" Installation of water-gauges at 21 points and of rain gauges at

10 points; and observation of tributaries and collection of their

hydrological data.

Collection and anelysis of metecrological and hydrologicel data.

Condition of water use.

Present state of land use, and general situation of regional

agriculture (e.g., agricultural know-how within each region, cul-

tivation method of main crops, farm management, land use gystems,

and assessment of agriculture in the economy of the region).

Export and import of asgricultural products, end present state of
domestic markets.

Resul%s of the above investigations were reviewed, which led io the
preparation of a rough plan for ag?icultural development. This plan,
however, is subject fo changes according to the results of the next field
investigations and to the data that may be collected in the future.

The map of the Sambor Irrigation Project Area available at present
is not sufficient to serve as the basis for the fubture planning.

The Team therefore reguested the Committee, prior to the commence-

ment of investigations, to prepare a more detailed and complete map of the
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designated irrigation area.

1.8 YFormation of Survey Team

The formation of the Survey Peem was as follows:

Name

Assignment

Ocecupation

Duration

Koichi Aki

1

Leader

Dr., of engineering,
Professor of Kanto
Gakuin University,
Former Director,
Water Resources de-
velopment Div.,
ECAFE

Nov 8 - 10, '64
Nov 20 - Dec 1,'64

Jan 4 - 20, '65

{General Lffairs
Group)

| Takeyuki Inada
|

Takayuki Arikawa

Yoshikazu Shiraishi

Kenseku Takeda

Keisuke Hisatake

Hiroshi XKimursa

Mesao Kuwabara

General affairs

Electrical economy

M sheries

Agriculture

Civil engineer-
ing

Liaison & ac-~
counting (dry
season)

Lisison & ac-
counting (wet
season

Director, Develop-
ment Survey Div.,
OTCA

Staff, Development
Survey Div., OTCA

Chief, Nikko Branch,
Fresh Water Fishades
Resources Lahor-
atory, Fisheries
Agency, Ministry

of Agriculture and
Forestry

Irrigation engineer,
Agricultural land
bureau, Ministry of
Agriculture and
Forestry

Staff, Technical
Advisory Office,
OTCA

Staff, Development
Survey Div., OTCA

Staff, Development
Survey Div., OTCA

Jan 4 - 24, 165

Nov 8 -~ Dec 7,!'64

Jan 10 - Feb 18,
165

Nov 10 - Dec 4,
164

Sep 6 - Oct 14,
164

Nov 7,'64 - Maxr 8,
. t65

Sep 6 - Oct 14,164




Name ~ Assignment Occupation Duration
(Hydro Power Group)
_ R 1 . - =
Hideo Matsuo Civil engineering | Ass!'t Chief, Design Jan 17 - 31, 165

Toichiro Sakaguchi

Bunya Kenahars

Tadashi Tamura

Electricity

Civil engincering

Civil engineering |-

0ffice, Electric

Power Development
Co., Litd.

Agg't Chief, Genera~
tion Sec., Electric
Power Development
Co., Ltd,

Staff, Design Office,
Electric Power Deve-

--lopment Co., Lid.

Staff, Design Office,
Flectric Power Deve-
lopment Co., Lid.

Jen 17 - 31, '65

Sep 13 - 26, 164

i

Sep 13 - 26, 164

(Transmission
Line Group)

Seiichi Teranishi

Kiyoshi Shimada

Kensuke Yokoyama

Transmission

Steel tower

Steel tower

Eleetrical engineecr,
Foreign kctivities
Dept., Electric Power
Development Co., Litd.

Ass't Chief, Trans-
mission & Transfor-
mation Sec., Eleciric
Power Development
Co., Ltd.

Staff, Transmisgion

& Transformation Sec.,
Electric Power De-
velopment Co., Ltd.

Sep 6 - Oct 10,
|64

Jan 17 - Feb 10,
165

Sep 6 ~ Oct 10,
164

Jan 17 - Feb 10,
165

(Powier Market
Group)

Tamotsu Saito

Tamotsu Makacka

Power market

Power market

Chief Researcher,
Resesrch & Statis-
tics Dept.; Overseas
Electrical Indusiry
Survey Inst., Inc.

Director, JHrakewn
Hydro ¥lectric Power

-Co., Itd.

Sep 6 - Oct 5,'64

Nov 8, '64 -
Jon 6, '65
Hov 8, '64 -
Dec 1, '64




Name

Assignment

Occupation

Duration

Tokugoro Miyashita

Hidekazu Onishi

Shoichi Konan

Yoshiro Ishihara

Hideo Takase

Power market

Power market

Power market

Power marketb

Power market

Research Officer,
Resources Bureau,
Science & Technology
Agency

Secretary Technician,
Public Utilities
Research Sec., Public
Utilities Research
Bureau, Ministry

of International Trade
& Industry

Researcher,
Research & Statis-
tics Dept.,
Overgeas Elecctrical
Industry Survey
Inst., Ine.

Researcher,
Research & Statis-
tics Dept.,
Overseas Electrical
Industry Survey
Inst., Inc.

Staff, Development
Cooperation Dept.,
Overseas Electrical
Industry Survey
Inst., Inc.

Sep

Nov
Jan

Sep

Nov
Jan

Nov
Jan

Sep

Hov
Jan

8, 164 -
6, 165

6 - Oct 5, '64

8, '64 -
6, 165

8, I64 bt
6, 165

6 - Oct 6, 164

8, 1964 -
6, '65

(Inland Nevigation
Group)

Tadao Haruta

Kezuhei Mineo

Inland navigation

HBydrography &
Geology

Chief, FEngineering
Sec., Japan Ports
Consultants, Ltd.

hsg't Chief,
Engineering Sec.,
Japan Ports Con-
sultants, Ltd.

Dec
Jan

Jan

20, '64 -
19, '65

17 - Feb 9,65

(4gricultural Group)

Shingo Ito

Farm management

Professor of Tokyo
University of Agri-
culture

Nov
Feb

8, '64 -
20, '65

1l1-10




Name Asgignment Occupation Duration
Masamoto Yasuo So0il classifi- Staff, Technical Nov 8, '64 -
cation & Fertility | Advisory Office, OTCA |Feb 20, 165
Tetsuo Kato Irrigation Chief engineer, Nov 8, '64-~
©o Sanyu Consultants Feb 20, 165
International, Lid.
Yasuo Miyazaki S0il classifi- Technical Officer of Nov 8, '64-
cation & Fertility | Agriculture, Feb 20, '65
Resources Sec.,
Plamming Div., Ag-
ricultural Land
Bureau, Ministry of
Agriculture and
Yorestry
Tekashi Kawnd Iryigation Engineer, Nov 8, !'64-
Senyu Consultants Feb 20, 165
International, Litd.
{Boring Group)
Kaneo Matsuyoshi Geology Soil éngineer, Doc 13, 164~
Hezama-Gumi, Lid. Feb 18, '65
Yasuyuki Saseki Boring Technician, Dec 3, '64-
Hazama“G'mi’ Ltdu Feb 18’ ‘65
Goro Kimata So0il Analysis Civil engineer, Dec 3, '64
Hazama-Gumi, Itd. Feb 1B, 165

(Won-reguler
member

Hirofumi Shinozuka

Liaison

Hon-regular staff
of OTCA.
Chief Representative

of Nichimen Co., Ltd.

Saigon Office

Joined the Tean
in the Project
Area
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2. HYDRO-EIECTRIC POWER
2.1 Field Investigations ‘
2.1.1 Water Level and Discharge ]

Data on discharge, amount of silt carried by the river, prepip;T
tation, eveporation, efc. cévering the period upto 1961 are obtainable
from the hydrologic Teport compiled by Harza Engineering Co. of U.S.A..
As for the period after 1962, the Hydrologic Yea.:r:‘ Book published by the
Committee serves to provide these data.

To supplemen# the water level and discharge observations perform-
ed at Kratie, the water level observation at 3 different points bebween
Kratie and Samboc Rapids has been contimiously condrcted since Septer-
ber 1962. Fig. 2-1, prepared by plofting the water level at Sambor
site and the discharge obtained from the rating éurve at Xratie Gavging
Station, shows the rating curve at Sambor-site and may be considered
to simultanecusly indicate the tail water level for the proposed
power plant.

2.1.2 Observation of FPrecipitation, Evaporation, Temperatire and
Hupidity

At the request of the Tean, the provincial office in Kratie of the
Ministry of Public Works has underteken to observe the precipitation
and evaporation within its premises. The observation of temperatvre
and hrmidity wes performed daily at fixed time {9:00 a.p.) at Hotel Xam
Hoa.

2.1.3 Investig;tions for compensation

hs for the compensation for ﬁroperties expected to be submergsd
in the reservoir area delineated on the basis of its bvack water calev-
lation,ythe Team’handed over to the Governmor of Kratie Province a nap

of the reservoir area (1/20,000) and requested that investigations be



rade relative to such compensation and that appropriate measures be
taksn.,
2,1.4 Material Test

To secure earth materials for the main dam, investigations were
conducted over the ridges on Line 1 , and tests are being conducted
in Japan on specimens collected during the field investigations.

In the proposed quarry area LQ-4 on Line 3 , investigations on
the overburden were performed by excavating test pits.

The previous test revealed that the concrete aggregate of com-
paratively good quality can be obtained from the sand-bars downstrean
of Xratie. During the investigations of this time, therefore, speci-
nens were collected by test pit excavations and brought back to Japen
for leboratory tests to eclarify the distribution of sand-bars up- and
dovmstream of the above-mentioned sand-bars.

2.2 Home Office Works
2.2.1 Calenlations and Analyses relating to Reservoir
a) Caleculation of storage capacity

The calculation of the storage capacity utilizing the aerial
map (1/20,000) resulted in 1,157.5 km2 of reservoir area and 9,903 x
106 m3 of total storage capacity at El. 40.00 m of the reservoir water
level,

These figures indicate a decrease by 32% of the reservoir area
when compared with the previously assumed 1,700 x 106 m3 and a de-
crease by 35(% of the available storage capacity (1,100 x 106 m’ at
El. 40.00 m of meximum water level and 1 m of draw down) when com-
pared with the previously assumed 1,700 x 10° m° (Ref. Fig. 2-2).
b) Calculetion of reservoir back water

A topographic map (1/20,000) of the reservoir was utilized in
back water caleculation tc delineate the ares subject to back water

infloence,
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In case of & flood with the discharge of 70,000 mB/sec or
Bl,OOQ,mB/seo, the back watéi is expécted, with the water level at
Sembor dam site being maintained at Bl. 40.00 m, to reach as far as |
65 ¥m upstream of the dam site, but not further.

The digcharge corresponding to the present water level of El.
_401007m‘§t Stung Treng is 6,340 mB/sec, which makes it foreseeable
that the backwater effect of discharge larger then this will not
reach at Stung Treng even after the completion of the dam.
¢) Correction of rating curve and Analysis of flood discharge

Additional date were utilized to correct the rating curve and
the flood discherge at the dam site (Ref. Fig. 2-1).

Date used for correcting the rating curve covered the period
from September 1962 to Jamuary 1965; and for the analysis of flood
discharge, data for 26 years recorded during the period from 1933 to
1964 were made use of.

Further, the probable flood discharge tabulated below were

obtained by stochastics on probable frequency of flood,

Probable freguency Flood discharge (m3/sec)
Once in
100 years 13,000
200 v 76,000
500 » 79,000
1,000 » 81,000
10,000 88,000

d) Discharge during dry season

Five-day meximum discharge during dry season was picked up from
the discharge record for 24 years registered during the period from
1933 to 1964; and the caloulations of discharge against each 10, 5
and 2 years excess probability were made. TFig. 2-4, to be used for.
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closing the main stream, was subsequently prepared by plotting values
obtained by such caleulations as well as the maximum and minimmum
volues recorded in the past.

e) Estimated sand sediment

Sand sediment wes estimated based on the data contained in the
report of Harza Co. as well as in the Hydrologic Year Book published
by the Commitiee.

Measurement of sand sediment has been performed at Stung Treng
and Pakse, but hardly at Kratie. The estimation was therefore mede
utlizing the measvrement record at Stung Treng.

As shown in Fig. 2-3, the epount of suspended silt against dis-
charge is greater at Pakse by about 40% than at Stung Treng.

From the values given in Fig. 2-3, the estimated annual sediment
@ischarges were obtained and broken dovm by nonth as shown in Table
2-1.

2.2.2 Belection of Dam Center ILine

Based on the results of investigations conducted during FY 1962
and 1963, a comparative review wes made on the two alternative plans,
i.e.; Line C Plan and Line ¢! Plan.

Sinee the electric energy expected to be generated by these two
plans is considered to be the same, selection of the dan center line is
dependsnt wpon the construction cost.

To make a conparative study of the costs to be incurred by the
construetion of the two plans, results of soil tests perforned for the
carth-£i1l dox on Line 1 and Line 4 during the 2nd Phase Investiga-
tions were utilized in determining the danm section for each different
quality of soils.

Further, rovgh designs were prepared for the power plant on Line

C and Tdne (! .

2 -4



Comparisons and studies x-nex}tioned above 1éd to the conc_lgsion
that ;iﬁe C' Plan would, in some measure, cost less thaﬁ Line €
Plan. -

2.2;3 Temporary Diversipn Channel

"ﬁhe capacify of the temporary diversion chamnel a2t the time of
closing the main streem was studied on the assumption that the intake
for the supplementary génerators be uwtilized for this purpose.
2.2.4 fower Generating Facilities

The annual mean head has so far been ubilized in computing the
power generation and its output. In the case of Sarbor Project,
however, the efficiency drop of the water furbine during wet season
ocan be minimized and a higher firm capacity maintained if the rated
head for deéig%&ngithe_turbine-is close to that of the ﬁeadiduring
the flood season. Studiesrwere théréfore made with fhe rated head
set at 20 my, 25 n, 27.5 m and 30 nm.

The computation of power generation was conducted for a number of
different cases in order to make economic assessement of each case.
i.e., the case where the unit of generators is changed (5-6-~-7-8
generators), where the operation of 1 - 2 generators is suspended

throvghout the year excepting the flood season, and where the opera-

tion depth is changed (1 - 2 - 3 m).



: 5
Table 2-1 Sediment Discharge (No. 1) (Unit 10° ton)

oo 1933 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939
1 209 264 369 458 241 608 650
2 90 135 147 216 110 325 268
3 52 99 101 150 98 236 202
4 50 65 76 128 TL 298 203
5 81 211 276 271 509 550 638
6 947 748 | 3,290 | 2,690 | 4,740 | 8,460 | 8,030
7 11,600 15,490 21,320 20,400 30,800 26,100 21,800
8 |36,300 | 49,200 | 32,150 | 37,400 | 75,500 | 34,400 | 72,800
9 27,590 | 59,300 | 34,300 | 45,200 | 92,500 | 37,500 | 84,800

10 12,700 28,100 29,020 7,110 18,700 39,900 33,600
11 4,440 | 4,30 | 13,300 | 1,090 | 3,660 | 5,850 | 4,810
12 745 1,090 1,910 446 1,290 2,190 1,450

Total (94,804 |159,062 {136,259 [115,559 |228,219 {156,417 |229,251

year

{ onth 1940 1941 1942 1943 1944 1946 1947
1 499 422 539 446 448 494 467
2 256 24 259 199 263 200 250
3 170 18 158 177 166 134 140
4 143 150 155 232 128 106 143
5 305 387 513 347 369 639 1,270
6 4,660 5,850 | 4,070 | 6,610 | 1,980 | 7,070 | 4,020
7 37,300 | 22,600 | 26,200 | 18,600 | 14,200 | 16,900 | 33,300
8 76,800 | 61,300 | 54,400 | 38,900 | 47,200 | 39,900 | 44,300
9 106,200 | 45,900 | 47,300 { 59,300 [ 25,100 | 64,500 | 62,300

10 13,300 | 29,900 | 14,900 | 21,1c0 | 19,400 | 20,650 | 16,400
11 2,020 8,830 5,350 4,650 €,000 4,510 3,290
12 807 1,780 | 1,060 865 1,650 | 1,120 917

Total ?44,460 177,555 (154,904 (151,426 (116,904 |156,223 (166,797

Note: Sediment discharge = Silt content (P.P.m) corresponding to

monthly mean discharge x Monthly total
discharge



(No. 2) (Unit 10° ton)
STl 1o4e | w49 | 1950 | ags1 | 1952 | 1953 | 199
1 415 500 682 502 290 123 193
2 210 249 256 267 111 100 129
3 134 162 148 133 96 69 97
4 142 129 110 123 88 16 63
5 630 439 258 422 317 649 141
6 4,900 659 3,860 6,250 1,560 6,390 640
7 18,000 | 5,790 | 19,700 | 16,000, | 10,900 | 12,700 | 4,290
8 41,900 | 36,500 | 39,900 | 40,800 | 60,700 | 33,800 | 20,500
9 73,300 | 55,400 | 43,900 | 35,350 [ 65,000 | 33,900 | 42,200
10 22,800 | 28,900 | 31,900 | 17,300 | 29,200 | 13,300 | 17,900
11 5,120 | 8,320 | 9,570 4,650 | 4,440 | 3,290 | 3,140
12 1,430 | 2,170 | 1,870 | 1,190 542 804 576
Total 168,981 |139,218 |152,154 |122,987 |173,247 |105,201 | 89,869
monthyear 1960 1961 1962 1963
1 255 332 534 312
2 152 169 277 156
3 103 123 193 115
4 55 116 140 92
5 100 465 420 105
6 1,180 | 7,820 | 6,370 | 2,840
7 5,640 | 24,400 | 19,650 | 14,850
8 48,300 | 49,200 | 42,600 | 52,400
9 38,900 | 73,900 | 39,350 | 40,100
10 24,800 | 47,600 | 18,670 | 14,800
11 3,870 5,270 3,840 5,570
12 1,046 | 1,280 847 | 1,410 |Average
Total 124,401 | 210,675 1132,891 |132,750 |153,608
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Figure 2-4 Probable Discharges

on the Mekong at Sambhor Site
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3. TRANSMISSION-

3.1° Field Investigations °
5.1.1 Reqonnaissance of  the possible routes of transmission line

On the:basis of the peccﬁnaissance carried out in 1962 and 1963,

- and under the presumption that tﬁe power output ofrthe Sambor Power
Plant is-in the range of7600 - 750 W and under the assumption that
there will be a power démand of 150 MW in Phnom Penh, 150 MW in
Sihanoukviile, which is expected o be-highiy industrialized as a
new port city,.éhﬂ 300 MW in Saigon, investigation and soil survey
for,fhe tower foundations (penetration tes%s) and collection of data
necessaiy for degigning have been conducted along theitwo routes of
Sambor - Phnom Penh - Mahouly (Distance: about 350 km) and Sambor -
Snoul - Saigon (Distance: about 230 km).- - ’

In vieﬁfoffthe nece;sity of ‘avoiding as much as possible the -
areas to be submerged in-the rainy-season when the Mekong overflows,
aerial investigations were carried out for a total of seven days during
the rainy season and the dry.season.

3.1.2 Soil Survey fox - the .Tower Foundatioﬁé

Soil survey was conducted over the whole of the possible routés
of the‘transmission line," for the reason that soil survey had much
to do with the selection of the route of the transmission line,
estimation bf‘the construction cost, etc. (Viet-Nam was not included
in this survey)f

In the investigation of the soil, portable penetration test
machine was employed to clarify the nature of the soils including the
bearing strength, etc. in the 1éyers about 10 m below the ground surface

The investigation was carried out along the proposed route at selected
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points; i.e., 25 points for the survey in the rainy season and 19
points for the survey in the dry season.

The investigation placed emphasis on the difference in the con-
ditions of the soils in the areas with paddy fields and low-lying
lands. The investigation also concentrated on the difference in the
conditions of the soils between the rainy season and the dry season
and the distribution of the soils of small bearing strength. The
results are shown helow.

(a) Areas where the soil has enough strength

Sambor - Skoun about 130 km
Kompong Speu ~ Sihanoukville about 130 km
Sambor -~ Saigon about 230 km

These areas are either hilly or mountainous and greater part of
the areas are covered with dense or sparse forests. The nature of
the soil is good containing soft laterite for a depth of about 1 -
2 m immediately below the ground surface and the part below is
presumed to be formed of sandy soil, sandstone and others. The
bearing strength is presumed to be about 60 tons/m2 so that no
special freatment or consideration will be required.

(b) Soft soil areas

Skoun - Kompong Luong - Kompong Taket about 40 km

Phmom Penh - Kompong Speu about 37 km

Most of these areas are with either paddy fields or highland
fields with clayey soil. Portable penetration tests revealed that
the bearing strength is about 20 - 30 tons/m2 at about 3 - 4 m
below the ground surface.

(c) Soft, swampy areas

Phnom Penh - Kompong Taket about 20 km

3-2



.TheggiareasAare low-lying swémpy piace qqnsisting of paddy
fields with water pools_rémaining in the dray éeaépn. 7The regults
of the penetration tests show that down to sbout 10 m from the ground
surfacé, there is no léyer with suffiéiént résisfing power strength, _
and the bearing strength is no greater than 10 ton/ﬁ? so that it is
considered that piling will be needed.

(d) The condition of soft soil area - its difference between the

dry =snd rainy seasons

In the rainy season the areas described in (b) and (c) above
ave submerged in water and become like paddy fields or swamps, and
access to these areas is impossible without the use of boat or
barge. In the dry season, the surface soil is dry except for a
part of the region between Phnom Penh and Kompong Taket. According
to the penetration fest, the soil for 2 m below the ground surface
has a bearing strength of about 30 tons/m? and is therefore suf-
ficiently hard to permit passage of motor car.
(e) Investigation in Viet-Nam

As regards the soil survey in Viet-Nam, observations were made
in the vicinity of Saigon, but no penetration tests were actually
performed. However, the surface soil was generaliy noticed to show
little difference in mature from that in Cambodia.
(f) Penetration test

The results of penetration test are as follows.



) Results of simple penetration tests during the rainy
season along the possible route of the transmission

line (Complete list of N-values obtained)

Depth (m)
1 2 3 4 5 6 7 8
Location
1. Vicinity of (3.65m)
Phnom Penh 5 21 27 40
5 " (1.88m)
: 30 41
3 " (1.44m)
: 26 73
4 . (4.45m)
) 36 9 14 13 73
n (0.97&11)
2 107
6. u 28 8 9 18 23 22 28 14
7 1 (7.55m)
. 29 11 12 15 10 13 10 15
8. Vicinity of
Kratié 4 6 6 7 13 16 16 10
9. " 32 [(1.75m)
73
" (0.5m)
10. 13
11. " (Oégm)
12. Vicinity of (0.9m)
Kompong Chom a7
(2.57m)
3. " 1 | 26 67
1 (2.80111)
14. ' 46 26 48
i5. Vicinity of (0.65m)
Skoun 6S




: Depthm (m) . . i -
. 1. 2 3 4 5 6 7 . 8
ILocation . )
el (5,8111)
16 omnity of 9 | 1 | 1 % | 25 | 40
17. Vicinity of (4.90m)
Phnom Penh - 71 9 | 2 2% |7 62
18, t 8 | 195
19. : (7.65m)
46 41 20 23 - 30 18 20 17
20 " (7.50m)
: 7 8 16 13 16 20 26 27
. (3.15m)
S 0 | 3| 9% 99
22. 30 km from (3.40m)
Takeo 11 37 37 129
23. 50 km from {7.20m)
Takeo 6 6 15 21 Y 22 27 25
24. Vieinity of ) (5.45m
Kompong Speu 5 4 4 8 5 25 .
25, Col de Pech (5.40m)
Wil 6 8 9 12 38 52




b) Results of portable penetration test during the dry
season along the possible route of the transmission
line (Complete list of N-values obtained)

T
Depth (m)
1.0 |- 2.0 3.0 | 4.0 | 5.0 | 6.0 7.0 | 8.0 9,0 {10.0
Location
m
1! Vicinity of (4.20)
Phnom Penh 7 17 31 38 222
m
2! Vicinity (9.95)
of Kratie 18 9 6 14 16 31 14 | 44 14 |243
m
30 (1.45)
20 | 550
m
4 " (1.05)
10 | 492
m
5! Vicinity of (1.55)
Pram Peam 15 | 462
mn
6! Vicinity (2.30)
of Skoun 5 9 116
m
™ (5.30)
12 9 24 13 AT 73
m
8! Vicinity of (4.90)
Phnom Penh 4 6 21 39 200
m
L " (1.60)
60 | 270
10t " 17 7 8 24 46 217
m
(4.85)
271 9 30 18 220
121 " 600
m
3t [9.80)
7 6 11 15 8 17 16 |24 31 31
m
14t it (3.,25)
4 8 24  |181
15! Vicinity of m
point where 9,50)
route crosses 4 8 10 6 9 12 17 20 18 | 27

the Tonle Sap




Depth (m)

- 2,0 | 3.0 | 4.0 5.0} - 6,0 | 7.0 | 8.0 | 9.0 {10.0
Location -
16" Vicinity of . m .
point where . (5:05
route crosses 12 16 24 120 258 -
the Tonle Sap
m
17! " (5.70)
5 14 27 88 287
m
181 " ‘ (8.25)
10 16 17 27 17 20 T4 157
. m
19! Viecinity of (5.15)
Phnom Penh 22 9 13 56 170




3.1.3 Collected Data

Data obitained in Cembodia are as follows.

(2) Thunderstorms in Viet-Nam (By courtesy of the Bureau of
Meteorology, Viet-Nam)

days/month

g e R o e el e el
Month 59-62 | 50-62 |50-62 | 50-62 |57-62 |56-62 [56-62 |56-62 |50-62
Jan. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Peb. 0.0 0.0 0.3 0.4 0.4 6.2 0.2 0.0 0.4
Mar. 2.6 0.2 2.4 1.4 0.8 0.3 0.3 0.6 1.4
Apr, 6.9 0.9 6.9 4.5 3.8 2.7 2.7 3.0 8.2
lay 15.9 1.7 |14.3 [1ll.2 [11.6 7.5 5.7 9.0 |17.6
Jun., 4.4 2.3 2.1 9.4 |14.2 4.0 3.8 8.5 |15.2
Jul. 7.2 1.0 11,1 8.0 [12.5 5.2 4.0 6.0 |11.4
Aug. 3.0 2.1 110.0 8.3 [12.5 4.6 2.8 6.7 |10.0
Sep. 3.7 3.1 7.3 7.6 |1l.1 8.2 4.3 7.6 |10.2
Oct. 2.0 0.9 1.9 2.4 4.3 2.7 0.7 4.7 |11.6
Nov. 0.5 0.0 0.1 0.2 0.2 0.4 0.2 0.1 4.6
Dec, 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.6




Siatton| 2o e [ven [ [oon o [oeae | petes
Periodi - - -

Momth S~ |96-62 |50-62 [57-62 |57-62 |50-62 |58-62 [55-62 [ 50-62
Jan. 0.3 0.1 0.4 0.0 0.1 0.0 0.0 0.7
Feb. 1.0 0.1 0.4 0.0 0.0 0.2 0.1 1.4
Mar., 6.8 0.6 2.8 1.6 0.1 4.1 2.5 4.8
Apr. 13.8 6.6 |12.8 T4 1.1 711.0 9.5 15.6
May 26.4 |[17.0 |21.6 [l2.5 6.3 [12.5 18.6 22.8
Jun. 11.4 |14.7 (14.8 3.7 5.9 T-1 114.0 14.0
Jui, 11.0 }13.7 9.8 3.7 4.8 5.3 9.4 11.7
Aug, 8.0 8.9 8.6 3.4 3ed 3.3 T.5 10.8
Sep. 6.6 8.9 8.4 1.2 3.9 7.1 8.2 10.5
Oct. 10.6 6.0 8.8 3.8 3.6 T.6 4.7 8.8
Hov. 8.6 L.7 3.4 1.1 0.4 0.4 0.1 1.6
Dec. 0.9 0.1 1.4 0.6 0.0 0.0 0.0 .1




(b) Thunderstorms in Cambodiz (By courtesy of the Bureau of
Meteorology,; Cambodia)

Siha- | Kom- | |
Phnom | Siem Stung |Battam- | Kra- | nouk-~ | pong Svay-
Penh | Reap Kampo't Treng | bang kor |ville | Cham | rieng
(1959)
Jul. 6 |13 4 1
Aug, 8 1 4
Sep. 3 2
Oct. 4 1 5
Nov. 11 7 5 4 8 4 1 3 6
Dec. 2 [12 1 1 3
(1960)
Jan.
Feb. 2 2 3 2
Mar. 16 |19 9 9 8 3 3
Apz. 15 9 17 13 3 13 5 2
May 22 13- 22 16 5 10 8
Jun. 13 11 5 5 T 1 2
Jul. 7 21 8 20 8 1 o
fug. 6 |11 3 12 1 2
Sep. 19 15 14 1 14 3 1
Oct. 21 12 10 6 1 3 2 1
Nov. 17 15 10 4 2 1
Dec. 4 2
(1961) ‘
Jan. 1
Feh. 5
Mar. 13 |15 2 9 3 1 1
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Phnon |Sien | Kampot | Stung | Batten-| Kra- | movke | pong | Svay-
Penh |Reap Treng bang |kor ville | Cham |rieng
(1961)
Apr, 17 |11 2 14 2 2 6 3
May 22 |15 5 12 8 1 5 5
Jun, 14 8 4 1 13 2 10 2
Jul. 9 6 2 11 2
Aug, 17 9 6 3
Sep. 22 13 4 9 6 5 1
Oct. 28 20 15 1 12 1 1 7 1
Nov. 24 7 17 4 21 6
Dec. 10 5 8
(1962)
Jan. 1 1
Yeh. 1 1 3 1
Mar. 8 2 2 6 13 9 6 1
Apr. 8 1 3 5 16 7 1 2
May 20 16 18 20 22 19 2 20 17
Jun. 13 2 4 9 19 16 —/l 18 13
Jul, 20 18 1l 24 11 18 23 11
Aug. 16 10 10 11 22 18 24 13
Sep. 17 17 9 20 20 1€ 19 12
Oct. 26 14 i8 19 21 22 3 25 18
Nov. 26 12 21 18 20 23 20 17
Dec. 3 3 3 - 1 2 3
3~ 11




Siha~- | Kom-
Phnom { Siem |Kampot | Stung |Battem- |Kra- [ nouk- | pong (Svay-
Penh |Reap Treng | bang kor |ville | Cham |rieng
(1963)

Jan. 1 1
Feb. 2 4 1
Mar. 11 10 1 10 1 1 3
Apr, 21 13 16 18 9 T 1 15
May 25 |15 21 26 18 5 | 24
Jun. 18 |10 12 22 14 3 | 14
Jul. 9 9 9 17 6 i 1
Aug. 19 18 11 i 17 21 2 1 16
Sep. 22 14 8 16 19 19 4 | 13
Oct. 25 15 21 18 21 9 2 14 16
Nov. 13 3 8 5 3 7 T 9
Dec. 3 1 3 1
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(c) Maximum wind velocity recorded in Viet-Nam (By courtesy

of the Bureau of Meteorology, Viet-Nam)

Unit: m/sec

Saigon ]?ala.t Vungtau Raphgia Hatien

50 - 62 48 - 62 150 ~ 62| 57 -62] 30 -39
Jan. 11 16 19 12 4
Feb, 10 16 19 9 4
Mar. 14 18 19. 12 4
hpr, 11 16 19 9 4
May 14 13 19 12 4
Jun. 16 18 19 12 4
Jul. 18 16 16 12 4
Aug. 23 18 19 12 3
Sep. 15 15 16 12 5
Oct. 16 14 19 16 4
Wov. 13 16 19 9 5
Dec, 15 16 19 9 5

Remarks: The wind velocity may reach occasionally 25 - 40 m/sec

in typhoon or thunderstorm.
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(d) Maximum wind velocity recorded in Cambodia )
(By courtesy of the Bureau of Meteorology, Cambodia)
Unit: m/sec
Siha-
Phnoim |Sieam [Battam-| Stung Kampot nt_)u.k- Xompong
Penh Reap bang Treng ville Cham
59 - 63 " " " " " !
Jen. 19 18 18 14 19 20 18
Feb 18 12 18 12 17 16 18
Nar. 18 16 19 13 18 16 14
Apr, 14 12 16 13 17 16 16
May 18 17 30 10 19 13 18
Jun, 18 16 19 15 19 22 18
Jul. 31 19 18 13 17 21 16
Aug. 24 17 24 14 17 20 18
Sep. 21 12 13 19 17 18 14
Oct. 19 16 16 9 19 24 26
Nov. 17 12 23 13 19 16 16
Dec. 18 10 16 13 19 20 16
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(e) 'Major communications system in Cambodié'(By courtesy
of the Central Post Office, Cambodia)

1. Phnom Penh - Kompong Speu - Sihanoukville (1 cct line)

9. Pursat - Battambang (3 cct line)

2. Phnom Penh - XKempot - Sihanoukville (2 cct line) g (With bare
. . wire)
3. Phnom Penh - Skoun - Kratie ' (4 cct line)
4. Xompong Cham - Mimot -~ Kratie (1 cot line)
5. Skoun - Kompong Thom . {2 cct line)
6. Kompong Thom - Siem Reap " (2 cct line) g
7. Phnom Dahm - Kompong Chnnang (3 cct line) ; (Only voice
: carried)
8. Kompong Chrmang - Pursat (3 cct line) )
)
)

10. Battambang - Sisophon (2 cct line)

Note: All these lines run along the roads.

3,2 Work at the Office

3.2.1 Study on the preliminary design prepared on the basis of the

existing data.

(660 - 750 MW)

Sambor Powor Station

the
A@%bqg Saigon Substation

Mahouly Substatid
Sihanoukville

‘\_’\
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No definite demand estimates being available and consequently the
transmission capacity and voltage being undecided, a tentative trans-
mission plan as shown in the above chart has been prepared.-

Such being the case, this plan may happen to be modified to a large
extent when the definite demand estimates becomes available.

3.2.2 Selection of the transmission routes
(a) Sambor - Phnom Penh - Mahouly

For the transmission line between Sambor emd Phnom Penh, two
routes were originally considered, one along the right bank of the
Mekong and the other along the left bank. Upon aerial survey, how-
ever, the possible route on the left bank was found to pass through
larger submersible area than would the route on the right bank. 1In
the reconnaissance, therefore, the left bank route was omitted as it
would be economically disadvantageous end the right bank route only
was surveyed., TFor the section between Kompong Cham and Sambor, about
80 km, investigation %as carried out in the dry season, as jeep was
useless in the rainy season, during which paris of the road submerge
in watex.

4As the result of the aerial survey and reconnaissance, the route
was considered to pass the following points.

The route starting from Sambor passes Srok Roteh in the east,
enters Bao Khnor by way of the east of XKohn Batong, and by way of
Beng-Nay crosses Tonle Sap at Kompong Luong, and passing Oudong in the
east enters Phmom Penh. It is to be noted in designing that there are
rubber plentations along the route of this line between Koﬂn Batong
and Sor Sen which are better be detoured.

There are submersible aress between Sam Koeup and the neighbur-

hood of Phnom Penh, but if these points are to be detoured the distance
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of the trensmission line would be very long. Therefore, it is better
not to detour these areas but rather give special consideration in
the design of the steel tower foundations.

Between Sambor and Kohn Batong there is an area of nilly land
with elevations varying from EL 50 to 100 m which comprises wild
region of sparse forests and paddy fields. Paths for transporting
lumber, which lie in comparatively large number in the forests, could
be utilized for construction purposes.

As 4o the location of the substation in Phnom Penh, the town plen-
ning and industrial zoning for Phnom Penh were taken into account and
the western suburbs of the city was selected.

The Toute from Phnom Penh to Sihanoukville will pass, parallel
to the National Highway, the east of Kompong Speu, cross the Elephant
Mountains (by Pech Nil pass), and will pass the east of Cham Ca Tuong
and. reach Mzhouly (which is located 30 km to the north of Sihanoukville)
In selecting the location of the substation in Mahouly, salt pollution
of the electrical insulation; industrial zoning, etc. were congidered,
but the main reason is that Mahouly is situated at a convenient point
for both Sihanoukville and Kampot for which the industrialization is
very imminent.

The route passes for most of its length plane area with paddy
fields, except for the Elephant Mountains which are covered with virgin
forests.

(v) Sambor - Saigon

For this route, except for the section between Sambor and Snoul
and Saigon end its vicinities, no reconnaissence was cerried out.

The following route was designed based on the aveilable maps and on

information obtained by interviews with the natives.

3-17



Thus the route, starting from Sambor, crosses the road in the
neighbourhood of Anchanh, passes the north of Snoul and the west of
Loc-Ninh, and proceeds along the road until it reaches the Saigon
substation.

What should be noted about this route is the fact that there is
a large rubber plantation extending from Locinh to Bien Tay, and to
avoid this the length of the roubte would have to be long sc that it
is considered economical to cross the rubber plantation at its
central part along the railway.

As to the location of the Saigon substation, it is advisable
to locate it at Vine Binh situated about 5 km north of Saigon, teking
into account the fact that the industrial area is rapidly growing
in the northern areas of Saigon and also the topographical con-
ditions of that place.

3.2.3 Outline design
(a) Wind velocity

The Indo-China Peninsula is within the influence of the Asian
monsoon end is subjected to the north-eastern monsoon in winter and
to the south-western monsoon in summer. The typhoons which rise
either in the Pacific Ocean or the South China Sea tend to take their
courseg in the western direction, and most of them reach the Indo-
China Peninsula but hindered by the Annam Coxdillera, lying in the
east of the Mekong basin, their forces diminish and the wind velocity
lessens to 30 - 40%%. Thus, as shown in 3.1.3, the maximum wind
velocity is as low as 30 m/sec at Phnom Penh and 23 m/sec at Saigon.
It must be noted, however, that anemometers used in Viet-Nam are not
of self-recording type and the measurements are made anly ét pre~

determined times so that the recorded meximum values are not the
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ac%uél_maximum values. -
,,According to information obtained from the Vietnamese, the wind

velocity rises to as high as 25 - 40 m/sec in the typhoon or thunder-
storm. - .
(b) Measures against inductive influences on the telecommunication

lines

The route of the transmission line was selected so as to pass
along the road to save the construction cost. Moreover, since the
transmission voltage is as high as 330 kV, the neutral point will be
of direct earthing type and when one phase grounding occurs the
earthing current will be several thousand amperes, so that the induced
voltage of the communication line along the road will be very large. On
the other hand, since almost all of the communications lines are bare wims
measures against induction should better be taken on the communication
line. For instance, it would be more economical to install the light-

ning arresters to the communication line.

(c) Various factors for the design of the transmission line
(1) Voltage

The transmission voltage was selected on the assumpiion that
300 MW will be transmitted to Saigon, 300 MW to Phnom Penh.

In view of the transmission capacity, the transmittable voltage
will be 230 XV with 2 cct, and 330 kV with 1 cct. The volitage level
in Cambodia and Viet-Nam is at present 15 kV, and it is expected
that 60 kV and 115 kV will be adopted in Cambodia and 60 XV and
230 kV in Viet-Nam.

The total power demands of both Cambodia and Viet-Fem being
estimated not to exceed 1,200 MW even after completion of the

Sambor Project, it is more advisable to adopt the transmission
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voltage of 230 kV which is already in effect in Viet-Nam rather
then to start with an extra high voltage of 330 kV. However, this
has the drawback of requiring the multi-circuit ftransmission line.

It was accordingly determined to proceed with studies for
the design of trensmission line under the presumption that the
voltage will be 330 kV which is subject to modification according
to the final powel demand estimates.
(2) Design of insulators

Ball-and-socket-type suspension insulators (Size: 254 x 145 mm)
will be used. In consideration of the expected switching surge
by 2.8 times and of the voltage rise by 1.37 times in case of
the line fault in commercial freguency, & set of 19 insulators,
including 1 for stond-by use, is plammed to be installed.

Measures agoinst the salt damage will have to be taken in
the vicinity of Mahouly since the district is situated near
the sea.
(3) Conductor

The ACSR double conductor of 330 mm2 will suffice for the
proposed transmission line if the corona noise level of ACSR single
conductor of 610 mm2 - 250 kV adopted in Japan is taken as the
standard. From the viewpoint of trensmission capacity, the above
conductor will meke possible the transmission of 400 MW Yo Saigon
and 450 MW to Phnom Penh.
(4) Designing against thunderstorms

As indicated in 3.1.3, thunderstorms are very frequent both
in Cambodiz and Viet-Nam, recording as mony as about 90 deys a yeor.
It will therefore be required to provide 2 ground wires to the

trensmission line with a shield angle not exceeding 20° ond to
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install the counterpoise.
(5) Design of steel tower

Basic conditions for aesigmg the steel tower cammot be
determined in detail ﬁntil the final decigion is reached regording
the trensmission voltage, number of circuit, and the type of
conductor. However, on the basis of the investigations conducted
up to date, the supporting structures may safely be considered to
comprise chiefly of the sieel tower because of the extra high
transmission voltage which will expectedly exceed 220 kV.

The structure of a steel tower is to be determined accord-
ing to the basic electrical conditions, e.g., transmission
voltoge and capacity. In the present case, however, it will be
epproprizate to start with the design of the most economical
structure for tengent suspension tower, inasmuch as the proposed
routes Tun mostly through plene area and the tangent suspension
tower is expected to constitute more than 90% of all the support-
ing structures required. In case of a single circuit of extra
high voltage, therefore, the Guyed-Tower shown at the end of this
chapter well deservesito be examined as & proposed structure.

In designing the steel tower, the standards of load conditions
adopted in Japan may generally be applied, with the exception of
the designed wind velocity of 25 - 30 m/sec. The foundation
designing in the soft, swampy area in the vicinity of Phnom Penh
will have tgidepend on ihe results of the penctration test, ond
will elso reguire special consideration such as piling. It is
t6 be noted that the aggregﬁte construction cost will show a
considerable fluctuetion according to the spon seclection since
most of the rdﬁtesbpasses through plene land. It is therefore

necessary that the best cconomical span be determined after
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cereful studies.

(6) Outline design of trensmission line
From the concept of the outline design described above, the

following factors can be conceived of at present regarding the

transmission line.

Sembor - Phnom Penh

- Sihanoukville Sambor - Saigon
Distance 190 ¥k + 150 km = 340 km 230 Im
No. of circuits 1 cci 1 cct
Voltage 330 kV 330 kV
Steel tower Horizontel arrengement Ditto
Insulator 250 mm suspension insuletor Ditto
Conductor 330 mmi ACSR x 2 or Ditto

410 mm~ ACSR x 2

Ground wire 90 mm® GSC, 2 wires Di.tto

(@) Outline design of substation

As alrcady mentioned, 1 substation with 300 MW cgpacity in the
vicinity of Saigon, and 1 each with 150 MW cepacity in the vicinity
of Phnom Penh and the suburbs of Sihenoukville (Mzhouly) are planned
to be established.

At the Bzigon substation, 2 main step-down transformer (Cap: 400
MVA) will be installed together with an autotrensformer (Cap: 200 MVA;
350/230 kV) with the view %o linking the Seigon and the existing Thu-
Duc substations.

1 each of transformer to be installed at the Phnom Penh and
Mahouly substations (Cap: 100 MVA and 200 MVA' respectively) will be
comected to the loop trensmission system (Vol: 110 kV or 220 kV)

which is being planned to link Phnom Penh - Prek Thnot - Kirirom -
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Kam Chai ~ Phnom Penh.

The Mzhouly suhstatibn, which has no power ioads in its vicinity,
will be eqﬁipped only with e {ransformer (Total Cap: 200 MVA) to be
comnected to the above transmission system, whereas the Phnom Penh
substation will additionally have a step-down trensformer (Cap:

200 MVA) in order to meet with the power loads in its vieinity.
(e) Outline of commumication facilities

In order to ensure the despatching as well as the maintensnce
and operation of the Power Plant and substations, esteblishment of
the following communicetion facilities is considered necessary.

(1) Communication facilities for despatching, and for the maintenance

and operation of the Power Plant and substations

In order to establish the proper telephone circuit for
despatching, and to secure the automatic belephone circuit for the
maintenance and operation of the Power Plant and substations, the
power line carrier telecommumnication equipment and the automatic
telephone exchanges will hawve to instelled both at the Power Plent
and substations. The power line carrier telecommunication equipment
will also serve as the carrier relay equipment.

(2) Communication facilities for operation and meintenance of

power line
Base end mobile radio stations will have to be instelled at the
Power Plant and substations so that the commmications for power
line operation may be ensured; and the faunlt locator should be
installed in view of th? expected extra high tronsmission voltage
and the long distance of the transmission routes.
(f) Bstimate of construction cost
Studies are being made at present on the cstimated construction
cost for transmission line, substations and communication facilities

on the basis of the results of field investigotions and data collected.
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Figure 3-1 Suspension Tower
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Figure 3-2 Suspension Tower
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Figure 3-3 Strain Tower
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4. ELECTRIC POWER MARKET

4.) Survey of-Present State of Eleciric U$ility Industry and Private
Powexr Installations

Based upon the results‘of field surveys conducted in both Cambodia
and Viet-Nam and relevant information obtained during the Pirst Phase
Investigations as weil as_upon the additional dgta collected by the sup-
plementary surveys carried out in FY 1964, the Peam comﬁiled basic
facfs énd-maierials with regard to the présgnt staierof the eleéﬁrié
ubility industry in the two countries, to serve for estimating the

future electric power supply and demand.

With-vegard to the private power installations, it wes hardly
possible to grasp their present state statistically due to the lack of
data in both countries. Theréfore, ﬁsing fragmentary information made
available by the two government authorities, and data obitained from the
previéﬁs surveys conducted by private organizations, together with the
information collected by the Team when the under-mentioned surveys of
majoxr plants and factories Werefﬁade, the Team was able to grasp, to a
substantial degree, the present state of the private power installations.
This information was compiled into the above-mentioned basic facts and
materials.

4;2 Surveys regarding Conditions for Economic Development

Heedless to say that the trend of‘electric power demand is closely
related to the growth of industries and economy and also to the structural
transformation fﬁereof. Therefore, when surveys are conducted 6f an -
electric power market, the actual conditions of various indusiries should
first of all be investigated and-based upon the results of such investiga-
tions, the relativity of the long range prospect of industrial- and eco-
nomic growth to the Trend of electric power demand shouldjbe made clear.
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¥rom this point of view, the Team made surveys of the under-mentioned
major industries in Cambodia and Viet-Nam out of those industries which
closely affect the trend of electric power demand, and exploredlthe
operating conditions of the plant, siting conditions, and other out-
standing problems including other conditions under which these major
industries are placed. Results of these surveys were complled into the
basic facts and mabterials to be used in estimating the fubure power

demand.

Major Industries which Underwent Investigations
No. of Plants and Factories
Kind of Industry

{Cambodia) "(Viet-Nam)
Foodstuffs 4 3
Chemicals - 4
Textile 4 12
Ceramics & Quarrying 4 -
Lumber & Wooden Articles 3 1
Hetal Work 2 1
Pulp and Paper 1 1
Rubber 1 1
Blectric Products 1 -
Public Utilities
(Water supply) 1 -
Others 6 3
TOTAL: 27 26

However, because of restrictions placed on time and persommel, it wa

impracticable to conduct surveys in a wider range of industries than

listed above. Therefore, the Team endeavoured to collect as much
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information as-possible from other sources than the above-listed industries
aﬁd_made use of such information together with the results of the surveys
to explore the present state of mining and manufacturing industries and
their locational conditions, and assessed the future prospects of in-
dustrial development. Basic facts and materials covering these points
were compiled later.

Alongside of this, the Team also endeavoured to collect as much
information and data as possible concerning the industrial and economic
activities of the two countries and attempfed to grasp the present state
of economy and to forecast the fubture possibility of development.

4.3 Burvey regarding Heavy Electric Power Consuming Industries and
Siting Conditions for Establishment

" In view of the current scale1of_electric powexr deﬁaﬁd in both
countries, the eléctricél outﬁut obtainable from the Sambor Project is
mich 00 large to be sbsorbed sc;le;l.y by the growth of electric power
demand that couid be reasonably antiﬁipated from fhe present electric
powef demand. Therefore, heavy electric power consuming industries shouwld
ke taken into consideration as power consumiﬁg potentials at the time of
coﬁpletion of the Project.

The Team selected the prospective industries in Cambodiauand Viet-Nam,
giving due consideratioﬁ to the existing netural and social ponditions of
these two count?ieé which areato becomé the service areas of the Project
and asgeésed the economic feaéibility of these‘industries. Bagic facts
and materiéls covering fhese poiqﬁs were also compiled:

‘Fgrthér, regarding the siting for these heaﬁ& electric power con-~
suming industries, the Team made research and sfudies. As a result, the
Teamudrafted a general plan designating areas in the vicinities of
Sihanoukville in Cambédia and of Saigon in Viet-Ném as p¥0posed loca-

tions. Also, the Team studied the possibility of establishing industries
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utilizing electrolytic methods and electric furnaces, e.g., %luminium
industry, carbide industry, chloric and caustic soda industry, together
with the scale and arrangement of these industries. Basic facts- and
materials covering these points were also compiled. -

4.4 Torecast of Long Range Electric Power Supply and Demand Situation

The forecast of the future general electric power demand in Cambodia
and Viet-Nam was made on the basis of the following three premises, i.e.,
the long-term supply-demand balance ag drawvm up from the survey conducted
in FY 1961, the outlook on the econcmic development formed as a result -
of the detailed survey in FY 1964, and analysis and review of various’
elements affecting the trend of electric power demand.

To make the above-mentioned forecast, the time series method was
adopfted: that is, the fotal electric energy requirements in ‘the two
countries were estimated from a) the requirements by the utility systems,
b) the requirements by privite power installations, c) the requirements
by regions and the requirements by the pattern of use. At the same_time,
a comparative study was made between the total requirements tﬁus arrived
at and the assumptive requirements inferred by a macroscopic method which
was established in relation to economic indices, )

Then, based upon the construction programme of electric power gener-
ation and transmission systems and the long-term prospect of such con-
struction in the two countries, the Team estimated the power require-
ments of electric utilities fo be supplied through the power systems
assumed to be commected to the Sambor Power Plant when ;he Project isr
brought into operation in the years l98b through 1985.

Further, the Team reviewed the hydro power potentiél in the two '
countries and its development possibilities tbgether witﬁ the cgﬁ-

struction programme of hydraulic and thermal power piants and transmission
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lines in the two countries, Thus, the Team estiméted the power supply
capability of the above-mentioned systems.

Thus, the Team completed, in addition to the compilation of basic
facts and materials, thé long range forecast of electric power supply-

demand balance in the prospective service areas of the Sambor Project.



5.  INLAND NAVIGATION -

5.1 Geoiogical Invegtigations
5.1.1 Outline of Investigations
Investigations were conducted to study the geological features of the
proposed routes of the navigating canal, chiefly through core boring tests
as well as hand auger boring tests to obtain further information.
The bore length, the elevation of the surface ground, and the depth

of the rock and silt layers of the various holes are given in tables 5-1

and 5-2.
Table 5-1 Core Boring Tests
o, Bore Length Elevation Type of rocks
_ Surface ground Rocks
Right bank m m n
DH 6401 30.00 +20.70 +19.35 Sandstone
Left bank
DH 64027 7 10.00 +20.50 +12,50 Sandstone
DH 6403 25.00 +18.30 -4.20 n
DH 6404 5.00 +18.00 +14.50 "
DH 6405 8.00 +20.00 +15.55 Yo -
DH 6406 24,00 +18.00 ‘—3.60 "
DH 6407 30.00 +19.90 -8.60 Shale
DH 6408 12.00 +19.80 +10.30 | Sandstone
DH 6409 10,00 +19.10 +11.80 i
DH 6410 10.00 +20.80 +14.90 Shale
DH 6411 | 7.00 +i8.00 +15.70 Sandstone
DH 6412 6.00 +20.30 +16.40 | Shele
TH 6413 20.00 +20.50 +5.35 Sandstone




Table 5-2 Auger Boring Tests

Elevation
No. Bore length Surface ground | Rocks Ground Note
water
Right bank
m il m
AH 6422 2.50 +20,00 +18.00 Sandstone
AR 6423 5.00 +20.00 - +16.0g
Left bank

A 6402 5.00 +19.00 -
A 6403 5.00 +19.00 -
AH 6404 3.20 +19.00 +16.25 | +17.30 | Sandstone
AH 64041 1.20 +19.00 -
AH 6405 3.00 +20.00 +17.35 Sandstone
A 6406 1.00 +24.00 +2%.50 Shale
AH 6407 2.00 +19.00 +17.40 Sandstone
A 6408 0.70 +20.00 +19.80 n
AH 6409 4.00 +19.00 - +16.50
AH 64010 0.80 +20.00 +19.80 Sendstone
AH 64011 0.70 +20,00 +19.50 "
AR 64012 3.00 +18.00 - +15.20
A" 64015 5.00 +19.00 - +16.00
AH 64017 5.00 +18.00 -
AH 64018 3.00 +18.00 -
AH 64019 5.00 +19.00 -
AH 64020 3.50 +19.00 - +17.50
AH 64021 5.00 +19.00 - +17.20




5.1.2 Toyographicai—Features-
(a) Topography of the Right Bank

On the right bank downstream from the dem site, a roed runs on the
embankment of El. +22-23m along the river side. The road is neither
paved nor well-maintained.

Between the dem site and a spot 20km downstream, tWwo streams run
into the river draining the water of the rear low lands, but the lack
of adequate bridges obstruct the passage of motor cars across the streams

Several roads branch off in roughly perpendicular directions from
the main road along the ri%er bank to the Prek-Keh district. Lumber,
charcoal and other cargo are transported by means of these roads.

Dwellings and charcoal factories ;re found along the road on the
river bank, but compared to the left ﬁ;nk, the number is far smaller,
decreasing as the road extends further northwerd.

To the rear of the dwellings, farm lands of El. +18-22m stretch
out along the bank for a width of 500-1,500m, and the 1and is culbi-
vated to a far larger extent than the regions on the left bank, and the
agricultural products are conveyed to Kratie and Phnom Penh on the op-
posite bank.

To the west of the farmland lies a stretch of low marsh lands of
El. +13-19m, subject to inundation during the wet season.

The former river road of El. +23-24m runs along the west side of
the marsh lands thickly covered with trees and bushes at present.

(b) Topography of the Left Bank

Downstream from the dam site on the left bank, a road runs on the
embankment of El. +22-24m along the river side. The road is completely
paved and serves as an important route to Stung Treng.

Between the dam site and the town of Kratie, the Prek Kampi River

5-53



and four other tribwtaries drain the rainfall of the area, but each
river is equipped with adequate bridges foxr the conyenience of traffic
across the rivers. The basin of the Prek Kempi River is of a consider-
able ares, while those of the other tributaries are relatively small.

Several rcads wide enough for the passege of jeeps branch off almost
perpendicularly from the main road, as well as numerous small trails éor
ox-cart traffic.

Dwellings are crowded along the road on the river bank with charcoal
and lumber factories, but along the road for a distance of 1 km to the
south of the dam site, and in locations 1 km.north and 5 km south of
Phnom Samboc, relatively few dewllings are to be found.

Rice fields of El. +19.5-20.0m stretch out for a narrow width of
200-400n to the rear of the dwellings. ILow marsh lands of El. +16719 m
are found on the east side of the rice fields, covered with bushes and
trees, and subject to inundation in the wet season.

Approximately halivway between the dam site and Kratie, lies a low
mountain called Phnom Samboc, and the east foot of the mountain of El.
+25-30m stretches out to the hiils of El. +40m on the east side.

(c) Topography of the River

At the dem site, numerous rocks covered with trees are exposed in the
river, but submerge under the water during the wet season. The water
threads it way through the rocks during the dry season. 8Small rocks are
scattered in the channel downstream from the dam site, marked with con-
crete signposts for the safe navigation of spall boats. Stretches down—
stream from the vicinity of Phnom Samboc are free of rocks, but due to
sand bars on the right bank, the water depth is quite shallow.

In the stretches approximately 3.5 km downstream from Phnom Samboc,
the river becomes narrow and deep, with rock beds in two locations along
the left bank. Near the towm of Kratie lies the islend of Kas Trong
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where the river is divided into two streams-ofiextremely shallow depths.
5.1.%. - Geological Features
From the present geological investigation and observations carried oub
in previous-years, it has been revealed that the geological feabtures of the
right bank and the left bank of the river are of different characteristics,
and the upper stretches and lower stretches of either bank also show varied
features.
(a) Upper Stretch of the Right Bank
Observations at boring holes DH6316, 6336, 6319, and 6320 along the
right bank of the spillway of the dam, reveel a surface layer of 2-10m
consisting of clay or silty clay, under which there is a rock bed of
sandstone or shale at depths of El. +13-22m. The deposit of rock beds
at these depths constitute a marked characteristics of the geology of
this area.
Lower downstream at boring holes DH 6321, 6323, 6324 and 6340, simi-
lar features were observed in the composition of the soil layers, with a
thicker layer of clay on the surface, and the bed rocks found at depths
of El. +7-14m.
(b) Lower Stretch of the Right Bank
At boring holes DH 6325, 6326 and 6339, a thick layer of sand oT
sandy silt is found at the surface with sandstones at depths of El. +5-
15m. At DH 6338, observations reveal features commorn to both the upper
and lower stretches, and the section across the river from Phnom Samboc
may be considered as the boundary line between the upper and lowser
stretches of the river.
The surface layer of sand in the lower stretch is a deposii of a
later -period than the clay deposit in the upper stretch with a higher

rate of permeability.



(c) Upper Stretch of the Left Bank

Observations at boring holes DH 6408, and 6409 at the intersection
of Route G of the proposed cenal and the dem, reveal that the surface
layer consists of conmpact laterite clay, under which there is a layer of
silty clay or silty sand, with a sandstone layer at depths of El. +10-1lm.

Arovnd the mouth of the Prek Kempi River, the bed rock ig found at
depths of El. +8.5-9.0m, while along the river banks 1 km further down-
stream, rocks are found at depths of El. +4.5-5.0m. However, in areas
approximately 400-500m further inland, the bed rock is found at depths
of B1. +15-17m.

The marsh lands subject to immdation in the wet season are covered
with a thin layer of organic clay on the surface. At boring holes DH
6410 and 6412 along Route G, similar features may be observed and a bed
rock of shale is found at depths of El, +15-16m.

At DH 6402, end DH 6404, the bed rock is found at depths of El. +12-15m,
while at DH 6413 on Route I, the depth is EL,+55m, and EL +2.50m at DH 6344.

The laterite depcsit in this region is dry with a small water ratio
and is very compact. The laterite layer ig assumed to be of an earlier
deposit than the sand layer on the right bank.

(d) Lower Stretch of the Left Bank

The land on the east side of Phnom Samboc slopes oul toward the
eastern hillsg and rocks are found at depths of approximately 1-m from
the grovnd surface.

A hill of El, +26m with bed rocks at small depths is found approxi-
rately 2 km to the south of Phnom Samboc at DH 6411 in the vicinity of
the hill, the surface layer is quite similar to thet in the northern
part of the left bank, and bed rocks are found at El. +15.7m.

Except in areas aroun&_these hills, bed rocks are found at greater
depths.

5 -6



At DH 6403 and 6406 on Route H, the upper layers consist of orgenic
clay, laterite clay, 'silty clay or clayey silt similar to the_upper 1aye£
of the northern part of the ieft bank. At DH 6403 a layer of silty sand
is found beneath these layers, while at DH 6406, the lower layer consists
of sand with sandstones found at depths of Bl. -40m.

At DH 6407, the soil layers show the same tendency as observed at
DH 6403 and DH 6406, but a sand gravel layer of 5m is found beneath the
sand leyer, and shale is found at El. -8.6m. The existence of sand and
sand gravel beneath the layer of clay is a phenomenon which cannot‘be-
observed in the upper stretches of the left bank, indicating that difi
ferent conditions may have prevailed in the early periods of soil
deposit.

.1l.4 Soil Tests

A rough account of the resulis of soil tests of specimens collected
by the thin walled sampler will be given in the following paragraphs.
(a) Water Ratio

According to the results of tests on the water ratio, specimens
collected at boring holes drilled during the present survey generally
showed very small ratios between 16~35%, the largest number of specimens
with ratios of 22-23%, while very few showed ratios over 30%. Laterite
near the surface layer is very compact with a low water content {16-27%).
In holes -bored with hand aﬁger in the low marsh land, a relatively large
water content wos observed in the surface layer for a depth of 50cm, but
the soil below was in a degiccate sitate. Forming an impermeability layer,
the lower layers are not affected by the ground water. However, in the
silty clay layer at depths of 8-l2m from the ground surface, the water
content increases to 26-32%, and 35-36% in the clayey silt layer ad

depths of 18m, but on the whole the water content is small.
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(b) Specific Gravity

The specific gravity of soil grain is 2,49-2.68, the majority being
around 2.60.
(¢) Dry Density

Tests reveal values of 1.42—1.78gg/cm3, with the largest number giv-
ing values around 1.63,

The large values of 1.75 and 1.78 belong to the laterite layers at
depths of 5-Tm from the ground surface at DH 6407.
(d) Void BRatio

The void ratio obtained was relatively small with values between
0.48-0.88, with the majority in the range of 0.55-0.69.
(e) Degree of Saturation

The degree of saturation of a large number of the specimens was
over 90%, and the majority was nearly 100%, revealing that the soil is
very compact.
() Plasticity Index

The liquid limit LT is 31-52%, the plestic limit PL is 15-23%, and
the plasticity index is in the range of 14-32%.
(g) Grading

The majority of the specimens passed through a 2,000p sieve with a
record of 100%, a 4201 sieve with a record of 97-99%, and a T4n sieve

with a record of 78-97%, falling into the classification of clay parti-

cles.
(h} Uniaxial Compression Test

The uniaxial compressive strength qu range between 0.7—3.6kg/cm?,
Specimens obtained from the upper laterite layer possess an average
strength of 1.86kg/cm2, with a wide range of values. Specimens obtained
from the silty clay layer showed strengths of 0.7-2.2kg/cm2 with an
average of 1.3kg/cm2, and speﬁimens from the lower layers of clayey silt’
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aié'weéker;‘witﬂ an averagé of 0. TBkg/cmé.' =

In the case of remouldlng, silty speclmené show a decrease in
strength w1th a sensitivity ratlo of 1.3-10.0, vhile specimens of cl&y
with a small water content, on the other hand, show an increase in
strength with a ratio below 1.0.

(i) Stendard Penetretion Test

Standard penetration tests were applied in few cases as sandy soil
was found in very few locations contrary to the original estimetion.

In the surface layer of laterite deposit, at several spots, stamping
was repeated 39-47 times for a penetration capecity of 30cm, and the
value of N is generally high. 1In the silty clay layer at depths of 12-
18m from the surface ground, the value of W 17-23%, 14-67 in the silty
sénd layer and 35;43 in the sand and sand gravel layers.

5.2 Development of the Naviating Chamnel

5.2.1 Outline of the Inland Navigating Channel

Thé program for the development of inland navigation in relation to
the Sambor Project must be determined in regard to the scale of the devel-
opment program, and iis effect on the economic development of the Mekong
district. With the construction of a dam at Sambor, maintaining the water
level in the upper stretchs at El. +40-3%9m, an& connecting the surface of
the lake and the lower stretches of the river with adequate navigation
facilities, inlagd navigation may be extended as far as Stung Treng. The
opening of & new navigating route will contribute largely to the economic
well-being of the district, stimmlating the development of forestry and
other indugfries in the district.

7wae§er, until the completion of a dam at Stung Treng and séveral
damg further upstream, the construction of the Samﬁor Dam will merely bene-
fit areas in the viecinity of Stung Treng and the Ratanaﬁiri district, and
a drastic change cannot be.expgcted in the developmeﬁt of the entire
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On the other hand, the construction of navigation facilities at the
Sembor Dam will involve an enormous amount of construction cost. The
construction of a single dam at Sambor will not contribufé greatly to the
development of inland navigation at the present stege.

The program for the development of the Mekong Proper includes not
only flcod prevention, power generation, and irrigation, but also the
development of economical iransportation routes to stimulate the develop-
pent of various industries along the river.

It is assurmed that a large volume of natural resources remain unde-
veloped in the middle and lower basin of the Mekong in the territory of
Laos, due to the lack of adequate itransportation facilities or the high
cost of transportation. The construction of & series of proposed dams
on the Mekong Proper will open the way for economical means of transpor-
tation of various resources.

Navigation facilities at the Sambor Dam will contribute to the devel-
opent of natural resources in the upper stretches beyend Stung Treng,
paticularly to the development of mineral resources and forestry resources
in the middle basin of the Mekong in the territory of lLaos. The construc-
tion of the Sanbor Dam may be considered as the first step in the progrem
of a lorge scale development of the district to be expected in the future,
and the purpose of the congiruction of the Dam will materialize only when
the dams in the upper strefches are completed in the future, and favor-
able effects to any large extent camnot be expected during the inter-
nediate period.

Therefore, the improvement of mavigation from the construction of
the Sanbor Denm rust be considered in relation o the convenience to be
enjoyed in the river basin area, and the total cost of the construction
of nevigetion facillities. With various unceriain factors involved, it _

is extremely difficult to draw any conclusion on the problem.
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Moreover, the scale of na%igafion facilities af_éhe Saﬁbor Dom rust
be determined in relation to all dams to be constructed in the future,
and planned to meet the demand of traﬁspoftafion in ££é countfies along
the river. However, és there will be intervals éf long periods betﬁeen
the construction of each dam, the scale of the Sanbox Dém prograﬁ must be
determined after careful study of various problems involved.

The program may be divided into two étages from the standpoint of
the period of construction and the cargo traific to be expected.

1. Cargo traffic to be expected in the period following the construc-
tion of the Sambor Dam (The First Stage of the Progren)

2. Cargo traffic to be expected in the period following the consiruve-
tion of several dams along the Mekong Proper.

{The Second Stage of the Progran)

There is a wide difference in the amount and type of cargo to
be expacted in the two stoges, and navigation facilities to meet the
demend of each program will naturally be of a different scale. The scale
of facilitics to be constructed at the Sanbor Dem should be determined
upon estinating the cost of construction and studying the advantages and
disadvantages of the two programs.

The following factors must be studied in drawing plans fox the navi-
gation facilities.

1. QCargo and passenger traffic
2. HNawvigation traffic
. Plon Ef the canal and locks
. Excavation of the canal

3

4

5. Construction of locks
6. Construction of bridges
7

. Dredging works
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5.2.2. Future Caxgo and Passengsx Traffic
{a) Traffic to be expecied in the First Stege of the Program .

Cargo traffic to be expected in the period following the con-
strvction of the Sambor Dam and before the heginning of any works on
other dams on the Mekong Proper may be expected to be of the following
scale,

Under the present condi%ions of the river, difficulties in'naviga—
tion are encountered even in the wet geason, with hardly any traffic
in the dry season, btut the consiruction of the Sambor Dam will 6pen_
the nviver to navigation throughout the year as far as Stung Treng.
Beyond Stung Treng on the Mekong Froper, the river will be navigable
as far as the Khone Falls (approximately 50 km) in the wet seagon, bud
vessels will not be able to go further upstrean. The tributaries of
the S¢ Kong and Srepok will be open to navigation in the wet season.

Therefore, the following producis may be considered to depend on
water transport in the foture.

i. Cargo to be expected from the industrial development of the bagin

of the main river and tributaries beyond Kratie,

ii. Cargo transported overland between Stung Treng and Kratie at

present ney be turned over to waler transport.

Foresixy products, agricultural products, mineral output, gnd
goods rnanufeetured frop these raw materials will be included in the
Towmeer traffic, the majority of which will probably consists of
forestry products.

The latier group will include foodstuffs, household utensils,
and daily necessities, and the apount of cargo to be transported will
probably increase in proportion to the increase of population and the

higher standerd of living to be expected in the future.

5 - 12



Forestry Products. .

- At present forestry resources are abundant in Cambodia, and
- the government controls the cutting and sale of trees in the na-
tional forests.. 200,0004400,000m3 of lumber are produced from

- 8,800,000ha of forests per-year, 15-20% of which come from the
Kratie district. _

In the future, the increase of pépulation and a gradual change
in_the economic structure of the céuntry with the development of
various industries which will contribute to raise the standard of
. 1ivi£g, will_inevitably increase the demand for forestry products.
The Stung Treng district and the upper basin rich in forestry re-
sources will be easily feaéhed for &eveiopment by the construction
of the Sambor Dém, and the lumber will be carried dovﬁ the tribu-
taries, pass through the dam to the regions in the lower reaches.
The amount of cargo trxaffic may beiassumed to be about 50,000~
lSO,OOOmB, judging from the volume of lumber produced at present.

As the Stung Txeng district is isolated from transportation
routeg at present, the production of charcoal is limited to 20 tons
to provide for local consumption. The construction of the dam will
provide means for transportation of charcoal to the lower regions,
and factories may be established to produce charcoal on a larger
scale.

In the Kratie district, lumber for the production of charcoal
is transported over a distence of 15-40 km from the forests, end the
overland iransport cost amounts to 20-80 riel per 1m3. At Stung
Treng, as lumber may be obtained from forests in the vicinity, the
water transport will not involve a long distance, so that even
though the transport cost mey somevhat exceed the overland transport
cost, on the whole, lumber may be supplied at approximately the samre
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price as lumber supplied to charcoal factories in Kratie. In

Cambodia, the manufacturing of charcoal will be a promising indusfiy

as the demand for charcoal is expected to increase in- the future,
The volume of charcoal which will be transported across the

dem may be estimated to be between 7,000-15,000 tons, judging from

the domestic production.

Agricultural Products and Mineral Cutput

Agricultural products and mineral resources have not -been
developed to any extent in the Stung Treng district, with slight
prospects for the future, but the gradual increase of the pdpula-
tion will necessarily call for a larger production of agricultural
commodities and mining of mineral ores in the area.

The agricultural production cannot be expected to exceed the
needs of the people in the district and be transported to other
districts in large quantity. A very small amount of zircon and
other stones are extracted from deposits in the Ratanakiri dis-
trict, but further development of mineral resources will depend on
future prospecting.

Daily Necessities

An estimate of cargo traffic in regard to daily necessities
must be based on the study of the future population of the district.
The present population of the entire country of Cambodia and the
various districts of Kompong Chan, Kratie, and Stung Treng is given
in Table 5-3. The population is scarce in distriects o the north
of the province of Kratie, and the population of the three provinces
of Kratie, Stung Treng and Ratanakiri is merely 4% of the total
population of the country. The population of Cambodia has bgen
increasing at the rate of 3% per year since 1948, and in the past

several ysars, it has shown an increase of 4-5% per year.
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Table 5-3 Population (1962) -
Location Population Density
PR perscon pexrson
Cembodia 5,740,000 31.7/kn?
Phnom Penh (town) 403,500
Kompong Cham (province) 819,200 83.6
Kompbng Cham (%own) 27,977
Kratie {province) 126,200 11.4
Kratie (town) 11,908
Stung Treng  (province) 34,500 3.1
Stung Treng  (own) " 3,369
Réttanakiri (province) a 49,340 4.6

In the event the population of the country of Cambodia in-

creases to twice the present number, the rate of increase will

vary according to the province, with a larger rate of increase in

the province and towns with active industries, and a relatively

low rate of increase in districts further north of the‘province of

Stung Treng where the increase of population may be estimated to

be 1.3-1.7 times the present figures.

In calculating the amount of daily necessities expected to be

transported in the future, the fubture population will be assumed

to0 1.5 times the present number in the provinces, and 2 times the

present number in the towns.

to be as given in Table 5-4.
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Pable 5-4 Future Population

Location Population
Kratie (province) 190,000 persons
Kratie (towm) 23,000
Stung Treng (province) 52,000
Stung Treng (town) 7,000
Rattenakiri (province) 75,000

According to Table 5-4, the future population of the town of
Kratie will be approximately 80% of the present population of
Kompong Cham, the population of the town of Stung Treng will be ap-
proximately 60% of the present population of the town of Kratie,
and the total population of the provinces of Stung Treng and
Rattanakiri will be approximately the same as the present popula-
tion of the state of Kratie.

Considering the roles that the towns will play as ports of
call following the construction of the Sambor Dam, Kratie which
serves as the terminal of the navigation route at present will be-
come an intermediate port of call, and Stung Treng will become
the new terminal port of the route, with the states of Stung Treng
and Rattanekiri as the hinterland. When a series of dams are con-
strrcted in the upper stream, Stung Treng will become the base
for traffic with Laos, playing a new role in the transportation
systen.

In the future, it may be assumed that the scale of the port
of Xratie will be 50-80¢% of the scale of the present port of
Kompong Cham, and the port of Stung Treng will develop into a port

with a2 scale of 60-80% of the scale of the present port of Kratie.
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Assuming that the daily necessities to be transported, ex-

cluding the afore-menticned lumber and charcoal; will Ee 0.2-0.3
tons pef person,. _
. persons
Population in the hinterlend of Stung Treng 127,000
. tons
Amount of daily necessities to be transported  25,000-38,000
Cargo to be transported through navigation routes
(80% of the total cargo) 20,000-30,000 tons

Pagsenger Traffic

With the construction of the dam, a navigating channel will
be developed for transport vessels as far as Stung Treng. At
present the bus fare from Kratie to Stung Treng is 60 riel, while
transpo;t vessels will probably charge 25-30 riel. However, &
certain number of passengers is expected to take the bus route as
" the time required by bus is about one half of the time that will
be required for the journey by boat.

0f the passengers arriving at Kratie at present, approximate-
1y 80% come by boat and 20% arrive by bus, and the ratio is not
expected to be changed to any large extent in the future. Today
the number of passengers landing in the port of Kratie is estimated
0 be approximately 150,000 persons per year, and in the port of
Stung Treng, the number of passengers disembarking may be estimated
to be 60-80% of the above figure in the future. Therefore the
total number of passengers arriving and departing from the port
will be 180,000-240,000 passengers.

The cargo and passenger traffic expected vo pass throvgh the
Sambor Dam in the first stage of the development program may be

estimated as given in Table 5-5.
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Table 5-5 Traffic in the First Stage of the Developmgnt Program

Type of Cargo Yolume
Iumber ' 50,000 - 150,000 m’
Charcoal 7,000 - 15,000 ton
Daily necessities 20,000 - 30,000 ton
Total 80,000 - 200,000 ton
Passengers 180,000 -~ 240,000 ggi-

(b) Traffic to be Expected in the Second Stage of the Program

In the upper streams beyond the Khone Falls, as reefs are found
in several spots, and very swift currents prevail in one stretéh,

The waters are closed to navigation except for small boats running
between short distances.

With the construction of a series of dams on the Mekong Proper,
provided with necessary locks, vessels will be assured of safe navi-
gation as far as Vientiane, the capital of Laos. The district beyond
the Khone Falls as far as Vientiane is an undeveloped area, very
scarcely populated, with a trunk road running along the river as
the sole means of transportation.

Though the middle basin of the Mekong Proper is rich in forestry
resources, the district has not yet been greatly developed due to
the difficulty of transportation.

Mineral resources such as gold, copper, leadz tin, iron, coal,
plaster, and rock-salt are known to exist in this district, but have
hardly been exploited.

The problem of transportation has ovstructed the mining and process-
ing of the minerals, but the development of water transport éi a2 low

cost will greatly help to develop the resources on an economical

basis.
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Frop the topography of the area,:and the distgncg involved,
products coming from the vicinity of Vientiané will probably be
transportetho Bangkpk over land for economical reasons. The devel-
opment of the water transport along the Mekong will be of advantage
for the frapsporﬁation of forestry products and mineral output in
the Tahkek, Savannakhet, and Pekse districﬁs.

Sufficient prospecting has not been carried out to ascertain
the exact amount of mineral @epqsits, but recently investigations
are under way and the necessary information will gradually be
available.

Therefore, the calculation of the amount of cargo expected to
be transported in the future will be based on figures given in the
Flood Control Series No. 12 of the ECAFE Report. The amount of
cargo to be transported along the Mekong Proper may be estimated as
given in Table 5-6.

Pable 5-6 Traffic in the Second Stage of the Development Program

Type of Cargo Location Volume (ton)
Ammonium sulphate 520,000
Aluminum Khone 45,000
Alumina " 90,000
Tin Pakse 1,500
Lead and zinc " 10,000
Bronze 10,000
Paper pulp 1,000,000
Soda ash 115,000
Coal 590,000
Teak Coast 60,000
Miscellaneous goods " 156,500
Lumber " 2,000,000
Total 4,800,000
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5.2.3 Canal Routes and Lock Sites
(2) Outline of the Plan -

In constructing a dam in a river, and provi&ing for navigation
by a lock, the lock is generally constructed at the intersection of
the dem axis line and the lower bank of the river. However, in the
case of the Sambor Dam, it is difficult to apply this genersl piin-
¢iple because,

i. In the river road downstream from the dem, to Phnom Samboc,
reefs of El. +6-10m are scattered in the water, and protrude
above the water surface in the dry season. In order to assume
safe navigation to vessels throughout the year, the reefs must
be removed to maintain the necessary depth of water below the
lowest water level, and the reefs are found over a distance
of 6 km. The removal of the reefs in the muddy water will be
extremely difficult involving a large increase in the cost of
construction and period of time required.

ii. Even in the case the dredging works were completely carried
out, as the spillway is to be located on the right bank of the
river, the water between the dam and the spillway outlet ﬁill
be still, likely to cause an accumulation of sand and silt in
the wet season, decreasing the depth of the navigable channel.

For reasons mentioned above, it is not advisable to pass vessels

into the river bed immediately below the dam through a lock; and the
following plan will be a more advisable solution to the problem.

4 lock will be installed on the right or left bank éf the river
in the dam, and a canal will be excavated on either bank of the
river downstream from the dam, with another lock instailed at an
exit in a location which will not require difficult dredging and
construction works., The excavation of a canal on land will be
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casier with more reliable results than ihe dredging of reefs in the
river. | -

Therefore vessels sailing down the river will take the follow-
ing course.

Lake-lock on the dam axisline-canal-lock on the river bank-river
road.
(b) Plan of Canal

As shown in the attached drawings, three plans have been draft-
ed for a canal on the left bank, and three plens for a canal on the
right bank. Considering the topography of the area, the locations
have been selected so that the dredging of reefs in the stretches
of water leading to the lock on the river bank will be unnecessary
or of the minimum degree.

Route D.

The canal will be excavated along the training wall on the land-
werd of the spillway on the right bank, and locks will be installed
at either end of the canal. The 1eng£h of the canal will be 2.5 km.
Route E.

The canal as proposed in Route D will take a turn near the
downstream end, and run parellel to the river bank approximatelly
150-200m west of the road on the levele, and a lock will be installed
about 8 km dowmstream from the dsm. The length of the canal will be
7.4 km.

Route F.

The canal will follow a route similer to that proposed in Route
B, but will be excavated further inland approximately 650m west of
the road, and the lock will be installed about 1.8 km further down-

stream. The canal will extend over a distance of 9 km.
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Route G.

From the lock at the dam axis on the left bank, the canal will
be excavated approximately parallel to the river bank at a distance-
of 400-500m, bending its course in two or three sections, pass
through the low hills on the east foot of Phnom Samboc, and turn to
the west south direction. The lock on the river bank will be in-
stalled approximately 1l km downstream from the dam. The length of
the canal will be approximaiely 11.3 km.

The canal will orcoss the Prek Kampi River and two small
tributaries, but the outlets of the rivers will be blocked up, and-
2 srall lake will be provided for in the north of Phnom Samboc.
4As there are no tributaries to the south of Phnom Samboc, embank-
ments of standard width will be consiructed for the canal.

Route H.

As the canal proposed in Route ¢ runs into a hill of El. +26m
approximately 1.5 km south of Phnom Samboc, according to Route H,
the canal will evade the hill, deviate its course towards the river
bank and join the river at the same location as proposed in Route .
G. The length of the canal will be 12.5 km.

Route I.

The canal proposed in Route G will take a turn to the west with
the lock on the river bank approximately 1 km north of Phnom Samboc.
The length of the canal will be 6.5 km. Vessels will pass through
the lake which will be formed by blocking the flow of the tributaries.

Problens to be studied in comparing the advantages of the various

routes will be,
i. Geological features
ii. Difficulty of construction works
iii. Cost of conatruction
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_iv.. Difficulty of I;avigat:';on' )
" v. Effects on dwellings and other propertieé
vi. -Miscellaneous problems..

The details of each problem wiil be studies later in relation
to the design of the structures, and a brief ocutline of the problems
involved will be stated in the following paragraphs.

i. Geological-Feabtures .

A rock bed or a good gravel sand layer at a suitable. depth will
be desirable as the foundation of the lock. At the lock site on the
dam, the layers will be found at desiiable depths on the right bank,
. while on the left bank, they will be found at 8lightly greater
depths. At the lock site on the river bank downétéam, the rock bed
on the right bank will be found at lower depths,iwhile at the site
proposed in Route D, the rock bed must be removed to acquire the
necessary depths.

In the excavation of a canal, rock beds found in upper layers
will increase the cost of construction. - On the whole, rock beds on
the right bank of the upper basin are found in upper layers, calling
for the removal of rock beds in excévating the canal, and along the
left bank of the upper basin, rock beds must also be removed in
certain sections. On the left bank in the lower basin, canals, pro-
posed in Rouﬁe G and Route H run into rock beds.

In excavating a canal, a surface layer of laterite i$ more des-
irable than sand as dry work will be possible. On the righf bank of
the lower basin, the surface layer-consists of sand. Fo¥ dredging
worké, it is desirable that: the river w@ll be free of rock beds.

" Route D and Route I will involve a small amount of dredging of rock

beds.
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ii, Difficulty of Construction - -

The difficuvlties to be encountered will depend on the above
rentioned geological features, and difficulties in transporting con-
struction material, The inundation of the low areas in the wet
season will also be a problem for future study.

iii. Cost of Constructioﬂ

The cost of construction will include the cost of constructing
the canal and locks, bridges, roads, and dredging works.

Following the construction of the dam, as the minimum outflow
from the dam will be larger than the present minimum discharge of the
river, the water level in the dry season is expected to be higher.
The dredging program must be planned on the basis of the lowest
water level to be expected in the future.

The construction of roads and bridges may be necessary to avoid
any inconvenience to transportation from the construction of the
canal.

iv. Difficulty of Navigation

The velocity of the current will increase in the wet season,
particularly in the narrow stretches of the river approximately 8 km
downstream from the dam. The velocity at the center line of stream
is assumed to be about 5 knots, and small vessels may encounter

some difficulty in navigating upstream the river in the cases of
Route T and Route D.

v. Effects on Dwellings

The construction of the canal and locks may cut off roads, call
for the removal of dwellings, and take up dwelling lots and farm
lands. Transportation may become very inconvenient in certain sec-
tions. These problems must all be taken into consideration in determ-

ing the route of the canal and the site of the locks.
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Figure 5-1 Location of Proposed

Navigation Canals
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Table 5-7 Soil Tests on Hand-operated Auger-boring Soil Samples

Absolute
Ttems | Water | specifie Grading by sieve enalysis
Tatio | gravity of {percentage passing %)
Nog.of soil grain
saaplss W as Gravel 2000u | 420y | 74p Classification
AHOL02 |2.5M | 17.6" 2.613 2.0 98.0 | 94.4 |81.8 Silty loam

AHEL0Z |5.0M | 30.4 | . 2.570 29.1 70.9 | 62.7 |52.7 Silty loam with gravel

AH6403 |2.5M | 18.8 2.607 48 95.2 | 91.6 |78.5 | silty loam
1H6/03 |5.0M | 21.0 2.558 ‘ 440 96.0 | 94.8 | 66.5 Clayey loam
AH6204 |2.20 | 29.8 2.612 0 100.0 | 93.5 |53.2 | Sandy loam
AH6405 |2.5M | 18.7 2579 8.3  91.7 | 56.4 |51.6 ditto
6407 (2.0 | 14.9 20559 0.4 99.6 | 92.3 |53.3 | aitto
AH6208 [0.70M] 6.9 | 2.578 22.2  77.8 | 71.8 |[55.0 ditto
AHGL09 [2.5M | 26.3 2.608 - | 0.8 99.2 | 94.2 | 72.9 Clayey loam

6409 [4.0M | 27.0 2.584 24.9 75-1 | 54-3 | 38.6 Sandy loam with gravel

AH6410 |o.80Mf 9.3 3.579 29, 70.9 | 49.4 |33.8 ditto

mey loyom| 7.8 | 2566 | 40 96.0 | 248 [20.9 | sandy 1cam

AH6412 [2.5M _1'?-7 24545 342 65.8 | 52.9 | 47.4 Silty lcam with gravel

AH6415 |2.5M | 23.3 2.616 0 100.0 | 99.6 | 95.2 Clay

AHGL15 [5.0M | "38.2 2.627 7 0 100.0 t 99.5 | 90.8 ditto
AH6AYT |2.5M | 22.9 2.639 o 100.0 | 99.6 | 95.6 ditte
AHE41Y |5.0M,| 21.1 2.621 ¢ 100.0 |100.0 | 96.0 ditto
AH6/18 |2.58 | 18.6 2.640 0  100.0 [100.0 |[9g.8 ditto
AH6A19 {2.5M | 23.2 2.645 0 100.0 | 99.2 | 93.5 | ditto
AH6.19 |5-0M | 20.9 2.622 0 100.0 | 98.0 | 92.0 ditto
AH6/20 |1.5M | 32.8 2.602 0 100.0 | 99.2 | 91.7 ditto
AH6421 |2.5M ) 37.5 2.625 0 100.0 § 97.2 | 88.0 ditto
AHGA2]1 |5.0M | 29.1 2.562 0 100.0 § 98.7 | 91.4 ditto

AHEA22 |1.0M | 18.7 2.618 66.4, 33.6 | 19.0 4.0 Sand & gravel

AHE423 |5.0M | 24.6 2.658 0.4, 99.6 | 98.8 | 69.4 ditto




Table 5—8°

Soil Tests on Thin-walled Soil Samples

Items | Water i?éii“mti Apparent| Dry | Void [Degroe of [Liquia IPlastic Plastic | Grading by sleve analysis Unfaxial comprossicn bost | Consolidation test | oore® "S?féif,,itt “afﬁ,"i““t ““fgid‘mt Gomsod= | @ heston
ratio |gravity of gravity density |ratio|saturation|limit | limit |index (percentage passing %) tndex CORFTES~  |normggbility consolidation preload 1o of
soll grein sibility ﬁ%md
friciion
Kom o\ | T3 cs 7 g/ | e/’ e | sr L& | PL% | PI |Gravel| 20004 220 | 74p | ao™™ tﬁﬁiﬁéﬁed E&;lﬁ‘égﬁ Egiy k%;?i.i?- Void ratio| Co mr eitfg | K en/sece Ov on?/sece o kgferf [C Jaft
Samples cation St L
D62 T1|23.4 2.638 2.01 | 1.63 | 0.62| 99.6 52,6 | 23.3 1293 | o {100 |99.6|9.4clay 3.2
DHE403 T1 [ 24.2 2.621 1.93 [ .55 | o.e9| 91.9 455 | 2002 | 253 | 0 |00 |99.6|95.5 clay L.og 0.05 12.8/0.851 0-550(0.200 |, o, 1-50::13 0473 n_gsxig 0,800 L6381 0.54 0.42 26.0
DH643 T2 [24.3 | =2.603 | 2.03 | 1.63 | 0.60| 100 45.8 | 21,0 | 248 | 1.2 | 98.8] 97.2 |g2.6[clay 251 | 139 | LBL| v [0702 0:559(0.135 |0 o 0 a9i10l0.604 3.3%610| 0.705 4.0<D 172 | 0.0 20.5
DRGO3 13|38 | 2629 | L% | 146 | 0.84 995 | 371 | W5 | 9.6 | 4u5 | 95.5| 9.8 [69.6 1% [ 079 | o2l |36 v [0.268 0.53[0.20  [o 08, 4uspan|ran aean| 1.107 L7980 1L | 0.8 21.5
DH&LOL T2 | 22.9 24640 1.98 1.6 | 0.64] 945 29.7 | 2.7 | 7.0 | 0.8 | 992 89.0 | 4649 ilgnﬁ 0.64 0a28 1.33 n 0+923 0456004266 g, ges 1.1.3:515) 0.745 16_78,53 0.112 -O_mag 1.08 0.32 7-6
DHE5 T1[25.8 | 2.567 1.80 | 1.43 | 0.80| 2.8 20 | 2400 | 8.0 | 0.8 | 99.2] 9.6 [66.7|SY] 113 | owse |2 | v [0.69 0.s02f0.193 g 45 6.3 1210] 0.0231 7,001 0126 12.1x10 116 | c.50 35.0
DHELD5 T2 | 2L.1 2.577 374 | 7.7 | 19.7 8.6 | 91.4| 66.7 |16.1fSand - - - n 0,612 0.433|0.147 |4, ,79 .03 x'ig 0.201 1_2%13 0.396 0.470 x']‘g 1.05 034 520
DH6L05 T3 | 16.9 66.9 | 13.1|22.31 5.9 ﬁi’éf,:i _ _ _
D606 T1|23.6 2.570 .98 | 1.60 | 0.61] B88.9 45.8 | 2006 | 252 | o |0 |99-6|9.7c1ay 1.9 -
DH6L06 T3 | 1945 2.580 1.98 | 1.66 | 0.55) 1.5 515 | 19.8 | 317 | o 1100 [99.2 |94.8|Clay 3467 "
DH6L06 T4 | 21e5 2440 197 | L& | 0.55] w0 39.7 | 16.8 | 22.9 | 0 |10 |97.6 |88.3|Clay 1.64 - w  |o-605 0.5260.0657 | .. | 0_%91-13 0,183 0'980353 0.97 172 21.0
DH6L06 T5 | 25.8 2.516 1.98 | 1.5 | o.60] 00 401 | 7.8 | 22.3 | o [100 |98.8|9s.5|c10y 1.54 0.68 2.26 U LRI TR 5.75ng Léo 51.9::158 131 9.99;:133 1.95 0.2 19.5
DH6406 T6 | 32.5 2.616 2.01 | 1.3 | 0.72| 0 3.4 | 203 |2 | 0 |0 |97 |%0.3[500 0.69 0.11 6.27 n |owow ows2foaamr | ool o 2L s 56.@3 3.26 8.67x10 1.34 0.29 6.5
DHEL06 T7 | 3547 24589 .93 | 1.2 | 0.82| 100 35.0 | 20,2 | 1.8 | 0 |20 |99.0 [78.2[5iLE p.e1 | o.08  [10.13 n (10w oseafonss Lo o Bl o e | 343 8.29610. 2.8 | 0.2 19.0
DE6LOT T | 2643 2.577 .50 | .50 [ 0.72[ 9a.1 2 | 23.3 | 23.9 | 0 |100 | 97.4 {86.6|Clay 0.65 0.80 0.81 o |0.784 05750206 o o0 5,013 1420 o | 1591 20130 1.85 0.58 37.0
DE6LO7 T2 | 27.6 2468/, 1.9 | 1.56 | 0.72| 100 37.4 | 157 | 217 | 2.5 | 95| 95.9 |%.7|clay 1.65 0.86 1.92 S N Ve PO P 5.91353 0645 1_965153 0.49 0.38 432
DAL T3 | 26-4 2.625 2.12 | 1.8 | 0.56| 200 38.3 | 15.9 |22.4 | © |0 [97.9%.1|clsy 1.95 1.78 1.10 »
DEGLOT T5 | 243 24644, 2.06 | .66 | 0.59| 100 37.6 | 15.5 | 22.1 | 0.4 | 99.6|98.0 [89.8|Clay 1.13 0.79 1.43 .
DE6L07 T6 | 18.2 2.628 2,07 | 1.75 | 0.50| 95.7 36.3 | 153 | 210 | 0.4 [ 99.6|98.4 |€7.3|Clay 2.% - o 0.729 0.396]0.228 g oor 676210 1.07 L_,ng 0.232 1167500 0.93 0.29 6.5
DESA07 T7 [ 20.1 2.626 2.1, | .78 | 0..8( 100 35.0 | 16.0 | 19.0 | 0.4 | 99.6|98.0 |84.4}Clay .10 0.64 3.30 n|0.546 0.337(0.248 | oo 5_83:&3 0.103 3_621:1‘3 0.793 0'903,53 0.68 0.2/ 34e5
DHEGL0T TB|20.6 2.624, 1.97 1.63 | 0.61] B88.6 33.6 | 15.0 | 186 0 0 | 97-6 |78.0 gﬁaff 1.1 0.38 371 '
nesir 19| 35.2 2.607 1.88 | 1.39 | o0.88| 100 33.7 | 151 [ 18.6 | 0.5 | 99.5|98.1 {91.7|clay 0.71 0.13 5.46 " 0.856 0.522[0.288 o o0 1OIry 151 1665410 0600 4'633:153 2.19 0.31 3L.0
DHALOT T10 | 27.7 2.595 1.99 1.56 | 0.66] 100 3.5 | 7.5 | 14.0 0.8 | 99.2 | 98.4 |B4.0|Clay 0.81 0.24 5.79
DHAL08 T1 [ 22.0 2.641 1.96 | 1.61 | 0.6 90.8 39,2 | 18.3 |[20.9 | 0.4 | 99.6|97.2 |e7.1)Clay 1.73 1.10 1.57 n
DH6408 T2 | 20.3 2.641 2.01 | 1.67 | 0.58] 9.4 37.3 | 169 |=20.4 | 0o |0 |98.8 [92.4|Clay 2,19 1.67 1.31 [0.05 12.8/0.622 0.25000.10 |, 6.27230 0.60L 10_93;§0 0.867 MM-(-,B 1.35 0.62 39-5
DHEL08 T3 120.0 2.607 2,02 | 1.68 | 0.55] .8 3727 | 107 | w0 | 1.2 | 98.8|%.2 [76.8{Clay 2.50 - i
DH6409 T1|20.2 2.615 2.03 | 2.69 | 0.550 96.0 462 | 19.9 | 26,3 | 0.8 | 99.2 | 2.4 {83.2|Clay 2,79 L CRZ WY CRTT I 6,000 1.30 19.1,‘1‘33 275 3.25400 0.7 0.38 30.0
DHEADD T2 | 2245 2,610 2.01 | .64 | 0.59| 99.5 51,1 | 18.6 |32.5 | o |0 |97.6 |9r.5{Clay 1.67 0.90 1.86
DH6413 T1|25.8 2.608 2.01 | 1.60 | 0.63} w0 45.4 | 2207 |20 | o |wo 975 [89.1clay 0.86 .84 1.02




6. AGRICULTURE

6.1 Service Area

The service area of the Sambor Irrigation Project covers about 67,000
ha which extends over 3 Sroks of Kratie Province, i.e., Kratie, Prek Prasap
and Chhlong.

Of this 67,000 ha, about 55,000 ha extending for about 40 km along
both banks of the Mekong with El. 40 m or less is expected to be irrigated
by gravity flow or pumping up. The area extends, on the left bank of the
Mekong, from the Dam Site as far southward as to the right bank of Prek
Chhlong. On the right bank, it covers the area from the Dam Site to Phmom
Kampong Kor (Srok Prek Prasa#) situated opposite to Chhlong.

Adjacent to this is an area which extends farther southward over
the left bank of Prek Chhlong and the right bank of the main stream
{opposite to Prek Chhlong) and constitutes the center of upland cultivation
in Cambodia, where substantial irrigation benefits can be expected by pump-
ing up the water of the Mekong and its tributaries. This area is inte-
grated into the overall Samhor Irrigation Project Area.

6.2 Present Stéte
6.2.1 Soil Distribution
The investigations revealed that the distribution of soil groups
in the surveyed area is generally subjected to the topographic conditions.
The five different soil groups as classified according to the results of

the soil survey are as given below.



A, Alluvial area

a. 9ilty alluvial soil

b. Clayey alluvial soil ) 44,000 ha
B, Platean area

¢. Lateritic residual soil 5,600 ha

d. Hydromorphic soil 12,100 ha
. DBuried river bed area

e. Alluvial soil of the buried 5,300 ha

river bed of the Mekong

It may be added that 200 soil specimens brought back to Japan are
now being put to laboratory anszlysis to clarify the nature of each soil
group. Findings of the laboratory analysis will be quite important in
plamming the land use. 1In the next investigations, the soil survey will
be conducted for the subdivision of soil groups as well as forlthe pre-
paration of soil maps.

6.2.2 Heteorology and Hydrology
(a) Climate
The climate of Kratie and its vicinities is classified as tro-
pical as that of other areas of the Lower Mekong Basin, and has such
features as given below,

(1) In summer, the Lower Mekong Basin is under the influence of the

Asian Monsoon which brings the wet seasén normally lasting from mid-
April to October. In winter, the continental high atomospheric
pressure overlies the area, with the dominant north-east monscon
which brings the dry season lasting from winter to spring when there

scarcely is rainfall,



(2) The rainfall in the wet season is mostly sguallic, showing con-
siderable fluctuations by time and place.

(3) The Lower Mekong Basin is within the Pacific Ocean fyphonic zone.
However, retarded by the mountain ranges of Indo-China peninsula,
most of typhoons loose their energy when Rassing the area. Never-
theless, a great amount of rainfall is brbught by theée typhoons,
especially by those rising towards the end of the south-west monsoon
which cause the maximum flood of rivers.

‘The average wind velocity is about 2 m/sec throvghout the year,
with slightly higher values recorded during the period from January
to April.

(4) The difference in the average monthly temperatures recorded
within a 12 month period is gquite small. For example, the average
monthly temperature recorded in April and December is 29.600 and
23.9%C respectively in Stung Treng, while it marks 29.1°C and 25.1°C
respectively in Kompong Cham. It is noted that the temperature dif.
ference is larger beitween day and night, often marking more than
1000 in d4ry senson.
(b) Rain fall
Not only in the project area but also in the entire Mekong Basin,
the rainfall is the main source of irrigation water. The beginning
and ending of the wet season, therefore, has & significant influence
on agriculture. In the past 55 years (1907 - 1963; excluding 1961
and 1962), the wet season began and ended during the months given

below.



Beginning of wet season | Ending of wet season Period
Month Frequency Month Frequency No. of Frequency
(yrs) (yrs) month (yrs)
Feb L Sep 0 6 2
Mar 7 Oct 7 7 28
Apr 20 Nov 44 8 16
May 26 Dec 4 9 8
Jun 1 Jan 0 10 1
Total: 55 55 55

4lthough the average annual rainfall during the asbove 55 years
is 1,380 mm, the lowest annual rainfall recorded is lower than two
thirds of this average. Fluctuations are even greater at the be-
ginning or ending of the wet season, so that no rainfall at this
particular time can be expected as the source of irrigation water.
(c) Humdity

The relative humidity is comparatively high ranging from 60 to
69% throughout the year. The highest humidity occurs in or about
September; and the lowest in or about March. It is known that the
humidity in the Mekong Delta exceeds 100% during the wet season.
{d) Evaporation

The highest evaporation is recorded in April, i.e., -just before
the wet season; and the lowest in August, but the difference by season
or district seems to be almost negligibdle. To give an evidence, the

average annual evaporation recorded in 1963 is as given below.




© Battambang - 5.78 mm/day -
Phnom Penh - 5.60 mm/day,

. Stung Treng '5.67 mm/day

It is expected that_detailed data will be obtained in the future
including daily éﬁangesiof evaporatioﬁ from self-recording evap-
orimeters installed in Kratie and Phnom Chheutea Phinos (Kh. Kanhchar
in Srok Chhlong).

(e) River water

The water level of the Mekong repeats a periodic 12 month pattern,
i.e., with the advent of the wet season, it rises gradually from late
April or May, and reaching a peak in Avugust oriseptembér, drops
rapidly at the end of the wet season, then recedesigradually during
the ensuing dry season.

Phe water level of a number of tributaries is influenced by that
of the main stream on account of its back water. In the case of
smaller tributaries, however, the water level shows marked fluctu-
ations in the ébove-mentioned annual pattern due to rainfall.

Since the planning of the irrigation project is not possible
until sufficient data have been obtained regarding inundations of
smaller tributaries, water gauges snd rain gauges were installed

during the present investigations at 21 points and 10 points res-
pectively oh thesé tributaries. It is expected that these equipment
will méke clear, though to é limited extent, thé difference of rain-
fall between disfricts relatively close to eacﬁ other as well as
run off gondit;on of tributaries.
(£) Well water ‘

In area 1&iné-along the Mekong and its tributaries; a good
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number of wells is found to obtain drinking water. Ordinarily, each
Phum has one or two such wells which are in public use, most of them
being 6 - 10 meter in depth. In areas as far down as Kratie, the
water level is 1.5 - 4 m below the ground surface during the period
from December to January. It starts rising from around May, reaches
a peak high during July-September period, and falls off to the lowest
in March or April when some of the wells run dry. The difference
between the highest and lowest levels is in the range of 3 - 5.5 m.
6.2.3 Present State of Water Use
(a) General situation

The land use is noted to’have been carried out depending upon
the rzinfall end river water conditions in the pfoject area, pre-
cluding such areas as poor, sparse forest lands where the surface
soil has been washed off, dense forest lands that can be exploited
only with great difficulty, or swamps where the water is retained
throughout the year.

In other words, the water use in the project area is subju-
gated at present to natural environments, and is not stabilized in
meny cases. The installation of irrigation facilities is there-
fore urgently called for.

Among different varieties of rice planted in the wet season,
the early and medium meturing rice plants are generally culti-
vated depending on natural inundations, while the late maturing
rice plant is normally cultivated in the rain-fed paddy fields.

(b) Water requirements of paddy fields
The reduction of water depth was measured on a dry season

paddy field from December 1964 through February 1965, Further,
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the permeability and evaporation were measured on a shallow pond filled
with water, about 2 m square in size and 40 cm in depth, which was
formed as experimental plot on one of the wet season paddy fields har-
vested in December. Concurrently with the observation of consumptive
water depth, the amount of permeable water was measured utilizing a
cylinder with cap on.both of the above experimental fields. Values
thus obtained were deducted from the consumptive water depth in an
attempt to estimate the volume of evaporation.

In designing the standard water requirements for the project
area in the future, such elements as weighted appraisement of mea-
sured values, classification by soil textures, varieties of rice
plants and changes in their growing period should be taken into
consideration. To effect a rough estimate, however, the water
requirements for both the wet and dry season rice plants may ten-
tatively be considered to range from 15 to 20 mm/day including
losses.,

(¢) Intake-rate experiment for irrigation of upland fields

In January 1964, the cylinder intake-rate of soil was mea-
sured under dry and wet (approx 24 hrs after submergence) conditions
at 18 points located in different land categories of the project
area, i.e., upland field,; sparse forest, depse forest, grass land
(in areas subject to inundations) and paddy field. Further, the
water holding capacity Fc was obtained.fromuthe soil specimens in
gach experiment. w

The basic intake-rate iB, which indicates the irrigation method
for upland fields, was found to be below 40 mm/hr with a few excep-

tions. Since the standard iB value at which the use of sprinklers
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is required is as high as 75 mm/hr, it may safely be concluded that
the surface irrigation is quite feasible in the project area. -

6.2.4 Present State of Land Use

(2) Area of land classified by use Unit: 1,000 ha
Lend Paddy field Upland field Grassland Total
category inel. orchard Forest (Unexploited
Wet Dry  Sub- Sparse Denge submerged
season season total forest forest area)
paddy paddy
fisld field
Gravity
irriga- 3.2 0.6 3.8 4.8 22,0 4.9 19.8 55.3
tion zrea
Tumping
irriga.- 0.7 0.3 1.0 4.9 0.2 0.4 5.2 11.7
tion arecz
Total 3.9 0.9 4.8 9.7 22.2 5.3 25.0 67.0

Remerks:s Areca adjoing the gravity irrigation area is exploitable
by pumping up the water of the Mekong and its tributaries.
Hote: Figures given sbove indicate areas of each land category
estimated at the present stage of investigation, and are

not to be considered as definite.

(b) Present state of agriculture
(1} Agriculture in service area
In the area extending on the left bank of the Mekong from
the Sombor Dam Site down to Kratie, lands under cultivation are
occupied for the most part by wet season paddy fields; while
upland fields extend in limited areas olong the natural levee

of the Mekong where tobacco, maize, etc. are grown on a single
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crop basis and harvested during November-February period. Upland
crops such as banana, cocopalm, orange, etc.-are also cultivated
on small garden patches within house compounds in the belt-like
zone along the Mekong.

Southward from Kratie to Prek Te, and thence farther south-
ward to Prek Chhlong, the upland fields extend wider in- area.

In the district between Prek Te and Prek Chhlong, paddy and up-
land fields equally share the cultivated lands, where orchards
of banana, kapok, cocopalm, etc. are found together with small
areas of dry season paddy field. Upstream of Prek Te, however,
the area occupied by paddy fields of hydromorphic soil is larger
than the upland field area.

The oultivated lands on the right bank of the Mekong like-
wise present the gradual and southward shift of land category from
paddy field to upland field; and a wider area is occupied by
uplend fields than by paddy fields in the district opposite to
Chhlong. Dry season paddy fields, which extend wider on the
right bank; are cultivated with the irrigation water obtained
from the Baeng (ponds) in the low-lying lands in areas subjected
to inundation and from brooks thet do not run dry during the
dry season {though many of them run dry in February or March).
In some cases, these dry season paddy fields are served by the
smell scele pumping irrigation (2 - 3 hp).

Generally spesking, the land use is practised fairly ef-
fectively taking full advantage of the natural conditions, and
where the irrigation is made possible by‘the natural inundation

during the wet season, practically every hectare of land is
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cultivated as paddy field. It is noted, however, that the land and
water use during the dry season is inactive, leaving room for further
jmprovement.
(2) Present state of farm mancgement
Farmers in the project area may be classified broadly into
the following five types.
A. Those who cultivate paddy fields in hydromorphic soil area
or along rivers and brocks at El. 25 - 30 m, and grow welt season
rice plents with the irrigation water provided by inundations of
about 50 cm during the wet season which occur as a result of rain-
fall (reinvater from mountains) and flobds.
B. Those who cultivate paddy fields in fluviatile alluvial
soil zrea subjected to the inundation of the Mekong, and grow
wet season rice plants with the irrigation water provided by
inundations of about 50 c¢m during the wet season.
C. Those who grow dry season rice plants with the irrigation
water provided by Baeng (ponds), small rivers and brooks in
fluviatile alluvial soil area subjected to the inundation of the
Mekong.
D. Those who cultivate upland fields extending in the belt-like
zone along the Mekong.
E. Those who vultivate upland fields mentioned in D. together
with pcddy fields mentioned in A., B., or C.
Acresge under cultivation, either paddy or upland crops, ranges
from 5 to 10 ha in case of large-scale farmers, and from 2 to 4 ha

in case of medium-scale farmers, while the small-scale farmer has
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about 1 he of cultivated land.

7 While there is a sizable number of farmers of A and B type,
farmers of other types are rather few. Since the use of fertilizer
is proctically nil in the project area, cultivated lands are found
mostly in fluviatile alluvial soil area, hydromorpﬁic s0il area at
a siightly higher elevation, or in areas along small rivers and
brooks. These areas are fed with fresh, fertile muddy soil contain-
ing lime, phospheric acid, etc. brought by the flood water caused by
the annmual inundation of the Mekong. Dis@inction between large-
and small-scale farmers is made by the crop yields and the richness
of soil rather than the area of the cultivated land. For ecxample,

a farmer will be classed large-scaled if his gross yields of paddy
land rice ranges between 400 and 500 tons, while he would be classed
nedivm- or small-scaled with the gross yields of 300 tons or 100 -
200 tons xrespectively. It follows that those who are called large-
gscale farmers should possaes fertile and adequately irrigated paddy
fields, instead of lexrge areas of paddy field with low productivity
and poor irrigation conditions.

Apart from the use of draft cows and buffalos, the farm labour
is dependent solely on manpower. Works required for paddy pro-
duction such as ploughing at the beginning of the wet season,
harrowing, transplanting and harvesting are done by family members
of farmers. Similarly, works required for upland cultivation
involving ﬁloughing, harrowing, levellgng, sowing, and harvesting
are covered by farmi}y labour (In_the case of upland cultivation,
it often happens that the entire farm lgbour is borne by family

members). It has been noticed in many villages that besides
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employing casual workers or workers under a l-year contréct, villagers
cooperate with each other by working jointly in a group of 2 - 10
families.

Fermers in the p&oject area have, on an average, 2 draft cows ox
buffalos (growm-up), 2 pigs (for breeding) and 10 fowls.

During the dry season, farmers engage in such side works as
bamboo cutting, gathering and processing of Dam Treang as well as
felling of trees to be used as fuel or timber. However, farmers
cultivating upland crops or dry season rice plants are seldom seen
engaged in these sibsidiary works since their farming season coin-
cides with the dry season.

(¢c) Present state of forest lands and grasslands, and their use

Because of the comparatively high water holding capacity
resulting from lacking a fully developed profile of alluvial
soils, there are rich varieties of trees in the project area
forming dense forests with ferns and Dam Treang of extremely large
size growing underneath. In ereas formed by the lateritic residual
s0il which has low permeability and insufficient drainage capacity
and consequently becomes dry to = considerzble extent during the
dry season, cycad-like plants and poeceous herbs grow wild with
several kinds of plants of Dipterpocarpaceae family, and form
sperse forests. These forest lands are all above El. 30 m.

Between El. 25 and 35 m, plants of Dipterocarpaceae family
and Leguinosae femily grow also forming sparse forests, with
underneath herbage of Arudinaria spp. Among the plants belong-

ing to Diptercarpaceae family, Khlong (Dept. tubereulatus) is
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found growing in groups. In these sparse forests, Dam Treang of smeller
size is also found.
6.2.5 Market Survey
Since the market survey is quite. important for the agricultural
production, the following three cities weré surveyed during the present
investigations utilizing statistics issued by the Bureau of Agriclture
of Cambodia in 1964.
1. Kratie, which is in the closest proximity and directly
related to the surveyed ares,
2. Kompong Cham, where commodities are considered to be
‘gathered by overland transportation as well as by the
Mekong, and
3. TPhnom Penh, where commodities are gathered from all over
the comntry.
6.3 Outline of Proposed Agricultural Development Project
6.@.1 Necessity for Agricultural Development
In view of the fact that more tThan 70% of inhabitants are farmers
and the greater portion of national income is derived from agriculture,
and considering the present state of economy on which the export of
agricultural crops has a profound influence, it seems that the necessity
for agricultural development in Cambodia hardly needs to be stressed,
In the present-day Cembodia, it is truly a matter of vital importance
to develop egriculture which should aim at the following three points,
'i.e., i@creased production to meet with the domestic demands, stabilized
and increased production of such principal export crops as rice, maize
and rubber, and enhancement of production within the cougtry of pro-

cegsed agriculturel products which have hitherto been imported.
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Anglyzed from such stand-point, the present Cambodian agriculture may
be summarized as follows.

While statistics indicate that the rice production is on the steady
upward trend, it is noted that the population is expanding rapidly with
2.8% of increase rate per anmum. This fast population increase is to
be welcomed in Cambodia where the population density is rather low,
provided it be accompanied by the counterbalancing increase of rice
crop. The fect, however, is that sizable fluctuations are often wit-
nessed in the gross yields as well as yield per hectare of rice (un-
hulled), which is attributable chiefly to unfavourable climatic con-~
ditions. Although the annual increase rate of rice production is
3.7% which berely surpasses that of population, there are years during
which the rice crop marks a drastic drop.

Pertinent to the production of rice (unhulled) as part of the
overall agricultural development, a problem is raised as to how to
check and alleviate the Jarzardous production dorp that recurs once
in several years and how to maintain the stabilized level of rice
crop. #As remedies to this problem, the following measures are con-
sidered to deserve due attention.

1. Improvement of the present system of cultivation which
depends solely on the rainfa}l brought by the tropicel
monsoon, into the properly irrigated cultivation.

2. Allevation, end extermination if possible, of damages
caused by disease and insects, through the use of ag- .
ricultural chemicalg.,

3. Shifting to fertilized agriculture.
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4. Improvement of rice varietieg and of cultivation method.

5. Flood control for a number of smeller basins.

With regard to diversified corops other than rice, it mey be justi-
fiahly concluded, from.the recent situations of export of major ag-
ricultural crops and import of processed agricultural products, that
stress should be placed on the stablized and increased production of
maize, kapok, Phaseolus radiata; pepper, etc, which constitute main
export items, as well as on production enhancement of such import items
es suger, vegetable, fruit (inclusive of cammed fruit), cotton and jute
sack. It is noted that the rate of production increase of these pro-
duets surpasses that of population at present, which is indicative -
of the prospect that the increased and stablized production in the
future can be reasonably warranted by the favourablie natural envi-
romments.

Comparison between Kratie Province which is regarded as the
center of the Project Area and other provinces of Cambodia, reveals
such unfavourable features on the part of Kratie Province as lower
percentage of arable land against its totzl area, lower population
density and smaller cultivated land por capita, indicabting that this
province ig still under-developed. These backwardness have been
created chiefly by the topography of the Province which is mountain-
ous. It is to be poinked ouit, however, that there still remains a
sizable area of land svailable for cultivation in this province
with the Mckong flowing through it.

In fact, the growth of populetion density in Kratie Province

since 1948 hes been most remarkeble when compered with that of other
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provinces, and the yield per hectare of rice (unhulled) in recent years
has not failed to rank among the best in the country. Further, being
adjacent to Kompong Cham Province, the center of diversified cropping
in Cambodia, Kratie Province may be considered o have enough potentials
for future agricultural development.

From the standpoint of harmonious development desired for =21l pro-
vinces and of the policy of decentralizing development sites, the
Sambor Project well deserves development though its construction may
entail various difficulties.

6.3.2 Scale of Sambor Irrigation Project Ares

A series of aveas expected o be irrigated either by gravity

flow or pumping within the Sambor Irrigation Project Area can be

broken down as follows.
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Sambor Irrigation Project Area - . : - -

Unit : 1,000 ha

" Extension of area; . 7 A . " Land

Left bank of the Mekong

Kratie & vicinity, area extending o . .

on both banks of Prek Te, and ’ 41 iﬁiﬁ;&?%gggdf191d é )
area extending along the Mekong b S

in Srok Chhlong ’ )

Right bank of the Mekong ‘
Area extending from damsite as S
far southward as Khum Tamau 26
Kach Tasug along the Mekong in .

Srok Prek Prasap

‘,(‘incl. paddy field 1 )
upland field a4

incl. paddy field 5
Total ) 67 (-upland ‘10')

Areas uﬁexplaitable due to topograpﬁic restrictions or required
for purposes other than cultivation are included in the ebove Trrig-
ation fpoject Area:

6.3.3 Land Use Plan

Since the proposed agricultﬁral development has for its object,
as already menﬁidné@, iﬁcreaéed ﬁroduction to:meét the domestic'demahds,
increased crop exporit, and enhancement of producticon within the country

of processed agricultural products which are being imporied, the plann-
ing of land use in the project area should be preéeded by studies of
craops now being cultivated or cultivable in the future in the project
area. It is also indispensable that further detailed studies should be

made for the assessment of the agriculture of the.project area which
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will be made in relation to the economy of entire Cambodia. At the present
stege of investigations, however, it may be justified to say that efforts
gshould be directed, in the first place, to the expansion of paddy field
area by asbout 1.5 times in Kratie Province to meet the existing demands
for staple food, since the ratio of peddy field area in that province is
far below that of other provinces. It is quite likely that more paddy
fields will be demanded in the future in this province in order to meet
with the expected population expansion. And, although it is naturally
hoped that the paddy field area will be expanded throughout the country
to maintain and increase the present export volume of rice (unhulled),
the achievement of self-sufficicncy will be a matter of utmost impor-
tance in so as the Project Area is concerned.

A fact worthy of notice is that the Project Area, which occupies
gbout 5% of the country's total upland field area and produces such
diversified crops as maize, sugar cane, sesame, Phaseolus radiata and
tobacco, is serving as one of the major sources in the country of these
crops.

The annual crop of sugar cane from an area of 560 ha in Kratie_
Province amounts to 58,000 tons (as of 1954) which accounts for 14% of
the country's total production, and possibilities exist that tThe pro-
duction could be increased. It is 40 be taken into account, however,
that if the production of sugar cane as raw material of suger is to
be underteken in this area, no success can be guaranteed without the
introduction of new and improved varieties that will suit the existing
natural conditions, inasmuch as virtually all of the upland fields within
the area are subject to inundationsg during the wet season which can be

successfully prevented only by proper flood control measures.

6 ~ 18



Flens for better. and rational: lond use.in the rroject bdrop wall -
be draym up in due goégidcxg@;opsgfzﬁhe.vipwsnggQ-“gc@p ientl enod. ahgve,
es well g@rvaxigpsyphysiqal,gpnqitiongnof the arce such os topography, -
soil and“irgigat§0n§rgpq:thqgresu;tgspf investigations to-be congneted |

in the)ﬁutg;e.- I T I T " L

6.3.4 Implementofion of Irrigation Froject - ..-. - - . ¢ - -

The. proposed -land .and water use project invclveg:exbensive reclo~
mation works and. the construction of irrigetion facilitiss on.a lerge.
scale. Since the topographic.conditions.of the-Project;drce do not - -

allow, of any more than 3 km.width.of. arable land along eacn 1:kn.of .-~

the moin.canal, it is expected.that the main canzl will be neerly

PR

200 km.in, total length, while -branch canal will be .twice as-.long &s- - - -
the main censl. W e
“In,aq_qﬁtemQt to overcome such .adversc situation, a-tentative . :
plan is proposed whereby the Project-Area will.be divided into-small . .

sections capable of yielding substantial irrigation benefits within
a short period of time ageinst o comparatively small investment.amount. ..
In case where the sbove-proposed plan is zdoptcd, the overall
Sambor Project will, in the ultimate, serve for the stobilization of
irrigotion water sources for its implorentation which will be offectaed
in advance of the overall Project, and will, at the same time, cnhonce
the economic CGevelopment of the aren while maintaining close relotions
with the egricultursl developmoent, contribubing to the belanced overall
development of the Project Arca.
It is consiqered that the development priority should be given
o the irrigation and expension of paddy and uplond fields that could

be improved without much difficultics, the roclamnation of pert of
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orrshy ereas; and to the flood control of small tributaries.

As reogords the irrigetion water and its conveyance, it is advisa-

3
+

ble to establish punping stabtions near the mouth of tributeries and
pump up the abundant weter of the Mekong into the cemal. If the tri-
butary is ccpeble of providing sufficient irrigation water, it may be
pumped up into the canal. When in the future the construction of the
Sembor Project mekes it possible that these canal are linked to the
main cenal, the proposed pumping irrigation may either be abolished or
continued with eleciricity to bé supplied by the Sambor Power Plant,

The final plenning of the agricultural development project should
await the results of further studics to be made on the basis of aerial
maps now under preperetion in Cambodia as well as of the outcome of the
Tlood survey.

1t mey be pointed out here that the tentative irrigetion plan pro-
posed above promises the increased production in the immediate future,
hence its implencniation is recommended to be materialized at an

cerlicst possible date.
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GENERAL PLAN OF SAMBOR IRRIGATION PROJECT
FROJECT AREA: 67,000 ha

Ares to be irrigated by Gravity flow: 5%,000 ha
{tncludes lands to be reclaimed: 39,000 ha)
Irrigation by canal from Sembor Reservoir
Maximum water requirement: 60m /sec

Length of Main canali appr. 200kn

Aran to bo served by Pumping-up: 12,000 ha
Irrigation by pumping up frem the main streanm
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¥ Streaw flow measuring staticn
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