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NOTE
 

This working paper, prepared by an environmental consul

tant in collaboration with Mekong Secretariat staff, contains a
 

detailed compilation of environmental information from over
 

300 publications gathered in support of the presentation made
 

in Chapter IV, "Environmental Effects of Pa Mong", of the
 

Report on the-Pa Hong Optimization and Downstream Effects Study.
 

Except in a few instances noted in the working paper, the
 

information presented is considered current as of mid 1976.
 

While the recently changed official names of several
 

of the riparian countries have been incorporated in the main
 

text of the working paper, it has not been practicable to make
 

the changes in previously prepareC material, principally maps
 

and figures, due to cost and time limitations.
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CHAPTER I
 

INTRODUCTION
 

. erpose of study
 
The Pa Mong Optimization and DoMstream Effects
Study has as its objective the analysis of all the important


factors 	involved in the proposed Pa Iong project, including

consideration of alternative pool levels, to serve 
as a
basis for selecting the plan which will maximize the balance

of benefits. Hence the selected plan would provide a maximum
contribution to advancing the welfare of the peoples of the
 
lower Hekong basin.
 

Of the many factors involved in the project, its
impact on environmental values in the lower basin is 
one of
the most important. It is necessary to be sure that the
total benefits from the project, including power generation,

enhancement of agriculture through irrigation, enhancement of
industrial development, etc., do in 
fact far outweigh

possible adverse effects. 
 The purpose of this study is to
determine that Pa Mong would in fact have a very great net
positive effect on 
overall 	lower basin environmertal values.
 

It is important to note 
that the term "environmental
values" 	means all environmental values or resources which may

be affected by the project, regardless of whether these

effects may be assessed in terms of monetary vdlues. 
 Thus
the concept of environmental assessment is far broader than
the cost-benefit ratio traditionally used for evaluating
reservoir and other engineering projects. 
Its scope includes

virtually all values of interest to man. 
 It recognizes that
 
many evaluations of effects will be subjective and intangi
ble, but 
assumes that all effects must be nevertheless
 
taken into account using the best methods available at the
 
time.
 

2. 	 Development of Mekong Committee's environmental
 
planningproramme
 

2.1 	 Concept of environmental assessment
 
From the beginning of the IielJong Committee's activities in 1957 the programme of studies carried out under


Committee sponsorship has included numerous projects concerned with preservation of environmental values. The

organizational structure of the working staff (the Mekong
Secretariat), including divisions for agriculture, navigation,

and social and economic studies as well as engineering, indicates the broad scope of interests involved in the programme.
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same time that the Mekong Committee 
was
 

About the 


established, another development was 
beginning to take place
 

-iround the world, relating to public 
attitudes on the
 

impDrtance of protecting environmental 
values from adverse
 

effects of man-made projects. [rior to about 1960 the level
 

of public concern was acttually not 
very significant, due to
 

lack of public recognition that essential 
environmental
 

resources, needed in perpetuity, were gradually being 
used
 

The decade of the 19G0's was tremendously
 up and lost. 

significant in environmental protection 

history in that public
 

awareness of the seriousness of the problem finally became
 

widespread, with the result for the 
first time in history the
 

public upgraded its concern to a level 
demanding primary
 

political attention.
 

the concept of environmental
In the evolution of 

less limited in the
 assessment, attention uas more or 


beginning to traditional pollution 
effects, namely water
 

pollution, air pollution, land pollution, 
noise pollution,
 

and public health effects, but rapidly 
this concept was
 

enlarged so that it now encompasses 
virtually all types of
 

as
 
environmental values including socio-econimics 

as well 


human uses and effects on physical 
and ecological resources.
 

The whole subject is still in the beginning stages of evolu

tion, hence much confusion exists 
as to what properly should
 

or excluded from a competent environmental
 be included in 

The discussion of environmental impact 

assess
assessment. 

ment experience in the United States 

(Chapter II) indicates
 

the present practice of including 
every environmental value
 

that can possibly be affected by 
the proposed project.
 

The rapid rise in public interest 
in environment has
 

Conference on
 
been a worldwide phenomenon, leading 

to the Ui 


19;2 anO to establishment of the
 Stockholm in
Environment at 


UNEP and numerous other international 
activities including
 

sponsored by
 
global monitoring of pollution in marine waters 


oceanography.

the WI0 and the International Committee 

on The
 

course, felt the 
programme of the Hiekong Committee 

has, of 
newand has responded with many

of these developmentsimpact 
These have the objective of assuring
 

studies and projects. 


the riparian nations and other 
countries participating in
 

that all 
the lower 1Nekong basin development programne 

ill in fact be resources and values essential environmental 

given proper attention in the 

planning, design, construction,
 

and operation of water control 
systems and structures.
 

SEADAG contribution
2.2 

One of the first significant efforts to assist 
the 

Mekcng Committee's programme 
,ith respect to assessment of
 

environmental effects ste,bved 
from the Mekong Seminar of the
 

Southeast Asia Development Advisory 
Group (SEADAG) at
 

the seminar participants
 
New York in 1960. The majority of 
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were social anthropologists, geographers, rural economists,
 
sociologists, and environmental biologists, and others con
cerned with impacts of man-made projects on ecology. While
 
the primary concern of the sem.'nar was on problems of resettle
ment of displaced farmers, an additional concern on ecological 
effects led to a modest grant (SEADAG No. 69007e) for an 
initial evaluation of the riverine ecosystem. The objective
 
was to furnish information to engineers and planners so that
 
ecological risks arising from development projects could be 
properly considered. The report of this study (Ref. 3) 
included contributions relating to effects on (1) tropical 
forests, (2) wildlife, (3) public health and nutrition, and 
(4) fisheries. These contributions helped in formulating 
basic guidelines subsequently used by the Nekong Committee 
in planning and implementing its program,,me Qf research and 
studies. They are reviewed in the body of this report in the 
sections dealing .ith these subjects. 

2.3 Mekong committee _oliy statemLent 

A formal statement of Nekong Committee policy on 
environmental protection %iaspresented at the 45th Plenary 
Session of the Committee on 13 February 1970 (Ref. 4). The 
key points included in the statement are summarized as 
follows: 

(a) 	 Human wiell-being moreso than material progress 
should be the aim of development. This means 
careful assessment of the likely effects of
 
development on standards of human values as 
well as the conventional standards of living. 

(b) 	 The largest untapped resource in the Mekong 
Basin is its peo,,le. Developments should be 
planned to mobil*.-e and utilize the people's 
potentials for contributing to higher standards 
of living and of human values. 

(c) 	 iekong Committee planning must show real pro
gress in assuring the greater well-being as 
expressed above.
 

(d) 	 To achieve success in developing the lower 
basin -..ill require preparation of a first
class compreheno;ive plan which encompasses not 
only engineerirg features but all of the 
associated human values noted above. To 
develop this plan will require particular 
importance be given to (a) physical planning, 
protection of public health, stimulating 
public participation, and safeguarding the 
public well-beinrj; (b) assessment of manpower 
requirements and provisions of additional 
effort to fill gaps; (c) emphasis on increased 
agriculture production and related industrial 
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production possible through irrigation and
 
hydropower from Ilekong tributaries; and
 
(d) joint planning for future development
 
in the basin in cooperation -_2ith the riparian
 
government s.
 

2.4 	 UNEP collaboration
 

In 1973 the Ilekong Committee undertook discussions
 
with UNEP to explore w:ays by which UNELi could assist in thj 
continuing development of the Committee's environmental 
programme. This led to assignment of a UNEL' consultant to 
appraise the Committee's needs, and to a report by the con
sultant, "The Environmental Needs of the Hlekong Committee, 
Tentative Appraisal and Recommendations", submitted in I-larch 
1974 (Ref. 5).
 

Since submittal oZ the consultant's report the UNEP 
has approved a proposal for financing staff activities
 
within the Hlekong Secretariat, and a beginning effort has 
been made in implementing these activities.
 

2.5 	 Ad Hoc Panel of environmental consultants
 

At its 58th Plenary Session the liekong Committee 
took a further step for evaluating the envirnnmental aspects 
of its numerous research and study programmes hy authorizing 
a project (funded by the Ford Foundation) for a review of the
 
Committee's overall programme to insure competent attention 
to all significant environmental aspects. The panel, composed 
of experts from within Southeast isia, ,as active for the
 

period from mid-1973 to December 1974, including three panel
 
meetings held together ',ith the Nekong Committee staff. 

The specific assignment to the panel was () to 
review the Committee's overall work programme as this relates 
to environmental conditions in the basin, (2) to identify
 
further 	studies which might be required to insure adequate
 
attention to environmental values including preparation of
 
terms of reference and cost estimates, and (3) to encourage
 
involvement and leadership of ,;outheast Asia environmental 
experts in the basin development programme. At the third 
meeting, held 2-10 December 397z4, the panel presented its 
final report (Ref. 6), hich included a listing of projects 
and activities which the panel elt would be needed for 
filling gaps in the existing programme, together with terms 
of reference and an indication of ,riorities. 

2.6 	 Pa lionq optimization and downstream effects study/ 
obectives of environmental studX 

The present evaluation of environmental impacts is 
limited to effects relating to the Ila Hong project (Figure 1) 
as part of the overall Pa riong optimization study. Because 

Pa Nong 	is a major mainstream project, located in the
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northern or upstream portion of the lower 141ekong basin, its ef
fects in most instances will extend throughout most of the basin.
 
Thus the current evaluation repLesents a further step in the 
Committee's continuing attentio! eo assuring competent 
environmental protec Lion. 

The specific objectives of the present environmental 
study of the probable effects of L)a ilong .re (1) to describe 
the various individual effects cn environmental values and, 
to the extent feasible, to quantify these effects, and to 
relate them to each other to permit an overall viewi of the 
combined effects, and (2) t., relate the effects to different 
Pa 1mong pool level alternatives. This information will thus 
be available as one basis fr guiding the selection of the 
optimum plan ior la ;7ong. 

P-agnritude of ilekonq Committee's prc.ramme on 
environment 

Since 157 the liekong Committee through the 
Secretariat has carried rut a w:reat number o_ projects and 
studies on various .!ater re:;ource development projects in 
the lower lie!-ong basin included in the Indicative Basin Plan 
(Ref. 7). The listings of the r-eports oan these activities 
(Ref. G) sho.. more than 1,3 10 publtcations over the period 
1957-197.1.
 

The total cost of -ill ekong Committee projects and 
studies for the period 1')37 throuch June 1975 (the latest detailed 
tabulation available) is estimated at anproximately US$ 297.3 
million, as shon in Table 1 (Ief. i). Of this total the 
hulk has been utilized for projects and studies relating to 
the overall aspects o .'ater resource development planning, 
but a significant portion, estii ated at not less than 
$ 10,950,000, or about 3.7 per cent of the total, has been 
invested in special projects and studier giving specific 
attention to environmental concerns associated with develop
ment of the Pa iong roject complex. It is believed this 
investment for the ii hlong project rcpresents a greater 
investment in envirornental attontion at the feasibility 
stage of planning, than fE,.r any ith er major water resource 
development project else',here. 

Table 2 sho;s the brea'cro,, ' sources of the total 
$ 297.3 million budget thr,),igh 1971. This is included here 
to indicate the '.:ide basis o Ouort for the Ilekong Committee's 
programme. 

3. Terminolop, 

Because environmental assessment technology is a newly 
evolving field, there is as yet little consensus on the precise 
terminology to be used. !hwever, the following concepts 
appear to be evolving at this time (def. 2, 9, 1): 
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(a) 	 Lnvironeent: The surrounding zone (usually the 
specific zo15e to be affected by the project). 

(b) 	 Environmental resource or value: An aspect of 

the environment ':hich is of bene"it to man 
(includiog all ecoloqical resources and values). 

(c) 	 colo q': Study of interrelationship of organisms 
to their environment. 

d) 	 Ecosystem: A com:ixunity and its environment 
(livinrg and non-.living considered collectively); 
may rangje in e:tent from very small units to 
very larue). 

(e) 	 Environmental effect: Result of natural or man-
made actios on the environment (as measured by 
physical, and bioliqical parameters). 

(f) 	 nvironrdetalislpact: An effect on an environ-
mental res!our;ce or value resulting from man
made p-ojct development. 

(g) 	 Environmental -pla sij.: Plnning activities 
with the objective of preserring or enhancing 
environmental values or resources. 

(]h) 	 Environmental assessment: invironmental 
planning activities .ihich assess environmental 
impacts, i.e., compare the quality of the 
environmental values or resources ,iith and with
out projct development. An environmental 
impact assessment is an environmental assess
ment 	of a particular impact.
 

i) 	Environmental impact statement: Document
 
describing a proposed project, its probable
 
environmental impacts, and alternatives to the
 
proposod project and associated environmental 
impacts. 
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3,450,000 

/.100.000 


67,86o 


11)
 

Total 

239, 
75,000
 

579,500 
9,292,000 
1,227,725
 

5,000
 
10,00 

7,555,227
 
22,5(1,412 

20,000
 
963,538
 
30,000
 

352,104
 
1,193,9P0 
1,062,200
 
28,575,019
 
11,657,540
 
1,435,406 

10,000
 
250,000 
430,957
 
20,000
 

785,000
 
3,481,648
 

50.093.262
 
146,816524
 

14,405,947
 

5,984,573
 
102,559,216 
16,269 621
 

799,804 

22,241,222 
452,799
 
205,000
 
140,050
 

55,650
 
13,104
 
17,800
 
50,000
 
86,820
 

173,083
 
8,277
 
45,300_
 

!LL222 
3,450,000
 
7,100.000
 

35,574 

600,639
 
10,000
 
311,102
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CHAPTER II 

ENVIRONMENTAL ASSESSIIENT TECHNOLOGY 

. Introduction 

Most of the efforts to develop a technology for envi
ronmental assessment ha- been in the United States, where pre
paration of such on as;sessment (callel ai, 'environmental impact
 
statement'') is no.' a requirement for virtually all types of
 
new projects ',hicharc of.nuficient i:o o hzvc significant
 
environmental effects. of ;.ork has been done only in
eiost this 
the past four year:;, hence tlhf concept is still quite no and 
the methodologies ore in continuino Cvolut.on. ior purposes of 
helping formulate guidelines for evaluating thle efTfects of Pa 
Mong, a reviewi '.',s nide of the existing methoologiesn in use in 
the United States, On also a .evie, 'as mode of the environ
mental impact stateentL; prepirel over the three years for 
20 representative dam arin esdr.'i]. projects ao0.' being imple
mented in the United >;ttes 

2. Environmental ass.essient metiodo loay 

:dthough nuImrou:; effots have been made to formulate 
systematic approaches for aking envir)nmenta! assessments, with 
efforts to quantify the effects and relate them to each other, 
thus far there is no concensus ,n any particular procedure 
(Ref.l to V3). fbi:; is because of the difficulty in attempting 
to quantify eflects because of their often intangible nature 
or scientific comple:itLy - for most o. t1ie effects meaningful 
parameters which c. be used as inputsLor quantified analysis, 
for e::ample in modelling, have yet to be developed. ;Iven in 
the traditional field of "aste treatment and disposal, no'. 
about 100 years old, it is ,;till difficult to correlate dif
ferent levels o .'aste treatment with different levels of 
effects on ,'ater ouality in tLhe .ater bodies to which the waste 
effluents are discharged. For these reason:; il attempts to 
develop quantified approaches to environmental assessment, 
including use of checklists, matrices, networhs (flow chart 
relationships) and imp overlays., have been essentially sub
jective with the ouantification depenling greatly on the back
ground and bias of the observer. 

It ,..as c'ncluded that the best general approach [or use 
for the current ia ikong study Ls a revie,;, item by item, of 
effects on individual environmental vailues, including both 
identification of the v1ue end description ano: quantification 
of the effect to the es:tent possible. 

Within this context, o' ev<iluating environmental efects 
one by one, it is possible to group these effects in a systematic 
manner. The ,ppr:ach used by the iekong Committee for 
Pa liong is that described in the 17invironmental ,,ssessment 

http:Cvolut.on
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Manual" 	rrepared in Hay 1974 by Battelle for the U.S. Corps
 
of Engineers for review,of the Columbia river and tributaries
 
(Ref. 1). This approach groups the environmental effects into
 
four levels or tiers, as shown in Ficure 1, which progressively 
"ascend' from -,hysical effects to ecological effects to human 
uses to human effects. fable I i- a listing of the various 
environmental effects considered in the [>a 1ong study, arranged 
according to the four:-tier concept. 

3. 	 Environmental assers!ments _.or selected Pro ects in the 
United tates 

As noted previously, a revie'. .'as maide, for purpose 
of helping develop guidelines for !'jIlong, of the detailed 
environmental assessments (environmental impact statements) 
recently made for 20 selected representative dam and reservoir 
projects under implementation in the United States. The pur
pose of the review was primarily to chec, tihe present status 
of environmental assessment technology for dam and reservoir 
projects in the United Atates, including notation of the par
ticular environmental ef fects considered and the methods for 
evaluating effects. itas recognized that these effects would 
be considerably different for an industrialized country like 
the United States than for the lo'.:er iie!zong basin, and that 
most of the projects review,,ed are much smaller than Pa 1ong 
(although they are the largest projects in the United States 
for ,ihich such detai.led environmental assessments have been 
made) . 

Table 3 summaris-e the :,rojectL: and project Lunctions 
of the 20 project statements revieled. Wiith respect to envi
ronmental effects, the important parameters of a project in
clude total area to be inundated, total storage capacity of a 
reservoir, and shoreline created by the impoundment. Other 
parameters, such as the length of the doar and embankment, 
material of construction, and total area acquired for the 
project are also important, but the' are not listed in the 
table. Of the 20 selected projects, the reservoir areas range 
from as small as 56 acres (1.10 ha) to more than 35,000 acres 
(07,500 ha). The storage capacities range from 1,600 acre
feet (1.97 million cubic meters) to more than 2 million acre
feet (2,,467 million cubic meters). The minimum reservoir 
shoreline is 13 miler (21 !in) and the marimum is ,100 miles 
(540 kin). 

Table 2 also illustrates that most o& the selected 
projects are multipurpose in nature. The major purposes 
include flood control, water supply, irrigation, power genera
tion, recreation, and enhancement o? fish and wildlife. Of 
the 20 projects, 1.1 ,:ere proposed primarily for recreation, 
14 for fish and ,ildlife enhancement, 10 for flood protection 
and water supply, 9 for power generation, and 5 for irriga-
tion. 
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3.1 Results of review: The results of the -evie'., ol' the 

20 projects are presented in detail. in ..nne:: A of this report, 
and 	are summarized in Table 3.
 

ie
'Thile is not ossible to quantify the e:xtent of 

impact on environilental resources 1,ithout a great deal of 
subjectivity, for purposes of this review a simple method wtas 
selected for evaluation the coaP,arative importance of the 
environmental parameter. acn of affects on these bth during 
construction and onration periods. is shokn in Table 3, 
the information precented in the envi onmental iipact .ctate-
ment was rated usiqc tie letters A, _; C and D. The letter 
A, which is assigned ihen an ei't(t is mentioned only, is 
given a weight of 0.5. The letLtLrs B, C and o represent 
respectively the adquacy of discussion oi the environmental 
effects, adequacy of proposed mitigting measures, and ade
quacy of field work for supoor t lncJ the evaluation. These 
letterts (B, C, D) were assumed to cr-ry equal ''eights, 
depending on their subscripts. The .ieights indicated by 
subscripts "i,2 and 3 are 1, 2 an, 3, respectively. i"-)r 
instance, a parameter markted P,1 2131, 3C 2, lD3 (indicating 
that this parameter wjas mentioned or discussed in eight 
of the 20 p:cjects) '.,ill have : total "eight equal to 2(0.5) 
+ 2(71) 3(2) , 1(3) - 12. This total weight is called the 

"index of importance" (i). Values o_ indices of importance 
are given at the bottom -)f Table 2. Thus the higher the 
index value for a given environmental parimeter, the 
more important it is indicaited to he, based on the informa
tion on the selected 20 pr.)jectso The ratings .ere based on 
the information contained in, the environmental impact state
ments, regardless of the stated .'-)~of iwroject.thie 

f'he order oi importance o. environmental parameters, 
placed according to the indices a - import..nce, ',]ere found to 
be as follo,.,s: qater (11. fish (3), "iildlifequality -6), 
(6), recreation (53), aquatic zinimaols other than fish (50); 
land use pattern (42), etc. 3,asks OL iportnce for other' 

environmental parameters are given in the last roll., of Table 3. 
Thus it could be said that, -OL the p) :ameters which ;ire in
dicated to be the most impootant, prw'Jity should be given 
to them ij.environmental assessment activities prior to 
project const ructi.on. 

3.2 Conclusions: The revieu.. show,'s that the environmental 
impact sttement;-prepdre ieservoir, development projects 
in the United St, te: normally include virtually all environ
mental parame1ers :no, n to ex:ist. A careful pre-assessment 
of environmen.tal imnaicts likely to be induced by a p:oposed 

project is essential :or proper design and planning to help 
alleviate the e-xoected problems. is a consequence, the 
project constrwcfion and operation con be made as economically 

the same time adverse impactsbeneficial as pos sible anJ at 
on the e::isting environment can he ke)t to a minimum and in 
a considerable number -f instances the net impact can be 

positive.
 

http:ructi.on
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It can be seen from this review' that some parameterso 
which seem to be of major concern in 2outheast Asia, are not 

much stressed in the environmental imp ict statements for 

projects in the United States. Exm ples are public health 

problems, agricultural production, _ind resettlement problems. 

As noted previously, these differences relate to the difference 
in stage of developmental conditions in the United States as 
compared to Southeast Asia. 

i. 	 Environmental i lannic related to overall water 

resources project planning 

Implementation of a ater resource development pro
ject such as ra Hong involves a succession of stages, which 
may be classified as feasibility studies, design and planning, 
construction, start-up operations (filling and stabilizing), 
and "steady state" operations. Usually the pre-construction 
study phases extend over many years, progressing from pre
feasibility studies to feasibility studies to preliminary
 
engineering to final design. The La Hong studies began in 
1957 and have progressed over the intervening period of 19 
years to the current optimi:zation report, which presumably 
will set the stage for key deci:ions and for proceeding with 
design.
 

Planning to provide for conservation of environmental 
values should be a part of all phases of project implementa-
tion, but the proper timing of attention to individual envi
ronmental values %!ill depend on the stage of project develop
ment. For example, resettlement planning must be undertaken 
early in the planning stages, to ensure that adequate resettle
ment measures will be included in the project plan and budget 
when the projecL concept becomes crystallized. ,t the other 
extreme, monitoring of the comple:: limnology of the new reser
voir can hardly be undertaken until the reservoir has been 
formed, hence the prior attention to this subject must be 
limited to planning :or the facilities, organization, and 
programme for such monitoring based on experience in other 
similar reservoir projects. Figure 2 is a schematic repre-
sentation of hoi: attention to individual environmental sub-. 
jects may be phased to suit overall project evolution and 
development. Figure 3 shows the actual phasing of hiekong 
Committee efforts thus far relating to the environmental as
pects of the Pa Hong project. 

As noted previously, although environmental effects
 
may be studied individually, they are related to each other,
 
as illustrated by Pigure 4. Also, the impact of these effects
 
will be maximum in the immediate project area but will also
 
extend to the adjacent and even more distant areas, much like 
the ripples emanating from a splash in a pool.
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TABLE I' 

PA uG ,NyIA. IM._; L1':'6,T. .HU.IICM2D BY 
GO~ 3 0, j~;r111 T;,. i ,Z 

,ubjct ..ena in r, ong 
Corps of ;ninee s Clhasific.tio,. v!juc t itnHoffecta 

LI.JVEL1/o t:Lffects Sftudy 

WATER ilood Co,troi
 
(>'.ound 'ater
 
-Ilinity
 

.,urfnce aters
 
"'r.tr .u .ity 

AIR 	 Cli. "e
 

LAND geologfy 
*,~e~m, :ts ,nd rosion 

o -. is 

LEVEL 2/CCOL<,'U f. LFi'2CTS 

AQUATIC BIOLOGY 	 Aquatic Biology
 
Reservoir Ecology
 

TERRESTRIAL BIOlOGY 	 ',atershed lianagement
 
Wildlife 

LEVEL 3/IIIMAII UELL; 

WATE SUPPLY Agriculture 
Fi sheries 
Irrigation and Drainage 

NAVIGATION Navigation 

RECREATION ',ecreation and Aesthetics 

POWER Power 

DEDICATED AB;;A USES iRecreation and Aesthetics 
Uildlife 

LEVEL 4/'1U.dAN EFFECT3 

SOCIO-..CONOII C 	 Agro-Industries
 
Human Ecology
 
iineral Development
 

Public Health 
; csettlement
 
6ocio-flconomics
 

CULTURAL Archaeology
 

AESTIHETIC5 I:ecreational Aesthetics
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TABLE 2 

DESCRIPTIONS ANDFUNCTlJR, OF 
TWTY REPRESETATPVE DA/RESEVOI) PROJECTS IN THE UNITED .TATES 

Pro- Reservoir Description Project Functions 

No. Capacity, Area, n ioreIno, Flood Water irri- (3) Recrea- Fish 
(1) Acre-feet Acre, Mile: Control upply tion tion Wildlife 

1 845,000 12,425 20 x x x7F) x 
2 24,580 287 20 x (28) x 

11,000 - 13 x(01O) x x 
4Co,000 6,800 400 x x 

5 410,000 15,800 - x x I X 
6 126,000 16,5OO - x x x 

375,C-0 25,800 53 x x 
a 103,000 4,650 50 x x 
9 107,500 4,750 30 x x 

10 315,000 3,440 - x x x x (49) x x 
1112 478,000357,000 18,2905,675 60 - x X 

x X 
x
X 

xI 
x 

13 2,018,000 35,000 - x x x 
14 - 10,800 70 x x x 
15 204,000 12,500 125 x I X 
16 (4) - x x(n3) x x 
17 203,600 3,160 - xI 

1i 34,500 365 - .(1,000) 
19 1,600 56 - x 
20 1,083,C00 17,400 - x x 

Ptal Number of Projeot 10 1 { 141 

Notes : 

(1) See 	unnex A for identification of project
 

(2) x -	 Proposed function 

(3) 	 Valuee in parentheses are in mengwatta 

(4) 	 A project composed of 10 reservoirs which have a total storaeo capacity of more 
tkhi n 2,000,000 acre-feet. 
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RELATIONSHIP BETWEEN PA MONG ENVIRONMENTAL ACTIVITIES AND 

OVERALL PROJECT DEVELCPMENT 
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F EMSIBILITY DESIGN 
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STUDIES CONSTRUCTION STABILIZING OPERATIONS 

AGRICULTURE ___ 
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__ 

MINERAL DEVELOPMENT 
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RESERVOIR ECOLOGY 
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= Mekong Committee effort to date 
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CHAPTER III
 

PA MOUG ENVIRONMENTAL ASSE.SI.ENT 

INTRODUCTION 

The probable efhects of pa liong on the environmental 
values of the lowoer ekong basin have been evaluated for each 
of 28 subject areas "hich together are believed to include all 
parameters of signific-,nce in environmental impact assessment. 
Discussion of these has been organized, for ease of reference,
 
by alphabetical order of the title.
 

With the exception of the catogory on basic data and 
tools, all of the subject areas represent environmental
 
resources or values to be affected by i-a [long. The category 
on basic data and tools has baeao included to evaluate the 
adequacy of the lelzong Committee's programme for collection 
and use of basinwide basic data for serving the needs o; its 
operating divisions carrying out environmental planning. 

The approach used in each evaluation was first to 
collect, collate, and evaluate all ..,o done by the flekong 
Committee and other agencies relating to the subject, and 
from this data base to develop (1) a picture of the existing
environmenta. situaLion, (2) the probable effects of -'aliong, 
both adverse and beneficial, and (3) adequacy of the liekong
Committee's programme, at the current stage of planning of 
Pa [ong, for providing proper attention Lo the particular area 
of environmental concern, i summarization of all of the en
vironmental effects is given in Chapter IV. 

The individual subject areas are the following: 

Agriculture Navigation 
Agro-industries Power 
Aquatic biology Public health 
Archaeology Recreation and aesthetics 
Basic data and tools ReLervoir ecology 
Climate Resettlement
 
Construction aspects Salinity
 
Fisheries Sediments and erosion
 
Flood contLol Socio-.economics
 
Geology and seismology Soils
 
Ground water Surface water 
Human ecology Water quality 
Irrigation and drainage W/atershed management 
Mineral development Wlildlife 
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CHAPTER III
 

PA MONG ENVIRONMENTAL ASSESSMENT 

AGRICUT,TURE 

1. Introduction
 

Planning for enhancing the agricultural productivity
 

of the lower Mekong basin, taking advantage of the opportuni-

ties from water resource development, has been a major aspect
 

of the Mekong Committee's overall programme. The Mekong Com

mittee's agricultural development progranme, centered in the
 

Secretariat's Agriculture Division, comprises numerous acti

be classified into three major categories,vities which may 
(a) experimental and demonstration farms, (b) pioneer agri

cultural projects, and (c) irrigation planning. Fisheries,
 

also administratively a part of the agricultural programme,
 

are discussed separately. Also, the socio-economic aspects
 

of the agricultural progr.imme are discussed under the heading of 

socio-econcmics excepting for the Mekong delta area.
 

Work on the agricultural development programme was
 
involved expenditures by
started in 1967 and since then has 

the Mekong Committee for studies alone estimated at appro

ximately 70 man-years of professional effort (through 1975) 
In addition
plus approximately $3 million in contracts. 


expenditures for investments have included about $1( million
 

$B million in various tributary irriin experimental farms, 

gation projects, and S21 million for pioneer agricultural
 

projects (with another $G2 million scheduled for presently
 

planned projects). Also, annual operating expenditures for
 

the experimental farms in 1975 averaged about $150,000 per
 

farm per year. Because of the importance of agriculture in
 

the overall Mekong development programme, a special Agri
to assist in
cultural Sub-Committee was established 	in 1971 


All of the activities
the agricultural planning activities. 


are implemented through the riparian governments.
 

The basic philosophy of the ilekong Committee's entire 
to guide the continuing developmentagricultural programme is 


basin so thatof agricultural practices in the lower 	ilelkcng 

existing practices can be gradually transformed, so that the
 

maximum yields of the region can be realized on a sustained
 

basis. The Hekong Committee's plan is two-fold, to demon

achieve maximum sustained productivity, and tostrate how to 
plan for applying these methods on a comprehensive scale 

throughout the basin taking advantage of the increased oppor

tunities resulting from water resource development. 

From the point of view of environmental effects, it
 

is envisioned that the Mekong Committee's agricultural pro

gramme will result in great benefits to the general welfare
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of the region. 'Jhile it is true that farming of lands pre
viously not farmed will decrease the extent of virgin lands 
available for wildlife and other purposes, this trend is con

sidered inevitable for meeting basic human needs.; Similarly 
it is inevitable that increaL: In irrigated agriculture will 
be accompanied by increasing transpiration or loss of water 
to the atmosphere that otIeurise '.Jould be retained in the 

river system, 'thich conceivably could depreciate some river 
use values. Ulso, increased u;e of agricultural chemicals 
such as pesticides, herbicid~es, and even fertilizers will 
result in some adverse effects on w'ildlife (and conceivably 
even on humans) as residuals frm these chemicals are absorbed 
into the environmeni:. ..qain, I vcver, increasing population 
growth will require the higlhest priority be given to increased 
food production.
 

2. Perspectivo of ar- ilLure -in P-a °n-irri ation area 

As a basis for plnning its agricultural development 
programme in the lo%.er basi.n, particularly in the areas to be 
affected by irricjatioi, from [-a INlong, the -iekong Committee has 
studied the history and evolution o f arming practices in the 
region, especially in the last: several decades t.hich have 
been characterized by both rapid population increase and by 
availability of ne%' tec'.inologie:; for increasing yields. The 
object of this evaluation has been to asess the potentials 
of existing cropping methods for meeting future needs and the 
extent it will be necessary to improve these practices to 
meet minimum food productioi, levels (Ref. 1, 2). 

Since about the end o' nineteenth century, most of 
the lands in the lo:;er reaches of the Ilekong and Chao Phraya 
rivers, including dense inundated riverine and tidal forests, 
have beeni reclaimed to become - entres for agricultural pro
duction. Large forest and savcnna areas of the northeast 
and central plain o'- Thailand have been new.'ly exploited, 
so that the paddy aEreas are no,.! more than 10 times what they 
were in 1350.
 

The mos: signif:ic.n-,: lianges affecting the overall 
agricultural picture are those taking place the past fe%, 
decades due to rapid population gro'th. In the past 25 years 
the population of northeast hailand has doubled, and the 
area of cultivated lands has correspondingly doubled, since 
an extensive type of ilrming is practised. The population 
is expected to double again during the next 25 years; however, 
of the total area of 17 millIon ha, eliminating deeply flooded 

areas, stream o, and topographically unsuitabeds, ,:ommunities, 
ble lands, the total land su:;.table for cultivation is 6 
million ha. Of this 5 million ha ktere already under cultiva-
tion in 1f70. a sovi.') (,isathe distribution paddyf of 
and upland fields shows that present paddy fields are located 
not only on alluvial soils suitable for paddy (recent and semi-

onrecent alluvial soils) but that more than half are located 
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more 	coarse-te:tured roils le.-s suitable for rice than for
 
upland crops. Also the extent of upland fields is spread
ing into forest zones as public roads are opened, hence 
increasing the e.x.tent of the total cropping on soils les 
suited to agriculture (because of their greater erosion 
potentials). %ssuiing this trend wjill continue, the total 
cultivated areas should use up all the potentially arable 
lands by 1930. For example, the chanwats where cultivated 
areas in 1970 e:;ceeded 90 per cent of the arable lands 
included Nong Khai, Udon Thani, 11oi ;t, Buriram, and 
Chaiyaphum. To maintain the ex:,ected population growth will 
obviously require modifications; in the -xisting pattern of 
agricultural development.
 

The analysis of the situation in northeast Thailand 
made in 1973 (Ref. 1, 2) developed the follow!ing findings: 

(a) 	 For upland farming, kenaf is the only dominant 
crop, with the yields more a function of soil 
fertility than rainfall. Before 19G6, when 
every year large areas of virgin lands were 
exploited, yields were commonly 200 k/rai or 
more, but since 1966 yields have declined as 
the percentage of virgin lands decreased and the 
percentage of land: repeatedly cultivated 
increased. Statistical analysis indicates 
depreciation of overall yields by 50 per cent 
in about 13.4 year:s. 

(b) 	 The current yield .'-r the paddy areas is about 
243 kg/rai. WJith increasing irrigation and with 
the increased labor power which will be available, 
the yield can be increased to 410 kg/rai by 1905 
and ultimately to 452 k,j/rai by 1995 assuming 
irrigation services are available to all paddy 
areas. These figures represent the numerical 
limitations of the present system of extensive 
paddy practices, i.e., evn with maximum use of 
fertilizers the sustained vield levels to be 
expected with current rice varietien are of the 
order of 3 tons of paddy per hectare. In other 
words, the production ceiling to be expected 
from such a development .itrategy, under the mono
culture paddy system, i:svery limited. 

(c) 	 Water will probably prove to hC, ultimately, a 
limiting factor more ;ericis than arable land. 
Rainfed paddies are errat.ic in performance and 
for sustained yiei 's need supplemental w'ater 
amounting to 2'0 mm in an average year and 
800 mm in drought years occurring every 10 years. 
The total demand for supplemental "water on 
irrigable3 paddien in 1rought years is about 14 
billion rn , almost !qual to the total watershed 

http:errat.ic
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runoff in such years. The maximum water supply 
potential is about 15 billion m3 , assuming it is 

feasible to store ani 3 distribute this anmouot. 
Of this 15 billion m , some 4.5 billion m' was 

being stored in 1.970, enough for use on about 
330,000 ha in the rainy sea!-on and 250,000 ha in 
the dry season. florcover, For diversified and/or 
double cropping, thv,total demand could he as 
high as ' hillion i:C including the 1 billion m 
for rainy3season paddy°. The deficit of 23 
billion m :ill heve to come fFrom another source, 
i.e., the Meonj rivr. 

(d) 	 By 1980 all of the ar]le lands in the northeast 
will have been tak en ' '."I ngriculture, plus many 
marginal and sub-;cr'inal arveas. Kenaf production 
will have reached a p] eteau, and the same situa
tion w:ill likely occur 'ith cassava, the ne', crop 
now extensively grown in the northeast. The mono
culture paddy system, with extensive irrigation 
and ample use of ,ertilizers, iill have a produc
tion potential o_- about twice the present level, 
i.e., about r, millions tons/year. 

The conclusion from thise stud e:: is t]at the resources 
of the northeast (and o-' sone of the other regions in the lower 
basin) under present lan:1 u::e practicur are quite limited,end 
that these practices must be odifiie, to meet future needs. 
The entice agricultural programme of the ilekong Committee is 
designed to develop and lc;ionstratc methods and technologies 
to change e::isting patteorns: of "accelerated traditional/ 
declining fertility" fa-ming to sus;tained yield farming taking 
maximum advantage of irritation :)otentials from projects like 
Pa Mong. 

3. ricultural ree;irch an,, e.:periitentation 

A major component of the ilekong Comittee's agricul
tural development programme is a continuing programme of 
research and esmeriuentatioa, to levelop practicable means 
by which modern technology can 'e incorporated with tradi
tional farming methods to result in rn::anum sustained yields. 
The research and e::pe-imental proqram;e embodies two approaches, 
first a sercies of e::er-imental farms locate0 throughout the 
basin, plus a group of re:;earch investigations: attacking
specific problem area:; to produce findings: having regional Or 

basinwide application., 

3.1 Epj)erimental .aris 

A system of esperinental farm: in the four riparian 
countries has been spon-ored since 1962 by the elekong 
Committee together with collaborating agencies especially the 
UNDP and PAO. The purpose of these farm:; is to evaluate, 
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under controlled conditions, the soil-plant relationships in
 

the irrigated agriculture enpected to result from water 
resource development, including yields, water requirements, 
costs of production, and farmer reactions. More specifically,
 

the experimental farms are intended to promote crop improve.. 
ment under conditions of irrigated agriculture both in the 
dry and the rainy season. For this purpose, these farms have 
a number of specific objectives, the most important of which
 
are: 

(a) 	 Selection of plants for which the experimental 
farms will recommend cultivation techniques to 
the agencies in charge of agricultural
 
extension; 

Selection of local varieties and improvement of
(b) 

their potential yields" 

(c) 	 Import and testing of new rice varieties, selected 
by the International Rice Nesnarch Institute, to 
test their adaptability and to determine the best 
growing conditions before proposing them to the 
extension services;
 

(d) 	 With local and imported varieties, conducting of 
tests on requirements for irrigation iiater, 
fertilizers, herbicides, and pesticides; 

(e) 	Once the tests have been carried out, proposing 
new varieties and irrigation methods to farmers 
operating in the demonstration areas of the 
experimental farms. 

The results of the experimentation and demonstration 
should be most helpful in assisting the pioneer irrigation 
projects to progc-ess from the study phases to stages of
 

implementation.
 

At the present time the programme includes eight 

experimental farms, with locations as shown in Figure 1, 
including one in the Lao PDR, one in Thailand, four in the 

Democratic Kampuchea, and two in Viet-flam. The selection 

of sites w.as mad-2 to include a wide range of soils and 

problems to be e::perienced in practicing irrigated agricul

ture 	 in riverine areas, on lowland soils, levoe soils, semi

impounded lowilands, upland soils, and seasonally flooded 

soils. The e:-perimental farms generally have 10 to 20 ha 

allocated to research and about 300 ha for demonstration. 

Table I summarizes information on the eight farms
 

(Ref. 19), including some details on the types of research
 
and experimentation involved.
 

3.1.1 Periodic reports
 

A detailed review of the findings of the experimental 
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farms programme is given in the Mekong Committee report series, 
"Periodique Agricole, Stations D'Exprimentation et de Demonstra
tion" (Ref. 19). Volume 1, prepared in 1972, presents a summary 
for each farm from the date o its establishment up to the 1970
1971 growing season, Volume 2, issued in 1974, covers the 1971
1972 period (both rainy seasons plus intervening dry season). A 
third volume is being prepared to present the results from the 
1972-1973 dry season onward. 

3.1. 2 ligh-yieldling rice variieties 

One aspect of the ex:perimental farms programme has been
 
an assessment of the potentials; of HYV (high-yieldinq varieties
 
of rice) in the rinarian countries (Ref. 5). The IHYV were
 
introduced in the basin more than seven years ago. Although
they have had a spectacular development in the Vietnamese delta,
 
where they occupy 20 per cent o,' the rice area and produce

almost half the paddy, the role of "DYV is still marginal in the
 
other three countries. An analvsis of the accumulated
 
experience, both at the e:,perimental farms and under actual
 
farm conditions, indicates the following tentative conclusions:
 

(a) 	 Even unde'_- contro.le,l experimental conditions, 
the HYV behave Lrr-eoular]ly, and lo not always 
yield mort than local varieties. 

(b) 	 The higher yields of FYV under actual farm con
ditions can be attained only with high fertiliza
tion, and most important with good water control. 
The 11YV are seriously handicapped hy their short 
height an,! insensitivity to photo-periodism in 
case of insufficient water control. 

(c) 	 Conditions favorable for 1{YV in the basin are at 
present more-or-less limited to the lekong delta 
where the hig h population density necessitates 
higher yields. In other areas use of HYV will he 
limited to irrigatwl areas which, even with the 
projects spon:;oredl by the Mekong Committee, iill 
not exceed 2 million ha hy the year 2,000 out of 
the total 10 million ha now under rice cultivation. 

(d) 	 Efforts should be made to increase production of 
lands where water control is insufficient for IfYV, 
with research directed to improvement of cultural 
practices to increase soil fertility and obtain 
higher yields with local selections, and to breed
ing of new hixjher yielding varieties adapted to 
areas with limited irrigation potentials. 

3.2 Livestock developmnent 

In order to develop practicable methods for mixed farm
ing and utilization of irrigation for feed and pastures in 
relation to Hekong basin development, the Mekong Committee's 
programme of agicultural research has included some studies 
and surveys for evaluating the use of irrigation water in 
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developing forage and pasture land for livestock. The 
specific activities in,-lude (1) use o< irrigation water for 
improving forage crop and pasture, (2) efficiency of 
different types of feed available in the basin, and (3) 
survey of livestock and feed enterprises in the basin for 
a prefeasibility study for a livestock" development programme. 

3.2.1 Cattle stockinq rates in northeast Thailand 

A modest livestock study, a f'ive--year programme, was 
initiated in 1969 by means of field experiments at Nong Khai 
and Khon Kaen in northeast Thailand (Ref. 6). The experiments 
were designed to determine the cattle-stocking rate or carry
ing capacity of both irrigated and rainfed grass pasture. The 
tests included use of grasses alone and of mixed pasture of 
grass and legumes to determine the areas of irrigated grass 
and/or legume pasture needed for one grazing animal. The 
work also included surveys of commercial livestock raising 
enterprises and of the supply of animal feed in each province 
of northeast Thailand in connection with planning for local 
development of agro-industries. The e:*periments were completed 
in August 1974, after two two-year e-perimental cycles. 

The main conclusion from the study is, for conditions 
in the northeast, the availability of irrigation will not offer
 
significant advantages over rainfed livestock raising in most
 
areas. Generally the rainy season jill produce sufficient
 
feed to meet year-around needs provided silos are used for
 
storage of feed for use in the dry season. 

3.2.2 Secial studies 

Two additional studies on livestock development have
 
been sponsored by the Mekong Committee including an evaluation
 
of the fodder situation throughout the basin completed in 1974
 
(Ref. 7). and an evaluation of livastock management in the
 
riparian countries completed in 1975 (Rref. 0). 

The study on fodder needs in the basin recommended that 
the Mekong Committee sponsor a programme for increasing live
stock production in the basin because of the unsaturated 
demand for animal products end also for draught animals, based 
on the constraints imposed by forage quality and availability. 
The recommended programme would include (a) research grants 
to institutions in the basin for study of pasture species 
evaluation and breeding, seed production, and fertilizer needs, 
(b) training in pasture science at universities and extension 
training centers, and (c) institutional arrangements to assure 
availability of reasonably priced high quality pasture seed. 

3.3 Heavy clay delta soils 

The Hekong Committee has participated,together with the 
Government of Viet-Uam ':he Universities of Can Tho, Hawaii, 
and Colorado State, in a pilot project started in 1974 for 
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achieving multiple cropping on heavy clay delta soils under 
conditions of water control. ViriauL ield crops are being 
raised on c f;-ha experiinentil farm at Can Tho .ith tile apli
cation odT e.xerimental cropping :)raCLJcs irLrigition methods, 
and soil treatment. 'roject fundinfi inAludes , housing, 
laboritoiesw a, ec1i/nn 7 and tra ining of personnel 'or a period
of Si;: y 

3.1!i itd i:oselrch i2jogr a '.V begu in Il1l, l.rhile 
a%.aitinr construction of. the laion6tLies unthe! facilities., 
This included revic.! uf tice e-tistinj -g;ou-.econorlic situation 
in selected ci e-'oi,.onta! "ovince0.ll' e:1: ,i evoporo
tion/Lrans irat ,J.i --,tes 'Los Lo Lice, pCrcolatiun tests 
on heavy cly soils, wn: fwLiie op lications (e.. ior 
sorghu pla te in floati, rice areas du ing thu dry season). 
The 19.. 75 do, seasonl .1ogr110ole included testing of wheat 
pooduction, aigh.2 yields ic tice VaLOLieis, and 
productiun of drougiL--olorant aice varieties. 

.3. -Rock salt 

n detailed stC'iy of the effects3 of year--around irriga.. 
tion on the ciality K grond :ater and return flous il the 
Lao [DR am! nrtleast Thaliland underlain ')y roc]k salt ",as con
pleted in l.t'73 (M. 20). The findkgn aT the study show that 
irrigotin confined t tLe rainy sL.son !ill not signiicantly 
ao fect _ground Le" but year.-lround irLLifaLtion xi]i. re:ult in 
significnnt e. act-;, namely (1) ground .er levels ,rill rise 
from 1-2 meLres in loodplains and mucl ors metros in 
upland tu osj ,aence u:loin .ge i..'il! . y to iorevent 
,:aterloggin, -nd ,-lnizacio: ' 'aLelsoi. (2) o-nund discharge 
,_,ill increase 1 cent, tent:,:_ o SareaIlS %,ill hove aIG--!5 )e. 
highe - ha'- lo' Csoi intcroitt,-n t' t 'aa''n.ll loi. 1erenially); 
(3) the irariCation MElI not .e a to) any dissolving of rochsalt; 
(.) surface stit s eqnac-s ;il]. not 5,.- increased (:1;1Iy he do-
creased in ceo ain ,-ca) (5) tihe i'.Jig.ti ":ill lead to 
no harmful n< <"ts ,;,n 0 to ' i Ii 2l t'' .i the i.lekont or its tribu
taries, and (6%) monituriig o t he o t:Cs of it-:igaLion is 
neverthe less esmrab].et, chec a1 1); EL]. consequences. 

:,. Za.dditional f ,lllo, ,-*u asuy %a:; .ade by the Hl-ekonj 
" Committce in i.d) 4 in 111 ahora tio E'L. the Land cievelolijient 

Department o- TI'lioind (i :e .. 10). Ti is stdy shoed that the 
local seasolna-l so lini: utioa, hich is a widely occurring 
phenomeorn in northec, st TIhoil,-oad, r:Lgina tes .7rom gaound ,ater 
emanating 0frolleaChale sa1t.-bearing :;traLa :'h10 :stiil contain 
soe residu, 1 so]it Oven c lose Co the ground curace. -urct! er
obsrvw- Lion:; ill 00 Iae in ropreseative Les,: areas, by 

personnel of the Land Development Deprtment, in order to make 
a quantit:-tive evaluation of saline dischnarge and build-up in 
the soils of such aIreas. 

http:i'.Jig.ti
http:aa''n.ll
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3.5 S stems analysis of development alternatives 

A micro-analysis of possible farm types, using simula
tion techniques and taking advantage of tha large amount of 
basic data available from studies of the Pa long project and 
other sources, was started in 1973 with assistance from the 
ILO (Ref. 12). A study of rainfall frequency and local dis
tribution, for determination of rainfall needs for farming
and effects of consecutive drought periods in the rainy season, 
w:as also begun (Ref. 17). The potentials of irrigated agri
culture were further evaluated by a systems analysis of develop
ment alternatives in the Lam Pao area in northeast Thailand in 
1975 (Rfef. 20). These quantitative analyses ill form the 
basis for an assessment of alternative development strategies 
for irrigation vs. dry farming for the various zones of north
east Thailand. 

3.5.1 Simulation model iilications 

This activity becian followinq receipt of a system
analysis model developed by TANS and applied in Turkey, 
Venezuela, and Ecuador (Ref. 21). The model was further 
developed by the Nekong Committee and adapted for a computer 
programme called the ekong Agricultural System Simulation 
(MASS), using as input data the e::tensive material collected 
for the Pa rlong Stage One feasibility study (Huai Nong divi
sion). This work required eiclht min--months; of professional 
staff time and about 10 hours o- a CDC 3600 computer. 

The purpose of the PASS programme (Nef. 12) is to 
demonstate the effectiveness oF an agricultural economic simu
lati~n model for analyzing agricultural alternatives and poten
tials under M1ekong basin conditions, thus providing a highly 
effective means for assisting in planning for ma:,imum beneficial 
use of irrigation potentials. Properly es:ecuted analysis pre
cludes options that are impossible, impractical, unrealistic, 
or uneconomic, Specifically, the MASS programme has the purpose 
of providing an effect-ive and rapid means for (1) analysing 
agricultural development alternatives under es:isting and possi
!Dle future conditions of :farm size, farming methods, soil pro
ductivity, mechanization, crops and cropping patterns, each 
separately for dry land, Arained and irrigated production- and 
(2) analysing farm budgets in sufficient detail to enable the 
preparation of individual farm operation plans. For the 
initial MASS programme, the data stream was designed to permit 
analysis of various alternatives, namely irrigation and rain
fed farming, four different farming methods (animal traction, 
limited mechanization, semi-mechanization, and full-. 
mechanization), nine farm sizes representing the actual 
situation in the Iuai Hmong division, 16 soils of different 
productivity, and 20 crops arranged in three or sia-crop 
rotation as controlled by the relevant farm method. The 
analysis was made for both market prices and accounting prices. 
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The model allows for analyzing a choice of various
 
alternatives emphasizing (1) ma,:imum employment, or (2)
 
maximum net return, or (3) minimu i capital investment, or
 
(4) minimum credit rejuirements. The results of the 1974 
work are encouraging but still experimental anl not yet fully 
applicable to other areas of the basin without adaptation and 
further testing, which is in progress. The programme for 
1975-76 includes analysis of project areas for which sufficient 
basic data are available, e.g., the delta and pioneer agricul
tural project areas, to test the model's output against practi
cal results in the field ai also to usa the programme for 
simulating possible farm prices, based on the experience gained 
on the Kalasin experimental farm for the Lam Pao pioneer agri
cultural project.
 

3.5.2 Rai,.all anal-ysis 

Thle rainiall analysis ( /. 17) had the objective of 
determining whether tle considerable diiferences in yields of 
rainfed paddy in the northeast arie related primarily to the 
rainfall distribution patterm end quantif'ying irrigation 
requirements for year-araund I.-ibly1 production. The analysis 
indicates an averagu irrigation requir.-ment o- about 520 mam, 
i.e., an annual neL ;ate- u:;e of 13,000 ma per farl of 2.5 ha, 
or 17,000 m3 alloling for 25 per cent form losses, assuming 
all irrigation labor will be Croi time fare family without 
hired hele). An evaluation of the relationship between rain
fed crop yields and rainfall shoi the- re lathive rate of plant 
growth (hence plant yield) depe.nds upon the mean soil moisture 
stress in the active root zone. An adaptation of the Nedges 
and Hoore model incororoting this relationship appear-; appli
cable to conditions in the northeast. 

3.5.3 Lam Pao irria!ion altern-tive:s 

The systems analysis at Lam Pao included 19,000 ha in 
a new irrigation service area ueceiving water from Lai Pao 
reservoir which was completed in 1953 (Tef. 22). Uhile the 
Kalasin Experimental Fare, in stu.ying irrigated rice culti-
vation in the Lam Pio project area, har! dlemonstrated the 
physical feasibility of significantly increasing crop yields 
and of double-cropping, little utilization of the Lam Pao 
irrigation system has been made hecause o,- farm distribution 
and management problems. The ir rigation ;ystem is under
utilized and little double cropping occurs for a number of 
reasons including the unsuitability of time local rice during 
the dry season for reasons of photoperiodicity- hence high
yielding non-photosensitive varieties must he used. However, 
these are sensitive to inundation depth, requiring careful 
control of irrigation ,,hich. in turns- required near-capacity 
operation of the system (water delivery to small and 
scattered areas is impractical). Also, the high-yieldig 
varieties require more fertilizer thus more credit. Also, 
production techniques with the high--yielding rice varieties 
differ somewhat from traditional methods. Finally, the income 
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to accrue from irrigated rice production in this area
 
(representative of northeast Thailand) is considered rela
tively small compared to the risks in undertaking a new type
 
of cropping venture.
 

The study was aimed at demonstrating a feasible
 
approach to irrigated rice cultivation by minimizing needs
 
for capital investment and for credit, and maximization of
 
employment and net return. Among the variables considered
 
were 20 crops, 11 farm sizes, dryland and irrigated condi
tions, IC irrigation units, market and accounting prices, 3
 
farming methods, And 11 soil bodies. The analysis was con
ducted using a simulation model and a CDC 3600 computer for
 
processing about 30,000 data inputs (exclusive of soils
 
information).
 

3.6 Soil stabilization
 

Another research activity, authorized in 1974, in 
experimentation on stabilization of soil structure on canal 
embankments and on arable lands, with the initial work 
to be limited to northeast Thailand and the Lao PDR (Ref. 22). 
This project will evaluate the feasibility of using bituminous 
compounds and other means for stabilizing canal embankments 
which commonly are left .;posed because of the high cost of 
paving. The banks are rapidly eroded by rain, even for the 
flatter bank slopes, due to a lack of soil particle coherence 
characteristic of many soils in the basin especially in north
east Thailand. Hopefully the use of such compounds will be an 
affordable substitute for espensive paving.
 

3.7 Delta soil fertility
 

Because the Pa Hong dam will serve to trap silt, there 
is apprehension that Pa Hong might lessen delta fertility. An 
evaluation of this potential ias made for the Mekong Committee 
by the University of Hawaii in a report submitted in January 
1974, "The Composition of Mekong River Silt and Its Possible 
Role as a Source of Plant Nutrient in Delta Soils" (Ref. 15). 
The study included analyses of the mineralogical and chemical 
composition of Nekong river sediment and of soils of the 
Vietnamese portion of the ile-org delta. River sediment samples 
were collected at regular intervals from October 1972 to Hay 
.973 at Long Xuyen, Cantho, and Hy Tho in Viet-Nam. Soils 
were collected along transects running perpendicular to the 
river at locations near the sediment sampling sites. 

Small but significant difference in mineral, chemical,
 
and acid extractable nutrient content were measured between 
;ediment and soils. The sediment samples were higher in mica, 
hematite, kaolinite, feldspar, and chlorite-montmorillonite 
and lower in quartz contents. The sediment samples were also 
higher in magnesium, phosphorus, potassium, calcium, and 
manganese and lower in aluminum contents. The readily extract
able phosphorus, potassium, and calcium contents were also 
higher in the sediment than in soil samples. 
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Based on these data, the quantity of phospho us, 
potassium, magnesium and calcium added to a soil each, year by 
sediment was computed assuming a yearly deposit of silt one
 

millimeter thick with a bulk density of 1 g/cm3 . The readily 
soluble nutrients whiich would thus be added each year to a one 

1(hectare area amounted to 1.0 kg P, 3.2 kg , 4 kg Mg, and 50 
kg Ca. It was concluded that even if these computed values 
were doubled, the sediment deposit could not significantly
 
increase the fertility of delta soils.
 

Examination of the soils data confirmed the above con

clusion. It had been assumed that soils near the river bank
 
would receive a larger quantity of sediment and therefore would
 

contain more soluble nutrients than soils away from the river, 
but the data showed no significant difference. Soil texture 
and soil moisture release data also did not vary with distance 
from the river channel.
 

Based on mineralogical, chemical, and physical analyses 
of sediments and soils of the delta, it was concluded that the 

annual deposition of sediment does not measurably increase the 
fertility of Mekong delta soils and moreover that water control, 

not soil fertility, will be the dominant factor through which 
large increases in delta agricultural productivity can be
 

realized.
 

3.0 Ad hoc panel of environmental consultants
 

The final report of the ad hoc panel of environmental
 

consultants included a number oF recommendations for additional 
research activities. These included (a) studies of the poten

tials of water control to reclaim large areas of soils both in
 
and in the delta which are now too salinenortheast Thailand 

for productive use, an ' similarly to reclaim extensive areas 
of acid sulfate soils (up to I illion ha) in the delta, 
(b) studies of potential problems of pests (insects, fungi, 
bacteria, viruses, nematodes, rodents, and weeds) and of 
plant diseases which may result from the planned wide applica

tion of irrigated agriculture in the lower basin, and (c) 

evaluations of the potentials of waste recycling and of 
improved home gardening in rural villages to increase agricul

tural productivity and income. 

All of these proposals are being considered as possible 

new research activities, including possible incorporation into 

the experimental farms of pioneer agricultural projects pro

grammes. All represent worthwhile endeavors, but are presently 

considered to have a lower level of priority compared to the 

projects already underway or authorized, which deal with the 

primary problem areas as they may be discerned at this time. 

4. Pioneer aqricultural projects 

Unlike the experimental farms, which are designed for 
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research to test new technologies under controlled conditions, 
the pioneer farms are intended to demonstrate how a successful 
farming community operation can be established as promptly as 
possible, so that the results can be progressively applied to 
implement major regional irrigation schemes. The concept of 
the pioneer project is to demonstrate at full working scale 
the feasibility of modern sustained yield farming practices 
under a variety of conditions, representing each of the major 
soil types and cropping patterns found in the basin, to realize 
maximum benefits from water resources development projects such 
as Pa Mong. The term "pioneer" was selected for these projects 
because their primary1 purpose is to develop a new system of 
farming practices, including appropriate forms of institutional 
organization, farmer assistance programmes, size of farm units, 
farmers' organizations, and related matters so that the desired 
new farming practices can be applied with confidence throughout 
the region. 

All of the pioneer projects are intended to be full-
scale models in which solutions can be found for both physical 
and human problems, hence must be of sufficient size to 
encompass the full array of physical and institutional problems 
likely to be encountered in the subsequent large undertakings. 
Also, in view of the close relationship between irrigation and 
dry farming, and to provide a basis for judging the increases 
in agricultural production that can be expected from irrigation, 
the programme includes two projects in the rainfed (dry farming) 
areas. These projects in total will provide a basis for planning 
efficient basinwide utilization of agricultural resources. 

The pioneer projects included in the Mekong Committee's
 
plans represent the largest such programme for water resource 
projects yet Underta :en. The concept of the pioneer project is
 
believed to have originated in the Sudan in the 1930's, for
 
demonstrating methods for cotton cropping, and has also been
 
used in the Euphrates river zone in Syria from 1953-66. It was
 
first suggested for the lower 11ekong basin by an FAO expert in
 
1967.
 

4.1 Projects included in proqramme
 

At present a total of 15 pioneer projects are included
 
in the programme. They are listed in Table 2 with locations 
shown in Figure 1. A UNDP Plan of Operation, approved by the 
Mekong Committee, UNDP, World Bank, Asian Development Bank, and 
four donor nations in 1971, and extended in 1973, includes 12 
of these projects. The other three projects, at Nong Wai,
 
Lam Pao, and flanchai Kiri, all in Thailand, were established 
earlier hence are not included in the UNDP Plan of Operation.
 

The total area included for the UNDP projects (Ref. 4)
 
is approximately 65,000 ha, with the exnectation that findings 
will be applicabl. to some 2,400,000 ha in the basin. The 
estimated total programme cost is $65 million including
 

Li 
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$ 7.5 million for design (farm systems 	and facilities for 

irrigation, drainage, roads, etc.): $40 million for conshruc

tion 	including on-farm development; $ 12.4 for initial opera

tion (5 years); and $ 5 million , )r supporting an advisory 

activity (monitoring of all the programmes, collection, colla

tion, and publication of information). 

The programme for implementini the UIDP projects 
-

includes several successiw nhasas namely preparation, con

struction, and operation. "y preparation is meant preliminary 

design of the project including defining its nature, scope, 
of costs for conand operating concepts as 'well as 	 estimates 

After approval of the p reparation
struction and operation. 

ready for final de:;ign and construction.report the project is 

4.2 	 Problems beinq inv, :;tig ited 

major problemsThe followinc: i:; a summary of the 

which other countries have e.-eprienced in attempting to esta

blish irrigated agricultural systems, which are being consi

dered in planning and implnieiting the pioneer projects: 

(a) 	 irriation inter suply, The design of the 
the particudistribution factilitie.s must suit 

lar crop/soil nteds to provide adequate irriga

tion without erosion and excessive water loss. 

The water riust be available to the farmer to 

protect his investment when he needs it (to 

prevent wil.ting): this means designing on the 

basis of "der ai' as wel as "rotation". 

(b) 	 Nori-irrigabl lai1.: Many projects have 
one:,perienced serious proalems with soils 

project lan!h, including accumulations of 

salts and al:ali, !iatei: logging, erosion, etc., 
minimizehence se.e-ction o) project lands must 

soils. Also, improper levelinclusion ol such 
ing can e::pose subsoil, hardpan, or gravel. 

Sprinkler iri-iionl may be a feasible alterna

tive to such: letlingo 

(C) 	 Drainaine: Drainaqe must be an integral part of 
the design, a.;pecially for multiple cropping. 

water should bePossibiliie:; for reuse of drainage 


considered .:i.tiii:r tb(: limit f icceptable water quality.
 

(d) 	 : i. Common problems areeratioi .jmntennce: 
loss of canal cap city because of silt deposi
tion or '.ae, (J,",'th ,iil malfunctioning of 
divers ion strur tires. Usually some type of 

collmuitv. os mintenncll programme1 ce is 

needed to furn:sh nairitnance services at 
afforda!dl- cc:7.. 

(e) 	 Water control l:;ually open ditch gravity con
water supply andduits :u:;t b u-', both for 

drainage . '?nis means obtaining right-of-way to 
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assure access to all farm units. This may 
result in splitting of e::isting operating units 
to such an e:tent it -ay be advantageous to 
redelineate the operating units so they can be
 
served more economically. 

(f) 	 Farm unit devo1o.ment: The fields must be pre-. 
pared for irrigation ,.ith the land preparation 
compatible witb the method of irrigation used 
(flood or furrow).
 

(g) 	 Farm managment practices: This means the choice 

of selection of crops, fertilizers, insect con
trol measures., irrigation frequencies, etc.,all 
of which depend upon e::porience. Because few 
farmers can be e:pec ted to have irrigated agri
culture enperience, provision of good e:-tension 
services will be very important. 

(h) 	 Farm supglies and equipment: Arrangements must 
be made for local merchants to stock the 
necessary supplies and equipment.
 

(i) Credit: Many farmers will need local sources 
of credit at reasonable interest rates including
 
long-term credit to finance expenses for huying, 
clearing, leveling land, building homes, etc. 
intermediate-term credit for livestock and 
equipment; and short-term credit for current 
production expenses. 

(j) 	 Public service: A reasonable minimum of community 
facilities (roads, water supply, schools, etc.) 
must be 7urnished to help establish the area as 
a satisfactory community. This means preplanning 
of villages or other types of community settle
ments.
 

4.3 	 Items included in jmriojectLreparation 
Based on the considerations noted above, each project 

plan includes or will include provision for the following:
 

(a) 	 Physical organization 

(1) 	 Selection of project area and project lands.
 
(2) 	 Prediction of farming system.
 
(3) 	 Calculation of water requirements.
 
(4) 	 Design of water supply and drainage 

facili ties. 
(5) 	 Determination of methods of delivery of 

water. 
(6) 	 Design of infrastructure facilities (roads,
 

storage, processing industries, etc.).
 
(7) 	 Construction of all structures and
 

facilities.
 

\7
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(b) 	 Human or anization 

(1) 	 Establishment of organization for opera-
tion and! maintenance. 

(2) 	 Establishment of water users organization 
to manage the project affairs. 

(3) 	 Establishment of government mechanisms to 
assist farmers, issule land title deeds, 
assign waater rih:its, provide community 

water supply, sclools, and health facilities. 

4.4 Monitorinq
 

Because the major aim o' the pioneer project.; is learn-. 
ing how to do a better job of organizing physical and human 
resources for efficient farming under the new conditions, a 
monitoring system is essential to collect, collate, evaluate, 
and disseminate information based on the evolving experience 
at each project. The monitoring system, to be financed a,; part 
of the overall programne budget, !.ll function both basinwide 
and within the projects. To nasiniza the dissemination of 
information, local institutions will be utilized to the ex:ten
feasible for data collection and aina-lysis. 

4.5 Pinanc ing of projects 

The pioneer projects can hardly be e:spected to be 
profitable in themselves although some might be. Decause they 
are learning esperiences, some oL their costs must be considered 
part of tile overall ezpense of water resource development° 

4.C Current status
 

Table 2 presents a summary of pertinent information
 
briefly describing each o.' the pioneer projects and its current 
status. The preparation plan:; for most of the projects were 
completed by the end of 197,1 or in early 1975.. 

5. Irilaion . l _ 1. 

Another important aspect of tile llekong Committee's 
agricultural programme is application of the currently availa-
ble technology 'or development of preliminary master plans or 
bases for master plans for agricultural development in selected 
regions of the basin. 

5.1 Vienti anea lain 

A study identifying et priority irrigation projes ts 
within the Vientiane plain, commissioned by the Asian Develop
ment Bank (AD3), was completed in 19. A feasibility report 
on pump irrigation in the Vientiane plain w/as completed in 
1970 by the U.S. 'ureau o- Reclamation (U.SD;1), independently 
of the ADD study. 

In 1974, the Vientiane Plain Development Authority con
tinued work on construction ind initial operation of one of the 
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priority irrigation projects identified in the 1969 study,
 
Tha Ngone, with assistance from ADD and the Government of 
Japan. The Governments of India and P'rance submitted feasi
bility reports to the Government )f the Lao PODI on the cakNao 
and Thadeua projects, respectively. These three projects, 
Tha Ngone, Nak Ilao, and Thadeua, are being prepared within the 
conte:ct of overall development planning for the Vientiane plain 
arising from the studies by the AD?,'s consultants in 1969 and 
the USBR in 1970. In addition, the development of the Casier 
Sud area of the Vientiane plain is included in the pioneer agri
cultural programme.
 

Another of the eight priority projects referred to 
above, Kao Liao, in 1974 was the subject of preliminary planning 
by the Mekong Secretariat and the- Vientiane Plain Development 
Authority, in order that the first phase o:f the proposed Kao 
Liao pump irrigation project he prepared for early implementa
tion. This would be a 1,000--hectare development within the 
10,480--hectare project area, .ihich is situated close to the 
wiestern outskirts of Vientiano. The purpose of the project is 
to develop the initial 1,000 hectares for intensive irrigated 
agriculture, the water to be pumped from the ekonc river using 
low-cost electricity available from the Nam Ngum hydroelectric 
scheme. The proposed development .ill permit the integration 
of refugees -- now in scatterled settlements in the Kao Liao area 

into an orgnized farming community. Both the AD3#s consultants 
(1969) and the USBR (1970) concluded that the Kao Liao project 
would be economically one of the most attractive projects in the 
Vientiane plain development programme. An updated cost estimate 
for the 1,000 ha first phase gives a total overall cost of 
$ 1,387,000 made up of $ 940,000 in foreign currency and
 
$ 447,000 in local currency.
 

5.2 Mekong delta. 

5.2. 1 Dutch team report 

The agricultural potentials of the Mekong delta which 

includes 1.6 million ha in Democratic Iampuchea and 3.9 million
 

ha in Viet-Nam, can be considerably enhanced through opportuni
ties stemming from water resource development. The Mekong 
Committee together with the Netherlands Government undertook a 
four-year programme in 1970 to provide a basis to be used by 
the riparian governmunts in preparing mas;terplans for agricul
tural development in the 11,'!:onj delta, including preliminary 
design of selected specific projects. This project was com
pleted in April 197,1 ,w!ith subittal of the main report, 
"Recommendations Concerning Agricultural Development with 
Improved Water Control in the ekong Delta", together with two 

appendices and several wor!-ing papers, as follows (Ref. 9): 
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Appendix A 	 Evaluation of possible develop
ment 

Appendix B Identification of further investi
,,ations 

Working Paper I Impact of rainfall and floods on 
paddy productiion 

Working Paper II Climate and analysis of evapora-
Lion and rainfall 

Working Paper III Floor' demand for 1970-2000. 
Working Paper IV Iiydelogy 
Working Paper VA LandI resources 
Working Paper VD Social and economic aspects 
Working Paper VI Irrigation and drainage 

The entire four-year study included a p)rofessional input 
by the Dutch team which carried: out the study estimated at 
approximately 25 man-years.
 

A brief summary of the study is prefsented as follows: 

(a) Evolution of farmincj in delta: Technical develop
ment of the delta was started in the first decades 
of this century, and! since then a large number of 
canals have been dug to open up new areas and to 
improve drainage conditions,, Little has since 
been done to develop agriculture by improvement of 
water control e::cept for improving the main drainage 
canal systems anl the recent introduction of pumps 
for irrigation use,l by individual larners. Of the 
total area of 5.5 iillioii ha in the Mekong delta, 
only 50-60 per ce:nt is cultivated. The remaining 
land has been unsuitable because of flooding 
or unfavorable soil conditions (salinity, acidity, 
toxicity). About lb ps,r cent of the cultivated 
area grows one crop of -icc per year. Ploating 
rice is grown in aIfeas ''ith deep flooding and 
transplanted ric. in areas less deeply flooded. 
High-yielding (!IYV) rice cultivation is expand
ing rapidly in tUe Vietnamese part of the delta. 
Of the total delta cultivated area, about 5 
per cent is doubl , cropped and 5 per cent used 
for crops other than rice. Total rice production 
is 4.7 million tons/year in the Vietnamese delta 
and 1. 1 million ton/.year in that portion of the 

delta in Democra tic lampuchea. 

(b) Present situation: 

(1) 	 Climate: Painfall is a major constraint for 
year-around cropping. ithout irrigation 
only ono crop o- rice per year can be grown, 
and yield: arc often reduced by dry or wet 
spells. 
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(2) 	 Water resources: hater control measures,
 
such as drainage, irrigation, protection
 
against sea water intrusion, and flood pro
tection will be the main features of agri
cultural development. The .,ater entering
 
the delta averages 14,300 m3/sec, ranging
 
from an 2verage maximum in September of 
41,500 in /sec, and an average minimum in 
April of 2,000 m73 /sec, and flows mainly to 
the South China Sea through a system of 
branching rivers. During the flood season 
large areas of the delta are flooded (up to
 
3-5 m in some places), while also large
 
quantities are -,tored in the Great Lake 
which functions as a buffer reservoir. Some 
of the water flows overland towards the Gulf 
of Thailand and som-e is drained by the 
Western and Eastern Vaico. Upstream dam 
projects, including tributary and mainstream
 
projects, can be expected to increase the 
average low flo,.! by 1,000--2,500 m3/sec within 

20-30 years, an(. to reduce flood levels in 
the deeply flood .I areas by about I m. As 
part of the study a mathematical model was 
constructed to study the discharges and water 
levels of the river branches downstream of 
Phnom Penh. This showed that distribution of 
the dotnstream flow among the river branches 
is a function of both the magnitude of the 
river discharges and of tidal conditions. 

(3) 	 Seawater intrusion: Seawater intrusion makes 
much of the water in the downstream parts of 
the river branches unsuitable for irrigation, 
with the extent of intrusion depending mainly 
on the river discharges and the depth of the 
bars in front of the estuaries. Seawater 
intrusion not only affects water quality in 
canals and creeks but at high tides can flood 
adjacent land areas. Extraction of fresh 
water for irrigation from the river branches
 
or creeks and canals will increase the intru
sion, and the increasing application of 
sampan pumping is having this effect. Direct
 
seawater intrusion from the sea through canals 
and creeks can be prevented through use of 
small enclosures. Salinity of irrigation 
water should not e:.ceed I g/l during rice 
transplanting nor 4 g/l during the end of the 
growing season. i'our different salinity 
zones are delineated. 

(4) 	 Soils: Moce than 90 per cent of the delta 
land has heavy clay soils which are more 
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suitable for rice than other crops. Very
 
acid soils are cormon in the Ha Tien Plair, 
and Plain of Reeds, and acid to very acid 
soils are cori.on in the central part of the 
Trans-3assac. |lost o, the delta soils have 
a low to moderate fortility level, hence 
more fertilj:seor: ,rill he needed to maintain 
higher production levelo. 

(5) 	Irriqlation and drainage: Drainage is generally 
poor due to the flat terrain throughout the 
delta. The recent trend for use of sampan 
pumps for irrigation has espan~ded double 
cropping of rice fro a fet. thousand to 
150,000 ha. Tie w..ater1 duty is about 1.1 
liter/sec/ha 7or two crops of rice per year, 
and less for othe:r crops. Drainage 
criteria, based on a three-day rainfall with 
a return period of 10 yearf;, vary from 1.7 
to 4.4 litres/sec/he for short stem rice and 
from 0 to 2.3 litrco/sc/ha For long stem 
rice. Irrigation throughout the year is not 
possible by gravi ty alone in most areas but 
along the main rivers this can he achieved 
if supplemented by local farm pumping. Year
around drainar;e by gravity is possible in 
parts of the coastal area due to tidal 
fluctuations. The study divides the total 
delta area into "main land units" (See 
Figure 11 of !1ain Report) having more-or-less 
common characteristics with respect to soils, 
topography, floodling, drainage conditions, 
and current lind use. 

(6) 	Poolation x's arning: Of the 6.7 million 
population in the Vitnamese delta, GO 
per cent d';pena.al" on farming for their 
living. .',vailahility of farm labor is not 
a constraint 'or airicultural development 
but there will likely ht a growing protlem 
of unemploysent. Of the 3.0 million popula
tion in de].tLa in Democratic VKampuchea,about 
70 per cent are Tartrers (under normal con-
ditions). 

(7) 	Socio-ocononic conditions: While the 
-Vietnames nayFtend toresist farmers' mutual 

cooperation projectn, they are very respon
sive to innovations ani 'illing and able to 
take advantag.: of ne'.; opportunities. The 
present annual incosme from rice cultivation 
is aboit US$ '350 pe" farm family of 6 persons. 
The farrers in hamiocratic Kanpuchea are more 
tradition orienteri, hence educational means 
will be n,.ee(ded as the asis for introducing 

[9
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new methodology. The present annual family 
income from rice cultivation is about 
US$ 250 per family of 5.2 persons. 

(c) 	 Scone for airicultural developent: Agricultural 
development of the Vietnamese delta, without the 

undertaking of ne,: water control projects, could 
meet the national domestic demands for rice for 
the coming decades. Accelerated development of 

the delta by means of ;ater control projects w.ill 
lead to a surplus of rice. Holwever, even in the 
first case without control projects, part of the 

production should be e :ported in order to counter
balance import of commodities like fertilizers, 
mechanical equipment, fuel, etc. Farm income 

will 	 likely remain at the same level assuming the 
agrarian population growth is 2 per cerc per year.
 

(d) 	 Devel oment ,otentials: 

(1) 	Imoroved aqricultural practices: Four land 
suitability cla-ses have been distinguished 
to indicate! the relative suitability of 
different land! units for improved crop 
cultivation. They assume adequate kiater 
control for at least one crop per year and
 

a high level of Farm management, including 
liming for reclamation of acid and very 
acid soils. The study presents estimates 

for present and! obtainable rice yields with 
different degrees of water control and 
requirements for fertilizers, pesticides,
 
and lime for each land unit of the delta. 
Under 	optimum conditions the yield of float

ing rice is set at 2 t/ha, of local trans-

planted rice at 3 t/ha, and of HPYV rice at 
5.5 t/ha. 

(2) Improved water control: The e:isting network 
of major canals and creeis in the delta is 
characterized by large variation in the con
figuration of parcels and smaller creek and 
canal patterns. The study analyzes various 
alternative schemes for achieving irrigation 
and drainage, and low level vs. high level 
systems. For different areas of the 
Vietnamese delta the applicability ef these 
alternative:; are presented, along with 
possible sequences For the development of 
the irrigation and drainage systems. Poten
tial limits for ex:traction of freshwater from 
each river branch by months ,!,ere determined 
considering double cropping in the coastal 
area, year-around cropping more upstream, 
and seawater intrusion. 
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(e) 	 Development possi.litie ' ithout major
 
improvements (the ' i'Cu- cane" in water con
trol) paddy product ul i n the Vietnamese delta
 
may increase in 20 ,ear; Zron the present 4.7
 
to 9.1 million toil.;: ' Li:. )evelopnent possibi
lities for rice cu] ivitn0 with improved water
 
control were delin atC ra large number of
 
"developmen' units a ' .lopuen unit being
 
an area of more-or- 1-,': uniforim con litions. A 
combination o2 a c-a roping pattern 
uniformly applied 't unit with a'I-) .-hole 
certain degree o- ,r :,ntcol is called a 
"development case Xv, I opuen t cases can be 
applied to a devclo): ,!it .nit more or less 
independently fro!.i I .v:o},ments in adjacent units. 
Development cases oro con 'ider d both ,iith and 
without irrigation ucim' sh'_ low flow period. 
A total of nine d:eloe it units were dofined, 
with emphasis on r i ce cult-Jvation, including the 
"without case" o3 no La ,:- control. A combination 
low level irrigjto -inege system was chosen 
for the first stage o; t!:.hadovelopment, wherein 
farmers pump for ilrigaL a ane, drain by gravity. 
For each unit the costs for constricting the needed 
facilities were a:: Lcti-ticluling inlet and out
let structures, The onticip .ted econowic returns, 
based 	 on .resent w r'th a int:ernal rate of return, 
were 	 computed for ,-a i:.A: (Ae'pondJi.- A of report, 
Ref. 	9h).


(f) 	 Dev2opment,! latj.njninil.iq d!: valopment units were 

arranged in groups, "ch rr:i.nLj a region with 
similar agriculturl lo eni:ial as affected by sea-
water 	 intrusion, f od ;r-aviLt conveyance of 
irrigation an.1 era .ar, .xnd soil acidity. 
Recommended priri - ndicated for develop
ment of 'eater cont - .sts by regions, 
beginning ,with ,:hci ar7:: trs,.:n and along the
 
main river branche
 

(1) 	 ULtimate devejlI'nci 'ithout any 3increase 
in loi flc,' " .' o' 1,220 in-/sec of 
water will b i . n lebruary for irri
gating I, !22210U0 hc '.!hich equals almost the 
allowaable , in:tuc a maimum ofio en! 
530 1,3/sec in %piil r irrigating 480,000 
ha. 	 For evclopimen'- 'itii an increase in 
low flow, onl; a liaited increase and no 
reduction in ]oolii ens assumed° The 
irrigation re mc- . in April will reach 
1,125 	 m3 /saec, ',I:Lchians an increase in 
minimum low f:l 'i;,. arce from 1,200 to 3 
3,200 m/:ec, Iotal !I (.5 to 27.1l billion m 
dry season upsrea :;Lorage release. The 
inve stment in [lacili'ies (pumping, canals) is 
about $ ,'5 million. 

kU 

http:latj.njninil.iq
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(2) 	Economic aspects: The economic evaluation 
indicates that development of many of the 
regions with increase in low-i flow w,;ill be 
very attractive. Also, through such develop-
ment carryingcapacities .iill gencrally be 
increased considerably compared to "without 
case" projection;. ith reference to crop 
diversification, many regions are poorly 
suited for crop:; other than rice because of 
saline groundiater or other factors; however, 
some regions are well suited for fruit trees 
and upland] field crops. Details of the 
economic analyses are presented in Appendix A 
of the report. This describes the relative 
economics or rice production in the delta 
for each of 97 units in the delta (having 
similar topography, soil characteristicsand 
cultivation practices), grouped into 13 
regions-, for 9 clifferent "development cases" 
(DC's) including DC2 (the present situation), 
DC2 (without project improvements), and DC3 
to 9 for th' varietyi of levels of improved 
water control considered. The expected 
benefits and costs were computed for each 
unit to get the present worth and also the 
yearly incorle to the farmers for each unit 
for each case. The factors considered in 
the analysis include net arable area, 
cropping intensities an! yields, gross pro
duction v-'.,e, non-factor inputs e:osts 
other than rent or family labor'), and net 
production value (PV). Project benefits 
are defined as IIPV "with project" minus the 
NPV "without project". 

) 	 Socio-econemic aspects: Attemps to establish 
water users associations might be difficult in 

the Vietnamese delta, hence the alternative 
strategy is to use the exi;ting village organiza.
tion, together with establishment of governmental 
organizations at different levels (projects, 
regional and delta) to establish and implement 
water policies. ittention should be paid to 
marketing and credit facilitie; with adequate 
sales potentials for farm produce and supply of 
farm 	 input: at reasonable prices. The e::ten
sion 	programmes :should be kept in pace with the
 

needs of the fFrmers: Facilities for health, 
education, end service centres also need to be 

provided. A m.,1 .;terplan for agricultural develop
ment of the delta should be incorporated into an 
integrated regional plan which in turn mu-,t fit 
into 	the national plan. i,possible institutional
 
structure for development administration is 
included in the report. 
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(h) Further surveys and investjations: The report
 
of April 1974 was based on the then available 
data 	including limited field observations.
 
For completion of a master plan for delta
 
agriculture further surveys and investigations
 
will 	be needed (Ref. 9c) as follows:
 

(I) 	Land resources and crops: ER:perimental
 
testing is needled for selecting and cross
breeding of transplanted local and other 
varieties of rice, for the selection and
 
cross-breeding of floating rice
 
(especially in acid soils), for investigating
 
promising rice varieties for varied soil or
 
hydro-meteorological conditions, for experi
ments with rice on very acid soils, and for
 
studies for other crops suited to the delta. 
More detailed field surveys are needed for 
evaluation of soils (including suitability
 
for different crops) in areas where little 
soils information is no, available, and for 
rice 	sampling for determining on an annual 
basis the productivity of different main 
land 	units. D::tension services including
 
field demonstrations and publicity are 
needed for reliable promulgation of the 
developing information. 

(2) Water resources: Primary, secondary, and
 
tertiary benchnarl; systems should be 
installed for topographic surveys needed 
for project design. Irrigation and 
drainage studies are needed for evaluating 
evapotranspiration rates, effective rain
fall, and percolation and conveyance losses, 
for evaluating soil physical properties, for 
delineation of present configurations of 
land parcels and waterways, for evaluating 
economical low lift pumping methods, and 
for studying erosion of embankments. A 
hydrologic basic data programme should be 
established, sufficient to permit opera.
tion of the delta tidal model to quantify 
relationships between freshwater extraction 
and seatttur intcusion, including measure
ments of discharge, salinity, acidity, rain
fall, sediment, and water quality. 

(3) 	 Socio-economic as2ects: Reliable demo
graphic data are needed including informa-
tion on job mobility, job preierence, migra-
tion and urbanization trends, social 
structures, potentials for farmers' associa
tions, price mechanisms, land fragmentation, 
land tenure legislation, and land consolida
tion. Institutional studies are needed on 
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the capacities of the government agencies
 
to manage agricultural development.
 

5.2.2 Follow-up action
 

In 1974 the Netherlands team was requested to identify
 
and formulate projects suitable for early implementation in
 
the Vietnamese delta. The team selected five such projects
 

mainly on the basis that they should be easy to implement,
 
require only a modest investment, be economically and socially
 

attractive, and he compatible with any long-range delta develop
ment plan that may be put into effect later. The five projects
 

are: 

(1) Ke Sach, near Soc Trang (irrigation: 13,000 ha 
first phase, later increased to 25,000 ha). 

(2) Can Tho (irrigation: 12,000 ha first phase). 
(3) Huong Hy, in Kien }{oa (irrigation: 12,200 ha 

first phase). 
(4) Kien An, 3E of iRach Gia (irrigation: 12,200 ha 

first phase). 
(5) Quan Long, 

protection 
in the Cau 11au peninsula (salinity 
without irrigation: 20,000 ha first 

phase). 

Ke Sach has been selected for the first priority pro
ject. The Netherlands has been asked to assist in preparing 
an overall plan for this development (00,000 ha), including 
designs and tender documents -nr the 25,000 ha first phase, 

and implementing at leas;t part of the project. 

5.3 Flood control effects on downstream aciriculture 

Because of concei:n ab-ut the effects of flood control 
at Pa Mong on downstrea agriculture, especially in Democratic 
Kampuchea, detailed studi.e!s to quantify these effects have 
been carried out by the IMekong CommitLee resulting in a preli
minary report in 1975 (Ref. 24). As shown by this study, the 
agricultural lands of Democratic Kampuchea may 1e classified 
into two general categories, upland and lowland, the uplands 
being drainage areas sul:ject Lo water deficiencies reflecting 
the poor rainfall of the ara and the lowlands being subject 
to prolonged flooding. Therees the uplands are generally 
subject to drought and .ould require large investments in 
irrigation facilities i:o bccomcr very productive, the lowlands 
are fertile and could becom . cry productive if the tradition
ally severe flooding co".d be brought under control. The 
extent of arable lands which night he relieved by flood con
trol, while not signif 4 cnt in thc Vietnamese delta, are very 
sizeable in Democrat:c 1%-;eusc:.. This includes 184,000 ha 
in the Great'Lake .; 1"7: " 'ii nn the left Lank of the 
Mekong; and 53,000 L- .'- '2ans Dassac. 

The SOGREAH mathematical model of the Mekong delta,
 
developed in earlier studies by the Mekong Committee, was
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utilized in this study to obtain the stage hydrographs. A 
detailed contour map (interval of 1 m) was prepared using the 
available 1:50,000 scale maps. ,lso, use was made of iRTS-1 
satellite imagery for investigating nacro.-topographical 
characteristics of the region. !our years ith diferent 
magnitudes of flood were selerted as t, st-yesrs, namely 1940, 
1957, 1961, and 1963, representing hwo oil the highest and two 
of the lower floods occurring in the available 3) years of 
records. From the hyrographs for each unit areo considere!d 
estimates were made, for condition.: with an without Pa hone, 
of the peak sustained water level, increment of -lood-free 
acreages resulting from flood control, maximum depth of water, 
maximum rate of water rise, duration of inundation, and dura
tion 	of peal: water level. 

The study also took into account the characteristics 
of the types of rice,the predominant crop in the region e-:cept 
on levees and on the upper parts of levt, actulopes 
("chamcars") where dry-foot crop!; are usually grown. Si: 
varieties of rice were considered, :'it'i respect to the water 
conditions, topography, and soils to which they are adapted as 
shown in Table 5. Another table (Table 6) was prepared to 
show relationships between hydrologic conditions and producti
vity of floating and ordinary fice varieties. For the dry
foot crops, similarly, the decisive factors influencing pro
ductivity were taken into account, namely the e::tent of flood
free periods and the soil fertility which is believed to be 
replenished by silt deposit-d by floodwaters. Chaincar lands 
are farmed either in the sr--flood or poet-flood seasons, or 
both, to avoid submersion. 

(a) Effects on recer:. croj 1ingj1rac tces 

The results of the analysis, in terms of impact 
on agricultural practice:- due to flood regula.
tion, assuming i max-imui release of 2,000 m3 /sec 
from Ps Hon,; during the flood s<eason, may be 
summarized ;e:; Followjs: 

(i) 	 The primary c;uss of rice crop damage 
(other than pests and diseases) are floods 
in the lo: -medium elevation parts of the 
lowlands, and drought in the medium elevation
higher parts or the low.lands and in all 
terrace area:s. 

(2) 	 With Pa Mong, the total area cultivatable 
with floating rice in Democratic Kampuchea 
will increaseS c-om approximately 4,950 km2 

by 2,600 kn'"(about 52 per cent); also,of 
the total are9 useab].e for floating rice 
some 2,670 m ill become suitable for 
ordinary rice varieties (which have yields 
higher in amount and quality). This means 
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eztending the ordinary rice growing farm
lands forward into the lowlands. 

(3) With Pa Hong, flood damage on transplanted
 
rice 	grown in medium elevation-high lands 
would be virtually eliminated. 

(4) Chamcar lands suitable for agriculture will
 
be markedly e:panded with Pa rHong, the 
increase ranging from !.7 to 3.2 times, 
averaging about double (from 38,600 ha to
 
72,600 ha). This will increase the farmable
 
areas in Kandal Island and Huk gompul flood
plain (two of the most important chamcar 
areas) from appro:ximately 20 to 40 per cent 
of the gross area. On the averaqe, with 
Pa Iong the flood will reach the chamcar 
about tw.o .,eeks later and recede about two 
weeks earlier, hence there !il. be (a) less 
risk of total crop failure due to submer
sion by "unseasonal" floods, (b) opportunity 
for later planting (or sowing) of pre
monsoon crops, so pre-monsoon rainfall may
 
be more efficiently utilized, (c) opportunity
 
for earlier planting of post-monsoon crops,
 
allowing more time for land preparation and 
for crop growith, and (d) more flex-ibility in 
crop diversification and scheduling. 

) Effects on colmatage silt deposition 

An analysis wias also made (Ref. 2'1, Annex 2)of 
silt deposition in delta in :>emocratic Fampuchea 
as affected by Pa Mong, as an extension of the 
study noted above, especially of deposition on
 
the chamcars where the soils are believed to be
 
replenished by fresh silt brought in by flood 
flows. In Democratic Kampuchea in particular 
there is concern that mainstream flood control
 
would reduce sediment deposits in the delta and, 
for the chamcar,, if the soils are not refreshed 
by minerals supplied by flooding, the soil 
physical and chemical properties might deterio
rate. This study established the silt concen
tration in the Ikd:onq as a function of the 
magnitude of flol at various points along the 
river, and assuming storage at Pa Hong will 
remove all incoming sLit, then it is assumed 
the downstream river 'ill resuspend silt to some 
portion of its .ithout-Pa Nlong value, namely 50, 
75, and 100 per cent. The results of the 
analysis have been summarized as follows: 

(I) 	 With respect to amounts of silt deposited 
in the delta in Democratic Kampuchea, the 
affected area can 1e divided into three 
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zones, namely the up;trea:m zone, the 
Phnom Penh zone, and the downstream zone. 
The caluclated amounts of ;ediment being 
received by weos:, Pa iong,oach without 
are shown in Ta]e 7. As shown in the 
table, the ,otanstram ats corresponIld 
roughly with the TUniversity oi}Hawaii 
study's estimation oll n deposition per 

the ltnameseyear in Vi selta. Also, the 
upstream deposition is .'-ar more than down
stream, especially in fl!ood years. The 
table also M1,,vs the expected deposition in 
Democratic :ampucheaan'ith efficient 
system of colmatauie (a canal system designed 
for convyin; turbid flood ,ater:; onto the 
chamcar so silt 'will be deposit.-d at the 
canal system outlets thus replenishing the 
land or creatingi me.-w arable land). The 
silt deposition vari,:s greatly with the 
flood magnit ude, nence in the Phnom Penh 
zone :;ignificant silt dep:osition occurs 
only in high [load nearr. downstreamIn the 
zone sedimentation is insignificant even in 
high flood years. 

(2) The e::pected den:hs o sediment with Pa Hong 
are also shown in fable 7. Thus, in high
flood years the tot:l silt deposit with 
Pa Mong i:; rodueiwl to 25-30 per cent of the 
without-Pa 11:onq values; for tie upstream 
zone, to 40.-50 per crnt in the Phnom Penh 

20 -3 0zone, and to per cent in the downstream 
zone. In norri.l ::looK years the percentages 
are 10, !0, ani 30 per cent respectively. 
with Pa ong tha normal flood year's silt 
deposition is alriaost ne;ligible e::cept with 
efficient col:'ta!e. Jithout [,a Mong the 
amount of duposition in normal years (every 
two years) is alout: the same as the amount 
with Pa Nong iii flood years (once every 10 
years). The reduction in siltation is 
primarily due to the reduced flood volume 
caused by the Ian, cuch morose than the 
reduced concentrrstinn of silt becau:e of 
silt-trapping in the reservoir. 

(3) "ith an effic ,±nt clolat.ge system, silta
tion is about 20 mm in normal years and 
25 mm in loo! y'.ers under .ithout-Pa Hong 
conditions, -',L--:ors *.1th inefficient 
colmata'Je thUe siltationofFmeunt is 
relatively lo%-. !'ith efficient colnatage
the sediscent lde)i b liictiuatar; loss from low 
to high floo! years ad1 tile effects of Pa 
Hong are much l.r;s s compared to areas 

http:clolat.ge
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with inefficient colmatage. In normal 
flood year:; the deposition with efficient 
colmatage will be about 5 to 6 mm. 

(4) 	 Inspection of satellite imagery shows that 
engineered colpiataqe -;ysteins desined to 
end where silt deposition is. desired are 
far more efficient than natural colmatage 
systems ("preks" or small creeks) which tend 
to carry out much of the silt that come; in. 

(c) Future studies
 

The studies noted above will be further developed 
and strengthened when it is possible to conduct 
field observations to reinforce the office studies 
already made. Also, additional possibilities of 
benefits from flood control are to be Investi
gated, for e::ample, possible control of "black 
water" .which seasonally develops around the peri
phery of the Great Lake due to anaerobic decompo
sition in thc shallow marshes remaining during 
the dr-y season. ';'hese 1,lack waters. spread onto 
paddy areas as the lake level rises when rains 
begin, causing estensive damage both to plant 
life and fish. 

The studies described above, as previousqly noted, 
assume the maimum release from Pa rong during 
the flood season (1 July -- 31 October) wjill be 
held to 2,000 m /scc, which is 1chievable with 
a Pa ,ong high pool level of 260 m MSL. ror lower 
high pool levels the estent of flood regulation 
would be decreased, resulting in lesser levels of 
effects on agriculture in Democratic Kanpuchea. 
Further studies are underway for quantifying 
these effects for ma.-imum pool levels oF 250, 
240, and 220 rn. 

5.4 Additional Iirolects 

5.4. North Phn om Penh polder 

In 1972 the Government of Democratic Kampuchea con
structed a polder with 13 km of diking northwest of Phnom Penh, 
to protect about 11,100 hectares of land from flooding (Ref. 13). 
In 1973 the tekong Secretariat, assisted by an urban planning 
consultant from the Jetherlands, male field investigations and 
prepared a draft pre-feasibility report containing an organized 
land development plan. The proposed short-term development 
includes consolidation of 700 hectares, irrigation and drainage 
For intensive agriculture including livestock, a model village, 
and a 100 ha fih breeding fartin. Land consolidation of about 
300 ha for urban settlement is to follow later. In 197 1. the 
Government of Democratic Kampuchea carried out a limited amount 
of construction work in the 700 ha area destined for intensive 
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development and built the livestock experimental station and 
fish ponds. 

5.4.2 Northeast Thailand 

In 1973 the Mekong Committee made a review oE topo
graphy, population, and actual aqricultural land use in north.
east Thailand in relation to present and future land capability, 
based 	 on CRTS satellite imagery interpretation, ground surveys,
and existing statistical data (Ref. !). The rresults show that 
the agricultural productivity of tLhe northeast, under present 
conditions of exploitation, is rather limited. Neans of 
rationalizing and improving land use emerging from the review 
are:
 

(M) 	 For the mountains ind hill slopes, a no,: approach 
to forestry management in line with the watershed 
management proposal for Lam Takong (see di!-cussion 
on watershed management). 

(2) 	 For the uplands, raising o' livestock and growing 
of fodder crops in rotation with ol:her upland 
crops, as proposed for the Mancha Kiri pioneer 
project.
 

(3) 	 For the lowland area, intensive xrater control 
and diversified agriculture, based on the find
ings at the Kalasin e::perimental farn and as 
proposed for Lhe Nong 'lai pioneer agricultural 
project.
 

A systematic analysis of rainfall in northeast Thailand 
was made in 1974, resulting in a geographical classification of 
the region into areas either suitable, marginal, or unsuitable 
for growing lowland and upland crrps under rainfed conditions 
(Ref. 	 17). 

5.5 Basinwide ma ing progra sm__e!s 

To facilitate agricultural planning throughout the basin, 
to take advantage to potentials from irrigation, the Mekong 
Committee's agricultural programme includes ongoing programmes 
for preparing basinwide maps presenting basic data, as follows: 

(a) 	 Satellitemain: Using the information made 
available from the Mekong Committee's LANDSAT 
programme, the Agriculture bivision has under 
preparation three comprehensive basic data maps 
show.ing vegletative cover, hydromorphology, and 
land use. The vegetation nap has been essentially 
completed and! the renaining projects are underway. 

(b) 	 Ecological zone mappinq Asothes current hasinwide 
mapping project, also ma-king use of LANDSAT informa
tion plus all other available physical data, is a 
delineation of ecologjical -ones and landI systems 
representing areas- having common ecological (and 
hence common agricultural production) characteris
tics, based on consider ation or climate, rainfall, 
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evapotranspiration, hydrology, and soil types. 
This map should be very useful in indicating the 
extent to which findings from the experimental 
farms and pioneer agricultural projects may be 
extended throughcut the basin and also for assist
ing in many other aspects of development planning
 
in the basin.
 

6. Summarofjrobable environmental effects 

(a) 	 Specific effects: A number of specific environ-
mental effects of the agricultural programme for 
the lower basin, e:nected to result from the 
Pa Plong project, have been evaluated as follows: 
(1) 	 Agricultural chemicals: Pollution of natural 

waters with pesticides, herbicides, and other 
residual chemicals is a universal problem and
 
very large.-scale research programmes are
 
underway on a continuing basis in the indus
trialized nations to develop the best prac
ticable control procedures. These findings 
should be most helpful in solving problems 
in the lelkong basin. Studies for developing 
and using control procedures to suit local
 
conditions should be undertaken as these needs 
become defined as the planned system of irri-
gation is progressively developed. 

(2) 	 Croets anOlant diseases: Crop pests and 

plant 	diseases which may result from the new 
irrigation/agricultural regimes are potential 
problems for Lhtv future, and probably will 
similarly cevelop in other tropical zones 
where 	 irrigated agriculk".ure is being introduced. 
The matter can be handled as it becomes defini.
tive 	and more subject to analysis and correc-
tion. Again, research findings and control pro
cedures developed elsewhere will help solve 
Mekong basin problems. 

(3) 	Irrigation and soil fertility: There is no 
evidence to indicate that the proposed irri
gation .iill result in impairment of the 
qualities of productive soils. There are 
soil problem areas (acid, sulfate, and saline 
soils) but these e::ist already, and in time 
it should be possible to reclaim considerable 
portions of these lands for agriculture 
through improved wiater control methods. Also, 
evaluations; of lands overlying rock salt 
deposits indicate little hazard of problems of 
salinity will result from irrigation.
 

(4) 	Silt trai at Pa Mon.: Although Pa Mong 
will trap large amounts of silt and associated 



III - 35 Agriculture 

nutrients, it is anticipated the river will, 
through downstream erosion, soon reestablish 
a normal silt/nutrient loading corresponding
 
to flow velocities. Hence, downstream silt 
deposition pattern:J, and associated 
nutrients, should not be impaired e-cept for 
effects o-7 flood reductions in reducing depo
sition induced by colmatage (Item 5). Evalua
tion of sedimnent deposihtion in the Vietnamese 
delta indicate-; such deposition amounts to 
about I mm per year an! does not measureably 
increase soil Certility in the delta, and 
moreover confirms the fact that the single 
most important factor in bringing about 
large increas.es in delta agricultural pro
ductivity w1ill 1e ater control. 

(5) 	 Flood reduction an.1 de'.j,: trea a--ricultirue: 
Investigation of efftects of flood control 
at Pa Mong on (o .n emm acricul tural prac
tices , ]asy! on hydrcr!raph analysis, indi
cates that such floo,' control ( 1) will 
significantly improve rneent rice growing 
practices bot! in lowlands in Democratic 
Kampuchea, by en:tendina the land area avail
able 	for cropping aind by pe:rmitting replace
ment 	 of floating rice wttli ordinary rice of 
higher quality and yield!;, and in the middle 
elevation :-ne; and higher terraces because 
of reduction in floo: damage (2) wlill 
significantly increase the e::tent of chamcar 
areas available or mry-foot cropping and 
permit more fleible and efficient use of 
these 	areas; (3) will result in some reduc
tion in colmatage silt deposition in chamcar 
areas, however, with efficient colmatage 
systems, designed to result in deposition at 
desired place': (rather than depending upon 
natural small stream::), the amount of reduc
tion in denpositiori and accompanying adverse 
effects can be mznimi'ed end compensated for, 
and (4) will result in !riq;niicant overall 
gains in agriculLure productivity throughout 
the delta. 

.(b) 	 Food production: .ihil the Pa Eon:J project would 
be financed es!sentially From po:.cr revenues, the 
Pa Mong project is critically needed as; the most 
feasible approach to increarinrj agricultural pro
ductivity to meet the nprojected. food needs of the 
lower 	basin. The incre.ase,! productivity would be 
mostly in rice and up!land crops and al:;o in fish 
(both 	 from the reservoir fi:.hery and from fish 
farming) to help meet protein needs. The necessary 
water for enabling this increase, by permitting 

http:increas.es
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cropping during the dry season, by improving 
cropping during the season, by per.,et and 
mittinj fish farming on a continuing basis, must 
come essentially from mainstream storage projects. 
More snecifically, the l:iong project- will i:iaze 
it possible (a) virtually to eliminate flooding 
along the middle course oli the ilekong river from 
Pa long to Khone FPlls, w.hich are densely popu
lated riverine lands, anO to develop these lands 
by low lift pump irrigation on both sides, parti
cularly on the Democrtic ;'ampuchea side of" the 
Vientiane and Savanna!het plains, (b) to irrigate 
up to 1,000,000 ha in northeast Thailand and 
the Lao PDU, and through the irrigation systes 
to supply thousands o.: villages w'ith domestic 
water, (c) to t5ranfer ,000 million m3 or more 
of surplus water in the irrigation season to 
the central plain of Thailand, (d) to reclaim 
up to 2001000 ha in Democratic 1 ampuchiea through 
flood control, thus utilizini, lands not no: 
usable, and to convert up to 200,000 ha from 
floating rice culture to other rice varieties 
of higher yields and quality, (e) to make 
available for use in the dry3 season in the flekong 
delta about 30,000 million m of fresh water, 
and (.f) to engage in year-around fish farming 
throughout the lower basin. 

Using the general rule of thumb that a cubic 
metre of irrigation water will yield about 0.5 :g 
of rice (and even more of: upland crops), the 
potential e-ztra rice yields from the improvements 
noted above could support at least 25 million 
people in northeast Thailand and Lao PDR 
alone. The additional benefits in emtra 
for supply further downstream would also be very 
considerable because of the very large land areas
 
which would become subject to cropping or extra 
cropping either through flood control or irriga
tion. Depending on the amount of water made 
available to the delta during the dry season, the 
increase in agricultural productivity in the delta 
could be even more than in northeast Thailand and 
the Lao PDR. 

(c) 	Socio.-economic imjlac:t: Because the Hlekong 
Commi ttee's agricultur-al programme can be expected 
to assist naterially in achieving maximum food 
production, Which is e:pected to be critically 
needed, and at tihe same time lend to development 
of farming communities offering higher standards 
of living than current conditions, the entire 
agricultural progromme may be said to be a most 
positive one in tezis of e::fects on environment, 
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in that the welfare of the participating farmers 
should be significantly improved in both 
material and cultural ways. Also, another 
important contribution o: the agricultural pro-
gramme is that this type of research and develop
ment is badly needed, even without water resource 
development, to asr;ist the riparian countries to 
change some of their present farming methods 
(the "accelerated traditional" methods) which 
are soil fertility depleting and thus hazardous 
to continue to u::e in the long run, to methods 
which are higher yielding on a sustained basis. 

The Pa Ilong project will present the oppor
tunity to demonstrate on a mass scale, especially 
in the irrigation service areas in northeast 
Thailand and the Lao PDR, how. to transform ex:ist
ing agriculLural practices into new concept., and 
methodologies which take full advantage not only 
of continuing improvements n agricultural tech
nology but of the unique combination of the year
around sunshine, year-around water available 
through water control, and a highly competent 
people. This combination i; believed to be 
unique to southeast Asia, and if these resources 
can be niolilizedc in the lower Mekong basin to 
take advantage of continuing technological 
improvementc; in agriculture, which can be expected 
to increase e:-ponentially, it is realistic to 
believe that the loiier basin cannot only meet its 
own food needs but can realize major e::port 
revenues. This would mean the lower basin would 
have a far greater carrying capacity than now 
envisaged.
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TABLE 5
 

ENVIRONMENTAL CONDITIONS iAFFECTING FARMING OF RICE !/ 

:ater Conditions 
Varieties Water Depth 

......... ...
Period of Topography Soils 
Inundation 

Early maturing Intermittent Very short Terrace Coar-so 
submersion (high) grained 

Semi-seasonal hallow Fairly short Terrace, Fairly 
Floodplain coarse 

Seasonal Shallo,.- Medium Floodplain Medium 
-. me. ium (medium 

altitude) 

Late maturing Medium--deep Medium-long Floodplain Fine 
- (il ). 

Floating Very deep Long-very Floodplain Pine 
long (low) 

Dry season Dry season Irrigation Floodplain Fine. 
irrigation (low) 
available 

I/ Modified from: Kata, Y., "Rice and Field Crops in Cambodia", 
Water Resource Utilization in Southeast Asia, SEAS of Kyoto
 
University, 19G6.
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TABILE 6 

CRITERIA FOR 7'LOATNGORICE CULTIVATION AND?O!-'IT I9G RICE CROP FAILURE (Ref. 24) 

Factor 
 Floating, rice 
 Non-floating rice
 

I. Rate of rifinr water 0 - 100 mm/day Favourmblo
 
level 
 Over 100 lpo.ssible 

II. Period of sustained 
 Lose than 10 days Unfavourable
 
peak Over 10 Favourable 

11. Depth of water 0 i- 50 Cm p Unfvourablen I 50 cm Favourable
50 - 100 Margtial 50-100 Marginal 

100 - 3nV Faveurable Over 100 FailureOver 300 Im!possible
 

V. Period of ilunda i 0 prposoible -7 days Tolerable 
tion a/ d n 0 - 90 Marginal udPorstble
 Failure
 

Over 90O Favourable 
 11,
 

NOTES: Floatng rice produton is,uccesful when all four factonre are met.
 

N~on-floating ricecerop failure is probable when factors III a.v arg 
unfavourable s.1iml taneounly,.
 

a/For non-flotinr, rice, the period 
 of inundation should be road as 
"the p rid in which whole plant s submerged uner ater". 



TABLE 7 

ESTIMATED SILT DEPOSITION N DELTA IN DEMOCRATIC 

(Refecrence 24) 

i .ithout ;a "'7ng 

ones Denth of D--sition (mm).D , _ . . . . _o . i R a t i o c f h i a l 

Norma! ___l____1/27 Year Flooo Its' norm I frmal 

5-" 

--[ hnzu Penh 2- i _ 2- __ 

KVI4PUCHEA 

With Mona 

D n ]-.n-^ De p o si t i on ( m ) 

flood' 1/13 Year flood 

I °- , 5-1 

U 
0 -3° _ _ _-5 

Efficient 
Colmatage 

20. 25 71.25 5° 

et 
r



K?M BU M i ' '•;f2 " 
BAN HA L
 

" " THAM " P 0 FR . .<
 

CA P 

~IiO8N~NI f,K 

AA
 
, , L.i , 1 OA En-. I"hP -, 

f. ;G_- N o .E .. 

. "'Al-...HA,1,10KH M _0F : ICK U(P 

.. OFA *?,,c'A,, G,,LF- OF.ONK;-'/ I L4 A I..CA 'aeR N " N.. / ,-. . , , p .A L N D ' -'I ! '
 

'~. PIMAI~$_VIfT-NAM 

DEMOCRATIC l 
~~ KAM'Wq'CHEA 

N 
 j EAK M5_ 
N~ORTHI~-

GULF OF THAILAND PH N()LiPENH LEPI 

PREK T7INOT 6\ ;KKMPL ._ 
io OMONNTFTNKR~' .f, UHTMP KE' SAL HT<V 

0,to I COMPONECNTOf- oPlA~tEo ptlCE IIoo#yp, -r T 3qf ,/ TIFP N U ? 
I PROJECT SEI.I.CTED AS SU7TAIILE 'I-g A .lCIPLEMNTT Old 0 TtE NBTO'7LA , I I U / / ,/

I PEIMEITUL AnD .1, I.;f OUAN LONG
 

IN OPE3 ION 0'? EhIDE ,'MY,--
 E O 

COMPONTI OFl A i n GAr:0 FIGURE I 
EXPE ELOCATIOF EXPERIMENTAL FARMS AND OF PONEER AGRICUTURAL 

-1" 1", , 11 A*?,,.I, ,11!N .1lll PROJECTS IN LOWER MEKONG BASIN 

A. 



III - "I 

CHAPTER iII
 

PA HONG ENVIRONMENTAL ASSESSMENT
 

AGRO-INDUSTRIES, 

ContenLz 	 Lage 

1. 	 Introduction 42
 

2. 	 Existinq situation in lower basin 12 

3. 	 Impact of irriqated aqriculture 43 

4. 	 Preparatory prociramme for aoro-industrial 
deve lopmen 44 

4.1 Feasibility studies 	 '14 

4.2 Investment promotion 	 .5
 

4.3 Executive development 	 46
 

4.4 Impact of preparatory programme 	 ,17
 

5. 	 Pa Honq pool levels 48
 

References 49
 

Table
 

Table 1: Summary of agro-industrial feasi
bility 	studies
 



III - 42 Agro-industries
 

PA MONG ENVIRON4ENTjL ASSESSHENT 

AGRO-INDUSTRIES
 

1• Introduction
 

In keeping uith the Nekong Committee's basic policy 

that water resource project development must contribute effec

tively to advancement of human cjelfare in the lower basin, 

the Committee has carried out a programme for promoting 

industrial development throughout the region wherever the 

project products (plentiful.poiwer, plentiful water, improved
 

navigation, etc.) might favor the establishment of such in-

dustries. Numerous investigations have been made to explore 

the feasibility of such ventures, which may be organized into 

three general categories, namely (a) agro-industries, (b) 

mineral resources development, and (c) power oriented indus

tries. All such investigations have involved the co-operation 

of the riparian countries and many of them have been jointly 

sponsored by UN affiliates, especially the UNDP, UNIDO, and 

FAO, and by several donor nations. This discussion is con

cerned with the category of agro-industrial development. 

2. Existing situation in lower basin 

Present trends in industrial development in the ripa

rian countries indicate most industries, including a large 
connumber of agro-.celated industrial activities, tend to 

centrate in a Eel. major cities, in particular in and around 

metropolitan centres, eg,, B3angkok, Saigon, and Phnom Penh. 

Industry is attracted to these centres because of their large
 

and rapidly groi.ing markets, their 'well developed infrastruc

ture, and facility 'or contacts ,'ith interested government 

agencies. Such highly centralized industrial development 

progressively reinforces itself as industry expands and 

thus tending to contribute to an ever--wideningdevelops, 
income gap between the urban and rural sectors. trendThis 

in industrial development is common, although in varying 

degrees, to all the riparian countries. 

r1odern agro--industries thot currently operate in 

rural areas in northeast Thailand are mainly engaged in pro

cessing activities: carriod out in conjunction %lithtrading 

operations, such cs. rice milling, cotton and !:apok ginning 

and konal baling, In recent ycais, a fe!,! plants engaged in 

more advanced p,)cessing of agricultural produce have developed, 

including gunnybag manufacture and cctton spinning. There 

are, ho.,ever, in addition, a w,,ide range of other processing 

activities wihich have development potentials '-hen located 

near the raw material producing areas. juch activities 

include fruit and vegetable processing, industries associated 
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with modern livestock production (animal feed preparation, and
 
the recycling of slaughterhouse waste s ;ch as offal processing
 
for stockfeed, and fet recovery for industrial use), corn and
 
tapioca processing, utilizatio:. of rice by-products (pulp and
 
hardboard, rice bran oi.l ex:'t'-acticn), processing of oil bearing
 
seeds and nuts (groundnut, soyabean, castor bean, cotton and
 
kapok seed) and associted scap manufacture, and seri-culture,
 
silk reeling, and te:tile manufacture.
 

In summary, unde.- present conditions, there is need
 
for the public authorities to formulate and implement new
 
policies by which the present trend of over-concentratiol of
 
agro-industries in a fe-.; contres can be reoriented to promote
 
distribution of these indu:tries throughout the countries.
 
This is needed to prom ote equitable sharing of agro-industrial
 
economic opportunities inc iudi, g increased rural employment. 

A listing o.: acjro-industrial projects included in the
 
public development progsic-:; of the lov:er basin countries is
 
included as Annex I of 1clerenoe("Agro-lndustrial Develop1 
ment Programme", rcCis Committee, 1i Aug. 1()72). Also included
 
in Reference f, as . 1,Inesis a listing of major agro-indus-
tries in the lower basin,
 

3. Impact of ir i. ited ari.culture 

The advent of widesproad irrigated agriculture from
 
a mainstream project like iiong can be expected to intensify
 
the problem of over --a,-,ceitro tio, if ayro-industries as des-
cribed above, and lLke'-ir- tho need foe 'emedial measures. 
As has been noted in di:.rusion of effects of ra long on agri
culture, if the of-tenti:].:irrigated agriculture are to be 
realized, the farming comimunities inl the ri-arian countries 
must shift from rainled ;.,Ly - ultivation practices to all 
entirely ne%: concct.L -,L f ±.ring including not only ne, cropping 
technologies but J.:in institutions neededohon socio-economic 
to assure proper iarketii o, sa!eable products. In a simi
lar manner, if a-ro-.n ir are to be part of the new 
agriculture complexes i.' irigated areas, public action 
will be essential '.i: .ig J 1 of the participants in 
agro-industrial endeavo- the- farmers, industrialists, 
traders ..in the s-ownt cvo!-: the c-. industries. 

In order to halo itl.de ;gro--industrial development 
in the riparian countri:s- to sa]i::e increased benefits from 
both tributary and maint. ;oo-jc-'s, the Iekonri Committee 
has sponsored a c(,ntinuin ,)grorme,- in ce--cpeL_. Ii with 
the riparian governments, E.:I the promotion of both agro-input 
and agro-output industries '.hi(_ relate to the development 
of irrigated agricult-ire. Special considuerations wlich could 
enhance agro--i,dustri-l Ocv'~1 apnnt in the lowler basin w!ill 
be the availability o' rlntifil po.er and the improved trans
portation facilities te :esprit fr-om mainstream developments
such as Pa H-ong and the navigatLion improvements along the 
river envisioned in thle 11ekong Committee's basinwide plans. 

'p 
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The Mekong Committee's programme for agro-industrial 

development has tw main objectives, first, studies to iden

tify and describe promising agro-industrial investment oppor

tunities, and second, cn-operation with the riparian govern
ments in formulating and Lmplehaenting plans and policies for 

establishing such industris, torjclther tith provisions for 

training in technical sptcialki_ ' Ind in management. The 
various studies may be classified as project studies (evalua
tions of specific industr,:y potentials), regional reviews for 
identifying input and output potentials for specific agro
industries, and mastoi plsisainn for agro-industrial complexes. 
The results of tha agro-inauAtrial studies are intendec! to 
indicate whether a eat.cular crop, or group of related crops, 
could be profitably processed in or near the areas of culti
vation. Such studi,-s c' contribute to a better understanding 
of the interaction bat. ag'culture and derivative indus

tries. They have ha).en ': i n7,d to focus initially on evalua
ting the agro-procss'.ng t als of the pioneer agricul
tural projects and the 1,tg . .ear to thich the pioneer 

projects pertain. Loi;t t:udies have been carried out4 Onc 
within the past five , 

In summary; h,_ r,*1 n, ii'. oi agro-industrial develop
ment planning for i;-, -'-_: in i:s based essentially on the 
contribution that :pavo '' : ro--industries will make to a 
more intensive uti] ". 'riculture of newly available 
irrigation faciliti 1"l-veloned network of processing 
industries in or ..- s .reas ,jould substantially 
increase the value of .'utal iroduction. The resulting 
incremental benefit.s : -II,. 1 t: r, r:aise the benefit--cost 
ratio of the original 1', in engineering works. As 
such, the proposer proqrui~rr ,,: .'ill. directly support the Com
mittee's primary eforti: d veloping the ater resources 
of the lower lekong hasin 

Details regazding t, ,:ementsof the ilekong Committee's 
programme for prep, eLini for eigro-industrial development are 
presented below. 

'. Preparatory~ iro-',:cii. L£zwago-ndustrial dvlqa~ent 

of 
The 

activities, 
progmi;uan 

n::" 1, 
-. ir.L1W(d te ssentially three categories 

] %. studio: for exploring and 

confirming the pt a.:. iacti ve industries, promi

tional measures t-.1, 1. -1 promising new industries, 
and training of n &-.!" industriel officials 
involved. 

4.1 Feasibility :fv, ,. 

(a) 	 Ob.r.c':-.: ?>e studi:; relating to agro-output 
indu t::w,.5 .'s fcu;: main objectives, as follows: 

(1) 	 To datermin,_ whether processing in or near 
Ihe ,rons of cultivation of a particular 
cron 	nr a group of related crops would 

http:agro-procss'.ng
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promote agricultura)l development, partieu
larly by providing the farmer a ready nearby 
market for his produce. The location of 
processing fIcilities in close proximity 
to areas of cultivation ould facilitate 
speedy transfer of information and tech
nical know-how: and skills in the interest 
of both agriculture and industry. 

(2) 	To identify constraints and bottlenecks in 
the agro--industrial development process 
that require government intervention. 

(3) 	To indicate for public or private investors
 
whether there i_- a promising situation for 
establishment of the industry. The studies 
are not intended as blueprints for enter
preneurial actio, but aim at providing a 
basic frame of reference for arriving at 
intelligent investment decisions. It is 
hoped, in this ;jay, the studies will 
injuce the private sector in particular to 
take a more active interent in the largely 
neglected areas -)imodern rural industriali
zation.
 

(4) 	To examine the industrial potential of the 
agricultural pioneer project areas and the 
larger areas to 'ihich they pertain, so these 
projects can contribute to a more intensive 
utilization of the facilities that become 
available through .,iter res;ources develop
ment. 

The studies )f agro input industries have 
been mostly concerned with potentials for local 
production of nitrogen and phosphate fertilizers. 
These involve establishing the availability of 
suitable local raaw products, but otherwise 
follo. the format noLed above for the output 
industries.
 

(b) 	 Presentation of f indinqs: The specific agrc
industrial opportunities studied thus far in
clude both nitrogen and phosphoric acid as input 
industries, and a number of output industries, 
namely pineapple, poultry, pulp and paper, sugar, 
vegetable oil, sericulture, ]enaf, and fruit and 
,egetablc canning. A sunmary of these studies 
and the findings from them is given in Table I. 

4.2 Investment promotion 

The goal of this programme, initiated in 1973, i
attraction of public and private investment far viable agro
industrial projects. The worl: includes analysis of the 
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prevailing investment situation (including institutional 
arrangements, incentive schemes, promotional facilities, and
 
restricti:e practices) in co-operati-on with the government 
officials concerned, and assistance in attracting domestic 
investors, within the framework o.C government policies con
cerning foreign investment, and in obtaining co-operation 
from international financing agencies and from the inter-
national business community. 

This programme amounts to a continuing array of efforts 
to bring about effec-tive communications .ihicli could help pro
mote agro-industries. in 1O7.1, for example, consultations 
were continued with the Co-operative Programme of Agro--Alli-d 
Industries in collaboration %,ithFAO and other specialized 
agencies of the United Nations. Efiorts were made to organize 
the visit of an exploratory mission to consider possible con
t :ibutions by the international business community. Following 
an FAO proposal, arrangements have been made to carry out, 
jointly wiith FAO, - :iurvey in the riparian countries on prac
tical possibilities for international co-operative ("twining") 
arrangements Ahereby selected agricultural processing enter-
prises in industrialized countries would rei.der technological, 
managerial, and marketing a ssistance to parallel enterprises 
in the riparian countries. 

4.3 Executive deve opment 

The goal of this programme is improvement of riparian 
country skills in planning and implementing agro-indutrial 
development policies, programmes, and projects. In parti
cular there is need for joint training of officials concerned 
with agriculture, industry, trade and national planning, to
gether w.,ith representatives of the private sector. 

(a) 	 Elements of prorramme: ','le rogranmne has 
included both (a) staff development, comprising 
seminars, technical meetings and fellowships 
both for training abroad ano ior in- service 
training in the 'iekong Secretariat, and (b) 
training of riparion government officials 
through participation in international courses 
on industrial development, through field study 
tours, and through participation in an agro
industrial workshop sponsored by the Hekong 
Committee in 1973, attended by 19 riparian 
officials, as described below. 

(b) 	 Worksho[.: The "U'orkshop on Agro-Industrial 
Development Planning in the Lower Mekong Basin", 
held at Bangkok/HIua H{in in Thailand from 27 
November to 15 December (Refo 23), featured 
problem-solving And decision-making exercises 
to analyse the t chnical, economic, social and 
institutional characteristics of selected 
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agro-industries and to find solutions for con
straints in the production chain from crop cul
tivation to industrial processing and marketing 
operations. The agro-industi:ies selected for 
special study included agricultural machinery 
manufacture, animal feeds, feTtilizer manufdc-
ture, food processing (including fish, fruit 
and vegetables, rice products and meat), pulp 
and paper manufacture, and vegetable oil ertrac., 
tion.
 

The main conclusions of the 'corlzshop, on issues of 
public policies, are summarized briefly as follows: (a) to 
facilitate agro-industrial devel.pienh as an entity per se, 
the riparian country governments might consider creation of 
interministerial mechanics dedicated to such service, (b) 
representatives oi agricultural co--operatives and of agro
industrial industries should be invivved in policy fcrmulation 
and development planning, and (c) contract farming offers 
valuable potentials for supporting agri-industrial development, 
and this approach should be evaluated in detail. 

The report of the worlshl, includes reviewis of a num
ber of proposals for further study of specific agro-industrial 
project potentials. 

4.4 Impact of nrew aratory prtr. q:raii-

The programme of studie-; related to agro-industries 
carried out by the lle'zong Committee over the past decade, to 
help in the promotion of a diversified industry taking full 
advantage of water resource development projects, has included 
an impressive number arid range of ctivities. liost of these 
have been in aoreas uwhere tribuLary dan and reservoir projects 
and associated irriget ion system. are already .n operation. 

The programme has served to identify and characterize 
many of the numerous complexities involved in establishing 
agro-industries in acjricultural area:s traditionally oriented 
to rainfed paddy. 'i2.-e incluch: the problems of motivating 
and training the participatinI 1:armers, of adapting local and 
imported fruit and vegetable sr>cies so their cultivation A.ll 
suit processing needs (considering matters of protection 
against spoiling, stor:age, and transportation), of scheduling 
cropping to co--ordinrte th and riot inter"ere .iith rice c:ul-
tivation, of mechanics by which the arcier can receive a 
guaranteed fair price for his crops and likewise the buyer be 
protected on matters :,f delivery and of repayment fur advances 
to the farmers for iertili'ser, etc., and many other releated 
problems. 

The impact of ilekong Cormiittee's programme, being 
limited to assisting the responsible riparian country govern
ments, cannot be assessed in quantitative terms. However, 
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there has been an encouraging growth of decentralized agro
industries in Thailand over the past several years, espe
cially in north Thailand, i.hich is providing experience in 
solving the numerous problems involved in establishing suc
cessful new ventures located in igjicultur] :.ones. It is 
believed the total ex::erience being gradually accumulated, 
including the contributions from the ilekong Committee, repre
sents a significant achievement and essential first step in 
preparing for the major impact of ;imainstream project like 
Pa flong. This effort needs to be continued and expanded as 
the next step, especially to focus attention on implementing 
specific industries with the most promising potentials. 

5. P'a 11, IQgpool levels 

The selection of the design pool level for Pa Hong 
will indirectly influence agro-industrial development in that
 
the greater the olume of water to be available and used for 
irrigation, the greater will be opportunities for producing
 
crops of the types needed for agro-industrial processing.
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CHAPTER III
 

PA MONG ENVIRONMENTAL ASSESSMENT
 

AQUATIC BIOLOGY
 

1. Introduction
 

The Mekoi g Committee's programme in aquatic biology, 
in addition to fi heries and wildlife (which are discussed 
separately), includes (a) continuing collection, collation, 
and evaluation of basic data throughout the basin, to provide 
an increasing fund of scientific facts to permit assessment 
of effects of Water resource development on a variety of 
possible environmental values including fisheries, recreation, 

aesthetics, eutrophication, and water quality, and (b) studies 
for evaluating anticipated possible adverse effects of develop
ment on environmental biological values and for controlling 
and correcting these effects. At this time the primary areas 
of interest are in reservoir hydrobiology and limnology and
 
in weed control. A number of additional studies are under
 
consideration including a study on mangrove swamps.
 

2. Basic data programme
 

Relationshiors between aquatic biology and environment
tal values, especially with respect to fish--food chains, are 
often extremely complex but in the continuing development
 
of the water control systemsin the lower basin, it will 
be desirable to understand these relationships to the extent 
possible as guides both for further system design and for 
system operation.
 

The basic data programme now includes many sources 
of information, primarily (a) information collected as part
 
of the fisheries programme including the basinwide fisheries 
study (Ref.l), the Great Lake study (Ref.14), tributary 
reservoir studies at Nam Pong and Nam Ngum (Ref.2, 3, 4, 10, 
11), Pa Mong pro-impoundment studies (Ref.15), and the hydro
biological and socio-economic survey of IHekong reservoirs 
(Ref.U), (b) information collected through the basic hydro
logic data programme relating to water quality, and (e) limnolo-
gical surveys at IJam Ngum (Ref.12). Huch of the interest in 
aquatic biology is just getting underway. It appears that 
the Mekong Comnittee's programme of research and studies in 
aquatic biology will be a continuing one for many years if 
not decades, thus building up a progressively better data 
base, and with the programme being continually reoriented 
to suit specific problem areas as they become identified.
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3. Water quality monitorinq
 

The Mekong Committee's existing basic data prograriune 
includes water quality observations both in the mainstream 
and main tributaries (See discussion on water quality). hile 
limited mostly to physical and chemical parameters since regu
lar monitoring was initiated in 1i172, it is planned gradually 
to e:cpand the scope of this :ork. (within the limitations of 
available funds) to include basic biological parameters, both
 
for the water column and for bottom sediments. Thus a limited 
but valuable fund of basic biological data will be accumulated
 
over the years, by which any significant changes in the bio
logical characteristics of the water may be detected including
 
changes due to buildup of pollution.
 

4. Lmpoundment limnoloqy 

A project for conducting a hydrobiological (and also
 
socio-economic) survey in lek:ong tributary reservoirs was 
initiated by the MIekong Committee in 1971, primarily for the 
purpose of guidig ceservoir management to achieve maximum 
yields of desirable fis.h species. Thus far this ,iork has 
been mostly limited to Nam Pong reservoir in Thailand and to 
Nam Ilgum in the Lao PDR. 

4.1 Nan Ponc reservoir 

Some limited but valui-ble observations on the limnology 
at Nam Pong aere made a:; part of a study of the fishery in 
the reservoir in l5-66 by the Thvii Depairtment of Fisheries 
(Ref.2). This included observations both of pre-impoundment 
and post-impoundment conditions made just before and imme
diately follow:ing impoundment.. The post--imnpoii:dment pro
gramme included fish catches together with sampling of plank
ton (types and weight), benthic biota (w.:eight and types), 
and of the %,ater'sphysical and chemical characteristics (DO, 
CO2, H,), alk[alinity, temperature, pil, and transparency), 
plus observations on commercial fishing. The pre-im)poundment 
survey included only fish fauna catches. The post-impoundment 
study showred lo.: dissolved l::ygen and high carbon dioxide 
conditions bela':, 13 m, indicating the probable presence of a 
thermocline during the hotter months of the year. In the 
monsoon moths no stratification was evident. Both plankton 
and benthos ere abundant. Also, an explosive growth of 
aquatic weeds occurred shortly after the reservoir was formed 
(but the situation stabilized later on). 

4.2 Nam Nquin reservoir 

The first phase of construction of Nam Nguxa reservoir 
was completed in 1.272, aith impoundment beginning in 1971. The 
resulting reservoir flooded an area of 324 kum 2 . Phase II of 
the project (now underw ay) will increase the maximum water 
level to 212 m and flood about seven per cent more area, 
beginning in 1976.
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4.2.1 Initial survey 

An initial limnological survey of 12 months duration 
was made in 1972-73 (Ref.3, 10). The report of the study 

gives details of observations at 17 sampling stations in 

different parts of the resez:voir, at different seasons, on 

water levels, colour, transparency, temperature, lissolved 

oxygen, pH, and plankton for both the water column and the 

bottom sediments. The detailod information is presented in 

a series of 19 charts and 12 tables. 

The study findirngs showed that (a) iater temperatures 
ranged from 20.0 to 32.20 C and the pil from 5.2 to 0.5, (b) 
the primary microscopic organisms, other than algal, were 
the genus Volva:: limnc.ou';, i Pcotosoa which imparts a green 
colour to the 'ater; the genera Brachionus pallas and Asplan
chna gosse of the trocheiminth-as, and the genera Cyclops, 
Daphnia Muller, and Busmina Sars of the Arthropoda, hich 

are considered importan- as food for fingerlings; and the 

genus Chroococcus i71-rcj.2i of th. Cyanophyta, which propagates 
in large quantitiu:.; zad collects .i.n the cooling water intake 

pipe causing some diculties in clogging; and (c) approxi-
mately G0 species o - tonc algae %,erefound but in rela-

tively low quantity, .x a..s'..a~ly because the reservoir had been 

filled for only rso' er'wc. 

4.2.2 Smithson. n .''. 

A much moLr, d1.i!,-'- ,.ccueoical survey at Nam Ngum 
was carried out -r-o ti;c,:cw' C-;.ittee in 1974-75 by the 

Smithsonian Institutinc (K. i). his included evaluations 
of vegetation (t'2rrln: tia] and aquatic), liianology, !ildlife, 

drawdovn agricultur(c an,d itu-,n dis-se hazards, and use of 

remote sensing (2RTB i'rnlery) for mappiag of the reservoir 

area. The field obC::vat'-anru: aw,-re made in the period June -
December 1974.
 

The findings and conalusicn's of the study, presented 

in a 15G-page report (] f .12), nay be sumarized as follows: 

(a) Terrestial._[,[egetion: The bioclimatic condi-
tions of the a 'gum area favour dense climax 
evergr.e.n faosts. occurring in three types, 

everg, .!n forot:; on sandstone terrain, bamboo 
forest:; %hich deve op here the evergreens have 
been cleared, ad ]inestonw area vegetation. 
The clira: fo7.r: doi,,inated by an upper story 
of Di!orocar':;c,;- (about 4L10 trees/ha), a 

substory of va:1 nu:..s cies (750 to 1,000/ha), 
and var-ious ian (35D to 450/ha). Five bamboos 

are present ( ,) wh-ch o key jas developed) . The 

The total bjomass (Cron 1,595 to 2,57,; tons/ha) 

is higher thz:n previously reported for tropical 
Asia. 

http:i71-rcj.2i
http:limnc.ou
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(b) 	 Reservoir veetation: 3ubraerqed trees at depths 
greeter than C ii (in the anierobic zoiie) tend to 

reinain intact, bit trun:s anI branches ne;ar the 
surface decay b'i ni :s nd littel.rapily. bioa 
decay rapidly during -i. di: 2. cedtil'ds.. .

are pre;ent but '':e not'c ,bleno Conditions 
along ,iost. of tu' resev"a are c- not: favour
able for devel nint oC tensive ra'..do''n igri
culture rim:qri!7 ]' kUb Uit- too,,'..s 0 )" tihe 

zone aS im,!. Ns itn:ir soi.ls (OhAic Iore dleficient 

in both ,hosphLs.e and n to) 

(c) 	 Limn(locly: 

():io and flus j Inaclntion and '.ind are 
major factcr:; J.tiii, ig tie the1sn'I struc

ture an! ;tc bi].iy ,,--trc:tificati',n in the 
rc: crvoir , 1iere:o , 2:i l:- :'tt',, e anld 

o 	 Aud"> heamounts TAfe n l:0ig . '-i 

large number Vl t:.merged trees wi! islans 
reduce th i induced nixinge:teit '!ind 


£looded vegutation ,' Ittt ver t'al iinhg, 
which has resuite: in aa 'h iij' pai:-' layerl 
near the surfItce ill(i JO.elr s:1 . 

cool, stagnalit, ond mxi, 'ater (devoid of 
oxygen). The laie ape,.rs Co be ,no ic 
belo.' DO ia,and somtiaes bel',, , i (during 
the driest part u. Lh. yelr due L' Lessen 
iind mixing actio.) Lturing tu ':otLesL 
part of the ye: CheLte ifo- i penetratiun 
o. o::ygen to 20 ,o Ioptiolo 

(2) 	 Water column: file ''':e. (:,:,:n Curing most 
of the ye:r I-; .vie ilito three sites with 
tHansitiun lycrs bet ei (1) Ie uppermost 

zone, 'hich ciroulpten in response to .ind 

and is 6 ma thic': () i::e :,io'.JA" C acne, 
i'hich 3ie.'s '',eon .- in, is much cooler 
(near 23" C) n:. :','iv :e bulki of rivc-r 

flo'.' during hi i1y "(:t.O , thet :.'. u ( ) bottom 
layer, ,ii is .,,'' hi']" 3,. '. a; :ndis cO.n

siderobly co .itr Ci:,i Lii(m iidcle 1. yer 

(i[' C) hitis .tuutiC.oI Ci i~lqi(:s briefly 

durinj UKt: 's C .ii'tau',,i.' biy ni::ing 
of lyers I ind . (-,s:;ib!y by soe rise 
11 the iYe]v'q h er3 

(3) 	 }later ju .itCy.: ii L., 

no'deraCtely Ci , -',Lre t; .sollTaCi,, 

fro.I dec ,ynot vgti' C , i:; noa significant; 
,11(1 turbidi ty ,t i, _ i v l: in,I t : nil. 

tot ion. no Li t- .c-_e: '.aLel::; i ai 
resulted W. uceu; it ' ;.. s',1.iir}; at the 

in . a . r:::u;s and of 

hydrogen mli.id.. Ahei;u nu tricents, 
]ottai: ,n: . ' niu : irrn 



III - 56 	 nquatic biology 

nitrogen and phjosphorus, ere not plentiful in 

the upper layers but h.-ve accumulated at lo.'er 
depths. The pol '.:as routinely between 7 and U in 

the uppe,. aerobic layeri, bout was significantly 

lower in the lo'.zer depLhs. 

(4) Plankton* The plankton of7the Uali Ngum reser-

voir, 	 sho,.:n in Table 1, arc typical for loland 
l,_kes. Thie bluegreen algae (dominatedtropical 

the biuiaass, but the standing crops %ierenot 

particula:rly heavy. The species -coiposition, 
cf Lyng ta Jimnetica andespeciolly the presence 

.\nabaenonsis raciborskfi, Js (uite tynical of 

tro'i'c'al lakes, of t.Lhis :;,alinitv (Table 1). The 

green algae wiere present in remarkably ].o': vaie

ty and included E, numbel- of small desmids. 'e 

diatoiiis %iere found, despite quite high silica 

levels (about 9.0 mag/i). Factors that could be 

resnonsible for these neculirities include the 

lo.! turbulence of the euhotic z.one, ,hich may 

be adver'se tc, soaie larger species, and the 

riverine v'ater inoculum that continuamlly reaches 

the la:e, number of larger algae turned up 

in net s.ples, including a number of filamen-

taous :-eens and some ].ar-ge desmids, 'Theooo

plan,-ton ,,ere not especially abundant at the 

times of sai)ling. The most common organisms 

were tw'o cyc]opoid (cooelDods, .The-mocvdloT5sp. 
Various rotifers !ereand 'i'rojocclos ;.rasinus.

1oresent such: as V.erat.alla he.arthra and Coneo-

5chiloide t .s1., 

flooded 
o- hark and branches of submerged trees

(5) Gro.th.a ,ietatioa 	 Similar size 

pieces 
and baboo %ere collected to obtain some esti

mate of the numbers and kinds oc organisms living 

on them ns compared to those living on aquatic 

plants or on the bottom (Table 2). The same 

numbers -f organisms occurred on trees, bamboo, 

and in a n,:at of iroqra associated :ith SilVi-

''1ter area. Tree br-anches hadnia in the oen 
siij, ,niicantlymore organism:s than bamboo, pro-. 

bably because the ba.,-, provided surbark more 

face area and habitat diversity. The **it ella 

had the greatest number of organisms per net 

wfeight of wacrophytes, also the greatest total 

number of or.nisms. 

.rais.: The benthic samoles had a(6) Benthi. 

low: diversity of orgonisms and about the same 

number of organisms per surface area as the trees 

and bamboo of the open .:ater. It appears that 

submerged trees and macrophytes in near--shore 

areas provide habitat for a great diversity 
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and abundance of invertebrates. The abundance of 
the conchostracan, Cyclestheria his lopi, ,as of 
interest since this organism is usually associated 
with smal! aiquatic environments. Several hemi
pterana ',ere identified including Jellosto.alida, 
Corixi~de, and Cicad.].iciae. Both dai,lselfly and 
dragonfly nyimiphs of several species made up the 
Odonata. Some of the Coleaftera %,ereidentified 
as being ,drophidae, inthicidie., and Ptinidae. 
Host of the Diptcr:a %,ere Chironomid larvae of 
a number o species. 

(7) 	.Fisheries asoects: The flooded vegetation pro
vides a large surface area for growth of plants 
and animals 'hicli may be a major source of food 
for fishes, The flooded vegetation prevents 
overe:xploitLtion of fish p)ulations (by impeding 
navigation). d inf is not yetd(uatc rma-tion 
available and the reseirvoir is too ne%.' to estimate 
future fish yields. 

5. .,.uatic 'eeds
 

5.1 Control of awatic oeeds
 

Proliferation af aruatic :eeds is a serious problem
 
for virtually all tropical reservoirs, lakes, canals, and
 
other" water bodies, and could seriously hamper operation of
 
Pa Mo.,.g a-nd tributary reservoirs and irrigation canals
 
included in the Pa Hong project. Jome minor adverse effects
 
of weed groiwth have already been exoerienced in the ex-isting
 
tributary reservoirs. The i'eed mainly of concern is the uater
 
hyacinth (2:ichornia .crsissijes), nd to a lesser extent also
 
,ater--)ettuce (fistia strr tlot.s) and ,;ater fern (Salvinia
 
cucullata).
 

In'estation of water .eeds, and also dense algal
blooms, are due to nutrient enrichment by decomposing terzes
tial vegetation and occur tUirouqh'not t,:opicEal climate areas 
(Ref. 10). The cloating eiater :.,oeds a .vc adverse effects by 
(a) forming denso mats %!hich are a' .bstructicns to 
navigation and fishing, (h) intefer.ing i:itL surface reaera
tion of the w,,-.ter often causing heavy tLsla mortality, (c) 
entrapping a-iter in axils and forminq nuerious small pools 
thereby w:roviding breedijig habitats "or mosquitoes (including 
A]noelines), and (d) increasing trans,)iration losses, perhaps 
as much as si:: fold. 

'.n assessment of the e;:tent o: this iroblem was 
made or the ilekong Committee by the U.S. Corns of' Engineers 
in 1970 ([ef.5) This study indicates that the only known 
feasible control methods are mecianical ;and chemical methods, 
which are too expensive to be generally ,pplied in the lower 
Mekong basin. ,I]so the chemical methods Ahich are most 
effective (using 2, 1'D or esters and amines) may pose prohi-
bitive environmental ha.;ardso 



The ]ieh:ng Coimittee is iresentl- considcrin: studies
 
of several altern tive rethos Of cont'o! C:ier , jrclud.
a ), 

ing (a) r.ssin' the 'ccds to v !ial Jrouucts
 
such as .clletiiec c]tte e , licuiC e::tract og
 
yeast, cu.Zr"l 1 oed coli nd -:zrc.,,e fibre -s 

.. lu:. __ -Or !; p-er, OAn uSiln,3 :r::]sm :'c(b) 

,r at' ..fe inc jlui-,A C(.atic : ! E'.tees
 
from ti c e- f isec-hs and 
mites ioattac.: be ".eds, lant I-thagens, gd exotic 
fish ]:-erbiv.'res. The u altenoitives are under ev.lua
tion .'it: t(I. if -)-- selecting tOe wost avrmisincga proach

s - ' is a:s andThe ic.e r.jn sericous '.-ill be
 
pursued.
 

5.2 £vlo cr a io, studies 

ecausef the sireable vaotranspiration losses
 
.hich may -roi ' in
r est oo'f't .,-uc-.tic -'cads reservoirs 

and irgti, .'stems eseci y tie "ater hyacinth, and 
the needfr .umt",-,.. this i"1cto. lIer 
basin project.e' c '-',: the jje"'' Co +itee in 1975 
contc ed 'ILK thei. i tor, lji-1.] e itet to con-. 
duct :ic. -s cc i~'N- Unem -,
 
variety c1i:mtiz c-itisn (!,Ie. !Ac hIe tests are being
 
conductcd cir s .'--'' (each " :i : 3 !l - 1 m)
 

,,
covere-d -i' "- ,, ith in varyi g . ts, equipped with 
instrumer te ;i suring c olponents of ''ater losses 
thus tion o-ernitt:o sses specifi cally to eva
potr a ir- tion. he stu'i- are schedued -or coripletion in 
1973 

[, o !ig} (t,.o C..,-'sj 

1 ngrve w'"0s er'tend ovei. :. e:-timated 20, 1000 ha of 
the 1he!onc, deltLL 21'-: a i1"ortz.nt ,Jr! the materials 
obtained f.om n oya icc" souSe (co.c', charco:l and resins) 
but it is lso believed the manrove s.an environment of 
shall(_ brac:ish' .. ters ;ay e vc",' i"portant for the high 
fish productivity in the delta or ';urpos:Ls 0of reproduction 
and for servi, -j as nurseries .o, it is believed the 
mangrove ecol _-y :.iht be affected sic]ni-icant]y by changes 
in salinity, r'ater depths, etc., -uting frcm upstrea 
impoundment zind rel te,. local -linity control and o;ther 
cgricultur! improve-ient ,'orzs, Attention to the role of 
mangroves --ill neeA tr be inc]uded in 1i ,!lentinq detailed 
improvemnt syste-, in the C delt . .t -ehn"resont delta 
plnnin in still in te hecinnia stage. 

7. l. ect" OT j :p-' ..n(; autI 
ipunc, t .,o:2. , Al'. .'2;saciatec irrigation 

-,strelm vLriety 
on the ,catia biol , ica! resources aT the loyer basin, These 
effects (in additiw'i to these o:- fisheys .nd ilclife, wAhich 
are discussed s-yatcry) nay be se..svzriacd .s 1ollo*s: 

uior]ss to be bu tt- di 'il' havc a of effects 

http:i1"ortz.nt
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(a) 	 Pa -lon reservoir: . ric' -Ic.-ra and fauna Is 

ex:pected to become establishcd in the ne'., reser
voir, stemming aprimiaiily Zioii the nutrients 
derived frcm the b'.e_-' vegetation. fhere 

uil! be a high levef -, biological or-
ductivity hlch ill 'ina't . high leve! of 

fish La', zr)Lctin.,,, ji.nL t: .Ltsact 
from 	 the coioar , tr,,nsl ai n<y, r other caesthetic 

factors relt' 	 t!la !.Le and 
its value C C Lossis. Ti',The extent 
0; scientific uvn',led,' no' 'v,-ii :ble ob-ut the 

biological beivL basin lales is 

not su.i-iont L.;' , s pr oJecticnis of 
the limnol c 1 c-nii :s to he ax ac Lcd at 

Ila 11ong, hutt is ited a t, ical thr-. 
mocline i13. e:cist CL ill 1 yer (about 

10 m during the So .ll,,. i'f i erobicle 

layer belt', %,,ith tie uper "as acing thicAker 
(up to 20 T rsig ' ,-) th 1-ainy se-san. 

continuiaj resrc7: . . iS under,,ayl 

woriking C s-iCt'' :'.o'm''Jos ti'sho btain 

a p,_-ogressiv''l' c "n 0 scientific 
hno',!edg'e abou t': 1i-,",gy of ]. es in north

east 	Thailan anL tl,- L-,I -UjO in the general 
vicinity o:iti 	 the nrimary objective 
of establishin i; t-- assist in esta-
blisiinc the best ' 2i sh' rv at 'a Hlong 

x'itii i::imla a'' ta ,nt (Ityield o e sirable spe-. 
cies. Spes:i ic .uec to b:D inve:o-igated 
include the C:' tcnt to ,.hich tees and other 
vegetaciun tc b suiierged :1iosid be removed 

prior to iri unr en Ct-eL and the l-'_h depths 

for -;,It:dra escrvoir (whether; ,'c releaxes 

from aerobic ob.c c'ones)°
 

The cnly anti- 'a Led riajativc aspect would 
be explosive bloomsa nuisance !'ater weeds 
(both in tI'.a a- -vi' s. ] in tlia irrigation 
system), pr ir roese rch is planned 
to producee 'ectiv'' method of control t7hich 
are economic, l ; .1....7:. '! 

(b) 	 Dowstream anfi s: , f., the river stretch 
immediately be!<,l t'I' a ittle imp.)t is 
expected on tihc e'isting t.uatic biology of the 
river do'nst '.'''scnsion of :susnended 

soil 	 materitcds ''''CCI nutrients should 
occur I-airly prc m.tly :3,)thIt thi biologica! 

environmental iatltes sh,,.i2 become reestablished 
similar to it ut -'r ject conditions. fhetho .
changes in bf r-u!1 patterns causedtho aica! f.', 
by c-a long %.ill ')c 'all ,'ithin tie natural range 

o variation 
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In the delta zone there should be little 
effect from Pa Iong per so except that main 
tenance of a higher minimum flow level during 
the dry season should be beneficial to aquatic 
biological resources because of the more stable 
condition. Houever, the presence of on assured 
supply of irrigation water the year around .,ill 
lead to a great number amd variety j. new local 
,orks and systems (ditch es), barriers, canals, 
etc.) :hich ..:ill significintly alter the present 
pattern of flaws, drainage, and salinity intru-
sion. Also, the intensified agricultural opera
tions, especially use of agricultura)! chemicals, 
could create real hazards to aquatic biological 
resources unless properl, controlled. As noted 
in the discussion on fisheries, in the evolution 
and development of the delta agricultural plan, 
careful attention must be given tu effects on 
biological values including fisheries to be sure 
that adverse effects ,:ill be minimized and that 
advantage is taken of opportunities for enhancing 
these values..
 

(c) 	 Pa .10omg. ooI level: The choice of pool level 
for Pa iong ,,ill have little effect on the envi-
ronmental considerations noted above except that 
higher levels of storage will mean a larger reser-
voir and greater release of irrigation water to 
the delta.
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TABLE I 

MAJOR PHYTOPLANKTON SPACIES OF NJAI NGUPI RESERZVOI " 

(From -'Post-Impoundment Assessment of the Ecological 
Effects oif the Nam Ngum Dam and Reservoir, Laos", Smithsonian 
Institution, I Aril 1975) 

Cyanophyta 

Aplhanothece nicrosphaera 

Dactylc ccpcjis fascicularis f a. solitaris 

Romeria .racilis
 

Lynqbv. limwietica
 

L. limnetica fa.. ino-


Anabapnonsis raciborskii 

Anabaena sp. I 

Chlorophyta 

Tetrahaedron minimum var. apiculato.-scrobiculatum 

Actinastrum hantzschii 

Ankistrodesmus.falcatus var. acicularis 

Staurastrum sp. 1 
. .........
 

Staurastrum s. 2
 

Cosmarium s,). I
 

Io tryococuz,br-aunii
 

Chrysop hycea e 

Dinobryon se.rt.ularia
 

Cryptophyceae
 

cry~tomna m son.i
 

C. sp. 1 

(Ily
 



(from 

TABLE 2 

UMBERSOF ORGANISKS COLLECTEL, F;GCMSUIJVEIGED AN{OFLOATING VEGETATICfJ 

ANO FRCt EDCTTC-;SUIP-, NTS AT rK NGLVRESERVOIR 

"Fost-Impoundmcnt Asscasment of the Ecologic.-l Effects cf the NarmNgum Damend 
Reservoir, Lao Ffl, Smithsonian Institution, 1 ',pril 1975) 
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TanplingLocation I0 I 
I 

e 

L L 

r 

+ :ir sho,: 

,Tr.cbran&l.:s 

f 

2 2 

Z0',at 

Sislard 
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? 
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K t"-
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Huai 
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22 

De branch-s 
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22 
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2 22 

3 

I I I I 
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PA IIOiNG ENVIRONNIEIMT.L . ItEIIT 
,.. .. +,.... . . .. . . ... . . . . .. .. . ...
 

,.RCI" EOL0GY
 

1. Introduction 

The need for an :archaeologic.l survey of the Pc Nlong 

and other reservoir .reos included in the iie!ong Committee's 

Indicative Oasin Mn his been rmw'a..or 0-03n years 

(Ref. 2, 3). "-. reservoir 'CM 1d Cvez.-Mn .. ] iae 1hundiiored 

kCilometers of the Me:ong valley ti T:eby vc.vr.n p:s.1ihle 

archaeologica1 siLos. In addiLion, L' licl:,ci ; Coummittee iS 

interested in -rchaeological find tng: i; backyrlunIi ifor the 
Committee's :eveloyiaeriA p!0nning o "ic e..( i 1). '6his 

phase of !riio,n a ; enviriniion ,i i aca lo.garchaeolu iy, I 

yielIs inforlatiu Ii n ey clvirLOni-enta,! Such is changeS 

in cliimte, ra ai 1 ,1 iceoding tLL n , ,:,i -vercuurses 

v'hich may have inAU1(1UMcd pattern ';): yeLUtiol'n soillori--v' 


tion, land use, cnt, nad min, on"Z e ier civili-

zations. 

.!ogcal (oI 

Ilong %,'re in d.! by o,. ':: ill , 'I Lcort the L1a iCong 
'The "ii t )reL imli rv ar c i -l sur,-veys ',I 

f 

phase II pr,)jecL, in We im 'ng dr.ithile area portion of 

Pa 11ong r7seiorl2 (Ace :.iguru 1) located in ,,mphoe MI. Clang, 

ChangwatL Udun T iiL C , 1.) by the ''l1 rts(ii 11 anci Thai ..

Department ( tt, i i nergy .-authority) in 1.972.73, 

ULhich included , .ge .-- , -1g (" '1''' ,:raq .: mo':t (of t:e 

T.ai i c 'rw'C (o. ) '2>ia earlier ';stios, or) 

furlnished the b, :', c l Letice t,'o ye.ir r)iO(Igraii 

initi tm" by'th, 0 1 1 c,, ii1 1 - i assistnce 
from t ' ,iuI urod t i,, . (oeid i Dr. 1-'.' Dayard) 
o, tie Dop-2.Li 'ent.i.t, Univ(iiri ,' Otago 

in o.1e0.id C'e . ', *i il(-I-n . , , .udilg ten

tativo "i . :,, L it , to,.)el 'Ilich 

'ere hewat \ c ,:v.LiLi , , -0et:,e !ciC', ',c1esentLec the 

only ci: i.l, 1' i'.,,, t ntiia reservoir] 'c Ci 
ares prir , , 

The ,CetCAP '(. tiag. ' C . iieededl nct only 

because - Og i c-,:r, ,1 -re,: )> possible 

arc h',eu ,~,-gi 1 ,kte Wit Is b, tih recen 

-Cue J.!1 tih 1(Iicenit regionssurprising i ,,'. ic disc v 

''i','i.V ,-111o e 5ji ;-mof nort' eaL 'O'Ii C.t'' 

south o tihe ;;,, , I . of Lte' .iv i", ::r)Void!( 

firm evidencm :,r Lrm:: m: --.'l-rc;yin Liic iea '1ric'' to 
'.v'i C , , ,nd domestic2, 0 LoC., domesti' '-i' 


cattle and v A'' > q . .t , e, 1. ' ,'U'tr c<,.d iate. The even
 

more soect ': .iti 0 .n cCng , i:'east ,' 11a Ilang,
 

. ,' Ihas yielded -r, i! ,-r meinto AS r'1, or earlier 

l !undi ed:than those at Iton !I(,::'f.1'' (! . 'e]. i o' the nc.. 

famous red..om-''.,ite wse i Wcorated 'iL remiarable sophis

tication.
 

http:o.1e0.id
http:Dop-2.Li
http:1.972.73
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These cliscave' ies are only two Ctile remult.:o_ Lte
 
last decade of rhe.lgc. rescarch inl Thal-.i nd rserc
 

re h)locec vic c,
'hidch hasa ti-e Lc, a nainlond o a saa 
F. biicktiater ) ciltu:-.7 c ( vel r.nlnt: - iL" a-c e:ls:lc t
 
impoirtanceo "'s, ta C1 SVI O~ on ete
 
east -sic..
 

2. oicl~f toe0 inv ua se:; 

111vl'i( ::osin)lrenltl o n if ;i 1 
1 inl its 

1flnflflcy, -- lih s beenI don .;i tlIk ini1 z' ((ll ) to 

La.ti n ... i !,;1 i C,c 1) Dy, c-n5Li uctijc the Ci ' (',i1 1 
1iandC IC ~ IIAC 1 cudy -), 17 licf of. ii tLul V, jetc.t LU, 

enl-d stid'e soils IC dr:ii;:jo Le ~ ir b ac-ossible 
to Le SiutoLlenonlt jA tCe' n L ict e!''-lVC'd (:-.cca igure 2). 

.bo-1t00cL ajoi:! malin ie in the l,,'er 
bozin,~il intj .iL cd 11L IjInl C'ii b7ier ba1sin 

ii c ' Cl lotc:;ntAl1i'ei e Llic Chao !?hya 
deltal in 210c n),in,--Lt ob ~'(Jc0oonLl 0 

W101ra~d--

Czast iilo 1t,'1I' 1aChlI.2Cl L..111 IL 

the ye:- mlld Lhe c iLe th1 i : ence Lhc airly 
sett0:1:1L:in2 the diLuCL ::olno, .Ci~c 1.c;ted the grassny'oe onl 

1cinalying be tL-:eetn dlenisu iiverine 0102t ,id the (1120 

notorious [ortreit Iiit2iie inoili, 

tile DI 1n C:hIfoes. Oil; ulrosira; terr ce;:0; 7' i i< eddt, , slial 1ol 
dein ti ill -".0 '.!c2L A !oit other~ a :,11It lands :i-th 

*-oveojc .:ti .IL Ii n Lur rlorodingj 'em- ac!ioice lands 
Cc nd still -i I <iL'rcg 1sotn rice) .11The pp1'ticll 

*7s ltl I~ 72-S oes'LlC 'r etilyaLi
 
suspn
ing (ricol ura1cayinmuni Lie; iiL1 1 1na gl 

trade ,,!.Lli o-wEs idc hoc i Ig L li~i, I ly pe m~id t :77 

7 ,Cd (] 1Is 1 1J , n-li1 51tu in )1 i ndl pro
du1ced 2000 :lt)l 1 ijQ .11L il 1 0L)1C -ii c:laly thati 
::avc n '0,V(1: 11100: ")0-011 uer ued 'mr ug1 (l-cr]' 

cant.'1 Sc I L a 0 ver:y I-rge -i.- t-'1 crln: L- beii use 

mosti'' dr 2511! 1001 Lu I Lim5l; Slid tilO oats Vol :-, La 
su'Jply(C .0 dc-esi: ,i ;rincj the l,;e':-u n. Tii s ev~
tion iecle.1t:; in tile S;evel ti cenitur and then 'asl

i1 1replaced 1)v the litrC~1cvli t~lC i, and southeasi-,t 

.'j J1,11 1 in iL CCrocren(;cLi tcao tein in 
theC ccneri UicO LI CL .Lag CI001)11 Op1ene diithcr( 

o a op loe:ti;, the( i.,e. 'or terrice::.1 iouhd till2 a L,.d:e and 
inl thi'oi-C i..i sj:I;.,-e 1C a.01 iit~r 1bundiecl1ie 

ihemrnanta CthsUirnin; ::itef; erc i recogninedo.edavs 

,!r017 their: cajieLhani pt tor:1 ondc ho LI" ')VC1. grownm bonds. 
.1ater :0Q:: dcnsic.: ,i;ea: ,IjtaincO. :.7rI 15u '-oplied byV 
griound-sc ter , res--u LinoJ ill i e:hinge Lit :xc ' jri:~Lo 
f1'rra.1 theC- la.rge IC 1 mrsLn-.i Llt r01~1ice forme.7002b-t 

http:iecle.1t
http:1aChlI.2C
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small groups around individual )onds. :c!iev-l -griculture 
sites can be ti.-aced from 'erial e'liotous nr Loocrz-phic mas 
even in ris ih 're long arl £ ;bAd erIlc ec cousc LI tile 
absence of nat,iral 1 1oding on e' P(A- imed 1c, terr;ics, 
and the core permale ci , trrir',_inte-c rice ",-I:; ' 
instead of broadccm-t ice. cn1 '.t _it' an 1 vum.t-bles
much the si-one stie t '.. t for c,)s " 
supplied mostly by u et irbiyt l t iver bn 
The medievoal ji opuI Laiu)iS .' v:Ii ' m Li ] ill the previuus 

periods and large t.,irs came int, bei'q, ncc as :nters 
commerce but of reliqiou's activity. y the Lenth century 
the lo'land settlements of tji','irly ricc --,irierss iis becln 
almost entirely aalddied, me'i h _ t '' 01e in the 
climate and floud -attein-s n! t- im, jr sL':eams. 

In the .,l' :i:i3 ceiai .unr s udve:sely 
affected ogrim1tu'' ludiw:l.developiment Eigriculture 
continued but gr."ially terioated ,d1( mainly re.s wevcrted 

to forests. a;.iLi(' the ,,1 i-d to ,,ait until 
the second hlf of the nine Leentl, tnt'iu 'hn tile inter
national rice Lridc bcc , ti 2hle dcltas o' the 
liekong and Cha, i i-'tja a. bu.hy tce cenLerf. of ag1ric iltural 

production. In rn rtiieafP l ,n *mcwevrr, only recently 
has agriculture :o.gzii bormei importnt. 

3. Otao su}ve. 

The ,v r& .rar ',wme fr the present survey, auth.-orized 

in October 1973 0c-'.No 7), in :]udel. field virsit; aid test 
ezcavations coverinm :-!. mucli oZ thie ' i ong reservoir area 

U :c 	 ld itny-is possible during field eri .ii f,ceciber 1973 -

April 1974 and Decembera" 1'4 .o'-- ].W7 . cnii-ial l'bo.,:i1 
ratory for i)rocessilm , find,-- -,! etblisl td 't Uie Iiion 
Kaen National rn t' survey the 

m 
Fisccii.odd itL tie itsUlf 

programme devoted conicid-c le fccit to traii ing of poe
sonnel fro the riLari<n r:'muitciL , LtL stli ii source 
of local e::'ertic: f',r cci' tinuLii Lh'o: udi 

(,I) 	 Survey . I,-- t - T 1.C Int t e et 'iri:.r ].ield 

.studie-:; in tm., c' i mm L', th nor: 
field irvaostigatl L e xil ni%Pic rtciated tl 

large lobe o tile ireg t:eOeIvcii oren ill 

,'mphuo Chi t , , 'D11 m1ntary cc-: 
in the viciniLy ' 1'a Cilm i-inl thie- Lao 
banlc ,l tilem ',-m ,ng ie C tu ;n , (ligure 1). 

In thesc ea, 3, tihco ";L' - lecct . 'n tudy 
(in Loci !.-ovi'lu rim t <o ,remasc-i
Iluung " na zbm ) ,f ']:_,:l: t . - h ~ li :}'' 1'' 

to be 1. rmel y hit - : ii! L C( ti :;hreie ds 
of :;Ut,, euooi, 'm ma icr cem' .la hri-k, 
titlcs, cu. cia ) mm orme.-third rehis,cric 
(nio contact ',iti a t ci~i:. i :]ture ). LIheW 

location:: a tii w 3 sitms- 'limit i:i t 2 mu 

Refureim:c 7, inc udl pl, cmes ii tihe relatively 
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wide 	Loci valley :nd adjocent hills, in the narrower 
valley and more ruggjed hills o' the Chor dr-ainage 
areas, and on the hills and narroi, plain o2 the Lao 
side cf the lelkon'.o 

GeographJlically tii: area surveyed is inter
mediate betwieen noi th nd:l north ''hoilind° 
lfoever, fcom the tnvoi t ,f .'erl1 environ.. 

ment the a survuy,'.h c'io. more, Ln ac'::cnO 
*'ith the fi -oieted hi]1 , a t outcrops, irld 
nc.ro:o',' icivca. v:'.1].oy": , 'orthorn 'i].iland and 
upper 1.ino 1'D1i than i '. 'itL" the rolling lcu--
Iannai :.iid 'id, c :".l,/ cain' ii 1 plains1'=. allvi 
ofi notheaSt 'i'hail, nd ThJ a :;iiilarity includes 
land focac; , o:lewvio , .;n~ geoogicali2e' tres. 

y 1_ l.(b) 	 Preliici auve i .,hile the roeiort-
on the 1.75 field i s not yet available, 
the findings r.:ia]74 (;',1l.) :0d proliminary 

findings for 1')7% (lo{f. ') indicate, in the ioa 
Iong roscr'voi' vicinit y, the Luei..Vientiane 
and nearby Lrc... the a-t .,re cllracteried 
by an esse:;ntially I rabiijiian LachnuI.oa'' ad 
econoimy until ojcanly lstJJi<limuio: ':hile con-. 
ditions o' itaiLde! the r-e;ev,,ia vicind, t-, on the 
1huorat a ea'i ,: t t , icolra jced oin early 
development of -ice cilivaitiori, (attlc breeding, 
,nd sophisatica ted bron:;e L'.ch, int,]oqy . These very 
striking dif -l:ernc s in iumman occupation and in 
cultural stagn'tic;., .. ceat.astCd t:a cultural 

develocamenL, -,n bce c',Iied by di -'krences in 
environment, Lho forer a.c )eLi a characterized 
by cense 'orsLt; rid thie 'iLtto- by the open 
diptheroc:.rp s vann';., 

(c) ug te. .(ii .o. -. tu.d iQ.e . he Ortago survey 

results, --hile still very preliminatry, suggest 
the additional -o.llo.inqstudies should be cons.idered: 

(1) 	 Detaile-d survey c-- both banks ,f the iel:ong 
river ;loig the ;-c-uch in the reservoir area, 
eatending abut 1:mL inland, t) clhecl for 
evidence o" :, ,vailents -:1 )s)uilation and 
diffa .Len of teich'loq y .lng the river. 

(2) 	 Detaoiled eorin , ,iaampiny, and nhotugraphing 
of notable hitoric sites (such as 1,)t Si 
pluril ciad i- aI Chao i ho), toqcj(1her u. itl- recording 

of in;criptiona and o. local traditions about 

the site.'> 

\I
 

http:diptheroc:.rp
http:LachnuI.oa
http:v:'.1].oy


III --67 	 Archaeology
 

.	 SuRmnary " , nd cIusiori 

Although not ehaustive, the archaeological studies 
undertaken bN" the liekong Committee indicate that, lhile 
significant archaeological remains do exist in the Nhorat 
plateau east of the Pa Mong reservoir are, , the reservoir 
itself is part of an area i:hich has al'ays been heavily forested 
hence not likely to ccntain valuable remains except perhaps 
along the immediate vicinity of the river. The continuing 
Hiekong Committee programme includes plans -cr detailed field 
explorations along the river strip. 
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Table 

Table 1: Applications of modelling for lower 
Mekong basin planning 

Figures 

Figure 1: LANDSiT-2 ground track coverage of lower 
Mekong basin 

,Figure 2: Application of LANDSAT-i imagery, lower 
Mekong basin land use 

Figure 3: Thematic map of Great Lake in Democratic 
Kampuchea prepared from satellite imagery 

Figure 4: Flood inundation in lower Mekong basin 
shown by satellite imagery 
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data and tools
 

PA MONG ENVIRONMENTAL ASSLSSMEN T 

BASINWIDE PLANNING DATA AND TOOLS 

Basic data _rorammes 

For purposes of comprehensive planning of water
 

resource projects in the lower H1ekong basin, including Pa Mong,
 
the Mekong Committee has established and operated a number
 
of basinwide programmes for the collection and utilization
 
of basic data pertinent to the many purposes of water resources
 

projects including power generation, irrigation and agriculture,
 
flood control, navigation, socio-economic development, etc.
 

Basic hydrologic data are of course essential for
 

water resource project development, and in view of this
 

importance the Nekong Committee has established and operates
 

a comprehensive hydrologic data collection programme (See
 

discussion on surface water). Vhile the main thrust of
 

this programme on hydrology on of quantity of flow in the
 

Mekong river and tributaries, supplementary programmes of
 
sampling and analysis are conducted using the same river
 

gauging stations for determinations of sediments and bed
 
load and of water quality, and also of salinity in the 1ekong
 

delta areas affected by seawater intrusion (See discussions
 
otisedimentation and erosion, on water quality, and on salinity).
 

Additional basic data programmes have been developed
 
by the Niekong Committee relating to agricultural practices
 
throughout the basin including preparation of basinwide maps
 

showing vegetative cover, hydromorphology, land use, and
 
ecoiogical zones (See discussion on agriculture); the Annual
 
Statistical Bulletin (See discussion on socio-economics);
 
and a number of special publications.
 

Some of the basic data noted above are derived by
 
the Mekong Committee's remote sensing programme including
 
use of satellite imagery (Item 2 below). Because of the
 
vast extent of the lower basin, satellite imagery appears
 

increasingly valuable for a wide variety of purposes.
 

For efficient application and use of the basic
 

data, the Mekong Committee has developed programmes in system
 
analysis utilizing electronic computers and a number of mathe

matical models tailored to various specific needs (Item 3).
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2. Resources manping_ with satellite imagery. 

2.1 Develolment of programme 

.'erial ,hotographic na-npinj (U.-. ,imy Hap Service 
series) covering the entire lo,'er bLsin have been available
 
at scales of I : ,00, 000,; .; 250,I 0 and I : 50,00;
 
plus partial coverage at scales o- i : ",;'060; 1 : 10,000;
 
and I : 2,500. Hoever, considering the vast size of the
 
lower basin, the ceep.e:c nature of the Hek ong Committee's
 
planning activities and the continuing need for up-to-date
 
data, the ie:cng Committee has been especially interested
 
in the notentia.ls of satellite imagerv both as an economical
 
means for obtaining the large anounts of data needed and also
 
for obtaining information on inaccusJ.bln areas. Accordingly,
 
the llekong Committee has partici pated in the experimental
 
earth resources satellite imaginery prgramme, as an investi.
gator for [., from the initiation of tie programme in July
 
1972 with the launching of the LIfL;.-1 (nou., renamed the
 
LAUDSAT--1) satellite° The lielog Committee's ork, carried 
out by a mappine! unit established ':ithin the flekong Secretariat, 
includes resui.a-ibilities both fuo processing the data and 
for sponsorino training courses in the uses (f satellite 
imagery for participants from the ripz riar countries. 

Nultispectral imagery received by the Secretariat
 
from NaSA covers the entire lweri basin, including imagery
 
taken by LANDSaT--1 betwieen July 1972 and August 1973 (at
 
which time the recording mechainism of the satellite became
 
inoperative). Since July 1")75 imagery fr'm LANDSAT--2 has
 
been received. About 45 frames of 1i35 km 125 km are
 
necessary to cover the 60 million hectares of the lov'er Fiekong
 
basin. These frames are taken every 1L days, with 7 conse
cutive days required to cover tho entire low;er Mekong basin
 
(see Fig. 1). 

The L(LDT-Idata outputs made available to the 
Secretariat for analysis 'were in the for-m of bull: black and 
white multiso)ectral scanner (liSL) transarencies in both 
positives (2)5 inch :, 9.'a inch or 24!0: mm nominal size) and 
negatives (70 mm : 70 mm in size). The scales of these 
products ,:ere 1 1,00,00 and 1 ; 3,36},000 respectively. 
These bulk ii:;!. products (also c,)!.ecd system corrected NISS 
images or jYCT) have been delivered ..Lso in the form of 7-track 
computer compatible Lanes for a fe': selected frames. 

• s overall first-look assessment oi the imagery with 
respect to its potential acQiritims to geology, forestry,
hydrology, and ped,logy (soil map)iilg and archaeol]gy) %,as 
made by a Satellite Iloage:y Task i'o(-ce established in the 
Secretariat in 1)/2. ,rcliii,iur es ts -,ere reported at 
the :'Symposium ott .Lgnificaont "Zesults Obtained :rom Sath 
Resources Technolo(gy Satellite--I", organized by UjSj. from 5 
to 9 llarch 15"73 and publis hed by hNjOhas !)art of the symposium 
proceedings. 

http:notentia.ls
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This first assessment and later analytical work based 
on cL..lour enhancement techniques, such as use .r2 diazochrome 
colour films, and on use of computer compatible tape processing 
led to the conclusion that L'DSAT-.1 multisoectr,1 imagery 
analysis reveals a" u:ealth aF infori.itian -nd details, many 
of these being not detectable through the classicle survey 
approach, in the areas of soils, forests, land use, flood 
areas, and geomorphology. To analy:. the imagery, false
colour Composite techniques are used .'ith the halo of a pro
jector-viec:er for colour-c omposite reconstruction, and wiith 
colour transparencies proc',ssed from dia:;ochrome proofing 
films. 

2.2 Thematic mapp.inq 

L\IDSAiT imagery has made it possible for the first 
time to observe the entire lower Mlekong basin from a set of 
photographs that are homogeneous. ?'urthermore, sequential 
coverage makes it pcssible to study cyclical characteristics 
of certain phenomena , such as the epartition wf evergreen 
and decideous forest, areas under cirop, and the mechanism 
of flooding and drainage of the lo'.lands. The LdJDSAT data 
has proven to be of such quality tlhat these phenomena can be 
represented cartographically in the for. of thematic naps. 

Since early 17/4 the Mekcno Comuaittee has received 
assistance from "rance in funding a two.-year programme of 
thematic mapping using the satellite imagery available at the 
Secretariat. This programme includes preparation and printing 
of three kinds of themiatic maps of tihe lower h.iekon,' basin, 
(a) maps showing vegetation cover, including fores4ry, (b) 
maps showing land systems w:hich combine :,hysiographic, geo-
logic, soils and hydrological chara-:cteristics as recurring 
units, and (c) maps showing floodL and drainage conditions 
during consecutive perio,ls. The ja-oqramue, carried out in 
collaboration w.,ith the riroarian countries, is proceeding 
lrgely on schedule. it is e::pected that the first set of 
thematic maps, at a scale of I : 500,000, with accompanying 
explicative notes, wiill be published in 1)70. 

As example of an early version of a thematic map 
produced by the programme shoving types of ground cover is 
shown in Figure 2. ilso, Figuro 3, taken from the lilekong 
Committee's annual Penort for 1')74, illustrates a colour 
composite type of thematic map at the scale of 1 : 1,000,000, 
which presents an overvie,, of the Gr-eat Lake rcegion in 
Democratic ;'ampuchea, taken on ,.ugust 1973. This clearly 
illustrates several key environmental chariacteristics of 
the region as e:plained in the caT,tion on the figure. A 
third illustration of the M[ekong Committee's thematic mapping 
programme is given in Cigure /1, 'Aiich shos the extent of 
flood inundation in the loer basin during the period of 
22-20 October 1972 (believed to represent abaut a one--in--ten
year storm). Eventually this type of napping should be of 



II -73 Basinwide planning 
data and tools 

great value in relating hydrologic data during flood seasons 

to effects on environment including estimates of damages to 

crops and other values. 

2.3 Computer nrograrmmes 

Three computel: projramnes have been developed by the 

Secretariat coinpute an cd systems analysis unit for preliminary 
analysis of the -yNtea corrected (5VCI) LADSAT.-I computer 
compatible tae dot:., n.iiely, : hiistogramme programme, a 

pattern c]osificatia: proyranuoe, and a positioning programme. 

Using the first t' ,prc'jrammes, automatic mapping of the 
Vientiane flood plain has been accomplished ',hich accurately 

at an aoprorecognizes ct leaL;t si: ategories O land use 

:imate scale -a I : 

detailed ,;Zogramme ol qround truth datai collection 

Was stetrted in 1 .75 b the d;eCt-tariat in co-operition with 

AlT (A sian Institute of Technology) and ..SRCT (Applied 
Scientific Researchi CoLrroratia:. -f T'i'hailand). This is designed 

to be synchroni..ed J;tI L,\IU)1.fT-2 asses over the Chao Phya 

delta. This ground truth is used ar input to a prototype 
computer programme obta ied frani Colorado SItate University 
or Purdue University using the nei: Idi 370 computer installed 
at JII. 

2.4 iRainfall fo'oecastinq 

in co-Atoh:tion .;ith the 'ITai Leteorological Depart

ment and United itional. 'W'o(. ;ervice, the Secre-Nitate ther 
tarit has hoen receiving 'A[T pi<ctures f§-om the ESSA , 

weather satellite -nd c,Utol t,e,iter satellite series operated 

by I:OAA/UA2A since 1,71. Dit,! "rom ',eathe:: satellite, as 

well as :adar stations through, it the region, are needed 
because there 2:uo eteaorologic groundai:o :..' ctinj: stations 

located nn the left ban' o): th e:ong. j,great volume 
of data is necessary to support the basinuide flocd fore

casting pro!ramne (See d'i'c'sioi ; on flood control), and, 
follo%:ing construction of 1ia ong, :ill be needed to ensure 

proper operation of tile -r.aewr rI protectionFlood in 

conjunction ',ith otler wuurposes. 

3. Iathemtical modellingi 

Water resource development planning in the lower 
Mekong involves aalysis of numerous alternative schemes for 

water resource control on the I;ehong mainstem and its tribu
taries, for such puirp-oses a. hydroelectric power generation, 
irrigation, flood and improvement.Doatrol,navigation 
Detailed analysis of these numerous alternatives by manual 
methods is time consuminj an, e:apensive, and in planning 
projects such as La iIcIr in tLhe past the detailed investiga
tions w.ere limited t, relatively fe.! of the promising alter-
natives. dter resources planning depends, essentially, on 
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evaluation ofLalternative schemes of co.ibintions of'physical 

systems subjected to stochastic inputs of hydology and 

meteorology in order to obtain the outp.ts w,hich serve the 

desired numerous 	Ou,:poses.
 

Adootion of a plan of development for the river system 
Thllows the comparative assessmient of all feasible alternatives 

to obtain the one which optimally serves the criteria selected 
of a large number ofI: 	 dvevcio,.ient; hence investigation 

of must carried if:41tcrnativc nlans development be out the 

r_a!.y optimun scheme of development is to be identified. . 

major nn-i tool developed in recent years for watei" resources 

-;yst-.n simulation is the mathematical modelling technique, 

,ich enables; e::peditious investigations of various alterna.

hives subjected to lang-.term stochastically varied hydrologic 

inputs.
 

?.I Evolution 	 of ekong modelling programme 

efforts ci the I1e]:ong Committee began 	 inllod-lling 
9l)! (fou: years after the formation of the Committee) by 

n,:r nging through the United Uctions Development Programme 

(UNCT) for the developmcnt of a mathematical model repre.. 
river systemsciat.na tha hydraulics of the Hekong delta (the

I<-atie, 1ampuchea, to the mouthdorwnst:e2~ from Democratic 

'f th, :ivar in Viet--Nam, and including the Great Lake and 

:o<~le :n ic-Democratic !'ampucheca). This led to development 

c th2_' I-i2 model by SCGRdE.H (Pef. I0. 

"Irscond major ,,tep leading to extensive 	application 
was ini-o'. irdelling technirlUeS for lower basin analyses 

'd in January 1952 (Ref. 2) with the assistance of the 
a training programmeU.S" Corns r,. Enginers. This included 

."m Ihs for 10 engineers f'oo the riparian countries 

ho :1orth Pacific Division Office aS the Corps of Engineers 

.,:.land, Oregon, which provided opportunity for these 

with the basic concepts andJ.rc _ios Lo be familiarized 
i-ft.cn of the SSARi, and HYSSR models developed for use in 

Co).rnbia 	 .ive basin investigations, and to develop 
,ekong basini3.n].:ions of these models to the lower 


(',f 1). I[uch of the ekng Secretariat's activities for
 
,.ater resources
rippl]'cation of modelling technique to 


p1ca.:ing and flood forecasting haa stemmed from this training
 

' ,!.o7:m1.
PC. 

of modelling techniques by
The current applications 

the Ilokong Secretariat are summarized as follows:
 

(a) 	Project evaluations and rlood forecasting using
 

the SS.RN model.
 

http:sciat.na
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(b) 	Planning of .iater control development projects in
 
the loler basin, including the b-a ilong optimi
zation and downstream effects study and tributary
 
projects, using ch, !ZR, .S39.R, DELTA, and 
HIGiI12AD models. 

(c) 	 Evaluation of varioun proposed water control 
develop ent schenes in the ilekong delta areas, 
using the DLLT, Ind TJId).L models, including 
analysis of dr:(edging, 

(d) 	Applicaticn o- the N.2S model to the Lam Pao 
irrigation project in Thailand. 

(e) 	 Application of the CSILOLO model for economic 
evaluation of p(;wer system alternatives in the 
lower .ie]koiig hasin. 

(f) 	 Application of the WASP package of models for 
evaluating nuclea. power alternatives. 

A detailed description of these models is presented 
in Section 3.3.
 

Through 1974 the IB1 360/40 computer at the National 
Statistical Office of Thailand, and the CDC 3100/3300 computer
 
system at the Bangkok Data Centre ',ere used for most of the 
Secretariat's modelling work. Since then the CDC 3600 compu
ter system at the tsian Institute of Technology with larger 
core 	 storage, has been used to improve efficiency of the 
existing models, Also, Since March 1976 an IBDM 370/145 
computer installed at AIT enihas )::-dn 

3.2 Continuing developmunt in modelling applications 

At this tine the .state--of-the-art of mathematical 
modelling involves modification and adjustment of model para
meters based on additional. information gathered and on 
experience in workcing ,,.ith the models. !lence the modelling 
applications of the lie!:cn (cretari.t are in continuing 
evolution and improvement, _-or example in application of the 
SSARR model to flood forocasting in order to improve the 
accuracy of the forecasts (cU.10). This includes efforts 
to develop the L model, is ini;Oi ''hich essentially e;:ten

,sion of the SSAR model, to the delta (ReZ. 10, 12). This 
is attempted by applying the backwter mode of routing to 
the channel reaches, and using three variable relationships 
in the estimation of over--an f!c : and interflow, between 
the lelkong and the iBassac river. .lsop the IIYSSR model has 
been modified to use a large- core storage computer resulting 
in reduction of compUteO. till to C,:le-si.::th of former require-
ments for an average run (I,, . 6). In addition, arrangements 
are underway wiith i0Gi.II fur modification and recalibration 
of the DELTo model for th' purpo:,se of computer time reduction 
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and for better 'erfar:znce of the mode2l for." i'.; Ilo. 

reduction of apureinctel" 2.1ar cent ;ias already been 

achieved and S flA.II has estimated evntual reductionlY3 an 

for the 	pending high flo./lmo.; ' ve sisn -)f the model to 

about O per cent of its present reC[uirements. 

Jfforts 	 are currently under.',z' by the Secretariat 

alterinotive models i--cr suupplementing currentlyfor considering 
model developed by theused models (Re-. 11). The ,EC-3 

Hydrologic _ngineering Centre 	 of the Corps of Ingineer has 

been modified for application 	 at the .. I'f comuter centre. 

The potential ,pmlications are similar t_) those of the IIYSOR 

model, but it is desioned for 	broader :p,lications ''here 

other purposes (such: as irrigaticn :nd oloocontrol) can be 

more conveniently handled, particula:rly -- r tributary basin 
suitable fol mainstemprojects. The !IY,;Ai model is ,.e 

projects for essentia!ly hydropo'e revelamment analyses. 

the REGUL II models, hih wontain internal optimiza.. lso, 
Lion features, ,'cre developed as aupale:,ients for the .GOZLR 

Atudies :here several constraints havein flood regulati:)n 
taken into account. .imilarly, as iternatives forto be 

model, the ,iiI A 11 and TIILSAPthe timne--consuming iAi:if 
sinuating flonsmodels are being used as trial models fr 

in the main chainnel:; of the T'o: o :;ap, liie:ong (belo, Kratie), 
in Diemocra tic h-,..puchea (Ref. 7).and Bassac rivers 

3.2.1 	 Flood foreca;:ting prugrmuie 

ivolution 	 f : flood focusasting programme in the 
. iii.,iin I'17 has beenlo er ilekong si ie its 

sm in the ,iscussioi cn flood control.described in etal 
Essentially the ,.ruri-amme is basel on the oplication of 

h.sin usint; as input datathe cal ibm ted . ,e .-I the 
iocxtiCns end uantitative rainfallobserved rainfill t ey 


,nd ab)sOrvtiolls.
forecasts from r., '. sateljite 	 Actual 
of t.',o parts: A back--upcomputation in the forecast consists 

Dior to thc :urreri, morning and aperiod of four lays 
dao, n. PRinfall dataforecast period over the ne:t ten 

during the back--aip nariod ajre a.djusted so that the resulting 

flow from the ,model match the observed values onstream 
the forecast morning. Then the compintatin is made for the 

using rainfall inlput is previously discussed.forecast period 

time forecasts moi loc.-tions in tile 

have to be made manua-lly baised on correlation 
-t the present 

delta area 

of their lows w!ith upstrea:.i discharge, local rainfall and
 

the tidaj cvcle. luch manual forecasts 'ill be nmide until
 

development om the f ,3. BR model, no': under, ay, is satis 
(ief. 10, 12). Tile a.,ic.tion of thefactorily completed 


DELTA model, .rhich is thLe most theoretically promising model
 

delti C.eo, is currently not feasible
for forecasts for thie 

due to its large computer time rectuiroment and the unavaila

bility of its extensive data input reciuirements (Ref. 13).
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Although still in its experimental phase the flood 
forecasting programme has shown signficant improverr-,it each 

This is due both to the better refin of theement modelyear. 

parameters resulting from more jield data for its calibration,
 
and to the expected improvement c). skills of the forecasters.
 
In general, the degree of accuracy o)7 the forecasts depends
 
very much upon the shape ,f the hydrograph. Sharply rising
 
hydrographs resulting from very heavy local rainfall usually
 
results in lo.: accuracy. This indicates the need of better
 
definition of basin rainfall input, 'hich is in the process
 
of improvement using o.!, cst tole--automatic rain gauges
 
specially designed for lickong conditions (Nef. 7). Ranges
 
of deviation from observed peal- heights o.,fall 13 forecast
 
locations e.cept Chieng oaen were ')to 0.22 m for I (lay fore
casts, and from 0.01 to 0.253 n [or 3 day forecasts. 14edian
 
deviation in 1)74 ranged frcm 0o1 to 0.02 1, 0.02 to c.20 m,
 
0.02 to 0.32 m, '.02 to .. 45 m, and u._)3 to 0.57 infor 1, 2, 
3, 4, and 5 day forecast:; respectively. 

3.3 Description of models in current use 

3.3.1 DEtT\ model 

The DELTA incdel was developed for the ielcong Committee 
by SOGREAIH, a Prench consulting [irl, as a tool to simulate 
with reasonable accuracy the hydraulic regime of the Mek'ong 
delta. The motivating purpose was for use in conjunction 
with studies of a possible dam across the Tone Sap for con-
trol of flow between the Great Lake and the llekong river. 
It has since been used in various investigations of the riekong 
delta area including (a) del to reclamation investigations, 
(b) hydraulic feasibility studies of structures (dikes, roads, 
canals), (c) studies ':o establish optimum siso of s-tructures, 
and (d) planning of [lood protection schemes. 

In the DLT, model, river channels and inundated 
plains of the delta caverinq about 30f,000 km2 are represented 
by 293 topological units, or meshes, ol approximately 100 to 
120 km each, plus tile Greet Lae., or each maesh, two basic 
assumptions are made; (a) that volume of water is a func-
tion of ,nter level alone, and (b) thjat discharge between 
meshes at any given time is a function only of the %.ater 
levels in adjacent meshes and hydraulic exchange relation-
ships that e:ist ..i.e., '.:!ether open channel flox,, or over
flowing weir type as .iould be the so ,here roads or dikes 
form a boundary. Dased on a set of initial boundary condi-
tions and surface .:ater inflow and rAinfall as input data, 
water levels and flo,'s betceen rmeshes: are computed using 
the equations of continuity antl dynamics of, flo'. Yhus the 
model can predict ''ate: stages and flomrs in the meshes under 
the influence )f varying conditions )Z rainfall and inflows 
intc the delta. The model calibration involved some 2,100 

paramneters and :.'as iade by trial and error using mainly 
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1963 and 1964 flood data. However, model calibration for
 

analysing low flow periods is considered inadequate as this
 

has to ta!ce into account more complicated situations caused 

by tidal effects, and a new verion of the DELTA model, suited 

to examine low flo%i conditions, is under development. 

3.3.2 SSARR mr-del
 

The SS.A' (Streamflow Synthesis and Reservoir Regula

tion) model tria developed by the North Pacific Division of 

the U.S. Corp, of Engineors to provide mathematical hydroloqic 
the planning,simulations f:,, n'f:Lo:, analyses as required for 

design, and c,)orati.on of w:ater control works, and has been 

applied extcrnivly in the Columbia river basin. it is being 

used for the iow(r Ikl*-ong bssin in design flood studies, 
-, of characexami:aJion flood 

teristics, .strc-a-ml: rorfng stzueamflowi forecasting, and 
-

reservoir re ;u.aticn sa:wi e 

streamflow r :on:ion. 

Tho SS," mcrltl is i. hea-ica! hydrologic model 
Th'c basic components,of a river ".u 	 y. c-, ngn 

- model for synthesizingnamely (a) a cj _1 wsac 
runoff frro-.a . l± i.1 -:l% a river systemo (T) 
model for :ou''i;. -ou- ::ough channel reaches and 

o nouhlni procedures, andstorages L sig cla 	- - str 
o rj u .. dcl whze]ey reservoir outflows(c) a ren 

and contea.tF r.-- '-Je arn .- d . accerlence with predetermined 
1. flow or any of several modesor synthor-i.ed influ 

of opera;-ion. 7 -1 .cual ack.ies runoff excess 
! i,.iich are computedbased or _o. no 'v v.lus 

from rainfall r-tiu 2v : n-wra:io: relationships. The 

runoff cs-, i---r : iidd jnni. baseflou and direct 
runoff, u:-i:' s" 1..:,2'-ly e.cahlir-hed baseflow infiltra

tion inde;,: ',r .'.cc runoff ".. scpzrated into surface 

-. ' -n emp~rical surface-subsurfaceand sv'u'ac_ 
.

separah cn .. .ic: n cc..ponnts of runoff so esti

u foc2 flow cand :surface flow) are then;,,agcd (basn. flow, 
routed til-cu. '- rc-spci:iV er concoptual storage, each 

with a diff , of n:torzaigr and time of storage. 
f llv coic>:Lncd to obtain runoffThe iru.c' a LonShydrogL.-,v1" l 	 :,. !e1.e! 

Sir-r 1 z a h %-hdrolocjic models, the key to success 

t>."od-l calibration. The parain practic> . ' 
1. by trI.al-and..error until accep-meters hae 

z . u-n.t - s': output , and their respectivetable agii 

obrerv-l val ::',
 

3.3.3 1YS ri -

Sy'-., Regulation).. , 'T'Q.,, oa3onal 	 model 

PL.ifijc of thewas develoced I a-%-i _orTh Division U.S. Corps 

o: .. ,atig po,-.r generation and flood controlof Engin',-

http:synthor-i.ed
http:contea.tF
http:c,)orati.on
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Aithin
characteristics of a system of water ccntrol projects 


a river basin under varying conditions of po,.ier loads and 

streamflow;s over an e:,tended peziod of time. Although it 
and regulatedis essentially a model for compsiting powier 

flow, it recognizes and stays ithin constraints placed on 

the system by other ,:ater uses such as irrigation requirements, 
or others. ihosults of model simu..navigation, ater quality, 

provide data for economic studies of system long-termlations 

performance capabilities.
 

The IIYSSR, model determines the amount of %:aterthat 

put into, or released fror, each storage reservoirshould be 
in the system during each increment of time. Jhen the system 

of con-is regulated for max:ioum powe subjected to a set 

straints imposed by other water r 1equirements, the result is 
differenta sub-optimized sulution. 'orii! ana error runs using 

sets of constraints result in other subnotimized solutions. 
toA combination of logic, analysis, an,l judgemnt is used 

obtain the optimiaed solution for the system (the one that 

ma::imizes the sum of not economic benefiL from all wiater uses). 

;.s developed, the ilYSi1 model is particularly suitable 

for application in wiater resource development systems here 
objective of multipurposehydropower production is the prime 

Nekongoperation, as in the case of the potential system of 

mainstream projects.
 

3.3.4 I[IGHHE.-.1) ro,lramme 

The IIIGIliEAl,) computer programme ,,as developed by the 
tool ,(or analyzing water resourcesMekong Secretariat as a 

projects on the lie'ong river tributaries. Programme compo

nents are: The module to systhesiz.e streamflow, data, the 

module to compute useable flo,. \ersus net storage, the module 

to compute usable firm flo,. :or irrigation purposes versus
 

net storage, and the module for computing surcharge storage
 

versus spill. The MIGItIfEAID projraimme attempts to jork out
 
ith reservoir characteristicsthe optimum scale of - project 

high .,,aterand economic factor:s :s input doata. Por each 


level (if'L) a primary objective is to minimize spill in order
 

to obtain mzimum poo.er generation. The project configura

tion yielding the highest benefit/cost ratio is considered
 

the optimum solution. The olitput from this programme is
 

printed in the &orn o talules presenting the salient features
 

of all project alternatives considered.
 

3.3.5 TID]LL model 

The 	 TioL, tiodel was used by the Netherlands Delta 
effects on river dis.-Development Team to :)redict the tidal 

channels of the liekong estuarinecharges through the main 

system. This is a one-dimensiLonal hydrodynamic model in
 

hich the equation of a continuity and the dynamic equation
 

are expressed in terms of finite differences. The difference
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equations form a system of linear equations %'hich,are simul-
taneously solved to determine water levels and discharges at 
each 	river section. To portray the estuarine system, three 
types of functional relationships are introduced to cover 
the range of river behaviour as follows: (a) ,later level 
is a 	 known function at one end of - branch, (b) river dis-
charje is a known function at one end of a branch, and (c) 
each 	 end of a branch is connected with another branch. For 
the lIlekong estuarine system, scunding charts were used as a 
guide for dividing the system into .1, branches with 23 river 
junctions. The basic input data are river discharge doim
stream of ihnom LPenh and tidal fluctuation at the river 
mouths of the Mekong. The computed results have been found 
to be in good agreement tJ.th those obtained from salinity 
analysis studies.
 

3.3.G WA'SP package 

The WASP package (.ien Automatic SystCm Planning 
Package) wias developed for the International Atomic Energy 
Agency (I.01) fo.- conducting power d.Linning studies for indi-
vidual I.EA member states, especially the developing countries. 
It is a second generation version f an earlier po.:er system 
planning prograi-me developed for use by the Tennessee Valley 
ituthority in the United States. The WASP package is designed 
to find the -ptimum ower system expansion plan within user 
specified constraints, using nuclear and any andLall other 
sources of i)oaer. The M-ekong Secretariat acquired the package 
through arrangements ith the 1,tEA. 

The W-iSP package consists of a group of six inter
related programme modules wihich may be operated sequentially
in a single run, or may be operated individually. The six 
modules are:
 

(a) 	LOADSY module: a programme to describe forecast 
peak: loads, energy requirements, and the corres
ponding load duration curves for the system. 

(b) 	FI;,SYS module: a programme to describe the 
characteristics of the existing power system 
and all future additions wihich are firmly 
scheduled. 

(c) VARSYS module: a progranume to describe the 
alternative plants which could be used for 
expanding the powzer wystem over the study period. 

(d) 	COIG,2TN module: a programme to generate alterna
tive expansion configurations of the power system 
within user-imposed constraints. The maximum 
number of configurations that can be generated 
for each year is 200.
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(e) 	 MERSII module: a programme to simulate system 

operation for each period in the year and for 

each hydrological condition for each acceptable 

configuration generated by the CONGEb module. 

The 113RZSIIi module uses e arobabalistic simulation 

model to calculate ene-gy generated by each plant, 

and the corresponding domestic and foreign ex.. 

change operating custs 2or each conficTuration 

for each period in the year. The reliability 

of the generating system i., also estimated by 

calculatinig the ]oss.of-load probability in 
association with maintenance scheduling. 

(f) 	 DY1PRO module: a pogrammc to determine the 
optimum schedule io: adding nec' units to the 
system over the e::ansioli period. The module, 
using ., dynamic ragramning node, carries out 

the economic evailuation u7 alternative expansion 
plans and recoimsends tLie best plan to be 
developed. 

The Mekong JecretariAt har utili:ed the .dA- package 

for evaluating the po, cc benefits o-- Lh proposed Pa long 
project for four different pool elewition alternatives and 

for developing the o)timum installat'ionL schedule for the 

Pa 1ong powcrplant. it 'ill be further used as a tool in 

evaluation of other produ, t:; and in 'mrdiucting power planning 

studies for the i.:eiong ]easin countre: 

3.3.7 CSP31LLO mode]. 

The C.;IP'LO (Discounted Caifl.,.') model was originally 

developed by tUe i e]:znc :ecret ciat a; ,- tool for econonic 

evaluation a? c or aYvatem development A!terna Lives 

Thc computer model (enerates str.:eams o- cashflo , 

exnenditurec far any qiven system ,ve.: ,.ny desired length 

fE studj period and,discounts then to 1wresent value at diffecent 
investment of e ac alternativediscount rates, gll.: c,,rital 

system Iaey comi:o. Lf-iydroelecti aLaojects, thermal plants 

(nuc lear or strea' ), and a tro'asis Sion sys'tem or .1 ich 

investment nay btn ii:ae at diffe-eant je;iods ol time. The 

in date thesL- is included inschedule * 	 servic, for e h 
inpt ,-h1.a and . i11 d if0er 01. car alternative.the variable 

costs, -ni tile distri--The projec t u t .: , tLe oper ting 

bution )7 th 1 i vwn Li ent c-at 've th< coistruction 

are inc InIt:;e fi::ed cat Pith this informaLionperiod 
tAt l iwvO Lim.en L and oeratingthe moael will : o t: c 

for each y,\xIv"te perioad he'ig studied. The concost 
bination of thse I, compoaents cn titu Les the casi 1lo; 

streams ,dhich I, Lescounte(1 t) Liie .I)resent time 'niLh as 

mcnv as ten di,'e(n di.acsint itcs. i*ach componcnt of 

such a investment cent -o dam, hydropower plantcash-fl'.o, 

and thermal plant, or opera tincj e;:pensesi s discounted
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separately so that the relationship of each component can be 
identified and its relative importance tL the total dis
counted cashflow: can be observed° 

One significant feature of this odel .is that every 
item of estimated cost, including unit operating cost, can be 
varied by changinj only the cast inde: lihich is associated 
with that cost. Therefore, the sensitivity of the model to 
changes in project cost can be easily determined. The mode]., 
though first desio ed for analysis of power system alternatives, 
may also be used for analysis of other projects such as 
irrigation and flood control. 

3.3.2 tASS model 

The I r;;model (Ietong Agriculture System Simulation) 
was originally developed by Tippets..abbet hoCarthy--Straton, a 
U.S. consulting firm, -or application in Turl:ey, Venezuela, 
and Ecuador. The model provides the means for rapid analysis 
of agricultural development alternatives under eisting and 
possible future conditions of farm sie, farming methods, 
soil productivity, mechanisatLion, crops and cropping patterns 
for both dry farm and irrigated farm production. It will 
permit farm budget analysis in sufficient detail to enable 
the preparation of indivi 1usl fnrm o,)eraLion olans. The 
model provides the .ability t, analyse various alternative 
approaches to farm development, emphasizing either (a)ria.i
mum employment, (b) ma:imum net return, (c) minimum capital 
investment, or (d) minimim credit requirements. 

The i-1.Sf model identifies crop productivity potential 
for any given area based on soil log (ita, Various crop 
rotation alternatives can be examined, utilizing in each 
case a combinction of up ta thres crops using their rooting 
depths and relative fertilizor requirements as selection 
criteria. The selected crop rotations are analyzed according 
to farming method, farm size, soil body, and rotation type. 
Farm production potential corresponling to crop rotation 
alternatives considered are then analysed for economic per
formance according to different optimi-ailion odjectives, per 
farm or hr-ctare labour requireent:, r;aital inve::tment 
needs, net return, or credit requirements7. These outputs 
are then used in evaluating development alternatives. 

Specific aoplicatJ.on in the los;er Ielcong basin includes 
an analysis of the Hluai :;,2ng division of the proposed Pa Nong 
project and a recently compluied lnvestigation of the Lam Pao 
irrigation project in Thailand. 

2.4 ,.sse!sment of modelling applications 

The lle]:ong Committee has made substantial applications 
of mathemtical modelli:ig in :ater resources system planning 
in the lower basin. Tn fact it is among leading international 

\ 

http:aoplicatJ.on
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agencies applying this powerful tool is analy:.ing comple:: 

water resources nroblcms. HoC ificaLions and refinements 

necessary for the application of the models in their state

of-the-art are underw,;ay, Iiinor reprgranming of models ori
omue ters (such asginally developed for Large core s 

the SS ,il and YSSR) .f-r u-c on s r crethe ,.a storage 

computers available in Dangkol: ! ve in the rast resulted in 

longer computer time requiremenLs hi pr-oblem is being 

larger computer c p Lcitis be,-ome avlilable.resolved as 
made by 	 te ihe-Cong :JecretariatContinuing eiforts are being 


to improve the efficieny -)f the models,
 

i, the presenL .Lia have limitationsThe models used 
but are adequate to serve the Committeels needs lithin pre

sent resources, including ovc:i,:ible cmpi ters. IHo ever, 
the increasing need f, mdelling ipplicationsconsidering 

for future phases ,of ''ater resources system nn)laning by the 

Tiecong Committee (and also the opi.eri i'K phase), it may be 

appropriate no.' t mal:e a prelimiinary evaluation of the models 

.,hich are currently in use as well as cthelo promising models 

.;hich might find valuable applicaCi-i. iodels currently 

being used by the Committee may be categorized for assess

ment purpose into hydrologic models ('S.d, D1LTf) and 

planning models (HYSh, i,.:, CL-'hO) 

3.4.1 	 Hydroloqic models 

The hydrologic models used are based on established 

hydrologic and ydrrlicprini~ieo The >3RR in particular 

has been tested for its aplicability in the Colunbia river 

basin. In additio.n L: ability to simlate outputs compatible 

to their respective ,,serve values using model parameters 

obtained from different sat of hydrologic data (split sam

ple test), many other factors ,iot be considered. These 

include 	such criteria as model simplicity, input data, com

puter size, computer tiie and anailysis; of time requirement 
parameter optimization technique, sensitivity of parameter, 

etc. 

While it is beyond the scope of this assessment to 

discuss these criteria in letail, it may be appropriate to 

note that the Hydrologic '.saorch and Development Laboratory 

of the lational ..'eE-ther ;crvie( of the United SAates had 

conducted an evaluation ± th' eO hv,dr-ologic models including 

the SS,.UI to select the mde mo:;t c;,propricto for river 

forecast centres throughout the United Stateso Results 

based on data arom si:: diffe!ent ba:ins of varying sizes and 
U-Ltershed M1odel IVcharacteristics indirated the :ttmnfoird 

. 
may be generally preferable Lo th I model (Paf. 13), 

Although this evaluation is not necessari].y ipplicable to 
basin, due t- different basin and hydrologicthe "Lo'.:er le:ong 


for comparison of the
conditions, it inlicates the need 
models as previously discussed. Similarly,SSiR'JR with other 

with DELTA model has found many -pplications in the Ilekong 



in -- 64 Basinwidc planning 
data and tools
 

Committee investigations, but it has limitations in certain 
number o' simulationsareas, especially because of the large 

inputrequired. Arrangements to minimize the large amount of 

time required for the DELTA model, currentlydata and computer 
being made by the 1ielkong Committee, are necessary if the model 

and systemis to have w!ide np,)lications for flood forecasting 

simulation in the future. 

3.4.2 	 Planning models 

models by the 11e]ong CommitteeApplication of planning 
water resources systems represents a majorin its simulation of 


step forward from classical water 'resources planning. flow
 
far used
 ever, all simulations using the 1IYSSR model have thus 

inputs. It hasobserved or reconstituted streamflo data as 
that use f such historicalbeen realized in recent years 

data alone may not be sufficient to evaluate future perfor-

mance of the rater resource; system, because the possibilities 
slim. Syntheticfor recurrence of the historic data are very 

cope iLh this problem in modernstreamflow data are used to 
of stream-water resources planning. In this technique sets 

flow data are generated sweh -hat certain stochastic charac

teristics of the observed streamflu\: data are preserved. 

These sets of stochastically similar strearmflo.: data are 

then used as inputs of the simulations. in this way per

formance of tho system can be better evaluated, because 
conits sensitivity to the uncertainty of f'uture hydrologic 


ditions can be assessed. .. t this stage of planning in the
 
should be iade of the feasibility
louer basin, investigation 


use
of applying synthetic streamflorl data, es )ecially f 


with the HYSSR model.
 

The IIASS model appears to be a very powerful tool 
makers in evaluating irrigation developin assisting decision 


ment schemes using different criteria which can ref luct
 

policies of the administrations of the riparian countries.
 

Discussions with the Nekong Secretariat staff incicate 
whichthe CSHFLO model is a straight-forward computer programme, 


has proved to be convenient for economic analysis of wiater
 

resource systems.
 

3.4.3 Flood forecastinq 

As noted previously, the flood forecasting programme
 

of the iekong Committee is still in its experimental phase,
 

yet produces 'orthhila information for alerting downstream
 

to the immediate flood hLazards. Continuing
populations 

2orec asts has been observed. This
improved accuracy of 

become availableimprovement should continue as more data 

for refinement of model parameters, and especially when the
 

needed rainfall input data become availble as a result of
 

the current progrmme of application of tele-automatic rain
 

gauges in the ]ox'er basin.
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3.4.4 Ecological modelling
 

Public concern on environmental integrity of aquatic
 
ecosystems, that is, the water and its residing biota, in
 
recent years has introduced another dimension, environmental
 
quality, into the already complex water resource system
 
planning problem. In the process of planning much more con
sideration must now be given to effects on the quality of
 
the water, impact on aquatic ecosystems, and other environ
mental consequences and associated economic and social impacts.
 
The approach in current use, such as used in this study, is
 
the qualitative approach with quantification limited to indi
vidual effects under consideration.
 

The increasing complexity of the problems being faced
 
in water resource planning, including the need for more
 
details and for quantification of environmental effects, has
 
stimulated development of new methodologies for ecological
 
modelling. Very recent development in this area are attempt
ing to bring together in the form of mathematical models
 
all parameters for planning decisions, including biological
 
as well as physical factors, and also socio-economic and
 
related cultural and aesthetic factors relating to human
 
uses of water resources and effects on human values, so that
 
impact of water resources development on all environmental
 
values can be conveniently evaluated. Essentially such
 
ecological models are expected to follow the "tier" concept
 
for considering environmental effects as previously discussed
 
in Chapter II. Although such modelling is only in the
 
beginning stages of development, enough progress has been
 
made to demonstrate the feasibility of this approach. Hence
 
it may be appropriate to explore this potential for future
 
use in the Secretariat's continuing and evolving modelling
 
programme.
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THEMA TIC M~AP OF GREAT LAKE IN DEMOCRATIC KAMPUCHEA PREPARED FROM SATELLITE IMAGERY 

From imagery taoken early in the rainy season, this composite clearly show the silty center of the Great Lake 

(bright blue), surrounded by patches of stagnant water (block). The latter represents waler containing humic 

acids formed during the bog season in the inundated forest, which has a low pH sometimes detrimental to fish 

and also to crops. The yellow - colored belt represents paddy fields that have been farmed for ages. 

Colour composite of a satellite Repre'sentation en couleurs 

picture I scale I I million) composites (e'chelle I million) 

showing the Great Lake and adjacent d'une image du Grand Lac et 

area, Democratic Kampuchea, 8 August 1973. de Ia zone avoisinonte (Kampuchea 

democrotique) prise par satellite. 
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Climate 
CHAPTER III 

PA HONG ENVIRONMIENTiL ,S: ESSHINT 

CLIIIATU 

I. Climate of lover basin 

The climate of the low.er Me]kong basin, including the 
Pa Mong project area, is tropical, with minimum temperatures 
almost always considerably above freez.ing. The climate is 
influenced primarily by the two seasonal monsoons and the 
intertropical convergence :zone, and to a lesser extent, by 
tropical cyclones and other tropical disturbances. The mon
soons have been designated as the southwest monsooln and the 
northeast monsoon accordinr to the movement o airmasses 
through the basin. 

The southwLest monsoon season, .!hich is the rainy sea
son, normally occurs in the lower bisin approximately from 
iiay through October. It is a eriod of frequent and heavy 
rainial., high humidities, maximum cloudiness, and tropical 
temperatures. The heaviest rainfal! generally occurs in the 
months of August and september. In contrast, the northeast 
monsoon or the winter season is characterized by relatively 

little rainfall, lower humidities, least cloudiness and 
lowest temperatures over most of the basin. It normally 
starts from October and prevails until february. 

The transition period follows., the northeast monsoon 

during %,hich the polar Pacific airmiss, modified by tropical 
heat, moves into the basin from the east and southeast. 

This results in relatively high temperatures, low humidity, 
comparatively higher rainfall nd cloudiness from February 

to Hay. This period is called the summer season or the hot 

season.
 

A short period of drought of one to to weeks is 

normally eymerienced during June and ,July, due to the 

influence oi:anticyclonic circulation of the airmass;es. 
After the period of drought, rainfall becomes more frequent 

including heavy dounpours resulting irom tle tropical storms 

which enter the basin. The requency of tropical storms 

passing over the 'lower hasin is shown in Table I for the 

months of flay thr-ough l)ecemmbor 

'eographical vari:itic,n of average annual rainfall 

in the loser basin, the 1a Ii,:g (rojected is located, 
in theis from a minimum of albout l,0O0 rmm near 1ihon Kaen 

northeastern )art of Phailand, increasing to a maximum of 

about 4,000 ioiasin the mountainous fringes of the basin lying 

in the Lao PD , Democratic Kampuchez., and Viet-am. Rainfall 
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distribution in the lower Nelcong basin in normal years is 
given below (Ref. 1). 

Month J F 14 A N J J A 1 0 N 1) Annual 

lzount 	 ( 8 15 40 190 269 299 54 1, 672a) 77 241 292 i65 14 

( ) 0.5 0.9 2.4 4.6 11.8 14.6 16.1 17.5 17.9 9.9 3.2 0.8 100.0 

Details of the climatic conditions of the lower basin 
are given in References "1 to 4. 

1.1 eteoroloqic and climatic data 

Information on rainfall, evaporation, temperature, 
humidity, wird, and other meteorologic data are obtained from 
a netw-ork of moteoroaogical stations throughout the lower 
Ilekong basin (See discussion on surface water). Generally 
the climatic data available for the lower NIckong basin ade
quately characteri:;e the area for agricultural purposes. 
However field measurements of evaipotranspiration are very 
limited, and estimates of'a ,ter requirements of crops are, 
in most cases, based un observed evaporation and other cli
matic factors. i!ydraieteorological data required to cha-
racterize storn pattern:; and behaviour are more limited 
than 	desirable , control, andfor flood drainage, other 
studies (Ref. 1). 

Climatic daoa available on rainfall, temperature, 
relative humidity, evaporation, sunshine duration, , lar 
radiation and 1ind at various meteorological stations located 
in the project are. erc presented in the Pa iionj stage one 
report, Apendi:: ITIE (ie-7. 2). Nos:k of the e-ecords presented 
were for the period of years 1951-196o although there were 
many meteorological stations located in or near the Pa Iong 
project area, only Lhcse'-o with reliable and long-term data 
directly related ' pir ejct investig'ations were checked and 
published in the stage one report. 

1.2 Susnmar' o. climatic conditicns 

Climatic condictions in the Pa ilnng project area, 
as shown in Tables 2 and 3, ara favourable for year--round 
crop production, if n full irrigation wiater supply is pro
vided from Hovember through April and a supplemental irri
gation supply i.s available for the period from Pay to 
October (Refso. 2, 3). 

(0) 	 Rainfall: Rainfall in the project area is of 
three Lypes: orographic, cyclonic and con-
vective. The orographic and cyclonic rains 
produce nearly all the rainfall during the rainy 
season. i,ocal convective rains of high intensity 
but short duration occasionally occur during 
the summer or hot season. Rainfall is on the 
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whole plentiful, but ii is unevenly distributed 
seasonally. C!nerolly about LACper cent of the 
annual rainfalt occurs from Hay through October. 
The estimated aver-je annual rainfall at Pa Hong 
during ].951.-1 90) vrie,;,ro;:imately from a 
minimum of 1,170 ,mm to a maximum o 1,750 mrm, 
with an aver-aje value oi 1,450 mm. 

(b) 	T eriatur TIhe meanoatli ly temperature is . 
taken as the aver-igje of the m.ean daily tempera
tures. In the project area, it is rather high 
with relatively smiall variation throughout the 
year. The wean monthly temp1 erature is from 
26-30 C durinrg the ot and rainy seasons, and 
drops to 25-20 ' ° C during the cool season. The 
mean monthly ma::imum and minimum temperatures 
are the average of the daily ma::imum and minimum 
temperatures during the month. i-lean monthly 
maximum and minimum temperatures are high during 
the hot and rainy seasons and lower during the 
cool 	 season. 

The highest (ma::imum) temperatuze of record 
is 43.90 C on 2,; ApLril 19;, at Udon Thani, and 
the lowest (minimum) D-' record is 0.10 C on 
13 January 1955 at Loei (ioef. 2, 3). 

mean relative 
humidity is the average of the mean daily rela
tive humidities ior the month. The nean monthly 
relative humidity in the study area is directly 
influenced by the nirevailing wind and rainfall. 
During the southw t monsoon season, the relative 
humidity is hct.co. 755 per cent. During the 
northeast monsoon the relative humidity is around 
50-70 per cent (>e2. 2, 3). 

(c) 	Relative Tehumidity: monthly 

(d) 	E v poration 1 o2va c)tranz.rationil: I-leasurements 
of evaporation were m,.e at selected synoptic 
stations by sr(oeno1 or unscreened Class A pans, 
with the average annual results given in Table 2. 
Throughout th-. p :o ecct area evaporation is uni-. 
formly highesC in ilrch and April, when tempera
tures are the hi j0C and humidity is the: lowest. 
The evaporation i. lowest during the pealk of the 
rainy season C 2, 3). 

Potential ,_-irpctranspiration is defined as 
the ma.,imum amLanui of water transfered from a 

wet surface to !apoui in the atmosphere. This 
was estimated by thn, !lai;e--Jensen method (Ref. 2) 
for the L[a long project a-.e and the average 
annual result:; for 10 selected synoptic stations 
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are shown in Table 2. Iiore detailed information 
on potential evapotranspiration can be found in 
the Pa Mong Stage one report, Appendix III (Ref. 2). 

As noted in Reference 3, the average annual
 
net evaporation at each synoptic station was 
assumed to be the positive summations (positive 
values) of the average monthly potential evapo
transpiration minus rainfall. This amount 
includes rainfall interception and evaporation
 
from water, ground, and plant surfaces. The 
average annual station runoff potential w;as 
as umed to be the negative summations (negative 
wlues). This portion of the rainfall is available 
for runoff. Tables 4 and 5 give the average 
monthly and annual net evaporation and runoff 
potential at selected locations within the pro
ject area. lore details of these studies are 
presented in References 2 and 3.
 

(e) 	 Sunshine duration and solar radiation: During 
the rainy season, the heavy cloud cover over 
much of the lower helzong basin reduces the sun
shine duration and solar radiation. The daily 
records sometimes indicLte virtually no sunshine 
duration during the rainy season, while in the 
dry season the daily observing chart may show 
as much as 11 hours per day. The average monthly 
sunshine durations observed during 1953-198C at 
five synoptic stations varied between 4.0 to 
9.5 hours per day for the project area (Ref. 2). 
The variation of average monthly solar radiation 
in the project area ,as comparatively smaller, 
with values from 396 to 503 gram-calories per 
square centimetre per day. Tables 4 and 5 give
 
the summary of the average monthly and annual
 
values of solar radiation kor the Pa 1ong project 
area, 

(f) 	 Wind: Generally the wind direction in the pro
ject area changes according to the monsoon seasons.
 
During mid-October to mid-February the wind
 
direction is northeast and east under the in
fluence of the northeast monsoon. From mid-
February to mid-Hay the direction is east and 
southeast; and from mid-flay to mid-October the 
direction is south, southwest, and west under 
the southwest monsoon influence. The winds with 
highest velocities, but of short duration, 
usually occur in [arch and April. 
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Table 6 shows the maximum sustained wind 
velocity, duration, and direction data from four
 

synoptic stations in the project area. 

(g) 	Air gualij_: The lower Ilekong basin is generally 
not densely populated, so Uhat the resources of 
agricultural land and forest are still relatively 
plentiful. Hence the areas in the Pa long pro
ject are generally rural and forest, and con.
sequently the project c:rea is comparatively free 
of the air pollutants. 

2. Probable effects of Pa Honc 

Construction of Pa Ilong may be expected to bave some 

effects on climatic elements, as follows:
 

(a) 	Rainfall: Precipitation in the form of rain and 
snow 	 is normally unafected by water resources 

management actions. E'xceptions are actions that 
modify regional climate (e.g. extensive irriga
tion development in a formerly arid area) and 
that are directed towards modification of w.ater 
runoff patterns (e.g. watershed management to 
increase snowpacl or to delay runoff). In such 
cases, the relationshij- between rainfall and 
streamflow should be established so that the 
extent of induced changes can be estimated 
(Ref. 5).
 

hs noted in the previous discussions, the 
climate and rainfall regime of the lower Mekong 
basin and the project area are influenced pri
marily by the monsoons, the intertropical con
vergence zone, and the tropical cyclones. It 

is expected that the creation of Pa Mong reser
voir will have no significant effects on these 
basic climatic influences, and consequently 
there will be no significant change in the overall 

rainfall regime of the lower lckong basin in-
cluding the Pa Nong project area. 

(b) 	Evaporation and evapatr ai spiration: Water supply 
can be modified by induced changes in evaporation 
and evapotranspiration resulting from project 
development. This is largely the result of 

vegetation management, plinned or accidental, 
such as irrigation development and changes in 
agricultural technology, changes in watershed 
vegetation through logging and clearing for 
various purposes, other land use changes such as 

extensive urban and industrial developments, and 
the creation of large rc'ser.v-wirs that increase 
evaporation losses hee. 5). 
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While the creation of Pa Hong reservoir 
will increase the water surface area and conse
quently the evaporatlon loss, the area where 
loss formerly occurred as evapotranspiration will 
be inundated. The amount of %.ater representing 
this evapotranspiration loss 'ill therefore be 
conserved in the reservoir area. The difference 
between these losses (under reservoir and natural 
conditions) represents the increased evaporation 
loss due to creation of the reservoir. By using
the Thornthwaite method and the modified Penman 
method (Kohler et al method), the actual evapo-
transpiration and lake evaporation for the Pa 
Nong reservoir were estimated to be 1,039 and 
1,25G mm/year, respectively (!Zefs. ], 7). Hence 
there will be an appro.im.cte increase in evano-
ration loss of 25 per cent, due to the crea
tion of Pa Ilong reservoir. 

Increase in evapotranspiration losses due 
to land use changes and irrigation development 
in the project area are more difficult to eva
luate, primaarily due to the lack of some of the 
pertinent data. As noted in the Pa iong phase II 
report (Ref. 3), the Pa Ilong project uould modify 
the lle]ong flow below Pa ilong. The estimated 
monthly modification of -unoff at the Wat Sop 
gauging station (at Vientiane, Lao PDR) i.as com-
puted for the year-50 Va Hong reservoir operation 
study as shown in Table 7. The average 1951-1969 
reduction of Mlekong runoff at Uat Sop is approxi
mately 15,600 million m3 per year, including the 
net evaporation from the reservoir. However most 
of the reduction will be the 13,900 million m3 

used for Pa Ilong project w;ater requirements (Ref. 
2, 3). These water losses ill include evapo
transpiration and evaporation losses, seepage 
and percolation losses, and wiater consumption. 
The total water depletion is approximately 11 per 
cent of the total annual inflow to P'a iiong reser
voir, which is a comparatively small amount. 

(c) Ai r cuLality: The major air cuality impacts asso
ciated ',ith impoundment development generally 
occur as a result of construction operations 
(See discussion of construction aspects). Con
struction activities which mav result in dust 
and smoke pollution include clearing and grubbing, 
excavation, blasting, cement production, and
 
movement of heavy equipment (Ref. 0"). 
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(d) 	 Humidity, temperature and other climatic elements:Climatia elements such as humidity,, emtrernes " 

in air temperature, wind, storms, and sunshine 
have a bearing on the feasibility and intensity 
of use of areas ior such purposes as recreation 
and agriculture. Climatic factors also affect
 
pests and diseases patterns. ' or the 11a Hong 
project, the creation of the large w.ater reser
voir, and more intensive and year-round irrija-
tion will have a direct stabiliz;ation effect on 
humidity and temperature extreres in the project 
area, particularly during the dry monsoon season. 
flicrocliiatic changes i:1ll occur primarily due 
to the type of crop production chosen after 
irrigation is introduced (ief. 9). Also, there 
will be some local effects upun wind speeds, 
particularly at places located in or close to
 
the reservoir and the irrigation service areas 
(Ref. 10).
 

(e) 	Suminary: For the Pa Nong pr:oject, the creation 
of the reservoir and other development activi
ties will probably have no significant effects 
on most climatic elements including rainfall, 
sunshine, and storms. There will likely be 
some minor local effects upon evaporation and 
evapotranspiration, humidity, temperature and 
wind speed at certain places in or close to 
the project areas, especially during the dry 
season due to the import of irrigation water. 
However, these effects are expected to be diluted 
or neutralized by the wind currents common 
to the area. The probable effects with respect 
to different pool levels at Pa Hong reservoir
 
should be of a similar nature, and approximately 
of the same magnitude of effect, regardless 
of pool level selected.
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TABLE I 

FREQUENCY Or STORMS PASSING OVER THE LOW.ER MEKONG BASIN (1947-1970) 

(From Reference 4)
 

Month Number of storms Pei cent
 

Ilay 1 1.5
 

June 1 1.5
 

July 4 6.2
 

August 8 12.3
 

September 19 29.2
 

October 22 33.9
 

November 7 10.8
 

December 3 4.6
 

Total 65 100.0
 



TABLE 2 

AVERACZ ANNUAL METEOROLOGICAL DATA OF SELECTED SYNOPTIC STATIONS 

(From Pa Mong Phase 71 Report, Ref. 2) 

Station Rainfall Relative Pan Evaro- Men Solar Potential
(mm) Humidity I ration Ternerature Radiation Evapo-

CA (mm) (00) (Langley) transpiration 

Vientiane 1,62 77 
 1,053 2G 0 445 1,754
Loci 1,271 72 1,55Q 25o9 465 1,555

Udon Thani 1,49 2_ '2,. 2,015

Khon Kaen 1,192 71 2,202 27.2 
 37 2,007
Roi Et 
 1,409 70 1,949 27.2 
 2 1,974

Chaiyaphun 1,17 
 64 1,053 27.0 
 -47 2,023
Uakhon "atchasima 1, 26 75 1,44 26.2 1 1,5
Na:hon~Ohonom 2,31- 76 l 79 5 1,590

K1,!sin 1,382 
 72 1,c60 27.0 
 430 1,952
 
Udon Ratchathani 1,535 72 
 2, 5 27.0 1,252
 

Average 
 71,310 1,1
: , l 6 Z4 4 3 1,9129 I 1,912___________________ 

Notes: Estimated
 

Period: 1351 to 1969 (13 years)
 

I Langley I g-cal/cm2/dav (gram-calories per square
 
centimeter per day).
 

n 

C) 

r
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TABLE 3
 

AVERAGE MONTHLY CLIMATIC DATA FOR PA OM°G PROJECT STUDY AREA 

(From Pa Iong stage one feasibility report, Ref. 2) 

Month Temperature
(,C) 

Precipitation
(mm) 

Humidity(va) Season 

January 21.7 G.7 67 Winte,: 

February 24.3 13.4 "1G 

March 27.3 37.9 52 
Summer 

April 29.0 83.3 r7 

May 28.7 220.2 7_ 

June 2'.2 219.6 30 

July 

August 

27.9 

27.5 

201.1 
2S5.4 

30 
82 

RainyR 

September 27.1 312.1 041 

October 26. e 00.0 7S 

November 24.7 10.3 73 
Winter 

December 22.3 1.1 70 

Annual 1,156.1 

Period: 1951 to 1960
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TABLE 4 

PA HONGSERVIE AREAAVERAGE NET EVAPORATION ANDRUNOFF POTPE2TIAL 

(From Reference 3) 

Stage One, Period - Average of 1951-1963 

Temperature Radiatl n F Rain Net Runoff 

Mouth 0°C) (9-Cc 9/day) (m p ) (m) Evapora- (mm)I
t io 

Janary 21.3 428 130 6 124 -
February 23.9 442 13 5 121 -

March 26.9 472 180 29 151 -
April 28.8 503 200 81 119 -

May 28.4 475 192 223 - 31 
June 28.0 439 170 232 - 62 
July 27.7 421 166 225 - 59 
August 27.3 408 159 294 - 135 
September 27.0 401 149 318 - 169 
October 28.4 427 161 71 90 -
November 24.4 436 149 8 141 
December 21.7 424 132 0 132 

Annual 26.0 440 1,924 1,502 878 456 

Phase II - Thailand, Period - Average of 1951-1969 

January 22.8 396 130 6 124 
February 25.6 427 141 17 124 -
March 28.2 461 185 42 143 -
April 29.7 492 201 76 125 -
May 29.0 485 200 184 16 -
June 28.4 447 175 188 - 13 
July 28.0 440 176 187 - 11 
August 27.6 424 167 205 - 38
 
September 27.0 407 152 302 - 150 
October 26.4 432 163 98 65 -
November 24.8 416 143 12 131 -

December 22.6 400 130 0 130 -

Annual 26.7 I 41,963 1,317 858 212 

1_/ Pa Kong Stage One- Appendix III - Table 7 

2/ Pa Hong Stage One - Appendix Ill - Table 82 
2/ Pa Mong Stare One - Appendix III - Table 83 

4/ Average of Udorn Thani, Khon Keen, and Ro Ft - 1951 to 1969 

5/ Average of Udorn Thani, Kon Keen, and Roi Et - 1961 to 1969 

/ Average of Udorn Thani, Khon Keen, Rot Et, and Chaiyaphum - 1951 to 1969 
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TABLE 5
 

PA MHOG AREA NE? EVAP.RAT IN ANDRUIOFF POTENT IAL
STUDY AVERAGE ANIMAL 

(Fron Reference 3)
 

Station Temgorature Solar ET Rain Net 
or ( C) Radiation (MM)p 

(n) Evaporation Runoff 
Area (g-cal/cm /day) (LI) (mm) 

Vientiane 26.0 448 1,784 1,692 782 690 

Nakhon Ratchaeima 26.2 441 1,959 1,206 892 139 

Khon Kaen 27.2 437 2,0(7 1,192 953 138 

Roi Et 27.2 438 2,011 1,409 896 294 

Nakhon Phanom 25.9 398 1,590 2,314 683 1,407 

Pa Hong -I
Stage One 26.0 440 1,924 1,502 078 456
 

Phase II 26.7 436 1,963 1,317 1 858 212 

Average 26.4 434 1,890 1,518 849 476 



TABLE 6 

climo~e 
HIGHEST SUSTA;NED WIND VELOCITY DURATION AND DIRECTION 

kFroim Reference 2) 

(o) Cclobtr - January Unit Knots 
Time . 1.00 I 4.00 _ ___________ 13 I. 22.00 Perlcd Hghest 

.______Date D;r. Vrl.1e.'ir iVrVie. DDr. ,Yr .Dir j"e. DIr. Vel. Dir."'-___ Dec.i66 I . i __ _ l. Vel. Date 
, 11 v 

tNorg Ktai 2 De,6NE 22 NE 2 8 ,IF22iNtE I3! NE 56SI4N~JUdo Th-ni Dec.501 E - C ; 2s E E EE E 27 E 3 37T4.30cl,- j 
c 2 E 3 'NE 27 NE C- 05Ot6O!-]71 .. 60 -7 lE l5Ot 0 

, Kcn 117 D ec. 6 C C 4 EN--- .. 2c 1 24IE2.. N E . SI 2---e-"6'

7 ;e ;00 4.00, . 7-0 0-rio- 10 .0 DStaflen 1 ~ T i 1 22-0 Highest

Dole Dir . p'Ve D:-1 Di v,1DI C!-
Vd. ,- Ve1 r. %ei i ir Dote 

Nong rha 4 M'ay L4 E 'E9! E 22 E 198 Sw ;123 May 65 1 .c8 e b '___ 0 E 6 E 21 2 2 6 7 2
 
. ... .[.S . . .
 2 E 21 S.E E 47 :2 Apr. 63 

Khc Koen c WOr. 67 E 19 I E -i N , I N I 10 O f,~~~~~~~~ ,"Z " ''I"J E ICi' n NE__, - 4 .... .~ ~ ~ _5 "- ,NE - E . .6 L . 6-2. 6 May. 621 

. ) 'ui - Sepvemter
___I -'V . .' -- - 1-- - ! ,. . -

7 .-- 1 

- e i D 'ir.V 1 Dir Di 'v --Vy. - r. i-e--o. 
-~~~ _____ Dir. Vel .___ Datea

Nor.4 Khoi 3 Aug.88! SWIIw 22 SV 22 SW 22 c - w r.6!19Ag6
SThan; 6 6 W. .16 16 W . 1 NT 27 Sept5! NE 27 E WV 40 I I Sep.56 

Lei .. ... 18 SePT621 ENE 12 -__ _ESE -.16 i ESE 20O:E~ -ESE' 27 -E SE_ W,3-2-J_ 55e 3 =.3 
_-__ . . . ... .... -5 . V. .. , • W;, _ I.., I-. C, 

I (nr = '.. k ,. 
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TABLE 7 

ESTIMATED MONTHLY IN RUNOFFMODIFICATION FOR 
PA MON PROJE OPERATION 

(Frin eference 3) Unit:,: million 

1951 - ........ Pa Mow Roervolr Diversions
 

Averg Inflow in Power Spill and Net Net 
Month ReleRs Hiver Evap. Total Return-1elease
orLe~J~o~ - i 

January 4,545 -6,650 8,673 3 310 2,209 -42 

Fibruary 3,323 -6,560 7,551 3 283 2,046 71 

March 3,010 -7,543 8,219 3 254 2,077 49 

April 2,846 -7,138 8,452 3 121 1408 402 

May 3,947 -6,241 9,487 3 -38 736 389 

June 8,902 -2,894 11,035 3 -77 835 31 

July 18,578 5, t3/ 12,210 3 -74 002 3 

August 33,041 19,26 12,866 327 -86 674 6 

September 30,366 17,20 11,394 969 -102 285 -15 

October 17,409 1,d89 13,390 1,000 97 1,034 346 

November 10,379 42,441 I11,370 378 312 760 325 

December o,338 i -5,145 9,741 3 316 1,423 -18 

Annual O0142,691124,3PB 2,63 I1,316 14,209 1,547
 

Per Cent of 0 7
 
o 1.9 0.9 10.0 1.1Inflow 100.0 87.2 
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PA MONG ENVIRONMENTAL ASSESSMENT 

CONSTRUCTION ASPECTS 

1. Introduction 

Construction of the Pa Hong project will involve 
a
 
variety of construction activities, and ..
,ill cover a relatively

large 	construction area. While the project is still in the
 
feasibility stage of plinning, and construction plans not yet

developed, a preliminary evaluation can be made of the antici
pated environmental problems.
 

A summary of project features, taken from Appendi:- V
 
of the Pa Mong Stage One Feasibility Report (Ref. I), is 
as
 
follows:
 

(a) 	 For a ma::imum pool level of 250 m 11SL, there will 
be three dams, nainely Pa onci, Ham Hong, and 
Nam Lik. Pa flong dam wjill be a solid concrete 
gravity clam with a crest length of 1,360 m and a 
spillway with a capacity of 36,000 3/sec.m
Nam long clam will be of a rolled earthfill type,
with a crest length of 2,030 m. Nain Lik dam, to 
be of the double-curvature, thin-arch concrete 
type, is the smallest of the three, with a crest 
length of 435 m. 

(b) 	 There will also be numerous earthffill dikes in 
the Pa long project. The total length of all 
dikes will be about 23,330 m, with the longest 
dikes in the N;sm iHong - ilam Pong area. 

(c) 	 Upon the closures of the three dams, a large
reservoir w.iill be created. At elevation 250 m 
HSL, the total storage capacity of this reservoir 
will be 107.4 billion.in- and the water surface 
area will be 3,;]46 krn. 

(d) The initial Pa Hong powerplant will consist of 
two powerhouses, one on each side of the river 
at the toe of the dam. There will be eight 
generating units, with a total installed capacity 
of 4,300 megawatts. 

(e) 	 Transmission lines will be used to convey power 
from Pa Honq dam to different destinations. Four 
500-kilovolt linesswill be the most important 
ones, linking Pa Hong and 13angkok, which will be 
560 km long. Other tr.nsinis;sion lines, ranging 
in capacity from 11.5 kilovolts to 230 kilovolts, 
will have a total length of 313 km. 

Irrigation systems ,ill also be ccnstructed to serve a 
total area of about 43,000 hectares. These systems will consist 
of 644 km of main canals and laterals, 1,200 km of tunnels, and
 

http:billion.in
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338 km of surface drains.
 

Construction of the above-mentioned structures will
 
have effects on environment in many ways. This presentation
 
describes the anticipated effects and, where possible,
 
mitigating measures to reduce and control these effects.
 

2. Effects on water _uali 

Because the construction activities will disturb soil
 
conditions in the vicinity, it can be espected that consider
able silt will be washed into the waterways, thereby creating 
increased turbidity and siltation over a considerable stretch 
of the river. The construction activities which .till induce 
increased siltation will involve large land areas. Clearing 
and grubbing will cause removal of vegetation and major root 
systems. Earthwork operations involve moving natural soils
 
from one location to another by e-'cavating, filling, and
 
compacting. When soils for fills are taken from borrow areas, 
these areas may be left as man-made ponds. Rock excavation
 
will be followed by loading the broken rock, hauling to the 
fill site, dumping and placing. Construction of large dams
 
usually requires either borrow areas, from which needed 
materials can be obtained, or landfill. or spoil areas, where 
excess excavated materials can be placed. It is expected 
that borrow areas will be located close to the construction 
sites, and will involve stripping of top--soil followed by 
ex:cavation and hauling of the underlying materials. 

In summary, increased turbidity and siltation in the 
river section downstream from the construction areas can be 
caused by construction involving earthwork, dredging of dam 
foundations, erosion o:F river banks, movement of heavy equip
ment in and around water, scarification o' the area, and 
e:-cavation and stripping of materials. Almost all activities 
involving removal of surface materials will bring about 
surface erosion and hence will increase turbidity levels in 
the water. 

Th,_f major adverse effects of increased turbidity in 
rivers include reduced suitability of water downstream as a 
source of water supply, reduced :3tream capacity du(_ to sediment 
deposition (Ref. 2,3,/1), reduced photosynthetic processes in 
the stream (Ref. 2, 5), and reduced benthic populations in the
river sections where siltation is e-tensive (Ref. 6). Such 

effect: can significantly alter the stream ecology where the 
added silt changes the stream from an essentially clear to a 
turbid condition. Because the lower Hekong, like most 
Southeast Asian rivers,;, is normally quite turbid, it is anti
cipated that none of these effects will be serious. 

To mitigate problems caused by increased turbidity and 
siltation due to construction operations, the following measures 
are recommended: (a) scheduling excavation and dirt-moving 
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phases of constructions for periods of low or no surface runoff 
(Ref. 4), (b) erosion control measures, and (c) provision of 
settling basins to remove silt before the runoff reaches the 
river (Ref. 4). Several methods -an be used to cope with 
surface erosion. Upon completion of construction, borrow areas 
and exposed cut and fill slopes should be graded, sloped to 
drain, and seeded with grass (Ref . 7, 2, 9). Application of 
chemical adhesives -istured is also recommendedto sur~aces 
(Ref . 7, 9). Uhere possible, the topsoil should be removed, 
stored, and replaced to provide good soil base for restoration 
of vegetative cover (Ref. 9).
 

3. Effects on air and noise pollution 

During the construction stages of the Pa Mong project, 
air-borne particulate matter can be produced by emissions from 
heavy equipment. Another source of particulate matter and 
other air pollut::nts is open burninC of wood waste from clear
ing and grubbing operations. Clouds of dust are e-pected to 
be formed by movement of construction equipment, rock excava
tion, and excavation of borrow materials- The impacts of air 
pollution will be short-term and are not considered serious, 
as these impacts will be confined to the construction areas. 

Noise pollution is usually generated during construc
tion periods by on-site and on-road hauling operations and con
struction of project facilities. increased noise levels will 
be caused by rock blasting. It is believed that noise distur

bance due to construction %.ill he most severe luring the 
nighttime. Noise impacts can be consi dered shc.ct-term. One 
adverse effect of increased noise level caused by rock blasting 
and heavy equipment is the disturbance to wildlife in the vicini
tv of construction sites. This efect is also considered short
term, and some of wildlife driven away by noise are expected to 
return to their places of habitat after the construction phases. 
Because most of the Pa Hong construction sites are expected to 
be in remote areas, impacts of noise pollution on human popula
tions are not expected to be significant. 

4. Effects on aquatic life and wildlife 

(a) 	 A uatic life: During construction periods, silta-
tion resulti nr from e ::tensive construction opera
tions will have modrate impacts on benthic 
animals of the rivers below the construction sites. 
Fine sand an.i silt normally provide the least 
favorably habitat for these animals. Thus silta
tion can cause a significant but temporary reduc
tion of benthic ,opulation:; in those sections of 
the river,. P1hytcplankton communities will also 
be affected, las increased turbidity in the water 
will decrease th, depth through which lir0ht 
penetrates. 'Lecause phyloplankIon and benthic 
animals are basic foods for higher animals and 
fishes, productivity oU the river will be 
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temporarily reduced. However, the recovery of 
productivity after completion of construction 
phases is e::pectod to Do rather rapil. 

(b) 	 .ffects on t.wild..ife As previously discussed, 
noise disturbance and the presence o. humans 
and equipment .!ill anv, cens derable effects on 
wildlife iniabiting areas close to construc.
tion sites. Though these efFects are considered 
to be short-ter and some ,ill!'ildliereturn 
after construction is completed, some permanent 
reduction in wildlife population density in the 
vicinity of the project area can be e::pected 
because o' the urban communities whiich wil. 
become established in the vicinity. 

" 

Clearing of fore tel area; for construction 
of project features and for riqhts.-of-way for 
transmission lines will also have effects on 
wildlife, There is a teniency for wildlife 
density to decrease along rights--of--way.Although 
the width of miosh rihts-o--.ay is only about 
50 m to 100 ,.1, the ttal lan! aroea cov-ed by the 
right--of.-ay .!ill be considerable, the total 
length o- all transmission lines being about 870 
ki. There wiill also be curtain ciianges in the 
types of inhabitants along the rights-of-way due 
to alteration of :ildlife habitats. In addition 
to direct effects on ';ildlife, maintenance of the 
trnsmission line rights.-o .-way can induce surface 
erosion, since the rights--of-way are usually kept 
barren o_" any e2.tenw:ive v getative cover. 

Construction opera : on.'; at the La long prefJect 
will also include s treai.; channellization. Channel 
widening or straightoning generally involves the 
removal of .treassid. vegetation, and, in sone 
cases, this is thie only cever available for wild
life haitats. These operations may cause a sub-
stantial loss of larger aniwal; anm waterfowl, 

Construction of the Ea Hong irrigation systems, 
particularly iiain canals and laterals, can also 
adversely affect wildlife inhabitting areas close 
to these system:;. Canals can obstruct the passage 
of several important animals ::ecies, hence 
special provision nee,!s to be male to inc.ude 
crossways and also to permit animals to climb out 
of the canals (;(e discumssin cn '.idlife;. 

In summary, construction of Pa Hong facili-
ties 'will have some adverse efects on wildlife, 
but the ef.ects shoul, be temporary and generally 
not significant. 

http:rihts-o--.ay
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5. Effects on archaeolo-.ical and aesthetic values 

(a) 	 Archaeoloqjical values: Loss -f archaeological 
values will be 2-:uD)rimarily to the impoundment. 
However, cons-truction may al:-o contribute to a 
part of the loss. This will be dna to damages 
of archaeoloqical elements by heav, equipment 
during the construction phases. E-cavation of 
some areas without nre-construction investiga
tions can also result in los, or dlamanes to 
archaeological material;. 

In order to minimize loss of archaeological 
information both luring and after construction 
of the Pa Nong project, complete reconnaissance 
surveys of archaeolocgical elements in construc
tion areas should be conducted by qualified 
archaeologis ts. Valuable artifact:s .hould be 
salvaged for ilentification, and site s of arch
aeological importance locate, so that damages 
will be avoided or minimiz-e-d luring con:struction 
(SLe discussion nn archaeology). 

(b) 	 Aesthetic value::: Construction of the Pa Nong 
project .:ill. r,:.-ult in --.carrinq of the existing 
landscape. !3orro., areas, spoil areas, cleared 
land, quarri;, riprap sources, powerplants, 
access roads!, and trasini.:!ion lines iill alter 
the existin land scapo. During con .truction and 
several years thereafter, it is anticipated that 
effects on -cenic and aesthetic quality will be 
noticeable. 

To mitigate adve-se aesthetic efects, the 
construction prog;ramme should include plans for 
environmental protection aspects including land-
scape preserva tion and dust abatenent. Quarry 
slopes should be rounded and :.haped to provide 
natural appearance_.. aste aterials should be 
properly dlisposed of, and borrow areas graded, 
rcs:tored with topsoil, and! replanted -ith suit
able vegetation (See dIi scussion on -recreation 
and aesthetic:). 

G. Socio-economic effects
 

The ,rucio--ec-nomic o",actsPa are ine a" .iong revie,ed 
detail in the discussions o- socio-economics, pulic health, 
and resettlement. The main effect .' the construction activi
ties will he to create ;izeabl as' con nunitios in the lam.
site vicinity comlprising both local population an' many in-
migrants. Hence a new socio-cconomic environment 'jill be 
created from the blending a-- cultures;, and sizeable areas of 
land will become urbani.ed( ith all the advantages, including 

http:urbani.ed
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higher incomes and greater availability of goods and services,
 
and disadvantages of urban living. Particular problems to be
 
faced will be provision of adequate infrastructure for the new
 
communities, and special measures for control of communicable 
diseases including malaria, which could result from importing 
of these diseases or of wworkers with little immunity to exist
ing local diseases.
 

7. Summary of effects 

Most of the effects noted above, excepting the socio
economic impacts, will be termporary in nature and also, w-ith 
proper construction planning, should not pose any serious 
problems. 

Creation of new communities, not only in the vicinity 
of the damsite but at other construction centers needed for 
building the irrigation systems, will require careful planning 
if the new communities jre to afford the quality of life that 
should be attainable. The economic basis for attaining this 
quality of community environment will be available, as part 
of the cost of project construction. lfowever, careful planning 
and controls, for mnaging land use and foi provision of 
community facilities, ill be needed to achieve the desired 
results. The Nekong Committee will be in an advantageous 
position to furnish the necessary guidelines to the riparian 
country governaients. 
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PA MONG ENVIRONMENTAL ASSESSMENT 

FISHERIES 

1. Introduction
 

One of the most controversial issues for virtually all
 

major dam projects being considered in the 1970's has been
 

effects on fisheries, largely because protection of fisheries
 

has not been adequately considered in the planning of such
 

projects in the past. This has resulted not only in serious
 

unnecessary adverse effects but in insufficient data by which
 

the effects both bad and good might be quantified and judged.
 

Because of this unfortunate past record elsewhere in the world,
 

the Mekong Committee's programme for Pa Mong has included care

ful attention to this subject, perhaps moreso in the pre

construction phase than for any major dam project in the
 

developing countries. The data produced and the guidelines
 
complete
indicated by the data are, of course, not by any means 


at this time; however, the continuing programme of study under

way is believed to represent competent attention to the problem
 

at this stage of planning of the Pa fong project. Implementa-
tion of any large scale dam construction in a river system is 

bound to bring about significant changes in the aquatic environ

ment. Fish are closely dependent on the physical, chemical, 

and biological features of the environment for their growth and 

survival including execution of important behavioral patterns
 

necessary for the completion of their normal life cycles.
 

Effects of dam construction on fish stocks could be either
 

beneficial, harmful, or innoccuous, depending on the nature
 

and magnitude of environmental chances, and tolerance ranges 

of the fishes to adjust to them.
 

In the lower Mekong basin fish and fish products provide 
per cent of the total protein requirements
an estimated 50 to SO 

in the diet of the people. At least 25 per cent of the rural 

population are engaged, wholly or partially, in occupations 
directly or indirectly related to fisheries. Prom two to eight 

per cent of the gross national product in different countries
 

of the basin is reported to be derived from fisheries sources. 

Also, fish demand and supply forecasts indicate in no Southeast 
Asian country will the fish supplies meet the demands if depend

ence is placed on continuing traditional methods of fisheries.
 

In view of the importance of fish in the economy and 

nutrition of the Mekong riparian countries it is imperative
 

that any development measures implemented in the region should 
not only avoid effects detrimental to fisheries to the extent
 

feasible but incorporate positive enhancement measures. The 

Mekong Committee, therefore, at an early stage in its project 

planning, instituted a fisheries programme with the object of 

assessing the probable effects of dam construction on fisheries 

and of taking measures that would offset or minimize adverse 

effects and ma:imize benefits. The purpose of this presentation 
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is to review this programme, particularly with regard to its
 

effectiveness for conserving the natural fisheries environment
 
and for utilizing these fisheries for the well being of the
 

region.
 

1.1 Tropics-ersustemperate zones
 

Probably the greatest attention to evaluating effects 
of dam cc',s"':ruction on fisheries has been given in the Pacific 
Northwest of the American continent. Numerous in-depth studies 

in that region have generated a basic philosphy applicable to 
that region which may be summarized as follows (Ref. 1) : 

(a) Impoundment drastically alters the riverine environment
 
beyond the capabilities of many fish species to adjust, hence
 
these species are adversely affected, and (b) dams interfere
 

with the migratory fish species (representing some of the most
 

important commercial and sports fisheries) by preventing access
 
to spawning areas.
 

This basic philoophy evolved for temperate climatic 
zones is, unfortunately, often used for evaluating effects of 
dams on fisheries in the tropics, where conditions of the 

environment, the levels of tolerance to environmental changes, 
and the biology and etiology of - lividual species of fishes 
are vastly different. For ena iw, migratory runs of fishes 
depending on a specific hom , foe snawning are almost non
existent in tropical rivers. Futhe,'r, because of the widely 
fluctuatinrg environmental fatu'ss in tropical rivers, species 
of fishes that inhabit thse 'river s ha-:C a wide range of 
tolerance to changes in vaJc-is critical environmental factors. 
Any realistic assessment of problems of dam construction 
relating to fisheries in the lower Mekong basin must be based 
on the local environmental conditions of the habitat and the 
biology and habits of the inhabit-nts. It is such a realistic 

assessment, based on the e:isting knowledge of tropical riverine 
environments and species of fishes, that forms the basis of the 
Mekong Committee s fishery programme. 

1.2 Problem -f basic data 

If can oe scely said that a detailed understanding of 
the complex ecology of fisheries, including scientific under

standing of fish-fel i..ebs nr chains, is yet to be developed 
for any major river basin because programmes to accomplish such 
comprehensive understandinq:; arc a recent development. fhe 
relationships are scienti7ic iy so complex that even well
funded programmes w 1 1 rcqujie many years to permit really 
quantified understandirg o.f ;hc relationships between the 
numerous parameters rffectinq even a single fish species. In 

the case of the lower 5eleong basin only a scattering of scien
tific data on the besin fisheries emis-ed when the fisheries 
programme got under.;ay. However, a majority of the fish 
species (at least -05per cent) that occur in the Mekong are 

also dist." u-e:cd in rivers in adjacent regions (for example the 
Indian sub-continent)where con;idernble work has been clone on 
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relevent fish bionomics. Surveys have shown that the environ

mental conditions in several rivers in the Ganges--Brahmaputra
 

basin, for e:xample, are very similar to those in the Mekong. 

1.3 M9anitude of effort 

The fisheries programme was established in 1967 and 

has since involved over 1,000 professional man-months of effort.
 

The cost of ex:ecution of all the ten projects already approved
 

by the Committee is estimated at US$ 12 million.
 

1.4 Components oJfo9rafle 

The fisheries work programme of the 	 Mekong Committee 

relating to Pa Mong has comprised the following components,
 

each to be discussed indetail:
 

(a) Surveys and studies: Collection, collation,
 

analysis, and interpretation of basic information 

on fisheries, including both scientific and 

socio--economic aspects, both for the Me]kong river 

mainstream and tributaries throughout the lower 

basin, including the estuarine and affected 
and selected tributary reservoirs°marine waters, 

In addition, information has been coliccted from 
areas whertexperience in other Asian tropical 

have been affected by water developmentfisheries 
I a of theseprojects. Table presents summary 

surveys and studies. Of these, the 	basinwide 

survey--study, no,, underway, represents the first 

approach to i comnprehensive evaluation of fishery 

resources in lo:erthe basin. 

(b) Develotment activities: Pilot projects 	for demon.

enhance fish productivity throughstrating how to 
useopportunities presented by Pa Hong, 	 including 

of imported species, by (a) managed 	 fish production 

in selected tributary reservoirs and planning for
 

at Pa 	 culturingsuch management IHong and (b) fish 

in ponds utilizing irrigation waters made availa

ble 1y Pa Mong. 

Pilot projects for demon(c) Rehabilitation measures: 
strating o the e:ist-ng productivity of prawns/ 

shrimps and of a selected species of catfish and 

of other endangered valuable fish species which 
Hong,might be depreciated by the effects 	of Pa 

through concan be maintained and even enhanced 

trolled culturing method,;. 

(d) 	 elated )roj s: These include the Mekong 
quality programmeCommittee':s water nonitoring 

and several studies in aquatic biology (see 
on watcr quality and on aquatic biology).discussion 

2. 	 Existin! fisheries environment 

survey-study planThe data presented in the basinwide 
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and the other studies noted above have been summarized to
 
present a brief picture of the e::isting fisheries environment
 
in the lower basin without tile influence of mainstream dams. 

2. 1 Fish production 

The fisheries of the lower Mekong basin are of great
 
economic and dietary importance to the some 40 million inhabi-. 
tants of the area and have an even greater future potential.
 
Fish is second only to rice as important and desired food by
 
people living in the basin, and is the major source of animal
 
protein. The annual per capita fish consumption for Thailand
 
and Democratic Kampuchea approximates 22 kg, for Viet-Nam, 12
 
kg and for the Lao PDR, 13 kg; this comprises 50 to 80 per cent
 
of the animal protein intake. In addition the fishing industry
 
in these countries makes up between two and eight per cent of 
the gross national product.
 

Although only crude figures are available, the fish 
harvest from the lower basin including affected contiguous in
shore waters of the South China sea may approach 550,000 metric 
tons with a market worth of about $300 million. Of this total, 
the commercial harvest from the mainstream and its tributaries 
is about 200,000 tons and the subsistence harvest adds at 
least 100,000 tons. The aquacultural activities and the 
estuarine and coastal fishe--y directly influenced by the Hekong 
river discharge contribuLe the remaining 250,000 tons. 

The extensive harvest that results from these diverse 
fisheries of the lower basin an adjacent waters of the South 
China sea includes hundreds of species of finfishes, and many 
kinds of shellfishes (crustaceans such as shrimps, prawns, 
and crabs, and molluscs such as clams, mussels, and oysters) 
as well as frogs, crocodiles, and a variety of plants ranging 
from marine algae through water chestnut, water lettuce, water 
celery, water cress, and other edible species. 

2.2 Physical system 

The lower Mekong and its tributaries are typical tropi
cal rivers, subject to a monsoon conditioned regime and having 
a violen',ly fluctliating environment. As in any other tropical 
river, individual environmental features exhibit a wide range
 
of variation both in space and time. In the main Mekong, the 
annual amplitude of variation in flow is from less than 2,000
 
m3/sec during the dry period and 52,000 m3/sec during floods.
 
Flash floods and large scale inundation are a common feature
 
in several areas. Due to continued scouring action of floods
 
over a long period of time, large and extensive depressions or
 
pools have been formed in the beds of rivers at several places.
 
These pools retain water throughout the year hence maintain a 
transient lacustrine environment during the dry months. 
February to May usually constitute the lo., water period, when 
fluviatile sections of many of the tributaries are reduced to
 
low flows and the only relatively stable aquatic environment 
is provided by the pools in stream beds, where the bulk of fish 
population takces refuge. 
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Water temperatures in the river are high and fluctuate 
within the wide range of 200C to 350C at different points 
during different months of the year. Values of pH range 

between 7.0 and G.2 and dissolved oxygen values vary widely 
between 2.0 and 7.5 mm in different sections of the river. 
The water level in thc river starts rising by about the end of 
May, 	reaches its peak in August or September, and finally
 
subsides in November. With the onset of floods, water tempera
tures rise and dissolved oxygen and pH levels fall mainly as 
a result of decomposition o[ the vast amount of organic debris 
brought in by the floods. Turbidity increases sharply due to 
the mass of alluvial silt in flood waters. Increase in turbi
dity brings down plankton levels, at least temporarily. Later, 
as a result of the allochthonous nutrients brought in by the 
floods, plankton blooms appear in the flood inundated zones. 
It is estimated that in Vietnamese delta alone, an area of about 
one million hectares is inundated and that the water level rises 
by 4 to 5 metres during floods. Average current velocities 
increase from 0.2 m/sec in February to about 1.4 m/sec in
 
August. Flood induced changes in the environment return to 
normality and dry period conditions begin to set in by December 
or January. 

The fluviatile sections of the river itself are not 
very 	productive due to the relatively high turbidity, fast
 
current, sandy nature of the bottom, and low plankton produc
tion. It is the pools in the river beds and in the oxbows 
and other inundated regions near the rivers that are the main 
zones of productivity.
 

Some details on each of the three distinct fishery 
zones in the lower basin are as follows: 

(a) 	 Riverine zon t from Kratie: This zone is 
distinguished by relatively high stream gradients, 
especially 'or the tributaries, by an erosional 
substrate, occasional rocky rapids, and relatively 
narrow and steep--si,]ed gorges. It includes 2,200 
km of the mainstream with 25 major tributaries. 
In the dry season the inhabitants are mostly 
riverine.. During monsoons the mainstream and 
tributaries spill onto floodplains along the main
stream and the lower reaches of the tributaries. 
The e-tent of these flooded areas is significant 
but small compared to the grandiose scale of 
flooding in the d'elta. 

(b) 	 Inundation zone: Thi.s cl21taic zone is charac
terized by e-treme variations in extent of flooded 
areas, ranging 4-rom some 41040 km 2 of permanent 
wet area to as much as 53,600 km 2 . The main river 
gradients are low, the subsrate i., depositional, 
and there are no rocky rapids nor narrow gorges. 
A unique feature o' ,hi; zone is the Great Lake -

Tonle Sap comple:" which serves +-,. receive flood 
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flows, then to augment the dry season flow in the 
mainstream, with the surface area of the lake 
ranging from 3,000 tin2 to 13,000 km2. The lake 
is one of the most if not the most fish produc
tive lake in the uoi 1J. 

(c) 	 Estaurine coastal zone: This includes the final 
downstream 100 km o the mainstream and its 
distributaries, the as:L;ociated mangrove and 
cajeput ,.ams,and the- adjacent coastal waterz 
of the South China Sea to to extent affected by 
the Mekong discharges, usually upto 30-40 km 
offshore (including -eie .rc000 kin" of coastal 
area). The mnsagrove swamps are believed to have 
an important role in fisfh reproduction riich 
needs to he evaluated (see discussion on aquatic 
biology). This estuarine-marine complex, like 
estaurie!s elsewhere, is believed to support very 
productive fisheries harvested not only in the 
estuary but also finfisn harvested in the off
shore coastal. water,; 

2.3 Fisheries ecoloqy 

Over 200 different speci.es of fish have been recorded 
from the Mekong basin. In the [1elonci, during the dry months 
of the year, carps (family: Cy-)rinidae; 54 per cent), catfishes 
(families: Clariidae, Schiheidae, (acjridac,l Sisoridae and 
Akjsidae; 19 per cent) anA! murrels (Caslily: OJ!cehalidae 

0 per cent), together cons,;titLue about 31 per cent of the fish 
fauna. The remnaining '19 p;er cent consists of feather-backs 
(Notopteridae) and other miscellaneousi groups. This composi
tion varies only slightly during di~ferent seasons. Tributa
ries of the ilekong appear to have more or less identical dis
tribution of the different: groups of fishes. 

The life cycles of a vast majority of fish in the 
Mekong, as in other tropical rivers, depend prominently on 
the annual inundation cycle. Uith the onset of floods and 
concomitant submergence of rice fields, ditches, swamps, 
o:.bows and other lo,i lying areas over a considerable distance 
on eithai: side of the river bank, a predominant section of the 
fish 	population migrates laterally from the rivers to the
 

inundated areas, mostly for spa..ning. The distances traversed 
in the lateral. migrations anni the duration of sojourn in the 
inundated zone differ with difrerert species, depending on 
their environmental requirements and tolerances. Fishes with 
low oxygen requirements, or those .ith accessory respiratory 
mechanisms, like mirurels, some catfishes, and Anabantids 
occupy and persist f,,r longer periods in the peripheral zones 
of inundation, whre ,lisolvel o:ygen and pH are generally low, 
due to decomposing organic matter and terrestrial vegetation. 
lost C ~inids, which have higher o:,ygen requirements and 

lower tolerance to p1ifluctuations, occupy the proximal zone 
of inundation, spaw-.n there and move riverwards with receeding 
floods, much earlier than the proceeding 1roups of fishes. 

http:speci.es
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If the flood recedes quickl-', Ls happens during years of 
relatively sparse rainfall, large numbers of eggs and hatchings 
die due to desiccation: Lf, on the other hand, the flood waters 
persist for a relatively long per:LoO, as in years of heavy 
rainfall, large scale mortality of fry and fingerlings occurs 
due to deoxygenation and drastic changes in p}! resulting from 
decay of orgdnki matter in flood waters. This may indicate 
that flood regulation which eliminates very high or very low 
flood might actually be beneficial to fisheries. The observed 
high fecundities in most oF the tropical river fishes permits 
them to survive these periodic large scale mortalities. Some
 
of the young that result from the spawning activity in the 
inundated zone enter the main river and repopulate it. Others 
are left behind in the water bodies inland, grow there and 
provide a rich crop of fish. Thus, a sort of natural restock
ing of the water bodies on either side of the river in the 
flood-covered plain takes place annually. The fact that fish 
fauna represented in these stagnant waters is essentially the 
same as the riverine fauna is in indication that most of the 
riverine species in the ie&ong and its tributaries can thrive 
in lentic environments, 

Fish fauna in tropical rivers are well adapted to a 
widely fluctuating environment. Unlike temperate zone fishes, 
the tolerance ranges for tropical zone fishes for various critical 
environmental factors such as temperature, pH, dissolved orygen, 
etc. are very wide. E.-ceedingly interesting adaptations to 
survive inhospitable millieus and frequent ant abrupt environ
mental changes have evolved in some of these fishes. Accessory 
respiratory organs or modifications in the opithelium of the 
suprabranchial cavity to enable the fish to utilize atmospheric 
orygen are found in catfishe s of the families Clariidae and 
Heterropneutidae, climbing perch Anabas spl., and nurrels, 
0Opije__pahalusspR. These organs enable the fishes to survive 
periods of deo',ygenation of water that usually occur in the 
peripheral zones of inundated areas during flood seasons. 
Another interesting adaptation is the faculty of locomotion 
over wet land, for appreciable distances, in fishes like 
Anabasspj., Clarius spp. and Ophicephalussj This adaptation 
ensures survival when habitats dr,, up, either because of a 
suddenly receding flood or failure of precipitation. These 
few instances are cited to emphasize and underline the point 
that tropical fishes have adapted themselves in many ways to 
changes and amplitudes of various, often harsh, environmental 
features.
 

In addition to the lateral migration described above, 
migrations up and down the river are suspected to take place 
for some species mainly on the basis of their seasonal 
appearance in fish catches in difl'erent sections of the river 
at different times of the year.. io positive eveiderice is 
available as to whether these species do in fact perform the 
suspected migrations over long distances and, if they do, as 
to the times, ranges and goals of such migrations. It is 



III - 114 Fisheries 

entirely possible that members of identical species occurring
 
in different sections of the river are merly discrete local
 
stocks and not i.ndividuals of a migratory population. 

There are about 27 species of marine and estuarine 
fishes belonging to families, Carchariividac, Pristidae, 
Clu('idae., Syngnathi das, Scombrosocida1,Polynemidae, 
Centroomiae, Sciaenidlae, dcombridae, Solidae and Tetradon
t idae, which occur in the fresh:'ater areas of the Niekong. Very 
little is known about their life histories, but available 
evidence indicates that some of them are permanent residents in 
freshwater stretches of the river or connected lakes. Of the 
27 species of saltwater fishes, only a few are of commercial 
value. Perhaps the only truly anadromous species in the rekong 
are Hilsa spp., which are suspected to migrate several hundred 
kilometers up to the river. Anguilla spp. are the only known 
catadromes. Ho,,ever, all the species are of little commercial 
value in the lower Mekong basin. A commercially important 
freshwater migrdnt which moves into estuaries for spawning is 
the giant freshwater prawn, Macrobrachium rosenberqi. 

The fisheries ecology in the natural lower Mekong river 
system has been modified to L~ome e::tent by construction of clams 
on tributaries. Prior to their development, all these tributa
ries were seasonal streams, at least in the vicinity of the dam 
sites. A stable lacustrine environment has been created by 
impoundment, iLa place of a widely fluctuating tropical stream 
environment. Studies of these rie: environments indicate the 
post-impoundment changes in environmental factors are within 
the normal range of fluctuations to be expected even in natural 
rivers and tributaries in the pre-iinpounament phase. The 
tropic environment also appears more favourable than in the 
pre-impoundment phase, judging from the greater abundance of 
plankton and benthic organisms in the reservoir. 

Fish fauna in the [ain Pong reservoir one year after 
impoundment comprised only 54 species as against 85 in the pre
impoundment phase, indicating a significant reduction in the 
number of species. However, total production of fish increased 
remarkably, from negligible harvests in the streams prior to 
impoundment to about 1,600 tons annually (average for 1969-71)
 
from the reservoir. There is also a significant increase in
 
yield per unit area in the impoundient, which is about 40 kg/ 
ha/year as compared to average yilds of about 12 kg/ha/year in 
tropical rivers. Important among the species of fish that were 
suspected to have disappeared or migrated to the river section 
above the reservoir after impoundment are the carp, Labeo bicolor 
and the catfishes, ,gallagonia attu, Baarius bagarius, 
Kryptopterus cryptoteu apoon and K. bleekeri. The 
relative abundance of different species also changed after
 
impoundment. While carp:; continued to be the most common in 
respect of number of species, their relative contribution by 
weight to catches reduced from 55.9 per cent, prior to impound
ment, to 24.1 per cent. On the other hand, populations of 
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predacious murrels increased to 34.,' per cent of catches by
 
weight, as against 16.5 per cent before dam construction.
 

The above general. account oF the Mekong environment 
and its Eish indicates that construction of dams does not 
bring about any environmenrtal changes %:hichare outside the 
range of fluctuation occurring in natural rivers: such con
struction would however remove or reduce the amplitude of 
fluctuations in environmental faatures. Even prior to impound
ment, these fishes are 'ell adaLte, to and spend parts or all 
of their life cycles in thL- lentic environment of pools in the 
river beds or inundations sa: th, rivers. Thus, it appears 
that for a vast majority of tle riverine species, creation of 
nan-made lakes probably tahas -t ,nvironinent more favourable 
for their development. T'Phe ail;:pohleus arising from Pa Ilong 
wJill probably be the efect of flow regulation on the normal 
fisheries in the inue!aL-! ,ir-_,a:; on1 in the estuarine and 
marine zones. 

Further detail:; on ,-ach i::ortant category of fishery 
in the lower basin are J!escrii,,-; 5ollo'ls: 

(a) 	 Inundated zone ,isheries: A,; previously noted, the 
most productive of ill on; basin fisheries are 
those dependerit on !;ea:ional flooding; hence these 
fisheries, especiall . the .ltaic lowlands, may 
be especially vuln ra !1 to proposed schemes for 
eliminating or minimi ing floods. In the deltaic 
lOWlands, donstream :on !<hone Falls, floodwaters 
may cover almost th, nt' lo gradient drainage basin 
of the Ilekong an,! triutar.es, all the way to the 
estuarin: zone in Viet-Nam. In Democratic Kampuchea, 
possibly one Cifth o.f the area of th.- entire country 
may be inundate,'. part o i this area is flooded by 
the elevated water vl D: the Great Lake which 
usually triples j! ire. The water level is elevated 
by precipitation o . th.2 la':e surface, by runoff from 
the surroundinij land, an in most years by the reversal 
of its outlet, the Ton],l. Sap river, to bring liekong 
mainstream Eloodiaters,) back upstream into the lake basin. 
In Viet-Nam, the flood u;ually inundate; the entire 
upstream thirId o_ the Vietnamee delta. 

Upstream fro hone falls, whore the mainstream 
usually has high ]ask:;, flooding covers only relatively 
small areas. Times. areas typically are around the 
submerged moutLs; ol tri!,etariLs, sone of the river
side flatland such as; in ti.e vicinity of Vientiane, 
and the more or is i.ea,.atc~ r plateaus on some 
upstream tributari::o Certain of threse tributaries, 
as in northeast Thailan., aVe perennial swampy lakes 
which are substantia].Iy enlargedd dn(uring flooding. 

Engineering works anl water flow management will 

http:triutar.es
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alter the timing and e:tcrt of the annual inundation. 
A major mainstream impoundment, such as Pa iMonq, would 
have effects in reducing inundation throughout the 
lower basin, for e::aiple, in the Great Lake of 
Democratic Kampuchea. The lake has a depth of less 
than 1 in at low and between 01 and 10 m at high water 
levels, dopenCirg on the seasonal rainfall. As 
previously noted, the floods inundate a plain of 
about 13,000 km 2, including the lake, and at low water, 
the lake covers about 3,000 kin2 . Preliminary estimates 
indicate upstream storage of 60 million m3 at Pa -mong 
or Stung Treng wiould lower the highest water level of 
the lake by about CO cm once every 30 years, by about 
40 cm once every 4 year-,. As the inundated area of the 
Great Lake is like a flat pan, even small but regular 
reductions in water level would tend to dry up a part 
of the unique fisheries environment. 

Despite theit i:,portance oif inundated zone fisheries 
in the lower basin, there are no quantitative data on 
standing crops of fi.h ntocl-s for estimating yield 
potentials, and only sear!-, information on the basic 
hydrodynamics of fish production. In the inundation 
zone of the delta, four principal habitat types have 
been recognized based on o:-ygen and acidity factors, 
progressing from farthest atway from the rivers toward 
the rivers as follow.:s, (1) the perioheral habitat 
which is mainly in the rice fields and is suited to 
fish life, (2) the putrid habitat characterized by 
decomposing organic maaterial, which supports little 
fish life, (3) the recovery habitat, there dissolved 
ozygen reappears and ',hich .supp.rt:; "blackfishes" 
adapted to low ozygen and high acidity, and (4) the 
riverine habitat which is w.:ell ozygenated and has 
abundant and diver.-e fish fauna. 

Reliable fishery statistics for the inundation zone, 
as for the other zones, do not ezist, and the data that 
are available are conflicting. In the entire inundation 
zone, the Great lake -- Tonle Sap complex has been the 
sinole most imortint source of fish production and 
harvest. During the mid-1930' s the annual catch was 
reported s higjh as 100,000 tons, corresponding to 
100 kg/ha of high wtater surface area and 300 kg/ha 
for low water conditions. The principsil types of 
commercial fishinr/ geirs in the delta, in addition to 
sines, are days, samra5, and barrages (large weirs), 
all stationary devices wihich strain out the fish as 
the floodwaters recede. 

(b) 	 Riverino fisheries: ','ihin the entire lower basin, 
more than 10,000 km of freshwater riverino channels of 
the mainstream and tributaries provide fishing grounds 
for commercial, artisinal, and subsistence fishermen. 
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The fisheries of this riverine zone are distinguished
 
from those of the inundation zones described previously 
in that riverine fishing is mostly in flowing water
 
(e ncept when these waters are impounded) and are 
pursued during lowest water stages when inundation zone 
fisheries have disappeared. 

The total catch flron the riverine fisheries of the 
Mekong basin, although locally very significant, has 
never been quantified (escept for preliminary assess
ments in a few new impoundments). Principal methods 
of fishing include seining, drift-netting, life--netting, 
trapping, and hook-and-line fishing. When riverine 
fisheries depend on migratory species, they may be 
vulnerable to damming which interferes with spawning 
migrations, but the potential extent of this inter
ference is not known for the Mekong system. With the 
possible e: ception of the fishery at l<hone Falls, it
 
has not yet been scientifically determined that any of 
the riverine fisheries, depend on, or are significantly 
influenced by, longituding migrations of fishes in the
 
Mekong and associated major rivers (see Section 2.3
 
(d)). 

The existing information on riverine fisheries 
above Khone Falls is very sparse and that available
 
relates mostly to reservoirs. Eleven reservoirs have
 
been completed on Mekong tributaries (8 in Thailand, 
3 in the Lao PDR) and one (Prek Thnot) is under con
struction in Democratic Kampuchea. The total surface 
area of the 1i completed reservoirs is 1,600 kin2 
compared to appro.:imately 3, 200 km2 e::pected for 
Pa 'long. Pre-impoundment fishery surveys show a rich 
and varied fislh fauna. 

Fish catch surveys have been made to a limited 
degree at three Thai reservoirs, principally at 
Nam Pong. Both commercial and subsistence fishing are 
practiced at H1am Pong as elsewhere along the Mekong. 
The commercial fishermen use mostly beach seines or 
fish with lift nets mounted on rafts. The presence of 
drowned forests in ilaili Pong reservoir interferes with 
fishing efficiency, and another problem is the extent 
of the drawdown (up to 3 kin) which separates the fish
ing village from the water's edge. 

Estuarine/marine fisheries: The fisheries of the 
brackish waters in the Mekong estuary proper in Viet-Nam 
and of the recipient adjacent w.raters of the South China 
Sea are secnnd in magnitude and importance only to the 
inundation zone fisheries. In these estuarine and
 
coastal waters, shellfish are more prominent than in 
the inland parts of the basin. Marine organisms 
predom.nate, as there is a progressive downstream 
change from freshwater tom marine habitat. Also, 
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huge masses of* marine fish seasonally concentrate in
 
the offshore ocean waters, presumably clue to the 
discharge of nutrients in floodwaters.
 

Like all estuaries, that of the lekong is poten
tially among the most efficient of all aquatic systems
 
for fishery production. This efficiency is reinforced 
by the shallowness of the wtaters and the relative 
nutrient richness of the ecosystem, the estuary being 
situated at the downstream end of a vast drainage basin. 
This ecosystem is highly vulernable to alternations in 
the quantity and timing of mainstream discharge implicit
 
in the installation of dams and operation of water 
management systems upstream and in poldering of the
 
lower re-ches of the delta. 

With respect to salinity gradients in the estuarine 
zone, it is believed that the brackish zone of the 
estuary (the "critical zone" with salinity ranging from
 
I to 15 parts per thousand) plays a key role in the 
life history of many valuable estuarine and marine 
species of fish and shellfish, similar to estuaries 
elsewhere. Apparently juveniles of many fishery 
species bencfit from low-salinity habitats because of 
the elevated biological productivity along with reduced 
predators, disease, and parasites. The extent of such 
a critical zone in the Mekong estuary and its signifi
cance, and the effects of alternations in flow regions, 
needs careful evaluation (see discussion on salinity). 

Finfish biological and life history information is
 
minim-il for the Mekong estuary and adjacent coastal 
waters but limited studies have been made cf a few 
types including the mackerels and milkIfish. These data 
support the belief that the estuarine zone is heavily 
used for breeding and nursery purposes by many fish and 
shellfish. Also some valuable marine fishes (such as 
Rastrelliqer, Stromateurs, and ruil) are reported to 
move through the estuary as far as the border between 
Viet-Nam and Democratic Kampuchea during the dry season. 

A number of studies have been made of the biology 
of shellfish in the Hekong estuarine zone, which exist 
in great quantities and diversity with wide distribu
tion. They are of considerable economic value 
including lucrative maricultural operations. As with
 
finfishes, however, little is known of the temporal 
and spatial distribution movements of shellfish life 
history stages or of the environmental factors 
associated with river flow pattern alternations which 
may be important to their continuing productivity.
 
Among the prevalent and economically important shell
fishes are the giant freshwater prawn, Iacrobrachium 
rosenberqi, which requires brackish wiater for its 
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larval stages, the shrimps of the penaeid genera, 

Penaeus and Metapenaeus including the jumbo tiger 

prawn, Penaeus monodon, and the mud crab, Scylia 
serrata.
 

The fishery yield and value from this ecosystem, 
the Mekong estuary and waters of the South China Sea
 

under direct Mekong influence, have never been quanti

fied in 	 spite of their substantial size and great 

local economic and nutritional significance. Ex.tra
polations of e:isting records and statements by 

excperienced government officials in Viet-Nam indicate 

that the annual production of these waters from all 
types of fisheries (commercial, artisinal, and 

subsistence fishing, and from aquaculture) may 

approximate 250,000 metric tons. Wartime constraihts 
have limited the expl]oitation of these estuarine and 

related coastal fisheries, and no doubt the total 
catch would be significantly greater with improved 
fishing methods an( moern technology. Since 1969 
systematic surveys using trawling and purse seines 

have 1'een conducted in the coastal waters as part of 

the UNDP/FAO/Vietnamese fishery development project, 

but mostly outside the nearshore zone affected by the 
Mekong river system. 

(d) 	 Migratory fisheries: Of the many species of fishes 

that move longitudinally or laterally for unknown 

distances within the lower Mekong basin, analysis of 

the available information yields a preliminary selec
tion of eight species whose migrations might be 

interrupted by damming activities, as shown in 
Toble 2. All of these -ight species are important 
in the region: Pangasianodon (ligas because of its 

giant size, rarity, and cultural esteem; and the 

other seven because of their role in commercial 

fisheries and in aquaculture. However, the existing 

information is not sufficient to enable assessment of 

impacts from dams or to determine the feasibility of 

ameliorative interventions. For each of the eight 
selected species, a synopsis of existing information 

and a map of its known distribution in the lower 

Mekong basin is included as an appendix in the survey

study plan report. 

In addition to the eight species of suspected 
migratory fishes denoted in this preliminary selec

tion, several others have been cited as making longi
tudinal movements in parts of the system. For example, 
the Tonle Sap commercial day traps which depend on 
downstream migration for their catches (November -
February), tal.e some 45 species. At Khone Falls on 

the Mekong mainstream, where the trap fishery depends 

on upstream movement, some 40 species have been taken
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during two intervals, November - February and April -
July, with most species different in the two periods. 
Three of the eight species previously mentioned pass 
both down the Tonle Sap and up the Mekong at IKhone 
Falls, and at least eight additional species are known 
to have similar movement characteristics.
 

One of the overriding concerns for longitudinally
 
migratory fishes in the Mekong system is whether or
 
not they can survive in the rivers and tributaries, or
 
in reservoirs, after damming. It appears that at least 
Cirrhinus jullieni can survive, as it has in Nam Pong 
reservoir impounded in 1966. This is now one of the 
most important commercial species at Nam Pong, com
prising nearly 20 per cent of the total landings. 
Furthermore, the available evidence suggests that at 
least three other species might become productive in 
reservoir situations, namely Pangasius panqasius, 
Panqasius sutchi, and Cirrhinus microlepis. 

If losses of valuable migratory fish, mainly due 
to blocked spawning runs, were to occur and prevail 
over gains, a not unlikely event in the light of 
experiences with other heavily fished tropical rivers, 
they might amount to several per cent of the current 
fish harvest from the residual river. The total 
Pangasius fishery downstream from Pa flong, a fraction
 
of which is bound to b( affected, is worth at least 
$ 10 million annually. This fishery i, not only pursued
 
in the main river and its tributaries but several
 
species of this genus, especially P. larnaudii and
 
P. sutchi, are reared in floats and cages in Democratic
 
Kampuchea and Viet-Nam. The important point here is 
hat the fry are reported to be carried downstream from 

as yet unknown spawning sites up-river, some perhaps 
above the proposed damsite at Pa Mong. This indicates 
the magnitude oF possible losses and the need for gather
ing further information to solve this potential problem.
 

3. Development activities
 

Reservoir fisheries manaqement
 

(a) Tributary reservoirs: The Mekong Committee's fisheries
 
programme has included, whenever possible, implementa
tion of fisheries development measures in completed
 
tributary reservoirs. These measures include attention
 
to the production of fish and to the socio-economic
 
aspects of fish catching, transporting, marketing,
 
and otherwise disposing of the fish catch. A summary 
of these activities is included in Table A. 

Pa Mong reservoir: Preliminary planning for exploiting
 
the fisheries of Pa Mong reservoir has been based on
 
experience elsewhere especially in India (Ref. 3). 
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Careful planning and preparation will be needed to 
realize the expected minimum annual harvest of 20 kg/ha 
or 8,000 tons. This will require partial clearing of 
vegetation before impoundment to permit efficient
 

fishing and massive :stocking of the proper species as
 
the reservoir is filled, to prevent proliferation of 
undesired trash species. Purther requirements are for 
training of fishermen after resettling them into 
planned new villages along the reservoir, and the 
establishment of fish landing and processing sites.
 
An important aspect in the early years is recognition 
that an initial period of high fertility and fish pro
duction for several years will tend to be followed by 
a decline for several years, then a gradual rise to a
 
stable situation. Management should aim to harvest as 
much of peak production a:; possible and to counteract 
the decline through measures such as fish culturing 
and spawning reserve:;. 

The fish species tentatively selected for use at 

Pa Mong are the followiing: 

Grass carp (Ctenopharyngodon idellus) 

Silver carp (Hypothalmichthy s molitrix) 

Bighead carp (Aristichthys nobilis) 

Common carp (Cyprinus carpio) 

Two local carps ([-untius gonionotus, Probarbus 
jullieni)
 

Several species of catfish of the genus Pangasius 

The first four species are not native to the river 
but they have proved most effective in comparable 
situations; the remaining ones are nLiv-, but likely 
would not reproduce naturally fast enough to prevent 
the establishment of less desirable kivls. Such plant
ings in a re:iervoir of the size of the proposed Pa Mong 
will require abundant: fish rearing facilities and the 
programme for propagating and raising the proper 
species must be underway before impoundment. At least 
three lar-ie fish hatchcries and fi!;h propagation 
research stations in the reservoir vicinity will be 
required.
 

It is presently difficult to envisage settlement 
patterns around the proposed reservoir but population 
concentrations with road access are likely to develop 
at each of the dam sit:. included in the Pa Miong system. 
Fish landing sites and1 storage and procesa:,ing facilities 
should first be developed at those sites. The 
experience at the smaller tributary reservoirs.will be used t 
guide the no%: fidh<e-y including selection of types of 
fishing gear: to b- used, design of fish landing, 
storage, processing, and hauling facilities, and choice 
of the methods for exploitation (including possible use 
of cooperatives).
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The Pa Mong Phase II report incorporates plans for
 
reservoir fisheries at Pa Hong as outlined above with
 
estimates of costs including allowances for capital
 
investment, forest clearance, and operation and mainte
nance. Por the total estimated annual fish production
 
of 3,000 tons, the net benefit of sales value over
 
costs average from $ 3.64 to $ 3.69 million/year (for
 
50 and 100 year periods of analysis respectively).
 

(c) 	Pilot project for fishery development: All of the 
preliminary studies noted above have indicated the need 
for a comprehensive project to develop a much firmer
 
basis for the planning and management of reservoir 
fisheries. Such a project was drafted by the Mekong 
Committee in July 1975 (Ref. 47), to cost about $ 4
 
million for work extending over 6 years. This includes 
four 	component studies at four tributary reservoirs to
 
represent a range of conditions, namely (1) a perennial 
stream reservoir in a plains area (such as Lam Dom IJoi 
in Thailand), (2) a steep gradient stream reservoir 
(such as Nam Ngum in the Lao PDR), (3) a floodwater 
reservoir (e.g. Prek Thnot, Democratic Kampuchea), and 
(4) a delta impoundment on alluvium (e.g. Dan Heim
 
lake in Viet-Nam).
 

3.2 Fish farminq 

A very important aspect of the Mekong Committee's 
fisheries programme (Ref. 3), to make up for possible or antici
pated lossess in existing natural fish productivity, is the plan 
to establish commercial fisheries throughout the lowier basin 
where a continuing supply of good quality water will be assured, 
including the Pa mong irrigation areas and the delta area where 
pumped freshwater will be available throughout the dry season. 
Such fish bouldlocated in low areas not suitablefarms he 	 lying 
for farming.
 

Based on experi.ences in tropical Asia, e:7pecially in
 
India, and also the existing commercial fisheries in the lower 
basin, two types of fish farming operations appear feasible, 
namely (1) homistead fish cultujre, using small isolated ponds 
(1 ha or smaller) situated among large tracts of agricultural 
lands, and (2) commercial frms in larger areas of about 50 ha 
in size, which would be subdivided into individual ponds of 
about 2.5 ha, considered large enough to provide a good family 
income comparel to a typ~ical family agricultural activity. A 
portion of the pond area would ')e used for hatchery and nursery 
purposes, to provice the necessary fingerlings each year, over 
a four-month period from July throuclh INovember. This can also 
1,e used to produce commercial fish the rest of the year thus 
reducing overall hatchery operation costs. 

Production from the commercial farms is estimated to be 
at least 2 tons/ha/year, with the fish species used limited to 
high quality carps (both imported and local species) which 

\ 
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command good prices. An average price of $ 0.45/kg was
 
assumed as a weighted average, which, after considering all
 

capital and operating costs, would realize a net income of
 
more than $ 500/ha of productLve water surface. It is
 

estimated that about 97.5 per cent of the total area of the 

farm fishery units will be productive, allowing for dikes, 
ditches, and appurtenances. 

(a) 	Pa Monq phase II: The Pa Nong Phase II report 
includes provision for commercial fish farming as 
discussed above on a comprehensive scale throughout 
the irrigate-l areas, The total land areas allocated 
for fish farm units and hatcheries, located on 
relatively level nornarable lands, are anproxcimateLy 
5,200 ha for the Stage One service area and 101,40l ha 
for the Phase II se!rvice area (all in northeast 
Thailand or the Lao PD[:). This land will receive gjood 
quality water fron the project canal sy.-tem, free of 
toxic agricultural chemicals and other harmful pollu
tants. The total fish produced by fish farming in 
the combined service areas, at 2 tons/ha/year for net 
farming area, woul be approx:imat- ly 20,1,000 tons 
(Table 3). The Phase I! report includes detailed 
information on costs, which indicate a net annual 
benefit from the fari fisheries of about $52 
million (at $ 500 per hectare). 

(b) 	Pilot fish f rms: To demonstrate the feasibility of 
the fish farming concept; included in the Pa Mong 
project service area as' proposel elsewhere Ln the 
lower basin, including developing firm cost data and 
guidelines for construction an,.] operation, the Nekong 
Committee i'; currently pursuing a programme [or 
building and operatinc, five pilot fish farms, each of 

about 50 ha, one in the tao PDR (relating directly to 
tle Pa 0longservice area), two in Viet-Nam (one for 
freshwater and on. for bracrkish water species) 
(Ref. 16, 40), end one each in Democratic Kampuchea 
and Thail;tnd ("w,7. Ir0, 1*). These pilot ponds Iiill 

exrilor, varlou.; le1:; o[ production, i.e-. intensi
ties of 'eh pduction, relating to amounts of water 
and typ- of iner;tier; u!,e , to lenonstratu ho: pro-

duction ]vels can Laicrease,,l from traditional 

levels (about 0. t3La hn/year) to as much as 40 
tons/ha through ;,rgrasiv.ly increasino use oL 
modern t'echnlog. Also, each ., the pilot ponds 
will <allocate art o. its area for fish hatchery and 

nursery purpo';e:-, to :aupply hil;-quality [ry both for 

the pond and For ;ale t-, pr.,,a Fish farmers who 
now have to depend on erratic suppli. 

,; t- first ste:p a fea: ilility st.udy was com

pleteid in evu ,,st 1974 (Re, 1. 17) which included pre-
liminary ecgireerinq data "or four o: the systems, 
includinj constructing and operating costs, which are 

http:rgrasiv.ly
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summarized in Table 4. The August 1974 report con
firms that the concept of the fish farms for fresh
 
waters is entirely feasible throughout the basin, in
 
fact should result in high internal rates of return
 
ranging from 20 to 35 per cent. Further study is
 
needed to prove out the feasibility of using brackish
 
water but it is e'spected, based on experience else
where, that continuing study and research will provide 
the solutions. The Mekong Committee is now pursuing 
funds for proceeding with construction of the pilot 
ponds. 

As an example of the results of the feasibility
 
study, for the project in the Lao PDR, located at 
Tha-14gone, near the Nam Ngum river about 25 km north 
of Vientiane, the water will be supplied from the 
Nam Ngum river through the existing south main canal. 
A discharge of 720 m3/hour is allocated to this fish
 
farm on the condition this quantity or flow (less
 
seepage andl evaporation) will be returned to the
 
irrigation network. The total farm area is 47 ha, 
with 45 ha for fish production and 2 ha for fish 
hatchery, nursery, and storage operations. Three
 
levels of production will be investigated, namely 
(1) "semi-intensive/water aerated ponds" (5.7 per cent 
of area) expected to produce yield of 15 tons/ha wjith 
water discharge 3at 150 to 600 O/ha/hour,m (2) "semi
intensive, with water and mechnical aeration" (55.6 
per cent of area) tolyield 15 tons/ha for a water
 
discharge of 15-60 m/ha/hour, and (3) "extensive 
level with water aeration" (30.7 per cent of area), 
to yield 6 tons/ha with a water discharge range

3
from 15 to 53 m /ha/lour, representing situations
 
where inten:sive production techniques are not feasible.
 
The fish to be cultured will be mostly catfishes (00
85 per cent) and carp. (15-20 per cent). Thu
 
recommended best use of the total available water 
surface (47 ha) allocates 45 ha divided among the 
three levels of culturing noted above plus 2 ha for 
hatcheries and appurtenances. The expected yield 
is 11.5 tons/ha average or 519 ton:; total per year. 

(c) Fish feed mills: A key factor in the success of the 
programme of rish farming proposed by the Hekong 
Committee will be the avialability of fish feeds in 
adequate quantity and quality. At present there are 
no commercial fish feed plants in the lower basin, 
hence even where intensive fish cultivation is 
practiced the full production potentials are not 
being realized because of dependenceon irregular and 
usually sub-standard feeds. A new rlelkongj Committee 
project, approved in 1975 (Ref. 31), is a feasibility 
study for establishing a pilot plant to produce 
pelletized fish feed in each of the four riparian 
countries. The study woul1 estimate the demands for 



II= - 125 Fisheries
 

fish feed, survey local materials available for 

making feed including nutritive value and costs,
 

develop recommended feed compositions for different
 

fish species, and develop the economic and 
commer

cial feasibility For establishing pelletizing plants.
 

3.3 Marketinq studies
 

The Pa Mong Phase II report includes an analysis of 

the fish supply and demand situation for the lower basin and 

particularly for the Pa Iong project service area. The 

available data indicate future fish production, without the 

project, will fall far short of e::pected demand. Assuming 

the eisting Eisheries can be increased (without the project) 

to maintain the present per capita level of consumption 

(estimated at 8.9 kg) in northeast Thailand and Vientiane 

province, the annual production in these two areas will have 

to total 166,n00 tons 1985 and 221,000 tons by 2000. However, 

the potential per capita annual demand for fish in the
 

service area is ex=pected to increase to 23.3 'g by 1985 and 

to 31.5 kg by 2000, assuming that fish in these amounts are 

available at reasonable prices° The projected population
 

and production of fish both without and with the project are 

compared to the potential demand in Table 3. 

The fisheries associated with the development of Pa 

Mong reservoir and the Stage One irrigation area would be 

fully developed by the year 1990. The difference between 

fish production without project development and potential 

demand in northeast Thailani and the Vientiane plain is 

estimated at 360,000 metric tons in 1990 and 561,000 tons by 

the year 2000. The Pa Mong !:eservoir's fish production of 

200,000 tons plus that from the farm fisheries from Stage One 

(10,000 tons) and Phase II (194,000 tons) total 40"',000 tons. 

Hence, even with this production, a portion of the total
 

potential demand would -still have to be imported if the 

projected demand is to 1;, met. 

To obtain information of the effect of fish price on 

demand, a study was made of this relationship in the Bangkok 

area in l)70 where detailed information could bu obtained. 

these data by polynomial regressiors indicatedAnalysis of 
sales increas,] with price reduction, levelling out at 

S 0.40/kg. .lthoucil Bangkok r(esresents a different set of 

the area, a major similarity i., inconitions from servo-ce 

to market
the manner of marketing, i.e. the fish are brought 

in the early morning hours and sold that same day. Also, 

some price data collected in the northeast indicated good 

quality common fresh water fish sold for prices seldom below 

$ 0.40 /kg and often higher. 

3.4 Fish processinq 

Dams constructed in the lower basin tributaries have 

led to rapid increases in fresh water fish prouaction. 
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Technology and facilities 'or fish processing and preserva
tion have not, however, improved commensurately, and the
 
fish products reaching the area's mnirkets are often poor in
 
quality. The "fresh fish" rriving at the market may be not
 
so fresh and the existing fish products may be vehicles for
 
transmitting bacterial diseases and helminth parasites.
 
Also, consumers of dried and salted fish, it has frequently
 
been reported, have been poisoned by the preservative
 
chemicals used.
 

Production of the large quantities of fish envisioned
 
for the Pa Mong project will require better methods of pro
cessing. A project is planned by the Mekong Committee 
(Ref. 18) for investigating traditional methods cf fish pro
cessing; analysing the end products for pathogenic, parasitic, 
and chemical contamination; and suggesting improved methods, 
where possible and feasible, that would result in an end 
product that is both palatable and safe for human consumption.
 

4. Rehabilitation activities
 

4.1 Prawn and shrimp farininq 

Prawn and shrimp fisheiies in the deltaic recjions are 
usually among the earliest casualties of upstream dam con
struction that alters the flow and salinity regimen in the 
estuarine regions. Studies elsewhere show that valuable 
brackish water shrimp fisheries of the Nile delta have dis
appeared as a result of construction of the Aswan dam in 
Egypt (Ref. 19) and a lucreative giant freshwater prawn 
fishery declined perceptibly in the Codavari and Krish in 
estuarines in India following the construction of barrages 
(Ref. 20, 21). A considerable decline in the giant prawn
 
fishery has also been reported in the Chao Phraya river in
 
Thailand, possibly due in part to construction of upstream
 
impoundment.
 

The giant freshwater prawn, rlacrobrachiuli rosenbergi, 
which is distributed in most of the river systems in southeast 
Asia, spends its adult life in freshwater areas in the vicinity 
of estuaries and migrates down to brac:ish waters for spawning. 
It is perhaps the most important species of prawn in the world 
by virtue of its size, consumer preference, and growing demand
 
in world markets. In the Mekong delta this species is 
harvested both in fresh and brackish water regions. 

Because upstream impoundments on the Mekong river may 
adversely affect important prawn and shrimp fisheries in the 
delta, the lekong Committee initiated a project in 1970 to 
employ recently devoloped techniques in breeding prawns in 
captivity to permit culturing then in the vast area. in the 
delta available -7or the purposes (Re. 22). The project 
encompasses several activities, to be completed by 1900, 
namely (a) training of ri-parian technicians in pertinent 
techniques, ()) bilogical surveys of prawn resaurces and 
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cultivable water areas in the delta, (c) feasibility studies
 

for establishing a pilot prawn culture farm, and (d) adaptive 
researzh and pilot operations in spawning prawns and shrimp 
under captive/culture conditions.
 

The first phase of the project, training,has been 
completed, including (a) a course conducted in 1972-73 at 
the University of Hawai., (b) a review workshop and inter
national conference held! at Vung Tau, Viet--Nam in [larch -
April 1975, and (c) a techniques worl:shop of ter, weeks held 
June - September at llonoluu (Rcf. '). Als,, a prawn 

hatchery was constructed at Vung Tau and successful prawn 

breeding operations were conducted as part of the training 
programme.
 

An additional project for establishing a marine shrimp 
hatchery in Viet--am is also under consideration (Ref. 29), 
aimed at culture farming of two ol. the largest miarine shrimp 
species in the region, Peneau!- monodon (the "tiger shrimp") 

and P. indicus, both being in great- dlemand in the ,iorld 

markets. Recent research has developed techniques bsy which 
young shrimp can he successfully produced in hatcheries, and 

it is proposed to establish such a hatchery at the brackish 
water fish farm planned at Go Cong. The project .ort is 

estimated at US$ 100,00,, covering a period of four years. 

4.2 Catfish propagation 

Pangasius pangasius and P. sutchi are two of the 

more important of s ,l :v,,pccies of Pangasius that contri

bute considerably l.-oth to capture and culture fisheries in 

the Mekong, particularly in the deltaic region (Ref. 23). 
In addition to the capture fishery pursued in the main river 

and its tributaries, several species of the genus are 

cultured in ponds, floats, and cages. The culture of 

Pangasius in the region represents perhaps one of the most 
efficient fish culture operations known anywhere, utilizing 

as they do, different types of inexpensive feeds including 
human and animal feces;. Pry for culture purposes is derived 

from seasonal collections from natural stocks in rivers. 

while little j.s know about the habits of pangasids 
in the Mekong itself, investigations on the Gandetic 
Pangasius (P. pangas!.us) have shown that the species migrates 

from rivers to estuaries for spawning and rearing of young. 
Seasonal distr'bution of several sppecies in different 
stretches oE the [iel:ong also strongly suggests that the 

species is migratory. This has led to the apprehension that 
the spcn-ningconstruction of mainstream da:,s might disrupt 

runs and consequently reduce stocks o7 several species of the 

genus and the availability of their fry. 

To offset these anticipated possibl,- negative effects 
of dam construction, the Mekong Committee has initiated a 

http:pangas!.us
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project on artificial propagation of P. panriasius by the
 

application of techniques previously developed by the 
Committee and currently being applied with success in 
Thailand (Ref. 23). This would immediately make available
 
larqe number.s of P. janqasius fry to fish farmers more
 
easily an1 less espensively than the current method of 
collection from natural sources and thus provide the addi
tional impetus for further ex:pending P. panqasius culture. 
In the future, after the construction of mainstream dams, 
the anticipated ?oss to the commercial capture fishery could 
be offset by stocking rivers by artificial propagation, and 
thus making this fishery independent of the expected reduced 
supply of fry. 

This project involves training of Vietnamese fishery 
personnel in the techniques of hypophysation and rearing
 

(completed in 1975), design and construction of a breeding
 
and rearing centre in Viet-Nam (completed in 1975), and
 
artificial propagation on a commercial scale.
 

The methodology developed for propagation of the 
selected catfish species can be extended, if necessary, to 
conserve any of the species listed in Table 2 which may 
prove to be endanmered by construction cf Pa Mong. 

4.3 Brackish water fish seed pro pectinq. 

The Mekong delta ha. a great potential for the 
development of brackish w..,ater aquaculture. In the conte;'t 
of Mekong development, attention to aquaculture in the delta 

can serve several vital function-;, among which are 
(a) developing new sources of fish production to compensate 
for possible fishery losses elscwhere; (b) optimizing the 
benefits of delta development as between aquacilture and 
agriculture, taking into account the productive potential 
of specific areas and the relative economics of alternative 
ways of using them; and (c) rehabilitating commercially or 
biologically imp.ortant species of fish which may be endangered 
by water c ntrol measures. 

The avai.abl _! area with potential for brackish water 
aquaculture has been estimated at 150,000 hectares in Viet-Nam 
and 50,000 in Democratic Kampuchea. Unlike freshwater 
aquaculture, where seed of culturable species can be obtained 
through artificial inducement of spawning, brackish water 
aquaculture has been dependent on natural sources for its 
seed. TI-is i. becausre several 1,iological and technical 
problems have so far hindereri the application of analogous 
freshwater techniquesi for artii icially induced spawning of 
brackish water species. Supply of eed( in adequate quantity 
and of a desired qualit Yh has thus become one of the major 
contraints to the development of brackish water aquaculture. 
Recognizing the importance of this subject the Mekong 
Committee in 1975 (Ref. 30) approved a project with the 
objective of ensuring an adequate supply of seed of 



III - 129 Fisheries 

commercially valuable species of fish and shrimp. The project
 
includes field explorations for locating seed sources,
 
determining seasonal distribution and best exploitation times,
 
fabricatinn of gear for collect" ng and segregating seed, 
preparation of a key for identifying post--larvae and juveniles 
of desirable species, and training. 

5. Studies of effects of Pa Honq on fisheries 

5.1 Pa Muncl flo .: regulation 

Water releases from damns are an important operational 
factor from the point of view of fisheries (Ref. 3, 15). 
Releases should be managed to avoid inordinate reduction in 
the wetted perimeter of the residual river, .hich may result 
in desiccation of downstream spawning grounds of mainstream 
spawners- to maintain an adiequate supply of cool water to 
offset sudden changes in the temperature regimen of the river 
below the dam; to maintain adequate water levels in the 
swamps and ombow lakes connected to the residual river, which 
serve as spawning and nursery grounds for several riverine 
species; and to prevent formation of stretches of difficult 
passage for fish in the section of the river below the dam. 

In the case of Pa Nong, the water depths and wetted 
perimeters in the river below the dam are expected to be 
never less than the existing levelj. However, as previously 
noted, it will probably be necessary to include considera
tion of reduction in inundation fisheries in the management 
of water releases, and perhaps also consideration of effects 
on estuarine. fisheries as related to salinity and nutrients. 

Withdrawal of water from the reservoir at depths below 
the therm; cline (more than 30 in' is recommended, to remove 
anaerobic waters iii thr! hypolinnion thus reducing the extent 
of the anaerobic zone and also releasing nutrients in this 
zone for stimulating fish production downstream. Release 
of such o.:ygei-depleted waters miqht cause a problem 
immediately below the dam, but the ample turbulence should 
achieve reaek.ation %i.thin short distances (see discussion on 
reservoir ecoiogy). 

Another possible problem relates to drawdowns, which 
can seriously impair spawning through exposure of eggs and 
fry in spawning ireas. Studies 1jill be needed to evaluate 
the effects of drawdowns on the fish species; to be used at 
Pa Mong, for ilteveloping guidelines for drawdown management. 
However. a gene'ily applicable recomien,!ation is that draw
downs be as gradual as nossible and that: Cor a period of 
about two months i.n the flood season (the peal spawning 
season for carps) there should be no appreciable drawdown. 
Also, experience will indicate how drawdowns can be used 
for reducing undesirable species of fi.sh an,] unwanted weeds. 
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5.2 	 Fish nroduction in Pa Nong reservoir and immediate
 
vicinity
 

The Pa Mong Stage One Feasibility Report (Ref. d5) 
included the following estimates of gains and losses in
 
fisheries in the new reservoir and the immediate upstream
 
and downstream vicinities:
 

(a) 	 Immediate downstream fisherv: The immediate fishery, 
from Pa Nong to the mouth of the Nam Ngun (a distance 
of 20 km), is expected to be greatly depreciated due 
to the greatly altered environment from turbine water 
releases, especially bottom scouring effects. Some 
.-pecies will certainly adjust to the altered flow 
pattern, and some species will likely be attracted 
at each day's peal- flow to regions immediately below 
the dam especially during the spawning season. It 
will be necessary to exercise positive control over 
fis'.ing in this vicinity, to prevent overfishing 
which might have serious adverse effects on spawning, 
hence on downstream fisheries. Assuming that fishing 
will be prohibited in this stretch of the river, the 
losses will be about 500 tons annually. 

(b) 	 River stretch inundated by reservoir: In addition to 
the immediate downstream section, a sizeable river 
stretch wij.l be floo6ed above the dam, depending on 
the selected pool level. Howeer, signifi.cant 
fishery exploitation now takes place only in the 30 
km stretch immediately upstream of the (lam. The 
estimated loss is about 400 tons/year (Ref. 46). 

(c) 	 Reservoir fisher : As previously noted, the prelimi
nary estimate of the potential annual yield of the 
future Pa Mong reservoir fishery is 8,000 tons/year 
(based on 20 kg/ha). To achieve this will require 
careful planning anL implementation of the coordi
nated programme including provisions for hatcheries, 
training, anc, fish catching/hauling/processing/ 
marketing. Under conditions expected to prevail at 
comp). tion o the project, initial yields of about 
60 per cent are e:xpectcd, to increase gradually to 
the sustained mauimum. Use would be made of imported 
exotic species only if testing programmes show these 
would be definitely preferable to local species. 

5.3 	 Effects of flood contr'ol on inundation fisheries 

As a step toward quantifying tile effect of flood 
control at Pa hong on downstream fisheries, a study made by 
the Mekong Committee in 1975 on downstream effects of Pa Mong 
on hydrology and agriculture in r)emocratic Kampuchea part of
 
the Mekong delta was extended to include a preliminary 
estimate of reductions in inundation in this area (Ref. 44). 
For purposes of this analysis it is assumed that the extent
 

V,
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of seasonal inundation, as measured by hectare-months, would
 

be a meaningful parameter more-or-less proportional to the
 

amount of fish produced in the inundated areas. While 
admittedly a crude parameter, which does not take into 

account the effects of depth and many other factors, yet it 
likely represents roughly the amount of nutrients available 
for conversion to Zish and thus the amount of fish produced. 

The analysis was made for the floods for two selected 

years, 196] and 1963, the former representing a once/20 years 

flood (5 per cent of years) and the latter a one/2 years 
flood (50 per cent of years). Fo"- each land unit a set of 

typical hydrographa 'were developed, with and without Pa Mong, 
plus a curve showing the relation between elevation and 
accumulated acreage based on a 1:50,000 contour map with a 

one metre contour interval. Pron these the water levels 
sustained for various time periods were obtained (from one 
to five month$), together kiith the corresponding areas, 

from .hich the extent of inundation in ha-mondns w,as computed 
by considering the total inundation to comprise a series of 
"layers". Also, an inde::, I, called the inundated area

d'uration index, was calculated by dividing the extent of 
inundation by the land area involved, resulting in a number 

indicating the level or fish productivity. The results are 
shown in Table 5. 

The following tentative conclusions were made, based 

on th. assumtion the extent of flood regulation would be 

sufficient to maintain a maximum release from Pa Nong of 
period October:2,000 m3 /sec over the flood from I July - 31 

The Great Lake alone accounts for three-quarters
(1) 

of the area part the deltainundation in of lekong 

measured by ha.-months ofin Democratic Kampuchca, as 
index,inundation, 3nd also has the highest 

(2) The ha-month inde:: reflects the general land 
form, the higher the tcrrain elevation, the 
lower the inde:, ant vice versa. 

(3) 	 The ha-mon. values fluctuate significantly from 

normal to hLgh flood years, the approximate 
ratio being 1.0 to 1.2. 

(4) 	 With Pa Nong, escluding the Great Lake, the 
estent of inundation is reiea1 by 19 per cent 

.n high flood years: and hy 7 per cent in 

normal flood years, and including the Great Lake, 
and 16 per centtie reductions are 13 per cent 

,espectively. The reduction is less pronounced 
in the Great Lake area (10 per cent) and highest 

(30 per cent) in the highlands (e.g. in Tonie 
Toch terrace). 

(5) 	 The differences in extent of inundation between 

with and without Pa 1long are appro-:imately equal 
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to the differences between high flood and
 
normal flood years.
 

While the analysis was limited to Democratic
 
Kampuchea, some general conclusion can be drawn for the
 
areas throughout the lower basin in that the reduction in 
inundation is less in the flat terrain areas and higher in
 
the higher terrains. The effects should be considerably
 
less in the Vietnamese part of the delta, which represents
 
a major part of the total inundation zone fisheries. As is
 
pointed out in the analysis (Ref. 44), the effects of reduc
tion in inundation are very beneficial to agriculture in
 
making it feasible to grow rice and other crops on lands
 
otherwise not useable because of the frequency of flood
 
damage. As no'ed in the discussion on agriculture, the
 
value of the added crop benefits will be very substantial
 
and together with fish farming benefits, should considerably
 
outweigh the loss in fisheries.
 

The above estimates, based on an assumed 2,000 m3/sec 
rclca!2, t.ould be achievable for a Pa Mong high iool level of 
200 inI-ISL. For a 250 m pool level the extent of reduction in 
in.ndation would be considerably less. While it is not yet 
po.;sible to make firm estimates, some rough estimating is 
pos.7ible.. Assuming the extent of inundation fisheries may
b- as much as 200,000 tons/year, the total estimated losses 
in tie lower basin may be approximately 20,000 tons/year 
inc.uding some 4,000 tons in northeast Thailand/the Lao PDR,
 
3,000 tons in Democratic Kampuchea, and 13,000 tons in
 

"-n-m. For the northeast Thailand/the Lao PDR zone, the 
10i5 of 4,000 tons/year would be offset by 0,000 tons/year 
f_-ci PI Mong reservoir plus 204,000 tons/year from farm 
4ishing (including about 10,000 toiis/year from the Stage I 
se:rvice area). For Democratic Iampuchea the loss of 3,000 
tzns/year would be offset by fish farming (not yet estimated) 
plus increased agricultural productivity of about 500,000 

ns/year of rice (or equivalent dry-foot crops). In 
2-.:1-1 the losses would be offset by fish farming plus 

r,':i:ultural benefits to aL. much as 3 million hectares of
 

sti-dies has 

fe-nds <s or potential farmlands. 

Delta agricultural development 

While the Mekong Committee's programme of fisheries 
not yet considered in detail the effects of 

pL,_.posd irrigated agriculture in the Mekong delta, some
 
prelimriary evaluations have been made (Ref. 41). The delta 
dcvalopxent project aims at providing a system of water 
(:ztnnrel management that would ultimately permit year-around 
cultivation of high yielding varieties of rice and other 
c:spz which have precise requirements of water levels during 
ticir growing season. The envisioned water control system 
vould incluee facilities for flood protection, salinity
 
control, i,.rigation, and drainage and water transportation,
 
hinging or, upstream water management. Despite the
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knowledge that all Guch activities bring about environ
mental changes that are bound to affect fisheries, no 
detailed studies have vet been executed as a part of the 
project pcrtaining to its fisheries aspects. In the absence 
of any such studies it is not possible to forecast the 
probable effects on fisheries of specific activities that 
might be contemplated in a delta development plan. However, 
a genera7. account of what could happen, or what has happened, 
in similar situations elsewhere, can be made. Each deltaic
 
ecosystem in unique in many ways, hence, the possibility of 
recurrence of similar events in the ekong delta is not 
necessarily implied. Only specific studies in the Mekong 
delta itself could ascertain the likely effects of agricul
tural and other developments on its valuable fishery resources.
 

Changes in the configuration of the basin by bulk
heading and filling, dredging and ditching of marshes, diver
sions, barriers, seawall., tide control structures and so on, 
could result in alteration of drainage patterns and circula

tion which in turn could effect distribution of critical 
environmental factors such as salinity, temperature, magnitude 
of flows and velocity of currents, siltation, intrusion of
 
seawater, and water table levels. All these environmental
 
changes could lead to alterations in vegetative cover, in the 
supply of nutrient material, changes in !;pawning, nursery, 
and feeding areas, and consequently to changes in fishery 
productive potentials. The consequences of these changes 
become compounded through synergistic interactions when
 
several such factors act simultaneously.
 

In addition to changes resulting from agricultural
 
engincering structures and systems, intensive irrigated 
agricultural operations themselves, involving the use of 
pestic'des, herbicides and feitilizers, could be equally 
hazardous to fisheries. Rapid increase in the use of artifi
cial fertilizers, particularly phosphorous and nitrogen com
pounds, as 3 result of application of intensive agricultural
 
techniques, could lead to serious pollution of the water 
bodies receiving the agricultural return flo,s. Increased 
fertilizer loads could lead to development of excessive algal
 

blooms and massive ozygen depletion. Some fish and other 
forms of aquatic life needing high levels of oxygen for their 
survival could he seriously affected and several spawning and
 

feeding areas for fish could be rendered useless. Pesticidal
 
and herbicidal pollution is another rerious hazard to aquatic 
life resulting from intensive agriculture, leading to accumu
lations of tosic materials in the food chain which may even 
pose hazards to man. Relative toxicities of herbicides are 
nearly at unity for plankton, shrimp, crab, oyster and fish. 
Compared to this scale of effects by herbicides, organo
phosphorous compounds have relative toxicities of 0.5 for
 
plan!:ton, 1,000 for shrimp, 300 for crab, I for oyster, and 
2 for fish. Polychlorinated hydro-carbon compounds in com
parison have toxicities of 3 for plankton, 300 for shrimp,
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100 for 	crab, 100 for oyster, and 500 for fish. It is
 
obvious 	that fish are most sensitiv to polchlorinated 
hydrocarbons and that crustaceans are most affected by
 
organophosphorous pesticides.
 

It must also be re-ognized that estuaries are 
remarkably resilient systems that have the capability of 
quickly 	adjusting to changes imposed by man. Well planned 
manipulations based on an adequate understanding of the
 
estuarine environment could well resuli in overall benefits, 
i.e. the gross ecology of an e.stuary can be managed
 
advantageously.
 

The Nekong Committee plans to include in its fishery 
programme stuclies to ew. ate the effects of agricultural 
development in the delta on its fisheries as well as con
tinuing 	 studies on the de:velopment of aquaculture in the 
region. It is anticipated these studies will produce suffi
cient basic informtiion so that proper attention to fisheries 
conservation and eihance.ien t can be incorporated into the 
evolving delta a;riultur,- plan. 

5.5 	 f initv chanle, in delta 

Studies cU -nticipnted ;alinity changes in the delta
 
made by the Dutch DbLLa Tar.' (ef. 46) show that the proposed
 
agricultural prog.ae .:ill -Iffect salinity gradients but do
 
not indicate any nece.;sary adverse effects on fisheries (see
 
discussion on eclin'.t"). The effects of Pa Hong regulation
 

salin:'t, !n season
on the z .h:ir-T ':he wet (when salii.-ty 
intrusion is m-ninal) ;ould be small. During the dry season 
the higher freshwater iow, to the extent this is permitted 
to flow to the sea, w-iould shift the brackish water zone 
downstream; ho,:ver, ;ich cf the e,tra freshwater will be 
extracted for icrigatin. Teli:e will be significant changes 
in the dry season salinity gradient patterns in the smaller 
channels or branches to be enc!osed by gates (for minimizing 
intrusion). The ecosystem oi the mangrove swamps bordering 
the sea could 1'e signiicantly altered by such gates. Although 
the design of these gates i not part of the Pa Hong project 
per so, they would be r-elated assuming the gates are built to 
realize maximum irrigation advantages from Pa Mong. The 
design of such gates and tinclosure systems, wihen the delta 
development program:.m ueafhes this stage, should carefully 
consider effect!: on silii i y and on the delta ecosystem. 

6. 	 Summarized asse. ent of environmental effects of 
Pa lonq 

6.1 	 Cha.qe, in fisheries productivity in lower basin 

With th(-:exception of changes in environment due to 
use of toxic agricultural chemicals, the types of environmen
tal changes due to storage and flow regulation at Pa Mong and 
magnitude of these changes are expected to be within the 
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natural range of variations without the project. Hence such
 
changes should not drastically alter the fisheries ecology
 
but might cause significant changes in the levels of fish
 
productivity.
 

(a) 	 Inundation fisheries: ?lood control at Pa Mong will 
likely result in significant reductions in the 
present levels of inundation none fisheries, with 
the percentceg,2 )- r,.Sj beinguction higher for uplands 

than for le';].en: Th, losses in fisheries will be 
most signi-icant in Deiemocratic Kampuchea, where vast 
areas are regulal, inundated and where the flood 
control measure:; i ;ignificantly alter inundation 
patterns. Tfhil- .il cause reduction in the extent 
of inundation ( tc- easired by hectare-months) 
ranging fro :.b.ut 10 pe' cent in the hiqhlands to 
about 10 p,,) c.=nt i;n tar lowlands for a Pa Mong high 
pool level (: 260 1 . The reductions will Je 
considerably less Ior ]o ,:er pool levels. Also, 
the be-n,O: froincreased production of rice and 
dry-foot . p. ' i le by the reductions in 

1inundation a '!morethan offset the value of the 
lost fisheri.- . 

(b) 	 Riverine fisheries. Thr new fishery in Pa Iong 
reservoir should yield not less than 20 kg/ha/year, 
which should fai c::ceed the losses due to elimination 
of the n-onc, of river to be inundated and due to dis
turbances; in a liniitel :;tretch of the river down
stream froin the 'lam (( stirated to extend 20 km down
stream). Y m.ay b sore migratory speciesie{re which 
may be endamgjred by blockz-',j' of the river by the 
dam, but it irl;hy no mc 'n; certain that any such 
species af. i :-.:L value either- commercially 
or culturally. Fu-ther studies are underway or 
schedule.d toIdetiy those important migratory 
species .hich a tendanger-ed and develop artificial 
methods fo i p'ro ngating and maintaining them (see 
Section G.2) 

(c) 	 Estuarine ani ma hne fisneric ;: Development of in 
intensified ilt:ur. in the Mekong delta made 
possible by up.;tran storage at Pa Hong will involve 
numerous -It "-dt.cns in the ervironment due to 
enginecj:.in rction activites and due to the 
farming opnration:.; -me-snJvs, e;,recially use of 
agricultur!ii cil:einJ].. 'Jilile engineered altera
tions in lpitter- eK Flw, 'iter d,kpths, salinity, 
etc. have in thi,p..:t u:;ally led to adverse effects 
on estuazin..::L:ri, iith careful attention to 
this facto: (incoJc.ratien ci attention to ecology 

as a constraint in design of the system) it should 
be possible to minimimnost adverse effects and Lo 
obtain definite b Lncfjfrom of thets 	 some 

http:enginecj:.in
http:le';].en
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alterations (for example, in establishing more 
uniform hydrologic and salinity patterns throughout 
the yea.'), :;hi] t:,! :.c o eniineerin-1 design 
is relatively ne..-,a whoo, new technology is being 
steadily evolved which should he most helpful in 
design of the dlti agricultural :,sten. Similarly, 

much experience is beirnj obtained elsewhere in how 
to utilize agriculturil c. emicals without serious 
adverse effects or: environinent, and with a sound 
water pollution regulatory ;)rogramme this problem 
is subject to proper control (see discussion on 
water quality). 

With respect to unitrient influx into the delta 
and thenct. to th-. oc,.an, th_, indications are that 
there will he no sijnificarit reduction in influs of 
nutrients due to Pa Mong. While silt and associated 

nutrients will be trapped at Pa [Mong, the normal 
silt load should he :oestored to the river through 
resuspension of silt downstream, Also, decomposi

tion of inunlated v*ectation in the reservoir will 
lead to dischareTe of alditional nutrients to the 
river system cI)e.3 ia]].y 1f1 thdra..als are made from 
the lower anaerobic zones. Also, studies of deltaic 
systems elsewherfe indicate that the bulk of the 
nutrients in the delta raters may be derived from 
land runoff in the delta zone itself rather than from 
upstream sources. 

6.2 Artificial [)roaqatLon ind culturing (aquaculture) 

To make up for po!1si':,]e lo:;ses in fisheries due to 
Pa Mong, and in any case to help increase fish productivity 
in the lower basin to ineet growing needs, a programme of fish 
farming is planned, made possible by the year-around supply 
of good quality irrigation ;ater, to he made available by 
Pa Mong, both in the irrigatinn divis.ion 7-nes and in down
stream areas especially in the delta. Such farms would be 
located on lands not suitable far agrqicultural cropping, and 
by utilizing more inten';i'., methods of culturing can be 
expected to yield up to 10 kg/ha/year. The Pa .ong Phase II 
irrigation system, for e-:ampic, includes provision for approxi
mately 100,000 ha of there ish farims, and the delta has poten
tials for large scale applications of these methods especially 
in brackish water areeas. 

In addition to cultiirinq ordinary fishfood species 
(primarily carps), t!2 projcts undorway include pilot studies 
for artificial propagation an l rulturinq of prawns and shrimps 

in the delta, and also to ,.-nlore the feasibility of artifi
cial culturing of lekong c;tfish (tasqasims) as a commercial 
foodfish. Also, to support and complment the fish farming 
projects, the overall Me!:onq Ccmmittee programme includes 
ongoing projects for developmont of prelletized fish food 
manufacture and for i mprove,1 methods for processing the fish 
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products to prec:erve their quality between harvesting and
 
marketing.
 

In summary, through thr- aquaculture measures planned 
by the Mekong Committee, it is e::pectod to offset the nega
tive effects of dam construction even before they occur. 
While these programmes in acquaculture are in their early 
stages of development, it can be anticipated, on the basis 
of similar ongoing programmes ,lsuwhere, that full-fledged 
commercial aquaculture as a large: scale can be underway by 
the time of dam completion. iloreover, due to the vast areas 
and environment in the lower b sin favourable to such 
ventures, it should L feasible to develop these industries 
not only to offset Iosse - iron impoundment but to increase 
productivity systematically Dver the years to levels consi
derably beyond thos e posnibl, denpclnding only on natural 
stocks. 

6.3 Total fish production
 

It is anticipated the overall programme of the Mekong 
Committee, with respect to Pa rIong and related developments 
including delta agricultural improvements, should result in 
some significant losses of inundation zone fisheries, signi
ficant gains in riverinQ fisheries (by replacement of riverine 
with reservoir fisheries), little effect on estuarine and 
marine fisheries, and together with use of artificial farming 
of fish and shellfish, in a very significant overall increase 
in fish production as compared to tithout project conditions. 
In Democratic Kampuchea and Viot-Nam where there may be 
significant losses in inundation fishcvries, these 1will be 
more than offset by increased acjricultural gains as well as 
by fish farming. 

6.4 Endanqere,! seci 

As noted above, artificial methods for propagating 
and culturing Ilelzon; catfish will permit preservation of 
P. giqas and of other catfish species which might be 
endangered by Pa .Iomc.. 'i'hi:- approach can be extended as 
needed to consev. ethcr ;pc-,ei which may be endangered by 
Pa Mong (Table 2). 

6.5 Pa Mong pool levels 

The choice of pool level at Pa I'long will affect the 
fisheries situation .,n the lo.ec ba'sin in many ways, in that 
the extent of do,..:n -trtmi environment alterations will depend 
on the extent of flo, rtegulation, hence on the capacity of 
the reservoir. The magnitude of the reservoir fishery will 
depend primarily on the .:xttrnt of area inundated. The 
planned fish farming activiteie- wi1l depend upon the availa
bility of year-around fresh ater which will depend upon the 
extent of the irrigation systLem and on the minimum dry season 
flow level to be discharged to the delta. The reduction in 
inundation zone fishcrics --ill depend on the amount of storage 
available at Pa Nong fcr flood r,_.gulation purposes, which will 
be greater for hig1her pool levels , 
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TOJLE 2 

K IL1,TCRY F L-A SPEr lf- B1 HFY.GNG!..VF 

(Important Fish Species -Suspectc-d of PeinF Lcrnijtudimla M'rantx in Heikcnp Piver) 

F'amily and species ~ .-

Cyprinidno 

CirrhinU3 micrleps f x I X I 

Cirrhinus jdlieni x x1 

Probarlut jullieni I -
Thynnlciithyn thyn:.o ide-

I I r 
Schilbeidae 

Paneas innodori gun I x x 

FanrAs ius. . trl.i x x x 
Pai*aisu3 rAit-.wonr4-2ei x xl 

U~C:Data taker, from report, '"Fiherleaj Aspects *f 1,3 Mons, Project", 
V.iR. iantulu and Jo~hn E. ! nrlech, .ekoan Comnittee, 1969. 



FLH Jt'L"CT2!! CZTh.t:TP;DT Th O::0 A4 VE.X'IA PROVINCE 

(Estimated 'r'.uctign of i:h without ani viii Fa Hong Project 
Coz--red to .'otential Deand in ortheant Thailand 

and Vientiane nrrvince, L.ao P;R,1985-2000) 

Yar 4 
P-opulat ion 
eot Lnate 

''( 

I 

ote:tial ,!ezani f,) :ih 
" -
"e.:tre:n,Cli)-ita I Ot-.l( ) (:'. to:i ,) 

.,t
(;7. 

:r.-Tr.cot 
t,"°; 

I r-J'cton of f :;h(.:.tons) 

I TeIa A:.fndditioral , -e: ,rv:., y-- 'ta-e T Oorno, Total 

19,5 

1990 

0995 

k,2. 

20,734 

22,709 

2 A., 

2 2 

s c 

35,00'035, 

545,000 

6 4, O00 

135, tt& 
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200,0&Q0 

200,000 

-
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194, C30 

I 4,000 
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404,000 

2000 24,818 31 5 752,('10 221,OO0 200,000 10,000 154,000 .104,00 

..X0.: Data ta::enfro= Ia lione Fhaze I1 report 
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TL;I.E 4 

CMAKCTE!NITT2C.; ,IF PILOT Fr H F.'NS 

(From "Feasihil ity !:tudy ci Pilot Ft.. Farm Projects 

in the Nekorg Easin", :;.K. R. International Consultant, Ltd. for 

?Ikonj Co=nittee, Au;-u, t 1Y74) 

Vinh-Lonr' Go-Con, Tha-11rone lhnom I enh 

V - iettaNan Lao PDR j Deoocratic 

Kampuchea
 

1, 	Farm size, water surface, ha 51 52 47 51 

1.1 Production ilknd&area, Ka 45 45 45 45 

1.2 ';ervice ponds area, ha 	 6 7 2 6 

2. 	Average arnual yield ier ha ,f 

production area, t,n 12.9 4.4 11.5 12.9 

3. 	 Averape annual income cost profit 

roi 	 k fish U: 

3.1 Income 	 1.06 0.64 22 1.06 

3.2 Varinale coots 	 0.51 6 0.10 0.51 

3.3 Taxce 	 0.06 0.07 0.05 0.06 

3.4 Canital costs 	 0.12 0.23 0.14 0.12 

Total co0ts 	 0. 0.69 0.69 
3.5 Net profi'. or lo3, 	 0.37 (-) 3' (.2 0.3 

4. Investm nt cort, JS, 	 50(B,000 416,000 (oq 0(0 61ico0 

4.1 Construction worki 	 313,000 i1(,2,500 331,000 343,000
 

4.2 !Leaiinandlnaxrement serv ices 2r, O 23, r' 7/5 00 Z2)2O 
4.3 Foreirn exchanre component 510,O 37,' 00 ' 539,000 

5. 	 Internal ::ate of heturn 35.U5 - 20.9 35.0 

6. 	Denefit cost Ratio:
 

6.1 At t', Jiscound rate 	 4.6 2.7 4,P 

6.2 At 1Z 	 3.5 1.9 3.5
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PA MONG ENVIRONMEi;TAL AcSE2SHENT 

FLUOD CONTROL 

1. Introduction 

1.1 Problem of flcodinq in the lo.er basin 

Lach year the ;iekong inundates, several million hectares 
of arable land, for most of which there ore no significant
 
flood protection Ie surec;. Up to certain levels the effucts
 
of flooding are mainly bneficiI1, ]..e., facilitating the
 
cultivation land, qeniorating valabl e t isheries in the
.i 


inundated areas, deoositios of alluv[,tl ;ilts, and doin.
 
little damage. Severe floods, ho.ever, cause heavy damage
 
to crops and other properties, inc Luding con:;iderable loss
 
of life i'looding is not confined to the lowland floodplains
 
in Democratic Lw ii ,uchoa and Vi(t-Ham, bi:t stripf; of land on 
both side:; of the i,) ong in the L .',O Uk and Thailand, are
 
also flooded ducing Lh high f1a<d5 tiheft wecur once every
 
fe, years. 1lso, Cie tr:[huitaries :,:ill .aver their banks,
 
as in the case o 1 11n a!nd 1i m ,hi' in the Khorat plateau.
 
Flooding 
 i.s tLibutai s also Lesults from the backwater 
effects of tributaries unable tco drain into the Ilekog
 
(Ref. , ').
 

n-itural oblem ented by the ilekong is thus
 
the control of iloodar, he provision of flood control and
 
protection by 1 .iong ;ill not only alleviate 
 flood damage, 
but will also facilitate the introdu:tion of an irrigation 
system in the delta and thereby enhance igricul tural pro
duction. The incoossed production ''ill result in part from land 
not presently cultiv:ated but .hich could be rcl .imed after 
flood control r,..ures hve bcen ' t.blished 

1.2 Hydr Oloic and economic ,attC a o011 flo d damacle 

The hydrological datai describing the magnitudes and 
characteristics of flood) flow:n in the lower Mekong are sub
stantial.. The hyor.aeteorological di.ta reQuired to charac
terize storm 1)atter-ns .nd behaviour irc more limited than 
desirable for floca! ,olntrul an:; related studies. Generally 
the systematic measurement o]: the rate cf flow in the main
stream and! major trxibutaries :.as :;tarted in but the 
record of river stages at some stations-- goes back over half 
a century. It is thus possible to -,imulate the historical 
flow data from ava.ilable hi;torical stage records, using the 
stage-discharge relations found to exist between andstage 
river flow (Ref. 1). The available hydrological data cover 
the lowest flow years of recor.] in 1,57-1956, and the highest 
peak flow of record in 1WU]C for the upper rea-ches of the 
Hekong, where the Pa Nong dam is proposed to be located. 
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Economic data on flood damage needed for pzoject
 
benefit evaluation is inadequate in the lower Mekong basin. 
Collection of economic data in the past was prompted mainly 
by the need for relief at the time of each flood, and the 
flood damage estimates have seldom been made systematically 
so as to provide a historical seri.es. However in the agri
cultural sector which has been sub ject to relatively heavy 
flood damage, some data are available. An oroenizeI effort 
at collecting economic data was made after the 1966 Nekong 
flood, for the flooded areas in ncrtheastern Thailand and 
in the Lao 1-DR below Pa Nong. Flood estimates made by various 
governmental departments supplemented by small-scale field 

survey results led to fairly detailed assessment of damage 
in each riparian country (Ref. I). 

1.3 riodellin(i tools 

For P'a iong flood control regulation and benefit 
evaluation studies, the SARR (Streamflo : Synthesis and 
Reservoir Regulati',n) compi:tc' model for the loer Ilekong 
basin and the ilel:on,] delta mathemati,,:aI model are the prin
cipal modelling tools si:;ed rc, simulation of f].o.w in the 
Mekong river and ,ater levels in the delta areas, respectively. 
The SSARPR model is used primarily for sirulation of regulated 
hydrographs at the various selected statiois in the upper 
and middle reaches, and the Mekong delta model is used to 
determine the average .ater level_- o< the model meshes 
located within the Mekong dolto, Thu basic input data for 
the SSAZid model include daily rair:all and stream flow data, 
hydraulic cha ractefistics of the selected river-channel 
reaches, and regulated flo',s frcm ta Ilong reservoir. The 
Mekong delta model consists: of 2-J3 meshes, each representing 

ranging rom a o'.: hectares to over 1,000 km2 . All 
an area 
meshes are characterized by distribution of terrain elevations 
within each mesh and by the hydraulic characteristics of its 
links with adjacent meshes. Uith these inputs, and given 
initial and boundary conditions, t'le water levels in all 
meshes can be calculated by computer. The iiii 360/,10 com
puter in bangkok and the CDC 3)09 computer at the isian 
Institute of Technology are used to run the programme. 

The SSARR computer model and the ekong delta mathe
matical model still represent on experimental programme, but 
have produced worthwile dati for "a i-long flood control eva
luation studies. These models .ill be continually improved 
over the years through improvements both in basic dara inputs 
and in use of ne, ttechnology. Details concernina these 
programmesare presented in References 11-19 and 26 and also 
in Section 4 of this discussion1. 

1.1 Flood control study)roram2e 

The filood control and related studies conducted by 
or for the ekong Committee relatin; to the Pa 1Mong project 
are presented in References 1-24 and 26-33. The studies 
included: 
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(a) 	 Collection, compilation and evaluation of basic data 
and information on flood characteristics and damage,
 
floodplain areas, and existing flood control programmes
 
and protective measures in the lower Mekong basin 
(Ref. 1-3 and 20-32).
 

(b) 	 Flood frequency analysis and design flood studies for 
the Pa iMong -jeCt and related projects (Ref. 1, 
6-,, 10 and 31-32). 

(c) 	 Flood con-urol benefits evaluation studies for the 
Pa 1-long projects and related projects (Ref. 1, 6-7, 
20--',! and 31-32.)o 

(d) 	 Pa !ong f]oo.1 r.ulation ad dow;nstream effects 
studies (iei 1, 3--), 2.2 and 26-30). 

(e) 	 Flood forecasting ;nd modelling studies for the lower 
Mekong bidOir :nd the Mkong dulta (Ref. 11-19 and 26). 

(f) 	 Vang Vien and ,i valley; flood protection studies 
(Refo 31, 32).
 

it is believed th,:t th(e effort made by the Mekong 

Committee in its focni rrnnuroJ stAc, arogramme is substantial 
and represents the n:t int-nse proqramme of preparation yet 
attempted at fes.'. ,' L age planning anythe ty ' of for major 
water resource t !.e:op developing countries.(oject in 

2. 	 E:isti . ;ituatio. 

2.1 	 Flood ieq:Lme and ls 

The hydrologi: recline c f the Mekong in the lower 
Melcong basin i, rem rkably regular. ihe river generally 
starts to rise in 17ay following the onset of the wet season, 

and reaches its highest olevation in August or September for 
the upper roaches na in "eoteibes or October for the lower 
reaches (as defined in 7estion 2 .). ln addition to the 

major flood pea , Lthm-so. o usually several smaller peaks 

superimpose' ull she L-rad .3 oL the annual rise as the 

result of floodinq ioii lmh h,.sdvaeL- or tributaries. The 

river stage after'.amd :-ill tapidly until December and then 
recedes slowly to rea'iit::. aet elevation from arch to May. 

At the hcight t flood season there is usually 
extensive flondin:! in the ic 1 md floodplain in Democratic 
Kampuclea and Vi.t:t-:1 i iludinj large portion of the 
Mekong delta. . i - fl-o Prig in the tributaries generally 
takes place towa th, end :,L U,! :et season, ..hen the 
absorption caai aoi the btsin is low and heavy rainfall 
more frequent. c)tioni 3 ["..ds occurrinq every fe., years 
also cause extensivv inund.tion of the floodplains along the 
upper and middle reaches, particularly the Vientiane and Nong 
Khai plains, a ,] as in theLhcong delta as shown in Figure 
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Flood behaviour in the lower basin varies from one
 
part to another depending on climatic factors and physio
graphic conditions. Areas subjected to flooding depend on
 
topography and vary from year to year depending on the volume
 
of overbank flow (Ref. 1). A tabulation of the highest 
floods of record up to 1975 for the lower ilekong is presented 
in Table 1.
 

As noted in Reference 1, when the 1.1eko.ng flows into
 
the lower basin at Chiang Sen, it brings about 90,000 mcm 
of water annually from the upper lekong basin. Estimates 
based on records covering 54 years at Vientiane, indicate 
that the annual peak may be as high as about 26,600 m3 /sec 
(Ref. 1, 10, 21) in a flood yea: as in 1966, against 11,300 
m3/sec in a dry yea;: as in 1957. In a normal year, an annual 
peak flow of the order of 17,101) m3 /sec is to be expected 
and is confined within banks. Annual peak floods at 
Vientiane for various return periods can be predicted as 
shown in Table 2. The adopted inflow design flood for Pa 
Mong reservoir has the following characteristics (Ref. 6, 7):
 

Peak DischargJe Maximum 30-day Volume 

(m3/sec) (million in3 ) 

52,000 5,500
 

The magnitude of difference bet:een the Mekong flows 
of the dry and wet seasons is indicated by the flow at Kratie 
in Democratic 1 ampuchea. There the average flood flow reaches 
52,000 m3/sec, compared to an annual average flow! of 14,120 
m3/sec and an average low flow of 1,760 m 3/sec. The magni
tude of the annual peak flow of the Nekong river, disregarding 
individual peaks, and annual runoff volume observed during 
1960 to 13F5 increased progressively downstream as far as 
Kratie and then decreased, as shown in Table 3. 

rom Chiang Saen to3Kratie the ekong receive yearly 
more than 3C.0,000 million m of ,'ater from .157,000 kin" of 
catchment. Below Kratie the river ove-top; its banks when 
rising above 7 m ISL. Extensive overbank flooding takes 
place on both banks but on the western bank the flows escape 
tow.ards Tonle Sap and the Gr-eat Lake. The Mekong main 
channel also adds its flow t,.,the Great Lake through Tonle 
Sap during the rising flood, and the action is reversed 
during the later flood recession. 

When the ekong at ihno P'enh rises above approxi
mately 15,000 m3/sec, its flow not only rz-is into the lake, 
but also spills; onto overflow channels towards the lowlands 
along the La:;sac and the ekong rivers. Some 20,000 million m 
of overflow empties back into the main rivers (iekong and 
Lassac) as return flow yearly. The river level rises gently 
at a rate of a few centimetres a day and the flood volume is 
spread over several months. 

http:1.1eko.ng
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Between Chau Doc and Van Cong the Bassac and the
 
Mekong are connected by a channel (Vain Nao) through which
 
about 40 per cent of the Mekong flow turns into the Bassac
 
during the annual crest stage. This results in the smaller
 
flow in the Bassac being equalized :ith that of the Hekong
 
below the connecting point. 1he active cro'ssover flow into
 
the Bassac begins .'hen the floa t Vai Cong rises above
 
12,500 m3 /scc and roach:s it- hic;'est pci:-t when the r:iver
 
at Van Cong is fCo:inl at 20, V0$r;i1/sec. Tle overland flow
 
also escapes eisterly across the Llain -ifReeds and drains
 
into that are: (ie. .1),
 

2.2 	 Flood inundated ireas 

The appro:ciiate reas subjected to flooding by the
 
100-year flood for the v.rri.ous reaches of the river were
 
estimated as shorn in Fig.ure 1 (Ref. 1, S and 22):
 

(a) 	 Upper reaches: ia No,.j to the confluence of the
 
ielong and Nar~i Ca Dinh in the Lao PDR, 3,500 km 2 .
 

(b) 	 Middle reaches: 2Nam Ca Dinh to Kratie in Democratic 
Kampuchea, fc) km. 

(c) 	 Lower reaches: Lowland floodplain in Democratic
 

Kampuchea and Viet-Nom, 70OC km 2 .
 

Inundation in the upper and middle reaches occurs 
usually 	at the lower: reacts of tributary outlets, due to con
gestion 	of mainsten and tributary flows. Oong the stretch 
between 	Vientiane and hong Thai the river occupies extensive 

0fJ.oodways, 10 m '_id in Thailand and 3 to C cm in the Lag 
PDR. The 1966 flood filled the-2se flood-ways and swept down
stream with an inundation depth varying froom 1 to 43,, flowing 
at a relatively slow velocity of bout 0.1 to 0.3 in /sec. 
The total maximum overflow in the floodway 'as estimated 
at ,700 m 3/sec against 21.300 m3/sec moving in the river 
channel. The flood inundation area was -ore than 500 km2 . 
For the maximum probable flood, the area flooded might be 
nearly 700 km2 (Ref. 1). 

The ground surface elevation in the lowland flood-
plain in Democratic Kanmpuchea and Viet-iam varies from 12 m 
at the extreme near Kompong Chain to about 2 m above mean sea 
level at Con Tho. The flood begins to rise in July, running 
through many openings in the natural levees, filling the 
depressions beyond, and gradually overtopping the banks. 
As the river level contin'es to rise, water flows into the 
Great Lake both through the Ionle ap and overland, filling 
it at approximately the peak ofL t flood. Uile the Great 
Lake is filling, the flood :ontinues to spread downstream, 
filling the large depressed area of the Plain of 1,eeds to 
the east and crossing the rrans--Bassac are,- towards the 
Gulf of Thailand in the west, with the main channels 
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continuing to carry the major portion of the flow into the 
South China Sea, the remainder being held in temporary 
storage. At the peak of the flood, the delta is a continuous 
body of *.Ater with occasional rotrusions of isolated rock 
knolls. Touards the end of the flood season, in November, 
the flood water recedes to the main channel, first from 
the banks, then through openings of the natural levees and 
through many canals. The recession begins in the upper 
delta and continues south, flood water drtining back into 
the river until the cycle is completed some time in January. 
Because of this regular pattern of flooding there have been 
remarkable adapt.Lioris or rice cultures within the delta. 
Figure 2 shows the floodplain areas in the lower reaches 
of the Nekong river, corresponding to the information pre
sented in Table !. 

Based on the :8OG8iEA mLthematical mode]., which simu
lates the hydraulic conditions in the Nekong delta during 
flood seasons (Ref. 261), the inundate areas during the 
1961 flood were estimated (Ref. 9) as shown in Table 5 based 
on the assumed condition ofi a cnstant minimum release of 

/ s c
2,000 ml from 1a i-iongo ' preliminary evaluation of 
the possible effects of lPahang on the f lod regime of the 
Mekong delta *.as also made for the 1961 flood. The results 
of this study, as show!,n in Table 5, indicate the possible 
flood-relief areas were very significant in the delta
 
in Democratic iPampuchesi, and less significant or almost 
none in the Vietnaimese delta (Ref. 9). 

2.3 	 Existin, flood control measures 

From Reference 1 to 8, the existing flood control 
measures in the lowei- basin may be sumnmarized as follows: 

(a) 	 Reservoirs; The small reservoirs built on the tri
butaries for irrigation and power provide protection 
to areas in their immediate vicinity. -owever, taken 
overall, the volume of tribute ry storage available 
to moderate f[loods is smaall in relation to the total 
runoff and has no anprecieble effect on the flood 
peak in the mainstream. Substantial improvement in 
the moderation of floods zannot be effected without 
the construction nf dikes and dams an the ma instem, 
,uch as those proposed for ia I-long and ;tung Treng, 

whicl. will have considerable storage capecity. 

(b) 	 mbankmei.nts: i.t Vientiane a low dike, 40 km in 
length, protects an are.. <;c"16,000 ha,; on the opposite 
side o01 the' river two dike:s, each ,0 km long, con
structed near 'long Khai and tonpisai, protect 14,700 
ha. :,n emban):ment 1 km long constructed an the 
right bank f the liom Chi ,ii]Fords nrotection for 
32,000 ha in the vicinity oa loi Et. The dikes of 
the Chousung Prey project near Kompong Chain safeguard 
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(b) 	 a lowlying area of 50,00 ha situated some 2(. km 
foin the !ekong. Those of the An Truong project, on 
the edge of tha ilosdu,] area north of Can Thc, like:wise 
serve to minimize the dc-structive erfects of flooding. 
In 'jrion to tLose, P any dike along tio,_ rO.st 
prevent the intrusi of o '.r. 

(C) 	 Natural ]es and silt dc1ositior: Oils is deposited 
mostly along the river 1nbuilding U natural 
levees in the course of ime. Pilt it also carried 
into depressions at sone distance from the river. 
In Democratic i<ansuchea thu depositior. of silt in 
loolying i-rJ7- nhanced in placeis by the con
struction of canIis (colmatage) !inking depressions 
with the nearest rivwr channel. Canals constructed 
for tills 1uo:;o-aro eiui!ed with ,luice: to regulate 
the .inf o of floodri or . ilt-1 adn water is not 
normally ci!.o.:ed into t de ression until after the 
rice harvest. To aid t eosit ion of silt the 
natural levees brerorin th in channels have been 
cut threuci at aoi toO> . and the natural %.ater 
courses breaching them h vn .,idened ard deepened. 
Such prjo:t:: so in '' r tin at Pang Khnor and Kiki 
Therm n C ,a 

(d) 	 Influene f rUndes natural conitions the 
Gret , ts a u! irfluence on lo. in the 
delta, or , oider able portion of the flood 
rinon 1r a,': r th land surrounding 
th . I nor year the lake. begin.: to rise 
in Ju:e and Kr) million m overvts a erioI 
of 10Q-12(' dy::, f 'ich 3K 3) :illion mr cames 
from the dr:-in-:go r of the lake and the rest 
from the 1kekong riyr During this period the water 
level rises o th:;h average by ' m and the surface arca 
expands from 3, 00 k 2 to about 1,150 km . Prom 
October to 11,:y, with the recession of the flood in 
the Hel-ong, t s revrsed and the lake drains 
away through the deltal ch nlels. 

(e) 	 Drainage: The drainage s flsad..'aters from the delca 
is affected 1y nunorou:: natural .ater2.ays connecting 
the iekong and the Bas:;,w and their tributaries, and 
by an eztensive network of caneis constructed mainly 
for naviuation. The primqry canils of the net:ork 
(ranging fron 17) to, KC m in w'idth) have a tota! 
length of 1, 575 ki; secondary canals Co to 1,i m in 
width) 	 total K80 km. ia lLer a: is, spaced at 
intervals of about one kilometre, are liinked with 
the primory and secondary canals and natural .aterways. 
:umerous canals and '.'ater.ys comprise the net.'ork 

and they ave cross-sections ,dequate for navigation, 
but the general flatness oui the delta m;:es it 

.1 
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difficult to dispose of surplus floodiater, hence
 
further 	measures are needed to improve drainage. 
These must be taken int. account along with measures
 

to reduce the volume of flood spillage by diking 
and storage (Ref. 1). 

2.4 	 Flood damaqe 

The oiekong overflows its banks and inundates to 
varying degrees areas in the riverine and lowland floodplains, 
jeopardizing the health and lives of people, causing losses 

of livestock: and considetable damage to property, and 
imposing restrictions on economic activity generally. Types 

of Property destroyed or d,maged include standing crops, 
especially pad!dy, housing, industrial and business premises, 
and public orks, particularly hig'Thaays and bridges. 

As stated in the £ridicaf-ive ?Tsin i lan (Ref. 1) the 
Mekong in an extreme year is capable of flooding some 50,000 
km2 of land, mostly in the delta, anc of causing property 
damage averaging more thin i,25 million/year. The 196e 
flood in the Vientiane and Pong iKhoi plains caused property 

damage amounting to an estimated '22 million in that area, 
ana property damago dc,.nstream in the delta lowlands .,:as 

estimated at an additional i3 million. The effect of 

annual flooding on .gricultural production is believed to 

be even more sig._ficant than property damage in the lowlands. 

Average annual property damages -,ere estimated tu be $3.3 

million for the u6rar reches (] of. d, 22) and 5521 million 
for the low.er reaches (hf 1). .r far, there is no esti
mation on avcrage annual pr:oprt' dmage in the middle 
reaches, which is beLievied t be comparatively srall. 

3. -robable effect!; of "a nicj flood control 

Environmental considerations relative to provision 
of flood control at Pa Iung include the following (Ref. 25): 

(a) 	 Modilication of streamflo characteristics parti
cularly in altering the .ydrographs at times of 
flood.
 

(b) 	 Reduction in flood stages and resultant damage 
reduction. 

(c) 	 Inducement c,. erosion resulting from keeping streams 
near bar,:ful staige during release of flood storage 
from reservoirso 

(d) 	 Effect of modilied streamflc..' chajracteristics on 
downstream environmental values, such as aquatic 
and fishery iresources, land ise, agriculture and 
water-based recre;,tion, etc. 
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The discussions to be presented in this discussion,
 
however, will be limited primarily to Item (b), because dis
cussions of Items (a), (c), and (d) are included in the
 
other portions of this report. 

3.1 Summarv of environmental impacts 

Pla ilong reservoir at HWL 250 m IiSL 	would have a total 
3effective 3storage of about 00,600 million m , of which 21,000 

million m w:ould be available for flood control, without 
reducing the firm power output (Ref. 1). This provision for 
flood control is equivalent to about 70 mm of runoff for the 
total drainage area above Pa .iong damsite (Ref. 3, 7). As 
shown in Figures 3-e and TablIs 6-9, the control exercised 
by Pa Mong would reduce the highust flood peak of record 
(1939-1970) at Vientiane from about 26,000 3/sec down to 
13,000 m3 /sec, enough to kee,p the flow of Mekong within its 
banks from below ra Nong domsitcm to vakse and at the same 
time materially reduce the flood flow in the Ilekong delta, 
particularly in Democcratic Kamp-uchea. P(,erthe 100-year 
flood, Pa Hong reservoir regula-;tion would reduce the flood 
peak at Vientiane from 26,-00 to 15,60 m /see, and reduce 
the flood depth to some extenl: in the Mekong delta (as indicated 
in Table 7). There would po.,-ibly 	be some damage in the upper 
and middle reaches from floods of magnitudes occurring at 
frequencies of about or l:rger than 100 years, due to the 
combined effects of regulated fileo 	 and flows from tributaries, 
'lith respect to the delta in Deocratic Kampuchea, the overall 
effects of Pa 11ong flood control would probably reduce the 
depth of flood and flooded a-ea to 	 a significant extent as 
shown in Tables 5 and 10 (1'ef. 9). 

Flood control storage provided in Pa Nong reservoir
 
is expected to control potentio1 flood water runoff from an 
area of 305,500 km2 (Pef. 3, 7). it is estimated that flood 
protection would be provided in varying degrees to downstream 
floodplain areas, approximately 3,'500 km2 in the upper reaches, 

kn2
350 in the middle re~achcs, and 	70.000 kin in the lower 
reaches. Release resulting from normal operation of the 
reservoir ould produce a more sustained and uniform flow of 
water downstream from P,, Nong. The effect of storage releases 
for power would have i effects on river stages and 
flow volumes all the way to the delta during the dry season 
(Ref. 7). The augmentation of dry season flow from Pa Iong 
together with the tidal sluices and embankunents will help 
to push back saline water intrusion in the delta, facilitating 
both agriculture and the use of water for domestic consumption 
(Ref. 1, 0). 

Probable dofnst-m impacts of Pa Hong flood control 
include reduction of damage and loss of life from floods, 
prevention of loss of fertile top-soil iii floodplain areas, 
more effective use of lands along riverine floodplains and 
lowland floodplains, and provision 	of ater for low flow 

'Co 
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augmentation. These probable environmental effects are
 
expected to be oreater for the areas close to the damsite and 
gradually diminished to:ards the downstream areas. The anti
cipated cffects ther,2,,(re -,ill ro:Jhly be greatest in the 
upper reaches a. n .inthe lo.er reaches and very little 
in the illelong deit a 

Based cn liited stud,; and field invest iigation Of 

the 1966 floondrij uth-r available data, the preliminary 
estimated annu-i. Ltnu..it:; ex:ected to r:;ult from flood con-
trol of Pa Iion(j awout L1 $7.2 sillion in the upper reaches, 
$0.9 million in thLo middle reache(;, and $3.5 million in the 
lower reaches (i.e . 1, (,). ai shown ii. Table S. These include 
benefits attributable to Lhe reduction cf actual flood damage 
and those attributable to ,nr,. intensive use of land freed 
from flood haz,Is. , -v.:ajeannual benefits %:hich w'ill result 
from flood stnag od regulation of .ater in 11, Nong reser.
voir are bst, ind -13.2 rillions for 50- and 
100-year peroj'd oo s, re,- ectively (Ref. '), These are 
preliminary ect i't . subject to modification as more 
data become -ra(.1. on itcul'-ly Lor the lower reaches 
w,;h-re f].oO .t stil o.tremel y scare (Ref. 2-1). 

The o)rob 4b: d......t'virontrintal impacts of providing 
flood retention 's;L-.,, fcr P. Neng include inundation of 
additional lands by resefvo)ir and inducement of 
increasing potenti-, 1 l)sf from octasional floods that 
exceed the dusign j-]oud ii downstream flo', dplains, mainly 
due to expanded invcstmont in flood-eronr, areas. However 
the studies to dJLe dr n,,t providle sufficient data and 
information to ire1-itar ote detailt-d a;sessment of these 
possible adverse r 'ir.(tal 1affect:;. 

A nrtl'miniry i-ati :c a:ssessment has beenju-a 
attempted of :, L'int of both dletrimental and beneficial 
effects of Pa .. , !ood control, based on the available 
information givi.n in 1 Lrc:ce:;t 3b. A summary of this 
assessment i.; in Tfable 11,! shows the net-resatea ich 
environmental eec e much mere beneficial than 
detrimental. 

3.2 Effect of different poo levels 

Wiith respect t different pool levels at Pa H1ong 
reservoir, the I)robablc environmental effects, particularly 
concerning flood ua:ge in downstream floodplains,d reduction 
-..ill of course b. .reater for higher full pool level1s, 
although the of of,Ectaa similar nature would be expected 
for the four al -ern Live: pool levuls selected. The evalua
tion studies on LL ci-"leod conti:ol henefits, to date, 
have been *rfe' o r ely ):: .L 250 m SL, and to a much 

lesser extent F1 - ti.v:other thruu ;alternatives. Therefore it 
is not now possile toestimate the net differences in quan
titative terms or iii more recise manner than those presented 
in Table 11. 
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4. Flood forecastinq and warning 

In 1963 it was recognized that the resources developed 
by the Mekong Committee in its hydrologic and meteorologic
data programme, including expertise in meteorology, hydrology, 
and computer technology, furnished the basis for establishing 
a basinw:ide system of flood forecasting ,.,hich could he of 
great value in providing the riparian governnents with a 
reliable system of flood warning along the Mekong. The initial 
forecasting programme was carried out ouring the 1970 Meukong
flood season on a trial basis, by applying the SS,,JR (Stream
flow Synthesis and Reservoir Regulation) computer model 
developed for forecasting operations on the Columbia river 
in the USA. The 1970 results loere sufficiently reliable to 
establish the programme as a regular contribution, with con-
tinuing refinement each year. [rovision is made for expert
consulting assistance from the U.S. ational eather Service 
and Corps of Engineers, including annual evaluations of the 
programme's reliability and effectiveness, and for training
of Mekong Committee staff and of riparian country technicians. 

In brief the programme creates a mathematical model 
of the river system -.hercin the drainage basin is separated
 
into eleven homogenous hydrologic units, and the outflow
 
from each of the subbasins computed from rainfall. The
 
subbasin outflow is added to the mainscream flo.., routed
 
through the channel to the next key downstream point and com
bined with the outflow! from the next subbasin. For key sta
tions in the delta, the forecast is manually computed from 
the correlation of upstream hydrographs, local rainfall, and 
tidal cycles. Details of the programme are given in References 
17, 18, 19, 20.
 

The present system makes daily predictions for the 
periods of one of five days in advance using information
 
received from 17 hydrologic stations and 29 rainfall stations 
(i luding 5 on the left bank), for 13 key locations on the
 
mainstream from Chiang Saen in northern Thailand to Tan Chau 
and Chan Doc in the delta. These 29 rainfall stations are 
generally located on the plain areas or in the valley, and 
mostly in the Nam Nun basin in Thailand, not in the critical 
subbasins. In addition, APT Cautomatic picture transmission)
mosaics from weather satellites are used in basin rainfall 
estimates, to supplement the paucity of available rain gauge
data from the left bank zone. The forecasts are made over 
the period of high water (from mid-June to late Jctober) and 
are disseminated daily by telephone and radio 4o the four 
National Nekong Coimittees each working day and also on holi
days during critical periods of high flows. The IBM 360/40 and 
CDC 3100 computer in Bangkok is used to run the programme. 

Thus far the flood forecasting has been satisfactory 
in the upper portion of the river, from Chiang Saen to Pakse,
where the availability of data permits both making and checking 

C 
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the predictions. it further improvement in the forec.asting 

programme is planned through installation of a telemetering 

system for the subbasin between Chiang Saen and Luang Prabang. 

Assuming the tele-aiutomatic ran--gauge now being tested is 
-

successful, a number ,f thois-e gauges %.il1 bc in-taled in 

this subbasin area. 

The entirl-, lorec:astinq progrmme is, of course, an 
experimental programme, but hlas c:a(Jduced meningful worth
while data and w.iill b continually improved over the years 
through improvements both in basic data inputs (including 
obtaining rainfall data from China and Burma) and in use of 
new technology (inuluding ap.%liceitions of the extended 
SSARR or L55,.,h model to cia!ta areas influenced by tides). 

5. Flood ,rot ction sch_-, 

5.1 Vang Vienrl :)rot,-.c-tioni 

The proposcd PaJ i'1onrI reservoir at HL 250 n, MSL would 
inundate some 3,700 ha of aricultural area and 1,800 ha of 
other lands in th: Wang Viang valley of the Lao PDR, includ
ing Vang Vieng to-in. A study for e-valuating possibilities for 
preventing flooding o]! thre valley atid diverting its dIrainage 
into Nam 11gum reservoir '.as sponsored by the -ekong Committee 
in 197d (Ref. 32). Th scope of .-iarks limited essentially 
to a study of engincu-rinq m,asures, designs, and cost esti
mates for protection schmes ;ith fla :ung at MIL 230, 240, 250, 
and 260 71 ISL. Th_. completed report (-:ef. 30) is of pro
feasibility grade. 

For cach oj fihh ssum lam he-ights of Ila 1long, the 
proposed protection scheme ;.11 consist of i protection dam 
and as m.ny a; ;ev-n reserv;ir rim dikes for excluding the 
valley from 1a, 1-ij j c.;troi, diwvrzion channel for 

diverting the val1,:y dr iinage: ic Dam Jigum reservoir, and an 

enlargement of the existinq !an 11Dgum spillway capacity. The 

recommended protection dam i' a homogeneous earth dam across 
the 11am Song stretam a it ripr £-ice on the Pa iiong 
reservoir side and - rockiil t1,] on the othe: side. Excava
tion of the diversion c'- i:: expectei to provide enough 
materials to favoUr constructo n Pt on earth dam. The diver

sion canal will h,, a FiT r ip chinnel -about ' km long and the 

bottom width wouid b, ith .lo. or '12 m. Along both sides of 

the channel, 26 side di :;Itructur s are included in the 

design. Diversion )i Dan d:ug flaw to !:am igum reservoir 
would require an ;n,,rlarg-amcnt: , th,. Nam igurn spill,.tay by 

It in to keep the maximum :a" level in the reservoir down 

to its design flood rge 7urcha, vel ol 21,1.;") m SL. ,iso 

an additional separate :;pill.,ay would be added to Nam Ngum 

dam at the right banl:l jhir ''h,,ould cost about 15.2 million. 
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The recommended protection scheme .,ould cost between 
$34 to $40.7 million, depending on the height of Pa Mlong
dam and whether a design for the 100-- or 200-year flood is 
selected. The spillway construction cost of $5.2 million is 
not included in these estimates.
 

5.2 Loi vollevje rotcction 

Pa Mong at ifWL 250 m 1-ISL would inundate about '1,500 
ha of rasldential and business land, 55,000 ha of agricul.
tural area, and 135,000 ha of other lands in the Loci valley
 
of Thailand. A pre-feasibility grade s,udy for evaluating 
possibi]ities for preventing flooding of the villoy and
 
diverting its drainaje into Pa Mong reservoir was completed 
in 1575 (Ref. 32). 

Two plans are propo-sed for protecting flooding of
 
the valley ..)hen Pa Niong rservoir is filled at the high
 
pool levels of 2,1C, 250 and 260 n IniL, for both the 100
and 200--year floods. Plan I, recommended for ioa 1ong IIL
 
250 and 260 in ESL, 'Jill consist of a dam (and reservoir) 
near the mouth of Loci river, e-ui)j)pd with a pumping plant 
to lift the flood %iatersinto Pa iNong reservoir, and seven 
other dams (and reservoirs) situated on the upper portion 
of Loci river and on thj tributarie!. Plan I, recommended 
for Pa Hmong W.lL 240 n HISL, will comprise a dam on the Loui 
river downstream from the: town of Loci river upstream from 
Loci, a bypass canal for diverting the floods from the upper 
basin iinto Pa Nong reservoir, a side drainage canal parallel 
to the bypass canal to collect side flow.:s, and a pumping 
plant to control the floods of Loei and two reservoirs on 
the tributary basins to retard the floods for the pumping 
plant and side drainage canal.
 

illan 1,could prevent flooding of areas covering some
 
490 and 900 km and protect somu 5, 500 and 12,000 families 
(estimateJ for 1974) from inundation by Pa Mlong reservoir at 
HWL 250 and 260 m MISL, respectively. Plan TI for Pa Mong
HWIL 240 m .SL would prevent flooding of an area of about 20 
km2 
and protect about 2,00 families inside Loci from flood
ing by Pa lIong. These two flood protection plans would 
affect some land areas and communities in other parts of the 
basin by construction of the flood protection components. 

The total estimated costs of tht flood protection 
plans for the 100-- and 200-year floods arc respectively 
1103 and 1108 million for Plan II for Pa 1iong 240 m HISL; 
$251 and 12;'15 million for Plan I for- Pa Hong 250 in ISL; and 
$310 and S3.17 million for lan 1 Pa Miong IiUL260 m M5L. The 
estimated costs w;ould include construction, relocation and 
resettlement, and operation, maintnance, replacement, and 
administration. Also. four potential irrigation development 
projects :ero found to be economically attractive for inclu
sion into the flood protection plans with benefit-cost ratios 
greater than unity. 



III - 157 .'lood control 

The plans formulated for preventing flooding of Loci
 
valley were found to be technically feasible for all high
 
pool levels under consideration for 1'a !long reservoir. It
 
was noted during the field inv stigcations that the social
economic development of the Loei valley is relutively high
 
compared w;ith !t-ar 1 in the northeast
'-i- ireas Thailand
 
(Ref. 32).
 

6. 	 Summary an- concle Ion 

,s previously noted, the effort made by the Mekong 
Committee in its L'a Ilong flood control study programme is 
substantial. In the 1a Mong optimization and downstream 
effects 	 study, the liekong Committee is conducting a number 
of additional investigations on various aspects of Pa Mong 
flood control (Mef. 27-112). These include flood regulation, 
flood control benefit evaluation, and low flow regulation. 
The overall complex of studies (¢of. 1 through 35) Conducted 
by or for tLhe ekong Co:mmittee, to d.ta, -ro sulficient to 
permit a general cssessment of the environmental impact of 
flood regulation by the 'iJ ionq project. 

A preliminary wiofLit-tiv( assessment has been attempted 
of the extent of both dctrimental and beneficial effects of 
Pa I-long f lood control, with rcsulto ,s sho-,rn in Table 11, which 
indicates the net envirnont .Lef ect is much more beneficial 
than detrimental. T'uesa environvent-io eiiects are greater 
for the areas co to th., dimsite and gradually diminish 
tow.,ards the do,.nstream areas. The aoticipated effects there
fore will be greateL;t in thu upper reaches and minimal in 
the lower reaches and very !itI-lo in the Mukong delta. The 
probable environment:. elf ct t.,ill ba greater for higher 
full pool levels, 1lthouqh e efacts of a simila nature 
would be inticipated for Ai ili ern-.tive poo1 levels. 

Additional studies. 'il be required to complete the 
picture of floud control effects -- Lai hIong. Some specific 
suggestions for additional studies a.rc as follas.,s: 

(a) 	 In addi tion, 1f1lood regul a , study should be per.
formed foi the design flood in order to examine the 
degree Of flood Lductio.n. It i.; re-!cognized that 
certain as:surm-,t i-ns d cri teria must be set up 
before this -Ludy (,:, be sta rte. 

(b) 	 The a I-on fl,,od ontrol benefit ovaluation study 
is required -.or updating the previous findings in 
order to obtain ui-or prcis, estimates. This study 
should include selection of appropriate concepts and 
procedures br uvr1ution of flo)od control benefits 
in the varioaus river ,_eache5, survey and collection 
of pertinent economic and gecmorphologic data of 
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(b) 	 floodplains, derivation of flood darragc-froquoncy
 
relations, and evaluation of flood control benefits. 

(c) 	 Proper dotermination of the design flood is Df the 
utmost importance for floou control projects, as 
this affects both th saiuty and cost of the struc
tures, as well as th extent of thuir effects. Esti
mation of thu inflo.' design flood for the Pa Mong 
project has been based -n limited data, (Ref. 6, 7). 
Additional study is needed to deurive or to improve
 
the accuracy of design floods for the 1a Nong pro
ject and other related projects (Ref. 31, 32). This 
study should include detailed investigation of
 
floods and related hydrometeorological factors and
 
development of procedures for estimating design
 
floods of ungaged watersheds located within the lower
 
basin.
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TABLE 1
 

HIGHEST FLOODS OF THE MEKONG 

(From Reference 15) 

Period Water Stage Peak 

Station of Day of Peak Elevation Discharge 

Record _ _ (m 14SL) (1n3 /sec) 

Chiang Saen 1961-72 3 Sept. 66 371.13 23,500
 

Luang Prabang 1950-.72 2 Sept. 66 2139.5G 25,200
 

Vientiane 1913-72 . Sept. 66 
 170.75 261000
 

15 Sept. 56 137.75 35,200
14ukdahan 1921-72 

Pakse 1924-72 31 Aug. 39 99.2,6 46,200 

Stung Treng 1924-72 2 Sept. 39 43.79 G5,700 

Kratie 1924-72 3 Sept. 39 21.92 66,700 

http:1950-.72
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TABLE 2 

ANNUAL PEAKZ FLOODS AT VIENTIANE 

(From Reference 1) 

1Return Period Manitude 

(years) (m /sec) 


1,000 32,000 


100 26,600 


50 25,000 


25 23,200 


.0 21,000 


5 19.300 


Mean Maximum 17,100 


Water Stage 
(m MSL) 

171.90
 

171.15
 

170.75
 

170.62
 

170.16
 

169.72
 

169.08
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TABLE 3 

MEKONG ,J1JUAL PEAK FLCWS (1961 to 1973) 

Distance Drainage AInnual Annual 
Station from 1 Area above I Pea Runoff

Outlet Station Flow 106 In3 )
(km) °
 

I ki)(m /sec) 

Chiang Saen 2,370 139, 0C 12,100 92,020 

Luang Prabang 2,010 268,0C0 17,030 133,610 

Vientiane 1,564 299,000 17,330 19,350 

Thakhek 1,261 373,900 26,630 241,560 

11u)-dahan 1,125 391,000 29,C20 25765C 

Pakse 869 5,000 3,,.60 30"1 " 

"tung Treng 660 635,000 51,320 422,..70 

52,100 423,16Kratie 55 646 000 

I;hnom P'enh 322 663,000 ,i:.4 /790 -

Ohncin Ilenh 332 663,000 50, 00&-/ 512,00 Ci/ 

IOutlet 14el:ong 
Ba s sac 0 744,000 /4,c00o 2/  550,)o> / 

I/ Channel flow. only.
 

2/ Channel flow plus estimated spill (derived from Reference I)..
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TABLE 4
 

LOWLAND FLOODPLAIH AREAS SUBJECT TO INUNDATION 

(From Reference 1) 

(1,OOC ha)
 

1. 	 Total area of low;land floodplain
 
(for the 100-year ilood) 7,388
 

2. 	Area not subject to annual flooding in
 
Vietnamese delta 2,028
 

3. 	Area subject to annual floods 5236
 

(A) 	Lake and river perennially under
 
water 404
 

(B) 	Land area floode2d during high water
 

(1) Lands not presently cultivated
 
for various reasons (including
 
deeply flooded condition, high
velocity .iatcr movinq over
 
land, and toxic soil) 1,912
 

Gross Estimateda/Net
 
Area-/
Area 


(2) Cultivated land 	 )3 2 32
 

(a) 	Floating rice area 920 728
 

(b) 	Double-transplant area 452 300
 

(c) 	Single-transplant area 1,176 800
 

(d) 	Other cultivated area 495 304
 

8/ 	 Net area after deduction of roads, house areas, etc. 
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TABLE 5
 

ESTIMATED INUNDATION IN 1961 FLOOD BASED ON SOGREAM 

(From Reference 9) 

Inurated Area 
(1,000 ha)


Total Area 
Region (1,000 ha) 	 W"ithout With 

Pa Mlong Pa IIorig 

Quadrilatere du
 
I'Ouest 
 453 .122 416 


Cis Bassac
 
Viet-Namien 422.5 418 414 


Plaine des Jonc 852 770 725 


Trans Bassac Khmer 462 375 322 


Left bank of Mekong 601 493 346 


Grand Lac 1,728 1,603 1,419 


Mekong upstream 26.5 25.6 25.1 


Vaico upstream 118.4 /.6 7.3 


Mekong V.N. 42.6 42.6 42.6 


Bassac V.N. 8.4 3.4 0.4 


Vaico downstream 4.2 4.2 4.2 


Total 4,718.2 	 4,160.4 3,726.6 


MODEL 

Differenc ,
 
(1,000 ha)
 

6
 

4
 

45
 

53
 

147
 

184
 

0.5
 

0.3
 

0 

0
 

0 

43c.
 

Remarks: 1. 	The 1961 flood is designated a 10-year event 

(for the delta in Democratic Kampuchea). 

2. Pa Nong is operated cnly for flood control with 

constant releiase of 2,000 m3/sec throughout the 

flood season. 



TABLE 6 

AVE AGE t-'ALPJ GUZLETrFLOOD CCNTROI, PAX0?, Ko R 50 .,. 100-YF FI DWCF -IALYST 

(Froc Reference 6) 

Type of 0Enefit 

ncrea td Util ati'n of roperty Frece fro= Flood Hazards 
Period of Analysis Area r)  Prevention of .evelorm,:nt of xe(Reaches FI~co! tnive UrbTotala=-ape :;ew Crop L=-I- ~ liverrinnacmn I fhoa (us" 

'Jpper reaches 3,539,203 1,113,C: i,725,&0O 859,290 3,397,CO 7,236,000 

'Ic.2" 
(2, 315,CC0) 
(1,224,CCO) 

(628,00D) 
(4S5,000) 

(1,341,oo) 
( 324,000) 

(807,230) 
(52,00c) 

(2,776,000) (5,091,00O) 
2,149,OCO) 

5e-year period ;iddle reaches -75,000 

Lowr reaches 
(aelta) 3 C 

Total 

Upper reachez 4,419,0)0 1,231,000 2,113,C00 90,COO 4,264, O j 
11,611,000 

8,653,00M 

100-year pericd 

"o.I" 
,;0.2* 

MidJle reaches
Lower reaches1,0O0
(delta) 

(2,854,000) 
(1,565,000) 

(66,000) 
(535,000) 

(1,642,000) 
(471,000) 

(864,oc0) (3,202,000) 
(1,062,o:0o) 

-

:-

(6,056,000) 
(2,62,c0) 

1,050,000 
13,233,000 

The area of upper reaches 
-o further divided for study purposes into subreaches 1 and 2 (Ref. 6) 
The damnge vnlue esticates were bascd on 1969 prices and rates 

00
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TAB3LE7 

SUOARY OF THE 100-YE1 FLCCD 

(Fro: Rleference 22) 

11GtTLAT ,TTUDY 

Locations 

Unret-ulated 

Flood .tz.o 
(M) 

Unrej.latoe___ oulated Flood rage (c) 

Ia Mon; 3 Ia Ioop A Stun: Tr 5 ng 
(21,000 nillion c) (70,000 million m 

Kompong Chum 16.1 15.0 
(1.1) 

13.3 
(2.8) 

Phnom Penh 

Tan Chau 

11.2 

5.5 

10.5 
(0.7) 

5.0 
(0.5) 

9.8 
(1.4) 

4.5 
(1.0) 

Sadec 2.4 2.0 

(0.4) 
1.8 

(o.6) 

Remark: Values in parenthesis are the river stae reduction in m. 

i, 
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TADU' 83 

HAXWM EGULATEFD PEAK DElCHARGE AT KLY DO :flTREA.T-J i! 

(iFrocieforfenc,
29)
 

l0. IroJect IL/WL - IaximunControlled Discharge (m-/sec) 

() Vient lane tui4, ! i:Pungknn Tr,: Krr., 

1 Pa l!or4, 260/235 13,O00-1 oo"2/ Vj 659,'t 3 


2 	 250/220 ,loo13,09 C;O 

l /  3 " 240/210 13,0 0 	 A,33121,0555/ 4,. 

/ ?/  
4 " 	 230/205 17, CO 23,849 62,81- 6- "

5 Stung Trong (A/91 1 	 44,000 5 ), 

6 Sfobor 	 42/343 

7 " 42/40 	 61.."
 

1 Oamfull flow at Vientiaie i0317,000 =3/sec. Hiihest peak daily r.corded flow o the 
1936-1970 period wa: 25, N /e. 

flop Ile,9Cfb-,3/:;ec. flo*. 

193Y-1970 period wu3 27,637 '/;cc.
 

2/ 	 Pankful at Pun kan i.; Hithort ;eoak daily recorded of the 

/ 	 The figures reprcoent the hihert routed flow from la Mn ccebinmd wit the
 
local inflow:;. The bankful flow at "tung Treeg wac asruned av 40,000.3 /0cC.
 
lfiieot peak *aily recorded flow of the 1963-1,69 pt-ried w:, 63,237 m/.Cc.
 

4/ lzne renarkn aa in)/. The !xokful flow at Kratle wa:i aosumcd a M3/_e.44,,00C
3/OCc.
The highe:t peak daily recorded fiow wpoo66,700 

m 

/Iihezt peak daily di-.charge obtained by routed flow from Pa ong ccmbined with
 
local :nflow.
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TABLE 9 

MUXEM4U PMAK DEcARME'; AT KEY DO'STREAN LTAT 1ITSREGULATED DAILY 

(Frog 	leference 29)
 

. 3 
No. 	 Alternative W/L'L Itla.u.n Controlle Dincharge (m /see) Rectrks 

yaerVientiane Fungkan tuip Trcreg I Kratle 

1a Mong 250/220 13, 000 18,00- Tertn with 35 flood 

Stung Te m I8 /81 16,000 41,515 4/ years copleted / 

2 	 Pa Mong + 250/220 13, 001) 18,00 56,105 /
 
Suabor 42/40 54,COO
 

3 	 Pa Mor + 250/220 13,000 IS3,000
 

Stung, Tren F"8/81 36,000
 
+ sambucr 42/30 	 38,000 

4 	 Pa Mone + 240/210 13,000 1", 000
 
Stunw, Treo 08/81 38,0009 42, 330 4,"
 

5 	 Pa Mon + 240/210 13,000 18,000 59,231 2
 

Sambor 42/40 57,00
 

6 	 Pa Mon4 + 240/210 I 13,00o 18,000
 

stung Tr,.,; /81 38, O0
 

+ Sabor 42/30 	 40,000 

Tents with 35 flood 
Stung Tren,

, I /61 41,000 46,615 4_/ years completed 

8 	 Pa Moo,: + 230/205 17,000 23,1O
 

Sanbor 42/40 64,152 61,000
I 6/ 

9 Pa Mon. + 2310/205 17,00 23, 180 5/
 
5tung Treng 88/81 42,0C0
 

SSanbor 42/3 44,000
 

10 	 Ila How, 2(,0/235 13,000 ioo63--
Stung Trcug 88/81 38,000 
+ .anbor 42/18 	 40,000 

11 	 Stun,; 1re, I/C 44,000 Tests with 35 flood 
+, Sanbor 42/38 46,000 yenrs completed 

/ 	Flood year 4pans from 1 July to the end of October of a calendar year, as defined in
 
1'rogreo Report of Pa :tor,Downstren Effctf (iiKG/R.19 PevI, Appendix A) (Ref. 27).
 

(Other footnotes are the same as in Table 3)
 

http:iiKG/R.19
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TABLE 10
 

AVERAGE AREAFREE) FRCAIMIMDATJ9R III THE DrLTA IR DRICCATIC KIMFUCHEABY 1A M .ING 

(From keference 9)
 

Area 	 Frred Fr:-

Land Unit Total "rta. Year Annlyeod Flood-Frequency Li~d 	 tion 
)

(2)2 	 (year) (k 

I. Tonle ,;ap 1B,050 1957 les than 1 950 
Flood Plain (4,350)' 1963 2 1, w0 

i961 10 1,950 
1940 15 1,650 

II. 	 Muk Kompul .,060 1957 los than 1 80
 

Flood Plair. 1563 2 160
 

1961 10 (o 
L 1940 15 40I 	 -' .-i-.---

M1. 	 Tonle Toch 1,440 1957 le:ri than 1 g0
 

Terrace 19(3 2 260
 

1961 10 270
 
.. 5
____o_.. .__ _.. . . . ... 2. ... 

IV. Prey Venh 1,850 1957 le:;nthan 1 120 
Flood Plain 1963 2 3P: 

1961 10 310 

1)4() 15 130 

V. 	 Plain cf Weeds 570 1957 lc:n than 1 110 

(Denocratic 1963 2 140 

Kanr+uchea) 1961 I 10 30 

.. 1940 - - -15 10 

7I. 	 Kendal I.-land 1,3Y3 1957 0ler than 1 150 
1903 2 240 

1961 10 120 ' 

1940 15 80 

VII. 	Takeo 2,700 1957 le!:; than 1 150 
1963 2 350 

196110 	 510 
1940 t 15 400 

Total Area 27,000 	 I 

Fxcluding Great Lake area (Ilesh 4 283 of Mekong Delta Mathematical lodel). 



TABLE 11 

FUIIAEY CF .,._ T FFECT:" CF PA NNG FLCCD C2'.!RCL 
(Pa Hcng Froject as I1olated Unit) 

paH:. Full ...	 Areas of Interest 

Conzidered .lenentz :-ool Mevtcn 	 Downtrea= Floodplains
L-) Cze.-oir Pa Moren I 	 i I 

.t _V Area 'ltper zeach 'Middle -each Lower Reach 

Flood darnare reduction 	 230 -1 '2 +I 0 
240 -1 O 3 +1 0 
250 -2 0 +3 +10+ 
260 0 -4 *3 .1 

Modificatica of ntrewr.±low cLaracteristics 230 0) .3 +2 0 
in term of decreazinj flood flows 240 * +.3 +2 0 

250 " 0 +4 +3 +1 
260 0 .4 +3 +1 

Modification f .treamflow characteristics 230 * 0 +3 +2 +1
 
in term of increasing dry -caror. flaw 240 0+3 +2 +
 

250 0 +4 +3 2 
260 " +4 +3 +2 

f 

otea: : incinJificant or no effect 	 3 : oderated ziificant effect + beneficial 

: limited extent of effect 4 : very sinificant effect - : detrimental 
2 :ziLmificant effect no estimation 

0 

0 
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PA MONG ENVIRONMENTAL ASSESSMENT
 

GEC',OGY/S ETSNOLOGY
 

1. Introduction
 

This discussion presents a summary of the activities
 

of the Mekong Committee in the field of qeology and seismology
 

as the design,pertaining to the Pa Ilong project, these relate to 

construction, and operaLioni of the project to achieve its 

desired objectives.
 

Most of the data presented are the results of 
engineering geologic investigations conducted from 1960 to 
1975 by various agencies in collaboration with the Mekong 
Committee. These investigations were made primarily to 
obtain subsurface and surface information on foundation and 
construction materials for use in the preparation of 
preliminary designs and cost estimates for engineering 
structures. The virious studies and reports were evaluated 
to obtain informatic relating to the integrity of the various 
structural components of the project, with respect to water 
holding capacities, strucurzil soundness, and construction 
problems. Based onj this information conclusions were developed 
on, the probable -ffects of geology and seismology or design, 
construction, and oeration of the Pa Mong project and on 
desirable precautionary :aasures. 

Except as oth rwise roted, all of this discussion has 
been based on is ormz.aticn presented in the Pa Mong Stage One 
report (Ref. 1). 

2. Physioqraphy
 

The principal phy:iographic features associated with 
.the Pa Mons prriict are (a) th mountain complex formed by 

the Phetchabun-Pal: Lay range and Tranninh mountains and (b) 
the Khorat plateau. 

The Pa onq lnisi te and the snjor, eastern portion of 
the reservoir are located along the northwestern margin of 
the Khorat plateau in Thailand and the northern extension of t*",i'-; 
fI.a:51.1 2 -1. , where it is referred to as the Sandstone 

Country of Middle L Fo1. 'i r sn .r:-up wanh.t:rly ris:; of the 

Khorat plateau Fours thc reservoir closure on the east, and 
low hills and draiinge dlvidrs and the 1riised river canyons 

form the reservoir ha;; to the south, west, and north. The 
reservoir site extends upstream in the :ountain complex where 
deep, narrow canyons are !roded in complex folded and faulted 
Paleozoic basement rocks that Form the Pak Lay and Tranninh 
mountains. 

IV 
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2.1 Mountain complex
 

The Mekong drainage sy.tem in Lao PDR and in the upstream
 
portion of the Pa Nong reservoir area is characterized by steep
sided valleys eroded in complex folded and faulted metasediments
 
including phylites, limestone, shale, slate, quartzite, schist,

and igneous intrusions. The alinements of the valleys are
 
controlled by geologic structure and stratigraphy with north
south stretches of the streams oriented along the strike of
 
softer beds or folds and faults in the basement complex.
 

1-1here the Mekong river turns easterly it forms the 
boundary between Lao PDR ind Thailarir , ard cro s(s the: hasement
 
rocks onto the younger Khorat Group of siltstone and sandstone
 
formations. The river breaches the upturned 
Khorat formations
 
and is incised in a 12-kilometre-long narrow gorge in the
 
uptilted margin of the Khorat plateau. It is in this gorge

that the Pa Mong damsite is located. The mai, portion of the 
reservoir rests on the lower Phu Kadung siltstone member of the
 
Khorat Group and the fringe area of the basement complex where
 
erosion has formed a long north-south trough or strike valley
 
to the west and north of the upstream margin of the Khorat
 
plateau. The escarpment of the plateau, which provides the
 
easterly closure of the reservoir, is supported by more
 
resistant upturned ridges of sandstone and siltstone.
 

2.2 Khorat plateau
 

The Khorat plateau and its northern extension into Lao
 
PDR is an uplifted, basin-shaped area lying east of the
 
Phetchabun-Pak Lay range of mountains. It is made up of a
 
thick series of siltstone and sandstone beds (over 3,000 metres
 
thick) called the Khorat Group. It is a relatively stable land
 
mass overlying the more disturd bastement rocks. When the
 
Khorat formations were gently folded into a large basin-shaped

plateau, minor subsidiary cross foldii:g occurrec, forming

relatively smaller anticlin 'l aid synclinal folds. The major

drainage systemns have breached the plateau generally along the
 
anticlinal cross I oik -. Remnants of the Khorat Group 
 lying west
 
of the margin of- tile plateau are generally the synclinal
 
structures, which commonly 
 have been eroded to form synclinal
basins that are breached by local drairage systems. The well
established drainage systems generally are aligned on the axes 
of anticlines. 

3. General qeologqy
 

Most of the proposed engineering structures of the 
Pa Mong project are in the Khorat Group of formations. Along 
the western escarpment of the plateau, easterly dips range
from 10 to 35 . -ault zones have been located at the, Pa Mong 
site; however, seismic his:tory ir the vicinity of the Pa Mong 
project indicates that the proposed structures are located in 
an area that is relatively freu, from seismic hazards. The
 
proposed Pa Mong dam is on thick bed of sandstones and silt
stones which are lenticular, cross-bedded with wide variation 
in the degree of cementation. 
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3.•1 	 Reional geoloqy 

Brief descriptions of the principal rock types in this
 

region are described as follows, beginning with the oldest to 
the youngest (See also generalized stratigraphic column in 
Figure 1, and regional geologic map in Figure 2): 

(a) 	 Kanchanaburi series (Carboniferous and older): This
 

series contains the oldest rock formations of the area.
 
The Kanchanaburi rocks are commonly exposed along the
 
Mekong river channel and generally form the western
 
portion of the reservoir upstream from the plateau
 

escarpment.
 

(b) 	 Rat Buri series (Permian and Carboniferous): The Rat
 

Buri series is primarily a thick, massive, crytalline,
 
pure 	 limestone but locally is thin-bedded and includes 
some interbedded shale, chort and sandstone. The 
limestone is exposed in the west portion of the 
drainage divide at the Pa Nong - Nam Mong saddle and 
the west Pa Mong -. Nam Lik saddle and in the vicinity 
of the upper part of the Pa Ilong - Nan Lik reservoir 
area. It has been extensively ereded in part by the 
action of surface and ground water. As a result 
cavernous limestone and karst topography underlie
 
part of 	the reservoir area and provide a possible 
escape of reservoir storage between tributary drainage
 
systems.
 

(c) 	 Khorat group (Triassic-Cretaceous): The Khorat group
 
consists of seven major formations, all of which may
 
not be represented in the region of the project.
 
They are described below from oldest to youngest:
 

(1) 	Nam Phong formation (Np): The Nam Phong formation
 
(not identified in this area) is described by Ward
 
(1964) as the sequence of siltstone and resistant
 
sandstone and a few conglomerates overlying the pre-

Khorat erosion surface.
 

(2) 	Phu Kadung formation (Pk): This formation consists
 
of red to greenish gray soft siltstone and widely
 
spaced, nonresistant shaley sandstone. The lower half
 
of the formation is mostly soft, micaceous, reddish
brown and grayish-red siltstone. The middle part 
contains 120 metres of a pale red, fine-to very fine
grained, well-cemented calcareous sandstone. The 
upper part consists of interbedded and micaceous 
siltstone and sandstone. A conglomerate comprises 
the bottom of the formation which overlies the
 
Rat Buri limestone. The Phu Kadung formation erodes
 
more 	readily than the overlying Phra Wihan sandstones
 
and occurs beneath the main body of the reservoir 
immediately west of the escarpment.
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(3) Phra Wihan formation (Pw): The resistant sandstones
 
of this 	formation cap the main western escarpment of 
the Khorat plateau. The thick cross-bedded, clean 
sandstone usually occurs with siltstone units above 
and beneath it. The Phra Wihan formation occurs as 
the main ridge of' the escarpment and in the low gaps
will serve as the harnk rock for the reservoir along 
its eastern mar(in. 

(4) 	 Sao Khua formation (Sk): The Sao Khua formation is 
primarily siltstone with occasionial sandstone units. 
It is about 500 metres thick and underlies the strike 
valleys 	 between the Phra VIihan and Phu Phan formations, 
is mottled red, gray end brown. It is soft and easily
weathered. The sandstone members are yellowish-gray 
to brown or pale red. 

(5) Phu Phan formation lp): The formation consists of 
bright-colored coarse-to fine-grained sandstones 
which are massive and cross-bedded with a wide 
variation in the dceqree of cementation. Siltstone 
is interbedded with the sandstone in the lower portion
of the formation. The top of the formation is a very
thick-bedded unit of voriably cemented, conglomeratic
sandstone that occurs an isolated ridges along the 
trend of its outcrop.
 

(6) 	 Khok Kruat formation (Kk): This formation is composed
of soft siltstone and sandstone that overlies the 
Phu Phan formation. It doos not occur at any of the 
major engineering sites but may occur in the vicinity 
of pump and diversion structure sites. 

(7) 	 Salt formation (S): This formation is interbedded 
sandstone, siltstone and claystone containing gypsum
and rock-salt deposits. It underlies some of the 
project area considered for irrigation. 

(8) 	 Igneous-Andesite and Phyolite Po~jhyry: Large bodies 
of andesite prophyry and rhyoli te porphyry occur as 
intrusions in the Kanchirahuri rocks west of the 
plateau 	 escarpment. These rocks along with some 
granite are particularly common along the Mekong
river upstream from the southerni arm of the Pa Mong
reservoir and aloniq the Nam lei. They are not 
involved with the foundatioIs at any engineering sites. 

(d) 	 Tertiary-rece ItIjnLnou. rocksei alluvium): Deposits 
of unconsolidated materials occur throughout the dam
site and reservoir area consist iog of transported
gravel, 	 sand, and clay deposits which are remnants of 
former flood plains of streoms and recent accumulations 
of stream deposits and slope-wash debris, and of 
residual soils from inplace weathering of the rock 
formations.
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3.2 Seismology
 

A review of seismic data indicates that the Pa Mong
 
project is not in an active seismic belt. The faults are old
 
and inactive. Recommendations have been made for establish
ment of a seismic station in the vicinity of Pa Mong reservoir
 
to give an indication of any activity that may result from
 
loading the area with the huge body of water to form the
 
reservoir, and also to measure the performance of engineering
 
structures in response to imposed seismic stresses.
 

There are two seismorgraph stations, which are part of
 
a worldwide monitoring system, located in Thailand at Chiang
 
Mai and Songkhla. Together with an additional stationi near
 
Pa Mong, these should be sufficient for purposes of project
 
design.
 

4. Staqe One report
 

The engineering geology evaluations presented in the 
Stage One report (Ref. 1) deal with the geologic and engineering 
aspects of proposed structure sites. The major or basic 
geologic problems are concerned with the water-holding 
capability of the reservoir, the suitability of foundation 
materials to support the engineering structures, and avail
ability of construction materials. 

Geologic investigations of: the Pa Mong project had
 
been conducted since 1960 up to the preparation period of the
 
Stage One report (Ref. 2, 3, 4, 5). The possible desirability
 
of dam structures higher and larger than originally envisioned
 
raised questions on the foundation capability to support the
 
load of the larger structures. Hence, a consulting board of
 
geologists was convened to review the available data and to
 
make recommendations for future explorations, which were
 
submitted in 1968 (Ref. 5). The recommended programme for
 
obtaining the necessary geological data for preparing feasi
bility grade designs and estimates was performed and the
 
results included in the Stage One report.
 

4.1 Reservoir
 

The geologic conditions of major importance in 
considering the water holding capability of Pa Mong reservoir
 
are (a) the occurrence of cavernous limestone which might 
provide escape routes through open solution channels, and 
(b) those parts of the Phu Phan ridge which are low and 
narrow and where the percolation paths through joints or 
fractures in sandstone and siltstone would be relatively 
short. Also, limestone occurs at the divides between the
 
Mekong and Nam Mong and between the Mekong and Nam Lik, 
raising questions on possible leakage problems (See Section 6). 

The reservoir pool basically will be retained by Pa Mong

dam, Nam Mong dam, and Nam Lik dam and by accessory dikes
 
needed to close the reservoir. Figure 3 shows the location
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map of the stated damsite. and the necessary dikes for a high 
pool level of 250 m MSL. Reservoir closure on the north and 
south ends of the storage pooi will 'ce provided by low ridges 
of siltstone and sandsto..: cl i_ Phu Kadung formation, with 
earth dikes to close the cspc in the lovw saddles below elevation 
250 m MSL. The bedrock eaten oh; at the rNin Lik-Nan Ngum 
saddle and the Nam r-Nong-:ar Poe1i saddle are sound and 
impermeable, hence, I.ak ce asc stal)Lty prcblems are not 
anticipated. 

Low gaps in the Iong nv)rth-south Phu Phan ridge of 
sandstone and siltation, t:hlt !oerms the easterly rim of the 
reservoir, will be closdA hy th,2 Pa Hlong, Nam Lik, and Nam Mong 
dams and by earth dikes at the Chonj I hao San qap and the 
Huai Sai gap. Long sci-io !c ofA the narrow ridge extending 
beyond the earth dikes iill ri, luire special reservoir rim 
treatment such as groutini, blanketirnci (soil cement), or 
riprap to provide protection f romn wave erosion and possible 
leakage 	 at the upper -! highjer .].evotions of the reservoir. 

The sandstore aind cilt:,tons of the Phu Phan ridge clip 
eastward under the Khora p a.t r'u. The rocks are quite dense 
and of relatively -o., [i i-x:-,rt thepero Li ty in weathered 
surface exposures along open j,-)irt)s and froctures. They 

support a relatively high qr( ril;lator table in the unweathered 
rock. Along portions ol tolt ,cir.dsLone rim, where the rim 
is thin, moderate leakaqe ;:; oiticipated in the downdip 
toward the east. Such ! ,ig texp-(:ted to result in minor 
springs along the east of hue iese-voir riln° 

4.2 	 Foundatio;is concdit~i-liis for dams and diJkes 

Lost of 	 i stLeuctuns 'ithe for closing the 
reservoir will be iii thv-e r',o of sedimentary rocks 
consisting of alternatiiin or siltstorie and sandstone. 
These engineering strurt-u:"r; ' the Fa Hlooq, Nam Nong, and 
Nam Lik dams ard some ac or dikes- to retain the reservoir 
surface at the desigrcatrd l,:' n:;. Tonogeologic inlormation 
on these engineering f',-- -. :_lI preasented in Table 1. In 
addition to the drill hol, ! for su)s;urface investigations, 
an electric logger which1.mm: ray, resistivity, and 
self-potential logs of dr i loes was also used as an aid 
in classifying rock tvpe'; ,nd in detailing the characteristics 
of bedrock material. L ,i und estimation were based on 
the subsurface loVestiqoti 

(a) 	 Pa Monq damsit,: 'h,, (d;onsite is within the narrow 
canyon where th- F <, i vt.r hreaches the Phu Phan 
ridge of sand forming thesil.tton ,;iidstone beds 
Khorat plateau . i..n st:udy ot numerous alter
natives, a site w.. -leted (sometime referred to 
as the "lower dar. i r' ) which meets the requirements 
for a larqe dam i ldsquate space for spillway, 
powerplant, anrd ('1.or lringone, facilities. 

V 
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The general regional dip of the sandstone and
 
siltstone is to the east, or downstream. The abutments
 
are generally in competent sandstone layers and the
 
main foundation for the dam is in siltstone. The
 
deep accumulations of overburden and weathered bedrock
 
materials are needed for the cofferdam-diversion
 
structures during construction of the dam. Excavations
 
for powerplants on both sides of the river will be
 
deep, and the structures will be deeply keyed into
 
fresh rock where inplace shear and compressive strength
 
of bedrock material are adequate to support them.
 

The fresh sandstone at depths from 6 to 17 m is
 
quite uniform and sound. The siltstone is more
 
variable as to general strength and soundness, with
 
some layers susceptible to rapid air-slacking and
 
disintegration when exposed. This characteristic
 
will require special attention during construction
 
to insure that newly exposed surfaces are immediately 
covered and protected from extended exposure. Jointing
 
in the sandstone is a prominent feature and surface
 
exposures show much separation and slumping of the 
sandstone on the surface. Drill cores and percolation
 
tests indicate that the joints generally become tight
 
below the weathered zone at depths of 10 to 17 m.
 

There are many minor shears but only one major
 
fault, referred to as the Ban Ang fault, which has
 
been located in the dam foundation area. As previously
 
noted, this fault is inactive and it is not believed
 
to present any problem.
 

Sand and gravel bars along the Mekong river
 
channel will provide a sufficient quantity of concrete
 
aggregate in sizes ranging from fine sand to 5-inch
 
gravel. Tests of samples indicate a satisfactory
 
quality of aggregate material, if used with low-alkali
 
cement, including limestone, granite, and various
 
types of matamorphic rocks that may be suitable for
 
crushed aggregate and riprap. If material larger
 
than 5-inch is needed and if no other sources are
 
found, good quarry sites are located in the reservoir
 
area 20 to 40 km upstream from the damsite. Rock
 
quarries can be developed and the material can be
 
transported to the damsite by river barges.
 

Additional preconstruction explorations will be 
required for the preparation of final construction 
designs of the engineering structures. 

(b) 	 Nam Lik damsite: The Phra Wihan formation, which
 
consists predominantly of sandstone members, forms the
 
narrow part of the river gorge. Structural weakness
 
is not evident at the site, and the abutment areas
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The upstream face of the ridge below the Phra
 
Wihan sandstone is covered with deep talus of large
 
sandstone blocks that have been dislodged from the
 
ridge and litter the western or upstream slope.
 
Below the weathered zone the rock is relatively
 
tight and sustains a high water table. This
 
indicates that with removal of 5 to 10 inof weathered
 
rock in the cutoff zone and with grouting adjacent to 
the darn, leakage can be controlled within acceptable
 
limits. Cutoff depths to bedrock in the valley flood
 
plain portion of the dam foundation range between 10 
and 15 m as indicated by subsurface borings. 

Some of the potential embankment material consists 
of transported alluvium that has recently been deposited 
by flowing water, but for the most part the deposits
 
are undulating uplands of residual soil and deeply
 
weathered siltstone all of which would be classified
 
as impervious. Previous materials would be crushed
 
or quarried sandstone and limestone. The best quality 
for quarried rock is the Phra Wihan sandstone, which 
forms the crest and downstream portion of the dam 
abutments. The limestone ridge located approximately 
6 km northwest of the dansite will provide the best 
quality rock for aggregate and riprap.
 

The Hain Mong damsite is considered geologically
 
suitable for the proposed earthfi l dam, and the avail
able geologic data are believed to be adequate for 
feasibility grade designs and estimates. For final 
design, exploration will be needed to obtain more
 
detailed data, both for structure foundations and 
for construction materials.
 

(d) 	 Accessory dikes: In addition to the three dams 
mentioned above there will be accessory dikes required 
to contain the reservoir depending on the selected 
high pool level. For 250 m MSL, these would be the 

Huai Sai Gap dike, Chong Khao San dike, Nam Mong-
Nam Pong dike, Pa Mong-Nam Mong s c_.dles, Pa Mong
iiam Lik saddles, and Nam Lik-Nam Ngurn dikes. It was 
decided that construction of dikes at the Pa Mong-
Nam Mona and the Pa Mong-Nam Lik saddles would not be 
feasible because of the underlying carvernous lime
stone formations, which might lead to excessive 
leakage problems (See Section 6). 

Table 2 summarized the information pertaining to 
engineering geology published in the Stage One report. 
It is visualized that no foundation problem is expected
 
for the construction of the dikes. Some treatment of 
the reservoir rim including grouting may be required
 
to remedy minor problems of reservoir leakage. The
 
most important problem will be protection of the
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natural dikes, reservoir rims, and dike structures
 
against the anticipated reservoir waves and wave
 
erosion. These protection measures will include
 
stripping and placement of protection cover such as
 
riprap.
 

4.3 	 Other encineerigc structures 

(a) 	 Distribution system 

(1) 	Lao PDR: It was concluded that a bench flume in the
 
steep portion of the canyon would not be practical
 
and that water should be conveyed in a tunnel over 
the upstream portion of the route below Pa Mong damsite. 
The lower portion of the canal is all in excavation 
and no unusual construction problems are anticipated. 

(2) 	Thailand: The distribution system will consist of
 
gravity canals with diversion from Pa Mong reservoir
 
by a tunnel upstream from the right abutment of Pa Mong
 
dam. The initial portion of the canal will require a
 
large amour,t of rock excavation, which will be a large
 
item in the cost of the distribution system. Some 54
 
auger holes were drilled at intervals to obtain
 
sufficient information for estimating costs for rock
 
excavation and for planning layouts for the irrigation
 
distribution system. 

(b) 	 Transmission lines and substations: Aerial reconnai
ssance studies were made along proposed power trans
mission line arid substations. Designs and costs were
 
based primarily upon data collected for studies made
 
for existing transmission lines and work underway in
 
Thailand.
 

5. 	 Phase II report
 

Supplementary geologic investigations were conducted 
during the preparation of the Phase II report as needed to 
permit evaluation of possible additional engineering components 
to the Pa Mong complex not considered in the Stage One report.
 
The additional sites considered for engineering structure and 
related cor struction material sources were mapped and explored 
by subsurface methods, such as core drilling, trenching, test
 
pits, and auger holes, aid samples of foundation and construc
tion 	materials were analysed (Ref. 6).
 

5.1 	 Damsites
 

(a) 	 Nam Ngum damsite: Enla-rgement of the Nam Ngum
 
reservoir and dam was considered in the Phase II
 
report (Ref. 7). The proposed damsite is situated
 
at the lower part of the mountainous region and
 
consists of sandstone, shale and conglomerate of the
 

0, 
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Triassic Age in the Mesozoic Era. The rock strata at
 
the damsite are resistant to erosion and cross the
 
river forming a sharp hill ridge to create a narrow
 
gorge. 	 The results obtained from 13 diamond core 
borings indicate the river bed is of hard rock con
sisting 	mainly of sand!7tone beneath 2 to 3 m of
 
gravel deposit. The drilling carried out from both
 
banks did not encounter any serious faults. 

Security reasons prevented drilling on the left
 
bank, but a reconnaissance survey of the surface soil
 
indicated the geological structure of the left bank
 
is nearly the same as that of the right bank. The 
bedding plan and the joint plane found in the sand
stone formations car be made water-tight by grouting 
before and after concrete placing. 

There is a thick layer o1 weathered clay
 
(9 m thick) in the downstream area of the right bank 
on the proposed route of the spillway or bypass, 
which covers a depth of about 10 m of sandstone 
where weathering is considerably advanced. Care 
should be taken when excavation is carried out in 
this area.
 

The foundations of the new powerhouse (near the 
existing one) can be placed safely on the hard rock
 

in the river bed.
 

Concrete aggregates can be supplied from the
 
thick deposits of sand and gravel found in the river
 
bed downstream of the damsite. Also, similar deposits
 

of aggregates can be found in the river bed further
 
downstream. Crushed stone can be found in the
 
mountains at elevation of 230 to 250 m MSL on the 
left bank immediately upstream of the damsite (Ref.7).
 

(b) 	 Huai Monq diversion damsite: This damsite, located
 
about 15 km downstream from the Nam Mong damsite on
 
the Huai Mong channel, is underlain by alluvial fill
 
deposits from the meandering stream activity. Nine 

hand auger drilled holes were made, with the soil 
samples tested in the laboratory. The upper portion 
is a clay-loam soil and at the lower depths most of
 
the auger holes revealed a heavy clay soil. The 
water table is high and fluctuates with the water 
surface in the stream channel. The soft alluvial and 
fine grained soils at this site will not be very stable 
unless anchored by some means such as piling. These
 
soils will erode readily and careful protection with
 
concrete gravel and riprap will be required at the
 
overflow weir and sluice-way portion of the structure
 
(Ref. 6).
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Earth materials suitable for compacted embankment 
are found in the immediate vicinity, but other con
struction materials arernot available near the 
structure site. Concr,_te aggregate may be obtained
 
from the Mekong river channel near Nonqkhai, Thailand. 
Gravel for drains and the bedding for riprap can also 
be obtained from the Phu Phan ridge area near the 
Nam Mong damsite, and a limestone source in the 
Pa Mong reservoir basin just west of the Nam Mong 
damsite would provide a superior roc:. 

5.2 	 Other engineering structures 

Geologic investigations were made for evaluation of 
additional engineering sites including the Chong Khao San 
canal, Kut Linchi pump inlet chainnel, and Sombun irrigation 
outlet channel.
 

(a) 	 Chonq Khao San canal: This site is for a proposed 
headwork at a saddle area of the Chong Khao San dike. 
The lngth of canal is 530 kin, with a capacity of 
250 m /sec. Horizontd] laterite was found throughout 
most of the area, and it was diflicult to auger through 
the laterite accumulation especially above the water 
table. About (.5 km oI thr. .i"itial reach may be 
classified as predomniiiaitly rock excavation. Some 
construction probleims will arise because of the 
saturated soil conditionis ar., high ground water along 
the reach across ),i(ly lail. The e-xcavation for the 
canal prism will provide a source olI required earth 
embankment materia] for the carnal costruction. The 
Rat Buri limestoie is a source bei:g used to provide 
coarse sizes of aggregates iii the area at the present 
time. Sand and small Iqgregate sizes come from 
natural 	 sources found a loq the Mekonq river channel 
(Ref. 6).
 

(b) 	 Kut Linchi punp inlet channel: This inlet channel, 
3 km long and located on the southwestern edge of the 
Pa M ng reservoir, is being planned to convey about 
50 m /sec of water from the reservoir between eleva
tions 225 to 255 m MSL. The canal will provide water 
to the upper portion of the Lam Phanieng irrigation 
division (Ref. E,). 

Subsurface exploration was on a limited scale, 
including drillinq of six hand auger and two rotary 
holes. An igneous rock consisting of ancesite and 
rhyorite porphyry was found below the overburden, 
characterized as decomposed! rock to a depth at least 
34 m. A loig slope of clayey soil derived from the 
weathered igneous rock poses construction hazards 
because of wat,-r satur atiol, hence drainage of this 
slope area will be advisable, especially in the active 
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drawdown portion. Construction materials can be found
 
in the vicinity to provide sources of riprap and con
crete aggregates. Rock spalls can provide the bedding 
for the riprap since there are no known sources of 

natural gravels in the vicinity (Ref. 6). 

(c) 	 Sombun irrigaLion out.e, channel: A channel 13 km 
long, required to convey water through th. Nain Mong-
Nam Pong drainage divide was considered in the Phase 
II report. The invert elevation will be 225 m MSL 
and the maximum depth of cut will be 26 m. Excavation 
for this outlet channel will be in siltstone and sand
stone of the Phu Kadunq formation, and can probably be 
accomplished with heavy-duty equipment without the use 
of blasting. At the invert elevation practically all 
the excavation will be below the ground water. Gentle 
cross slopes with berms will be required for open-cut
excavation because of the unstable siltstone and ground 
water saturation condition found at the structure 
site. For the mid-portion of the proposed channel 
se'_tion, about 2 km long, it is recommended that 
consideration be given to driving a tunnel or use of 
a cut-and-over section to reduce both construction 
and operation and maintenance costs (Ref. 6). 

Concrete agoregates are not available at the 
structure site. Aggregate sources can be found in 
the Mekong river channel area and by processing 
Rat Bur limestone found within 25 km. These source 
areas are the same as proposed for the major structures
 
of the Pa Mong project. 

5.3 	 Mekong river char.nel 

Detailed de!scrintio.s of rock formations which are 
found along the Mekong river char.nel downstream are also 
presented in the Phase II report. Sandstone and siltstone 
bedrock of the Phu Phar formation is intermittently exposed 
in the river channel from the damsite to about 7 km downstream. 
The next 6.5 km of the river consists of overburden material
 
overlying primarily siltstone of the Khok Kruat formation. 
From this point (about 13.5 km downstream of the damsite) 
the stream channel is sand and gravel, and silt and clay with 
some clayey gravel generally make up the river banks. These 
overlie soft shales and siitstone downstream to the Nam Ngum 
confluence (Ref. 6).
 

6. 	 Nam Mong. and Nam Lik saddles 

Some further geologic investigations have been con
ducted to gain information about expected leakage problems at 
the Pa Mong-Nam Mong saddle area and the Pa Mong-Nam Lik east 
and west saddle areas (Ref. R, 9).
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(a) 	 Nam Mong: For the Nam Mong saddle (Ref. 9), the Rat 
Buri limestone in the 
area of the Nam Mong-Pa Mona
 
divide appears to he a shelf deposit of cryptocrystalline 
to microcrystalline calcureous ooze, with some 
argillaceous content and rome thin shale layers. 
Possible underqround water movement within the lime
stone is expected to be restricted bocause of thin 
shale beds, argillaceous conteznt, and sparry calcite 
infilling in the limestone. However, the Rat Bfuri 
limestone has been thrust-faulted to form possible 
leakage paths across the drainage saddle. Also, a 
possible zone of fracturing may exist in connection 
with a fault zone at Huai Sai Gap and extending into 
the Nam Mong area. This zone may provide an excape 
route for underground waters from possible karst 
development to the north. 

Cavern development in the area is small and 
appears to lack interconnoctions between solution 
areas. Solution development appears to be inactive, 
with some deposition in the form of speleothems. 
At and below the general plain level, the caves are 
filled with laterite-derived clays, which would restrict 
water movement through the cdves.. Solution development 
below the general plair of the surroundinq area is 
expected to be restricted due to the high water table, 
unless the water table has !ben considerably lower in 
the past. I(evelopmefit of new solution channels is 
expected to be insirinificant, and any significant
leakage would be throuqh existing caverns and solution 
channels. 

The study concltde.: that the prohlem of reservoir 
leakage at the Pa Mong-Nam Hong saddle can be readily
managed for reservoir elevations up to 240 m MSL, but 
for levels at ,50 m or higher additional geologic 
investigations will ho needed for final design. Also, 
a ground water tracinic programme has been recommended 
as part of the reconunai ssance level and feasibility 
studies. 

(b) 	 Nam Lik east: For the Pa i'lorq--Nam Lik east saddle 
are-s (Ref. (-), the saddle area itself is considered 
to be the most reasonable location for the proposed 
dike. Possible alternaite, dike sites to the southwest 
delineated by the USBR could involve extensive 
groutinq at the right abutment in the [-hu Phan sand.
stones in the area of favnltinn, and would require 
higher dike construction. Also, extensive drainage 
from the area between these alternative (dike sites 
and the saddle would have to be cith-n" pumped over 
the dike or channeled into the Nam Lik river. 
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A rolled earthfill dike will be the most suitable
 
form of construction. A simple rolled fill cutoff
 
should adequately control seepage under the dike, and
 
a grout 	curtain at the abutments will provide a 
positive barrier to seepage through the abutments.
 
The alignment of the dike should be arraneed so that 
dike constru-.tion misses the fault at the left abut
ment. No drilling in the Nam Lik East saddle area is
 
deemed necessary in order to complete reconnaissance 
grade dike designs and cost estimates. 

(c) 	 Nam Lik west: Field inspection of the Pa Mong-Nam Lik 
west saddle area was not possible due to the security 
problem, hence the studies were based primarily on 
aerial photograph interpretation. The study report 
(Ref. 9) concludes that sone field surveying will be 
necessary to establish accurate elevations in this
 
area. It appears feasible to build a dike just south
 
of the limestone outcrops as shown in Figure 4, to 
keep reservoir waters away from the porous limestones 
at the saddle area. However, it is possible that no 
structure of any kind will he required. The saddle 
is at plus El. 270 m .ISL; leakage paths in the lime
stones may not cross the saddle; and it may be 
practicable to blanket the limestones to prevent 
reservoir waters from reaching them.
 

Extensive (ueological investigations of the area 
will be required to define the precise leakage 
problems at the site, and to, decide on the best
 
solutions to any problems which may exist. The 
solution adopted in the study report is tentative 
and is designed to provide a reasonable estimate of 
the ceiling cost of preventing extensive reservoir 
leakage 	across the saddle.
 

7. 	 Probable effects of Pa Mo1._r oject 

(a) 	 Landslide prone areas: Landslide prone areas are 
indicated along the eastern rim of Pa Mong reservoir 
at Nam Lik and Nam Mong and along the natural dike 
south of Huai Sai Gap dike. The eastern rim of the 
reservoir is confined by the escarpment of alternating 
sandstone arid siltstone of the Khorat plateau. Talus 
of large sandstone blocks dislodged from the ridge 
are accumulating on the slope facing the reservoir 
basin resulting from weathering of the siltstone 
which underl ies the massive sandstone bed. Measures 
to improve the low natural dike, that comprises over 
5 km of 	the reservoir rim south of the Huai Sai Gap
 
dike, will be needed to protect it from erosion by 
heavy wave action (Ref. 1). 
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For the 	southern rim of the reservoir, landslide
 
prone areas are indicated at the Kut Linchi inlet 
channel and Sombun irrigation outlet channel. At 
the Kut Linchi inlet channel extensive excavation 
will be required in severely weathered rhyorite and 
andesite porphyry. The stability of the saturated 
slope of clayey soil dreived from the weathered igneous 
rock will be uncertain even with flat slopes, hence 
a drainage system is needed for the slope area
 
especially in the active drawdown zone, and special 
attention should be paid ini the design of the inlet 
channel. Also, the excavation for the invert elevation
 
of the Sombun irrigation outlet channel will be below 
ground water, which might cause stability problems
 
with the saturated siltstone. Gentle cross slopes with
 
berms are recommended for open-cut excavation.
 
Limits of stable slopes for excavation would be 
delineated at the design period and modified as 
needed during construction to suit the actual con
ditions (Ref. 6).
 

.and slides would of course be detrimental to 

communities situated along the reservoir bank and can 

cause uave attack along the shores of the reservoir. 

Restrictions on community development should be 

provided for areas subject to significant hazards. 

(b) 	 Erosion prone areas: As previously noted, erosion
 
of the natural dike of 5 km length south of the 
Huai Sal Gap dike seems probable. Heavy wave attack 
of the rpservoir water over a period of time may cut 
this rather low and narrow natural ridge. Stripping 
and preparing the slope for placement of protective 
cover such as riprap will probably be necessary 
(Ref. 1). Other erosion prone areas are the 
Chong Khao San dike, the Nam Lik-Nam Ngum dike areas 
and the Nam Lik and Nam Mong damsites. Protection 
measures are technically feasible and have been 
recommended (Ref. 1 6). 

Erosion 	downstream of the Pa Mong damsite is 
discussed separately (See sedimentation and erosion).
 

(c) 	 Geoloqic faults and earthquake hazards: There is only 
one major fault, referred to as the Ban Ang fault, 
located in the darn foundationi area. The general 
continuity of surface outcrops shows little evidence 
of any significant displacement. This fault is 
believed to be old and inactive. Records and tradi
tions of earthquakes in the region indicate that 
any earthquakes have originated at considerable 
distances from the project area (Ref. 1). 
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Establishment of the proposed seismic station in
 
the vicinity of Pa Mong will be valuable for indicating
 
rock formation behavior and response under the huge
 
body of water to be stored. As previously noted,
 
this seismic station would be integrated as part of
 
the worldwide system, and together with the two
 
existing stations In Thailand at Chiang Mai and
 
Songkhla should provide sufficient information to 
guide design of the Pa Mong project. 

(d) 	 Ground water problems: Effects of the reservoir aznd 
irrigation system on ground water are reviewed in the
 
discussion on ground water.
 

(e) 	 Effect of different pool elevations: Requirements for
 
accessory dikes for different Pa Mong high pool
 
elevations will depend on the topography of the basin.
 
Table 1 shows the approximate lowest elevation of the
 
accessory dikes, thus indicating which dikes would
 
be required for each pool elevation. A major concern
 
will be the cost of saddle dikes for the Pa Mong-

Nam Mong and Pa Mong-Nam Lik saddles.
 

The probable effects with respect to leakage and
 

erosion will be different for different pool levels.
 
For the higher pool elevations under consideration 

(250 and 260 m MSL), the problems of leakage and 
erosion along the low and narrow natural dikes will 
be more significant and require more extensive remedial
 

measures.
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PA MONG ENVIRONMENTAL .SSEZSMENT 

GROUND WATER
 

1. Existinq situation
 

Ground water is environmentally important in the lower 
Mekong basin because of the many uses dependent on .:ater from 
wells and springs, and because eischarg, from ground water 
aquifers comprises most of thu dry :se7son base. flo,.: o1 streams. 
However deve.opment of ground ..ater resources in thc lo,.cr 

basin is still quite .imited, imountinc to only ibout one 
per cent of the total safe annu-.1 yield of the basin estimated 

.
at approximately 70 billion m3 P-rew;nt use of ground .:ter 
is limited mainly to domc.Lstic and community 'ater supply in 
rural and in some urban areas. Grouid ,;ater has not been 
significantly used for irrigation primarily because in areas 
where ground jater is pl'.5ti1ul, surfiace .ater is also 
usually plentiful and of more reliable 'iuality and useable 
at lower costs 

For the reasons noted 1boVe ground ',ater exploration 

has b.,n very limited in mitost ports of the lower basin, so 

that precise information is genrally laching on the extent 
and nature of ground water rusources in most areas. However 
a number of studics cunducted by or for the liekong Committee 
do permit a general issessment (C<et'rences i through 1'.;, 19, 
22, 23).
 

Construction of unlined r-cservcirs and extensive use 

of .;fiter for irrigatin a significontly change '.ater table 
.ater movement. in some instances,characteistics and ground 

water resores development orojects ,ay create unanticipated 

serious locccl drainage problems, 15 '.,ull as ground water 
quality problems. Geology has a greater o.ffect u)on the 

quality of cjround ,;iter- than any other iactol: .ssessing 
the nature and etent ., g- und a- a uifers in the basin 
is impr)rtant th estimntinj the iviltbility groundb uo- oi 
water and ore:determi;ning potenti,l environmental effects 
of proposed action . d rnil.dge oeto].lground ,.i-ter(n 
requires ilield mcasurerrent of .ater tables ind the piezometric 
surface, ind estimation of permeabilities from pumping or 
infiltration tests (i~ei . 19) 

2. Lobable effects 

Constructin , L,-Hcng dam i]1 probably affect the 

ground cater resouuces of the. looer basin cnly tu a very 
that this will be morelimited extent, :nd it sa li:ely 

beneficiri] th:tn detr:imental. Generally the cffects .Yill be 
to the dan site, and ill graduallygreater fir the ;areas clsc 

diminish proct:eding do.':nstream. The Inticipated effects 
therefore may be significant in the upper part of the basin, 
but are bound to be minim,:l in th delt area. 
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(a) 	 Reservoir vicinity: The creation of Pa Mong reservoir 
will affect the ground water table in the upstream 
area aquifers which are in contact with the reservoir. 
These aquifers will receive some recharge from the 
reservoir, causing the iater table to rise. The 
e:ctent of this offict will depend primarily on the 
hydrogeological conditions, the water level of the 
reservoir, and distances from the reservoir. Generally 
this will improve the availability of wlater from 
local wells. 

The terrace alluvials in contact with the reser
voir will accept recharge from the reservoir causing 
temporary bank storage. he water levels in these 
deposits will flictuate ..,ith the reservoir water 
level. 	 This extra storage :.ill be beneficial in 
serving 	 to increase the total reservoir storage 
capacity.
 

(b) 	 Leakage from reservoir: The Pa Mong Stage One report 
notes the e::i.s tence of cavernous limestone in the 
saddles separating the Nam Li! and Nam Hong basins 
from the 1iekoncj basin, and that serious leakage 
through these saddle areas might occur if diking 
were attempted at these sites, especially at pool 
levels of 250 m i1SL or higher. An evaluation of 
this problem, including subsurface borings at two 
of the saddle areas (Ref. 21), notes that rolled 
earth--fill .ill be the mincst feasible form of con
struction for tho dikes, and developed the following 
conclusions:
 

(1) Nam Nonq saddle. The reservoir leakage problem can 
be solved by practicabli engineering methods (e.g., 
outoff curtains) for pool levels up to 260 m. Addi
tional subsurface geological investigations will be 
needed to obtain more detailed information prior to 
design of the control system, and a system of ground 
water obserVatJ.oni e is should be installed for 
monitoring o, grownd .ater levels. 

(2) 	Nam Lil: east saddle: ..simple rolled fill cutoff 
should adequately sontrol seepage under the dike, 
and a grout curt, in at the abutments will provide 
a positive barrie; to si:epago through the abutments. 

(3) 	Nam Lik wesc ',d1. :l-haugh subsurface borings could 
madl f:not be t-. ti site, Tlhotogeological interpre

tation indicates! it is feasible to build a dike 
approximately o-nte kilomotre north of Ban Hinkang-Na 
to keep the reservoir %.atersa,.,ay from the porous 
limestone at the saddle orea. However, it is 
possible no dike need be built because the saddle is 
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above E1.270 m, and leakage paths do not cross the 
saddle. Also, it may be feasible to blanket the 
limestones to prevent reservoir uaters from reaching 
them. Geological investigations of the area will be 
required to delineat,- the leskage paths and to develop 
the best solutions. 

(c) 	 Downstream riverinu areas: Delow Pa .14ong dam, the 
reservoir operation will cause sLgflificant changes in 
the historic streanfi.e: patterns of the -iekong river 
(Ref. )). This ,jill, in turn, affect the ground water 
recharge and dischjrcge, particularly for the river 
bank areas close to the river and its tributaries. 
During the '.iet season, the surface water recharge 
to the ground .;at:r aquifelrs ill be reduced in propor
tion to tie reduction in th llekong river flow. 
However, the incr:ease in flow during the dry season 
may result in a significant decrease in the ground 
w.ater discharge to the r.iver. The effects in cha:nging 
the normal fl-w: regime wil. likely be more in the 
dry than in the ,et season. The overall impact of 
the bank storage during the dry season will be to 
augment the total dry season Ilow, with significant 
benefit to agriculture and other beneficial uses of 
the river watet.
 

(d) 	 Pa Mong irri!ation areas: After the start of Pa 
Hong project operation the reservoir will provide 
about 13,900 million in of surface water annually 
for irrigation, fishery and municipal uses in the 
service, areas (Ref. 9). Utili:;ation of ground 
water in these areas ill be limited mostly for 
domestic water supply for a limited number of people. 
Therefore excessive extraction of ground water will 
not occur in the service areas, and the ground water 
resources in these areas -ill be conserved. 

Becouse of irlrigation, seepage fr-(m local storage, 
and seepage from distribution cancels, the ground :ater levels 
in the irrigation service areas will probably rise. Sub
surface drainage systems ..'ill bw used as needed to) maintain 
a salt balance and othurwise as needed for successful 
cropping of both ri.ce and upland crops. i special problem 
is the possible increase in ground '.ater salinity in areas 
overlying salt formations in the Khorat plateau. 5oiMe 
aquifers might be inter-connect-d and the water may move 
horizontally and thus transfer -,lt from one aquifer to 
another Cef. 17). In vie,.i of this, the probable effect of 
irrigation of lands overlying the salt beds in northeastern 
Thailand at.,' adjacent areas of the Lao i'DR :as investigated 
in 1.973 with the following conclusions (Ref. 4): 
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(1) 	 In areas where the proposed irrigation will be mainly
 

for wet-season crops, as supplement to natural rain

fall, there will be little change in the present
 

ground water levels or movement.
 

(2) 	 In other areas where year-around irrigation is pro

posed, the additional water applications can be
 

expected to cause a rise in average ground water
 

levels, which can be expected to be I to 2 metres in
 

low-lying areas and floodplains, to as much as 3-5
 

metres beneath uplands.
 

(3) 	 Adequate drainage will have to ce provided in the
 

irrigation developments to prevent water logging and
 

possible salinization of soils.
 

(4) 	 Ground water discharge, which presently comprises 
the dry season base flovw of all streams, will increase 

as 	a result of increased irrigation (probably ranging
 
or more of the water diverted
from 10 to 15 per cent 


fnr irrigation).
 

on
(5) 	 The underlying salt deposits will have no effect 

the proposed developments nor wilL the future irri

gation result in solution of the salt beds. 

(6) 	 Harmful deterioration in ground water quality will
 

not result from the planned irrigation development.
 

(7) 	 Increase of ground water discharge, together with
 

surface runoff from irrigation and regulation by
 

existing reservoirs (excluding [a Mong) in the area
 

will significantly increase the dry season base flow
 

of most streams.
 

(8) 	 The return flows from irrigation that eventually
 

return to the ekong river ill not have any signi

ficant effect upon ground or surface water quality.
 

A follow-up study was made in 1974 (Ref. 20) to 
"local seasonal salinization" of
ascertain the causes of 


surface soils, which is a common phenomenon in northeast 

Thailand. It was found this salt originates from ground 

water emanating from salL-bearing strata uhich still contain
 

some residual salt even though the strata are close to the
 

surface 	 and subjected to continuing leaching. 

(e) 	 Mekong delta: Intrusion of saline water from the 

sea affects many rivers and canals in the lower part 
of the delta, especially in the dry season when 

the Hekong river discharge and local rainfall are
 

small (Ref. 13). The quality of ground water in 

this area is also affected by the saline water
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intrusion (Ref. 2). However, the storage water releases 

from Pa Ilong during the dry season will have a signi

cant effect in augmentation of dry season flow. Also, 

tidal gates and other barriers will be used to help 

minimize intrusion. Consequently the overall effect
 

of the planned irrigation system in the delta should 

result in some lessening of intrusion and in a corres

ponding improvement in the quality of both surface 

and ground water affected by intrusion. 

(f) 	 Summay: lrough preliminary assessment was attempted 

of the extent of both detrimental and beneficial 

effects on ground waters resulting from Pa I-long, based 

on the available information given in Reference I to 

18. A summary of this assessment is presented in 

Table 1, w;hich shows the net environmental effect on 

ground wateL is likely to be much more beneficial
 
to date 	havethan detrimental. However, the studies 

not been carried out sufficiently to permit quantified
 
of effects in individualassessment of the magniLudes 

to predictareas. 	 Therefore, it is not now possible 

specific environmental effects. 

3. 	 Effects of different pool levels
 

!ith respect to different pool levcls at la olng 

the probable effects should be of a similar naturereservoir, 
regardless of pool level selected. The magnitude of effects
 

will of course be greater for greater reservoir depths, but
 

in any case the magnitude will be small.
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TABLE 1
 

SUI-MRY OF ASSESSMENT OF EFFECTS OF 
 PA MOG ON GROUND WATER 

Ground Water 
 tBenefit Reservoir Docnstream Pa Miong NekongParameters 
 or Vicinity Rivcrine Project Delta
 
betriment 
 Areas S;ervice 

0 
+ 2 2° 1 0
Water Level 


+ 	 0 o0-- ------
0.. 0 

Water Quality 

+ 0 0 01 7
SeaW-ater Intrusion -----------------

- 0 0 O _ 

Notes: (1) C : insignificant effect or no effect, 
1 : limited extent of effect

2 : significant effect.
 

(2) 1 : during dry season, 	 during wet season
 

0 

-
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PA MONG ENVIRONMENTAL ASSESSMENT
 

HU1IA ECOLOGY 

1. 	 Introduction
 

As in evident from a review of evaluations of
 
environmental impacts in regions throughout the world, most
 
adverse 	effects resulting in losses of environmental resources
 
stem directly or indirectly from human developmcint - from 
growing populations and their associated community, industrial,
 
and agricultural activities. The development of cities in
 
effect replaces the natural ecology with an urban environment. 
Even traditional farming practices are vastly disruptive of 
natural 	ecologies, replacing a varied biota of high diversity 
with low-diversity systems. 

The lower Mekong basin, like many other developing 
regions, is ezneriencing unprecedented deterioration of 
natural resource.s, not so much, yet, due to population explo
sion, but due primarily to gross use and application of modern 
tools and technology without suitable controls. In agricul
ture in northeast Thailand, for example, the new technology 
has permitted rapid development of production of large quanti
ties of cassava and kenaf, but the process is more akin to 
"mining", with respect to soil fertility depletion, rather 
than cropping on a sustained yield basis. In the forests, 
ezbraction of log: by mechanical means has accelerated the 
pace of leforestation. Again, with respect to wildlife, the 
ready availability of very efficient guns has placed the 
survival of virtually toe entire wildli~e oF the region in 
jeopardy, even in the hiighest hills and mountains. It is 
this rapid utilization and deterioration in natural resources, 
rather than development of water resource!- and similar -evelop
ments, which posc, the greatest threat to environmental values 
in the lower basin. Ex:acerbatinj this threat is the continu
ing exponential g-owth of population. 

2. 	 Human ecoloqy in the lower Mekonq basin 

Pecognizing the iimportance o:$ the population factor, 
and its key relationship to impact on environment in the 
future development of the lower basin, the Mekong Committee 
has sponsored a preliminary evaluation of the long-term 
population problem in the basin, w:hich was completed in 1974 
(Ref. 1). The findings oF this study may be ';ummarized as 
follows: 

(a) 	 The desirability of achieving a balance in humas, 
population and the consumption of renew-able resources 
in the long run is self--evident. The only alterna
tive i 	a series of uprecedented catastrophes along
 
with a partial destruction ol the overall carrying 
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capacity of the environmenL. A malor watershed area 
such as the lower Mekong basin appear!; to be an 
especially suitable region for carrying out the 
necessary planning. 

(b) The carrying caparity of the lower flekong basin was 
crudely estimated to be, 123 million persons as com
pared to about 33 million populatiora in 1974. The 
assumptions wer'e t ,at intensified me thods of cultiva
tion and ensuing yields would be raised to the highest 
levels obtainalle today on all land presently culti
vated, and extcnded to almost all the land in low
lying areas that can be irrigated. A several-fold 
increase in the cultivation of plateaus and hilly 
lands that are more lightly yielding was also assumed. 
(This degree of intensification and extension would 
probably he regarded as highly optimistic by agricul
tural scientists). 

(c) Irrespective of carrying capacity limitations, the 
estimated lowest population at which "steady state" 
could he reached is fl.am '130 to L70 millior. depend
ing upon conditions in neighbouring basins, and 
assuming the acce;tance of fertility controls proceed
ing as rapidly as any raL:es teat hove been experienced 
in recent A.;ian history. The higher side of the range 
allows for use of Mekong wat( r by jrowing metropolitan 
areas just. outside the baii.n that are accommodating 
settlers from the Hekong and more denely settled 
basins nearby. 

(d) The likelihood of population exceeding carrying 
capacity noted undcr (h) above suggests that unprece
dented measures must he taken both to enhance carry
ing capacity and to accelerate acceptance of fertility 
limitation. In both inrs:ances it means depending 
upon knowledge that already exiJsts and has already 
been reduced to practice in Asia, but only on a very 
small scale. Thus twenty years or more would proba
bly 1e required to fit such controls to the needs 
of the lower basin peoples after the necessary studies 
and experiments were undertaken. A dietary plan needs 
to be prepared which would identify the periods and 
the dimensions of the p rospectivw_ shortages; the 
appropriate region must bo larger than the Mekong basin. 

(e) More imaginative of or :U mus;t be made to hold down the 
growth of population. One featuro neglected everywhere 
in the world should b: looked into more fully, namely, 
using the social changes effected by valley develop
ment to reinforce the acceptance of family planning 
and f[ertility control. There are four identifioble 
stagcs: (1) the resettlement of people now living in 
arear to be flooded, (2) th.2 workers mobilized for 

7 
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large scale construction, (3) the population affected 
by the extension of the electrification of villages 
and towns, and (4) the agriculturists receiving the 
new water for irrigatinn. s':perienct- accumulated in 
many societies has shown that family size preferences 
do not change significantly until the climate of 
opinion and the flow of' social communications have 
both changed, and the control o" population cannot be 
accomplished by mandate or throuqh tLhe use of police 
powers. Hlowever, quit, a few countries have been 
successful in influencing rates of change toward new 
family size norms. 

(f) 	 The structural characteristics that can he deduced
 
for the steady state at a minimum adequate level of
 
living, maintaining a rural-urban equilibrium,
 
suggests that the labour force would need to raise 
productivity several times over current levels. For 
the rural areas this means a labour force roughly 
equal to the present ('with a total population some
what less) but getting more crops from a larger area 
per worker. It also means that all added. population
henceforth can only find productive employment in 
urban areas. At steady state the pcpulation is 
expected to be 80-90 per cent urban. 

(g) 	 Intensive us. of water and enerqgy in the urbanized
 
regions r(equir,-_s the introduction of recycling of
 
water, fixed nitrogen, phosphorus, and scarce
 
materials. The simplest solution is to produce the
 
perishable foods within the extended metropolis.
 
Energy saving can be accomplished with that aid of
 
telecommunications, and electrified rail network, and
 
a combination of light vehicles. The latter might be
 
combined very effectively -, ith canal transport in the
 
largest forseeable urban aggregations.
 

(h) 	 On the whole, perhaps becc-ise the Mekong has had a 
head start, the poss±bility of achieving a steady 
state without intervening massive catastrophe seems 
to exist, but there is likely to he either a close 
squeeze or cn "overshoot" about three generations 
from now.
 

3. 	 .I)actOf Pa Mong 

While the Pa Mong project is critically needed for, 
and would be financed essentially from, power revenues, the 
Pa Mong 	 project is perhaps en more critically needed as the 
most feasible approach to increasing agricultural productivity 
to meet 	 the projected food needs of the region, especially in 
northeast Thailand. Thu increased productivity would be mostly 
in rice 	and uplaid crops and al:;o in -ish(both from the 
reservoir fishery and from fish farming) to help meet protein 
needs. 	The necessary water for enabling this increase, by 
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permitting cropping during the dry season, by improving 
cropping during the .ct season, and by permitting fish farm
ing on a continuing basis, must come essentially from main. 
stream storage projects. 

Th possible total system of 'ater resource project 
develcpment identified by the Mekong Committee would furnish, 
with present-day methodology, food over non-o'.: supplies 
project levuls to su,,port approximately an additional 100 
million opole (,l. 2). 

The ['a Ilong aro ject, as the logical first major main-. 
stream ioounidmcnt, is the key first big step in implementing 

the overall system plan. *s noted in the discussion on agri.
culture, Pa riong will make it possible (a) to virtually 
eliminate flooding along the middle course of the Mekong 
river from Pa 14ong to Khone Falls, which e densely populated 
riverine lands, and to develop these lands by lov. lift 
pump irrigation on both sides, particularly on the Lao POR 
side in the Vientiane and :5ivannalhet plains, (b) to irrigate 
up to 1,000,000 ha in northeast Thailand atnd the Lao PDR, 
and through the irrigation system to supply thousands of 
villages .;it!i domestic eiter, (c) subject to internitional 

3
agreement, to transfer 5,09)) millit'n m or mo:e of surplus 
water in the cl-y season to the central plin of Thail nd, 
(d) to reclaia ,cp to 200,0,N' hi, in Iemocrratic Iampuchea 
through flood control, thus utili: inj l~inds not nov' usable, 
and to convert up to 200,00o ha ren loLirig rice culture 
to other rice varieties of higher yields -nd guality, (e) 
to make available for use. in thc d:y season in the Mekong 
delta some 30,00C, million n 3 of etr-, fresh w-.'ater, and (f) 
to engage in year-around fish .arminq throughout the lower 
basin.
 

Using the general rule of thumb that a cubic metre 
of irrigation water .:ill yield at present about 0.5 kg of 
rice (and more of upland crops), the potential extra rice 
yields from the improvements noted above could support at 
least 25 million people in northcast Thailond and the Lao 
PDR alone. The additional benefits in e'-tra food supply 
further downstrean wouzld be eveu larger because of the very 
large land areas which cu"uld became subject- to cropping or 
extra cropping either through floi control or irrigation. 
Hence the extra food to r 4{ram Pa shIould meet the]su.t Nona 
need:; of at least an riddit1,. :[ '0) illlion 'Cople. 

An additional very important !otentia which mcay be 
realized from Pa iong will be the, opportunity to demonstrate 
on a mass scale, especially in tii, irriqgttion service preas 
in northeast ThailanI Find the Lao P k jid in the delta, how 
tr transform existirng igricultural practices by using new 
concepts and methodologies which take lull advantage not only 
of continuing improvements in agricultural technology but of 
the unique combination of the year- around sunshine, 
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year-around water available through water control, and a
 
highly competent people. This combination represents a
 
special asset to Southeast Asia, and if these resources can
 
be mobilized in the lower ;ekong basin, it is realistic to 
believe that for a long time to come the lower basin can
 
meet its own food needs and realize major export revenues
 
as well.
 

References
 

(I) 	 "Human Ecology in Long-Term River Basin Plarning -

The Mekong Case". R.L. Meier, University of
 
California, Berkeley, August 1974.
 

(2) 	 "Report on Indicative Basin Plan". Mekong Committee, 
1970. 

(3) 	 "Pa Hong Phase II, Main Report". Mekong Committee, 
1972. 

(4) 	 "Recommendations Concerning Agricultural Development
 
with Improved Water Control in the Mekong Delta". 
Prepared by Netherlands Delta Development Team for 
Mekong Committee, April 1974.
 

(5) 	 "Pa Mong Downstream -Efects on Hydrology and Agri
culture in the Cambodian Part of the Mekong Delta". 
Mekong Committee, 30 November 1975. 

(6) 	 "Mekong Fisheries Programme, Its Background and 
Rationale". V.R. Pantulu, Mekong Committee, 8
 
November 1973.
 



III - 193 

CHAPTER III 

PA MONG ENVIRON4ENT, L AiSSMSSENT 

IRRIGATION AND DR.INGE 

Contents 	 Lae 

1. 	 Introduction 199
 

2. 	 r ritAon and ariculture developm ent 
.2otenti'alof lower basin 200 

2.1 	 Existing conditions in lowyer basin 200
 
2.2 	 Need for irrigation development 202
 
2.3 	 Indicative basin plan 203
 

'.3.1 Short-range pl,.n 	 203 

2.3.2 Long-range plan 	 203 
2.3.3 Complementary programme 	 204
 

3. 	 Pa Mon poject/irriqation and drainaqe 205 

3.1 	 Existing conditions in Pa Mong project
 
area 
 206
 

3.1.1 Land resources 	 206
 

3.1.2 Water resources 	 200 

3.1.3 Drainage 	 200
 

3.2 	 Land and uater studies 209 

3.2.1 Land classification 	 210 

3.2.2 Soil salinity 	 211
 
3.2.3 Drainage 	 212
 

3.2.4 Irrigation water requirements 	 213
 

3.2.5 Return flows 	 213 

3.2.6 Uater utilization for irrigation 214
 

3.3 	 Plan ol development 214 

3.3.1 Distribution and drainage systems 214
 

3.3.2 Project organization/administration 215 
3.3.3 Irrigation development period 	 216 

.. rriti . rojetsrelated to .>_a Hong 217 

4.1 	 Delta development 217
 
4.2 	 Sambor project 21,"
 

4.3 	 Irrigation along river banks 220 
4.4 	 Transbasin diversions 220 
4.5 	 Vientiane pump irrigation project 220
 
4.6 	 Pioneer agricultural projects 221
 



III - 197 	 Irrigation and 

drainage 

Page
 

5. Effects of Pa Mong on irrigation development 222
 

5.1 Basin water resources 	 222
 
5.2 Land resources and soils 	 224
 
5.3 Ecological effects 	 225
 
5.4 Agricultural production 	 225
 
5.5 Community water supply and public health 225
 
5.6 Socio-economics 	 226
 
5.7 Summary of probable effects 	 226
 
5.8 Different pool levels 	 226
 

References 	 227
 

Tables
 

Table 1: 	 Summary of investigations of mainstream
 
projects for irrigation development
 

Table 2: 	 Tributary irrigation projects in operation
 
and under construction
 

Table 3: 	 Tributary irrigation projects/reconnaissance
 
and feasibility studies
 

Table 4: 	 Cultivated areas in lower flekong basin
 
in 1970
 

Table 5: 	 Projected food requirement, production, and
 
deficiencies in lower Mekong basin for year
 
2000
 

Table 6: 	 Irrigation projects considered for the
 
short-range plan (1970-80) 

Table 7: 	 Irrigation dumand versus sources of supply
 
for lower Mekong basin for period 1971-2000
 

Table 0: 	 Present land use for Pa Hong Stage One and 
Phase II study areas 

Table 9: Summaries 	of arable land classification for
 
Lao PDR and Thailand 
divisions 	of Pa Mong Phase II investigations
 

Table 10: 	Potential irrigable lands considered in
 
Pa Mong Phase II iicveistigations
 

Table 11: 	Allocation of average annual 'ater supply
 
of Pa Mong project for i.:rigation and other
 
purposes
 



III -o 198 Irrigation and
 
drainage
 

Figures 

Figure 1: Location of water control projects com
pleted or under construction 

Figure 2: Location of water control projects in 
short-range plan, 1971-80 

Figure 3: Location of Pa Hong irrigation service 
areas showing irrigation division boundaries 
and land classification surveys 



III - 199 	 Irrigation and
 
drainage
 

PA MONG ENVIRONMENTAL ASSESS1ENT 

IRRIGATION A4D DRAINAGE 

1. Introduction
 

The Mekong river is 	 one of the world's largest rivers 
with an average annual flow more than 475,000 million m3.
 
Most of this annual flow is not utilized but passes through
 
the Mekong delta into the South China Sea. The lower Hekong
 
basin covers an area of more than 600,000 km2 with a popula
tion in 1970 of about 30 million (Ref.1). Consumptive use of the
 
basin waters for irrigation and water supply currently
 
amounts to only 0.6 per cent of the total available flow.
 
The total cultivated area in the lower Mekong basir is now
 
approximately 10 million hectares, or 15 per cent of the
 
total area of the basin. Of the total cultivated lands, only
 
213,000 hectares, or about three per cent, are currently
 
irrigated. Several irrigation projects now under construc
tion, or likely to be completed before 1900, will increase
 
the irrigated area of the basin by at least 550,000 hectares
 
to a total of over 750,000 hectares.
 

Planning of irrigation projects for enhancing agri
cultural productivity in order to meet the food requirements
 
of growing population and also to provide a surplus for
 
e-xport has been carried on by all the riparian governments 
for the past several decades as well as by the Mekong Committee. 
Irrigation has been one of the major aspects of the Mekong 
Committee's programme for the orderly development of the water 
and related resources of the lower basin, including both the 
mainstream and tributaries, for the benefit of all the people 
of the basin, withcut distinction as to nationality, reli
gion, politics, or other differences.
 

Since the formation of the Mekong Committee, 17
 
projects situated on the mainstream of the Mekong river and
 
in the vast Iekong delta, and more than 90 projects situated 
on tributaries, have been identified as possible developments
 
(Ref. 1, 4). Some of the mainstream projects are true alter
natives competing for use of the same reach of the river. 
These projects have 	been investigated in varying degrees of
 
detail ranging from complete study, design, and implementa
tion for some of the tributary projects, to simple "desk 
studies" of some of the remote and inaccessible sites. 
Table I summarizes the major investigations of the mainstream 
projects for irrigation development. Trihutary projects 
included with irrigation which are in operation or under con
struction are listed in Table 2. Table 3 describes those
 
tributary projects which have been investigated at reconnai
ssance and feasibility levels.
 

Within the conte::t of the overall planning of the
 
Mekong Committee for development of irrigation potentials
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throughout the lower LMekonq basin, this discussion will 
evaluate the role of Pa flong as the first mainstream project 
in the overall plan, from the irrigation engineering point 
of view. The progrwarnes o'J the llekong Comittec for orr' Lly 
evelopment of the basin .ith respect to irrigation comprise

num.rous activities, carried out by the 'leI:ong Secretariat 

divisrions. The programme of the agricultural division
 
includes three major categories of planning, namely (a)
 

i.motal and (1emnstration furms, (b) pioneer -gricul
tu.a! project.:s, ani (c) regional irrigation planning. The 
caa-noic and -ocial studies division has been concerned with 
the s:cio-econonic aspects of irrigation development. 

-,ai.c1, a Ivries of t: agricultural !ivision and economic 
and sc sl studies division to guide the continuing develop
n~nt of agr.;iculture off the basin are discussed in other 
._ctca, of Uhis chapter. 

2. 	 Tr,igaion an,1 ariculture development potential of
 
lo'wer_ basin
 

2.-1 	 E-istin- conditions in lower basin 

T,e lc,v~r Hrte~on basin drains an area of about 
CO5 k . luhs almost the whole of the Lao PDR 
.20.0 'rm), t', northern tip and northern area of Thailand 

(.].:, ?'! Im-), nins-.tenths Q[ Deocratic Kampuchea (154,730 
2 ) .r'.11. -'.1.n 'lanc and southern tip of Viet-Narn 

(7 ,70kin-). AL peviou:;.iy mentioned, a population of about 
.J :'.lian !iv.-:. in the hssin (i9/0), w'hich is not considered 
t .: .:,22.,.-_y popuiated coompared with most other Asian river 
;.::". henre resources s'- land, forests, and water are
 

- itively Historically, food prodction
. plentiful, 
no.: '.cnly 1:ept pace with the rapidly increasing population 

hut hn; p e:'port As result continupeov.deeln surn .us. a of 
:iw' c"-v,Cn-. on sult d. no to 10the vdtI1 area 10 amounts about 
'i.' hectarcs, or 15 per cent of the total area of the 
- 1'urther increases in production by areal a- ansion 
. "a progr'.-ssivelv more di-ficult to obtain, and can much 

]- 4.y bo procured by irrigation development (Ref. 1,5). 
past, wat--seascn r.i.-e cultivation was sufficient and 

' little or no need to provide for multiple cropping 
.. seiason irrigation,.n. di-


-h: value off agricultural production in the lower 
, was appzo::imnately U.;$ 1,000 million a year in "1970 

kR:._7. "11. This Is roughly half oF tho total produced by 
th four riparian countrL.2s. Three agricultural zones can 
be .n'-'. ied ithin t hasin. Table 4 shows the gross 
- of the basin and those areas under cultivation separated 

Ly as and .n recltion to populatiori in 1970 (Ref. !). 

Although rainfall is quite heavy during the wet 
r-ascn, there is insufficient rain the rest of the year to 
p:'.uce more than one crop in the basin. However, the 

.-. I'rause and other 	meteorolcgical conditions are 

http:countrL.2s
http:peviou:;.iy
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favourable for plant growth all the year round, but the 

limiting factor is water supply. As mentioned previously, 
continuous irrigation is not e::tensively practised in 

spite ol the wide e'qnanse of !_;citahle land; emphasis no 
far has been on .uupplementar' irri.'ation. There has been 
as yet little need for multiple-cropi:-i as increasing i-ood 
requirements have been traditionally aisfied by increasing 
the area of single-crop cultivation. 

The major (!am projects completed and under construc
tion for irrigation an. well as for other 'purposes in the 
tributary basins are listed in Table 2 and are shown in the 
location nap of Figure L. In addition to these projects, 
there are a number of small tank irrigation systems in the tributary 
basins. In Thailand, a programme of tank construction has 
been in progress since 1951. The 154 tanks built for irriga
tion, flood control anc! water -.upply served a total irrigated 
area of 65,,403 ha in 1970, and this tota.l is expected soon to 
reach 70,923 ha. In the Lao [DR, except -or the Nam Ngum 
project complete! in 1971, irrigation has so far been con
fined to sall tank projects. The 167 tanks constructed as 
of 1970 supplied 2,, 500 ha. The Nam Ngum project is planned 
to supply sustantial power for pump irrigation on the 
Vientiane plain and th2 Nan Ngum valley, for more than 
100,000 ha (Ref. 4). In 1969 a study commissioned by the 
Asian Development [ank (ADD) identified eight priority 
irrigation projects, totalling some 33,500 ha, within the 
framework of the overall development of the Vientiane plain 
(Ref. 20). These projects hiave been planned and! developed 
under the projranmo of the aot icultural division of the 
Mekong Comittee.. The current activities for implementation 
of these projects include the construction of the Casier Sud 
pioneer agricultural project c, 5, 100 ha and Thca Hgon irriga
tion project of "0(j ha. The ether projects are being planned 
within the conte;:t of overall developrient planning for the 
Vientiane plain.
 

In Democroti-c Kampuchea, the ilovel project will 
eventually service an area of 'S 000 :ia. The )estern ilaray 
project of 13,000 ha is the ne;st largest single-purpose 
scheme in the country. Thirty-five smaller projects service 
an additional 29,675 ha. The multipurpose Prey: Thnot project 
now under construction will increase th irrigated area by 
7,000 ha. 

In Iriet--Iam, the cultivated area!, ar(e located in 
the Mekong delta. In the delta drainage is a key an(, limit
ing factor as well as ;ater supply. More than 90 per cent 
of the delta land is heavy clay soils which are more suit
able for rice than other crops. Very acid soils are common 
in some parts of the delta. lost of the delta soils have 
a low to moderate fertilitv level, honc- imore fertilizer 
will be needed to maintain higher production levels. Salt 
water intrusion also is a factor in the coastal zone. 
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Except in a few isolated areas the annual overflow onto the
 
flood plain, supplemented by rainfall, is sufficient to 
raise a single rice crop and sometimes an additional crop 
as well. Within nost o± the , ilra, in both Democratic 
Kampuchea and Viet-Nam, it is difficult to distiniuish 
between works underta!ken "or irrigation and those for 
drainage and navigation. Lar.je areas in Viet-Nan are criss
crossed by canals ,ervinj -I] thr,.,e purposes simultaneously. 

2.2 Need for irriqation development 

The develooment oi wat,, r resources for irrigated 
agriculture w:ill provide benfits to a larger area of land 
and to a wider section of populatuion than any other com
ponent in the 1,2ono, leveiopment programme. The need is to 
e::pand the output of a(ri.cultural products to meet the 
requirements of a irovwing population and to provide a surplus 
for ex:port in order to inance essential imports. In attempt
ing to meet this nee:], the four riparian countries could 
choose one of the three options (Ref. 1): (a) they could 
continue to utili"e present agricultural practices on the 
e.-isting land resources (1) they could improve technology 
and cultivation methods, hut without introducini water 
control; or (c) they could supp!.,ment such technological 
improvements with full control and development of the water 
and related resources of the Mukong and its tributaries. 
Analyses indicate that if either the first or second of these 
choices is taken, agricultural production will Fail to keep 
pace with the ris-iq demand. Tsbl,' fsio,..s the estimated 
food crop requirements, aroduction iossibilities without 
additional irrigation, sod likely 'ificiencies, for each 
country in the lOer(" 1,eiong basin (R ef. !). Over the study 
period, production measured in tons o- paddy equivalent would 
have to he es:panded from about 12.7 million tons in 1if70 to 
about 37 million tons by the year: 2000. Calculations of 
alternative methods for meeting this prroduction target iridi
cate that the ma::inu: possible increase obtainable without 
irrigation but w:ith a 50 per cent increase in the cultivated 
area, would not raise production to the required level. 
Accordingly, irrigation is positively essential to the 
achievement of thee produc Lion targjets. 

The amount o' lani to be brought under irrigation 
during the 30 yetr p-.ioi from 1970 to 2000 will depend on 
various factors, inclulinr; -c3 icultural techno logy, the crops 
chosen, and the prod-c tion levels likel , to be achieved uith 
irrigation. Assuniine that the l,,e .lckong, basin should meet 
its own food requireLents (at an ieproved nutritional level) 
that it should be :elf cuftficient in agricultural raw 
materials for dlome!stic indus try, an,' that it should continue 
to export food and non-food produce, then the estimated total 
area under irrigation ,'ill have to increase to between two 
and three million hectares duringi, the 30--year period. This 
will require many inputs in addition to irrigation. The 
achievement of this goal will require a much improved 
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agricultural technology including the e;:pansion of agricul
tural research, improvement of livestock, enpansion of fish 
production, and a general diversification of farming systems
 
away from the monoculture 
changes, there .;ill be a 
arrangements, particularly 
marketing, training and e
farmers' organizations. 

of 
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2.3 Indicative basin plan 

In order to plan for the orderly development of water 
and related resources of the bas:iin, th, fie'zorq Committee 
prepared an Indicative i3asin Plan in 1970 which describes 
the infrastructure ant scrvices to be needed including facili
ties for irrigation andcdrainage. The Indicative Basin Plan 
includes (a) a short--range plan, for the decade 1971 to 1900, 
comprising indepen.e:t project. which can satisfy the needs 
in rather localize! areas; () a iong-rango plan, ex:tending 
to the year 2000, conprising several sequence.s: of mostly 
mainstream project.:; and (e) a plan covering complementary 
programmes of research, training, and the development of 
infrastructure and Lacilities:, noeed to achieve the objec
tives in a reasonable tine.
 

2.3.1 Short-range ,plan
 

The short-range plan provides for the successive 
implementation of independent tributary projects in the four 
countries to fill localized needs 1Ld meet the development 
objectives of the countries. It is anticipated that during 
the decade 1971 to 1980 the demand for additional irrigated 
lands capable o full dou1:le cropping will amount to 62,500 
ha in Democratic Nampuchea, 15,300 ha in the Lao PDR, 144,000 
ha in northeast Thailand, an! 320,300 ha in Viet-Nam. These 
requirements can b met hy a number of tributary projects 
including two projects (Pre Thnot: and !Rattamhang) in 
Democratic Kampuchea- one project: (Nam Hgum) in the Lao PDR: 
six projects (8am Pong, Lan :om hoi, Lam Pao, Laii Pra Plerng, 
Nam Takong, and Nan,.i. an,! projects (UpperOon) in Thailand: tv'a 
Se San and Upper Sre' Pok) nl several developmental projects 
in the Vietnamese delta includinq polderling at Cai San, An 
Troung, Pong Thap, and ia The, and protecting coastal areas 
against seawat.er instruction at Tiep lihut, Go Cong, Kien Hoa, 
and Vinh Loi. The location; of these projects included in 
the short ranqe plan are shown in Figure 2. Table G lists 
these projects and the area to '.e server including the planned 
commissioning period (. 1 

2-. *2 Lon)-anW ,Irj 

The increase 'Liirrigated area required to meet the 
increasing need, 5or a&'rncultural production in the lower basin 
over the perioi up to the year 2000 -ia:;estimated to be 
1,360,000 ha for full ]ouble ropping, as s]hown in Table 7. 
Tributary project7; within the basis could service an area of 
about 1,212, 100 ha, only ") per cent of this requirement. 

http:seawat.er
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In Viet-Nan., thirteen tributary projects, all located 
in the plateau area, have an aggregate capacity of 97,000 ha 
and represent more 21 of -de Theseno than per cent the mand. 
would satisfy the national devlopment up to 1903 if the 
plateau alone were chosen for development. However, in 
planning for expansion of irric;ation in Viet-Nam emphasis is 
being placed on the developmnt o,1 the delta including the 
coastal areas, and this i.- dependent on an adequate supply 
of fresh water during the try season, as well as the regula-. 
tion of flood flows by mainstream projects in association 
with the establishment of a systen of dikes, and control works 
to prevent flooding from the river and sea water intrusion. 
In northeast Thailand the situation is similar- the capacity 
of tributary projects i:; far less than the requiremerit to be 
met by increased irrigation. In the Lao PDR, the potential 
tributary projects can easily satisfy needs to the year 2000. The 
situation in Democratic Kampuchea is also favourable, i.e. 
the potential tributary projects could service 576,000 ha 
which is more than sufficient. 

Irrigation, particularly, during the dry season, will 
necessitate con;iderable regulation arid storage of flood water 
in reservoirs during the wet season to conform Aith the princi
ple adopted by the joint meeting of the lower Hekong riparian 
countries in 1957, that (a) the e'-isting low water discharge 
of the Mekong would not 1,e reduced in any way at any site; and 
(b) the supplies to be, diverted for irrigation purposes would 
be made by storage of flow Auring the high stages of the river. 
In formulating the mainstream projects for the long-range plan 
of development, the Pa Hong, Stung Treng, and delta develop
ment projects are the key projects for irrigation development 
in the integrated plan. The Sambor projc-ct is included mainly 
for hydropotwer. 

The! three major multipurpose projects, Pa Llong, Stung 
Treng, and Sambor, have been estimated to have a capacity for 
full double-cropping of about: 5 million ha (Ref. I). Pa Iong, 
with an estimated potential of i ,C30,000 ha could satisfy the 
requirements of the Lao PDR and northeast Thailand. Stung 
Treng and Sambor, with potentials of L,237,000 and 84,000 ha 
respectively, cou1 1 satisfy the requirements of Democratic 
Kampuchea, and Pa Mong and Stung Trent together would furnish 
sufficient dry .necason water to permit farmers to harvest a 
second crop on at. least 2,030,000 ha in Viet-Nam. 

2.3.3 ComjAlementarI r ramme 

The Indicative Basin Plain report (Ref. -) also out-
lines the complemntar.y pronranme of ancillary investments 
needed to achieve full r,,alization of benefit:s from develop
ment in the lower basin. ith respect to irrigated agricul-
ture, many activiti,--s woul(' be involved including agricultural 
research, extension services, farm credit, marketing, storage 
institutional structures, and social development (see dis
cussions on agriculture and on socio-economics).
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3. Pa ongproject/irrination and drainaqe 

The Pa Mong project is the major mainstream project
 
of the lower Mekong basin. In,. stigations on this project
 
have been undcrrta:en for more than 15 years for multipurpose
 
development of ,hich 	 irrigation has been one of the primary
 
objectives. The Pa Mong Phase 1 investigationis included
 
subreconnaissance characterization o: 2,037,000 hectares 
 of
 
lands in the general area to he considered for irrigation

development (Pef. 0). The objective of the Phase I studies was
 
to determine whether there was enough land of quality suitable
 
for irrigation development to warrant ifurther investigation.
Based on review of existing data plus an e'-tensive soils
 
characterization survey conductedl in the field and supported

by laboratory analysis, the conclusions recardinq land
 
resources were generally favorable. 

The !tage One feasibility studies (Ref. 7) published
in 1970, demonstrated that a initial stae of development of
 
the Pa Mong project consisting of dams, reservoirs, and
 
powerplants, and an initial stage of irrigation, would be an
 
attractive project. 	 A feasibility land classification survey 
was made for a total o. 17, ,00 ha in the L-r? PDR, designated
 
as the Vientiane division, and for 73,000 ha in Thailand,
 
designated the Iluai ilong division. Selected irrigation areas
 
of 1'1,420 and 31,530 irrigable hectares respectively in the 
Lao PDR -in, in Thailand ,i(nre planned with feasibility layouts 
of irrigation and drainag, facilities. 

The Phase II studiesc(8.,:o ), issued in 1972, revised 
the Stage One irrijable area to b, 39, 990 hectares including
10,620 hectares in tle Vientiane division and 29,370 hectares 
in the Huai Dong(n,division changing the design criteria 
so that canals wIith bed 'wid t : than one a1etre would be 
unlined. Included in tih.m Phasee II :studies are possible irri
gation development increment'; to the Stage One project and the 
proposed inclusion of EL:ar culture on thei-;7 developimlnt 
nonarable lands. Reconnaif;anc inc-estigations were made for 
nine irrigation divisions in addition tc those consideredl in 
Stage One. It was stated that th use of a greater pertion 
of the project 'iatcr sua),)ly for irrigation and fishery uses 
would not significa-ntly impair the feasibility of the planned
Pa flong power developinent. The d,velopment of nearly 1,000,000 
hectares of lands for irrigation and farm fishery would provide
development opportunities over a period of at least 50 years.
Figure 3 shows the location ap of the Pa Hong service area 
considered in te Phase II studies. Th Phase II studies also 
outline a possible plan for trm:nsbas;2n diversions from the 
Mekong basin into Thailand to increas water supply for irriga
tion in the Chao Phraya basin. 

The Pa Hong Optimization and downstream Effects study 
includes refinenent arold ilntification of potential irriga
tion areas to be servicedl an,1 affected by Po Mong including
the Phase II project area, down:tream areas along river banks, 

IV 
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and the delta areao refinement and estimation of agricultural
 
demands and total water requirements for irrigation; and
 
irrigation cost and benefit evaluation for ',oth project and
 
downstream a-eas. 

3.1 E:istinq conIitions in Pa Nionqj roject area 

3.1. 1 Land rec;ources 

(a) 	Present lano.l use- OF the to Lal arable 1 and in the 
[a 11ongj project .ervice area, about two-thirds is 
presently 1eing, cultivated. Tit. present land use 
within the different irrigation divisions of the 
Pa Nong project ar. summarized in Table 3. About 
90 per cent of th,- cultivateio 1,l in the Lao PDR 
is devoted to rice production, 2 per cent to diversi
fied crops, an t-h reoaining cen L to fallow. 
In Thailand, thor, ha been more of a stiLt to diver
sified crops. ,\ppro:imat,:ly ,'S pur cent o' the 

cultivated 1 is ,evo,. - to a,ly rice and 15 per 
cent to divri i d crews with a eligible amount 
to fallow an,! idle . ProdurtLon oL tlese lands can 
be increased by cl,=arinw; ,::isting trees; from partially 
cleared fields, lv:!1.in termite mounds , and imple
nenting improved technology to increase per hectare 
yields. lfowevar, large increases in agricultural 
production will not aoL rialise unle:-s an adequate 
and -lependable wai:er supply is mad, available. 

(b) 	General soil characturi tic.,; Characteristics of the 
soils were major factors in evaluating the suitability 
of lands for irrigation Pecausa of their strong 
influence on crop yields, production co;tsr, and econo.
mic returns. The innortant landforns in the. Pa hong 
study area are rivoLr l,,vees;, active flood plains, old 
lowland surf ser, and uplands. Detailed information 
on the charactE ;stics of these, soils i.sgiven in the 
discussion on soils, henc,. the discussion here is 
limited to a brief description of the general land 
form categories. 

The coils on the river levees are predominantly 
alluvial soils. Although they are of limited extent, 
occurring mainly along the Iletonq river and Nam Ngum, 
the river lvee soils are anong the most fertile 
soils in the region and produco a wide variety of 
field crops, vegtables and tree crops. The soils of 
the active flood plain arua are mainly alluvial soils 
and hydromaJrphic soil:;, and are used mostly for 
broadcast or transplanted paddy rico pr ducLion in 
the rainy season. lor tilis use, they are quite pro
ductive and reiativ.:ly :igh yields are obtained Ahen 
flooding is not destructive. The soils of the low
land 	 surfaces have undergone intensive weathering and 

,!
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leaching and show, genetic horizon development. Paddy 
rice is grown on practically all of these soils, and 
for this use they are moderately productive, 'with 
yields being genwrally le.;r tan n ionst active 
flood plain an.1 river l.-v:2 .oils. -,igniFicant 
portion or the ,! ])1, , rFcy: in some areas 
have laterice -;oilLs 2e conLain high proportions 
of gravelly ironm[on, colreLions at depths less than 
50 cm, and ar mctly u;. :cr pafidy rice culture, 
although their I_ 'iar 1'.l juite low'. The 
eNtensive plan! ontain a.'ide variety o 
soils, the Al ol rq,!.n thi "o::in f:rt:il. A 
significant proortion oi :l,. uplanrl soils are 
cultivated, espiniJ . tee ar"nas with higher 
populations an. g)o ao o- Is. The native vegeta
tion in ost area!; Jt.I0 -th.e.r lo, open vegeta
tion. The Iic si ] u, area!- are soils 
having vry toars, t "i to repth greater than 50 
cm. Most atte:np to etivat e thes, soils are 
unsucces si-ul and mot ar: -, remain under a sparse 
low ope nort II . -'I 

(c) 	 Soil salinity oalt-affo ctd soils are those 
which contain aount' o soiuele, salts or of e-change
able sodium hiqli r'hough to adversely affect crop pro
duction. Althougl tM y occur on is S than 0. ! per1 
cent o, t,:i total Phasx' I! service area, they may 
occupy as imucli a!, 'c r cent oF old lowland surfaces 
in semiclosed hasi2n a a such af:; those in the 
vicinity of Ulorn and aiphawani. The salt-affected 
soils are often aUjace: t to or initermixed with soils 
containing lo:: aiunts of :-alt; in areas used for 
rain-fed or flood-fed addy rice. Salt-affected soils 
appear to ,1ice t, cr1a:; .,,_re saline ground 
water is found at s:hallow e)pth, especially Where 
local surf'ac relova d obyOV,at., is :1. ;ihtly the 
surrounding lus e re] ali.vely little leaching 
occurs and the salts accumulat, near the surface. In 
active flood plain an ether areas that undergo pro
longed inundation, 'olDu le salts anl exchangoa:le 
sodium may bt high Wi' ;uhsoi]. layers in some places, 
suggesting accumulation tLroujh ,own-ard displacement. 
Although most of_ l, :lani and 1lood-plain areas 
east ok the Phu [a r,ge are underlain by salt
bearing strata a ] :;Allowaline ground water, the 
total area of :salt-aIMF ed soils in these areas has 
remained lo: and essentially stable. Because of 
their small extent arvi the apparent equilibrium that 
has been attained, the! salt-affected soils are not 
considered to represent a problem in the region except 
in a few local areas. 
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3.1.2 	 Water resources
 

(a) 	 Surface water: The main surface water runoff for 
the Pa Mong project is the Mekong river above the 
damsite. The Pa [long water supply, supplemented by 
tributary runoff from th, two adjoininq basins of 

Huai Mong3and Nam Lil, w.iili be about 153,000 
million m on an annual average basis. The [ekong 
river begins to rise slowly in April and lay and 
reaches its peak during the wet season months of 
August and Septe:mbt!r. The streamflow then recedes 
slowly during tile ensuing dry season. The low flow 
seldom drops below 1,0(300 ri3 /sec in April, and the 
high flows normally peat between !3,000 and 2G,000 
m3/sec in August and Soptember. The runoff of the 
tributary basins i subject to great seasonal varia
tion. [lost of the annual runoff, about 90 per cent, 
occurs in the monsoon :season from Na to October, 
and on the average about 70 per cent of the annual 
total is producrd during the period from the beginning 
of September to the ,nd of October (Ref. 9, 10). 
During the dry season, the runoff from the tributary 
rivers is very lour -n( dries out in some the small 
tributaries.
 

(b) 	 Ground water: Various studies (Ref. 7, 2, Ii, 12) 
indicate that deep ground water in the Pa Mong 
project service: area is generally not a reliable 
source of water. It is not unusual for deep wells 
to have low yields or poor quality or both. Some 
wells have provide.d satisfactory service for 
domestic wate.r supply" how-ever, hand (lug wells 
(2 to 10 a) are still the primary source of domestic 
water supply in the service areas. 

(C) 	 ater _ualiL..: Surface water quality has been tested 
periodicallj on the Nekong, anamLit, and some small. 
streams in the project area (see discussion on water 
quality). Generally, the water quality was found to 
be eccellent 7, ') low solids(Ref. r., 1wjith dissolved 

and no harmful concentrations or adverse ratios of 
individual constituents. The total dissolved solids 
generally increaset; in the -ry season when most of 
the water in the stream channel is derived from 
ground water. Even at very low flo-',s, however, the 
water quali.ty is satisfactory. 

3.1.3 	 Draina(e 

The e isting surface drainage network in the Pa Mong 
study area is typical of that found on a mature erosion sur-
face. Although the principal outlet channels are deep 
(usually greater than 10 metres) and well defined, they have 
very low gradients with many oxbown and meanldring reaches 
along their courses. The broad active flood plains, and old 

t/ 
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lowland surfaces, which comprise a large portion of the study 
area, have many shallor: channels CI to 2 rctres ceen) which 
generally parallel the main outlet an serve r: floodays 
during tRe rainy season, The! rihanrn.e.:- ':orm a braided 
pattern in the lowlanr ar(af; ant! also hay,., very low gradients. 
Many of the older channeli; anl 'o'is have bra:n cut oFf from 
the better define.d drainigc .-ay:; ;o tht at .rhich collects 
in those shallow Iuprr i rin pt!srods of high runoff 
has no outl,,t when th, hi :1i 'lo'-:;' , Tl main outlct 
channels (i.e. !ehong ri<'r Igir, u jnud lr Ch- ) in thu 
project area have flow; fr L ,nti. 'ear but are at low 
levels during tLb 4ry Naaor othi.r ways carryho, ;t drainage 

flows only doring th,: rainy ,.ason.
 

The natural ahannteL; 	 which carry runoff from uplands 
and high lands ajaceit Lc ti: proje ct area Flow only during 
the periods of high pcniCpitatLon. Thee channels ar: 
usually well Ina in the hi;h, anr but are normally 
obliterated by ri, pa-dy d,.x'_lopment rm they entir the 
valley floor ar-a;s. 	 As most o' thece draiziaqe :ays, are not 
connect ld to outl.t Leh 'i ' !1 '<ii 2U'a't,:r reachirlg poten.. 
tial proj'ct: :.:rvjc: 	 arua:, t. ir main effect woul,! he con-
centration of runoff e'rom high 12 alr to Lih,' project lands. 

Runoff from a, ictnt high.r ae lad lands together 
with local rainfall oftn w:.ce,_,ds the, capacity cf the e,,isting 
natural drainageant.- ,ri rr hi.,jh pr-2cipit a tion periods. 
The e::ces Los ;pr;a, ov.,r th lawlandr and fLood plain areas 
as sheet flows.lb hle '-oa';i 1 :a I u .:j ; nde of this flood
ing in wAland rice sciilfur. , v':ry often it in; of' ;ufficient 
magnitudoa to c a 'to Whecrop" Larqu areas are 
inundated to o,'a- L'1o or 'o'-i (errirring the peak oF 
the rainy soason. 

The main natural ai a'eway have a maximlium water 
surfacQ elavatior o: one or two r,'tros aaovw th- Lands to he 
drained, ,. to th,. .' li rrcls maintaining 
a continuous drainage outlei ;urface runoff from some 
lands imired atel'' ad aoinii Fhe lv w sy::t1rn. These conditions 
exist primarily along Hiio, river an,! the N!am 1iqum, and to 
a lesser a:-:tent a lon tl other rin ,Irainaq iiotlets. 

Wlr;url~: ? arainal con:itaio-' in th project area are 
considure to 1w Tonarall' poor. W, soil rofilus of the old 
lowland, flood-plain, at.i rv ffIa have to" are:an .lor v-rry 
slow hyIdraulic: conu'ctlA tl.'i pn<rmA, saterialsk, LIo; a]., 
being i to 3 :etr,,;; L .L 1 i r o'.,r 'arrirI ,.,s. Upland areas 
have moderate hylr l 1 ,, 7v i. ,ith 3 to 10 lietre 
depths of pr ,an le nat is La1 gradiit:r; arid lock of out
lets tojetheir ith lan: hi' .al I coirduc Liv I ties and shallow 
drainage 2 ,r r, in poor :uibsurface Irainag conditions. 

3.2 Land an, eate 	 r :tn is 

The P ion[] Planr:rI nvastigation undertook sub
reconnaiss-an charactriation of 2,037,000 hiectares of lands 
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in the general area on the Vientiane plEin in th,2 Lao PDR 

and in northeast Thailand. This area was subsequently covered 

in the Phase II studies at the reconnaissance level, except 

for portions of lands in the Huai Mong and Vie(,tiane irriga

tion divisions. The landl:, in these two divisions, df:signatud 
as the Stage One arua, hav, been investigated at the feasibi

lity grade level, and arc to 1), includled for the first stage 

of development of th, Pa blonr project. 

3.2 1 Land classification 

The purpose of th,! land classification carried out by 

the Mekong Comittee is ( 1) to determine the location, extent, 

and suitability of those lands suitable for irrigjation, i.,. 

capablt of economic-il production of sustained high yields o' 

climatically adapted crops througnout the life of the project, 

-and (2) to provide basic data essential tc solving agronomic, 

economic, and engineering problems associatud with proj,!ct 

plan formulaticn. Land suitability For irrigation was measured 

in terms of anticipatel relatie net incorm. 

The Pa Plonr land r <earc*.s curve'" area consis:ts of lands 

in the northwe,st part of th; lorat p)lateauj in northeast Thailand 

and adjacant ari-as ir. th.: Lao M'1).T' Troject area 'Ias divided
 

into divisions ,withboundaries rain mainly along natural
 

features such1 as draina:;: iivido!; or larn, !-trams. The loca

tions of the s:urvey area an,' the- various livis;ions are show-.,n
 

in Figure 3 tog. thUr -ith the type o; lan' clasmification
 

survey. In tht- -;tace One area, th: :tae- On,,:i,-asibility
 

survey was conducted for the total area o. 95, 00 hectares,
 

with 17,300 iuctares in th, Vie.rtian, division and 78,000
 

hectares in the,2 i{uai !:ons divi siori. Ilux nso th, Phase II studies,
 

she comprii-;ni ,
entire area, 14,0 hcbtar( s in the- Lao PDR 

hs 4
located in th, Vi,2ntiano plain an 2,3d00 ares in 

Thailand including th' Stag,: One '.;- vtstiqat,d (Figurearea, ' 

3).
 

Land classification hectarair' sum ri f or the arabil
surveys are. presente.: in Tal- 9 for t! Lao PDR and
 

hailand division; (1?ef. 2). TO arab1 ,icomprises about
 

52 per cent of the total 2,1:1:00 ha in tUi, !;urvey area. 

Classes used for land! c lassE ar as,. a those'ica 

developed by the U ii1 ( Ref. C, 7, , 0). L,'s than 2 per 
-li
cent of the total .rabl, area j a ersified 

!:rop land an! this is mainly o Cat;s 2 ( 11ality. Class IR 

and 2R land-s compri.;, 2! and 77 per cent s f tho arable area2, 

respectively. From these arable land-]s, th: .,lection of 

poLntial servict ara ant irrigal''. la.x: s''r*made. The..


basis for selrtion .'as location, anmt.nt, lative suita

bility of arable Lands in re.lation to practical project canal 

locations which were governed mainly by relief and physiography. 

Table 10 shcws land classific ation summaries 1y hectares fo 
the potentially irrigable selected'a the Lao PORras A.thin 
and Thailand divisions (Re-f. 7). 
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3.2.2 	 Soil salinity 

As pr!:viously mentioned, most of the Pa b1ong service 
area is underl:,i, by alt--buriig strata and shallow saline 
ground 'iater, an sal.t-a fected soils are found in some of 
the areas :aropoeA or i.rriNgation development° Ii the ±'hase II 
servicc iarea s, it is 7n' cct, ]o-, salinity leves a !ould )o imain°
tained in thre soil oF irr'igite;! uplan,!:; and river levees 
becaise of thai" wd"Lr tn permeability an! qradient conditions 
per"lit Li 'qui leaching ecause oz the ve'y slow suh-. 
surface !rzi; L" t o1,ii lo- land and active flood plain 
areas, salinity control ove n'ost o- those area:. would be main
teined Utiroujh thi p aaiodic ln ',ard iisplacement ald diffusion 
procesa , Lehat .oila continue LV occur tith irrigation. Irriga
tion wvater iqqicatio <; are .e-:poc d to rosult in displacement 
of te halts inLtii1ly in the oils, plus thy sriall acounts 
adde id in the iLriit i o ',ter, below the shallow root zone of 
rice. DuLing W InOi of submergence, a certain amount of! 
diffusion into thQ urace iould occur. Jal Li; that cight move 
upward into , root on will be removel hy rain-fall and 
irriqation a, oii'; -l nest cr!,, Through these proctie se, 
botLb solu, sI 'III(] e::clianieahle sodii;', are e::iaected to he 
mainta d at Io; level; and there .iould : no t-iqnifican1: 
reduction o_7 rice yie] i.; (::es discussion on 'ater quality for 
addi tionaL I itails) . lthough favourahle canclusions hay.:: 
been ,Irawn i h :lie soII silies, it ,an also recommended that 
a coiprahensLv-" ,rogrinme- for refinemenL of geological informa
tion ai.r o collction of ground 'a tor, sur ace r, -aand 
_oil,,; at i ipc nente to enable more precise analysis of the 
effects oW :wro)ct dOve!oprnnt arid to provide a hasis for 
developnsoi of qvacific project and Orin manajeriont practices to 
a:;sure continuedl land productivity. 

Anot:e,r atu.]y on soil -cinity problems of the Pa iMlong 
project area was carried out in 1972 (R Ic I ). The study 
obj ocLive ere to ew'aluate the ;robable effects o. the year
aroun irriqatLon aY lans::; ovarlyinq the salt beda in north
east Thailand a,!1 a ljac;;:,L ar.iaia of the Leo PID upon the salt 
corntent Of thre surfacu , 17atr J"" adjoining Jrou.InI waterof 
aquifetL, . '0i1 a.; Lii. rrawo l, efects oK return flows from 
such irrigation oen nater (piiality of.T adjacent streanso Hased 
on rev 0 - oil previ.ou:; iaveatigaLions and iiel(' 
in.spectIio :, Luticr ',ii .eli :;mplj]ig and analyni:; of 
retur' Aon; in riqate area;; ov],,,'ing the s;alL bed:, 
several importIant c'cnclu:.'eiXi i. 'e re irn -e latini to ha hion! 
irrigation an. drainag(e ,arming as folow:;: 

(a) 	 Thi salt dcfsirw, 'which underlie appro:imately one
hal? o- th,- a!:ea lrolmoed for irrigation development, 
':ill .avU n1o effect On the proposed lcvlopnczi Ls nor 
:sil the futur.a irrigation result in solution Cf the 
salt: bell-;. Th-sa, de!io!:.Lts, 'ilhen presnt, tire at 
con;iera:l ;iwepth an,! overlainI by relatively imper 
;ieawr ,trait:. d;roun l water circ:tiLien reaultinq 
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from heavy rainfall or from irrigation developmont 
is at shallow dcpths. Pr..snt ttensivc irrigation 
in area.; overlying salt .uds (gncra.ly for only on.2 
crop annually) shows no prohl,m att.-ihutabl,! to tho: 
prosonc.-c of df.p-l.,ing salt. Conv,-rsion from single 
crop -o year. arouni ir'rigation wuid not change this 
situation. 

(b) 	 Thin efflor,;cent alt TRY.; now appoaring on tho
 
ground surfac over sinl-ficant art.an of th-e plateau
 
during the dry s ason arc th., r,:sul:. of conctntration
 
and jvaporation of shallo,.: ground '.tr,and occur
 

primarily where local relief an soi.l peroeahiliti,2 s
 
are such that ad lat fliushing is not: accomplished
 
in pi:riods o heavy, rainfall. Ara:; .;,'r.,th,-re is
 
widesprcad Fri: c, 1nra lly nnt irrigat',d no'.! nor aro
 
they plann,:c' For futurt irrigation. Ye-ar-around
 

irriation, with prop,.r r aina, itis, will 
not result in ,n .i.ncr:as in thi area of thuse 
,ffluruscent sal t ,n1 fact should preventniis in 
their formation in some area:-o producing only 
rainf-d crop!,. 

Further i:tails ar, gjiven in the discussion on salinity. 

3.2.3 	 Draina.,w 

Extonsiv.5 surace and subsurface drainage, studics were 
mado during the: Stag; On,, and Phase 1I investigations. With 
respect to th infl.uno of drainage rn crop adaptat:ion with 
irrigation, th, natural smibsurfacu drainaqj, an,! harrier con-
ditions of thie Pa .ong scrvico ar, a an, favourable for wet 
land ric, production in iomt of a:aOl, lan-, ;ut only a vry 
small percontcaa oi l.an-s hav,- eatural !riinaq ! conditions 
that are highly utail._ for, 'islanl cropn .iAth irrigation. 
This i's ,ivrsi fled u-land crops; require aerat,2cdupcaus, an 
root zone at; w, a1 as oil ;urfac: free frm i looding or 
ponding, in contwat with .tin! ricn prohiction which 
rquires soil condition; .!i.h:uia submergence and reduc
tion of ,.ator rvir :mnt thmrou,11 control of ;ic,;: percolation. 
The draincq,, iw igation. .. , that mainte:nance of an 
aeratel root 'on, o .,pland crop production throiigh installa
tion of artifciael :ausurfss',1r7 -- ould 1e prohibitively 

ponSiv, it- :ilo!-tareas. Un! .r th, 2conomic conditions 
,zpecteil diring tn ;!armn.d li. of th, proj -ct, thor,: at.

no climaticlly Wapitd ulan rops that, 'i-,n grown over 
extensive ar will Lh ,::a returns nhossaryas, toduc<, to 

i of irjustify th dgh cost such drals:;. It ::pcted that 

upland cropms %Q11 N. succ:ss fully grown unI. r irrigation on 
some. lands, jitho con,trl Lion of subsurface ilrains. 

W1ith y.ar--around ir itation, the additional water 
applications can ho anctd o cau.. 3 ris. in averag' 
ground water levis. This rim: can h" ue.,ct, I to bi of the 
order of ! to 2 m in low lying are:as and floodplains to as 

J ; 
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much as 3 to 5 m leneath uplands. Seasonal fluctuation!: can 
bo "noctcd to bu somwhat lo:ss than at pr..n (WN2. 1 ). 
Adeq ti dr-ina,- '.will haov to h.: ;'rovi.' in thi irrija Lion
 
dovolopmnrits to pre2vent oat. r.-1o,', anI o.i l al[nia
tion of soils. Ground wat:r 
 mv.: .at can , o'yntQ to
 
continu :t rirall o L: :>;, -to a A lan at ,hallow iiapth,
from th" irriqatVc a tao:t :Lb- a ,;. Y-t L otrr-!Oartifi-.
 
cial drain-g ways. Ow i cra-, 
 -It~ r: r ,.i;cbar.
 
to thor 
 ith airfac ru, -'o: ir:w;. n .. i .;irnii 

cantly incr L 'y iona s -ah *-t; '1f ; o, most
 
str2alnid..
 

3.2.4 Irri t>1on 'it, r,wir *LPr!; 

In t4 Pa von'j o_. -ir,: Phas,: I studicoL;, stima-
Lions o' [rrition it "- r, r, it-or ti riro area 
crc: 'a, on rrmliic ] ,to u 7in, inf-ormation -ro.
 

publioh. st' [,:.; i hai!l £i'm
, l'tin, , lalaysia, Tii,,an,
 
th < Lao i'mD , 
 -,a. Li . : 4t , Tbi.,. :st 1 ts of irrigation
 
watr roquir,',m,!nt i r o' P t 'I ,un; t 
 (!) ,!Lima
tion W iL;at rop 
 . ."- t i -	 31our't3.ns(:n
 
rr.Lho,' ,:i an ,.u 
 cropdnq e! 'dl () tionation o 
crop .Lat,_- "!1iici 1. total ',at,-r n,:d.' to 
oltoan oLt imum prouctLAn, ',yt [ inLto ccrunt th, consitant 
cultural .a i :q'ir_ nt an! i'' '- con otiv, usn,: on a
 
precoia-o~oo i ';.rt an,1 
 . rannlanting 
o ric. c"r CO (3) ,vtotmatini W cry) irriqntin' water rquirc-

Mont, .hc . ain'- ao ri ,:aL ,:d to
 

tu'rl-'r T- -Cit,: 11, c, 'L and! 76
 
'or c at o total 
 uvnl. r i $all 'or L.' nua! ,ol ctIv,..
 
rainfall for tLi a A
On-a 	 1t1a.; II ar<as, 

7:n ,rcti- ' 1 - ( ) ,: ti'o '. vL un i rrijati.on
 
r.aui r t: '.aich i tL, cra irig'ation r g!uir m,:nt tim,2s
 
th,- -ar. 
 i, u 7) p r cant farm uffi-
cianc- : a (5) . :tn ation .- irrigation .; r niv:::_,quirc:rl _nts incltv'lin.! 10 	 ::.roAT.n ir:.Cion , v.:r:,ion ,q i c c t
 
inrluriin,7 lo -- ro!.i an. . an(l
,.:; 	 canal nii!i L:ral o from 
proj act ; .;ia'; ii''r7lio .artLianaLtr r,:quiro-

NMnts fcor irigLat ion 
 a Ltac,. On %area (initial d.Iavulopmcnt) 
and for Lii. total n r.a car .. iI tL i ' is, Ii st lin; , for
 
th period W>S' to 90, ar2 '32 and 13, (73 million 113 rcspT:c
tivly (7:f. :).
 

3.2.5 b": turn -1o'.,s 

For Lh.: 1to-. On. .vlonmont (initial stagc), it war;
assumed tLint rtturn flow:; "ron. irrijation water us,.. would not 
I)c rour;2d in th: 1'rojct area. Tho ioturn Flows from th, 
Vi(-ntian: division in th: Lao 10R will b.2 Irained to th,: IWeong 
and Nam Ngu:-rniriwr". Part o " r,.turn ;lows ;ron th, Huai Mlong
division ir Thaa-,n, ,.on.l lW: draLn,:d into Ubolratana res._-rvoir 
on th2t'0ih Mm rivr. InFan o q ti:- 'has: 11 :;tu'i,. s, th: return 
flo,,sr _-rom irrigation awl ,i :1:h, 'r: 1Lv(rs7ion: Fro ! th,.: irriga
tion or':at .. ::c -o Lb P;, O:( adindond t'r ['ia,- 11 ":pansion 
tar. ,2st.Loato! to av,:rag,: abo -,^,000 nM, of '.,hich.L nillion 
2,500 Mii a. :" .r-, ;'la;c,., In nw . r 113.2 in opn altc,,ar 
,div.i zion: 
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Jith rcsp .ct to quality o- rturn flo's, th Lucly 

on effects oF propone, l irrination on iiat_ r duality anri1 r:turn
 
flows (Rl.f I ) ico ,.;that th,: -uality of ,::istin return
9 
zlows fron iriga,! arias will in. satifactory, ,vn in area:. 
underlain "'. salt .;K an i,:! an:: wh:n backi: t salin 
ground wat- r - .:o soi:: I Th ' availaan itv : or-va],.nt. 
)Il.! data t ir , -h(1u ' a' . r : ''- i,: t L- . I,,- iccuratr
ly the minor chan,3i0:7 in ,:at'0 - - a] ity tn 1) : , ,! at a 
particu]ar .o nt on 3':'i !"I tr, - or trtutar,, ut ar 
adequat,, 1,/ .:r, to 1 l tlat tlhr,.: -ils 1n t 1) harmful 
dutcrioratin. o rr . a Y- ult o- til,: 1lIncd 
irrigation ,3'.".t. i' va, ainnual cono-ntration ol 
dissolvd ;al-:-in i '1r 0c si,1 :ijit1 all lo , 


caWus, o M, n ,AQA:1 . n Li t ; om Ar ationo
 
ilowuv.r-, th< t: ,1qualiL 'I iit, r i:1 t l': 210i, low
 
flowi in th I'y 7 aioii ont- i . { iriproverd as
fac t , 

a result o. propo ,. vlopm, :,t . ,i iS -:ct(2d that
 
tihcr, will 4 ,o p l.0]1 of- ' ulity of return flows
 
from irrigation an h, , or !o,.!:Aream divisions (see
 
discussion on .at r qua] L"'', i.
 

3.2.6 later tutili7,atio:!1 irr;.,'l ioml 

Pator utili.atioi :tu. Ls or L63 Pa 01on] project were 
made for th can: a!a l ,l 1 n 3IL, corn,ooi o mhich 

tbines storage of tih 4 -v. 1konit L o o Mqthar with the 
Nam Li]: an! Mim ' ..:ir : i tol ci si-voLr capacity of 
92,000 Aillion n-.,3 , : i iL0o0 ,v..l ont, tix' initial 

plan .nclu.:; only th' t o :rvL:, suin 10r 
reuse OT r,.w.n low:. A,- . 'iiw !'' , PLa < n,, area 
inclhu.s 10,510 an 29,250 p19oluctiti' ctar, in th.i Viontiane
division (tiM Iavi 1,.) ,-3n I:;.5 Plon ,!tv:o'- (T~lailnd) 

r'sp.ctiv, 'ly. TKb 'iixt n '". i,: o , I at . " .r-PC was also 
:;tudid asrunim' I total K' , ic' a r,:,' ,f;20"'r 1,:cterer for 
irrigation ar ni ,',,,lp r.:turn ;t an,! of lo'i 

'30501oh Nih' '- srvoi 1apa rtrtion ti ,r,wre 
using the monthly AiI,': 7rn .- ,, 1 ', "' rom 1930 to 
1969. Tab1_ I prn,.ntm ti, Iv.ro, allncation o-) ,.-t;7 fron 
Pa Hong rfosrrvor £1 Q . -i1rf of ;"ora)eration for the' ini

anm! th,: ,ar-50 anragtial plan for plan. Th,: av annual irri
gation div.rsions; .iar, .tiial,! at 0.-1 an., 7.,, p,.r cent of the 
averaqe annual inflow -o- th, iniitial !Ian anv! the yoar-50 
plan, rspJ-:tivelv. 

3.3 Plan of ' eel n.n:t 

3.3.1 Distrmition am! anrn ",,i_m.L 

The plan of irriqation v,.21w.loprnnt includes th systems 
of distribution and ,1rai.vp nct-.ors. In the Stage One [,-asi
bility study, th, distrik.ution and ,lrainage facilities iere, 
laid out and sin.41 to ti,. in.,J th: :,31vLC0 unit requirements. 
A service unit K th .sic irrigitior unit'../13rin .e.ident 
tarmcr organization:; c::,rcis, control ov!r th: !istribvtior! of 
water mnd draiage provi h "Iy 1qth, roj..:rt,, Toponrapiiic maps 

o4 
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at a scale of 1:10,000 ,ith n contour inte.rvals V,ro usad 
for locating canals, laterals, an,! su)lat.!ralf; dov,ni to the
 
service unit turnout. Canal; anI 'at.L '1'' 'la, located based
 
on topography, lan! cl-:stificr n a-Asre ,, physical,
 
boundaries such as roads(, vill:a,:;, i itch..n, etc. In
 
the StaqCe ,2,abili, Ltdy, all canals a' .at.rals ,.vrric 
assumed to 1), ling.d .:ith concr,:t . aal I, on addii
tional informAt.,n on soil convu!. , th wr, revinm in
 
the Phase 1] :;tudi, :t,'1n,-y ut' ) l hiss
.( i 1 

than 1 .',re . Lc ' '::J n m - , and
;7n1i - ",. [ 

drainag,_ ditch,!- ii : o,. unlin, A 
standard an'vic: unit 'A: aopro:notjy W K ctar, s wa! 
selected vainly an L2 ',a'a c n- "*,Ij' iltnfn ';aL,:" i'nasj .
mont c:pEcrir iindf : niL . :: ;na! t.nn. In thu
 
Stage On er. a ''iA ilut i on :t: ,:it a WWILa] 1,:'ith oF
 

.. or462.5 ki'r a; plinni M, proj,: lqpa''. 

Orainaj, _tu ''.-,a a i 'aci tluringtLion the
 
rainy season * nor,, cr-itical .in L:i a aa. raquire
merits than or irratatiu applic ationa. This applies to both
 
surface runo -- ai,, d, >) a ta the ':a:- table. A 
surface draina syst:m 'will K i.c,.sary to protect the 

a
irrigation ,..,or i-roj,fc lan I 'an drainage due to
 
floodinyj l a ';"ia a'm ;nroi.:a ' n Pu c' controls
 
and resoV.:s at,:r if pl annd "or al proj,.ct lands.
L. 

Subsur "ac, ]rain.; ere coo'iciJr,:, f'or tran:sitional lands 
hatv, L, pa a:y lan'; aai1 uplans to niaintain groun wate-r 
tables at su iicint 'pLan Lo allow -or production oFiupland 
type crops. Th 2 nit iurns:'ro:- uplanJ cropn on transitional 
lanir hi' compared to th rturns -rein ric , ihich could 
grown "itaout sub:IurfacLlcai , .ere not :suiciont to 
justi.-y t inv.stLon 'rquiredfor sub(:ur Fac drains. There
foro Pacadr a a as -'Or tie transitional 
lands.
 

'17I irrigaLion division; considered for later stage 
development dl ',r.iotejati planned in th, Phas,2 II studies. 
Due to the lini, .Lnior:ation an'] the accuracy of available 
topogranlc map., t .'histribution and drainag, networks ,!re 
not as e:tenrv'l'& laid out: as those for the dtage One area. 
Only the mian canl' anri sori_ inportant laterals wer, located 
on th topotrao phi 05apn. 

3.3.2 or 1 tr i o ni/ad iiif;t ra t i 

it n. a a in ti z stag, On,-, ancd Phase Ii studies 
.
that all Lo,5i: nj :aturs,' ; ,rj_ct c'c:pt the- irrigation, 

Pow,2r trFMa '- 'a:io, - ,istriution syst,.:ms, ould '",operated 
by --- t onal. For the irrigation proj.cts,I:Lnq ''nat agncy. 
it .r" a:i"'s"' IL Lah r 5'onni;>]. governme;ntal ag_.ncJ.Ln of 
Thailan! an,' t: Inv PDR 'aouhl enragt in the operation. The 
irrigaLion proj 'ctf; tyould 42 o! erated by a suprintnnt who 
:ul .n clharg, W a staff rcesnonsifl1: For op,ration and 

moist, an-no,'o 1t, irrigation system, and all aar"ociated F 
,e2auir: ,%n aa' cultural c .Lion, ,hich wii l rorr

-
n
, rs2;earch 

'a 
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and give technicil advic.: an(' assistance to th. fri-ers, ill 
also 	 equired. It'Msalo assumaed that thi , "COTT:Ior 
irrigator" conceot Aill h-o -cicod aid the-" 
for op,1rit Inj eti.. mai lnin the irriatio oya 20u . thin 
a s uit , or:v: 1y the ir'ii-'!d l 2art it-rvicc "/l "1 :r 
the unit uer Li-, difction o_- the coiii'ioii irricator slectLd 
by tho farmer-'o. Trinin;. Lh: comon irriqator ii oo;r ation 
an- mainte.nance ct 2iv1! a s iving ak irrigadvice on 


tion fariiinj ,t l 1'.,. ,ir, .i.. 


The Yi dow., .oj ': "II N,.consi,.-rahly different 
from r)rojecOt: Lh.n awxe: T'..i or Lao farmcr i: familiar 
with, an! h. '-01 loa to ') con! ths newnno/ldIoablecout 
systeac tnit cohm,icaio :a, tr.ainiro , anI var iou- other 
moans. W iL hTri - i;: au r., UM K ,ili reciveO an 

adequate :,ut1' o2 rri'at',-i t, a oF 'SU -:iOt gr:i)cuI
t,ire. Th- i.ov rmc::t 'wi t'ai!. n; in the Iao PI)R 
..ill hav :_ U I , ;!-,OI' '' o- ,jrovid .i. in orrmat.on anrd 

education,-O s L to the: . Ths' aj:ncies wiill 
also 1), 	 -or u i ceucbilitiesr<.eponsid i,!LrJn tcicl of 
their own ; , in 1 ii oi to aslur, ; c.'.,S of thc project 
(see di;cuocion on airiculirL, anl £ocio--econoinic!7 or 

further d.tails) 

3.3.3 	 .rriu;atio2 ,taoi"ai i.i d 

Factor Ii.., n iritinatqI ,l.dvelolo-!nt to beVi.un apawar 
the rat. at !ec :1roj,_ct ia'zr]c-:can ti:conttruc Lc:, the rate 
at which former.; can lewvop the allit" to fUtly utilize 
the ,wcand-l facli, ti,-s, In i'_,iLt' if local -nl -:-port 
mar: ts to absort) :ncr_'a', i at 1wnrL , nid] Li wvailability 
of capital r. iuir, to Financ: con4n1Luction. T[he irriation 
develoaniest of the Fa Mmo !rDJt in lfli, to >21. i at a 
relatively ;lo. rat. an! lnc - -,:-: as inc, resources, 

onV technoio h1iio, i f,1 vuiL,, .co i c.n a hich 
t!I irst "bTlockaS " of ii.. ti a , I iv.lop, , ';illI ] -I ct th: 
iato o:f acceptance i n u .n: Ti- . 2hre~or(, itfar-ior Thb.0 

is recomomentd that ti : c" initial lam! ,vnopmit t;hould 
::.planned: so taat ava ].,!I.,rca'i !)r:concintrate_'d in 

a rclativly' !Itall a Thio .;is.l inc: -a,_ th,' ronabiliLy 
of an or rn a! it land Inttitvlotproqramn C. It is 
cons i,:rxd that tO. 'to' On,. irrigati i A, m-nt pror,nr,'lvop 


would Lat<._ :i,,. '.,ar;,to comrlct,_ ti pl-tnon- irriclation 
faciliti.s. ti'. jIii.it2 tudi an0: _OCT 4 .Ii,' in invrstigation: 

for th.- ]itional irriqat on divisionn: includel in woi:t,'I 
should W.edMforro I until such time as a deci:ion in rmached to 
build th,: first s;tag of th project awl

T 
t;l2 need for further 

developom,nt ia cl.os-r at hand. 

Thu rak. of acccptianc, o_' th,. i'a inl; irrigation 
project shoull 1w considerahly more rapi, than it Ios boen for 
other irrigation )rojects in the: genera] ace, 1rovided] the 
assured conditions Tatrialit<e. Unde..r Li. conditions consi
deredi in Lb0 study (Oui. '3), it i:; _.stilaa ted t:1at 5 *'oars 
under w-zet season irrigation c(! 1,3,,,ar<: uTl,r ,r':,stoanon 
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irrigation, .lollowinq initial delivery of %water, will ha
 
required to realie 'ull irrigation henefitn.
 

4. Irrigation projeictn '_latucd to Pa. :onq 

Aroas to hb irrinatLvi fro Pa -o11 r11nSLrvoir release
 
may hb clasifi.,d into tLrec or eonSiY1',- >ur g!ncral 
areas
 
( ThJ 3) inclulinq thorn in no-thneast 1'ail1w ane the
 
Vientiane pl-ain of tlh, Leo PD_ 
 t inripat.,1 dir.:ctly by

diversions from the res,_rvoir, tlior, alon-j Le river hanks
 
downstr.an to b- irriT' 
 tod 1)y ,uoing, tLc li:etong data area,
 
an p.'-rlhs at some fu rir, Lim th- c_:ntral plain of Thailand
 
by tran:;ha.in diversion Th.-d_ th _ 
P.on' 

made by the US.L, (R:f. 77 ') ep4va''- tii, ar,,an in north-
cast Thailand ani in ti. Ventian : lin o tii . Lao PDiZ. The
 
possi1 rchom.; of Lr _i-aI. oa roo Pa HlonI

resrvoir to th Chao Phay plain in riailad w.r0 also out-

Pa project 

lined in the Ph.- I A:tu 1i-,-: 

It has coni::ed Ln be i te of Pa riongtatL Lhe 

on downstream irriglation 'a] ;':an tial s
_-) CI1
Pa Mong Oiptimization an,: Do' . ncts study includes
 
a prograsm-. for irr.iqatc, aqricnltual studio. in order to
 
dotcLrmin', t(_, vlu_ Peon- .
n- Fta L in increasing agricul
tural production in t, ,lo'i.n.ra aa fron Pa liong to the
 
Mekong ,,elta. ri. r .vi,. oplann ,,d irrigaLion projects
° relate, to Sir;u Pa ilong proj ct L'l,-ludinr tg d. 1]ta develop-
mntL, ,a
cain mo r ir.jatO on i-()jct , and tranbarin division
 
plar, ar.2 pc:,s.ntd in this scti.on (he,>. 14).
 

4.! -7).21 E dh,, ,.to_,v -2lt 

The P., on0 l :.a i..; a vast: aciricultural area of th
 
basin ceoering 
 '.6 million hectarrs in Denocratic Kampuchea

and 3.9 million ;,ictar es in VioL--Dam. Technical devclopment

is still in an -arly staq, and further dv la2pent with water
 
control proje'ct -can significantly 2nhance the agricultural
 
productivity. 
 Th. I .Ionq Comittee together with the 
1[etherlands cGovernmi.:.nt: unleritook a .7our--y,-ar programme to
 
draw '1p the a-
 for a mastLcr plan for ag rirulLure dev._lop
ment in I delto and conpl le.2 tuLe study repIort inThe 1,21r.; 
April 197 Cef. 5) A sumoar;, of the- report of thin Delta 
Teae stu,1y is pinnd in th..; discuzs'_ion on aqr.icu lture. 

Th. ulLioate oj -cctiv is a planne'-i roriramme for 
long--rang2i c,,nsirv ;ivelopnn n of Liti Prong delta in 
Democratic and-2 Vie,--ilam. Tamp1chnoindiat, goal hanTuh 
been to comple t a stuy providilng the tL,2chnological, agri-. 
cultural and socio-econonic information to enable short-tern 
planning and to surv,_ a'; th, 'irs t !:, in Aong-rallle planning.
The study included tho,; parts of :h.i del La in Democratic 
KarIpachea and VietL-h'.:n I.:here security Conditions permiLted
,ork to i;.: Ponl Thin meant in -ffect that the team's w'ork in 
Democratic Kapuchea part of the d,:ta wan severly curtailed. 

(NA 
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For the purposes of the study, the Vietnamese part 
of the delta was divided into 13 rlegions, each wiith fairly 
uniform agricultural potential with r,!sp,-_ct to sea .,at,2r 
intrusion, flood protection, gravity irriigation, drainage, 
and soil acidity. For each region a numbe-r of shorl--term 
and long-term development posibilities-, including specific 
problems, w,.rc: eosamin(2d from h,? coronomic, social, and tochni
*al point of vi.w. It appear that the! greatest long-t;rm 
prospects for inccreas*e agricultural production in th,! delta 
is in ,ugm, ntation of 'lry-soason flows by ras of ,ater 
from upstr,_,am r -,servoirs, although, nevertheless, a large 
increase v.oeid still be po sible, by means of b.tter control, 
including salinity control, of e:izting watr r2source:s even 
without such increase in low fo',.' Anoth,.r impnortant conclu
sion was that the ,nve stm-en; ni: ed. to incre ase production 
substantiallv would 1), relativ,:ly lowi or large ar-os in the 
delta, because a great num,.ber of canals; an! other water con
trol structures already ,.Jist. ith this study, th, basic 
information needed so formulate realistic priorities for 
agricultural development in the Vietnamese part o the delta 
is now available. 

In 1973 the D1ita T.am identifi d and formulated speci
fic water control projccts suitabl, for ;.ar:ly implementation, 
which would b,. compatible with long-trm d.v.:iopment planning-
The team identified five such projects, four irrigation pro
jects and ono troje,.ct for salinit,' control, and it is proposed 
to imp]._ment some of these in the immediate future. The four 
irrigation proj, ctf; are: (a) i,- :ach vith an Irrigation area 
of 13,000 hectar :s in th. first phase , to b, lat,.r increased 
to 25,000 h. ctars; (1) Can The rith an irrigation arema of 
12,000 hoctar,.s in the -irst phei!- (c) Miuonq ily, in 1imn ifoa, 
with an irrigation arira ol 12,200 hectar(-. in Lhe first phase: 
and (d) K1ien An, southe.ast of Rach Gia, witb an Irrigation 
area of 12,200 hoctares in th Lrs- phi.v , ,.ach has been 
selecttd as the fi st priorityv pro ,cL, and the lj:therlands 
has been asked to assist in d,1.v lopi nC an ov. -all plan for 
Ke Sach (60,50) hjctares), inclulll. d,is.i qn, and te-nder docu
ments for the- 25,000 hectares *i-.tphas,2. 

The Net ,rlanr m-ov_.rnm,:nt ha. als, agreed to continue 
assisting the H,2kong Commiriitte 2_: by proviling -:perts to the 
Secretariat with spcia! rf.;pom:ibiiLty for J,ita development 
work in Viet-Nam. As a further contribution by the Ne:therlands 
Government, a mathematic.l tidal modei of th<; HIkong and Bassac 
rivers with their .stuarin . branc~he.s i.;bing prepared. This 
model can be usedr for stuc!y in th mflc-ts or fresh water deple
tion in tho dry s,.n, and the effects of low flow 
increas<:s brought anlout by ipstrmam storage projects, on the 
hydraulic condition:; of tli_ d.-ta in saneral and on salinity 
intrusion in particular.
 

4.2 Sambor p oct
 

The Sammbor project is one of the first priority projects
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on tho mainstream recommended by the Bureau of ?lood Control 
of ECAFE in 1956 (Ref. 3). During th. period 1961 '-o 1967, 
an investigation of this project including pruliminary and 
detailed field investigations was ".ade for tn,, Nekong Committee 
by a Japanese2 team sponsore2d by th,. Japanes: ove-rnoent. The 
report of this inv.-stijation was complt,-d in i9C9 (Ref. 16).
The initial study of tb 2_ Sembor project was male, as an isolatOd 
proja!ct without ronsilh;.in.. any ups trers proj, cts: howevwr, 
with tie progress of studi,:s on Fa flonj, evaluations of the 
Sambor project together with ot-nr proje-cts including Pa Mong 
have been made. 

The, Sambor project has ben planned for multipurpose

developms2nt for po.2r, navigation, and irrigation, 
 Power 
generation is mos-t important with r.spect to the- cost alloca
tions and th, L_ nfits to I< obtained. T'he perc.ntage
2 of the
 
estimated constructiLon cost or irrigation was about 10 per
 
cent of the total construction co:;t. The irrigation aria
planned for the.' Samb:o- pro jrct is located donstr-am from 
the damsit, , 'i th th.. irrigation servic, ar._a ,entir-ely in 
Democratic 1Saim-puch -a, including 539,000 hectares ex×tendinj
 
downstr_,am of 
 th. dasit._, to th.- boundary of Fraic,province.
 
Investigations rvald that 3,".,000 hctar. > would b_, techni2 
cally and economically asi tabl,: Fr irrigation dev,elopment. 

The tota], water. rguiri at1 unon co-v'l-tLion of the3 programm as stmat :- ;0 of hich 23at I0 

would h.. sepalLed t:h, res,,rvoir and 230 Cfrom Sambor : 105 

from thI MLkong maia;ntrda end tributaric,, as we 1as lakes 
and s,.;aiDs. hue to limitations; imposed by topography and 
cost, only 45 per c,_nt of th,: 1 .ve:lopmnt area would hi: covered 
by the network of the! pump irriclation rye tam. It was consi
dered suitable to divid. the a: :a into 12 !j.stricts based on 
irrigation, irainag,, and fari ;;an<geni- conside-rations. 
Also, flood prot,ction and drainage w,_,considered, however, 
provision of iloo.,d protection andi drain g,_ systms for the2

eltire, deveopnt area coul! not h,-.justifi d without up
stream reservoin sucha as Pa ioner and Stung Trcng. Hence., the 
drainage, imfprovsm._,nt %,,asPlan,_ed only Lo-r2, :.15hctar,_s. 

Th studi.os or tli S'amlor project which considur the 
availability of upstr,a: storaq,<. from Pa Mong an Nal Ngum
have mainly focused on th._ effe,'cts of tLb,upstream projects 
on increas.d power production. H1ow,_ve_-r, th incre-ase2 in run
off in theJ MekAong rivi!r durinq the: dry s.e-ason and the low
cost power supplied by th Sambor project together would be 
a mujor contribition ,;o th. LvL.1opr,.nt of up to three million 
hoe+ares o" dc:lta lands, in adlition to the 311,000 hccLares 
downstream . Sambor clam. 

Th,.! curr,,nt inv, sti;etions related to the Samhor pro
ject by the ileko:;g Committ _q-. :rin conne:sion with the Pa Mong 
downstream effects studies. Consideration is being givun to 
both power and irrigation possibilitius in a systum op.ration 
with upstr_,am storage at both Pa Hong and Stung Trang (Ref. 4,14 -. 
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4.3 Irrigation along rivr banks 

As menntioned previously, a potential irrigation are a
 
which can benefiL from the Pa 11ong project i:; ti(l land along
 
the river banks towns;troam %Lm th: Pa Hong dan 
 to thu2 ,elta

which can i),: irrigated by pumping (Re,f. '.C, 24). This str,'tch,
 
with little int rruptLon alon both ban oih' Lrivr from
 
Vi(entian,. to Lh: t:rr ,')orl whil. not: emt 
 nsive in 
area, is wll sui .- to I r~ciIcroppinq and Ls h,avily 
populated. Th L e ir ean lad conomically i.rriga
blh by pumpingj . cm ntifin 1 evoluat_ ',y tlhe lekong 
Coinmitt- un 1_r th< riri't.. agricultural studie.; programme 
of th.. Pa H.ong Optirni' etien and Downstream Lfects study 
(Ref. 14). 

4.4 Transbasin ,Vrrr.,one 

Pa Mong Phas,. i stud i outlinecd til po;sible schemes 
of transhasin div,.rsions troL Pa 1ong reservoir to th2 Chao 
Phraya river basin locatd in the central plain of Thailand. 
It was pointd out that th. diversions moult greatly benefit 
Thailand as the availabli, v;atr rusourc_cs of -Ai:, Chao Phraya
basin would 1, limite!d with r sp.ct to the devulopment poten
tial. International agr m.m'it; among the riparian countries 
would be necessary for -ucli v,.opm:nt To det;<rmine the 
amount of water to b, di"tcd it will be nec(es.;ary to consi
dOr the following factor-: (,) inventorv of existing and 
potential storage: avail]i.l(_ to r ~glat. divert(,,1 water; (h)
e:stimatc of the onournt err atl r needed to suppl2ment the 
present water supply to dovlelop potential land r,.,sources: and 
(c) detrmination of the amount of ltikond river allocated to 
Thailand for e:,port firom tie liekong basin. Pased on review 
of the available informaLioni (.:1. 17, 13, 19), the irriga.
tion diversion requirements for wet and dry season irrigation 
both for pr:sent and potential projects were estimAted and 
the annual :suppleme2ntal irrigation requireme nts together with 
four schemes of transha:sin diversions wer,.e .inv',stigated. Thu 
transbasin diversion schmes would greatly aid future develop
ment of the., lower Chao Phaya basin. Approimately 2.2 million 
hectarus could produce t.o crops per year arid provide food 
for about 20 million people. 

4.5 Vi,!zitianpumpj irriglation proj!ct " 

During 1970 an Asian !,e velopi:nnt 7ankl technical assis
tancL mission completed : r. port (Ref. 20) ol an integrated 
agricultural d<velopm1nt nrograini. for tll, Vientiane plain in 
tHie Lao PDR. The r,!por i , -'i.ight project zones suit
able for irrigation dev:lomment, totalling some 33, 500 
hectares. 1,caus, thir constitut d l1i are.a includd in the 
Stage One Pa hong f.:asildiiLy rsport for gravity irrigation, 
the US131 mad ,. further ',!asci)ility study of 10,000 h:ctares 
for USAID based upon pumped -iiga Lion from the H-4long in 
the period until the Pa Hong dan i.s buil.t (Re_-f. 21). The 
primary objective of. th, inv.,stijgati.on i: to determine whothur 
it is possible to provil,.foc .:arly irrigation development of 
a small unit of land in tL. Vi ntian; plsin oLf the Lao PD01 
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prior to construction of Pa riong darm. 

Two basic analyses ,r., mad, of th.- Vientlane pump
 
irrigation project. One assume,! that th.. Stage One Pa Mong
 
project would be built and th., oth.r assumed 
 that it would
 
not be built. Yhse alternativ,<, plans '..'ry all hased on the
 
assumption that th,- pumping project would be put into service
 
at least 9 years befor,: th,, Pa ilong project could be built.
 
For the analysis assuming that Pa Hong would b-.2built, early
 
construction of the pumping project is compatibl, with thu 
plans for irrigation 	on th<- Vietian plain prose--nte.d in thu 
Stage- On. report. On a reconnaissanc basis, srvice- by pump
ing from the river app,-ars to be les;. ,pensivre than gravity
 
diversion out of Pa llong re-ervoir fo. s,,rving approximately
 
the sam, lan'i l.FurLh,.eor-., unlike th, gravity scheme,
 
",ater Iliver,d by pumpin; '.!ould b, r ~lase,! through the
 
powerplant creating por- T-n..fitSo. Thus, ev,n und.r the
assumption that the St-ag. On,> pr-oj,-ct wr, to be built, the 

lands in the vicinity of the city of Vi ntiane could be
 
servd at lower cost by a pumi.ping scheme.
 

Tb> gr .at.2st justification for th>. punning project, 
assuming th.. construction of Pa !ong, is its role. as a pilot
 
irrigation project ior an ,arly introduction of irrigation
 
into the Pa Pong s.rvic,,ra at 1ltvel' low co.;t. The


l: pilo nrojc:ct would provide an oppor-tunity for th> local 
people to adjust th..eir 1i -_ tyl, and .ork habits to intensi
fied irrigated agriciltLure lractic, b fore the commitment is 
made to invst in full develanmlk nt of the Pa Mong project. 

The analysis as suiming Pla ilong wioull not b built was 
formulated to axiniz.- m .tn .t s.it Thr, plans were formu
latd for pump irrigation in -lond cont,-rol of the irrigation 
area and Vientiane city ",- F :at 1lan was selected for 
feasibility .valuation. T stdy showed the plan to b.- both 
technically and e-conomicall, 'asible. Further details are 
given in the discussion on agricultur-,. 

4, 6 Pione.r agricultural )r0ojicts 

As previously not, I th-. proaramme oC th. agricultural 
division of the ilkong Committe., includes numerous activities 
for enhancing th productivity of the lower Mekong basin. 
Included in the, programm: are the- pioneer agricultural projects, 
intended to d--monstrat,. h',; a successf7ul farming community 
op':ration can be establish,] as promptly as possibl.: on full
scale demonstri-ation farming ares, so that th>, results can b 
?rogress;.ivcly appll to implem.mt major regional irrigation 
schemes like Pa ;Nong. Th, oiomu>r proj,_.cts includud in the 
4Iekong Comittee's plans rcpr sint the, largest programme for 
agricultural de.-monstration for any major oat>.r r:sources dam 
project yet undertaken. At present a total of ]5 pionuur 
projects are includ,: i in th,, programm'.:. Numerous problems 
.re be:ing invustigate-d and considered in planning and imple

menting the- pione-r projects including problems on irrigation 

- j 
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water supply, irrigable lands, drainage, operation. and 
maintenance, water control, and socio-ccononic aspects. 
These pioneer agricultural prcj.cts ar: rviikw.cd and described 
in the discussion on agricultu:r:. 

5. 	 Effects of Pa I.onq on irrigation ,ev. lojinent 

The probaLle effect: of the irrigation and drainage system 
expected to result from th,. Pa ilong project art2 closely i-nri
cated with the environm ntal aspects of many other features of 
the project (see discussions on agriculture-, surfec,, wat,!r, 
water quality, salinity, jround water, socio-1 canoics, human 
ecology, public health, flood control, and oil!s and fisheries). 
The probable effects of irrigation and drainaqe may N
describe.d as follows: 

5.1 	 Basin water resources 

Pa Hong project irrigation will affect the2 surface 
runoff of the Ileong river and tributaries in the Service 
area, and the..ground watr patt,irn. The downstr,:am irriga
tion proj_ cts i.ll also b, afi.rt.,d by the r(egulation of the 
Pa Mong reservoir jor flood contro and low flow augmentation. 
These effects may b. s;ummariz.d as follows: 

(a) 	 Under th, plan of de.v loprment considcred in the 
Phase II studi.:; ( . 3). appro;-imat.ly 13,900 
million : 3 of su:rfac- 'at would b., annually 
divert,_d from Pa llon r3.rvoir the irrigationr, to 
service ar,:a for i.ri- ation, fish farning, and 
domestic, municipal an! industrial water supply, of 
which 13,700 ,3 oulld irrigation.million a' Ih for The 

f1	 3net return om _ '.or, ,.tmated at 1,500 million n . 
Hence, the total annual 1,-.!Itioni of I-eikon, river 
runoff for the abov, m ntion,_d purposes would b, 

3
12,200 million m . This is not a significant amount 
compard with the total average annual runoff of the 
r.lekong river, combin,d _,ith Nam Lik and 'lain !ong, of 
153,000 	 millior ,n ,1o This dive-.rsion also would not 

affect th.m pninc-14],-; of thl ogremnn t be tween th, 
countri-.s on th, us of mai:nstream surface water. 

(b) 	 The axisting ground wat=,: r-sources in the Pa I-long 
service ara will be aff,-te by th, additional water 
from the Pa Ilong r es:oir applied for irrigation. 
An analysis of effcts o propose-d irrigation on 
ground watr ( lf. I ) concluded that y(:ar--around 
irrigation with add itional watL- applications could 
be i;pected to caus, a ris,: in avrage (iround water 
levs of the! orLL- of 1 to 2 in in low-lying areas 
and flood plains, to as much as 3 to 5 honeath up
lands. Seasonal fluctuations would be somewhat less 
than at prusnt. Adequate drainage, will haVe to be 
provided in th,_ irrigated areas to prevent water 
logging and posii]< salinisation of soils. The 
ground water discharg_. will incr.2Jase as a rcsult of 

,vi
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irrigation. Aoro:i-ately 10 to -3 per cent or more 

of water divertad for irriition "j.ill reaipelr a.; 

the ground ,ator li!-char"je compoiont of the total 
return flow:-, aii many s:aller stroiams that itr7 now 

intermitent oul, flo'. perenialyo 'he ncr .ased 
qround 'iat,*r di.ichargj(, toj,,thor !itHi ;uLi'-_ic: runoff 

irrigation, 1'ill<.;nifica ty Lncra<;i • th, e:,isting 

dry season haso fIlo a' tri.ltK,' s.ems 

The propose1 iiilaton devylolpmnt mighit affect the 

quality of natural a.; Polliltion of natulral water 

with p esticides, h'rbidi, and othr sihlal chemi

cals in a uilivr;al yohlm I ]a'jg-scal, and con

tinUing .e cc lprograrm .< in tic d've.loped countries 

are aiiei at d,.velopiij th ' st 1 e,Li canli control 

procedur _ IA au;, [ ia laPong iLrigation area 

is urnderlaiii '-,- sal d,::osit., tudies have :)oer made 

to eva].ualc Li-, orY,ct oi tha '-al ty o :-.!turn flows 

(Ref. I ). Th ,oncluitili , illc 1)y the t i < ar 

that tlici sail a,-it 'il have no eflfect on the 

irrigaLio, i.u. ill not CtUlt in soliLion of the 

salt ,,1;, a s ar . atbec-u., :,. o:;tLs con.s;iderablc 
depth aN overl..n by r lativuly ilijerlnlaile <;:trata 

and t" groun I iter ci rculation r, ultincj from rain

fall ann. in Thii.1 qualityirrig:±L LoiL at I'i:it 

of '',ter of Pa I o0 rn CrvOAris15 ( : 1( i I.0 tudy OT 

the quality of ' Lii flu.'; ri.! tll, i inr irr'L-ated 

zi(:a is !olo , 'Vi n i a; un!-'llin y : salt -a~ r. 

It 'all colicl i.htt thi t:Lir -..ll ) no iai.-iaiil d'ct nin.ora

tion in '.at(N iuality nq a ,..:ult oa illani-n:d irriga
1


tion ,v lopi7/ , v- in. f<ctL tie- qualiL"y of .,:iter in 

tributary ,trsO . ' , i. i:-erovcdI <.cause of tuLe 
increa se in 1an I'-, oniinuo moni.r:, la:. 'v-.ml s 

torirng of surf.as, -,a qriuality .! :;eede I to alleviate 

any proll,_.IIs that iiihL -)ccur. 

The planned dra isystem far tli. irriLation area 

togetlijr iit: Ui,- o ,:aL]oLii U Pa i'1o11'j ,illcoservoir 

beneficially a1,cL -i:ia,,itiori kvelopmfnt:. Tie 

sur.face draing. ',,tN ,11 reasonably pro)Ltact lands 

from ,lamga iue tV Mlo in coted yI)rain fal!1,nd 

runoff, aLn-, 'so'1' als;o ii pri rcduction in croper< veLt 

yields On IoniiN ' on lanis.l a iater Lie 
Under tMe operation of Pa ai'g rt:servoir, flooding 

caused !a ovaclOn floes rnm the ideion, rivr .ill 

he much Himuc:lbtmi',F.ittinq irrigationrc thu:; bath and 
drainage. _e ,irain:; i ,;haiiirng to the Nekonl river 

will also h proviJid '1h fl ,,!ia e to prevenL back

up of .iater roii th, ;iacong rive- into the lo.land 

irriqatini ar;'. 

The regulation of hb i'a rlonj reservoir will certainly 

incleast Lhe, laoi flauss of- LMe iiekong river downstream 

froin L.: i dam;,it;L. Ti; ,;yste :;easonal power 'egula

tion study of Ia long reservoir (Re." 22) shows that 



II .. 221 	 .rrijtitLon ,il 
dr-,innge 

Pa Mong dam will contribut additional flow during th,., 

dry se ason (Nov,2mb,-r to January) ranging from 2, 170 
m3/scc -"or a high pool lv,:l of 260 m mS, to 970 in3! 

sac for a 230 m 151, high pool lw1vl. This incrcas,_ 
of dry sason flow toui~th,-r with flood control r,-gula
tion by Pa Monq .ill :ichicv. major bunefits in airicul
tural productivity in both D,_mocratic Kampuch,_a and 
Vict-.Nam (s> discussion on agriculturu). 

5.2 	 Land r,.,sourc,:s and soils 

(a) 	 Pr,.sntly, th, lands in th Po Mong pro, .ct area ar,: 
us,d mostly for singl,--crop production. With irriga
tion (lw21opinnt, th-s- lands will b,: fully utiliz,2 d 
for year-around irrigation. Thu major land-r,,latd 
problms which might- b_ adv-.ro-ly affhct ,d by y~ar
around irrigation ar,: th-: impairm,_nt of tha qualitiu 
of productiv, soils and -:oil salinization. E, cpt 
for th_ rivur 1 v-<2 and flood -)lain soi1. availabl, 
and rcsurv suppi,..s of most plant nutAit ap,,ar 
to b,- low or v c,.: io,n soils of th, proj.., t ar_:a 
(R,-:f. 7). How,-.v~r, ti..r,. is still no vi .nc to 
indicate, that th: propoA irriation will impair thu 
qualiti,:s of producti',: soils. Although thi soil 
f,rtility may b_ d.l..t-d und-er int~nsc cultivation 
1.1ith application of irrigation wat, r, corr.ction of 
this probl,:m could b, m, t by 7, rtili:er input:s and 
good farm managr,_mnt practic-:s. Although th r, ar 
small but conspicuous ar,a! of salt-affcted soils 
in the study nr,,a, control of solubl,_ salts and 
uxchang,:abl,: sodium at favourabl 1- ls::: in tL... soils 

with .,lvlopment.is "'p-ct d irrigation 	 Thin ,ffl.ors
cent salt films now apn ,.arini on the ground surfac,.: 

over some, areas turint; tho dry ,-ason, ar- tnh, rsult 
of concentration and .vaporation of shal low qround 
water and occur primarily 'w.,r local zlif soilr and 
perm- ulitis ar-: nuch1 that adrlquat, flushing in not 
accomplished in p,.riods of h,.!avy rainfall. Areas 
whar.. thin is .ici unnr ad ar. not g< n,:ra]ly planned 
for irrigation. Y .ar-around irrigation with propur 
drainan, faciliti, s, '.:ill not r,*-sult in an incruas,: 
in th,2 ar.ea of th ;. -salt *nt.Zflorc 	 films. 

In th..e Phas. Ii ;ludies (R 3), som-- 1,000,000 
huctar .-,'" l-an,,: worc.i ;. d a ;uu ntie for 
irr igat ion. I t- a; I:,':1t,;n,_ tf at thes lan,: would 
provide de'.'olFmtnL )pportun.it':s for mre than 50 
years. However, thei- ian! ara i the lower basin 
may off.r ual or bettrt )i,)ortuni. t ,te irriga-i 
Lion dcvel_-vient. fk nce, ut ure planning far irriga
tion Jr1: th(' POi C111 shoul Consi tier theseag j (ct 
lands along with otlc:r lin,; -reas -, that environnental 
effects associated with irr' 'atln could lie nLni:nized. 



(b) 	 Th,- construction and op,. ratLion o, .1,i-ri, toil and 
drainaq sst :TI L.;aV inv, o .L i y, Co" ion, 
and s-dia ntation pron) III .t ,. 
canals niqht vary fron: Lo CO . L-T.o!'iil f;t- ti.,: 'ohs 
ov,-r a shortL , i.od olf -: , ,i hyt; :;t ii ur;. 
from bank storay h. Iillr 1 1 i i .;. . h iol 
undl..r th-.. conlitiol: ?* Li tr t:,1i: ' 
within t:O. rvic,- t: 11 -] o, - to 
sv.r.: con1iin t,h 
p a J(Ii,.s , ; I].t: i .: - . } : i tA, 1,1!. :: 

bank." iri.j :0 	 '', i1-A:LO),1- , 
rainstorm::-, to,; r t 'Iii I. v ]o:'.J ''V'' i!, --ill 
introduc. i :..ci:,! -t 
channln which lia , .: , II:.in'1W)i.Wl 
sy sL d liv. ry " ':o ; ; wa,- IiOrurrs. .;,.n (- It ail 
chann ls may ;i:o) ;,!v i-!- by : L '' , .: .,I ;-' : l 
changcs in Fl:,ow, : I (I 1 ' !O1;r'r i l , i i1t1 .1r:;i 1-

followinq co1tr -o .1. n: Iv !I:;,; 
chanc,, to h-col:, . ". l " o.,,I , 1 .. . .,. ; 
ar,. locali .1,A a , all, iaL. iy car. ), . i 
consltructiorn ,itn: ,00010 ;.2,Of r'io 

5.3 	 Ecoliij Cal fF ct:: 

Mong (:- ;nc].-Isa 
nonarabl,, lands iY, th- P .on, -,:rvic ar.a, w ith%ai. r
 
furnished by th,- irrin aiL,)n r!iitrilutioi, : t c.ma :1lr fish
 
production in th,: pr-oj .ct ar'a -.:ill ilci- a:; Ir,'Itly ('-2 'li;
cussion of fi hri .). ;].o, LI pr, :-ti. of d'! dt .._ 
may pofse a s,.:riou ; an,' c: "tl,/ tr-at t-o proj.L f.f:i .iti (t 
discussions or: aqitiLic ,'olo! ul on r .t:rvoir . Olifl"). 

Th.- Pa proj i I';hfarn lv lc.pm In on 

[t
 
t car . i .. 1. c, 

ruquir_.d to control pollutioi- t.,m'Ji taf' Ini ,1011 , .:t r" quality 
1,v ls n--,,d d For - -. :: :;ucI. a:; fish prolagat.in. comrrunity 

should b,. not-A thai x ' t j_ ual- t' :r,I!) ol iI 1 ,. 

inandi 
watu.r supply. 

5 i cur5.4 	 AU_. tura Iprr-ydc -LI;n i i 

Th.. Pa hong irriqatioi pro, ct w.1i r atly ircr-l..;, 
thc agricultural productio; n Lit I -,ion. A- ;at,:A pfr.v'oul' 
th- irrigation ar -a:; to I> ;.. fi-t .11 Iom Pa *!(-,Ij 0:,-( ), : 
includ- (1) th- 'ong Pji , Of 1,00 , C',a .t 	 0(), h CtaILr<-:
 
in th Lao PDR and north a': Th;il1al(1, i,';r-ovit,:iiv r:;ilo: 
from Pa flong r,:s rvoir U') ar.,; a!Jn, nr v.r ,lo,,:.; L .amial:o. 
from Pa lio 11am, by pumap izriqation; (3) th, 14,konn ( :!La ar..a 
of sor. 3 million h<ctar,-:: indpo:;;iIAly (,4) tr:inbslja .1: div, r
sions for irrigaLon of ..? millico h..ctar.:; in Lt. ::,.ntral 
plain oE Thailand. It i;; ,ntiat:td Lhat th, annual i ncr.a., 
in ric, production it th. P:- nion; proj..cL ara al.n.: would b 0
about 3.7 million ton:; (' ,liscu::ions on agricultur.. and on 
human 2cology). 

5.5 	 Comrmunityw t.nfr:-;uiv and ptblic. ,.lt. 

On, of th_ b.n. icial asi_.ctr of irrigation will bo 
th, availability of a d-pndahl.: potahl.. ':at r supply for 
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communit .cs and industries in the service area. The mineral 
quality of water' from the Pa bong reservoir is escellent for 
such purpos-s. The 	 availability of an assur1, community 
water supply will greatly improve comunity public healLh 
and contribute greatly to reluction in communicable diea:es 
now nrevalant in the areas to be serviced. Also, benefits 
will alo come indirectly from irriate! agriculture through 
the pr-oduc' ion of higher protein fsods to improve levels of 
nutrition. 

More detailed discussion o' the public health effects 
to result from irrigation dieveloument, including cnnsideration 
of malaria and other later-oriented diseases, are presented 
in the discussion on public health. 

5. 1 Sot-.io-econoaic!s 

The Pa Iong irrigation development wiill have major
 
impacts on socio.-economics of the basin (see discussion on
 
socio--economic s),
 

5.7 	 robable, (umrary-of effects 

Te probable effects of PI IMonT project on irrigation 
development listed shove are no:;tly b'eneficial to the basin 
population. Some miner detriiental effects might aIlso be 
anticipated; howevr, these effects can be corrected by con.
tinuous monitoring, additional research and investigations, 
and effective planning an,' management. In summary, the 
Pa mong !-tee have fewi adverse effects onireigaLion shoulid 
environmental valuer in the lo., !:- basin but should contribute 
immensely to the :elfare or the reqTion. 

5. 0 Diifferent punl levels 

Uith respect to differLent pool levels at Pa Nong 
reservoir, the probable effects. should be a similar nature 
regardless of pool level selected. The magnitude of effects 
will of course depend primarily on the e:'tent of the land 
areas to be irrigated. 

C,
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TAOLE 2 

THIBUT.,RY LRRZflTI0: PKCOVECT2IN OM-ATION AND UrDE CCr3-TRUCTICN 

Project Nano Country Dource of Finance Year of Inauguration Description of Irrigation Activities 

(A) Projects in Operation 

(1) Bovel Deocratic 
Kanpuchea 

Demoratic 
France 

Kaapuchea, 1969 lrrigation ii serviced by a canal netvorh using water 
diverted from 7tung onguil Beray, for irrigating 
30,000 hectares and could be expended to 45,000 

(2) 

(3) 

(4) 

(5) 

Nan Dor 

Nam Ngun 

Nan 

Niam Pca 

Lao PDR France, Lao PDR 

Lao FDH "ine countriec 
and Lpo PDR 

(4) NmmF~rx, Tailan 
TThailand hailand 

7hailand Thailand,Germany 

1971 

1971 

1965 

1966 

hectares. 

Iain purpoae for power -enerction with minor diver-
Iion for local irrition. 

panpurpose for power 7eneration Lut will Supply 
.ower for ponp irri4atio. in Vientiane plain az.d 

:17. valley,. 

Fr.power generation with power output for puapixr ;ation in :;:nNa.;o." and N:a?Jion 'ha-no=. 

7-st-ntage irri ton area of ?5,000 hectares on 
t.he left !&-qk ir under connt -uctl:n in 19'74 and the 
ltimate trr!,mt~on delcmuent schnere will cover 

(6) 

(7) 

Lan Pra 
Flerng 

Lan Pao 

Thailand Thailand, USA 

Thailand, USA 

1967 

196a 

53,000 ectar e. 

The total cervice area J aout 10,500 hectares, of 
which the whole cun te irrigated in wet season and 
abouat 60 per cent in dry -eason. Lu 1i74, the whole 
area w.s qerv.ced in wet ceason, but only 10 per 
cent in dry ceaon. 
Me project as 4eiogr.ed for .rrira-i 54,,30
hectared Ln wet aeazon and 40,480 hectares . y 

season. By the end of 1 74'about 50 per ofo 9. 
total project work was cospleted and 
hectares has been irriated in wet season. 

1about13'" 



TABLE 2 (Conttd) 

Prnject Name i Country 
iL 

Source of Finance Year of Inauguration Description of Irrigation lctivities 

(8) Lan T-kong Thailand Thailand 1970 The total service area is about 38,000 hectares in 

wet season and 27,000 ha in dr"? veaon. In 1974 
I about 16,000 hectares ha  been irrigated in wet 

season. 

(9) Lan Domr Nci Thailand Thailand, Japan 1971 The project i desi,7.ed for irritaton area of 
33,300 hectareo. The irri -atilon work is under con-
struction of which 13 per cent cf work was ecmpleted 
for pumping stotion :.nd 21 per ce.t for irrigation 

system in 1974. 

(10) Nam Oon Thailand Thailand, USA 1974 The project fs deL'nei for irrigating 32,480 
hectare. in rainy Feacoo and 10,033 hectares in dry 
cea-on. in 1974 abto. 1,00Y hectares received 
water for irriration. 

(2) Project Under Construction 

(1) Prek Throt Demoratic Twelve countries The ultimate schene will siupply water for irriga-
Fgmpuchea and Democratic tion of 70,000 hectares included with picneer 

Kampachea agricultural proranme and on-fam developuent. 



TAZLE 3 

TRrBUTARY IRRIGAT10i: PROJBCTS/AECO.;Ut I A:E AND FASIB ILy STUD IES 

Project Name Country Co-Sponsors Date of Copletion Type of Study Description of Activities 
(1) Battambang Democratic 

Kampuchea 
%419(4 Feasibility The project study made by ZGO.REAHrecommended four stages 

of developoent for power and irrigation of sone 68,000 
hertarez. The first stage includes irrigation develop
me... of 23,000 hectares and the third stage covers addi

(2) Stung Treng Democratic 
-=puchea 

Japan 1971 Feasibility 
tionvil irri ation area of 
The irvesigator. carrieu 
struction of a daz on the 

45,000 hectares. 
out by NTCA enoisage con
-turp Chinit to provide irriga.

tion for 25,400 hectarcs and power gneration. 
(3) NYemTheut Lao FDR France Reconnai-sance IDekiflow stidie: indicate that Nam Thesn 2 could provide lowncroaue to irrigate up to 10,003 hectare inn the 

lcwowr -e Saog Fai and
dcv-tre.= in -he Lao 

anott:er 201,0&C
PEE, Democratic 

hecares further
Kampuchea and the 

Yekoni delta. fecorn-ina2ance by -,:TLTEC will start as 
con as circu-stace p--it. 

(4) Nam Mae Kok Thailand Germany 1973 Pre- A feasibility study for a multipurpone project on the 
feasihility lower sa Kok is be-n. carried out and is zched-le for 
and 
'easibility 

cozpletion in I975. Pre-feasibility of the Fang 
a tributary of Hoe Kok, for irriGatin coapleted 

bazin, 
in 

973, recoonended two priority projects, Nan Mae Sao 
and Nan Ma e a Wan-. 

(5) Nam Mae Ing -
Mae Lao 

Thailand Switzerland 1972 Reconnai-
sarce 

0 
tudy was 
esources 

made for ground 
in the baains. 

water and surface water 
Five projects, irrigating up 

P 

to 71,000 hectares were selected for further study. 

I. _ ___ _______ ____ ___ ____ _:E 



TABLE 3 (Cont'd) 

Project Name Country Co-Sposors[ Date of Completion Type of Study Description ef Activities -

(6) Nam un Thailand USA 1971 Ieasibility Investigations of Yam Mun project south of Nakvrn 
Ratchasiza wax made by USBR for irriation develop
ment of up to 19,500 hectares by gravicy flow and 
for domestic, runicipal, and industrial water supply. 

(7) No= Chi Thailand USA 1972 Feasibility Investigations of !:a Chi project on the upper reqch 
near Chaiyhum was made
30,00r, hectares. 

by J-R to irrigate more than 

(8)Upper ,eSan Viet-Nan Japan 1966 Reconnais- Recor-naissance study carried cut by "ippon Koei for 
sance and 
Feasibility 

the overall develop=ent potential of upper Se San 
basin for power and irrgImtion. Feasibility studies 
for three shall irrig.ation zchemes for 6,900 hectares 

(9) Krong Buk Viet-4am Japan 1966 Reconnais-

and for initial-st e for run-of-river power project 
='d for puap irrgation were also carried out. 
Inveatiations were carrnic out by OTCAof Japan on 

sance a tribatary of the upper Sre Pok river for irrigation 

serving 6,500 hectares in the central highlands of 
Viet-Nam. 

C. 



TABLE 	4
 

/
CULTIVATED AREAS IN LOW-ER MEKONG BASIN IN -1970

(from Refo 1)
 

Cultivated Rural
 
Zone Gross Area Area Per Cent Population
 

(million ha) (million ha) Cultivated (millions) I
 

Hills 	 0.6 t 3.7 2.4b/
 
Plateau::- _. 6o3 15. 1 15.0 

c/
?loodplains- 6.9 3.0 13.5 3.4 

All zones 64.5 9.9 15.3 25.8 

a/ iMlekong Secretariat estimates based on 19G5 data. 

b/ 	 7v "olateaux" is meant the Korat plateau, the Vientiane plain, H 
various tributarv plains and the northern plains o-
Democratic I'ampuchea. r 

c/ 	 By "floodplains" is meant the lower Iekong floodplains, below o
 
Kompong Cham, entending to the sea.
 

0. 



irrigation and drainage 

TA1L]5 

PRJWL'TED FOOD RFMUIRE4EM'S. PRODUCTION, A 
DEFEI CIES BnSlflIN LOWER MFXONG FORYEAR2000 

(Quantitles in thousands f metric tons of paddy equivalent) 
(from heference 1) 

Product ion 
(without Deficiency 

Planted irriJ ticoni D 
Reei..
Ar.a.. 
 --e. Requirment IRegion Year Ara Upper Lower I Baned on I Paeed on 

(000 he) E:- E- Upper 1 Lower 
t mate timate Ei:;ti ata Estimate 

Democratic 11963-60 2,719 3,109 3,109 3,121 12 12 
Kanpuchea 	 1970 2,867 3,567 3,543 3,600 33 

1975 3,023 4,090 .1,O38 4,I7 97 149 

1980 3,176 4,699 4,589 4,917 218 32
1985 3,340 5,3/6 5,219 5,13] 45'5 612 

1990 3,495 6,16C 5,916 6,9130 820 1,064 
1995 3,6(4 7,07 6, 71a 8,430 1,360 i 1,7122(xo . . 1,. 10,295 .1. 6B_ 3, . ,i , W, 7,607 2!, a.. 

Lao PDR 1963-(6
1970 967 

'7B774 
')26 

774 
q16 

42 
1,016 

6 
Bu 

2 68a 
100 

1975 1,02.7 1,116 1,066 1 117l 141 
1980 1,086 1,343 1, 283 1,401 138 196 

1985 1,146 1,06 1,510 1,083 177 273 
1990 1,205 1,902 7t,766 2,125 227 363 

19 1,26, 2,245 2,061 2,536 291 475 

20C, 1,316 2,646 ?,404 3,073 427 669 

Northeast 
Thailand 

1963-68 
1970 

2,878
3,046 

3,339
3,871 

3,339
3,827 

3,339
3,964 93 .37 

1975 3,229 4,495 4,337 4,757 262 370 
1980 
1985 

3,423 
3,611 

5,227 
6,040 

5,029 
r,731 

5,759 
7,024 

537 
984 J 730 

1,293 

1,90 3,807 6,932 6,514 j, 569 1,6.37 2,055 

1995 4,006 7,929 7,38 10,444 2,515 3,063 
2000 4,208 9,042 8,340 12,843 3,801 4,503 

a-- area 1963--68 -1,705 3,554 3,554 3,647 93 93 
Viet-Nam 
Secretariat 

1970 
1975 

1,841 
1,9m 

4,06 
4,525 

3,962 
4,423 

4,134 
4,737 

128 
212 

172 
314 

eat imate b, 19 2,097 5,098 4,926 5,48- 387 559 

1985 2,23j 5,752 5,499 1 6,410 658 911 

1990 2,396 6,508 6 157 7,565 1,057 i 1,408 
1995 
2000 

2,570
2,765 

7,346
8,325 

6,509
7,784 

9,014
10,843 

1 668 
2,518 

2,105
3,059 

Batin area .92 4,028 4,100 72 72 

VIct-41an 1970 2,038 5,020 4,450 4,390 0 440 
Alternative 11975 2,133 5430 4,20 5,1 760 1,370 

ectimate- 1985 
1)65 

2,205 
2,287 

5,740
6070 

5,135 
5,135 

7,350 
9,250 

1 610 
3,180 

2,215 
3,815 

1990 2,48 6,330 5,690 11,160 4,830 5,470 

1995 2,408 
6 , 55 5,915 13,500 6,950 7,585 

2000 2,445 6,700 6, o 2i6,3OO 9,600 10,250 

a/ Covern sixteen deltaic pr,-vince!; within the lower ilekonzj: basin.
 

b/ Ent. by Mekon,1 secretariat in 1969 as part of estinateu for all four riparian countriea.
 

c/ Based nn alternative ectirate, furniihed March 1911 by Governzeit of Viet-Nanm
 



Irrigation and drainag 

TAILE 6
 

IRRIATION FRCUETS CONSIDEJIM FORTIlE SlHORTR"ANGEPLAI (1970-80) 

(from Reference 1)
 

Country Nm~e of Project Area to be ::erved 
Recommended 

Conissioning
Period 

Democratic 
Kampuchea 

Frek Thnot 
(under con-truotion) 

5,000 ha in Phnom Pen 1971-1975 

lattambaag (!at stage) 
Battambang (2nd ctage) 

23,000 ha in western area 
45,000 ha in western area; 
Battaoban, - Sleomreap 

1971-1975 

1976-1980 

Total 103,000 ha 

Projected area require-l 
mente (1971-1980) 62,500 ha 

Lao PDR Nam :)gun(It stapse) 
Nam 1gum(2nd 

5,000 ha in Vientinne plain 
3ta0e), ha i Vientiane plain 

1971-1975 
1976-1980 

Total 35,000 ha 

Projected area relaire-1 
cents (1971-1980) l5,00 ha 

Thailand !lam Pong (conpleted) 
Nan Pung (ceprcted) 
Lam Pao (under con:it.) 
Lam Pre Il ern , (under 

cont.) 

Lan Takoat (under 
conast.) 

rInmOCn (under cont.) 

53,fOO ha in weatern area 
14,O0 ha in central area 
62,00 ha in central area 

13,000 ha in southwent area 

33,600Iha ir aoutiwent area 
32,000 ha in central area 

1971-1975 
1971-1975 
19'/6-1980 

1976-1980 

1976-1980 
197(-1980 

Total 231,600 I a 

Projected area require
ments (1971-1980) 144,000 ha 

Viet-Nam Cai San 
Tiep 1lhut 
Go Cong 1 
Kien loa, I 
Upper So San, I 
KrortgBuk (Upper Sre 
Pok ) 
An Troung 

Vinh Loi (Tiep 11hut II) 
Dong Thap, I 
Da rha, I 

60,000 ha in west of Basac 
70,000 ha in lower delta 
5,000 ha near Sait:on 
27,000 ha near Sajgon 
6,900 ha in Nidilandn 

11,400 ha in Ifi./ilands 
10,000 ha between lla:inac and 

Nekovp 
30,000 ha in lower delta 
50,000 ha in Plain of Reeds 
50,000 ha wet of Pansac 

1971-1975 
1971-1975 
1971-1975 
1971-,1975 
1971-1975 

1971,1975 

1976-1980 
1976-1980 
1976-1980 

1976-1980 

otal 320,300 ha 

Projected area require
ments (1971-1980) 320,300 ha 



TAILE 7
 

IRRIGATION DEIIAN' VERSUS SOURCES OF SUPPLY FOR LONFC MENONG BASIN FOR PERIOD 1971-2000 

(from Reference 1) 

Potential Capability
 

'-971-2000 Tributary Projects
 
for Full Double b/.
 

I Needed Increase 

Area (hPer Cent Major Projects
(ha-a 
 of Need
 

Democratic
 
117 1,32!,000
Kampuchea 493,000 576,000 


Lao PDR 79,500 25,100 320 130,000
 

Thailand-/ C34,000 235,000 34 ,500,000
 
/
Viet-ijam- /61,500e 97,000 21 2,050,000
 

Total 1,L6-,000 1,212,100 65 5,001,000
 

a/ Converted to equivalent of double-cropping capability, or mean area of ;iet and 

dry season irrigation. C 

b/ Pa Mong, Stung Treng, Sambor and Delta development projects. CJ 

0c/ Northeast Thailand. 

d/ In the plateau area only. 0 

e/ Secretariat estimate. Alternative estimate by Government of Viet-Nam is 

1.3 million ha. CL 
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TABLE8 

PRESENT L24D USEFORP. YC-0 STAGE CNEAJD R-ASE II STUDY AREAS 

(from keferenco 8) 

Cultivated Land 

Total
Paddy 

I ix- ,c Natzvo:
P Jdy Riceland Cult.i- Total LIrrigation Division icela d Fartially vatcd Cosed Orn pen Gtaes- TotPloBaroo-Cleared Cleared .-phand :1 cr-st Forest Forest Bush land(Prc) (Frp (el H~ctqrcs Per (f Fo tf) (b ;(;1 Hectares Per Hectares Por 
(Kai -a) , ho) Ccnt 1:(ha)( h)( h) Ce-nt Cent 

Stage rne Divisions I .... ... ..............
 
ViontianQ 5,300 1,C55 1 160 7q 691 2,574 -.
 
Huai 'cng 19,572 2,61 0 24,231 171 1,716 1,e43 3,519 ICO 7,3459 23.3 31,5.
2,0.3 7 
Total 24,372 3,671 3,203 '1,7-;6 73. 225 2,3C2 2,53 , 10 11,2,4 26.2 43,0(0 100,0 

3,2033176. ,093 4,0 C" 

Phase II Divjsic.os
Nam Lik 11,332 4,88 19,152 58-0 12,(9 692 1,1C2 13,8 42.C 33,V36 10.0
Vientiane Ext. 4,4Q6 578 1,520 6,584 '-l-5 3,5 2,579 1,2 1,2 9,26 S.5 ,15,852 100.0 
Laos Pumping 7,991 2, 99 5,421 16,111 32.5 - 26,526- 5,505 13 5:1 33,425 7.5 49,536 icc.o
Udorm 93,3PC 43,732 3,665 1 0,837 70.  14,e42 36,,2G 6,51 623 5e,664 21.5 199.703 1000.
Kumphaapi 21,956 10,C76 1,707 33,739 94,0 - 652 1,512 - - 2,1E4 6.C 35,903 100.0 1
Lan Phaniang 30,033 34243 756 65,034 18 - - 90,57 1C.0- - 90,67 56.2 155,601Huai Peng 92,206 6;,71C 4,734 161,652 !5 i 1,167 ,X07 26I - 6-.,!55 27.5 226,1C7 10.O6 4 7.1.5 3165Mcn Kacn 4o,638 30,429 - 71 C7 92.5 - 2,51, 4,127 00.3115- 5,633 73 . 
ai Nah 35,776 8,540 44742 223. 3,81- 90 -4,127 B. :8, 00.0 

i 
m0CL 

http:Divjsic.os


TABLE 9 

4
,UM1JRIEs OF ARAOLE LA.NDCLAS7FATION FOP, LAO DR ND THAMLU DIVISMNS 

-F FHAZE DUSTIGTIWZiPM!IG F'iOJ:)T II 
(frcm Reference 5) Unit:Fectares
 

Lao Pfv. Dicor 
-- 1 -- - - -Ii-- TotalCategory -_ __ -am~'Li& 

Diversified crop ar-able 

1,70 i 1,070 

VientianeO V n r -- D iv is ion. Ls 

Class 1 
- 5,700Clas: 2 1,650 750 3,260 

Oub tstal 1,60 750 1,33C 6,770 

Wetla rd rice arable 
3,0O 2,130 11,730 10,7i0 28,040Clazs IR 
e" 12, 4,9-'0 88,850118 20,330 

ul total 10,303 14,310 ,1670 -

Arable Cla :es 1, 2, 1F, and 2R 1 
ub to tal 11,9- 15,06o 6 5, No 31,610 123,660 

Cla S 6,810 12,350 19,660 

Row and Class 
6 33,540 11,5407,040 5,120 56,240 

Towns and villages 1,680 300 2,190 7C0 4,370 

Total 17,7-0 29,210 113,580 43,850 204,4.0 

900 



Categr 


Class 1 
Cl~ss 2 

SutolSubtotal 

et!=d Rice arable 
Cl-s 1R 

Ola-s 1R 
-ubtotal 

Arable 

Class 1, 2, L1, and ZR3u'~ta2. 

class 5 


Row and Class 6 

Town and villares 


Total 

_Huai Song_ 

5Fo 


3,900 
,40 


13,110 


24,310 


37,920 


42,402 


33,460 


2,100 

77,960 


_dcr 


=" 

260,T 
3,270 ! 


20 0 


207, !0 

227,570 

230,840 

24, 330 

207,440 


11,120 

473,700 


TABLE 9 (Cont'd)
 

Thailand Divis ions 
Khphawap_ L aPhanian-

4,400 

40040
4,400 


7,22 21,700 


.. 9D. 105,860 
72,230 207,56, 

76,6oo 207,560 
n, 700 :%)0 

155,910 74,180 

5,46 5,630 

256,670 2:7,670 

Unit Hactares 

Huai Ponw; Khon Kaen 

n2 
I 

90 13,410 


172,140 90,880 

2 60, 9 04,290 

260, 9-c 104,29 

150 5,710 


121,520 205,2 


13,390 40 


395,990 318,£60 

Nai N 

iTi 

1,F'301,8330 

25,610 


56,45r 

82, 160 

0 83,690 
12,350 


3,40 


5,410 


133,700 


Total
 

,23
 

7
13,980
1,5
 

190,220
 

802.310
 

I
 92,530
 
1,006,510 

61,510
 

12,70
 

43,550
 

1,944,350
 



TWLE 10 

POTE!TIAL 1MRIEBALE LLnJS CONSIDERPM V PA XQJ0 PAISE II 31NESTIGATIONS 

trea in Hectare by Diviaion (Lao_£D. ) ___ _ _ 

Land Claza V'ientiane Vientiane 71tension Lao TuzpiLg :,'a Lik Total 
(-tae Cne "rea) 

8110 1 
2 1,320 20 1,420 3,810

IR 2, 3,620 e,680 e, I 24,1-0 
Lr 6,320 10,810 35,160 21,290 74,180
 

Total 10,620 14,720 46,070 30,720 102,130 

Land Area in 0ectare. by Divisions (Thailand)
 
Class . .. .. - Total
 

Hwi :on, dorn ?--a-.phaapi Lam Phaniang Huai F ' Na ah?hon I:aen 

2 37O 5 0 930 
2 i,- 0 i 1,3 910 1,6o 5,170 
R 11,230 22,220 1,210 1,71D 76,530 6,770 11,2.2 147,780 
2R 1.,230 161,50 j 31 ,460 1260,oo 133,750 64,560 32,510 566,360 
otal 29,3r70 155,720 33,350 144,710 210,280 I 71,3 45,450 720,240 

I I 0 
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TABLE 11
 

ALLOCATIONOF AVMrAGE A JMAL urHP !UPPLY(W PA hO G FI'nEaT
 

FCR111R8I 0T1112 10:;E
GTON Ai) 2? 

(from Phase I1 Operation tudies, 'eforence 8)
 

(a) Initial Plan 

Item Volo 
6)  

Per Cent or Inflow 

. . . . . . .. . . . 
() irm power release 10,238 71.3 
(2) !fecondary power release 36,770 24.2 
(3) Irrintlon diversion 628 0.4 

(4) Live stream releane 36 0.0 
(5) Eeoervifr evaporation 1,346 1).9 
(6) Reservoir spill, 4,801 3.2 

Total reservoir inflow 151,[t19 100.0 

(b) Year-50 Plan 

Volume ir Cent of Inflow]tenI' ~ ( x 10 ) [FrCn fIfo 

(1) Firm Power releasue 93,777 61.8 
(2) Secondary power release 38,267 25.2 
(3) IrrLation diversion 11,800 7.8 
(4) Fishery divrcsio,, 1,361 0.9 
(5) ON1& I divernior 1,128 0.7 
(6) Liv. trean roer e 36 0.0 
(7) lieservoir evaporation 1,331 0.9 
(8) Reservoir spills 4,119 2.7 

Total reservoir inflow 151,819 100.0
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PA MONG ENVIRONMENTAL ASSESSIiENT 

MINERAL 	DEVELOPMENT
 

1. 	 Introduction 

An integral part of the ilekong Committee's programme
 
for industrial development in the riparian countries, taking
 
advantage of the benefits made available from "ater resource
 
project development (plentiful power and improved river
 
transportation), has been in the field of mineral resources.
 
The programme activities include (a) field explorations for
 
locating and evaluating the extent of mineral resources, (b) 
evaluations of specific industry potentials, including the 
possibilities for carrying out metal refining operations with 
imported ores where the availability of plentiful power might 
be a sufficient incentive, and (c) trairing to assist the 
riparian countries in strengthening their professional and 
technological capabilities for developing mineral resources. 
The programme has been basinwide, but has given primary 
attention to the areas of northeast Thailand and northern 
Lao PDR, which could be readily furnished with power from 
Pa Mong as wJell as from existing tributary power projects. 

The kccey activity of the programme has been field 
surveys and explorations for locating and delineating the 
extent and nature of mineral deposits. In cooperation with 
the riparian governments, various UWIaffiliates, and various 
donor nations, an impressive number of surveys and studies 
have been completed since sta rtup of these activities in 1963(Ref.1-50). 

2. 	 Policies on mineral develonent 

Nekong Committee policicus on mineral development may 
be summarized as follows (Ref. lU, He 27): 

(a) 	 The objectives of the Mekong Committee's mineral
 
development pronramme, in addition to creating a 
basis for establishing local industries and for use 
of hydroelectric power, is development of valuable 
mineral exports which could help finance hydroelectric 
projects.
 

(b) 	 Mining and metal processing operations need not
 
necessarily be integrated with power usage. It may 
be desirable to export ores for processing elsewhere, 

to import ores for processing wiith local powjer, and 
to export power for processing ores mined elsewhere. 

(c) 	 The main problem in evaluating mineral resources in
 
the lower basin has been lack of fundamental detailed
 
geological knowledge needed for appraising mineral
 
potentials and for planning for field surveys to obtain
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maximum 	information on mineral deposits within limited field
 

survey budgets. The Mekong Committee therefore has promoted 

geological surveys and the collection and correlation of data
 
source.and information on minerals frc:n every available 

3. 	 Results of surveys_ e lorationsu and studies 

Table I presents a tabulation u;ith brief descriptions
 

of the various field surveys and explorations, studies, and
 

compilations carried out under the 1lekong Committee's pro

gramme relating to development of mineral resources in the
 

lower basin. The main results and contributions of the 

programme may be summarized as follows:
 

(a) 	 For the areas of northern Lao PI)R, and to a lesser 

extent, for northeast Thailand - both areas in proxi

mity to Pa 14ong - development of a substantial base 

of information on the geology of this region, which 

will greatly assist in planning of future mineral
 

exploration surveys, including a completed set of
 

photogeological maps for northern Lao PDR. Also, a 

effort toward preparing a geologic/mineralbeginning 
lower basin.resources map of the entire 

(b) 	 For the northern Lao PDR/northeast Thailand region,
 

completion of preliminary mineral surveys in selected
 

areas with the objective of locating valuable mineral
 

deposits, especially certain key industrial minerals
 

including iron ore, base metals, coal, and fertilizer
 

raw materials. For all of these categories deposits
 

with economic potential are known, but they all require 

further 	exploration and evaluation.
 

(c) 	 Very rich deposits of potash have been confirmed in
 

the northeast Thailand/northern Lao PDR region,
 

which appear to be so vast and adapted to ready
 

mining that exploration of this resource can be 

expected to capture a sizeable share of the market
 

for potash throughout southeast Asia. The deposits 

in the Lao PDR especially appear to be among the
 

world's richest containing more than 25 per cent K2 0, 

and moreover the impurities in this ore are rich in 
recovered in the processing operaboron which can be 

tions as a valuable by--product. Exploitation of this 

major impact on the economy ofresource could have a 
While thenortheast Thailand and northern Lao PDR. 


drilling programme is only preliminary, it is suffi

cient to merit the conclusions stated.
 

(d) 	 Because of conditions of insecurity in key areas,
 

field surveys for locating bauxite mostly remain
 

to be done. The preliminary indications are that 

the lower basin, in both Democratic Kampuchea and 

Viet-Nam, possesses some bau;:ite but at present there
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are no indications of bauxite in exportable quantities.
 
The prospects for aluminum smelting appear very good,
 
however, even if bauxite has to be imported, on the
 
basis that electrical power will be in plentiful and 
cheap supply. Such a plant could produce 120,000 tons
 
of aluminum ingot per year and consume 250,000 ku
 
power (practically the entire firm power generation
 
of the proposed Sambor mainstream project). 

(e) 	 The availability of plentS.ful power aill justify
 
establishment of small steel rolling mills in
 
each riparian country and of specialized steel mills
 
serving regional needs to be located in Thailand and
 
perhaps ene additional country. It is possible that 
local iron ore deposits, for example, from Loei pro
vince in Thailand and from Xieng Khong in the Lao PDR, 
can meet these needs. he total power demand by 1985
 
would be about 210,000 kW.
 

(f) 	 There is some prospect for eventually establishing a
 
ferro-alloy indvstry in the basin, using local man
ganese and quartzite ores, for meeting regional needs
 
for ferro-manganese .nd ferro silicon. The power 
usage would be about 200 million k.Jh annually. 

(g) 	 Another promising power-using potential is use of
 
rock salt mined from the northeast of Thailand for
 
generation of caustic soda and chlorine. Preliminary
 
planning is u:vda.rway for a major facility of this 
type to be built in Thailand with private financing. 

(h) 	 The indications are that the rock salt areas in
 
northeast Thailand and northern Lao PD, also contain,
 
in addition to potash, large reserves of gypsum and
 
possibly magnesia and other metals. 

(M) 	 With respect to mineral resources in the area to be
 
inundated, the risk of inundating valuable mineral 
deposits is considered slight by all parties concerned 
with m.!ne-!ral c:p? t-'. in the region (Ref. 50). 
Neither 	the Thai nor the Lao government believe the 
area belo, 250 m MISL in the proposed inundation area 
is worth any prospecting effort. On the other hand, 
creation of the lake would enhance access to regions 
above the waterlina. including a number of known 
mineral 	deposits- now difficult to reach.
 

4. 	 Impact on the northeast Thailand/northern Lao PDR 

Both northeast Thailand and northern Lao PDR, which 
could readily make use of Pa I-1ong power, have been long 
neglected with respect to mineral development. The extent
 
of mineral exploration in the Lao PDR has been very little
 
and in Thailand, which has had a vigorous Department of
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Mineral Resources, the action has been mostly in other parts

of the country. The mineral development programme of the
 
Mekong Committee, while basinwide, by focusing on the north
east Thailand/northern Lao [PDR areas, has achieved a very
significant upgrading of interest in the mineral resources
 
of the region. This is resulting in evolution of programmes
by both the Thai and Lao governments w;hich offer great promise 
for improving the economy of these traditionally economically
depressed areas. Thus the Mekong Committee's programme has 
served, in e very timely way, for catalyzing activity in
 
mineral development which is bound to lead to improve local
 
industry and economy as well as 
creating additional uses of
 
power. The environmental impact of the programme, at the 
present stage of Pa Mong planning, appears to be very positive
 
in its potentials for enhancing the regional economy.
 

Thus far interest in mineral development has focused 
on explorations and studies. When actual mining and ore 
processing operations are contemplated, then it will be 
important for the regulatory agencies of the national govern
ments to exercise proper controls as needed for preservation
of environmental values --to prevent strip-mining which 
devastates the landscape, and to prevent wholesale pollution
of ground and surface water supplies which inevitably result 
when mining operations are permitted to take place without
 
regard to environmental impact. 
As has been amply demon-
strated elsewhere, proper controls are available and are
 
readily affordable for virtually all mining and ore pro
cessing operations provided these controls are incorporated

into the planning of the operations froni the outset. Also,
if iot so incorporated at the outset, the costs for remedial 
measures will usually be relatively very high, and often 
so high ns to be difficult if not virtually impossible to 
achieve. 
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PA MONG ENVIRONMENTAL ASSESSMENT
 

NAVIGATION
 

1. Introduction
 

Water transport is traditional in Southeast Asia and
 
widespread u'.e is made of the rivers and the man-made waterways
 
of the Mekong river system. As part of its planning for com
prehensive development of the water resources of the lower
 
Mekong basin, the Mekong Committee has since 1960 sponsored
 
a programme of studies and projects for improving navigation
 
throughout the Mekong river system. The Mekong Committee
 
envisages six multipurpose dams in the river reach between
 
Vientiane and Kratie (Ref. 3). Assuming these dams are con
structed, the former non-navigation or dangerous sections in
 
the river will be submerged and assuming adequate facilities
 
are provided to connect the lower and upper reaches of the
 
dams, continuous navigation would be achieved.
 

Construction of Pa Mong, to be the first multipurpose
 
mainstream project, would have major effects on navigation in
 
the Mekong river. The new reservoir itself will furnish the
 
basis for a vast system of navigation upstream of Pa Mong, and
 
provision of trans-shipment facilities at the darn would serve
 
to extend the range of navigation far downstream.
 

The present situation on navigation on the Mekong
 
river in the lower basin and the projected improved situation
 
to result from -a Mong and the proposed programme of improve
ments are shown in Figure 1. Navigation improvement pro
gramme of the Mekong Committee, shown in Figure 2, includes
 
provisions for channel markings, channel improvement, bank
 
protection, construction or improvements of ports, harbors,
 
and shipyards, and training of riparian personnel.
 

2. Conditions of waterway transportation
 

2.1 Conditions prior to World Water II
 

Until the 1950's, there was little trade and commerce
 

between the two physical entities forming the lower Mekong
 
basin, then known as Siam and Indo-China. The Mekong was a
 
secondary means of transport for Thailand, only serving local
 
transport between population centres along its course (Ref. 2).
 

In the riparian countries, however, the Mekong served
 
much more important purposes. From the early nineteenth cen
tury, the river functioned as the main travel route from the
 
South China Sea into the hinterlands of all of the countries
 
of Indo-China including the key cities of Phnom Penh, Vientiane,
 
and Luang Prabang. There is also a waterway link between the
 
Mekong river and Saigon. Advantage was taken of the naturally
 
favorable navigability of the Mekong from its mouth up to
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Phnom Penh and Sambor falls in the central area of Democratic
 
Kampuchea. Navigation upstream of Sambor was, however, limited 
by the presence of a stretch of rapids between Sambor (near 
I[ratie) to Khinak (thus including Stung Treng and Khone falls), 
and the Khemarat rapids. The region downstream of Sambor,
 
including the entire delta, enjoyed extensive navigation routes
 
afforded by the river and its branches and associated netwok
 
of canals. 

2.2 Conditions followinq World W.ar II 

After World "Par II, Indo-China was divided into 
several independent nations. Lao PDIZ become an essentially 
land-locked country. Economically feasible access to the sea 
or partly by river, if this can be achieved by the Mekong 
programme, would be especially meaningful for the Lao PDR.
 

2.2.1 Democratic Kampuchea 

Despite the development of a deep sea port at Kampong 
Som in Democratic Kampuchea, to supplement the port at Phnom 
Penh, the maritime reach' of the ilekong has continued to be 
Democratic Kampucheal' primary ac-eus to the ocean. During 
high ,water periods ocean vessels up to 1.5 m draft can go 
upstream as for as Kampong Cham. Also, the aterway system 
includes internal channels reaching Kratie and Tonle Sap. 
Certain sections, such as the Khemarat rapids, Khione falls, 
and the series of rapids between :;ambor and Khinak are not 
navigable or are navigable only lith difficulty. 

The port of Phnom Psnh is located near the confluence 
of the Tonle Sap and the Iekong, which is also the point 
where the 8assac branches out from the mainstream. The river 
flow slackens in the vicinity of the confluence, causing much
 
deposition of sediments making the water around the port of 
Phnom Penh as shallow as 3.0 to 3.5 m. This constitutes a
 
bottle-neck[ in the waterway traffic to and from Phnom Penh, 
and annual dredging is required to keep the channel open all 
year round for vessels of up to ,.-5 m draught. Also, bank 
erosion and silt deposition regularly occur from Phnom Penh
 
to Kratie. Navigation between i-ratie and Sambor during the
 
dry season is almost prohibitive and is possible only with 
small craft because of the many outcrops of rock above the 
water surface and swift currents in the narrow and deep 
channels between the rock outcrops. 

Major cargo transported in the Mekong waterway ,in 
Democratic Kampuchea includes timber, charcoal, rice, agri
cultural products, and other commodities (Ref. 3). Consi
derable economic benefit would accrue to Democratic Kampuchea 
from further improvement of the .aterway. 
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2.2.2 	 Lao PDR
 

Lao PDD is not only land-locked but has very limited
 
highway and railroad facilities. Imports are largely financed
 
from external aid sources, and reach the Lao PDR mainly through
 
Vientiane via Thailand. Almost all major population centres 
are along the Mekong river. Distribution of imported goods 
is made to the major urban areas via river boat transport or 
truck. Even after the highway systeia in the Lao DP has 
been improved and extended, the i4ekong river is expected to be 
used advantageously as a means of handling intracountry
 
commodity shipments. There are, however, over 100 km of rapids 
in the Mekong reach from Vientiane to EPakse, hence wateray 
transportation between Vientiane and Pakse has not been possible. 
Upstream of Vientiane there are reaches in which naviciation is
 
hindered during low flow because of rockcs, and these reaches 
are much in need of channel improvement. Every reason exists
 
to improve utilization of the natural waterway for internal 
distribution functions.
 

The Mekong - Lao PDR waterway system may be briefly 
described as follows (Ref. i): 

(a) 	 Chianq Saen - IHouey Sai: The river stretch between 
Chiang Saen to Houey Sai is navigable all year round 
for boats up to 40 tons. From traffic su:veys of the
 
Navigation Division, Mekong Committee in 1975, it has
 
been observed that many wood products were transported 
from the sawmill near Ban Houey Sai to Chiang Saen. 

(b) 	 Houey Sai - Luanq Prabanq: This section of the Mekong 
river starts from Houey Sai, a Laotian town located 
on the Mekong at Km 2316, and extends to Luang Prabang 
at Km 2010 covering a distance of 306 km. No information
 
is available on navigation conditions in this stretch 
of the river; however, no major difficulties have been 
reported concerning the width of the channel or the 
depth of water during the dre season. Boats up to 50 
tons can ply the river the year around. 

(c) 	 LuanQ Prabanq.- Vientiane: This section is 4125 km long. 
Its navigability varies considerably from place to
 
place and from season to season. There are about 
20 places where navigation difficulties have been 
reported, the most formidable being Keng Luang which 
is a 10 km stretch located about 75 km downstream 
of Luarg ;Prabang. nany accidents have occurred in 
this stretch due to the strong current, rock obstacles,
 
and other natural hazards, and a channel improvement 
project 	is planned to reduce the navigation diffi
culties 	at Keng Luang. Elsewihere, there are various 
kinds of obstacles all along the Vientiane - Luang
 
Prabang section, but many of these will be flooded
 
out when Pa Ilong is constructed. Details concerning
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the widths of the navigable channel and .the river and 
the depths of channel, at intervals of I km betw.een 
Vientiane and Luang Prabang, are shown in Figure 3. 

There is considerable diference of opinion 
regarding the navigability of this reacl. of the river. 
Most boat operators (ReC. 1) report that navig tion 

between Vientiane and Luang Prahang is possible all 

the year around, which is confTi ned by the aontilly 
statistics of cargo movement ,repared by the Direction 
des Douanes et Regies in Vientianeo. The question 
involved is not so much the navigability of the river 
as the cost of making thie journey and the risk involved. 
In other u:ds , ...hen a boit operator says that the 

river is unnavigable du~ring summer, he really means 
he does not want to make the journey due tu the 
relatively poor navigation conitLions: baever, 
there are others who preufer t:he opposite and, in 
accordance v,ith the lx.' of sul ,pyY Jnd dcemanac, charge 

-ahigh pr'ice for the journey. '.his tUisolai3. price 

increase is not unrec soflrble b)helse tLk 1:rcvel ime 

during the dry sea.s ;i,is :xi.1I h gr:5an duiring the 

wet season., A round trip free Vientianet LOsg 
Prabang during 'Aie ''at seaa:ao , IncludinogI.eadig , 
unloading time at the terminals, i:,ikes aLbo'it '11 uays 
whereas in summer this Lake about 20 lays or oven 

longer. In addition to the greater risk o. dosage, 
the carrying capacity of the boat decreases, some
times by as iuch as 50 er cent o: the nor.-ral load, 

to enable the boat to avoid the natural hazards 

(Ref. -1). 

(d) 	 Vientiane --Savannakhet: This section of the Mekong 
river, 459 11a long, is the most important route for the 
Lao PDR in terms of volume of freight movement. It 
is characterized by a ',idernavigable channel and a
 
more unif-orm depth with the oiniauo , at the lowest 
louj water level, of 1.0 is. During most of the summer, 
when the level of water in the river is above the 
lowest low,1 the minimum depth of the navigable channel 

is above 1.5 m, and the rivei. is navi'gable Virtually 
all the year. However, the ,tagnitude of the navigation 
hazard is not the same /during seasons-all. There are 
a few stretches :7 the river wlhere the navigable 
channel is very narrow and abounds with rocks, as at 
Keng 1,abao (Km 1151), or '.;here the ziavigable channel 
is shifting continuously as at Don Ezaset (Km 1277). 
The navigation hazard varies wi th changes in the 
Velocity and depth of the satejs in the channe-l. 
However, this hazard appears to have little effect 
on the pattern of navigation as can be seen f'rom 
Figure 4, which sho.,s the segsonal fluctu;'tion in 

the volume of water-borne freight between Vientiane 
and Savannakhet (Ref. 1). 
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(e) Savannakhet Pakse: This section of 256 km is 
normally navigable all year around, but with diffi
culty during low, water neriods. In high water periods 
the river is navigable aith less difficulty. The 
IFrench used this; river reach all year around pcior 
to World Wa r TI. 

2.2.3 Thailand 

Thailand has a rather intensive highway transportation 
system. There are roadways radiating from Dangkok to the 
northern, northeastern, southern, and central plains. The 
Mekong has only a :iarginal transportation role. for Thailand. 
There are feeder roads estending eron main highways to most 
communities along the Mlekong river. 

2.2.4 Viet -Nam 

There is an e-tLensi:V canals system of some 4,900 km 

of waterways in the deltaic arms of the Mekong river (Ref. 2). 
The two most important arms arc the Song Cua Tieu and the 
Bassac. This ne;'o:-] serves essentially as the link between 
Saigon, the import-.-e::port centre, and the rich agricultural 
areas of the Bossac and the areas ''est of Bassac in the 

st Can and the 
Bassac. At present, the ong Car Tieu, the northernmost 
branch, is used :for navigation of ocean-going vessels. The 
tidal range at My The on the north banL of the Song Cua Tieu 
is 3.5 m in the spring tide and 2.') i in the neap tide (Roef. 3). 
Owing to limitation:; a: the Mekong entrance, barges or ships 
going to P'hnom Phen ae limited to about ") m draught (Ref. 5). 

delta. There are -ortsSaigon, The, along 

The lowje: Bassac river presents better characteristics 
for navigation than the Mekong aiver up to Var Nao, including 
a shorter aggregate length of sho;ls. Also, because of the 
importance of the industrial comple:: of Can The, the Vn Mae 
channel, if improved, ,.ill become an artery of vital impor
tance for the economy of Viet-No (ief. 5). 

3 a in,,iol imrovemenCt l py :nne tNng 
Committee 

The He-kong Comtiittee plans ()I. navigation improvement 
on the lower Ielanr basin (Figuire 2) include t,,o phases, for 
both long-run and short.-run develciment (1,u . 7). In the 

long-run many mo,: imr,,vements il corn-eromn tLhe construc

tion of mainstream A:Ims: F.ach of the;Q ,ill include provi

sion f-ar cargo hand.ig transhipment facilitiesy hence these 
dams iill ultimaitely provi.de many hundred kilometres of 
navigaition improvement. upstream of the dams through creation 
of reservoirs or deepening thie st,-eams which will ilood out 
rapids ,hurecer they exist in these reaches. In addition, 
the increase of tme lo,-. ,ater dischiarge ill augment the depth 
in the channel downstream ,f rcscarvoirs. 

http:provi.de
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Without waiting for these major benefits to navigation 
can be implefrom mainstream dams, however, certain projects 

short-run to assist navigation by improving andmented in the 
marking the channel and by improving ports, shipyards, and 

The short-run navigation improvement policy oboat design. 
the Mekong Committee is set forth in detail in the !9O0 publi

cation, "Navigation Improvement Programmle" (Ref. 6), which since 

revised and updated.then has been periodically 

Listed belowi arc the works sponsored by the Mekong 

Committee pertaining to short-run navigation improvement. 

3.1 111yd oaphY.'r 

Basic to navigation and navigation improvement work 

on any river is 	the establishment of hydrographic survey 

purpose of precisely ascertaining and chartingoffices for the 
Hydrographic surveythe configuration of the river bed. 

offices have been established in Democratic Kampuchea, Lao 

PDR, and Thailand, and an existing office in Viet-Nam has been 

strengthened wjith the assistance of the 	UNDP and several 
I shows the chronicle of Mlekong riverdonor nations. 	 Table 

These efforts representhydrographic work from 1965 to 19741. 
as

the basic requirement for development of navigation such 
and ferry ramps, andchannel drudging, construction of ports 

Committeepreparation of navigation charts. In 1974 the Mekong 

publication, "Technical Specifications for Iydrographic Surveys 

in the Lower Nekong asin" (Ref. 1),N was adopted by the chief 

four riparian countries, to help standardize
hydrographers of the 

countries.surveying procedures of the four riparian 

improvement3.2 Channel 

3.2.1 	 Channel maSrligc
 
is the
An important objective of the M4ekong Committee 

for all 	 of
establishment o." adequate channel marking reaches the 

system"river important to navigation. A "uniform marking 
has been used throughout the Hekong river.

recommended by ESC,%P 
delta to Phnom Penh (to

The beaconing in the reaches from the 
to 1ampong Chain) comprises beacons, lightbuoys,be extended 

navigation. The beacon-
and shorelights 	 adapted to maritime 

to navi
ing system upstream of Ihnom i'enh is suited inland 


gation. Both maritime and inland navigation systems provide
 
'have also been


for daytime navigation only. Bamboo buoys 
P'DR for channel 	 miarking of difficult stretches.

used in the Lao 

3.2.2 	 Channel impi:ovement
 

deals with channel
The ;ork on channel improvement 


dredging, hydraulic modelling, and rock blasting on the
 
been carried out on a


difficult stretches. Dredging has 
in impor

continuing basis at the approach to Phnom Penh and 
the Vietnamese delta (Ref. 5).

tant navigation 	 canals in 

a;'
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The Nlekong Committee has also proposed dredging of 

some parts of the Snoctrou sandbhr on the Tonle Sap in Demo

cratic Kampuchea, which constitutes the main obstacle to out

going or incoming navigation fo- the Great Lake. It was pro-

the Vai Nzaiw pass, the only natural conne',ion b.tweenposed that 
the Mekong and the D,:assac riVuLs's bu deepened sa that vessels 

of more than 5 1 drought roUld, via the Fassac .hore the 

entrance is deenar, use the Vain lao and lekong all the way up 
to Phnom P'enh. t presefnt, as ai,:viously noted, owi.ng to the 

the tonnage up to 1-hriomlimitations o.f the Lekong ,.ntrance, 
Penh is limited to about , 000 DJ'i. This programme would. also 

provide transportation boaefits for industrial centres such as 

Can Tho on the Basoa: river and t:he inland ports on the Hukong 
. 5). Experimental dredgingriver south of the Vai Nao pass ( hol 

as th first step to ,permit an evaluration ofwas recommended 
sediment transport in thi-. channel and thereby a forecast of 

recurrent dredging costs (Ref. -1, ). 

The Mekong Co~mitt e! ha: ; 1 o ponsored a programme 
laba o rapids,for blastirn. the dangerous rock outcrops at Kong 

about 27 m upstre am of I-lukdahan , Tiiailand (Ref. 25). The 

blasting will oliaiutr rock outcropfs as ,:ell as the submerged 

obstruction in a 30 rt jidth of ch-nnel to provide , minimum 

depth of 2.2 !.owater. is thatm belo, lowet It estimated 
least --our annual low-waterthe blasting work -Ail) require At 

order to clear the entire pass (Ref. 17).seasons from 117,1, in 
Also, a physical hydraulic inodel stidy of this reach of the 

made by the Asian Institute of Technology,Mekong river has been 
under Mekong Committee sponsorship, to determine the effect 

of removing the existing rocks on the( r*ver regiime (Ref. 19). 

It was found that the removal of material in the channel would 

cause the lowest low water elevation to drop by about 15 cm. 

The channel will therefore neec to be cleared to a minimurm
 

depth of 2.35 i below, th, es-taLished lowuest low water level
 

(Ref. 19, 20).
 

Table 2 sumarizes the chronicle of channel improve

ment and channel marking 'ork froam 195)4 to 1974.
 

3.3 Banl. !,rotrction 

Bank erosion is a 7onspicuous prob.em along the main-

stream of the Ilel:oig river and its tributaries. While bank
 

protection in oreas of little economic interest is perhaps
 

of little importance-, the problem is increasingly crucial in
 
1 C the road that leads to the experi-many other areas. in 


was partly des-mental and demonsti:ation iar;,i in Vientiane 

troyed because of bank erosion (Ref. 7). ialso, in ].964 it
 

bank- orosiona Uat coous, tU Ii,,iwong bridge near Quartrewas 

Bras to collap.e (Pi. 3). A'.report on a study of hank pro-

tection problems 
 In ouloc ratic 1,ampuchea , Thailand, and Lao
 

P'DR issued in i, (ef. 21) recommended a hank protection
 

programme including training of riparian engineers in this
 

specialise field, pre-paration of a manual on river training, 
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and hydraulic experinentation. Experimental bank protecticn
 
at Nong Khai in Thailand and many other places in the Lao
 
PDR are being conducted.
 

Among the various bank protection measures carried
 
out since 1936 are the following:
 

(a) 	 Hydrotopographic surveys in 1970, especially along
 
banks subject to heavy erosion, at the Vientiane
 
water works between Wat Xieng Ngune and the Service 
Veterinaire of the Lao PDR, and between Uhnom Penh 
and Kampong Chain and kas--Norea (km 325-330) on the 
Nekong river near its junction with the Hassac river 
(Ref. 13).
 

(b) 	 Studies by the Navigation Directorate of Viet-Nlam to 
find a temporary solution for bank protection at Cai Bot 
Cho Gao, and Vinh Dinh (Travinh) (Tief. 14). 

(c) 	 Field investigation madc in 1972 on four sites in
 
Viet-Nam subjected to erosion, namely Binh-Thuy and
 
Vinh Thanh Trung on the Dassac and Sa Dec and My
 
Thuan on the Mekong (Ref. 5).
 

(d) 	 Riprap protection at the intake of the Tha Do
 
pump irrigation project on the Thai bank (Ref.15).
 

(e) 	 A report on the possibilities for protecting the 
banks of the canals in Viet-1Jam giving details of 
causes of bank erosion and diLferent methods of bank 
protection together with their respective costs 
(Ref. 22). Some conclusions of this study are that 
there are two principal types of erosion duo to 
wave attack and erosion due to the attack by the 
current. In canals subjected to wave attack only a 
restricted part of the bank need be protected.
If the maximum flow velocity exceeds the crit:ical 
flow velocity (velocity that is detrimental to the
 
banks), protection of the entire bank slope is 
required. A critical flow velocity in thu range of 
2.20 to 1.30 1/s was recommended for theiconstruction 
of the test section (Ref. 22). 

(f) 	 As part of the Pa Nong downstream effects studies, the 
earlier estimates of downstream bank and bed erosion 
and degradation to result .om La ]long, made by the 
USBD,, have been further reviewed with formulation of 
recommendations for necessary bank protection measures 
(See discussion on sediments and erosion). 
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3.4 Ports. harbors, and cargo 3handling. 

The introduction of cargo handling facilities to the 
riparian countries .iould bea- rijor contribution to navigation 
improvement along the Mekong river (Ref. 24). In 196, a feasi
bility report on ports, cargo handling, uid boat-building 

a Iwi'ogr;umefacilities recommended larg-.s(: la undertaken 
on channel improvements at critical locations, construction of 
cargo handling facilities, and updating of vehicular ferry 
systems and cargo handling iinproveiieit.; (cef. 23). The rcort 
showed that a series of smill tcrazisp-rttiou and navigation 
improvement projects would bhwfUit hrth e:cisting cross--haul 
and line-haul traffic. Tlhese i:iv,;lvr r:latively economical 
and simple solutions to problein:; -) .kong river transport, 
as opposed to larger capit±l-iit-.lsivc construction and costly 
equipment procurement (Ref. 2 :). 

figure I sho.w:; ti Lin .di wroposed ramps and 
harbors along the liekong ind thL, i'onle 3ap rivers and also 
those under cunstrioction, 'hich aire included in the current 
planning of the Hek;cncg Committiee. 

Studies have been made mc-development of Da Nang in 
Viet-Nam as a free port of entry to be paired with a port cn 
the Mekong river at Javannakhet in Lie Lao PD1R and an improved 
highway (No. ) connectinr; the t;o parts. if this develop
ment should 2avn.1nakhtiaterialia, ould become a key 

shipping point in tc Lato ID1O and a very large increase in 
transport downstroam.i of Vientiane. could be anticipatled (Ref.25). 
On the stretch of the river bete:un Vientiane and SavannakhetL, 
the depth in some laces in the navigable channels is as low as 
1.0 m during the lo,: water season (0.o; !. during very low season), 
which means that shios are liniituci to about 0.7 im draught, 
allowing only very small crafi.t of a few tons capacity (Ref.25). 
Regulation by long increase depth the toka ill the of river 
about 2.4 in between /ientia.ne and vinakhet, which-- would 
permit lighters of between 3'0 to ')r,7Lons and motor cargo ships 
up to 300 tons; to navigate the year" around (Ref. 25). For 
the Savannakhet--Paakse re ch there 'old bc some increase in 
the tonnage of smal, local craft. 

Studies -)ituniiped(d navigation at Pa ilong dam (Ref. 
26) have reCOrgL<,ad that the initial stage of facilities 
should be ramp. ':.ilar to these curuently ised -ilong the 
Mekong river a- '.-- .;2 and 1607, doms:.'tream and upstream of 
Pa 1long, to hand.c tr; ir during thu ronstruction phase of 
Pa Nong darn. Other recommendations are for ramps to be 
constructed on the reservoir bank :or the transfer of general 
cargo to 1hr transported upstream from [a iiong ('ef. 2G), and 
for steel floats to be rovided adjacent to thu downstream 
ramps to accommodate tLh fluctuating .ater levels due to 
operation of Pa iong res:rvoir (Ref. 26). 

.7 

http:ientia.ne
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3.5 Boat buildIng and navijation training centres
 

The Mekong Committee's navigation development pro
gramme has included establishment o- beat building and navi-
gation training centres in the four riparian countries. its a 
result, such centres ware established at hong Khai and S.-vanna
khet in 1172 ( 1:.1), ,.-ith coursus in boat building, welding, 
marine diesel engine teciology, and navigaition. The ekong 
Colmnittee also plans to establLsh navigation; training centres 
at Phnom Pen!. and 5aigon. JAlso, a course on standardization 
in the measurement of shi)s in the four rinarian countries 
was held in 3angko]: in !:ov !bc-r l-,7. (We). 17). Table 3 
summarises the training activities of the Nekong Committee 
in collaboration wjith thu rioarian countries. 

3.6 Other achievements 

The Nekong Committee hc sponsored other activities 
pertaining to navigation improvement. These may be summarized 
as follows: 

(a) Fellowships in navigation and related subjects have 
been provided for staff from the riparian countries. 
Thirty one fellowships in navigation and related sub
4ects have been a.:ardel to students and trainees from 
riparian countries io. study in E:urope since 1972 
(Re:. 15, 1, , 17). 

(b) A report on rehabilitation of the inland waterway fleets 
in Viet-Ham tnd Democratic iKmpuchea (Ref. 27) recommended 
a comprehensive work programme to be considered. The 
recommendations of first priority were the following: 

(1) Systematic surveys )f the longitudinal profiles of the 
canals in Viet-11,im, and of the extent of dredging 
needed to)maintain these canals. 

(2) Provision of a building, ship, a.nd other facilities for 
the Saigon navigation training ce.ntre, and of a building 
facility for the Phnom Penh navigation centre. 

(3) Procurement of ;,ototvpe vessels for inland fleet 
development in both Democritic Kampuchea and Viet-Mam 
($1.1 millicn for c ch country). 

(4) Coordination of all shipyard activities in the lower 
Mekong region, for purPo;c of mutual collaboration, 
using the best equilpped and most diversified shipyard 
as the focus for as)ordinati.on. 

(5) Establishment of a governmental agency for establishing 
policies regarding navigation and for coordinating 
navigation activities in Viut--Nam. 
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(6) 	 Strengthening of the various governmental departments 
in Democratic Kampuchea with competent stiff includ
ing necessary training.
 

(C) 	 Studies on proposed bridges across the E:czang 1,iver 
at ly Thutn anLd Vienti:ne/l!cnq. Khai. The studie.s 
describe tne epectc-d volume, desiable sizes of '.:ater
ways transport vehicles, .ind the require! vertica! 

and horizontal slei ronces c te bbJridV's. '£1 c Vien.

tiane/long :,;"Ii bridge, 'i *,ve., vertical clearance 
of 7 m above Ilood lev:1 -,rid pi r spacing woul]d be 

G0 II 	 (ief. 2,:). 

(d) 	 Evaluation of nivig,-!tioan prbleis associated ;ith water 

control structures proposed IoL, aegricultural develop-
irent in the Niolaong Ic1 t i (Rc. 29), chic could pose 

limitations to naviqition in inland .iatLr:way trans
port (IKef. 30). 3uch .'sttr control structures "w:ould 
be located and designed to eccomiodatccliviation as 
well as agricu].turA. requiruments. 

(e) 	 Traffic survu-,s clong the -cong rie-r ior the Vien
tiane-annhet .,nd LIusq ic,,bonq- -Vientiane reaches, 
conducted in 1')7 and 1)74. hesults of these traffic 
surveys are tb be feund in tue annual statistical 
bulletins (:ceL 31, 3:2, 3.). 

4. 	 .nviranmient.i 1A , navirption
imorovenent ,a' cljjv..ne 

4.1 	 creatin£ a.nd ;it n cannefls 

The naviJit-L.:n channl sches mentioned earlier include 

rock blastino :tt ie oen; Rab:, :C,dredying1i of the Snoctrau 

sand bar on the Toil l :,ap in l': i *a.ichea,l.', and dredging 

of the Van I1o asps, Lhe. no L(ur_ ! cenn'ionh teen tho Hlekong 

and the 	Bassac 

~oc!: b!,stin', , ;:t th R,:n' i,2 : ]i,[ ;bolt 2/ l:m 
upstream o9 1 uk:ahnn, I.1hil;: been tniur;y siic ].9 73. 
The total roc; uiti t,' to be '.-Lstel w ints to , OO', Is-, 
from 	 a stretch ,-mi :7ivr 3, 1 n',:i (i P )). Demolition has 

been pcarormd nly ,i.ing thi i1';'' 'Tr rl: .on. it is esti
mated that fiihi i i:h- ' 1'-,!LT1 rL uii:e our additional low 
water sea sons nubsfee7ucit to t171: r :,,. eted in 1974. Roc! 

blasting is at cofcrse iirmf il C-111 other lifecn alquatic 

at Kenc Kabac, but i., t: t .e indtiis li:.si' %,orking period s 

:ill be temporar.y i:. no ure I1agardiii ihysici] effects, it 

is estimated the :atur sur f:,ci: ;il. ,.lc, p not more than 1 con-
timetrcs Ref. 19). 

The dredginC1 9coqrj,*meI' a: 'he Jnoctrau sand bar is, 
at the present tiime, still in the study phase (Ref. 4). The 

results of t-i Cvluations ode, 'n the Melkong delta model 
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indicated that the limited dredging o, the Snoctrau sand bar 
till not have any significant effect on the minimum water levels 
in the Great Lake. It is estimated that almost imperceptible 
decreases of a Zet' centimetres in i-he Great ake uater level 

i6 2will result from d,_redginq of 75 in'- and m sections of sand 
bar (Ref. .). Ihe corresponding estimated total volume o3 ;3under considt-ration is .1,200 m and 9,100
dredged ma teril 
respectively. No plan of disposal for the dredged aterial 
has yet been developed nor any disposal site selected. W,/hen 
developed, such plans should tak-e into consideration the 
possible environmental effects. The primary problem in dis
posal of dredged material is to avoid burial of aquatic 
habitats.
 

For the dredging scheme at the Vam Nao pass in Viet-Nam, 
experimental dredging has been recommended to permit evalua-
tion of sediment transport in the channel and thereby a fore.
cast of recurrent dredging costs (T~ef. 5). It appears that the 
delta in the region of Van Nao has been stabilized since about 
l069 (Ref. 5). Determinations of grain size distributions of 
fine sand and mud at the Van Neo were made in 1972 (Ref. 5). 
Studies also were made in 1973 of the physical and chemical 
properties of the river sediment and soils of the river bank 
at Long Xuyen, on the ifassac river downstream of Vam Weo 
(Ref. 34), as part of an evaluation of the agricultural faci-

3
lity of the delta soils. About 200,000 m of materials iould 

be dredged if the full scheme is implemented. ,gain, disposal 
of this material should be planned to avoid detrimental effects 
on aquatic ecosystems.
 

3 
that about 15--113 million m

It was roughly estimated 

of dredged material should be removed yearly in Viet-Nam 
(Ref. 27). The present apability of the dredging fleet is
 
estimated at 4 million m per year. With peaceful conditions 
in the region the ,orking capacity can be increased to between36 to 9 million m (,ef. 27). It will require an investment 

of US$30 million to increase the working capacity of the 
dredging fleet to 15 million m3 by 19,0. 

Routine dredging work ati the approaches to Phnom 
Penh port has been carried out for many years, and appears to 
be efficiently planned and e::ecuted (Ref. 27). The dredged 
volumes are of slight quantity, no more than a few thousand 
m3 per year (Ref. 27). 

4.2 1qaviqatin facilities 

The development of ports and ferry ramps initiated 
by the Mekong Committee will have impacts not only on navi-
gation along the Mekong but also important socio--economic 
effects in the four riparian countries. The development of 
the ferry ramp at Savannakhet will be very useful for im
proving the general economy of the Lao PDR. This ferry 
ramp will be utilized as an unloading station for goods 
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transported by road from Da Nang, Viet..1am via route i.9. 
A plan to build a port at Savannakhet has Iso been initiated 
by the IPekong Coomittee. Further, these goods il. be trans
ported along the .iekong river c warious population centres 
of Lao PDR, thus providing anotner se: outlet for the Lao PDR 
in addition to the port of 13:,ngko: in Thailand. , road has 
been completed connecting Pal Beng, upstream of Luang lrabang, 
to the Republic of China. This road provides an alternative 
transportation route to Luang Orabany (Ref. 26). it can 
be anticipated that future development of the resources of 
Lao PDR will result in changes :in the transportation pattern 
(Ref. 2S). 

It can be ex:pected that provision if 'orts and 
ferry ramps will accelerate colmmunity growth at these centres. 
Provisiun of adecuate storage facilities such as warehouses, 
sheds, and tanks at the ports and romips, to receive products 
to be transhipped to ';ea orts or vj.:e -ers (iRef. 27), would 
increase local job opportunities. How!ever use of machines 
for the handling of the cargo coy reduce the %ork opportunities 
for laborers. Construction ol thiese iacilities will of 
course involve otentials .dve:se environmental.o effects 
depending an the noature of the facilities. Zor example oil 
loading and storage systems pose threats of leakage and 
spillage. 

j 
from Vientiane to tiio ports ab-ovc he V. i-ong damsite and the 
cargo received from ujmstrar- ,outs .,w: jbut 1,040 tons ('Ref. 
2u). About 20 per :ent: oL the ,argo triinsported is rice, and 
about A2 per cent is const'uctioninarial, It is estimated 
about 1,500,0C tons or an average oi aoeut 150,00C tons per 
year of .'oods products %;i]].be mvoved by IcLer during the 
construction period of 1 ! ,,ray dam (Ref. 24). Table 4 shows 
the estimated volume of b foreight frorm Vientiane 

In 1';7,1 abouL il,. i (.-)s carg a as transported 

1water 'or 
to Luang Prbung ,bin; interm(diote pn-ot.s. 

EL:jierience in othe: c(tiltriles throughout the world 
has demonstrated the eonoimy of I-o:r L'.tronsportation systems 
(Ref. 26) The low requirement or 'uel per ton-.kimi becomes 
even more iiiportant as the world price of petroleum increases. 
Comparison of custs for lovesent u_' bu].k materials by truck 

nd water whoere paved roads or. available have shown differen
tials as high a:s 2(1 . I foEr truck vs. w;ater in the United 
States (ef. 24). Table 5 sl.s's a :omnarison of typical ton
km charges in 1917.' from Vientiane tselected cities by 
various ieans af transporta tione. 

Creation of nev re:-ervir .,'.., as previously noted, 
open up a vast area of hintorloni ti, comme):ce including 
mineral development. A noted in the discussion on mineral 
development, this region is believed to be rich in numerous 
valuable minerals that could.! be exploited if economically 
transportation ,'ore avilabie. 
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Ramps similar to those currently in use along the 
fiekong are recommended at Km 1602 and Km 1507 to handle 
traffic during the construction period of Pa Nong dam. jlso 
ramps should be constructed on the reservoir ban): for the 
transfer of general cargo to be transported upstream from Pa
 
Hong dam -For the initial stage (Ref. 26). 

4. 3 iaunstream and donstreain o. oan dondam 

4.3.1 Upst of i 2i_d_oSram 


The construction of Pa Mong dam will create a vast 
reservoir with ,:ater surface areas of 2p112; 2,22 3; 3,722; and 
4,560 km2 respectively for high pool. levels of 230, 240, 250 
and 260 m MSL. This ill extend the navigable channel from 
Pa Mong a considerable distance upstream as shown in Table 6. 

Earlier studies (Ref. 1) of soundings in the river 
indicate that, during the lowest drawdo,..n of the reservoir 
(220 m), which would be infrequent, for the case of Pa hong 
high pool elevation 250 in SL, only one location, at Keng 
Luang about 75 kin downstream of Luang Prabarig, would he so 
shallow that only 1.5 in water depth would be available (Ref. 
23). ;lso, even at this minimum drawdown level, a number of 
rock obstacles, of which there are many between the dam site 
and Pak Lay (kin 122P)), w.:ill be submerged. lience, navigation 
in the liekong river between the damsite and Km 10,45, Ihich is 
a little upstream of Pak Lay, %'ll be substantially faci
litated as a direct result of Pa Hong dan. During most of 
the time w.hen the level of water in the reservoir is expected 
to be above the minimum level, the situation Aith respect 
to navigation will be even better (Ie?. i). Also, a large 
number of shoal areas will be covered by the reservoir pro
viding extensive imprcveinent to navigation above Pa Mong. It 
can be expected that multiple tows will be feasible because 
of the slack water conditions expected in most of the reser
voir (Ref. 25).
 

A study by the Mekong Committee of the navigation 
benefits of Pi liong (Ref. 1) concluded that the benefits to 
navigation in the form of increased volume of traffic due to 
greater navigability of the river, or of reduced cost of 
inland .;aterway transportation above the dam, '.ill not be fully 
realized unless other complementary measures such as navigation 
channel improvements, construction of ports and ramps, esta-
blishing training centres, etc., are undertaken also. The cost 
saving per ton.kiloietre of freight carried between Vientiane 
and Luang Prabang '.;,s estimated at UfdO.0251 (Ref. 1). 

It was estimated also that the maximum current velocity 
at Keng Luang, about 75 km south o.' Luang Prabang, will reduce 
to 6 kzm/hour compared to the existing 11 kn/hour (Ref. 1). This 
will facilitate navigation along this reach and save fuel 
especially for the upstream bound trips. 
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.
4.3.2 	 D.owns.str.eAm. .- Pao 

(a) 	 Vientiane-avannakheh; :s has been mentioned, during
 
the dr'y seai;on ship.. tr av c.linr in1 this reach are
 
limited 'a soeli 0.70 m drcua,, Thc L-'i ioif dan .Jill
c 

releiase morn duri 1w- toa eafa . ],..,'tar. season lain-

tain deths vor iro J',Cse ,,t 3.1;yincj i to m at 

Vient:iane. %s.ssuminj the meaie level oi- increase to be 
2.4 a12 this i.'ould permiit lijhter.s ,a' bltOceni 300 and 
900 tons and cazr.) o 3J) tons navi..otor 	 1) t'. to 

25). slows 
estinated c ver 1ol durinrj the 
gate the y( iL'ound ( 23e0C Table the 

in;:ese ia mionthly 
dry period 1705o1 'vembcz Loa lune ,L'the liezonc river 
do.nstream e. P2i i1Jlonc dam, -"-r ;iciih ai elevttions 
of 230, SC e, 250, ind 26t, m li.L iL:esectively. , n 
additional .loT, o-'a-t leas t ],00o .z/e.,ill be 
-urninshed by Pla ling eva' he ,0dy sCsoll. 

(b) 	 Savanna Uhet-:aT:sn This rech o: river is navigjable 
aJll ,eav ar,,ud but ith didu.riinugty dir-iiej i ,..,ater 
periods c-ue to the e:is tence c, rapi] an( rock obsta
cles C;e-. 25). 

Th rearl inclide2s tLhe hlem:.arciLt rapids which 
extend sume 1!0 km. ohile tile ct' iwiog project is 
not c:pec."ed to )rovie leiiiy sigjniicant improveaent 
over the e:.isting conitiL:; .i i. believed thiat an 

0 Cj riean tOO le.! 'tar '.:Oul].11 : rin'; . , seasOn 
,erilJit I in: acdac Ue aenoe o; seall localc in 


41.4 	 . viga~t .en"::n _ . 'aLer ,.o tL...i:.t.., 


The ic-kon,- rave'. t;si .'*reoarl-:"'ey red in 1974 
(Ref. 33) :.!iow t:r .;airl caJ:go t-an s tel a]og the ilei:ong 

river from Luana ,21.l)11fng to V)entinne an7 from Vientiane to 

Savannakhet are rontr c t Loll i ateiaa:, rce snd o'her -ood-

stulfs, and pa r,"]eu:. roducts. ThieC etrclelll .roducts com
pises tL 7:- ,-,r' . tct t7anisorted. 

ihe Ia jar carsoe t:.so tad in tijca delta aream 

Viet-l'la iS; -rice(. laid", L'' ,piincipl oti1er curamldity is 
clinkeo 'uL-;his trans5.))ted fi-o :a 'Zion, the seaport of 
Viet--Ha: ulHiec! Cceiient j. 'an.laCtuI7'5J to JaicJon. Studies 
have in' i, ed flsh a L:;ve;:eantL.abo'1uLt four tines 
more e-i~icilst by , Llti louh it found thatilillI 1),'atruc 
many Waeir':ay s ire not no:; .s navicl;dle as :in the past (lIef. 

27). The ii cin rob lam the in land %.nater'.;ayfleet and its 

contributiun to the net.1eal transpo-t economy is Le fact 
that the fleet caapcity is partly idle because 0s the present 
waterway conditions IOzof . 27)° 'ile salle report (lief. 27) 
stressed the ip ,rtant role o. the government in improving 
the waterwa's trocnsortation system in Viet--Nan. 
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Commnodities transported in Democratic Kampuchea include 
rice paddy, rubber, maize, tobacco, wood, f:_-uits, fish, sugar, 
vegetables, construction materials, and minerals. Very little 
information is available about quantities of commodities being 
transported. ,'n information system needs to be set uu in 
Democratic -,ampuchea to develop basic data on commodities
 
transported, origin, destination, means of transportation,
 
transportation time and cost, etc. (Ref. 27). 

From the data presented above it is improbable that
 
any significant pollution problems would arise in the future 
due to shipping on the ekong, provided due care is exercised 
in design and operation of facilities and in the operation 
of ships handling oil or other pollution--sensitive materials. 

5. Probable effects of the naviqation imprvement 

The probable effects due to the navigation improvement 
programme mainly concern human uses and socio--economic values. 
Effects on other environmental values, %iithproper planning, 
will be minor. 

5.1 Elffects on land uses 

5.1.1 Disnosa sites or dredced materials 

The disposal sites for dredged materials to be removed 
from the Van No pass and the Snoctrau sand bar have not been 
selected: how.ever it has been recommended that the dredged 
materials be deposited on the river ban]:s at least far enough 
a.ay so the dredged material w'ill not flow bacl: into the 
navigable chaznnel. Hence large amounts of dredged material, 
including an estimated 200,000 m3 f-rom Vjim Pao pass, wjould 
be deposited oin the river banks . ith proper planning this 
deposition can be maniged without harmrul ef_-ects on aquatic 
biota or other environmental values and may even enhance 
environment through careful use for landfill. Availability 
of materials suitable for landfilling is a perennial problem 
throughout the delta. 

5.1.2 Commercial areas 

Increased navigation along the Hekong river will sti
mulate community grawth and increased commercial and indus
trial uses, hence land uses will shift from agricultural and 
other rural uses to urban uses. Development of navigation 
above Pa liong is difficult to estimate, but could be accel
erated by mineral development. However, downstream from 

Savannakhet there should be considerable growth in commerce 
should Highway No. 9 be constructed linking Savannakhet 
,ith a proposed free port at Da Nang in Viet-Nam. Develop
ment of commercial areas along the liekong river in Democratic 
Kampuchea should occur in the same manner as in the !ao PDR 
and Viet--Nan. 
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In Viet.-Nzba the commercial sreas t.::pectecl to develop 
more rapidly followsing construction c f'lon ,ould be fly 
Tho, Can Tho, Long Xuyen, and Chau Doc, especially the evolv
ing industrial zone at Can The. Also, the Chau Coc area is 
a fish production centre with about 7,040 w)oodan :loating fish 

cages with a maximum fish production cat.uacity of 35 tons/year 
(Ref. 27), and nrobably Chau Doc 1;ill becone an increasingly 
important trade centre for fish. The navijction improvement 
programme should stimulate increasei fish or-oduction in the 
Chau Dec area '-or distribution to other markets along the 
river. 

5.2 Socio-econimic effects 

The -iekong Committee has concluded that the naviga
tion benefits provided by Pa liong dam in the region above 
the dam may be limited, based on purely economic aspects 
(Ref. 1), except for mineral development possiLilities. 
Although navigation imp.:aovean t: resulting from Pa Hong will 
provide year around travel for people along the l-iekong river 
from Luang arabanq tc, Vientiane iid from Vientiane to 
Savannalzhet, the Line of travel by boeat will be the main 
deterrent. l1any passengers ',!ill prefer bus service due to 
the shorter time of travel. Vast passencer service along 
the Mekong river is underi stmiay by the Lao PiR. 

Development of ports and ranos associated with Pa 
Mong, both upstream and downstleam of the dam, will provide 
increased employment for ljborers and technicians. Also, 
the training programme, including the boat building centres 
at Nong Khai and Savannakhet and riavigatiorn training centres 
at Phnom Penh andl SaioJon, will stimulate the Lour riparian 
countrie.: to make use cf the iiproved navigation channel. 
At least 40 parsons have already been trained at the Nong 
Khai boat building training centre. 

5.3 -f'fects oi Pa li.onqj. da._m oi navigation 

5.3.1 urstream effects 

The ma:imum velocity at !.enj Luang, about 75 km south 

of Luang Praibanj i.ill be reduced from 11 km/hour to 6 km/hour. 
The navigation difficulties .t ;eng Luzuri noW increase during 
the dry season. Pithl Pa ilong this problem All be eliminated 
when the reservoir is full ([a [long high pool elevation 250 m 
MSL would have surface '. tee- extending up to Kong Luang) 
(Ref. 1). However, navigability in the reservoir will depend 
on the season, i.c., the length :2 navigable reach will be 
least during the dry season ',hen the reservoir is being 
drawn down and at a maximum at the end of the flood season 
when the reservoir is full. Table V shows the average reser.
voir surface elevation for Pa 10ong fr various high pool 
elevations. The average distances of flooded waterway from 
the damsite, based on estimations from Tables , and 2, are 
presented in Table 9. 
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Construction of ramps at the reservoir bank for trans
shipment of cargo is the best answ:er to the initial stage of 
the Pa Miong trans-shipment programme (Ref. 26). The ramp is 
recommended to be open to all users with no charges to be 
made for the service. It is believed that this type of faci
lity would handle the general cargo projected f:or at least 
ten years following dam completion (Ief. 23). 

A major change in trans--shipment operations ',iould be 

required only in the event of extensive mineral development 
near the reservoir or in the area upstreara from the reservoir 
along the Nekong. 

Review o traffic projections on an approximate 5 year 

cycle, as reconmnended by a recent study (Ref. 2,3), will provide 

t'le bases for navigation improvement planning for further 

stages of development. 

5.3.2 Do,nst-eamu e.;!ects 

Pa Ilong dm _rill pi. de at least 1,000 in3/sec addi

tional vater during Ithe dry season. The average increase of 

depth of flow bet,,,'een Vientiane to S'avanakhet will be about 
2.4 metres, so that lighters from 300 to 906 tons and motor 
cargo ships up tu 300 ton-, can be novigated throughout the 
year. There would ho also some increases in the tonnage of 

small loca! craft in Savannakhet - Lakdse reach. ;,t the present 
time thie nw,xiwum capacity of motor vessel travelling this reach 
is about 9.3 tons, and the saxzmu capacity o[ a motor vessel 
with barges is about 110 tons (,.; 33). 

The velocity of rivm: in this reach %!illbe slightly 
increased due to the imcres: in r.L discharge. The slight 

law notincrease in ate- velocity in the r,!atem: season should 
create adverse cffects oii downstream environmental values. 
Also, Pa .onq should bring cbout a reduction c)- watel dis.

charge 35), to the flo,duringc the flool season to an averige not greater than 
0,320 m3 /sec (Ief. compared existing during 

the flood season of about 12, 00 m3/sec (average from 1913 to 

1963). This r(!duction of about ',Lo00 mn/sec will reduce the 
floti velocities during the flood period, whlich will be helpful 
to navigation.
 

The effects of Pa '.long on navigation farther down.. 

stream from Savannaikhet atre expected to be minor. Navigation 
improvements along the mainstream of lielong river below Savanna

khet will be achieve through future construction of donstream 
mainstream projects such as Sambor and Stiv-i Treng. 

It is estimated that the max-imum daily river fluctuation 
just donstream of the Pa Mong po;er: plant will be about 0.9 In 

and 3.40 m durino 193 and 1992 respectively. The time interval 
from the minimum to maximum river stages siabout 5 hours 
(See discussion on power). The effect of river fluctuatior 
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downstream of the damite is e;:pected to diminish at the 
confluence of the leart Hgum tributa-y (Ref. 1.3). Such fluc-
tuation of the river w;ill affect the workzability of the 
existing port of Vientiane in this reach of rver. Iso, 
the future ramp at Kin 1U(12, just donstream of the d,risite, 
Will be affected by river fluctuation. It Ib.s been recommended 
that steel flouts 1e provided adj acent to the ( oinst rom ranp 
to accommCodate the fluctueting wate!7 levels (Pef. U,). Steel 

also pind] (tefloats may 0 uplica tq)-op tieaiort of Vientiane, 
should the .orkability of the port be limited by river fluctuation. 

5.3.3 Summari.zed ewenwaic bena Kii-: 

The sa vinr% tons por Coioiet::eeuch reach erein for 
estimated far . !_ 20. hased theseth,, riod t ) on uata, 
the present .;ort: values of the svinjs I.ere determined for the 
periods l9[]--2(3f and 11-i-207;0 by river 30C,:e10F as follows 
(Ref. 35) 

Present ',cth of total annual 
trans!por_-tation savings with 

Mekong river reach 61,, discount rate (US$) 

Vientiane--Luang Prabang ;,2991079 9,5G2,541 

Vientiane--Savannakhe t 1, 22.259 .J 47.,542 

Total 9,5 l 135 11,04 0 ,0813
 

The total average annual savings will be $60'2000 
for the reaich from Vientiane to Luang Prabang, and !CK4, 000 
for the reach inomVientiane to Savannitdhet. 

5.4 Other effects 

'.':ter- pl lutin to be expected from navigation improve.
ments sho.uld n.t he substantial since the mu jori:y of cargo
to be transwolrtedi b7' iat or'i'y -let will he rich, foodstuffs, 

and construction iterials., liiowever, a significant volume 
of petroleum ;rolucts ill also be transportel , fo: w,,hich 
special arecautiojns need be toben. 

Another 2f._:eci: hue to the navigation iimproveuent 
prograime :uuld be bin: erosion along the rivers in( navigation 
canals, especially duo to use of "long t-il bout:s. In 
Viet-'am, the nuvigiation canjls originally designed fIr sail
ing junks and low. power motor vessels hiave not been able to 
withstand the turbuJ.ence saused by the powerful long tail 
boats now widely in use. Consequently, the banks are collaps
ing in many places (Ref. 37). 
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5.5ct o- different .pool levcl:;
 
'-'ith respect to dife-erent level; of 
La Ilong r(oesr-

voil:r, the probable ef:ects on navigatLion such la; economic 
benefits and navigability in -ti: 1 'o(- litu1:on river ',ill be 
greater for highelr lull pool level:, particularly -c'r the 
upstream reacheny although effeCts o §! silnila- natuIre '.,OUld
be e;:pected for all c, the four alternative pool levels 
considered.
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WKJNG _IVER HYDROGRARIC SUiAEr, SRM.C.AD BY TAFt* CCO14TTEE IN COLLABPATI4 WITH RIPARI:.4 GV'R*EITS 

Typ of 

1965 1: 20,000 Navigation chart 

1966 Hydrographic ,urvoys 

Navigation charts 
Scale 1:5,00O 

Scale 1:2,500 


Scal 1:1,000 


Topx-hydromFic survey 


Veloities and direction of
 
current 


15 . Hydrographic survey 

l:10C(;0 hydrographic charts 
Topo-hydrographic eJrvey 


Navigation conditions 

19N7 Navigation conditions 
Surface current velocities and 


sounding survey 


1968 Hydrogr'phic charts 

Scale 1:5,000 
Scale l:5,CCO 

Hydrographic chart 


~avigaIion conditions 

River cha"acteristici 


Topo-hydrogrpic survey 


1969 Hdographic maps 

Scale 1:5C0, 1:2,500, 


1:5,000 and 1:10,000 
Hydrorphic chart 

Scale 1:5,000 

Location Remarks 
 Reference
 

Varioua reacho of the river 
 8
 

Nam Ngu tributary I Recommissance survey 9 
The nsaac fro the South China Sea 

to Viet-%aN/Dc;ocratic Kmpucea
 
frentier
 

Benam, O$natoey, and Kiem Chroy reaches
 
and approach to roa Perh port
 

Chrui Changwar channel, Phnom Penh
 
O arvos, PhK=-Chutn, and Prek Anhchnh

-14aupas and Rocakong
 

Proposed port sites on Lao and Thai banks 

Quart.re--Bras Periodically
 

Nam INgumriver R;ccnnaissance, sounding 10 
Essac river 
Ht {Ok Keo, Lao PDR For proposed river portaide 
T- 2o Thailand,


tLuang Probing - Sav'arakhet 
VNAaHoung - Nan Hine 

Entrance to te Vam Nao of the Bassrc 10 
Mekong mainstre - To ch.ck the alteration of navigation channel 

of the 1966 flood 
11 

Done Kaset 
From Chrui Changwar to Chrui Ampil 
Keng Kabac and Kong Iapuang 
Savannakhet - Pakee Show 1966 maximum water level
 
Pakse - Vaun Mqan
 

a
 

Nam Wkno - VaunMa
 
Mukdahan Propoeed river port
 

Difficult stretches on the Mekong 12
 
and Gassac, D-nocretic Kam che 

Don Kaet shallow 



TABE 1 (Contld 1) 

Year Type of Work Location Remarks Reference 
1969 Hydrogrephic survey I Vintiane sandbar 

Scale 1:5,00 
Hydrographic chart Mukdahan/Savannakhet sandbar 

Scale 1:5,O00 
Hydrographic survey Confluence of the ekong and Mun rivers 
Hydrographic survey Can Tho, Vam Na Routine work 

1970 Hydrographic survey u/s and d/s of Phnom Penh Routine work 13 
Scale 1:50 Chrui aepil (km 324-333), Manivong Difficult stretches 

and Swngkum bridges 
Scale l:5,00 

Survey of sandbar 
BEnam (kM 283-28) 
Vientiane and Nong 

and Peam Chor 
hai 

Detailed survey, including measurement 
of stream flow and water plane 

Keng Kabao rapids At the request of AIT for calibration 

of physical Model 
elevation 

1971 Hydrographic survey Approach to Phnom Penh Routine work 14 
Bw&n Pas, Chrui Chang ar and Nanivorg 
bridge Routine work 

Tonle Tuch btween Peam Prapnuoua 

and Banam 
Done C-hanh Island in front of Vientiane 
Ban Houei Sai, Tha Dons and Rakse 

Bank erosion study 
For ramp construction 

Max. and sin. stages 
Dinh Tuong, Viet-.Nm 
Mekong river 

Flood chart Nong Khai - Vientiane region 
Tailwater observation From Pa Mong dansite to Nong 'hai Cross-section measurement 
Topo-hydrographic survey Nakhon Pranum and Hukdahan For ferry ramp construction 

1972 Hydrographic surveys Approach to .noePonh, in the vicinity Routine work 15 
of Chrui Changwar, CGrui Ampil and the 
Manivong bridge 
Boeung Pun Peny laku For polder project 
Ban Houci Sal and Chiang Kong Channel reconnaissance survey between 

Bnc Lieu - Camau, hu Hun - Bai 
two proposed rasp sites. 

Detail surveys for dredging work 
Xau and Thanh Loi canals 

Topo-h4drographic survey g Kaphaung Largo scale Survey 
Revision of chart datum From Chiang Seen to Phno Penh 
Cross-section of Mekong river Nakorn Phnom - Thakhek, Mukdahan - For EGAT's submerged cables 

Savannakheot 



TAEtE 1 (Contid 2) 

Year Type of .!ork Location Penarks Reference 
1973 10-day survey computation course Bngkok Attvnded by hydrographers M 

Hydrographic survey At the vicinity of Phnom renh 
of all four countries 

Nang K 
?om Ngun 

Bbas 

?nsin 
Before and after rock blasting 
For sedimentation study 

2ane Thasano (Savannakhet) For port site selection 

H.drographi csurvey 

Bn Than FP.ung 

Chiang Soen 
Vai "ao passa'e 

- Done Savanh area For a proposed ferry r=.p 

For a proposed fcrry ramp 

Pevlsion of chart datum From Chiang Saen tQ za 
Hydrographic map 

Establishment of new bnchnarks 
Pa ong dasite 
Chiang Korg and Ban Houi Sai 

C, cki 

Tailwater survey Fron ,ra''ongdansitt to the mouth of Nam Ngw' river Both lo-ater and flood 
1974 Hydrograchic survey The vicinity of Fhnom Penh outine work 17 

Bnam pass
Keng Kabao Beftre and after rock blasting 
Nan Igur bs'in 

LUekcnq, the vicinity of Vientiane water supply 
Sediment survey 

pumping station 
Bn Then Pheung - Deno Savcnh area Repeat survey for ferry ramp 

Topo-hydrographic survey 
Tailwater survey 

Care and maintenance of staff 

Long An, 40 km SW of S-igcn
Rivers and zana! in Pekong de"pdtao km 
Duno ha-n district 
From Pa Iong !iam to th routh of Nm Ngum 
fngioK*zi, Nakhon Phanom, and 14,kdahan 

river 

For port deelopment 

o 
For ferry ramp 
Continue from last year 

gauges 

F 

'C



IEKCOGCHANIEL IMP VENTS SFPO5ED 

Year 
 Type of Work 
1964 Concrete cement referonce markers and distance markers 

Night navigation markers 
Leading marks 


Oredging work for ships with 4.5 m draft

1965 aritime beacons installation 


Panning work for rock blasting 


1 	 Electric lanterns intallation on beacons and bouys 

Experiment on spar bcuys to replace bamboo bouys 

Preparation of rock blasting 


Dredging works 

1967 Scuys installation 


Cperation and maintonanco works 
Planning w.orkby dizxlition experts 
Dredging work by the cutter auction dredge 

1968 
Maintonance of navigation light beacons and 


reinstallation of light bouy1

Bouy5 laying 

Placing of bamboo bouys 


Expericental rock blasting
Dredgins works by cutter suction drodge
Preparing specification for aerial photography at 

l:5,3X0, scale 

1969 	 1aintt-nunc. of light-ocacons and light bouys 

Layina bouys 

Laying temporary bc'uys 


Expcrir ntnl rock blasting 

Preparatioc for chnnel improvement

Routine dredging work 


Preliminary dusk study of navigation 
1970 	 Kilomerermarkrs and sounding shoremark, instzllaticn 

'a-utine laying of turpornry bouys 

TABLE 2 

Y MKENG CC-, 1.ITTEE IN CCLLABORATIM WITH RIPARIN COVERMENTS 

Location Referenc 
From Chiang Karm to PRon Physai 7 
Krtie to FPnom Penh 
Port of Phnom Penh 
Port of %IwnonPenh 
From Phnoo Fknh to Democratic Kampuchea/Vlet.-am border 5 
Kena Kabao 

From.Phnon Penh to Democratic ampuchea/Viet.-Nam border 
Lao FOR and Thailand 
Kong Kabao 

Viet-4am 
Gassac estuary up to Can Tho 10 
Democratic Kanpuchea 
Kong K bao 
Viot-nJam and Phnom Penh 

Derocrntic Karpuchea 11 

Tne S- sac estuary and navigable channel up to Can Tho 
Difficult stretches of river in Lao FOR 
Keng K-bao 
Damocratic Kampuchoa and Viet-4iam 
Difficult stretches in the upper reach between Vientione 
and Luang Prabang 

Daioratic Kar-uch a 12 
Can The on the &assac 
Luana Frabar - Savannakhet 

KYnoKnbao 
Vientianc - Luang Prabang
Dcocratic etanmpuchea, Viet-Nam 

The RLaosac river in Vi.t-Nam 
Along th. banks of Tonle Touch 13 

Q 

Between VientianL and Savannakhet 



TABLE 2 (Conttd) 

MEKCt;GCH.VIEL IePoRVE.ENTS SfOrRED BY EKM CC+'ITTEZ It COLLABORATICtrO ITH RIPARqIAN GOVE.RIPETS 

Year Type c Work Location -- References 

1970 Second experiment on rock blrsing 
Hydraulic model of the Mekong river 
Fhotonosaic of difficult vtretches for future channel 

irprovement work 
outinc dredging work 

Keng K-bao stretch 
Kong Kabao stretch 

twen Vientiane and Luang Prabang 

Oomocatic Kampuchea. and Viet-4am 

13 

1971 Lightbouys installation, and replac.ment of the 
kilometre markora 

Laying of temporary bouys 

Starting work on new beaconing bouying 
Dredging work 

i1pproach to FPno- Pcnh, the BananmFss, Tonle sap, 
the Bassac 

Between Vintizne and &Svannakhet, from Luang Prabang 
over a distance of 50 km downstream 

3etwcen Cau Tieu and Sad c 
Crui Changwar and Chr-ji Ampil passes 
Inlttnd port of hoc Lie-u 

14 

1972 Dredging works Sac Lieu - Ca 
channels 

1u, Pu u - Bai Xau and Thanh Loi 15 

Training course in diving end under water deooli-
Chrui Chanowar and Ghrui Anpil posses
Three trainc s from Lao PDR, for Keng Kabnerock blasting 

tion with Royal Thai Uavy, three month period 

1573 Dredging work 

First year of rock blasting 
channel 

to clear the navigation 

Chrui Chang'ar and Chrui Ampil Passes 
Fpu R*Ju- Bai Xau (completed), Bac Lieu - Ca Fou 
(6UO completed), C y I'lo - Ong Lci ( 00 completed), 
ka'ng-Thit and Cho-Gao (beginning) 

Kenn Kabao rapids 

16 

1974 Dredging work Chrui Changwa, and Chrui Ampil posses 17 
11BO00 m3 sediment removed 

82,000m 
2 3 ItCho4 000 m 

Kho- ch 0ng Lon 

Pang Thit 
oCho Loh 

546 mBac Li - Ca .au 

Second year of rock blasting 
Light houses 
Mnintananc; of concrete beacons 

Kecg Kabao rapids 
Rong Island and Vam Ky-Hou in Viet-Nam 
Between Savannakhet and Khone Island 

Channel marking by bamboo floats at difficult stretches Between tiam Houang and Savannakhet 



T.,LE 3 

'Z,',VIG.; CT TR.INI3 PFG 5Y I AE CC ITI E;.R.TTEE AIN C LLBAPATIOf i'ITH RIPAPINi COUNTRIES 

Year 

1964 

Description/Subject 

Ist Scinar on Navigation Iprovenent : shipyards 
for 'la bottomed inland navigation crAft; water 

transport equipment; the role of raritirne traz-
port in international trade. 

Attcrding Personal 

Chicf cf navia-.ticn servicca -nd hydro-
graiphic survey tcar from the four 
riparian c untrics, and thrL experts. 

Location 

Phnom Penh, 

Democratic 

hampuch c 

Refercncos 

7 

19t5 2nd Semir-ar on Navigatici Improvement Kong Kabao, 
-rarrowrccky stretch, hcw uan it be inprovod; 

hydrojec bcats, their possibilities, advantages, 

and uses; inland navigaticn and its role in 
ecoronic avulcc,,omnt of the '-',konq or, the; stretch 
Luang Prabang - 'ukdihan/Savannakhet. 

Ch-iefsof navigation services and hydro-
graphic surey teams from the four 
riparian ccuntriesard consultants. 

Svannakhet and 

Viutiane, Lao PDR 
8 

Pilot training by pilot eo.pert frcm the Netherlands, 
for reacih Fbr'om Pcnh - bordvr in Democratic 

Kanpuchea/Viet-Nam. 

pilots in Democratic Kampuchea 

Democratic 

Kampuchea 
8 

1966 3rd Semirar on Navigation Irprovement : shipyard 
and craft design programs, hydrographic surv~y, 
bank prot.oction, .tc. 

45 perscns including 19 fror riparian 

countie, 27 experts and observers. 
'Jong haaiand 

Bangkok, 

Thailand 

9 

Pilot training by pilot Lxpert frcr the 
Netherlands, for reach K-pong Cha-m - border 

Democratic Kar pchc /Viet-Nam. 

in 

9 pilots, Democratic Karpuchoa Demcratic 

Kampuchea 
-- 9 

167. Pilot training by pi.lotcxp.rt from the Nether-
lands for reach Katocog Chin -
border in Democratic Karpuchea/VietNam 

13 pilots, Democratic Kampuchea Democratic 

Kampuchea 
10 

1968 F-ilt training by pilot expert from the 
N, rerlands for reach Kampong Cham- border of 
Damocratic Kampuchea/Vit.44a.-. 

13 pilots Democratic Kampuchea Denocratic 
Kampuchea 11 



TABLE '3 (Cont'd) 

.AVnATID:: T.A.IM3 RGo-RAY" BY :CNG CULTT-E V; COLLA-CDATIO+,N Wn:i PAP R AI C M'Tp,IFS 

Year Decription/Subject Attend ine Personal Location References 

1968 4th. Seminer on lavig.tior improvezent : Hekorg 
river transportation; ravintion inprovenent; 
c2:'go hand-i in; ports,, harors and etc. 

Representatives of fcur ripsrian 
countries, Hekon4 Conmittee, UNOP, 
and AOB. 

Bantkck, Thailand 11 

1970 

1971 

Prelininary train.-ai: course by Dritish expert. 

1st Regular trainin;, course by ritih expert. 15 pupils 

Nongkhai, 

Non&hai, 

Thailand 

Thailand 

11 

14 

1972 Trainin- cour:e 
construction 

marine engiaes and boat 40 pupils "ongkhai, Thailand 15 

raininC ccurse 
mechanic-, 

navi ation, zarine diesel Savannakhet, Lao PDR 15 

1973 

13 fellowships in navi.'.ntion and related fields 

Tr-i ni. course : s.ip building; glass re-
irfcrced pl.stic (crec ,.1 course) 

Five fellowships in navigntion, hydrography, 
and pert management 

Students and trainees from 
riparian countries 

Ordinary course 40 pupils 
Special course 12 Thai, 4 
and 4 Cemocrotic Knnpucheas 

Riperipun countries staff 

Lano, 

Europe 

Nongkhai, 

Europe 

Thailand 

15 

16 

16 

1974 Trainine course 
arch ine-y 

shipbuilding and "crkshop 19 pupils Nan-khail, Thailand 17 

Special cc-arse 
Navigation and 

welding, marine diesel 
diezel ergine mechanics 

engines 20 pupils 
6 skippers 

Noankhai, Thailand 
Savarsakhet, Len PDR 

17 

Course on subject of standardizatior. in zeasure- 
ment of ships arorg riparian countries. 

Technicians from Denocratic 
Fanpuchea, Lao PDR, and 
Thailand. Viet-Na represented 
by observer. 

Ban.gkzok, Thailand 17 

0 
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TABLE 4
 

ESTIMATED VOLUME OF WATERBORNE FREIGHT VIENTIANE TO
 

LUANG PRABANG AND INTERMEDIATE PORTS
 

Year I Rate of Thousands 
Increase (%) of Tons 

1966 8.0
 

7.5
 

1974 
 14.51/
 

1980
 
(Project year 0) 
 22.0
 

1981 
 5.0 23.1
 

1982 
 5.0 24.3
 

1990 
 5.0 35.9
 

2005 
 5.0 74.5
 

2006 2.5 
 76.4
 

2030 
 2.5 138.1
 

(Source, Ref. 26)
 

I/ Actual tonnage moved above Vientiane as
 
determined by survey in 1971 was 11,369 m tons.
 



TABLE 5
 

COMPARISON OF TYPICAL TO-MILE CHARGES FROM VIETITIANE TO SELECTED CITIES, DECEMBER 1974 

Rivcr I Road Air
 

Port City Distance Rate pr ton-km Distance Rat- pcr ton-km Distance 
 RatL per ton--k-S km US$9V kM US$ k T- Us$ 

Pownstream
 

Paksane 206 0.026 150 
 0.093 118 0.763
 

Thakhek 390 0.015 
 350 0.066 240 0.500
 

Savannakhct 486 0.012 495 0.048 
 277 0.505
 

Upstream
 

Paklay 237 0.042 -..
 

Sayabouri 408 0.045  - 170 0.707
 
Luang Prabang 468 0.027 398 0.038 250 0.560
 

Rate includes local drayage from Tha Deua to Sayabouri.
 

" Kip converted at rate of V2OO kps per US dollar.
 

(Source, Mr. P. Gouye, Vientiane, Lao PDR, Ref. 26).
 

C, 
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TAILE 6 

SLACK WAER NAVIGATIOJ PA I40NGLA E 

Surface levelReservoirmro Approx. diatnco Remaning distance to
es of floodud water-
-way from Luting drabang, kmdi., km_ 

,___ 

210 175 
 250 

220 2.10 185
 

230 280 145
 

240 325 
 I00
 

250 345 
 80 

26o 375 50 

TABLE 7 

INCREASE OF AVERAGE MONTHLY FLOW
 

POMST13EAM OF PA UCIJGDAM DURINGINOVMBER TOJAJE 

(Pr'od of study lov. 1929 - Oct. 1969) 

P MPongHigh Pool Elevnticn Increase Average Monthly Flow 

(m RSL) (cms) 

230 970
 

240 1,500
 

250 1,910
 

260 2,170
 



TABLE 8 

AVERAGE RESERVOIR SURFACE ELEVATION (FROM 192?-99) FOR PA MONG 

HIGH POOL ELEVATION 260, 250, 240 AND 230 m MSL 

Schcc of dcvclopncnt 

Pa Mong HWL 

Averg c:rvoir surface -l,-_vation-S-ct-L2:.1aI:n.':Nir :+b.- ' IJajun Ju. 

(1929-69) cnd of month 

-

S1o Ot V. D c

250 245.67,44.05 241.92 9. 71237.23735.-941238.7 . 245.63 249.45 245.85 247.30 

25 7. 3 -. 6,1I3 11 ,6 6 -z7 
240 2237. 043 35 .4 S 233.17'29g 226. 16,'3.1D227 -3.0 3' D2 , j 339.9 2"6.55 

230 26.9b243S 21.8 219.28215.41j21-3.5212.25 223.361-:.299 229.62 

I-. 

(Source, Mekong Committee unpublished data) 'O 
0I-. 
0 



TABLE 9 

AFPROXIMATE AVERAGE FLOW(ED WATER, DAMSITE .ITH PA M*NGAY FROM 

H'.- OF 260, 250, 240 AND 230 IAML 

Pa Mong Apprcx. avcr_3 distance of flooded ,nt-rway from damsite, ki
 
HWL :
m { ...... __ __F . - _'___r. , June ,'Jily - -I Spt.| joy. IDec.__ Oct. 

MLJan. Feb. ?'nr. Apr~. Lt]y Ju 
9 

Spg. D. 

260 361 360 35026o 346 339 35 356 i 369 370 370 365
36365 341 
 -


250 336 332 3 29 310 3o6 31U 331 342
322 144 342 340
 

240 310 303 253 
 279 2a4 249 270 302 320 324 i 324 316 

230 265 257 247 232 21 17 Y6 249 251 2S0 0 
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NavQvaoton
 

NAVIGATION ON THE MEKONG RIVER iAVIGATION ON THE MEKONG RIVER 

BEFORE AFTER
 

PA MONG DAM CONSTRUCTION 

--- - - - ---- - - LUAN FABANG .... ... LUANG PABANG 
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PA 1IOIIG ENVIRONIENTd-,L ASSESSMENT 

1. Introduction
 

Of" the :nultipurpose benefits expectet from the la flong
project, oer- is one -)f the nain bases or7 its economic an( 
financial justificatir (,Zef. 1). The hydrologic characteristics 
o- tie lower ba:;in indicate that the iie]zong river is by far the 
princi'al indigaou:isce of energy avaiable to the ftur
riparian countrio,;, and that Pa I ono is the lorical first main-
stream pr'oject for reaping this bene.it. Jithout o'. hlang and 
other mainstream and tributar:y hyrlroelecti:ic po:cL projects, 
most of the region's -uture energy needs might have to be met 
by fuel imiports. 

To thu extent and at the ate feasible, the countries 
of the lo.,el basin must industriali.ne for their greater pros-. 
perity, and to a ecelerate indiistria li.aLion they must use power. 
It is an acceo-ted foct the t thu. w:ealth of nations and their 
people is closely related to the )e:: capita use of electricity,
particularly th. t 1,ortion uf theu per capita use a llocated for 
industriali::ation. !iot:ever, bcfore any decision is made tC 
develop ['a Nong's tLremendou., poker pontentiz l, it must be sho'n 
that the demand for ",5, r ,.'thin a reasonibl pcriod will at 
least euail. the quantity to be ade a'.l able, ttle cost 
of o,.er prroduction at P-a leng <ill be less coatly than that 
produced from alturnative sources, and also theft po'er produc-
tion at Pa Land .ill not result in serious lasses of envi-
roninental resource:- which Jould be avoided if alternative 
sources o.f po,,e' ','ere used. 

All of the .acctors noted above have been the subject 
o: many studies s:),ansored by the iekong Comittee in Collabo-
ration with the four ;:ioarian countries since 19')3. These 
confirm th.tLo:e. generation at La iong iuill be by bar- the 
most economical source o. power, and "rith the recent increase 
in costs o- oil and of' other fuel sources including nuclear 
Iuels, the L'a Alaloig poser alternative commands an even higher 
priority than before. 

It is assumerd the t flekong power .:rill be sold whole
sale, at prices equal to or lu'ei. thanl costs from alternative 
sources of supply. urchases w:ill be tle puiblic electricity 
supply agencies Cngage,. in the distributin of" power to ulti-
mate consumers and, '.'hroe mAlicy dictoites, large industrial 
consumers. The -,ol:er distribution agencies ,ill combine Mekong 
powar and power produced fro!i other sources in meeting 
requirements within their respective service areas. 

http:industriali.ne
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It is the purpose of this discussion to describe the 
environmental e ffects relating speci/ically to the poer 
features associated Aith the Pri Monq project, rather than all 
effects stemming Ifrom construction an( l operation of the project. 
Further detail:; on environmental e'X cts closely associated 
with poiuer operations are given in the d.scussions on aquatic 
biology, reser-voir ecology, and navigztion. 

2. Load aorcca sts 

Usinc; modern1 high--ten:;ion tranSil:;sion technaology, 
large quantities (, power con be transmitted at hich voltage 
and lo.! cost to i ajwr load center:; !, 2 )-m distant. Hence 
the entire nation;al areas of the I oun ,o..'k" basin riparian 
countries lie ,withinthe feasible ;arlet area. 

A\ revie(' of the many.' iorecasts of po.er an(, energy 
requirements mace since 19 )3 (Ofc. * 1, ,4 1,. 23) sho1,s the 
actual increases to be greater tlan predicted in thc earlier 
studies. The total installation capacity of the -our rina
rian countries in 19U5 u.,as !"70-.5 1NU, o, ' hich 527.3 1-U %,as 
in Thailand and l6.2 3, and 30r) I "I in tihe Lao tLD3, Demo
cratic Eamrpuchea, and Viet--Ean resectively (Chef.. 29). Tlhe 
annual energy consumption in l', Lie . our countries was 
1,007.4, 11.2, 2 and 433.3 111'..h for Thailand, Lao PDR, 
Democratic Kampuchea and Viet--am respectively (,ei:. 4). The 
installed capacities of Thailand and Viet-11am in 1573 were 
1,532 and 813 li*,' respectively, %)T!ilu Dumocratic Kampuchea 

and Lao '03 in ],/2 had :*,. and '77 1f,: ins talled capacity 
respectively ('ei. 3,0). The annual consumitiois 07 energy in 
Thailand, Lao iJDR, and Viet-.Ilam %.ere L-1207, (2.2, and 1,150 
iikh respectively, '.hile Democra tic Kam,,uchea consumed 115.2 
HIkUh in ',i2 (ief. 4). The avCraJe annual increases in power 
and energy consump ion, during 1125 and 1a73 (during 19,35 and 
1972 for Democratic lhampuchea), e're 21.4, 21.0, 31.2, and 
11.5 per cent or Thailand, Lao iDi, Deocratic a',ampuchea, 
and Viet--Ha:; respectively. 

It has been es;timated (he. 3) that the market a:bility 
in Thailand alone can d-bs.)rh the large bhochs )f power to be 
produced at CL iong. Figure I show: the comparison of the 
load forecast of the four riparian countries 'iti and w.ithout 
the loads of central, northern, intd southiern Thailand. This 
figure clearly shows that Thailand, especially the Langkoh 
metropolitan area, w.ill be the ma jor con'sume,: o. the elec
tricity that 'a iiolg project '.1 be ab.10 to produse. Figure 
2 shows the regional distribution 02 power from i'a Hong pro
ject as o result of load flo,.: studies ([-:eI. 22). 

The Electricity C;eneratinq Authority of Thailand 
(EGAT) has prepared forecasts for thu electricity load growth 

.of Thailand (Cef. 22) which ar c some.!hat lo;.'er than the 
latest load forecast made [or the lhe:ong Committee by the 
Netherlands Economic institute (11L1) ('el. 4). 'igure 3 shows 
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the comparison of the two electric load forecasts. The EGAT 

report anticipated the comissioning date of Pa [long power 
generating unit numbers I and 2 ;.ould be in 1908, according to 

the installation schedule shown in Figure 4. Hence, if based 

on the latest electric load forecast (Re:. 4), unless EGAT
 

is supplied with a source of gene-ating power other than now 

planned, as shown in Figure 4, the Pa Hong project uill be 

needed earlier than 198,] in order to meet the increasing 
power rerluircments. 

3. P .on _rojecower features 

3.1 Stale One 

Pa Hong %:ill be a multipurpose project with power 
primarygeneration, irrigation, and flood control, as the 

features. It will become the main source of electric power 

for the lower basin. The Pa Mong ,o.;erplant, to be constructed 

as part of the dam, iould have generating units equally divided 
One reportand located on each bank of the river. The Stage 

(Ref. 14) assumed eight units each having capacity of GOO NW 

would be required. This number of generating units w!as based 

on the space available at the [a liong damsiteo Selection of 

the size of the generating unit is not yet definite, however, 

because the ['a liong reservoir ma:'.imum pool level has not yet 

been decided. lot:.ever, studies of power regulation of Pa Hong 
pool elevaas an isolated system, with four different maximun 

each of which was associatedtions, 230, 240, 2"0 and 260 m 1:OL, 

.ith three different minimum pool elevations, have been coin

and ]). Thesc studies provide thepleted (Ref. 15, 1, , 17, 

inputs for assessing at site and downstream beneficial effects
 

accredited to Pa i1ong for each scale of development considered.
 

The usable storage under consideration is between 21 to 104 x
 

109 m3 . The installed capacity of the Pa Hong powerplant will
 

vary from 3,200 1M to 5,L,(J0 HO while the firm power and energy
 

will vary from 990 to 2,700 11Wand 3,650 Lo 23,600 GWh/year
 

respectively.
 

The Pa Hong Stage One transmission system will consist 

initially of to 500 kV alternating current circuits constructed 

on single circuit steel towers from the dam to Bangkok, one 

115 kV AC circuit from the tiam to Udorn Thani and one 115 kV AC 

circuit to Vientiane. It ,jill be necessary to construct two 
to the load centre inadditional 500 kV single circuit lines 

the vicinity of Bangkok under Cull Stage One development. it 

substation just northeast of Chiiyaphum w,ill provide for the 

transmission of pokier over separate 230 kV lines to Khon Kaen 

and [lak'hon Ratchasima (Ref[. 14). 

3.2 Phase i1
 

The Pa Hong Phase II report looks beyond the Stage One 

development to achieve full pover utilization after 1993 (Ref.
 

19). The following are the potential power projects considered 
in the Phase Ii report: 
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(a) 	 Nam.Nqun reservoir enlargement: Nam Ogum reservoir 
can be enlarged by adding 3'; rn to the maximum normal 
retention of 212 m. This would form a single reser-
voir out of Pa [,long, Nc~i Lik, ilan liong, and lam ligum 

reservoirs. This wouLd result in greater power pro.
duction by the La liong generators, amounting to 
1,730 l[kWh, wiich is about the same as would be 
obtained if another 600 116, generator were to be 
installed at [ai Iium,. This iiay be compared to the 
present 	 installed capacity Lit Nam ilgum of 30 [I[Xand 

the planned additional capacity of ot least 105 MW to 
be included in thoe second phase of Ntamnqum construc
tion. 

(b) 	 Pa ilona side cnnei- no-e.r.a.,tla: It ,.,ould be possible 
Co e;:oand tie ower inzta!].aticn at Pi iomg )v means 
of a forebav dam on t!,e Thailand side of tile channel. 
About 5,400 li: can be added to the Stage One power 
development. lionce, thre generation pattern would be 
changed from base to peak, generation. 

(c) 	 H [uai storage doapeddevelopment: l:e luai Bong 
site is located adjacent to the e::isting Han Pong 
reservoir. Nan Ponc reseirvoir .:ould be used as the 
afterbay. The developmenit of the ]luai Bong pumped 
storage project jould help meet the pealaing require
ments within ;'h._ project area over the next 26 year 
period, 1990--2013. The active reservoir capacity 
would be 155 million ui3 and the t)tal coer generat
ing capacity for the year 201, would b i',,000 IJ, 
including 3 hJ revers-7ble units and [H.1*,00-i: ,400 
of genera ting units. The weekly puiriping energy is 
346.5 [tt:Wh and energy enerated is 210 I The 
unit cost t "uci L;ong mped storageof .!u development 
is 11.42 and 11.21 $/]/i.:-year for the 50 and 100 year 
analysis respectively. 

lines ad distribution of*-oWe
3.3 	 Transissio:t 

Subsequent to the studies noted above, a report by 
SOFRELEC in 19/1 (1ef. 2)) describes various alternative 
development plans i-'oan extra hig7h voltage (Ell[!) transmission 
system interconnected between the fr)u- riparian countries in 
order to utilize the bulk of hydroelectric cow.'er along the 
mainstream of the iekong river. The report stated that a 
525 kV system appear be most alter-AC ;'',ild to the economic 
native for transmittinq the bulk Qf hydroelectric power from 
future lelkong mainstrewa project'-: to the pol.ler marke't areas 
of the four riparian countries. 

For geographical reaisons, the lilkong Committee has 

recomnmended the power market of the Ilekong countries be 
divided into two main arec,o, namely Thailand/Lao PIDR and 

Democratic lampuchea/Viet.-[am. The iEekong Committee 
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recomended another -Iternative, such "r,s a 5 2V system, as 
nore suitr.ble c n_.' nrbns-itting , r 2u--i
 
ITR, to oe , .'re nnp syrtce'n- in crtiC -a"puchea/
 
Viet-- an : ,i crtnn ' c '-stive lo crt R-f. 

21). K -- -;. o th ,nn :r t:mr t.h e-

Qflpf f c i.r i t s . - 71
 

per ren t 7i - htee ,- " , .r., Co : 
cnce d it in, ci 

]: e t r : ;.. . .... tc; yze ariou 

pos b e :-'tte :-a i .- . v Cv t,. r:u e 

The:-k.: : :C'r~tt-c ;'" : .' S .!'"}a e also beern
 

engag:ed i.n; . ~t'j ' of ot aire !a M.on transmi'ssicn systems. 
The study.. ili rade 

of ;ne c-c o--c C - trar:r'-ission 
system --'c ing ,i-. e : nis ,- trans
misioni ystnowyo','c' , La- r-- -'r /.y' f . initial 

deeyatQTorgnvtnunn grK .;';er :-lQnkuk nd 
2aigon vi;- :; ,.wi e tran0i/csion-yqteis 
sor donotres,- r r'fer- ( 

: - ,t'M3 t t''I - nrkck extra high 
voltage tr:ns mi..j- ;-system ( f 22; 

, 
i- ad i ',75 , prepaxedcd. ly , a .'t .:. .po- '%1. ne iJ, }, ,;_cri F_ ',' -,(--.:cc~r- !ihis 

repi rt 'et r ( -. th1 b--' - .o 
500 kV trP mi7n ; line :r - .; !.ny to in, E-nqV, a,ren,
usia's t-re .:{: ;-n -.,; ''.- r-; c'-. reoCC'encjced-" :'J -!-, 

three 105 ;C! ;-tcr'ati- ienn t", fin
froi the ho< iQn:, r;',tc}q;rn. t'. : W.. kV/i~ rei:e sb t to 

rc- I,;,bulk A-'!'.r r ncjro,), - i r ea. A 
do Nblc ir it 21 ' :J f-1' 1 !nd Vienti -ne. 

- j'-.Iso ;; M , e r f ,c from the 
Chaiya h-: -u --- t'i- n tn-; :Z orn .. schoima 2 substation. 
The tru-n issi , co.t per W. in r-twj',-t(.f ic 1.724 mills 
based 01 the !,. if '_( 

Jr'r,1inu.Lecti ".,My 1!Awtriv:; 

-. i - ". , r d nrcus~-' studies 
desin-ed to ,- : C' jo-)owe.' us5in 

incu:stries ny, . for . tncng r'sinti-in" of i-a 
lofli rnd 't- - ,. i -,J ; : O ' riou s studies, 

Am in' ---
and '',w'W- i 'v ,r evr-. i' r- f C-c i r, teri- tia 1 s 
i l-h ' s r-r rrn;;a:--C - £ 

inc~r - ' 'J riron 

rhic (-\viewed m-iJ.: eral development 

,...,,vj -- : .' uriri :n ,nd v ;i u;a r -i~ u t i s;t ....2 r.'ro ,,,
The 'c ,c '-' :- ecJ t inustrie .1 f: filete s 
and n.thers are suIuwrizc- in th-uabe 4. u.:na(ditional review 
o: ;rc j ecte, ;ower needs ,,f t'lr9?'4rr.-f'rient( indlzstries has 
been made by i; nret:eriad:s :ccio~cic Ins itute (R . 32) 
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The rte of r.th in po'.er ne 'or large electro
processing in'stries %--ill -c af'ected si-nificant'y by the 
levels of and Suchratettr -ab Lri' 
would not purchase er aat pries higher than c. rtin levels 
depending on tht c"' s .- o'%.er istetitive -ecuse 
esseriti.5-1y i,- 1 ;" cost 
!actor. -roessirrg 

from ether ".czrce:,, th - i.:creisin t'e rate of gro'th 
in the r,'.'or K :l.<-. th- lr i shou ld ho c'.bstantial° 

for encourai( inustrial use ,1 ;o.er, inclivding rvelopmrent 
mineral concluded 


o,,er cots ':'.i have to be in the r: inge oo 3 t(; 5 mills
 
o _ r c~es ar.d of a'ro-industries, that 

(U) ,"be: tractive. This ranje correspond to 
prices S t,, .rs !go, bore the d:a.atic rise in oil 
Drices, -ence a comri ar'!le rancge for current conditions is 
believCC' t' .e f oC to ! mi4C jis. 

r most'it'tin:n, the key factors influencing 
decisio inusriesfwhich might locate in the !ow:er basin, 
i tin ~o , .ost, are proximit 7 to raw materials and 
export '_'t." however, is an exception wljcere 
the a'v:i t i eve po.:er is the predominant 
fact .. -c continues to be one of the most promising 
prdo~cts~i 'ff.ring !o'.:-cost -owoer but lacking in 
domest - _'' .eria1s. ,lth-ugh most aluminium 
sm et(t - r.n "" "i t . t nLustri.alied countries, Q, en 
usin n'-e - '"' - 1 , ;,, .t le e.:ceptior. - ccur. 
Thc.se xcen o _ i e n , A noa, Shorain, and no'..'' 

the2 export iarket exclusi eiy 
and 0'rco-er. i11'e e nly beU5C of !O',*-cot 

. . -.. rve leealcr 

basi - -,. i u::it hich is aoun, in 

countriesr, nht r th 'on basin inc udin inrj ia, 
]',alayia, I , Jsr, if detailed srudios2n indicate 

that i-oort u"'-- cor convern ion into alumina into the 
!ae.:er orsin is '-t n ic1 lternatively alunina could 
be '-om lacue !;.!ant5 Im.oo'ein.rscssingAustrulic for 
corniersio' into aluminiu in the !-b.aer basin, Such an arrange
ments 1)b : !ractice in.ein -revailinovith the 
same other o.arts of the "orld. 

5. Crt f tiiesrral alternative 

,',"'cvio'17' :.,'te t'- t end of increase rin energy 
cost due to the cur_-,t e ery cr'isis. all 'over tu, oorld has 
had a impact the cusfr c> an alternative thermalmajor 'n 
po..,erp7ant. Thr a oni C'-ite h:s revieved and updated 
the energy cs.: of teal bt, -tantrl nuclear,<i!--fired ,:nd 
by tabing the ro''. fe .ico:: ini-o consideration.
The studcy ded uodr .in" a tj.C e, matcd energy' casts 

for oil..f.l.red ther!:u.l plant s 'f *aris unit sizes from 100 
i.W to JO I.. It ''as found, with the effects of increases in 

7% 
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both the investment and fuel costs, the present average energy 
cost is estimated to be almost double that obtained from ore-
vious studies (Ref. 6). For example, the average cost of Dower 
from a 20 N, oil--fired slant at C0 pcr cent plant factor WLs 
estimated at pills k:h in the lidicative Basin Plan7 per
study, in !-1G9, -:r .i 15' 'mills par kwh as =-oPutC..h"' 

the recent study. T!e po er cost of nuclear l:;nts of varicus 
sizes were 7ilso determined. The average- nuclear energy cost 
for a 200 NW unit L7 l..3 mills oer kh and ).1 mills per k.h 
for a pilant f .... i (R f. . 

A ccmparison of energy costs bete.'eCn the oil-.fired 
and nuclear plants is show:n in Table 2. Also, a comparison 
between the energy cost of hydroelectric .nd thermal plants 
is presented in Table 3, 

6. Reservoir oreraticn studies 

The Pa .oar Stage One report assined an installed 
hydroelectric power capacity oi 4,203 MWat the Pa Mang dam
site. The average annual firm energy (based on 1930-68 hydro
logical conditions) would be about 1.,125 MkWh with about 
,013 NkWh of secondary energy, assuming no sediment encroach
ment and channel degradation. The effects after 50 years of 
oroject development w;ere :lse considered, including sediment 
encroachment and increased water recuirements for irrigation, 
fishery, domestic, and industrial uses, and again assuming a 
4,60G Nwl capacity hydro,_l-ctric.. woerplant. The average 
annual (1930-6C) energy generated would be 14,300 and 4,065 
M4kWh of firm and secondary energy respectively (Ref. 25). 

0.2 phase II relnort 

The Pa ,long Phase II report found, for the Stage One 
hydroelectric power development of 4, 00 I-111,that the average 
annual (1930-G)) firm energy would be 13,500 MkWh with the 
secondary erergy ot _,700 Nkvh, assuming no sediment encroach
ment and channel degradation. The effects of sediment encroach
ment and channel degradation after 50 years from Pa Nong dam 
closure, plus increased water requirements for irrigation, 
fishery, domestic and industrial uses ,.roulcd change the average 
annual (1930-9) energy generation to 13, 50 and 7,000 1lkWh 
of firm and secondery energy respective ly (Ref. 26). 

The study also considered oneration of Pa N{ong reser
voir withothe additional reservoir storage of Nam Ngun (18,479 
million ni active storage) added to that of Pa Mong (77,999 
million m3 active storage for the 50 yrear development). All 
hydroelectric energy .s assumed to be generated at the Pa 
1ong 4, 00 11W powcr plunt. The average annual (1930-69) energy 
generated %,;,as !1,226 and C,415 Mk;h of firm and secondary 
energy respectively (Ref. 26). 
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6.3 Pa Monoptimization and downstream benefits
 

An important aspect of the Pa I-long optimization and 
downstream benefits study w.ill be an analysis of I-a Hong 
reservoir operation alternative for various condition, i.e., 
for maximum pool elevations of 23,J, 24U7 250 and 260 a FISL. 

6.3.1 Minimum rool elevation 

For each alternative full pool elevation, three levels 
of minimum pool elevation are assumed for reservoir regulation 
study. The study ohective is to deter:uine the optimum 
minimum pool elevati n for each ma-iu pool alternative. 
Table C shows the minimum ool elevation selected for each 
full pool elevation 

.tu6.3.2 Syste seas;::i..1 rei StiUCI.o_ 

The sy.-tem ses ,_SOu!in study includes all 
four alternative high pool 2eie Lions, each of w:hich is 
associated with (i-)' elevations, giving athree Dol total 

combination of 12 schwres,1i'ree schemes vary greatly in 
usable storage, frocm 21, t 104,200 million i 

3 . The Pa ong pro

been -ah 	 asject has e;xmino ] , .s an isolated prLoject and a com.. 
ponent of systems in 'hich other psjects such as Sambor and 
Stung Treng are included, inclidinii the loll,0wing alternatives: 

o
(a) 	 The 12 sciemes for i; -a I:ng pIoject in 
isolation. 

(b) 	 3ixsc:lomec for the sy:;tem. iak ang/llam iigum/ 
Stoe 7lccTn. 

(c) 	 Six schemes for the system !Pa ilong/lIam Ilgum/Sambor. 

.che2mes r system liong/Nam 
Stung Trong/Sambor. 

(d) 	 Eleven f the Pa- 11gum/ 

(e) 	 Three schemes for the system 1:am rIqum/Stung 
"renc/Sarmbor. 

The results of tie above studies are presented in 
Tables 9, 10, 11, 12 and 13. These results are an important 
input for assessment of at-site and] downstream beneficial 
effects accredited to i'a Hong for each scale of development 
considered.
 

6.4 	 Reservoi,: surf:ace fluctuation 
. uai Stage development, for high 

pool elevation of 23" m 111L, the max-imum rate of reservoir 
drawdown during. opera Lion is hout 2.', metres per month and 
the maximum rate- c" reserr illir:g is about 7 metres per 
month (See Fig. V1II. 1(r, V1I1-1i, ;:ef. I,) The fluctuation 
rates of the reservoir surface are abut , and 23 cm per 
day during reservoir drad..,dnr and filling respectively. 
The rate of exposed ground area during reservoir drawdown 
and inundated ground 3re,: during reservoir fill up depend 

In the of One 	 i.e. a 
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upon the initial elevation of the rese -voi." prior to dral;down 
and fill up; hno.:eve:, the average values can be estimated. 
The rough estimate of ,ite of exposed ground orea during 
reservoir drawdco'n would be about 22- k:m2 cer :.cnth or about 

km27 per day. fhe maxisum rate nf ground surface inundated 
during reservoir -ill u,., nornally frnm the end of '.ugust 
to the end o. Setember, .'ould be about 529 ki'- per month or 
17 kin? 'er day. Whe total cormal ch-age ia reservoir eleva-
tion curing the oerating year is crom 1-:.e high -cool eleva
tion to mininmuai eluvati n fied by the operacuing rule curve 
(levels of elevation- be maintained in tne reservoir at 
various time of the ,,a). -Ln thew a o, the Stage One 
develo:cment, the tota] norm a]_ reservoir drawdon would be 
from elevatin 250 :a ;i.;L t-: 237 . !/, 13 metres. The exposed 
ground area duringa uhw: '. servoir dr-], 'n is about 1,000 km2 . 

The reservoir [,cess e:tends Zramwadomi December 
to June Khie the reseswvoi filling exends Eroc July to 
September. Tioble 5 , ti"-re srvoir dra.:do'ns and exposed 
ground areas -'or -'u-chome of ra iong reservoir development. 
Drawdonn froi th higih 'ecl 2-lovation,n NL L, to the rrini
mum pool el,.Lr 1 a 1 1 , '.auld :ccur very rarely (once 
in the ,10 years o 

In Table j lit dia :ii is dcfrina :; the difference 
in the reservoir elevaitin Leto o the avorae high pool ele
vatiun at the en'i F Octocer, and the aver-age minimum reser
voir elevatian at the end of June. This table shos the 

the >'wiq ,:.results of ra :tu", re;J]) t. "i an isolated system, 
for high water level; ,. 2<;, 240, 24, and 230 in 1SL, 
corresponding to i uol of 21,,ninim n clovatii.; 23, 210, 
and 205 mi: L re'-e tively. 

7. Fluctuation W riv-r stacc, during peak oeneration 

The rivc,. shagD fluctuiation duringj the )Cak load 
generation will cause problem:: in ncvigation and i- river 
bank stability do' nEtrea: ''P tie a''" rplt iiccording to 
the Stage One reveloin~ent pln, tho ect A the fluctua
tion is unlikely t: bo known until thie P!a iig project 
approaches the implenentation, stai.e Iio ever, a report by 
the USBD in MW (Ref. 27) :n.ily:ea Lhe typical daily system 
load, the Pa w'nqplanL owiuat, a-nd 1 ourly ,.cater releases. 
In brief, fron the assumed jenaarC:e sch(-!dule in 1-995, 
with the assuned instlled capacity e. 5,,90..) !'., the plant 
output ill var fri a i inimu:' ;()iJ X.' t-o a maximu of 
4,575 MN- In tri A iter e.ci-as ;rum 'a Ilg, this is 
equivalent to 1,,5 r 3 /sec CAa miniimum and 8,32, m3 /sec at 
a maximum.
 

On the ba-;ir ol tile availble hydr,)logic data the 
flow release has been calculated for six locations below the 
dam, namely Vientiane, Hong ;Mai, :X4;m Qcum, Lai Thnon, Tha 
ihhet, and iukdaharn (Savannakh t) . it appears that the 
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fluctuations in the flew are severe only at Vientinne and 
Nong Kha, due to their proximity to the damsite. Below Nong 
Khai, the hourly increases or decreases are sufficient to be
 
an obstacle to navigation. In the case of the fluctuations 
at Vientiane, the variation in the gage height level is 
0.05 m/hr (7:ef. 27). The fluctu.tio, of river stage at the 
Pa Ilong O<Aie1- ,lmnt calculated carresiomdir She release'o 

pattern of a Pea Muni rectrlaLio stud'y, far a -a ilong high 

ater level 250 a, i1L and minimum cool elvati on 21' m NS T 

is shown in Table 7 - fu m7.iouc hourly fluctuations of 

vail,,,atelr elevation -1: the Pa j-ong puower plant, where genera
tio is in accordance ith th-e tl-ical daily system load 
curve of 1023 and I>Q2 in w: cli these will be 2 and S generating 
units (Figure VII -, /iii--, RuE. 14) respectively, are 
0.40 ,. in 19 _, alo in 9 

E!. 	 PrclaaLie envirunmcntail ef-.ects ol: ljydraeluctric 

'.hile ;,.t g ,ill be0 :wiltipurpose tefervoir, impor-
tant for many u!;c oi-hich power .jnerat1io: is only one, 
nevertheless it ':ill b the pco-er genera in function which 
will generally control the rates and amounts of discharge 

from the reservoir. It jIs estimatd that aspra:imately )6 
per cent of the total re].e.se:s oil] be power oriented. hence 
the effects of omeration of the reservir with respect to 
effects in the d-a,.c'do..'a ;zoe o- in the river downstream may 
be said to be mostly induced by pewer generation. 

0.1~ P~sc1<~ ~ c ts 

(a) 	 Reservoir 1oan: cros.on: The reservoir drawndoun caused 
by the of :eleasa together inflow to thecater, ,.:ith 
reservoi: !urin(j th, rainy season, will cause '.;ater: 
surface fluctuation in the reservoir. It is uften 
difficult .r vejetaLion to establish itself -n the 
banks -)' '2servoirsr-ubject tr5 large fluctuations in 
water stilev Lir, v Lhe shoreline may remain 
bare J. :; era'osi,:a , cr'i either 
rainfcll -t- MW'v! . nt the case of 'i- 11'1C 
reservoir, a" )5e r 'hr a].incs _ be, ,,,ould 

about I n dur-in th.' rcse-wvir drdown period. 
In additic: tile, : Cl '-r the posedtc j 1 - eo':;ion, e 

bare r in--i $'m ,na !l intere e ,ith t]he 
cuolit',' 55/ thu r:cc tio ciil Ltie-:,s lis. t can be 

provide: (:See discus,:)rO '>11 Si serw~ir e'ology far 

additionsl a-aluation o' this crablem 

(b) 	 Cha_jes in reservoi leel: The Ltctl dra,..,down of 

the reservi:i 'ill vary froi. 12 n to 12 m in accor
dance ,'iti the four dove] pment schemes of the reser
voir (high p)ol level !,-orm 2C; m :.I1:, t, 230 in 1I1L) 

as she:n in Table 14. 'Ie dcaxdo.n process extends 
over a 	 )o,_-i,, ,- ab-of t eigit montn , f-rom the end 
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of October to the end oz June. The average change 
in water levels would be 1.5, 1.7, 2.1, and 2.25 
metres per month, aor high ,-ol elevations of 230, 
250, 240, and 230 m . r espc-tivoly. However, the 
maximum montVLy r:eservoir dcroi..dox'ns ,ire 1.957 2.32, 
3.70 and 3. .7 metres for pool elevat:lons 200, 250, 
240 and 230 : 11SL respectively. 

The rate ,f reservoir dJr..dun is not great 
becuse Pa lhong is i large oscrvoir; however, the 
total d_-adcs:n .ill range rom 1 to 10 metres 
depending on the scle oI develoment. 

The inre,:se ii '.,a-Ler level in the reservoir 
during the -illing pei-iod a. rnaoximum during September. 
The mothly incre-nse in nter level during, September 
will be /4.!, 5.43, 5.i, and 5.011 m{etres for Pa Hong 
pool elevation ,E TO, 2P9, 24w and 230 i InW, res.
pectively. T-ble the Ivrrage (Il2-.19S) Pa 
Hong reservoir elevatin L0 the end of each month 
for the foui schemes rn dev lo!oent (high pool ele-
vation 2-0, 25o, i n, 3l0 in !;SI, respectively). 

The eiff_. ts o.' uctuotoe in the Pa Hong reser
voir elevation as assessel eoeve will not be severe 
as related to the mu"n uses f the shoreline, provide 
the shorelizie facilitie.s are pi:op-erly designed and 
areas subjec t top 1.drid0:. re e:xcluded Crom use. 
The rate of 1 !UL:A1.ii iiU be rather slow in terms 
of change in 'ltr ci]ev t o iting the day. However, 
the annual ron'ao o! reser:voir dra',drun %,ill be signifi
cant fnr av.Lgation ani the- design of navigation faci
lities must accom ,dthis Lh ronge off fluctuation 
(See discussion on navigation)° 

(c) 	 Downstreae river iluctatii: The s;chedule for release 
ofT -at Io t ,- rvojill depend on the opera
tion of tie rOserv,l" [:)ne,t its many puirposes. 
Hence the schedu:le Ifor rebL;es ',ill be very comple:.: 
and no doubt -iitimatc. ,y rolled by a "roster model". 
However, as previously n,.ted, te po:er needs can be 
expected to ex;ercise priniary irfluence on the operating 
regime. 

he system seasonal vcgulo tion studies of the 
Pa liong reservoir and piioseLon 1: made by th2 lle)ong 
Committee 1-ve used a .mmthlybasis. .,:r estimating 
donstreaw eifects tentLive stiUmation uas made 
of hourly fluctuation, based on tae typical daily 
system load curve shi.,wn iii Tabl 7. This shows that 
the max:imum river fluctuatin when the power plant 
is commissioned, with tw, 600 ,O; generating units, 
is about 0.-0 in per hour at the Pa Mong power plant. 
Nine year: later, after eight COO 32 generating units 

http:UL:A1.ii
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have been installed, the river fluctuation at the power
plant would be 0.80 m per hour. The maximum change of 
r er stage in a day are 0..96 m and 3.40 m at time of
commissioning and nine y ars later, respectively.

The time interval fro;, :;inimumi to maximum river
 
stages is about 5 hours. 

The effects c(f riv,-r fluctuations o. the stabi
lity of the 
 river baik :''onrtr-ix , f Pfa Koncj, caused
 
by the static 
 heacd ,i ,hich induces seepage

and saturation, art- subst(a
 al1 ",.wever, as compared
to the effect n1 ]1 d d t tlhe ilokong river without
the Pa ong pr(jct, ti, 1 f river bank stability
 
may tend to be bettor :it, 
 pr :ject thar for the without 
project condiitti. r , beer the experience reported 
at Nam Ngum j(ef 31). iThe ,rttects o'f fluctuation of
the river stage , navincitl 
 along the river downstream 
will be substantial i , naviqtj ai between Vientiane and 
Savannakhet .Set, disolo' :i 0 naviqation). 

-Accordin~g ti the FIo )On 5tag one repriit, hourly
fluctuation of p(,wer rilease:-; will he nearly dissipated
by the time the Nam N.jum contloence is reached (Ref. 14),
based on 'ie 171300 power-f ji:' lint. The effects of
 
river stage iluctuation will be xv 
 re severe should the
additional Pa3 1.I-:n side crhan,e pc wer plant, with a
potential capacity *,!00 o;O1e 1later added to the
 
Stage One dJvelcF no. I 'ci-
 ohic'h '..ould change the
generation pattern :-r, n 1 si t ak generation (Ref.

19), No details a' avl.1]ol ..it respect to the Pa

Mong side channel 
 I..rt excep t that the peaking 
power discharge wou]d b :,'t gr"-gter than 17,000 S13 /sec,

which is the duiti c'i 
 rkful capacity limitatio)n uf

the river ch;nrirI., i- -he .e 
 daily fluctuation
 
at the power xlant w,)uld 1)-o it t|t e rder of- about 6 to
8 metres deending ,i ". 
 ul ati criterionr. Hlowever, 
at present, it .:; r,,i t that the developxment ofthe Pa s.c1ri,ong choi.,:L ,-iL 1 t i-clud-d in the future 
development. 

The estimates presented above differ sonewhat
 
from those i clud,-d 
 . th, 2- age ux,- report ' corol
lary studie-s (hef. 27), w- ich estimate the daily fluc
tuations 
, f the .kig iivF.r it vari(us .lcatiuns. 
These are at Viert iin, , 3, Khai, Nan oguni, Nam Theun,
Thakhek, and 1':ukdahan, Kb-. :x,.xIxnno daily tiver fluctua
tion at Vientiane is estiated at I A m at the beginning
of the cox1issionixg j'e o and at 5.,9 RI when the generat
ing capacity is full atilirod. This study is based 
on an installed capacity -. f 5,000 1.1", Hiow.ever, the 
estimation of daily river ].ctuation duwn'trean of
Pa Mong darn noted ab,)vt-, 1a ed In4,,,00 -1 installed 
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capacity, is :onsidmrcd more p)recise being based on 
the typical doily loId Turve i:. the P'a lo.ng Stage 
One rupvoL h..!hicli dijX.rd1rcn the onc'lic r study which 
ja0 'ade in . It Is i:.it tihe :iii:imumL(,in daily 
f lu~tti _,n: i th,:Ii.(-ko'n river jus5t Ostreai o1th3 
po'."Cr p.,l t -.711 ]>, 1. ) !.,i '' r. -t t La of[ ccnsizissi.on.
iltg a d :Lint- .<a : ,tL E :I,:::. 'y 

8.2 Effet , '.o' ow ,iiv i Iluot ii 

Thi , -,I.... , cu.ility and on aquatic
 
life are oc l'Lto [ i tI,- di s ,, re rvcir ecology.

The main -f t. I I h th high tango )E waitr lew l L1uc-
tuati'ns du-in4, ,jja,," ,.]. I;,Ie the stretch of rivert I hicli 

a' ,some 20 k 1,]. t' p,or liibit,-t rr many aquatic 
specios. in tfl.ct t' ,l aong project plan assumes most of 
the C:xistirci - ' .ii li e valiues in this. zone will be 
lost. A ne'. ''cc '-y'tem, fea-turing o different distribution 
of 5J7Oci.::i "ill w 1 stailishod , be 

3 1I 'or on industries 

The I i"'iility of hydrelectric power at a reasonable 
cost will w industrial development. The Mekongh h.,, 
Conmittce visualis. many feasible electro--!rocoss industries 
t., be dowel', ed once ti, PaLmong project is in existonceo 
These includ, the ertilizir industry, calcium carbide industr,' 
medium scal- pulp -n1 paper industry, iron and steel industry, 
ferro alloy industry, tn I c'thurs. The development of tho-se 
industries would improve the LO onomic conditio.ns of the four 
riparian countries in terms ofJ- increasu in the gross domestic 
products. There %.:illof course also be I.Ji-fects on the negative 
side such as pollution problems; and :;ocia--economic problems 
which follo. transition from rural te industrially based 
communities. }lowver, with pr)pr planning and protection 
measures these problems can be solved and will not be detri.
mental to the public ::lfare. 

d.4 Effect of :),,wer on socio-econoic values 

The public ';elar-. (f the people in the lower Miekong 
basin can be significantly improved by thu benefits from Pa 
Meng power generation, not only in impir.ving the regional 
uconomy but alsoc in imtproving thie quzlity of life in rural 
comunities, both by development of rural electrification 
-nd by decentraliwaiticn to, the rural otres of industries 
generally concentratud iN a Le,.' ctieC. The oconouiOc and 
social pr(bl,-ms .f the_ ber basin cannot be said to be solved 
unless the existing cenditin, of 1,.; rural income and severe 
underemoJ.ov!me t re improvei. The decentralization of light 
industris to rural areas to the extunt economically Feasible 
s ;, uld b the ob cot of d-liborato- oolic:y. There ore a number 
of industriesu, :;o,g-r,,!rc otorce,, ''luih ,re aore dependent on 
avail- b1lty o:.f 1: Oatoriili n,'.''er thor or. rroximitv to 

opu].-ti .0 ccrtr,-s. 'i'Te. iridu.;tr:it; shoulo b, OncouragC.d 

by ru:1'.,- '.'hi.,i .inld ,.:ten:J. ,"Anca. w,': distributio n 

http:conditio.ns
http:ccnsizissi.on
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The rapid increase in poiter demand in undeveloped 
areas when power becomes available is; demonstrated by experience 
in northeast Thailand where a supply ca approximately 31,000 
kW from tributary hydropowJer projecLs (Uam i'ung and 'along) 
had to be doubled by addition of gjs tin-hine generatini sets 
less than three years a ter the hydioi'er ('a made available. 
This rapid gro',th in demand can, ;t2 !ULibuted -,_, t !i. cunlstruc
tion of the pa;,'er tUar.,isal an net', n ti-y L.=lectric 
facilities. P.wer m gaL c:n e.:.ected tu -iccelerategruct!i be 
with expansion o! irriIa ted 11rt enmergence of11 t1he 
agro--baSed in dustries: ::,:h as Zi 3 pr:occsinq ,zrn testile 
manufactuo:e 

i-'. marc detailed descriptiun oi tie sociu--econotic 
impacts tftl:LI a !-nq project 15 jiven in the discussion on 
socio-economi:-s. 

Lfect li, i.;sic-inlines 

i'ransmissiui, lines; ani sub:;tationc mill have signi
ficant elicctU; )n 1,:r! uses and value:; 'Along the right-of
way. Trees liave be cut !-;(-jthat they ".ill nothill to 
interferca ,iL thf sh.Le and reliable operatian of the line 
nor impede ,est.,atisa ei rservce .hon outages occur. The 
appearance. ti.e tir na.i..sin toers in the landscl-pe nay 
cause soeIC Adve:.r;C visoal impact a 11o.'ever, with careful 
design the;e ac ct c:,n be reduced to tolerable or insigni-
ficant levels.
 

other- projectsi7on thu: c:.: iences o C Olewhere 

(Ref. 2f), it i. e.q:ected that there %,ill minor noise 
effects ;.n the immcdiate vicinity C:Z the subsntationsand 500 
kV transimission Iiisc , but thin noise will be essentially 
limited to the 1(111t I .ay. In general no adverse environ
mental impact is epnected to occur during normal operation 
of the 300 1cV trlansmission lines. 
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TABLE 1 

SUC2AY OF P=LLTS OF PA IONGREGULATION STUDY 
(Period of Study November 1920 - October 1964)
 

1. 	Alternative Pa Mong Development Pla, 

1.1 HiEb water level - H6.1 (,) 260 	 250 240 	 230 
1.2 Low water level- LWL (=) 235 230 225 220 216 210 216 210 200 

6 m/ 	 1 1: PO 205 205; 20 
storage
1.3 U sable / (10 M3) 87,698 97,016 104,351 1 69,065 72,563 76,763 39,643 43,843 46,587 21,987:23,831! 26,017 

1.4 	Installed capacity 5800 , 4,000 4,000 3,2001 3,200 3,200 

2. esult 

2.1 Prime Power 	 I 

(a) in 7 	 2,656 2,674 2,697 2,10 2,184 2,165 1,66o 1,674 1,6 997 1,020 1,036 
(b) in GW-year 23,20 23 2 320 19,100 t 19,130 1 19,140 14,540 14,660 14,720 8,650 8,940 9,080 

-ma2. vrp eerton(I) 2,2 9760 -2.2 Average ar.rual generation (G i 29,829~ 2,470 25,790 25,750 25,740 21, 500 21,460 t 6 (lo16,io1,0
10 1100 

2.3 Plant p caca.abi2 ity (IK)at: 	 J 2 6
 
(a) lO', of tize duration ',356 3,e75 3,515 3,155 2,S50 2,760, 2,740 2,340 1,E95 2,5 30 2,218 1,895 
(b) 99 of tine duration 5,132 4,676 4,020 4,407 4,378; 4,362, 3,40 3,406 3,406; 2,696 2,696 2,644 
(c) 95,; of time duration 5,600 5,344 4,590 i ,00 4,800 4,6001 436 3,436 3,436 2,711 2,711 2,71_ 

2.4 	Increase of ave-age =onthly 
flow fro= .Nov. - Jun.
 

.. . . . . . . 2,170 1,910 1 
 1,500 970 
I/ The fith--eu shown in table correepond to the storage at year 0 after project completion (without reservoir siltaton). 
2/ 	 The period fro= Nov. to Jun. represents the normal drawdown period of the reservoir. TI ring this period, for a given FW!L,

the variation of average monthly regulated flow due to the change in LW% is insignificent, 



Power 

TABLE 	2
 

ENERGY 	 COST OF THERMAL ALTERNATIVE
 

AT VARIOUS UNIT SIZES
 

(Reference 3)
 

Energy 	 Cost in US Iills per %,Uh at 70" 
Factor-lantUnit Size 


Oil-Fired 	 Huclear 

100 15.7 19.7
 

200 14.3 15.1
 

300 13.7 12.9
 

400 13.3 11.5
 

600 12.C 10.0
 



TABLE 3 

ZNERGY COST CCOi7A:U{SO:,N :', .'Ib ISRA' 

1IROJECTS ,AND '{Er.AL -I,'.2iI;UATIV 

(e -crery:e 3) 

Average Composite Ratio of 
Installed Hydro IEnergly Energy Cct Thermal t,; 

y Cost Thermdl Iydro 

High Luang I 
Prabang 2,750 5."" 11.27 1.94.1 

Pa ]long 0 G.5 1.73:1200 11.27 

Upper Tha:hek 2,250 9.2 11.27 1.23:1 

3,300 G.2 11.27 1.02:1 

Stung Treng 7,200 0.2 11.27 1.37:1 

Cambor 3,250 6.2 11.27 1.82 :1 

Toto! 23,550 7.0 11.27 1.61:1 

I _ _ _ _ _ _ _ _ 

(0 
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TABLE 4 

NEEDS 1'OR IAJOR INDUSTRIESESTI11ATED iUOVER 

NeedsEstimated ower
Nane of UndutrIes 

1. 	 Fertilizer and C{lcium Carbide 

(Chemical comple;: producing 
fertilizers, Ctc., based on 

production o :.lcim carbide 
320 15in electric -uri.ice) 

10 1111
2. 	 Pulp and i a)per 

300 1-111
3. 	 Iron and Steel 

50 I-Al
4. 	 Ferro Alloy 

420 	 1W'
5. 	 'luminix-o Smelters 

200 DV
6. Furnace Phosphoric Acid 



TABLE 5 

EXPOSED GROUND AREA DU!UN6 '-A NONG RESERVOIR DPAWDOWN 

ACCORDING TO FOUR DEVELOPIENT SCHEMES-1/ 

Ave. Water Level . .tcr Level 
High W'ater Level At the L- At thcEi / Oa':dc.: E-:posed Ground Area 

(HIL),m niSL October, M3J , r N5L -"km 
2 

250 25.121.>%!.2 13,OOO
 

250.94 
 .3.51 1,140 

240 239.94 23. 19 '1.75 1,230 

230 230.00 212.05 "17.95 I 1,200 

1/ The water level, for each scheme of devcopment, varies little with respect to the minimum 
pool elevation.
 

Average of the water level at the end of October during 1D29.-1'3), (the highest level).
 

3/ Average of the water level at the end of June during 1929-!9t:, (the lowest level).
 

r 



TABLE 6
 

AVERAGE RESERVOIR SURFACE ELEVATION (FROM 192--09) FOR PA MONG 

HIG! POGLELEVATIO 2,.LQ__3j9 -- AND 2 m 

Somme of Average Reservoir Surface Elevation (!D20,-4)), End of- Month 

Development M ML 

Pa Mong z-KO:L 
, MZL Jan. Feb. Miar. Apr. June July :Auc;. Sept. Oct. Nov. Dec. 

215.24i .'791 230 2 2 2 i2-.2. 2:, r
 

-
 2 5
25C I2 .. 244,,-, 2-1..22 23.71 2 2.2 22, .-3 2,!1 . 24 t50-. 247 .0 
240 237.031235.4i,233.17 221).$60 ,.,'-I 223W' 2 _.] . .<,o 00.2-' '3t' :-" 2 " 3 _':, 


227.22 2--. j233A 220.52 

230 226.29!224 .22;221.3 21.26 215.41! 212.0 5 212.25230. 2 6° ... .... ' .2" 222.36 225.40 230.2 -2D.. 220.2; 

2' 2 4o5S -!.J 21' 230.0i 2 05
 

o

http:237.031235.4i,233.17
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TADLE7 

HOMY'__ ATM..LFJ;,._ r UPUT AND DM:;7TtIFEA 

GAP ELEVATIFN .T Fl, 'O!". POVU,VLAhT 

Coisenioin,, Year Plu:i Nine Years 
Houra -- I -- I- - - - -IooRelease - /  

Ull:eA't nloaje- Gage l-.iht 

1.00 am 1,000 1,820 2. 20 2,900 5,200 5.50 

2.00 B50 1,5§0 1.,,0 2,400 4,3"10 4.70 

3.OO 700 1,27,) 1.50 2,203 4,000 4.40 
4.00 an 700 1,270 1,50 2,200 4,000 4.40 

5.00 am 1 50 1,550 1.20 2,550 4, 640 5.00 
6 

.00 an IX 1,0e20 2.20 2,900 5,260 5.50 

7.00 an 1,100 2,000 2.40 3,400 6,1i)O 6.?0 

8.80) an 1,100 2,000 2.40 4,00) 7, 2() I 6.90 

au 1.001,1'J) IO 2..to 4,350 7,920 7.30 
10.00 an 1,100 2,000 2.40 4,500 8, 190 7.40 

11.00 am 1,100 2,000 2.40 4,400 9,010 7.30 
12.00 noon 1,100 2,00 2.40 4,300 7,030 7.20 

1.00 p-

2. 0 0 
rm 

1,100 

1,100 

2,000 

2,0()D 
2.40 

2.40 

4,100 

4,750 
7,460 

ii, 650 
7.00 

7.70 

3.00 n 1,100 2,000 2.40 4,800 3,740 7.8C 

4.00 r': 1,100 2,000 2.40 4,600 r,, 370 7.50 

5.00rn 1,10% 2,C80 2.40 4,200 7,650 7.10 
6.00 j' 1,100 2, 00X) 2.40 4,600 8,370 7.50 

7.00 1p,100 C0 2.40 4,800 8,740 7.80 
7.30 mn 1,100 ')-0 2.40 4,B00 8,740 7.80 

8.0 1,100 2,000 2.40) 4,900 0,740 7.80 

9.00 rc I,100 2,00 2.40 4,00 0,740 7.80 
10.0') 1,100 ',000 2.40 4,000 I 0740 7.80 

11.0o r. 1,100 2,,.A 2.40 4,1009 7,460 7.00 

12.00 pn - 1,100 2,Oco 2.40 3,400 6,19o 6.20 

/ based or. net head 70.00 m, 0. 0 efficiency, and IW)72 rating, curve. 
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PA MONG 	ENVIRONMENTAL, ASSESSMENT
 

PUBLIC HEALTH
 

1. 	 Introduction 

Construction and operation of the Pa Mong project can
 
affect public health in the lower basin in many ways, hence
 
this subject has been an important component of the Mekong
 
Committee's overall programme of study. The problem is
 
compounded because present general health conditions in much
 
of the lower basin area that would be affected by Pa Mong are
 
below standards desired. This is due mainly to lack of good
 
community water supplies and lack of sanitation facilities for
 
disposal of wastes. A summarized descrintion of the existing
 
public health 'situation in Thailand and the Lao PDR in the Pa Mong
 
project area is given in the Pa Mong Stage One report
 
(Ref. 34) for the Staqe One areas and in the Pa Mong Phase II
 
report for the Phase II areas (Ref. 36).
 

With respect to the specific effects of Pa Mong, the 
Mekong Committee' s programme has directed attention to three 
general 	 problem areas as follows: 

(a) 	 Communicable diseases: To the extent that these may
 
he influenced by the altered water regime (creation
 
of the reservoir and distribution of irrigation water),
 
or by construction activities, or by human resettle
ment, especially malaria (Ref. 1-14, 21, 28, 35) and 
schistosomniasis (Ref. 23, 24, 29).
 

(b) 	 Environmental health: Provision of adequate water
 
supply, sanitation, and health centres for servicing 
human resettlements and construction villages 
associated with the project ard for servicing 
developing vill3qes in the irrigation service zones
 
(Ref. 22, 27).
 

(c) 	 Ancillary activities: Contributions toward general
 
health improvement in the lower basin through support 
for progressive strengthening of health programmes of 
the riparian governments, such as assistance in 
monitoring of nutrition (Ref. 16-19, 31). 

All the activities of the Mekong Committee have been 
carried out in close association with WHO's continuing programme 
in the region, and in support of the riparian country govern
ments h.ving direct responsibilities for programme operations. 
The role of the Mekong Committee has been essentially one of 
providing technical support to the national governments
 
including sponsoring of research, training, and of improved 
collaboration between the riparian countries though periodic 
conferences and meetings. 
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In all of its efforts, the Mekong Committee has
 
approached the problem areas recognizing, while the immediate
 
interest is with planning for rublic health hazards related to
 
water resource development, the information obtained will
 
have potentials for general application throughout the basin.
 

2. Malaria
 

Extent of malaria
 

Virtually the entire population of the lower Mekong

basin is exposed to the risk of malaria transmission. The
 
most hazardous areas, where the known malaria vectors are 
prevalent, are in the foothills and forest fringes including
 
the vici:nity of the proposed Pa Monq reservoir. 

Malaria was previously a major public health problem
 
in Thailand but control measures started in 1949 have pro
gressively 
 reduced the malaria death rate from 201.5/100,000
 
in 1949 to 30.2/100,000 in 1960, then, following activation of
 
the national malaria eradication programme in 1965 (based on
 
residual insecticide spraying and use of antimalaria drugs),

further reduced to from 10 to 12/100,000 by the early 1970's.
 
However, while malaria transmission is at a relatively low
 
level in most of the country, active transmission still occurs
 
in hilly and forested areas.
 

Four species of Anopheline mosquitoes transmit malaria
 
in Thailand, namely A. minimus, A. balabacensis, A. maculatis,
 
and A. sundaicus. The first breeds primarily in the streams
 
in foothill areas. The second occurs exclusively in forests.
 
The third occurs in open hilly land, and the fourth (not
 
occurrinn in the Pa Mong watershed) is a coastal species
 
breeding in brackish %:ater. Also, A. aconitus in the plains 
area and flat high plateaus, A. campestris in paddy fields, 
and A. philippinensis in open reservoirs in the northeast 
are suspected to be secondary vectors. 

With respect to the portion of northeast Thailand 
lying within the Mekong basin, the results from active case 
detection of malaria in 1971 and 1972 in the nine northeast 
provinces in the lower basin showed many positive cases in 
all provinces. The incidence was about 1.2-5.2 per cent, 
mostly in forest or foothill areas. 

Malaria has bver and still is a major problem in the Lao PDR. 
An estimated 85 per cent of the total population reside in 
hazardous areas, especially in the mountains and hills 
prevalent in the Pa Mong watershed. Only the Vientiane 
plain is considered non-hazardous. Anti-malaria measures 
were begun in 1956 but since 1960 this programme has been
 
of limited effectiveness due to conditions of insecurity. 
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Figure 1 is a map showing the extent of malaria and 
malaria 	control programmes in the lower basin in 1970, and
 
Tables 1 through 5 present summarized data on extent of 
malaria 	in each riparian country as of 1970 (Ref. 2). These
 
are the 	 latest such comprehensive tabulations available. 
However, data are available for Thailand which show the
 
number of malaria cases for 1974 to be 26,753 as compared
 
to 123,724 for 1970. It is likely that similar increases
 
have occurred in the other three riparian countries. 
2.2 	 Entomological asect
 

The two 	principal malaria vectors of the basin, which
 
are widely distributed in foothills and jungle-covered areas 
in all four countries, are Anopheles balabacensis and A. minimus
 
(Ref. 2). The former will breed in shade streams, swamps,
 
pools and seepages in jungle areas, and become abundant 
during 	 the rainy season, breeding in hoof-prints and cart
tracks in the fringe of semi-dense forests. A. minimus is 
more in 	 evidence during December to May and prefers slow
running 	streams and ditches with qrassy edges. In addition 
to these, A. sundaicus is recognized as a vector in coastal
 
and delta areas, A. maculatu!; and A. aconitus have been 
incriminated as vectors in parts of Thailand, and A. jexporiensis 
in the central highlands of Viet-Nam. 

Studies on other species which may be involved, to be 
undertaken in the future, are the following: 

(a) 	 Study of the role of A. phi]_pinensis, a proven
 
vector in some neighboring countries, which is found 
in most 	parts of the lower basin.
 

(b) 	 Study of the behaviour response of A. balabacensis to
 
DDT spraying.
 

(c) 	 Study of vectorial status of A. maculatus,
 

(d) 	 Survey of Vietnamese delta to determine if vectors
 
other than A. sundaicus are transmitters.
 

In the plains areas where DDT spraying has been
 
carried 	out, the tendency has been for A. minimus, in 
particular, to disappear and this is a reason for the lack
 
of malaria transmission in formerly malarious regions in 
northeast Thailand. Evidence suggests that all the vectors 
still remain susceptible to DDT and other insecticides. The 
principal di_:ficulty from the entomological point of view, is
 
the manner in which A. balabacensis will transmit malaria to 
persons engaged on jungle clearing or other activities in 
forested areas. This mosquito has a high vectorial capacity 
and is liable to attack groups of people who are irregular in 
their movements and who may go undetected by the anti-malaria 
services.
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2.3 	 Parasitolojical a ct
 
The distribution of the dijf ferert parasite species of
 

malaria in the reg!ion W: 1070) J.s hown in Table ',. it is
 
noted that Plaslv-,oii!i f 1 cr:u. ctir s (;lso known as
 

S:cou!f..i : i o :bo' ) ,p-r cent
 
of the c 	 a.' , 'r 1' "'v- 'y .;: j.! i-.-. r-I ] 
Deocratic ?Eir"uch,:. IN LA- olt. , ,r,- o! V 'I ', al.though 
only 42 	 per o- o.n th - , , t,,LP. Yalcipr,,, 
this pror artil,; : , ,r.' ::early ,I! Cases 
detected ,it thi! r ' v'v . C("' o. "'t fi tta ") 
iniectJols. 

;. rut -'; " 1 't . it:se'r ,.1 " ., th,. 	 all 
four countris !* ntr r a " i-:lcj [,:ruvN 'hich ,a"-'resistant 
to chlroquiw,-, tLy, -. - !:t' ! r' ri.'ru un:,iiy fa',oured 
Pes-arch has- 'A:,f ct; '. with nulfadoxine and 
pyrimthardn{i , i:, Th.,ilia :t!I( t:L il'--thlopiill, 
end in *Ii "i U htjr-At-, r fto, drug a. hast -; 	 ,) It not 
yet beet po:;. !lto 	 ,:ithorfr-, a. r , ict]. treatmert 
for prover, cit,.-- ' ' r,-aintm i-, tr .- 'A Iicint pro
phylactic tic--f ' . 'o r - wh, rr the: 'il.ri;-a str,jin is 
suspected' tU -- i -° 4:tI. 

2.4 	 Hati,,- ,rti- ,-ri' er.'cen 

offc t. rip,1, jat countries mainta-ins an atti-

LaL-i, si-vIc( (<A. '). C,, i.ro ofl insucurity in wide

sred areas 0o thrr q, On !oui coin icr i o:; have mean t that
 
full eqiof-',ic, ,':, v, . of b,:er. psa ,ie!i, but in
 

-	 aThaiJ ;r: t te , .-- ii l i, , "..t :roj!ct (iIPIIfP) 
includ--s the unftir,. ' o- itA y it iti s(f pr;rt.:mrri- ictivitien. 
These srvicens;:t'' Jrr /f o.o dl,:]]n with malaria: 
cr;,t L1 i t i: o u r r i . !N co ; tt r f[o; Lt' 'escr i bed in 
dta1l t.r kroepr,-nnt:it,- 2, cono itonsr as of 1970,hi-/'-r-tc., 
the oten;t ytar for-,,L .ch th,;e coirpil-tions h-i rtobeen made 
or) .- comprehl'r"i-i, ;ia ior the lower b.,;it. 

2. !i 	 Ii ,-ir'i I r"oth' i:)ot/lc"ort:'; 

To t.,i: n'-fiit: ornatioit 0: ; l-ri, hazards 
which n i,jht result I,: pe rieiet ; A ho' to control them, 
detailed Po'; '',-- 'rvoy: '",-' r' , utrr o-utr by the i-ekong 
Cotr J.tLtze !.- t j tr 4, r-- -rvitr ,;ites, itt Thailand over 
a thre-y,.:-r pt--i,--- !---i 1--71.-/4 (i . ", , 6). These wore 
;!t Oar. Ponq, ia. -xi:;thvi rn-n"voirtr ' ,cp 1 t d it 1966, used for 
itoth powr-r pIrttW o! rri-.Ltoi,, an' at Ii Plhrom, a 
power ;roi r't 'tr 	 tz,coolr-tlctio',. 'A' Nlan, iort site is 
i.n relAtj',l/ )ptr rcout r/ , 'tii!1y r ', ' .dt y area, which 

hat hfeerin pri iotu Iy r f rot ii , 1.,: 1 i,- tr. s'n .:mi ion by the 
Nlii-F optr lt ion:;, I ',:n it i th-- "coL;b.ol iottiot" phas (last 
DDT spr a iri( ira , I t' ) . iT'k, i-- rro' proj tnt.: loc ted in 
hil ly Itorto'c t ri--J 'ro -, i ,w i , was 2nw, to be endemic 
ard wihich ' sis ii th,. " tf a c-" 1h(,:riodiic DDT spraying 
of houmesa fccor'iata d I.y! -]-ri, man, ! in a'' i:; ) The !am Pang 
study ,'' ulo .,j ,a rl,_.r U'-'.ir,;' C -Itte:- ;ttdy lnade in 
1970 (ob . 1L 

http:coL;b.ol
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Three sites were selected in the vicinity of each 
reservoir project fCL monthly collection of adult and larval 
anophelines, representing a variety of environmented conditions. 
At Nam Phrom additional data were collectr-d on malaria inci
dence, population changes and movement, ai, DDT serayirig. 
Full-night collectioiis (18:00 - 6:00)o1 adult ein.opheli:es 
were made two nights, each roi:th at each site, end searches for 
breedin, areas arid collection of larvae were c orried monthly.cut 

At each of the three l;,in Long sites, the Iollowiriq 
studies were made on a roitin, basis eaich .onth: 

(a) 	 Human-bait night collections indoors arid outdoors 

from 18:00 to 06:00 hours for two consecutive nights. 

(b) 	 Identification of all ariopheliri species collected. 

(c) 	 Dissection of those mosuitos recognized as malaria 
vector.s, or corisidered to he potential vectors. 

(d) 	 Collection of lidoor-restin; moscjIitos. 

(e) 	 Larval searches. 

The routine stucli's:; at l1ram Phrcm were the same except 
that no indoor daytime restir.q collections were made. 

2.5.1 	 Nam Phrom stuOy 

(a) 	 Study area and collection sites: The study area 
encompasses the local community known as "Village 8", 
which includes the dam site , power plant, and a 
series of hamlets along the mair. roatd to the dam 
site. 3reediri; are were usually small slow-running 
streams, smal. pools in the foreost, and the Nam Phrom 
river. The thre(e collectio, sitesill in or close to 
the forest, %,e r- at the poer plant (a ltitude 380 m), 
at the wrtte r treatment piant above the future lake 
(800 m), and at a temprarJry gqesthourse downstream of 
th,: dam 	 near the lalor camp (720 :). 

(b) 	 Results of collections: Tabulations w.;ere made of the 
data for two periods, for Jute 1971 through May 1972 
(Ref. 4) and for December 1972 through April 1974 
(Ref. 6). The tabulations, for the 1972-74 studies 
are included her, as Tables (. arid 7. 

For adult anophelires , of the known and suspected 
vectors A. b)alahacensis was the most abundant in 
1971-72 (95 specimens) followed by A. minimum (39), 
A. maculatus (32), /A . philippinensis (21), arid i. 
aconitus (2). A. varius was the most abundant 
anopheline (172 specimens) bJut this species is riot 
involved in malaria transmission in Thailand. These 
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densities are relatively low. Approximately 90 per
 
cent of all vectors were taken outdoors. Most of the 
specimens were nulliparous (indicating DDT effects) 
regardless of time or location of collection. The 
data for adults for 1972-74 indicate a continuing 
low density for the kn:own, 1n,C su: pe-cte-; vectors. 

Reqardin larvae collections, over the year 
collectirq period 1971-72 only 31 specimenis of known 
vectors were collected, representn(4 2.2 per cent of 
the total specimens. Of these 17 were A. ba1abacensis, 
8 were it. minimus and 6 -,ere A. maculatu, )%. 
barbumbrosus was the.. most: abundant anopheline taken. 
The average ce'.:ity of anophelinc larvaet was 3/10 
dips, which is relatively low. The most abundant 
breeding habitat were isoated] pool!s in dry strem 
beds. The larvae results for 1g72-74 indicate a 
considerable ir-creas-e in the anlm)er of both known 
vectors. A. minimus increased from 39 for the 12 
month period in 1971-72 to 104 specimens for the 17 
month period 1972-74, and A. balab,-(ensis increased 
from 95 to 232 Aie.o, the eve. age 'ens ih- of 
anophelines increae d f rom 3 t(, 4. /10 (lips. 

(c) 	 Evaluation of results: Analysis of the data on the 
known vectors at Nam Phrom is complicated by the 
presence of three vector species, but A. balabacensis 
appears to be the species most prominently involved 
in transmiss ia,. The area is (ecologicrilly well suited 
for this specios and Although numbers are low, A. 
balabacensis was taken when man-bitin :iuch more 
often than A. minimus and A. maculada. The data for 
the t'ree-year period represent the immediate and in 
some respects temporary effects of initial development 
of a remote area, and the long term ecological changes 
from the new reservoir are yet to become manifest. 
However, the i.ra so in larvae in known vectors from 
1971-72 to 1972-74 may iidicit an increased threat 
of malaric in the Mars Phrom vicinity, especially in 
view of the increasing number of peoplc living il. tto 
area both in isol ,Ated dwellirgs in forest clearings 
and alowng the streams. 

2.5.2 	 Nam Pon; stody 

(a) 	 Study area and collection sites: --s contrasted to 
Nam Phrom, the Nam Poig vicinity lies within a 
"conso lidated" phase area having no malaria trans
mission. Also, isriqation canals supply water to 
an area of 800 krn The population has been fairly 
stable except for creation of resettlement areas near 
the dam for people forme-ly living in the flooded 
areas. The three site.; selected for entomological 
observations represented a variety of ecological 



III - 290 Public health 

conditions, namely one site near the impounded water,
 

the second at a resettlement area, and the third in 
the irrigated zone. Because there was no malaria 
transmission and no DDT spraying., no epidemiological 
data were obtained. 

of 	 11erence(b) 	 Results collections: 4 includes tabula
tiorns of the collection data for 1971-7' and Reference 
6 for 1972-74. The 1972-74 tables are included here 
as Tables 8, 9 and 10- These data indicate virtually 
total absence of the principal known vectors, A. 
minimus and A. balabacensis, and only a small number 
of adults of the two possible vectors, A. aconitus 
and A. philippirinsis. Considerably more anophelines 
were taken outdoors than indoors. The percentages of 
nulliparous mosquitoes were low, at 15.3 and 36.6 
respectively for A. acoitus and A. 1ilppinensis, 
reflecting the absence of effects from DDT insecticide. 

Only one larvae of a vector species was found 
during the study, this being an A. macuatus. This 
was the 	 only vector specimen, larvae or adult, found 
during the study. However, the number of A. 
pflippinensis larvae collected per month increased 
by 44 per cent from 1971-72 to 1972-74, these larvae 
bei,;_7 found mostly alonq the reservoir edges. The 
density 	of anopheline larvae was considerably less 
than at 	Nam Phrom (2.24/10 dips compar,-d to 4.80/10 
dips for the ]972-74 perior). 

(c) 	 Evaluation of results: Vo entomological evidence was 
found that the new environmental situation at Nam Pong 
favors the breeding of Thailand's known malaria vectors, 
and the fact that malaria attack measures ended in 
the vicinity four years earlier further supports this 
conclusion. Howevr the increase in larvae of a 
suspected vector from 1971-72 to 1972-74 indicates 
continuing surveillance is needed. No doubt the 
ecological changes in the vicinity have not fully 
expressed themselves, pai -icularly in areas where 
irrigated agriculture has yet to become fully developed. 
The gradually changing environment may possibly 
furnish opportunities for vector species to become
 
established or for assisting suspected vectors to 
evolve into primary vector status. 

2.5.3 	 Conclusions
 

The Nam Phrom situationi illustrates the need for 
positive malaria surveillance and control measures in new 
reservoir vicinities located in hilly forested areas where 
the disruption of forest habitat and population influx serve 
to create definite malaria hazards. Prior to development of
 
such projects, mass blood surveys and anopheline collections 
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should be conducted to determine the deqree of malaria inci
dence and presence of vectors. Where sites of development 
are localized and many people are directly employed in a 
project, as during dam construction, local posts for dis
tributing anti-malaria drucs are particularly effective. 
These posts can ne set up at the project clinic (as was done 
at Nam Phrom) or medicine can be distributed with pay checks. 
Because of the relatively low standard of housing often 
associated with developing areas, a higher level of DDT 
spraying is needed to be fully :ffective, 

After construction has been completed anJ the situation 
stabilized as at Nam Pong, continuinq surveillance is still 
needed for purposes of monitoring, especially in irrigation 
zones. Irrigated ariculture, although now not extensive, 
is expected to become widespread throughout the lower basin 
in the future.
 

2.6 Anti-malaria measures durin( construction 

The Nam Phrom entomological survey noted above, as 
well as tne 1969 malaria outbreak during construction of 
Nam Ngum in Lao PDR (Ref. 9), indicated the need for special 
measures for malaria surveillance and control in new dam site 
vicinities in upland areas during the construction phase, 
when an influx of population is exposed in clearings in a 
forest habitat where the ecology has been disturbed and is 
undergoing change. In 1973 following a recommendation of 
the Second Technical Malaria eeting, the Mekong Committee 
together with WHO undertook a study to evaluate the costs of 
at-site anti-majlaria measures as part of the cost of dan 
construction.
 

The results: of the study (Ref. 28) were based both on 
the general and specific requirements at dain construction sites 
in the lower basin. General measures that apply to a wide 
range of projects in malaria areas comprise insecticide 
sprays (DDT) and prophylactic drurs. When drugs are taker, 
parasite resistance may be detected and more than one drug 
may be needed to get positive results. Also, the treatment 
of P. falcilfarum infections resistant to 4-Aminoquinolines 
should be stipulated. 

The effectiveness of spraying depends on the standard 
of shelter providedl In the camp and nearby squatter settle
ments. For instance the absence of walls or with wide openings,
through which mosquitoes can fly without resting oi sprayed 
areas, obviously reduces the effectiveness of spraying.

Based on field experience in Thailand and Lao PDR, the cost 
of spraying at construction camps may be less than US$1 per 
person per year and that of anti-malaria drugs about US$2. 
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The steps to be followed in formulating control 
measures at any construction site are given in the outline 
guide shown in Table 11. This provides for (a) surveys and 
investigations before construction, (b) control measures, 
(c) planning and siting construction camps, and (d) related 
services after construction. Specific measures involve 
jungle clearance, reduction of mosquito breeding sites, 
clearance of vegetation along the edges of reservoirs or 
streams, 6nd the use of larvicides. The adoption of such
 
measures wi.l1 depend on an assessment of local conditions 
and the extent to which any one measure will contribute to 
the control of malaria transmission. For cost estimating 
purposes an amount of 110 to $20 per person may be assumed. 

2.7 Outlook for malaria in lower basin 

The radication of malaria from the entire Mekong 
basin area is not envisaged in the near future. Even when 
peace and security return to the region, many problems, both 
technical and administrative, will still have to be over
come, especially the required extensive financial commit
mont and the associated shortage of trained personnel.
 
It is reali.stic therefore for the immediate future to think 
only in terms of "malaria control" as far as development of 
the water resources of the lower basin is concerned, while
 
planning to lay the basis for eventual eradication as a
 
long-term regional goal.
 

Whatever physical form the development project may 
involve, whether dam, irrigation system, bridge or dyke 
construction, a labour force will be required. In many 
casi-s, noi-n-immune workers will be recruited from non
endemic areas cr from areas cleared for some years from 
malar.a. These persons will be particularly at risk,
 
eapecially ',hen the projects are situated in mountainous 
areo n in the jungle, such as in the case with many of the 
'lronned :ributary hydroelectric projects. To avoid delays 

2.r constriction, as well as to prevent sickness, suffering 
and over, loss of life, the government agencies responsible 
for the projects shoud inform the anti-malaria services at
 
the time of the earliest site surveys, and should seek their 
advice and assistance in malaria control. This has not
 
always been done and, in several past instances in the 
lo%.er basin, malaria has interfered with the completion of 
initial surveys and has even caused potentially expensive
 
delays during construction. Recommendations of the Second
 
Technical Malaria Meeting ,of the riparian countries
 
relating to protection of labour forces were:
 

(a) Malaria diagnostic and treatment services should be
 
c: -ablished.
 

(b) Residual insecticide should be sprayed twice a year
 
in all housing structures in the camps and in the
 
neighbouring villages.
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(c) 	 Screening of housing should be used where feasible.
 
(d) 	 The jungle should be properly cleared for at least
 

100 metres from the edges of labour camps.
 

Where dams are constructed, eculogical changes

necessarily take place. 
From a flowing stream subject to

differing levels, floods and possible dry periods, a lake 
is formed which has only gradual seasonal fluctuations of
 
level. 	 It is, perhaps, a fortunate natural phenomenon of 
the region that, 
as far as evidence to date indicates, still
 
waters of reservoirs and lakes are not suitable breeding

places for the two principal vectors of malaria in the basin,

A. balabacensis and A. minimus, This has not, however, been

the case in o7ther parts of the world and it 
 is too early to

be sure there will continue to be no problem. The changed

ecological situation may yet prove favourable 
 for other
mosquito vector species, and, in any case, with many of
 
these 
dams being built or to be built in forest areas, the
 
danger from A. balabacerisis breeding in forest fringes is
 
still present. 'ith the development of fishing villages and

marginal cropping on the lake shores, more persons in 
 the
 
area will be at direct risk and the anti-malaria services

will need to exercise appropriate control measures. Since,

for economic reasons, it is not possible to 
carry out complete
clearing of vegetatiorn from the fluctuation zone of most of
the dams constructed or planned, the possibilities of mosquito
larvae developing in the vegetation at the lake edges will 
be increased, Likewise, the anticipated gro)wth of water 
weeds in many of the reservoirs may promote increased 
densities amOng certain anopheline species. For this 
reason routine 	 studies needed theentomlogical are in 

vicinit, of new reservoir proiects to,. record any changes of

species which 
may be 	 related to the water resources development. 

Attention must given tu the havebe als people who 
to be resettled from reservoir basin areas. Where they have
 
been paddy farmers, they may have lived in relatively malaria
free conditions and lack immunity to the disease. If they
 
are transferred tj upland agricultural sites, there is 
danger that they may be moving t, areas where the more 
virulent vectors found the Dom Noiare (e.g., Lam project
in Thailand). If, on the other hand, they are being moved 
out of a malarious area, they may carry a dangerous
reserviir of mal.aria parasites to an in which malariaare 
has not been highly endemic (e.g., Prek Thnot in Democratic 
Kampuchea), The anti-malaria services should be consulted 
regarding selection of new village sites and the malaria 
control measures necessary. 

Irrigation projects in the Pa i.:Ing irrigation service 
region will normally, though not always, be in areas of low 
malaria endemicity. 
Experience over many years, particularly
in Thailand and Viet-Nam, has not shown any association 
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between 	development of irrigated agriculture and an increase
 
in malaria transmission. However, it may happen that the
 
changed 	ecology, with year-around water availability in areas
 
previously subjected to severt. periods of drought, may result
 
in a new ecological balance where new vectors become important. 
Particular attention must be paid to the drainage side of 
the irrigation schemes, since in some parts of the world 
faulty drainage design creating water logged conditions some
 
10 or 15 years after the construction uf the irrigation
 
network, has given rise to extensive anopheline development
 
and severe malaria epidemics.
 

2.8 	 Summary
 

The Mekong Committee, early in its history, recognized
 
the importance of malaria as a possible impediment in basin
 
development and together with WHO and the riparian country
 
governments, and with the cooperation of other international
 
agencies, has carried out a continuing programme for devoting 
proper attention to this hazard as part of the overall plan 
for basin development. All of this work has been in close 
cooperation with the anti-malaria service agencies of the
 
riparian countries responsible for actual malaria control
 
operations.
 

The main accomplishments of this effort to date may
 
be summarized as follows:
 

(a) 	 Sponsoring of periodic meetings of the anti-malaria
 
service agencies of the riparian countries for
 
technical assessment of their programmes, thus
 
providing a basis of statistical facts describing
 
the prevalence of malaria, the vectors involved,
 
the control measures undertaken and the "gaps" to
 
be solved, and thus stimulating and assisting
 
these agencies to strengthen their programmes and
 
moreover to work cooperatively to achieve an
 
efficient regional programme°
 

(b) 	 Sponsoring of detailed entomological surveys at two
 
tributary reservoirs (Nam [long and Nam Phrom),
 
extending over a three-year period, to obtain
 
specific information on the hazards which may be
 
generated by impoundments especially breeding of
 
vectors in new reservoirs or in the associated
 
irrigation areas, for both the construction and 
post-construction phases r.f such projects. 

(c) 	 Development of recommendations for specific practi
cable control measures to be used during the con
struction phase of dam and reservoir projects,
 
and endorsement of the concept that dam construction
 
budgets include allowance for these measures.
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(d) 	 Recognition, while no firm evidence has been found,
 
that proposed daw and irrigation projects such as
 
Pa Mong may result in generation of malaria hazards,
 
that continuing survc 
llance should be carried out
 
by the anti-mal,,Iria ;ouvice agencies, together with 
continuing assistance to these agencies from the 
Mekong Committee in technical 
aspects and in financial
 
support.
 

The current progrrnmme .f the Mekong Committee and 
WHO for continuing study of malaria in the lower basin and
 
for continuing assistance to the anti-malaria services of
 
the riparian countries, has been effective in preparing for
 
construction of a major minstream project such as Pa Mong.
 
These same efforts are needed regardless of the Pa M1ong pool

level to be selected. It is necessary that this programme
 
be continued, at i.:s pr:,sent level, with malaria experts

continuing to 
serve with thw Mekong Committee staff from
 
time to time. This offort should include sponsoring or
 
encouraging continuing entomological monitoring in tributary
 
reservoir zones.
 

Should the decision he made to proceed with Pa Mong, 
a detailed work programme will need to be formulated (follow
ing the guidelines airedy developed by the 
 "Iekong Committee)

and progressively imolemarted for Malaria control and
 
surv/eillance in the Pa !iong vicinity. This will provide for
 
control of malaria durinq ccor-.structiin, including spraying

and drug distributi'n and for c' ntinuing entomological

monitoring of tho ,rservoir ond irrigation service areas. 
It is assumed the0 e anti-imalaria measures will be carried
 
out by the nationri inti-m:alaria scrvices of Thailand and
 
Lao PDR with supprt f r:c;.l e .:4.kong Committee,
 

As a result of th. K:ong Cowmittee's eLforts,
 
basic information nnml cidici.9 ia ave been produced such
 
that, should tne dcision be made t)oproceed with Pa Mong,
effective and pr:cti,:c-d-e rnti-malaria provisions can 
readily be I nco--ri d -, tie pr jec~t plans and budget
both for construc di,in : ,perati,_n of the dam and associated 
irrigation works. I io mpectd n,) new malaria problems

muhould be created 
 )y thr- ;odve;,t .;f Pa ':,ng, and moreover,
the planned aziti-al~r . , 'niasurs .should, by demonstration,
materially assist th,! ant±-malaria services of the riparian
governments in the _-)ntinun, development of their country
wide anti-malaria prgramr: 25 

3. 	 Schistosomiasis
 

Nekonq river stul. 

Schistosomias:is, or human blood fluke infection, has 
been called, after malatia, the second most important infec
tious disease of the tropics. The discovery of human 

3.1 
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schistosomiasis in Southeast Asia in recent years added a 
new element of concern to the health planning for major 
water resources development projects in the region. In 
recognition of this threat, the Mekong Committee approved in 
1970 a programme of field research to be undertaken by the 
Smithsonian Institution with support from USAID aniA the 
riparian governments. The objective was to discover the 
unknown intermediate host or h sts )f the Mekong schistosome 
and to study its biology, ecol-gy, and geographic distribution
 
with a view to formulating methods of control (Ref.23,24,29). 

A major finding of the study, completed in 1974 
(Ref. 29), was identification of an intermediate host for 
Mekong schistosomiasis, namely the aquatic snail, Litho
glyphopsis aperta. It was found in the 1Nek(ig river between 
Khemmarat and Khone Falls but its range may extend as far 
south as Kratie. A distinct race of this species has also 
been found in the Nuzi river near its confluence with the 
Mekong. The transmitting snails are abundant only in the 
months of late March, April, Hlay, and early June. The 
infecting agent, whose life cycle has been studied in the 
laboratory of the Faculty -f )ropicalMedicine, Bangkok, 
and whose eggs were found in the faeces of sick individuals, 
has been termed "Schistosoma )aponicum, Mekong strain". 

As far as is known, human schistosomiasis is 
transmitted only at Khong Island and Kratie. Dogs at 
Khong Island are also infected, but apparently not buffaloes, 
cattle, pigs, or rats. Overall prevalence at Khong Island
 
is believed to be 15 per cent but amo)ng children aged 
from 4 to 15 years the rate is about 30 to -10 per cent. 
Nevertheless, the total number of people at risk is 
comparatively small, in the order )f 10,000. 

L. aperta snails have not been found in the Mekong 
river between the Burma border and the Khemmarat rapids, and
 
suitable habitats have riot been located in that part of the 
river. Schistosomiasis has not been reported in this
 
section of the lower basin and there appears no reason to
 
anticipate its introduction into the Pa Mong area under 
present conditions. 

3.2 Probable effects of impoundment
 

Because both snail populations and intensity of
 
transmission of the disease are reported to be greater when
 
the river is low than when it is high, increased flows in the 
low water season ir.y have a significant effect on the 
incidence of the disease. Thus, water releases from the
 
proposed Pa Mong reservoir upstream, which would double the 
low water flows in the Mekong below the reservoir, may
 
check disease transmission. Other complementary factors
 
in this relationship between schistosomasis transmission
 
and water level in the river may include the tendency of
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children to enter the river less often when the water 
level
 
is high 	 and a reduction in the concentration of both mira
cidia and cercariae with dilution and increased water velo
cities. If adequate observations, to be carried out in
 
future studies, confirm these predictions, then it could be 
stated that the Pa Mong project- would carry with it this 
additional public health benefit. 

Fears have been cexpressed that the spread of schisto
somiasis which has occurred in some African countries may also
 
take place in the lower Mekonq basin, but there are important
 
differences between conditions in Africa 	 and those in South
east Asia. For example, in African endlemic areas there are 
large numbers of infected people passing large numbers of 
schistosome eggs, which find their way into lakes and streams 
where the intermediate hosts abound. There are also large 
numbers 	 o! people who come into frequent contact with the 
infected water. Since, in the case of' urinary schistosomiasis 
(a type 	more prevalent in many prts of Africa than the intes
tinal) , the eggs are present in the urine, they gain access 
to the lakes and streams more readily than eggs of the 
intestinal type of schistosomiasis. It is the latter type 
that is present at Khong Island. 

3.3 	 Pilot control project
 

The Mekong Committee plans to implement the
 
reccmmendations of the December 1974 report with a new 
project, namely a pilot control activity at Khong Island 
with the goal of achieving a measurable reduction in the
 
existing level of transmission. The pilot project, funded in the
 
amount of $535,000 for a period of three years, will include
 
two phases, namely preliminary training of both professional
 
and supporting technicians of furnish personnel capable of 
monitoring the population a risk, followed by implementation 
of control measures which can he immediately applied and 
planning for additional measures which can be implemented 
pending completion of further research. The component tasks 
of the pilot project are summari_,d as follows: 

(a) 	 Snail control by eqineerin mthods: These are 
measures for destroyin] the snail habitats. Observa
tions at Khong Island have shown that infective 
cercariae ar.e present during the low-water period 
in the Mekonig river whLch extends from February to
 
June, ard are found mainly in pockets of relatively 
stil and shallow wa ter from April to June. Some 
of these sites may be eliminated by filling with 
concrete and others may be treated] with molluscicides
 
added by "slow release. methods. The increase in 
the Mekong minimum flow which will result from 
releases from the Pa flong reservoir may check trans
mission by interfering with snail breeding, increasing 
flow velocities, reducing pockets of relatively still 
water, diluting concentrations of parasite stages, 
and discouraging human contact. 
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(b) 	 Prevention of contamination: These are environmental 
sanitation measures, namely: 

(1) 	 Measures for preventing excreta from entering the 
river involve the provision of suitable latrines for 
the resident population and the clearing of sheltered 
areas along the bank of the river where bushes and 
other veoetation offer catralmo.t For defecatjon. 
The type of latrine selected should be one which 
does not result in increased discharge of excreta to 
the river (hence an intensifice,::ti-n of the schistoso
miasis problem) . Although there are reservoir 
animals on Khong Island (dogs) , their role in the 
transmission of the dise is considered marginal 
as compared with that of the human host. 

(2) 	 Measures for reducing the need ta rely 	on river water 
for washing or domestic purposes involve the provision
of a simple but adequate community water supply system. 
Water could be pumped from a protected submerged 
intake upstream of the town, into on overhead tank 
and from there distributed to public taps. S:voral 
public laundries could re constructed at solected 
sites. 

(c) 	 Health education: Health education involving the 
grade schools and the intermediatu school (college) 
levels could nake a significant contribution to the 
protection of the residents Irom schistosomiasis and 
other diseases which prevail under conditions cf poor
sanitation. ern'monstration of the role of each link 
in the chain of transmission of schistosomiasis 
could he an important ector in checking transmission. 

Additional control measures which might be feasible 
are (1) develnpment and use of safe molluscicides for
 
destroying snails in their 
 habitats and of prophylactic and
 
therapeutic drugs for both 
mani and an-imals (most existing
drugs appear to be toxic and unsafe), and (2) further study
of the ecology and life cycl( of aperta and of other possible 
transmitter snails, of the possible existence} of other forms 
of infection, and of the pathooiology of the parasite. While 
not included in the pilot project, these ore ccncepts which 
may merit attention at later stages of the studies. 

3.4 	 Summary 

The Mekong Comrmi tee' s programme 1017 investigating 
schistosomiasis in the onwer basin represents a valuable con
tribution to the public health of the region in (a) delineating
the location arid extent of the disease, (1) identifying the 
snail host, and (c) evaluatingj th, life, cycle of the snail 
in relation to environment as the- hasis for the, next step, an 
actual control programme aimed at achieving significant 
reduction in this disease. 
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While apparently now limited to only few places ina 

the lower basin, schistosomaiasis 
 has been a major disease in 
other tropical areas, hence iL is the objective of the 
programme not only to contain the di-lease to these areas but 
to achieve reductions leading to eventual control. 

The studies to d--te are not sufficir.nt to predict
precisely how upstream impoundinent at P[a orig will affect 
the existino situation onl schisto;omiasis but the preliminary
findings indicate upstream, storae, by incroasing dry season 
flows and hence decreasing the exteit of shallow pools, will 
tend to alter the riverine e-.nvironment to the detriment of 
the snail and thus help in reducing the prevalence of the 
snail and the disease. The effect of different pool levels 
for Pa Mong reservoir would be signiificant only if this were 
to affect the extenit of the dry seasoni flow releases. 

4. Other troj)ical diseases 

There are numerous other diseasestropical existing
in the lower basin whose incidonoa miht be tered by

changes in ,-,ater reuj.es resultinq froom Pa Mong. These
 
include dengue hemorrhagic 
 fever, liver fluke infections
 
(opisthorchias is) , and other h,-lrnlnth diseases 
 (Ref . 25,
26, 29) Because these diseases ar< of much lesser priority
 
(as related to water resource devl(lopment) than malaria and
 
schistosomiasis, the Mekoniiq Committee's public health
 
programme has thus far been limited to review and compilation 
of information on these diseases in thcu lower basin. Should 
the decision be made to proceed with Pa , org, its possible
 
affect on these dis-,ases it- to 1Le kept under review.
 

5. Environmental health 

A significant prolblem ars i.n plaiiing for Pa Mong
relates to the needs for C(vironitntal health and other 
community facilities in the new villages to result from 
resettlement andii:om initroduction of irrigation. Tradi
tionally villages i, northeast Thai lind and in Lao PDR in 
the F Monq ro'ject rshed and irrhma tio nrvice areas 
have bee:! simple /il!(,es not havin pub].ic water supplies 
nor sewerage and draJ.,agy systeims nor solid waste collection 
and disposal facilitie, etc. It is recoqnized, if the 
vil lagers i the pl-o jct ai1-a arc to share in the benefits 
from the project, on. appropriate henwit should be an 
improvement in the community Facilities to he provided, 
especially environmental health ifacilities including public 
water supply an! sani ion systeam. It is also recogn ized 
that criteria for such systems, as practiced is the indus
trialiied na-.tion , repi escrit level:; of expe-nditures vhich 
will likely net be aff ordeble in the foreseeable future for 
most communities in the lower 1asi-. Ther;e is a real need for 
innovative ,ndriirig pilot-scale experimentation to 
develop concepts for villaqe e;;vironnnntal health facilities 
which represent a significant advance- i th,- quality of village 
life and which ca lnter he further improvod by stages in 
proportion to economic growth. 

http:sufficir.nt
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To develop and demonstrate the feasibility of this
 
approach the Mekong Committee has proposed a series of
 
demonstration projects in a group ol vi]lages and small
 
cities located withini the pion~eer agricultural projects
 
(Rel. -""). 

In addition, the Meknore; Committe,, recogniing the 
impor tance )I s-te water f-or dri.nki ij and other domestic 
uses, JS a kely e],- e.i c:n.rurity .rviroitol health, 
has sponsored roso -rch f or d-voi.pi a-nd testing a new 
a .pr,-ac h to I trat ion of ,,i II ag, wa,,r su ppl i es. This 
n vel corcep t oF lilt rt iof i l.l (-Ive. thli use of shredded 
coconut fiber and burnt rice hu;k (both locally availoble 
waste products) a s the filtritioi idia Such Filtriation 
would be lessa costly th..In carver:t.lot a ].ows da rapid
s,!nd t 1-s shomica Is id would be 

simpler to operate (efi 17). The rosnlts of these tests 
were rot colclrsiv. The Mekong Committee deferred the 
matter; however, further tests have been carried out with 
USAID sponsorship.
 

The Mekoric; CoW;mitte( 1]-o .irr;!n7ed For i,:xpert 
service and prctical d,,mar;tr tions to he oivel to the 
authorities coc(r.ned i-. the mini F cture ard use of simp le 
equipment for well-dri. linc; by rneans of high-pressure 
water jettini. This system, which results in higher speed 
and lower costs, hrs been use-d with success in many locations. 

(. Nutrition 

The iportarLice ol the irrigation potentials to be 
made possible 1 y Pa Mong c)n scarcelv he exaggerated in that 
the most critical proble,m anticipated in the lower basin in 
the comiiig decades will he provision of enough food to 
support the expect d population growth. The opportunities 
provided by irrilation wi ll not 1e limited to total food 
quantity hut will permit diversified cropping, hence can 
contribute very siqniFicantly to improvd and more healthful 
diets. 

The pr, ;ent rol.- of the Mekorg Committ- ir improving 
nutrition in the lower l.'ir ia essentially in cooperation with 
TROPMED/SEAMEO and other istc-rrtd , eric es ini developing a 
programme for moeiltori:q ten tritioi in the riparian countries 
to establish a Jund of f£ cts L. serve as . basis tor further 
p1-inning (Ref. 16-19, 31). 

7. Summaried - ssm.-t of uhlic h-ath -jirertnme 

A cooper-ative prqr mr'eI 0r atLtlt.o to public 
health problems Is socated v-i th water re sot:irc dcevelopoent in 
the lower Mekong ha sir hci ii cii rir out over the, past 
decade by the Mekong Comitte,_ in coope-ra tion ,. Lt WHC 
working through the r ip,ria3 li eries, arid with -]ssistance 

itd ; q,!:cies. With respectfrom other internationa! i rlvt(ei 
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to the Pa Monig projrct, the public hoalth rtudi.-s to d,-0t(: 
have produced sufficiest Jindi ms to iidicatr- that construc
tioin u.vi operatiiO! oA P, i-loHung m,ndr ass c at,.d irricpion 
syste is will in;ult, not iW, ri ,t: ior;tior of pjb]ic health, 
but in posit-ivnpF'oiiei+t 10, pui l JAAA thioucihouthith the 
reqion. Thr, sqo,-1 ic at it ::; to <. u..rtak.L , a; art 
of the COlStructi , ,,5d op-rtio ')I thm- I : io',( proj(ict 
should (for all pool P l ] ]teriotivt:s) :.<irv'- ,ot o:.ly t 
raintaiL , i prov-.d iniblic Wi(, . a don ! tajLi ;! J th 
projct but t:orvic:':ar,;tLu de.a .trat( the feasjiLiity for 
qeneral appl icaItioli of th, :t. vi(-thrr.; throuqhout !t(- lover 
bas it. 

As pt-oil' 1 !t ( prov; to) 1,< mde e in 
plannicj la iHoc I or .)ropr it: t-,tion (uI:',im; .h- qufli iuen 
already dov,-Loped lby te(:k onj ontit: e prograr.rme )th:r i to 
'nilario co,trol On- for ai t-a-, c utr in ty >!r1j t.tiorl for
 
the cointrmctio cTsi w' th:Iir ic:ii,
' lso,1:. in 
planing reLtl,,it; iii i tL i (2 ,;!i'' '!iuVl- pmn:t of 
commu iti:- ji. irriqatioi. .;,rvi(-. oreas, 21? nrt.VIeecdn to 
be made for a:uil tac, to i ir in? :<tin- couLrjtr i, d],.vr.ol)irj 
and tiLiq hoowho liijf. ,iic-ptL - of COmli:IUO ity 
water supply and nauitotion oat he 'chi .ver 

The plann of the. Mekonq Covanit t for con tinu iq 
a ttention to other public ht-aLth prob]c nreas, hncludilnq 
schistosomiasis and other inrf-ecti: ,'u:: diseases, 0111 il 
ancillary areas includin nu trition , appeal- to be valuable 
contributions; to overall regionai public h,-alth improvement. 

'1?,
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TABLE1 

MALARIA CASES	IN DEVOCRATIC KAMPUHEA 114197 

(From Rufreic, 2) 

(a) Slidoa 	 exiimj,:., and positiv. for mlaria paraitL. by zcne laboratory 

Z..YV r;Y lid,s .xvnin 	d ar,1 foun I r'o.Itivo for wilaria-
Laboratory x 1610) . . . . . .. 	 ,


och Othr Totail
 
___x.___+_ +, F. 1x. 	 _++ 	 _-x. 

R
3
attambany (,(3 13 4 (00 31 


Pailin I m59 '1 27, 4 ( 1 "571 

62 .	 jI(' 197] 737., 37. 

Y3712 	 26 34.7S i~ m - Re otp A l. 3 ,7 13 5.,0 u - 2 ) 5 .; (, 3 812Oddar Hanchey I;3 3) : 13- 1 ; 11) 	 64 7 1 ( -)711 3 	 2 13 193 7.9 

Stung Trang 412 2,-9 Q 2 1 6 251 3G 1(, 2 745 ,48 16.3 
Ratanakiri 6/) 2 125 1 C7T' 29, - - 117 30.51
Mondulki i i lr17 	 -'1 1(-7 53' 204 3H 5
 
Kratid 153 1 27 33 f 	 3 5c ,C25 ?Ct 22 761621.8 
Kompor mom 175 ;C4 163 2 8'"I a 2 '.12 11 1 31 922, 15.5 
Preah Vih,r 16c 4 9 1 11)I r? 3 101 2 111 632 29.9 
Pursat 216 1 ".; ' ; 2 Yl 7 , j,, 320 57 1/691 3L.3 
Kompog Chhn ng 32 6',., 2(5 2 111/

4 
1 - ' .1 6;2,24.O 

Kcmpong Chm 991 .1 r 53 1 I , (75 1 129 14.6 
372 '51 7"35 71 9" "16 2 (021 ; .6Kompong Soila- "2 li 9 i t41"8 61 P ,3 29' 1 190i 2b.2 

Kampot 2/ 2/ ... .. 1'-1 C 3 2 1.19 *(,ol, 
21. ! 

Kompong Sor- .131 1 74 J(2 11) 13 '553 !' 24i, 503; 13.8 
Phnom Punh - I W4 421 1 J C 	 99ii ,;'1.S.1 

rotl -1 103 31- 2 12 2i 1~6 2711 i 51) 3 It7'2 1U1 2. 

(h) Slides 'x-,min,d mnd found rypsiLiv fcr laari p'wa.it s by month 

Mounth '. 	 o' , Slid i 'rd founl p,3itiv, f',r 3/,amnr. 	 Mrlari:,-1-bo ! .. .. ..................... 	 SPI-.... ' '--* 
Feotn ACI) Oth, r Ital 

-- I. ' 3-. IX. * I lx. 

Januiry 18F 6 (,0 l 2 ",!7 '11 30 '191 C 7 1 G21, 	 23 i96 (",)g 23.0 
Februatry 17 1865 1 4198 , 70"- 1 540 6 ( 5 -i i j iF 3 3 )52.

?kirch 12 3e5 1 177 1 21C 741 
 631 L OL317 . 21.8 
April 13 2552 1 7Y3 3 03'; ;;;: (D-'1 ';'1 1 192123.1
 
May 9 91, 
 3 11 	 15 2924 1 U37 35.5Jun, 9 1/51 79". /':5 16, 31 6( (65 972 36.6
 
July 9 10751 O6c 5I'51 1 3 ',2 1 ;:fI .1;.
2 0 August 9 3)j ) i1{ 2j5i , 11' 51 ;197 160 40.2 
September 8 1075 751 F(0 131; 7-f 121 2 160 3:, 32.8 
Octoba.r 9 2('9 9'371 i 157 21 23' 	 1 3EO 1213 35.9 
Nowmbor 7 395 1 .51 j (1 2 A t! 3 133 1 2f040"9 
Decumber 6 62r ' i;7 ,, 3 '1" 23C 20.7 

;' rrota -l 12 :,2 ,;? 71  7 51 1 i 16 '95 27.3141, I6 	21 

Not ,: 1/ 	 7,,r. r.,1 it to provinc, . , x,:. p th it ' I, c:n ,nar,' , .t blioh d at 
1nilin (k, tttiaL ng pr,vhrc) :id VmF, nnq ';( (arj' ut provinc. ). An ,ditional 
lAbt r,tory i, loc t,d it li-rm, P,,nh frr FCUJi:tiviti 3. 

2/ Th', z(r., ar, - lair,).!y th- M,<lmiq r;:tchn, nt 'to' t.
 
/ riplaition in mil irius r. ,, I rn ,'ic,1970 s'<timites.
 

•/ ACO - nctiv,. cia . t,ction; Vf1, . ) , c su ,a.'tt:cticn; - nlid S'iw, Othor 
fr ,m cont-cts 'ndi ,.i'Io]'. l,! Jmv,a, t ton. 

2/ srf %-	 'lid. positivity rot,. p-r cent. 
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TABLE2 

COMPARISON OFMII.RIA INCIOENCE IN THILNJD IN 1969 0;'1970 

(From Referrce 2) 

21 	 .I 
STt,-l sides - Parasite species Anilys

.Mhaso Year lation 
'x 1CI examined raoitive f v M I ix. 

Consolidation 
1969 15 51.; 2 113 924 15 872 

15 7 
13 307 2 IM 15 162 13.6 1.0 10.7 

1. 

1970 16 954 210 51 26 24 9 21993 
3 9- 7 

30 279 11. t 1.6 1.3 

Atak 1969 153 2555 365 47 850 38 117 8 26 128 I779' 18.9 3.51. 

1970 9 751 1 957 951 59 '1,1 48 839 9 692 769 20.1 6.1 3.0 

Attack ' I969 1 24; ,' (65, 23 265 19 155 3 720 15 jo j2.6 18.7 5.7 
(difficult I I 

areso)/ I1970 1563 : 7 357 1 o01 32 307 5 115 6 553 31.1 24.4 7.0 

1969 ;30 318 5 017 95 6 7 70 579 111932.9 1-7 
TOTAL I 7 9I I ' 

1970 28 268 4 550 359 12372,1 219 1875-1 150 1 6 16.0 4. 2.7 

Notes: l/ 	Population 1969 ustimateI arom national census 1960 + 3 per annum 
increase; 1970 population Iron IIIL1 census July 1969. 

2/ 	 From all sourcos; AMl). PC), cpideoioloqicl investiqaticns, rmass 
blood surveys etc.
 

2/ 	 Parasite spcics: f - Plasmeuiim falciparum; v - P. vivax; 
m - P. malaria.; mix. - mixed inf.-ctions of more than one speciea. 

4/ 	 Analysis: ABFOH - annual blood examination rate, taking all slidus 
examined as a percentage of population; API %- annual parasite 
incidence, considering all positive slides per 1000 population;
 
SFM 1 - Elide positivity rate per cent. 

/ 	 'Difficult areas" in th, attack phase arre thuse whore special measures 
are adopted, ircluding two rounds of [))T spraying annually and 
iptensified follow-up of temporary shelters.
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TABL 3 

MALARIA CASES DETECTED IN
 

THAILI4D PORTION ,,F LdER M.EKONGBASIN IN 1970 

(Fron Refercnce 2) 

(a) Areas in Consolidation [base
 

Pop-1 Slidcs exaird ond found positiv: 2 ClassificationI / 

Province at I 
rsDO',CO Other Total 

ri k -A, 	 ( 01 ota1
 

X 1000 rE 	 x x 

fl, [3qtchasima 923 665,1 L861 8020 319 6404 52 933 39 22 32 0 1027 1 1028 
haiyaphum 137 I 6297 616 12052 1 3"7 2 1656 632 0 9 0 93 

1048 431o6 216 11277Surin 172 407 03,3 7933 523117 01 1279 
00riram 412 2239 359 j7703 27 4151 6 r ,58 705 15 506 5 6o6Srisakot ,110 I 522 3L8 I1W 171 .;6 13 5-i 56 O .0O, 0 ;04 

Hion Kaen 831 18461 724 00;45 123 106 36 1106(92 M3 11 194 2 507 
Udorn 49' 2062 225 59702 8.; 24990 ; 6',C63 315 .; t18 0 172 
[long Kh,,j 157 1762 77 21211 42 2.;9 2 1 25302 1121 0 173 0 73 
1ahasarakhan 562 7) 1 124 6913; 171 2,'1 , 12 70 3o7 5 O 1 1 266Fn Isin 356 061 I 11 ;o0P - 92 ,:o138 1 6 7 15' 0 59

01 	15"1131.120(1~1
Uhcn Patchat. 798 7;09 79' 874054 403 111'26 543 106.,;o 11259 37 817 2 56 
kci 	 Lt 676 2175 ;25 072263 21!1 1 1,: 5' 93546: 693 11 511 1 523 
C nni ra i 479 677.; 69 6915Y3 1 120 131. 12 80031 201 12 159 1 1729 

Total 6712 :0 155 '(115.; i729675 2919 (-959 513 !647- 9 9616 104 6026 13 16143 

(b) 	 ,r-.as in ,,ttacP )3EuEs 

:1, Patchasira 167 1CM 570 25105 756 5051 306 31564 1(32 441 349 2 1292 
C-.:iyaphue 521 2M80 515 753261 11631 '!393 226 02607 190., 291 1211 9 1511 
urin 114 745 I57 190.4, 128 20-:2 57 21831 242 7 179 0 21 
03,'iran 290 219 36 100-:6 .2 27261 69 1 29)1 77 138 607 0 745 
Srisaket 2B3 532 12d 3418 346 16(1 91 11591 567 3 387 01 390 
Khon raen 127 796 5) 217171 335 1103 35 236% ,;23 7 .408! 0 I';;m 
Loci 3M 5619 j 6,7 68115 2072 751 391 61252 3110 7831 1789 1 0 2570 
Udorn 4,1 2293 Ie 70694 76517777' 1'!' 3)76.; 1057 147 797 0 9.;';
tlong Khai 2';7 3)1) 405 5(6(0: 310 094 215 6,1176 380') 250 773 o 0?3foq2:7 3) 19 /37975 1i 1 3(9Sakon Hakhon 5:2 239 10(11 3649 1, 7c-;013 j3797 15F3 1023 1132217 	 1i5 1432 11 7 ;','lin Piarom ';7( i '!6 n'9 i ( 31-:0 1736 2279 1.19 67165 2177 *.;01 1205 1 1(,7K.ln1 n i 162 1,;2 ('C 27739 360 2.!26 35 3158 4631 8 145 1 4,3 
Lbcn P317 -11293 l 	 1196 1.;4Patchat. 493 511 918 640' 105 1415 161.:-r 24. 1I 

' i Et 53 .:(A 27 12115 53 9091 23 13570 101 1 60 0 l
 

Chnianngrai (61 135:6 623 1,1[.+;, 2100 226,2 357 11012 313' 991 1301 0 2292 

Total 485 :1712 [29( i ,0(000 10691 '.010 j 2 36 922522 22.;17 3969 12260 1 16243 

Notes: 1/ Popul'ition bavri o.n 1!.P figures from July 196'). 

2/ 	00D - pasrivc c.,. detection; AC) - jctiv case detection; 
Other - sli, !; from (.picnmiolc3ic a in stiqAtions, mass blood ;urv(ys etc.. 

,/ 	 Case classification: A - indligenous; H- irportcd; 0 . other - relnpsod, 
induced, introduced, unclassified; Total trti number of Casus invustignted. 
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TABLE 4
 

MALARIA CASES DETECTED IN VIETNAMESE DELTA IN 1970
 

(From Reference 2)
 

Province 


An Giang 


An Xuyen 


Ba Xuyen 


Bac Lieu 


Go Cong 


Dinh Tuong 


Kier. Hoa 


Kien Phong 


Kien Tuong 


Kien Giang 


Vinh Binh 


Vinh Long 


Chuong Thien 


Sa Dec 


Chau Doc 


Phong Dinh 


Total 


Note: I/ 


Population 

x 1000 


654 


201 


449 


335 


218 


623 


608 


408 


52 


483 


458 


600 


240 


337 


521 


527 


6714 


Slides 

examined 


6811 


5477 


6383 


2919 


5304 


10850 


10018 


4688 


1524 


5915 


4571 


11024 


1218 


2588 


8570 


8119 


95979 


Slides SPR%
 
positive 1970
 

10 0.1
 

5 0.1
 

9 0.1
 

4 0.1
 

215 4.1
 

229 2.1
 

419 4.2
 

11 0.2
 

12 2.8
 

84 1.4
 

62 1.4
 

102 0.9
 

18 1.5
 

14 0.5
 

152 1.8
 

23 0.3
 

1399 I 1.5
 

Population is mid-1970 estimate.
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TAPLE 5 

ALdUA PARAS1TE SPECIES FORI-ILUE, LWER t4KONGBASIN, 1970 

(From Ref, rence 2) 

Total Slides 

2

Cou,.try s .lid postive0 sr-/ Parasito spocies- Parasito formiula

examined for I , - - f: v a• 
malaria f m Mixed % 

Democratic 80 1O6 21 895 27.3 :(17 626)(.; 160) (109) (v 80.5 19.0: 0. 5-//

Kimpuchoa 

Lao Fu 23 942 778 3.2 -136 2837 37 I18 56..; :30.0: 5.6 

Thailand :1 705 311 32 033 1.0 25 865 5 756 70 342 80.9 : I.EL: 0.3 
(IMekongbasin) I 

Viet-jm 95979 1335 1.5 583 01 0 15 42.3 : 57.7:0.0 

(Delta region)! 

985 339 2.8 510 11lotal VI 56 105 4 004, 216 375 179.3 :,20.1:!0.6 

Notes: I/ SF8 , . slido positivity rate per cent. 

2/ f - Plasnodium falciparum; v - P. vivax; m - P. malariae; Mixed - mixed 
infection (mostly f plus v). 

/	Parasite formula i3 calculated after distributin, mixed inf~ctions to 
various spLcies. 

4/ Parasite for,:ula for Democratic FampucheD relates to 196) fiqures .s the 
parasite distribution for 1910 w-,snot availible. Approximate extensions
 
have been mad from this formula to supply figures of positive elides 
for 1970,
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TABLE 6 

ENTOMOLOGICAL STUDY AT N!4I HiROM, DECEMBER 1972 - APRIL 1974 

RVUN-IlAIT NIGHTiCOL CTIONS 

(From tReferronce6) 

Month Site 

Confirmed vuctor L Possibl..v tors Other i , l 
--I----- r.o- I Site IM nthly 

A.minimu %.balabn A.maculai A.aconit A.philip totaleI totale 
1 0 1 0 1 0 1" o - 1 .0 . .. 0-!-' I___ I ___ 

1972 

3 1 
Dec. 2 26245 

- .3 - - .- .Total K i- j 46 6 

19731-- 
1 112 32 

Jan. 2 1 1 4 2 
3 

1/ 1 212 4 

Mar. 2 2 2 4 

2 2 24 

1 23 2 

Mapr.2 139 
 6120 +2
 

1 1 -7 1-.1 

June 2 1 1 5 8 7 3 

.K4 111129 
July 2 128 2 130 4 42 

Aug. 2 2 6__ 0_ 9 
3 2 2 



o~ ~ 
~oh~ 


Nov. 2 

Dec. 2 

Total 


Oec. 
1974
 

1 


Fb. 2 


Jan. 2 

231 


3 


Apr. 2,3 


Total3 


I/ 

I-


0-
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TAPLE 6 (Cont'd)
 

ENTOMOLOGICA'LSTUDY AT NAMRFnlrCDE-ODIBER 1972 - APRIL 1974
 

IHUfNAN-BAIr COLLECTIOUSNIGHT 

(Frofn Rfrenc 6) 

Confirmed vectors, - ji Possibl, vectors-~t Other o- ,,-7 -- -, no- SieI ---- ~ ... ,---on' h an;.oa onthly 
Month Siteline
A mininl'u. A bab A.namcula IA.aconit A.philip 1*n s Lotala totals
I O I0 o , Io 1 10'1 0
 

1. 2- 18 S ( 11

2 !2i 1 is I,36 II 92
 

6 1 13 11 ".0
 

15 78 23 
 147 4" 3 61 ,,2 0 "42] ....
 

1j!i, I 8611
 

29 1 3 2
9
 

r I
1, 1 94 181; 253 2 12
 

2 I
 

56
 

12. -2 l 75 11
 

1 1_ 7 1 i 19
 

1 4
 

1 + 6 213
I !3 3
 

9 15 
 21116 168
 

No observations for February
 

No observations for September, October
 

Indoor collections
 

Outdoor collections 
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TABLE 7
 

ENTOMOLOGICAL STUDY AT NAi PHROM, DECEMBER 1972 - APRIL 1974
 

LARVAL COLLECTIONS
 

(From Reference 6)
 

Anopheline Number: Larvae
 
Month larvae of I per Notes on anopheline species
 

collected dips 10 dips
 

.1972
 

Dec. 77 963! 6 A.balabacensis at site 3
 

1973
 

Jan. 561 1515 3.66 No balabacensis
 

Mar. 578 1005 10.50 No balabacensis
 

Apr. 368 1250 2.83 2 A.balabacensis at site 1
 

Nay 192 1005 1.92 1 A.balabacensis at site 1
 

June 490 1370 3.55 5 A.balabacensis at site 3
 

July 333 980 3.36 2 A.balabacensis at site 3,
 
11 A.Philippinensis
 

Aug. 292 820 3.54 No vectors
 

Nov. A60 1485 3.27 1 A.philippinensis at site 2
 

Dec. 535 1020 5.25 4 ii.minimus at site 1
 

1974 

Jan. 713 1430 3.80 No vectors 

Feb. 875 1150 7.00 No vectors 

Mar. 1559 1190 13.10 No vectors 

Apr. 672 1250 5.37 No vectors 

Tota' 7905 164179 4.80 16 A.balabacensis, 

1 A.minimus, 
1 A._ _ilippinensis
 



---- ----- ------------ ---
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TABLE 8 

ENTOMOLOGICAL STUDY AT NAMPNG, NOVEMBER - APRIL 19741972 

WMNVA-BAIT NIC+-T CLLECTIONS 

(From Rforenc 6) 

Confirmod vectors " Possible v-ctors Other S I 
-+ - _ . .. Sito Monthly 

.. .t Sit. A.minimus A.balabn I A.m.acula A.aconit A.philip nop Totals totls 
Moth__i lines Toas t al 

._L _ . 0 _00 0 I -0 I -I 
1972 1 3 2 

22 2, 25 
Nov. 2 3 25 2 2 130 11 54 

3'cc2 -

1/I I i 7
I 
-.. . I -

l 14 

... I : 1I 
L~ 

12i-4 

9I 
139i

( l 
3 I 1 2 1 3 . 

D. 2 4 I3 1 
Total 

Jan. 2 T 
8 21 1 29 5:40 m 66 1 6 

7j2K 
3 2 2-----, ' 3 2 5 16 

Fob. 2 ' 33 

3 I 2 

Mzir. 2 of c0......3.. .. .0LLl l~ 
1 ...- L I 0-- . . 

33 

3 I 0 , u 

0 
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TABLE 8 (Cont d)
 

ENTOMOLOGICAL STUDYAT NAMPCNG,NOVEMBER 1972 - APRIL 1974 

H&M.W4-P.AIT NIGHT COLLECTIcS 

(From Rofer~nc, 6) 

Confirmed vectors ... .....Possiblu... ... . . .. . Other.. ..... .... vectors ano ho- Situ Monthly


IA u Zlii - __ A.philip	 totalsA.ini 	 __e A.blaba' A.macul: A.aconit 	 Totflsonth 

1 0 1 0 0 1 0 01: 0 1 0 1 0 

1972 1 'l i i ii 1 i I 
Aug. 2 ' 4I:1 41f 41 1 

1973 	 2 1 6 7 15 

Nov. 	 2 1 2 1!' 2 42 

Dec. 	 2 13 293 2lto 2114 

3 I I7 	 7 
Total '-	 1333113 -11 16 118 21 191 25'191 

1974 1 '1 

Jan. 2 2 i.53 55 4 6i 

3 4 , L t2I : 1 212 4 5 

Fob 	 5:5 5 721 51 7 
l 3I .-.. I I;, Io0 1 0

2... .	 r :-2 
R ir-'-j;-:2i1 	 2.. 1 ] ... 8 i2 2 317-. .. - .. . .r: -: 	 . :2 . ... 

2I 	 2 2'3 2: 7 

Apr. 2 / 	 2 5 2 5 3 5 

Totd 	 511* 3 . - i 

Toa 2 5 1 7 112 78 15 9 :15 90 

Note: 	 I - Indoor colluoctions 

0 - Outdoor collections 



Public hualt 

TABLE 

ENTRPOLOGICL STUDY AT NAMRI&, JJMOVFF 1972 - AKIL 1274 

IN(OOi D;,YTIlI- 5iL';TI06COU.LCTICt 

Ar.hel ine ~flours
1 .wu I 1,o1quitousMonth femilesa ofi h | uat+d I 

I p~r housom NNote& on anopholinu spucioa... 

col hcto,, sea.rch "' 

1972 

Nevj 0 6 18 0
 
Duc. 6 7 21 _ o+2e6. 5 A,v.tus.,
I A+ Ficonitua 

I I 

Jan. 3 6 IB oJ.If, 1 3 A.v- qu a 

Fob. 103 ( "1/3 19 5.40 1 I -. r i_,.vr,,,, 


MAr. 82 6-3/1 20 4.10 130 Av 2 A.5in~nsi, 

Apr. 31 ( 10 1.72 31 A.Vauu 

?i y 146 I 6 18 8.10 I;A.yvq__ 

Junu 91) 6 8 5.27 A.vaqu r 
.July 56 6 18 3.12 55 A.vuus, I A.blrbirontrlo 

Au9. ,1 6 18 0.223 1 
Nov. 2 6 18 0.111 A.!h11ipin, rti , 1 A:.ur.ati 

18 L o. .c. 0 6 

1974 
Jan. 6 6 18 0.33,1 6 A. 

b. 6 18 140. 9 A , 2 A.ninnsi 

37 18 
,Apr. 30 6 18 1.67 " 2 vUnqu,2 t.r-,ms5v__.-i 

37xr. 6 2.05 34 A , 3 ,.sin nasi 

ivi 1 -7 . 294 .2.09 13 athcr 
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TAFLE 10 

ENTOMOLOGICL STUDY AT NAMPOlG, MBE 19T2 - APkIL 1974NOVEM 

LARVAL COLLECTIONc 

(From Ruferonco 6) 

Anophelino Number Lirvau i 
Month larvae of pr Notes on anophulino spociue 

collocted i d p ]0 dips 

1972 
Nlov. Nvr 2713 3. 139 ___2r_____A.philipptnunsis (91 at slte 1, 45 at 2,3 at 3) 

Doe.,. 234 B',2 2.3; 21 A.philippinunsi; at situ 2 

1973
 

Jan. 170 810 2.10 i ,l A.philipp!ink.rj!iu (26 at uitu 1, 'J at 2) 

-b. 1,13 975 2.01 21 A.phi lippin,(5i!3 It Sit 2 

MIr. 202 1130 1.79 31 A.phi ippinnair (5 at situ 1, 26 at 2) 

Apr. 1 105 1.79 3 , hpv1 1 in)n is (23 at 5ii- 2, 6 fit 3) 
Iny 171 890 1.91 87 P.philippinnsis (Q0 at sit,! 1, 16 t 2,11 at 3) 

3 

June 206 310 2,55 113f,hilippin nnis (13 at 5itu 2, 5 t 3) 

July 130 9,4 1.38 10 A.prhilirpinni (3 at :;it,. 2, 7 It 3) 

Auq. 102 1083 1.(3 15 A.philippinunri2 (15 at !;it, 2, 4 at 3) 
Nov90 1.56 5 A..hilippinunnis (23 ; %i, i,1it, t 2) 

Dec. 224 910 25 f.10 i.philippi... ii- (22 :it iR, 1, ;1 tt 2,21 at 3) 

1974
 

Jan. 6Or 100 ) 5°E2 66 A.philippin.naii , (15 "it f;it,. 1, 51 at 2)
 

Fob. 187 1020 1.81 1 73 .rhili plnlaip; :23 ,t nit, 1, 'aJ at 2)
 

Mar. 183 1075 1.71 7; A.ph1llppinuns ia (26, at ritj 1, 20 -t 2,22 at 3) 

134 1.24 17 A.philippinnsis (16 at site 2, 1 at 3) 

Total 3432 15285 2.24 L131A.rhilippincnsiu 
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TABLE 11 

N\LARI CONTROL IEhSURES 

AT WATER DEVELOPMENT SITES DURING tND ,FTER CONSTRUCTION 

(From Reference 28)
 

1. Surveys and investigations before construction
 

Gengraphical reconnaissancp
 
Parasitological examination
 
Entomological investigation
 
Physical and hydrographic surveys
 
Land cover, vegetation, forest
 
Climate, rriinfall, temperature
 
Current malaria control operations
 

2. Control measures 

Intensification of current control operations
 
Source reducti-n, application of larvicides
 
More frequent: spraying
 
Vegetation and jungle clearing
 
Prophylactic treatment
 
Establishment of health post 
Extension of spraying operations 5 to 10 km 
Reservoir site clearing and shore--line shortening 

(Source reduction and larvicide application are justified 
particularly in view of the practice cf night work in the 
open and the presence of outdoor biting mosquitoes) 

3. Planning and siting constructing camp 

Control of shanty construction near the camp 
Ent-omological and parasit ,ir'qical surveillance 
Screening of labourers 
Prophylactic treatment 
Frequent spraying r-f hutments as they are completed 
Routine mronth2y -r hi-monthly spraying 

4. After construction services
 

Observations and protection of work area residents 
ContinuatL-n nf spraying as required in work area and for 

a radius of perhaps 5 to 10 km 

5. Cost items 

Earthworks fir source reduction and drainage
 
Clearance
 
Larvicide applicatiin 
Surveillance
 
Health post 
Spraying
 
Diagn ,stic and treatment 

These should be ascertained for each project. In
 
general they constitute a very small amount compared with
 
the project construction costs, estimated at approximately
 
.2%
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PA MIIOG ENVIRONMIENTAL ASSESS-IElIT 

RECREATIOW1 ;,NLD AESTHI'TICS 

1. Introduction
 

The huge new lake to 	be created at Pa 'ong should be an 

aesthetic "gem" and, because lakes are not plentiful in the 

region, this will certainly a," to its overall aesthetic and 
lakes are scarce, forrecreational values. In areas '..here 

example in Southern California. the creation of sizeable reser

voirs has usually led, sooner or later, to their massive use by 

the public for recreational purposes including aesthetic enjoy-

ment, boating fishing, swimmingi, skin-divinc, and oth(:r water 

contact sports.
 

While it is recogni:"ed that the aesthetic values of 
any significant prioriwatet.iays have not generally enjoyed 

ties nor much public attention in the lower Mekong basin in 

the past (except to a limite,! estent in Thailand), it is also 

true that there is growing recognition of outdoor environmental 

values. Dy the time Pa Nong has been completed it sh1ould be a 
in the lower basinrecreational attraction for many rsidents 

as well as visitors from outside. Tra(litionally the Thai and 

Lao peoples in the Pa Long region, when visiting the outdoors 
interested in picnicking andfor recreation, have 	 been mostly 

camping. The new lake .,,ill create inumerable choice sites for 

such activities as weoel a,; for various types of water contact 

sports likely to become popular in tbe future. 

2. Pa Mon_ recreational stuly 

The Pa Mong ,tage Onet report (Ref. 1), as one its 

support studies, includes an evaluation of the economic poten
male by the Nationaltials of recreation in the project areas 

Energy Administration of Thailand. The study estimated the 

appro.ximate nunbers of tourists expected to visit the area 

each year from both Thailand and the Lao PDR, the per capita 

expenditures during visits, and the projected gross income 
was assumed that the 	 primary recreationalversus cost:s. It 

initially limited tointerest of nie visiting public will be 
in watersight-seein -, ,icnicking, and. camreeing, with interest 


contact spo.. -' to be developed in later years. Important
 

zones from -, visitors will come include both 3angkok
 

(despite the distance) and Vientiane. It is also assumed
 

public interest in outdoor recreation will progressively
 

increase due to increased population, increas:edc income, shorter 

roads, and improvement in transportation.working hours, better 
The study includes estimate-< of cost:; for con:structing and
 

operating facilities for p;ublic use (picnicking and camping
 

units, sanitary facilities, shelters-, boat launching and
 
accessswimming areas, etc., together with land clearing and 


roads), for the initial construction stage and for continuing
 

staged development. The study concluded that annual
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visitation is e:'.pected to increase from approximately 31,000
 
persons/year initially to about 369,000/year in 50 years.
 
The annual equivalent net earnings were estimated at about
 
$ 90,000.
 

3. National parks 

As noted in the discussion on wildlife, a number of 
national parts together with scientific reserves must be 
established in the lower basin, especially in the hilly 
areas, if representati ve samplers of the terrestial biota are 
to be preserved. One key aspect o. a national par! is its 
tourist potential whieh, although only one asncct, can furnish 
the financial na for the entire park plan. As noted by 
Talbot (Ref. 5), in atern africa and India this type of 
venture has already been successfully demonstrated. The rich 
and varied wildlife of the Pa 2long reservoir vicinity and its 
scenic beauty of Fer the same pot(entials Cor Thailand. 

Ultimately each country '.will require a park system 
ranging from urbar recroeation areas to traditional national 
parks used mainly for camping to totally protected scienti
fic reserves. The need for recreational area already e::ists 
in Thailand, ,. here Khao Yai is an impressive beginning for 
such a national park 	 system. Pith increasing urban concen
trations of population, there will be increasing need for 
recreational areas away fror citie-s. 

4. Desi n considerationrs 

Assuming Pa Nong is to !,e constructed, the design 
and operational phas,,a of the project should include attention 
to numerous aspects involved in recreation use (ref. 3, 4). 
These include (a) protection o: special beauty areas (like 
waterfalls) from deterioration by over-visiting and/or care
lessness by tourist!;, (b) ;election and management of borrow/ 
fill areas and open pit mining ateas so that these will not 
mar the environmental aesthetic:s, including reforesting of 
areas not to be inundatted, (c) desijn of roads, transmission 
towers, etc., to blend in -:.t>' an,, not to mar the environmen
tal aesthetics, (d) provision for construction and operation 
of essential tourist facilities, to ha furnished progressively 
as needed, including facilities for sightseeing, camping, 
picnicking, hoating, fishing, water-contact sports, housing, 
access, and sanitation. 

5. sum%:ms_r 

The preliiminary s;tudies sponsored by the Nekong 
Committee have established the desirability and feasibility 
of recreational us, of the Pa Mong reservoir area, as a means 
for accommodating the recreational needs of urban populations, 
while at ti same time providing for protection and preserva
tion of environmental beauty. Pollowing the patterns esta
blished in other tropical areas, with proper management the 
econnnic revenues from touri_rF car financr the moasures needed 
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for protection of aesthetic values including beauty spots 
and wildlife. 

It would be the intention to proceed with development 
of detailed plann for construction anO operation of recrea
tional facilities and aesthetic protection measures at Ila Hong 
assuming the project proceeds to the design stage. In addition 
to these measures to be implemented in the Pa Mong reservoir 
area, the rekong Committee's objectives include encouraging the 
establishment of national par!cs for use for tourism as well as 
preservation of terrestial biota. An initial step will be 
selection of suitable park sites. 
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III - 310 Reservoir Ecology 

Fiquscez. 

Figure 1: Pa Mong reservoir (at pool level 250 m MSL)
 

Figure 2: Components of a man.-made lake ecosystem
 

Figure 3: Schematic illustration of reservoir fish 
production and harvest
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PA MONG ENVIRONMENTAL ASSESSME1T 

RESERVOIR ECOLOGY 

1. 	 Introduction
 

Construction and operation of the Pa Mong project will
 
have far-reachinq effects on environment and ecology throughout
 
the lower basin, and particularly in the area of the reservoir
 
itself and the immediate vicinity. Because these effects will 
be closely related to the physical features of the reservoir, 
such as ma:-imum water height and surface area of the impounded 
water, these data are summarized in Table I for the four 
reservoir high pool elevations under study, namely, 230 m, 240 m, 
250 m, and 260 m NSL. Figure 1. is a map showing the proposed 
Pa Mong reservoir (for elevation 250 ni). 

Considerable information on reservoir ecology is 
available for numerous reservoirs throughout the world, mostly 
in temperate climatic zones but with some information for tropi
cal reservoirs. Based on these past studies schematic represen
tations have been prepared to illustrate reservoir ecology 
including a chart showing the various components of a man-made 
laze ecosystem (Figure 2) and a chart showing the interlinked 
processes involved in fish production in the aquatic ecosystem 
(Figure 	3).
 

This discussion is ained at assessing the probable 
changes to be induced by impoundment at Pa Ilong, based on the 
available information related to the LPa 1ong project and on 
e::perience elsewhere -pecially for tropical reservoirs includ
ing rlekong tributary reservoirs in northeast Thailand and the 
Lao PDR. The discussion is limited to the area o4- the reser
voir itself, the river reach immediately downstream and the 
reservoir fringe areas including the drawdown zone, as follows: 

(a) 	 Reservoir area: Impoundment in the reservoir will 
result in changes in water quality (Ref. 3-7, 23-29, 
35), eutrophication (Ref. 4, 6.-D), fisheries (Ref. 4, 
5, 8-22, 25, 33, 35, 40-50), water weeds (Ref. 21, 23, 
24, 45), wildlife (Ref. 29, 33-37, 51), forest 
reserves (Ref. 37-39), and diseases vectors (Ref. 4, 
20, 40-43). 

(b) 	 :Ziver imnmv2iatelN, downstream: There will be significant 
effects on _water quality (Ref. 1, 3, 26.-30, 44) and on 
downstream Eisneries (Ref. '1, 14, 16, 20, 23, 31, 32, 
49, 50).
 

(c) 	 Frine areas and drabydown zones: These effects mainly
 
relate to the tendency of the Thai/Lao people to live
 
close to the waters edge, hence to encroach into the
 
drawdown zone. 
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The estent of the anticipated ecological effects has 
been projected for the four differeet Pa llong maximum pool 
levels, namely 230 m, 2,40 1, 250 n, and 260 1,iI13L. In assess.
ing ecological effects, wihere data :i.or dif:rent elevations are 
not available and prediction without such baseline information 
may be subjected to serious error::, the evaluation in made only 
for the 250 m elevation. 

2. .ffects in Pa IBong reservoir area 

2. 1 Water quality 

Creation of Pa Mong reservoir will result in changes in 
water quality from that in the r'ekong river, especially changes 
in temperatures and dissolved o.'.ygen concentration. Other water 
characteristics subject to alteration include turbidity, dis
solved solids, and organic content. 

A summary of the e:pected kiater quality characteristics
 
at Pa Hong reservoir, Pased on river water analyses near Pa
 
Mong, is given in Table 2 (see discussion on water quality).
 

2.1.1 Temperature 

It is expected that Pa rMong reservoir wil1 be thermally
stratified. This e.pectation is based on experience at flarn 
Ngum which is in the vicinity of the Pa Hong project, and 
e::perience at other tropical reservoirs such a. Lake ]yariba in 
Africa, and on the fact that Pa Hon-g reservoir will be rather 
deep (ma::imum depth is 74.6 m at elevation 230 m) compared with 
Ham Ngum (ma:imum dpeth about 40 m). A stable thermocline will 
probably occur at deoths between S to 15 meters, depending on 
seasonal temperature. 

During the hottest period of the year 6 the temperature 
at the upper therrocline will be as much as 5 . 8C lower than 
the surface temperature. The thernocline will be relatively 
weak during the coldest month (January -. Pebruary) and during 
rainy seasons, and perhaps broken down in a brief period due 
to wind-induced circulation expected to tal:e place reaching
depths of 20-25 meters. As a result some turnover will take 
place in the upper layers, but this is not anticipated to reach 
the deeper layer.s, particularly if inundated standing trees are 
present in conriderable number,; 

Below the thermocline, the water temperature will fall 
gradually until becoming stable at depths of about 35-40 meters. 
The lowest temperature, according to ex:perience at-am Ngum, will 
be close to that of the river: water temperatur- during the 
coldest month, i.e., about 20( - 22 C. Assuming '.hat, as planned,
the reservoir releases are drawn from these lower depths, their 
temperatures would be close to 200 .. 22 0 C. 

The suarface temperatures are anticipated to vary with
 
ambient air temperatures. ue to surface heating by sunlight,
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the surface temperature can be 50 -- 0C higher than the inflow.
ing water. Temperature at various water depths will tend to 
vary with surface water temperatures. The lower water tempera
ture in the deepest layers will provide unfavorable habitats 
for several aquatic species..
 

The pattern of: temperature is e-'_,ected to be essentially
the same at Pa [long regardless of the selected pool level. The 
pattern for any pool level ',ill change sensonally with lowering 
of the surface. The annual minimum level is e:,pected to be at 
least -12 m lower than the ra::imum. 

2.1.2 Dissolved oxyen
 

Por a short perio,: after the dam's closure, the dis
solved o-ygen content of thu impounded water will drop below 
the level of dissolved oxygen in the inflow. O:ygen is expected 
to be exhausted in the deeper water layers and will be present
only in the upper layers (enilimnion) w.here wiind-induced circu
lation exists. After a period the dissolved oxygen concentra
tion at the surface will stabilize at or near saturation. The 
oxygen content: will decrease wit! increasing depth until it is 
totally depleted below the thermocline. This means that little 
or no o;xygen will usually be present belo. the 6 - 15 n level 
e:,cept in the shallow ex.posed areas along the shoreline. The 
absence of dissolved oxygen at lower_ depths will be caused by
decaying organic matter, mainly inundated vegetation. Lack of 
sufficient vertical mixing, due to the presence of a stable 
thermocline and drowned standinei trees, uill keep the bottom 
layers (hypolimnion) permanently devoid of oxygen. This zone, 
characteristic of most deep reservoirs, will not support aerobic
 
life.
 

2.1.3 Other characteristics .......................
 

The reservoir is expected to trap 99 per cent of the 
total sediment load, thus most of the impounded wiater will be 
relatively free of turbidity and suspended solids. frowever, 
the middle anc lower layers ;ay become turbid after the onset of 
the rainy season due to seiiiontation of silt through the thermo
cline.
 

It is expected that the upper cirulating layer wiill be 
lower in dissolved so2 ld'; than the intermsediate layers, and the 
intermediate layers lowe- taui the bottom layer. The deeper 
water will accumulate these solids because it does not mi:, with 
other layers and because o' releases o7 solids from the bottom 
soil. The hypoliiunion will theref"ore be considerably richer in 
nutrients (such as nitrogen and phosphorus) than the upper layers. 

The organic content of the lower layers is also expected 
to be higher than the layers above, due to decomposition of 
inundated organic matter. Anaerobic conditions will lead to a 
buildup of gaseous hydrogen sulfide and -.:ill result in dissolu.
tion of iron and maanganese fromi the r.-servoir bottom, as the 
soils in the reservoir area contain high levels of iron and 
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manganese. As a result, precipitation of phosphates and reduc

tion of sulfur ions will take place.
 

2.2 Eutrophication 

Phosphorus and nitrogen arc nutrients essential For the 
growth of plankton. Upon fillinq of Pa long, the nutrient levels 
are e::pected to increase markedly as the result of decaying 
vegetation and releases from the inundated soils. Abundance and 
species diversity of hytopli.nkton will increase, with probable 
change in snecies of dominance from those currently present in 
the Mekong river. Algal blooms or eutrophication is expected to 
occur at least to moderate degrees as in nost tropical lakes. 
The blooms ill be limited to the upper, lighted zones above the 
thermocline and to the shallow areas near the shoreline, probably 
with blue green algae being the predominant species. In the 
latter case, the algal blooms will be attributable primarily to 
leaching of nutrients from the flooded soils during rainy seasons 
and to availability of nutrients in the inflowing water. 

Alg-io are expected to promote considerable growth of 
zooplankton, and both algae and( xooplankton will contribute sub
stantially to increased yields of fisheries in the reservoir. 
However, the presence of algae can degrade water quality and 
dead algae can help deplete o::ygen in the hypolimnion. Eutrophi
cation is not expected to create any aesthetic problems in the 
reservoir.
 

2.3 Fisheries
 

With the formation of Pa llong reservoir, new food sources 
will be available which are not signiiicantly present in the 
Mekong river, including plankton, water plants, and benthic 
invertebrates. Although these conditions will favor relative 
increases in most fish species, there will be some species 
readjustment due to changes from riverine to lacrustrine condi

tions. These changes are expected to induce a reduction in 
species diversity of fish from that occurently present in the 

river. Experience at Nam Pong reservoir has indicat,_d that -,bout 
60 - 70 per cent of the approximately 139 fish species in the 

Nekong river will survive and be colonized in Pa Mong reservoir. 

Carps and murrals are expected to be among the most abundant 
groups, while catfish may also be a significant contribution to 
the reservoir fisheries. 

The morphometric index (reservoir area to depth ratio) 

and morpho--edephic index (ratio of total watershed area to 
reservoir volume), though useful in helping predict res rvoir 

fish yields in temperate zones, are found to have no signifi

cant relationship with the fish yields in tropical reservoirs. 
For projecting fish yields in Pa Mong reservoir, an approximate 
relationship between yields and average depths based on experience 
with reservoirs in Thpiland (B3humipol and Nam Pong) and in the 
Lao PDR (Nam Ngum) is used as the basis. In these three reser
voirs the yields decrease with increasing water depth. Without 
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special managemcnt measures. the natural fish yields in Pa Mong 
reservoir during the nutrient-.rich period (5 -- 10 years after 
initial filling), e:pressu,-,d as kg/ha/year, a)re. eypected to be 
45, 40, 35, and 3) iLor mL,-i.inum. po I. levels. of 230 m, 2,0 m, 250 
r:, and 260 m, ri.:pcui.v,.I £c nhtural yield after the fishery 
has stabilized i. anticipated to be about 20 kg/ha/year, the 
same for al. inazir.rim .ater lovcl. However, if th reservoir is 
properly managed, -icludnq :;tocling .ith ,uitablo. fi spcies, 
the fish yield ct :::,c, - h1-: m,-intalin.d in the neigh
bourhood o 40 t-I W, /.IL/Ic.. 

Ti toral rnnt1il 1.fsh y.h ] .d different ma;simum poolfo: 
levels were calau :e., :;hown in Tal,let 3. Although Ei.sh yiel, 
per hectar dec res ,,li: h Ipq 1h:h, tile total annual: i.actrec_:;i 
yield will incease .iLi I ecrea;ia; pool level. At elevation 
250 m 1Lh, te annu:i. ylc.de for :;!verol yearn ill 1)( 1 3,030 
tons mn1 37,2 0o tonf; Cor thc nona-ntocce] ad stock(d re aeryoir 
respectively. After :taui 1iation, the, annual benefift of the 
stock-ed r-:;elvoi1 13. be( ;clout f..v; times that Of the non.

" stockd re:rvo . 

The fish populatin i is expected to be more! abundant in 
the shalloi, norshore zonr; * n the upor layer of the open 
water than ini L:hilc:encr peorts ui the (.reservoir. There will be 
some effecL; of d ravlc,w.s; on fish productLon, which ,.ill be 
beneficial in ar rl sin Theses;oea0,r adver:: other.-. effects 
are very compl,.- an,: dificult to be quantiLatively predicted. 

dound manal.-;i.!rnt is e ;:sonlial ior ,ichieving arid main
taining maximum y.oe :; a17f dii ,'l, 7i .L; p,-ci.s at Pa Hong. 
Clearing of v, L.-a 1:1ci e1Ccia))]y 1110I i'or:line anld alsotr; ;h 
to provide cc;.el liazinwl ,.oy -Von1 U0 s:hoae: to iaci.litate 
naviqation arid a- L .i .; of n ts ,.,1e tr,,e should e; !#, incficial 
to fishing -iri Ii.h us: I i A.4can als-o h(lp r educe the 
e-tent of thwrr. t.£.fit ion, hich liel.," cre.ate unfavorable 
fish habi tat;. TI:! ma;.!mont I rogramme shon]10 include control 
of water weeid:; Ii . ca, at -'iujea; of f sheie development. 
Reservoir rel., a ul.e I (u Cori i,'rolll]. such that drawdown is 
gradual and barn r :,jr,o,i., :d fry. ; a;LtLockinI should be 
considered, antl Lc *;peciue; to be :stocked llould be carefully 
elected. jO: not ,'d 1i !Al dit!(I-sat ion on :ishocie:; LL may be 

advantageou!; to in. routci new fi sii !;pec.Le. 

?. 4 Water vweedsq 

The 'ak, ,z hyicinth, ichhornia crassiprLI can he expec*-ed 
to infest Pa Mong re:;ervoir, and water lettuce, Pistia stratiote s, 
and water fern, ;ilvinia, can also present problems. uch 
infestatiions can .induce su.ch prole].mn a, (a) excesi;..ve: loss of 
wtater by tran0piaien. CL) impairment of1 navigation, flood con
trol effort;, and ,zc,:sto the shoreline, (c) creation of habi
tats; for certain vectorn of diseases; (d) deterioration of water 
qualiLy and aes thetic values, (o) hanard s to reservoir fisheries, 
and (f) in terference .- powerth generation. 

http:prole].mn
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Little information is available by which predictions can 

be made on the probable extent ,' eatcr weeds at Pa IWong. A.; 

at most tropical reservoirs, these species come and go 7or 

reasons not well understood. Resenrch to develop feasible 
methods of control, applicahle to tropical reservoirs in the 
lower Mekong basin, is planned by thr Wekong Committee. 

2.5 	 Wildlife 

Ps noted in the di.scussion on vlil,:life, the es!,isting 
wildlife in the reservoir area and imdiate vicinity will be 
mostly lost, but i'll we replaced by an etensive waterfowl 
population of considerable value. 

2.6 	 Forests; 

A:; noted in the discussion on water:hed management, 
the local forests in th inundated area, except for the trees 
logged before inundation, will he lost. T,-ble 4 presents 
summarized informat on on tlh types of trees present and their 
amount!; and vlue. lho',!'ever, this inunated vegetation will be 
a main source of ircre-:;od nutrients for nany decades, which 
will support not only a rich reservoir fishery hut also will 
increase tie. nutrient!; availahl, to down 3trears fis ier us. 

2.7 	 Disease vectors 

As noted in the di!.:cws ;ion on pui)lic health, the advent 
of the reservoir at: Fa Mcng and the associated irrigation system 
is not expected to crcst,,, p,! se , any new public health hazards 
in the reservoir vicinity (nor throughout th, lower basin). 

Some specific iinlinp; on communicablIe dinease hazards 
at Nam Nguin reservoir, in the same vie minty (ef. 4), which 
would have si milar applicability at P.- Iong, are the following: 

(a) 	 Pulmonate snails; such a:; ad I an~l Lndoplanr )i s are 
abundant, but there i; litt- mollu:,cnn diversity in 
the reservoir. The Ham iguri riveir below the darn was 
essentially devoid of molluscs probably because of the 
hydroqen sulfide containe1 is- the di :;charged water. 

(b) 	 The reservoir envLron:rit ii; un1u.t!-, for snails of 
the family i ydrobi id;ae , one i ,ciec of .7hich transmits 

human schisto soias'i )emocra larrpuchea, ie o- tKhe -i, 
border, hnce schi.,toasema ;ishould not be a problem. 
Two snail:- d.i.ch tran;n.i.t non-human sc:nistosomes, 
which cause "',,: Lnmer s itch" , ar abundarn: in tLe 
reservoir,
 

(c) 	 Paragonimiasis, the mnai lung fluke disease, is a 
problem I.n the Nam Nlgum area, hut this apparently is 
not derived from ho!;t:; in thie res4ervoir. 

(d) 	 Bithynia snails, which transmit the human liver fluke, 
were not found in the resc:rvoir, although the habitat 
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is suitable. Apparently the fish are net infected. 

(e) 	 Malaria is the most serJou:; vector-borne disease of 
the Nam Nqum region. Falciparum malaria is epidemic. 
Despite fears that the Nar Igun impoundment would 
result in an increase in malaria vectors, no such 
increase has been obs;erved. The stee; ;hore-lines 
are not 	 favorable For formation of pools of stagnant 

water.
 

3. 	 Effect immediately *ie_>,j::Ltream 

3.1 	 Turb)ulence .and .tae vara.itn: 

j to 
stretch ex tending some 20 ::m 'belo,.. tie dam, together with extreme 
variations in .iater deth. Thi:; Factor alone will, for practical 

purposes, ma!:e this r;iver :trtc.h unfavorable for many fish and 

other i ,.aian' unfavar-jhle for most other ares 

Turb)ulence. ]s rpecte be, irery vigorous in tile river 

As, not,d in Le) di:;culssioll cn pm' I ,r, the0 o: prcctel ma::imuli 

river fluctuaLion in t:he prypo:;e camni e i'ling year, under the 

Stage One plan assuming tio r00 .11 gen,.ratin' unit., L; about 
th 

a total of eigilt qenr at eg units, ',oul be about: 0.1" ri/hour. 
The maximum chang,. iin river taq .in a day would be 0.') m and 

3.4i m respectively, dirlt thi,:time interval from minimum to ma:i
m'sm neing ouive Thie ,r flucituat ons .;Ll pose pro

0.4 n/hour at the po, e r plant, an(' some nine years laec, ,,,i 

about har-:;. 
blems to b)an:, ta:ility ,,l to navigation, but at :;ollerive.-r L 

times of the year te; effleets may actually by less enan without 

project conditions ecnmms- a; the flood control achieved by Pa 

Meng. 

3. 2 	 'laterquell.:. 

3.2.1 	 Terperatur. 

According to the Stage One plans; for ope,:ation of Pa Mong 

reservoir, -,rater will be r.elrel.aed from the reservoir at elevation 
183 m ISL, hence ill b1'lrawn from the hypolimnion (for all pool 
levels). The temperatures of the releases will be close to those 
of the hypoli:nior , j r,. 200 .. 5C, hich differ only slightly 
from thos, o1 ti:lhinfo, i:; (21 - 29 0 c)., ;'o significant adverse 

effects are e ,c.Led lu( to temeratur,. 

3. 2. 2 	 Di:; .::olvei o:3y_;(.,. 

The rer_,rvoir r-,oase!r ar. ( ::sFec ted to be devoid o1 or 

very low in di:;seol o:ygm , but the hi gh tur bu]elnce in the 

river tretcli belo:: th ds '.ill tend to achieve rapid reox.ygena

tion over the first 20 I;:. It it; es;tiinated it will take about 
50 km for the di;soive, o:y,-je to return to normal saturation 

levels. Th1ie dcgprtersse] o-.yo],.jn coitent. iil induce changes, usually 
advcrse, to such aqua tic comauiie :;Azooplanl-ton, bentlhos, and 

fish, but the hiigber rutrient level.:: ',ll be benef7icial to aquatic 

'K 

http:o-.yo],.jn


IlII --318 Reservoir Ecology 

communities. Increa:ius i% leve,ls; of iron and manganese could 
have adverse efects but the:se are mot e:pected to ,esigni.i.-. 

cant.
 

Nitrogean super; a tur'atol:, ;i ich cancat,;e :is bubble 
diseases in .inh, is not alitic:ipa.t! to f'ga probler because 
the reservoir r.asr! 'ii ', ;:rimarily throu'jh turbines, not 
over the :;pillwav. Ail:;o, as alrnady noted, vijorous turbulence 
is e::pected i: the fi t :',:m A..oi the roservoir. 

3.3 INishari±s 

' is he'iasaimm.e.KIla t:oly do'.n atream from the dam will be 
affected hy the altered flo: regime an! quality of te reservoir 
releases. Fish proeaction in L 20 k- stretch' belo the darn 
will be drastically reju(ei, narily of turbulence,1r' ecause 
with some specie:: n';inq n:terminatI. lb vertheleus;s, substantial 
numbers Di: Ti hAili ten to accumutl- i:amediatey b. ].oW the 
damo, and to prot-c:t ltwes, ,os.i] or purposes of reproduc
tion, thj- ar,:;i a310',ld .. :,,: to - lila; 

-O- I' t' ;ill changeA .Lc :;:,, Lii isLanc< , r v r gradiually 
to normal can Iit o; :,,: C r:i o f toeI-water include 
low turbiiit' . ilcy,,i: .':' ao ,;, the tia activ ,ties, nrore 
im1fom tmparatur "n13 am! ,a ',ut aonu I:Mlev:s.t leo, 
l,.ever , the luivassw! o:ygn cont-n, ':ii,' induce :,hiFt'; of spnecies 

of fish toward!; t'e lo,: olv.l Cltanin, WowA onyn ini. hold';. 

Wx-,ffectL in Srirvp artws inn iud ugIa nm z.006-: 

A:; ha; ',Ii , ,r.[,:i -,:o it tL
t L

m:tar 
y rl.rvoir:; like 

Nair Poll(], COmsflJi i.ti : .i1 Le1i t, ostahlishl nonoLto,:only 
near the W l';'''31'e rrowv!LI the teservoi, withoutd'imsitu ht and 
;trict en1orc, mnt Utae 3will o ,r: oachmn: of communities into 
the din ,_ !' , ' :oplt int,!r- ,] in ,itiier Fis;hing in: iot L or 

3
growi; crop in this ,]n1 *h r..- is; nnLhing no-.' in this: 
concept - thr Thai/L o ptp].': I etion'tIy have 1.iv:l a long 
bodies of watur - and n, typ_: o Iroblem be createdQ,no 'ill 
nevertheless thes commu:,is. '[',e will poseWi 11en.t , h 
management problems as:;umLiLn it is desired to utilize the Pa 
Mong project . or improvirng traditiontl deCiciencies in community 
Facilities in terms of :,odrn cano of minimum desirable 
stand ard s.. 

4. 1 Physical" eff:ctgs. 

1:.1:. Char:? in reservoir -..'atr lve 

the reservoir is ex:pected to 
vary from 12 n to . :,1, deLn,1n; n the selected maximum pool 
level, and to e:tend over a pet'iod ;r about eight morithr, from 
the end of October to the on,'!, of ,Jul.Cs(d iscussion on power). 
The ma::imum rnontliy chaola woul h 1.95, 2.3b, 3.70, and 3.07 
n for pool levels of 260, 25(, 2,40, an,. 230 m ISL, respectively, 
and the correspondinga ma mot il-, change durinq filling would 
'lo ,.43, 5 , 5*, an, 5.01 1n resectivel,, Til: range of 

The total of Lira'.:;o'.,n 
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fluctuations iS; sufficient to cause some bank landslides and
 
will require that navigation facilities be lesigned to
 
accoModate these change.r; in levelS.
 

4. t. 2 	 Reservoir hank:s 

Thn ,',!.t,_own notol Mvl-,, e.uqme.n te, by surface inflow
 
during the rainy seia;on, ney s-aae it: diffiult Cor vegetation
 
to become -stalisluad alonj Lh, res;ervoir anks, leav~ng the
 
ba.krs bare andL t-,o-) roieMa fre.om citner rainfal1 or wav
 
eection., Ti .-:xpos.:o e.ptm.l1Oiw.. area at Pa 'ong =I e about
 
.,200 k nr at ,a:i;wi' , n.' ,: (Ior t ,: rirv e 1 h 2 O v I"SL
 

love!). .uch ,:,;O.+, enam,.; xiii ,1.., ighly and would
 
iMp1-ir the o17 1": Cpilc IOi ti .
 

;ocio--_CSic ,rol).vI:" 

(a) 	 oci,_-erco)mi i on t ILLon.,.: Thle availability of an
 
at trct' ,. J:;rvoir fi:;hery '.'ill indUCce in
mi gr- tie;;o Ii¢ ct centre 1led t]il ntiel.er: of F LshlCL

men ,ill b, o .. ,::c . e en, ,,r ci' ,iLa income levlrs 
from fihin, can haco; , inali uate. ;.lo, local con
flict::siy t-,a''it nat'vella antd.. in.-mijrants. 

(b) 	 Temorar'- _ i:: '.!it:oift a trl-L control:- and planning 
for alt_. nit, 1;A ;e;;;inq con-.it 'ill,ill be created 
alone thy r.., vo r I :n-,n' r,' o,.n a:;,, trticu.arly 
for hou0 iT,, I ' I1', , the-ir m iles. 

(c) 	 tianitati/n 'at ';l i or narin _olot: -o_.: ;i thout p1lanning
end fi;;anoi'g e, oiri";oity caci) itlis. (e.;.. '..ate.r 

neve;r'e p'u !ic cI iit :: '' il r,si in the new; 
coimuit le.- ' tO ocr a<. it Li . -I, the near
shore '1at 

-
x; '- ,11 c.oI. h, javily pollu _,l ,ith nerious 

a"dVer-ne-.' ''c" I':t: cci c:.;i"Ii-r ' l 't:r;}p1' ,] ani., 
' poter, Lid l+ i Io?,crei'.ti.e,, tell'+ .' U[n I." ao-[th'. t~c5. 

To prevent t n-Irin. from ir<j]¢']il, to ';erious; 
1levels, care §u 1 pclnnin+ '.1 ) necJ cd "a ib1 LechllOnoiy 

for solvin,; chi:, e pro 'l -: tlr-j.ay ta , ):ishence 110 n+' 
research .';; eec':;:sr. ir ix; ncesry, ho,.evekr, to develop 
realisticeo::t: on do4:;rt'' l,.vl:.; for :'anitation, houeing, 
etc. , ;o Lhat ai: _.:iprove.l t,. of community ;nvironxiv1nt can be 
achi(v-iv .. '1'Wtili reiso; a 1,-* :o:; lcwtil . 

Dunldilg of Pa 'or; d1am 'will creyate a vast ne&.. reser
voir or a',,: of greAt va].ue -r- numerousv beneficial u:;es 
including power, irriqation, I isheriec, inhis+trial development, 
public healti, recre+ation, tou-ism, and other henef t.L. The 
ne.? lacut::rina uco:;yste:,: will eliminate the previous riverine 
ecosystem, an,! also 'rantically alter another 20 Om of riverine 
ecology do';ntl:r ean;, hut i'.Lh a grceet: incr ielea net benefits. 

http:tlr-j.ay
http:ntiel.er


III - 320 Reservoir Ecology 

Releases from the reservoir, primarily to meet power needs, 
,.,,ill result in a dravidown zone ranging from 12 to 1ftm 
(vertical depth) :w'-,endinj on the !;electe,! pool level, which 
will result in eY:,ensive espoqsel fringe area:;. These will 
probab ly !,e mostly of ;inl hoence ,.ose land:slideiae veitration 
hazards, impair zier;thetic valu.s important to recreation, and 
hamsper navigation. 

.i1th respect: to .at r qualLty, storage at Pa Mong should 
have no adverse effects, ani thn r,.laicd 'ater will be of about 
the same taineratur, as the river "ater an,1 he con sider ab ly 
richer in nutrients. 'bile the dissolved o:,ygon content .ill be 
low in the river stretch immneliately below the ram, this ; stretch 
of see 20 k! 0i11 De an unfavorable environmsent far most 
purpose_- ue to ,xtro'e turbulear,: and ranid luctuations in 
the river :;teg,-. Varther down;;trao the river conditions includ
ing water rpial ty sh ou]d ! or o.:.e.mci: lnt :;uplor t aquatic 
life, withtUic transitio:i to -inoruel low. r-j:ne and dissolved 
o.tygen saturation bping achicev I,'itLin the 50 ,km stretch be low 
the &am. 

Cutropihicatio. is not e: :no ue to pose any si'Jniyicant 
problem ei ther in the rn:;er,.ro nor)loe.:ver, waterIn.,ustceaga. 
weeds will lilely bw en int,:ii tteut .- , unprdictaIlc problem 
in the reservoir. rhe iiltimate :;olution J; in develooment oF 
control measur es hich irc oth e[Zective and financially feasi
ble. 

.ith rn.s-,ct to fi sheries, the r:.; ,rvoir will become a 
valuable ;ource2 of fish, even x,,ithout cot,,troll r! management. 

.ith control.ed naanagneen t. incAluin stocizing, thosu s taind 
yields can be very sibntant:ially incro7e.d. Downstream fish 
productivity, ..::cept in the. ianei -on,: .,eloki the. dam, should 
be enhanced by the li-charge o-' nut,.,nt:; ra the hypolimnion. 

Whilo the ,::isting :.ildli sn th,: reservoir area and 

immediate vicinity 'ill be ;ustl, lost, this rersent: only a 
small percentage of the total ,,aer;hed area. Al;o, a nuw 

prolific ";il.:life Will !ne generated, especially .aterfowl, with 

greater value than for wjithout projeact conlition:;. 

Similarly, thle Foret re;trves in the reservoir area 
,rill e lost, except for those tree:; loqged before inundation; 
however these inundated tree"- A.ill be a continuinq source of 
nutrients for sunportinrj .i:;li2, both in the reservoir and 
downstream.
 

http:control.ed
http:rn:;er,.ro
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TABLE 1
 

IMPOFTANT FEATURES OF PA HIONG RESERVOIR AT DIF-ERENT POOL LEVELS 

(After Reference 1)
 

Pool Elevation above 1SL (m)Feature 

230 240 250 260 

Maximumn depth of aater, m 74.6 34.6 94.6 104.6 

Surface area, km2 1,620 2,030 3,722 4,500 
3 

Storage volume, million mt 32,,100 56,00 93,300 140,000 

Estimated mean depth, m 20.0 22.3 25. 30.A 
Estimate annual drawdown, - - 14.0 

2
Area of draadown zone, km - -- 1,220 

Elev. of penstock outlet, m IISL 13 133 I33 133 

Water height above penstock, m 47 57 67 77
 
3
Ilean annual inflo, million 5 00015 -151.,00
1,51, 0 


2o
Drainage area above dam, Km 305,422 305,422 305,422 305,422 0 
I < 

Annual precipitation in drainage i 0 
1,796 !,796 1,796 1,79:'area, :am 

0 

Note: Annual drawdowns and the draudown zone areas for elevations other
 tthan 250 imIISL not estimated. 
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TABLE 2 

PROJECTED WATER QUALITY POR P,% MONG RESERVOIR 
(see Discussion on Water Quality) 

Constituent Range Average
 

Temperature, 0C 20.0 - 30.0 27.0 

PH 7.40 B.2% 7.55 

Conductivity, microinho 120. -360. 240. 

Total Dissolved Solids,mg/l 80. -210. 140. 

Hardness (Ca + Mg) -

me/l 0.90 3.40 1.50 
mg/l (as CaCO 3 75. 

Calcium 

me/l 0.85 

mg/l 17. 

Magnesium 

me/l 0.65 
mg/l 8.0 

Sodium (Na) -

me/i 0.03 - 0.80 0.60 
mg/i 14.0 

Potasium (K) -

me/l 0.03 - 0.65 0.15 
mg/l 6.0 

Bicarbonate (HCO3 -

me/l 1.35 - 2.15 1.8 
mg/l 11.0. 

Chlovide (Cl) -

0.12 - 0.0 0.25 
mg/- 9.0 

Sulfate (301) (by 
dif ferencel - -

me/l - 0.2 
mg/i - 5.0 

Saturation Inde;
(Langelier) + 1.15 

Notes: me/l = milliequivalents per liter 

mg/l = milligrams per liter 



TABLE 3 

ESTIMATED ANNUAL FISH YIELDS AT PA MONG 

FOR DIFFERENT POOL LEVELS
 

Without Management With i-anageme-.t 

Maximum Pool L~evel. High-Yield Period 'Stabilization Period 

in 14SL _ __ish Yield ish Yieldh- tons/yr 

2/ 

kg/ha/yr tons/yr tons/yr o
 
230 45 
 7,290 3,240 
 3,100 

240 40 11,560 5,730 1, 
 50
 
250 35 13,030 7,450 
 -2,630
 

260 
 30 13,300 9,200 
 23,000
 

Notes: 

1/ On the basis of 'yield of 20 c/ha/yr. 

2/ On the basis oF yield of 50 ]:g/ha/yr.n 

3/ fletric tons. 0 

0
 

Qn0o-. 



TABLE 4
 

FORESTRY SURVEY OF PA HONG RESERVOIR (1969) 

(From Reference 36)
 

(a) Lpe and Area of Inundated Forest 

Pool Elevation, m ML 250 240 2,0
f 
Type of Forest - Area, km Area, km2 Area, km2 

Tzopical everareen 236,0415 199,095 33,999
 
Hi:ed deciduous -22,'41 172,645 37,419
 
Dry d"erocarps 002,7V2 426,257 -170,332
 
Cu! '.ivahe -'nd o1d clearing a< ! 3 -.43 .33,032 123,223
 

T:)a.La61,030 1,C2-,276 414.973 

(b) Aiount and Estimaated Va,--i. 0td T'.U*C-

Pool Elevation, m HSL 250 , 0 1 2!0
 
3
I Value Volumem i Value,$

Type of Vegetation Volumem., $ Value, $ Vclue,m V 

Growing stock diam. 30 cm 7,303,545 - 4,799.735 _ 1,520,069
 
Over cut limit 6,236,905 - 4,420,033 "1 7,386,1191 -0 o 
Suitable for logging 3,952,200 I_5,094,000 1.59C,793 6,090,000 359,66411,372,000
 
For other purposes 3,341,3,51 3,190,000 100,942 3,047,000 1,160,405 1,100,000
 

0 
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PA MONG ENVIRONhENTAL ASSESSMENT
 

RES ETT LEHl JT
 

1. Introduction
 

Because construction of Pa hong %:ill necessitate 
resettlement of several hundreds of thousands of people, and 
because the history o-"management of resettlement problems 
of a much smaller scale at existing tributary projects in 
northeast Thailand and Lao PD:, haL, harlv been satisfactory, 
the resettlement issue is probably the most sensitive envi
ronmental impact: issue invlv,'d in the entire project. 

Hajor dam c onstri vtt ion or,:jects in thie past in vir
tually all developing cawuties hove provided only partial 
compensation to evcuees; and ilmost invariably have resulted 
in much social i.njwu.;tie (RieF. 1: , l-, 2C, 21, 22, 25). 
Review of these sic;uJ:ions indicates the primary reason for 
this injustice is tlu complexity of the problem and lack 
of attention to it, stemming largel. from thi. practice of 
not including in the :)roject budget for reestablish-"rovisio 
ing the evacuees as well ais for compensating them for their 
flooded properties. 'he cost of reestablishment is every 
bit as real as compensat *.ng .:r flooded properties but res-
ponsibility for reestablishment has often been left to the 
governmental public welfare agencies who, without any special 
budget for tiv.- purpose, can hardly be e:r:ected to do an effec
tive job. 

The Mekong Committec, '.n a statement of principles
 
and policies for res&:tlement Lormulated in 1968 (Ref.l), con
cluded the only foir approach to resettlement is to include
 
reestablishment as well as property compensation as an inte-
gral part of the project cost, and tLhat recognition of this 
basic concept i. essential for proceeding with any of the 
major projects eniisioned by the Committee and especially 
for the proposed first major international mainstream project 
at Pa Hong. 

2. airnochJ and metho olog0 

To produce th: rnccessary inf-ormation on thce e:.isting 
status of the populatiorn to be resettled and to produce 
guidelines on ho', i:- )lar th, r.--ajor resettlement program 
for Pa 11ong, ,-)that al resettled.- virtually the population 
will in fact be "at lost as .'eli off as before" and most 
of them significantly better off, the Nekong Committee since 
1960 has .i series studies.sponsored Eogressiveof These 
have been concerned first uith e!valuating resettlement 
experiences at e::isting tributary projects in northeast 
'hailand and in the Leo PD,' (Ref. 2--7). One of these, for 
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the Lam Dom Noi dam and reservoir project in northeast Thailand, 
where construction was completed in l97, and .ihich involved 
resettlement o- 1,365 families, represented an excellent oppor
tunity f r stud, because it ',:; possible to assess the socio
economic conditions both before impoundment and fter resettle
ment (Ref. 6, 7). A summ,.ry of these various preliminary 
studies from 19)2'3 and oi rvlated studies is given in Table 1. 

Based on the accumulated experience noted above, in 
1973 the lekong Committee assessed it: needs for further 
resettlement planning which led to establishnment of the current 
program which includes ta.;o major study projects initiated in 
1974. These are (a) the Pa Mong resettlement costing project 
(PHRCP), dealing specifically with ascertaining the proper 
costs associated with res;ettlement fur Pa ,ong (Ref. H and 9), 
and (b) a major pilot project effort, termed the "Resettle.-. 
ment study and planning project" (RSPP'), with the object of 
developing guidelines for basinwide application including Pa 
Mong (Ref. 13, 14). Also, to assist both the projects noted 
above, a review was made of the methodology for estimating 
resettlement costs as a part a]7 basin-ide economic analyses 
made for the Nekong Committee by the Netherlands Economic 
Institute (Ref. 33), Most recently, as a part of the RSPP 
project, a reevaluation wars mode of the resettlement problems 
at Nam Ilgum in the Lao PBR (ef., I). This lead to formula
tion in early l975of a n'. 1am Ncc:n project (Ref. IL), with 

the obj .ctive of duveloping definite plans for resolving the 
remaining problems o4 the !1am f'Lgum resettlers and thus demon
strating the intnr-sa oal c2'cility ,f the riparian governments, 
working with the assi stanc oi the Nekong Committee, in the 
management of resettlement problems.. 

A brief review of tae Lam Dom Noi study and of the 
current projects, for the purpose of illustrating the 
approach, methodology, an:d results, is presented in the 
following discussion., 

2.1 Lam Dom Noi (1970-72) 

Data for both pro--impoundment and post-impoundment 
conditions were collected by mean of household surveys using 
structured quescj.i n ire . The post..impoundment survey was 
limited to hou's eh,!( _s;:Lding in the first resettlement area 
which had been ,ccupi.ed by most resettlCd ousoholds [or 
about 1.5 years (the secnd resettlement area had only a few 
families at the time of the study). The samp].e included 25 
per cent of all houa , alds, J. o., 174 of 7W) households, 
using local school teachers as the en'mmerators The subjects 
covered in the rjuestionnair- included demographic characteris
tics, reservoir area ckrond information, resettlement 
costs includinct relocation -nd compensation, land uses includ
ing farm ino, aaions, cro production, livestock, fishery, 
other agricultural acti:tie:;, non-arming activities, .'age 
and labour factor 7s, mar'cting debt situation, living stan-
dards, geographical moblilit", and attitudcs and opinions of 
the population. 

\' 

http:ccupi.ed
http:summ,.ry
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The main conclusions of the post-impoundment study 
are summarized as follows:
 

(a) 	 The households that mc ied to the resettlement were 
predominantly the least ailfuent ones; also smaller 
households showed a greater tendency to move to the 
resettlement than large households, Ioreover, larger 
families shc.ied a high tendency to break down into 
smaller units. Many households, through lack of funds 
or lack of manpo';ier, .iere unibic. to clear their land 
to the extent warranted, 

(b) 	 Technical |:noah-how to gro\: upland crops on the local 
soils ,as generally lacking. Very fiew oz the resettled 
households could claim suificient income from farming 
on the allocated 15 raii/fomuily, hence most families 
believed the !" rii llocaLion to be inadequate, and 

most were dependent on othor sources of income. 
Households that could afford it have tended to acquire 
paddy land outside the L-eettlcment area. Per capita 
income in the resettlement area was found to be low 
compared to that for northeast Thailand as a whole, or 
to that for the reservoir population prior to their 
evacuation.
 

(c) 	 At least one-third and perhaps as many as one-half of 
all household heads felt dissatisfied with the 
resettlement. No relationship w:as found between 
opinion on compensation and amount actually received, 
which may indicate that opinion on compensation as 
such is subordinate to opinion ,-Cuthe overall issue 
of relocation and resettlement. Small households tend 
to be more positive ii their evaluatioi, of the resettle
ment than largu 1iouseholds, while "have-nots" seem to 
be the ones least compelled to evaluate the resettle
ment negatively. 

The main recommendations developed by the Lam Dom Noi 
studies 	were:
 

(a) 	 Assistance should be given where needed in achieving 
clearing of the allocated land, either by pre-clearing 
on by provision of soft loans restricted to this 
purpose. Also, agricultural estension is most impor.
tant, including the use of demonstration plots to be 
in operation v;hen the resettlers arrive, together 
with credit and marketinq facilities. iilso, assistance 
should be available for helping families earn extra 
income from non-farming activities like charcoal pro
duction and local fisheries. 
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(b) 	 Socio-econolic surveys are needed prior to impound-
ment to sepoaza te families li 'ely to succeed and not 
succeed ,hen moved to resettlement oreas featuring 
upland irming. in relation to this, an :lnforasion 
campaign is needed tu Lnfor-i ill housello heads, 'jell 
before impcundment s tarts, _ihout the resettlement 
scheme and other alternaLives. 

(c) 	 Alternatives to upland resettleoent, incluling migra
tion to urban areais, establishment o- reservoir 
fisheries, and resettlement in poaddy land elsewihere, 
need to be included in the uverall resettleoent plan. 

(d) 	 The overwihelming Mojority of the families preferred 
the "line system" rather thcn the "village system" 
for the )hysical layout o?: the r.esettlement. i'roxi
mity to farmilot was Ilmost invauibly felt to be more 
important thaii-closeness to neiohbrurs. I- physical 
conditions allow, the location o1 ill resettled 
families along the reservoir !Inrlin, W.hich rma!es the 
reservoir acce.;sible ta all, shuld be considered. 

2.2 	 Resettlement sttly md i.nning wra t (dSP.)
(1974.-76) 

This project iias attemotud t. cna).yzo the entire spec
trum of resettlement problems and hr.' to alan and implement 

effective solutions for projects thlroughout the lower basin, 
with the locus on the traditional "attern )f resettlement, 
i.e., moving to nc: agricultural lands in the uplands, as near 
as possible to the inundated area. iaz.rticular attention is 
being given to assisting the resettler to invest his compen
sation money to enhance his chosen new! occupational situation 
and to furnishing essential service,; (inlr--structure an( 
socio-.economic) so that the resettler can realistically be 
expected to solve his adjustment probrems. 

The tio main objectives of the RSL-P are (a) to 
establish sound methodology for planning resettlement based 
on analysis of physical and socio--economic opportunities and 
constraints, and development of on actual -lan for one settle.
ment project to illustrate the use o: applicable criteria 
and methods, and (b) to plan and implement a pilot project 
within an existing' resettlement sr.hemr, to deonstrate how 
to increase barrm productivity and thu; the standard of living 
of the resettlers. The Huey Luang resettlement in northeast 
Thailand, scheduled to receive its first resettlers in 197., 
was selected the reiresenting a siteLFor li;pst objective, 
where a dam ',as in oroce s os completion and preparation of 
a resettlement- scheme already underw-ay. The Ham Pong 
resettlement in northeast Thailand. activated in 19G5, .as 
chosen for the second objective, representing a resettlement 
situation :lith enough elapsed time to indicate the problem 
areas difficult to solve. 
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2.2.1 1-e Lua.nz resettlement
 

The report of this study 1irst reviews (a) the pro
cesses which have bceon involve! in upland resettlement in
 
Thailand, including coi:,pensc t. o a.d notification, relocation 
and rehabilitation Csite election, site planning and prepa
ration, and aduinishr.-tion end developt;%enL-), with highlighting
of the woj or cans taintt ,ic'r hcavc, confronted the planners, 
(b) an alternative policy CUr redett].rent, aimed a-it overcoming 
the obstacles noted above, inclu,:ng riccmmendted ccaimunica tion 
between planners and evacuees, haldlinh' (.I componsations and 
organization of the rescttlrmient, (c) the baaic data require.
ments for resettlement ,laxnnia;, including number of eservoir 
evacuees to be reSett!ed, thelu deululap:ic and socio-econemic 
characteristics, and li C t.i cc o the resettlement
 
area (including suitability -S tio soil F,r farIirc, .- vaila
bility of a!oter, and t lres,.ti Ltion in the area), and (d)
 
steps involved in )Iannin t tu uede socio--cconleomic in[ra
structure. This review inclu!es .i! stra Lien of a typical
 
layout of a resettloeien Lcie:e i.n1 'fhai'nd (at Lin am Noi)

(Figure I of Reference 32-I) illustr:tion of a typical lay.
out of a resettlemenI: villi ure Ii Cf 32.-I),
2 , *eferL-nce 

and illustration o, the varius ,unIivites that need L be
 
carried out in the nlannin' :F i -'ooettlement scheme, arranged
 
in the form of a criticzl in tlh or L chart (Siu:e 1).
 

;o1lo,. ing the bove Fliimary .ts plans were then 
developed for m pilot re-re tle ima cch(ime ior the liuey Luang 
situation a r t2st :cl.o The Hiuey Luang reservoir 
capacity2is appro:w i' mill.Loi1m?, t-tely 11 i:i surf,ce area 
of 31 Jan", with facl].ities Itil,,, ,. ,Oa I rali. The 
cultivated inundated area i::q 1 y ,-06 rai, ,ithip).iiwtel ' 
some 600 households (averaeo a ;,.', erm,-/family) being 
resettled. £he Thai D7:artmen ublic dJcl'-:ire has developed
plans for a resettlement project in tae iluiy Luang (aboutarea 
30 km west of Udorn 'Shani ) morh<,ndlinug :;,me 1,-'0 households 
including the 60o noted abo'e, ,1, sl,..tter ,uouseholds already 
in the area, and ,00 additional_ hcuseh-.lds from e.sewhereo 
The Department agreed that a par t oz the ,overil] resettlement 
plan, for handling the i,00 mLli inundated at liuey Luang,
could be the pilot deimonstratLion aii ject sponsored by the 
Mekong Cor ittee (i-i ure 2). The si::a a; the pilot area is 
approximately 25 1-m2 (15, 2 rai), :)!which some 22 per cent 
was already under cultivation (2C per ce:nt ':ih upland crops 
and S per cent paddy). 

The planning of the pilot erojecL involved (a) basic 
data collection (topography, soils and vegetation, climate 
hydrology, irrigation potentials, present habitation), (b) 
development of the agricultural farm plan, with provision 
for irrigation (from 1.75 to . ral) oait of a total land 
allotment betueen 15.5 and 1;.5 rai in order to reach a 
target income between 10, (00 and 1,ItU auL/year from crop
production only, including three alterfntive farm plans 
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(See Tables 1-12 of leference 32--I), (c) preparation of the 
physical plan, based on the "gathered settlement" concet vith 
a group of five villages served by a commo service center 
(Figure 3), including detailed layouts for each of the five 
villages (See Figure , for a typical 1,ayout, for Vill,.ge 1), 
for the irrigation systems (:,ee Figure " for layout For 
Village 1), for the service center (Figure 6) (including 
administrative offices, store, ho]th workshop,uacilties, 
agricultural input storage, demonstration faro building, 
community centre, educational facilities, and sta1ff residences), 
and for the road net'.ork, and (d) a tentative budget for the 
pilot project.
 

The use of three alternative farm plans cia decided 
upcn to suit the variety of conditions encountered particu
larly soil fertility and types of crops which can be grown. 
The land areas and expected incomes for the three alternative
 
farm plans are as follows: 

Farm 

Total 

Land 

o 

.Area (Rai) 

rrigated 
SJet 

Rainfed Income 
Income per 
Man-Day 

15I5 (B3aht) (13aht) 

I 15.5 0.75 1.75 13 14,000 34 

II 17.5 0.50 4.00 13 12,440 27 

III 10.5 0.75 1.75 16 11,000 23 

Farm plan I includes cultivation of mulberry (a rela
tively profitable crop, when applicable) in its rainfed area, 
but the others are assumed not suited for mulberry. For all 
farm plans all labour can be furnished by the farm family 
itself. The net income levels shown in the table represent 
agriculture crops only, hence would be increased by contri
butions from other sources of revenue including livestock. 

The proposed service centre would accommodate all 
five villages (60o homes) plus 90 homes located at the centre 
plus another 400 homes from existing villages now lacking in 
community health and other services, and would be implemented 
in stages to match increasing income levels.
 

The proposed budget includes approximately 1 4.04 
million for the village layout (roads, bush clearing, buildings 
at village centre), Y 5.7' million for the group service cen
tre, and 4 V,.211 million for the water supply system. The 
proposed initial first stage investment would be Z 15 million, 
with Z 3.32 million for the second stage. The i.nvestment per 
household is approximately 30,400 baht. Assuming a 20-year 

http:Vill,.ge
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project life, with t-,uw years -o'r start-u), the internal rate 

of return would be between 22 and 2' pe cent (fo a higher 

water supply cost alternative the rate of return w;ould be 

between 9 and 1' per t) y mno:n:son ,' the eong"r 1i1n 

resettlement (Jo'.',ibc ui...Le .ate "era w i]able), the 

household inve:;tment cost: ,veri d 3i, 01 baht , vtiL income 

from crop paoeductLin a clliiily b, This .tmof 3,275 
rison indicate; that ru::ott.P schemlets:; can ne successful, 

not only in jvoidini] ; O-{ttle :s become worse off1 

but in betteriq Lhai; i: 

_A pros1t2.2.2 N len 

he ,lanning i thl( ai;oje t %,zs hased on the 

assumption thLt r e:; tteen'- i: to be iccomplished by moving 

the families tthli love, -cc--,o ino aress to be flooded 

to upland ireas, ually in the vicinity of the reservoir, 

where the lewnd-. in- u;-,]']y catori:em by poor soils and 

'water restl 'arsitable only for ciultiva-.inadequite 
tion of upland crops. Th ' a L,)uiiresettlemeat area selected 

for this study is sha,n in FiPmmre 7. ,t this project each 

I, Lai ( ii ) () land, dividedresettled family rere ved 

into a 2 rai homert Imn a 13 1 1 iil. The total area 

of the Nam Pong resettleEt po-i icti aore than 4GD,0(00 

rai, planned to !cco:lmdatc ,1(TJ Iimilies in two sites, 

the main 4am cong sit ., I -miLCe ;, in 53 villages) plus 

the lion Song subsit2 (-J ! miies). The main site includes 

a pump irrigation sy!;t m -ith c pat ity for year-around irri

gation of about ,0,(3) ra].,i.e ., the ioielots of some 500 

farm households in sum:;e [. ;£1.1,;es 

Because it-as joet it ':ould not be possible to attain 

an adequate farm income r7on raimfed kriculture fromn 15 rai 

only, the villages with acce. to irrigation itater iiere 

: major emphasis onselected for time i';P- pl]. pro- ect, with 

promotion of irrigated acoliculture to increase farm income. 

During thc first project year: the! activities were limited to 

7 villages (1i5 household' then e:tended to 14 villages 

(477 households) in thc .-c 'Zeiir_ The overall project 

inclided t,:o sci,-,)-rm, bench mart surveys of the target 

in u'-c 'I)71 and November 1975, not onlypopulation conducted 
to help plan the course a-ctiuna ': the project but to permit 

a preliminary estinatc d t joje impact. 

The study included neveril distinct tasks, namely, 

development OfI the alg'icu tau .l !armil )lan, activities for 

improving the irriation sy t ii. Ies.cription of the agricul

establi -n m first of 

project and it.; relalor.;hi! tc the service centre, presen-
tural coonerative '-i" the year the 

a 

r.Fthe major oindinthe bench surveys, and a,o marktation 
discussion of the 1-a_]s- ;,chdevcm nt:; end problems of the pro

ject and need far contLinuata.on of activities. A summary of 

the major findingo and concI;sians is as fcllozs: 

http:contLinuata.on
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(a) 	 Agricultural -plannincl: Agricultural planning was 
one of the first steps in the project, beginning with 

a review: of the existing situation. The most impor-
tent crco is %enwd, .h'c. is g:,1n oni iliot 90 per cent 

of the cultivated rainfed area. Only 18 per cent of the 
irrigable ace:, hdi been uti1ized mainly due to lack 
o0 reliability in ':er suou.v The average net 
income from crop productLol .,s very l-) , about 2,700 

haht/year due mainly to oo-r soil: and insulficient 

kno:ledge o- h,.o L o,,uplaand crops including use 
o rodorn ia .m' ut (chenical fertilier!; and insec

ticides). The i.gIricultural .lan which was adopted 

w.as based on four rir objectives, namely mazimum 
utilization o! i ated areia, diversification in 
rainfed crops, utilization of farm inputs, and soil 

conservation. For purposes of illustration, details 
of the selected frrm plan ;ir-2 given in Table 2. 

(b) 	 Irriqation. systen im rovaments: The existing irri
gation system included pumpis delivering %10ter from 

the Nam Pong river to reservoirs from which water 
flows by gravity to the homnelots in th! i1: villges 
(Figure 0). The activities of the project included 
replacing one of the river pvnl-w)as w'hich had broken 
down, provision of standby diesel engines in event 
of additional break':dow'ns, appointment of a pump 
supervisor to orwovide continuing operation and main-
tenance, an(l imnrovmemnt of irrigation of the homelots 
(use of distrihution piping and hoses to eliminate 
use of bucket.s). 

(c) 	 I1.lti-ur-;ocse serv tce centre and a(ricultural 
coojioativo: The p0:;j(,ct activities included 
strengthening of institutional support including 
agricultural extension services for training in 
forming technology, assistance in obtaining farm inputs 
and in selling of surplus crops, and assistance in 
obtaining credit f"()r far:n clital improvements. These 
services an( rela ted servLces in education, health, 
recre-tion, ind ciiltiral activitieswere nmade 

available thruo-h a i lti.--pur)ose service centre 
suited to ;e.:vin', J h eholds completed in June 

1974 (Figure , F IeL :'oenc 3K;.1i shows a drawing 

of the centre). Thieraiultural extension services 
utilized the c n §-t:thLe "demonstration .farmer") 
one selected i.r (.oich village, so that the new' 

practices intLroduced on h.s frar1mlot could be coried 
by other villa:r., Th-'.centre included a coooera
tive st,)re stocirnc I7 'ariety o seeds, fertilizers, 
insecticides and pesticides, and tools, together 
with commonly needed household items (to encourage 
use of the store). 
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(d) Aqriculturalcoopjrative: Tile Ubolratana da; settle
ment agricultural cooperative .'s formally established 
in December 197.1. The membership by the end of 1975 
include! 101 farn 1iaus.holds fro tlhe I, vi[l1gees 
of the i'fP project. T!'he main fLurictions of the 
cooperative Lre to supply credit, supply larm innuts, 
and to arrangej for collective narketing of farm pro-
duce. 1'ollow.ing ortablishment of the cooperative, 
responsibi2ity for faL-m inputs end agricultural cre
dit as- farred to the cooperative froi. the 
service centre. 

(e) Summariy and.conclusions: The two--year period of the 
project limited the project' s r'ole to initiation of 
the desired net' p t tern 0i agricultural practices, 
as only the !iJtststep, iti continuation of the 
project to be carried .ut 7'.y the Thai Department of 
Public WelHareo encu it is not possible yet to 
malke more tLin a preliminary assessment of the 
meaningfulness of Lie roject. 'or example, coopera..
tive schemes in Thailand have generally met with the 
little success, imJ tlie future of the cooperative 
agency at Ham Pong i.ill depend on its success in being 
of reEl service to the farmers. 

The dote thus fir available indicate encouraging 
results in ro ioi of i!riqated agriculture. 
During the first year of the project the average 
cultivated area of irrigotedl cropus doubled (from 
0.35 to 0.7 rai), the number of cultivators increosed 
from 50 to more than 20 per cent of all farmers, the 
yields of irrigated crams substantially increased, 
and the average gross waluC of irrigated crops almost 
tripled. "'or the households in the 7 villages
included fromi the beginming f)-the project, the bench 
mark surveys indicaited an increase in average gross 
total income of 1,500 baht in a period of one year
(from 10,000 to 1,11500 baht), including in increase 
in average gross income f -om crop ).oduction of 3,000 
baht (from 4,200 to '7,200 baht). Further improvements 
(not yet measured) 1,ere observed during the second 
year. 

The increases noted above -:ere due both to 
expansion of the cultivated area and increase in farm 
productivity, primarily due to better farim management 
(better cropping techniq:ues and improvement of irri-
gation methods), ail improvements achievable by the 
farmer through increase in ]abour input. There was 
little improvement in fari inputs nor in soil ccn.
servation, probably because of financing requirements, 
but both are expected to be realised in time with the 
availability of short-torm credit using the crops as 
collateral. The loans taken out by the farmers 

C 
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have tended to be used 5cr capltial iprsvemenk (!,-nJ 
and livestoc:), indicating the high vl-.e th' Thoi 
farmer attaches to landcolersi cn en 
with )r er-en e to e:crrf nsics l)_nnd-] j t C 
means o rath,.r moreorrct ir,-asig tVr 

intensive Cu' tor the !=d. 

.conomico-n! nin/e 't _ . rcsott emost costs (1975 ) 

As a complee-ntary stucy, t' help guide lot> the 
PMRCP and the k: * reets, aIi revie. s 2aco on sathodoiogy 
for estimating resettlement '-c' ot.r n5-constructiCn costs 
involved in reservoir ' ,:i:'.deut ; economic 
studies copleted n Ir / " Ccs:i ttee by the 

- - '- t et'herlanos g:oncric ' e). 	 study) ( ii:';i difersfrom, thfe "]:; CL ,.nc' i-l-" fi in !-'- 1)i~~d~C and 	 0 purelyfrom he om-' h rethodological 

in nature, En in oe rril tt t. resettlement only 
but tries- to t;ffe int . , '1 -- cr:itruction costs in 
water resource contrAl r.et 

The results of "' . ..d y, s± ie as follous: 

(a) Financial crosts: 2h conventiuor! approc-ch to csi
mating 	 non-c=nstructio, cost in nancial one, 

,based essenti-]l on use of t e L-ig)t --o--Way con
cept, i.e., the project iuy needed land at;st the 
fair market '.iL; " j presumprices, the c'lii i 
ably includLig bIst> the vilu o- ther land and the 
cost of moving an. reestablishing in the new property. 
While this method has bee.n useful iu advanced mar}set 
economics, it is d icuit to L.ly eves n developed 

countries, rainly because of th e di--erence in market 
interest rates rnd tie discount rate which should 
properly be used f(r appraising public sector pro-. 
jects, the dif ernces b..Aeen :irret prices and 
opportunif-v costs, the fact that the capitalized 
value of thc nundated land involves a labour cop)o
nent, and thto-,rcblen of floodincg certain infrastruc
ture such as ighays serving not only for local 
transport but ]or regional lin)-cges. tpplication 
of the right-of--way approach is even more difficult 
to apply in the developing cruntries because of the 
greater price diJtorti-ts -n. it sore dif ficult 
to use financial rotf ro-ies ;cr ecunomic costs, 
because the real estate mrkets -!rie usucilly very 
fragmented, especially for fJLrming land, and because 
real estate rrice: in J-ve.l oping coquntries are not 
based only on t e apitalized incc:e stream to be 
derived 1 se of the !d 

(b) Economic 	costs eeb approch is based on 
identification of satontial economic cost items, 
namely (a) the caoitalizod value of production lost 
as a result of impoundment, including both permanent 
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losses in the inundated rec: anc: temporary losses 
while startixg u2 in ne'; area, () reJacement 
value of immo,2abl r : other than the land :nd other 
production 	means, / ) ' 1!.0 a>::ent value o rans-o rt 
routes tnwcuh thli i ta le 
relocated, (d) cost v.ing neorle and naoable 
objects to LM n*.., se~ttcnent, (e) cost of. 
organizing an it te evacuat.ion includ
inj costs: s ical costso-,_ al 
steran.%in om v''. oved. ,tios or 
measuring these costs arc de-sczibed includin methods 
applicable to agricul' ': oucr-:, to nu-.tur
cingan 	 serviceos .*..clu" crafts and traides, andto ,.',u 

including 'ietliods .: - ;.iu . the replaccrment 

value of ii'o'able . ! _ ;,a /in :ostruatoro,(:, 
moving of peoD a! t,eiz behongingjs, overhiad ol. 
administrative costs , .,'yclooi l coss (e.g., 
a "bonusi to cverc. e.,ore sicnsr about :novinc'7). 

(c) 	 Social costs; ttlecs are to he at least 
UT.as Wel! bf:.O cs also made,ois ,:: must be 

in overall project an'"aLi, - suc: items as living 
costs to riahe o.- : M:e ifi.-' in actual income 
and target income unti? t.l tter is achieved. 
Resettlement in vacont ' itaIo:es ill Aise involve 
costs foi thie casia l' value oL the ;resent income 
from the forest Cf ducts, cjame, erosion con
trol , eta.., incluc I ooze-it value a:id Pote 

tial increase lum!uor reasonable p eriod 
of years), ad trc - .inacoment of seuatters 

n 	 calrecy oiia t -. n Lndo 1r rosettle.
ment wn 	tn ceservoir .-. , social costs Aill 
"nclude 	 invertm_-nt . atjustinj 4c t:ie,cor - new 

type-s ocu:cia:..: . n dr-.'oe.n ajgricul-
ture). Social costs or rese.ttlement in urban areas 
will be the costs "nvolvej in crecting the nectessary 
nurmber o additional jobs ].n the urban environnent. 

(d) 	 The project anaJysr .' u- n1 'iludeconsideration 
Wf all of thethre :t-ge c-s r, costs notedo above, 
financial, economic, - ci-!. tom-ever, socia. 
cost consideration:: incvme .is"
tribution and value :u<'-c, ncsc on the relative values 
of increased income' -o,- _ere income classes. 
Hence to. the e::tent t c--al costs exceed economic 
costs, those stoul' "Ca2rcited, in thie economic 
apraisal,as por oE r o costsoth r("ject 

(e) 	 In summary, the obli c--on to at resettled family is 
to enahie th~e iew-A o)r itt' t fter inundation, 
the same Ieve! o. - t .: before. lence, apart 
2mm-,ra a tranLro pvio', nn om'enstion needs t 
be given to househol '.i : resettled in a 
resettlemcnt area t..l have the%.All.-:- same 
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income and level of amenities as before. For those 

buying privately owned land, the compensation price 

will be that needed to achieve an equivalent situa.

tion. Emples are given -lso for methods for esti-. 

mating reasonable compensation _nynunts for families 

to b) relocitcd in the urban sector. 

').7 :7--.76)2.4 ajiju r(.sirettlemaiit .r(2.Jfcc 

As an additicma!1o ortuni y f: r "proving out" the 

new resettlement :':ncQpts bingde.,pud, in -pceparation for 
crOw such as "Jill beC massivec seeteLi_.-nt 

th ?e no C. .itee -c'ly in 1975
undertaking 
required for Po i.on, 

the 15m i u resettlementinitiated i additiWnil project, 
project Chef. 17). dhis is intendedi to serve not only as a 

ir an ,rea,meaningful deonstration on e tng roesettlenent 
Lao LPh. to corzectbut also to assist the Government o the 

bhir its hasby e.:istencea bad resettlement situation 
.oubts on th!(-, rescttlement capabiliLties intended to c-st 


the l.e aserin.
 

,..i uit. dIi and reservoir, 

complete(! in '171,rnocssitatuLd La evacuation of 579 house.. 

holds, and a2thmo'i' si,,me ,efettlei. entseasures .ere imple-

The co)nstructi.,n zq . 

Z Lese finies l.av, mt sincu been able 

to make an ndeuaai to 1lvinoi. ,- , nouiz survey can-

1,nd survey co lfetecd in 

mented, most 

ducted in 197,4, and prnlimln Iry 
'ecsay basic infornation £oc

January 1975, iu'nisiw 

formulatin! a cooiLctnt r-sttle Llnt Chef. 17). i'he 

-is)n ,r reclaiiing Forest
resettlement ,ola- nude 

for crecatim ,A no' agricultural lands, to be used both 
areas 

crops, or silall scale water controlfor pacddy and othir 

nl provision o physical
projects, for land disio: , ao' 

n -tr ct'' to bring the e-zistingand socio-econcrsnic 
u: L tie desire m levels. Thu total profacilities 


mi1lion :ind rc:cquire tw,;o years. In
ject w'ould cost iI1.17 

Iiarch 
 1.75 c detailed p-reliminary lan ,:as )repared (Chef. 27) 

which 	 describes j1e engin,.2erin' ard -,gricultural aspects 
.ri -ioi of rhe area involvedof the arjest inc.uding (c) de 


its eisLing villages -And infrastructure,
(about 1,03 ho) an! 
ror aspects, andalonric 	 (c)

(b) descri:-tion of the soils an 
- land ow;nership,plans for ipploementingj cod t o' 1"':,,,eys on 


-z needed noe.: infrastructure,
for land clea riw an levl. i1ig, 

and for irrigaon draimage
 

2.5 ao teen oqr c' L
5 5 

menL tn project (PNIRCE) isThe Pia iron' resettle 0 
the nount toI true an(: - air va. m', 

bud'eo both property con
designed to se 

include in the a :Aong oeL 

pensation and reestablish:ment c-os L hi' includes a variety 

of feasible reesti !ishlmnt altern(atives, so the evacuees 
in selecting theirwill hove a reasonable numbe : of choices 

new, home: locations aMd occupi tici!-. These choices include
 

to movingl to
 
a variety of alternatives, in addition 
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resettlement in vacant rural uplands, such as use of the
 
reservoir fringe areas, reservoir fisheries, purchase of pri
vately owned land, cattle raising, and urban employment.
 

At the time of preparation of this discussion (July
 
1976), the final PMRCP 	report was not yet available. Thus,
 
the detailed data reported below, taken from the latest
 
available report (Ref. 	3.), are subject to modification; but
 
any changes are not expected to alter the relativeness or
 
order of magnitude of numbers. 

2.5.1 Magnitude of problem 

The above referenced report assumes a timetable such
 
that Pa Mong would be closed by 1990, and for a high pool 
level of 250 in with no protection scheme, estimates the 
population to be inundated/resettled at the time to be 
462,150, Lcmprised as follows: 

Sector Dp i l'nd 	 !L1V fot 1 

Rural 289,P56 (63)T 36,237 (19! ) 378,093 (825) 
Urban 61,7t9 (13:) 22,27n ( 5'0) 84,059 (MY) 
Total 351,645 (76') 110,507 (24x-) 1(2,152 (1CCn) 

Th. land arcin to b, floodd',, 	 thvs, ar, 'Is:ndthe prs~nt usus of 1:.1nds, 

follcws: 

Use Th-iilnd (4:1) Ln, Fob (ui) Total (Oal 

R,.ddy 357,652 (32'!) ' 	 4(6,932 (42%)IC29 (101 

Upland 525,6(0 (.:6,') 6a,P,;6 (6q1 594,714 (529) 
Residences 59,3';45 ( 5?) 12,471 1') 71,816 ( 6,) 
Total 942,6(5 (8)'e) 1)0,597 (17 ) 1,133,462 (IOC) 

In making the land use projections it was assumed
 
land use ratios will continuc as shown above, with the total
 
land use increasing at the expense of the remaining forest
 
up to a limit where only 20 per cent of the area is forested.
 
Hence clearing of forests would cease about 1985 on the Thai
 
side but would continue beyond 2000 in the Lao PDR.
 

2.5.2 Estimates of nropterty damaqe
 

Assuming the above conditLons, for the 250 m/no 

protection alternative, the value ol the private property 
to be flooded i': estirated to total ii13,047,362 and of the 
public property to b, flooded at -25,852,797. These values 
would be modified if the dam closure w.,:ere to occur before 
or after 1990, as follows: 

Year of Closuro Ucru] tin 	 Ue.J L rid Friv:,tA Fublic 

,r. (. i) hoprtvL : F'rp,.rty, 3 

1985 3,G93 1,I6,519 93,029,3(P 25,652,797 
1990 462,152 1,133,462 113,047,3Y2 25,852,797
 
1995 541,204 1,(,4,977 134,526,350 25,652,7
 
2(),'C 637,344. 1,201,e69 150,266,3f2 25,E52,D7 
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2.5.3 Protection alternatives
 

The total aoiulation and used land Lreas to be inundated 
would, of course, de-end both on the selected high pool level 
and degree of protective 'or!s used. Eight alternative schenes 
were considered, ,s --oloes: 

Alternative Total Total Used 
1o. esrijtion iFooultion Land Areas, Rai 

(1) 2,',o ml no protect'ion 	 53,713 !,367, l11 
(2) 	 250 In, no protection (the
 

"base a). tern11 tive
 
scheme ) 4,2,152 1,133,462
 

(3) 	 250 m, with Loci valley and Vtang
 
\ienc valley protection 405,037 1,077,592
 

(4) 250 m, with Loci valley, Nam Uik 
valley, and Pam flon 
prct'2(: Lion (:minimum 250 
0) 	 26,1, 437 592,316 

(5) 240 m, no protrction 	 379,541 090,313 
(G) 240 m, ,with oacity aay, ikm 

valley, aind Nam Hong 
pr(otet-Lion (minimum 
2,'c m) 222,543 501,175 

(7) 230 m, no protection 	 26:, 711 G93,244 
(3) 	230 m, with Pai Lik and 11am kono
 

protectijon 13, 9C3 403, 294
 

Table a o' the L'IINCe report show the estimated 
values of the private and public property inundated 7or each 
of the above alternatives, including the 250 m/no protection 
"base alternative" scheme. 

2.5.4 Resettlement a]ternatives 

The resettleeont proj-anme assumes that evacuees 
will be able to se.cct f1i amono everal resettlement 
alternatives, inc]aiding 'elocatisn on or close to the reser
voir margin, relocation _)n a planned land settlement, relo
cation in u'rban ci(,rre:;sel mane- ped settlemient in the 
private ]end Thr sturkeL.Lady concludes that self managed 
resettlement in the ai vate land matret is both the most 
pre~e ..od, cost success:ul , and least e:cpensiv e form of 
resettlement.
 

Table 2 india.,tam; id:hceaa-bahl a dis t ibation of campu

lotion among thes-o a E reset lementr Clernatives for a 
IK950 Ja; I C-.are ':is is c(nsidered to he not ,only the least 
ost :r._ .:L;mh.t to reores'*nt the m!ost ,robable distribution 

o, popula-tior. le estia tl of Lth number of evacuees I,'ho 
can be resettled on the reservoir n.rgin assiunes no e::pensive 
development Irograrmes. The number of evacuees to be located 
or planned land settleuen ts is shairply limited in Thailand by 
the absence of suitable land, but in the- Lao PUR a la rqe 
POrtior, - vac1e; may seblect thin; aiternatLve. riost evacuees 
irem urban ar es ':itLlii tLhe reservir ill 'lb ,a locate in 

other urban area f;. 
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2.5.5 Total reset-lement cosLs
 

The various types of all cost components included in 
resettlen.?nt costs, includiny -,nd in addition to flooded 
properly value!;, ar.e.delineated as follows: 

(a) 	Compensation cots: Costs for land and other lost factors 
of r.rodwsti ,n. 

(b) 	Comiwunicationr/i -eent costs: Costs fot: a programnet, 
to provide in ,-i.t.on on resettlement alternatives to 
eVScu(C s r5n0 dtC their .2eficrences, and facilitate 
their auces: Ilacement in the selected alternatives. 

(c) 	 Dislcation ilo' a ct:rompensation for material pecu
niarty and " j'"'>:lgica losses which cannot be covered 
in comoe9 o i (,11 s 

(d) 	Novinq alloance: Actual cost Cf moving evacuees to 
resettlemecL destinAtions. 

(e) 	 Early :iov ii proqrame: Cost of moving people aut of 
the reservoi:- n i regular or optima2 rate, spaced over 
the eight ye- alowed or darn construction. 

(f) 	 Land devel. c e: c, -: tn: C,.sts involved in estaLlishing 
land ('ttle:nent eas in the Law LID, alus an allowance 
for costs ia land deve].opent: along tIe reser
voir 	m-rgin, n11',ely ait acce:c; co:'!J!; and other linited 
develnpient (it is ssumed tht ewvcuee compc:nsation 
will be usced tc, seet inas;t ne: lrid development expenses). 

C(g) 	Social overhlead Capital ot.c oL reestablishing .ats, 
schools, hafh care £-cii ties, police protection
7acilities, and thur essenti: 	 serviceiovernnent 

facilities.
 

(h) 	Title vari:catioc: CostsLa;o: iroqrame of measures 
for ,r-otctii Crow damaging imnprov:v-cuees -raud or 
idence in t':" ,rcx:ss of resettlement. 

Ci) 	 Downtime a once: 5upport.1n': titu ev:tcuees in their new 
locatioans 1 i, i they can recstablish their fCarmer income 
1level1. 

Cj ) Administr'a i': . ctual cost :,.ad;inistrative cervices 
for iop)le:,:oet;.tn; the, pro-ram:m enclacive of s 

cast:: 1i.cl1;s<iin tlu tugor.h.5 n,,tad ,h:hve. 

(k) 	 Replacemeint ru;.d: and tL,ns: Ca: ;.o: reconnercting 
ninor ro Is r2z-vidi.ni acces., to n cOmmuni ties, and 
zor ereablishinj raplacement towns for those ilooded 
by the reservoir. 

http:r2z-vidi.ni
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A summary ); the above components of resettlement costs 

and of total resettlement costs, for the eight alternative 
schemes c( isidered, is shown in Tible 4. A breakdown of the 
compensation rostcs between farmland, urban land, perrenial 
tree crops, privatL roperty, and public property, is gliven 
in Table ' 

The total resettlement costs for the base alternitive 
scheme (250 r/na protection), assuming closure At various times, 

are summarized as follows: 

Total 

Year of Compensation Other Resettlement 

Closure Costs $ Cocsts ... C$ 

1985 368, 535,00o 119,373, O00 57,00,000 

1990 400,582,000 225,444',00 2,l 02, 1000 
1995 436,634,000 214,023, (0 702,65,00O 
2000 472,6N- 000 311, 112,00 733, 79 , 000 

2.5.6 Summary and conclusions 

Costs of resettlement are estimated for a variety of 

alternative schemes, assuming dam closure at 195 1990, 1995, 
and 2000. The "base alternative" scheme is taken to be 250 m 

high pool level with dam closure in 1990. 

Assuming 25") m/no protection and a 1990 closure, the 
total resettlement costs, including both compensation and 

rehabilitation :osts, ..:ill be $62(, U26,000 c-orresponding to 
a flooded land use ora of 1,133,140.2 rai and a population to 
be resettled of 4C'2,!52. This is equivalunt to a unit total. 
resettlement cast of $1,355 (1>76 dollar values) per person. 

It ic assumed, of the tota! populition to be resettled, 
that (a) planned uc land settlements can accommodate only 
51,714 (11 per cent) and the reervoir margin only S6,523 
(12 per cent), (b) the bulk of the population, or 273,094 
(59 per cent) will seek self settlement by purchasing agri
cultural lands in other parts of the courntry, and (a) the 
portion of the population to be resettled as urbanities, or 
90,821 'say 1: ,.er cent), ;ould be essentially limited to 
those already living in the urban sector in the inundated 
area . This is stato,.d to be not only the most economical plan 
but that most likely t- be preferred IJy the ruccttlers. 

3. Anticlita ted problems 

The stateooent of incios aii -,licies for r-settle
ment formulated by the Mlekong Committee in 1968 (Ref.1) sets 
an ideal, and the irgumcent can be made tho 1- it- Ls not %ithin 
the po.ers of thei-banc Committee to implement these concepts 
because authority t. d,) rsts with the ;-i;-arian g vecnments. 
However, tile.oe principles arid ciritinl- rolicieo ep e 
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desirable goal, and the continuing ;rogram cf 'ork spon...
-ored by the Committee is aime,' t bringing about a gradual 

lution to these mony problems including improvement cf the 
administrative mechanics of tie ).-! governmental agencies 
who must carry ouit the schemes. !L i. L-liovel tt several 
key steps will in e7eCt raICike it -!-,,siblet,, clevelo1 * c,.pet ent resettlei-ient pl.. n "r ;,i !' , !ci,-i!y (I)re o it n 
by the Committee tlh- t the (ostoff iL.estLhiL'Israsi t as '..ell 
as compen satiori -lir-p<if to]: . .L i a,:, ti, ra .firt[ t 
of the project budget, (2) etrmiinig thei o -,u!t ei a Iiir 
allowance to cover t ;c' ,,1 ai (3) :U.ing v ilble 
to the resettler i t ' ice futv:,,ietv tn fr his 
new caireer includinj 'rbh eulym'.t. 'fl!e very 0 ey I-:cter 
is the decisio:l t filrni 1h 1.ly iceo(. te '1111t ,.f 
money, at the ,t L <ver !.l 1-,A o'et' If resettle
ment costs. It ]. re i ti I e!.:.it it i)10 toj 

solve all eth1er )r T.b s- i] t17 0e', is t41' e
 

;%ssumilirc the mC : t ;, y: |:i,hb avail.able, 
it can be ioc tC u his ".11 be uless1t the 
mechanics- for i:i .1 ojinq ri :;tn.I:citen:,eo be d'el i e' t, the 
extent they ."iay ho iiplied -i,niden:e in this sense 
the resettlement pl1'n. njig 'dii sp':sored by the Committee 
are a(isJ.ttedly in th eii. erly evolving :tages, as is the 
Case in toe-doe 1 -e i'iny no.c: apj r,acli to solving -IifEi-
cult sThi--ec:a:. c'il Cf'<,ieIc Tie current progra.- shouldI 
lead tel e tIO 'ced r.v 'grams (,sa ,1,sbeen 
evidenced siSce t tCt, s'st on pri:iciples and policies 
.as forul:t, Jn . ). t y .'tep, the no'.: concepts which 

appear :e,-inble t2.Ote. proven through demnstra-iie and 
tion in tributary 1u-Je t ea:,ettlenents as is new being done 
in the fi trj.i!:,I it iey Luang, Nara Pong, and flam ligust. 

4t SCOPE-* rec' -:ritc'ria 

The Scientif c Commit-tee on Problems of Environment 
(SCOPE), e1)- .bis;el h' the. [nternational Council of 
Scientii ' in I - ), includes recommendaticons for 
guidJng the 1 . n I resettlement in its report, "Man-ade 
Lbkes As Tod1iie dE.vy'ters" (Ref. 22). The SCOFE Committee 

1
notes that, ii in~ut of preparation can completc-ly 
solve the i oh em:- c; ck and trauma of being uprooted 
and move,! thii ct1 -,n authority con do a number o-f 
things-, ee ;tress to minisui:e the period ofL -inc! 

('I) Carry ;u! .it :be social surveys which ";ill, among other 
those tishpurposes, idQntily '.:ho to move as communities 

and thus- :h' prefer to move as families or individuals. 
Because -, the s:uple.ity, costs, and risks associated 
with planned 1es0ttixnent it will. probably be advan-. 
togeous t,-,tL.e ccc.inml',dc te these differingo ,-vernment to 

desire o;.
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(2) 	 Continuing two-way ccmmuniccation uith the resettlers 

(and to some extent iso 'ith the. hlort populatioo receiv.

ing them) to educate and prepo,re them OL rclcatioln,
 

including oec]cinq Le o Iv c. f the lace bocsin popula
tioI (throulh oe lected reprooshtotiveoc) i:i LL planning,
 
execution, anof ;:vutiof -e ttl ut.
 

(3) Early initiotL ,n I ti i an, t-ining pr-grams so 

that resettlers .. 1c1 lie th' Lu icc of their ne. 
C)F -tunOi t it..Ie here '.i', 11 t LI :'.t, g r ouPI 

consideraticom hie1 cijv?- pt-I.' . t-,- rcclccation, to 

establishing pilod conmunities :<, ,.. the way. 

(4) 	 Provisii - enil;niL vic, r-m tl beginning in 

the rSc 0 ttl nefJ sr, I .ntioc',< . ig houzcinc,9 adequate 

com:unity Fta1ci I tt , :-nd :dcci'at ceo umerit -. nd/or 

stoc ir teheir tri-',i tixsal 

(5) 	Restcri-tio:,- Iunity oti c-su'fc oney at the earliest 

possible oIatC,i., tcct)!iohniei it ' aelf--sustaining 

econoic J'x 7tivC niyst,,:m :]e.1'auro relrc.Ati, n planning 

and pr or ti- cc .r time: cLrun '3, .hey mmust Ie sc e 

duled to tk lct b,,f rc l,::cin the doe, otherwise- the 

relocatio'n na , equie c:trca. governmert -bsidies (as 

hapoene in Afri:.-i at Kariba, Voltai Asian, and )bossou) 

which are not cnlv cost ]y but m,y rcetc ! "dependency 

syndrome 

(6) 	 Plan for reosoonable portiripotrii of the hosts in new 

developmental opportunities (e.g., laie fisheries) to 
promote commu!ity stability. 

Comparison of the criteria listed above with the program 

of the Mekong Committee shows that all of these needs are being 

recognized in the Committee's presen-z resettlement studies 

prcgram.
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TAOE I 

SUP4. RY OF SELECTED STUDIES 0u PESET'LEMENT 

Year 
No - Short Name of Study Authors 1Ref. No. C-mpl etd Spenzcr Subject of Study 

ILand Sottlcesnt in North~ast Thailand Thoas and Block 2 1970 US.AID Constraints in acplying rescttlerncnt principles to lower 
. . ..... _ 

L 
i - -Vkcng besin. 

Tributary ttl-menL Projects in en-4un I 4 171 
 c F-rcblcs .p- riunccd in tributary rosttitncnt projtcts. 
LNortheastof RcsttlencntTh-ilnd in GhainaCosts ___n B. ss 19,24 1972 LSAID vie ofs rsettlennt cooting prazticcs i rhan d 

Northeast Thailand ,nrth- T
 
. ... . .. --.. . ... .. . ... .... ..4- . . ... . . . . -. - _ _ _ . . -_: l
 

4 Aerial Photc~rnphy fcr Pesettlement ecgCrmt-Q 5 -g-17 AD Lilptnrhy-s trnivt ;zudbvs rPlanning 
 in "-11 v. n
 

.. uae Yai Resettlement Revio, AI T .19,21 1972 
 " EG. T Prc1artn ry * le oc a f r-icipAtd rcbltr.5 fr pr

C.i Totog ~jt ~trn Thcil-d.
 
LamDcm N'oi eOSttlccnt Study C. tohtsng 
 6,7 197G-72 M . cvfl situutirn it L- Dc oi bcforc .d after _ ... .j . . .. .. .J Mkcnu ' re.... l-,...t.Cmnittee; [ 

Yng Resettlenent Costing Project 

12, 29, i ncluding cn-idcriti-n of :ii fe1sible rsoCttlcr-nt 

, ; )4 ' .Irnoctvs. 

7 Pa ?.!ekeng Ccrnittee .P 9,10,11, 1976 mC 1cwlutiin of ccsts inv lv,;din resettleme.nt 

~~1- -. .. -----. - . . . .. . ..- ' -- 4 . . ... . . ... . . . .. . .. . . -- .... ..--.. . . . .
 
B 1 Resettlement Study and Planning Mekong Ccritteu 13,14,15, 1 1976 IC 
 b', ,rcnt cf r-thcdzlcoay fcr ruottlvrcnt plnninq

: t

ProJ J 16,31,32 SI res irpot-nntrn tirtshhsr.. . straticn.. 9 pilot ctrertinit ithin pxistin 

9 Nam Ngum Resettlcment Project Mekcna Ccnmittee 17,18,26 Started MC Assist-.rc in sclviny res-ttlemnt problrs at tribu

-- - - - 1975 t ry prcojact.
 
10 Estimation of Resettlement Costs Netherlands [co- 33 1975 VC !; thcdology for -oticnticn financial, occnomic, and
SnemicsInstitute , 
 soci 4 casts of resettlement. 

http:Assist-.rc
http:resettleme.nt


Resettlement
 

TACLE2 

DETAILS OF FARMPLAN FORNAMPONGRESETTLEVENT, 

RESElTTEMENT STUDY ANDPLANNING PROJECT 

PARTI: FARMFLAN,LAND USE, ANDCROPPING PATTERN 

Land Use 

Homolot: House and yard 0.25 rai 

Irrigation area 1.75 rai 

Fbinfed area: 13.00 rai 

Total area 	 15.00 rai
 

Livestock: 	 Draft animals: 2 water buffalo
 

Other animals: pigs, poultry, etc.
 

Crops
 

A. 	Irrigated area: Mulberry 1.00 roi
 

Banana 0.50 rai
 

Vegetables (2 crops) 0.50 rai 2.00 rai
 

B. 	 Rainfed area: Kcmnf 7.00 rai 

Peanuts 4.00 rai 

Mungbeans 1.00 rai 

Soyaboans 1.00 rai .13.00 rat 

15.00 rai 

mww~m'.
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TABLE 2 (Part II)
 

FARM LAI. GROSS PRODUCTION VALUE, AND NET FAR I NCOME 

Prructic:, V,'Au, (Lht} 

Irrigated: 	 4ullerry 2,0-


Banana 	 1, ].2' 

Vegetables 	 2, 550 5,675 

Rainfed: 	 Kenaf 4,725
 

Peanuts 
 4,000
 

Mungbeans 640
 

Soyabeans 520 9J805
 

Gross production value 15,560
 

Farm Inputs 	(Baht)
 

Irrigated: 	 Mulberry 230 

Banana 270 

Vegetables 475 975 

Rainfed: 	 Kenaf 1,918 

Peanuts 2,040 

Mungbeans 420 

Soyobeans 390 

Total input 	cost 5,743
 

Not farm income (cost of family labor rias not been 
substracted) 9,817 

.1	 <
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TABLE 2 

PART III: FARMFUN, FARMINFUTS, ,X FARF1CUTFJTS FORIRRIGATICfJ AREA 

Inputu 

eedlings Insccticides Fertilizers Total
 
Area ;

Crop (Bht) (Dht) (Baht) 

200 230Pulbrry I .00 30 


Banaa ,;.55 25 20 7 

Vegetables 0.50 200 100 475 

275 125 575 I 975
Total 2.00 

Yield (kg) 'eturn (Pi'ht) Total Net 
C rop. . . Input i Inco e
 

Crop (rai} per rai tctn;l per unit totl (BPht (Boht) 

1.01,00 200.0" 2,OC0 230 1,T70 
t


Pulberry IW1.00 1,O0 

Banna 0.50 1,500(h) 7i 1.50 1,125 270 B55 

2550 2,075Vegetables 0.50! 

Total 55,675 975 4,700 

(h) hands
 

1,000 kg leaves - 10 kg cilk 

I kg silk - 200 &ht 



__ 

TABLE 2 

PART IV: FARMRJ.N, FARM INFUTS, AND FARM OJTFUTS FORRINFED AREA 

Inputs 

SLed 
 Insecticides 
 Fcrtilizers
Crop (rai) ! p ri Prickg Ttl k 1P c ta per crop 
per ra per H oht)'Tt~1j rc 1gPieITtTctalLra er g t) . per rsi - kg (tht) (aht)p " - i ka pL 

i 

Kenaf 

Peanuts 

Mungbeans 

-y~n 

7 

4 

1 

1 

____ 

3 3 
30 5 
10 6 

5 6 

_________________ 

9 

150 

60 

30 

f 
2 

3 

3 

20 

20 

20 

20. 

40 

60 

60 

60 

__ 

5C 

(,O 
(0 

__1__-----

.50 

5 

5-

225 

r 

3C 

X'0 

274 x 7 -1,918 

10 .4 - 2,40 

420x1 220 

3,0x 1 "390 

Total 

Outputs 

Kcnaf 

Area 

7 

Yield (kg) 

per ri 

225 

total 

1,575 

- ;cturn (Bht) 

per unit total 

3 4,725 

TotalInput 

(Bht) 

1,918 

Net 
Income 
(S.t) 

2,e07 

Pcanuts 

Mungbcans 

Soyabeans 

Total 

4 

1 

1 

20 

160 

130 

600 

26o 

130 

5 

4 

4 

4,CO 

640 

520 

9,P85 

2,040 

420 

390 

4,76a I 

1,960 

220 

130 

i3 

n 

_ 



TABLE 2 

PART V FARMF4L, LABOUR REQUIPEMENTS 

A Total Labour P.uirom!nt Monthly Labour R~quirement (N nhniys) 

(per rai) I (per crop) 1.1r. . May ju' July 4ug, !Zept. ct. JCv. Dc. Jan. Feb. 

Irrigated: 

1.0 34. 2.C 2.0 2.0 3.0 3 -5, 3.C 5.C 3.c -C 3 0 
B~an .5 1.C80 , 06 C -707 0.7 0. .07 0-7 C-.71C-7 C,-

Vegetables C. 5 6.C 300 2.C 3. . 2. 0 2,0 3.5 1.5 
Rainfed: , 

Kenaf 7,0 30,0 210., 35.0 .C2C 20 2 3C.c 2S.C 1C 
Peanuts 
.ungbeans 

4.0 
1.0 

15.6 
9.4 

62.4 
9.4 . 

13, 
. .5 

15 
3. 1 , 

Soybeans I C 9,7 ____-_._ 11,6 C. 

363.5-al33.6 3. 3 i6 12 7.2 
'-
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DISTRIBUTIC,: OF POJU',CTI,1 NESTTLEKtNT (11,990)FOF PA ',CDNG ALTEfIATWVES 

(From P3 FKongPsuttlemont Costing Project, !Qefcruncc 34) 

RFSEkVrIP ILTEF44,JIVF v'STIM,.rF0 01 1rIF4fTCH OF FOFULATION 

High Prjtcct icn ;1si.rvcir Plnninq -;If 
No. F1he . ttlr,:nt Sttlmcnt Urban Total 

LeW."I 

i 260 m None ,;,626 (,505 329,601 99,711 538,713 

2 250 r,, PIon, :6,523 1,71 27,'),: ,821 4621 

3 250 m 	 Loci V11.y 16, ;5,W9 267,675 52,48) '106,0375 


V,'7,Vionq 

4 250 r Lo,-Val, y 122,;)7 29,477 165,705 46,670 2(4,437 
11-r Lip. 

520 Non 53,970 42,405 216,70U 66,446 379,541 

6 240 m Loci City 26,352 21,822 126,F71 44,498 222,543 
f#am Lik 

thm K.ong 

7 230 m onu 6o,097 29,994 13Cb,2 40,938 268,711 

E) 230 m 	 tam Lik 23,356 19 1 136,119 36,409 163,903 

Nin ng 191 I 



L,iA;.AiLAE-'E CGPY 

rxPtC 4 

o.A -7,S17tt
24,. is*c C2..l s rst'i~ 

3'.(s 9 552 t2l ,"633, 4402C 7. 

571 ,5 3,62,,4, Stq 3v 

,~ .7 97- ,- Ir r9O' ~ 1,1~ 2)0~~~~~ "-4 049~ ~ 



TABLE 5 

COMPENSATION PAYMENTS BY COMPONENTS FOR VARIOUS PA MONG RESERVOIR ALTERINATIVES (1990) 

(From Pa Mong Resettlement Costing Project, Reforenc(- 3) 

RESERVOIR ALTERNATIVE ESTIMATED PAYMENT IN TH-USANDS CF LOLLARS 

High Prtcini Hi-4 Privnte. 

.10. PCo Protection Urban 
Urban J 

Iarmland 
St_-ructuir.±z 

Inprovet.lents 

I P 

T 

rrenial 

Cropc 

Public 

Prcocott 

otal 

1 230 m j n263,231 19,635 233,179 36,23 30, 1 3 1,,73r 

2 
3 

250 n 

250 m 
None 

Loei Valley 
217,397 
206,933 

12,947 
2,264 

113,047 
91,250 

3 
23,765 

233,_32 
.,171 

4 50532 
3o0 692 

4 250M 

Vang Vieng 

Looi Valley 

Nar, Lik 

112,287 2,217 62,139 16,909 j ,003 202,15C 

INam I-long 

5 240 m None 170,669 11,511 90,881 25,166 18,681 316,909 
6 240 m Loei CityI am Lik==0 94,495 2,197 51,662 13,459 10,228 172,042 

Nam Mong 

7 230 m NNone 132,553 2,189 59,149 17,942 10,499 222:32 

8 230 m Nam Lik 

Nam Mona 

75,725 2,141 38,357 9,299 8,146 133,C68 

'-7 
C, 
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PA MONG ENVIRONMENTAL ASSESSMENT 

SALIIITY 

1. Introduction 

Of the 3.7 million hectares in the delta, more than 0.5 
million are affected by salt water intrusion resulting from 
tidal fluctuations as much as three meters. The zone of ,:igni-
ficant salt water intrusion is generally limited to approximately 
the lower 30 km of the Basnac and Mekong river:-, but may etend 
as far as 130 km inland acros:; the Plain of Ca Mau during tie dry 
season.
 

Information on salinity intrusion serve:; te purposes, 
(1) a:; basic data for use in developing plan:s for rehabilitation 
of delta rice lands and reclamation of additional lands through 
water management, and for groe.ing irrigated crops during the dry 
season, and (2) as basic daa for evaluating the effects of 
upstream water resource devolopments: such as storage or divcorsions 
which alter the flow regime. Sufficient data arc needed to define 
the e-'tent and configuration of present intrusion and how this is 
affected by flow regulation, .-o that chang,_s in the salinity zone 
can be prredicted for a!.y proposed lo.. alterations. These changes 
are important for all delta ":'ter uses affected by salinity 
including agriculture, fi'heries, and community water supplies. 
The salinity problem is delta--orivnted, (.specially for the 
Vietnamese portion of the delta, hence detailed information on 
delta salinity phenomena ran bc sound in various delLa reports 
(Ref. 1 to 'I). 

T1-2 primary obje!ctive of the salinity studies sponsored
by the Hlek; ng Committee is to riuantify the relationship between 
seawater intrusion, river discharges, and tidal effects so that 
the emtent and concentrations of salinity will be known through
out the affected area; of the .delta, both for natural conditions 
and for modified river f].ows resulting from water control by 
upstream projects including Pa on(i. The salinity studies thus 
far have produced sufficient information to permit appro:,-inte 
quantification of the e::tent of intrusion 1oth in area and in 
concentration, sufficient to meet the need.; for the present 
stage of basin water resource planning including planning of 
Pa Ilong. The studies thus far show the limits of e:tr;iction of 
freshwater from the d1]elta tkat can be made w.ithout adverse 
effects on agriculture for any given minimum dry season river 
flow to be maintained by Pa !-long releases. A -um:iary of the 
extent and concentration of salinity in the delta is graphically 
portrayed in F'igure 1. 

A second main objective of the salinity studies is to 
develop practicable methoris for alleviating and contr-0.liiig sea
water intrusion which wouldl. j.iterfere with effective use of the 
dry season flow for irrinationi purposes. The studies show that 
a major cause of salinity i; e:.tensive seawater intrusion into 
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into the smaller e,tuarine channels, rather than into the main 

river mouths. Also, somrn of these shannels are not fed by 

streams but are intercornocte,i by carals with the estuarine 

river branchef, resulting in bac:flo. of solinn waters into the 

river channels _Iurin. thte -ry s;,.;of. A:: the delta construction 
programme evolv it :,houJ Ab- ''-i51l to close off selected 

channels tiu : acn.Levi 5;bi iIif.5. 5t i[.I rov,'/unL ir the: quality 
of water availadle [or irri-Isition. 

jetj ,dies;tota and2. 	 Sal ity mes-:ur 

The most co-p-henrive evallation of .deltasalinity yet 

made is that curried out by the i)utch Delta Team ungaged in 

preparing a bas;is for a ma;t:.2r plan of agricultural development 

in the delta. "Working Iapr I'!, yiJrolog;y" of the Dutch Team 
report of April 1974 (1,0f. 4) includs a !etailed pcesentation 

which incorporates anI u of all the available informa

tion concerning salinity initru'ion into the branches of the 

viekong and the estuary of th Lsaco Th salinity !,,easurements 
taken in early year:;, froi !0.5-42, -r! e sufficient to permit 

preparation of maps ;hoei:lrg 1ine A qcjal salinity (isohalines) 
for various levels of .alsnit', (U Cl) in -prt (I-arts per thousand), 

namely for 5; 1, P1": ,. ppt, T nea:3uruoaents involved weekly 

sampliag at timu:; -f both hig1 airl lo: :water. Additional 
information use:! by t:h,_ Dutch .!,-i th, usalinity measureL.cluew 
ments made by the: l tiona 1 Co::.ritte.- o fromS Net- yIrology 

April through Ju.y 1973. in dLt.i ton to the-. salinity data, the 

anal',sis m,.Ie use of r.*litac! lrnFormation on river tdischarges, 
especially the rive !,ica ,.s do.r,,stc,.am of Phnom P'nh, on 

river bed conficur-tions ( 'sially ninimum depths of the bars 

at the month:; of channel: , :hich ar( importani: factor:s 'n estuary 

salinization), and on water:,ovement by ti-lal action. The 

salinity stations; tnvolve I re showr: in Figure_ 1. 

(a) 	 Salinity vs. river_discharqo: Thi, analysis placed primary 

reliance on saliniti-s measured at hi1h w.,ater rather than 

lo, water for s:cv-ral -eason:', including the relative 

irregul-arity in the ic's '.'ater data an] the fact that many 

smaller channel, exist alone th estuaries from which 

the salini ty d-rains at ebb tide more. slowly then from 

the estuaries. T' - .re:salinJties '..ore plotted on 

semi-logarithn c '-oh's ass ,unction of rivir 'ischargc. 

From these. graph alinity ditrilution zone; 'wore 

obtained in the lo;I 1 ;11 Ii:.ec tio, o, the es.tIries 

for river di-,a ' va lue:; of , r., (,0(0 n-/sec. 
Salinity di;tri''utio: curv- -. wer, lovewloped for most o 

the delta s lisita; of weation,.'itarway :1 owine which 

are sumnari s in Vilur. o 

(b) 	 Salinity i...tribution: 5ki or-d:r tor;tiriat( iL:tribution 

of salinity over the river briichea-', an empirical rela-
tionship was established bet;een salt concentration, 

fresh water discharge, and tidal flow, volume, based on 

experience with other enstuarie:; (e Speci;1.]y ill the 

Netherlands). The results of this analysi:, indicate a 

http:do.r,,stc,.am
http:ma;t:.2r
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decided preference for the Mekong river to discharge 
via the southern estuaries over tLje nort,,_Irn one.", 
This results in net cana.l :iovement.; row north to 
south, for example, the connecti c 1-s Y'twecn the 
Mekong and Ba.-'sac in the '},:,p. co' rse :: 7f 1-h,:river 
show largo net tIransport of '.wittr: tov7ar! LV..h La ac 

Coi.or-s:. Lt i 
of the !alinity dit-Ls the frt quyet lHn'o iiaality 
of daily tidal e d;v;n- Iyarl,' .iluct',ittion 

(c) Conplicatrin_..t prro. l [- : ccus .i ]y 

].Jo , 
e:,ists-, in avera: t.DO.! l'v. : in front W the u r s 
-with highur Ievl. in it ,!ry season . ,1 , morc! of 
a factor Wn !alinit ir tru-ion thin t : ia,'.: r1i.,:r-:: 
Also, the :s,,ilinit' il I ti s 1:1.t:er I at theIini" 
mouth of the r-I lrm'*-'-au--. a care:ibelu hcee- ill 
salinity o:'ist; W :n., tie br:; .n Lhi _n,. ',i.
tion<, e li.: uic( oF tr'anport of .ei 'r tO l. L 

nuch fnrther hluin a Li dal ',cl , '-or t( i:l thatn 
for watnr near Lti 'iks (dlr- all Uip iarlisa]inity 

nwanurI[':lks '.;r:' mi'), and1 thn.ilc ie' 
,


taken 1 nr o.; '.' w -f r:! whici, iLt ive 
at low WEt not at 101h river Flow:. Ihrinj tU: Icy 
season thu ,Ai71.1't ' pnutrater thce .r l.1'. ,'-tearic:; 

wiich arc :ot WAv rnsh jater :Atreen ;, ':hich ari 

interconnecteL ,ith tLe Mekon anid Pansac ih, a complx 
system oi c anal;. ; soon a.n tW(, dyIcasi bgin-, the 

salinities in tile riv-2r- may he a ignifircaritly a.ffacted 
by "adcflovi," fron th ;e;illler tuanie,2 into' t:h 2 

river. 

(d) future ; 'q 17.1 includesprojrril.' Th- Ail report 

recoen~~t Liont .foran ,.in I i lirologic data collecot' 

inn progr-imm to coe,uit oeii.od 2 to 2ow.Irv-i of 

years, aLir '1010 tI.: Lnii of tW2 Pleacurdin j iLork 

fr,. of e-.'and the iu.-cy I 'I in Lt'cn bi Con:Cderai)ly 

reduc,:' . Th' i'y Ira lojic ,-rca -anni, > for, 1-ee1l 
calib~ration , i-_ tidi ] o necbedn.; f'tsoS) mc.a:-,urimiir 

of disc Lat .: ri.su ),ar,: (n'cld j'. rnt: salinity, 
acidity (,atir. 5 ~f'1t ainf ll , ;e:!i.to cd ' ,nL1.) 
ment, and 'in" quility. 'Ihl -alinity iasirricmnt net

'on: ins)~uiiI; jl5 i Y.r - 20 L;tat~ s La ti -,: n carials ons, 

w:ith mec suren.:,L : to bew LaPi, oviwr A month.s, ai' '.;ith 
each saniqllin! ,c.rioi fiicltlo oii: ,dacy undr 'prirqiC 

meaini, wid neapi LH&.. Tih rucnlI'i. -Qconditionsi. I nurlber 
of sample; per ''<k i'; ,proi:ately AUt 2ei. the rivers 

and 25 for thi ceal; 

Ir, 197.1 thU ekong Committ .: -pprov:sd a proposal 
for ic-iri a 1,hoto': aphy of th_ . Ielta son.. 0::ing infrarld 
techriques 'Iicl a"! sni tiv,- to charnc'-e in :a].inlity 
of sur face -waters Do&. 0). Su hl information could con. 
sidernbly enhancce ]:no0.'leQd about tie2 0::tIenL rie 7onc-rt

tration of seaIa ,-r intrusion. Thi.; programre ha-, heen 
held ill abiyinc_ p inhq in cliem-nit: liar the necessary 

aerial photography. 
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3. 	 Probable environmental nuffucL.t: 

(a) 	 Fisheries: With r,s.ect to pose-ile effccts on fisherie:" 
resul tini from iP.t long':: ijDluence on salinity, it is 
believeo! tiat tim ::;tuari n, sne o" vairyinq sallinity is
very importan t !or r.oapro li tia:. 0' aquattic wil1life 

both for frcrh:s te as l !llcarii. The basin,;dc 
fi:sherics e;:Vlton tno;; _r;.av 'ill pro!uewInc ba;;is 

information on th- role 0 thof bLrackih ater zone in 
fisherie:- and hens; on the ,rohaili : t.:ffct:!: of Pa liong. 
Theffect; on fishrijs tha t c;!i o0 1, 1f,!i iOlwJ a5 

resul ting" from Pa iMon;; ai,-ar to ),- ni1 iqil Tho 
effectn: on. the salinity -oi: during th,2 ,:et so anon (when 
the intrusion i:" ::o'il.,very1-limal) ;mall. During 
the dry seasonhe hilqh ,r f :,:s51 at,!rio, if permitted 

to flow the would hvoy th<w f:,ct shiftingto %:00, in of 
the brackish wat,er :onb loh:il:;tream ut in I:s long run 

an incre asinc share of the :;:tra Cri 'ater f low i .- to 
be extractcd for irrigaTtoi: T ,nt Pra Miblq ,lay 
serve to incroa:1W th: fr. : note 1 .1' in the dry 2e02o11 

this should hb(: ,fi ial to th. fri;e fi~horie:;, 

(b) 	 Coastal frinl so,.-: " ", -Al 1l ignifi:'.nt 

changes: in theIdry 1 n;,a'.Lt,' 'r.in pattorn: iln 

the small r ca 1 . t '-,nc].osoi by gate:; 

(for minimi:in3j.r it .1 , .±ofl) '.1 eoy t of man.' th 

grov oarp, or,,rin I thi, ! ot' ),! ,illificanltly 

altered by such gates. teA'U:'; t' - df:il ir, n of ths; 
gates j.is not lart o I a 10:!oi i roj0ct r .fl'', t--ey 

would be r.tc unc t. : a: wuilt to realise 
maximum irr(ia io- ,v i , Frm Pa 1."' eq. Tho :i ;sign 

of such c_: n er; yt .t,:::, !Io it tt doltand ] "..:', l 

development :'Oroqllia -e r'- , tii::; s ta'p , -:1ould care-

fully COnlsiIer effect; a-, 1lny ;la! seek to minimize 
unfavorable itl;:tt on th., 1i:.: ' :o yste:it, . 

4. 	 Effect of differon.t -lool 1.,( -vol 

Thus ft r th 2 quan tifico son )f satlinity in the del ta has 

been accompli.:1 el .1 Se!tia1 y Ti pirical methods, with limited 

use of mod,-linq. To pros (-I, to ,t level of accuracy in 
analysis wil L o:uir all inprove,! fi 1.1 hydrologic 'ata collect

ing programme- (inclu linq rive_.r iowl t Lial s tage a!; '.4] as 
salinity m,2tasurni:.nt:) . Tl Ls; , next i.t11].l the progrMrrame 

plan, to be carrie:] out ovei: a I.s I of LEo to three ycars. 
Eventually the inform;':tion SC',.)'IC,: .' iIrmit a ma ste-2r model 

used to gui') Plo., re ].e:a:;e2 f'ro, ,on to include effects on 
delta sal'.nity .'n t ab.isiini ih I t 17:1,. of r.;ie:,t;So 

A, th-* , ode1.iti; ;:o a' r i:' ro'r 'i :;- :: it will become 

pos sible to a sfl * w. th 0131 '' tif Qic ofprLht L!, ion i effe-1ct.; 
releases from Pa Noa', hince of- t l 'able diifferetces i.n 
salinity effect: ill tile dlIta of .i f nt Pa Mong pool levels. 
The extent of the fet: ,,vill be ntally a function of the 

minimum dry a' *o flow in thec river discharge reaching the 

delta. 

http:m,2tasurni:.nt
http:ignifi:'.nt
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PA MONG ENVIRONMENTAL ASSESSMENT
 

SEDIMENTATION AND EROSION
 

1. Introduction
 

Sedimentation and erosion, i.e., the picking up, trans

port, and deposition of silt, are important influences in the
 

operation of most dam and reservoir projects. Generally the
 
problems of greatest concern are trapping of silt in the reser
voir and erosion downstream.
 

In the upper basin, the Mekong river generally flows
 

through steep, rugged terrain at relatively high velocity, and
 
as a result is capable of transporting sediment of considerable
 
size. Proceeding into the lower basin the river enters an
 

alluvial plain in the vicinity of Vientiane, and from th~s
 
point to the China Sea, except for those reaches where falls
 

and rapids occur, the slopes become flatter. Because of this
 

general decrease in velocity, the ability for transporting
 
sediment diminishes, per unit of flow volume; however, the
 

increased volume of flow is such that the total quantity of
 

sediment transported downstream is increased.
 

With the construction of Pa Mong dam many factors
 
comprising the natural regime of the river will be significantly
 
changed, such as the flow discharge, sediment transport, and
 
bed slope of the river channel. New cycles of sedimentation
 

processes will begin in the river channel above and below the
 

dam. Due to trapping of silt in the reservoir, the releases
 
from the dam will be essentially sediment free and discharge
 
of this clarified water into thL downstream river will create
 
a powerful erosive agent which will cause scouring of the
 

river bed. The extent of this degradation will depend primarily
 
on the amount and pattern of the flow releases. The degradation
 
will have important effects on many downstream environmental
 
values.
 

2. Sediment basic data collection programme
 

The basic data required for evaluation of sedimentation
 

and erosion are the sediment concentration and particle size
 

distribution, for both the sediments in suspension in the
 
flow and the sediments deposited in the river bed.
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2.1 	 Develnpment of programme 

The irtial won of th.: P ekonit Contmi tteu 'c basic
 
data programc: on sediment'; ini- lud(' as part of the
 
initial hydrologic d-ta coit -cL rr.l.,-i out b)v th, llarI--a
 
Enginoering Company becgir*. .ntI 15AS (Ref. 29). The
 
sediment sampling; tregr: . tic].SC U c 1le'mtior and
 
analysis of susp,h ,i s. , . - L ]0 ci iste.im aInd
 
12 tributary statioits ftor th. y 1 Following
]>(3-1962 
completion of the !fir:a i',te c in ,') 6., pr.imary rsponsi
bility for sI.dit, t e --meli t. ; . u -,l by th,. rip,irian 
country gawer cmc ;tith .; tL Lb M"kIr':t Committee. 
Sediment laboratories ,s:Lt iL ;tt Sigcn, Phnom l'o , and 
Viuntiane, ii T3.) .1-1t bth jtd oh acd Uboni (close to 
the' sampling tl-)o ior nuro il vaso , howevi r, since 
1962 only Thail "cil hi:; ,, ,:n Lc-Livuly i this work,Jnged 
where the ri -t,.ort " pnd d Fromi 7 s totions iii 1)C?2 to 
71 station.,: in 1)7. Alo, th UJSBR Pa 1btng ta1t% mtAd acn 
extensive sLudy a f s-d ci .ttts at thc P- -9'ng damsi te and in 
the Vienti an,> " ain G96 when approximatc-ly 9u, samples 
wore collectL:d ;i1A I-ysicdo A s,;ummary (if th: to tl 
sediment information cli.ctc it the pueriod 1960-1'170 is 
given in Tabli 1 "nd 2. 

(a) 	 ['artil. i anialysis; Some-, 20 samples were 
nnalysed foW patertj* size distribution by !larza 
in 19G1. and 196". Sinc 196? only Thailand h-ls 
carri.d nut this, kind of analysiso The decantation 
method is usned to analyse the particle size 
distr-ibution of the suspecidc d siiment, and the 
visual accumulation tube method for analysis of 
sand partlcl! sizes. Approximately 9.1 samples 
wore ana.yscd from 1966 to 1970. Also, the 
analyses of the 90 samples tlak,.n by the 1JSBR at 
Pa Niong in 1968--09 included particlo size 
deterrLnati on. 

(b) 	 B:d load sediment . ) bed raterial samples were 
taken by sLand ard bed load sampling methods 
prior to 1967. Th,. USBR colle2cted and analysed 
some bed material sa mpeI using the US B11-54 
sampler durinq 1907 and 1962. These bed load 
data together with the suspended sediment data 
ha. buen used to determine the' total. sediment 
discharg,_ of th, 1ehon] at the Pa Mong damsite. 

.2 flydroloqjic yearbook s 

Sediment samplircj data, published in the yearbook 
since 1962, arc limited to the concentration of suspended 
sediment. The sediment sampling procedures generally 
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follow those recommended by the U.S. Government agencies and
 

ECAFE (now ESCAP), with special modifications for conditions
 

in the Mekong. Each sample is taken from three vertical
 

that each *epresents an approximately
 

equal portion of the total stream discharge. Samples are
 

taken with the U.S. P-46 and P-61 point integrating samplers.
 
can be used
 

sections located so 


The depth-integration method is used whenever it 


with a single traverse of the vertical. If the depths are
 

such as t rcquire two or more traverses to sample the 

complete depth, point samples at 0.2 and 0.8 of the total 

depth are taken instead of the depth-integration, and combined 

by the Straub method. Exceptions to this rule are the samples 

to be analysed for particle size determination, which are 

collected by the depth-integration method, even when two or 

more traverses are required.
 

The present sampling network (1975) include 25 stations 

located along the Mekong ind tributaries as shown in Figure 1. 

This shows that the zone of river covered is more or less 

limited to the northern part of the basin.
 

A total of 1,092 sediment observations were reported 

for 1970 for all C.3 stations, averaging approximately 44 per 

With repoct to tihe Mekong mainstream, the average 

values by month.-; :):oceedinrg downstream from Chiang Saen to 

Ban Dan are sh-:i cin Figure 2 The sediorent concentrations 

at a minimum (loss than 50 ppm) in February throughout 

station. 


are 
this reach. Tn r)-aks occur iLn August upstream but two or 

three months la-,u 1'c,.:nstrcm,. Peak concentrations become 

much lower going doownstr,°om, ranging from more than 1,500 ppm 

near the Burma border to approximately 1,000 ppm in the 

vicinity of Pa Mong ther to r bou 500 ppm in approaching the 

delta.
 

3. Review of-P viouo: studies
 

3.1 Sediment and erosion studies
 

The USB a long team used the results of the 1960-62 

sediment sampling programme, together with additional data 

collected in 1960-69, in preparing sediment and erosion eva

luation for the Po Mong Stage One report published in 1970. 
were made for the Phase II report published inSome revisions 

1972. Because cc ouinuing controversy on the extent of down

stream erosion to result from Pa Mong, several follow-up studies 

have been modc in&.ud.'ng a report by Borland of the USBR in 

1973 (Ref. 2), a r-rort by Simons and Shen in 1974 (Ref.3), and 
July 1975 by the Delft Hydraulics
most recently : rport in 

Laboratory (TabflC . Yabie -.is a listing of these studies and 

of the methodocok'm; uscd. Uhile not exhaustive, these studies 

do permit gcne-rol 	 t;sses:ment of the probable effects of Pa Mong. 

3.2 Sedimenta tion procesoes 

Free iaowjnq streams carry along with them a load of 

sediment that io kept in suspension by turbulence. When a 

stream enters a rer-o';oir its velocity is greatly reduced, 
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hence a portion of the incoming suspcndcd sedirment: load will be 
deposited or trappud in the rs. rju Thy. rot, of stdj!int 
deposition dcpen(dr; on many fito such a;; r s:rvoir qesietry, 
surface geology, soils, cl mnt , runoCf, toapogrphv, qround cover, 
land us( , uplanLr slop, :ros1, ChnnJn,:1 <rot;in, c.cii nt 
transport, et.° ,v L-LnL in 1large r ': i Lh 1ang pnr.iod: of 
de3tention, suci, 1:' r[ i)ractic1]1]y of th,.. su spn-rdeiolq , all 

matrial wi.ll L), <0 out.
 

[(!%in t o.,;iLion ra:y c ficcnt n:i' 1:tductian i
 
the rss C-tr- Exoi, r of in to.vuirs
rvf)ir cz.acityo thit 
hav , x,_i nc .. ral capacity l luesd sr]imeneltio:to 

includhi th. ')I, th, N ' riiV.r
Gu, rn': 	 L-1voi1l t l, tt in 

U,;A,Jyotai', which lost 30 F- c t f it .- icty in only
 
6 y.:lo, ni th( El ,1 h itL'utt,. rus;rvo.L[ o tr.( Rio Grand<
 
iv, wh I..c , U;! Ch lost 1(- 3 - 17 cr L Of its
 

c -c: i , - ' ( _ 7 ) 

ALbr itaobl. tht*: 1' ncountur d in d,'position 
of dOndints th. tim cloh;t 1s just upstroar ,f the.- An 
rec,:rye~, cus,; at-Itor:n Lb trl:a ch nnt. . Again, 
to it in Atrm x''r;'!,, in t priod from 191 to 1954, 

deposiLio.n 1n l 'l. thintButt- :i r:iist th, ij.v:r valley and 
ch,--.nni. l -f t t., ;rind :ore 17 f ,..t , ;tnt 1utabove.
 
the bacrv rvoitr t .. te ' -Mxiurfic.'tc' ":? th: ',. -.t ,.w 

el,_.vation (R f 7 ) In q.:n iral , tonub<r of oroble s may be 
ca...us,.er -1 -,_,ult a upstr, a .c r ,ten [ncludin] r,_duced' o 
channl cop acity with cotsiqu nt Omnnq,'r frot floodii-i 
Aggradation ray aloe caus elvation of the ground wat'.:r table, 
swamping or water le, iinq of ljacc-nt lands, and forination 
of sta:gnant pools° 

A:; will 1, noted later, the 2:tent of sedimentation 
expcted at IV .OIIg bothi in the rc-sorvoir and upstream, should 
be well within t()le'rable lmits. 

3.2.1 Sediment 	 loads, 

(a) Pa a1cr;; ne.:rvoir: From the various studies the total 
annual :,'lmirent load to boe trapped in the Mekong arm 
of Po long rservoA r i., estimatted to be 160 million 
metric tons :issuminq a trap efficiency of 100 par cunt 
for a 250 in I:51. high pool lev"l (Rof. 3 ). 

(b) PNam Mona 	 and Iom Lik -rnn of K)o lon,; reservoir- These 
two reservoirs re part of' th. Pa H.ong cis'- tvolr system, 
being divided from Pa iong by -oddl,:; it elevation 2181 
for lin Lik and 234 in for Nat' Momr; t. A'wnt inflows 
to the Ham Mong antd Nan LiA ;irms of the P-I tontrec Lrvoir 
were mtimated from surundew sedint asmpl:s of th. Nam 
Chi iv_ in IhaiLand as collected ind anialysed bv I-rsa. 
Total annual sedim:nt loads of 0.16 :nd 6,. million metric 
tons .. s tinted to lI),de:positLd in the :am l.Ion:; anA 
NAm Lik arms repectively (RWfo 2). 
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3.2.2 Sediment d osition for different Pa :Ion] pool lovel 

[Most of t,. 2:ed.nent studies ,er'. rl:1:!t.' , to -: car 
of Pa Wonq hijh pool level 250 m ISE onao r, idr for ligh 
pool lvoIs of 230, '0, and 260 m 1..SL, but th rouah 
estirrato: e f- ,one .i coinm a rison purpo.-c. o. I" ( f. 2 !, 
page 1-58 ). A :onwu ry of them,, i,:su t I: cigI : n TaWl, 3. 
Sed~nert layers of about 1B.3 m and 215. m crt . ;tijiated 
to buil up illn P' ' : t.'Fth.riidivor,:sultiirT reducLtion 
in resrvoir: c pircity of about C-7 ai, 1o p: cent in 50 and 
10 ye.rs r,;pectivly 

3.3 Lxisting rivi-r conditions 

3.3.1 Geoloqy of river 

Below I*; desite at about range 10 the river 
ermerges from th, runtainr to e:nter an alluvial plain. 
Above this poit LiL couos(, )f th,: river i.e more or less 
defined by the rockyL/y tfrIrIii:l:i, up th. oinunlainous area. 
The river bep ,i tii:: pc Lnt hii .r<ardre.d :,wd fo rimed a fairly 
extensiv- alluvil plain, .i thir, are i rum]r of islands 
in th river cli nii(I. 'iti the :Cci:pton of ti . P: nd at 
and below Vtiil-ntiar,, Li b in th.: r. v r a, fa.irly gradiual.
From about rwaip; 6 upsti-,rarit t. C: o, ,io7C :c: U p s 

do Lnhit_-cthe (7000 ,A I river [ya:,.:t., 71 :rali raIng'_ U 
there. are po r ticfl].y 'or '-,,ck 'tcr -' ,h , th:rc ar, 
some moderaly sof t cI :y ';tc, (; str' oitcoe, ,it low 
stage associated .ii jr:vo] ,10] tr, which d modify the 
course of th( ri-,.r *. i evrtne (6,f. , ) 

Th(, u.ek.Dng -vcerfkPI at' --oh::rgc of c,bout 16,S00m /sec 
on the laos side h t',ri' rrp 3 nw! A ".:her: thn bed of tWu 
stram Is compo:3,d f : Lh ,an r-i di- w-ti.r 
of 0.32 mm (' f. ' )o IiOo'v0r 1 j t Y rnvJs .;:Ire 
obs(:rvcd 7in oacLobal cipo:;it:; a11 tLII q of L'. r. w-o' and 
along the hanks ,ith :;izos as larg- an' 40-]00 '. 

3.3.2 Erosion .r ''1 ler:tatio1 

A (orri :'.' OS SId- otl ri ! phntogtraphs and 
maps from th, jIhocgraph:: for !'::;urviys of ] 959-1960 and 
19.66-1967 (_. ). burinj thi.: p'riod th! 196(( flood 

3occurred iijt-. "a' di;charll or' ', 000 m /secrepr' seting 
a frcquency of onc,,,-- 75 year,; 

In gl2n,11,., .e1 MDot erosion of the banks thant '1!. 
accretion. Azcrtion sened to occur on some of the islands, 
especially bon Man, in the vicinity of range 8. There was 

Tile torm "Irangr! '-', used by the USBR in the 1968-69 
study to "l'signtot the river cross-sections used for hydrologic 
evaluations (S.ee Figure- I 
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island ) Sou, the 
vicinity of range 5 sind 5A. TIhcarri 2 arorurd !)on Tia.nn 
Island in the V Lcntian. ben,!, b, t.::,n ra.ngte 2 rind range 1A, 
was undergoing filling at tr: io.nr rd -nd considerabl e 
accretion was occurin ,ppoait tp: war Sop gauge on a low 
silt and sand Iar loha tl'( ri ilit hond side of the challn:rl 
farther downs Cr,:a1.. 

scour in the next down.r,: Dong Siing in 

A short d-. t.-rc n t , from thr: li a 3r, lank -t 
rangt. 22, th(r, was co.-,ld r-ir -or tr on thre l:ft aide 
at the lower (1,, of thb l.l- ',fpin t tI- Md. Juot 
upstream Lcour noas oceirring. In thc vicinity of Pon Tong 
Islandl at rar.r 23 -cr-tion took .c, orn th ranth aido, 
immc-diately a -Fasrom ben IIo",r a iu r orn the oppositu 
side, Twa bnd -at 25 obo.,d conaid, robl1:.r;, PyaS,]: 

accretion takitg I]ac,. aroun,. Llp-. clip-of point with very 
little erosLion occurrinj oi, thf o1po:ite bend. 

Er-o:,ion and scour wer common alon; both banks upstream 
from ring 8 to t:he_ .ar'ito 'he there were rock outcrops of 
the Khol, Kruat forre~ti.on. 

There was extrnsive scour on the left bank downstream 
from the Wat Sop gaug, and above Tha Bo. Some of the worst 
eroa,_on ob:;arvd occurred in th. steep silt loam left bank 
at Ban morn(rancy 24 ). The lower part of the Tha 11o bend "was 
being sevarco]y attacked by the: river anrd gradually the cloy 
loam bank wa r;( vinci a'.,=y. 

3..'4 Rivoe r:anne aftjr cOmpletion of Pa ion 

Couli lton -;f Pa rng .i iI result .in degradation of 
the strobid ai!doe.n:trar from the damsite, and there 
has bnr cnr nidr l,j conc(:rn -tbout this dtuqradaLion, espe
ci aliy in th. vi'riotity of Lh.. city of Vintiane, As noted 
earliur U ,: car fiA weater reP aced fro;i Pa Plong will have 
thu. prt ti pntl it , forrer ]o ad of sedimont,Cick up by 
removirn r-tria] from thep b.eo.d and bank a of the downstram 
ch ann i 

rhu. rat( of d:gradation will depend on many factors 

such (CA) i. o, gradation, and dis'tribution of be4d nitrial 
both vart icaly and laterally, (b) cojdiment load, oth aimount 
and s.1 hrfora initiation of th. derjrad ation Irc:.s 
(c) resistanice: o the. bank material and .its di atrJl,ut.Li i n 
the reach river. undcr (J) arind1 study, hydrsau].ic ;Adimo.nt 
transport charactcriatics of tihe riv,.er inrrludinc) th,! magnitude 
and! duration of flows L. for,. and after initization o. dlgrdation, 
(e) secdirterit load of trihutari-:s joiinlng the river in tIra 
,legridritiov reach, including both their fow pi:tforn ani si: 

and arriount of sd inr transortQe, n] Cf) the. prusanc, of 
geologic controls marma:dr, These, var -uarid structurec . factors 
will re-.-ilt in a change in :;,_'Aim,nt transport capacity and supply, 
from point to point, and thus a change- in the rite of scour. 
Eventully at stail_: condition or limit will be attained, 

http:Adimo.nt
http:hydrsau].ic
http:atrJl,ut.Li
http:forre~ti.on
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3.4.1 Vertical dcgradation 

The ,!xtcnt of channel degradation expected to occur 

Pt Iing 1tudithe USPR (luringwas by 	 1968downstream from 
for the Stago, Onc, re port. BLid r:at<ria] was cel.LCted at all 

range cros.-! ;<cti: fror thc:Iansit- to 3 klowostream from 

Nong Khi an. h -! oatri l:; er, randoinly ramp led along this 

roach. Pr L t j C -ivr chxnnel d,-grad-iten \aark2 made 
for the re ich f em rag,- BX ( jegr.d ation control sction 

P.IV-36 Rc,. 16) uptr am to :- r go l , repros I rting a reach 
of about 1' ki, w b i;b t j c. t doL!;nstr -, ! ction nhar 
the damsito Ph<- river bedro outcrop '1s of thk. 

criteria incluILd in tho stuly. 

An :id;l' i n-il study ; d0. by USPR for the Phase II 

report, which v'Looted dcgir id-ition Fle.,ntreIrCro ra.nrje SX, 

the river ri ach iclud,::d iii th. .tudy- attnding sor 160 km 

from Fla Nol(a (as-f r 5 ran C A4 )o Miany po.;sibl! d(gr adation 

altcrnmativ . ,mi ,=d u:d the, colnclutsi n . drawn that 

the river Pd 'o)ldrcour down to the geo logic bedrock c't 
depths frot., 2 t, 6 i-. Fiqur, shows a comparison of the 

channel bod 1 or and a Cter ,legrad aoLn as presented in the 
Phase 11 rcpot 

3.4.2 Latcril deiradaxion 

Th ,tntialo for lat ral bank erosion or horizontal
 

degradotion ,.I;ol-a studied :i part of the Stage One and
 
Phase II rtports. It 'ixa r0 ]." 0 that the Mekong channel
 

would widn fte-r conitruct cri: of Pa iMlon,; 0am, th'at this
 

widenil .;( ul - bgi,
. U ;K t I,. soo :sstorage but it woo not
 

elieve~d this'-ould b:com,~e im-pxrtrnt until a ,significant amount
 

of vertical ,l IL-adatioi ha. L i '?]aCe
 

A '-x r L ili2 1 y a ,.a; saI .- in th. 1973 supple
mental s tudy ((. r ), tendin downstreat' to range. 64, and
 

conclu.-ioin; (elr,, drx'n thLh kfu] of river
w thLt b witth the 

would 1,. no-trty doubl,] while lo e , the ,ter ;urface' by as
 
much as 1 m,::rc:;. On r,2vCi rL , I 1t. 73 rport Bions aid
 

Shen concluded it would t . eit Cf, y ear: for th flow to
 
achieve at tbllis d h(graMh .1 c. 1nvlwith ,I,x'.'ragl: of about
 
three nL:tr.; of bed II r I Itii1 -nd 100 vi(ttrt.!, of widen ng
 

(Ref. 1). Assuming aI , aI 4f '3 Iof th "f do-gra,:lation,
 
the Oxtfnt,.,i~li I:t- -00 Leforeaverage
0f would i)out :i the 
hydraulic conditions: would be within the bash. stability limits. 

The 1575 study by the D,1f t llydraulics Labor:atory (%of.283)concluded 
that the 1'37, r-eoot by Slmoinl it 'h 4 IIrad ovrsti1 mated 

the speed of , ocjradat]ion, a!nd that 50 per (:ent cf the total 

volume of degrd ition to tai.- place freo Pa Mong over the reach 
extending 200 to downstream tld occur wi thin 133 years with
 

an average d,:pth of dogradation f 2 m.
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3.4.3 Vientiane bend
 

A sharp bend in the Mekong river occurs at Vientiane,
 
forming a pronounced loop ending at Nong thai. To form this
 
loop, the river turns at an angle of roughly 90 degrees, hence
 
downstream from Nong Khai the river flows to the northeast.
 
While the general alighment of the river is not unusual in
 
the vicinity of Vientiane, the Vientiane bend is most unusual.
 
The city of Vientiane is on the outside of the sharp 90-degree
 
bend, near Range 2, which is the side that would normally be
 
expected to be subject to continuing scouring. However, the
 
city has been at its present site for many years (Ref. 8). It
 
is apparent that the deeper part of the channel is on the inside
 
of the bend, on the Thai side, and that the sandbar or slip
off point forms the outside of the bend, on the Lao side,
 
resulting in the formation of Dan Diane Island. The outside
 
of the bend has not been eroded to any significant extent for
 
the past 100 to 150 years (Ref. 8). At the present time the
 
inside of the bend 	is eroding even though the soil materials
 
contain considerable laterite.
 

The 1973 study concluded that construction of Pa Hong
 
would cause some erosion of the slip-off point and might
 
endanger the islands; however, most of the erosion would occur
 
on the Thai bank and would not seriously affect the outside
 
of the bend and the city of Vientiane. If erosion started
 
along the Lao side, bank protection would be required to pro
tect the city.
 

3.4.4 Downstream 	sand transport rate
 

Estimates were made of the average annual sand trans
port rate of the channel, i.e., the amount of sand conveyed
 
downstream, according to Toffaleti's method as applied by

Simons and Shen (Ref. 3.4.5 for the regulated flow after the
 
completion of the project. The rate was estimated to be 29.7,
 
30.7, 35.0 and 28.8 nillion metric tons for high pool water
 
levels at Pa Ilong of 260, 250, 240, and 230 m MSL respectively.
 
The summarized results of the study are included in Table 5.
 

3.4.5 Water surface profile for degraded channel
 

After vertical and horizontal degradation takes place
 
the water surface profile will be changed. As the river bed
 
is scoured down for some 3 to 6 m, the water surface profile
 
would also be lowered by more or less the same amount. This
 
phenomenon will take place over a number of years but will
 
be faster near the damsite. Results of a study of tailwater
 
elevations downstream from the dam for various discharges
 
with different conditions are presented as follows (Ref. 11).
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Tail watur uluv. m KSL 

Rivr.diochre Prosant condition Vrtical degradation Vertical and horizontal
 
(ec) degradation
 

2,000 162.6 15.6 15t3.6
 
10,000 16.8 163.2 162.0
 
20,000 172.8 168.3 165.0
 
30,000 174.8 172.3 167.8
 
40,oo 176.8 175.1 170.2
 

3.5 Downstream silt studies
 

The effects of storage at Pa Mong, in modifying downstream
 
silt deposition of value for pgricultural purposes, are reviewed
 
elsewhere (See discussion on agriculture).
 

4. Summary of erosion and sedimentation effects of Pa Mong
 

4.1 Bank stability and erosion
 

Degradation downstream of the dam will both deepen the
 
channel and increase its width and lower its gradient. Because
 
the Mekong normally carries sizeable amounts of silt, its eroding
 
capacity will be significant and scouring of areas downstream
 
must be expected. Increased bank erosion will be one of the
 
more significant effects and over long periods 6f time, could
 
result in channel widening of many metres. People living along
 
the river banks would be troubled by such effects and eventually
 
bank protection works may be required. Although such long
term downstream erosion could alter the channel significantly,
 
these effects will be gradual at most localities and can be
 
minimized by good planning. its the stream recovers its full
 
silt capacity for its readjusted gradient, the processes of
 
erosion and deposition will approach a stable condition. Some
 
continuing erosion and deposition as is characteristic of all
 
streams, will occur.
 

Terracing of river banks and other bank protective
 
measures may be desirable at selected locations where experience
 
indicates their feasibility following construction of Pa Mong.
 
Experience under natural conditions furnishes guidelines to
 
indicate likely problem areas. For example, erosion and scour
 
have been common along both banks upstream from range 8 to the
 
damsite where there are rock outcrops of the Khok Kruat forma
tion. Also, extensive scour has taken place on the left bank
 
downstream from the Wat Sop gauge and above Tha Bo, in the
 
steep silt loam of the left bank at Ban Hom (range 23), and in
 
the clay loam bank of the lower part of Tha Bo bend.
 

4.2 Sediment deposition in reservoir
 

With the construction of Pa Mong dam sediment will be
 
deposited at the head of each valley entering the reservoir.
 
As previously noted, the total annual sediment inflow and
 
deposition in the Mekong az.i of the reservoir is estimated at
 



III - 365 	 Sedimentation and 
erosion 

160 million tons. For a reservoir with a 250 m 14SL high pool 
level, the. accumulation of sediment load is exfected to reduce 
the reservoir.storage capacity from 98.3 billLon m3 at the 
beginning to about 9l 9 bill iori m3 within 50 yearn af:,!r closure. 
The sediment deposition in the reservoir was estim,td to fill 
the reservoir from the original bed leve! of 155.4 in IidL to the 

level of about 178.3 m MSL wthin a 50 y' ir por Lod and to 
185.8 m MSL in 100 years° The losses in reservoir crpacity will 
be 6.7 and 13.4 per cent, re;p..ctivly, for 50 and 100 yewrs. 

4.3 Alterations in qroundaater hydrology_ 

After sedimentation hOn ta(i:e place in Pa hong re servoir 
for a long period of time, cons.olidation of such depcnitn, would 

occur. This ill gradually reduc, the pewrcolatinn rote of 
groundwater reicharge, and con sequently change the groundwater 
hydrology of the basin. lere details concerning this particular 
subject are discusse:d elsewhere (See discussion on groundwater). 

4.4 Alterations in drainaqei patterns 

Erosion of the land due to precipitation and runoff 

from overland flow, especially in the stindy Foil nreas, may 
cause deposition in the natural drainage system with reduction 
in capacity. Proper vogetative covering if the surface 
together with drainage system maintenance wil] )(2 needed to 
maintain an effective system. As pr-viously noted, scouring 
of the river bed downstream from Pa Mong will causo l)wering 
of the water surface profile of the, river for i considerable 
distance downstremi, i -. , as much as 60QI us Ktres (Ref.24). 
The lowering of water ] v,-l in thin roach will be benficial 

to drainage of thei surrourinj -ireln. 

4.5 Upstream vn.r i(.: 11o' Iification 

Normally r,2eervoir sti ' results In creation of 
delta like formtion at the h.ad of the 1:eserveo1r, where 
upstream sourcus dens:sit thLb lod d.hn the flow rvaches 
the standing wat, of thc r7ne i r. Slowly the Uo .ted 
sediment will b)or;c 'I.,l i- strn am, bods 'TIiis wji 1 
result in h an. l qjr:td rknfor a' veea] kilometre s depending 
on natural chn -! cond:itor: ard cl. .:ei hydroaulics. 

4 .6 Inundati on 
Th, upstry-i jrj Jaiior as previf)unly d'hescribed will 

result in oi n of t. .t r surfac, proli de pending on 
the channel ciart rr t This sill caiu:-e .!n lr:cre.Lse in 
the extent i>un'idt ,hT, on() dep , .ig toiagraphy. 
In contra,: t a1L- dOwr streamY,theof t1ile .in wi 11 hove Iess 

risk from inui.dated ih-an befor(: eons.tructinc of th( dam 
because of the lowering of the watr surfaci profile in the 
river. 
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4.7 Agriculture
 

Lowering of the river bed and water level, because
 
of degradation in the channel downstream of the dam, will
 
decrease the extent of lands which can be irrigated from
 
the river by gravity, especially during periods of low stream
flow. However, this process would take at least 20 years
 
and perhaps considerably longer after closure of Pa Mong
 
dam. Pump irrigation may he substituted in the downstream
 
area to overcome some of these effects.
 

4.8 Ground erosion control
 

Precipitation and runoff often causes damage to lands
 
by washing away of top soil due to overland flow. While such
 
soil losses will occur with or without the Pa Mong project,
 
under with project conditions certain protective measures
 
may be desirable as part of the overall project investment.
 
In addition to construction of surface drainage systems for
 
protection of valuable lands, use of vegetative covering
 
may also be desirable, especially on the higher terrace lands
 

o
which contain sandy textured soils and steeper surface gra
dients. To reduce unnecessary erosion and the resulting
 
deposition in the reservoir, soil conservation measures should
 
be practised throughout the area. Terracing is sometimes a
 
useful adjunct to other control or protective measures.
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TABLE 1 

NUMBER OF SUSPENDED SE.DIMENT SAJMPLING TAXEN DURING 1960-1974 

Location 196o 

MEKCNGRIVER 

1961 
191 1962 1963 1964 

i 
19651 1966 1967 

196 
199 
1969 

1970 17 
197o 1972 1973 1974 

DEMOCRATIC KMR)C'EAM-

Stung Treng 

KrntiePhnom Pernh 

4 

24 

31 

145 

0 
00 

0 !) 

010 000 10 
0 

00 
0 
000 

0 

0 

0 
0j0 0 

0 
0
0 

0 0 
0 0 

LAO FOR 

Luang Prbang
Vientiane 

Pakse 

8
3 

105
95 

109 

27
16 

45 

0
O 

0 

0 

0 

OO 

0 

00 00 

0 

0 10 

0 

00 

0 

0 0 

0 

0 0 

0 

0 0 

0 

0 

0O 

0 0 

PiAILAND 

Pa Mong Camsito 
Chiang Saon/
Chi" KhcnI/Z/r 

Ching &iQn-' 
w161&Vicinit)Y 
,akhon Pnanom 
Mukdahanc .41l 
Khong Ch 
Sop Kok 

Noing IQhai N,B7 

22 

4 

9 

20 

i 
59 

60 

5 

51 
73 

0 

18 
32 

0 
i 

32 
42 

0 

21 
38 

0 

6 
45 
49 

o C 

95 

25 
43 
24 

47 66
1-,13 32 

56 45 
15 3 
26 50 
45 73774 
12 16 

89 65
3)634 
69 50 
C 0 

63 39 
03 5) 

0 0 

81 
62 
o 
52 
0 

47 
7--

60 
7 

2 

67 
29 
0 
42 
o 
33 
71 
26 
34 
79i7 

46 
37
0 
26 
0 
23 
69 
34 
37 
,. 
74 

o 
" " 

VIET-W, 
My Thun 

Chau Doe (Bassac) 
Tan Chau 

7o 
0 0 

oi 
1_ 00 

,ooo 

o 0 
0 
0 

0 
o_. 
0 

Notes: 1/ established by NEA in 1968 

2/ es~.ablished by NEA in 1967 

3/ established by UER in 106 

4/ established by NEA in 1566 
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NUMER OF SUSF?_ D SEDIMENT SAMFLING TAKENDURING 1960-1974
 

MEKMG TRIBUTARIES
 

Rivor 1960 1961 11962 1963 1964 19616 7 19681 1969 1970 1971~ 1972 1973 1974 

DENO=RATIC KAD CHEA 

Se Kog 

Tonle Sap T~eSp145 
Stung Sen 

LAO FDR 

NIamOk 
Nam Suong 
Nam Ian 
Nam Uk 
Nam Ng um 
So gang Fai 
S- lang Hieng 
Nar Ca Dinh 

THAILAND 

5 

1 
2 

8 

26 54 

4 

0 
0 

32 

6 
15 
18 

0 

0 
0 
7 

0 
16 
16 

53 
29 

0 
0 
0 

0 
0 
o 

0 
o 

O 

0 
0 
010 

0 

0 

0 
01i0 

0 

0 
0 

0 
O 
0 

0 

0 

0 
0 
0 
2 
2 

0 
1 

0 

1 

0 
0 

0 

0 
0 

2 

0 
0 

o 

O 

O 0 
010 

0 0 

O O 
0 0 
0 0 

0 0 
0 0 
0O 
0 0 
0 0 

T 

0 
0 

0 

O 
0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 
0 
01 
O 
0 

0 
0 

0 

0 
0 
0 
0 
0 
o 
0 
0 ' 

0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

Nam Nae Lao 
Nam Mao Fanq 
Na Mae ok 
Nam Mao o 
Nam Pao Kok 
Nam Mae Ing* 
Nam Heg" 
NM Man 

30 

47 
30 

39 
18 

19 
46 

36 
35 
32 
40 
22 

'. 

24 
61 

30 
32 
46 
26 

40 
60 
64 
0 
33 
251 
30 

25 
20 
66 
37 
O 
32 
40 
16 

38 
31 
66 
47 

0 
20 
30 
19 

14 
34 

4s 
53 
0 
31 
28 
20 

Notes: Stations in Thailand not including 

Stations established by IEA 

those operated by RID 

'1. 



TABLE 2 (Contld) 

OF SUSPENDED G TAIN DURING 1960-1974 

MEKONG 

NUMBER SEDIMENT SAMPLI 

TRIBUTARIES 

River 1960~ 1961 1962 19631 1964~ 19651 196 1967 [1968 19691 1970 1971 1972 1973 1974 

THAILAM I 

Nam Loei* 
HuiNLai* 31 2 18 24 32 33 26 26 

Ha anLj30 24 23 22 0 0 
t 0 0 

Nam Songkhram' 1CO 12 66 47 6010 39 28 25 
M'.., 
HuaBngKaru" 
Nuai Bng Sai 
Huaj gng-i" 
Nam Chi 4 

I3 

8 

20 

0 

13 

0 

2 

3 

E 

0 

0 
7 

27 

0 
23 

42 43 
39 40 
17j41 
39 
42 ! 46 

3 

64
63 
45 

7I 
56 

77 
76 
42 
52 
03 

50 
0 

27 
42I4 

43 
0 

26 

34 
0 

22 
39 

30 
0 

39 
39 
5 

11 Construction of d7 I , 

Nm1 Fun' 
LaNOc 

4 21 21 12 

6 

13 15
I.18i 

15 43 9 
0 
0 

40 
57 
30 

74 
43 

2 1-0 

49 
0 
3 

54 
24 

45 
118

0 

38 
46 

Lam Dor Yai 12 6 32 34 40 21 0 0 0 3 
Lam Don Yais 
LaoTaLam Ta Kong* 

6 2 6 34 37 
6 

i46 
1372 

E5 
140 

CC 
1175 

46 
75 

50 
43 

38 
24 

31 
11 

Lam Ta Kong 45
49 4 8  36 0 

0 
0 

00 
0 

0 

Notes: Stations in Thailand not including those operated by RID 

Stations established by PEA 
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TABLE 3 

SEDIMENTATION LOADSTUDY FORPA HNMG 

P HongHSL 
Description- _ _ 

230 240 250 26o 

Sedimomt volume in 50 year period (x 10 m 
3 6,316 / 6,36711  6,640 6,450 

Elevation of sediment at dam in 50 year 
pokiod (m P.SL) 102.'7 11,40 178.3 176.8 

Sediment volume in 100 year period (x 10
6 
r 
3
) 12,718-1

/ 
12,900 

/ 
13,361 12,900 

Elevation of sedimnct at dam in 100 year
peiod (m F-L) 196.0' / 190.)-' / 

185.0 184.0 

Oiginnl reservoir capacity (x 106 m ) 0,50 / 65,0002/ 90,276 139,640 

Fimal capacity after 0 year period of 
diMemtation (x14-03 

) 35,40 
21/ 59,OO - 91,680 133,190 

Final eapAcity aftgr ;00 year period of 
sedim.ntation (x iC0

3
) 

2/ 
30,000- 53,0OO 

-2/ 85,101 126,740 

Reduetim Qf reservoir capacity (,5) 

After'50 year period 12.5 9.2 6.7 4.6 
After 10 yew period 25.9 10.4 13.4 9.2 

Notol (1) Bottom of Pa Mong roservolr 160 a SL (bottom of Mekong river - at damsito) 

2) ottom of Nam Lik reservoir '173 m .SL ( a i, a ) 

(3) Bottom of Nam Mong reservoir 106 o SL( to 11 It 

(4) Sodiment load to P Hong reaervoir - 160 x 106
m3/year 

I/ Ext ctod frcm Table 1-13 of Reforonce 24.
 

2/ From olatlonship betwoon reservoir elevation and capacity, Fig. 1-30 of Roferonce 24.
 



TABLE 4
 

REVIEW OF STUDIES OF PAMONGDCIrNSTFAM EROSION
 

Study 


!Stage One 
report 

Phase II 

report 


Borland 

report 


:Simon and 

Shen report 


Delft hydrau-
lics labo-

ratory 
report 

Reference 

NO. 

15 
15 

1B 


24 


20 


28 

Date of Study 


1970 

1972 


1973 


1974 


1975 

Magnitude of Study 


Data collection for 
sedimentation and 
degradation study. 

Extending of study 

reach farther downstream 

(approximately 160 

kilometers from 

desite). 


Extension of scope of 

study both on sedimen-

tation and degradation. 

Review of Borland 

report. 


Review of previous
degridaton studies. 

Methodology Used 


Field investigation 
data collection and 
analysis. 

Field investioation 

data collection and 

analysis by tractive 

force, 

Analysis by tractive 

force theory, 


Analysis by Tractive 

force theory.. 

Analysis by diffusion 
equation, i... varia-

tin of bed lqvel is 
function cf place and 
time. 

Conclusion
 

The river bedrock elevations sd determined from coundirgs during 
sedimentation investigations were used as guide limits of degraded 
channel. It was recoaiended that the river bar upstream from 
Vientiane not be considered as a source of aggregate for the dam 
since it eould seem ndvisable to consider it as riverbank protec

tion fcr thu city. 

The future graded bed of the stream would scour down to geologic
 

bcdrock and further horizontal degradation or bank scour would
 

occur. It was realized that the Kekong channel would widen after 
construction of Pa ong dcam.3 The rediment load of Mekong was 
cstirated to be 132 million m annually. It Wrauld take 27 years 

3 
to remove 3,532 million r of bed material from the channel reach 
Letwean ranges 14 and 62. 

It w-- that the bank full width of the river will be,stirrazled 
nearly doubled and the water surface will be lowered as much 
as 6 meters for medium and lower stage flows The average annual 
sedim, ' load of the V~kong of 160 million r was considered to 

be accurate within plus o- minus 20 per cent.
 

The average annual sediment load of 160 million c? was still
 

recoreenrded for the Kikona riv,r. It would take about 60 years for 

the flow to achieve a degraded channel with an average of about three 

meters of bed degradation and 100 meters of widening. It is anti

cipated that a strong meandering tendency will occur after the com

pletion of the project. 
ff 

Fifty per cent of final degradation is reached, in a roach 200 
kilomeeters domnstream from deite, in 133 years after closure 

of the damwhile the average erosion within this reach is about 

2 metors. 

0 
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TABLE 5 

SUMMARIZED RESULTS OF ESTIMATES OF AVERAGE SAND TRANSPORT LOAD
 

(BY TOFFALETI'S METHOD AFTER SIMlON & SHEN'S REPORT, 1974
 

EXTRACTED FROM TABLE 13 REF. 20)z 

Averarie Sand Transport Load 

Pa Mong HWL Thousands Tons/Day I Million Tons/Year 

230 106.3 38.8 

240 95.8 35.0 

250 84.2 30.7
 

260 81.3 29.7 
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PA MONG ENVIRONMENTAxL ASSESSMENT
 

SOCIO-ECONOMICS 

1. Introduction 

One of the most sensitive environmental issues for 
major dam and reservoir projects, in addition to the resettle
ment problem (which is separately discussed), is whether the 
quality of life of the affected rural farming population will 
in fact be improved by the project as intended. k key aspect 
in making such an evaluation is to gain a competent picture 
of the existing socio-economics of the rural population, 
including attitudes towards the proposed Pa ong projcct, 
to serve as a basis for project planning which is realistic
 
in terms of the response of the affected population which
 
can be expected when the prnject is built.
 

To obtain such background information the Mekong 
Committee has over the past decade implemented an impressive 
programme of studies dealing with the lower basin in general 
and with the areas to be most affected by Pa Mong in partic
ular (Ref. 1-33). These studies are too numerous to describe 
in any detail, but Table 1 has been prepared to indicate their
 
content and also to cite references which describe the details.
 
iksignificant contribution is the recent repcrt of the Nether
lands Economic Institute (Ref. 31) on methodology for economic
 
planning studies in the lower basin, including macro-economic
 
considerations, agro-demand projections, production costs of
 
agricultural commodities, agro-industrial prtentials, power
 
demand projections, studies of power oriented industries,
 
coordination of national and basin development planning, and
 
methodology for making economic appraisals of proposed pro
jects including methods for estimating resettlement costs.
 

Of particular important in evaluating the socio
economic effects of Pa Nong are the bench mark surveys 
(Item la of Table 1), which are listeO in Table 2, the sur
veys of farmers response to irrigation (Item 5a, Table 1), 
and the rural development seminars (Item le, Table 1). 

2. Feasibility of irrigated agriculture
 

As a key aspect of the Mekong Committee's policy 
that the benefits of Pa -ong and other water resource pro
jects in the lower basin will be used tc improve the quality 
of life for the basin's inhabitants, the Pa Piong project plan 
provides for the irrigatio n ultimately of up tc a million 
hectares in northeast Thailand and Lao PDR, and also will 
greatly enhance irrigation potentials in the delta by 
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maintaining an assured minimum dry s;:son L.ow. This cosvnit-
ment will certainly have profound impacts -'n the socio--c:conomics 
of the ru.ral population, end thu extcnt of these impacts 'ill 
depend upon the decisions yet to b . made on alternativw strac
egies for ificgaLtion developmnt. 

rrrigiatcd aigi iculture, in contrast to traditional 
rainfed rice nonecropping, requires the iposition of mcdern 
technology and reLated cuntrols, including preour land prepa-. 
ration, choice_ c appropriate sed v--iuties, use of appro
priate agricultural chemicals for fertilizer and weed and pest 
control, use of some mechanized equipment, storage facilities, 
access roads and tiansport, availability of adequate. markets 

with fair prices, availability of timely and reasonable credit, 

and training of ;arners through es.tonsion services and other 
means. 

Assuming the irrigation system has been provided, to 

put this te good use will require trLonsforming the attitudes, 
habits, customs, and social institutions to suit the new 
farming methods. Tl'is means drastic chang's in the tradi

tional socic--economic patterns including rorienting the 
to focus on rural agriculturalprocesses of rural education 

needs, upgrading the agricultural extension services, creation 

of farmers cooperative organizations, provision by government 

of access roods and of trucks for transport, control of lending 

institutions to insure proper credit, management of land tenure 

so that the farmers will remain tree owners and not become 

share croppers, and many other transformations. 

The hekono Committ.ee's programme in socie-economics 

has encompassed a variety of studies including extensive 

field surveys in the projected Pa Iong irrigation areas in 

northeast Thailand and] Lan PDIR with the objectives of ascer

taining the facts, namely, the existing soci-economic condi

tions in the rural village; (c.g.,the bench marl surveys), 
the farmers to,:Erd changing from traditionalthe ettitudes of 

of the governmentto accelerated methods, and the ptentials 
supporting services for furnishing their share of input into 

the ne,, type of agriculture. 

The Nekong Committee studies sheo; (Table 2) tha: the 

'< m.mbern, including abouttyr e. farm family hais from to 7 
3 v_ .,ors, has froim 2 to (, hrctares o.- land, depends primarily 

on r.,._nfed rice monoculture, if. tradition oricnted in farming 
poser), con-methods (still- dopends mostly in water buffalo 

product (i nnce i.s not too concernedsumes much of his o:n rice 
about the business aspects of sdl3 ing the rest), depends for 

labor primarily on his o.:n family (has find:; for. hiring 

labor), realizes significant extr. income from non-rice 

agricultural activities (gardening, lishing), seeks non-

farming employment during the dry season to supplement his 

income, has an education level of about f our years of 

often does not have formal legal title to the landschooling, 
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he thinks he owns, sometimes has too little land due to frag.
mentation on inheritance, and has a total income in cash and
 
kind usually in the range of U.$411-50 per year, just enough

to meet his immediate needs, and can be recgarded as "poor" com
pared to his urban compatriots,
 

The studies and surveys ,Iso show that the farmer in
 
the projected irrigation -i.ras ,ill generally bt interested
 
in and willing to rhange his traditional methods and convert
 
to irrigation and multiprli, cronaiig, )rimarily out of desire
 
to increase his incom, hie must, 
 !oover, ceceive assisLance
 
of the types no ted e'Aoee if he can he expec ted to do his best
 
to b(. successful. In f.act, tihe studies show that 
many exist-
ing irrigation prjucts in tribut 
 .- areas have been something
less than succer-uu 2c.ucse th] neces;ary guidance and assis-
tance 
 %:.snot t,, mnse th.se i -ig tio projucts
scarcely just-i,' thoi: costs jdgjing rom their roductivity 

records. 

f'or tho v'rnmermts to provide assistnce .;ould of
 
course require that toe gov(er.nments assuirc proper rtesponsibi
lity for their no;.' role 0.nd especially to devote a sizeable
 
share of the national resources (alwavs in short supply in the
 
developing nations o Southeast ,'sia) to this purpose. While
 
the lower basin governmoents have yet to mahe the strategic
 
decisions :s to t.,2 o:tent to .1.ich
' such assistance will be
 
given, the studie-s to dite all point to a basiwide policy
 
that some basic muinirmm "package' of as.istance oi both im
proved social institutions and cummunity aIcilities .ill be
 
provided in the irrigated areas to insurea i significant
 
improvement in thc qus lity of lie.,
 

The 1lekong Committee' s :;tucies have included examina
tion of victually all. aspects 
o thue problums of conversion 
to irrioated farminw, including (a) agricul!tual research
 
of the e::periment ol -arms to determine the best 
selections 

-and tuchniques i:o multiplt- cropping; (b) public health studies 
including investigation of laria, schistosomiasis, and other
diseases ,.'hich i:ig 1t be ci-useei oi intensi.lied by environmental 
changes due to irrigation, aind including methods for furnishing
community w.at,!r suopply and sanitatio systems suited to irri.
goted farming vill-o,.; (c) potential ne'' fisheries through


sh faring made pos;ible with ;,n assured 
 supply of irrigation
 
'ater; (d) aqro-ind. ti -,]) t,.on and
invettgo of j)otenfi.-is;
(e) . variety of socio-econonic invstiga tions 1f.r stitistic-il 
evlu; Lion of the c11ir.nt )conomicand social,:onditions in 
tributary are.as in the sanem region ih(ere irrig..tion hs 
already, bean ractised for Mon'y yea:rs. The total of all those 
studies indico t he iehong Cmxittee mow has a fairly firn 
understanding and ao'creciaton of the existinco soc:io-economic 
values and has suff'icient :study findin: fgor preliminaury planning
of the contemplated socio--econoiic aspects OI irrigated farming 
communities. ifowever, uccau.; of the admitted compleity of 
the subject, involving as it does the very basic philosophies 

L( 
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of lower basin governments and social concepts, a system of 
pioneer agricultural projects, i.e., ull-scale farming commu
nities, is being implemented as the only sure method for 
proving out the validity of the new, concepts -. to ,sake sure 
they will result in higher production and in satisfaction both 
to the farmers and to the national governments. ithin a 
period of about five years, the accumulated experience of these 
farms - ',hich .,,ill be carefully monitored as to performance 
and results - hould be sufficient to oermit the national 
governments to make their strategy decisions on such basic 
questions as educational requirements, community facilities, 
etc., and in turn to permit the Hekong Committee to prepare 
detailed plans for implementing the proposed wide.-scale appli-
cation of irrigated agriculture to be associated with Pa Mong. 

,'beginning effort to demonstrate the feasibility of 
irrigated agriculture in the lofwer basin has been made )y the 
Mekong Committee's resettlement study and planning project 
through pilot operations carried out a-t Iluey Luang and at 
Nam -ong in northeast Thailand in 117,--7'- (,ef 32). These 
pilot projects, including detailed attention to both rainfed 
and irrigated farming of the resettled Family's allocated land 
plot, establishment of a farmers cooperative, and agricultural 
extension services, have succeeded in increasing family income 
levels to reach the desired target levels (See discussion 
on resettlement for further details). 

To sun up, the types of irrigated farming communities 
contemplated 'ill ruquire e:xtensive changes in the socio-. 
economics of farmers accustomed to rainfed rice cropping, but 
in return the farmer will enjoy a higher income and a signi
ficantly better quality of lifeo. ioreover the farmers will 
tend to be drawin togethcL into more closely-knit communities 
which will enhance the national political stability. All 
this is a great expectation, and certainly transcends the 
actual results of irrigation projects in the region to date. 
The difference lies in the 14ekong Committee's programme of 
studies which have carefully evaluated the key problem areas 
and have been wor]king toward evolution of realistic solutions. 

3. Need for irrigation ciqricultur o 

The vairious Mel-ong Committee studies indicate the 
population in the projected Pa Nong irrigation areas .Jill 
probably doublu, w.ithin about 30 yars. 'Whereas some 00 per 
cent of the existing )opulation is engaged in rural farming, 
it appears there will be insufficient new. lands available 
to maintain this ratio. ias grow.th proceeds, an increasing 
percentage must locate in urban -oneS. llowever the extent 
of industrial growth wJill not be sufficient to absorb all the 
growth, hence very substantial numbers, aust be farmers. This 
will require greater productivity per unit of available land, 
i.e., will require conversion to irrigated farming for large 
areas, which in turn .ill require development of a mainstream 
dam project iith large storage ccpracity, such as IPa Mong, as 

K. 
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the only source of the necessary rater. In northeast Thailand, 
for example, of the total area of 17 million ha, elininating 
areas not suitable -for farming (Cue to soils, ifloods, urosion, 
topography, or urban use) leavus only , nillion ha o2 wlhich 5 
million ha .iere alrea'Ay under cultivation in 1)'/. To convert 
from rainfed paddies to irri,-ated agriculture will require. an 
assured suply durLng drought years o' about 4i2 billion mn 

3including 14 billion 11 for dry season irrijotilon. The total 
iiatershed runoff in drought ycars;is about 14 billion vt 

" i

hence tho deficit of 2, billion m oust (:m, from another 

source, the i1ekongJ river. 

The coniclusion of these studies is, while the Pa Mong 
project may be finoncLll- viable for its pouer production 
alone, the agricultu:r l otentiols of the project, including 
both isrigation ;tnu 'cacloniation of .ands through flood control, 
may prove to be even more i:.:por.-tont. 

4. s ecifce of a h-nd! 

(a) 	 tconomicSfome the economic impacts thei:)1c15: of of 
all, long pro i.]oct Stage One irrigation service area 

deve2o:anecnt %.iichcun be, cuantified are listed below: 

(1) 	Increase in annual paddy rice production by about 
194,000 wetr-ic tonf;, in the. annuatil. suantity of paddy 
rice milled by e::isoinj r-ice mills by about 194,0Ot 
metric toris, anS in annual saddy rice storage require
ments by about 7], 0u metric ton::. 

(2) 	Increase in annlal. usa of commercial fertilier by 
about 21, 900 netric tons 

(3) 	 Increase i:i :tAal lenoth ()' farm t.-) market roads in 

the Stage One , irca froe 0 to more than 1,200 kn, 
which .dil incre.so tho ratio of !ilometres of roads 
per square kilometre ol cultivated land from 
0.19 	 : ]-" '-I,, .5( IK '). 

(4) 	Increase in ui: c-apita gross receints of trades and 
service inldustries by about folir times olus doubling 
of tlic nviiiier )! 'irms a n,! of tLie number af persons 

enga cn1 2 these lsineus:s° 

(5) 	 Temporary emloymont ,prtuni ties f"aorai substantial 

number .orders Ifin the labor force requirud to 

construi::L the reect, and temporary iemploy:nent for 

siilled and unskilled w:orers to harvest and market 

timber ini tie reservoir arcus prior to inundation. 

http:incre.so
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(6) 	 Permanent employment Cor a sizeable force of techni
cians to operate and iaintain the irrigation facilities 
and the dam-dike-reservoir complex, power plant and 
power transmission linos, and for training the farmers 
in irrigation methods. 

(7) 	 Fish farming opportunities for about 2,130 families 
and increase in total annual ish catch by 2101000 
metric tons in the Pa I-long reservoir and Stage One 
area. 

(3) 	 New agricultural farming opportunities for about 1,700 
families in the Stage One area. 

(9) 	 Provision of a oonthly market Jor about 17,000 metric 
tons of ice and about 420 metric tons of Lish feed, 
which will encourage investment in facilities and 
provide addeId employment opportunities. 

Some of the economic impacts that would result from 
development of the L: Ihong areject 2hare II project are pr
sented in Table 2. 

(b) 	 Social imi)acts: The ic: long project will have social 
effects oi " great many tpeoople cad istitutions. The 
lives and livelihoods of -iarmers, businessmen, pro.
fessional men, laborers, and people engaged in trans
portation, trade, Cinance, public services, and uti-
litier w'ill all he affected. o'armers will need to 
work in thme fields all 12 months of the year instead 
of the traditional (months. Existing social struc.
tures will be disrupted te'.ipurarily during construc
tion of tihe Oroject darM Mid distribution facilities 
and on-farm development facilities. Village life will 
change ,ith respect to the operation and maintenance 
of the irrigation facilities in that farmeirs will find 
that organization is necessary to assist each other 
in the common goal o. operating and maintaining these 
facilities. Extrzi schooling wil. eventually be required 
as the need for more advanced technology develops, and 

increased agricultural e::tnsion training will also be 
required to assist the farm operators in improving 
farm management ,ractices. 

Two 	 special. impacts are the following: 

(1) 	 Politiczal stability: The project t-ill have an impor
tant social effect on political stability in the area, 
which can be expected to result roin thte banding together 
of communities fo:r the operation and maintenance of 
the irriigtion facilities fur coopera:tion in a common 
cause. liuch oL the no'.. stability will result from 
the change or shift from near--sulsistence farming 
to a more intensive, dcuble--cropping system producing 
more cro,s !or sale 011 tme commercial market and thereby 
increasing cash farii incrime and national benefits. 
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(2) Improed ivin conditions: Substantially improved 
living conditions wiill result from development of the 
Pa Hong project. Homes can be enlarged and improved, 
and more and better food ,,ill ba available. Availa-
bility of potable domestic wiater ill be a definite 
asset to community living. Health and sanitation con-
ditions will improve. Nore family income wiill be 
available with which to acquire the necessities or 
luxuries of life. 

(c) Pa Honq.islands: The numerous islands to be created 
in Pa Ilong reservoir will definitely contribute to the 
new order of socio-economics. Some 133 of these islands 
(for a 250 ia pool level) will be large enough (exceed
ing 25 ha) for establishing fishirg villages, recrea
tional sites, and special facilities such as biological 
research stations. :,,griculturcl resettlement ';ill be 
possible on 5O islands, and 34 are suitable for wild
life refuges. The island7: can also serve as stations 
in the vast water transoortation system expected to be 
created by the reservoir. 'roder use of the islands 
for human settlements jill cequire careful planning 
including provision of community facilities -or sani
tation and water pollution control. 

(d) ECfect of different 1.ool levels: The nature of the 
socio--economic impact of Va lBong will be the same 
regardless of pool level, The extent of the effect 
will depend primarily on the extent of the irrigation 
service area, i.e., the numbrs of farmers to be 
involved. Another factor -,:ill be the size and extent 
of the periphery of the new, la:e, 'hich will be depen
dent not only on pool level but on the pattern of 
protection methods selected for Loci and Vang Vieng. 
The larger the lake and its periphery, the greater 
will be the potentials for ne. communities and related 
farming and agro-industries to be built around the 
lake, and the greater the potentials for navigation 
and recreation. 
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SItv <Y CF SLET_.r. Etf.CA1 1; ,OCTS TH-T -1CO 7E, ._T_Rf-O5EVELOPV[NT 

00 FOTO-TIAL PA :.'G r7RCJrT PH,,SE II IRPlGATC DIVISICMS 

(from Re .cn, Phas.11K'.rt 

P,-'cng Prj-ct Phisc II Irri-ntion Divisions 

Itu= 
I !Nt.rLik Vientian 

Laos 
p i.Ip__ _ 

Udrn 
Kur- Lam 

.j.
phaap_ Pipninn 

i Fo Yhcn K.acn Nai Nab 

Incruisud annual rice production (.T.) 155,0CC 72,0O( 225, -CO b30,0C 125,0r0C 721 ,0-'G I,,'CDOC 30', COO 167,00 

Increased paudy 
per year 

miild by fxisting rice rills 
(T.) !,CO 3.1,O00 237,0CC' 7C,-:, - , 

C 
C 3;2,C- 3" 

1 
la7,000 

Y'.inimun adiitior-l large rice nills reoulre-- (No ) 3 4 16 45 33 57 0 

'.Jyiti.n±1 pat, rice stcra9L reaoirrcnt (.T.) 70,(U 30,,O(0 100,000 3, 5,0-CC 3 ,CCC .2.,C 1L . - . 

Inzrcasa annuil ccrn-rci2l fertilizer use ( .T) 12,2CC 7,20- 22,505 ,{, 15,30C 6i5, IC/,700 2z ,1 22,200 

Ir~iat o C A&2 porscnnu2 rc-uir-ents ) 10 6 I ' 76CG 1C 52 -,t 2-S0 !O1 

irCr. aS t research 7nd cxt..nzion o.rsonncl 

rcquirer.ts / (o. U 22 6 7 60 77 1.; 11 

Ircr~ns,, annua.lfish nirvvst frc fish fan- ( T 73,600 11,400 .6,1C1 6,3) I 35,000 52,ICC/! 17,74 1,200 

cr -: annu-1 "CL r,uir-aents %.T ,.. 3,0 10 C1,-;:'6,3-- 35,60C ,1COO 17,7CO 11,200 

IncrIL11I .rru !I fish f,.cJ reoquirenr.nts (T. 3,90 &,D0 50 23,5C: . ,2C- 15,3C7 2l,( C 9, , 5,7C 

Ssh fr~ir, opporturities (N- I ,6c KC 2,50C 9,0 1, 7, 11,, 3,0y 2CO 0 

w -igricultural f .tm- opcrturities . 1 2,000 7,500 14' 2CX .3 ,70 I ! OC I '. "00 

i/ ic, 7 iling cnpacity per rill cstimated at l , CC3 metric tcns per aonth, Based cn thl. LG&T Fna'ong Phase II study ar -, processor and handler survey. 8
 

2/ reductivc -t-.r surf-.c_ area (hectares) of firm fishcrios shown in T-blp IV-21 cf ,pperdix VI tires 2.0 mtric tons.
 

3/ Includ;s stirtd anrual fish harvest fro %an Thiang Reservoir, tijui Pong Irrigation Division.
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PA MONG ENVIRON.iENTAL ASSESSMENT 

SOILS 

1. Introduction
 

The soil resources of the lower iekong basin will be 

significantly affected by the [a Mong project, with the
 
primary concern being the suitability of the soils for
 

irrigated agriculture in the proposed irrigation service 

areas. other effects will re:sult from storage and reductions 

in floods to ht, ichievecd by i-a 11ongi, which may modify delta 

soil fertility and d:position of silt on levUe bank farming 

areas (chamkars) in the d. in Democratic Kampuchea . Also, 

water control madu possiblu by P[a i-ong will introduce oppor

tunities for reclamation of il. not no,..! suitablf for 

agricultureo 

2. Suitdbility of soils for irrigation 

Both the 1, 1.long f3tag<. Oni- and P alse !I reports 

include detailed evaluation: 4f tlh.e-, soils in the I-roposed 

service areas and their :uitibility for irrigated agriculture, 

including detailed tabulationsof fi"ld and laboratory soil 

characterizations (Pef. 1, , >:1) A summary of these 

findings is presented h(ere . 

2.1 Soil classification and charactristics 

The soils in the c,rvic- areas a,.re, highly variable 

because of differences in the, naitural prccesse:s and factors 

responsible for their development, name--ly the parent materials, 

climate, soil organisms, topooraphy, drainage, and time. 
Classification of these soils was based essentially on the 
soil classification system developed by the U.S. Department 

of Agriculture (USDA), adanted !or use in Thailand through 
consultations bet.ee-n soil scientists of the US"B, USAID, 

and the Thailand Soil Surv:y Division (Ref. 2, 2a, 5). This 

classification recognines that two parameters, the cation 

exchange capDcit; (CEC) and the- acid-base status, are among 
the most meaningful indicators of soil fertility in humid 
and tropical regions. The CEC is defined as the sum of 

exchangeable bisic taet:ons (Ca, g, Ha) and exchangeable 

acidic cations (Ai and i.,. Phe CLC may be exprt-ssed .ither 

a effective:- CEC" meani n, the1 CEC under natural soil pHi 
conditions, or th, "total (IC" which is the maximum CEC as 

measured in the laboratory under contro]le:d testing conditions. 

Generally the CEC is indic-itiv-, of nutrient retention capacity 

and also correlate:s wol with soil 'atur holding capicity. 
The exchangeabl, acidic cation:;, also called exchange acidity 
(EA), is a measure 1 liming re:]uirements for upland crops. 

The CEC and EA are- usually expressed in nillietuivalsnts per 

100 grams of drysoil.. 

-, 
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2.1.1 River levees
 

The soils on the river levees are predominantly
 
Entisols (Alluvial soils). They have deep open profiles
 
that are brown or grayish brown and show only very weak
 
genetic horizon development. The texture of their surface
 
layers is usually fine sandy loam to silty claty loam. The 
subsoil layers are usually finer textured varying from loam 
to silty clay, and miay be stratified. Internal drainage may 
be slow to medium depending mainly on local gradient and 
subsoil texture. The river levee soils usually have medium 
to moderately high CEC throughout their profiles. Base 
saturation is usually moderately high, exchange acidity and
 
toxic exchangeable aluminum are low, and weatherable mineral 
reserves are relatively high. iormally, the pil ranges from 
medium acid to neutral. 

Although they are of limited extent, occurring mainly 
along the iekong river and the Nam !Jgum, the river levee 
soils are quite important. They are among the most fertile 
soils in the region and are highly productive,, for a wide 
variety of field crops, vegetables, and tree crops. Paddy 
rice is usually grown on the poorly drained parts of river 
levees in this area. The river levees along the Nam Ngum 
are in thinly populated areas and mostly remain under mixed 
open forest or tall bamboo cover.
 

2.1.2 Active flood Plains 

The soils of the active flood plain areas are mainly 
Inceptisols (Alluvial soils and Jydromorphic soils). They 
are usually very poorly drained, show relatively little 
genetic horizon development, and have predominantly grayish 
colors with considerable mottling and gleying. The tecture 
of their surface and root zone: layers is usually clay loam, 
silty clay, or clay. The C;hC in their root zone layers is
 
usually moderately high t,- high. ilost profiles are medium 
to strongly acid and contain cnnsiderable amounts of exchange
able aluminum with conc nmitant lw base saturation. 

Mst of the active ilood plain soils ore used for 
broadcast or transplanted paddy rice prrductien in the rainy 
season. In this use, they are quite productive and relatively 
high yields are obtained when flooding is not destructive. 
The low-lying areas with severe flood hazard remain under 
thick brush or bamboo cover. These soils are quite extensive, 
occurring along the larger streams in all parts of the Etudy 
are a. 

2.1.3 Old lowland surfaces 

These soils have undergone intensive weathering and 
leaching and -.how strong gennetic horizon development. They 
are usually poorly drained. Alfisols (low Humic Gley soils) 
and Ultisols (Low Ihurnic Gley soils an,! Laterite soils) occupy 
most of the old lowland areais. Although they -ire of minor 
extent, Saline soils are conspicuous in some areas 
(see Section 2.2).
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Whether the Low Humic Gley soils on old lowland sur

faces are classified as Alfisols of jltisols in the USDA 

system usually depends on the degree of base saturation. 
TextureTheir other characteristics a a generally similar. 


to loam.of their surface layers ranges from loamy sand 

Their color is usually grayish brown or brown with distinct 
have loam to sandy claymottling and gleying. Th,. subsoils 

and aro typically pinkish gray with prominentor clay textures 
in some Arens soft and hard lateritic nodules maymottling. 


below 30 cm.comprise up to 10 per cent o.: some layers 

The CEC is usually i.,oduriateiy low to very low in the root 

zone, but :nay be mcdorate].y hiqih in the subsoils. The root 

zone layers arce .ildly icid to very strongly acid and exchange 

acidity varies from ;oder tcly low to high 

Paddy rio; is grown on practically all of the Low 

Humic Gley soils. In this use they are moderately productive, 

with yields boi.,- cione.rlly lower than on most active flood 

lwvor ,olJ. occupy the greeterplain and river .- These soils 

portion of old 1y, los1 i suriaces in all irrigation service 

areas. The Ali-;os t.nd to be most prevalent in the southern 

parts of the study arca whcere annual rainfall is lower and 

more unevenly diet,. .botr, resulting in less intensive 

leaching conddition: I occupy the greater portion ofatisols 

the old lowland surfuc: ; in the Lao PDR service areas at the 

northern end 01 th,- :itudy -ir<.a, 

A signiaican p-i on -,f the eld :ofa:0: in 

some areas have Li, soils. These soils contain high 

proportions of gsv,I] y irunstone concretions at depthsless 

than 50 cm. in i few ,laces a consolidated 1ati,,ri.t;,c layer 

is fo'in.. 

2.1.4 Uplands
 

The extensive upland areas contain a wide variety of 

soils including Alfisols (gray Podzolic, gray-brown Podzolic, 

and red-yellow Fod-olic Uoils),Ultisols (gray Podzolic and
 

red-yellow Pod:'Olic soils-, Lacosols, and Laterite soils),
 

and Inceptisols lIeaesclic--graysoils). The
Podrolic 


Alfisols d-- not include lateritic material, are less acid
 

than the Ultisol:-, -n( are most rxtensive -;here rainfall is
 

lowest, similar to the relationships betweer these orders in
 

the old lowland c..
 

The Alf i.: !i; in upland areas (.nerally have deep 

cll-drained 

showing moderate. to :;troitq genetic developmento The texture 

of their root zone ] :yr: ranges from loamy sand to clay loam 

most areas° Subsoil 

imperfectly droico to wderately profiles 

but tends t,.,be r ,t,; coal se in 


layers are usuall\' r.,',:e:.tuned, ranging from fine sandy
 

loam to sandy clay loam. TI.(e color of these soils ranges
 

from yellowish--red throuh ,irayish-brown. Their root zone
 

layers usually have moderataly 1lo: CEC, are slightly acid
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to medium acid, and contain moderate proportions of exchange 
acidity. Some of these soils in the Lam, Phaniang and Huai 
Pong service areas have developed from calcareous materials 
and have a near neutral reaction with nearly 100 per cent 
base saturation. The Alfisols are the most fertile soils in 
upland areas, A significant proportion of these soils are 
cultivated, especially in the 'r-,as ith the higher populations 
and good access roads. Crops such a!;k:naf, cassava, sugar 

cane, or upland rice are usully grown. 

The deeper Ultisol: ol the upland areais have physical 
characteristics ind general appearaince similar to the range 
encountered in the Alfisols. However, they are usually strongly 
to very strongly acid, have ]ow bas.e saturation, have very 
low CEC in relation to clay content, ind hav, low natural 
fertility. These soils and the Ultisols having lateritic 
material at very shallow de-pth are the predominant kinds of 
soils on uplands in the Lao 1'I)1 portions of the study area 
and in the northernmost porti:ors in Thailand. The, occupy a 
significant proportion -f the uplands throughout the Pa Mong 
study area. The native vegetaticn in -oit A rather
arcas is 
sparse low open forest :vegetation. A few areas have been 
cleared or partial.y cleared anr: are used for upland rice or 
kenaf in a modified shiiting cultivation system. 

The Inceptisols in upland areas are soils having 
very coarse texture (sand or lotmy sand) to depths greater 
than 5 cm. Most attempts to cultivate these soils are 
unsuccessful and most areas remain under a sparse low open 
forest cover. The-se soils are extensive in the northern part 
of the Khon Kaen, in the southern part of the Udorn, and in 
the Kumphawapi oervice areas, 

2.2 Soil salinity
 

Salt-affected soils ar, those which contain amounts 
of soluble salts or exchangeable sodium high enough to 
adversely affect crop production. Although they occur on 
less than 0.1 par cent of thc total service area, salt-affected 
soils may occupy as much in 4 per cent of old lowland surfaces 
in semi-closed basin areas such as those in the vicinity of 
Udorn and Kumphawapi. Scattered patches of these soils may 
be found on old lowland surf ace:; in other areas, except for 
the Lam Phaniang and Huai ong .(ervice areas. 

The salt-,ffected soils are et-ten adjacent to or 
intermixed with soils containing low -imounts of salts in 
areas that are use(' for rain- :or flood-ed paddy rice. The 
salt-affected areas may either 1-r cultivated or left idle. 
Where farmed, they atr discernable by yellowing of the rice 
as the water supply decreases, stunting or poor growth of 
rice, scattered barren spats, and yield depression. Non
cultivated areas may be completely barren or have only 
patches of salt-tol4erant grasses or shrubs. 
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The development of salt-affected soils appears to be 
limited to areas ..;here saline ground water is found at shallow 

depth. Whether soil salinization occurs in these areas is 

also related to local positio.. and microrelie-f. The most 
areseverely salt-affected areas a'r! 1cal surfaces that 

elevated slightly above the surrounding land's. They are 

never flooded, or undergo natural flooding or submergence 
for rice culture only lur relatively short periods. In th se 

areas, relatively little in iltration and leaching occur and 

the salts accumulate nec.r the sur-ace as a result of evapora

tion of upward or obliquely mving ground water. This situa

tion exists on the slightly elevated portions of old lowland 

surfaces, especially where microrelief is uneven or hummocky 

and on the seepage surface of gently sloping areas that are 

transitional to upland.;. In active flood plains and other 

areas that undergo prolonged inundation, the soluble salts 

and exchangeable sodium may be high in subsoil layers in 

some places, suggesting accumulation through downward dis

placement.
 

Salt-affected soils d1o not occur on uplands or river 

levees because shallow saline ground water may not be present, 
or because their elevation, gradient, and substratum conditions 

permit effective leaching an'! subsurface drainage. Although 

most of the lowiand and flood-plain are:as east of the I-j,a 1Phan 

Ridge are underlain by salt-beoring strata and shallow saline 

ground water, the total area ,f salt-affected soils in these 

ras has remained low and essentilly stable' Apparently 
tl.!c is because of smooth :ni.crorelief and agricultural practices 

that result in p-riJodic prolonged submergence, permitting 
downward displacement and ditfusion processes to operate 

effectively.
 

Because oi their sm:all extent and the apparent equi

librium that has been attained, the salt-affected soils are 

not generally considered to represent a serious problem in 

the region, except in ai few local areas. Although these 

soils produce relatively low yields when farmed, the farmers 

have adjusted their cultural practices to obtain the largest 
practical yields under present con(litions 

With project development, low salinity levels would 
be maintained in the s ilL of irrigated uplands and river 

levees because their substratum ptermeability and gradient 
conditions permit the required leaching. Because of the 
very slow subsurface drainage in the oid lowland and active 

flood-plain areas, salinity control in these areas apparently 
cannot be based on leaching .:n'i subsurface drainage. However, 

salinity control over most of the,.se i.;expected to beareas 
maintained through the periodic downward displacement and 
diffusion processes that will continue to with irrioccur 
gation. These lands are expected to be used mostly for 

irrigated paddy rice, with the water ponded on the surface 

for about 225 days each year. irrigation water applications 
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are expected to result in displacement of the salts initially 
in the soils, plus the small amount-- added in the irrigation 
water, below the shallow root zone of rice. During the 
period of submergence, some diffusion into the surface water 
will occur. Salts that might move upward into the root zone 
between crops would again be displaced below the root zone by 
rainfall or irrigation preceding the ne-!xt crop. Through 
these processes, both soluble salts and exchangeable sodium 
are expected to be maintained -it low levels and there should 
be no significant reduction in rice yield-; 

The combination of anticipated land development 

together with irrigation development will enable efficient 
irrigation water distribution ind application, ind effective 
surface drainage. These developments plus the increased 
availability of water for displacement indicate the effect 
of irrigation will be to control and reduce salinity, hence
 
a large portion of the presently salt-affected lands is 
expected to be reclaimed. 

2.3 Effects of irrigation 

2.3.1 Soil properties
 

The texture, structure, aggregation, and tilth 
relationships of the soils are considered to be favorable for 
their planned uses in the irrigation service areas. For 
example, consistence characteristics of the clayey flood
plain soils would riot adversely influence crop yield or costs 
of production under the expected wetland rice culture in 
these areas. The planned land development involving bench 
terracing woild permit efficient irrig,-tion ano erosion 
control or the gently slo.inq .reas with highl erodible 
coarse-textured ils ho.ver, ivailable water ce-pacity 
would be only moderaitely J avorab].e in coarse-text,,red coils 
used for upland -rops. Areas with steep .lopes or excessively 
coarse-textured soils were excluded f-rom consideration for 
irrigation developmient. 

Loterite is not expected to be a problem w.ith irri
gation development. aoils having laterite at very shallow 
depth were net considered for irrigation. Also, soil erosion 
control is .lannec; solt f orw that h:arden ar-, n(,t Iound Ln 
the project area and "new laterite would not form during 
the planned lifeo ,,[ the ,rojcct. 

d',ith respect t... the ha:-mrd of toxic product. resulting 
from anaerobic con,.iitiens' in paddy areas, it is exected the 
pH would stabili.:e -it favorable levels when the riceland soils 
are flc.,Ied ino t. oxic quantities of reduction products are 
not expectee, 1o acumul%.It also, toxic q(uantities of soluble 

salts or exchjngeable sodium are not expected to accumulate 
in the soils, 

http:acumul%.It
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It is concluded that the principal soil problem in 

irrigation of both upland crops and rice will be attaining 

and maintaining soil fertility. Except for some river levee 

and active floodplain soils and certain upland soils developed 

on basic rocks, available and reserved supplies of most plant 

nutrients are low or very low. Nitrogen and phosphorus defi
ciencies currently limit rice yields in most areas. Under
 

the flooded conditions some of the nitrogen can be lost
 

through denitrification and leaching° The low cation exchange 
capacities and low base saturation percentages of many of the 
soils indicate that their available supplies and immediately 
accessible reserves of nutrient cations such as potassium,
 
calcium, and magnesium are low, Iliost of the soils do not 
contain free carbonates or sulfates of calcium or magnesium,
 

and weatherable minerals containing these elements and potassium
 

(e.g., plagioclase, feldspars, micas, and chlorites) are 
usually scarce. Deficiencies of micro-nutrient elements such
 

as boron, molybdenum, zinc, copper, and cobalt can be expected
 
under the prevailing acid conditions, especially when avail

able supplies of the major nutrient elements are made adequate. 

It is concluded that rather high tertili:.er inputs 

will be required for most of the lnds to be irrigated in 

order to attain the sustained high yields of upland crops 

and wetland rice expe: ted with proje, t development. hany 

major and micronutrient elcments would have to be applied
 

as fertiliters or liming materials in quantities approaching 

those removed by crops, plus amounts to compensate for 

leaching losses, fixation in nonavailable form, and
 

inefficient absorption by the plants. 

2.3.2 Soil zones 

As previously noted, the river levee soils are con

sidered to be the most fertile in the region. They are 

highly suitable for production of irrigated wetland rice and 

also for a variety of dry-foot crops. Also, irrigated upland 

crops would produce well on the better drained areas with 

proper soil and water management practices. 

The active floodpliin soil!, are aell suited to 

production of wetland rice under irrigation. Although base 

saturation is relatively low and exchange acidity is high in 

most areas, these factors are not critical for rice production, 

and the CEC of these soils tre relatively high. Available 

nutrient levels are probably below those required for optimum 

yields but these soils tend to retain added nutrients against 

leaching and have some weatherable reserves. iice would respond 

strongly to moderate balanced fertilizer inputs and perhaps 

to liming. Power requirements f)r tillage may be moderately 

high but rice is well adapted to their usual moderately fine 

and fine textures. Water requirement would be the lowest 

of any project area ricelands. 

http:tertili:.er
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The soils of arable lands on the old lowland surfaces
 
are generally of moderate suitability for rice production
 
with irrigation. They are relatively highly weathered and
 
have lower CEC and plant nutrient status than the soils of
 
river levees and active flood plains. However, economically
 
favorable rice yield response should be obtained when balanced
 
fertilizers are supplied. A significant proportion of the 
lands in the old lowland surfaces was considered nonarable
 
because of coarse-textured soils with low CEC, shallow
 
depth to lateritic materials, and in a few places, salt
affected soils.
 

A relatively large proportion of the upland areas
 
were classified as nonarable because of intertile coarse
textured soils and soils with shallow depth to lateritic
 
materials. The areas with deep moderately coarse- or medium-.
 
textured soils usually meet minimum criteria for arable
 
ricelands, and are considered to be of moderate suitability
 
for irrigation. The fertility status of these soils is
 
about the same as that of ricelands on the old low-land 
surfaces. A very minor portion of the upland areas was
 
classified as arable diversified croplands; however most
 
of these lands are marginal for this use because of low
 
soil fertility and inadequate drainage. A suitable alter
native use under irrigation would be wetland rice culture. 

3. Effects of Pa Mong storage and flood control 

These effects are reviewed in the discussion on 
agriculture. Summaries only are presented here. 

3.1 Delta soil fertility 

Because of apprehension that trapping of silt by 
Pa Mong reservoir would result in lessening of silt depo
sition in the Mekong delta and hence in impairment in delta 
soil fertility, a study was completed in 197d (Ref. 3)
for evaluating this problem. Based cn mineralogical, che
mical, and physical analyses of sediments and soils in the 
Vietnamese delta, it was concluded that the annual deposi
tion of sediment does not measurably increase the fertility 
of the delta soils in that area and moreover that water 
control, not soil fertility, will be the dominant factor by 
which large increases in delta agricultural productivity 
can be realized. Another interesting finding of the study 
was that soils near the river contained the same levels of 
mineral nutrients as soils away trom the river. 

3.2 Soil deposition on Charnkars 

Another apprehension, in .'enocraiic Kampuchea, is 
due to concern that flood control by Pa Mong would lead to 
impairment of chamkar agriculture (on the back slopes of 
river levees) i'e'.yga o- l,;ge::inr cf -,it 1(!position :y 
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colmatage (channels carrying silt-laden flood waters to the
 
chamkars for deposit of the silt at desired locations). A
 
study of this problem completed in 1975 (Ref. 4), based on
 
hydrographic analysis, showed there will be some reduction
 
in the normal pattern of silt deposition, but that this can
 
be largely overcome by use of efficient engineered colmatage
 
systems rather than depending on natural creeks which are
 
only partially effective, and also that another effect of
 
Pa I-ong flood control will be to extend tho usable chamkar
 
areas by virtually doubling the usable areas.
 

4. Reclamation of poor soils
 

The fact that Pa Mong will enable varying degrees
 
of water control throughout the lower basin, including the
 
delta where a sustained dry season flow will enable a large
 
increase in agricultural productivity, will set the stage
 
for development of feasible measures for reclaiming vast
 
areas of non-arable soils now useless in the lower basin.
 

As noted in Section 2.2 above, salt-affected soils
 
occupy as much as 4 per cent of the old lowland surfaces in
 
the planned irrigation service areas, Irrigation of these
 
lands is expected to reclaim a significant portion of these
 
salt affected soils through downward displacement and
 
diffusion processes expected to result from irrigation.
 

The discussion on agriculture notes the pilot project
 
started in 1974 in Viet-Nam for developing methods for
 
achieving multiple cropping on heavy clay delta soils under
 
conditions of water control. Also, proposals are bei.
 
considered for developing practicable methods based on water
 
control for reclaiming extensive saline soil lands both in
 
northeast Thailand and in the lekong delta, and extensive
 
acid sulfate soils in the delta (about 1 million ha in the
 
Plain of Reeds area). These might represent very attractive
 
potentials that the advent of Pa 1ong could bring to reality.
 

5. Summary and conclusions
 

Detailed studies of the soils in the proposed Pa Mong
 
irrigation service areas, both for the Stage One and Phase II
 
project evaluations, have permitted classification of the
 
soils according to their properties and physiography (river
 
levees, active flood plains, old lowland surfaces, and
 
uplands), and have established their general suitability
 
for agricultural production under conditions of irrigation.
 
Most of the soils are arable, and the nonarable soils,
 
including soils which are saline, are excluded from the
 
planned development. Availability of water control should
 
permit reclamation of a significant portion of the saline
 
soils.
 



III - 389 	 Soils
 

Storage at Pa Mong, by reducing flood flows, will
 
cause a reduction in downstream silt deposition in Democratic
 
Kampuchea in chamkar areas, but on the other hand will sig
nificantly extend the total chamkar areas and with use of
 
engineered colmatage systems adequate silt deposition can
 
be maintained.
 

The availability of water control made possible by
 
Pa Hong should make it feasible to develop programmes for
 
reclamation of large areas of norarable soils in the Mekong
 
delta including saline soilz, heavy clay soils, and perhaps
 
even the acid sulfate soils (See discussion on agriculture).
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PA MONG ENVIRONMENTAL ASSESSMENT
 

SURFACE WATER
 

1. introduction
 

The control of the surface waters of the Mekong river
 
at Pa Mong is, of course, the primary objective of the Pa Mong
 
dam and reservoir project, to enable these waters to be used
 
as efficiently as possible for beneficial purposes throughout
 
the lower Mekong basin. Details regarding particular uses
 
are given in the discussions on power, irrigation and drainage,
 
flood control, fisheries, and other sections of this chapter. 

The objective of this section of th chap1,2 is to re
'iew the overall picture on surface waters, namely to assess the
 

Mekong Committee's programme for basic data collection and use,
 
which is fundamental to virtually all aspects of P- Mong project
 
plan,'ing, to review the application of these data for various
 
uses in the lower basin, and to review the extent to which the 
surface water resources will be used for and distributed among
 
these various uses. Of particular interest, from the point of
 
view of environmental concerns, is assurance that the proposed
 
project will utilize the surface water resources wisely and in
 
a manner which will accommodate the multipurpose needs of the 
developing region of the lower basin.
 

2. Basic hydrologic data
 

Basic data on the quantity and quality of streamflows
 
in the lower basin are essential to the planning of all water 
resource development projects including Pa Mong. Systematic 
measurement of discharge in the Mekong river and major tributaries 
was generally started in 1959, but the recording 01 river 
stages at some locations on the Mekong river was initiated more 
than 50 years ago. Table 1 summarizes the history of stream
gaugtng at various stations along the river from Chiang Saen to 
the delta. Sin-e 1959 it has been possible to reconstitute the 
historical flow data from available stage records based on 
established stage-dischar'e relationships (Ref. 1). The records 
of streamflow data are somewhat variable in extent and quality, 
some being subject to adjustment due to inadequacies in field 
measurement.
 

The hydrologic basic data programme operated by the Mekong 
Committee (Ref. 1 to 10), which has evolved over the past 15 
years, includes both collection, evaluation, and publication of 
basic hydrologic and meteorologic data, and applications of the
 
data to meet specific needs of the overall Mekong Committee pro
gramme for project development. The hydrologic data collection
 
and monitoring programme now includes streamflow measurements
 
at a network of 216 stations throughout the basin including both
 

the mainstream and tributaries. Streamflow measurements are
 
made (when possible) at all stations, and at selected stations
 

additional measurements are made for sediment content (amount
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and particle size distribution) and also for selected water

quality characteristics. ,dditional stations are used inl the
 
delta zone for measurement of salinity° in additioj, a netwo-rk
 
of meteorological 
 stations in maintained. 

All the work has be; carried out ty thu riparian qo'vern
ments, with the fiekong Committee servingi uppleie Lary role fora 

iurnishing 
 technical guidance, tquipment, and supplies, and in

collecting, collating, 
 and publishin2 the ' cata on a hanJ.nuide
 
basis. The Nekonc CommitLee's activiLi(e 
 have been -'uid.id 1v
the Chief Ilydroloqi ts o' the riparian conntrie, ho, under
 
Mekong Committee sponsorship, 1egan :leeting annually in ).969.

The Mekong Committee han also sponsored a 
 num,er of training
courses for riparian personnel, on the technology o. strealti
gauging and related programies. The total investment by 
 the 
Nekone Committee in te overalI. programme thjrough 1975 Ls esti
mated at approximately S A eillion.
 

This reviei and assssment in limited to the quantita
tive aspects of the overall data collection programme, i.e. the

streanflow quantities an:1 relaLed data on rainfall and runoff.

The overall programme incluJes collection and reporting of data
 
on sediments, water quality, and sali-nity in thu delta. The
 
Hydrologic Yearbook:n include the water quality data and a limited
portion of the sal iniLy and se(liment data. These programmes are

reviewed elsewhere (see discussion on salinity, sediments and
 
erosion, and water quality).
 

2.1 drcgui~
 

The basic objective of the hydrologic gauging programme

is to establish 
 ratin, curves at key points throughout the basin,
based on correlatin stre afmlow i;ieasurements uith cqa.le heights, 
so that the record of gaee heights will ser e as a continuous 
record of s trean discharge. Bocaus, the 1iek-ong i- an alluvial
river, with the channcl contLnually chan;in tream.'low. measure
ments must be made each year to roe,-tLli h o re justify the
rating cur'res to keep then up to dcite. The frequency of discharge
measurement needed %,ariesFro[l river to river depending onhydraulic characteristics, 7)ut in about 50 annually for key
' tations, nith about one-thiri of the mfa nurejient:s made during

the period o ie floe (,h icii cxi; tn aboutL.0 per cent of the
year). For reache; undetr tidal in 5 luence a series o ,lischarge 
measurements .ust marLbe over Lie ti!al cycle. 

(a) . : tent of netwiork: a P.' nUroloi.s existant 1973,ne tork in 
shown ir, 'i auras-, I an, f, comprise 19"! ,drologic stations 
in the four ri ma-inn counpr .en:, Inclimli ng 2O stations on 
the mainstream and I I on the Lrib utaries andl the d]olLa
canals (0e ) ientw.ork ba; teen continually expand
ing, up IC)1 17'), [ a rate From 5 to 10 per cent nor year.
In terms of a.,equacy oi nu,:O)brn o- sLaLions; amv t:h1eir 
location, th are sn t )r-ogramme in- con!sidered reasonably
comprehelsive. The oratio s rogramm'e in Thailand is 
good, but in the remaining countrLes thei worl: ha;; 
experienced - er ous prolems in 0ud!.et, security, 
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To help ensure
and availability of trained personnel. 


the smooth operation of the hydrologic network in the
 

basin, a work programme is prepared by the Mekong
 

Committee for each hydrologic year to help in guiding
 

and coordinating the overall programme.
 

cont-ains information 

(Tables 1-4) on the streamgauging stztions and measure-
Reference 5 detailud 

ment 	programmes in each of the riparian countries.
 

'he streamflow data, published
(b) Hydrologic yearbooks: 

in the hydrologic yearbooks, are presented in a series
 

of five pages, plus two pages for the data on gauge
 

The first page is the station description,
heights. 

which provides pertinent information on the location
 

gauge, the type of gauge and its datum elevation,
of the 

area 	above the gauge, the records available
the drai-age 


at the Ltations, the average discharge, and the extremes
 

of flow. The average discharge for a station is the
 

average of all complete years and is published only if
 

there are five or more complete hydrologic years of re

cord.
 

The second page includes the current hydrograph
 

at the station with two Oifferent scales giving the
 

discharge in cubic metres per second per square kilometre.
 

The monthly and annual averages are indicated by dotted
 

gives the standard rating curvelines. The third page 
The fourth page shows
(or curves) used during the year. 


the daily mean gauge height in metres. 

The fifth page contains the daily discharge and 

the following monthly values: 

(a) 	 Monthly volume in m3/sec-dayso 

(b) 	Mean monthly discharge in m3/sec.
(c) 	 Monthl- maximum daily discharge in m3/sec 
Wc) Monthly minimum daily discharge in m3/sec.
 

2 
Mean monthly discharge in litre/sec/km
(e) 


(f) 	Monthly runoff as average depth over the
 

drainage area in millimetres.
 

(g) 	Monthly runoff in milliorsoof cubic metres.
 

(h) 	Annual values of maximum mean daily dis

charge in m3/sec, and total runoff in millions
 

of cubic metres..
 

The data for each gauge height station are presented
 

The first page is the station description
on 2 pages. 

and the second page gives daily gauge height in metres
 

from 1 April to 31 March.
 

) .. 
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2.2 	 Meteorology
 

(a) 	 Extent of network: Infcrmiation on rainfall, evapora
tion, wind magnitudes rid vlocities anO related data 
are obtained from a ' ,vorh ,o mfLteorulogical stations 
throughout the lower b- 'Fiigure 3), Tables 5 to 8 
of Reference 5 present cui.ri)it iifoi-,iatior, on these 

stations (August 2975), Th.-se incluoe 40 stations in 
the Democratic Kampuch -,i 2 .Z Lrio PDI 137 in Thai
land, and 32 in Vi,,t-4i .i Lod i:it:; by "hebbekong 
Secretariat in 19')i, :._ i<,:i tilt- operat.ion of the 

stations, included -" in 'i[ha.land but, due to security, 
only 1, I1, and ] 3 ini Deucm'p:is K~mpuchea, Lao PDR, 

and Viet-Nam respechi.'?y. 

(b) 	 Hydhologic yearbook:;: Tch bled me terrological data 

are published each year as Vej~tume II of the Hydrologic 
Yearbooks, for th-, cu,-iidar yi.r periot in accordance 
with 	WMO's recommended format and technical regulations. 
The data include the :itntion: location. ealtitude, years 
of observations, numbt:' ,t rain days, blie monthly and 
annual isobyetal ma)s, aiid a sla. of seis-mic epicenters 
in Southeast Asia,.
 

(1) 	Precipitaion ctto.: Dtat on prccipitation 
consist .f a-ini precipitationthlv arnnuad 
(in mm) and ri n lays in parentiieses. Daily 

values, mostl., frov recrdinq rain gauges, are 

also shown where records are sufficiently 
complete. A rain day ii a period of twenty
four hour in ',,hich ut le-ast G.1 mm of pre
cipitati's is, rCcoixe-d. The isohyetal maps 
have heen J, :e:one -rur the mnonthly and 
annual dar: uf th: to~al ol 3/h stations. 

(2) 	Evaporatinn o:-t ;!, t:The evaporation 
anid wi-d c L, n roaI,Class A 
evaporati'. iar: n tplanin. anemometres. 

The evaorAt-.o', . a: :;upplemented by a 
table :ivin,- ci :cive t in 1ilometres. 
Both 	 ev &ci- nd area,(pm , morrwcint tabu
lated fo 21-ieu pcriods bcgirining at 7:00 
a.m on th( doiy J.Iv!icated in the first column 
of the t b . 

(3) 	SeismoloJ.s:u L 'lat:): One of the maps in the 
Hydrologic Yea1-rook, Volu!-2 II shows locations 
of seismolo.ic :cacions in Southeast Asia 
and earrhqtiun epicentres for the region for 
the IQ'r. 

(c) 	 Tele-eutumatic ra'q 'U''! z The Secretariat staff has 
devised a tele-autmatic raingauqe, specially suited 
to I1ekong conditioi:s, which requires a minimum of main
tenance and should be -.- z,blc. for installation in 
remote areas., Te ts- ;.re ':5 .: 1' 1 ..,'I, 	it is
 
perfected it will be toed fL.,st in seficft-d cubbasins 
for helping improve the flood forecasting programme. 

http:seismolo.ic
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2.3 	 Problem areas
 

Difficulties in operating the hydrologic data system 
stem from essentially three sources: 

(a) 	 Security 2;roblems: The oerahion of the hydrologic and 
meteorologic networlk has been affected siCjnificantly 
by security conition.-, particularly in Lao PDi1,the 
Democratic Ka;pucheax and the tLiibutar'/ basins oT. the 
Vie-t-N',aj higjh jlands.
 

(b) 	 Financial sroheir.s: The badnet situation for the pro
gramne-, like mos t basic data co]lection programmes every
where, ha!; ben tighL rem the beginning. The total 
basic data collection operation for the yeirs 1973-.77 
has be,n budget,-d inclUIQ 11 yea- foreignto s 50,00u ser in 
exchange, %!iLe he available bothwoul' made from the 
riparian an,! donor countries. The four riparian govern-
ments are enpocte.d to assume all oseration and maintenance 
costs beginning in 1972. 

(c) 	 Personnel: Provisio, o; ca adequate lnumber o- trained 
personnel i: a tir,! :l.i pro.lem. Thins is being solved 
largely )y the traininc; cowrn'so' previous)y mentioned. 
Over the past Len years eight special courses have been 
conducted(, o various aspects of the programme, usually 
of two .,eeks rlhration. A.iitioral traini.n] has been 
provided by Cellowships and other specialli funded pro
grammes for selected.!ndivi,!hals. 

Despite these difficulties, the overall programme has 
been significantly inproied over the years by persistent con
tinuing efforts by the i:ekon] Committee staff, participating 
riparian governmonts, and Aonor countries. Key Factors in over
coming these problemls arc the annual reviews .ncludin, the 
meetings of the Chief lydrolegists, and the work prugrammecs 

year the Comitt:eeprepared each by/ L fInonn staff for furnishing 
guidelines to the riparian countries to help insure the best 
results for the year. The recommended 'jork programme for the 
year 1975, for e::ample (summarizedl in Reference 6), included 
addition of 4 hydrologic stations in Democratic Vamnuchen, 5 
hydrologic stations in Thailand, and for Viet-1nam the reactiva
tion of those stations used for the delta mathematical model 
network. 

2.4 .Ade _ y _of _d.at -

Discussions with the engineering and planning staffs of 
the .ekong Committee engaged -'rdesiein of water resources develop
ment structures and :systems indicates; that the basic data pro
gramme, despite its limitations, has provided, at this stage of 
planning, a sufficient information base to meet the current 
planning and design needs, most of which are at the feasibility 
level. This is esp,:tially the case for the Pa 11ong project 
which is located i.i the upper part of the 'aesin here the hull
of the data so far have 'eon obtained. 

http:1973-.77
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The status of the basic data programme still leaves much 
to be desired, as is characteristic everywhere of most basic 
data programmes covering larje regions. ?or this reason the 
Mekong Com..ittee planr, to continue with an annual critica] review 
and analysis of the p)rogramme, in collaboration with the Chief 
Hydrologists, so that improveiaents can be steadily realized over 
the years. b;ith respect to the basic net-.:ork of streamgauging 
stations, the netwjork of 216 stations (1975) represents a fairly 
comprehensive system so far as number:; o' stations is concerned. 
The problem is in operation!- which have )een hampered for numerous 
reasons primarily security and bu qets. It is estimate,! that 
about two-thirds of the station. were reasonably operative in 
1974-75. The esnansiori rate over the past several years, with 
5 to 10 per cunt more stations added to the network each year, 
seems adequate.
 

W-hile the progjraomes in sediments, salinity, and water 
quality also necd continuing improver.ment, still the data base now 
available has been sufficient for the needs of Feasibility studirs 
and preliminary analyses, particularly for th mainstream, and 
significant im.provemen ts are be ing realized each year. 

In the delta zone, the hydrolocgic and other (Iata no.w being 
obtained in recent years in Viet-.Uam repre sent a very decided 
improvement, hut )emocratic Kampuchea needs strengthening 
especially on the frequency or discharge measurements. The work 
programme recommended for 1975 represents the minimum programme 
believed to be adequate for the needs of the nest several years. 
The needs for expanding the programme to include more stations 
will depend upon the additional studies to be made, including 
mathematical modellinq projects, both in the upper and deltaic 
portions of the basin. 

To summariz,, adlequate basic hydrologic data are essential 
for the competent design of any water resource development project, 
both for the desig'n o' the structures and systems for storing and 
utilizing the wa,:er end for insuring proper attention to affected 
environmental values, Despite the magnitude of the problem, con
sidering the size o the loier 2Iekong basin, the paucity of data 
to begin wLth, and the comnllexities or- security, financing, and 
training of personnel, the !Iekong Committee has over the years 
made sound progres:; in developinq a basinwide hydrologic data 
system adequate for metine all the essential needs of feasibility 
planning.
 

3. Hydrololy of surface water 

3.1 Streanflow characteristics 

The 11ekong river al)ove the P'a INong damsite has a very 
long narrow drainige area t:otallingy about 305,500 km2 . The basin 
is nearly 2,500 km long, but in places narrows down to less than 
20 kilometre:; in width. The source oF the river is in the high 
Tibetan plateau in China. The stream is fed pre.rtly by snowmelt, 
and partly by runoff from rain.; an,! tropical storms. The hlekong 
flow follows an annual cycle in which the general pattern of 
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flow is to rise slowly at the start of the rainy season in May,
 
reach a peak in August or September, and then recede during the
 

ensuing dry season. At Vientiane, except in critical years,
 
the low flow has seldom dropped much below 1,000 n3/sec in April.
 

Peak flouis range from 13,000 to 26,000 m 3/sec in August
 

SeptembSr. At }ratie, the average low flow is as little a
 
1,764 m /sec compared to an average flood flow of 52,000 m /ser
 

and an average flow of 14,116 m3/sec (Ref. 1). The summary
 
hydrographs of maximum, average, and minimum flows for selected 
stations at Chiang Saen, Vientiane, Pakse, and Phnom Penh are 

shown in Figure 2 (Ref. 18). 

Two tributaries of special interest to the Pa Mong pro

ject are the Huai Mong and Nam Lik rivers, because of the in
clusion of Nam 1.long and Nam Lik reservoirs in the Pa Mong project 
complex. The Huai Mong river drains a saucer-shaped area of 
1,296 km2 above the Nam Mong damsite. The source of water 
mostly from wet season rains. During the dry season there are 
many periods of no flow, hence this area is a low producer of
 

runoff (Ref. 14). 

The Nar. Lik drainage area of 5,115 km
2 above the Nam
 

Lik damsite is rectangular shaped, the length being about twice
 
the width. Mountains along the northern side of the basin have
 
peaks with elevations over 2,000 m. The river water is clear
 
with little turbidity most of the time, because of the heavy
 
forest cover and possibly the limestone formations that appear
 
throughout the drainage area. The river maintains a steady
 
base flow of about 35 m 3/sec throughout the dry season. During
 
the rainy season the flows have a tendency toward sharp peaks
 

and recessions, indicating the floodflows are quickly responsive
 

to rains (Ref. 14).
 

3.2 	 Mekonq river runoff
 

Mekong river data and the contributing drainage area
 
and average annual runoff of all countries bordering the Mekong
 
river are summarized in Table 2. The total average annual run

3. The
off of the Mekong river is approximately 544,000 million m
 
Lao PDR is the largest contributor of runoff at 41 per cent and
 
Democratic Kampuchea is second with 18 per cent. The 1951 to
 

1969 monthly runoff summaries of streamflow measured at the
 
selected stations are presented in Tables 3 through 7.
 

3.3 	 Pa Monc7 water supply
 

The source of water supply for the Pa Mong project will
 

be surface water, primarily the annual runoff of the Mekong
 
river reaching the damsite 20 km upstream from Vientiane. This
 
runoff will be augmented by runoff from Huai Mong and Nam Lik.
 
The total annual water Supply of these three rivers averaged
 

about 152,500 million m for the period 1929 3- 1960.
 
The combined storage of about 98,285 million m in the three
 

adjoining reservoirs, for a Pa Mong high pool level of 250 m
 
MSL, will store most of the flood flow for project use (Ref. 15).
 
Historical records of the monthly runoffs at the selected sta
tions are mentioned briefly below,
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(a) 	 Mekong river at Vientiane: The 1929 to 1969 histori
cal record of the monthly runoff of the Nekong river 
at Vientiane is given in Table 3. The average annual 
historical runoff of the Mekong river at Wat Sop, 
Vientiane, is 143,900 million m3. August and September
 
normally contribute 23 and 31 per cent of the annual 
runoff, respectively, most of which is flood flow. 

(b) 	 Nam Ngum at dansite: The runoff of the Nam Ngum at 
the damsite was measured from 1966 to 1972. By recon
struction the monthly runoff record was extended back 
to 1929. The total average annual reconstructed run
off is about 11,300 million m3 . July, August, and 
September contribute about 18, 27, and 23 per cent of 
the annual runoff respectively. 

(c) 	 Nam Lik at Ban Hin l{eup: The historic runoff record 
of Nam Li)k at Ban Hin Heup (1967 to 1974) was correlated 
with the concurrent historic runoff record of Nam Ngum 
and the 	Nam Lik monthly runoff record was extended back
 
to 1929. Approximately 8,400 million ,n3 of the average 
annual runoff could be stored in the Nam Lik portion 
of the Pa 1B1ong reservoir. Normally, about 19, 28, and
 
25 per cent of the annual runoff occurs in July, August,
 
and September, respectively. 

(d) 	 Huai Mong at Km 16: The historic runoff record of Huai 
Mong at Kin .8 (1957 to 1.969) was extended back to 1929 
by using monthly concurrent historic runoff and rainfall 
data correlation. The Huji Mong drainage basin contri
buted about 215 million m per year, or less than one
 
per cent of the total inflow into Pa Mong reservoir. 

(e) 	 Combined Pa Mono inflo. : The combined ruznoff of the 
Mekong river at Vientiane, the Huai Mong at Km 18, and 
the Nam Lik at Ban Hin Heup is given in Table 4. The 
Nam Ngum runoff, added to the combined runoff, is given
 
in Table 5. 

3.4 	 Water balance
 

A water balance was made for the 32 contributing drainage
 
basins which had reliable runoff gauging stations. Most of the
 
runoff records were for the 1951-69 period. The details of the
 

studies are given in Appendix III of Reference 14. In this study
 
it was assumed that the basin divide is a vertical boundary and 
that all water flowing into and out of the basin is measured at 
a gauging station. The changes in storage both in soil moisture
 

and ground water are considered to be insignificant on a long

term basis. The basin retention (surface storage and ground 
water storage) is considered equal to basin rainfall minus net
 

evaporation. Net evaporation was assumed to be the positive
 
summations of average monthly potential evapotranspiration, 
minus measured monthly average rainfall. This amount includes
 
rainfall interception plus evaporation from water, ground, and
 
plant surfaces.
 

((\ 
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The Pa Mong study area has a weighted average annual
 

rainfall of about 1,796 mm, 807 mm of net evaporation, and
 

about 600 nm of runoff depth. This leaves an average of 389
 
mm for basin retention (Ref. 15).
 

3.5 	 Reservoir area and capacity
 

The following tabulation summarizes the Stage One and
 
Phase II area and capacity estimateF (Ref. 15):
 

Staqe One Phase II
 

Reservoir Elevation Area Capacity Area Capacity
 
3
2
2	 3 ) (million in
(million m ) (km


(m MSL) (km ) 


Pa Mong 	 250 2,582 75,571 2,390 66,128
 
230 1,517 35,010 1,351 29,318
 

Nam Mong 	 250 800 20,742 832 21,31B
 
230 471 7,934 578 7,640
 

Nam Lik 	 250 465 11,107 500 10,839
 

230 250 3,946 250 3,501
 

Combined 	 250 3,847 107,420 3,722 98,285
 
230 2,238 46,890 2,119 40,399
 

Figure 5 shows a schematic diagram of the initial Phase I
 

Pa Mong reservoir inactive and active storage capacity. These
 

capacity amounts were used for initial reservoir operation studies.
 

4. 	 Surface water requirements and utilization
 

The Pa Mong project area has a tropical monsoon type 
of climate. Normally, about 88 per cent of the annual rainfall 

or approximately 1,580 mm occurs during the wet season, generally 

from I-lay through October., This results in an excess of water 
during the wet season and water shortage during the dry season 
months of December through April. The estimated net evaporation 
(before project operation) is about 807 mm/year in the Pa Mong 
area. Water requirements for various uses of the Pa Mong project 

are summarized from the Pa Mong Stage One and Phase II reports 

(Ref. 14, 15) and presented below.
 

4.1 	 Irrigation
 

(a) 	 Existinq situation: The main crop in the Pa Mong project
 
area is transplanted rice, the basic food crop in the area.
 
The present use of agricultural land in the potential Pa
 
Mong project service area is primarily for transplanted
 

rice production in paddies during the wet season (May
 

through October). The growing season is generally from
 
July through November. Normally, about 88 per cent of
 

the average annual rainfall occurs during the wet season.
 
The occurrence of large rainfall variations and seasonal
 
flooding makes agricultural production unpredictable
 
without irrigation, drainage, and flood control.
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Irrigation development in northeast Thailand con
sists of projects varying in size from very small pri
vately developed stream diversions, and relatively
 
small governmental tank projects and river pumping
 
projects, to major project storaqe or diversion projects.
 
Irrigation development in the Vientiane plain of Lao
 
PDR is generally confined to small privately developed
 
stream diversions or small diversions -ind pumping pro
jects developed under Lao PDh government duipices with 
the aid of foreign institutions and governments. The
 
Nam Ngum project .ith a large storage reservoir ( located 
about 60 kin north of Vientiane) was completed in 1972, 
and provides ample water for irrigation in this vicinity.
 

Present rice paddy farming provides for conservation 
of rainfall in meeting crop water requirements. The 
following tabulation compares the estimated rice crop
 
water use as it occurs in the Stage One and Ihase i 
service areas:
 

Sc.rvice ,rv,,(1951-69 Av . ir HJllimutrvl; 

tMonth 
 , II 

Rnin Crop Water tWs,: in Crop 3htcr Use 

Noy & Jne" 455 220 312 120 

July 225 I1118 107 157August 294 168 205 177 

Septurber 318 176 302 179
 
0ctob!r 71 1 169 98 171
 
November 8 109 12 104
 

Total 1,371 990 1,176 1,LX

" Rice paddy demands for seeding nursery, land preparation,
 
and establishing water layer before transplanting rice.
 

Excess rainfall of about 200 and 165 mm in September
 
in the Stage One and Phase 11 service areas, respectively, 
must be stored to meet additional water requireme-nts 
during October and November. Optimum crop production can 
be experienced if a full irrigation water su, ply is availa
ble during the dry season and a s;upplemental ater supply 
is available during the wet searon. 

(b) Projected irrigation use. Little verified information
 
has been published on measured irrigation water require
ments for projects in the Mekong basin. Published studies 
from Thailand, the I'hilippines, Nt.laysia, Taiwan, Lao 
PDR, and the United States were used to formulate em
pirical methods to estim-ate crop water requirements, 
effective raintrll, and irrigation efficiencies. Details
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of these studies are given in References 14 and 15.
 
For Pa Ilong Phase II irrigation, the estimated monthly
 
unit diversion requirements for 1951-69) are summarized
 
as follows (in millions of m per 10,000 ha):
 

ountry _L Annual: Jin. iFeb. Mar . pr.' 4. June !July I Aug S -t IOct. iMov. OcC. 
1 .I 36'° 32.2 30.0 15.5 3.0 6.9 1.o 

I 
5.o o.n 9j8 3.1'8.1I 

Lao FOR 158.91 29.1 32.0 30.8 21.1 0 1.8 0 6. 

The initial Pa rMong reservoir operation is to 
provide a full-water supply for 10,5,;0 and 29,250
 
productive hectares of irrigable land in Lao PDR and 
Thailand, respectively. The total average annual 
diversion requirements will be 166 and 462 million in 
for Lao PDR and Thailand, respectively. For the 50
year study, a to al annual irrigation diversion of 
11,800 million m was used for the total service area 
of about 822,000 ha. 

4.2 Fish farms
 

The Phase ii report and other publiclitions (see dis
cussion on fisheries) provide the primary data for proposed
development of nonarable lands in the Pai i'"ong project service 
area for intensive fish culture. Irrigation canals in the 
service area will be used to supply water to the fishfarms, 
hence these canals would be more fully and efficiently utilized
 
than those used for irrigation alone because water demands for 
farm fisheries can be adjusted to minimize conflicts with the 
more critical irrigation requirements. The fishfarm- will be 
formed by constructing contour dikes to enclose a pond with water 
depths varying from 0.6 to 1.8 m. A standard irrigation service 
unit turnout will supply water to a group of ponds from a project
 
canal or lateral.
 

Water requirements for fish rarming operations under
 
the above criteria have not been measured under field test
 
conditions although a number of full-scale fishfarm units are 
planned to be built and operated in the next several years as
 
demonstration projects. The monthly unit fishery water delivery
 
requirements were derived empricially by procedural steps

detailed in Reference 15. The estimated ratio of farm fishery 
area to irrigable area is 12.7 per cent. Water requirements 
were estimated assuming average seepage and evaporation losses
 
for similar soils and areas in northeast 'Shailand and Lao PDR.
 
Once the ponds are filled, about 15,100 m- of water will be 
required annually per hectare of pond area to maintain desired
 
pond water levels. For the 50-year study, the averags annual
 
water requirement was estimated to be 1,361 million m for the 
total farm fishery area of 104,000 ha, and the average monthly 
water requirements are given below (in millions of m per
 
10,000 ha): 
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.FebiMar Apr. 'May June July Aug. ,Sept. Oct.0 

1 l.417.5 4.1 2.5 14o7Il2.5.5! 7.8 J12.4117.1 17.2151.2 Ill . 

4.3 Comtlunity water supplies 

(a) Existinq situation: Domestic, municipal, and industrial
 
are

(DM & I) water supplies in the Pa Hong project area 

including rivers,
now obtained from a variety of source 


streams, ponds, reservoirs, irrigation systems 
and wells.
 

The present supply of DM & I water is generally adequate
 

during the wet season, but very inadequate during 
the
 

Water quality also becomes a serious prodry season. 

limited availableblem during the dry season as the 

surface water stagnates and is usually contaminated by
 

human and animal wastes. in rural areas, there are
 

only a few rural communities with community water supply 

ilost rural water supplies come from polluted
systems. 
ponds, lake.s. and streams with water hauled great dis

at considerable efforttances duri:iy the dry season and 

cost. Therefore, a dependable supply of clear water
 

for community uses Is a verV. neccs;ary aspect of the 

Pa tlong project. 

of 
(b) Project DM & 1 water requirements: After the start 

in the
Pa Hong project operation, water for DM & I uses 

project -,rea will be supplied mostly from the irrigation 

An estimate of the amount of waterdistribution system. 

was made on the basis ofto meet this demandrequired 

per capita daily use. An average rate of 50 litres per
 

capita per day for the initial study and 400 litres 
per
 

day for the 50-year study were used. The
capita per 

people)average annual DH & I requir'ements (for 200,000 
a small fraction of thefor the initial study was only 


as a signiavailable water supply and will not register 


ficant number. For the 50-year study, the average
 

annual DM & I requirement (for 7.7 million people) was
 
3 in Lao PDR and
estimated to be 60 and 1,068 million m
 

Thailand, respectively.
 

Other water reuirements
 

as navigation,
 
4.4 


Water requirements for other purposes such 


fish and wildlife, and recreation will be nonconsunptive uses
 

and will be met by minimum stream releases, power 
releases, and
 

return flows frnm irrigation and fishery diversions. More de

tails on power releases, minimum stream releases, 
and return
 

-

are discu sed ii,Section 4.5 below.
flows 


4.5 Water utilization
 

The Pa Mong project will be one(a) PaiHonq project plan: 
the world's largest river development projects.
of 

studies (Ref. 15) presented data for a
The Phase II 
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project at 250 m MSL capable of providing flood
 
control and 16.9 and 7.0 billion kilowatt hours of
 
hydroelectric firm and secondary power respectively.
 
In addition, about '7.7 million people will be suppli'ed
 
DM & I wzter and about 822,000 and 104,000 ha- of irri-. 

gable and fishery lands, respectively, will receive 
water to produce year around food supplies. The main 
features of Phase II Pa Hong project (for a 250 m 1"1SL 
high pool level) include a reservoir of 98,000 million 
m 3 formed by Pa Mong, Nam ikiong, and Nam Lik dams; a 
4,800 megawatt hydroelectric power plant at the Pa Mong
 
damsite; 1,080 km of main"canals and a full system of
 
lateral irrigation distribution and surface drains;
 
eight pumping plants and three regulating reservoirs; 
plus irrigation and fishfarm development (Ref. 15). 

(b) 	 Regulation and planned use: The Pa Mong project average
 
annual water utilization summary based on records foz
 
the 1951-69 period is given in Table B. Pa Mong re
servoir will provide about 13,900 million m3 of surface 
water annually fcr 822,370 irrigable heccares and 
104,450 hectares of fishfarms plus Di & I water for 
7.7 million people in the project area. About 2,500 
million m3 of return flow will be reused to help meet 
the total project water requirements. The Pa Mong 
project supply is entirely surface water. The ground 
water in the project area is generally not a reliable 
source of water supply (Ref. 15), especially during
 
the dry season.
 

(C) 	 Regulation and depletory effect': After the Pa !HIong 
reservoir is put into operation, the historic stream
flow patterns of the Nekong river below Pa Mong will 
be changed significantly. The average reduction of 
Mekong runoff (during 1951-1961) at Vientiane was 
estimated to be about 15,600 million m3. Most of the 
reduction would b2 tl e 13,900 million m 3 to meet the 
Pa Iong water requix- ments (Ref. 15). Mekong flood 
runoff will be stored in the reservoir and released as 
power releases and water requirement diversions during 
the dry season. Figure 6 shows th, 1951-1969 historic 
and modified hydcographi of the FMekong river at Vientiane.. 
As noted in References 15 to 1'/, Pa Mong reservoir 
operation would affect the Mekong river flow and water 
surface elevation from the damsite as far downstream 
as Phnom Penh,
 

The regulation study indicated the return flows
 
from irrigation and fishery diversions amounted to about
 
4,000 million m3. Approximately 62 per cent of the
 
return flows are t, be reused in the downstream irri
gation divisions, Consequently, the average net return
 
flow from 13,900 million m 3 diverted from Pa Mong re

3
servoir 	will be 1,500 million m (Ref. 15).
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The Pa Iong project will therefore modify and
 
deplete the Mekong runoff below Pa Niong damsite.
 
However, the net effect will be great benefits for
 
the downstream countries and people (lHer, 1)o
 
Tables 9 and 10 show the summarized data on disposition
of the Pa Mong flows by months based on the records for 
1951-69. As noted in Reftrrenc, 15 , the total i-lekong 
depletion at Pakse will be abo, ut 1-1,100 mi]lion m3 

average 	over the 1951-1969 psriod.
 

4.6 	 Transbasin diversions
 

As noted in the discussion on irrigation and drainage,

four possible alternate schemes of transbasin diversions were
 
studied 	 and presented (Ref. 15), simply to show possible means 
of basin diversions, but were not analyzed to determine feasi
bility. To determine the amount of water to be diverted it was
 
necessary to consider the following factors:
 

(a) 	 Inventory of existing and potential storage available
 
to regulate div-:rted water.
 

(b) 	 Estimate of the amount of water needed to supplement
 
the present water supply to develop the potential land
 
resources.
 

(c) 	 Determination of the amount of Mekong river water
 
allocated to Thailand for export from the lower 
Mekong basin. 

A preliminary rough estimate of the first two factors 
was attempted by the USI3R for the Hiekong Committee (Ref. 15). 
The third factor is far beyond the scope of the present in
vestigations. Past rough ostimates indicate the unit irrigation 
diversion requirements for the wet season would be 9.0 and 7.0 

3
million m per 10,000 ha for the upper and lower Chao Phya basin, 
respectively, and for the dry season, the unit irrigation di

3version requirements would be about 147 and 151 million m per 
10,000 ha for the upper and lower basins, respectively, Approxi
mately 16 per cent of thQ diversion requirements may be reused 
for downstream irrigation or other purposes. 

Transbasin diversions frem Pa il-ong reservoir into the 
Chao Phya basin were estimated for four schemes, for which the 

3annual supplemental irrigation requirements in million m are
 
as follows:
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Scheno 

-Nam-S k 

Wot Season Dry Season 
.... ... ... ... ... ........- ---

Prosont Frotonhil Presunt Potentinl 

350 361 ,,793 

Annual 
..... ......-

Irr. Div. 

4,720 4, (YO 

Power 
eduction 

at Fb Ikg 

l khr/y 
W7 

r 

II-Uppor Nam Ri 

II-Nam PhF 
Sak 350 431 79'f 11,827 6,209 5,5Oo7 

Upper 
Lower 

99 
895 

495 
i,827 

1,61,) ,056 
),7C5 41, 7c 

(,873 
12,193 

5,8C{ 
10,2(o 

-

-

Total 994 1,502 11,324 29,&j2 19,C66 16,w) 2,74r 

IV-.Sirikit 

Upper 
Lower 

99 
895 

495 
1,117 

1,619 
9,705 

11,040 
21,71 6 

9,U17 
112,333 

8,30C 
10,3CC, -

Total 994 1,642 11,32.1 32,826 22,150 i 18,6co 3,185 

For further analysis, an inventory of existing and po
tential 	storage to regulate diverted water should be made, 
followed by a system operation study to size and set up operation
 
criteria. The transbasin diversion scheme would greatly aid 
future development of the lower Chao Phya basin. Approximately 
2.2 million hectares could produce two crops per year and pro
vide food for about 20 million people 

5. 	 Probable effects of Pa lion 

Environmental considerations relative to the effects of 
Pa Mong water control. of surface water include the following: 

(a) 	 Modification of streamflow patterns and characteristics
 
upstream and downstream from the Pa Miong damsite.
 

(b) 	 Effects of modification of streamflow patterns and 
characteristics on other environmental components, 
e~g. , flood control, navigation, water quality, 
aquatic resources, fishery, agriculture and waterbased 
recreation, community and urhan development, etc. 

This discussion is limited primarily to the changes in
 
flow patterns, volumes, and stages o)f the ],Mekong river. More 
specific and detailed discussions of Item (b) are included in 
other sections of this chapt.r. 

5.1 	 Effects on riverflows and stacies 

Inasmuch as Pa 1,Iong will b1_4the first dam on the Mekong
mainstem, and will have a relatively large storage capability, 
the effects of Pa Ilong regulation will be very significant (Ref, 
15). The general effects of Ila kong reservoir will be to re
duce river flow peaks an.id volume(s considerably during the wet 
season and to increase volumes during the dry season, for the 
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river reaches downstream from Pa Mong. For the upstream reaches,
 
Pa Mong will increase the river stages, reduce the velocity of
 
flow and inundate some free flowing streams. Generally the
 
effects will be greater for the areas close to the damsite, and
 
will gradually diminish proceeding upstream and downstream. 

(a) 	 Upstream effests: After Pa long goes into operation, 
the river reach irmediately upstream from Pa iNong will 
be inundated to a great depth by the storage of re
servoir water, and the river stages for the affected 
reaches 	upstream will increase significantly over the
 
historic river stages, particularly in the dry season.
 
River currents will also be reduced and water would 
cover previously exposed rapids, rock obstructions, 
and some free flowing streams. 

As noted in the discussion on reservoir ecology 
and on power, the reservoir drawdown caused by the re
leases of %aLer, together with inflow to the reservoir 
during the wet season, will cause sasonal water 
surface fluctuation in the reservoir, which in turn 
will affect the water level of the river reaches upstream. 
The total drawdow.,n of tho rese-rvoir will vary from about 
12 to 18 m, with the drawdow'n process extending over a 
period of about eight months. The rate of reservoir 
drawdown is not great, because%Pa 1ong is a large re
servoir, however, the total drawdown can create navigation 
and other environmental problem.; in the reservoir. The 
effect of fluctuation as related to the hiuman uses of 
the reservoir and shor-line, including r.avigation, will 
not be severe provided the facilities used for these pur
poses are properly designed.
 

(b) Downstream effects: Regulation of iekong flows by the 
Pa Mong project as an isolated unit will result in 
significant changes in seasonal flow patterns, volumes, 
and stages of the Lekong as far downstream as the general 
reach of river above Pakse. As noted in the discussion 
on power, the net effect of Pa INong flow reduction will 
be greatest in the reach of river above Pakse during 
the wet season, During the dry season, the effect of 
storage releases for power will have a significant 
effect on stage and flow volumes all the way down to 
the delta (Ref. 15), A short-range effe2ct of Pa Mong 
operation will result from daily variations in power 
plant output. As a result, river stages in the vicinity 
of the power plant will rise and fall with consequent 
effects on navigation and other river-hased activities, 
such as farming on the riverbanks during the dry season 
and fishing. 

The annual runoff at Pakse is double that at Pa 
Mong and the annual runoff at stung Treng is about 
triple that at Pa .iongo 'lhe preponderance of annual 
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-inflow contribution from the middle section of the
 
lower Mekong comes principally daring the wet season.
 
Hence, Pa Mong regulation will not have a pronounced
 
effect on high stages. However, during thr dry season,
 
the storage released from Pa ,,iong would result in sig
nificant raising of seasonal flow volumes, depending
 
on method of operation, amounts of irrigation withdrawals, 
etc.
 

The stage of development of the 'a Niong project 
will have a significant efiect on the degree of re
gulation provided downstream. During the early stages, 
with only part of the powe.r units installed, the river 
regime will be little affected by power releases and 
irrigation operations; however, rule-curve operation 
for flood control will result in significant e-ffects 
locally. Interim spills during the dry -.eason for 
downstream purposes may be made to evacuate .;toraq,2 to 

rmeet floo! rot:ontion snace r.-uiroeots. 

As power plant installations increase to ultimate 
size and the national or international systems to be 
served grow in si z , the op-eratirn would change greatly. 
For full output o' at-site primE! power capability, for 
instance, there would he periods is long as 2 to 3 years 
with no surplus spill whatever from Pa 11ongo As irri
gation develops and areas increase, irrigation diversions 
would result in correspondina decreases in dry season 
secondary pnwer releanes. 

Downstream ,_.ffects inftrr,-d from initial project 
operation studies : 1 ) indicate that historic(Oo, 14, 
low stages, of the i-iekon'j may be raised from 1 to 3 m 
after Pa ilong goes into _cpration, with the least rise 
occurring in the Thakhek to Mukdahan reach and the 
largest rise in the Stung Treng and Phnomn Penh reaches. 
During the flood season, as represented by the 1966 
flood, it is probable that all overbank flooding would
 
have been eliminated by Pa !,ong as tar downstream as
 

Bungkan, with stage reductior or as much as 5 metres 
throughout the reach. Below -akse, the overall effects 
of Pa Mong flood control will probably also reduce the 
volume and depth of floods in Democratic Kampuchea to
 
a significant extent (Ref. 17). 

As noted previously, diversions from Pa Mong for 
estimated year 50 irrigation, DI.;& i, and fishfarm uses 
would amount to about 13,900 mi1lion m annually. Of 

3
this amount, an estimated 2,500 million m (or 18 per 
cent) of the irrigation diversions might reach the 
Mekong as return fleaw. Ret evaporation from Pa Mong 
reservoir was estimated at about 1,400 million m3 

annually. Total annual proj ect depletions would be 
15,300 million in3 , or about 10 per cent of the annual 
average inflow into Pa .ong reservoir under the 
ultimate development level assumed. 
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(c) Different pool levels: With respect to different pool 
leve2s at Pa hong reservoir, the effects will of course 

be greeter for higher full pool levels, although the 

effects of a similar nature wouid be expected for the 

four alternative pcol levels under consideratio:Ai 

5.2 Modifications in overall ouilizaticn of rNekong river 

The main effect of Pa i'iong on utDl'atior of the surface 

waters of the 1.ekong rive!r will be to cn.m;erve flood waters, 

now being wasted to the ocean, for benficial agricultural 

purposes including irrigation and farm fisheries plus supply 

of water through the. irrigation system for community and in
.

dustrial useso The av-rag b'Deneficial ise! for the_ se purposes, 

assuming Phase I in opezation, wili be approximately 13,900 

million m 3 /year or about 10,.3 per cnit of the annual inflow 

into 12a hong re:;rvoir , or without project C01 ditions, of 

approximately 153,000 million m3/year. The ,pres:,_.nt use of !.ekong 

river water for th 0 s< same purpose-s i.,; estimated at not more 

than 0.6 per cent or 900 nillion in3/y!arL. ence the net gain 

8. oer cent of the total annualfor beneficial use-s ,..i1 b, about 

flow. Also, of tht- .13, 900 nill ion in /year divefrted to irrigation, 

approximately 4,000 million m- will b. recaptuv-d as return flow, 

of which about 2,500 million 3 will b use:d fol irrigation of 

service areas further downstrtami Hence thet cons;umptive use 

will be about 9900 mnillion m3 pe:r year, or C, 5 per cent of the 

annual inflow, 

There will b,. additional gains from use of river water 

for irrigation below the- Phase ii ;,-rvice are a, mainly in the 

delta. The increased usage of r.ier water lor irrigation made 

possible by Pa .:onq will probably be as much or -vin more than 

-or the P ase Ii service irtea, utiliz.ing as inuci 0 20,000 

million in /year or t 3 pr cent of the, anrual runcoff now lost 

to the ocean, Th jr!c-ise- amonunts of flows t1) loi made available 

to the delta during the. dry season oill (dep.nd en th,_ selected 

Pa Mong high pool lev,el, now.. being ,valuat(ed in the Pa lHong 

optimization and downstream effects study. bor pool levels 

of (a) 230, (b) 240, (c) 250, and (d) 260 m hSL, assuming use 

of the dry season flow is limited to the four driest months of 

the year, the extra fr.2 s3 wat,-r whirh can be and likely would 

be used in the. delta would be respectively (a) 10,000, (b) 
m15,500, (c) 20,000, and (d) 22,00 million 

3 /year,. 

The Pa iong proj,_ ct would also altkr thu losses of 

river water duu to 2vaporationo Th, new eservoir o1 about 

3,700 km2 (for 250 in 1.31. hig-h poo)] le.ve!) wll result in annual 

evaporation losses of about .1,600 mill ion fn/year, but in a 

reduction in .vaporation losses from areas now inundated 

during tne flood season (estimate:d at roughly 2,400 million m/ 

year (froi. about 22,200 to about 19,800 million m/year)o Hence
 

the net additional evaporation loss (for no useful purpose) due
 

to Pa hong would be about 2,200 million m3 /year.
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The net overall gain in beneficial uses due to Pa Mong 
would be roughly of the order of 30,000 million m 3/year or 
about 20 per cent of the total annual flow now lost to the sea, 
assuming little if any change in the existing pattern of fresh 
water outflow to the sea during the dry season (hence no sig
nificant change in salinity distribution due to change in
 
river flow).
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TABLEI 

LENGTHOF RECORDFORSELECTED :YfROLOGIC STATIONS 

CNLOWEi,,,XtJCG RIvWi 
(from ,?eforenco 1) 

21 Years ofDistance 1/Station from -km Period-" oodCu. t I 	 Data b/(Stage 

1. Chiang 	 2,370
1n 1957-dt 	 19
 

2. Luang Prabang 2,11C 	 1914-18, 1920-23 53 
1925-26, 192e-44,
 
1948-51, 1955--dt 

3. Chiang Khn 1 1,717 	 i9(3-date 12
 

4. N Mong damsit 1,607 	 1914-at 2 16(Bnn 	 Phn Tang ) 

5. 	 Vien~inan 1,584 1695-96, 194-r9, 64
 
1909-10, 1913,
 
1915-19, 1921,
 
1923-10, 1942-44, 
19.17-date

I 	 1947_dntO 

16. 	Nong Khai 1,550 1937-dt 9 39 

7. Nakhon Phanom 3216 	 1935-39, 190-12-:. 48(Tbakhek) 

1. rudahwi 1,125 	 1914-1, 1920-22, 541925-27, 292(1-39, 
1924-44, 194 j-dai t 

9. P(eomart 332 	 1961-dat,, 15 

18. 	 RPenDa t 919 ) j '92(-date 14 

11. 	 Pakso 86 1914-18, 1922- 3 45 
1927, 1932-44, 
192-dte16 

12. Ban Chan 1367 	 1960-dte 16 
13. 	 Stung Trong 668 1902-03, 1905-r77, 71 

191C-dato
 

14. Krnle 545 1933-37, 1939-into 4 
15. 	 Kcmpong 432Chain 	 197-7,13-ae48 

16. 	 Prok Kdam 362 196C-dato 16 
17. 	 Phnom Penh at 332 1930-cdato 46 

Furr ing Houase 

1 . Frnom at 319 19(hr o u6Pcnh (One) -da 

parking area
 

19. 	 Nonk Luonq 277 192( ,-l 4, 45 
1949-51, 195/ dato 

0. h~uDoe20C (Bas) 19"0dato 	 1 

21. 	 VnmCog 136 (an.) 1l-l-dato 15 

22. 	 My T'huan 112 l KC-cl.lte 16 

I/ 	 From Metkong Ccommittoeln hydroqrarhic dhnr+, album.,; survoy 1961-1967. 

2/ ceordinq to Mck(ong hydrolo>qic w(.-rbocks. 



TABLE 2 

MEKONG RIVER DATA 

(From Peference l 

Mekong River 

River 
Downstream point kiloneter 

Kin 

Length 

KA 

River reach 

Ccntributina 
drainage j 

'lC 

Description China Burma 

AveragF annual runoff (m 
3 
x10 

9 
) 

Lao Thailand Deoccratic 

PDR Kampuchea 

Viet-Nan 

Total 

ranch 

China Boundary 

ChianS Seen 

Lao Boundary 

2,57C 

2,400 

2,340 

1,630 

170 

60 

163 Entirely within 
China 

26 -Our~dry between 

L y ,Eurm.ard Lao OR 

:DR4urdary between 
Thiland and Lao 

87 

0 

C 

3 

C 

3 

1 

_ 

I 

_ 

-

87 

6 

2 

Chiang KiQan 1,72 6W 97 Entirely .ithin Lao 0 1 43 2 -46 

Vientiane 

Pakse 

Democratic 
Ka(purchea Boundary 

Viet-Un Boundary 

South China Sea 

Total 

*Percent of total 

1,6co 

e70 

72C 

2CC 

120 

730 

150 

520 

20C 

4 . 

7 

246 

70 

29 

92 

Entircly ithin Lao -
F0-
Brundary between -

Thailand and Lac POR 
Entirely within Lee 
FU'ti--

Entirely within 
lDemocratic Kampuchea 

Entirely within -

Viet-liar '692 
'87 

16 

-

-

_ 

-

4 

1 

130 

35 

-'-

225 

41 

3 

37 

8 

-

-

85 

1 

'5 

3I 

90 

io 

4 

167 

12 

1 
70 

54 

100 

on43 

Estimated. 



Units in.....e 239,0)0 sr.kr. 

tnal JA. k.Ha. A72. MAY 17. UL , . Fr. oc. ow. DEc. TOra. 
1929 3.810 2,98... 2.805 2 3's0 3,892 10,993 25,75 49,671 31,838 :a.595 8.568 6,343 168,156 
1930 
1931 
1932 
193 3 

4,612 
4..") 
3,8 
4 

3,449 
3,'20 
24-6 
2.,.52 , 

3,303 
3 3 171 
2 7 

2 7 

3.809 

6 
10 

S,430
3 4% 
2,713 
2 ,2 1 

12. 1 
4 

7 ,5 -5 7 

1'. 1'S 
,',

17273 
1 7 , 7 73 

9,176 
-

3 97 
27,578
2.7'O63.5 
2 '1 3 

13,2191 ' 04410 
1.150 

8,525 5 9986 0701 9 6, 8 
8 3 7,s17 

15,0412.9,10.01 
105 362 

1934
1935 

1936 
137 

3,95' 

3,515 

71 

3,7 
'z ' 

2,4.57-. 3' 

' 

2, 1.
Z.64: 

3, 
5 

--2,;52 

,1z I 

,4!.3 

5 

'3 , 53 

. 7. 1 
.2 

'.:' 
r 5 

23'3,%0 
' 

" 0 

193 
1 576 
'1 
21 
12IZ f7E9:3 

37& 
S6 07 
1 71 

136 71-

, 

7 

140,3,-0 
'4571 Z5 92 
1 52 
142,192 
5 

19315. 0:C, , .... 9. !, 9 712 117 q 

141 3 
143 
1-42 

: 551 3 
3' 3 ,1 

2 -
'1 ' -7 3 ." 

'5 

172 2 .:4 
15 l:--. 

' 

1335 3 *51l, 3 
1,33A 
515 53 

.7. 
5 

2 1 7. 
'.''4 

: 57'7 ' ', - '4, 30 

1. 

45 

5 

,.,97 
134 

33 1 7!3 '4. 
7'., , 

t 
1- '5 

2,l- ..Z.31 
, . , ' .,' 

1P2 
1q351 

93' 
. 1 ,a 

13 
. 2 , 7 , " 2' '' : 

370 

i ,' 

1 

2 .. ,.} 

7' 

S :3 
5.5--5. 

8 : 13. 742 

19113 ,5,,,5,' 

3,43:
, 

--. ' 

.50 TO 
7 7J 

3 "5 
r53: 

'53.3 

2
-, 2 , 

-
7,S 

,% 1 ,i' 
7

] S,'{ 
2 12 
21, ; 

3,' 
5- 5,157 5 

''C 

,3,6i 

l 
774 

' 

7 9 

'-0' .3 577 31_ 3 0.37s 5,92 
133
1361 ,50

4,''1 3,13- "'t!
2,£ 3,213, 31 ',.'' ' .. . Y,. 777 

'-.T22 ,..' 30,1753..5-' 2-.77 a,753l l 6,'57. I1 '01,767 

19,2 24F2L-- 7,7 
1',631914 5.4 3,g *13.453 ,1573,''5 5, 35 ',E3 '5. 3a 

=130,3i 5
31,5'' 

' 
22139 

1 ''' 
1,5 

7. ';6 
,7 

5' .7 
137,793 

1555 3 2 n 3,410 2. ), 3. 59!' ,7.7 ,' 7 7 3 

1, 5 , 5, 3i 2, 22 : ' 0, 0,-c": ' ,: 
3; Z 7 I . 

" ' ' ki 2 : , " : i , " ; 2 7 , ' %'*.' .' ' 7 .; 1 ; " .T t . 5 1 , 2 2 . s ! -3 , 7 .1 : , ; 5 [ S . S 2 a' ,-2 



MONTHLY INFLO)N IVJ'O PA BONG HESERVOIR 

(From Referencel5) 

Units in Million Cubic -eters Drainae Area 305,422 sq.km. 

YEAR JAN. FB. Mfl. API. MAY .711. JUL. AUC. 8Ff. OCT. uVC. DEC. TAl 

1929 3.894 3,043 2.859 2,357 4,032 11,949 27.339 52.972 34,032 19,374 b,775 6,50) 178,133 

1930 
1931 
1932 
1933 
1931 
1935 
1909 
1937 
1900 
i93; 

4,722 
4.284 
3,170 
4,560 
4,043 
4.942 
5,24 
3,535 
6,023 
6 1 

3,520 
3.256 
2,454 
2,844 
2.755 
3.C6 
4 ,03 
2,7 5 
4,010 
4 

3.373 
3.091 
2.503 
2,513 
2.733 
3,037 
3.496 
,06 
.04 

4,143 

3,891 
2.984 
2,727 
2,194 
2,692 
2. 72 
3, 10 
2,'3-5 
14.) 
1.195 

6,653 
3,583 
2,797 
2.751 
2,798 
4.053 
5.(29 
3. 954 
a.'E2 
C,1756 

13,9'4 
4,506 
8.2C2 
9,544 
5,551 
S.972 

94,0-3 
C, 3 
91v 

17. 1 

10,4'1 
10.179 
19,506 
23.143 
16.6)3 
13.251 
23,959 
7 ,C5 
-. !;I 
3 .- D 

41,760 
25,572 
25.59 
31.968 
36.239 
39,952 
U.517 

37, 
7 
8 

756 

29,45: 
26,453 
32,763 
23,818 
27,905 
26.230 
35,935 
3 ,93 
- ,9 4 
32 5 

17,341 
12,214 
31,565 
14,694 
15,909 
22,r 
13 ,251 
11-,,. 

,934 
3''13 

8,735 
6.211 

10,750 
.535 

2,s31 
12,524 

6 j7 

,,,995 
13,7 
'1,1°e2z 

6,132 
3,795 
7,13 
2,595 
5,755 
7.750 

.695 

r,397 

158,54 
106,558 
147.765 
132,549 
134,134 
149,853 
150,969 
161,213 
196,678 
194,452 

1940 
1is1 
1942 

5,7:0
4,3, 
5 

2F? 3,'79 

3, C ', 

1, g 

I 

5,n 

5C, 

1 ,q;, 12, 4,71 f,93) 
. j 

155,235
71,613 

17 .608 

1243 
1934 

43 
4,7:' 

,
3'' 

3,
'7'' 

,
4,3 

,3 
,. 

,1 
, 7'3, 

,1 152,494149,102 

194-6 
1947 
1946, 
1955 

494 
46 
5,65 
4,4 
5,625 

3. 7, 
3 334 
, 

7' 
0,9,7 

3"5-5 
3 ,2 
, 

7'' 

6.5s 
3 , " 
, . 

3, 
4,105 

5.723 
5,940 

5,9 

I .4',i! 
1-
1 

L 

'F11.'1' 
3'5? 

D 

40. 3'9 
35,'03 

,.-
9,12 

44: 

3 3 

4 

-

-2,551 
, 

','1 
11,C 

,1,7;. 
6 ,5 

71 

173.455 
192,653 
1-7,752 
17,.03 
17,00C3 

1950 
1951 
19512 
1 53 
19 
1955 
1954 
1957 

5.z13 

E45 
5,02 
3,24' 
4,0; 
4,, 
4,4F7 
3,470 

,4 
' s' 

5 

2551 

i 

3,6332,977 2, 
-1 

,47 2,5 4 
2,9 
29 -4'20 

2C,3 

, 

4,312 

3 

, 

,1, 
7n3 
1 

7,4 
. 

1 

! ,3i2 
17 , 
13. 

,'' 

,5.7 

3'.21 
1 , 1 
2D,911097' 

, 

1, 3 

5, 

4'D l 
2-, 45 

5,,9D, 

21,'11 9 
12. Z, 
, 5 
, 3 

E,, 

t4 
'.4 

' 

,i 
C 

137. 56 

155,5. 
159,314 
125,292 
133,129 
151,S35 
125,18
90,35495 

1958 
1959 

2.702 
3,505 

2,173 
3.131 

2.165 

3,321 
2,'' 

3C53 
2.'7 

4o13Y 9, ,, 
'323 05 7 
i6,pla 32, 91 33,, 

.5. 

1 
' ,4 C ; 

6 , 5146 
112,113 

55 

1960 
1961 
6962 
1963 
1q94 
1995 
19,6 
1597 
1906 
190 

TMOrAL 

4,465 
4,273 
5,2t 

4, 01 
5,30' 
5,.q o 
0,44, 
5,43 
5.325 
4,6 

193,66 

3,774 2.596 
3.261 2,945 
3.G7, 3.350 

- '9£390 

3.7 5 3,59 
31q37 3,49.' 

,C'4 3,h % 
3.,-' 3,42 

79 2 527 

10.954 13D410 

2,259 
3,4&' 
3,143 

3.532 
3,'0 
3,31t 
3,72 
3,2 , 
2,2' 

125, 925 

3,077 ',3 

4 572 1.6 
4.751' 1. v) 

,,79D 

5. 1 .93 
3.6"? 11.19 
4,675 i ,7,"2 

4 %,t2 C: 
5. 74 7, 2 
2 

ii2679 4 1,7: 

15,16 
1 
,p3n 

27.075 
? %77 
75,&57 
13.t 
1 .,,, 
s, 

t2)5 

37.02 

32.3,1 

32,073 
27,932 
4 ,C,,5 
23,31 

1b 6 00't 1 

3'.197 
35.E27 
5, 

19" 

33.4 C 

50 4 

211,." 
2 .R71 

3 
r .319 

17,321 
' 

,.7 

17,67, 

23.''' 
I, 
,7 

17, 1 
? 

777 7?L 

' 

1,qV7 

-,3,13 

. 

421,. 4 

, 1 

5,537 

'.3' 

7,'07 
4,5'7 

I 

t 7 , 

1147,452 
1A3,791 
139.511 

1,.695 

vio 615 
9I,353 

12 ,575 
133.332 
127,532 

6.250.R92 

ft 

AVER. .724 3,43 
1 

3,181 3,071 4,44 1073 7?0,234 35,36-V 31,910 15,969 10,29 6,524 157,445 



TABLE 5 

HON THLY INFLO.; lN-TO PA ,-MS - NAM NGUM RESERVOIR 

Units in Million Cubic Meters 

(From Reference i5 

Drainage Area 313,882 sq.km. 

TEL " JAM. F-E. . MAY.kA7 JU. JM. A=. SI. oar. aOW. am. M. 

1929 

1930 
1931 
1932 
1933 
1934 
1935 
19 :5 
1937 

1938
1939 

1540 
1341 
1942 
1943 
194 
1945 
1946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1451 
1055 
1956 
1957 
1958 
1959 

1960 
1961 

19621963 
1964 
1965 

4.025 

4,885 
4.429 
3,282 
5.131 
4,180 
4,592 
5.46 
3.695 

6.235646 

5,927 
4,454 
5,192 
4,902 
4,624 
5,115 
4,851 
5,859 
5,140 
5.983 

5,811 
5,C46 
5,225 
3,4-2 
4,31' 
4,5g7 
4,656 
3,471 
2.903 
3,707 

4.659 
4.455 

5.,73
t.18 

532 
,6' 

5,137 

3.631 
3,390 
2,527 
2.931 
2,670 
3,160 
4,162 
2,670 

5.14,4 6 

.,427 
3,336 
3,91 
3.402 
3,832 
3,79 
3,442 
4,395 
3.833 
4,095 

4,34 
3.764 
3,510 
3,094 
2,724 
3,143 
2.977 
2.953 
2,304 
3,257 

3.81 
3.139 

3,309
109 

3,938 
,72 

2.945 

3.475 
3.185 
2.575 
2,.55 
2.813 
3,128 
3,603 
2,889 

,333
4,274 

3.949 
3.181 
3,508 
3.514 
3,370 
3.695 
3,312 
4,052 
3,553 
3.739 

3,763 
3.089 
3,418 
2,586 
2,433 
2,832 
2.558-
2,b14 
2.277 
3.433 

2,976 
3 070 

3,'60
3,072 
3,654 
.617 

2.945 

4,118 
3.077 
2.803 
2.259 
2,775 
2,867 
3.93. 
2,410 

4.383
4,330 

3,610 
2,934 
3.226 
3,565 
2,812 
3,745 
3.555 
3,d20 
3,554 
1.,240 

3.223 
2.934 
3,045 
2,662 
2,509 
2,963 
2.167 
2,533 
2,272 
3,187 

2.343 
3,587 

3.260
2,673 
3,669 
3.151 

4,243 

7,0.4A 
3,7618 
2.939 
2.890 
Z.9;0 

4,264 
5,294 
4,170 

9,379
6,107 

5.44 
4,256 
6,073 
6,178 
4,655 
6.031 
6,255 
6,023 
6,0S4 
6,240 

4,715 
3,960 
4,210 
4,499 
3,914 
3,433 
3,3286 
3,215 
3,053 
4 311 

3.196 
4,773 

4,972
3.271 
6,115 
3,26l 

13.253 

15.498 
5,437 
9,101 

10,183 
6,187 

9,957 
15,547 
10,782 

20,974
19,012 

14.414 
13,075 
13,953 
10,075 
10,520 
12.731 
15,577 
13,065 
11.861 
9,485 

7,0A5 
15,517 
8,263 
9.406 
8,162 
5,132 
9,515 
6.784 
7.202 

10,419 

6,878 
12,91 

13.232
7,670 
10. 306 
!.1',7 

30,541 

20,237 
11,162 
20.282 
25,366 
20,712 

14,523 
21,92 
26,167 

28,767
34,.01 

24,554 
19,425 
33,877 
18,403 
24.471 
24,"66 
23,197 
34,541 
26,097 
22,440 

19,493 
22.915 
21.977 
19.090 
14,139 
24,426 
16,703 
16,474 
20.951 
19,454 

17,330 
15,112 

19,885
24.447 
29,2t5 
25,352 

57.174 

£5,103 
27,567 
27,171 
34.491 
39*054 

43,083 
37,351 
43,122 

47,712
49.607 

40.607 
37,396 
57,875 
38,011 
32,993 
51,910 
43,149 
43,632 
39,668 
31.811 

32,089 
"4,124 
43,426 
32,516 
33,909 
45,397 
41,63 
15,939 
30,955 
35,542 

39,916 
32.54.0 

35,142
42,731 
34.157 
3.1273 

36,a13 

31.875 
28,641 
35,459 
25,767
30,194 

28.368 
39.061 
41.31 

38,053
35,314 

33,766 
42.037 
30,768 
3,745 
33,414 
42,739 
53,628 
64,252 
40,997 
34,109 

28.871 
31,717 
44,133 
30,280 
35,181 
39,070 
30,682 
17,557 
25."2 
3664.8 

36.191 
42.525 

27,216
30.990 
-,569 
28,147 

20,317 

18,709 
12.800 
33o116 
15,406
16,678 

23,334 
13,891 
19.570 

26,194
24,897 

15,410 
31,915 
15,372 
13,315 
19,711 
17,072 
28 274 
23.695 
26,059 
26,103 

15,442 
22.328 
22.175 
13,385 
16.226 
1144a 
11,969 
16.678 
11,716 
20.701 

18,395 
28,050 

17,700
18.742 
24,337 
19,004 

9.076 6.737 

9,033 6.349 
6,418 3,923 

11,118 7,392 
8,820 5,780
9,102 5,780 

14,558 8,058 
7,105 4,845 
9,713 8,281 

14,254 8,70011,534 8,421 

8,732 6,139 
14,2E0 8.40 
10.15-4 6,676 
9,187 6,119 

12.053 6,895 
8,691 6,777 

13.626 7,938 
11,441 6,758 
13,413 8,250 
11,530 7,841 

8.462 6,095 
9,249 6,a 
9,176 4,696 
9,028 6,1468 
8,976 6, 34 

10,979 6,498 
5,603 4,207 
5,785 3,801 
7,939 4.970 

11.145 6,385 

9.415 6.580 
11,948 3.075 

9,131 5,781
20.CS6 8718 
12,046 6 256 
2 .)'9 10,13' 

191,204 

169,857 
113,797 
1.57,767 
142,009
143,058 

159,892 
162,221 
173,108 

213,170
208.331 

166,631 
154,689 
191,360 
163,444 
159.675 
166,786 
206,04 
201,534 
190,469 
167,56 

139.373 
171,527 
173,264 
136,144 
138,p19 
163,118 
136,4a 
96,271 

121,949 
158,169 

152.072 
173,496 

349.061 
69,697 

177,819 
37.6647 

m 
n 
( 

3, 24,35 7' 17 46.25. 14,21 
qC7, 37 

9..9, 7, 
132, -45 21 

c--5 
''t''' C lt'f 



AD UN:-.4-'HLY A'-NVL :V-. AT PAKS7, LAOS 

(From -eference Ij
 

Units in MiiiiionICubic '- s Drainage Area 545,000 sq.hk-.
 

Year Jan. Fe Mar-. prf cy IJune July I Ag.u Sept. oc,. N,,. C. Annual 

1951 7,2001 5,696, 4,390i 3,. J 5,830 37,500' 51,10-D!8,00) -4,700 48,400 27,0 013,700 .63,420 

52760!51 4.630! 4.151J 6 f,01 15,70-, 45 4.u0 SS~ 30" q2d 5c6 00 9 6~730 364 370
 
.53 4,580, 3,970i 3. 590! 3 ,3011 60 30.!0C':4,00,6 .!0C 64.201 37.;2so 2_2 i 6L. 3.320
 

54 6,270, 3, 510 3,370' 3,73q 6,960 iv,S0u: 80J 53, 23 I_ VO,80C 290,1402, 530, 


1955 16,493. 4,3, 3,9201 ,63d .7, 1,01 7035 ! 30j P . - ". I ,90" 266,170 

56 i 6,850i 4 5 H 3 0 3,.. ,-;'Jd 27. " 0 90 9 0 j 2...2 C ±3 ' E 50) -40 

37 6,510I 4,83r 4 3T9 4,310 C, 10.0 61 .46 9 .4605,720. 2h , 40 .0 ',J 283,850
 
58 15,690: 4-23 -3 , 3_7634,36'3 37,90i57,C. 77,40' . ,,- ...'',z20 27,10
 

59 5,37r 4,0 7 , . .. 5,5 0 -j3,,30i oo; ., , . .83,420 

1960 6,710 7"T '- 3 2.37 3 ,5"i 7,3 'D 3 , 2,r, 39613 2 5 C "3 O,30, 610 

1 5,350' 4,4SC:4,!1 ,426 J 7,40;7 7C 4,2106,q ,Cq9,045 ,9,230 40 C 

62 7,790 ,2' ,7,5 4,01, 76, 26,163,4.-P, 7 S ,869, 1,1 i' 3 4-2 317,486
 

63 5,90 , 2;c 3,S02 3,323 3,953 2 3,,50D , o, 5 65,6'10', 37,90-,'Sr f 13,800 125,540
 

64 7 610 5,-03 4,S60 4167n 8,8 0 22 70C 45 300: 55,900 .0 25. 13,2C0I 330,020
75.0 ',u 
16 7) 553,000 , 200). 5S, 5C 55,4 30, 3,3 26,300 I2,90ZI 304,970 

I -7-- ,T-
! 
6,8%'6,155; r 2,425 103,7 j74,485
 

67 1 5,368' 5,726 5,26 4,,420 6,7' 17,. 0 '27,8)0549,2001 62,70) 46,2-D 15,100 i 0 . 259,888
 

66 , 11,030 4,176 !3,65, 25,5'34' 51,400 ,41 ,630-1 i,9 3jo 

4 ",SOG 7,50 257,510 

69 6 350 4,4-0 3 9' 3,53 4,410 L6, IC0' 56 S00 76 800 51 0 , 27, 90C 16,400; 8,570 2F6,300 -
Avg. 9 0 4,830 4, 29' 3 3. 6,', L2 _310,27273,437 ,, 

68 6 , 70 4,6801 0-, 15,800 31,200i51,4001 ,601550 

4.0ooC 8 1 7 282 44 3 5j 21.,S03i,, .-


Max 11,030: 6 E96: 5,2614 A,65 1',603 40,200 56,EC809,300 [103,740 73,40D 2 5001'3,_-UO 380,210
 
, 3 2 5
- -- .-- .. . , 2 , B7 ......... ' l 8 ]


M_... I_ ,_4 _5,"' _ 3,570! 2 87 3,5 0 1 ,00 25,0049200 51,000 27,90 lV 100i 8 1.52 ! 57,51[0 



MON1HLY AND A:TN1JAL RU?:OF, M3-KON RIVER AT KPATIE, CA.SODTA 

(From Reference- 5) 
Units in Million Cubic Meters Dainage Area 646,500 sq.km. 

er !,o . Feb I ,ar Au',A 37,5o5 U3. ST C-,- nnua 
i3951 IM10,3 7,493 5,576 9, 37,52 F1 8,723[ ,914 4,7-91 63,521! 2,29' 16,6281 436,9121 a 1 - 21 ,7 ,- 2 3,.78 18,5 91 ! 50i9.2 0-,C4L21, C3 S.2 35,20' 13,47- 471,341 

5 -' _9_5 '4.s395 _9_I t 
4 75c i' 27 211 / 83,6- 87 3 55,633 27.15 1 399528. lt . ..- - [T_ ,,,; . . 

,O5 4,2 ' I10 319g 2 52! 4 0 7 68.0751.57Co 71 6S6 98 '23 13 4441'955 [ 3,_6., 5,412 5,C06 5 ,2-' 6,)35 21,13 ' 3 7Z, 3.,28-Z. , 78, 7 7S5' 2D,631 30.59 54S,799. ..7 '*4 ,9 i''~
6 3lO,1 6. 2 05 3 ISO 5.,15? 14,8 31,053! 370107 179 49 365 23 ,41 1226: A,- 159

9,159 6,2901 5,605 3,45- ,18, ,955 ,75- 244 9Q317 741,4 6 , "' C 5 ' 
5S 8,961 6,0721 5 139 
 4, 55...24,7... 
 , --- 5 ,979 22,_, 1i_ L -- ,7"--
59 j6,332; 4,705 4,6331 4 27" . 06 15 4,S5 31 -1' 69 9 6. c .264, 3&!r,26,6 11- 4, 1 342-55 -. 

1960 7 ,0-1 5.753 4 8923 3 5T.F 4,88:'6,76 3J. 2-115,90 9 3, 61L 76,C49 2910 5! 6CS 4c: 1 
S_5t71 _,_36 2. 10 5 ' 5;0 75, 22,55105,451! , ., 17,22 -s-.6,


62 1ll5 ! 7,5C,9! 6,704 5,1555 9,!S 37 '75' 
 65 949o 2 K ±'4 0--7 '% 93 
63 3,525 57j5,!7 i 4,53 4 ,917 5 ,94 5m P,6 1 11 'c 9' 01 5%242 5,3: 18,4I.l 43,3499 6 364 -SO 1! 5 260 I ,$ J !i ,"' -2430D 31 1', 7 C % : !203 5 40 *19o.. , - 0 
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Surface water
 

TABLE 8 

PA MONGPROJECT WATERUTILIZATICJ SUIIARY - AVERAGEANNUALREQUIREMENTS 

(From Ruforonce 15) 

1951-69 Averajg Annual Roquirements 

Pa Mong Project 
Service Divion Arcs 

Irriation 
Diversion 

. Fishcry 
Area . Diversion Diversion 

Total utilization 
,eturn fl--y 

ha M
3 
x io ha I 3 x lo, a 

3 
x IC" 3 l m 3 

x 1x 
1. Vientiane 10,620 16 1,350 2n 12 198 -
3. Vie.ntiano Extension 14,720 231 1,814 26 12 269 -
4. Nam Lik 30,720 40J 3,900 60 12 56c -
5. Lao Pumping ,6,o7o 732 5,850! 88 24 - 844 

Lao total IC,,130 1,617 12,9410 19,1 60 1,027 8-41 
2. Huai Mong 29,370 466 3,730 51 56 -
6.Udorn 
7. Kuphawapi 

185,720 
33,3W0 

3,117 

559 
23,630 

4,240 
357 
62 

276 
48 

3,750 
669 

-

-
8. Na Nah 45,450 762 5,770 87 72 747 174 
9. Lam Phaniang 
10.Hual Pong 
11. I0ion Kaen 

144,710 
210,280 
71,33f 

2,428 
3,526 
1,1,J 

18,38C 
26,7cc 
9,C6c 

279 
403 
135 

216 
3CC 
108 

2,923 
4,229 

-

-
1,441 

Thnilind total 720,240 12, 56 91,51C 1,377 1,C68 12,886 1,615 

Fn Mcng totai 822,370 13,673 10.4,450 1,571 1,128 13,913 2,459 

Survice area 926,820 h1ctares 16,372 m 
3 

x 106 

Year-50 With Nam Ogum 

Item Volume Percent of inflow V lume 6 Percent of inflow 
x 101 percent m x 10 percent 

Firm powor release 93,777 61.8 Y(6,942 65.6 
Secondary power release 38,267 25.2 35,226 21.6 
Irrigation diversion 11,8u0 7.8 11,8CO 7.2
 
Fishery dlvcrsion. 1,361 U.9 1,361 0.8 
DM&I diversion 1,128 0.7 1,128 - 0.7 

1 L've stream roleases 36 0.0 
 36 0.0 
Rosirvoir evaportion 1,331 0.9 1,566 1.0
 
Reservoir spills 4,119 2.7 4,996 3.1 

Totai roeervoir inflow 151,819 100.0 163,055 100.0 



1951-69 

k r facu water 

TABLE 9 

PAMG FOJECT YEAR-50 ',.ATIBALANCEBYMONTIm 

(From Reference 15) 

Pt cong Project Total Vclune (di x 106)
 

Average Reservoir Outlet Total 2
 
Month Storage Evaporation Divorsion , Not Return Regulatior
 

January -6,65C 310 2,209 -;2 -4,C39 
February -6,560 283 2,0 6 71 -4,302 
March -7,543 25' 2,077 49 -5,261 
April -7,138 121 1,46 -6,91
May -6,2.41 -38 736 1 389 -5,932 

June -2,894 -77 835 31 -2,167 
July 5,637 -74 82 3 1 6,362 
August 19,267 -fl6 674 6 19, 018 
Septembor 17:820 -1C2 285 -15 18,010
 

October I,188 97 1,034 346 2,673
 
November -2,141 312 760 325 -1,694
 
December -5,145 316 1,423 -18 -3,388
 

Annual 0 1,316 14,28) 1,547 14,050
 

Pa 	Mong Reservoir outlet diversions aro the surinnticn of all water requirements plus
 
rugulating reservoir storage and evaporation.
 

Pa 	Mong total regulation is the Gum of ccabinud PF Mong ?eservoir change in storage plus
 
reservoir not evaporation plus diversionn minua return floewnot rusud.
 

TAgLE 10
 

PA MONGPROJECT YEAR-50 WATERUTILIZATICN BY MC8THS 

(From Reference 15)
 

6
 

(Unit in m3 IC


1951-6 - Ri Mong Reservoir .. versions 
Average Inflow Change in Poer i Spill rid Riwr t Net 
Month Storug lRelease Rel e ee Evaporation Total Net return 

January 4,545 -6,650 A,673 3 310 1 2,2C9 1 -42 
February 3,323 -6,560 7,551 3 203 2,(46 71 
March 
April
May 

3,010
2,B46
3,947 

-7,543
-7,138
-6,2,1 

8,219
8,452
9,487 

3 
3
3 

254 
121
-3 

2,077
1,403

736 
49 

4r2
39 

June 8,C0 -2,8941 11,035 3 -77 835 31 
July. 18,578 5,637 12,210 3 -74 802 3 
August 
September 

33,048 
30,366 

19,267 
179620 

12,866 
11,394 

327 
569 

-86 
-102 

674 
285 

6 
-15 

October 17,409 1,689 13,390 IOC 9" 1,834 346 
November 10,379 -2,441 11,370 378 312 760 325 
December 6,338 -5,I'15 9,741 3 316 1,423 -18 
Annual 
Percent of 

142,491 124,388 f 2,698 1,316 14,289 1,547 

Inflow 100.0 07.2 1.9 0.9 10.0 1.1 
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NAM MONG PA MONG NAM LIK 

21,31a 6,11 10,639 

19,083 ~ 01,841 9,736 

ACTIVE STORAGE 2o0 

2,235 I4,278 1073 
INACTIVE' STORAGE 

2106.-

173 m 

ISO i.-

ELEVATION UNITS - motomr 
STORAGE UNITFI -n I0A 

CAPACIYIRIG- 9 (3TA 

NAM MONO 1,005 2623 , 21jB18 
PA MONO 81,841 14,218 66,119 
NAM LIK 9,730 1.103 1./6O 
TOTAL 90,000 17,616 98,270 

NOTE: 
DIAORAM REPRESENTS YEAR I CONDITIONS, WITH NO SEDIMENT 

FIGURE 5 

SCHEMATIC DIAGRAM -PA MONG RESERVOIR STORAGE PROJECI 

From Reforonce 6 



_I_ 

__VI_30 _ _ _ 

25

' I Lii I 
t I 

- I

z~ .-1 

I t// AI //i'4> 
/"/ , / / ' . / / .i .7.. . 

J•. , E ' 
/ 

.... . , 
/ iG- ~.,/ -F , .Z 

7.... .. .C 3__.-_-i I 
.. .a..__. , _ _0,, ,_. ._ . : . ./. -_ . 

--_ /"/"""',..-- """"'" .. .'... .""";""'" 
/I 4T

'/"""""/,-;?/"/-"i."'rS","" / / ,J,r../i/_/..... -



III - 412 

CHAPTER III
 

PA MONG ENVIRONMENTAL ASSESSMENT
 

WATER QUALITY
 

Contents 	 Page
 

1. 	 Introduction 414
 

2. 	 Existing water quality in lower basin 415
 

2.1 Monitoring programme 	 415
 

2.2 River water quality 	 415
 

2.3 Tributary reservoirs 	 416
 

2.4 Water pollution 	 416
 

3. 	 Effects of storage at ['aMong reservoir 416
 

4. 	 Effects of irriqation from Pa Mong reservoir 417
 

5. 	 Irrigation in Khorat plateau 418
 

418
5.1 Study find-,gs 

419
5.2 Study conclusions 


419
5.2.1 	 Groundwater 

419
5.2.2 	 Salt deposits 


5.2.3 	 Return flow quality 419
 

6. 	 Water quality as related to downstream
 

environmental values 420
 

6.1 Immediate downstreim effects 	 420
 

6.2 Eutrophiction 	 420
 

6.3 Fisheries 	 420
 

6.4 Salinity intrusion 	 421
 

7. 	 Delta water quality 421
 

7.1 Study findings 	 421
 

7.1.1 	 River waters 421
 

7.1.2 	 Fens, streams, and wells 421
 

7.1.3 	 Acidification of waters during
 

inundation 
 421
 

422
7.1.4 	 Groundwater 


422
7.2 Planned additional studies 


423
References 




III - 413 Water quality
 

Tables
 

Table 1: 	 Water quality stations in lower Mekong
 
basin in 1975
 

Table 2: 
 Summary of water quality analyses for
 
Mekong river and tributaries for hydrologic
 
years 1972 and 1973
 

Table 3: 	 Parameters for lower Mekong basin monitoring
 
programme
 

Table 4: 	 Summarized water quality data for Mekong
 
delta
 

Table 5: 	 Summarized water quality data for Khorat
 
plateau
 

Figure
 

Figure 1: 
 Water quality sampling stations in lower
 
Mekong basin in 1975
 



III - 414 	 Water quality
 

PA .iONG 	 E,!VIFRONI.E NT'L ASSESSMENT 

'dATEU QUALITY 

1. 	 Introduction
 

The quality o: .,.ater - its characteristics as measured 
by physical, chemical, and biological parameters - is important 
to virtually every ;ter use including power generation, agri
culture, fisheries, commonity .aiter supply, and industrial uses. 
These characteristics are," ai function of the natural environment 
and of man.made activities, both of ';hich cauce various substances 
to be added to the water .'hic) alter its I-hysical and chemical 
properties which in turn affect the rciuatic biota. 

Impoundment of the mainstream by Pa long ,ill affect the 
water quality sitilatioi in many :ays, pi:imarily the following; 

reated, ich 
vast potentials for 1ishieries productio, provided a 

proper aqucatic environment ".s maintained. It also offers 
potenti, 11] ;o(, masrsive growth of .a too weeds 'thich can 
interfere seriously with' ;:.iny':ater uses including 
fisheris!, n. vigation, power generation, and irrigation. 

(a) 	 A new large man-made: 1 Oke will be .:ci has 

(b) 	 Water quality changes will result From impoundment at 
Pa -ang, primarily in temperature, dissolved oxygen, 
and nutrients, ''hich may affect downstream riverine 

conditions especially in the vicinity immediately below 
the dam. 

(c) 	 By increasing the dry season flow in the downstream 
river, the guality of tie dry season river water will 
be impr7oved 

(d) 	 The increase in dry season flo, till also help alle
viate salinity problems due to saltwater intrusion in 
the estuarine zone. 'he salinity pattern in the 
estuarine zone (important to i;heries reproduction) 
will be .tored and tend to becomle more stabilized 
throughout the year due to the balancing or' flows. 

This section of the environmental assessment report ,.Jill 
(1) review the e:ristinq water quality basic data collecting 
programme and it:s development, ncl discoiss how these basic data 
can be used for evaluating environmental impact; (2) review; 
those aspects of other Committee prer!ammes hich involve water 
quality considerotions; (3) discuss tie roboble effects on 
water quality of F~a hong reservoir, and (4) indicate measures 
which are being or wiill be taken to insure proper conservation 
of water quality throughout the basin. 

Effects of Pa mong reservoir on sediments and erosion 
and on salinity in the delta are discussed separately. 
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2. 	 Existinqviater quality is !ower basin 

2.1 	 Monitorin roramme ystemaic sampling and analysis 
of the quality of water ii the Me]keng river and its 
major tributaries init~itI.I1 by the Mekong Co;mittee 
in 1972 using si2 sins, re iching krom Chiong; 
Saen LIt the Purna brr - Pihnom Penh in the delto , 

as oart of the Comiuttee ic hy lr<-lic kIto I;oro-
graninare'. Tnbld i i ItF . . In, Figure I 
shows their 1,i:a L i r' 1!.o 2 tlcio t sl:inr Iry ,. 
the analyses lth L e 2 , t i, bshichows 
the analyse:; hlivo been 1 4'- -jri.rol 
contituonts an] oi 1 1 . e-,r: 1 r :.g -uitabi
lity for irrig.ti .1 f thel dLa hive been 
collected frorn sttLion:- i Lii 1 .nl, sampling, .:i.th a 
frequency ap, :im-tely bil 1:]y iI. 10 i 32nd monthly ill 
1974. T1 otIl lot J t ire considered suffi-Li: mu 
cient flIr p)urposc_ )f 1 1 arel N .L1annil of P:-i [ong. 

The .rorolTi nl ;de o tlhe ',,aLer samples:, :I 

is nmw being ' t JQ<tLnI.I lld Idditiola! paroaeters 
to permit sore etiled evili1tio of the suit(blity of 
the river .i o I05 Olln Ly a:nd indu.s:triol '..atc
supply, fc,.- sinc- t e extent -cliti.ti,0r )I- (pLociu1.-
Ing bocte riA], 1c'il.:ind iological indices -,- %Jlwe!s 
physicol nd chmc ;i<[:1 'al-one ter ;),rd far aing better 
asscss nicent of" ,osib]ho [fect:.: of up'stream sInage o'n 
altering the nuLrient colnLent cr the, dotnLtO aI fI, 
Table 3 h the i ;t ,J:p roaeters And the esired 
freu c . .. amp ing ri:.sidered L(, repre:Lcnt a pe-
tent progr,-,,: :.11. iIin,-ry Ilinniing purposeso: i,re .
Parts Aaind 1 of T le . (the ;ihysica I,2ind chemical ara
lmeter s) -ove been or al12 being implementedI by the 1asic1-yd rologic: a ,:pr'ogr:oom: £.the 110Ic:,g ;Secr; to riot 

and it is intended ta i;plement Part C (the biological
paramieters ) abhn ic :;ible: 

,atteir !evie -li 
ing picture of the minral water ,Iuility in thc river: 

2.2 River Ly[: ,:ofTable, 2 gives Hith fllow

olter 
teiQ river frit: durm:o to thle< S1i:1 Chine ea. 

(a) 	 The woolity thungos very iLttle proceeding down 

() 	 The di,solved ninerail uality is :xcllent for practi
cally il] agricultural, comuniLy, :-l iidua;trial 
purposes. T -- '._;:os Is let ill total dissolved solids, 
hardnrmess , sodiun, In' h0lri lar.-a ,i : SAR r.tio, 
and is noJ-corresiv ( a sli ghtly p,sitiwe calciu 
carbonate :y-itur.tuion 'II concOel ra tioll ofnAe:). 1 
dissolved :iner; i redce0<d by .bolut one-ie during 
the wet sos son (July t-Irruih,, ecjnlbur) s compircd to 
the dry s soa (Jan~uary LI rtn,I . .cne) 

(c) 	 The temperature of th river appears to decrease 
gradua.lly a rocoedin, &<owns treoltI fr'":m anaverage of 

about 27'X2 st Chiong 0L,.I to but 22( C ill the delta. 

http:cliti.ti
http:irrig.ti
http:init~itI.I1
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(d) 	 In addition P dissolved mineral constituents the
 
Mekong river ,jater is characteried, like most rivers
 
in southeast Asia, by high turbidity. However, this 
suspended material car b r.adily remcv-d by conven
tional rapid sand filtraLion iethods for water to be 
used for community and indtsriil purposes. 

Tributary reservo:.;: On)y ut ,ne tributary reservoir 
has it been posr:.iblo to car;-y oift li...nological studies 
in any ext-v_,nioivo dtai nmely at Nam Nqumn (Rf. 16, 
17, 18). Liitei observ.Lionw hjve been made by the 
Mekong Commi.tteo at No.7. .oign and -i other Thai reser
voirs by the Thai Departmrnt of !Fishcries (Ref. 19) 
(See discusion:; of aquatic biology and of fisheries)° 

2.4 	 WateL ollution: A, thi:; ti.me, the Mekong river is
 
relatively unpolluted, exc- pt in the immediate vicinity
 
of sieable communities, because of the low level of
 
urbanizatio'n nd irductrali:;ation in the region. The 
water quality data hoin 9 (11athned by the Mekong Com
mittee's monito-ing p-ora:.i; by indicating changes 
in water quality Y:esi:lti.q f_-om rofh of cities and 
industries. shou1di , s a v:'.uahl 1ri for guidbase 
ing the :ril: nit in; Jn dn-,-.opino national water 
pollution .:eguldtor .:ogran.vs mnd 2ventually in 

achieving a b owid, u, .r ,'.ity and pollution 
control 	proc.',I'ro 

While t'j- fr.rn nd,oiYutiom riopleindustries 
is hardly a problem now in hc, ic]aong river and its 
tributarie:, - v-b" cr:t-co, and induc;try develop 
this will hc:' omr a v ,-y :. probl c andvie it is impor
tant that c;!;ot-nt 	 ;ncoou' c 1cc.u7to:.')be established 
ar the growth poc ro-lukio. control is econo
mi:al and fe1zi i ns:hi end implcmented so that 
commuiticr ano innu',-._; ; - , , e for proper 

-treatment and p o< is of the con'ai oi. :.asto: parc 
tinuing '- cf-:nu growv:;., C ' 'Oc tino the problem 
afterwarc is rel i,,-ly i..-y ceouly ond very diffi
cult to achi,." h in. ;Comr.::ittc: would alert 
the riparian roo .C'-.e, ii i.: should notice any threa
tening detrrioration 'in'-- quali.ty in the river or 
its tributarier. 

;i0 1-oi q3. 	 Effects of -aq._et_Pc reservoir 

An analysis, r. t'r , ob ,b .riJc of storage at 
Pa Mong (See dizc(:u-i(o ,n P- n ::\o.: ocology) indicates 
that storage h:ill ;-'.ligJcbir -ct on dis. olved' hLT, 	 the 
mineral 	 quality, oth-: -h.!,tt oLcu the normal 
variations bctwen and o''I The 
will trap or (utof Ic- .'pencje. but 

2.o: l reservoir 
settle )O::O turbidity, 

the downstream river flow c .n b(, expecto-t to resuspend similar 
soon Cli:ci some 

(See discussion on sedimenntr -rind e:.yoson)o Thc. :reservoir 
is expected to stratify, -rich es.recI '_, t'-nporatu-e and 

materials and rach 	 he turb:'.di.ty levels 

yy
 

http:turb:'.di.ty
http:quali.ty
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dissolved oxygen, with the uppermost layers saturated with 
oxygen and the lower regions practically devoid of o.xygenj 
as happens in most re:;urvoirs in southeast Asia (Including 
nearby .NamNgum)o The inundation of the non-removed forests 
and other vegetative cover will innart va-t quantities of 
nutrients into the reservoir :system, which will stimulate a 
high level of primary biological production anrd a rich fishery 
(see discussions on aquatic b1.olo ,y and fisheries). 

Creation of thie ne-..sfcservoir at Pa llong will justify 
eventual establishnent of a reservoir ,ater quality and limno
logical laboratory to help realize mat:irue benefits in using 
the reservoir for fisheriesp pw:s, production, recreation, and 
other purposes, inclu(linv control oF aquaLic weeds. The 
experience in other rese_,rvoirs in southeast Asia indicates 
no particular environmental hazards will be involved, but the 
physical-chenical.-bioloqic-l ecology of the new reservoir 
will be very cowple:s scientifically, hence it i.ianticipated 
that continuini at-jit, study au:. research will he pursued 
to understand these relattenship; and to devise management 
measures to achieve .na::iuu benefits. 

4. Effects of irriqUtioi 2ro:u Pa flon- reservoir 

The Pa lion( rw.';eroi ,'aIter ill be of e:celent 
quality for irr-a O ith a lou; silt concentration, a 
favorable ra io of ::odiun to calcium plu. magnesium, toxic 
ions and lou: or negiq ible concuntration; of potentially 
toxic ions. U;e of this waTi for iL,.'igation on the higher 
alluvial soils m tage One an! II serviceo theq Phase irrigation 
areas together i the planned system of drainage, will result 
in sufficient leaching, hence ,jill maintain a satisfactory salt 
balance and will not involve hiazards due to salinity, sodium, 
or toxicity. A].so, assuming competent irrigation practices

(good soil and water management) the water canIbe safely used
 
on the low terrace!s (Ref. I6, 17).
 

Irrigati.on of the loodplain areas may involve salinity 
and sodium hazards,, reoardless of irrigation ,,ater quality,
because of the difficult leachini -onditions in these areas 
characterized by low soil permeoah.,Lity and low hydraulic 
gradients. However, favorable salinity and exchangeable sodium 
levels have been maintained in s.inilar soils in the region 
under hydrologic con itions; !similar to those e.xpected in the 
service areas, which tulothe 5 loodplains can be success
fully irrigated w.ith Pa tionc' reservoir water. Detailed field
studies will )e nee'ad to determine the design requiremenca 

for suitable leacin .sysler;. 

The return flows Fron irrigation an, their salt con
tent will of necessiyL., dis2char1ed to the ;Jel:ong river or 
its tributaries. Assuminrg maintenance of salt halance in 
irrigation, this shoul.] have no significant effect on wat.ur 
quality in the !1ekong river or Lrihutaries because there will 
be no significant aimi:ture of groundwater into the return 

http:Irrigati.on
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flows and the irrigated lands do not contain significant
 
quantities of soluble salts. Also, the volumes of the return
 
flows are very small in terms of stream flow. For Stage I
 
all of the return flow will be discharged to the Mekong river,
 
making up 0.2 per cent of the total river flow. For Phase II,
 
40 per cent of the return flow will be discharged directly to
 
the Mekong, making up 3 per cent of the total river flow.
 
The remaining 60 per cent will reach the Mekong via the Nam Chi
 
and Nam 	Mun rivers. The effect of the return flow salt con
tent on 	these tributaries should be negligible during the
 
rainy season due to dilution, and should be beneficial during

the dry season in affecting improvements both in quality and
 
quantity.
 

The irrigation water for Stage One would all be fresh
 
water from Pa Mong reservoir, but for Phase II the return
 
flow (from both cropping and fisheries) would be reused where
 
feasible. The extent of reuse will amount to approximately
 
14 per cent of the total irrigation use. All such reused
 
water will be mixed before reuse with high proportions of
 
fresh water. The quality of the mixed water should not be
 
significantly lower than the reservoir water because of the
 
high dilution and (as noted above) because there will be no
 
significant salt pickup from groundwater nor from the irri
gated soils.
 

In addition to use of irrigation water for agricul
tural cropping, considerable irrigation water will be used
 
to supply fish farms, which will be returned to the irriga
tion system of streams following use. In the design and
 
operation of the fish farms, facilities should be provided
 
for proper treatment of the wastes contained in the return
 
flows (See discussion on fisheries).
 

5. 	 Irrigation in Khorat plateau
 

A report of a study sponsored by the Mekong Committee
 
for evaluating effects of proposed irrigation on water quality
 
and return flows in the Khorat plateau was completed in 1973
 
(Ref. 8). The Khorat plateau presents special irrigation
 
water quality problems because of the extensive salt deposits

underlying this area, both in Lao PDR and Thailand, causing
 
apprehension about possible salt pick up when these areas are
 
irrigated. The study evaluates the probable effects of year
around irrigation of the lands overlying the salt beds upon

the salt content of the local surface and groundwaters, and
 
the effects of the return flows from irrigation in modifying
 
the water quality of the local streams.
 

5.1 	 Study findings: Table 5 summarizes the results of the
 
1973 study. The data show the surface water quality

in the Khorat plateau is generally very good for
 
virtually all purposes° Generally, the dissolved
 
solids increase as the volume of stream flow decreases
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(at low flows the streamflow is mostly from groundwater).
 
The total dissolved solids of the Mekong river at 
Vientiane is in the range of 100 to 210 ppm (average 
about 140 ppm) which indicates the quality of irriga
tion water to be supplied from Pa Mong. Irrigation 
supplies in the Mun and Chi basins are also good, 
ranging 	from 20 to 200 ppm total dissolved solids.
 
The total dissolved solids concentration of the dry 
season base flow of the Jaim :-un neir itn; mouth generally 
is less than 200 ppm. 

Water quality analyses were available for most of 
the 2,500 wells drilled in the Khorat plateau as well 
as for many more shallow-wells. These data indicate 
that deeper wells produce peorer water (even brines 
if the wells penetrate to rock salt). Hlowever, even 
with the extensive area underlain by salt, 85 per cent 
of the drilled wells have produced water of useable 
quality. In shallow wells the dissolved solids usually 
increase during the dry season accompanied by lowering 
of the well w.ater level. The source of salinity in 
the shallow wells is probab]y not from dissolving soil 
salts but from evaporation and transpiration (See 
discussion of groundwater fur additional details). 

5.2 Study conclusions: The conclusions of the study are
 
summaris:ed as follow: 

5.2.4 Groundwater: In areas where irrigation will be limited
 
to wet season crops (supplementing rainfall) there will 
be little change in groundwater levels, movement, or 
quality. Where year-around irrigation is to be 
practised, this will ,:ause a rise in average groundwater
 
levels from I to 2 m in low areas to as much as 3 to 5
 
m in uplands; hence adequate drainage must be provided
 
to prevent waterlogging and possibly also salinization 
of soils. The levels of groundwater discharge (which 
furnishes the dry season stream flow) will increase from 
irrigation, with probably 10 to 15 per cent of the 
water used for irrigation reappearing as the ground
water discharge component of total return flows (hence
many smaller streams now intermittently dry would flow 
permanently),. 

5.2.2 	 Salt deposits: The salt deposits should have no effect 
on irrigation nor will the future irrigation result 
in solution of salt beds. These deposits are at con
siderable depths and overlain by relatively impermeable 
strata. 

5o243 	 Return flow quality: The quality of existing return
 
flows from irrigated areas is good and not significantly
 
different from the normal flows, even in areas under
lain by salt beds as well as where brackish/saline
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groundwater and salty soils are most prevalent. The
 
tentative conclusion is there will not be harmful
 
deterioration of water quality as a result of planned
 
irrigation development.
 

Although the average dissolved salt concentration 
will increase slightly irL all surface flows, because 
of the net depletion resulting from irrigation, the 
flow regulation to be provided (by the combination
 
of incre-sed return flows and reservoir regulation)
 
will tend to reduce the present seasonal variations
 
in water quality. The present quality of water in 
streams 	during the dry season should actually be
 
improved by the planned irrigation. 

The present quality of water leaving the Khorat 
plateau (represented by the Mlekong river at Pakse) is 
not significantly different from upstream of Vientiane. 
The ultimate planned development for irrigation of as 
much as .4 million ha would deplete the total outflow 
at Pakse by less than 5 per cent. The resulting change 
in average quality of Mekong river water at Pakse would 
be slight and probably not noticeable within the typical 
accuracy of most methods for sampling and analysis. 

6. 	 Water quality as related to downstream environmental 
values
 

6.1 	 Immediate downstream effects: Immediately downstream
 
from the reservoir therP will be a short distance"
 
(estimated at about 20 km) which will be adversely
 
affected if the reservoir releases are drawn from
 
oxygen depleted waters at lower levels. However this
 
problem will likely be confined tc only a small reach
 
of the river as the river water should rapidly undergo
 
natural reaeration. In any case, if necessary, the
 
problem can be controlled or eliminated by releasing
 
water from higher levels or by means of artificial
 
reaeration of the released water (for which practicable
 
methods are available).
 

6.2 	 Eutrophication: No significant changes are envisioned. 
Eutrophication is hardly a problem in most surface
 
streams of southeast Asia because of their high turbi
dities which inhibit light penetration and bilogical 
growth (Ref. 13, 14). However, discharge of massive 
nutrients into the Mekong delta from agricultural 
chemicals washed or draining into the delta waters
 
might result in algal blooms detrimental to fisheries.
 

6.3 	 Fisheries: Trapping of nutrients at Pa M ng con
ceivably could have an adverse effect on fisheries 
in the estuarine/marine waters of the delta, but 
judging by experiences elsewhere a far-upstream dam
 
like Pa Iong should have little if any significance
 
(See discussion on fisheries for further details).
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The water -uality ::ionitoring )rcgramme described in 
Table 3 includes parwneters (o volatile suspended 
solids and total orjanic c tr.)on) which. ..,ill be useful 
for evaluating tke oxte:,t of ao i1le nutricL reduc
tion. Also, the aestuarino saliiity jr,-ient liould 
become more stalili noC "ue to Llrse6od Am,, woason 11o,.' 
which may have a Iavorah e e ct. oM entuarke fislweriev. 

6.4 Salinit1 intrusion 'di a i:ari :;ai dr7 '.;eather flow :cdoul(! 
assist natcrially in reducirn' !calin:LtvLtru:.;io ii tie, 
delta esturine -;one ,n Lhus ii. rove tLhe . t rlualityrater 

in affec tL coa:: La! areas for ijricul ttlr a. , CO:ui t'' 
iniiustrtjl, ,ii! otL,r uw::; "he y :;a'o .!ow f io1E ill 
the delta, o,.j.LJi tIe range oF 1,000 mm/se:, are c::pected 
to heo tr ut 2, 000 m/soc, a very sizeable 
im),rovemen t.. 

7. 	 Delta ..'ater -ual iy 

The I utch belta Icavi report (Kef . I ') includes considera
tion of dolta .,ater ua]ity, en-pecially a; relate( to irrigation 
needso. The &atn, romm all sources over the years 1933-./1collcc! Li 
are ta;,ulate, in in .Jorl-iic Pater -\V o.f the rep-,ort (Table:. 
IV--jO throu!h I5). Ay.. omate av-arae:: (o: maniec) of these 
data a -re nte i:i -a)le 

7.1 "tu.( -ll . . 

7.1.1 	 River witer. As 'non in i .:,lo '. fr L:,,. rivcr waters
 
iii t--at I' l' , 1 " c. an' :.;Woet La:.e-Tinle a. coI!,l ;:
 
the ;:,iinra ueirI -:a * river ',atL- i'- m:ncellen;
 

'it to&tal ,ASlOV,.' ( conductivit'),o ii :.' i, 
SA: ratio', , ,. !IrCm en: throughiout th el in,.].)±i 
year, ;fenocc (.,.eL uite :Luia Ic fortL !r,: t irrina-
Lion and virtMu li,.'al 1 )th,_, ur -,w.. 

s- !l' 111 Al a are 
out nufi I l 

7.1.2 	 Fenn . : M ]miteo ta ivailable 
i m 1,in ia L 'll 'r1 Ci 0.i i1IPA;,. lme Stumt; 

Pro'.: river (G .;a ty, Jici] :.:reain) m,': eve:, low r 
solve mi:le-,-l roi'e'_";r. tijioI: , the .il; rive,;; hIow'ever 
the £'n:, Ii a]t:( ', ; at rLa ]o:.tiaa.: ay have ;,mucn 

i:]its, . ' - .for ,iiana trrL,,a$.lother uses 

7.1.3 	 Aciific tion W :iter:. dui . inun ti t.o:,: .Iiel: iliUnk!ation 

occurs the d'nur''al c'im ''ition hant:: c,.;i''erab,1" due Lc, 
contact ,.it he si d .L :in :ith ''rLj -a.. er 
cspeacial ],, i.i Lie! ,,-,,aI ,' y:; " r , cotce.ntrl-.. c 

tioi. i, ,,Ialtiti iui- 0may jcoe:i :i'i! rewun tin(, 
in am acic, ,,o-Lr Wc low 'I i'n ' ii.:; ore. ,ir 'hont 
just before oii Le t 0oF1Lh ra.I-_y s .n, naI ly tL,,..,ater 
in the )ranchee.if; (Uf 00 1u.litLy from 5el'tend er Lhroul 
lovenher, but heco Is salt.y Cu' to seawater intrusion from 

Decemnher to April. 
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7.1.4 	 Groundwater: Because of the generally easy availability
 
of surface water, groundwater has played little role in
 
delta irrigation, and moreover such use is not antici:)ated 
e::cept to a very limited degree. Generally good quality 
surface water is now lacking duringj the seasor.s of the 
year in areas intruded by -,eawater and also in areas I.'ith 
very acid soils, hut cJoOs ,uality greundwater i.- also 
scarce in these same areas. llencu tllose areas will 
greatly benefit for irrigation, community ;ater supply, 
and other uses, from upstream )rojects which augment the 
dry season river flow: 

7.2 	 Planned additional studie; 

To gain more cletai]edI tnforrmation on celta water conditions, 
the butch Team report reconmended a detailed wroramne ol 
hydrologic nonitorin ,, to e::tend over two to three years, 
Which includes measuremeAts of s.,ater -ua!ity a!; ,!ell as 
river floj -uantitie!, tical staz]cs, se11iment ad ,alini ty
The recomoiended later cuality sar slim netorh has four 
stations withi sa.iles -o 1'e taen once per month, In 
addition an extensive roc'ra:me of cic'ity and );Imeasure
ments would 'e mad'e, inclu(ding w;eekly samples at 13 stations, 
wiith 200 of the samples analysed' for aluminum and sulfate. 
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TABLE 1 

WATER QUALITY SANPLING STATIONS I1N LOWER KOUI GcDASIN IN1 1975 

--No Stream 1 Location 

"1 ItE.O IG Chianq Saen 

2 Nam Mae Fancf Ban Tha rhi. Liam 

3 1lae K1ok Dan Tha Ton 

4 la 10:o Dan Site (Ban Pong Na Thain) 

5 M'I-EONG Sop Kol. 

6 Han flae Lao I an Tha Sai 

7 Nain ilae Ing Thoengi 

8 Nam Man Dan Sai 

9 [Wam Ileung Ban Pa!: lluai 

10 Ham Lcei Uang Saphung 

11 NEKONC, Chiang Ohan 

12 MEOONG Pa ilonj Dam Site (km 1601) 

13 il2Z[ONG Ilong hUai 

14 Ilm Songkhram Ban Tiha Kok Daeng 

15 -i'KOiOG Makhon Phanom 

16 1Nam Pung Ban Tham Hai 3ridcle 

17 luai Bang Sai Lan lona Ael- Bridge 

16 .IOII lukdahan 

19 fluai Bang-i Ban 'Tham Sol 

20 1IEMOI1G Khonij Chiam (1.m 1601) 

21 lan Chi Yasotlon 

22 IIam Hun U:)on 

23 Main Hun Ban lua Ileo 

24 Lam Dor Yai Ban Fang Phe 

25 Lam Dom Yai Det Udom 

26 i EfO12G Phnom Penh 

27 N1i1I(l 1 Chroy Ampil 

20 TONLE SAL' Russoy (eo 

29 BASSAC Phnom Penh 
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TABL-. 3 

PROPOSED PARAMETERS FOR LOU1i.R MEIKONG BASIN 

WATER QUALITY MONITORING PROGRAM 

A. For immedia re. c tion for Lill stat on 
(Arimn tern)"l2arame 

(1) Monjthly determinations (2) Twice per year (wet and
 
dry.Useasons) 

-'Gavcje Height Toal dissolved solids
 

Flow Iron (Fe) 

Temperature Manganese (n) 

pH Fluoride (F) 

Dissolved o::ygen Total Phosphorus (P) 

Color Total Nitrogen () 

Specific conductance Silica (SiO 2 ) 

Suspended solids Total organic carbon in 

Volatile suspended solids filtrate 

Calcium (Ca) 

Turbidity
 

lagnesium (g)
 

Sodium (Ma)
 

Potassium (K)
 

Alkalinity (as CaCO 3 )
 

Chloride (Cl)
 

Sulfate (SO
 

Nitrate (NO3 ) 

OD 

Colif orms 

(1a) Computed values (from I above)
 

Hardness (as CaCO 3
 

Bicarbonate (as lCO 
3
 

SAR
 

Note: :: Denotes included in program for 1972.-7/
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TABLE 3 (Continued)
 

B. 	 For immediate apjplication at selected stations
 
Twice per y-ear (wet andI dry seasons)
 

(1) Iletals 

(a) Arsenic 

(b) Cadmium 

(c) Chromium (total) 

(d) Copper
 

(e) Lead 

(f) Mercury 

(g) Nickel 

(h) Silver
 

(i) 2inc
 

(2) Cyanide and Phenols 

(3) Chlorinated hydrocarhons 

C. 	 For application wh feasible at selected stations 

(I) Biota (including total ziomass and numbers and weights
of key 	 species): 

(a) Pelagic hiota 

(l) Planktonic algae (using membrane filter
 
concentration technique) 

(2) ilacroorganisins 

(b) Benthic biota (invertebrate) 

(2) Benthos physical/chemical parameters 

(a) Sediment sulfides 

(b) SedimenL BO 

(c] Particle size distribution 



TABLE 4 

!ZED W;ATE2CUAL!Y DATA F-5, ECC::G DELTA 
(from Working Paper F; of Dutch Delta Tea- Report) 

January t~rcugh May 

June through December 

7.5 
7.1 

23"3 
17.5 

II 5.2 

3.6 
2.,, 

-.9 

2 

€-2 

o ..4 

0.4 

0[ 

.. 
I: -7 

1-0 

1-7016 

.- 59-64 1-6 

0209 

0:1-4 

;ove:ber tirough .arch 
June through October 
Range for year 

Prek Thnot River 
Fr ne for year 

7.4 
7.5 
. 

5.2-7.1 

9.6 
14.7 

. 

1-9 

2.7 
3. 
. 

2-4 

2.3 
2 

. 

0.1-3.3 

I.1 
4. 

.. 

1-22 

0.2 
0.33 

2 

2_f 

i 

-5_ 
_ 

8-17 

5-32 

I-8 

1-25 

.

42-102 

2-38 

-

0.1-1.8 
-

0.4-1.5 

Pens and Small treans 
Rane for year 3.5-8.6 6-103 1-7 

1 

1-24 1-180 3-53 

1 

46-555 
Wells (Range for year) 

Depth 0-20 
Depth 20-40 m 
Depth 40 = 

Acidification/Plain of 

6.5-7.6 
6.0-7.8 
7.2-7.6 

- _ 
-

35-1,240i-
23-409 

5-8,7271 - I 

Ieeds 

-

- -
-

Field drains 
Canels/Stream, 

3.5-3.8
2.7--7.0 -1 

100
1,555 

O-2,167
79-678 

-
-

2-608
3-55 1-560 

0.1-4 
My Phuoc Canals/Streans

Range fcr year J3.6--7.5 34-150 31-340 - 6-4296 
6-4296 

]
34-2244j 
32_ 

- 6-91 
6-91 

1-8 

X; 
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TABLE 5 

.SUMMAIZED WATERQUALITY DATAFOR KHORATPLATEAU 
(from report of Anderson & Kelly, Reference 7) 

Location of Sampling 44.t QoIN -t 

1 o:ekong Rliver 
. Near Vientiane (1967-69) 242 I 

2 N11a;.an (. 9 
Station ,1-49(1967-69) 45 -

.. 

3 L Sao 
Station X-al (1967-69) 24 301 

4 ,NamChi (1967-69) 
Station E-5 101 142 
Station E-21 

Station E-23 
211 

101 
321 

162 

5 Nan Chi and Nan in Dav;in1 

Lan Don Yai (14-80)(68-69) 
Lam Don Noi (M-79)(68-69) 

Lan Pao (E-34)(64-65) 

Lam Pao Project (68) 

I -n Nun (tm-38C)(64) 
Nam Mun (R-33)(64--65) 

Nan Chi (F-1(A)(67-69) 

-
-

155 

-

158 
172 

44 

081 
62! 

245 

363 

160 
193 

163 -

6 'Nan Mun Basin (1956-57) 

Lan Pao 

Nan Chi at Chaiyaphum 

NSamChi at Khon Kaen 

Ilan Mun at Surin 

119 

121 

245 

149 

-

-

-

36 9.0 

1/22 

95 121 

57 11 

2.1 24 

2.9 14 

4.0 57 
1.2 29 

4.2 46 

3.0 77 
3.9 70 

3.0 22 

03 16 

6.3 11 

5.2 10 

1.3 13 

0 

0.6 

0 

0.01 

0.3 

0.4 

0.2 

0.9 

7 llam Mun at tibonRatchathani 165 I . 62Ground Water (Welle) 
Dan Lup Pao (5en)(67)(";,") 696 1,0341 76 
Bug Well (l.2n( 6 

7-
6 
8)(,,l,) 881 '1,3291 105 

Seed Center Well (46m)(67)("C") 244 4781 11 
Village dug well (7.la)(67-6B)("D") 229 341, 70 
Village dug well(5.On)(67-68)("E") !4,914 16,048 ;2,186 
Ban Kut Tum (30n) (67) ("F'") 610 11,224: 117 
Village dug well (4.On)(67- 6 

8)("G") 88 101 24 
Wat IBar Lao (4.9m)( 67)("H") 2,628 3,3471 777 
Village dug well (4.4m)(67-69)("J" 124 171' a 

11 

-

2'.1 40 2.8 43 2.0 11 0 0.3 

Notes 

All waters are surface waters except for Category 7 (wells). All values are in prm 

excepting electrical conductiv~ty (EC). Sampling station locations are ahown in 

Figure 5-1 and 7-3 of the Anderson & Kelly report. 
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PA MONG ENVIRONMENTAL ASSESSMENT
 

WATERSHED MANAGEMENT
 

1. Introduction
 

The Mekong Committee's studies in watershed management,

together with assistance from the FAO, have provided a general
 
overview of watershed and forest conditions in the riparian
 
countries (Ref. 1-16). This includes preparation of a land use
 
map based on satellite imagery which distinguishes forest from
 
other land u.;es and qives general information on forest charac
teristics. These studies show unprecedented damage to the
 
forests over the past two 
decades, due primarily to uncontrolled
 
cultivation and associated fires resulting from population growth.

This trend can only be expected to continue and accelerate
 
ane virtually ruin the forests unless competent watershed con
trol measures are established. One of the possible serious
 
consequences of the damage to forests is the adverse effects
 
in reservoir storage projects including increased soil erosion
 
and loss of water due to loss of protective cover which can
 
hold back surface flows for infiltration into the groundwater 
or evapotranspiration.
 

2. 	 Ectent of watershed and of damage to forests
 
2
 

The Pa Hong watershed comprises approximately 302,000 kin 

(at a 250 m pool level), of which only about 38 per cent is 
located in northeast Thailand and Lao PDR and the remaining 62 
pcr cent in Burma and China to the north. 22According to the 
Stage One Pa Hong report, about 189,000 km of watershed are 
located above Chiang Saen (at the Burma border), called Subbasin
 
-. The remaining 113,000 km2 in the lower basin is distributed 
between Subbasin II, the area below Chiang Saen and above Luang 
Prabang; Subbasin III, the Mekong river drainage area below 
Luang Prabang and above Pa Mong; and Subbasin IV, the water

b.icd area above the Nam Lik damsite. 

Of the Pa iong watershed lands in the lower Mekong basin, 
approximately 50 per cent is classified as forested. Tables 1 
and 2 show the approximate extent of the forest areas in the
 
riparian countries compared to other land uses, and the approxi
mate composition of the forests in the Thai portion of the lower
 
basin, as reported in 1972 (Ref. 2). These forests comprise

mostly tropical evergreens, hill evergreens, coniferous forests,
 
mixed deciduous forests, dry deciduous forests, and bamboo 
(Rtf. 2, 4). While these forests have been fairly stable for 
hundreds of years, rapid population growth over the past two 
decades his led to unprecedented destruction of the forests, 
primarily because of shifting cultivation and uncontrolled fires. 
It is estimated more than half the forests in the Pa Mong water
shed may have been destroyed or severely damaged. The annual 
losses of Limber and other forest produce due to shifting culti
vation and fires, in the lower Mekong basin, are estimated at 
US$40 million, and possibly even greater losses are attributed 
to soil deterioration and other ,am;nges to forest environment. 
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3. Importance of forest cover
 

The Pa Mong watershed forests are important to the Pa
 
Mong project primarily because the forests cover the soil in a
 
manner which efficiently regulates the disposition of rainfall.
 
Although few field observations have been made in the lower basin, 
experience elsewhere has shown the presence of the forests and
 
associated ground cover tends to hold back runoff. This not only 
serves to reduce floods and erosion but to increase infiltration 
into the ground water and thus stabilize the flow in surface 
streams by furnishing a steady input from the groundwater 
during the dry season. The forests thus serve to increase the
 
proportion of the total rainfall available for use when needed,
 
and in this sense the forests act as a type of storage alterna
tive to dam and reservoir systems. The forests are also useful
 
for furnishing timber and other forest products, furnishing homes
 
for wildlife, and for enhancing the aesthetics of the environment. 

While it is generally believed that the forest cover is 
essential to maintaining the integrity of watershed systems,
 
this relationship is complex Find varies from region to region
 
(Ref. 17). As noted below (see 5), the precise role of forest
 
cover is the lower Mekong basin is largely unknown and needs 
to be confirmed through field testing.
 

4. Effects of Pa Mong
 

The unprecedented rate of destruction of forests over
 
the past two decades has resulted primarily from rapid popula
tion growth, i.e., encroachment upon forest lands to use them 
for agricultural purposes, usually involving shifting cultiva
tion and uncontrolled fires. This has not only destroyed the 
forests but has probably acceleratecd erosion and loss of valuable 
topsoil. This trend is liiely to continue as population pressure
become increasingly severe, and the construction of Pa Mong, by 
creating a vast lake will further compound this problen by 
attracting a greater density of settlement around the lake and
 
in the associated uplands. The opening up of navigation trans
portation should be a significant factor in stimulating settle
ment. The advent of Pa Hong will not, of course, be responsible 
for the overall trend in the basin of population growth and 
resulting increase in forest encroachme:;t. The effect of Pa 
Mong will be more in inducing higher densities of 'opulation 
in those watershed areas in the reservoir vicinity. 

At this time it is riot possible to predict the effect 
of such changes on the net deposition of sediments in Pa Mong 
reservoir. The estimates of deposition included in the Staqe 
One and Phase II reports were based or sediment measurements 
made in the stream flow or stream bed. There is insufficient 
information to permit any estimation of sediment inflow to the 
river as a function of watershed erosion, not even in the portion 
of the watershed located in the lower basin. However, it seems 
unlikely that the advent of Pa Mong will result in any overall 
increase in soil erosion discharges to the river above Pa Mong 



III - 428 Watershed management 

compared to without project conditions, assuming that the total
 
increases in erosion will he more or less proportional to total
 
population pressure rather than to distribution of population
 
and pressures.
 

5. Proesin watershed manaqement planninq 

The first step in developing an effective watershed
 
management plan for Pa Mong is preparation of a competent
 
inventory of forest resources an(' of damages to these resources
 
(Ref. 7). Thiswork is being undertaken by the Mekong Committee, 
based primarily on use of ERTS satellite imagery. Results thus
 
far indicate this methodology is valuable for general delineation
 
of forest areas and types (but not for furnishing detailed
 
information on types of cover) including rough assessment of
 
damage to forests, and for periodic examination of forest
 
areas to detect changes or disturbances.
 

Two additional steps 1re being considered for strengthen
ing the Mekong Committee's programme in watershed management.
 
The first is to establish one or more pilot watershed management
 
projects at sites especially suited for study and management
 
trials, such as Lam Takong or Nam Pong in northeast Thailand.
 
Such projects would serve (a) to quantify the relationship
 
between forest cover and soil erosion and surface runoff con
servation, and hence quantify the losses of soil and water due
 
to loss of forest cover, and (1)) to demonstrate the feasibility 
of stabilLzing shifting cultivation, controlling fires, soil
 
conservation, reforestration and other rehabilitation measures,
 
and land use planining in forest areas. The second step is
 
to obtain additional watershed management expertise for super
vising and coordinating the Committee's watershed management
 
activities and for assistinq the riparian governments in esta
blishing or strengthening their programmes. One of the most
 
pressinq needs is for analysis of the existing maps and other
 
information to develop quantified pictures of the changes in
 
land use which take place as a watershed becomes progressively
 
more populated and developed, and to assess the benefits and
 
adverse effects of these changes on watershed resources, thus
 
furnishing guidelines for formulation of government policies on
 
future needs for protectin c forests and other watershed resources.
 

A description of the Lam Takong pilot project as origi
nally proposed in 1972 is described in detail in Reference 16. 
The project would require a period of five years and cost2 approxi
mately $1.7 million. The Lam Takonq basin total 1,430 km of 
which approximately 28 per cent is still mountain forest (half 
of which is in Khao Yai National Park). The remainder comprises 
lands under cultivation, abandoned cultivation, and lowland 
forest. 

It is recognized that the knowledge about the importance
 
of forest cover is not at all conclusive in the lower Mekong
 
basin. The forests certainly are valuable for timber and other
 
forest products, and as a habitat for forest wildlife, but
 
their role in water resource development has not been clearly 
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demonstrated. When the forests are removed they are replaced
 
by bush and grass type of cover, which may or may not serve
 

effectively for soil and water conservation. Gully erosion,
 
the first tell-tale sign that soils are eroding rapidly when
 

forest cover deteriorates, is not commonly observed in the lower
 

Mekong basin. The proposed pilot project is the only means for
 

quantifying and establishing the importance of the role of the
 

forest cover in the particular region of concern.
 

Another important justification for one or more pilot
 

projects is to demonstrate the feasibility of government pro

grammes for controlling and conserving the forests. It is
 

recognized that the forests, being mostly in the hilly areas,
 

have traditionally been outside the land zones of interest to
 

the governments in the rice-paddy oriented countries in the
 

lower basin. A positive demonstration is needed to convince
 

the riparian governments of the value of watershed management.
 

When the necessary basic data have been made available,
 

it is anticipated the Mekong Committee, as an instrument of the
 

riparian governments, will be in a position to assist in formu

lating specific policies for watershed management at Pa Mong
 

and realistic control measures to implement them (Ref. 1).
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TABLE I
 

EXTENT OF FORESTS IN RIPARIAN COUNTRIES
 

COMPARED TO CTHER LAND USES
 

(From Reference 2)
 

Arable Land!


I and PermanentI 
Total Area Land Area Land Under Meadows and; Forest Other 

Permanent Pastures Land AreasI 

18,104 17,660 2,984 580 13,372-/ 1,168 

23,680 - 800 800 14,050 8,030 

51,400 51,177 11,415 - 127.354 -

I 
17,326 2,837 2,870b /  5,600 6 

a! including rough grazing
 

b/ 1962
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TAELE 2 

COMPOSITION OF FORESTS IN THAI 

PORTION OF LOWERMEKONGBASIN (1961) 

(From Reference 2) 

Area km2n 

Class of Land N.E. Thailand jChiengrai Province Total 

Total area: 170,226 10,803 189,029 

Forest area 78,153 9,493 87,646 

Forest percentage 45.9% 50.5% 46.3% 

Evergreen forests 26,127 1,007 27,214 

Mixrd deciduous 11,713 1,900 16,613 

Dry dipterocarps 40,236 3,048 43,284 

Pine forests 12 26 38 

Scrub forests - 414 414 

Plantations 65.3 17.59 82.89 

Shifting cultivation 18,061 4,294 22,375 

Agricultural lands 58,204 4,184 62,388 

Others 15,787 832 16,619 
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PA MONG ENVIRONEIIAL ASSESS'ENT 

UILDLIFE
 

1. Introduction
 

The lower basin hac been and still is, rich in a great
 
diversity of terrestrial iauna, especially in the forested hilly
 
areas including the Pa Non( watershed area (Ref. 1, 2, 3, 5, 9).
 
Little attention has b een paid to this resource 
 in the develop
ment of the riparian countries thus far. The primary attention
 
of the governments has been oriented to the pressing needs of the
 
human population which has traditionally liv,2d in tile lower rice
 
paddy producing .-ones. Over the past 100 years or so there has
 
been a continuing influx of humans from 
 the hills to the north,

mostly for shifting cultivatior including local hunting, but until
 
recently these incursions were modest in extent. Over tee past
 
two or three decades, however, due to accelerating population
 
growth, plus the results of continuing military action (including

increased local hunting because of easy availability of guns),

the extent of the inroads; made by humans has already reacheC
 
alarming levels threatening the extinction of many wildlife
 
species. All this has been without the "assista,.ce" of water
 
resource developmen projects. It is obvious that, unless action
 
is taken by the governments concerned to pay serious attention to
 
wildlife preservation, the present trend will not only continue
 
but be accelerr.ted until the remaining wildlife will be only a
 
fraction of the traditional resource.
 

1.1 Nam 114jum stu(y 

A preliminary study of :ildlife in the Niam Ngum region, as 
affected by thL tam and reservoir, made in 197d (raf. 7 ) , includes 
tabulations of the important mammals in the Ham Noum region with 
information on their distribution and pre-impoundment and post
impoundment incidence, together with tabulations of key reptiles
and waterfowl found in the reservoir, The reFrrt concludas that 
the primary h.:,ard to wildlife is from accelerated hunting pressures
due both to the population influx stemming from construction of 
the dam and reservoir and to the easy access to previously remote 
areas made possibl,2 1)y t:e lateo The study recommended that a wild

2life reserve of 1,000 lm~ ac established, as remote as possible
from the dam and reservoirj withi hunting limited to local residents 
(who would thils tend to coope-rate viith the authorities in keeping 
out hunters from Vi , c id) 

1.2 Draft lepoL on ,i]d.e in lower basin 

"temp the 
comprehensive n for then.:ir. lower M-ekong basin is the 
"Draft Report o I-i ife and Matiunal Parks in the Lower Mekong 
Basin". released by ik1cong Commi ttee on 7 November 1975 (Ref. 9 ). 
A summary of this stur'y is asz follows: 

The first t to .'v'aiuate wildlife problem in a 

http:assista,.ce
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(a) The lower Mekong basin comprises five distinct wildlife 
habitat regions, namely the northern highlands, the Khorat 
plateau, the Annamite chain, the Mekong pl.ain, an' the
southern uplands, each wiLt its on unique wildlife 

environment fi'ed by vegetative types, human uses, geology, 
weather, and otLher factors (see Figure 1). Of the five 
regions tEho iorthern highlands (regresentin' roughly the 
Mekong watershed area ab.ove Pa Nong) and the bhorat plateau 
are Of special Sicnificance for the Pa long poreject. 

(h) The lower basin includes some '1,1:1 s eciesa of maminals, 
birds, reptiles, and amphibians (which are listed in the 
appendices to the draft report).' !hile the activities of 
man have encroached oin wildlife for many hundreds of years, 
only in recent decades has tis impact been serious, due 
both to increasing population.; and accelerating technolo
gical devel.opoents as nohncd above. 

(c) The effects of dams on -.ildlife include inundation and 
downstream effects (usually not serious iecause most of 
the low-lying and downstre-a areas have already been 
defaunated and the species involved can usually adjust 
living in higher iones),and effects From resettlement 
(usually serious due to encroachment upon forests and 
increased hunting). 

to 

(d) The only practicable means for conserving wildlife in the 
lower basin is in establishing a series of some 29 national 
parks or wildlife reserves, shown in Figure 1. This system 
of national reserves, which -,ill incorporate tie e:i:ting"] 
national reserves, il.l serve not only to perpetuate all 
valuable species but else for restociking of forested] areas 
throughout the basin, and for usino selected species for 
augmenting and iiqproving domestic animal productivity. Of 
the proposed 2) national ears or reserves, five (Nos. 16 
through 20) .ioul(. be locate(.; in the northern highlands, andi 
nine (CJos. 21 through 22) wouldi be in the ;'horat plateau. 
Each reserve area is suite,! to a particular grou, of species, 
and the combinatio.i of all 22 is believed to he the minimum 
system needed for Irotectincl and perpetuwting lower basin 
wildlife. 

(e) A serips pf additional recommenLdations for conserving wild
life is presented including controlled hunting, ca)ti ve 
breeding, control of coarmercial trade in wil" animals, and 
especially for continuing study of the willife rusources 
of the lower basin to furnisl basic information needed for 
detailed planning and assessment of wildlife conservation 
measares. 

2. sLi ficanco of1 a. o Il 

2.1 Watershed: The area to be inundated by Pa Mong (arnproxi-
mately 3,700 ha at 250 m Oool level) is a very small portion 

I2 
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about 3.3 per cent) of the total lower basin watershed 
above Pa Mong, hence inundation per se should have a
relatively minor effect on the regional wjidlife in thewatershed area as a whole. Also, because tle lower areas 
are more heavily populated they tend to have limited wild
life; most of the wildlife species seeP their habitats inthe hills. The main hazard will result as for aNamligum,
from accelerateC huntinq pressures due to population
influ-es and ready access on the 1 Ike to remote areas.
however, although the advent of Pa flong will result in apopulation concentration in the vicinity of the dam and
reservoir, the total population increase in the tributary
basin will probably be little affected. By tending to
concentrate population around tle late, especially along
the access roads, the net effect of the creation of the new late on the total indigenous wildlife in the tributarybasin might actually be beneicial, in the long run. to
without project conditions, In any case the effect ofPa Hong on the overall population increase in the region
should be small compared to the inroads bound to occur, 
sooner or later, with or without the project. 

Another result of the Pa ong project which could bebeneficial to wildlife is that the increased supply of
protein (fish) may tend to reduce pressures on wild game
protein, and the agricultural development may also reduce 
pressures on wild game. At present most hunting takes
place in the dry season., but with double cropping there 
will be far less opportunity for hunting. 

2.2 Reservoir area: Terrestrial %ildlifo in the reservoir areawill be forced to relocate, hence may be considered as
essentially lost. However, because the reservoir area is a small portion of the watershed as noted above, this loss can hardly 1e expected to endanger any species. A1.so, this
loss shoul he more than compensated for (Ref. 1, 2, ') bythe new aquatic wildlife e;:pected to develop in the lake
vicinity, especially birds. These wiil be primarily ducks
and other birds appealing to hunters both for foo( and 
for sl.or:t (Ref. 1). 

2.3 Downstream: As pointed out by Talbot (Ref. 4 5) ,construction
of a reservoir such as Pa 1mong can cause signi icant adverse
effects on downstream wildlife living in proximity to theriver whose life cycles are synchronized with seasonal
inundation phenomena including both flooding and silt deposition. Alterations in the flooding patterns could affect
the habitats of such species and even threaten the existenceof inflexible species, Iowever, it is believed such changes
due to Pa long will be small compared to the normal varia
tions in hydrology from season to season and year to year
(Ref. B ). Also, it seems probable that all surviving
species along the M4ekong below Pa eiong are fle:,ible species
(the inflexil)le ones are already etinct), Hence the 
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adverse effects by Pa Hong should be small, and probably 

insignificant compared to the adverse effects of existing 

and increasing human activity along the river all the way 

to the sea. 

With respect to design of the Pa vlong project, the 

design of the irrigation canals should incorporate means 

for protection of wildlife. LExperience elsewhere has 

shown it is feasi~le to provide ,.:ildlife overpasses and 

also facilities to enalle animals entering tble canals to 

get out (Ref. S). 

3. Proposed conser'vation measures 

Everyone agrees it is important that serious efforts be 

made to preserve the indihenous wildlife, especially that remain

ing in the hilly areas not yet occupie! 'b,'y people. This remaining 

fauna is still very richi and diversified, an(' has great potentials 

for important economic returns smilar to that already realized in 

Eastern Africa andl India. Unfortunately little is known about the 

specific ucololy of the hilly areas to be affected by Pa long. The 
nent site', followij the preliminary study already made (ection 

1.2 above) is for field- surveys for obtaining more definitive 

information. Tlis shoulC include infor;Iation on t]he specific 

sqecins ancl tiir nuebers, on their laitato and life cycles, and 

their rleltionsllip's Lie ecosystem.in -asin 

lith this basic information in iand, it will then be possi

ble to nrocued jith the next step. including better delineation of 

the specific areas best suited] for setting aside as national parks 

and scientific study reserves. Hopefully, then, a number of such 

parks and reserves could; b)ecomc established, including measures 

for establishinj legal and physical protection, programmes for 

their managemeat including continuing studies onei research, and 

access routes and accommodations for tourists in selected limited 

aruas. 

Thie specific objects of the park-s and reserves wou.d be 

(1) to )reserve out,;t~ding or irret,.aceablo scenic, scientific, 

biotic, or historical resources, an, to usc these for restocking 
of forests throujhout te casin and tirough selective breeding 
for 	improvin(; sos.tic animal JI,Ldu:ctLvi ty, and (2) to enable 

Aiti thLe parks and reserves servcontinuing s tu'ies an., research 
ing a:; reference ireas for :onitoring tie effect; of human activity 
on the terrestrial biota of tLhe developing ire as The continuing 
studies and r-f;eserch ,:OU].Oid e esigned to develop guidelines for 

assisting national [dLonninj en ho; ,st to utili:e t:,e terrestrial 
biotic resource:; in ro jramme!, D. continuing economic an( social 

development,.b:aples include uti~isinj local ]hiota for control 
of pests and diseases in agriculture, and, as noted above, using 

selected animal s odes for developing improred strains for 
domestic meat prot.uction. 
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4. Summary 

Becciuse of human encroachment there are few undisturbed 
areas remaining in the lower basin, not even in the mountains 
of the Lao PDR. Until recently the rate of such encroachment 
was relatively modest, hut current population growth and asso
ciated technology :make it urgent to Lake poitive measures to 
reverse this trend. The only practicable approach is believed 
to be iii the establishment of a series of national parks or 
reserves !ith competent legal and physical protection and manage
ment programmes including research, in order to preserve repre
sentative samples of existing ecosystem while they still. exist. 
Such programmes would serve not only to conserve wildlife but to 
develop basic scientific data and guidelines on how best to 
utilize wildlife resources for contributing to tile national wel
fare and economy. These contributions include promotion of
 
tourism, enhancement of agricultural productivity through control 
of crop pests and diseases and by increased production of animal 
protein, and continuing restockinq of forested areas throughout 
the basin. 

Tne Iiekcn-i Committee has recognized the need for a wildlife 
protection programme as described above, especially in connection 
:ith the proposed mainstream project at Pa 1Hong. An important 

first step has been taken in the preliminary identification of a 
series of 29 national reserve areas., wihich is believed to repre
sent the minimum system hich will ensure protection and con
servation of the important wildlife of the lower basin. Continuing 
efforts iill be needed for more specific delineation of the 
reserve areas, for detailed planning of their individual programmes,
and for implerentation of such programmes. It is believed the 
advent of Pa Hong could furnish an irportant impetus for establish
ing a numb-,er of these reserves, namely those to he carried out 
within the Pa Hong watershed, thus contributing to establishing a 
comprehensive system of wildlife preservation in the lower basin. 
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SUMMARY OF ENVIRONMENTAL EFFECTS OF PA MONG 

1. Introduction 

1.1 Pa Mong in the changing environmental picture 

This chapter attempts to summarize the detailed
 
findings of Chapter III, and to represent them in a collated
 

and consolidated manner so as to indicate an overall picture
 
of the probable effects of Pa Mong on environmental resources
 
of the lower Mekong basin. Because of the vast size of the
 
lower basin, only a generalized picture can be presented.
 

The key factor involved in any attempt to evaluate 
the effects of the Pa £-1ong project on environmental resources 
of the lower basin is that a great deal of deterioration of 
these resources has been taking place and will almost cer
tainly continue to take place, under without project condi
tions, due to the inevitable effects of continuing rapid 
population growth, accelerating urbanization, and accelerating 
technology which can be expected to continue to take place 
in much if not most of the lower basin region. 

Prior to World War II the impact of this combination 
of factors was still small, almost negligible compared to 
their dramatic impact since then, due to the rapid increase 
in the rate of growth of these three influences - a rate 
which can be expected to continue to increase, exponentially, 
at least for several more decades.. Hence the impact of 
these influences, dramatic as they may seem compared to the
 

-past, are really only beginning to be of major significance. 

These factors of change will not only bring about 
very significant alterations in physical and biological re
sources but will also result in profound socio-econo-iic 
alterations, with all the stresses and strains that charac
terize such changes, all regardless of whether mainstream 
water control projects are built on and along the Nekong. 
The Pa Mong project will of course have some significant 
effects in impairment of physical and biological resources 
and on human uses of the f4ekong water and on associated human 
cultural and aesthetic values, but these will, in most 
instances, be relatively minor compared to impacts of factors
 

not associated with water resources control.
 

To take one exaimple, terrestrial wildlife resources 
downstream from Pa Hong have already been essentially lost 
except for those species able to coexist with human community 
development, and the impact of technology. '.The ready avail
ability of powerful guns, the advent of roads, and new methods 
of transportation including motorized vehicles and air craft, 
together with increasing human encroachment and rapid des

truction of the forests, already indicate a similar fate for
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most species above the site of Pa Mong. Construction of
 
Pa Mong will in some ways tend to speed up the process pri
marily by providing easy access to hill areas now relatively
 
remote, and in other ways to slow it down, but it appears
 
doubtful that Pa Piong will have any significant influence
 
on the end result. The only salvation for these species
 
appears to be in the establishment of national parks and
 
reserves, and the advent of Pa iong could actually improve
 
the situation in that the implementation of a dam/reservoir
 
project of such very large magnitude, involving international
 
collaboration, could set the stage for much more rapid action
 
by the participating governments in establishing such national
 
parks and reserves. The international agency, which will
 
presumably be established to manage construction and operation
 
of the dam/reservoir project, will be in an excellent position
 
to sponsor and stimulate cooperative action with the riparian
 
governments to give more rapid and more forceful attention
 
to action programmes critically needea to preserve precious
 
environmental resources.
 

Another example, already underway, is in the problem

of resettlement of population living in areas to be inundated
 
by Pa Iong - a problem hardly well managed yet for any major
 
dam and reservoir project in any developing country. The
 
efforts of the Mekong Committee, in sponsoring "grass roots"
 
studies of this problem, including evaluation of resettle
ment activities txius far undertaken in the lower Nekong basin,
 
are already meeting the problem head-on by recognizing that
 
the answer must be in furnishing the funds needed for proper
 
resettlement costs, including reestablishment costs as well
 
as compensation for flooded property, as an integral part of
 
the cost of implementing the project, along with construction
 
costs. Again, this is possible because of the sheer magnitude
 
of the project and its international nature, which require
 
an objective assessment. Also, the findings and policy eva
luation achieved by the Mekong Committee are bound to have
 
significant impact in improving resettlement practices on
 
in-country projects and elsewhere in developing nations
 
throughout the world, even if Pa Mong is not built, and
 
especially so if it is built.
 

The approach used in this chapter will be, first to
 
review the anticipated future situation on population growth,
 
and its distribution into urban and rural sectors, and the
 
needs of this population for food and power, the two main 
commodities to be produced by [a hong, and probably the two 
most important key needs to be met in the future. The next
 
step will be evaluation of the Pa Hong project's potentials 
for meeting these needs and other human uses of the iekong 
water resources, i~e., evaluation of 'a Mong with respect to 
the "Tier 3" hierachy of environmental values described in 
Chapter II. Next will be evaluatLon of the irmpacts on Ticr ', 
the human values, then Tier 2, the biological vlues; ther 
Tier 1, the physical values. 
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1.2 	 Human ecology
 

As indicated above, by far the most important single
 
factor affecting environmental and ecological resources of
 
the lower basin is the explosive population growth. Recog
nizing the importance of the population factor, and its key
 
relationship to impact on environment in the future develop
ment of the lower basin, the Mekong Committee sponsored a
 
preliminary evaluation of the population problem in the
 
basin, completed in 1974. The significant findings are as
 
follows:
 

(a) 	 The desirability of achieving a balance in human
 
population in the lower basin and tle consumption of
 
renewable resources in the long run is self-evident.
 
The only alternative is a series of unprecedented
 
catastrophes along with a partial destruction of the
 
overall carrying capacity of the environment. A
 
major watershed area such as the lower Mekong basin
 
appears to be a more suitable region for carrying
 
out such planning than any other available.
 

(b) 	 The carrying capacity of the lower Mekong basin is
 
crudely estimated to be 12L million persons as
 
compared to about 33 million population in 1974.
 
The assumptions were that intensified methods of
 
cultivation and ensuing yields would be raised to
 
the highest levels obtainable today on all land
 
presently cultivated, and extended to almost all the
 
land in low-lying areas that can be irrigated.
 
A several-fold increase in the cultivation of plateaus
 
and hilly lands that are more lightly yielding was
 
also assumed.
 

(c) 	 Irrespective of carrying capacity limitations, the
 
estimated lowest population at which steady state
 
could be reached is from 130 to 170 million, depending
 
upon conditions in neighbouring basins, and assuming
 
the acceptance of fertility controls proceeding as
 
rapidly as any rates that have been experienced in
 
recent Asian history. The higher side of the range
 
allows for use of Mekong water by growing metropolitan
 
areas just outside the basin that are accommodating
 
settlers from the Mekong and more densely settled
 
basins nearby.
 

(d) 	 The likelihood of population exceeding carrying
 
capacity noted above sugqests that unprecedented
 
measures must be taken both to enhance carrying
 
capacity and to accelerate acceptance of fertility
 
limitation. In both instances it means depending
 
upon knowledge that already exists and has already
 
been reduced to practice in Asia, but only on a
 
very small scale. Thus twenty years or more would
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probably be required to fit such controls to the
 
needs of the lower basin peoples after the studies
 
and experiments were undertaken. A dietary plan
 
needs to be prepared which would identify the periods
 
and the dimensions of the prospective shortages; the
 
appropriate region must be larger than the Mekong
 
basin. Also, more imaginative efforts must be
 
addressed to hold down the growth of population.
 
One feature neglected everywhere in the world should
 
be looked into more fully, namely, using the social
 
changes resulting from technological development to
 
reinforce the acceptance of family planning and
 
fertility control.
 

(e) 	 The structural characteristics that can be deduced
 
for the steady state at a minimum adequate level of
 
living, maintaining a rural-urban equilibrium,
 
suggests that the labour force must raise productivity
 
several times over current levels. For the rural
 
areas this means a labour force roughly equal to the
 
present (with a total population somewhat less) but
 
getting more crops from a larger area per worker.
 
It also means that all added population henceforth
 
can only find productive employment in urban areas.
 
At steady state the population is expected to be
 
80-90 per cent urban.
 

(f) 	 On the whole, perhaps because the Mekong has had a
 
head start, the possibility of achieving a steady
 
state without intervening massive catastrophe seems
 
to exist, but there is likely to be either a close
 
squeeze or an "overshoot" about three generations
 
from now,
 

2. 	 Human uses
 

By human uses is meant the tangible benefits that
 
people derive from project development. In the case of
 
Pa Mong, these will be primarily power production, irriga
tion and flood control, but there will also be many other
 
beneficial uses. Pa Mong is a multipurpose project in
 
every respect.
 

Food/irrigation and agriculture
 

2.1.1 Need for irriqation
 

The most compelling reason for building Pa Mong is
 
the need for storing the mainstream water for use for irri
gation, over and above the levels possible with tributary
 
projects. In attempting to meet this need, the four riparian
 
countries could choose one of the three options: (a) continue
 
to utilize present agricultural practices on the existing
 
land resources; (b) improve technology and cultivation
 

2.1 
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methods, but without introducing water control; or (c)
 
supplement such technological improvements with full control
 
and development of the water and related resources of the
 
Mekong and its tributaries. Analyses indicate that if either
 
the first or second of these choices is taken, agricultural
 
production will fail to keep pace with the rising demand.
 
Over the 30-year study period (1970-2000) production measured
 
in tons of paddy equivalent would have to be expanded from
 
about 12.7 million tons in 1970 to about 37 million tons by
 
the year 2000. Calculations of alternative methods for meeting
 
this production target indicate that the maximum possible
 
increase obtainable without irrigation, but with a 50
 
per cent increase in the cultivated area, would not raise
 
production to the required levels.
 

Assuming that the lower Mekong basin should meet its
 
own food requirements (at an improved nutritional level),
 
that it should be self sufficient in agricultural raw
 
materials for domestic industry, and that it should continue
 
to export food and non-food produce, then the estimated
 
total area under irrigation will have to increase to between
 
two and three million hectares during the 30-year period. 
This will require many inputs in addition to irrigation,
 
namely a much improved agricultural technology including
 
the expansion of agricultural researcl, improvement of live
stock, expansion of fish production, and a general diver
sification of farming systems away from the monoculture of 
rice. Together with these changes, there will be a need 
for improved institutional arrangements, parti ularly in 
the fields of land tenure, marketing, training and extension, 
credit, c-ommunication, and farmers' organizations.. 

2.1.2 Indicative basin plan 

The overall plan under development by the -ekong 
Committee for meeting the irrigation requirements of the 
lower basin relies upon a complex of several mainstream as 
well as tributary projects. Considering all such projects, 
the increase in irrigated area required to meet the increasing
 
need for agricultural production in the lower basin over 
the period up to t.- year 2000 was estimated to be 1,868,000 
ha for full double cropping. Tributary projects within the 
basin could service an area about 1,212,100 ha, only 65 
per cent of this requirement. 

In Viet-Naim, thirteen tributary projects, all located 
in the plateau area, have an aggregate capacity of 97,000 ha 
and represent no more than 21 per cent of the demand. These 
would satisfy the national development up to 1983 if the 
plateau alone were chosen for development. However, in 
planning for expansion of irrigation in Viet.-Nam emphasis
 
is being placed on the development of the delta including the
 
coastal areas, and this is dependent on an adequate supply
 
of fresh water during the dry season, as well as the
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regulation of flood flows by mainstream projects in association
 
with the establishment of a system of dikes and control works
 
to prevent floodinq from the river and sea water intrusion.
 
In northeast Thailand the sit'c-ation is similar in that the
 
capacity of tribatary projects is far less than the require
ment to be met by increased irrigation. In Lao PDR the
 
potential tributary projects can easily satisfy the needs 
to the year 2000. The situation in Democratic Kampuchea
 
is also favourable, ic.i, the potential t,:ibutary projects
 
could service 576,000 ha which is more thn sufficient.
 

To achieve the desired level: of irrigation will
 
necessitate considerable regulation and storage of flood
 
water in reservoirs during the wet se_ason 1o conform with
 
the principle adopted by the joint meieting of Lhe lower
 
Mekong riparian countries in 1957, th-t (a) the existing

low water discharge of the Mekong would not be reduced in
 
any way aC any site; and (b) the supplies to be diverted for
 
irrigation purposes would be obtained b- storage of flow
 
during the high stages of the river. In fo-mulating the
 
mainstream projects for the leng.-range plan of development,
 
the Pa Mong, Stung Treng, and d(elta develnt'ieunt projects
 
were selected as the key projects lir !riigatior development
 
in the integrated plan. The Smbor project i; ir.cluded
 
mainly for hydropower.
 

The three major multipurpo!-e proects , Pa I.:ong,

Stung Treng, and Sambor, have been esttrma.d to have a capa
city for full doubie-cropni.ag o)fFb0or- " '5r:.!liol; ha. Pa ,ong,

with an estimated potential of !,G3O00. h c-in satisfy the
 
requirements of northeast Thaila,d ainc Lau PID. Stung Treng

and Sambor, with potential! of 1, 207,000 a: ci 3,i,000 ha res
pectively, could satisfy the 1-1qu1iremnts ol: De ;ocratic

Kampuchea, and Pa ilong aind St ng 'TP-r g tecch,_,.: would 
 furnish
 
sufficient dry season water to permi': farme.rs har(-est a
to 
second crop on at least 2,050,000 i-,n VAat---Om. 

The critical need for th. Pe iionrT pjet may be 
illustrated by the ovolving situation in nor'h-aatThailand. 
In the past 25 years tie popuiat-'on cf notheast Thailand 
has doubled, and the area of cultivated lands has correspond
ingly doubled, inasmuch as an extensive type of -farming is 
practiced. The population is expecLed to douhea gain during
the next 25 years; however, of the total )1a'-17 million 
ha, eliminating deeply floded areas. strea beds communities, 
and topographically unsuitb1le lands the total l-nd suitable 
for cultivation is 6 million ha. ()i this 5 million ha were 
already under cultivation in 1970,, Qso, a revi.,: of the 
distribution of paddy nd! upland fiL].ds AhGw)s that present
paddy fields are iocated not only on alh vial sails suitable 
for paddy (recent and seri-ocn%- allvl, soils) but that 
more than half are located on more coarse-textured soils 
less suitable for rice than for uplIand crnps. Also the 
extent of upland fields is spreading into forest -.ones as 

http:farme.rs
http:doubie-cropni.ag
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public roads are opened, hence increasing the extent of the 
total crspping on soils less suited to agriculture (because 
of their greater erosion potentials). Assuming this trend 
will coritinue, the total cultivated areas should use up all 
the potentially aranle landsi by 1980 

Notwithstanding the problem of land shortage in 
northeast Thailand, ,'ater will probably provw to bte a 
limiting factor more serious than land. Rainfed paddies 
are erractic in perjorinance and for sustained yields need 
supplemental water amounttnq to ;180 mm in an average year 
and 800 mm in drought years occurring every 10 years. The 
total demand for supplenental water in irrigable paddies in 
drought years is about i ollion r , almost equal to the 
total watershed runoff in such y,!rs. - ('he maximum water 
sup ly potential is clout 1' b-11i01n '1 , assuming it is 
feasible io store and distribue this amount. Of' this 15 
billion m , some t..5 billion i was being stored in 1970, 
enough for use on about 380,000 ha in the rainy season and 

250,000 ha in the dry season, ioreover, for diversified or 
double crcpping,- i .11 total demand could be as high as 42 
billion m including - ii blli.on.,m for rainy season 
paddy. The deficit of 28 billion in will have to come from 
another source, namely the hekong river. 

2.1.3 	 Pa Nlono irricltion system 

Figure 3, irrigation-Drainage Section of Cblpter III, 
shows the location of the ic !'eng irrigation service areas 
(for both Staoje onc and Phase II). Details describing the 
land areas involved their present land use, en:tent of arable 
lands in the service areas (divisions), water allocations, 
and related intormati'n are shown in Tables 6 to 11. 
(Irrigaion-Drainage Chapter -IT). The entire plan is 
based on the conc(pt atf service units, the service unit 
being the basic irriation irea tabout 50 hectares) considered 

to be suited to management by the resident farmer organizations. 

In adli,tion t the system of cana-ls, laterals, and 
ditches usLd cc dj'_str bution, drainage facilities :ill be 
needed, especiailly during the rainy season when drainage 
requirements are moLef critic l. 

(a) 	 Irrigation water reiuirements: The average annual 
diversion wat er requirements for irrigation of the 

Stage One area (initial. development) and f( r the 
total area considered in the iPhase II studies, are 

632 and 1,673 million in resp ectively. Return 
flows will be utilied to the ctent practicable, 
averaginq about 4,000 million mn annually. These 
averayg a:nual irrigation diversions arv estimated 
at 0. ; and 7.8 per cent of the average annual inflow 
into Pa blong reservoir for Stage One and Phase II 

respectivtly. 
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(b) Development period: 
 Factors limiting irrigation
 
development appear to .e the rate 
at which project 
works can be constructed, the rate at which farmers 
can develop the ability to fully utilize the exp)anded 
facilities, the ability of local and export market
to absorb ".nc.eased production, and tlh. availabi).ity 
of capital required to finance construction. The 
irrigation development of the [ia; lkong project i 
plannel to begin at ! relatively slow rate and 
increase as more oxperience, resources, and techno
logy become available, The cffectiveness with which 
the first ")locks' of irrigation are develuped will 
affect the rate of :armor acceptance in subsequent 
blocks, hence the2 initial development should be 
planned so that available resources can be concen
trated in a relatively :small area. This %,ill increase 
the probability of an orderly and efficient land 
development progrinme. The Stage une irrigation 
development programme ,ill ruquire an estimated 5 
y2ars for completion of the planned irrigation 
facilities. It -. estimatedis so that 5 years under 
wet season irriqation and 10 years under dry season 
irrigation, following initial delivery of water, will 
be required t,) r(,ili.O.(: full irrigation benefits. 

(c.) ,elated Lrrigatien -;rests. ,reas to be irrigated 
from Pa Long reservoir, in addition to the ['a 'ong 
project service areis, include areais along the river 
banks downstream to he irrigsted by pumping, the 
[ekong delta, and ,rhaj at some future time the 
central plain oi Thailand by trinsbasin dive,.sion. 
The agricultural benefits from these tdditicaal 
irrigation uses of i'a iiong water should be iery 
substantial and while not yet precisely quantified 
can be roughly estimated. [a ilong ill make it 
possible (1) virtually to eliminate flooding along 
the middle course of the ilekong river from P-a Hong 
to Khone F1lls, which are densely pepulated rivering 
lands, and to develo, those lands by low lift pump 
irrigation on both sides of the river, particularly 
on the Lao side of the Vientiant and Savannakhet 
plains, (2) to recl.im sizeable areas in Democratic 
Kampuchea through fI sd control (studies indicate 
up to 200,000 ha theoretically possible), thus 
utilizing lands not now: useable, and 'o convert other 
areas of equivalent sise from floating rice culture 
to other rice vwtrieties of higher yields and quality, 
(3) to make available for use in the dr season in 
the Mekong delta about 30,000 million in of fresh 
water, (1) to engage in fish farming in many parts 
of the lower ba in belot: Pa Hong, and (5) to transfer 
5,000 million m of surplus water in the dry season
 
to the central plain of Thailand.,
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2.1.4 	 Agricultural research and develoornent 

The irrigation programme anticipated by the Niekong 
Committee is expectea t(o have a profound impact on the 
existing farming practices throughout much of the lower basin, 
in requiring fundrtmenti] chainges in traditional practices 
both in the technolo.'v oi tarring and in the related socio
economic environment in the f arwi ng vi 1age Experience in 
existing tributary irrigation ,rceJec-ts in north_-,iAst Thailand 
has shown thait the fairmer %ill generally b willing to try 
to adjust to irrigated agriculture but: that Su must be fur
nished with assi:,tance irm gp-,vurnmnent if ho ccn be expected 
to succeed. This assistance must incluae training in the 
technology or irriqted jiriculture and assistance in esta
blishing and orerdtini farmers cocr,er<ati.ves for coliective 
handling of probleiis: of iinanrinj, stor~ige, transportation 
and marketini and ior :;olvini. other :;oprio-uCon],.1ic problems. 

In response to thi.a: chAillene th, i.,-kong Commrnittee 
has organi-.ed and has underway i siseable agi icultur.-l 
research and development programm. designed and operated to 
bring about the desired trainsition in ftrminj methods as 
needed to keep ra ce .-.ith the tvailability )f n,.: irrigation 
areas, beginning with the existing irrigatin so'rvice areas 
associated with Arjestsp.rogressively movingtributa-try and 
ahead to meet the needs o± or:. osed main: tream projects 
esnecially a liong]. 

The aqriculturcal research ,rid development pronzamme 
embodies several ,e ,r ahes, n i,,c.l 

a' 	 ,: p qrgrMm . , r. e , It n, i X r it.imn(ntaition or 
pr'..riu, in,] th- n e. t, . a.;,iI, , 1 in -rm, t ion needed 
to suit .k. n a .in smelli ticn:., in. 1timing a group 
of eight cxc i'Lei I arms- ard i number of research 
projects on speifc p robl areas, nd including 
publications an' rovlia.{no for diLsremj nation1hr 
of the research find inc:ji lab]1: 1 (Agr :;ce Ch III) 
presents summarLized information on the experimental farms 
and Table 2 ori ':,t and curre nt pecift Lc. research 
progrmfirnes . ,,s 1, f igure 1 sh,-w: thte locations 
of the expfrim.nt ! f e:: ( and of th, pioneer agricul
tural pro, e,'ts . 

(b) 	 A progrmmt-: 1or i,!t oduc-ir ; -n roving out no, 
farming mv.thodolie Ij,, -on ull-scale demons tration 
basis, throu]gh o s::ries of ()neer :,cricultural 
projects, (each c-f uhich 'ii] take intu ac count all 
factors inval vied in :;ucoco a ,-ul iarrming including 
both (1' f armin; technelog'y, tnd (2) ;or i-economic 
institutions .or cvaiabil i ty ,oftssuring equipment 
a id credit, marketing, establishment of necessary 
farmers' coot,,r itive mechnics, and development of 
attractive communities and community facilities and 

http:organi-.ed
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protection of public health. There will be continuing 
monitoring of each project to assure maximum benefits 
including maximum returns from each project, disse
mination of information among the various projects, 
and coordination of arid cooperation between the 
projects. Table 3 (Agr Sec Ch III) presents summa
rized information on the pioneer agricultural project.
 

(c) 	 A programme for developing master plans for agri
cultural development in anticipated major areas to
 
be irrigated, especially the N,kong delta and the
 
Vientiane plain, and also assistance in planning
 
for a number of additional zones including northeast
 
Thailand. A brief summary of this work is presented 
in Table 4 (Agr Sec Ch III)o 

(d) 	 An evaluation of the effects of flood control at
 
Pa liong on downstream auriculture, especially in
 
Democratic Kampucha where there have been serious
 
apprehensions on possible adverse eff cts on pro
ductivity of chamkar dry-foot farming areas due to
 
reduced 	 colmatage silt deposition. This study has 
investigated various possible effects on downstream 
agricultural productivity including effects on present 
rice cultivation pr<ictices in the Demo,-atic Kampuchea 
lowlands, middle elevation -ones, arJ uplands, and 
has developed findings which can be utilized to realize 
the maximum agriculturil benefits taking advantage 
of the new lands; made available by flood control 
and to minimize adverse effects through positive 
water control measures. 

It is believed that thi! !fort by the Mekong Committee 
represents the most intense pr :imie of preparation for 
irrigated agriculture yet atts; Ld or accomplished for any 
water resource development programme elsewhere in developing 
countries. Also, it appear's the agricultural programme is 
at a stage of progress in keeping with the i iekong Committee's 
overall programme for basin development, especially with 
respect to Pa Nong. ssuming continuation and progressive 
development o the igricultural programme, as planned, it is 
anticipated the transitions in Jirming practices to the 
desired new methods can be re,ili,ed on schedule despite the 
innumerable difficultIs sure to be involved. 

2.1.5 	 Overall food iml,act of ra Hung 

The Pa !ong proje-ct is critically needed for food 
production in the lower basin, as the logical first mainstream 
project to furnish the essential water ,:hich cannot be obtained 
from tributary projects ilane. In the irrigation service 
areas the benefits wLill be mostly in increased yields of 
rice and of upland crops and in fish farming. Using the 
general 	 rule of thumb that e cubic i,. tro of irriqg.t :,n . ter 
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will yield about 0.5 kg of rice (and even more of upland
 
crops), the potential extra rice yields from the improvements
 

noted above could support at least 20 million people in 
northeast Thailand and Lao FDR alone. 

The addit i on-! b,-n,.litt: in extra f od supply further 
downstream :ul a].: b, very ' >r.aLe because: -I the 
very large l and ares .hich vil, bec! e 3ub '(cf t,) cropping 
o: extra pin .it r u,1h ,- -ontrol.ecop thr irrijaition 1uod 
The pottntial increas .i(,, product ion in t:h, >.konlg deltl 
alone, ride i-,ssible by the i.ncr, .: dry sa.5:n l'a, could 
suport an add itin -3O millii on eop!A . 

,An viditi nal very tmportnt .tti:l which may be
 
realized Iroma I - ;n ill ha the. ., 1 .crtunity t t(, d s trate
 
on - ".cal, che ai:ly'n Ii('t ir :n treas
ma's , iC,.Ce 

in north,<,st Thaii,tn1: ,on LA ; I ! , h .. tw. trr.ci , -ix i ng
 

,agricultur) l !,r':L-ices i t. ,one'pt:' ,nd c.t l' -,lorie
which t dze 1I''. 1 varltngy a :ii cantinJ g iq rry
ments in agricultLucil techircI y but (-, the unt aua combinatien 
of the ye.ir-.nLc un-hir:., - n ,.t.r vit). 
through %,vtr ' nt r 1 rina 1aighly ,mptent This 
combination is believed to Le unique to Joutheast ,%sia, and if 
these resources car be mobilized in the lower NHiekung basin to 
take advantage of continuing technological improvements in 
agriculture, which it! themselves can be expected to increase 
exponentially, it is realistic to believe that the lower
 
basin can both meet itsi awn food needs and also realize major 
export revenues. This would mean the lower basin would have
 
a far greater carrying capacity than present circumstances
 
might seem to indicate.
 

2.2 lower 

2.2.1 Need for power 

Of the multipurpose benefits expected from the Pa 
Mong project, power is :)ne of the main bases of its economic 
and financial justification. The hydrologic characteristics 
of the lower basin indicate that the ilekong river is by far 
the principal indigenous source of energy available to the 
four riparian _ountries, and that I a Iong is the logical first 
mainstream project for reaping this benefit. Without Pa Mong 
an other mainstream aud tributary hydroelectric power projects, 
most of the region's future energy needs might have to be meL 
by fuel imports.
 

To the extent and at the rate feasible, the countries 
of the lower basin must industrialize for their prosperity, 
and to accelerate industrialization, they must use power. It 
is an accepted fact that the wealth of nations and their people 
is closely related to the per capita use of electricity, parti
cularly that portion of the per capita use allocated for 
industrialization. However, before any decision is made to 
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develop Pa Mong's tremendous power potential, it must be
 
shown that the demand for power within a reasonable period
 
will at least equal the quantity to be made available, that
 
power production at Pa -ong will be less costly than alter
native sources, and also that power production -It Pa Mong 
will not result in serious lo:: of environmental resources 
which would be avoided if alternitive sources of power were 
used.
 

All of the factors noted above have been the subject
 
of many studies sponsored by the 'Viekong Committee in colla
boration with the four riparian countries since 1963. These
 
confirm that (a) power generation at Pa l-iong will be by far
 
the most economical source of power, and with the recent
 
increases in costs of oil and of other fuel sources including
 
nuclear fuels, the Pa Mong power alternative commands an 
even higher priority than before; (b) the market for use
 
of the power will be more than ample; and (c) the net effects
 
on environmental values should be positive and the impair
ments to particular environmental values will be less than
 
for any other method of powe r generation.
 

2.2.2 Load forecasts
 

Using modern high-tension transmission technology,
 
large quantities of power l:an be transmitted at high voltage
 
and low cost to moor load centres up to 1,000 km distant.
 
Hence the entire national areas of the four lower basin
 
riparian countries lie within the feasible market area. 

A review of the many forecasts of power and energy 
requirements made since 19C3 shows the actual increases to 
be greater than pred.Xted in the earlicr studies. The 
installed capacity of the four riparian countries in 1965 
was 870.5 M., of which 527.3, l1'.' was in Thailand and 10.2, 
33, and 300 1!,Lin Lao i£01:K,
Democratic Kampuchea, and Viet-Nam
 
(South part only). Corresponding annual energy consumption
 
in 1965 was 1,087.;, 11.2, 61.2 and .133.3 Gh for Thailand,
 
Lao PD, Democratic Kampuchea and Viet-Nam respectively.
 
The installed capacities of Thailand and Southern Viet-Nam 
in 1973 were 1,583 and 813 h1.respectively, while Democratic
 
Kampuchea and Lao PDi< in 1972 had .68.5 and 77 il respectively.
 
The annual consumption of energy in 1973 in Thailand, Lao
 
PDR and Viet-Nam was 6,207, 62.2, and 1.150 GWh respectively,
 
while Democratic FKampuchea consumed 115.2 GWh in 1972. The
 
average annual increases in power and energy consumption,
 
during 1965 and 1973 (during 1965 ind 1972 for Democratic
 
Kampuchea), wore 21.1, 21.0, 8.? and 11.5 per cent for
 
Thailand, Lao P-R, Democratic Kampuchea and Southern Viet-Nam
 
respectively.
 

It has been estimated that the market ability in 
Thailand alone can absorb the large blocks of power to be 
produced at Pa Iong. lg. 1 (Power Chapter III) shows the 
comparison of the load fo recast oI the four riparian 
countries with and without the lods of central, northern, 
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and southern Thailand. Thi:- figure cluarly shows that 

Thailand, especially the Bangkok metropolitan area, will 

be the major consumer of the electricity that I-a liong project 

will be able to produce. Fig. 1 (UowerChapter III) shows 

the proposed regional distribution of power from ,,iLong 

project as -,result of load flow studies. 

The forecasts noted :ibove include allowances . or 

industrial consum; tion it attructive rates w.,prompt the 

development of cilec trw-procAinc industrie; in general and 

of mineral proc,-assinq ind agro-indutries in particular. 
The anticipated rate levels for such use tould be in the 

range of 6 ta) 0il:;/... 

2.2.3 Pa i-onn iow-er qent.rratLen 

ztirA include i-ionq both 
isolated operatin and in ' yter vLb downstream projects 

with four dif: crent l.xiamul pol elevtion , 2O ?0, 250 

and 260 m i:SL, withb ch of thti,!t- ;soci .tci with three 
different inimui io,-,l Likn. Thewe,;installed capacity 

lower rerjul tudi.:e ia in 

,
l vul. i raim )0 li'U 5,600 

lW while the I C11w.. 'iwi *.ner iy ,. ' viry frem 990 to 

2,700 iit anl R,( .'0 to 2 ,,I: (id/year i .iLely. In any 

case eight gener.Iting unit-', h.~lhe installed, and the power 

distributed by i net.,ork ,i 5 FA tr:nLsmiss-n 

of the Ia iLong ;.. nt ',,y (, t' 

( liines. 

2.3 Flood ontoL 

[I ling ref'rv(A.l C ' t . . 2';L i JL woul have a total 

effective.- sLe-ge e: ,"ut to),.0. ni]cln I , f which 21,000 

million iit 'ould v iiihle fi.Ior flod control, without 
reducing the fir po,,er afoto Thi. 1,rovi:ion for flood 

control is e,1 iival ent to -ibout 7wimnm of runf r fowr the total 

dr,,inge ari,,! above .i I,-q u ii.It,. The co2ntrol exercis ed 

by PaLung aouldrc.Juc Lih hi i atle I{1 jod pe,d: LA r:cord 
( 939-197) -. vientl tt rom 25,900 i'/ ee down to 13,000 

ni /0.cc, enouqgh to keep the 1,.: a ekong %,ithinits banks 

frem below i',. on(- i insitee L itk( ,in,1 :it the amin time 

materially reduce Ie flow in Deniocraitic Lainpuchea,tL IaoI and 
Viet-i-im. 

Fur the i0-yfiar flood, fa l.ong reservoir regulation 
wguld reduce tihe lead pek it Vientiane !rin 26, (1( to 15,600 

n /sec There w-ould .ous sly be somi residual damage In the 

middle reache lou of m.gnitude:; occurring at frequenfrm a 
rie ol about or larger than 1(0) year.:;, due t the ef ecots of 

uncontrolled lasinto.tHe iekono cow triIrhutries. 

The oahld e envirenmentcl ci ects :,terirming 

from use e-;( Po long iur iI1 0:rntrolu include. ka) t' signifi

cant decka1;A o ci it .e;; Lnthinii c<.curring under 

natural c nklitiwn i i nch ,1 ,ewe hank:;) in Democratic 

Kampuchea kbut thI iin Lc W f:;et by controlle_-d or designed 
celmatage syst,_ls), Lnd (h) reduction in inundation fisheries, 

espec ially in .. (but this isemor,ftic i,ipu i ,n: V let-b am 
ofIset by the 1 and!; -.;hich ar. longercropping o' lum no 
inundatod; 
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While it has not yet been possible to quantify the total 
benefits versus adverse effects from flood control, it appears
 
certain that the benefits will far outweigh the losses. 

2.4 Urban. ater suppaits 

Domestic, municipal and industrial (Di & I) water supplies
in the Pa flong project area are generally obtained from a variety
of sources including rivers, streams, ponds, reservoirs, irriga
tion sys tems and wells. The present supply of 1)1.'L I water is 
generally adequate during the wet season, but very inadequate
during the dry season. W.ater quality also becomes a serious 
problem during the dry season as the limited availale surface 
water is often ponded hence becomes increasingly contaminated from
human and animal wastes. In ruril areas, there are only a few 
communities with water treatment plants and distribution systems.
lost rural water supplies come from polluted ponds, lakes, and 
streams with water hauled great distances during the dry season 
at consideralle effort and cost. A dependable supply of clear 
water for 1)rl & I uses is .ery much n-eOdud throughout most parts
of the lower basin. 

en important additional benefit to be realized from the_
 
investment in the extensive 
 Pa i;ong irrigation distribution system
will be in the use of this same system to supply water for DH & I 
uses. An estimate of the amount of water required to meet this 
demand was made assuming an average rate of 50 liters per capita 
per day for the initial needs and 400 liters per capita per day
ultimately, assuming progressive urbanization and industrializa
tion. The average annual !)I & I requirement for the initial needs 
(200,000 people, Stage One) represents only a small portion of the 
available irrigation water supply. For the 50-year study, the 
average annual D11i& I requirement (for3 7.7 million people) is 
estimated to be 60 and 1,065 million in in Lao PDR and fhailand,respectively. Although this represents only a small fraction of
 
the total annual river dis!charge, this contribution to the
 
development of the region, as a for urban andbase industrial 
growth, will be of the firs;t: priority. 

A fortunate fact is the escellent mineral quality of 
hekong river water, which suits it admirably for virtually all 
urban uses both for domestic purpos.es and for industry. The 
water is low in total dissolved solids, lo, in hardness (yet it 
is in calcium carbonate balance hence not corrosive), low in 
chlorides, and has no significant concentration of any deleterious 
constituents. The only treatment generally required will be rapid
sand filtration together with final chlorination. 

2.5 Agr%i n.dU iei sl- s.tr 

In keeping with the Lfecong Committer's basic policy that 
water resource project development: mus'- contribute effectively
to advancement human welfare the lower basin,of in the Committee 
has carried out a programme for proinot.'.ng industrial development
throughout the region wherever the pro. ect products (plentiful 

http:proinot.'.ng
http:purpos.es
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water, improved navigationt etc.) might favor the establishment 
of such industries. Numerous investigations have been made to 

explore the feasibility of such ventures, which may be organized 

into two general categories, nan. ly (A) agro-industries, (b) 
mineral resources developimint an. relate power oriented indus

tries.
 

Present trenis in indlusLria! development in the riparian 
nost in'lstrLes including agro-related induscountries indicate 


tries, tend to conciiLratu ' n a few major cities, 
 in particular 

in and around metropolitan centers such a:; Bangkolk, Saigon, and 

Phnom Penh. Industry !.:at ,racted to these centres because of 
their large aitd rapidly growing markets, their ,.ell developed 

for contacts ,ith interested governinfrastructure, and Eacili ty 

ment agencies, :;uch hLqhly -entralizr,i industrial development 
progressl'vly iself n!ifocas indu!;try e:eards and develops, 

thus tending to contribut et- e income between<.ver--videnirig gap 

the urban and rural sector 

The i[e'eonq Coi it,'; programine for agro-industrial 
development has t,:o main je~tives, lirs,, to identify and 

describe promising aqro-indusPtrial inves tment opportunities, and 

second, cooperation v,,ith Le ripar7ian cjovernments in formulating 

and implementing plans an,1 policies for establishing such 
for training in technicalindustries, together with provis-ions 

specialties and in anagement. The various studies may be classi

fied as project studies (evaluations of specific industry poten

tials), reqiona" reviews for identifying input an(! output poten

tials for specific agro-industries, and master planning for agro

industrial romplezes. i;ost of the studies have been carried out
 

since 1970.
 

A suimmary of the agro-ir lustrial feasibility studies com

pleted is presented .n Table I tAgro-Ind Ch III). These include 

studies of potentials for b)oth (a) agro-input industries, namely 

nitrogen fertilizer, phosphoric acid, and calcium carbide, and 

(b) agro-output industrj-.i;, naiely )rocessing of pipapples, 
poultry, cane sugar, ve reta']e oi ls, ani various fruits and 

vegetables (especially .y Ilenhy,;ration or quick-freezing), manufac

ture of pulp and paper utili i: a variety of local materials 

including kenaf, and sri tur-. 

The programme ts frarmlas served to identify and charac

terize many of the numerous comple:-itis iinvolved in establishing 

agro-industries in acricultural area:; traditionally oriented to 

rainfed paddy. These include Lhe roleins of motivating and 

training the participaL.ii(c of adpting local and imported(rrm-rs, 
-o their cultivation will suit pro

cessing needs (considering natte:; o rotection against s_)oiling, 
storage, and transporJtation), o.f cheduling cropping to coordinate 

with and not interfetrc .tc rice cultivationi, of making arrange

ments by which the farmier can receive a guaranteed fair price for 

his crops and liL".i;s e .n herotect:0(dpr on matters of 
delivery and of repayment 'or a,'vancC:; 1-othe farmers for fertili

zer, etc., and many other relaLed proibeos 

fruit and vegetable '!ecie-; 
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The impact of Ilekong Committee'- programme, being eso;entially limited to assisting the responsible government agencies,
is difficult to assess. INowever, there h-is been an encouraqing
growth of decentralized agro-industries in north Thailand over
the past several years, which is 
 nrovi,linc e::perience in E olvinqthe numerous problems involvel in establishing succes:;ful newventures located in agricultural zones. It is believed the total 
experience being gradually arcuoulated, including the contributionsfrom the :ekong Commnittee r,-pre:;ents a significant achievement 
a essential first: stem in preparing for the 

and 
najor impact of a

mainstream project lilze I'a iiono. 

2.6 .iineral devel opment 

An integral part of t>i I,ekong Committee's programme forindustrial development in the riparian countries, taking advantareo- the benefits made available from wiater resource project de(ve lopment (plentiful po'mer and i rovel river transportation), has beenin the field of miner.lr:esource;. The programme activitiesinclude (a) field ez:ploration,; for locating and evaluating the
extent of mineral resource, (1)) evaluations of sriecific indu:;try
a)otentials, incluJigj the -osibilitiesfor carrvi:rg out metalre:fining operition:- with imported ores 'ihere t].e availability ofplentiful po'er might be a uficient incent:ive, and (c) trainineto assist the riparian countri-; in strengthening their professionaland technological capaili ti-:, for leve1o:ing iinera!. resources.The programme has been basin:r! e, but has" given Orimary 	 attentionto the areas of northeast Thailandq and northern Lao PIDR, which
could be readily furnj.;hed1 wiit:, powier from i'a 
 long as well as
 
Ifrom e:istin(; triutary 
 projects.surveys and stulie: i.n ressive number of
 
activities in 193. 

have been roar eL!a since stari: up of these
 

Tabln I (Pin [cv ChIll) presents a tabulation with brief dlscript. .onof the various field surveys and e:iplora tions, studies, comandpilations carried out un !er the IlekonT Commi ttee's programmerelating to development of mineral resources in the lower basin.The main results and contributions o' the programme may be
summarized as follo,,s

(a) 	 Por the area of northern Lao PORi, and to a lesser es:tent,
for northeast Thilani (both areas Jn pro;::imity to Pa 7!ongj)development o a :;ub-;;tantial base of information on thegeology of this re.;ion, :hich will areatly assist in
planning of future mineral e::;loration surveys, includinga completed set of photoeological map., for northern LaoPD ..so, a beginning effort to,,ar,1 preparing a geologic/
mineral resource;; mae o- the entire lower basin. 

(b) 	 [or the region of nerthern Lao PDR and northeast Thailand,
completion of preliminary 
with 	

mineral surveys in selected area:;the objective of locating valuable mineral deosits,
especially certain Iae,' industrial minerals including iron 
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ore, base metals, coal, and fertilizer row,material;.
 

In all of these categories mineral resources with economic
 

are known to e:ist but they al] require furtherpotential; 

exploration and evaluation.
 

Very rich depo.t5 o i-tas;h have bee:n confirmed in the(c) 
northeast Thailand/norther, Lao DR region, %.:hichappear 

to be so va;t and ad ated to ready minij that ex,:ploita-

tion of this resource can e c.:pectc to capture a size

able share of the market for potach throughout southeast 

Asia. The deposits in Lao PD osecialy asnear to be 
more than 25 per centamong the -orld's richestcontaining 

K 20, and moreover the i:seuriti,- in this oreTare rich in 

boron which can he recovered in the proce';;sing operation:

as a valuable 5,--product. ::.lcitation of this resource 

could have a major inpact on the economy of northea-t 
drilling pro-Thailand and northern .ao PDR. .hile L-he 

gramme is only preliminary, it i:; sufficient to merit the 

conclusions ;tated. 

(d) 	 Because of conitions of' in;ecurity in key areas, field 

survey:. or locating bau:ite mostly remain to be done. 
lower basin, inThe preliminary indications are that the 

both Democratic Yempuchea anl .iet*-Nam, possesses some 

bau.:ite but at: pre-ent there are no indications of bau-:ite 

in e:xportaLle quant ties. The prospect:: for aluminum 

smelting epsea ,oni .in, however, even if bauite has 

to be inported, on the ;asi: that electrical power will 

be in plentiful and cheap supply. A typical plant could 

produce 	 120,000 tons o' aluminum ingot per year, consuming 

250,000 	 k'.1po,,7e-. 

The ava. 	lahi it" oF le; .1tiuJ. :o'.er will ju'stify establish-(e) 

ment of swall :'reel rolling jills in eac! riparian country 

and of a teal 'ills ,-il-ied nq regional to:.erv need:; 
Thai]aa1] an) werhaps one alit'ional country.be located in 


It is o.,o e that local iron arc deo:its f.or e.:ample,
 

from 1oi province i.- Thail.n,' and From r'"' l oung in 

Lao PX , can neet th,, needs. .l';, a .erro.-aloy 

m y be. ,.i Innl the haAin, usinlocal mangainust' 

nese and quarLti te ,-re;, -or wee ting regionl need, for
 

ferro-.raaga ne so an a-eo :1licon.
 

(f) 	 Another proelaein' o u.-in; potantial is use of rock
 

salt mine,; From the northeas;t of Thailani: for manufacture
 

of caustic ','.,. r :lilorinc.. I']ana 're under'.,ay for a 

he :nilt J.n the near futuremajor facility of tli'; tv;- to 

with private :. !inaneinar,1w'ition to potash, the rock 

salts co,;twinL lava, c,serves of q,'aums and poss;ibly 

maqne sia. 

Thus Far inite:rest in mineral development has, Focused on 
ninini and ore processingaxploraticns anli :;tu lies. :hen ctual 

theoperations are cot:'elIated, then .-ill 5-: important for 
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regulatory agencies of the riparian governments to e:cercise proper 
controls as needed for preservation of environmental values, to 
prevent strip--mining which devastates the landscape, and to 
prevent wholesale pollution of ground and surface water supplies 
which inevitably result when raisinj operations are permitted to 
take place without regard to environmental iimpact. :,s h been 
amply demonstrated elsew:here, proper controls ara available and 
are readily affordable 'or virtually all mining andl ore process-
ing operations provided these controls are incorporated into the 
planning of the operations fr'o the outset. .. Iso, if not so 
incorporated at the outset, the costs for remedial measures will 
usually be relatively very high, and often so high as to he 
difficult if not virtually imossible to accept. 

2.7 .lavigation 

Navigation along the :Iekong river system, ecept in the 
delta region, has not been developed over the decades since World 
War II to the e::tent it couldI and should be as an important element 
in the transportation network for the upper portion of the lower 
basin. This is especially true for landlocked Lao PD,. ,s part 
of its planning for comprehensive development of the water resources 
of the lower Mekong basin, the h ekon Committee has since 1960 
sponsored a programme of studies and projects for improving naviga
tion throughout the Hekong river system. This programme includes 
both long-run and short-run phases. 

In the long-run, as no ted in the Indicative basin plan, 
many major improvement:; ould come form the construction of several 
mainstream dams Pc. . these willincluding e:on, ach of projecus 
include provision for locks and other navigation facilities, and 
will ultimately provide inany hundre0 kilometers of navigation 
improvements upstream of the dam'; through creation of reservoirs" 
or deepening the streams hich will submerge rapids or former 
non-navigable or dangerous spot: in the river reaches. In addition, 
the increase of the lowi-ater discharq during the dry season will 
augment the depths in the channels downstream of the reservoir. 
Construction of Pa iLong would have major effects on navigation in 
the ekong river. The ne,/ reservoir itself will furnish the basis 
for a vast system of navigation upstreamri of Pa Mlong, and provision 
of trans-shipment facilities at the dam would serve to extend the 
range of river-borne traffic ar io,nstrean. 

The short-run navigation improvement programme includes 
improvements which ten be imple:scntfed wrior to construction of 
Pa 'long and other mainstreami project:, includin I hydrographic 
surveys, channel mark-ing, bani: )rotection, const.:tion or improve
ments to ports, harbors, and ;;shipyart;, and trainLng of riparian 
personnel. These activities carried! out or coordinated by the 
;iekong Committee are a summarised in Tables 1 to 3 (,nvig Ch Il1). 

The primary benefits to result from Pa :long ill 5e 
improved year-around navigation along the lekong river from Luang 
Prabang to Vientiane and Crom Vientiane to Savannakhet, the latter 

v
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case due to the increased dry season depths to be made available. 
The estimated total savings in each reach is in the order of 
$ 600,000 to $ 700,(000 per year. In the event of extensive 
mineral development in the upper portion of the lower basin, which 
seems likely sooner or later, the improved navigation system could 
contribute much more to the r(rsional economy. 

Possible adverse effects from navigation improvement activi
ties are of minor -.pnortance and readily manageable. These include 

provision for proper disposal oC dredged materials and control of 
spills from ships and docks of petroleuia eroducts, toxic chemical:s, 
and other materials especially Jainaginr to ecology. 

2.0 Recreation 

The huge men! lake to be created at Pa Mong should )e an 
aesthetic "gen" and, because lakes are not plenktiful in the region, 
this will certainly add to it:; overall aesthetic an! recreational 
values. In areas were lakes are scarce, for eample in jouthern 
California, the creation a- sizeable reservoirs has usually led, 
sooner or later, to their massive use by the public for recreationJ. 
purposes including aesthetic enjoyment, hosting, i.shing, swimmin(i, 

skin-divinq, and other water contact sports. ,jhile it is recognized 
that the aesthetic value o- '-at,:r'..,yfs have not generally enjoyed 

any significant priorities nor much 'unilic attention in the past in 
the lower basin (c:cept: to a limited e::tent in Thailand), it is 
also true that there !:; growing recoqnition af the recreational and 
sports potentials of outdoor environment . 

By the time Pa Flong has been coNlcted it should be a 
recreational attraction Cor many residents in the lower basin as 
well as visitors from out:;ide. 'raditionally the Thai and Lao 
peoples in the Pa bIong reqion, .J;t-n visitina, the outdoors for 
recreation, have been mostly intcre:tel in ,:icnic. ing and camping. 

The new lake ill create .minerable clhoice sites or such activities 

as well as for variousw - of .'acrcontsct sports likely to 

become popular in the futur-e. tw, le sponsored )y the iinekoniq 
Committee indlicate the annual number of visitors to the reservoir 

area is expecte, to increa : Aoi a'n'ro::iat.:ly -1],000 persons/year 
initially to about 36?,00Iby/ar in 5' year:. 

Experi.nc,- el:;e, h rs the guidelines to be used; :wov,,eo 
in formulating recreatimal for ['a 1;on. reservoir.a I-oora 
Recreation developmen t 'lannin shoul' start 'hen project design is 
begun. atural beauty Vot: :,Ioul( ])-ule'ft intact .:herever possible, 
and recreational faciliti-a Uvelolv arou,! them. lent ranq;s and 
boat-docking facil tie:; are nicial I:omost L-u:;ervoir area:: and 

should be constructed at Whe ni' ' :" i nn. Calnq fastIt-. 
ties for truck campers, ml. iicni'irs an o:tn bett:;, a.K s.. 

provided at reasonably .o! coas. nitation £a;lities shoul] bW 

provided at convenient lication:;, an& it 1.' y .,o:;irnble to :'rovi'.'e 
bicycle pat]]:;, i gu. trJl pa : , i'' l oot : For !ainmI.c le. 1t 

the damsite or nar by, a re:-,rvoi,r .'in i location and no: sibly a 
visitors center 'oull ' but]t. I. nc'o;:i1'e saul s'11 :iing 
i)eaches shoul! 'o -L t uctt'' rl ! i t ;',. t jl'ovi'i'5 :ma'-ii:lm 

l;age. These- ainf! le.inio : .]eta '1 , aideliner', evelonel in other 
Ilake-scarce'" re'io';, shouD c-r 'I t ',ro: er attenLion to recreation-.i 
'l:annilmg at 'a :;on U .
 

http:Experi.nc
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In addition to recreational development at Pa MIong reservoir, 
as noted in the discussion on wildlife, a number of national parks 
together with scientific reserves need to be established in the lower 
basin, especially in the hilly areas, if representative samples of 
the terrestrial biota are to be preserved. One key aspect of a 
national park is its tourist potentials which can furnish the financ
ing for the entire park plan. In Eastern Africa and India this type 
of venture has already been successfully demonstrated. The rich and 
varied wildlife of the Pa Hong watershed and its scenic beauty 
should offer the same potentials for Thailand and Lao PDR. 

2.9 Reservoir uses 

Construction of Pa 11ong ill create a vast new reservoir 
which should be immensely valuable for numerous purposes including 
navigation, fisheries, waterfowl and other wildlife, ,ater supply, 
recreation, aesthetics, and also as a nucleus for establishment of
 
a new series of communities along its shoreline including a major
 
city at the damsite, and probably also for limited cropping in the 
drawdown zone. Details of these added values are discussed in the 
other sections of this summary, including specific environmental 
effe:ts.
 

The losses offsetting the gains noted ab 'qill be inunda
tion of the area to be flooded, thus creating a lA -. scale resettle
ment problem (but which should be properly manageabie as an intergral 
part of the project costs), eliminating the riverine fishery and 
much of the wildlife and all of the forests in the inundated area 
(but the forest can be harvested and the fishery and wildlife replaced 
with even more valuable fishery and wildlife), increasing accessibi
lity to the hinterland hence imposing hazards to wildlife (but also 
providing local protein sources and year-.around employment which may 
reduce hunting), and impairment of much of the riverine fishery down
stream of the dan for some 20 !:m due to wide flow fluctuations (which 
is taken into consideration ts one of the project costs).
 

Development of communities, industries, navigation facilities, 
recreational facilities, roads, awd other urban amenities will pose 
some special problems, including protection of works7 and buildings 
against landslide hazards created by the extensive vertical drawdown 
range (from 20 to 40 m depending upon the selected maximum/minimum
cool levels); however, these problems should be reasonably manage

able considering the relatively slo,: rate of surface level fluctua
tion (maximum of about- 2 to 4 inper month depending on selected pool 
levels). Also, studies and experimentation are needed to develop 
practicable vegetative covers which are adapted to the drawdown 
zone, and to develop cropping methods suited to these conditions. 

another special problam will be control of fishing activi-
ties in the reservoir for various purnoses- incliding prevention of 
overfishing and use of injurious fishing methods, development of 
lakeside fishing communi.ties with sound socio-economic structures 
and community facilities needed for sanitation, public hea.h, and 
control of water pollution.
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3. Human values
 

By "human values" is meant benefits derived by people 

from project development of a somewhat less tangible nature 

than "human user.", altbough it is sometimes difficult to 

distinguish between these two categories. The elements of 

aesthetics and 'quality of life' kas distinguished from the 
"quality of living- associated with human uses) are iherent 

in the concept of human values.
 

Resettlement
 

Resettlement is regarded by many as the' most impor
project.. A.: previouslytant environmental issue ,f the [a fiong 

noted, to ensure proper resettlement requires that provision 

be made for all o the real. costs of resettlement, including 
as property comreestablishment and rehabilitation is well 

part of the ca )ital costspensation costs, as an integral 

of the project. This policy adopted by thu hiekong Committee 

in 1968 is believed to be an unprecedented dcorision vii.ch 

simply faces up t o the relity of the problem. 

based on preliminary sttudies o resettlement ex

in Africa, tne iilekengperiences in the lower basin and 

Committee in 1973 formulated and establi'shed two fundamental 

and pioneering projects, plus several supplementary studies, 

designed to furnish the facts and iindinqs to serve as the 

basis for develorinj an effective moininoful resettlement 

programme for Pa long. une of these major studies, the 

Pa liong Resettlement Costing Project, finali;,I-ed it, 1976, 

analyzed and estimated resettl,:ment costs specifically for 

the Pa ihong project, The second, the Resettlement Study 

and Planning roject, completed in 1976, developed methodo

logies ior resettlement applicable throughout the lower 

basin. A brief summary of the o:zjor findings of the Mlekong 
Committee studies is as follows: 

3.1.1 Pa ihong resettlement costing prr. ect PIiRCP) 

The PI-:CP is designed to set i true and fair value 

for the amount ty include in the Pa Hong project budget for 

both property compensation and reesta blishment costs. This 

includes a variety of feasible reestablishment alternatives, 
so the evacuees will have a reasonable number of ch ices in 

selecting their niw,, hinome locations and occupations., These 

includei in addition to moving to resettlements in vacant 

rural uplands, use of the reservoir fringe areas, reservoir 
owned land, cattle raising,fisheries, purchase of privately 

and urban employment.
 

The total population to be resettled and land inundated 
by Pa rong will depend on the high pool level for the( dam, the 

extent of protection works to be built, and date of closure. 

Eight alternatives are considered in the study,: including 
protection schemes both for the Lo,-i valley in Thtiland arid 

the Vang Vieng valley in th: Lao iDR<,. Taking one al 'ernative 

as an example, assuming Pa I.onj would be closed by 1990, with 
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a high pool level of 250 m MSL with no protection schemes, the land
 
and population to be inundated/resettled is estimated to be 462,150,
 
comprised as follows:
 

Sector Thailsnd The Lio POR 
 Total
 

itural 289,856 (63,) 38,237 (19') 378,093 (321:)
 
Urban 61,79 (13%) 22,270 (5) 34,059 (185)

Total 351,645 (76,) 110,507 (24W1 462,152 (I :)
 

The land areas to be flooded, and the presint uses of these linds, are is follows:
 
Us Thiland (Ri) The Lao F4)( ) Total (Pai)
 
Paddy 357,652 (325) 109,280 (10 466,932 (41V) 
Upland 525,86 (,:6/) 8,46 (65) 594,714 (525)

residonces 59,345 (59) 12,471 (1YO 71,816 (6r')
 
Total 942,665 (839) 190,597 (17) 1,133,462 (100)
 

Resettlement costL are estimated for each for the alterna
tives considered, for various times of closure. 
 These costs include
 
allowances for (a) compensation costs (including costs for farmland,
 
urban land, perennial tree crops, private property), (b) communica
tion replacement, (c) dislocation allowance, (d) moving allowance,
 
(e) early moving allowance, (f) land development, (g) social over
head, (h) title verification, Ci) downtime allowance, (j) administra
tion, and k) replacement of roads and towns. For the 250 m/no 
protection alternative, the total resettlement costs will be close
 
to USi626 million, equivalent to a unit total resettlement cost of
 
US$1,355 per person (in 1974-75 dollar values).
 

Regarding distribution of the resettlers among the various
 
resettlement alternatives, of the total 462,152 persons to be
 
resettled, it is estimated that (a) planned upland settlements can
 
accommodate only 51,714 persons or 11 per cent (due to the limited
 
lands available), (b) the bulk of the population or 273,094 persons

(59 per cent) will seek self-settlement by purchasing agricultural
 
lands in other parts of the country, (c) the portion of the popula
tion to be resettled as urbanites, or 80,821 (say 18 per cent),
 
would be essentially those already living in the urban sector of
 
the reservoir area and (d) 56,523 (12 per centi would be relocated
 
o:i the reservoir margin.
 

3.1.2 Resettlement study and planning projec (RSPP)
 

The two main accomplishme!nts of the RSPP were (1) establish
ment of round methodology for planning resettlement based on analysis
 
of physical and socio-economic opportunities and constraints, and
 
development of an actual plan for the Huey Luang resettlement pro-,
 
ject in northeast Thailand (activated in 1976) thus illustrating
 
the usefulness of the methudoloqy, and (b) planning and implementing
 
a pilot project within the existing resettlement scheme at Nam Pong
 
(activated in 1965) as an actual demonstration of how to increase
 
farm productivity and thus the standard of living of the resettlers.
 

The two-year period of the pilot project limited its role
 
to initiation of the desired new pattern of agricultural practices,
 
as only the first step, with continuation of the p.:oject to be
 
carried out by the Thai Depa;tment of Public Welfare. Hence it is
 
not possible yet to make more than a preliminary assessment of the
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meaningfulness of the project. For example, cooperative schemes
 

in Thailand have generally met with little success, and the
 

future of the cooperative agency established at Nam 11ong will
 

depend on the adequacy of its continuing service to the farmers.
 

The data thus far available, however, indicate encouraging
 

results in promotion of irrigated agriculture, including doubl

ing of the average cultivated area of irrigated crops and tripl

ing of the gross value of irrigated crops during the first year,
 

with a corresponding increase in average gross family income
 
These
from 10,000 to 14,500 baht during the first year. 


increases were due to both to expansion of the cultivated area
 

and increase in farm productivity, primarily due to better farm
 

management (better cropping techniques and improvement of
 

irrigation methods), all improvements achievable by the farmer
 
little improvement
through inc-ease in labour input. There was 


in farm inputs nor in soil conservation measures, probably
 

because of financing requirements, but both are expected to be
 

realized in tim, with the availability of short-term credit
 

using the crops as collateral.
 

Economic criteria for resettlement
3.1.3 


As an adjunct to the RS PP and P1iiRCP projects, an eva

the economic theory and methodology
luation and compilation of 

for estimating resettlement costs involved in reservoir pro

jects was completed for the Mekong Committee by the Nether

lands Economic Institute in 1975. The report reviews the
 

various methods for making economic evaluations and costing
 

of i ienumerous aspects of resettlement projects, such as
 

would be used by financing and developmental agencies, includ

ing the "financial cost", "economic cost", and "social cost" 

approaches.
 

..I.4 Nam Ngum resettlement project
 

An additional effort of the Mekong Committee in demon

strating the feas;.bility of the Committee's approach to resettle

ment involved development of detailed plans for assisting the
 

achieving satisfactory resettlement
government of the Lao PDR in 


some 579 families flooded out by construction of Nam Ngum
of 

reservoir in 1971. The resettlement plan instituted in 1975,
 

includes provisions for reclaiming forest areas to make new
 

*gricultural lands, fo,- small scale water control projects,
 

ior land distribution, and for provision of physical and socio

economic infrastructure to bring the existing facilities up
 

to the desired minimum levels. The total project would cost
 

11.17 million and require two years.
 

In summary, it is believed that several key steps in

cluded in the Mekong Committee's approach to resettlement should
 

make it possible to develop a competent resettlement plan for
 
of
Pa Mong namely (1) recognition by the Committee that the cost 


reestablishment as well as compensation for flooded properties
 

should be an integral part of the project budget, (2) determin

ing the amount of a fair allowance to cover these total costs,
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and (3) making available to the resettler a variety of alternative

choices for his new career including urban employment. The most

important factor is the decision 
to furnish a reasonably adequate

amount of money, at 
the outset, to cover all real components of

resettlement costs. It is realistic to expect it is possible 
to

solve all 
other problems if the money and sound institutional and
 
management arrangements are provided.
 

The resettlement planning programme of the Committee is

admittedly in its early evolving stages, 
as is the case in the
 
development of any new approach 
to solving difficult socio-economic
 
problems. The current activities should lead 
to continuing and more

advanced findings, as 
has been evidenced since the statement on
 
principles and policies was adopted 
in 1968. Step by step, the
 
new concepts which appear feasible ccn 
be tested and proven through

demonstration in tributary project resettlements 
as is now being

done in the first trials at Huey Luang, Nam Pong, and Nam Ngum.
 

3.2 Public health
 

Because water control projects elsewhere in tropical

developing countries have led 
to major new problems with malaria
 
and schistosomiasis, the Mekong Committee has directed primary

attention 
to these two hazards. Attention has also been given to
 
problems of environmental sanitation and of nutrition.
 

3.2.1 Malaria
 

The malaria investigations sponsored by the Mekong Committee,

dating back to 1967, have focussed on field observations at existing

tributary projects where the new conditions have been in existence
 
for a sufficient number of years to permit significant environmental
 
changes. 
 These studies have concerned all 
aspects of malaria investi
gations, including collection of epidemilogical data, but have
 
focussed on the entomological aspects to determine the extent to
 
which the 
creation of new reservoirs and of irrigation systems might

establish habitatF for malaria transmitting anophelenes, either im
ported species or adaptations of local species. 
 Detailed entomolo
gical studies carried out at Nam Pong and Nam Phrom reservoirs in
 
Thailand 1971-74 produced no evidence that Pa Mong would result in
 
production of any such malaria hazards. 
 However, it was also con
cluded 
that continuing surveillance of these tributary project areas
 
or of similar areas 
should be carried out 
to detect any significant
 
changes which might evolve over more 
prolonged periods.
 

Another aspect of the Mekong Ccmmittee's malaria investi
gations was formulation of economical control procedures to 
be
 
excercised at 
the dam site during the period of construction,

including DDT spraying of dwellings and other buildings, to prevent

epidemic outbreaks of malaria such as 
occurred at Nam Ngum in the
 
Lao PDR in 1969. Dam construction sites, being located in hilly
 
areas, are usually in or on the fringes of malaria endemic areas;

also, many of the workezs may be from outside areas hence will have
 
no local immunity, and may import new malaria strains.
 

I 
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3.2.2 Schistosomiasis 

The existence of schistosomiasis in the Mekong river 

region between Khemmarat and ratie prompted the Mekong 

Committee to sponsor detailed fiel investigations in this 

area during the period 1970-75. The pro 1ramme identified the 

Mekong type of schistosomiasis as a distinct type, with the 

agent (a parasitic worm) classified as Schistosomainfectious 
nicum, ke:ong strain, and the intermediate host being the 

small snail, Lithoglyphopsis aperta. A distinct race of this 
snail species has also been found in the 11un river near its 

confluence with the Mekong. A,; far a is known, human 

schistosomiasis is transmitted only at two places along the 
The overall prevr.lenceMekong, at 1,hong TIsland and at lratie. 


in these areas is believe! to he about 15 per cent.
 

The studies conc] dud there ,,as no evidence to indicate 

that the Pa Nong project \ould induce the spread of the disease 

beyond its present zone. It ,jas found that the snail, which is 

the key link in transmission of the disease, reproduces in 
and perhapsshallow zones alonq the river, and that control 

of the disease should be possible by a combinationeradication 
of measures including provision of specific routes toaccess 

the river (so that people woull approach the river only at con

trolled locations and thus not be infested with the snails), 
elimination of snail habitats in the vicinity of these access 
places, including filling of shallow breeding places and other 

measures, and improved sanitation facilities in the community
 

including water supply and water-seal type privies thus greatly 

reducing the chances of diicharge of fecal materials containing 

the parasite into the river. A control project at Khong Island, 

employing tesce measures, together with continuing studies, has 

been formulated and approved. 

3.?.3 Opportunity for health improvema-nt 

There are other communicable disease problems which 

might stem from mekong river development, for example, increased 

incidence of dengue fever due to 'icreased navigation along the 

river, and of liver flukes in the vicinity of the reservoir. 
Such possibilities appear minor, however, when assessed in terms
 

of the general lac.: of adequate public health facilities rad 
rural areas. The condiservices in most of the lower basin's 

tions of sanitation in Tiost villages are much the same as in 

past eras, and so long as these conditions persist they will 

sustain high incidences for a prolific array of communicable 

diseases. The advent of Pa Nong, in particular of the pioneer 

farms being implemented to determine how to get the most out 

of systematic irrigated agriculture, including new types of 

communities suited to the new technolocgical and socio-economic 
regimes, should enable demonstration of how to develop a new 

concept of sanitation of these villages which meets minimum 
means. The desiredacceptable standards within their economic 

demonstration is to show how to proceed from the traditional 
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village setting, with its very limited facilities, in a
 
step-by-step process evolving toward achievement of minimum
 
international standards. 
 The results from the pioneer farm
 

prototypes would then tend to spread and be assimilated through
out the lower basin. 

Nuch in the same manner, an entire new: pattern of
 
nutrition can be developed, again suited to the economic
 
realities but nevertheless meeting minimum acceptable standards.
 

Socio-economics
 

One of the most sensitive environmental issues for
 
major dam and reservoir projects, in addition to the resettle
ment problem (which is separately discussed), is whether the

quality of life of the affected rural farming population will
 
in fact be improved by the project as intended. A key aspect

in making such an evaluation is to gain a competent picture

of the existing socio-economics of the rural population,
 
including attitudes towards the proposed Pa Mong project, to
 
serve 
as a basis for pzoject planning which is realistic in
 
terms uf the response of the affected population which can be
 
expected when the project is built.
 

As a key aspect of the ilekong Committee's policy that 
the benefits of Pa rIong and other water resource projects in
 
the lower besin will be used to improve the quality of life
 
for the basi-,'s inhabitants, the Pa Iong project plan provides

for the irrigation ultimately of up to a million hectares in
 
northeast Thailand and the Lao PDR, and 
 also will greatly
enhance irrigation potentials in the delta by maintaining an
 
assured minimum dry season flow. This commitment will certainly

have profound impacts on the socio-economics of the rural
 
population, because irrigated agriculture, in contrast to tradi
tional rainfed rice monocropping, requires the imposition of
 
modern technology and related controls, including proper land
 
pLeparation, choice of appropriate seed varieties, use of
 
appropriate agricultural chemicals for fertilizer and weed and
 
pest control, use of some mechanized equipment, storage facili
ties, access roads and transport, availability of adequate

markets with fair prLces, availability of timely and reasonable
 
credit, and training of farmers through extension services and
 
other means.
 

Assuming Lhr irrigation system has been provided, to
 
put this to good u:;e will require transforming the attitudes,
 
habits, customs, and ,;ocial institutions to suit the aew farm
ing methou .
 This m,-ins drastic changes in the traditional 
socio-economic patterns including reorienting the processes of
 
rural education to focus on rural agricultural needs, up
grading the agricultural exten.sion services, creation of
 
farmers cooperative organizations, provision by government of
 
access roads and of facilities for transport, control of lend
ing institutions to insure proper credit, management of land 
tenure so that the farmers will remain free owners and not 
become share croppers, and many other transformotions. 
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The Mekong Committee studies show that the typical farm 
family in the Pa Mong service area has from 6 to 7 members, inclu
ding 2 to 3 workers, has from 2 to 6 hectares of land, depends on 
rainfed rice monoculture, is tradition oriented in farming methods 
(still depends mostly on water buffalo power), consumes much of 
his cwn rice product (hence is not too concerned about the business 
aspects of selling the rest), depends for labour primarily on his 
own family (has few funds for hiring labor), realizes significant 
extra income from non-rice agricultural activities (gardening, 
fishing), seeks non-fL'rming employment during the dry season to 
supplement his income, has an education level of about four years 
of schooling, often does not have formal legal title to the land
 

he thinks he owns, sometimes has too little land due to fragmen
tation on inheritance, and has a otal income in cash and kind 
usually in the range of US$400-$S50 per year, just enough to meet 
his immediate needs and can be reqarded as "poor" compared to his 
urban compatriots. 

The studies and surveys also show that the farmer in the 
projected irrigation areas will generally be interested in and will
ing to change his traditional methods and convert to irrigation and 
multiple cropping, primarily out of desire to increase his income. 
He must, however, receive assistance of the types noted above if he 
can be expected to do his best to be successful. In fact, the 
studies show that many existing irrigation projects in tributary 
areas have been something less than successful because the necessary 
guidance an assistance was not forthcoming, hence these irrigation 
projects as distinct from hydro-power projects, have as yet scarce
ly justified their costs judging from their productivity records.
 

Because of the admitted complexity of achieving such pro
found changes in socio-economic patterns on a massive basis, in
volving as it does the very basic philosophies of the governments
 
in the lower basin and their social concepts, the Mekong Committee
 
recognizes that the transformation must be achieved in progressive
 
stages. A very key aspect of the entire programme is the planned
 
system of pioneer agricultural farms, now being implemented, which 
wil1l be a series of full-scale farming communi.ties organized to 
practice and to coexist with tho new irriiated agricultural methods 
at. selected sites in the lower basin using irrigation water availabe
 
from either tributary dam/reservoir projects or from the Mekong 
river. The total programme now includes 14 projects, with project
 
populations in the 10,000 to 100,000 range. It has the objective
 
of proving out the validity of the new concepts - to make sure they
 
will result in higher production and in satisfaction both to the 
farmers and to the government concerned. The accumulated experience 
of these forms - which will be carefully monitored as to performance
 
and results - should be sufficient to permit the governments to 
make strategy decisions on such basic questions as educational re
quirements, reeds for community facilities, needs for new institu
tions, etc., arid in turn to perr.,t the Mekong Committee to prepare 
detailed plans for implementir.g the proposed wide-scale application 
of irrigated agriculture to be associated with Pa Mong. 



3.4 

iV - 30 

To sum up, the types of irrigated farming communities con
templated will require extensive changes in the socio-economics of
 
farmers accustomed to rainfed rice cropping, but in return the far
mer will enjoy higher income and a significantly better quality of
 
life. Moreover the iarmers will tend to be drawn together into
 
more closely-knit communities which should enhance national poli
tical stabilities. All this is a great expectation, and certainly
 
transcends the actual results of irrigation projects in the region
 
to date. The difference lies in the Mekong Committee's programme
 
of studies which have carefully evaluated the key problem areas
 
and have been working toward evolution of realistic solutions,
 
using the pioneer farms to demonstrate, on a sizeable scale, how
 
to proceed with progressive expansion of the programme to achieve
 
the desired massive transformations covering large regions of the
 
lower basin.
 

Archaeology
 

Pa Mong reservoir will flood several hundred kilometers of
 
the Mekong valley containing remains from at least a half-dozen
 
distinct regional traditions, thus obliterating evidence of cul
tural interaction and diffusion which almost certainly has taken
 
place over the past ten millennia or more. However, little archo
logical work had been done in the Pa Mong region, hence the Mekong
 
Committee since 1969 has sponsored a series of investigations lead
ing to a detailed field study of the Pa Mong reservoir site now
 
underway. In addition, the Mekong Committee has been interested
 
in archaeological findings as a means for assisting in the Commit
tee's long-range development planning programme. This phase of
 
archaeology, known as environmental archaeology, yields information
 
on key environmental factors, such as charges in climate, rainfall,
 
flooding patterns, and river courses which have influenced patterns
 
of vegetation, soil formation, land use, settlement, and migrations
 
of earlier civilizations, and which continue to influence human
 
uses of the lands.
 

Interest in the archeological resources at Pa Mong has
 
been stimulated by the recent startling archaeological discoveries
 
in the adjacent regions of northeast Thailand. The site of Non
 
Nok Tha, some 50 km south of Pa Mong reservoir, has provided evi
dence to indicate, as a working hypothesis, that bronze metallurgy
 
may have existed in the area prior to 2,000 B.C., and domestic rice
 
and animals prior to 3,500 B.C. The even more spectacular site of
 
Ban Chiang, 10 km east of Na Klang, has yielded bronze tools and
 
ornaments as early or earlier than those at Nong Nok Tha, as well
 
as hundreds of the now-famous red-on-white vessels decorated with
 
fine sophistication. These discoveries and other are replacing
 
the view of mainland southeast Asia as a backwater of cultural deve
lopment with one emphasizing its importance as a centre of progress
ive development.
 

While the final report on the current studies is not yet
 
available, the tentative findings show the Pa Mong reservoir area
 
appears to straddle at least one major cultural boundary, roughly
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south
following the easternmost range of the Phetchabun mountains 


from the Mekong, and roughly paralleling the present border between 

Loci and Udon provinces. East of this boundary there is little
 

evidence of human habitation prior to 
the Fifth Century B.C., but 

subsequently at least three different cultural zones (defined pri

marily by ceramic styles) have emerged (eastern Udon, Sakon Nakhon, 

and Nakhon Phanom), including the very distinctive Ban Chiang pot

different, the evi
tery. The situation west of the boundary is vry 

dence suggesting habitation by late Hobirnhian peoples. Generally 

the findings indicate a considerably closer tie between the reser
an economyvoir area and the western Hoabinh ian culture featurini 

based on hunting perhaps supplemented by limited agriculture, with 

times when wet-riceonly a sparse population until early historic 
the valley. Although some charges in ceramic

growing people entered 
and architectural styles have since occurred, there hrts been little 

in patterns of economy or sr-ttloment.overallchange 

in summary, the Loei-Vientiane vicinity in which Pa M-onq 

exhibited an essentiallyreservoir would lie and are(as 	 to the north 
and economy until early historic times,nomadic Hoabinhian technoloqy 

Khorat encouraged the early development of rice
whereas the plateau 

cattle breedirng, and sophisticated bronze technology.cultivation, 
explain the difference is the contrast in

A promising theory to 
the dry Khorat plateau as opposed to the

vegetational cover between 
This may have encourageddense forests of the Loei-Phetchabun range. 


swamps which
 
a semi-sedentary type of settLement near the permanent 


in turn stimulated agricultural experimcetation leading to reliance
 

on rice, cattle, and bronze
 on rice cultivation and an economy based 


tools.
 

3.5 Aesthetics
 

the discussion on recreation (Section 2-8), lakes

As noted in 


are relatively scarce in the lower liekong basin and the Pa Mong re

no doubt form the

servoir should be an aesthetic "gem" which will 

Proper controls will
basis for a new large-scale tourist activity. 


need to be exercised to maintain these aesthetic values, includinq
 
and air environwaste control measures to protect the water, land, 


ment, controls on urban development (zoning, building permits), and
 

control of tourists to protect natural beauty sites from damaqe due
 
to uncontrolled access or unmanageable tourist volumes. A valuable 

device for helping maintain the natural environmental beauty is an 

Advisory Aesthetics Commission, to review all development proposals,
 

in use in a num)-r of countries for safeguarding
such as are now 

the time Pa Miong is built, these goals


environmental beauty. By 


should be readily achieveable through the experience in these types
 

in the riparian countries (especially Thailand).

of control programmes 

the dam construction 

permanent impairment of environmental beauty. 
Care must be exercised in planning 

operation to avoid 
and quarries should when possible be located

For example, borrow pits 


upstream in the area to be inundated, and if downstream sites must
 

be used, these should be reforested to 
simulate natural conditions.
 
on thelocated to minimuze adverse effectsTransmission lines should 


natural scenery arid to be as attractive in design as possible. Again,
 
to achieve these ends

practicable techniques now being evolved and used 
Pa -lMong system.should be ready for application in the design of the 

\['1
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'. .Ecological resources 

Th2 vnluabL. l:i-t_ (f the Mckonq system to be
 
affected by Pa Hnw include both aquat~ic animals anrd plants,
 
especially 
 fisherits, and terrnstrial anifials w("wildlife")
 
and forests Ph. cht.a s i:1 cro oqy wll 'lenerally bt:
 
most evident ill th. im 
 ii o v v: i ity of the r,:servoir,
 
except that ther, i l , :igqni ficant 
 .ftrts n fisheries
 
all the way from Pa .oni t., th, oc, in,
 

4.1 Fi;hcri,: 

Of' all to_< crvJrrlnmcrtal biological resources 
of the lower basin, of i mp)rtant ec,-n-.nic value to man, 
the fishC.rjoer will . the morst profound lIy affected by Pa 
Mong. With respect to th,: dain tril resurvoir project in 
itself, a v,ry posnitive ben4,fit wi1., c th,. establishment 
of a mnssive new fi.:h, rv i , th. :i,mw re,:r,.. r Ihe 
negativeifftect: will irlclud( (a) s;tious impairwent of the
 
existing rivorin:, fishc ry rownstr aImfrom Pa Nlon 
 for an
 
estimated 20 tc 30 km, 
 . f .:wUr'v.rt_ riv..stag,
 
fluctuations which :11 ccur v this 
reach of tht- river, 
(b) reduction in the ,t 't , ! annual inundation of lands
 
due to flood overflows, h nc.. -i compara ble reduction in the
 
annual harvest nf inundiation fii is <s, ci'ally in
 
Democratic Kampuchea and 
 Vzitt-Uam, and (c) eirdanqerinq of
 
migratory fish species whic. may be blocked off from their
 
vital behavorial patte rns by ia inr dam.
 

Other passibl imp-irmcnts to i1 sheri, s which 
were r.;id er~d inc lud, I (d) cn i], , re-Aw ini in mrine 
fisheries (replrd.nt an nutri ntfn dischar. by the i ekong 
river system into th.: South Chin-) [a, .but ther,-e probably 
will be little signi ficrant ch,-tnje_ in thin iutrient dischargeo 
(e) possible impairrent of th v. ry voluabl ,..stuirine, 
fisheries, including shellfish an.7 well as finfish, due to 
changes in salinity pattcr:is (or Jr, patterns of hydrology) 
or in nutrients, but it .a- conclude.d that 1a mong will not 
impair the :xirstinq sal inity pattern and may possibly 
improve it (due to augmentation of dry season flows), that 
there will he no siql fic-int chainge in nutrient supply, and 
that the changes in hydrology wil 1h well within the 
existing range of changes: (f) possibly impairment of delta 
fisheries due. to th- txic eff(.ct: of r,<:a tly increased use 
of agricultural chemicals, ic],'ig hl.rbicidenr and pesticides, 
but it wan concluded such usA!lq 1.i I] occur e: a 1 arge scale 
regardless of Pa N.ang hencc th. ris t ?i. in effective 
controls such as airc no, liei;!b hw'p ,d it, thw industrialized 
nations, and (g) possible impairrnLnt of fish.ries due to 
pollution from community s7t discharge, but agai-n, these 
will be essentially indeapendent of 11; Mnng, and n,')rcovr the 
Mekong is still esse.ntially unpolIutod and the- advent of Pa 
Mong could stimulate an effectiv reqionl. water pllution 
control programme conceivably much faste:r than would otherwise 
tend to evolve. 

http:replrd.nt


iv - 33 

To offsct thc pcnssible zi(vor!;c iripnct cif P-- Mono 

Lb; Nekonci Conmmttec prcpocon the existingi 	 fish !rits 

oprogrrwnt: f cr scytt r:n-t'c 	 cul Li" 3tiur of f i hl in -Iudi-g
 

~ th y. -ir-arourid ftc oh '..,tcr
shellfish takinhi icvoa ut)f 

supply of 'lcdu'-l t, t'- I), moltd -v oil. -ibi y P,' o lri 
i I,I to.b)oth in th, irr iq'ot c irc ir.3 a'nd 

1 oil h r~1ho.ry i to, 1 ' i.l:;:' in 

pno .ij f i h 'ri ' 
F-i Nionq rc-fr cc iv Lb t c 711cI rilgy ')f rln''c 

is only lcc nj to IA dew loped: hiicc: it i-s liffit iii L to 
'c pI 1'ftimut' th, . Iiml' oAJt ''c I. Isn cil ct 

wi thin i'1Lt conceptstha ' t I~ c XthL J -.' bcr ilo 
''1 vt 0, it.- r.,n t incthil likuly toj In: chi-vc'i 

.Tpuarsi Uit j 'Iol of proucc.tioni of -t 1, r' 60 kq. pi-.. yc 	 or 

ind probuclily '''icich j!7 twinc thioptr htctu-ir c ip V -1quctud 

muich as* mniq t 2h~'cbnlc;y ;tuuily illp-t roy Yj o511 tcckincjricc "i 

oail 1lAvio '- ctrtci inly 1no- crnp loytnd, 01 A t1icor rcot ivc so 0010 

oh! oh ar'' c opald ouf hiqb -jrui\';th ro L.~ nnd y K'I do-, or exo tic 

1-cc' to liI'vc' th': 0,cp ,jjijjbi1AL caii,; dCjt Jiu n:I jc uo h 
c cw.l 

toLu( hi:c ti'i C: out ocl1in oilv'IncCrc: 'uits 	 'f tU otino pocjo 

u rc:;arVc'ir f iiliic( .1Il Jddi1ti.1- to thCo 

fiCii-)h 'I 0'!A IV~ 1Vc~i hc' rcoC-r'/cir ma-cnajcinnit o-rogrnmmil
@17ii IcI-	 Oif am! 

Itunt to -kcrocnoni c f~clc trcui to prtev&crit 

oF nqoriwo' Fi7'11iic Tnicthotlic no 
mlw:c't includt it i ocii 

EII( L0or-fl 'hing' -- d u:; ni- 0 
ucpa7 rnin~:jro ind di. otributi on of

05200 no o-il tt i 	 n of p 


1 cl'0vi .11 (if -ir-no Fcc rot fcor OLtnrac,
c ornitOc 	 " throuigh 
'fiLL.troiopor t rtn, troiiinq , c r 

these 	 are anIlc~rci1c~i, uurdated zone fisheries, 
lc'cr baslinirnpcrtunii L suo.ioppl1y iii Lb. iciu.r 'port ccJ th'. 

mcoot of thc inundation(Lciocratic Kcopuch,-o -nih Vi, L-lru h r, 
L., 1- ichii'vo' by 11IItong( CCurl.Duo' to Lii f lcO,cJ control 


-or".i' rc dklction di tLiii i .Ini lr le 1 Pc' 1), 0
- Ct.il V ici t~ 

icc 10 v.i'c c 9 Oi7'b'p'r hiciTh(i -,0timcL'.'iit, 'i-t1fr 

uip at 	 lo~st bo-ll L L-tol ciIi 'cjfi ili pr' 10 vity in the 

.' it onV ,L: : Ilo' cotii L ] whi ohI crttcs
lower 


thin losfn Icy 1 sc n iuc lanciiiiucit 
 ion1 .clw icc lif thc!.-,' 
1'crcocticonI.flIos 	 for: fi mdcl; Jil Olhitrc'- to, tot "T f'cocl 

wt. 1c,cc sw Vi 	 a i ''-ult 'cFf i)lwl it'1l
sbouM' Icr inc0 as" 


fcc both Drliiori-'tic
Alt;cLV potc-lti-l' fir I obfin'o;" 
-'f- i l-;h I im.or of fisbK.-iipuoboo- -nulidl W' . ithcr by c 


c icis flout i.nr ini Lb' rivr oy!-toin , -'ppf' onvi ry
ljrc-coiym 

pcroising
 

unnry 	 of l,- iW c t Chci1,01 ]L ii fish p rAuc Lion in~ 

Lb: Lou- rcof mcoot cui'Cti h(u Pimi:tric 	 ton /y or f'oi: 
00 LTbil!14orig;n .'v ancI ri-i q~cLorlii.J)c arico (tiortlitiA on'i 

cin d thk-1 ow-l on /d,'l ta canOl in boniocrotic YVorpusbi a1
-ind L-i PI0% 


.int]V LIr is roughbly uotirnotc(i s shiown iii the following
 

tabulation. 

http:r~1ho.ry
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Estimated changes in fisherics production due to PiMong 

(tons/yeir)
 

'?U:,rvoir ind lowlInds/dclta TotalPhisi II 
irrigaticniru,
 

Reservoir fishery 
 - 400 + elCCo + 7,6 
Downstream disturbed zcno 
 - 500 500 
Inundation loss s - 4, - 16,O00 20,000 

Migratinj fish losses 
 - 100 100  200 

Subtotal 
 + 3,000 
 - 16,10 - 13,100 

Fish farming + 204,000 + 10,000 304,000 

Total+ 207,000 83,90 + 300,900 

With respect to endangered species, the Mekong Committee
 programme, in the event Pa Mong moves ahead, will include research and development of facilities for developing practicable

systems for artificial propagation of all migratory species
found to be endangered and sufficiently valuable to merit saving,
utilizing techniques developed in 
recent years which make artificial propagation both practical and economical. 
 These same
facilities can be used for testing native species for their
suitability for reservoir stocking, 
and for ure in fish farming

in the delta 
(especially for the giant prawn, Macrobrachium
rosenbergii). 
 At this time it is believed some half-dozen

valuable riverine fish species may be migratory and endangered,
including the giant catfish, Pangasianodon qigas, but only by
continuing studies 
can definitive conclusions be made and
desirable control programmes formulated. The existing programme
of fishery studies sponsored by the Mekong Committee is believed
to be sufficient for the 
current feasibility stage of planning.
 

4.2 Aquatic biology
 

Other than for effects on fisheries, no significant
deterioration 
in aquatic biological. resources is expected to
result from Pa Mong. 
 There are questions about the role 
and
probable fate of the extensive mangrove swamps along the delta
coastal areas, but these should not be significantly affected
by Pa Mong. 
 Pa Mong will deliver a sizeable extra supply of
fresh water to the delta 
in the dry season, and while much of
this 
 will be extracted for irrigation, a significant portion

will flow to the sea, 
thus the present ecological patte2rnsz along
the coastal swamps should be improved. However, they may be
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significantly affected by th- s-alinity intrusion control 

inoasuro.s cxpLcv to bt u- as part of the( eventual improv.-d 

delta aoiricc.iturnl prograrr.i,. as pro:os' d by the Dutch Delta 

Team, H.n!c,( ffWCt 311 nqualTic resources of value must be 

cosi .r.d in th I l :.s,.'ign of :;uch iiprov,-mcnt'. 

A prohl, min aquiat c hiLolo'y which ay 1.! generated 

by the La Mar r.v'i s rriiation complex is th 

orelth '. t'. .h knoown to occur in reservoir/Lxplosivt< 
ii t:. fioev('r, experiesnceirrigati-, j s W tr&A' c 

th, lwem basin has notin e.xiotii tribut srj ro j .cts in 
rorl-:i:. Th.o. may b( uxplosive;nowi '31y 1 ri: 

n Ssi V qJi .wth. , I.ut t:hu; far thir in trmasfitory phenomenon 

7:p! th: nass! Y - asq cts of th,. jrvths Lo not persist. 

l _: i L i , :CC oif.,:s( thin cou1r I c a s:rious fac to r 

in pro ,.ct Lr,ti no! L pthJrolram.,, of rsarch proposals 

t i,- fundo' om, in,Cri ic. 'out i- ih, , '17!: future lncludes 

stuIi.n to t t,) .i:cv, I prc: tici -in! .',conolical control 

ie ,;ur,..e; .litLed t S.)utht ast Asian confiitions. 

;. 3 Wi iWI LPI,: 

A ''i:1d ,f) :1 rcficaInt ,!irct impacts ol wildlife 

aire oxp, Ct,-d t , 1 r, r . )v Pr IonI- . On, is th drowning out 

,-f the' ross:crv,)ir , ., c decr,.ar; tiij the fr r,,stod volley 

areas a.vail 1.al t- -.,] I ifc he!wI,, I t:h flooded area will be 

Lh tat:t. nt,.rhd ah y Pant arO'lly sisi l, !It! -,, , of 
, ! I S;) rssnd, the drowned-out wildlifeHong (withilin th 

aLll be rk. p[lae d by vt.ry v iluahl,2 ,.aterfo., (mostly ducks) 

.wiiich x)c to , Lttst L. rnesrvoir and to-:i t:h, 

pr ,-a,]at,:, the~r, i!: . Il , i'i, lic's (, s>pccially with good mnaogement 

p.-;ceur, ::)o 'h Lr, tih or'_at ly ir : ssed fi: 2 h producLion in 

the viri..n ity, f roe Ll , nc-,%: r yer I fi:shis"'y, will lo. sen the 

lit-'in by hunti n.; of go'vl aniials, Alsonev-i jot s,: cU j, no 
the o.,a . Lt sf y .- ;round crop; rIqcn:will siqnificantly decreaas e 

huitinL t i1: 1:(,st hunting 11o' tal:cs 1rlac. in the 

.. v r, th. cr <-,t'o, of ti. rsonrvoir will 
the nvnil abl 

dry s, ason) 

fOcilit ' jA.C(c,::;:; to fores t areas now difficult to reach, and
 

thu:; will ac:eilisrato hunting iln thns. are;as.
 

As not,:l ,r.Viously, how: 'r (Sectior I), the wildliffe 

pictuir: in Hi, ]aowr Wosin i rot 17avurabi , re..gardless of 

whioth,_r,,atr r,.so:urce it p-oj _lt ;r such as Pa long are 

I ), most of th naturalbuilt. A:; n:,:ted py-eviously (S.cti ,n 

wi (if- hnas lr ,.oady qnni: fros th, ':.er basil cxcept in the 

hill are.-, >f 1,oo PDR on ThLl n, 1,art:; of which ar still 

rich in. ; rir:e.t v-tri..ty aind Aivxnity sI wif lif. but 

pursistent ai naC 1.r.st:d e:sroa.hmsnt i,. des.tin'd to
 

no L o1. the!s: s(ci 'o i; th,:se o1'L.l; ll] ss
ivfnliquiri t,: 

arc unde-rtak-n. With
unprec:dtntd t' ,ositivL cciiitr o] rs.surcs 

anid d,. truction ,c-1 th, fore,-stsin/creahsin ai. _rcro. ichiilit 


;inn for iny a1-ri:srvs! ignif icont
(Sctio 4, .4 ) , Linh ,ty i. 


],vls of th, :-ti 1 ,xi.;;t inJ wi],'lif, :11 1e in the e:stablish
nt ;f notionll Ip'rk: and r.esorves while this is still
 

possible (such as Khoo Yai in Thailand)- A preliminary system
 

http:decr,.ar
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of some 29 reserves has been delineatod by preliminary 
studies sponsored by the Mekong Committee, including

existing reserve:., which together are believed 
 to represent

the minimum syste"im needed for the lower basin. These
 
reserves ,would not only serve to preserve 
 important

species but would make these: 
 vai abl, for restocking 
purposes throughout the basin and for selected breeding

for improving dome.stic animal productivity.
 

As suming Pa Mong movu.! ahead, the Mekong
Committee- would undcrtake to assist the ripariarn countries 
to establish such a minimum system of national reserves 
by implementing the new reservesnecessary or improving

existing reserves, within the? Pa Mong watershed. This
 
could be a miajor step in achieving the basinwide plan.
Thus the advent of Pa Eong, by speeding up action on the
 
problem, could do much to help conserve wildlife in the
 
lower basin.
 

4.4 Forests 

The proje.cted picture for the forest reserves 
in the Mekong watershed above Pa Mong (within the lower
 
basin) is even more bleak 
 than wildlife. While forest 
destruction was small prior to the second World War, since

then, especially i: the last two decades, ther-. has 
been 
an exponential incras in the rate of forest destruction
due mostly to human encroachment as manifested by slash and
 
.)urn and other uncontrolle d methods of cultivation 
 and by
ucontrolled fires. At this time, although precise data 
are lacking, it is belie-vd that about 50 per cent of the

forests in the Pa Mong watershed may already be lost.
 
Little has be-nr done 
 about this, probably because the hill
 
areas of fle lower basin, being non-rice- producing in 
 a
region where governments have traditionally been rice oriented,
have never been brought under me'aninqful government control. 
It is difficult to see ho% this tre-nd of destruction can be 
altered in time to save some of the forests, and the wildlife

in them, except by establishment of national parks and
 
reserves. One the of Me-kong
of aims the Committee is to

assist in getting the facts 
on the extent of forest resources 
still remaining, to identify and evaluate them, and thus to
permit delineation of forcst areas which may possibly be
 
saved by concentrated action programmes. It is hoped that

the satellite imagery interpretation programme of the Mekong
Secretariat may, with more study andexpt.rimentation, be 
able to assist effectively in th. forestry mapping programme. 

In addition to their value as wildlife habitat,
the forests serve as soil cov.r and thus contribute to 
conservation wi both soils and surface and thewater, when 
forests are burned or otherwise destroyed, the trees a 
replaced with "lesser" types of vegetative cover which may
not be equally effective. In some parts of the world,
removal of the! forests has led to massive soil e2rosion (e.g.,
certain parts of the United States and of China), but the 
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evidence in th - lco,.cr 1iokonc j;bo;in, primairily thco -ocncc 

of dup ravin' fL r' nov-il o~ Lhc. frcs~'t, inludjo u

the sinliah . ;get U i i.h ci Lri tO to Id' (thutyin 
forest in-i p'-'''i fa In NGc Ljthn. Li''n 

, Liconsrurve tb., o -in s'li' r. 0:,-' oth lai -- 1 

projects of W Nw ''vi intU iq f 4n or wc ia 

derronstr;rti ;i0 L :t., tr !,L i'y *. ii. .*rb n. the 

or~: feetv-''Ior i-~, cowi coving 

''<vic-I Ist r: 1t r c L, :'11 1 1 ' Ii' . L I i :lj L d of 

PA1i inf' ' piti c iAl 2 IIni uir' Mhch m'ight 

i 11 ~.[ct; L o~r)hc uni'rt k. !: 1") fI' r ;, 

coritiiil ; if(I I 

;,.,, :,,t, ((octi 2.9), corntruction. 01. 

of ino Mug' 'K1 cn :1 iv-:t ' nwr C C :citrlhu tirg 

much to birn ii!;.5 n h]c i]i iic lo 

tho L!ooqiy in I-1. ~ 1-rill n i cirnity. 

Ior ti L, pri i I iL 'My '( q impound-

Mi2rit in- tii C- :: _ Wil 17'(- JitI, (ji) ~ o ct 
chaon(-it Ii i ri 1--ity, 5'ci fly in it tht I r zoriuS 

of tbs ror r'ir K' id o~f oxyTA wt nio iuiificarnt 

pjroblurir no)riti''';n t'i'idrslt 
uE Uf s ir , mi- t' riw!;wL Li' w L(2athor:ny 1, O 1v 

fishiory, ;)it Lii' ;, -ill 1i'_ tofi -yrits 

poIrt of ptsuct LI(). it) f ifr/id "In't 'u' to 

Wo Op 
wait''r Iiyic ith, WMrc IIs p''Lrcfu 31Y rt 
rnitri..t, acral LI' PLi'dr i '-p ri 'ith 

-ill ,.orts: 'ii Lr tiry, at'' tu .i Lfh' '!,n ,
 

irrij.itic:. i, _tc , 1ut's jb1 sins r-in. r.oil Iy or ritic
 

,nii not aim' prorIJ.(al v , Li :, -irh .;pl nnisd by thu
 

11tkon'j coolr' Li:. t-, Lr L ' n ' I-)!, p .L o' L ri u i for 

-Illevi atin'ii c1lv rF urd r ' A>''i -,: condiitions ;'a 'S Li 

snil ro M ,~Liritc i Ln for 1jif 'ii Li( L -lot 


indi'-3L I I; I iroi r !oiii ifb i_-- OOtdi 'iit
 

ho.cv-.r , cro"Li'ctiirr; noici-tor i i :* 11 1,i n,( !-, both- of
 

Lii' v cto: ' p, c i., '- irivo/r;1 i ch1I c !'' r of ' 'p.i '<'_Mi o ogi cal
 

tO.a iii' in (2 

(") to 15 ;-i. 1 '': i th(OrI b wc s tumpiritur,
 

Will fFoil p *u I l]y LIY-D KIMabe ait 35-40 M1,
IMM 

w.,hcoro op? ru .. il I c Lhoot of th, .rttoring 

river(r wai.r t, p; i r in Lii ol:Lirintb-.1 Assuming 

that, isi i ri'- r,, i , 1, -r:r,- drnr f rom 

those-c hl':' r itn',tii' uLtf 'o~rL ri n-tLu r' w-illI
 

he abori L thot ;i-ir it:, f'or.:i1thoutL ro j -ct_ coniditions.
 
Al so, duo_ to the! ariir.rolotic cuniiiwii in th: lovrcr 1nyors
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(hypolimnion) , th,. ..,ithdrawnat-o will hv..: considcrnblc 
concentratjo.rs of nrimic' attF r (which .ill W. us-ful as 
food for dowrnrtr,-m :alt--itic bMtaO,) n of hycogn isulfide 
and alo (of 9i'soolw.l irc n iI - , (,.:hich will bk 
dispers<d in th, ioun I .t o't-I. :. rlvcrv .an,)o 

BuCa-:, tL , I- rt i i 'i~t' L [!.'L- ;r it ii
 
tropical r.L i oytm ,1 h.otr Iu.I oil:;
 
in th .: r - voir, -! L. '' ' , o' aL'V nt1 i: t; : lir
 
ru off int, t o, - . rvait- <'c j Kr 1'' . . cati irLtio
 

(a'.!gjl 0lan1, i L.i Ut '. rx''i- (<rs
 

,xp rinca U1 Ox,i V ; Q:,J])ut'' r, 't"r::v: : (jl JI'y rA 

c a Liot 1 Jt niotIu1oorri c; o,-. trI ut(-E. - 1 f1 , iI! L! 
hualiev':Il th. y -,,IffIici.'ill -, ty ' v r, W 4 ,I-,'mnqinq 
to firh.r i: u',, '' :-thL :- : , r -' rith, v !11 !; ,.c po.':itbly 
to ircras,- LVM cts ,.f t:, L-,-'LvL cu La L trt 
lroceso:in which 1-'i I.- r. uiu r (Ivrth, continuing,, 1:5 

monitor:ino .i ] . i,.l lr:l 

S. Ph'' 'c1 r s>urc 

Al, f to haa i., ,:ri:.nintal valuus or uses 
(iscribc. .inl c i. s 2, 3 -in! 4 nibvc stem from basic changes 
in thu phy.<:icl r, Loivrc, a of tht. low basin as affe!ct(d by 
Po 1iong. Th- 1'-, I priojt:ct isua phy.ical system, the-
construcLion aind j' ,--ntiq'n a:, which ''ill. bring about profound 
chang . in W, hyt Indo qy of t,- ong ra ,ir sy ;tam and related 
charct, ri<a tie.< ira.] a,!.irrj tien ti.tidimontroa:jin , water 
quality f'-1] roila , 'for. irnic a Andrliiity, ri no h arr 

local cliriat .
 

5.1 Surf.o ''at' rs 

'hc rin function of Pa Mong will be to provide control 
of tho flow . %' b r in Lii .,l -, nhiJnatry: in order to 
achiumv. a vari, Ly' f ),. : fit:" , n;pci, ly 0,,- r I-oduction, 
increasr d arv1rjrutar- Praucti-Ii (both iito rpn; and fish) 
throuclh rovj a],;i, -)f r(at a ',-n-it r througho ut the: y,. or,
andl~ flood CO.' Lao2] 

Th.- : i c'ffut: IF' Kon'3 on vti11a- tion the.]1 of 
surface wat, ra!: of th, '-:n' riv,.r will k, to con:::rv flood 
wat':-r now l ''': ft tou t 'ctiii far lhii' [J ci:'l agricul
tural purn'. nclu i,!r irri 'tion 11A 1-trill Lh, riuh s plus 
nupply of t t rouah thv i ;y,.: If Cc:'riniu .tyrr)ii)Loer 
and in(ilhLrtr I l :;t f Ph, ,:vfrFici !] t . for thai; 
purpof s,O ;us a'ung i'hn :,: I] i., o1 r tti en, .,ii] la, arpproximat,_ly, 
13,900 millia N3/yL.or, or ai-ut 10 3 l.,.r cnt of th( ,uinual 
irflot. into I 1,Bii; r:soa';voai for thIotr t ja:<:t condlitions, 
of appro'xil;Irt, ly15,00() millin 3/y a. Th 11r, srnt use, of 
11kong riv,.r ".t' r for tha', "-a purposes is stimt:d at 
not nor, tian 0,. p'r crnt cr 900 milliin ri3/yc.or. lhc.nco thu 
nut goain for b-nficial iluas will bc About B.° par cant of the 
total annal flow. 

http:ri3/yc.or
http:N3/yL.or
http:concentratjo.rs
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There will b,_ additionrLa ';ains from usc of river 

water for irrigation boloL h ' I rvici: arca;, 
mainly in th - Ita he rcr, -,.;,- usaq" of river water 

for irriqation 7s-ibade o., :!)ri(; b. of same- cl !Y,. m'ay thc 

ordc*r of maqnj t . aE'i f,,L th, C .:. I F..rvico .rn , or 

of Lfr of10,0a) ailli, "l/y : nu 6.5 , c,:nt 

"' .	 to o MWof th_ ,ii runoff : :: ].-:]t Lb cc " or,.i < 

amounts of Flo.' :, 1, 1i t th, !(It- ,lrinv' 

tht- dry "<I; I c!,p, th. s, 11. L-1 1;:',qct,. 1',-
pool w , o . v'lot. - th, !-.Nin; optiiii'-ition 

aid rbvzi~ftr<.!; '" 'crt' shilt/
1, lli. ':', r 	 1" ilt Lb lot. 
M FN. Wn ;.'! v 	 alh',. M~, Iowa-;£prl' t 	w'.id aJrn 

of riv "L On o 
0 

th,_ ir.'; J " r - V 'i t v 

of ll)out ,70)U ai-, (f,o -,!;o1) ! , ;hipo,l 1,-v.-.) will 

rosult in 1 ia ]',-:'' of .b;;ut (00 i:,illion-	 va'oL'"i ot 

il- or 

frov i rc .< inu'joL ikrio th, 11 ')id : "tfn ,-.tlati at 

roughly 2, .I0 r11110, m /y ar (fro 2',?O0 bout 

m3/yaar, lit in i n hlcti !ir.:it vii o'itinl 

<i,.'',out to 

11, OO Mil]la ' ' :ir). I rco' t ii t . i tion'] ovaporation 

loss (fOr n~o t!u f] 'no:) di, to P'-'l., d Lu abut 

?'?OO millili, '3/y if. 

rht i,.t 'v r I]..qpin ii isls ficial us,. du'_ to Pa 
Nlon; could i, rculghly of Lh,. order of ?0,000 million m3/year 

o: about 13 1-cint of tlb total annual flow now lost to
 
th.
 

5. 2 round..it.r 

Grouldi]tur is im-iportant in the lower Mekong basin 
b,_cous> of the many uses dc-pcnd.nt on watur from wolls and 

sprinjy, aid Lcaus,_ dischOrg frox, qroundwatur aquif.rs 
comrpri.-s :%nit :.f thd dry si.a::on bass-: flow of struinSo 
lowjv, r, jv 1opm,.nt ,if lrouldW-itu-r rsnu i th lowur 
S-1sir is still quit(_. Irmit _d, amountiic to only about on,s 

p,or Clnt of th,- total saf,.. annual yik-ld of th P rin 

_stim.-t ..i A apprxiirt-ly 70 billion m3. r * ot ui Of 

1.,n.ltcd 	mainly community 

,at,'r .npply in rural and in a F[,-; urba-n C.r]'u.nd
..'at1r h t I1_-rn sigriificantly ti fnfor irr'i. t,,li 

primarily b,_caus,_ in arc as 'A. r,- r,'dm.itr i pl,otiful, 
surfac, 	 t.,tr is also usually p,_nt fi]i il of nor rol] abl 
uality 	 and us cal, at ]owl r ct . .r ti, r.w. ons not :d 

al6v, qroundwatk.r (xplor ition ha-s b n v,.,-y lirit,.! ill most 

it iroundwi 	 to d-m,_stic u-ind 

,
pr' n:l-t', is 

-I<nera]ly lacking on th, uxtont ;,nd ii t'L, of qror. 1w; ter 

rrsrourcs in mast arcn. lh -ivn nowl t r of stu s haws 

been sponsor<.d by thu Mckoni Cominitt,L L btoan information 
zi-ccd d for evaluatin and plar:ning P i ol l. 

marts of thu 1aw r basin, so that 'a' no -

Thi, main t fc ts of [a .Mn ,tugrunwocr include: 

(a) 	 Incru ased charq'inq of qroundwatksr in th,- vicinity of thu 

rosc.rvoir, which should qn,.rally improvL, Lh availability 
of watur fron local t.:klloC(.tr'-lrJginq Ls not e'xpectCd 

http:1opm,.nt
http:aquif.rs
http:dc-pcnd.nt
http:round..it
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to any significant ectent). Also, this extra storage 
will serve to increase the effective reservoir capacity. 

(b) 	 Change in the downstream pattern of groundwater inflow
 
into and from the river, resultinq in augmentation of
 
the total dry season flow with significant benefit to
 
agriculture and other beneficial ri er uses.
 

(c) 	 Charging of groundwater in the service areas due to 
irrigation and seepage losses from canals. Where 
irrigation is for wet season crops there should be 
little chan-ge in present groundwater levels, but for 
year-around irrigation the average groundwater levels 
are expected to rise from 1 to 2 mnin low-lying areas 
and floodplains to as much a: 3 to 5 m in the uplands. 
Drainage facilities will be provided to maintain 
hydraulic and salt balances satisfactory for cropping. 

Special works can be constructed in the saddle areas
 
separating the Pa Ilonq reservoir from the I1am Lil- and 1am Ilong
 
basins, to prevent escessive leakage which might occur through
 
cavernous limestone formation:s in these saddle areas for pool
 
levels of 240 :n 11SL or higher.
 

5.3 ater _uality an! salinity 

As previously noLe,|, [ho mineral quality of the Mekong
 
river water (i~. t h( '-irsoiwe.1 constituents) is excellent with
 
respect both in totail salt; and nlLvidual consituents, so that
 
it is well suited to all intended uses including irrig ation,
 
fish farming, and urbin and! industrial use!;, The total
 
solved solids are low (abouti]O mg/l), the chlorides 1o::
 
(about 9 mg/l), the hardness is low (about 75 ilg/l as CaCO 3)
 
the calcium carbonate balance S:; favourable for minimization
 
of corrosion in urban an! industrial use,the cation ratios 
(calcium, sodium, potassnium) are favourable for irrigation
without adverse effects on soils, and troublesome minor con
stituents such as dissolved iron an:d manganese are not signifi
cantly nresent. About the only treatnent generally needed for 
municipal use will he rapid sand filtration to remove suspended 
matter, plus final effluent chlorination. 

5.3.1 	 Irriqation return flows 

One question on the effects of Pa Hong will be possible 
depreciotitc . of river water quality by irrigation return flows. 
However, studies have shown, even wiith the total development 
of Phase Ii the total volume of return flow discharged to the 
Mekong will amount to only 1M por cent of total irrigation use. 
For Stage I all of the return flow (0.2 per cent of total river 
flow) will be Iischarged to the rlekong, and 60 per cent for 
Stage II (the remainder iill flow to the Nam Chi and 1Nam Ilun 
rivers). The effect of these return flows on river water quality 
will be insignificantly during the rainy season and in the dry 
season will actually improve water quality. 
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5.3.2 Khorat salt formations
 

Another apprehension aboiut Pa Iong is possible pickup 
of salt from year-around irrigation of the soi.s of the Khorat 
plateau which overlie e.tens-.ve salt formations, However, 
studies show that the salt strata qenerally lie beneath tle 
zone of groundwator arfCcted by irrigati.on, hence no problem 
is anticipated. Also, in places '.:her,. offlorescent salt 
films now form on the surfac, in areas not: used only for rain
fed crops, dun to lack: of gol natural ,rainae i , the drainage 
system to be providedl will eliminate such formations. 

5.3.3 Salinity intrusion in ;iekonq (leltl 

'ith respect to salinity Irob.ris in the delta due to
 
seawater intrusion, the p-eseid: plttorn. of salinity distribu
tion will not be aff:cte hy Pa lon ecept Favourably to the
 
extent that th- extra fresh .ates flowa;furnished in the dry
 
season will be allo.el to flo: to the sea and thus tend to
 
repel intrusion. It is esti.ate- only a portion of the extra
 
fresh water be pumpLng irrigation,
will Ayl:tracta for hence 
there will be 7 baefi clal chanqne in the existing salinity 
pattern due to Pa Nonc bignificant changes in this pattern 
could also result frt-us construction of salinity intrusion 
barriers to be provided as pairt of the overall plan for develop
ment of agriculture in the delta, which would 1e implemented 
as a result of Pa lonq. Such works would change the existing 
patterns including salinity gradients, hence could affect 
fishery reproduction in this con, a; well as other aquatic
 
biological values incluing ilan-eve snamps. These effects 
will need to be evaluated in detail anl taken into account as
 
part of the evolvinj delta improv-ent plan. 

5.3.4 'later pollution 

Another apnrcien:;ion about possible effects of Pa Mong 
is the potential for water pollution to result from intensified 
urban, industrial, and agricultural development. The Hekong is 
as yet still relatively unpollute,d and it is desired to keep it 
that way, As previously notedo, the anticipated population 
growth i.,ill indu:strial withrequire urban and intensification, 
or without Pa riong, hence the answer will he in establishing
an effective regional syste( of ..'ter pollution control vhich
 

takes advantage of and puts into efectiv use the technology 
by which water pollution can be feasibly controlled. Such 
technology exists and is continually being Further develcped 
in the industrialied nations, hence the problem is how to 
provide the desired control. mechainisiis in the lower basin before 
the problem iets out of hand, 

Experience else,,h re has shown that such controls must 
be implemented as part of the growth process , and paid for as 
part of the process, otherwise a huge backlog develops which is 
difficult to cure because of the large accumulation of unpaid
 

http:irrigati.on
http:e.tens-.ve
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cosTS. Also, where more than one jurisdiction is involved,
 
the problem of implementing the desired regional programme
 
is compounded by institutional constraints. The Mekong

Committee should be in a good position to assist the riparian 
countries to establish the necessary p-ograame in a timely 
manner.
 

5.4 Sedimentation and erosion 

Sedimentation and erosion, i.e. the picking up, 
transport, and d1eposition of silt. are important iniluences 
in the operation of most dam and reservoir projects. Generally,
the problems of greatest conccrn are trapping of silt in the 
reservoir and erosion downstream. In the upper Hekong basin, 
the Hekong river generally flo:s through steep, rugged terrain 
at relatively high velocity, and a:; a result in capable of 
transporting sediment of considerable size. Proceeding into 
the lower basin the river enters a floodolain in the vicinity 
of Vientiane, and from this point to the China Sea, except for 
those reaches where falls and repids occnlr, the slopes become 
flatter. Because of the resulting qeneral decrease in velocity, 
the ability for transporting selimcnt diminishes, per unit of 
flow volume; however, the increased volume of flow is such that 
the total quantity of :sediment transported downstream is 
increaseu.
 

With the construction cf Pa ong dam many factors com
prising the natural regime of the river will be significantly 
changed, such as the flow discharge, sediment transport, and 
bed slope of the river channel. 1e1(.! cycles of sedimentation 
processes will become established in the river channel above 
and below the dam. Due to trapping of :silt in the reservoir, 
the releases from the dam ,ill e essentially sediment free 
and the discharge of this clarified water into the downstream 
river will create a powerful erosive agent which will cause 
scouring of the river bed. The extent of this degradation will 
depend primarily on the amount and pattern of the flow releases,
 
and will have important effects on many downstream environmen
tal values.
 

5.4.1 Downstream degradation
 

Completion and operation of Pa Hong will result in 
extensive degradation of the streambed and banks immediately
downstream from the f]amsite, and concern about this degradation, 
especially in the vicinity of the city of Vientiane, has led to 
considerable speculation on consequences. The rate of degrada
tion will depend on many factors but eventually a stable condi
tion will be attained. The results of studies sponsored by the 
Mekong Committee indicate the existing river bed would be 
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scoured from 3 to 6 m for a prolonged distance below Pa ong, 
up to 160 to 200 km. A comparison of the channel bed before
 

and after degradation is shown in Pigure 3 (Sedimentation 
Erosion Chapter III). The lateral degradation or widening has 

been estimated to reach ultimately a1.out 'i00 m. 

The degradation, both vertical and lateral, will occur 

slowly, over a prolonged period of time, but will be faster 
nearer the damite. Wlhile precise predictions can hardly be 
made. perhaps one-half the anticipated total degradation w:ill 
have taken place in about 100 years of time. Suitable protec

tive measures can be cievised to suit the specific needs. 

5.4.2 Deposition in reservoir
 

W'ith the construction of Pa Iong, sediment will be 
deposited at the head of each valley entering the reservoir. 
The total annual sediment inflow and deposition in the Miekong 
arm of the reservoir is estimated at 160 million tons. The 

accumulation of this sediment load is expected to reduce 
3 


storage capacity of the reservoir fr(on 90.3 billion m at the 
beginning to about 91.9 billion m without 50 years after 
closure. The sediment deposition in the reservoir is estimated 
to fill the reservoir from the original bed level of 155.4 m 
1ISL to the level of about 170.3 m DISL .jithin a 50 year period 
and to 115.3 m HSL in 400 years. The loss in reservoir capacity 
for a high pool level of 250 1n IISL wouldI so 6.7 and 13.4 per 

cent, respectively, for 50 and 100 years.
 

5.4.3 Chanqes in water surface profile
 

Lowering of the river surface profile downstream of 

Pa Mons, and elevation of the profile up:stream, will bring 

additional environmental effects. Downstream the lowered 
profile will improve drainage: of the surrounding areas but 
decrease the extent of areas which can be irriqated by gravity, 
and also lower flood inundation risks. Upi;tream, the backwater 
effects will reduce flo,. velocilties in the river and tributa
ries over considerable zraches, resulting in aggregation in 
these reache:-, there will be an increase in the extent of 
inundation, and less natural -Irainage2. Iile these effects are 
minor in terms of overall project considerations, they will
 

need to be taken into account in the detailed implementation of 
the project.
 

5.5 Soils
 

The soild resources of the lower ekong basin will be 

significantly affected by the Pa Meng project. A primary 
concern is the suitability of the soils for irrigated agricul

ture in the proposed irriqation service areas. Ocher anticipated 
problems will result from trapl-'.ng of silt and from reductions 

http:trapl-'.ng
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in floods to be achieved by Pa Mong, which may affect delta
 
soil fertility and deposition of silt on levee bank farming
 
areas (chamkars) in the delta in Democratic Kampuchea. Also,
 
water control made possible by Pa liong will introduce oppor
tunities for reclamation of soils not now suitable for
 
agriculture.
 

5.5.1 Irriqation service a1reas 

Detailed studies have been made of the soils in the
 
proposed Pa :.long irrigation service areas, both for Stage One
 
and Phase II, and geographical zones (river levees, active
 
flood plains, old lowland surfaces, anl uplands), and have 
established their general :,uitability for agricultural produc
tion under conditions of irrigation. host of the soils are
 
arable, and the nonarable soils, including saline soils, have
 
been excluded from the planned development. '!ith proper use 
of agricultural chemical:; and water control including drainage, 
there should be no deterioration of soild structure and satis
factory salt balances can be maintained in the root zones. 
Also, availability of water control should permit reclamation 
of a significant portion of the saline soils. 

One possible problem !ith pa]dy irrigation is the genera
tion of toxic substances resulting from anaccobic conditions; 
however, it i.s expected, when the riceland soils are flooded, 
that toxic quantities oF re.-idual products will not accumulate. 

The principle soils problem in irrigation of both rice 
and upland crops .ill be attaining and maintaining soil ferti
lity. Rather high fertilizer inputs will be required for most 
of the project lards to attain the desired high yields. Many 
major and micronutrient elements will have to be applied as 
fertilizers or as limini materials in quantities equal to those 
removed by crops, plus amounts to compensate for leaching losses, 
fixation in non-available forms, and inefficient plant absorp
tion.
 

5.5.2 Delta soil fertility
 

Because of apprehensions that trapping of silt by Pa IMong
 
reservoir would result in lessening of silt deposition in the 
Mekong delta and hence ini impairment in delta soil fertility, 
a study was made for evaluating this problem. Based on 
mineralogical, chemical, and physical analyse,; of sediments 
and soils in the Vietnamese delta, it was concluded that the 
annual deposition of sediment does riot measurably increase the 
fertility of the delta soils and moreover that water control, 
not soil fertility, .- 11 be the dominant factor by which large 
increases in delta agricultural productivity can be realized.
 



IV - 45 

Another interesting finding of the study was that soils near
 

the river contained the same levels of mineral nutrients as
 

soils F.way from the river. 

5.5.3 Silt deposition on chamkars
 

Another apprehension in Democratic 1Kampuchea is con
cern that flood control by Pa 11ong would lead to impairment 
of chamkar agriculture (on the back slopes of river levees) 
due to lessening of silt deposition by colmatagPe (channels 
carrying silt-laden flood waters to the chamkars for deposit 
of the silt at desired locations). A preliminary study of 
this problem, based on hylrographic analysis, showed there 
will be som reduction in the normal pattern of silt deposi
tion, but that this can '.u- largely overcome ,y use of effi
cient colmatage systems !esigns! to deposit silt at desired 
places, rather than depending on natural creels which are 
only partially eflective, and also that another effect of 
Pa -ono flood control will he to extend the extent of usable 
chamkar areas by virtually (doubling these areas. 

5.5.4 Delta soil reclamation 

The availabil ty of water control made possible by 
Pa :long should mal:e it feasible to develop programmes for 
reclamation of eutensrve areas of nonarable soils in the 
Hekong delta including saline soils, heavy clay soils, and 
perhaps even acid sulfate soils. ro techniques for accom
plishing this have yet to be developed, and can best be done 
through experimental testing to be carried out in future phases 
of Pa Mong planning. 

5.6 Geology and seismology 

Numerous investigations wiere sponsored by the Mekung 
Committee to obtain subsurface and surface information on 
foundation and construction materials for use in the prepara
tion of preliminary designs and cost estimates for engineering 
structures. These stueies %;er evaluated to develop conclu
sions relating to the integrity of the various structural com
ponents of the project, with respect to water holding capaci
ties, structural soundness, and construction problems, ana on 
the probable effects or geology awd seismology on design, 
construction, and operation of the Pa hong project and on 
desirable precautionary measures. 

Most of the m-rnposed engineering structures of the Pa 
Mong project, excepting the oar,Lik and Nam r~ong saddle 
structures, are in Lhb. horat group of formations. Fault 
zone- have been located at the Pa hiong site- however, seismic 

history in the vicinity of the Pa ong lamsite indicates the 
proposed structures are located in an area that is relatively 
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free from seismic hazards. The preliminary engineering studies 
indicate the geological formations ,re suited to the proposed

dam and powerhouse and r,-lated structurs.
 

The sakiddles b,,t,.een the 1a ho rese'rvoir and th.- Nam
 
Uong an! Nam L,L !i.aina pose speciLal pro.cleis of leakage due.
 
to the cavernous n. ne e-;,
lit-O n in those cres; however
 
the studies indicate A ll such l,a]age ci be. controAled wi Lbin
 
acceptable limits us ing a va'hity .c eng.norin '
Aethods. 

There -..jill be significant landslide hazards along the
 
eastern an,] 
 southern rirms of [a Iolong r,-!S .rvoir. Corrective
 
control measure s should 1i used in ti'- landil u-prone :,reas
 
including 1a) erosion control such 
 Ls;p ro tec tive cuver ,
 
protect the bank:; fro:- wave alcti)n, aIn (I,)Jraijnape syt;rms
 
to maintain sioue st-ibility ''-er channel: ar excavated
 

Rh.gardinq ,earth so:> haaor'.s, shore -:;'nly on,: maj,,r
 
fault referred to w; the uin .nq I ult, ]ot-l &r the dam
 
foundation area, which 
 o 

The general contLiuQi 'l : 


i.- ,i - vl tt ) h- ,Id id inactive. 
01 to, ot.., ss 1ttle videnc. 

of any s Lgnit ieant lra t t ol d:; )i radici ns of
 
earthquakes Indc,t'. that Lh 
 ',inr have
 
originat:(.] it i]i't an-r tcon:;itC L p j, fc
t.,i r., e ,rjer :Lr a.
 
Howeves, I sho; of a Ltc01tc.tion Ln thL,vicinity of
 
Pa tong is prop:,sod for iricitinq nc f , intion behavior
 
and response n ler th,. hu hbo),y , r t- 1)(, s- d Th is
 
seimic staths iai.Ji bW int jrated ::liart .,'the worldwide 
system and, : qth.r'with LI L.a, ,xistng station; in 
Thailand at Chi.am dcii 'tr id rlithla should privid-:, sufficient
 
information to guide , 'ign ,of the Pa Nonq pro)ject.
 

5.7 C]. t Wat ( 

i' clim,C ot -hp,1;wr Mekong basin, including the 
ia Mong projnoct area, tropial, Liiniluis, temperaltures.i; with 
almost always considerably above Irueing. Th(: climate is 
influenced inr icarily by kho t,. aserOa 1n, nsoons; and the 
intertropic cl convergent son{:, and to a lersser !xtent, by tropical 
cyclones a.. other tropical disLurbances. Tht Iocinsoons have 
been dcsignated as the southwestCmonsoon according Lo the 
moveiaent of airmasses through th< basin. 

The southwest sensont s;sason, ,hich is thj ra inv s ason, 
normally occurs in the lowr,- ha::i a apiceo xima-mly frnet; ly 
throiigh October. It is a period of frequent and heavy ra infall, 
high boa i,ities, maximQum cloud in e';, and tropicail termperatures, 
The heavie-s t rainfall qenercilly in t to-occur.: mnoths, Co' .lust
and Septenbero In c,ntr i:; t, the northors,-: mnsoon () dIh: 
winter season is clieracteri.zcmd by r,!,flav,-lv little rainfall, 
lower humidities, least cloudines., rnti lo we;t: ctnp.ratLuc's 
over nost of the basin. II. normally !;tarts fra,: Oct(,,hor aind 
prevails until Februai.y. 

The transition period Fo 11ow; the norshast Ic)cnsoon 
when the polar ['acifc arimass, iodified by tropical heat, 
moves into the basin from the (ast and southeast. This results 
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in relatively higjh temperatures, low~. humidity, coi.,pckatively 
higher rainofall, cnlaunf me'; * 1 1ruary t.: 11,y. This 
period is c alle1d t~e'' si t:'on 31l the hc t' 

normally '\p, r 'nc- Ju( -m 1 J!'lIil'', !'r to) tlic influence 
of c'ln ria '! -n th,'' ,', ! ,r the 
rerict' c 'i 1 1 

cuc F,0irr r. r 21t inc.t'ding01-
heavy V"o' ''it i C-, Lii' w''l'1'e enterhich 

L I , ItL;jt' ' )f !t "tolliJ, it 
iS c'inelnd _ 'i i 131'. s-l'-,":' I rjn o 
sya-tna' Livo'i Ir .,I.ii:eIe; a 

sunrmit ma i t'.'L -''ii'; I hf.r'c'_ vill 

tr~lr~pr~t'''] ma to ll11'3,and wind'''I' ;~~' 
3pee(d at ctm.a ' 1 1l! s' l' -I, C_ th(' >o el ra 

lomw-v r , Lh- .pi tie ti- iti tett or nieu tralizedi 
by th ,, .iin I~rr I m n n anJ other'iro '''inj..ioaii 

r:! Lt'~ 1 i "sc I vprne L of- the tintic ipa ted 
ovor a I I a t ( 1 ct.- 'i P ;4 ii 'jrn the vtirio:,u! e nv ironnitintal 

dimiow Al' CTh1 a' to-i rye in" -i ng orins Labl 
rating Hu- '' 1].l 4'fcc , i rc; n1 *fto_'ct to Lhr'-( 1'']-.1 of'a 

1' d i ~nr [le"it. '01 shl''inc tViat 11('11, '.with 

littL1' L! T'C' jm min ofCona' ti h ic 1 'hyt-,ical 7-': Iurce" Of 

the rugi'in '"" , e ~r'or C fi h) 'c"' -t'hange 

-!nr b;"W.- 'i '111; tot),"ill 1I''V'i'tl1P.' IL :icie vc 
larT. '"';r ' in Md anjit'e indI :itanqil,], iiaun use's'v' Lo~ 

andi 'ij'1'' 

7. C Qel I 1"Io'i 

Thii :i2 oiltn o'jitc p rogrammio for ivalut i'ntg 

,mvn.' re-,r iw't l ,fC,_cts 31 th.'c p aposed Pm~'a n projcct, -in,1 for 

pray inj ft~in(,;, Lnhi"'roj e t mlanncncj, c orr Led] ouLnt ic; ly over 
th' p'a it "'s i jn(r.'i to repres ent the mast Lailrd, 

1301 O'itI 1 L Ft 31tI'; LII' -i !:iijor wa)teL'v co-n Lit; pi' )j 'ct ;.n ;7 

J''lpria ''lion, for th, feasibility sL aqc of pl1inn inc Th i: 
han humn p-a"t il becaus c. of tht: i nternot.tonal ifi' ol 

isec ts oA Wh project, tape tlir with 1.s sa;heer "c~vr1' tt 

1,ove. foctu!d it tntion "in the necd Locistda ill.I emionmunt al 

valuer- anrl1:, utiae proirion Cfor preservin hl!i lmnln 
the mri~ ii'tnd alno be-cause: worldw..ide ct '.' ij~ry inaL(sin p 

ein': rontnfLa]. itipac ts, maotly in the i ndusatrial i mei coufl r tea, 
has voeotl'aluable findingsa for gu..-ALnc the_ rl(ckonli 

Q~itti for Moncj.t:tee'i;plinning Pla 
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Basic to the Mckoni Committec's programme of environmental 
assessment for the Pa thng proj ect (am nthtr proposed main
stream nra jects) has buon Lt :tabILhmnf a continuing and

progressively exp indiing p.oqmcam. Co coll .ction an( 
 cllation 
of sufficie:nt ttr !-.a.rmit cnll: tint pr> liminary plannin.I,
These incluoj ( L) a ur, ,'uvnt l hy Irul i it- r.-j'av'8. ( Includin.-7 
stoam ga "m lim;, :,- nt stniL 1 , ul, 11uliTLY),
(2) an ujually iTmutal ,ta r"" Fir icultua. Ildnning

(land u < inj . 1-] mir!c v, r), 
 incluir ma' i . tL o of
 
satellit io 
 -y, -anl o i)h 1rly, icn i t-on on the:izun~damerta-. <;. +-:cnro'a.co; ,) th':r 1]. >n1 Lt 1,11,] 1)
 

series of i 0. ' l 
 ,!:L- ifLikha v,- , en . 'r utilizing
the accumulat,! in -. ,c-ouoL, th,,'<;]Lv ::a1nnr. 

,TM,: in ihlop ] a m.p Lh . r; - occurrcnce of 
a potential ::iajo I inm cnrc' ,:W . I ect Mich cnuld Wu a"gold f!ijlCl:'a- UjL lturi' I'v , '', iIi of tihcl owr 1'Iekong basin, 
in that it could ,p'rn-tosW , ri,. M; U;0) Lhiu eupltf of th 
lecr bas in .. 'ho t :;.L ni ic i dt . ,r i ion ,ianvy rnmenLal 
values and .. th' iv,. j W w"ithn Q many of thesn value:;. 
Becausu tiMv m:,Lt cin pr' mtcm L)I 'Iero pI , -Ind 
b-cause the' r-11-1:,, t L ,- 1;sintj L 1 :;-t i ''r '' t, 0 h 1: 'a.:!c ts
alone will fin<tncL' th, Anjt is wall un';s, A]n-utric power

ibil itl lv u:- on a [,j r c t a: . is i val t,,: 
t: ,a-raa conomic !f p-vtnr. pc; iiI '

. I n l/ - t LentL I .,- a, 1 . 
" i L 1 out 

suffic 0hnt t ]o.ctr ic powcr , u rbanLi "' r, :mtI n L:;tc-i.lication
 
can scarcely proc-e'do Ev(en s,', th n rlci< 
 ,o0.,tiali; of
 
the *'-ojcct Should, in the long 
 -l -, 'a iiL ,-_r
contr')iLi',-n to the jJon-l r o'ii)'y in, ti ,' } ing it
.i;oss.ibl t'.) nauou,,jh OOd iarmpro,'lc' of (ii' I: L,a, ''-lay 'ri'' ird 

fisheri,-s) to 
 u:; tAr th<, rap L''i' a :ro't on long,]L i just

cnough until fa mily ;1anninq c-i b'':c,'m : . ,.I:i.o, the
 
flooI control to hu .. :vo, byn
ich l'''a -, . f-u li.-' .nhianco,
 
agricultural prowlct'ity 
 ' wll in vi ry nah ui. 1].y ducing

Fer .Lodc'm 7laad ii j.j(. I"orT-aV:. tL- , l , ny ,ther

b)ontf to .in c , vh r ' .til new p,)t,- t Lt!< .i' r-r , v;ation,
navigation, t-at r u'v iy for a -'hani. at i 'il in'tttril zation,
and stimulat'ons for dv'lm'nt of Lit, latt:n- iut' v,ry aizeabl' 
potentials )- teL low.'r -; n.n o'gro- indstri, . I n mineral
 
cc sonrc c:.
 

gainst t, .s' ran ark .-,l" gain!: Ihi ? i 21 C, Some
negative ffcts .'hid- will tt nd to) dtLIi':, cyisting
unvirn et' l val,:(,s1 ut Lit:so l.l app ',:xnto hii contrAli table
 
and mna ,. i-., i> 'r. 
 -inor, or 1s- ':11 ,occur rl ar~iless
 
of ;ahth2nI 
 pa long i:-; bLi it. The f!i t j att:fm::it i a iums 
certaiiy fori , ab] but it 1lt,: ponsil( oLa cop(- '..ith it
cffectivwly thricuh lilig nt iLLtention ond pcia1ly by
assigninq th,- fund:f 1-)r fanilly .atian a; w'Al as forLli ,!'ab
property c-ipat:Lan s <-inLintegral part I th pr)joct costs. 
No pcl.t.ulal pul' ic ma problels ai-no t1nvisiolned, i..e.,
thur.t is littlil Lf imy -,vdncc that cr-<atin of Pa Mong
will result in im .rouction uf new; water-oriented diseases 
such as talaria ;and schistosomiasis, although continuing 

http:cnro'a.co
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monitoring will. be needed. There are no known invaluable 
archaeological remains which will be: lost by inundation, nor 
should the project in itslf rcsult in depreciation of environ
mental aesthetic vllu.s assuming competent attention to this 
factor in project ihsign and impplei:rntation. 

Ther: will he a siugnificant loss in inundation fisheries 
but this C:,n . ;ors tLin made q for by the nc,; fisheries to 
result. fro: ;,.-.ounleent CAn.. st '.iic-scal :; licotLen cf year
around fi h K:.in,] n the lever Lasin below P'a in; p ado 
possible i.,/ thi.. nw-:i 1 Ly , a steady su[,'cly, ,ater 
Cither so tie. irr i.ga ti r dl i:rh] ut oLn sy' t& or in til Mekong 

itself. a soie ,alu . p A:rtsyi 
M. tong i'A Ir.,i'11i..y lngerod o.. ii .o, n will i_made to 
sust.in th :ir exi-;tinq pr- 'uctivity l"v 'I., t1, xt-1Al ther 
thou.;h i. t icii] hatc i- tohnoljy. [' t-n to fisheo: 
(includlinc tj lfish), otii" a tie Lit . a! vaIue :cly be 
affic to2! , .. . I th 1 a (pi nd ) th r t u tii k zone 
value. s,- i: poortint for :1u, to 1 i r- re-proauctLio' h lelv(er, 
studi's hay 11n,'iicat':<l Pa I.o n w; 11 hrt ily atf.ci- theuse. 
Sstu ari lu _s an,! tie L11'. , tur ar( , these may,Ln fl I.cts 

hPc ort po: ticv- than n (ii , o iraiLlarly, oc. veno t impact 
L,n LlatcLinri.efP c i',-ted.i is 

,no thc!r ,apre lirPion about a Accng i:-, that downstream 
erosi(on 1] 1 -:v, rely i,: r. withi existing development and 
fac tlities, ,."'-111ially L4 city of Vicntianc, Thure w,.ill be 
considcra i, r ar Lan,i ) ntLil a n.w t-_uilibrium is achieved, 
but thu pr .oill r of ih.cades allowingpc.rieds )cfcu 
ampl,2 tim,: :- ,non-, -c'nt ar c trol 

TI; .!,- con:id( ral,l,_ aipprehenon also that the advent 
of lca I-onl .Il '<. I up th dl're(loation of ethe-r important 
ecologici ,1. cu f th lo' i basin, nam:ly the. icorosts and 
the wiyi 1 c On r, Cl, ctior, h owyvLr, it i'raliz that thO 
threat to thL_0<.o values is npt fro water re sourct- control5 
projects ik, a Mong but rro:-c the unrc-lenting expansion of 
r,o:cul,-!tit .n technology. fag the r Lt.-S( trrnd: c .a to 
pro:ct t ci ou tlo-a for ',:I future

] 
of tho( rsci ources 

uni~ se hJr . )Ot' an.ir OV e~t]Ai .tt:] C< .t Li: ilrq,ti'lpI l- 9UoC ate_1w 

in :I jcs cw prLgramo' Lor solrvagi ing the:oc , tcr th. 
_xLt:t .... i, for oxacple, through ost:bhlishseru naticnal 

pjirks li: rest:rca.s Liand through te for statian It is 
believed th aidv(.nt of [t flung, far from ruinin; t! ,opc values, 
could rmctr.ito to much to e corr, tivuLc th.recicI 
.t(.asres illt itthe .trn iiil implicatLions cf tic: project 

would he cnducive to so- 1.,v(l AF r,.-gIonal attention and 
mnnagumento For Che sam. rsons a :iuchAhtter rLin-wde 
programme of control of water pollution (and other types of 
pollution) coul! probably ha achieveu. 

http:aidv(.nt
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The salient finding of the (nvironmental review is that 
the population growth bound to occur, until family planning 
becomes effective, will present foreidable: problems which can 
be solved only by intensifiot,! jricultur( and by intensified 
urbanization in,! industrialization. M'uNono could 1)4 a key 
element in helping meet th.. neuds ri presentin] a reasonable 
minimum qualit-y of lif(,. Furthermo. with respuct to pool 
levels, it is cl-<ar that the highe: r poel levels, within physical 
and firancial constraints, tend to maxim ize environmental and 
ecological benufits.
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REVIEJ OF ENVIRONMENTAL IMPACT STATEMENTS 

FOR MAJOR WATER RESOURCE: DEVELOPMENT PROJECTS IN THE UNITED STATES 

1. Introduct ion 

1.1 Purose o. revi w-

This report presents a review of environmental impact 
statements for major water resource development projects in the 

United States, Nost of these projects involve construction of 

multipurpose reservoirs. 

The purpose o nrepiririq each environmental impact 
statement is to mairitaii0, as riuch as possible, the quality of 
environnam't, at thr- a<iou tim, permitting compatible environ

mental de'.vlopom nt to ::;eet needs :i a qrawinq popu3ation and 

expanding econromy of fach project area. One of the chief 
mechanisms for m.atiinq tho,. (:oalts is th.s careful preassessiment 
of envi.rnlnlo(ntl1 rirr'cal likely to occur from each major ,nvi
roamretal iodJificat~rrl proj(ect. The. U.S. Environmental Protec

tion Aqnricy (E i .) state thati the Aei icy's success in main

tairinq rnv irormen tl -,,,tlity rests upon the thoroughness of the 

impact statements h ir-rh arc suib it ted for rei.w, the Agency's 

expert is% in nli: to,i i i n',. ironm nctal quality, and the ability 
to require the -. viraisieital so!if icr to abide by the Aency's 
findings (Ref , 21). 

The pu rys, nil this review are to sLudy enviroiinnei.tal 

impacts considere-d .il each st atLoerit and to ideii.tily those 
erivirorm-nt1 a raostois which are extensi-vely studied aid 

beilieved to cause ionportant be.-of its to the project or to be 

severely affe-cted b)y the project. This information can be 

used as '] ',i 'e] in-n il preparat ion of er.vironmentil assessments 
in other areas ilclulirs( the lower Mekonq baisin. 

1.*2 Summmary o)f the sel cted prcj e5,ts, 

A total a f 7[) '1, ,'omie La1 iripac t statements were 

selected for this; ree All of these projects are related 

to construction of dams and resr.rvoirs as the- major project 

features. Table I suimnarizos the pr:oposed proj ,cts and project 

functions moritioll,: in these stattomets. ts far as environ

mental effect: ar, concerned, important parameters of a pro
ject includek totll ,-. -c to f-e inundated, total storage capa

city of a roservoir , and shardlme:created by the impoundment. 

Other paranitL :a, sme ,is the 1 engith af the (lam and embankment, 

material of conntruction, adi total area acquired for the 
project are also m!onrtorit, hilt they are not listed in the table. 

Of the 20 selectord proj cts, th, reservoir area; range from as 

small as 56 acres (l'1O ha) to more than 35,000 aicres (87,500 

ha ) . The storami, capacition r ire I torn 1,600 acre-feet 
(1.97 mill on cubic mt ers) to mar, than 2 oil lion acre-feet 

(2,467 million cubic rc t:rs). The miniiimums reservoir shoreline 

is 13 miles and the maximum i ', 0,0 iniles. 
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Table I 	also illustrates that most of the selected pro
jects are multipurpose in nature. The major purposes include
 
flood control, water supply, irrigation, power generation,
 
recreation, -nd enhance fish and wildlife. Of the 20 pro
jects, 14 are proposed for recreation, 14 for fish and wildlife
 
enhancement, 10 for flood protection and water supply, 9 for
 
power generation, and 5 for irrigation.
 

2. 	 Physical environmental effects
 

2.1 	 Water resources
 

2.1.1 	 Water quali._y
 

(a) 	 Impacts during construction: A major source of water 
pollution at a project area is construction-generated 
sediment which is transported by water, thereby creating 
increased turbidity in the receivin( body of water. 
According to this rc-view, increased turbidity levels 
can be caused by construction involving earthwork, 
dredging of dam foundation, erosion of river banks, 
movement of heavy equipment in or near water, scarifi
cation of the area, and excavation and stripping of 
unusable materials. The extent of increased turbidity 
depends on constructio-n practicr and amounts of rainfall 
and runoff.
 

Major adverse effects of increased turbidity are 
reduced suitability of water downstream as sources of 
water supply, reduced capacity of stream due to sediment 
deposition (Ref. 15, 17, 20), and reduced photosynthetic 
processes in the stream (Ref. 15, 1(,). 

To mitigate problems caused by increased turbidity 
due to construction, the following measures are recom
mended: scheduling excavation and dirt-moving phases 
of construction for periods when there is no flow (Ref. 
20), effective erosion control measures (Ref. 4, 11, 15, 
17), and provision of settling basins (Ref. 1, 20). 

(b) 	 Impact due to operation of_!foject 

(1) 	DO and BOD: Impoundment will have direct and indirect 
effects on POD iand DO of the impounded water. After 
several weeks of holding water in the reservoir, inun
dation of standing trees and other organic materials 
will cause a significant increase in the BOD levol of 
the water as these materials are decomposed. Where 
natural aeration of water is limited, exertion of BOD 
will gradually lower the content of DO in the water 
(Ref. 5, 7, 8, 9). In cases where eutrophication 
occurs, dezed algae will sink to the bottom where their 
decomposition will subsequently result in DO reduction 
in the lower layers or hypolimnion. Releases from this 
depth of water will be low in DO content. 
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Depressed DO conttent will have some adverse impacts 
on aquatic life downiutream from the project. However, 
the effects are considered short-term, lasting about 
4-5 years after initial filling of the reservoir (Ref. 
8, 9). The recommended measure to mitijate the impact 
is the provisinn of mliiti-level outlet works (Ref. 1, 
15). 

(2) 	 Thermal stratilication: Thrmal stratification occurs 
7 	 -when there7 is a stahi t,.rpr-tur, jradient in different 

layers of water in an iinpeundmsrrit. This results in 
poor mixing of the water throughoa t the depth of the 
water, thus causin dif1_f. ren t quA Ity ol wters in 
various layers. The DO in the hypolimnio. will be 
lower than for hi.oker .qv s. 

Of the 20 st;Artenie t's revniii.d, ci 1y six mention the 
possibility of the,r:a stratif iFatio:x 1or most of these 

cases, stratif icatiOn i,: oxpe(ctrd to occur in summer 
(Ref. 5, 7, 8, 9, 15). Tie thermal stratificatLon, Ln 
one case, is exptec: ted to !, u;dxc ed by smirface discharge 
of heated ,.ffl ,ent fro,.i a powe-r plant (Ref. '). The 
effects of thrml-i ;ttf ictien are expectafd to be 
temporary and , whor tix rnovcr occirs , more, ui forI water 
quality will result. u:ltiple intake levels of the 
dam can he ii sed tn 'txLxt , proi-,lems of s trotification 

(3) 	 Nutrients aiid eutlrouni ition: t-xr i.nots , primarily 
ncNhd enitrogen -nr' rur iihosip those which are presei t 

in the ro ervo r area ieri xV, j from e otr io ts inthe ut 
the inflow includi n L-uno 'f i:ito the r ;ervoir, those 
present in the f lii(rnt of s+wxqo treatme_.nt plants dis
charged to th(' reserve r, adi thos(. eI, ,sed from ;oil 

and thro(qih ,-sx'px:;i t x a of in .d a ted naterials. Thes 
nutrieints can ke t[]i:- d by hiqher plruts and by algae. 
High concentration of :.u trients canr, cause eutrophication 
or extensive algal blooms. lossible impacts of eutro
phication are: impair inq ittrictiveness for recreational 
use of lakes, deprec ioting the quality of the impounded 
water for M'unic )ialand industrial use, and lowering DO 
content during surmxer in the re:servoir bottom due to 
decay of al(ae (Ref. 1). 

Of the 20 statements reviewed, four indicate little 
to moderate chances of extronhicatio. due to nutrients 
in the waters (Ref. 1, 5, 6, 7). Only one statement 
expects extensive (7,,rophica tion which may cause diurnal 
fluctuations of DO level iii the reservoir (Ref. 15). 
The impact of eutrophication can also I), reduced by 
provision of multi-le#vel dischrqe systemrn (Ref. 1, 15). 

(4) 	 Effects of impoundmrrent on water quality: A reservoir 
will act as a large settlinci kasin for silt particles. 
Sediment entrapment will result in clearer effluent 
water than the streairf low under the without-project 

http:treatme_.nt
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conditions (Ref. 5, 10, 11, 
19, 20). In general, water
 
quality will also improve as the consequence of sediment
 
entrapment. Pesticides present in the 
inflow may also
 
adhere to the trapped rodiments, thus being reduced in 
the outflow (Ref. 11). Reduction of sediment will
 
enhance photosynth,-tic octivities relented to production 
of phytoplankton; this vill iricretse productivity of 
the water. However, nutrientsi car; also be trapped in 
the reservoir (Ref. 20). 

Changes in chiomical charactr. istics may include 
a decrease of hicirbornate contert throuqh deposition 
and dillution of pollution concentration, especially 
during perL, ds of low flows (Ref. 12). 

The res.rvoirs are expected to be excellent barriers
 
betweer upstream sources of .bacteriapollution and
 
downstream points of water use. 
 In one case, it is
 
expected that during recreation seasons, concentration
 
of fecal coliform downstream will be less than 10 per
 
cent of the present concentration in the downstream
 
reaches (Ref. 5).
 

Impoundment is also believed to improve tempera
tures of the water:;. It will stabilize extreme water 
fluctuations and lower the water tempcerature in the 
lake and in a short reach of the river immediatelv
 
below the dam (Ref. 12, 15). Effects of tempering 
extremes of water temperatures will be more pronounced
during the period of low flow. Tempering effects will 
be beneficial to most organisms (Ref. 15), while
 
cooler water will provide favourable habitat for trout
 
fishery in the reservoir (Ref. 12, 16).
 

Evaporation of water in the reservoir may cause
 
a substantial increase in the content of 
total dissolved
 
solids in the outflow. In one case the increase is as
 
high as 25 ppm (Ref. 20). The effect of increased solids
 
content is the decrease of suitability of water for
 
irrigation, domestic, and industrial uses. 

(c) Water quality downstream 

(1) Nitrojen s persaturation: Nitrogen supersaturation
 
is a phenomenon related to impoundment projects. The 
phenomenon has been known to occur both in impounded
waters and in unimpounded natural streams where gas 
concentration is in excess of 100 per cent. The
 
adverse effect on 
fish is the gas bubble diseases
 
resulting from long oxposure to 
water supersaturated
 
with dissolved nitroceii exceeding the tolerable level 
of the fish (Ref. 22). Only two statements mention 
the remote possibility of nitrogen supersaturation 
(Ref. 10, 12).
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(2) Other effects: For certain projects which involve
 
diversion 7! water from the reservoir out of the project 
area, the diversion will have effect on the salinity 
and nutrient contents of water downstreari. The reduced 
streamflow may cause higher dissolved solids in the 
downstream stretches of the river. The damage in the 
area below the dams ito that would result from increased 
salinity wul(d occur to irrigation, municipal and 
industrial uses (Ret. 13, 16). 

Reduced freshwator inflow to an estuary will tend 
to increase the salinity content ol the estuarine water. 
This, in turn, coild result in lowered total producti
vity of that water (MeI. I5). 

Reduction ol downs;tream f 1o%.' cal; cause a reduc
tion in the amount .)f nutrients ;,ormally present under 
the without-project conditions. Somo nutrients are 
also trapped with the sod ient deposits ill the reser
voir (Ref. II, 15, 20). Reduced nutrient availability 
will result ii a lowe-r productivity of the area. Con
trolled relerses throuqh multi-level outlet works can 
mitigate the problem, but would not help solve pro
blems caused by water diversion (Ref. 15). 

2.2 Land resources
 

2.2.1 Land use pattern
 

Acquisition of land for project purposes will result 
in change of the land use pattern in the affected area. The 
impacts can be cateqori ed ais minor (Ref. 1, 6, 7, 19), 
moderate (Ref. 4, 5 , F, C), 11, 16, 17, 20), and severe 
(Ref. 10, 13). 

Normally, land acquisition will result in conversion 
of land ownership from privet, to public. Land uses can be 
channed from mostly -iouriculture pursuits, including cropland, 
woodland, vegetation, i]i v.;tock, wildlife, and waterfowl 

habitats, to those or reservoir nd project facilities, road 
and utility relocatioi public use areas, recreation, and wild
life management. Land may later be used for industrial and 
rural development. Possie impacts of change in land use 
pattern are reductio;:; of ajqricrltural production and losses 
of wildlife habitat if! thei rea. In addi.tion, there may be 

a continuinq conversio;. of agricultural land use to urban 
use as population increases. Those impacts can be offset by 
benefits derived from activities related to the project.
 

2.2.2 Erosion
 

During construct ion per iodh;s, erosJoii can he causf-d 
by clearing, earthinovirg, rel,-icatiori of facilities, scarifi
cation, landscapinij, and qeneral site cle-an-up operations 
(Ref. 8, 10, 13, 10). Alter construction, denuded areas such 

101 
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as river banks, leftover borrow pits, and other exposed con
struction sites, will be subject to erosion when runoff passes
the areas (Ref. 4, 6, 8, 10, 20). Release of water from the 
reservoir over the spillway will tend to erode the streambed.
 
Land erosion is dependent o!i the characteristics of the soil,
 
climatological conditio:is, -ind tonpography of 
 tho site. 

Attendant effects of erosion ar( losses of fertile 
topsoil, increased ttirhidi ty in the- river, and dp,;)os;tion of 
the sediment in the strear :td. After the reservoir fills, ero
sion damale in the area below the maximum pool elevation will 
be much reduced since the area will be inundated (Ref. 16, 18, 
20). 

Several measures are recommended for mitigating soil 
erosion. Upon completion of costruction, borrow areas and 
exposed cut and fill slopes should be graded, sloped to drain, 
and seeded with propetr grass (Ref. 8, 10, 13, 18). Application 
of chemical adhesive:; to the disturbed surface is also recom
mended (Ref. 8, 13). Where possible, the topsoil should be 
removed, stored and replaced to provide good soil base for 
restoration of veqetativo cover (Ref. 13). 

2.3 Air pollution 

The major air quality impacts associated with impound
ment development occur -is a result of construction operations.
 
One of the noticeable types of air pollution at construction
 
sites is particulate matter such as dust and smoke (Ref. 1, 3,
 
6, 11, 13, 18). Construction activities which may result in
 
dust pollution include clearing and grubbing, excavation,
 
blasting, cement production, and movement of heavy equipment.
 

Air-borne particulate r-ittor can be produced during 
the construction stages by eoissions from hevy equipment 
(Ref. 1, 3, 13). This typo of air pollution may result from 
motor vehicles coming to the recroation areas after completion 
of construction. Another source of particulate matter and 
other air pollution is open burning of wood waste from 
clearing and grubbing operations (Ref. 1, 4, C, 17). 

In most cases, effectn of ,ir pollutioi, ,re. considered 
temporary and insignificant. Dust problems are suggested to
 
be minimized by proper construction practice, frequent sprinkl
ing of roads, parking lots, and construction staging areas 
(Ref. 4, 13). Implementation aid reinforcement of Sta e and 
Federal laws is believed to minimize motor vehicle emissions. 
Open burning should be allowed only when it is properly con
trolled (Ref. 4, 6, 1'). 

2.4 Noise pol lu tir. 

Noise pollution gIenerally occurs during the construc
tion periods by on-site ,,nd on-road hauling operations and 
construction of project facilities (Ref. 1, 3, 4, 13). 
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Increased noise levels may also be caused by rock blastinq. In
 

addition, noise pollution can be created by recreational faci
lities (Ref. 11, 12, 15, 17). Normally, noise disturbance due
 

to construction will be most severe during the night time,
 

Noise pollution impacts are generally considered short-term. 

One adverse effect of increased noise level caused by rock 

blastinq and heavy equipment "s the disturbance to wildlife 

in the vicinity of construction sites. This may result in 

severe reductions of wildlife population in those areas (Ref.
 

4, 13, 18).
 

3. 	 Eceofoica efec ts 

3.1 	 Aquatic_ hioloqy 

3.1.1 	 Fish 

(a) 	 Effects of inundation of upstream river section: 

Impoundment will result in inundation of certain 
stretches of rivers upstream from the damsite. This 

will brinq about a change from free-flowing, relatively 

shallow, riverine conditios, which are suitable for 

stream fish and aquatic insects, to deeper and slower 

moving water, which are moce appropriate for lake and 

deeper species of gjame fish, rough fish, and forage 

fish (Ref. 2, 4, 5, 6, 7, 8, 9, IC, 13, 14, 15, 16, 17, 

19, 20). Fish that ar, adapted to the reservoir condi

tions will be substituted for some fish species that 

are currently adapted to stream conditions. Thus, 

inundation o! the upstream section of river will cause 

a reduction in stream fish population and an increase 

of reservoir populatior. 

(b) 	 Effects of impoundment: After initial impoundment the 

productivity of the impounded water will increase 

sharply due to released food from decomposed inundated 

organic matter and due to increased nutrient levels in 

the reservoir as the consequence of decomposition or 

releases from inundated soil (Ref. 6, 7, 20). In 

addition, deeper aid slower moving water of the reser

voir will provide more favourable habit ,ts for sport 

fish (Ref. 4, 11, V3, 19). The number and weight of 

these fish should greatly increase during the first 

year of inundation and, with proper fishery management, 

game species are expected to be able to sustain an ade

quate populatLon, reaching a peak productivity 3 to 10 

years after initial impoundment (Ref. 12, 15, 16). After 

initial periods of high fe-rtility, fast growth rates, 

and good population, game fish species have to complete 

for food arid cover with the native rough fish species. 

During this period rough species may become! dominant 

and sport fishinig in the reservoir may decline (Ref. 

15, 16). However, the total harvest of fish should 

remain substantially higher than it was in the river 

before the impoundment (Ref. 4, 6, 7).
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(c) 	 Effects of drawdown: Drawdown caused by operation of a 

reservoir can affect standing fish crops and spawning 
grounds for resident and migratory fish. The effect can 

be adverse, neutral, or slightly beneficial (Ref. 1, 8). 

Occasional extreme seasonal fluctuations of water levels 
may have a detrimental effect on fishery by hinderinq 

fish reproduction, thus causing continued need for 

stocking operations (Ref. 12, 13). Extreme drawdown 

can curtail productivity of the trout fishery in the 

reservoirs by creatinq undesirable changes in food 

productior. and wate- temperatures (Ref. 16). Control 

or mniipolation of pool levels is expected to enhance 

spawning and hatchinq durinq certain periods of the 

year and can retard undsirable species (Ref. 16, 17). 

(d) 	 Effects of b.lock_, e ajd physical damaces: Dams usually-
block normal passage oT fish up and down the river 

stretches. This could reduce or elininate stable 

spawning areas of anadromous fish (those ascending 
rivers fromi the soia for breeding) (Ref. 1, 3, 7, 10, 

14). These fish specirs would be reduced because 

there is no suitalch spawning area or because fish 

spawn in unsuitablo are-as where eggs would i ot incubate 
(Ref. 3, 10). To mitigate the problems, fish passage 

facilities may he installed. Stocking programmes in
 

the reservoir are(a may also be desirable (Ref. 1, 3, 7). 

Physical damares of fish can be expected in the 

reservoir where- hydroelectric power is generated. 

Injuries and mortality of juvenile and adult fish will 

be more severe. when the water passes through turbines 

than when it passeos ovr a spillway (Ref. 3, 16). 

Similar damaqes can he caised by the pump turbines 
used in pump storage piojects (Ref. 4). 

(e) 	 Downstream fishery: The quality of water released 
from a reservoir is important to the fishery down

stream from the damsite. Releases which are relatively 

sediment-free- will enhance productivity of the stream, 
thus becoming beneficial to the downstream sport 

fishery (Ref. 12, 15, 17). Normally the quality of 

released water is expected to be better than the 
inflowing water. Tempering of extremely high tempera

tures can significantly lower temperatures in the 

released water (Ref. 10, 12, 19). In addition, con

trolled release will result in more uniform downstream 
flow, thus decreasing high flows and increasing low 

flows (Ref. 11, 16, 19). All of these conditions
 

will provide an aquatic habitat more conductive to 

increased production of aquatic organisms, and an 

increase -n carr-yini capacity of the stream for fish 

will result, especially during warmer periods of the 
year and during periods of low flows. 
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(f) 	 Estuarine fishery: The estuarine fishery can be effectcd
 
by operation of the project. Reduction of freshwater
 

inflow to the estuary can increase salinity gradient
 
levels (Ref. 13, 15, it,), reduce flushing action, and
 
reduce nutrients to the estuarine area (Ref. 11, 15,
 

20). Changes in salinity level and decreased produc
tivity due to decreased nutrient availability will
 

result in a reduction of commercial and sport fisheries,
 
especially during periods of severe reduction in
 

freshwater inflows.
 

(g) 	 Fishery management: Proper fishery management is
 

essential if fishery production in an area is to be
 

maintained. Monitoring programmes on key fish species
 
both prior and after construction are important in
 

evaluating effects of the project on fish and in evalua
tion of changes in ecoloclical conditions compared to
 

baseline conditions (Ref. 4, 15, 17). In cases where
 

the project has significant adverse effects on fisheries,
 

stocking programmes may be used to establish self

sustaining fisheries in the reservoirs (Ref. 10, 14,
 
15, 17, 30). Success of stocking is normally governed 

by the amount of available water in the reservoir at the 

time of stocking. 

3.1.2 	 Other aquatic life
 

Following the construction of a reservoir, the aquatic
 

environment is expected to undergo progressive changes until
 

an equilibrium is reached. There would be an initial surge 

in biological productivity in the reservoir due to release 

of nutrients through decomposition of submerged vegetation. 
The increase in nutrient levels will be reflected by increases 

in growth rates and abundance of species of micro- and macro

fauna. After a period of about 10-15 years, production is
 

expected to stabilize or decline (Ref. 11, 13, 15, 20). The
 

biota undergoing these changes include phytoplankton, 
benthic 	animals, macroinvertebrates, and fish.
 

During construction periods, siltation resulting from 

extensive activities will have substantial impacts on benthic
 
the least favourable habianimals. Fine sand and silt provide 

tat for these animals, thus causine temporary but severe reduc

tion of benthic populations (Ref. 13, 15, 18). 

Entrapment of sediments in the reservoir will result
 

in a reduction of suspended sediments downstream from the dam. 

This phenomenon is believed tc he beneficial to estuary pro
penetrationductivity as reduced turbidity will permit deeper 

of sunlight, thus increasing productivity of phytoplankton 
(Ref7 4, 11, 14). 

Increased salinity in the estuary due to reduced 

freshwater inflow may have adverse effects on productivity
 

of plankton, benthos, and macro- and micro-fauna by reducing 

their tolerance to the new conditions (Ref. 11, 14, 15, 20). 
/

/1 
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3.1.3 Aquatic weeds
 

Of the 20 statements, only five mention the possibility 
of serious aquatic weed infestation in the reservoir (Ref. 1, 
11, 13, 15, 20). Of these, only two expect the problem to be 
serious (Ref. 15, 20). 

The problem weeds are found to be saltcedar, alligotor 
weed, and water hycinth. These water weeds, if left uncontrolled, 
may cause extensive infestation in the reservoir. Adverse im
pacts of aquatic weed infestation include excessive loss of 
water by transpiration, restriction of navigation, interference 
with flood control efforts, drainage, Fnd wildlife programmes, 
prohibition of access to the shoreline, and deterioration of 
aesthetic values. The weeds may become competive plants to 
more desiraLle species of aquatic vegetation. The most serious 
effects will be imposed! on fish and other aquatic animals in 
the reservoir, namely depletinq dissolved oxygen through decom
position of dead plant materials and reduction of atmospheric 
contact with sur-S'ace water, filtering out sunlight, and res
tricting movement of fish.
 

Recommended mea.;ures to control water weeds include 
controlled manipulatior: of water levels and mechanical, biolo
gical and chemical methods. Mechanical methods involve clear
illy of the weeds and cutting with mechanical devices. Biologi
cal control can be achieveed 1y introduction of some types of 
fish living ot water weeds, such as Tilabpia mossambia. Con
trolled application of herbicides such as 2, 4-dichlorophenox

yacit acid can be used as a chemical measure. 

3.2 Terrestrial biology
 

3.2.1 Wildlife
 

Most of the reviewed statements mention effects of the
 
impoundment on wildlife in the project area. The effects can
 
be categorized as minor (Ref. 1, 7, 10, 12, 17, 18, 19), moderate
 
(Ref. 4, 5, 6, 8, 11, 14, 15, 20), and severe (Ref. 9, 13, 16),
 
depending on the present population density and the acreage of
 
habitat to be affected.
 

The primary cause of impacts is the inundation of
 
wilidlife habitat by the impoundment. This will cause loss
 
of land serving as habitat for a number of game species of
 
wildlife. Most of the wildlife present in the reservoir area
 
prior to the impoundment will experience immediate displacement
 
and will move to other areas for available spaces, while some
 
animals will be lost to inundation. In the new places animals
 
will encounter habitats already occupied by others of their
 
species as well as other species and there would be a brief 
period of adjustment. The overall effect is the reduction of
 
total wildlife population. The impacts can be long-term and
 
short-term.
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Other causes of impacts are recreation activities and
 
increased human activities associated with the operation of the
 
project. Permanent loss of some animals will result if they
 
cannot adapt to human activities.
 

Construction operations also have temporary adverse
 
affects on wildlife in areas adjacent to construction sites due
 
to increased mortality, noise disturbance, and presence of humans 
and equipment. Most of the affected animals are expected to
 
return after construction and restoration of vegetative cover.
 

In order to mitigate adverse effects on wildlife, proper
 
management programmes are needed. Land away from the project
 
area should be purchased for wildlife relocation and management.
 
Juridicious planning is also required to promote habitat for
 
upland wildlife.
 

3.2.2 Waterfowl
 

In most cases, creation of a large body of water by
 
the impoundment will provide suitable wildlife habitat (Ref.
 
4, 5, 6, 9, 11). For these areas, species present prior to
 
reservoir filling may use the area to a greater extent. More
 
shoreline birds will be present. Increased waterfowl populations 
will result because the r,!servoir will provide additional nest
ing and feeding areas. However, inundation of the shoreline 
present before the impoundment may result in reduced waterfowl 
habitat (Ref. 8).
 

3.3 Terrestrial vegetation 

Construction and operation of an impoundment project 
will result in disturbance and losses of terrestrial vegetative 
cover. Most of the statements indicate minor effects of the 
proposed action on vegetation as compared with the total 
vegetation production in the area of concern. Only a few show 
that the effect will be moderately severe (Ref. 9, 13, 14, 16, 
17).
 

Construction activities will, to some extent, cause 
disturbance to vegetation, while inundation will result in 
permanent loss of vegetation in the reservoir pool. In addi
tion, clearing procedures, vehicular traffic, future develop
ment, and misuse and abuse by visitors to recreational areas 
can further damage vegetation. The effects on vegetation 
include losses of timber production, reductions of native 
and cultivated vegetation, reductions of wildlife habitat, 
and increased erosion. These impacts cani be both short- and 
long-term.
 

To mitigate the problems, disturbance of vegetation 
during construction should be kept to a minimum. Measures for 
restoring vegetation, such is transplanting and reseedling, 
should be carried out upon completion of construction 
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activities. In addition, timber management programmes should 

be planned and integrated with wildlife management and recrea

tion programmes in order to develop and utilize forest potentials.
 

4. Effects on human uses
 

4.1 Water rescurces
 

4.1.1 Power ]cneration, flood control, and irrigation 

Power generation, flood control and water supply for 
irrigation ore the purposes of some proposed projects. They 

are normally beneficial to the proj<ct area since these acti

vities are aimed at meeting demands of the people and can boost 

economic growth of the areas involved. Hydroelectric power 

generation is said to he the cleanest type of power production 
(Ref. 3, 1U, 13), thus having relativkAy minor adverse impacts 

on environment. However, physical damages and injuries to 

fish and macro-invertebrates can occur as wator passes through 

turbines (Ref. 3, 4, 16).
 

Though provision of storage for flod control, water 

supply, and irrigation are desirable, this may induce alteration 
of downstream land use patterns. Downstrram impacts of flood 

control measures include reduction of damage from flood water 

and debris, prevention of loss of topsoil, and reduction of risk 

to public health due to damage of sanitary systems in event of 

flood (Ref. 10, 13, 17). Increased use of land downstream and 

urbanization can occur as the consequences Of rcduced flood 
risk.
 

Use of water nn irrigated lands ca lower water quality 
in the receiving streams. Pollutants accompanying runoff 
include sediments, nutrients, pesticides, and decaying vegeta

tion. Irrigation ret:urn flows in the form of drainage water 

may also contain higIh dissolved solids. Most of the statements 

reviewed do not indicate significant effect of runoff from 
irrigated lands (Ref. 8, 15). 

4.1.2 Recreation 

Recreation is one of mnjor purposes of many proposed 
projects. Thus recreation activities and their effects on envi

ronment are described in considerable lengths in the reviewed 
statements. In general, recreational activities include swimming, 

fishing, hunting, hoating, camping, and picnicking. Recreation 

can create problems of water supply and waste disposal. It 
can also cause increased stress on the area to j-ssimulate the 

wastes generated and increased traffic. Degradation of vegeta
tion and loss of topsoil can occur as the consequences of 

carelessness and neglect of people utilizing the area. More

over, human activities related to recreation can disturb wild

life species in the vicinity of the reservoir. 
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Proper management is required in order to mitigate
 
adverse effects associated with recreation, and waste control
 
management is necessary to accommodate intensive recreational
 
uses. Prevention of water and solid waste pollution can be 
accomplished by (a) education C4 people through advertisement, 
(b) provision of trash roceptables, (c) presence of custodial 
patrols, and (d) provision of waste treatment facilities.
 
Zoning of the reservoir area is also necessary to insu~e com
patability with vrious recreation uses.
 

According to the review, extensiveness of description
 
of recreational activities and their effects can be describe
 
as l.ow (Ref. 1, 2, 3, 6, 7, 1,, 18) , mediuz. (Ref. 4, 9, 10, 11,
 
14, 15, 17, 19, 20), and high (Ref. '3, 16).
 

5. Human effects 

5.1 Socio-econamic effect:; 

5.1.1 Fishery productlio 

Fish, ry prd,iction viaries directly with effects of the 
project on f i in the, reservoir and in downstream sections of 
the river, as previously described. Fishery production in the 
reservoir is r.rmally much better than the without-project con
ditions. Wher, unfavourahle conditions rxist, either in the 
stream or reser oir, fish prcduction ca-, be enhanced by proper 
stocking prograt ien. Is qeneial the net effect of a project 
is a sizeable net gain in fishery production. The beneficial 
effects can he c, ars ifiec as minor (Ref. 1, 5, 6 , 16), moderate 
(Ref. 8, 9, 10, 12, 15, 17), and significant (Ref. 11, 14, 20). 
Reduction of the I -e:nhwater inl lows to estuarine areas, which 
results in incre-ased :;alinity uiradient and decreased nutrients, 
can severely redice both commrcial and sport fishery production 
(Ref. 11, 20).
 

5.1.2 Agricultural procuction 

Effects of the orojects on agricultural production are 
mentioned, hut sot stres:sed, Lu the reviewed statements. This 
may he due to the maojar projct purposes which are normally 
not for agriculturil production. Acquisition of productive 
agricultural lands will rresult in reduced production, while 
increased water supply for irrigated lands will cause increase 
in production. In general, the e:ffect of the project can be 
categorized as minor (Re-f. 0, 9) and moderate (Ref. 8, 13, 19). 
In some cases, the effect is severe in a local sense and moderate 
on a regional level. 

5.1.3 Resettle:ment problems 

AcquisitLon of land for the project will result in 
displacement ancd relocatinn of residents in the area. People 
who must relocate will face auxiety, discomfort, and readjustment. 
Relocation may cause: direct or indirect economic growth. Land 
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values are expected to rise, and there may be increased work
 
opportunities. There may be gradual changes in some areas to
 
greater population density. Inhabitants who are used to or
 
prefer rural settings may be a(versely affected as a result of
 
the alteration.
 

According to the Federal laws, people displaced by land 
acquisition will have available to them replacement housing 
meeting established standards for decent, safe, and sanitary 
dwellings. Other requirements include payment of property taxes. 

5.1.4 Rural developiment 

Rural development is the secondary impact of the project 
occurring as a result of population growth in the area. This 
will cause some changes in life style of trie residentr. There 
will be a greater reed f or goods and services, in the vicinity 
of the project. L u:nuse of large number of people in the area, 
there will be greater variety of goods and services. Increased 
population will regu ire services provided by local governments 
to be expanded. Demands for more recreation can increase with 
population. This would result in Lncreatsed employment related 
to operation of recreational act tvfties, and ir: increased num
bers of businesses and industrial complexes. Social and cultural 
benefits may result fron improved community and recreational 
services. Adverse ncial and cultural effects would result 
when an area become overcrowded and from heavier traffic con
ditions, loss of veC-tat0ion, displacements, and disturbance 
and pollution during ind after various construction activities. 
However, there will be ,atconomic gains in the area due to increased 
income of the residents during construction periods. After" 
construction has been completed, labour requirements will 
decline, but labourers will still be needed for project opera
tion, Income of people may be enhanced by needs for services 
and j isinesses where recreational uses are intensive. 

5.1.5 Vectors and public health problem 

Only a few of the 20 statement reviewed mentioned vector 
problems and public health problems associated with them (Ref. 
4, 14, 15, 17). All of them ire related to species of mosqui
toes such as Anophelcs quadrimaculatus (a vector of malaria) 
and Anopheles trivitus (a vector of arthropod-borne encephilitis).
 
Mosquitoes are expected to breed in leftover borrow areas and 
marshes within the conservation pool and drawdown, in areas 
of stagnant water, and in areas with dense masses of hyacinth. 
To minimize problems. with mosquitoes, steps should he taken 
to eliminate pool formation caused by incomplete drainage of 
the reservoir during the dra.down. Swamps conductive to m-s
quito breeding should be cleared, filled, and graded. Con
trolled manipulation of wIter level is believed to control 
mosquito breedingr and larval production. Mosquito control 
measures such as application of chemicals may be needed. 
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Health hazards may develop from the construction and 
recreational activities Oue to wastewater disposal. Pit-type
 
sanitation facilities should be provided arid properly maintained
 
at these areas. In addition wnste disposal should be accomplished
 
in accordance with pollution control authority standards.
 

5.2 Cultural values 

5.2.1 Life style
 

Most of the statements mention possible change of life 
style of residents it, the project areas. The effects can be 
either adverse or ber-eficial (Ref. 4, 7, 20). They involve 
the disruption of existing social patterns, means of livelihood, 
or particular characteristics associated with work, recreation,
 

and social traditions of the area. The major changes which
 
will affect life style include removal of land from present
 
use, displacement of families, and relocation of transportation 
and utilities. Industrial, recreatioiial, residential, and agri
cultural developsents may also cause changes in existing life 
styles. Changes in life styles can result from socio-economic 
effects such as change in recreational a-tivities, out-migration, 
and increased uriemployment. 

5.2.2 Archaeoloqical values
 

Archaeological inforeation of the project area is an 
important aspect of environmental statements. Most of the 
statements reviewed mentiori plans for archaeological study and 
salvage. soe discribe archaeological evaluations and findings 
with relatively few details (Ref. 4, 5, (, 7, 10, 14, 17) and 
some in moderate detail (Ref. A, 11, 13, 15). Construction of 
the project will resilt in loss of some archaeological knowledge 
due to damages caused by canstyuction equipment and due to 
inundation. Damages cail also occur ilong the lakeshore where 
recreation activities are permitted. Adverse effects will be 

loss of information concerninq prehistory of the project area. 

In order to minimize loss of archaeological information,
 
complete reconnaissance surveys of archaeological elements in 
the construction area should be conducted by qualified archaeo
logists. Valuable zartifacts should be salvaged for identifica
tion. An appropriate timetable -hould be- provided; otherwise 
surveys and salvage operations might not be completed by the 
time the construction, heqi ms. 

6. Quantification of erivironiental effects 

While it is not possible to quantify the extent of 

impact on environmental resources without a great deal of 
subjectivity, for purpoae: of thi:; review a simple method was 
selected for cvaluatinci the cordir~tive importance of the 
environment parameters aid of effects on these both during 
construction and opeiation periods. As shown in Table 2, the 
information presented in the environmental impact statements 
were rated using the letters A, B, C, and D. The letter A, 
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which is assigned when an effect is mentioned only, is given
 
a weight of 0.5. The letters B, C, and D, represent respectively
 
the adequacy of discussion of the environmental effects, ade
quacy of proposed mitigating measures, and adequacy of field
 
work for supporting the evaluation. These letters (B, C, D)
 
carry equal weights, depending on their subscripts. For exam
ple, B3 and C3 will have equal weight. The weights indicated 
by subscripts 1, 2, and 3 are 1, 2, and 3, respectively. For 
instance, a parameter marked 2A 1 , 26 , 3C2 , ID3 (indicating 
this this parameter was mentioned or discussed in 3 eight of the 
20 projects) will have a total weight equal to 2(C.5) + 2(1)
 
+ 1(3) = 12. This total weight is called an "index of impor
tance" (1). Values of Indicens of importance are given at the 
bottom of Table 2,. Thus the higher the index value for a given 
environmental parameter carrlies, the more important it is indi
cated to be, based on the information on the selected 20 pro
jects. It should be noted that the ratings were made based on 
the information given in the environmental impact statements,
 
regardless of the stated purpose of the project. 

Assuming the proje-ct purposes are not considered, the 
order of importance of environmental parameters, placed accord
ing to the indi. es of irwo rtiince, were found to be as follows: 
water quality (I = 86), fJ. h (Ui3), wildlife (64), recreation
 
(53), aquatic animal: other bhan fish (5), land use pattern 
(42), etc. Ranks of imert-nce for other environmental para
meters are given in the i,7t ow (,t Table 2. Thus it could 
be said that, for the par'-mi-ters which are indicated to be the 
most important, prJio-iL7y vi"ld be given to them in environ
ment assessment acti\vlio-s prior to project construction. 

7. Summary 

Environmental impact 21 t(ements prepared for a reser
voir development project i% thc. United States normally include 
almost all environmental pi- a:eters shown in this report. A 
careful preassessment of environmental impacts likely to be
 
induced by a proposed project is essential for proper design
 
and planning to help ellevi-rte the expected problems. As a
 
consequence, the project :onfntruction and -peration can be
 
made as economically beneficia?, as possible and at the same 
time adverse impacts on Qh- ex. sting environments can be kept 
to a minimum. 

On the hasis J ec;veritv of adverse effects and exten
siveness of the effects be.ing described in the reviewed state
ments, ranking in orddetr of importance of environmental para
meters will be water quality, fishery, wildlife, recreation, 
aquatic animals other thtn fishi, and land use patterns. These 
parameters should also be studied and evaluated with more 
attention than other lesf important parameters. 

It can be seen from this review that some parameters, 
which seem to be of major c'incern in Southeast Asia, are not 
much stressed in the cnvj;:nmental impact statements fer 
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Bonneville Unit. " U.S. Bureau of Reclamation, Department 
of the InterioL, 'Jashington, D.C., August 1973. 

(17) 	 "Gathright Lake, Jackson River, Tames River Basin, 
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1974.
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ANNEX A 

TAI3LE 1 

SU1JIAJIYOF IiOPOF! ACTILL; ANMDPRWJFCT FURCTIONS 

RfNo. Reservoir Decription 
Capacity Area, Shoreline 

Acre - feet Acren 14iLcs 
Floc,] 

Control 

-JProject 

Water
I 

:;upply 
Irriia 
tion 

Functions 

* 
I o',- r 'I 

Pecren-
tion 

FiLq i 
Wildl 

A 
f , 

1 845,000 12,425 20 x x x (75) x x 

2 24,580 287 20 x (m) I 

3 11,00)0 - 13 x(410) x 

4 400,0W0 (,800 400 xx 

5 410,000 15,00 - x x 

6 126, 10,500 - x x 

7 375,00 25,800 53 x 

F 103,000 4,650 I x x 

9 107,500 4,750 10 x x 

10 315,000 3,440 - x x x (49) x X 

11 479,000 1f,270 (0 x x 

12 357,000 5,675 x x x x 
13 2, 1 CCO 35 jO ) x x x 

14 - 0O r 70 x x x 

15 1400 12,500 125 x x x x 

j(, x x (113) x x 
17 20 3, (I) 3, 1 1) x x 

:3- 51) 36,5 x (1,000) 

19 1,600 5 x x x 

20 1,O3,OOC 17,400 xx 

Totil Number of Irojects 10 10 5 9 14 14 

Nfotes 

x Ireposed functior, 

- Values in pa.rentiecoa are in negwaatte 

a - A project compoed of 10 reorvoirn which have a total gtornj/e capacity of 
more than 2,0G0,000 acre-feet 

/
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