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ABSTRACT

Case study of the Pa Mong Project (Tha%}and); [environﬁéntal aspects

/ - b "
The study presents the principal ecosystemic implicatibns of

[
dam and reservoir construCtion - categorized by physical btological L

and human (or socio-economic) ‘effects - "and introduces the broad
euvironmental objectives of_the Mekong Committee in river basin. .

development, Y - . N

" The construction of the Pa Mong dam will have far~-reaching : :' 5
impacts involving human, water gincluding fiah), land, mineral, fofestty ;'.; ﬁ
_resources and Vildlife. Several investigations have beeq,conducted. - QJ};;
and estimates made in order tb.anficip&te the impacts of Pa Mong on

“ these different resources, and evaluate the future socio-economic E 1‘1_’ff

potential of the area, within its ecosystemic and environmental capacities.
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?«“\ " Efforts to: increase energy and food suppl:les i many/countries ‘
have manifested themselves in recent years in the progréssive enlargemeht'
" of the- waterscape threugh the construction of dama and the cr:eautoﬁ of m—ﬁwde |
' lakeas - This incredse in ared of standing watér on- earth has beén, obviousﬁy,
. at the ‘expense “of  land surface area and. lineal 1ength of flowing waters.
Inherert 'in this shift from Iandscape t:o waterscape "are a vast mmber ‘of ¢
inter-rélated ecolbgical ‘changes, - These ecologidal changes directly or e
: ‘dndirectly einbrace a11 of the ma,ny 1mpacts of dams and theit reservoiré., .
In many instances, dams around the world have. scored hlghly in the achim-“ ’
ment of ‘purposes for which they were _constructed and have generated dnﬁrece» -
dented benefits. .Some have failed in more ways than ome, and have cra&md
unanticipated costs and woes which have become severe restraints to.’ the tes-» .
lization of the full social and economic potential of those dams, - An analyais
~of causes for successes and failures has shown that usually one-or more of ;he
following reasons have been respons:.ble for the failure to realize all the- po'tem
tial planned benefits from dam construction projects: (a) lack’ of perepm:t:lvc . :
on-the part of development agencies; (b) imperfect co-ordination among énd
within - ‘agencies 1nvolved- ' (c) .inadequate research on immediate and lomg=: .
range effects; (d) poor scheduling and {mplementation of relevant activitier
and (e) inadequate supply of technically trained manpower in. the country. A -

Lo

Nevertheless,' it should be recognized that like mining and the harvﬁ;jt'i{
of forest products, water storage involves certa:l.n ecological ‘costs that L
'society has to pay. ‘The over-riding factor in the selection and m:.mnmtidn
of water management projects must. therefore be the minimization of the Qcologicﬂé
costg through careful miltidisciplinary study, long-range platmtng, etainiug- \

of needed technical persamel, ‘and thorough, painstaking and, chmnologieauy

sound execution of the project. ‘ . o . R
 The extensive changes from landscape to waterscape are cOmparable in
‘many of their short-ternm and long-term environmental effects to such a mddm
natural cataclysm as the eruption of a volcano with its concomttanc bnrial ;"
" of land surface by lava and ash. A principal differeﬂce is. that man: eau choobg
the site and timing of water storage stmctures. Also, ‘he has learned,- &nﬁ
" continues increasingly well to learn how to turn- seeondary aeological e,ffeeg I; ;
into social and economic gains, This learning process haa been and cant;t.ﬁms
to be difficult, however, because of the exttem eouplexit:y of the: eeoaym

on which flcoding and 1rrever31b1y pemnent innndaticn have their effectsz.
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. Historically the\study, planning and logistics which precede,

i ~ accompany and follow the censtrucﬁion of major dams ha§e>hever-been edequate
A»' eﬂywﬁere in the worldi The challenge to the many ‘technical disciplines
'xff;5i .involved has perhaps never been'greatef for any other type of eeonomic

7 - developmeqt scheme, It is the intent to show in the followiﬁg‘peragraphs

\' the complexity of the ecosystems involved in change with the construction of -
' . a dam and to briefly outline the studies undertaken in the~MERong basin to
anticipate the possible environmental side-effects g0 that the negative = .
feffects could be offset and the benefits enhanced. It is hope that it will also
B be evident from this account that much research and new kinds of planning
7f7f nee§ yet to be done in order to maximize both the primary and secondary
v i penefigs»to'be derived from the creation of man-made lakes,

S 11. MAcmsmms VIEW OF ECOLOGY OF A DAM AND RESERVOIR

The cvereallecosystem on which a dam and reservoir exert their effects
‘ 13 composed of. three principal groups of systems - physical, biological and
- human or socio-economic (See the figure).

The physical system can be thought' of, for present purposes, as being
made up of, the sun and its energy, the atmosphere, water and the earth's crust,
o Solar energy 1s the key to the growth of green plants, the ultimate source of

fopd for all animals., It is also the basig for the hydrologic cycle, eva= .
féqreting water from the surface of the earth to be redistributed in precipi-
tation.. The atmosphere is the'iransmitter\of solar energy, the transport -

mechanism for water in a large part of its cycle, the retainer of oxygen
required by living organisms, and the vehicle for the carbon dioxide used ’
b§.p1ants in the manufacture of their tissues through internal 1nteractiens
of sunlighty chlorophyll, water and chemical elements in solution. Water
1t§e1f ia‘reqﬁired by all organisms for their life procesees and water and
its hydrological cycle are important to man in transport, clectric power
genefation and production through agriculture, aquaculture and manufacturing.

AAK‘ ~ The earth's crust 15 on its surface the habitation of men and a ~
multitude of other kinds of organisms. It also provides the soil for agricul-
- R ture, -the storage place for ground water, minerals for their many uses and
the basins for lakes, ponds, rivers and the oceans. Although the earth's
) crustel system responds to the environmental shifts inherent in changing it
FONEI fram landacape to waterscape, the response is relatively far less evident to
”‘>ﬂ ‘Qtﬁhe untrained observer than that qf the hydrological and biological syetems.

!
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SOME_POINTS OF IMPACT OF A .DAM AND RESERVOIR
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Atmospheric System '

(2) Local weather and
climate

Hyd”01og1ca1 System

/ﬂ(B) Groundwater
(4) Sedimentation
{5) Erosion
{6) Physical limnology -
(7) Vater balence
(8) Water quality

Blological System Aquatic

DAM
AND
RESERVOIR -

\f\\\\\‘S\‘. Earth Crustal System

(1) Earthquake

A" . Biological SyscemlTerrﬂst;ialri

{9) Substridte for aquati
production
{10) Useful aquatic plants .
(11) Nuisance aquatic plants
(12) Useful aquatic animals
(13) Nulsance aquatic animals
(14) Rare or endangered species
(15) Intentionally introduced
spécies - ‘

(22) Resettlement
(23) Public health
.(24) Fishing

(25) Bunting

(26) Agriculture

(16) Cultivsble lapd = =
(17) Cattle ‘and other live-

stock g
(18) Big game. and other usefuL
animals v

" (19)\Rare or endangered species
(20) Nature preserves and game

_vepaxks 7, -
(21) Forest hatvest and clear-’
ance L
v
Human System

(27) Livestock production  (32) Urbanism -
-(28) Manufacturing (33) Transport -
.(29) Service 1ndustries . (34) Education ~* .
(30) Comerce . , (35) Historical
(31) Tourism and recreation - - - “continuity
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-The biological syétem is the natural factory which, through the

1ife processes of aquatic and qértestrial plahts and animals, harnesses

solar energy and transfers it to nat\;rai resources that are used as food,
fibre and industrial raw materials, . A key to the perpetuation of this
system is the re¢ycling of energy and organic and inorganic materials

 through physiological processing, death, decay and redistribution. Pro- \ 

duction by this sybsystem is unusually sensitive to changes in the physical

_environment = both sudden and long-term, ~ Consequently there are found here

many of the secondary effects of reservoirs which in turn directly and
ind:lfegtly. and 8o importantly, affect the human part of the ecosystem,

The human system is composed of man's production activities and |
of his social and cultural institutions, ail efxvironmentélly dependent and
in turn affecting the enviromment., Principal production activities include
hunting, fishing, agriculture along with forestry and livestock preduction, ’

. aquaculture (fhe aquatic parallel of agticulture,’ thus importantly aquatic

pflant‘and animal production and especially, intemsive fish culture), the -
manufgeture of goods and products and the commerce and service industries
defiving ‘t:hgrefrom. In’ ‘the human system, sociel institutions embrace health,
»edpca{tion eand general welfare services, communication including transportation
and cultural and institutionsl contimuity 6_f historical value. .

‘ It is within the b:"oad framework of the three preceding parts of

the over-all ecosystem and their many components that water mphagement schemes,
/includiﬁg the ¢construction of dams have their abundantly interdependent primary
and .éecondary effects. The physical, biological and buman components of the
over=all econystem are affected both at the site. .of a dam and reservoir and

fot;: varying distances off the éite - upstream, downstream, in the general

-vicinity and even far away. On-gsite impacts include those that are engenderéd
' in covering the river channel and valley with water. Down-stream effects

centre in those that derive from the basic changes in timing of discharge,
alteration of peak discharge volume and différences in chemical and thermal

. properties of the watér as a result of its temporary storage. Upstream

effects centre in those that arise from the dam as a physical barrier to fish
‘movement and to stream navigation.
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Since the environmental and social impacts of dhms and reservotrsn,

. can be 8o complex and far-reaching, it is of. unusual importance that f;"}ﬂ C
such, impacts._ be most caxefully stndied,and evaluated bafore fﬁnnl deeisions ’ﬂ; ;lt
are made on feasibility, and. on when and where. to. s;art constructionw };bhr~jf : ﬁ;i
. The barest minimum of involvement bf(supplementary technical experuiSe. :
.. during the earliest thinking and planning atages will inqlude a broed-'“f
guage. and experienced ecologist and a sociologist,. ! Such experts wnrkin C
with the engineers, and economists will ‘be able to guarantee that, enVironr FVGN’*é o

mental and. human considerations receive ever-improving ampunts.’ and'qnalityg' ‘
of attention,’ ibgether,,furthermore, they will be able to evaluate alternas SR
tives to constructing a dam, - Obviously, declsions to build dams shotild no

longer be nnde solely on economic or political grounds. I ) !

&!

On the basis of existing knowledge it is possible fairly to define

in advance the character and scope of many of the 1mpacts of a dam and -
‘reservoir. There may be others which have not been studied sufficiently e iyl’, {ﬁ
to enable definition and predictlon in advance; this is eSpecielly‘true ‘ B
in the tropics where so much new opportunity exists for water resource manag£~ }
ment., The annex’ present's a checklist of probable 1mpacts of dam constructlon. \?fg
In presenting this 1ist it is not the intention to suggest that all these ot jf yibg
impacts are attribu: able to each new or projected river development scheue, R .
Ecologically speaking, each river system is unique and environmental effectsf

of modification/development of aquatic ecosystems cannot be extrapolated E ' H'y?i
from ome ecological zome to arother; even within the Same geographicaf regfuﬁdﬁ i'if
water systems can differ greatly in terms of response. Therefore, At 1¢ onif‘””‘
through properly plamned investigations in the particular river: syséem‘té be
developed that it is possible to anticipate problems and arrive at solutious

before needless ecological damage, economic loss and human stress are '’ .. {“ﬂy” -

14

14 . f I P

engendered. O SN
III. ENVIRONMENTAL PROBLEMS OF PA MONG : C

Economic benefits and environmental effects of a dam, as stated ;‘f‘j;‘ng;ﬂ
earlier, are felt far’be?ond the location of the dam 1tself'and therefofe - lfjifg

for incorporation of environmental considerations, planning has to be done - S ﬂr
in a comprehensive river basin context rather then for 1ndividual dams. In ffl“
view of thisthe "Mekong Committee " has adopted a comprehenstve.lntegrated N :-‘f ot
development approach for ‘the whole basin in planning for'the Pa Mbng and ‘

other. dams. For-incorporation of environmental cuncerns in planning it 13
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B also. necessary to estabiish goala fo: environmental conservati‘na The nature

s e ORI RS o

state of development of the country concerned. The "Mekong c
mental goal is conservation of. productiv1ty of the primary resQurees, namely

water, land and man. Ecological investigations and: environmenu enhaneement
-projects of the Committee have therefore the printipal aim of ascertaining

lthe impacts of development on these primary resources and then to implement

appropriate measures to'maximize beneficial, and offset harmful effects.

_ Brief accounts of some priority environmental problems investigeted follow.

1. Human resources

" Resettlement. Construction of the Pa Mong dan will necessitate

resettlement‘of between 200,000 and 500,007 people depending upon the size of

" the dam and the reservoir configuration. Within the reservoir area, 50,000 to

100,000 ‘ha of paddy will be inundated and large areas of upland crops and
human habitations will be squerged. While the cost seems high the ultimate
benefit to the fodr r1par1an nations and to millions of people, is many

- times higher. Nonetheless, resettlement is- perhaps the most difficult socio-

‘economic problem facing the project. Therefore the Committee has sponsored a

large number of studies to evaluate the difficulties involved in resetting

J\auch 8 large number oflpeople. The history of other resettlement projects

7/

i

. has been reviewed, pilot projects have been established, resettlement alter-

nativea:have.been examined including/the use of recservoir fringe aress,
reserﬁbir fisheries, mo#ing to uplands, purchase of private farm lands else=~
whete and urban employment. The real costs of resettlement have been‘compre-
hensively examined. Thus, step by step, the Mekong Committee's work is
‘eyolving what it is hoped would be a competent approach to solving the many .
difficult socio-economic problems. Pogsibly the most important factor is

‘the decision taken to set aside an adequate amount of money, at the outset,

“to cover all real components of resettlement costs;

One method of minimizing the resettlement problem would be. by excluding
certain areas from the reservoir through‘construction of exclusion or protection

works. The Pa Mong optimization studies examined various reservoir configurations

’ Republic from submersion. Schemes for excluding either or both of the Nam

Lik end Nam Mong arms of the reservoir were also examined. After takingi

. - . /into

with different dam heights and evaluated the possibility of protecting the populous
QLoei velley in Thailand and the Vang.Vieng valley in the Lao Peoole's Democratic
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. into account all ‘costs and benefits," exclus10n of the Nam,.iik and Nam. Mong .
drainages, and protection of Vang Vieng and Loei ;" were found to-be economically ’_':1
not Justlfied because exclusion of Nem Lik and Nam Fong drainages from the ' '
reservoir would eliminate most -of the progect s irrigation potential in the . -
Lao Pgople's'Démpcratic'RePublic‘and Thailand respectively and protection of
Vang Vieng and Loei involve complex enginecering solutioms to eﬁsqfe adequate
drainage of the areas following construction df the.protecpioﬁ measures. The .° :
economic studies associated with the Pa Mong optimization have -therefore bgen . o,
" based on the assumption that no protection or exclﬁsion measures‘woqld be téﬁén; j’i{y

Socio-econcmicé. Construction of Pa Mong dem will have profound -

1mpacts on the socio-economic conditions of the rural'populatxon dawnstream.
New technologies will have to be applied, attitudes, habitsg, customs and socidl.
institutions will have to be transformed to suit new farming methods, ‘and R A
lifestyles. The "Mekong Committee” is acutely concerned that the quality of e
life of the affected rural farming pépulation will in fact be impibved b§ \ L f‘*f
the‘project, as intended.: This concern is reflected in the large numbér of x:t‘ ;
studies executed to understand the existing situation of the pépulatioﬁ, to . f",;;
" forecast the socio-economic impacts expected to result from copstruction of -
] Pg Mong, and to establish a basis for realistic project planning. Because of Co- : O
the admitted complexity of achieving chang;s in.socio-economic patterns on.a )
massive scale, the "Mekong Committée” recognizes that the transformetion mustA s -
Be achieved ift progressive stages. An eSSentiél basis of the whole programme ‘
is the planned system of pioneer agricultural projects, now Seing 1mplemented;'\n ‘l%.
‘These will involve 2 series of full-secale farming communities organized coe ‘
to practice and to coexist with the new agricultursl methods at seiécted -

sites in thexlower basin where water is aveilable from either tributér& ‘ (‘ ‘ .i;f
prdjects or from the Mekong River. They have the objectlve of ensuring that
new concepts will result in higher productlon end in satisfaction both to the
farmers and to the Governments concerned The accumilated experience should
be adequate: to permit the Governments to make strategy décisions on such basic
questions as educational requirements, community facllities and new institu~ . ‘,;
tions (agricultural extension, farming co-operatives, . lending 1nst1tutions etc.).' -
It is also expected to provide the necessary exgerience for improving planning,ﬂ‘ﬁ if
and. ensuring effective implémentation of the proﬁosédflargé-scélejifrigapgd l ) '»;j;
agriculture to be associated with Pa Mong. ' o C

v’ ! 4

R B " /Urban ¢ 7




Urban deggloggggt.ﬁ Thefineviteble growth of industries, such as those'
. relatéd to ConstructionQ agricultural services, food processiné; mineral
extraction and processing, and agricultural inputs, together With population
increase reSultant on 1mmigration “from resettlement areas, will result in
increased urbanization. Following establlshment and Operatlon of a large
‘conatruction settlement associated wi*h the building of the- dam it can be
Vexpected that a substantial urban community will be established in the vicinity
\ of the dan site. Given the potentials in the region for both the agro-industries
-and mineralxinduetries, and considering the policy of the Governments towards
_ decentralization of industry, a whole new city can be expectedfto be established
near the dam., This new city could also play an important role in meeting
tesettlement demands. It may well be opportune to include the planning of
such a city in the project from the beginning so that streets, parks, schools,
temples, water supply, electricity, entertainment and recreation complexes etc.

will be adequate for future requirements.

‘Recreation and tourism. As one of the world's largest man-made lakes
in a tegion where lakes are scarce, Pa Mong will have considerable tourist
potential and much recreational appeal. The new 1ake will create\innumerable
" choice sites fot picnicking and camping as well as for water contact sports.
Recreation studies'conducted in 196% and 1976, ha&e indicated that the number of
visitors to the reservoir area would increase rapidly over the years. The
ultimate importance of this facet of the project will depend on the magnitude
of,investment made in developing recreational facilities. It is expected that
planning for recreation facilities preservation of natutel beauty sports, anc
. creation of national parks and fauna reserves, would commence as soon as

decision to comstruct Pa Mong dam is taken., .

Public health.‘ Malaria and schistosomiasis are among the major public
health disasters that followed dam construction elsewhere in the tropics.

Therefore, the Committee has given particular attention to these two hazards.,

~Me1aria investigations sponsored by the Committee were focussed on
field observationes at existing .tributary projects. These studies have covered -
all facets of malaria propagation from entomological aspects to epidemiological
data collections in order to determine the extent to which the creation of new
environments might establish favourable habitats for the proliferation of
disease vectors. Studies conducted at two reservoirs (Nam Pong and Nam Phrom)
in Thailand have produced no evidence of increased malaria hazard as a result
of these projects. Another aspect of malaria invegtigations of the Committee
v~ccmprised formlation of economical, yet effective, control measures for the.

disease at dam sites during construction-periods. : ‘i
| ) s , /Schistosomiasis

v
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Schistosqmiasis studies sponsored by the\Committee have révealéd that “fﬁﬁ
the disease is endemic in localized ereas of the basin, particularly in -’ ﬁ f
the region near the border of the@Lao People '8 Democratic\kepublic and Democtatic
'Kmeuchea. An intetesting finding of in&ensive research in this field is that
- the intetmediate hos't of the blood fluke (apparéntly a new strain of §5§£g§_gggg
]agonicum) which causes, bilharziasis is the tiny snail itgoglzgg gg;g ggg;;g,
"which is essentially a rapid-flowing water species. Therefore, it would appear
possiﬁle that water resource development in this region may not encautage the’
spread of the disease, unless the snail could adapt to the lacustrine enVirothg:~
of man-made lakes, or to the slow-flowing water environment of itrigatiqn /i
systems. In the meantime, a project to control the disease and the veptor whexe :
it naturally occurs has been prepared and is awaiting 1mplepentation. ' g

Other diseases that might proliferate as a result of water resourrp,i ;'}
develobment are, fpr>instande, liver flukes and lung fliikes in the Qiciniéy»
of reservoirs, and dengﬁe fever due to increased navigation and resqitanha B
increase in breeding places for the vectors in water storage cbnthinéﬁé»in' ‘ F5
boats. However, such possibilities appear minor when assessed in terms of © .
the present general lack of adequate puglic héealth facilities and Bérviceﬁﬂ o
in the Mekong basin. Nevertheless studies on these and other diseases .are -
in:progress in the Nam Pong region of the basin. B o ;P

2. Water resourges 4
Grggnd water. Ground water is very important 1in the lower Mbkons basin

as it provides an importantfsource of domestic and community’ water Bupp!y,‘ C i
and because discharge from ground water aquifers.comprises most qf,the dvy -
season base flow of streams. ﬁith the construction of Pa Mong thé downstteap
pattern of ground-water flows could change with beneficial consequences by
augmenting the total dry season flows. It is estimated that charg1ng of groun@*
water in irrigation service areas due to seepage from canals,»will result in 11
1ifting ground-water levels by 1 to 2 m in low lying areas and by as much as.3 .

to 5 m in uplands. In some areas this level increase might affect hyﬂraulic )

. and salt balance necessitating provision of adequate drainage facilities for
successful cropping. Increased charging of ground water in the Vicinity of the

reservoir should generally improve the availability of water from-local whlls.-A,g

B
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Eggg;;ggg&i_x. The ndneral quality of Mekong river water is excellent j;iﬁ
with respect both to total salts and individual constitueutm It is well suited - °
to all intenced uses ‘Some temporary changes in water qualitiy will take place '

- in the reservolr but the:quality of Water withdrawn for downgtream irrigation
48 not expected to be changed apprecisbly, Irrigation return flows however
-are expected to affect river water quality during the dry seanon. To gscertsin -
i;he mature and magnitude of such effects a basinwide water quality study. wﬂl
be conducted in' the near future,

N

The possible pick=~up of salt from year-round irrigation of the soils
of t:he ‘Korat plateau in Thailand, which overlies extensive salt formetisons.
Was also studied. No problem is anticipated as the salt strata genmerally 1ie
beheath the zone of ground water affected by irrigation. ’

'I‘he accelerated urban, 1ndustria1 ‘and agricultural development: expected
- o reeult from the Pa Mong development will contribute to increased water ‘
pallhtion if proper controls are not exercised. Anticipated population growth
will require urban and industrial intensification, with or without Pa Mong,
Jence the answer will be in establishing a reliable system which puts into
efﬁective use the technology by which water pollution can be feasibly controlled.

N Merience elsewhere has shown that such controls must be implemented as part
“otf the growth process. The "Mekong Committee " shouldbe in'a good positfon to

ass:lst the ripar‘.lan countries to establish the necessary programme ' of pollution
control in due time, '

The most important effect of Pa Mong on water quality relates to

: . eatzuatine areas in the delta., The present pattern of salinity distribution

will be -changed by increased fresh-water flows in the dry season which will

‘help: in repelling salt~water intrusion. In terms of delta agriculture, the _

effect of this is favourable'_ in terms of fisheries the effect is likely to. be

unfavourable to some salt water species.

Aquatic biology. Downstream of Pa Mong, deterioration in aquatic

"b:lol.ogicel resources is expected to be restricted only to the residual river

imdiately downstream of the dam. There is some concern that increased dry
seagon flows of fresh water in the delta may affect the extensive mangrove
swmt along the coastal area. As much of this extra flow will be extracted

'; for irrigation, 1t is unlikely that Pa ‘Mong itself will significantly affect
‘:the ccaetlv‘ine 'ecology. However, the construction of salinity‘inrruéion barriers,
‘expec"ted to be used as part of the eventual ithproved agricultural development

. in the deltas, could affect aquatic biological values in the area comsiderably.

L Such effects, wul need to be evaluated and taken into account as part of the

_ Qvoiving delta m:avem:tt plan. j
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. There could be ~explosive growths of aquatic weeds in the project o gi”
irrigation systems. While expérience in existing tributary projects has - .
not yet shown any serious problem the "Mekong Committee's“ researéh‘progrémﬁesf-"}nf

include studies to try to develop practical and economical control measures

suited to southeast Asian conditioné

2

: gish reproduction., Because of the economic and cultural significance.

of fisheries to the people of the basin, the Mekong secretariat has'underteken‘ “:ﬁ;
extensive fstudies to énticipate the impacts of mainstream regulation.' Pa Mong
will change present patterns of fish reproduction dramatically, both uggtream
and downstream. . Negative effects would include gross impairment of the existing
riverine fishéry downstream of Pa Mong for an estimated 20 km becausa of severe
river stege fluctuations which will occur in this reach of the river. Reduced*
flood flows will reduce the annual harvest of inundation fisheries, particularly y
in Democratic Kampuchea, and impair the breeding of some species, - Losses will ‘
also occur where existing aquaculture areas,’ primarily in Thailand and the Lao f{
People's Democratic Republic, will be converted to cropping. Annual fishery o ..té
losses would total about 15,000 tons Wlth Pa Mong 230 and up to.20,000 tons f~” o
‘with Pa Mong 260. u

Losses from changed aquaculture production in Thailand and the Lao . ifg;
People s Democratic Rebublic will be insignificant compared to the gains from .
increased reservoir fisheries, incresséd food production from lands reclgimed L
as a result of flood control, and increased aquaculture opportunities accompany-"ﬁg
ing irrigation development. It is estimated that in addition to the 82§ 000 ha h
of irrigation from the Pa Mong reservoir, more than 100,000 ha could be available
for fish farms. To utilize this opportunity for "irrigated aquaculture" the
Committee has initiated a programme of- establishment of pilet fish farms which
will form the nucleii from which. development of aquaculture in irrigation

service areas will radiate.

In Democratic Kampuchea the losses from the estimated 10 per cent - -
reduction of inundation fisheries will be largely offset by 1ncréased food ‘
production from larger cropping areas, and by systematic aquaculture programmesf
to improve varieties and yields of fish through fish farming and cultivstion

Y+ S

of‘fish in floating cages. ) N

_Some migratory fish species may be endangered by the effects of .
Pa Mong dam.on their vital behavioural patterns. The Mekong Committee.sf‘
programme will include research and development of facilities for'evolving/
practicsble systems for artificial propogation of 511 mnigratory soecies \
found to be endangered and sufficiently vaiuable to merit saving.
3 ‘/cher
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Other possible impairments to fisheries which were- considered included

possible reductions in marine flsheries dependent: on nut-ients dzscharged .

, by.lthe Hekong‘~system\into the South China Sea. Ctudies on this aspect
‘haveiindieated that there ‘will be'no significant change in the nutrient
RO discherge. The possible impairment of the very valuable estuarine fisheries,

.inciuding shellfish as welliae\fiofish, due to changes in salinity patterns

,‘ﬁérij\ (or in patterns of hydrology) was also examined., 1t was concluQed that Y
detrimentelleffects‘from increased toxic effects of agricultural chemical
regidues and pollution from community wastes discharges, would be gteater

‘ to tﬁt fisheries than the effects,of hydrological changes.,. Therefore water
w0 quallty monitoring and effective weter pollution control prdgrammes together
‘with large-scale aquaculture development to offset losses to natural. fisheries
would be necessary to protect and enhance the environmental and -biological

valuee of the river. Such programmes are already afoot..

S Reservoir fisheties. The Pa Mong project will comvert a‘letge stretch
of the ﬁekong' from a flowing river ecosystem to a lacustrioe one, Pa Mong -
?, . 250 will eliminate or reduce currents as far as 344 ke upstream from the
: damsite. Many of the existing riverine species will disappear from the.area ,

) . to be replaced by species that thrive in standing water systems. After a .‘
i . brief depression in fish productivity, stocks will rapidly increaee because.
: of proliferation of plankton that usually follows initial 1nundation, The

peak production leveIs might slowly decline between six. or ten years after
qu“7f’ filling of the reservoir., Afterwards production is expected to stabilize. .
%!ﬂ\i ‘ The “bloom'" in fish production around the second and third years will encourage

rapid settlement at the veservoir by human fishing communlties. Careful

o ) reservoir management and improvements in fishing technology will sustain high
yields and improve catch efficiency.‘ At present levels of efficiency the
reservoir catch from Pa Mong 250 would be about 25,000 tons.per year. -With
improved effioiené& this should increase to 55,000 tons per year, or more, »
The Cowmittee 15 now implementing pilot projects in reservoir’ management

3

-and development in order to evolve effective measures appropriate for present

and future basin reaervoirs. It may be noted here that the value of fish
A now ‘being produced in Mekong tributary reservoirs uch as the’Nam‘Pohg 1n
i o Thailand and Nam Ngum in the Lao People's Democratic Republic equals or exceeds

—

..the value. of power genetated by those dams.

/Reservoir

.
i
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- Reservoir ecology. In addition to the effects alﬁeady noted impouud~
ment will result in the following ecological changes in the lake itse1§

(a) Some changes will occur in water quality, especially in the daepet “;1;
areas of the reservoir which will becune anoxic, These changes '.;
'are not expected to influence agricultural use of the water though 'AE
there will be adverse effects on the immediate downstream fishary A

(b) Growth of water weeds especially water hyacinth will take place
due to nutrient accumulation in the reservoir,. It is recognized
that this could become a serious faetor in project operations. ’a L\lﬁ?

Therefore, a programme of research to develop practical and eoono» ’
mic control measures suited to conditions in the basin ia planned

(c) Potential disease vector habitats will be created in the lake, - .
Detailed studies thus far on this aspect do not indicete that & (%L
Pa Mong will produce serious effects in this regard; 'hoqever3 o
continued monitoring of the vector species‘involved and cheﬁkiﬂé”f x
of epid miological data in reservoirs alrveady constructed in the ~ -
basin is continuing which is expected to throw more 1light on

this subject.~

. 3, Land resources ' o f‘:; };

Geology and seismology. Numerous investigations relating to these - ”/4‘;‘§
aspects have been conducted. These studies indicate that geological formations #
are suited to the proposed dam and powerhouse, and that the proposed area is =~ 1
relatively free of eerthquake hazards, However there will -be significantrlandn,

- slide hazards along the eastern and southern rims of the Pa Mong resexvoir
and corrective control measures will have to be taken to ieduce these hazards. .

Mineral development. An integral part of the Mekong Committee's
‘programme for induatrial development in the ripatian countries has been exploring
and evaluating the extent of mineral resources. The programme has been bacin» (203
wide but gives primary attention to the areas of.northeast Thailand and northet&
Lao Peqple ] Democratic Republic. which could be readily furnished with power T;ﬁ
from Pa Mong and the existing tributary projects. ' ’




Jl"): a Very rich deposits of potash have been located in this area, Exploita= éxt‘
tion of this resource couId capture a substantial share 2f the market for potash 7 3
throughout southeast Asia. Preliminary indications are that Democratic Kampuchea i\*f
and southern Viet Nam possess bauxite, though probably not in exporteble quanti- |
:ies. Small steel rolling mills could be established in the riparian countries : V;
,‘ii With their needs being met from local iron ore deposits such as those found in

the Loei province in Thailand and Xieng Khouang in the Lao People's Democratic

i'i Republic. A ferro*alloy industry may be feasible in the basin using local

;manganese and quartzite ores, Another potential is the use of rock salt mined

a?éei from northeast Thailand for the manufacture of caustic soda and chlorine. In
addition to potash the rock salts contain large reserves of gypsum and possibly
magnesia.‘ Creation of the huge new reservoir and resultant availability of

?”f\ A plentiful power and enhanced transportation fac1lities, should give great impetus
i:{“.‘ to development of the mineral resources of the region, which, without the project b
x'&_‘ might well remain undeveloped. Mining and ore processing Operations will have
\': their characteristic adverse impacts on the environment‘and therefore proper
;’~§bntrols will have to be exercised for preservation of the landscape and

prevention of pollution of ground and surface waters.

Sedimentation. With the construction of the Pa Mong dam sediment will

he deposited at the head of each valley entering the reservoir. “The total
annual sediment inflow and depositior in the MEkong arm of the reservoir is
estimated at 160 million tons, Over a period of 100 years an estimated 13,300
;\l’ million m; of sediment will be accumulated in the resexvoir and the bed level .
E i‘ at the dam site will be raise& from 165.4 m MSL to 185,7 m MSL. This accumula-
J . ‘tion is readily absorbed within the inactive storage volume of the Mekong arm \
:95‘ ” (17 776 million m ) and will not affect the minimum pool level of the active '

storage (216 m MSL).

: “/ ‘ " Soils., The soil resources and soil fertility in the lower Mekong basin
‘QQ<}; could be expected to be significantly affected by reduced flooding, increased

. irrigation, increased water tables, szlinity changes, and new agricultural :

methods engendered by Pa Mong, Studies by the Mekong secretariat have shown

A that with foresight, .and reasonable management, it will be possible to protect
ths soils and enhance their productivity. In the irrigation. service areas
most of the soils are arable, and the non-arable soils including saline soils,

- have been excluded from the planned development, With proper use of agriculturai

'/cheﬁicals
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chemicals an&'water coutrol including drainage, there shnuld be nq,deteriotaﬁ,rff
tion of soil structure and adverse salt balances in the root zonee.\ ‘The .
principal soils problem will be attaining and maintaining soil fertility. e
Relatively high fertilizer inputs will be required for most of the project ‘Q
lands to attain the desired high yields. , £ ’

Silt degosition.~ The trapplng of silt in the Pa Mong reservoir, and
the reduct1on in flooding will reduce: the regular deposition of sediments’ ’
on agricultu¥al land downstream of Pa Mong. This has led to apprehensions
that soil fertllity may be impaired in the delta soils ‘in southern Vie; Neém,
and in'the back slopee of river levees, the chamkars, in Democratic Kampuehee.
Studies were undertaken to examine the mineralogical, chemical and physical

«

analyses of sediments and soils in the Vietnamese delta., It was concluded that'
the dnnual deposition of sediment does not measurably increase the fertility ,AQT
of the delta soils, and that water control will be the dominant factor by whieh T
large increases in delta agricultural product1vity can be realized, In Democratic
Kampuchea, suudles have detérmined that areas with an,efflcient colmatage qystem ;’
receive 20-25 mm per annum of sediment more or less constantly in the present
condition. With Pa Mong there will be some reduction in the normal pettern of_" $
this silt depoeition, th this can be largely overcome by the use 5£ engineered”ﬁ
celmatage systems designed to deposit silt at desired. places, rather*than depen-'

. ding on natural creeks which are only partially effeéctive, Also, with Pa Hong, o
the effect of the small reduction in silt deposition in the present chamkar - ,
areas will be more than offset by the considerable enlargement of the total

-

usable chamkar area. o ’ \ o

i

‘Channel degradation. Completion and‘operation of Pa Mbng w@lliregult‘f
"in considerable degradation of the stream and banks dovnstream from'the aamette,,J'
Clear water released frem Pa Mong wil} have the tendency and potepti?l to
pick up its former load of sediment by removing materiallfrom‘che\bed?end ‘
banks of the downstream channel. There has been considerable concern ebout “\;1
this degradatlon, especially in the vicinity of Vientiane and Nong Khai. -

number of studies have been undertaken to anticipate the rate and extent of -
channel degradation. Further studies are necessary to’ enable suitable procec-A’

. tive measures to be devised to suit specific needs. /




‘.,7and will extend a considerable . distance downstream, Scouring of the channel"
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It is expected that channel degradation will -oceur over. a long period

near the dam will commence immediately the dam is completed and will occur
mich-more rapidly than in areas further downstream, It is expected that
many’ decades Vill elapse before the degredation effect reaches its limit,
-or stable condition is attained, it is estimated that at the stable cOndi-
tionb channel degradation will average about 3 m of bed scouring and 100 m
of widening, The most recent stndies indicate that 67 per cent ofithe total
© wvolume ofAdegredation will take place in the 200 km downstream stretch imme-
- diately below the dam within 133 years, ' \ A

_ry : . 4. Forests and wildlife

LY
There has been considerable apprehension that the advent of Pa Mong

"'will speed. np deterioration of forests and wildlife, On reflection, however,

it may be realized that the threat to these ecological values is not from
.water resource control progects like Pa Mong, but from the unrelenting expan~
l.aion of population and technolcgj. Together these trends appéar to present
’Va dim outlook for the future of the basin unless a positive programme for
~salvaging the ecological values is instituted, 1t is believed that the
advent of Pa Mong could well contribute to speeding up the needed corrective
| measures given incorporation of, watershed and wildlife nrotection policies

in-the- management of this project. A ' -

With tegard to post-impoundment effects of the Pa Mong reservoir on’
"wildlife, studies have indicated that the greatest risk would be from increased
hunting made possible by improved access. Rational management of the watershed
'f would enable conservation of the wildlife resources, Watersheds of dams are
seen as excellent locations for encouraging rational land use, since in these
areas potential control and outside inputs are maximal. A beneficial effect
of the project will be that the reservoir may become an important place for

" sojourn of migrating birds; and a natural waterfowl refuge, supporting as
man§ as 500 game dbirds per kmz. Here again, effective controls must be
exercised~to‘prevent over exploitation of the game birds. The drawdown zone
may also provide a habitat for wild pig, deer and elgphants, while many
,epécies of large game may come to rely on the reservoir for their dry season

water supply. Pa Mong 250treservoi: would create more than 1,000 islands,

/34
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34 of which (totalling 16,600 ha) would be suitable for development of .
wildlife, 1If forest cqver.is maintained on theae‘islands they will provide
a natural habitat for wildlife, - \ -

4

Wwhile Pa Mong would eettainiy inundate a‘sizablé'area of forest it

would also provide alternative land use and econpmic opportunities, incentives . .

for watershed- management control, and establishment of national parks end -
reserves, thus affording opportunities for protectlng and enhancing both -
forest and wxldlife conservation, ‘

,“"

Flood control. An extensive programme of seasonal reservoir tegulationﬂ'5‘

-studies was conducted together with those for power: regulation, to evaluate
flood control potentials of the Pa Mong project alternatives, This was
followed by a comprehensive study ‘of flood control benefits including benefits
attributable to enhanced utilizztion of property. Possible potential dis-
benefits of reduced silt dep051tion and reduced fishery«potentials ‘were also
considered, On the basis of these studies it was concluded that benefits

from flood control a outweigh\the expected losses. ’

.
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The foregoing account is 1ntended to give ‘some idea of the depth
of environmental concérn of the Mekong Committee. "Many environmental ‘
studies have been completed, others ére in progress %gg yet'. others are

planned, Our aim is to ascertain as fulIy as possible, within the limits

of available technology, what the gnvironmental.qonsequences of the Pa Mong

e would.berand to evolve and apply measures to enhance the benefits and

ameliorate the adverse effects, This effort of the Committee may not result
in completely eliminating environmental hazards, but will certainly reduce
ecological costs. It is fortunate that there is still a cqpsiderable margin

’ qﬁ time left for environmental research before major physical structures are

to be built on the mainstream Mekong, That time is being used fully, 1In
the words of Mr, van der Oord, the Executive Agent of the Mekong Committee,
- "The Mekong Project which was conceived in the 1950s and which will surely
continue into the next century, is in fact an environmental improvement and
déveiopment programme, oné of the largest undertaken in Asia, and perhaps
in. the ﬁorld.‘ Everything that the Mekong Project touches has {ts environ-

‘mental implicstions and it is therefore worth recalling, at this time whéen

" 'the international media seem to render such activities deeply suspect, that
the purpose of the Mbkong Project is to harness the great naéutal resource of
. the waters of the Basin for the benefit of its peoples, This wi}l yiéld .-

benefits not only in terms of electric power, irrigation, and navigation
which can be made to serve directly the economic well being of the population,
but also' in terms of flood profection and control, water supply for all

.purposes, agricultural diversification and other benefits which will maké

life safer, bealthier, and envirommentally richer. In this regard it has'
been the concern of the Mekong Committee as well as my personal concern that
development goals for the Mekong Project should be expressed in terms of .
humaniwell Being, and not sihply in outputs of power and irrigation water

[Annex

1/ Extract from the speech delivered on 18 August 1971 at an ESCAP seniqaf
on environment and development.
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, \ cnzcm.xs*r OF IMPAc';_ 2/

. .. Impacts in the area of &mpoundmenﬁ- o l . ‘

-

1. Submersion of land areas

Mineral deposits; : ' ‘ . . L !

Timber and other valuable plants; L -

Wilderness areas and wildlife habitats; ‘ ‘ _—
‘,,Cultivated lands, grazing lands and potential agricultural land; )

Human settlements; ~ ’

Public buildings and installations' v :

Roads, railroads and gomminication lines; ' - -

Sites of historic, archeological or cultural significance' o

Sites of recreational interest.

2. Submersion of river stretches and assocliated flood channels

Fish spawning and Bfeeding habitats;
Breeding and living habitats for disease vectors which require running
water, e.g.

Simulium damnosum, vector of anhocerca SPPe ' :

Anopheles maculatus maculatus ) ) .
Anopheles minimus minimus ) vectors of ‘
Anopheles fluviatilis ,” ) Plasmodium spp.;

‘River bank and running water habitat for wildlife, including waterfowl,
fish~-eating mammals and their predators; ’

Scenic stretches of river with present or potential value for
recreation,

3. Formation of a large mass of water -~ ’ '

. Adds weight locally to the earth's crust with possible tectonic
consequences;
Possible modification of local weather (moderation of temperature
extremes, increase in humidity locally);
Habitat for waterfowl is created; .
Opportunity for water transport to remote areas,

4, Alteration and disturbance bf‘landscape at éonstruction site -

Erosion, siltation;
Natural plant and animal communities are altered or destroyed. ~

5. Creation of a léke ecosysten, hydrobiological events

A, Period of flooding after closure of dam:

River channel and nearby floodplains are submerged.
_ Large quantities of nutrients are released into the water from 3011
and vegetation. : ‘
‘ - ‘/Nutrient- B

a/ Peter H, Freeman, Large Dams and the Environment, (International
Institute for Environment and Development, March 1977),
. \ ‘
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Nutrient-rich water stimuletes growth of algae and macrophyces,
{‘ t , such as water weeds. :

B ‘Large quantities of‘decaying plant material deplete the dissolved
oxygen.

Fish requiring higher levels of dissolved oxygen die, especially
" gpecies found in fast running water.

- ) , Algae blooms continue to occur in cycles to cause successive and.
‘temporary eutrophication events, Some algae may be toxic (i.e.
Microcystis sp). Free-floating water weeds, if present, begin to
grow and spread, - ~

'

L " B. Rate of flooding slows as-lake spreads:

Nutrients continue to enter and enrich the water as additional land
19 flooded, but at a slowed rate,

- Oxygen contribution from tributaries decreases as a function of the
increasing volume of water,

o / Fluctuations between oiygen levels and biological oxygen demand may

S ‘ ' decrease, as primary productivity declines from initial high level.

‘Stratefication of water\temperature and chemistry begins as water

deepens.,

Anoxic conditions in deeper water may lead CO anaerobic decomposition
~and generation of hydrogen sulfide.

Free-floating water weeds such as Salvinia, Pistia stratiotes (water)
lettuce) and Eichornia spp. (water hyacinth) may spread rapxdly.

Adaptabte fish, especially planktivorous or facultative feeders may,
if present, thrive,

Near or shortly after attainment of projected water level and prior
to the establishment of a carnivorous fish population, there may
6ccur a8 peak in fish production,

~+  Ces Projected capacity attained as lake matures:

Drawdown zone becomes defined and is colonized by rooted emergent
plants (sedges, grasses, herbs), May become an important habitat
for fish spawning and breeding as well as for vectors of diseases,
such as mosquitos and snails, -

" Lacustrine ecology evolves in deeper water of the lake, with well
defined stratification of chemicals and nutrients.

/in
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In deeper water, iron and manganese may be trappéd and decompositionl“"

, -

af submerged trees and other vegetation will slow down in the absence
of oxygens .

s

Lake cycles begln to show seasonal lnfluences of flooding, temperature -

changes, and winds.

Food webs and trophic chains become defined and the establishment )
of a carnzvore population and human fishing may lower fish biomass.

The nutrient status of the lake stabilizes as contributions ftom
submerged land and vegetation diminish, and becomes determined by the
nutrient content of rain and inflowing water,

-

' Sedimentation‘begins to form deltas at the mouths of t:ibutary.streams;;

6. New lake ecosystem, human health events

-Increased exposﬁre among lakeside dwellers to endemic diseases trans-’
"mitted by water; water contaminated by human faeces and urine in
immediate vicinity of villages.

amoebiasis

bacillary dysentery

cholera - e
infectious hepatitis

Increased exposure to diseases through vectors whose habitat may be
increased in the lake ecosystem, especially the various snail vectors
of schistosomiasis, .

People attracted from other regions by dam construction activities
or fishing opportunitics may be victims or carriers of diseases.

Impacts downstream from the impoundment in river channel and flood plain

1. Modifies downstream hydrograph -

Reduces peak flows and floods resulting in decline of seasonal fish
spawning and breeding in flooded areas and decline in associated wild
life such as water birds and fxsh-eating mammals,

q

Reduces peak flow, channel scouring.

‘Groundwater recharge from flood waters ceases.

Flushing of debris and weeds from river channels, oxbows and flood

. plains ceases.

Reduces capacity for di;uting, flushing and trahsporting wastes,

/Increases -
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Incfeases and staﬁiiizes mininnm flow with varfious effects for waste

dilution, local ground water recharge, navigation, and water w;thdrawais:
for irrigation, hopies or industry.

,Introduces abnormal and variable flows caused by project operation,
such as creation of flood control space, periodic generation of peak
power, or exposure of shoreline to control the propagation of imsect
pests and vectors. .

1

Modifies river erosion

Causes shift from an erosion-deposition cycle to one of continnal ~
" erosion, Channel scouring and degradation take place immediately
downstream from the dam.

Reduction of peak discharges halts periodic transport of iarge quanti-
ties of sediment.

Channel stabilizes and vegetation may become established on banks'
channel may deepen,

|

Where not held by vegetation or protected, banks mgy steadily erode.

Flood plains no longer receive annual increment of silt.

Alteration of water quality
Increased salinity may result ftom evaporation in reservoir,
Temperatures are lowered during usual low-flow period,
Outflow may be turbid due to concentration of silt in density currents,

Water released from deeper portions may be rich in iron and manganese

but initially low in dissolved oxygen. /

Water may initially contain H,S.

i Augmented flow during dry period may improve quality by providing
more dilution, especially of irrigation return water,

Rapids may be created which produce breeding envivonments for Simulium
damnosum, vector of onchocerciaszs or river blindness in places where
it occurs,

Hodification of aqyatic<productivity and fisheries:

Seasonal peaks in fish production cease as consequence of cessation of
flooding and creation of backswamp fisheries.

Productivity may decline as consequence of negative changes in water
quality (turbidity; salinity, and fewer nutrients), /

\

Stabilized banks and bank vegetation may inctease productivity for
. some species and for wildlife,

Migrations of soie fish are impeded, ' - i [lgpscts’
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. fertilizers; contamination by pesticides is also possible,:

. discharged into the river downstream from project, with various fesults"}ﬁ S
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Impacts in Delta, Bay or‘Oeean e B o S f
. . : -y
Reduction of seasonal peak discharge stabilizes the freshwater~saline .. ' i
water boundary and salinity gradient with possible detrimental consequences
for shellfish adapted to a changing boundary and for species which heve R
evolved to migrate to or through estuaries during peak rtunoff, RN

Reduction of total inflow due to. irrigatxon or other consumptive with~ "i.,;%
drawals results in upstream displapement of the freshwater/salt water S
boundary. - o , » DT

Reduction or cessation of the seasonal flush of organic debris, nutrients A
and fresh water to the estuary and offshore areas is likely to cause =, . = ©
decline in aquatic productivity of these areas, s )

Cessation of annual sediment depos;tion leads to wave erosion of delta. '

" Increased farming in flood protected areas may result in higher nutrient

inflows to estuaries following application and leaching of chemical : «eff

'
v . Y

Lgpacte in Areas of Irrigation Profects

Flood control allows development of irrigated farming and establishment . -
of new settlements. Wlldlife habitats in reclalmed areas are lost. Tl

Application of irrigatlon water ralses water table, possmbly resulting
in water logging and salination if drainage is not adequate. .

[

Agricultural chemicals, molluscicides and salts in return water are -

I

Canals provide stable habitat for weeds and vectors of human disease.’

Distribution canals and diversion dams may provide recreetional uées,.
and water for domestic consumption, whether intended or not. :

Atmospheric humidity may increase locally, +

e L L L) ) .




