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Outline of Topography and Geology in the S_e-Kong Basin
Topography

Se KonEg River Basin covers the area on the westward of Annam Mountains which extends
NNW-SSE direction along the border of Laos and Vietnam. FEastern part of Se Kong
River Basin, which covers upstream are of Se Kong River (upstream of the vicinity of Se
Kong No. 4 site) and upstrcam are of Xe Kaman River (upstream of the vicinity of Xe
Kaman No. 1 site) and extends southwestward along the boarder of Laos and Kampuohea

is mountainous area having many pcaks of elevation 1,000 to 2,000 m. Especially, in
upstream area of Se Kong River the peaks hi.ghor than 1,500 m increase in nuﬁber and the .
highest peak (EL. 2,193 m) is in this arca. In this mountainous area valleys are g:onorally.
deep and slopcs are étoep. On the right bank, in the midstream of Se K_orig River; there is
a rise called Bolaven Plateau.  This Plateau extends NW-SE, about 90 kin 1_oog and 60 km
wide, The highest point on the Plateau is a peak located in the north of the Plateau with -
the elevation of 1,716 m. Most of the Plateau is ﬁat' or gentle sloped and sdme 1,000 min
olovation. Eastern flank of the Plateau faci.ng to Se Kong River is continuous highA scarp
which reaches 900 m in height.  Valleys on the Plateau are shallow. Rivers makes
waterfalls where they leave from the plateau and go down to the Se Kong River valley with
rapids. R T L _ L

Between the mountainous area covering the eastern part of Se Kong River Basing and
Bolaven Plateau, there is a depression where S¢ Kong Rj#cr flowing in a generaliy- southern
direction Se Kong River ﬂows the area oharactenzed by winding low Rldges indicating
the fold structure, and enters in the wide basin whoro Xe Ka.man Rwer and Xe Pian River

join, thor_x ﬂows gently down to Cambodia Border.

G_eology o

In the Mastcr Plan Stago most of- planncd sites are mSpectod from the sky by hellooptcr
Roadside for Xe Namnoy Site, from Sckong Town to Attapu Town are observed by car,
Outcmps along the Se Kong River from S¢ Kong No .4 dam site to Attapu Town and aiong
Xe Kaman River from Attapu Town to 54 km downstream of Xe Kaman No 1 dam site are
observed from the JICA s boat. Vicinity of Xe Namnoy dam site and So Kong No 4 dam

sﬂe are mvcstlgated on foot.
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Prior to ﬂrcsc field geological surveys, landsat image"of 1:500,000 of 8¢ Kong River Basin
have topograpically and geologicaly interpreted (Fig. 6.4-1).

The outline of geology of Se Kong River Basin based mainly on the geological map (Tien,

_P.C. 1988 scale 1/1,000,000 Fig. 6.4-2) and supplemented by the results of field geological
_ surveys and Jandsat image interpretation are as follows.

Se Kong River Basin is in the area technically stable after Indoéina'()rogcncy lasted from

Permian to Jurassic Time.

The mouﬁtainous area of the eastern Se Kong River Basin is underlain by the strata from
‘PreCambrian to Triassic Time. These strata consist of metamiorphi¢ rocks, sedimentary
-rocks and igneous rocks, and faulted and folded during Indosina and/or pre Indosina

Orogencies. Midstream- area of Se Kdng River and Bolaven Plateau are underlain by

Jurassic and Cretaceous sedimentarly rocks .whit;h are folded gently. Cenozoic basalts

o ov_crlié the viciniﬁes'of Bolvaven Plateau and the part of right bank of Xe Kaman River.
The gcologib sequence of the Se Kong River Basin is shown in Table 6.4-1.
" The engincering geological features of Se Kong River Basin are as follows.

] ‘Lirnéstone, gypsum ‘and rock .'sal't ‘are unfavorable rocks 1n term of keeping'
watertightness o_f the res.ervo:ir, gypsurn and rock salt is not reported in the river basin.

. Buf, _limesron'e-is a I_nember of Triassic and Paleozoic strata which are distributed in
“the rnountairioﬁs"area. ' Air’phbt_o, observation by hclicojater and information collected
‘during the last site vi_sit sizggest the distribution of limestone in Se Kong No. 4 site in

the upstream area of Se Kong River and Xe Kaman No. 1 site and Xe Kaman No. 2

site in the upstream area of X¢ Kaman River.

" . @ Distribution -or large scale collapse, landslide, thick talus deposits should be
mvestrgated in order to study siope stability- of the reservoir. ~ Fortunately,
topographles 1ndlcatmg these phenomena are not conﬁnned by airphoto, hehcopter

SRRy mspection and mte mspectron

' :Fault zones are generally rccogmzed ag !mcamcnts Thc mountamous area underlain

by thc strata older than Jurass:c have lmeaments recogmzed in alrphoto or satellite
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image, and faults shown on existing geoidgical maps. _In Se 'Kong' Ri_ﬁer Basin,'ENE-
NSW to NE-SW and N-§ to NNW-SSE liniaments are dominant. Each liniament is a
succession of segments from several to some 10 km in lcngth. Each scgrrrc_nts is less
‘than 10 km long, - |

Few lincaments are detected in the vicinity of Attapu Town and the southern part of

Bolaven Plateau to the west of Attapu Town,

On the geological map (Tien, P.C, 1988), NNW-SSE féclts are dominé.nt. This
direction is same as one of dominant trend of liniaments.  Most foults on that map are
more rhcn 50 km long, and limit. the distribrrtion‘ of geological -units shown on
1/1,000,000 geological map. Large length and dislocation of faulis usually indicate
the wide sheared zone accompanying them.. In this area, fault zones will be confirmed
during the investigation in latcr stage. The area underlain by Jurassic and Cretaceous
strata, - fold structure are traced easily and dislocations mdrcatmg the faults are few.
So, in this arca faults are supposed to be few.

Jurassic and Cretaceous shales are apt to be weathcrcd casily. Thxs shales form

depression, while sandstones form. ridges. . . Shale blocks obserbed on the surfacc of

“intake dam of Xe Set Power Station (Completed in 199!) are drsmt_cg_ratcd to small -

pieces owing to slaking. (This shale'is distributed in Se K_Ong No. 3 site). -

Cenozoic volcanic rocks somctrmcs cause problcm on, watcrtrghtness of Ieservoir,
: .bccause of open joints and underlymg weathered layer or old river gravels. Cenozorc

basalt distributing in . the vtcmmes of Bolaven Plateau may have the problcm as

' mentroned above
River deposits are generally thin, - Even in the basin which center is Attapu, .'outc':rops
of bedrock are observed almost every attach faoc of the rrver and suggest the thickness

~ of river deposits generally lgss than § m.-

As underground resources Mmcral Occurrence Maps (Brrtrsh Geologrca.l Survey 1990,

- UN, 1990 Fig, 6. 4 3) show occurrence of gold silver, c0ppcr lead bauxrtc coal efc, |
'. Among thcm ‘occurrence of gold and cuppcr are more abundant Accordmg to UN-
: (1990) gold is parmed and. oollectcd about 20 kg a year along the Se Kong Rlvcr .
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Cupper is: report_;ed from Mesozoic sandstone and mudstone. on the. eastem and
southern side of Bolaven Plateau. Gold dust is .small in volume. Copper is low
| .quaIity. So, these .twé will nof cauée problem in electricity development plans in Se
Kong River Basin, But coal at Ban Chakeui in Se Kong Province is considered to be
the most sigxﬁﬂcant in the Salavan Coal field which is the best coal prospects iﬁ Lao
PDR, (UN 1990, Mullins, J. ¢t at 1987). It was about to be investigated by Canada
Team in Jﬁly"93. This coal bed is supposed to be distributed in the reservoir area of

Se Kong No. 4 site.

Geological outline of each project is shown in Table 6.4-2. Among prioﬁty projects, Sé
Kong No. 4 and Xe Kaman No.1 site have problem of water tightnéés coursed by limestone,
and Xe Namnoy-Midstreém site has similar problem caused by Cenozoic basalt. ~The Se

Kong No. 4 site has another problem of coal bed.



Table 6.4-1 Geo.logical Sequence of the Se Kong River Basin

Age . " Geological Sequence - Fennation
Cenozeic .
Quaternary - Basalt
— ' DN NN NP NIE A [ R )
Tertiary .
Mesozoic T
Cr_ete_ccous
‘Sandst., Siltst. ' : o Champa formation
Jurgssic . Shale, Sa}ldstene |
Triassic Congl Sandst.. Rhyolite - Manggiahg formation
- e T e T T T e e T T T T e T
Paleozoic - | Permian Andesite
Carboniferous Shale, Chert, Limestone
Devonian | Shale, Sandst. Limestone
Silurian Schist, Limestone _
Ordovician | Sandst, Phyllite '
Cambrian
Pre-éambrian : o Gneiss, Amphiboiife, Crystalline
schist :







Table 6.4-2

Outline of Geology of Project Areas

Site Name

Installed

Location Dam Height Investigation Geology (After Scale 1: 1 million map '88)° Inferred Engineering Geological Remarks
{n: Priority Praject) Capacity : Probiem
(MW)
“Literature .| Air-photo .| Helico. | Geol. Survey
S¢KongNo.5 Se Kong River upstream area 305 200 O Q o] Palea Mesoz. Sandst, Shale, Limest
(D11, T12) Voleanic Rocks
Se Kong No. 4 Se Kong River upstream area 470 150 O O O O Paleo Mesoz. Sandst, Shale, Volcanic Rocks, Coal bed” 1} the most important in Laos
(e0,Dy0,C, Limest. Metamorphic R.
P,Tha)
Se Kong No. 3 Se Kong River midsiream area 320 60 C O O Mesozoic Sandst, Shale ‘Wide and gentle valley
: (Jra)
Dak E Meule Nam Emun River 185 150 o Paleczoic Shals, Limest, Sandst, Metamorphic
(C-Q,Dl.';) ) R..
H. Lamphan Gnai Bolaven Platean 5 60 O O Mesozoic Sandst, Shale
: @Ky :
Xe Namnoy Bolaven Plateau 200+ 70 O O @] O Mesozoic Sandst, Shale “Reservoir Watertightness: basalt
Midstream (3:-K) :
Cenozoic Basalt
(BN:-Qy) :
Houay Katak-Tok Bolaven Plateau 1ig* 70 O Q Mesozoic _ Congl, Sandst, Shale
: {3-K)
Xe Narmnoy Xe Namnioy River 36* 70 O Mesozoie Congl, Sandst, Shale
Downstream (3K
Cenozoic Basalt
(BsirIV)
Xe Kaman No. 4 Xe Kaman River upstream area 155 100 . 0 Mesozoic Sandst, Shale; Volconic R., Limest,
(Tl.'_;,554) Granite ’ )
Pre. C, Mcm.morphlc Rocks
(PRy) :
Xe Kaman No.3 e Kaman River 230 170 O Mesozoic . Sandst, Shale, Limest, Vole. R.
) (Tea) i . :
Xe Kaman No. 2 Xe Kaman River ups_trcani area 135 ‘140 e O O Mesozoic Sandst, Shale, Limest, Volo. R. -Watertightness:limestone™ 3) by topography
(Ti2) - : . :
Xe Kaman No. 1 Xe Kaman midstream area. 390 150 O 0O G Paleozoic Shale ‘Watertightness:limestone
M2,y .
XeXou | Xe Xou River 95 100 0 Paleczoic Andesite, Schist, Sandst
: ' (0-8)
Nam Kong No. 3 Nam Kong River - 30 100 0 Mesozoic Sandst, Shale, Limest, Volc, R
. _ (Tia) : .
Nam Kong No. 2 Wam Kong River .80 80 QO Mesozoic Sandst, Shale, Limest, Vole. R.
(Tw2) .
Nam Kong No. 1 Nam Kong River 150 130 G Mesozoic ‘Sandst, Shale, Limest, Volc. R.
: . - (Ti3) . -
*ARerJICA = | Approximate PR: Pre Cambrian O: Ordovician
(1992 height 8 + Silurian _ D: Devomian .
: -C : Carboniferous P: Peimian . .
Others, Mekong T : Triassic . "J: Jurassic
C. : K : Cretacecus - N: Tertiary
Q: Quaternary - r: Plutonic rock

ﬁ:_Eﬂ'u.sive_fock' .










LEGEND

Lineament

Anticline with plunge
Sﬁncline wifh p1unge

Bedding trace

Bedding trace with sign of dip

- Indication of strike and dip

Erdsion cliff

* Inferred litho stratigréphic boundary
.- River |

-Planned dam site

Town, Village

0 - 50km
. \ L |

Landsat Image Interpretation Map

I N R ¥
e ‘f}of;" N4
1 — 1 £ . '

_ Fig. 6.4-1

~of the Se Kong River Basii_l










16°

15°

B

"Project

H. Lamphan Gnai

[1] Se Kong M5
| [2:] Se ang No‘.4
@ S5e Kong N3
1] Dak E Meule
(5]

[B] Xe Namnoy Midstream
[ﬂ - Houay Katak—Tok

[§] Xe Namnoy Downstream

[B]  Xe Kaman Yo

@ | Xe Kaman Ne3

IE . Xe Kaman o2

[IZJ ’ Xe 'Ké,m_an Nol

' Xe Xo.u

Ii/ﬂ ‘ .Nam _Kong_ fo.3

Nam Kong N2

_ LT_G_] -Nard Kong Nl

0 - B0km
RO S e

Fig. 6,42 (1)

~ Geological Map of the Se Kong River Basin




x|

Projact

- ‘ -
[,i,,l S Kon 123 oD
i o )

2] Se Kong o
[__31 Se Kong %3

Dak E Mcule

H., lLamphan Gnai

[F}E e Namnoy Midstream

[ﬂ Houay Kalak—7Tok
’:{J Xe Namnoy Downsiream
Bl ¥e Kaman Yo

’i@] Xe Kaman bl

Eﬂ Xe Kaman %2

Xoe KRaman %l

Ae Xou

1] Nam Kong fnd

Nam Kong 8.2

l_i_hl Nam Kong Ho

0 50Km

Fig. 6.4-2 (1)

Geological Map of the Se Kong River Basin

6- 0l




U

Gieological Map of the 5e Kong River Basm










LEGEND
Sandslone, shite , limestone: Doy g the Formation (5).Chert siliceous Bmastone, mengenese: . . ’ :
2,850, Boulder, pebble I.zreve!.sa!'d.deb”&- Hancni {3} and Toclal (2) Sultes. . ] EARLY - MIDDLE PALAEOZOIC
. " ] 1 i .- N .. A‘ .
= g 2 - Biotite melanogeanite, garnel-besring gneissose twe mics mefanogeanite = Songchay (2),
= 1 B sasah, < ~ Limastone: Cubai Formation (5).Limestane and cherl: Loson Soite 1} Limestone, LEE, Bukhang (5, Dalinc (5,6). Sambot (5) Complexes.
- Biw . ssndstone and shele, Qu yda{ Formation (5). = ’
= = . o - g 2 .
- z . _ ;: - Diotite,quactz diosite, hurnblende biolite granodiorile, granite: Tradong (5,
= m,a,am,vin,b,iwb,ba im) abl,be. Sand,silt,clay,pesl: Thaibinh (1), Cuulong, Fonlesap (7 - & m"’*;h::?;]‘"‘-;Sloi!:IDZ;ongdongfmmallm(l) and otheists). Green schist In soms gd Muonghet (3 Complexes.
- ) . retgs . Ty khos \
Formaions and Hue (8) Sulte. Sedimenis of repraces (1,5-2m). w wistes. Tiakhow Formatlont3) _E . .
- - o Dunite harzourgite {61) : Nuirua (3) Pacnam (3L MHicpducl 56},
{ = ) - . » § Namaong (2}, Sopsan (3 Complexes,
3
“ a,m. Sand, silt, molley - colowred clay: Vinhphuc(2), Moduc (8),Mochoa (7) a Red ssndstons,shale,conglomerate: Doson () ang Tunfam {5) Foimations. Sg Gadbro - amphlbolite, gabbro - dlabase,dlabsse(V;) Boxink {31, Xignghkho (3},
Fermalions, Da nangyeliow sand (51 Sedimenis of lerraces (10-15m}. b. Shale,sandslone: Songmua Formation(3) . Sandstone. shale,man, imesione : Nampiu K : g r“t.ns.un (%) Cemplexss. ,
Formation (3) and Bannguon (3, Bacbua, Minfe (2} Sultes.Red sandsione, shale:Sice Suite {2), g Biotite - hornblende pleglogrenite (Y53} Chlengkhuong (3, Muonghel (3) Complexes,
Pliocene - Pleistocene. 2. Clay, sit, s2nd, pebble, gravel,chalky clay,terite: Bamieu Upper Osdovictan - Siluslan. Limestene, conglomerate, sehist: Sinkvin ASIe (33 andeslle, 1hyolile, , - .
Formation (7} and others {3,4,5,6) tully in some 2eas:loagdeai, Songve Formalions (5). Schisl,limestene , sandstone, basall Nulfs: l . -
b. Basalt, lateritic -basall,bauwite, Pukirm Formation {3). Silislone, sandslone, schist, itmeslane, thyolite tulls: Ay ng u Sulte(d), . OTHER_SYMBOLS
) . ~ t ity Forrnatlnn {D) and others {4,5). : A . .
Upper cretaceo.us.a.Reu congiomerale, sandstone,claystone,siltstone: ¥encko i Sultel3), Mugin gl Schisi, sandstone: Swoimai formalion 15), limeslong In some areas: Benkhe Svite (3). - Unl:‘nown in ag‘e intrusive eochsulliamatic (a),
Foimation {5) and others{d). Rock salt,potash, gypsum, antiydiite claysione, siltstone: Thengen i;‘ Schist, green schist,sandslone, melabasall. metaandesite: Avinng Formalion(5.6) Schist, . matic (b} granite {c) and subalkaline {d).

- Sulte, Danghen Formallon (5,6).. ] sindslone, quarizite (7). . i )
LROyrlite, dagite tuffs .red Sandclone conglomerate: Dapren , Lacton;(?) Formalions 2nd - . . a,']- Geolggleal boundary - 3-Observed, Clastic sediments.
comendite in some places: Ngoithio Formglion{3), . |** oo T s T T o T S -7 b-Irnterred. '

Lo : Uppet Proterozoic - Lower Cambrian Mizaschist, seucale schisl uuailzlle interbeds : -
. - : i : ) B , 7 . :
Upper Jurassic-Crelaceous. a.Red conglomeraie, sandstone, sillstone clayslone: Chanpa i of marble ‘and ar.nphlnuhle lense? Sengchugi2), Nomco(d) ‘ukkongis} Foco(8) L Fault + e~Cbsasved; h-intereed. ! TR Mafic effuslves,
. Formaliens. Dolomile, »arble, serlcite schisl, ovartzite, phyMite: Se pe Suile (3). . i . ror o]
Foimation{5,6) and others{4,5). Conghomesate, sandstone, lignile and gagate-bearlng beds in . i ! | ' )
some places: Phugued, Cor_dnmon formalions (8. | : X e ) M .
b.Red sandstone, andesite, dacite, tulfs 1Cwfo For mation {7).9rinophyre dacite tulfs,red sitstone: Bioiite - shilimanite |,n2|ss and schist, graphite  schist, migmelite, tensas ol amphiboile ] J Coal-bearing sediments. . v v e Intecmediste attusives,
. Yonchan Formation (3) and olkers. ’ W and marble: Songhor g Complex (3} Gneiss, amphibolite, mlcaschist, seriglte schist,quastzlte, ) hSd ) i
[ . - - . i 5 phyliile 14,8,7), — o o
’ : : y : . ' i i -~ ~ Acidic aflusives.
;. Red conglomesrste sandsione,siltstore coaly shale in some places: Haroi (1,2.3), Nompo {4} ; i . . ; . . . Lo _ ’ (./"} Sall-bearing sediments. . PR e
® formations.Red conglomerats,sandsione,calcareous shale: Tholnm (5,6), Bardun (7} Sulles g Amphibole - biotite gneiss, amphibalite , migmatile: Songlrarnh 6), Svwickieng (3) : L . v
e and others (7); _ o formatlons. Gneiss anc biotie schist, grephite schist, mlgmatile, interbeds of marble,
ﬂ: f T - - . : Sades!  gquatzide and smphibolite: Dakmi(6) and Sinhyuyen {3} Formations,
Siltsione , mart ,-shale ; ehyolite, lrls (1,3,4,57).
he Sandslone , siltstone , shale , matl, coal ™ seams ; Suoibang (3), Vunrlang () Svites and ’ .
5 othersia,5).Conglomesal e, sandstane, stitsiens .coal sesms: Hongal (1,2) , Nonyson, Dengdold) Sviles.
) a..Limestone: Dreriggioo Suite(3) .Limeslone,siitstnne.s«';ﬂos_\o.n-ez H-d'mngfm'rurméﬂonta).
= b. Siftstone, sandstone .mafl , imestone; Quifong(s), Nakhuat (1,2 Nam Linm (3 Suites L . LATE MESOZOK; CENOZO'C . - -
_ and basalt. lulfs in some plecess Muongirdi ?uite.siltsu'me,sandslnne +limeslone, rhyotite. | F\Ikallne gabhmdlnnle dlurite acgielne, nebeckﬂe -bearlng grnnnsyen“e syanite:
daite, lufis: Dongtrau, Nomsam (5),Chuklin (7}, Kovieng(7) Fomations. w Numzxe,Tamduong (3} and Traican, Margxim (58) Complexes.
. & S .
. o .
. " - : = L. . .
= Dnngienjerale. silistone, sand_stune.sha}e.:hyome,dacilmiufls.lrmes_la{w:Mnnygmny 6,7} E=] » Leucocratic granile, leucocralic two mica granite,garnel, iluorile- bearing granile alsskalte : Plaoac(2),
Formation . Gonglomerate sandstone , silistene, shale, Umestone, thyolile, basalt, fults: E : SerychuiS), Bona (58), Cana(?), Nakhoun (5 Complexes aid Twolchark Type(d).
- Songhien Suite {1.2) and others(6.7). = : , : .o
R : o . . U ‘é Gabbiro - pabhrodic:ite, diorite (V): Songkhoo {5) Complex and Bamnak {8} Type. .
Upper Permisn . Limestone, cherty shale:Daichuy(l), Camio(S), Tolhief (7) Formations, & BJOI'“e' hotnblende granadiorile, monzonite, granite, gramte grancphyre, granosyenite . :
Bausite, coa) lenses Jn some places: Dosgdany Suile(2). Limestone, shale, chert, basalt, 2 {3): Banchiengldh Bapmueng(5),Deomay-Yeyensun(3). Burinh {5}, Mongcaiil),
vlls :Camihuy: Formalionl3) end Yendzupet Sulte(3}. : ’5 Deocais b, Tonghau(5) Compleres 2nd Hnonpay-h’crmn (8) Type. Pyroxene
. ganosyenile.quarlz syenite, syenite (E.") Chodon (2) Complex-
Pumian, Limestone(d) , fimesteone , silislone, qua:lnlc andesite , chyclile, telfs : Khanghhoy . % B - - . . e men
i)
Formation(a}. - o é Diorite., qualtz diotite, granodiorile and hiotile hornblende El‘ﬂrlle Dinhouan (6.7}
= g 51 ’ Complex and Ochung C:‘rekprekfype T .
= . ) = = .
= . ) = -
% % Sillstone, conglemarate . limeslone, chert 2nd andesile , rhyolite , thyadacite , trachyle, lulls: E " v
3 B . N . " . i
‘ y Dukiin(,Songda{#) Formetions ; sillsione iimestone, basall, lulfs: Bani ziet Suile(d) .
o i ! LATE PALAEOZOIC EARLY MESOZOIC . 6 4 2 (2)
g Fig. 6: 4—
B . : . - naameme blotite meianogramte and gatne!, cordierile -baaring 1we mica granile
z timestone: Becson Seies(: 2,3} and othars(d,f). z  Plabioc(2.3,45), Hatvan155), Pausakuﬁ) Complexes.
- . :
= g .
S o - “Divine gabbro, olivine gabbro. nocite, mmle gabbro, gadbro - diorlle and pyroxemte, X . .
P . Y ot -
. tspkthelite, anor(husite : 4 . :
Cotbonlerous .Shale , chert, silisione , fimestone, coal seams: Chacod,Namihom Lukhe : (23,58) . . oo o _ Geologlcal Ma,p Of
Furmations{5). Shale, sittstone , limestone , andesite, tulfs(4,6) , limestone(3). w . " - . . . ' . . K
3 Blutiie-hurnbsenue mmmgrenile,zlannq-ﬂanuphyru.ﬂsmlel Sonpma (5, Nuidleng 0, . - . . . - K River BELS:LII
g Vancanh(6), Huoltom(d) Complenss snd Phaampreal {7) Type. - : o . the Se Ong
o 5 - i " Gabbo- diorite, dlorite, quartz diosite, bintile -hotnblende granodioslin and grenite . . . '
Devonlan-Cerk:oniferous . Shale , sandstone, Jimestone , thyolile, Luffs (4.6.7,8) . g . Dienblenphu(345), Queson(5 6, Banizo (5) Sa “y“) Complaxes sod
E E Phnom.mnyker-?hn omlns son(?) Type




i

LEGEND

{ [ ' Sandstone | shale, imestone Mo e h Formation (3) Chertsificeous limestone, manganese 3
o A apt Bowlder, pebble grase! sond dotiic Hancni 3) 3 Toe il (21 Sutes. FARLY - MIDDLE PALAEOZOIC
- - .‘-;. Hottte metanogranite, garael-Deering groissese two mica nrelgnggranite - Sorpohay 7))
Limnasione: Cwbas Furmatior (3. Limastone and chert. Losan Silel B Umesione, B RBuihong t5 Daitoc s 6} Sambot (5 Comptzies
fi,, Hasalt, N PR £
' sandslone and shiale Qo pda! Formabon {5) b
g .
53 ; fortle. guarts diotite. huinbleoss bistite ganodorite granite - 7ra fomg (5,
. . Sillstone,shale fimestone 7 v orgtfeag formatin {1} and otherstd) Lieen schiet In some 33 3 A G 3
nea A vin bomb ba () ahi bE Sand st iy peal. Thatéina QL Cavicag, Tunlesap (T P e 23 Juonghes G Compizars
) ) " LI - perieh . T E e Tonisinant 3 z©
Farergions and Hoe (5) Suile Sedirnen's o lerrpces {1,5.7m) @

ol Bumts narrpurge tﬁ;i Nuenag Q) Pocnam (3, Hiepdue i),
o - j =3 Namong i20 Sepsan {31 Complexes
x o ;1
P R . : 2 < Gabbiro -~ amphibohte  gab i dighase (V3 13, Nivagkhe!
[ a.m, Sand silt motley - cotoured © sphee 2 Modus Gl Mocheo (D a Red sandstone.shale, conglomeiale: Doson (i) ang Tonlem (9] Formalbions % ;' e Sr'ph'bu e gablro diabase diab Vi Boainh 131 Nivaghhe )
B . 8 . [ a An { Comg
formatons, {fernasgyelion sand (55 Sedenents of terroces (10-15m), t: Shaie,sandstone: Sungirtus Formalion(3) Sendstene shale,man frmeslene N i g; oo t}l N 5
: S P : N - Solite - b de  Dlgpio Ty Chie i ey TR P
- Formation {3} end Basivguon (31, Bacben, Msale (27 Suites Red sandstone. skate Sice Suite (2) : "ol wenbiuade plapogramte (Y8 Chicayhhueng 13, Muanghet 13 Compienes
. Phiot Plestgoens a Cray. sit sang. bebble grave! ch ey latesile: Hemieu Upter Ordovicize -SHuian Limesiong, cosghomerate sehuet Seakinin B8 Eile (3 andesite | thyofite, H
I Formaton €71 amg otbers ¢34 tults i some sreas Lnngda- Seaged Farmatoas (53 Sch~s!,!unes'~0nc,sam:?‘.(mr.hasal: Tulls ; CIHER SYMBOLS
b Biasedt leterbic -hesall hauwte futam Formation {3) Siltstone sandstone schesh lumestoae eryotide tulls Phungu Suitet2) . i L
. i Formation (! anf olhers (4.9}
r : c o o - T T Unhngwn it age wtiussve 1ochs: wltramalic an
Trgtaceous e conglomerate Sandsione laystone &1L Stone: Yoo b Sune(d), Mugic Suhist sandsiony Surwrmgr Fosmatiorid) Wmesiehe 1o some areas Hesdie Saite (8} o 7?: ‘ g_l ': "u v JD”I Il )
- . . mafic (. granile (00 and subalkaline (d).
T formatior {5) ang othersia). Hock sait polash, gypsum anhyanie daystone, sillstene: Thongan Sehust. green sefist, sandsion: . melabasait.metaangesite Arnopg Farmala 5150t 1ere v @
H ks Sutig, [roaghen Tormaliong 5 6) gst . P T
i L ' slone. guartade (73, . : . R
: ! "onRNealite aseie toble red tancdebone conpiemorzte crmaivang Gaelogical boundary  a-Observed, 1L Clastic sediments
comendite 1 some plages. Ngoarfher fonmationd3; o - o - T e v - b -bfeered ,_i
- : Upoer Proferozon - Lower Cambhiae Micaschist sencile schisl quatizag onterbros .
: Pyt 1 ol moible ang emphepotitt lenses Seagcheg(2) Namoold) Bubhang{h) Pocel(s) . . -
dpper Juransic-Gretace a Reo copplomerate, seadstone sitistane Zlaysione Champna i l TR I K . .- . . taul  a-Dhsorved. . idatic elfusives
] - S formalions Bolomile .hathle sepcile schist puaiiglie  phvllile Sea e Smie (3 L
fonmalior {%.6) ang olhers{4y) Conglemerate sandslene DEnnte and fagate-hearmyg beds o | ;
me ptptes-PHhugnec, (oo » formations (H) . é v
LoRed s cone angesite dacile totfs CatrFormatior (73 Oritnophyre dacitetulfs red sitstone i l j———+—r=-1 Riphite - shillinanite gness and schist geaphade  schist, migmaile, fenses ob amphitolite Cosi-tearing, sediments L. inteimediate gtusves
Versban Termation (3D aad ofhess % W L ifr. : l and marbte: Konghory Comples {31 Gneiss . ampbibelte, mezschist, seache schist quatizile. e ]
R °I et phyilite 14,6.7) [ 4
i34 . . -
w - - . . . R v e o E Salt-teaning sedinents Acithe eitusms.
4 Ber conglome: plesangstone siltstone cozly shele b some plases Haror (1,230, Naompp (6) | ;6 . . i . e Songtranh (6) Suerebiene (B LA
“ formabinns. Red congiomerate ssadstane caivarsons shale Truiam (56), Handan (7] Suiles b3 frmpkibele - orolite greisy. amphibeille  migmable. Meagizans Sueos g
i ang OiRErS N Formelions Gueiss anc brole schist graphite sehsl migmatite ntlerbeds o} maitle,
’ guarlzile and amehibotte frakmi (G} ang Stohguyen 13} Permations
1 Seisglnne el £, rhywiide fufls
L | Sangsinner sdlslong | s mard Lozl sfams  Sworfand A3 Y orniang 123 Siles ong
! | i Lonpromerate seoostont, sdttent coal seams Hongai (LI Nongien o gdold Sules
INTRUSIVE ROCKS
a Lunesteae fonggrde Sotel3d bimestone .
< ) ) , LATE MESDZOIC - CENDZOIC
B CiTsiens  sangztone coar  tmestone . . o T ST .
and pasall fpMs an spme plases . Meengioe duite Silslung sandstong | haeslang shyolite | lg_{{:(,.”{“:Q Glbaling gabbradicnite, diorite. svpmine , nebeskile - bearing granesyevite. syenite
dacrtn dufts Dongtraw. Namsow (5,Uhe ki LY, Bovreng i) Tormations w I;"m‘f?i\ i3 Noraxe Temduong (3) and Trarcan, Mangrim 15.6) Complres
- &) - EhATE,
=
, , 2]
Conglemeale, sllstong, sangslont sraie, shyolite.dacite, tulls imestons  Manpgrong 6.7 v Leucogialic pranile leucocrabic [we mica granite.garaet, tluonle. bearing granile ataskalle  Plasac (2),
formapon Congiomergte sandsione. siltstone , shale . fmestore, shyobite, basalt, s s Songchuls, Bana (£6) Canal?l, Nakkhoun (5) Complexes and Twolchark Type(8)
- Soagikice Bune {1 2) and others (£ 7} = .
: o Gebbro - gabbrodionte .dierte {180 Sorghiac {5) Gomptex and Bamnak 18; Type.
Upper Perrmian  Limestone, cherly shale-Rarelingtl), CominlS) Totme; {7) Formations. o= B'UINE - hotnblende grasodionit, monzenile, pramie, GIanIle grenophyte, granosyenile
Bauxie.cosl lenses i some paces: Dongdong Suitei?) Limeslone, shale chert | basakt, : Iy Banchreng!sh, BanmeongiS), Deomay-Yeyonsunpidy, Burinh (9), Mongcaitl)
wits Comibui: Formauont3) and Yendiuye! Sute(d - Peocatd bl Topghau{d} Cumpiknes‘ancﬁ Knonpog-Kchon {8) Typr Pyrorene
aranosyemte. quarlz syenrle, syenite Ly} " Chodon (2) Complex
1
farmian Dimestora{8) . dimestone o sdistone avartzie andesife . rmyolite. InMs - Khonghhoy 2
formation(s) Iﬁ = Diorite. quartz diorife. pranadiosite and biotile hornhlende gramte Dinkguan (8,7
:
z E & Complex and Ocheng - Chekprek Type
= R
= -t
= Siltstune, conplomerate . imestane chert and andesie | shyolite , rhyodacile | trachyte. tulfs: — =

Duktin(?), Sungdafd) fomaltions . silstone fimestoar basall. tults. Bond 2zl Sute(d

LATE PALAEOZQIC - EARLY MESQOZOIC

e 'a o s
Pig, 6.4—2 (2)

fidamelile, biotite melanogfan e ang gefngl, cordierile - beailng twe mice granite:

Plabioc(2 345 Haivan{$6), Pouselfray{5; Complexes

snestans - Bocson Seriesd) £,3) a

SARRGHIFERT

Oiivine gabbro, niivine gatibro -«ofite, norile, gabbro, gabbro - diorile and pyrexenite,

23£ NORIA
P el

*
S troltholite, angrthostte (2,3,5,6} & [P ) | o T
I— c 1 Corboniterous . Shate , cherl. sillstone . limestone, coai seams Chacns Nom ihom Lakne e()l()g_!c{}’l ;\’f_‘[(ll.) ()I
. furmation : adesle, Jellsta B) | 1 g . . . e = -
J simations{S}  Shate, silistone | hineslone, andes'le, ikllstn.B) | limeslone{3) g,ﬂ Rinlite- hornblenge microgranite . granite -granaphyre, prenite . Songma (9. Nuidieng (2), " - C; - 1{ 8! ¥ [11\",81». I;E N ]l
? d Vancanhi€r. Hueilom(4) tomplexes and Phnompreah (1) Type. Ll’l(:, HEe 9] f—, AL A .
E— - i‘g S Gabbro - giorite, diorite, quart: mctiie. tiolite -hornblende granodiorite aad granite .

F B-C j Dovaman-Cerbordfeious . Shale , sandstone, Juneslane rhyelite  tulls (4.6,7.8) 3 é e Dienbienphul345) Quesenthb), Banlae(5) Sacny(d) Complaxes and

L wz E Phromsangker-Phanomiasson(?) Type
-]




RGEND
i
|
G, " Patiiy o RODDL ‘
- ! Eay B ! I ! '
. o Sk N “
'1
EANTY BTN AT :
[ \ .
E
. i
INTRUSIVE RECCKS i
' LATE MI SO0 - CERDIOIC
. Ce -
. -~ . I ‘- B i 7-‘ ' : . [n . ey ‘
" ' con _ 2 . |
Py, 6o b o2 :
: - i
: : . . : Coolowiend Map ol
' g e e e e Fhe Se Ronss [Rver Peasan







7. Hydropower Potential Study in the'Se Kong River Basin

Page
i 11 Basic Conditions for the Hydropower Potential Study ... 7-1
7.1.1 Scope of Study on Development Plan Inventory ... et 7- 1
7.1.2 Basic Policy for producing Development Plan INVENLOTY .vcveiciiiirriemssenernee e 7- 1
7.13 Basic Materials for the STAY ....coecoriiim e S 7-3
72 Selection of Development PROJECES .....o.ooovoicriimmiirs i 7- 4
7.2.1 Review of Development Plan proposed in the Previous Studies ..o 7- 4
722 Development Projects for the Development Plan Inventory ..............-. e p s 7-10
7.3 Study on Development Plan INVENTOTY ..o 7-11
731 Conditions for Determination of Development Scale ... 7-11
732 Conditions for Project Cost ESHMAtON ..o 7-12
7.33 Conditions for Project Evaluation ... 7-13
134 Study on Development Plan INVERLOTY ...oooociiuinirinmeiimissisins s 714
735 Formulation of Development Plan Inventory ... 727
74  Selection of Projects for Pre-feasibility Study ..o 7-89
7.4.1 Selection of Candidates for Priority PTOJECES ... s - 789
742 Characteristics of Each Candidate Project ... 7-89

743 . Selection of Projects for Pre-foasibility SHAY ....oroowvvsreesssmssmscrsccisssniers 7-96




Tables

Table 7.3-1
Table 7.3-2
Table 7.3-3
Table 7.3-4
Table 7.3-5

Table 7.3-6

Table 7.3-7

Table 7.3-8

Table 7.3-9

“Table 7.3-10
Table 7.3-11
Table 7.3-12
Table 7.3-13
Table 7.3-14
Table 7.3-15
Table 7.3-16
Table 7.3-17
Table 7.3-18
Table 7.3-19
Table 7.3-20
Table 7.3-21

Table 7.4-1
Table 7.4-2

List of Tables

Description

Project Cost Parameters _
Summary of Development Plan Inventory of Se Kong Basin
Justification Study on Se Kong Ne.3 Project

Justification Study on Se Kong No.4 Project

Justification Study on Se Kong No.5 Project

Justification Study on Xe Kaman No.1 Project

Justification Study on Xe Kaman No.2 Project -
Justification Study on Xe Kaman No.3 Project
Justification Study on Xe Kam_an No.4 Project

Justification Study on Xe Namnoy Midstream Project

~ Justification Study on Xe Namnoy Downstream Project

Justification Study on Xe Pian Project _
Justification Study on Xe Namnoy Project (Mid + Down)

Justification Study on Houay Katak Tok Project -

Justification Study on Nam Kong No. 1 Project

Justification Study on Nam Kong No.2 P_rojéét

Justification Study on Nam Kong No.3 Project

Justification Study on X¢ Xou Project -

Justification Study on Dak E Meule Projéct

Justification Study on Houay Lamphan Gnai .Project

Profile of Projects in Development Plan Inventory (1/5 to 5/5)

- Ranking of Development Project

Profile of Candidate Projects



Figures

Fig. 7.3-1

Fig. 7.3-2

Fig. 7.3-3
Fig. 7.3-5

. Fig. 7.3-6

Fig, 7.3-7

Fig. 7.3-8

Fig. 7.3-9

Fig. 7.3-10

Fig. 7.3-11

- Fig.7.3-12 (1/2)

Fig. 7.3-12 (2/2)

Flg 7 3-13 (1/2)

Fig. 7.3-13 (2/2)

Fig, 7.3-14

Fig, 7.3-15

List of Figures

Description

. .lutﬁx
Location of Projects in Development Plan Inventory

Development _Proﬁle of Se Kong Mainstream

Development Profile of Xe Kaman

“Alternative Development Plan of Xe Pian

Development Profile of Nam Korig

Se Kong No.3 Project

.Plan of the Project, Crosé Section of the Dam Site & Area-Capaclty Curve

Se Kong No.4 Project
Plan of the Project, Cross Section of the Dam Site & Area-Capac1ty Curve

Se Kong No.5 Project -
Plan of the Project, Cross Section of the Dam Site & Area-Capamty Curve

Xe Kaman No.1 Project -
Plan of the Project, Cross Section of the Dam Site & Area-Capacity Curve

Xe Kaman No.2 Project
Plan of the Project, Cross Section of the Dam Slte & Area-Capacity Curve

Xe Kaman No.3 Project
Plan of the Project

Xe Kaman No.4 Project |
Plan of thc Project

Xe Kama.n No.4 Project
Cross Section of the Dam Site & Area-Capacity Curve

Xe Namnoy Project

‘Plan of the Project

- Xe Namnoy Project :
Cross Sectxon of the Dam Site & Area—Capaclty Curve (Midstream Project)

‘Houay Katak Tok Project
Plan of the Pro_;ect Cross Sectlon of the Dam Site & Area-Capacity Curve

Nam Kong No.1 Pro_]ect '
Plan of the Pl‘O]BCt Cross Sect:on of the Dam Slte & Area-Capacxty Curve _



Figures

Fig. 7.3-16
Fig. 7.3-17
Fig. 7.3-18
Fig. 7.3-19 (1/2)
Fig. 7.3-19 (2/2)

Fig. 7.3-20

Description

Nam Kong No.2 Project ' '
Plan of the Project, Cross Section of the Dam S:tc & Area-Capamty Curve

Nam Kong No.3 Project
Plan of the Project, Cross Section of thr:: Dam Site & Area—Capac:ty Curve

Xe Xou Project ' B '
Plan of the Project, Cross Section of the Dam Slte & Arca-Capaclty Curve

Dak E Meule Project
Plan of the Project

Dak E Meule Project
Cross Section of the Dam site & Area~Capacnty Curve -

Houay Lamphan Gnai Project '

. Plan of the Project, Cross Section of the Dam Slte & Area—Capac1ty Curve




7.1

741

)

@

3)

7.1.2

- -

Hydropower Potential Study in the Se Kong River Basin

_ -_Baéi_c Conditions for the Hydropower Potential Study

Scope of Study on Development Plan Inventory
Geographical Scope

The study on development plan inventory covers the entire Se Kong basin, other than those

in the territories of Vietnam and Cambodia which arc located at the basin's upstream and

downstream ends respectively.

.. Purpose of Hydropower Developmé.nt :

‘The study covers hydropower development pro;ects to be developed mamly for cnergy

export to the nelghbonng countries.

Development Scale

- In cons1denng the development purpose mentloned above, thé study covers the medium to
- large scale projects.- Specifically, based on dlscusswns with the Ministry of Industry and -

Handicraft, the scale of the projects to be. proposed in the inventory of hydropower
development plan is determined to be an installed capacity of 10 MW or more in this study.

For the adjustment of the instailed capacity, the establishment of the target plant factor level

" s essential, This matter is discussed in the following section, -

Basic Policy for producing Development Plan lnv'en'tory

Purpos’.e of the Study on Development Pl_an Inventory

- .In this study, the development plan mventory is producod basxcally by focusmg on the

: potential pr0_|ects to evaluate the hydropower potentlal in the basin. However, the study is
. finally oonducted toward selectmg the priority development candidates from the pr0}ects in

oy the mventory
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Policy of Inventory Study

Considering the purposes of the: mventory study mentwned above the followmg basic
policies are employed in this study;

a)

b)

c)

Project Layout

In this study, the basic policy is to determine the hydropower potential in the basin as

mugch as possible. Accordmgly, the study is to propose a combination of dam sites
and reservoir capacities (high water level) which would provide maximum net benefit
for a series of development projects in close relationship.. .

In thxs study, however, each series of projects are planned as mdependent projects -

each other without regardmg mcorpomtmg operatlon of upstrw.m and/or downstrcam

projects.

Development Scheme

Hydropower projects are categorized by form of plant operation into the reservoir
type, the regulation pond type, and the run-of -river type, and mto the dam type, dam_

and waterway type, and waterway type by the structural conﬁgurataon to acqulre an -
 available head for power generatton ‘ '

In this study, the appropnate development schemes are selected for a prc:]ect from the
" above categoncs in accordance with the pro_lect s spemﬁc charactenstlcs

" Determination of DeveIOpm_en_t Scale _(Insta]lcd Capacify) .

Hydrooower potent:al in terms. of development scale (mstalled capacity) depends on

the level of the plant factor. In hydropower potential studies in general, the mstalled_"
capacity of a project is determined in order to pi'ovide a specified level of plant factor .

to evaluate the project: appropnately and evenly from the- vnewpomts of ‘both the
hydropower potentxal and economic efﬁcnency ‘ v

In this study, corisiderir_:g'tha-t the méjof purpose of project déVelopmeht:'is_ energy
- export to the neighboring countries, and that the plant ‘factor of the existing Nam
Ngum hydropower project (150 MW), which is currently exporting eléctﬁcity to
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Thailand, is approximately 60 %, the development scale (installed capacity) of each
project is determined to provide an approximately 60 % plant factor,

d)  Project Evaluation Method

To determine the development pian such as the reservonr scalc layout of the
waterway and powerhouse location of the project, in pnnclple a net benefit (B-C) is
employed as an indicator to maximize the hydropower potential. In addition, the cost
benefit ratio (B/C), power. generation cost per kWh (unit energy cost) and
construction costs per kW are also used as and where required.

An altemative thermal plant method is apphed to calculate the bencﬁt of each
development plan. Regarding the plant type of alternative thcrmal plant, a coal fired
thermal power plant is applied to the benefit calculation of a reservoir type and run:

of-river type projects from the stand point of putting primary concern on gvaluation
of energy (kWh) value as energy export purpose. A gas turbine power plant,
however, is applied to the benefit calculation of the daily regulation type of a
hydropower project and which must be evaluated as a power plant for peak power

supply.

‘Basic Materials for the Study

poographic Map |

A set of topogr’aphic_l/S0,000 scale maps, the largest scale map currently available, all the

_ basins (excluding those parts in the territories of Vietnam and Cambodia). These maps
are mainly uls_ed in this study. ' '

Hydrological Da_t'a

The Se Kong River basin involves areas indicating dlfferent run-off charactensttcs and it is
suspected that the levels of seasonal flow change are not always even in each area.
Currently, however as hydrologlcal data available in the Se Kong River basin are very

-hmlted, it'is xmpossxble to estimate the precise flow data of spe01ﬁc sites throughout the
 broad reaches in the basin, However, as flow data are of prime importance for the study’ of

o thjc development plan, they should be estimated by any method possible. .



A series of flow data at cach sitc has been estimated by applying the method described in
6.3, Chapter 6 for the period May, 1988 to July, 1993. Among this data scties, the
monthly flow data for the five years from August 1988 to July 1993 is used in this study.

The accuracy of the estimated annual flow volume is essential for the development plan

incorporating a reservoir which would provide a sufficient capacity for annual wide flow
. regulation and, therefore, variation of the monthly ﬂoW-vohime would not significantly
affect the result of the 'study in this case. However, the estimate accuracy of the flow
change would affect the study result most sigrﬁﬁcantly‘in the case of a run-of-river type
project or a daily regulation type project. It must, therefore, be noted that the rehablltty of
the study results is low for re]atlvely small scale prq;ects '
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Selection of Development Projects -
Review of Development Plan proposed in the Previous Studies

The development plaﬁs' in the Se Kong River basin proposed in the previous studies are
reviewed prior to the inventory study. The development plans reviewed here are those of the
Mekong Committee as first reported in 1970, ‘and those of the Xe Namnoy river basin
proposed in the report, "Feasibility Study on the Xe Katam Small-Scale Hydroelectric

_Power Development Pro_;ec " by JICA in 1992,

The general descriptions and locations of the projects in the above studies are shown in

~ Tables 1.1-1 and 1.1-2, and-in Fig. 1.1-1, Chapter 1. The study findings of the existing

development plans on ¢ach river are provided below.

 Se Kong River Mainstream

. The _Mekong_Committeé proposed three development projects along the Se K_Ong river's

mainstream lying within Laotian territo‘ry.‘Frdm downstream, these are the Se Kong No.3,

- Se Kong No.4 and Se Kong No.S proj'ects. -

Of these three projects, Se Kong Nos.3 and 4 were planned as dam types The dam sites of

both prOJects are restricted by topographlcal rcasons

The'Se"K_Ong No.5 project was planned aé a dam and waterway type by utilizing a rapid
section of the mainstream located downstreain of the confluences of the mainstream and the

- Xe Sap river, X¢ Lon river and the Houay Axam river. - The dam site of the Se Kong No.5

~ project is limited at the upstrearn end of this rapid section in order to minimize the dam
 scale for a certain reservoir water level. The powerhouse site of this project is determined -

_by taking into account the éfficiency of the head use in the rapid sectlon and the reservoir

water level of the Se Kong No. 4 project.

STt 1s difficult to plan a large scale pro;ect with a dam in the area further upstream from the

Se Kong No.5 prOJect site because the catchment area is too small. Only a waterway type

L project could be planned econonucally by using- the- available head in a rapid section,

- However, the nverbed slope is relatwely gentlc in the upstream area and there is no site able

- to prowde a head eﬁicnentiy by a short headrace.: Under these clrcumstanoes it is

1_mp<_)ss1ble to plan a medium to largc scale development project at this area,
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Considering the above, as based on the prevailing topographic conditions, the variation of
development schemes and dam sites are limited along the mainstream of the Se Kong river,
the development plan proposed by the Mekong Committee is basically appropriate. Since
no significant geological problems are reported for the Se Kong' river mainstream at this
time, determining the development scale of the dams will be the major point in this study. In
the Se Kong No.3 project, there is also the problem_of inundating Sekong Town, the central
township of Se Kong Province. -

Xe Kaman River

The Mekong Committee proposed three development projects on. the Xe Kaman ,ri\,"er, from
down- stream, the X¢ Kaman No.l, Xe Kaman No.2 and X¢ Kaman No.3 projects.

Regarding the Xe Kaman No.1 project, although several alternative dam sites are available
near the site proposed by the Mekong Committee, there is no.room.to change the bas1c

concept of the development scheme

The Xe Kaman No.2 project is a dam type located upstream from- the Xe Kaman No.1

reservoir. Its damsite 18 restricted between the backwater of Xe Ka.man No 1 reservmr and

the confluence of the Nam Poay-O river.

The Xe Karnan No.3 p:oject was planned as a dam and waterway type. lis dam site is
located on the middle reaches of the Nam Poay-O River with the water led through a 8,300
m Jong headrace tunnel to the backwater of the Xe Kaman No.2 reservoir:- While the basic

concept of this plan-is. appropriate, there would.be certain alternatives. in the location and

size of the dam, in the layout of the power plant and in the wateﬁvay_,rpute"te be studied

- further from the viewpoints ef the_eﬁie_ient use of both the river ﬂew‘and:the head. .

The Xe Kaman No.4 project- was planned as a dam a.nd waterway type w1th several

reservoirs along the upstream area of the Xe Kaman mainstream- and along its tnbutaxy the
Nam Laka river. These reservoirs would be connected by: waterways to.lead the water tothe

Xe Kaman No.2- reservonr While the basic coneept of thJs plan is also- approprlate -as'in the

. Xe Kaman No.3 project, there would be certain altemt1ves in the Iocatlon and size of the
dam, and iri the fayout of the power plant and the waterway route to be studJed further from - '

the wewpomts of thc efficient use of both the river ﬂow and the head
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. As the Xe Kaman No.3 and No.4 projects were'pla.nned to develop hydropower potential in
‘the uppermost reaches of the Xe Kaman River, there is- no possibility for. further
~.development plan in this area. ' -

Xe Namnoy River

The Mekong Committee proposed a dam and .wat_ervvay type project in the Xe Namnoy river

basin. In this development scheme, the main reservoir is planned on the mainstream of the

- Xe Namnoy River which ﬂows through the Bolaven Plateau, and sub-reservoirs are planned
. on the Houay Katak Tok river, Xe Katam river, Houay Makchan river and the X¢ Pian

river. These réservoirs _would be connected by waterway to lead the water to the
powerhouse planned at the southern foot of the Plateau.

Foliowing the Corumittee's __study, JICA conducted a basic development plan study in its
"Feasibility Study of the Xe Katam Smiall-scale Hydroelectr_ie.Power Project” during the
period November, 1990 to March, 1992, This study covered the entire Xe Namnoy river
basin, and included a review of the development plan proposed by the Committee. In this

‘study, four development projects (three medlum to large scale dam and waterwav type
- projects-and one small scale waterway type project) were proposed; the Xe Namnoy
. Midstrearm project with a. reservoir on the midstream of the Xe Namnoy river and a

‘headrace tunnel to-lead the water tor the powerhouse at the downstream reaches of a rapid -

section, the Xe Namnoy Downstream project being a daily regulation type using a head
available along the downstream of the midstream project, the Houay Katak Tok project
with a reservoir on the middle reaches of the Houay Katak Tok river with a headrace tunsel
to lead the water to the powerhouse at the river side of the Se Kong river mainstream which
flows along the eastern foot of the Bolaven Plateau, and the Xe¢ Katam small-scale project
as a run-of-river type for rural eleetnﬁcatlon using a head available at the downstream
sectiont of the Xe Katam river. ' '

- ‘Since JICA‘ study of 1992 eonﬁrmed the merits of the development plan wlnch dmded the

Mekong Committee's development plan into four projects, the plan proposed by JICA is

: -regarded as the base plan for this study. However, as the Xe Pian river basin was not
o included i m that study, it is, therefore, required: for this study that the development plan of
i Xe Namnoy nver basm be reviewed together with the use of the Xe Plan river.

J The upstrea.m reaches of the Xe Namnoy Rlver run through flat terrain formmg the upper

surface of the Bolaven Plateau. The catclunent area at the ‘damsite of the Xe Narmnoy

- -Mldstream pro_]ect is relatwely small at 500 km®. The conditions of this arca prov1de runoff

7T
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characteristics whereirr the river flow is unstable throughout the year with large differences
in the flow volume between the dry and wet seasons. _'Conseqoently,- a reservoir of
adequate capacity is required to regulate the annual flow in order to supplement the draught
flow. It is also required to provide a development plan whxch effectively uses the high
head provided by the remarkable topography of the Bolaven Plateau

~ Nam Kong River

The Mekong Committee proposed three dam and waterway type rlevelopment projects on
the middle to upstream reaches of the Nam Kong river, ‘which  flows through the
southernmost part. of Laos, close to'the Cambodian border. - These projects - are, from
downstream, the Nam Kong No.1, Nam Kong No.2 and Nam Kong No.3 projects.

Tlre terrain along the Nam Kong River is gentle throughout and the average riverbed slope
is also relatively gentle. The catchment area is also not'large. The basin: is, thereforc
inappropriate for the development plan of a dam type project with a largc TESErvoir or a
waterway type project dependent only on the potential of the: nver head. Accordingly, a

development plan for the Nam Kong river would requlre an appropnate ‘combination of the
available heads acquired from the river gradient of the rapid sections partlaly distributed
along the river and from the height of the dam, and the ﬂow regulation function of the

E reservoir. Considering these factors, the dam sites of the three pro_]ects proposed by the -

Mekong Committee seem almost appropnate :

Reparding the further upstream basin from the N_am. Kong No.3 project, the cafch_ment’ e,rEa

is small and no acquisition of a head using a rapid section can be expected.

Xe Xou Rivérr '

The Mekong Committee proposed the Xe Xou project on the Xe Xou river, which is a
* tributary of Xe Kaman river, using the topography of a valley along the rniddle reaches of -

the river. Since the slopes of the Xe Xou River are gcntle the proposed plan wasmadeas a
dain type incorporating a large reservoir. . N -
There are several altemative dam sites besides that proposed by the Commlttee However,
there are almost rio differences between the. alteratives and -t_hey will not change the basic

scheme of the development plan. Accordingly, the proposed plan of the Xe Xou project is

appropriate when the characteristics of the topography of the Xe Xou nver basin and the

** riverbed slope are consrdered
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As. the slopes along the u’pstréun reaches of the Xe Xou river are also gentle and its
catchment area is small, it is difficult to provide a development plan in the upstream basin
of the Xe Xou project. -

Nam Emun River

The Nam Emun fiver is a tributary flowing into the reservoir planned in the Se Kong No.4
project. Its mid-upstream reaches consist of several small tributaries. The riverbed slopes
are relatively gentle in the upstream basin, but are very steep in the midstream- reaches,
indicating a complicated tbpographic situation throughout.

| Focusing on this remarkable topography, the Mekong Committee: proposed: the Dak E

Meule project - as a two-stage devclopment of a dam and waterway type project.

- - According to this plan, five reservoirs are planned on each tributary in the upstream basin

of the Nam Emun river. These would be connected with a waterway for the first power

- generation, The water would then be led to the backwater of the Se Kong No.4 teservoir

spreading into” the downstream reaches of the Nam Emun river for further power

generation.

The basic concept of this plan appears appropriate, Considering the effective use of the
river flow and head, however, alternative project layouts should be studied regarding the

locations and sizes of the dams, the location of the powerhouse, and the waterway routes.
Houay Lamphan Gnai River

The Houay Lamphan Gnai River flows along the north-eastern edge of the Bolaven Plateau
to the north and flows down a rapid slope at the nofthem_end of the Plateau. It then turns
south aloﬁg the outer foot of the Plateau to join the mainstream of the Se Kong river. Using
these topographic COﬂdlthnS the Mekong Committee proposed the Houay LMphan Gnai
pI'OJeCt as a two-stage development of a dam and waterway type project. According to this
plan, a medium scale reservoir is planned on the midstream of the Houay Lamphan Gnai
river with the water led through a waterway tuinel under the northeastern slope of the -
Boiaven Plateau to the first power generation at the downstream reaches of the river. The

- water would thcn beledtoa nelghbonng tnbutary for further power generation.

' Thls devclopment plan prowdes an efﬁc:lent use of the topographlc characteristics of the

Bolaven Plateau by combmmg an appropnate sued reservo:r and waterway, similar to that

_ in the Houay Katak Tok pmject Howevcr it is cons1dered that the stlpulated two-stage

7-9
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power generation plan can be changed to a single stage pian, and alternative damsites can’

-also be proposed.in the study for more efficient production of a reservoir capacity.-

As the catchment area of Houay Lamphan Gnai river is small, there is no room for another
development plan in the upstream basin.

Development Projects for the Development Plan Inventory

From the review of the development plans proposed in the previous studies explained in
7.2.1, it was confirmed that the layout of the development projocts is almost appropriate
based on the topographic conditions of the Se Kong river basin. Also, assuming modium
to large scale developfnent, it was concluded that: the plain covers: almost all of the
hydropower j)otenti_al of the Se Kong river basin, so that there is almost no room remaining
for another development plan other than the project sites proposed in tho provious_ studies.

' Consequently, the development p!an inventory to be proposed in thJS study wﬂl be produced

based on projects proposed in the previous development plan; .

710
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Study on Development Plan inventory: -

As described in 7.2, it is confirmed that the basic concept of the development plan proposed
in the 'prcvioﬁs studies is almost appropriate. In this section, therefore, the development plan
is studied based on the development projects proposed in the previous plan and employing

*the basic study policy proposed in 7.1.2 following the purpose of this study.

The contents of the study are provided below.
Conditions for Determination of Development Scale

Determination of Effective Reservoir Capacity -

<At first, the firm discharges‘_produced by ‘various effective reservoir. capacities are

calculated by mass-curve calculations with the monthly flow data. The effective reservoir

' capacity is then _detennined"to provide the most efficient flow: regulation performance. Here,

the period of available flow data is five years which is too short to apply the carry-over

reservoir operation pdlicy which regulate river flow for over several years. In-this study,

therefore, the reservoir operation of the aninual regulation base is applied for the calculation
of the firm discharge. o ' : B

The firm discharges for each project were calculated with inflow data varying the reservoir
capacities. According to these calculations, it is seen that a sufficient regulatmg '

performance is expectcd when the effective reservoir volume is 20% to 30% of the average

-~ annual inflow volume in the case of the Se Kong River basin. Asa larger reservoir volume

docs not produce an increased firm d1scharge a regulatlon ratio of 20%to 30% is employed

" as the criteria in this study.

- Where the regulating ratic of 20% to 30% is not provided due to a restricted g_rosé TEServoir
‘capacity and a sediment volume, the largest possible -capacity is used as the effective -

feservoir capacity, considering the installation of an intake between the sediment level and

 low water level of the reservoir. ' '

' Defeifmin'ation_ of Sediment Volume of the Reservoir-

*. The sediment volufﬁe for 100 years estimated in Chapter 6'is used for this s_tudy.

7.1
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Determination of Maximum Discharge

As described in 7.1, the installed capacity is _detennined.to provide a plant factor of
approximately 60% for each project. Conceming this policy, the relationship between the
available firm discharge, maximum discharge, and-plémt factor was examined, )

According to the above examination, in the case of a project with a reservoir (with a
capacity for annual flow regulation), when the maximum discharge is twice that of the firm

discharge, wherein the firm discharge provides a dependablc_peak.dischar_ge for a 12 hour -

duration, the plant factor consequéntly‘ becomes approximately 60%.- Therefore, the
maximum discharge is set at double the amount of the firm discharge.

However, in the case of a daily regulation or run-of-river project, the firm discharge is small .

because a reservoir capacity for annual flow regulation is un‘ava'i'lzible._ Here, although the

plant factor becomes large when the doubled amount of the firm discharge is deemed to be

- the maximurn discharge; the spilled amount of river flow becomes large in the i'aihy season
5o that river flow cannot be utlhzed and deve!opment cfﬁcxency becomes low. Accordingly,
- the maximum discharge i is determined by case study to detcnmne a mammum dlscharge

which would prowde a plant factor of approximately 60%.

Co_nditions for Project Cost Estimation

| Civil_Works and Hydraulic Equipment -

Construction costs of civil works and hydraulic equipment such as gét_es_ and pé:n%stdck steel
“are estimated based on basic project parameters such as the dam scale (beight and crest .
* . length) by the high water level (HWL) of the reservoir or regulating pond, waterway length,

maximum discharge and effective head for power generation, whlch are determined by

using 1/50,000 scale topographic maps.

~ For the spillway, the construction cost i_s_esﬁmated__based on the type of dam employed and

- the design flood discharge estimated in Chapter 6 _:is_p_robablé maxunum flood.

The unit prices of each work 1tern shown in Table 73-1 are apphed for cost
estimation.

L 7i12
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 Electrical Equipment

The cost of electrical equipment is estimated by selecting the type of turbines deemed
appropriate for the determined maximum discharge and rated standard effective head.

" Considering plant maintenance and bpcr_ation,_ the minimum number of units is assumed

as two.
Transmission Line

It is necéssary to include the cost of the transnﬂSsion line in the total project cost for
evaluation of the development projects in the selection of priority projects. T

"In this study, the cost of the transmission lin¢ is estimated by assuming the receiving

substation, transmission line capacity and traismission line route according to the instatled

" capacity of each project and with the condition that each site is developed individually.
- Access Road

- The cost of access roads is also estimated by assuming that each project is developed

" individually. Tn this study, the construction cost ‘of new road and bridges, and the

)
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improvement cost of existing roads and bridges is made by assummg the’ access route from

main existing road to the project site.

~ Compensation

The cost of Eompensétioh is assumed to be 5% of the cost of civil works evenly for each

df’:i'elopment project since the objective of the compensation is unclear at the moment.

Conditions for Project Evaluation

s Annual Benéﬁt (B)

 As descnbed in 1712 @), prOJect beneﬁt is calculated by applytng the alternatwe thermal
- 'power plant method In this study, a constant unit beneﬁt is used. The annual benefit of
:_ each pro_lect is calculated by multlplymg the foilowmg ﬁgures of unit bénefits to the
* dependable peak output (90% dependabllsty) and to the annual energy (primary and

secondary) respectlvely
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Project Typc - _ . Plang type kW Benefit . -kWh Bcneﬁt..-

(US$/KW) (US$KWh)
o o . ' {ﬁr_m[ .. {secondary)
Reservoir{(Annual Reg.) Coal Fired L 212 ‘ _0.0162 - . 0.0145

Daily Regulation Gas Turbine . 71 - 0.0512 0.0506
Annual Cost (C)

The annual cost of the project is calculated by muitiplying the construction cost of the
project by an annual cost rate of 11% assuming that the discount rate is 10%, the pIant life

is 50 years, and the operation and maintenance cost rate is 2% of construction cost.
Indexes for Project Evaluation

In principle, an index of net benefit (B-C) is employed in the study on development plan
inventory since the major study objective is to evaluate the hydi*opower potential of the
basin. Accordmgly, the development scale of cach pro_lect is dctermmed to maximize the net
benefit. '

Also, as other mdcxes the bcneﬁt cost ratio (B/C) unit energy cost (US$/kWh) and unlt
_ construction cost (US$/KW) are calculated for each case,

Study on Development Plan Inventory

The study on the develcptrie_nt plan ln‘ventory of the Se Kong River basin is conducted based

on the study conditions described in the above scctiohs The study produced a develcpment

plan inventory of the S¢ Kong River basin as summarxzed in Flg 7 3- 1 and Table 7.3-2,

The contents of the study are provided by the rivers in the basm as follows
Projects on the Mainstream of the Se Kohg River.

The development'projects on the m'ainstream of the Se-Kong Rj\?er are limi'tc'd"td three, Se

. Kong Nos.3, 4 and 5, as proposed in the. prewous study. because of 1ts river proﬁle the

locatlons of candldate s:tes for dam construcuon a.nd the dxstnbunon of the tnbutanes'
flowing into the mainstream. - : '
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Se Kong No. 3 Project (Fig.7.3-6)

Although the dam site of the Se Kong No.3 project forms a wide valley and requires a crest
length of 2,000m or more, there are no alternative dam sites.

Two altematwc dam axes seem to be available at the dam site. One is the upstream
alternative which connects the right and left banks directly at the narrowest distance
between the major mountains. The second is the downstream alterative which uses a small
ridge coming out toward downstream from the mountain on the left bank. Of these
alternatives, as the downstream axis is seen as unreliable geologically, the upstream axis is_
selected.

Sekong Town, the central township of Sckong Pro_vincé, is located in the reservoir area of

the Se Kong No:3 project and. the environmental effect and compensation caused by the

inundation of this town presents a major problem. At this stage, however, the compensation

cost is accounted at the same basis as "that for other sites..

: A prac’ucal upper limit of the reservoir water jevel (HWL) of the Se Kong No 3 project is

set at EL.160m since the river bed elevation af the dam site of the Se Kong No.4 project is

approximately EL. 160m. Accordmgly, the development scale in  the reservoir water level ts

' studied by varying the HWL at- 140, 150, and 160m, as shown' in Table 7.3-3.
_Consequently, a plan with a 160m HWL is selected due to its performance in B-C. In this

case, an area of approximately 280 km?Z which includes the Sekong Town area, would be

_mundated Although this presents great impact on the environment, a plan with a 160m
= HWL is hsted in the mventory from the w,cwpomt of hydropower potential evaiuatlon

S_e Kong No..4 Project_ (Fig.‘7._3'-7) o

Duc to the topographnc oondmons the only dam site available for the Se Kong No.4 project
1s that proposed in the prowous plan. The terrain on both banks of this site is relatively

; gentle thus requiring a falrly long dam crest of approximately. 1,000m. Bowever, there is no
- other altemanve dam site because of the scale and stablhty of the mountams on both banks -

ST requ:rod for dam constructlon

_-Thc development scale in the reservonr water level i8 studled w1th varying - HWLs of 280,
o _,300 -and 320m, as shown in Table 13-4, Frofn this, a plan w1th a 300m HWL which

. prowdm the best. net bcneﬁt (B-C) is selocted In this case, no large towns or vﬂlages lie
- w1thm the_roserv_mr area However the unpact on the ermronment would be qultc large as

Caes
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the inundated area would be approxnnately 145 km?Z and many small wllages and a w1de B

forcst arca would be submerged.

At this stage, a plan with a 300m HWL s listed in the inventory from the viewpoint of

hydropowef potential evaluation. However, a plah with a 280m HWL would provide an-
~‘equivalent ' B/C and would reduce the submerged area to 114 km2. Accordmgly, in the

next stage a development plan with fower dam height could be an altemate for further

' study

Se Kong No. 5 Project (Fig. 9.8)

The dam site in the Se Kong No.5 project is practically restricted to the location proposed in
the previous study due to the river profile and the distribution of tributaries in the project
basin. . A rapid river section with a gradient of approximately 1:20 runs from the riverbed

' elevation at 340m to 300m. This section is located approxjmately 13.lan downstream from

the confluence of the mainstream of the Se Kong river and its tributary; the Houay Axam
River. ‘A project layout is selected with a dam installed upstream and a power plant
downstream of the above rapid section and by connectmg these with an approxunately 1km
long headrace tunnel ‘ ' :

In ‘actuality, the maximum HWL should be 500m or Iess because:- the reservoir backwater
would cross the border ifito Vietnam if it exceeded 500m. 'I'herefore a plan w:th an HWL
exceeding 500 m in elevation cannot bé an altemate ‘

Accordmgly, the development scale in reservoir water level is stud1ed by varying HWLs of

460, 480, and 500m, as shown in Table 7.3-5. From this, a plan with a 500m. HWL
which would provide the opumum net bcnefxt (B- C) is selected. ' ' '

In this case, there are very few villages and a minimial cultivated area;

The plan with a. 500m HWL ‘would re’cjuire a inundation area of dpproxﬁnately'SB kin?.

However, as there are very few villages and very little cultwated areas within the reservoir
area, only minimal impact is provided to the social environment. Although a rockﬁll type
dam was selected at this stage it is possible that in further studxes a concrete gramy type
would be selected if highly accurate topograph:c maps and’ dlscharge data are available

because of the ava:labshty of construction material for i ‘impervious. core and condltlons for -
* river dwcrsxon works. A concrete dam could also be deemcd more beneﬁcnal to reduce the
~ dam volume by reducmg 1ts helght

i o
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Projects on the Xe Kaman River

The basic development -plan of the Xe Kaman river in terms of efficient use of its

hydropower potential is understood to be that of four projects, Xe Kaman No. 1, No.2, No.3
ané No.4, proposed in the previous studies, due to the conditions of the river gradients,
locations of dam sites and the distribution of tributaries in the basin.

Xe Kaman No. 1 (Fig. 7.3-9)
The Xe Kaman River forms a canyon through a part crossing three  mountain ranges

which run in paraliel from the south to the north Just before coming into the beginning of its .
downstream section,  As the river gradient in the midstream section of the Xe Kaman river

. is gentle, a large reservolr would be produced by constructing a dam- across the canyon.

described above. Aceordmgly, the Xe Kaman No.l project is pianned as a dam- type
pro_lect Although a number of alternative dam sites are conceivable along this canyon, a

site is selected in that part of the canyon where it crosses the central mountain range due to

- the topographical conditions of the area around the site as well as in the canyon proper for

_ _the reservoir and dam construction.

The e_levation_ of the river bed at the conﬂuence'of the Xe Kaman river mainstream and its
tributary, the Nam Poay-O river is EL.280" m, - Therefore, the practical limit of the HWL

- for the Xe Kaman No.l project is-at EL. 280 m, considering riverbed elevation at the Xe

Kaman No.2 Project. In this plan, as the dam height is expected to be around 170 m, it
would undesirabie, both in terms of technology and capltal investment, to further increase
the HWL. '

In-view of tlus the development scale is- studled by varying the HWL with 3 cases. of 260
“m, 270 m and 280 m in elevation respectively as shown in Table 7.3-6. Asa result the plan
. ._thh aHWL of 280 m, whlch prov1des the largest B- C value, is selected

In'this case, although there are no large towns or villages in the potential reservoir area, its |
.'enwronmental impact would not be trivial due to a wide floodmg area which would reach
= approxlmately 220 kIn2 At this stage, the plan with a 280 m HWL is sclected for the

mventory in view of its hydropower potentnal However, the plan with the 260 m HWL is

- most advantageous in terms of the B/C and its mundatxon area is apprommately 190 kin’,

s Aceordmgly, the: plan with lower dam height and smaller- floodmg area: is: worth while
S studymg in the- further stages '

R
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Xe Kaman No. 2 Project (Fig. 7.3-10) .

When the HWL of the Xe Kaman No. 1 Reservoir is set at 280 m, the dam site of the Xe

Kaman No.2 project is automatically determined at a location immediately downstream of
the confluence with the Nam Poay-O river where the river bed elevation is at EL.280 m, this

in view of the longitudinal geometry of the river-and the conditions of the geographical
distribution of the tributaries. '

The Xe Kaman No.3 and No.4 Projects, both located upstream of the Xe Kaman No. 2
project, are planned as dam and waterway type projects. Therefore, the reservoir HWL does
not affect the selection of the dam sites of the Xe Kaman No.3 and No.4 projects, and there

-'is no particular upper limit on the_I-IWL of the Xe Kaman No.2 Project. On the other hand,
the lower limit of the HWL is set at 380 m for No.2 project in order to secure a storage.
capacity with a regulation rate of 20% in consideration of the reservoir sedinient volume.

Based on the above, four cases, with a HWL of 380 m,-' 400 m; 420-m and 440 m are

 studied to obtain the optimal development scale. It is , however,.seen that the figures of the

B/C are substantially lower than 1.0 in these cases as shown in Table 7.3-7. At this stage,
the 380 m HWL is provisionally sclected as the reservoir development scale for the

evaluauon of Hydroelectric power potentnal takmg into account the nver becl elevation at
" the powerhouse sites of Xe Kaman Nos.3 and 4 Pro;eets ' '

- Xe Kaman No.3 Preject (Fig. 7.3-11) -

Xe Kaman No.3 project is planned as a dam and waterway type project which utilizes the
hcad provided by a rapid section in the midstream of the Nam Poay-O river, a tributary of

the Xe Kaman river. A dam site is selected in a section upstream of the rapid section. Due-
~ to the conditions of topography and longitudinal river geometry of the sites, however, the

dam has to be large at any site when it is. attempted to secure a substantial reservoir

'capaclty Even when the dam site is selected near the Ioeatxon where the riverbed

elevation is 860 m and the river gradient is relatively gentle a dam approximately 100 m

“high ‘would be requ:red to :secure a reservoir capacity of 20: %: m regulanon rate. The
‘construction cost would also be too hlgh for the energy generated

Therefore, to fit the dam scale to the site condntwns the dally regulatlon type is. apphed as.

- the development scheme of the Xe Kaman No.3 project The dam and powerhouse sites are
selected at locations where the river bed elevatlons are apprommately 770 mand 370 m
respect:vely to make the ratio of aval]able head to the waterway length maxlmum takmg" g
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i t]le-conditiens of the river gradients and topography of the waterway route 1into-account.

Based on the above layout, the optimum development scale is studied by assuming the
tailrace water level at EL.380m the reservoir HWL of Xe Kaman No.2 project. In this study,
cases with a ratio of the maximum discharge to the firm discharge of 2 times, 3 times and 4
times are examined. From this it is seen that the case witha maximum discharge of 24 m’fs,

which'is four tiimes the fim discharge, is selected as the optimum plan because this plan

: provides a plant factor of 63% and is the most economical, as shown in Table 7.3-8.

x'e Kaman-No..4 Project

Xe Kaman No.4 project is planned as a dam and waterway type utrhzmg a head provided
between the most upstream section of the Xe Kaman river and the reservmr of the Xe
Kaman No.2 pro_lect. As the river branches into a number of tributaries in its upstream
basin, -and based on examination on both the superﬁcial distribution and longitudinal river

- profile of each tributary, R_eservoirs A, B," C,D and. E are selected on the five tributaries

respectively as shown in an 7.3-9.

Based on the above reservoir layout, in this study, the waterway routes connccting each
reservoir are also studied and two alternative plans which appear ‘the most effective, are
compared. Here, Case 1 has three sets of waterway tunnels which connect Reservoirs A, B

- andC, Reservoirs E, D and C, and Reservoir C and the powerhouse located by the resetvoir
.-of the Xe KamanNo.2 pr03ect respectrveiy Case 2 excludes Reservoirs D and E from the
layout of Case 1. o :

-As a result of the study, both plans. prrm'de a B/C less than 1.0, as shown in Table 7.3-9.
“At this stage, however, Case-1, which provides a larger B/C value is. selected for the
- inventory from the viewpoint of evaluating the basin's hydropower potential.

: Pr'ojectso_n the Xe Namnoy'River (incl'uding the Xe Pian-River).

As. the Xe Namnoy river:has comphcated long1tudmal geography in locatlonal relationship
~with its tributaries and nerghbonng nvers a number of altcrnative plans are eoncervable
- However, the geographrcal condatlons of the bas,l_n severely restrict the number. of dam sites

" where sufﬁc'ient res_ervoir_'capacities can be secured. -

o Here the basrc development pla.n consisting - of three large to medrum scale - prOJects

e proposed in the prevrous study by JICA is referenced as the bas:s and the optmtum plans of
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each project are studied to provide an officient use of the patticular- geographical features of
the Bolaven Plateau including the neighboring Xe Pian river,

Independent Plahs ot the Xe Namnoy and Xe Pian Rivers - -

- The mainstream of the Xe Namnoy river has a rapids at its midstream section where the

river bed elevations is approximately 720 m at the beginnixlg and approximately 180 m at
the end of the rapids. In this section, a head is available for power generation. On the other
hand, the river flows across the upper plains of the Bolaven Plateau with a gentle gradient
in its upstreatn section with a riverbed elevation of more than EL.720 m. Accordingly, a

reservoir providing efficient storage capability could be constructed on the upstream section

- of the river,

For the development of - the Xe Namnoy River, plans dwertmg water from the nelghbormg
tributaries of the Xe Namnoy or Xe Pian Rivers to a reservoir on the mainstream of the
Xe Namnoy river are conceivable. At first, however, the -study is - independently .

conducted by utilizing the mainstream only.

Xe Namnoy Midstream Project

The Xe Namnoy Mldstream Project is pla.rmed as a dam and waterway type using its
partlcula.r site condition which provides an available head between pomts where the
riverbed elevations are_approxxmately 720m and 280m respectively. (see Fig, 7.3—13) _

“The dam site is selected in the upstream section from the site with a riverbed clevation of
. 720m, where the_fapids start. Several alternate dam-axis are available depending on the

selection of theloptimuni reservoir HWL which would provide an adequate storage capacity,
and also depending on the layout of an intake which would serve to make the headrace
tunnel as short as possil:le.'When the HWL is 760m or higher, the dam axis _is_selected ata
site approximately 2 km upstrean from' where the riverbed elevation is EL.720 m and
taking the intake layout into cons1deratzon When the HWL is 750. m'or less, the dam ams is
selecied where the riverbed elevation is EL.720m, The powerhouse site is selected where the

- river bed elevation is 280m, consxdenng the waterway route and the geograplnc condmon '
' for the penstock '

Based on the above _e_onditio_n's, tlte:dewtelbpment scale of the reservoir is studied in four -

 cases, with an HWL of 750m, 760m, 770m and 780m, respectively, as shownin Table

7.3-10, This study indicates that both the B-C and B/C are maximized in the case ofa 760m
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HWL, which p_rovides the minimum dam scale among the cases with a reservoir capacity
corresponding to 30% of regulation ratio. Therefore, the reservoir HWL of the project is

~ selected at EL760m. The plan ‘with a 750m HWL has a smaller dam, but a reservoir
 capacity of only 10% regulation ratio could be secured. This plan is, therefore,

economically inferior to the plan with a 760m HWL.
Xe Namnoy Downstream Project

The Xe Namnoy-Downstreaﬁi Project is planned as a dé.i!y regulation type development

using the discharge released from the Midstream Project and the natural discharge from the

sub-basin downstream from the Midstream Project, together with the remainder of the
available head in the rapid section of the Xe Namnoy river below the 280m riverbed
elevation. (see Fig. 7.3-13) Fora _dam and waterway type, the available head is relatively-
smalt. However, this Project is based on the regulated inflow conditions provided by the

‘reservoir of the Xe¢ Namnoy Midstream Project. In this connection the Xe Namnoy

Downstream Projects should be treated as one project and combined with the Midstream
Project as a single development scheme. ‘ '

Here, the inflow conditions of the Xe Namnoy Downstream Project depend on whether it is
undertaken with or without the Houay Katak Tok: Project which would divert the discharge

~directly. into the mainstream - of the Se Kong River, In this study, the inflow of. the
" Downstream Pro;ect is calculated based on the condltlon with a selected- dvvelopment plan

of the Houay Katak Tok Prolect

In this plan, the dam site is selected to be just below the confluence of the Houay Katak Tok
River duc to the effective use of the dlschargc from the sub-basin downstream of the Houay

- Katak Tok _Prqject and the topographic: constraints on ‘the waterway layout.- Due to an
‘available head being efficiently provided by a waterway tunnel, the powerhouse site is

B -'sciccted dn_ the right bank where the nfverbed clevation is 200m.

In ﬁus study, cases with the ratio of the maximum dlscharge to the ﬁrm dlscharge of 3 times,
4 tlmes and 4. 5 times -are examined. 'Ihe study shows that the case with a maximum
 discharge of 75 m/s bemg 43 tlmes the firm discharge, provides a plant factor of

approx:mately 60% and: prov1des superior economic performance as almost same as the

g case wnh a maxlmum dlscharge of 66 m */s, as shown in Table 7 3-11.



(3.1.3) Xe Pian Project (Independent Plan)

(3.2) .

Prior to the study of the river diversion plan from the_Xe Pian river to the Xe Namnoy
Midstream Reservoir, an independent development pllan' of Xe Pian River is studied as an
alternative. (sec Fig. 7.3-4) As the Xe Pian River midstream is rapid from a riverbed
elevation of 780m to 340m, a development utilizing the head available in this section is
conceivable. In this concept, as there is no terrain above the riverbed elevation of' 780m
capable of securing an adequate storage capa'eity, the Project is a waterway type with a
regulating pondage. - In addition, to eﬁ'eetively utilize the head with a short waterway route,

-a layout utilizing the nearby tributary to the east of the Xe Pian River' s main stream, such

as that shown in Fig. 7. 3—4 is advantageous

In this study, cases with the ratio of the maximum dlscharge to the firm dlscharge of 3 times,
4 tunes and 5 times are examined. The study shows that the case with a maximum
discharge of 15 m’/s, that is 5 times of the firm discharge, is the optirhum plan because it
provides a plant factor of approximately 60% and is, therefore, the most econormcal as

shown in Table 7.3-12.
Projects on Xe Namnoy River with River Divers_ion. of Xe Pian River (Fig. 7.3-13)

Next to the independent develo_p_ment platls on the Xe Na;rmof river and the neighb_or'mg Xe
Pian river, a developnient plan with a river diversion from the Xe Pian River to the Xe

Namnoy Midstream Reservoir, based on the Xe Namnoy Midstream Project with a
reservoir HWL of 760m which was s_eIected as an optimum plan of the independent
development scheme. '

“Here; the maximum discharge of the Xe Pian dlversmn is set at 5 times the ﬁrm discharge

following the study result of the independent development plan of the Xe Ptan Project. The

river flow of the Xe Pian River is diverted to the reservoir of the Xe Namnoy Midstream

Project by the waterway route shown in Fig. 7.3-13. The development plan of the Xe

Namnoy River is studied for both. the Xe Na.mnoy Midstream and Downstream Pl’O_]ects
under these conditions. : . :

. The result compared w1th a case with no dlversmn from the Xe Pian Rlver is. shown in

Table 7.3-13: As the result indicatesthe advantage of the development plan mcorporatmg
the diversion scheme of the Xe Pian Rlver the development plan of the Xe Namnoy

Project (Midstream and Downstream Pro_]ects) with the Xe Pian dlversmn scheme is listed .

on the. development plan mventoxy
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Houay Katak Tok Project (Fig. 9.14)

The Houay Katak Tok River flows along the eastern edge of the Bolaven Plateau. A head of

approximately 800m is available between the mid to upstream basin on the Plateau and
downstream from the dam site of the Se Kong No.3 project on the mainstream of the Se
Kong River. Similar to the Xe Namnoy River, the Houay Katak Tok river has a gentle
gradient along its upstream, and the topography of the basin provides a dam site able to
provide an adequate storage capacity. The Houay Katak Tok Project is planned as a dam

~and watemuy type which. utilizes the. annual flow volume in the upstream basin. The

particular geographical features provide a high head down to the mainstream of the Se
Kong River. ' '

Although a number of alternative dam sites are available, the site at the riverbed elevation
of 820m, where the dam scale becomes srnallest under the condition of setting the storage

capacity required for the annual flow regulation, is’ selected ‘The tailrace site is selected at
-approxlmately 5 km downstream from the dam srte of the Se Kong No. 3 PI'O_]BCI with

which the overall length of the waterway is shortest

- Regarding the waterway and powerhouse connecting the reservoir and tailrace, because it is

technically difficult to. install a penstock of an approximately 800m head on the extremely_
steep slopes of the eastern side of the Bolaven Plateau a layout consisting of a vertical shaft
type embeddod penstock an underground powerhouse and a tailrace tunnel is selected

Based on the above the project scale i is stud1ed by 3 cases with an HWL of 870m 880m

.-and 890m as shown in Table 7.3-14. These studies show the development plan with an
* HWL of 880m, which provides the highest B-C value being selected.

- 'Projects on the Nam Kong River

It is reasonable that the medium to large scale development plan of the Nam Kong River be

- studied based on the three projects, Nam Kong No.1, No.2 and No.3, proposed in the
 prévious studies due to the conditions of its river profile (see Fig. 7.3-5) and its topography
* . which is suitable for dam sites and reservoirs. - ' :

Nam Kong No".l l’roject_ _(Fig..7.3,-'15_) R

L -The Nam Kong No: l Pro_]ect is planned in the downstrcam sectron of the river as a dam

RS and waterway type whlch utilizes the gentle river gradlent in the upstream at a nverbed :

s 2'3:' ._
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clevation of 260m foi’ a reservoir, and the head available in the rapid 'section from the .

riverbed elevations of 260m to 120m of the Nam Kong River, - The dam site is restricted to

a location at the riverbed elevahon of 285m where the canyon is the narrowest. The

- reservoir HWL is lnmted to 340m due to the geographlcal conditions of the dam site and the

- area around the feservoir, The powerhouse site is select_ed at a riverbed elevation of 160m

due to geographical constraints on the waterway route.

Based on the above,i the pf’oject scale is studied by three cases, _with HWLs of 320m, 330m

- and 340m respectively, as shown in Table 7.3-15. -From these studies, the development.

plan with'a 340m HWL which would provide the highest B-C value is selected.

Nam Kong No. 2 Project  (Fig. 7.3-16)

.The Nam Kong No.2 Project is planned as a dam and waterway type which utilizes the

meandering midstream section of the Nam Kong River. The dam site is limited to a location

at the riverbed elevation of approximately 400m, where the canyon is the narrowest and

where the n'dg_es on both banks ar¢ relatively thick and stable.  The reservoir HWL is
limited to 480m due to the geographical conditions of the dam site and the area surrounding
the reéer_'voir; In addition, a 460m HWL would be efficient in view of its relationship to the

.geographiéal conditions of  the ‘Nam Kong No.3 project: site' mentioned in(4.3). The

waterway route and the powerhouse site are selected to minimize the length of the waterway
connecting the reservou of the Nam Kong No.1 and No.2 Projects. The tailrace water level
is set at EL.340m, which is the reservoir HWL of the Nam Kong No.l PmJect

Based on the above, the project scale is studied by three cases, with'HWLs of 460m, 470m '

and 480m rospectively. . In all cases, the B/C fell short of 1.0, as shown in Table 7.3-16.
At this stage, however, the development plan with a 460m HWL is selected for the
evaluation of hydropower potential in the basin, considering its relationship to the Nam

Kong No.3 Project.

i ri‘-;;; .

* Nam Kong No. 3 Project  (Fig. 7.3-17) .

The Nam Kong No_; 3 Project is p_lé:med in the midstream sé{:ti_oh'of the river as a dam and

waterway type which utilizes the gentle rivér:.gradient in the upstieam where the riverbed

clevation is 500m for a reservoir, and the head available in the rapid section from a riverbed
clevation of 5 500m to 460m of the Nam Kohg River. - The dam site is'liinitcd to a locatidn .
ata nverbed elevatlon 490m, where the canyon is narrowest at the upstream end of the
l’apld sectlon Reservoir HWL is lumted to 540m due to the topographlc oondmons of the_'
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" area around the reservoir in reference to the reasonzble scale of the reservoir and dam. The
- powerhouse ‘site is selected at a riverbed elevation of 460m where the downstream end of
- the rapid section is provided downstream from the dam site.

Based on the above, the project scale is studied by two cases, with HWLs of 530m and
540m respectively. In both cases, the B/C fell short of 1.0, as shown in Table 7.3-17. At
this stage, the development plan with a 540m HWL, which is the larger project, is selected
for the evaluation of “hydropower potential in the basin. -

Project on the Xe Xou River
The Xe Xou River flows in the southern region and runs pﬁrallel to the Xe Kaman River.

The topography of the river in the midstream basin presents features similar to those of
the Xe Kaman River. As the catchment area is not overly large, and as the river gradient is

‘relatively gentle in this section of the river, the Xe Xou Project propo_sed in the previous

study is the only project in the basin which would be a medium to large scale development.
Xe Xou Project (Fig. 7.3-18)
The Xe Xou Proj'oct is planned as a dam type development with a large reservoir, similar to

the Xe Kaman No.1 Project. In view of the topographic conditions and the catchment
areas in the basin, the dam site is limited to near a l'ocation at a riverbed elevation of 120m, .

' _where the Xe Xou river runs from its midstrearm section to the downstream plains through a
~ canyon, Conmdermg the above, the dam site was selected at the location shown in Fig.
7318, '

: 'Based on the above, the pro;ect scale is studied by four cases with an HWL of 160m, 180m,
e 200m and 220m respectlvcly, as shown in Table 7.3-18. The study shows that the B-C and
" B/C are both highest in the 180m HWL plan. However, the B/C value of this plan is still

substanually bclow 1.0,

- This is because the catchment area of this Pro_]ect is smaller than those of Xe Kaman No.1.
" or oﬁlcrs and the river flow is msufﬁcnent to plan a project in which the head is provided
'only by the helght of the dam, Fmther even a plan with an HWL of 180m presents a flood

-. " “area amounts of apprommately 100- km?®. Population relocatlon would be substantial as

" thére are many v_l_llages inthe ﬂood area._ of thl_s project.
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. The possibility of a developmcnt plan of diversion from the Xe Xou Reservoir to the Xe

kaman No.1 réeservoir is also examined. In this case however, an HWL of 220m or more
with a large scale dam are required for the Xe Xou project, even though the _HWL of the
Xe Kaman Project is reduced. Therefore, 4 diversion scheme is economically unfeasible.

Projects on the Nam Emun River -

The Nam Emun River consists of small tributaries in its mid to upstream basin. These flow

into the mainstream of the Se Kong River after forming into a single stream in the

downstream section. Its confluence with the Se Kong River is located 10km upstream from -

the site of the S¢ Kong No.4 Projeot The downstream of the Nam Emun river consists of a
part of the- Se Kong No.4 reservoir. '

Regarding the above described feature of the basin, a medium to largo scale development

" plan in the Nam Emun river basin is planned by a scheme consisting of reservoirs on a

number of tributaries in the upstream basin and using the head available between those
reservoirs and the Se Kong No.4 roservoir,_as proposed: in the previous study. '

In this report, the term, ‘Dak E Meule Pro_|ect as used in the previous study by the Mekong

Committee, shall be employed
Dak E Meule Project (Fig. 7.3-19)

The Dak E Meule Project is planned as a dam and waterway tvpe with two stages of power
generation based on the conditions of the basin described above. As the river branches into
a number of tributaries in its upstream basin, Reservoirs A, B, C, D and E are selected on
the 5 tributaries respectively, and Regulating Pond F is planned on the mamstream of the
Nam Emun River for mtermcdlate power generation, as shown in Fig. 7.3-19, based on the

examination of both the superficial- distribution and _longltudmalg river- profile of cach

tributary.

In planning this scheme, two altemative waterway routes -oonnécting each reservoir are
studied. In the first case (Case-1),. Reservoirs E; A and F and Reservous D, C,Band

Regulatmg Pond F are connected by waterway: tunnels in thlS sequence for the first power

generanon utilizing the head between Reservoir A and chulatmg Pond E. Then discharge

released from the fist power plant is diverted together with the chschargc from Rescrvolrs D,

C and B to the reservoir of the Se Kong No.4 Project for the second power generatlon In

the second case (Caseé-2), Reservoir Band Rcscrvonr E are excluded from Case-1.
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