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Luangprabang hydropovver and its downstream 
accumulative impact on sedim ent flux
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Abstract. With the aim to develop hydropower potential of the Lovver Mckong Basin (LMB) and 
not to cause substantial impacts to naturaỉ environment, in 1980s and early 1990s o f the last 
century, the then Interim Mekong Committee had studied a cascade o f run-of-river hydropower 
prọịects in the Mekong mainsưeam. In 2008, Hydropower Development Programme of the 
Mekong River Committec (MRC) proposed a scenario consisting o f 1Ị run-of-river hydropower 
prọịects. Luangprabang hydropovver (LHP) is the second cascade in Laos and the tenth cascade 
from upstream o f Lancang- Mekong river. The Environmental Impact Assessment report of LHP 
was carried out by Vietnam Association for Conservation o f Nature and Environment (VACNE).

The accumulative impacts o f  hydropower cascades in mainstream o f Lancang-Mekong river to 
dovvnstream are significant negative in terms o f sediment flux in dovvnstream in vvhich, 
contribution o f  the LHP is small or may be insigniíĩcant. Sediment impounded in LHP reservoir is 
estimated to be 10.1 tons/year or 17% sediment flow decreasement at Luangprabang Hydrologicaỉ 
Station (LHS). The sediment impounded in LHP reservoir decreases about 6.95% totaỉ sediment 
volume flowing into the Mekong delta in Vietnam.
Keywords: Sediment index; Sediment flux, Accumulative impact, Hydropower, Mekong river.

1. M ek o n g  r iv e r  an d  h y d ro p o w e r p o ten tia l

R ising  in the g laciers o f  T ibet and flow ing 
through territories o f  six countries nam ely 
C hina, M yanm ar, Laos, Thailand, C am bodia 
and V iet N am  hefore entering the South C hina 
Sea, vvith total length o f  4,400 km, catchm ent 
area o f  795,000 km 2, average annual flow s o f
15,000 m 3/s , the M ekong R iver lends itse lf to 
rom antic m etaphors and im pressive statistics, 
both o f  w hich are frequently  invoked in the

# Tel.: 84-4-38581776.
E-mail: nguycnxuanhai@hus.cdu.vn

current dam -build ing  debate. The river is 
ranked as 1 2 lh in the longest river in the  world, 
21* in term s o f  area and 8lh in flow s [1 ,2 ] .  The 
basin is d iv ided  into tw o parts as upper parl (in 
China), and low er part (Lovver M ekong 
Basin/LM B). T he LMB is deílned as the 
w atershed area dovvnstream o f  C hina and 
M yanm ar, vvhich covers an area o f  over 77%  o f  
basin area, including alm ost territories o f  Laos 
and C am bodia, 1/3 o f  Thailand and 1/5 o f  Viet 
N am . In the  LM B , m any river reaches are 
border betvveen Laos and Thailand and also 
m any reaches run in entire territories o f  Laos, 
C am bodia and Viet N am  [1].
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In addition to abundant resources on íorests, 
tìsheries, lands etc., vvater resources in gencral 
and hydropovver potential in particular are 
im portant resources o f  thc  basin that can meet 
energy dem ands in the region, contribute to 
poverty  alleviation. In accordance with studied 
resu lts o f  the M RC, hydropow er potential o f  the 
river basin is estim ated to  53,200 MW, o f  which
23.000 M W  is in the  upper part o f  China, and
30.000 M W  in the lovver part. Total existed,

under consừuction , and planned installed 
capacity in the  Lancang - M ekong R iver is 
42,076 MW, accounting  for 79.1 %  exploitable 
potential in the  region o f  vvhich total planned 
capacity in the upper part in C hina is 14,800 
MW, accounting  for 64.4%  hydropovver 
potential o f  Lancang River. The low er part o f 
basin has 27,276 M W  potential capacity  or 
90.3%  hydropow er potential o f  the  LM B 
(Tablc 1) [33-

Table 1. Installed capacity o f existing, under-construction and planned projects in whoỉe
Lancang-Mekong river basin

Country/part Under commission Undcr construction Planncd Total
China 2,850 11,950 750 14,800
LMB Laos 669 2,558 14,773 18,000

Thailand 779 - - 779
Cambodia 1 - 6,010 6,011
Viet Nam 1,786 651 49 2,486

Total LMB 3,235 3,209 28,832 27,276
Total China + LMB 7,085 15,159 29,582 42,076

Lancang river basin (from  source dovvn to 
C h ina’s border) covers an  arca o f  168,000 km 2, 
o r 21 .1%  total area o f  Lancang-M ekong basin. 
A nnual run-ofT volum e is 74 km 3, o r 16.2% 
total run -o f o f  the basin bu t hydropow er 
potential is 23,000 M W , accounting  for 43.2%  
total potential o f  w hole Lancang-M ekong basin. 
O ut o f  8 hydropovver cascađe in Lancang river, 
2 prqịects have been pu t into com m ission, 4 
prọịects are under construction and 2  rem aining 
ones have been planned (F ig .l)  [3].

W ith the aim to  develop  hydropovver 
potential o f  the M ekong m ainstream  and not to 
cause substantial im pacts to  natural 
environm ent, in 1980s and early  1990s o f  the 
last century, the Interim  M ekong Com m ittee 
had studied a cascade o f  run-of-river 
hydropovver prọịects (n o  regulation) in the 
M ekong m ainstream . T hese prọịects vvould 
operate in an isolate regim e so that the  selection 
could be actively undertaken basing on 
proposed criteria as econom ic energy 
effectiveness, extern o f  socio-environm ent 
im pacts etc. A fter all hydropow er cascades in

China part are put into operation, energy 
eíĩectiveness o f  these prọịects w ould  be 
signiíicantly  increased. H ow ever scenarios o f  
hydropow er developm ent in the M ekong 
mainstream  had also been changed a lot. In 
2008, H ydropow er D evelopm ent P rogram m e o f  
the M RC proposed a scenario consisting o f  11 
run-of-river hydropow er prọịects in the  lovver 
part (F ig .l)  [3].

2. S u m m a ry  o f  L H P

2.1. Location

LHP, invested by Petro Vietnam  Pow er 
C orporation (P V  Povver) is located a t km o f  
2 ,036 from the  sea and the tenth hydropow er 
cascade in the m ainstream  o f  Lancang-M ekong 
river. A s a run-of-river hydropow er prọịect, 
LHP dam  site is about 3.5 km  upstream  o f  the 
coníluence o f  N am  O u and M ekong rivers and 
about 30 km far from  Luangprabang City. 
Location and main param eters o f  LH P are 
shown in Fig. 2.



86 N .x. Hai et a l ./V N U  Ịoumaỉ o f Science, Earth Sciences 25 (2009) 84-90

No. C Ũ caề* The M ekong R lv e r B a sỉn

C h s r m c U r i s t í c t :

T9ÍCOC kJ crr)

Run-of-Rn’erI OimguiVỊUÌan

4 Dat:haiwJiut l.nder op<T*tú*n

5 Nuo/lt*du l .'nder Conttruction Ktorig*

6 Jinghon£ Undcr CniMruction

7 G.ml.mKn

8  McngMing

T i * - I 14,800

I Pak Beng Run-of-Rjvcr

1.410(1.500)

4 Pak Lay Run-of-R:vcr

Run-of-Rivcr5 Sanokhani
6 Pak Clxvn I aos-H iA íland ttun-nf-Rtv*r

Kun-oí-Kiver7 IU|) Koum

9 Don Sahong K u n * rf-K w

Cambodia K un-nf-K iw

11 s.unboi Cmnbưdiu

14.639

Sourve: KÍRC. 200S

Fig. 1. Hydropower cascades in the Lancang-Mekong River.
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Fig. 2. Location and main parameters o f LHP.
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3. A ccu m u la tiv e  im p a c t assessm en ts  o f  L H P 
to sed im cn t ílu x  in  dovvnstream

3.1. Im pací assessment to  sed im ent Ị ỉu x  in 
downstream

LHP m ay significantly  cause negative 
im pacts on dow nstream  such as: change in 
hydrological reg im es, productivity  o f  íisheries, 
sedim entation and etc. A  decreasem ent in 
sedim entation due to  trap  efficiency (sedim ent 
index) o f  reservoir w ould negatively affect 
fisheries and agriculture . A ccording to  PECC1, 
total sedim cntation (W TS) in LHS is o f  82.7

million ton annually  [4]. The W TS arrives to  the 
reservoir (L H P) is o f  about 60.7 m illion ton 
annually. T he  flow  o f  suspended load o f  
sedim entation (W sl) in LH S calculated by 
PECC1 is about 59.1 m illion tons/year. This 
value is suitable w ith the result in K um m u’s 
research, w hich announced to  60 m illion 
tons/year [5]. T he flow  o f  W SL to  the site o f  
LHP is calculated to  be 46.7 m illion tons/year. 
The bed loads o f  annual sedim entation (W bl) in 
LHS and L H P  are 23.6 and 14.0 m illion ton 
respectively. (Table 3) [4].

Table 3. Sediment inflows to LHP and LHS

„ 2 \ ~  / 3, X r.  ̂ Am ountílO  ton/year)Computing section Flv (k m ) Qo (m /s) Ro (kg/s) ^  ^

Luangprabang hydrological station (LHS) 268,000 3,810 1,874 59.1 23.6 82.7
Luangprabang hydropovver (LHP)________ 230,000 3,008_____ 1,480_____ 46.7 14.0 60.7

The coe íĩic ien t o f  suspended m atter o f  LHP 
is calculated using  the below  form ula o f  u s  
A rm y Corps E ngineer [6]:

SI = / (t,Q , L ,V } =21.5%

In w hich:

SI =  Sedim ent Index (Trap E íĩiciency)

X =  H ydraulic residence tim e 

Q = The discharge 

L= R eservoir length 

v =  R eservoir volum e

Thus, estim ated  sedim ent kept in LHP 
reservoir is 46.7 m illion tons/year * 21.5%  =
10.1 tons/year. In o ther w ords, 10.1 m illion 
tons/year o f  W.SL in the lovver section o f  LHP 
reservoir w ill be decreased as o r 17% sedim ent 
flow  at LHS w ill be reduced. A ccording to 
results o f  p rev ious researches, total am ount o f  
W SL flow  o f  LM B  w as estim ated to  be in the 
range from 150 to  170 m illion tons/year [5]. 
Total am ount o f  average W SL flow  (in 3,000 
years) to  thc M ckong  River delta w as calculated

to  be 144.74 m illion tons/year [7]. T he  im pacts 
o f  sedim ent trapped in LH P reservo ir is 
insigniíìcartt as only  about 6 .95%  decreasem ent 
o f  total sedim ent flow ing into the M ekong 
River delta (Fig. 3).

Fig. 3. Ratio o f decreased sediment flows in 
dovvnstream o f the LHP.

3.2. A ccum ulative im pact assessm ent to  
sedim ent f lu x  in downstream

The fĩrst hydropovver cascade on the 
m ainstream  in Lancang R iver (C hina) is
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Manvvan hydropow er dam . In 1992, Manvvan 

hydropow er reservoir started íilling  in and most 
o f  the sedim ent volum e are im pounded in the 
reservoir. T he productivity o f  keeping sedim ent 
o f  M anw an hydropow er reservoir is 68%  that 
decreases W SL flow in C hiang Saen around 56%, 
from 71 m illion tons/year to  31 m illion tons/ 
year. In LH S, altem ative value is 47%  and W SL 
flow  decreased from 113 m ỉllion tons/year to  60 

m illion tons/ y ear [5].

T he changes o f  TSS content in LHS in the 
period from 1985 to  2006 can be seen in íìgure
4 [5, 8]. TSS content in the w ater o f  M ekong 
River in LHS has a trend to  decrease 
rem arkably. Especially afìer M anwan

Relation between TSS content in the Mekong 
R iver in LHS and N am  O u R iver is propitious, 
and has recurrent equation y  =  0.7104 X + 
71.227, w ith coeíĩic icn t r2 =  0.7708 (Fig. 5).

Thus, it can be prim arily  defined that TSS 
value in LHS after 1992 has đecreased in

hydropovver reservoir has been fully íìllcd 
(1992), T SS  value dropped dram atically. After 
that, w hen D achaosan hydropow er reservoir 
stored w ater (2003), T SS  value continued to 
reduce. H owever, the level is no t so much 
com pared to  im pacts caused by M anwan 
hydropow er dam . Reason is that the  sedim ent 
volum e in the upstream  has  been kept in 
M anw an hydropovver reservoir before flowing 
into D achaosan hydropow er reservoir. TSS 
value in 2005 and 2006 in LH S had ư ends to 
increase. T hat w as causcd m ainly  by íloods 
taken place in the tributary (N am  Ou river) 
resulting in T SS  content on N am  O u R iver and 
increasem ent o f  TSS value in LHS.

com parison w ith the tim e before the fill -  up o f  
Manvvan hydropow er reservoir. A fter 2003 
(D achaoshan reservoir is íìlled  in), T SS  value 
continues to  decrease a t LHS. H ow ever, the rate 
is not m uch and has trend to  be controlled by 
the ílood regularity  in the  tribu tary  (N am  Ou|.
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Fig. 4. Changes o f TSS content at LHS, 1985-2006.
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Fig. 5. Relation between TSS in the Mekong river and Nam Ou river.

T he percentage betw een the active capacity 
o f  the hydropovver reservoir and the annual 
flow to  LHP is 0.14% , much low er than the 
cascade in thc upstream . T he percentagc 
bctw een total capacity o f  the hydropow er 
reservoir and annual flow  o f  LHP is also low, 
about 1.68% (Table 4) [4,5]. Thus, it can be 
said that the planning and operation o f  LHP 
vvill cause the sm aller im pacts to  the 
hydrological regim e in the dovvnstream than 
other hydropow er cascades in the upstream .

Regarding im pacts to  the hydrological 
regime in the dow nstream , accum ulative 
impacts o f  hydropovver cascades to  the annual

flow  in M ekong R iver’s intersection, especially 
large hydropow er reservoirs in the upstream  in 
China, m ust be counted. W hen LHP is
com pletcd (in 2017), 6 hydropovver cascades in 
the upstream  in C hina are expected to  be 
íĩnishcd 3 years earlier vvith total active storage 
o f  about 23.2 billion m \  to tal storage up to 40.5 
billion m \  accounting  for 54.7 %  o f  the total 
annual flow  o f  Lancang River in China.
M ekong R iver’s  hydrological regim e vvill be 
m ainly contro lled  by the operation o f  the
upstream  reservoirs in the M ekong R iver. Thus, 
accum ulative im pacts o f  LH P to  the
dovvnstream hydrology are no t significant.

Table 4. Ratio of reservoir capacity and yearly inflows o f hydropovver dams

No Reservoir
Annual average flow Total storage Active storage Percentage
106m3 106m3 I06m3 D=B/A*100 E=c/A*100

(A) (B) (C) (D) (E)
1 Gonguoquiao 31,060 510 120 1.64 0.39
2 Xiaovvan 38,470 14,560 9,900 37.85 25.73
3 Manvvan 38,790 920 257 2.37 0.66

4 Dachaoshan 42,260 890 367 2.11 0.87
5 Nuozhadu 55,190 22,400 12,300 40.59 22.29
6 Jinghong 58,303 1,233 249 2.11 0.43

I7 Luancprabans 94,923 1,590 136 1.68 0.14



90 N.x. Hai et a i / VN U  Ịournaỉ o f Science, Earth Sciences 25 (2009) 84-90

A s about m entioned, the sedim ent flux in 
LHS w as govem ed by the operation o f  
hydropovver cascades in upstream  (Lancang 
river), and has trend to  be m ore controlled by 
the flood regularity in the tributary (Nam Ou 
river). Furthcrm ore, the im pacts o f  LHP to  the 
dow nstream  hydrology are not rem arkable. 
T hus, accum ulative im pacts o f  LHP to  the 
dovvnstream on sedim ent flux are unrem arkable.

4. C onclu sions

T he sedim ent flux in LHS w as govem ed by 
the operation o f  hydropow er cascades in 
upsưeam  (Lancang river), and has trend to  be 
m ore conưolled  by the flood regularity in the 
tributary (N am  Ou river).

The im pacts o f  LH P to  the dovvnstream on 
hydrology and sedim ent flux can be 
unrem arkable. Sedim ent kept in LH P reservoir 
can be estim ated to be 10.1 tons/year, and 17% 
decreasem ent o f  sedim ent f!ow in LH S. The 
sed im ent ừapped in LHP reservoir vvould only 
decrease about 6.95%  o f  total sedim ent ílovving 
into the  M ekong R iver delta. Thus, 
accum ulative im pacts o f  LHP to  the 
dovvnsừcam on sedim ent flux are unrem arkable.
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