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1 GENERAL INFORMATION ABOUT RESERVOIR 

Refer to Fig.1-1 for river channel in the reservoir of Pak Beng Hydropower Project and 

Fig.1-2 for the channel in the reservoir tail between Laos and Thailand.  

The project is located approximately 14km upstream Pakbeng in northern mountainous region 

of Laos while the 96km-long river channel upstream the dam site is situated in Laos, and its 

upstream is the border river of Laos and Thailand. The slope of this river channel is smaller. 

Length of the river channel between Houei xai and Muag Pakbeng is approximately 140km, 

and the fall is about 33m, while the average gradient is roughly 0.24‰. As a result of 

restriction by mountains on both banks, the 55km-long river channel upstream the dam site 

extends from east to west, and after that from south to north. Mekong River enters the border 

river between Laos and Thailand at KengPhaDai, and Thailand is located on the right bank 

while Laos is situated on the left bank. The reservoir in Laos belongs to a mountainous river, 

except for few open sections, the river width in dry season is usually 100m~200m. 

KengPhaDai, the landmark surface feature dividing Laos and Thailand, is approximately 

96km away from the dam site of Pak Beng Hydropower Project. In accordance with the 1/500 

topographic map, most areas above EL.340m are clear and neat river banks while five large 

reefs are seen in those above EL.335m, three of which are located on the left bank and one is 

distributed in the middle of the river channel and right bank respectively. The top of the reefs 

is on EL.343.40m. Under natural conditions, the mean water level in dry season (from 

November to May) and flood season (from June to October) is 333.66m and 339.95m 

respectively (339.00m after consideration of reservoir regulation of Xiaowan Hydropower 

Project and Nuozhadu Hydropower Project). The river channel between Laos and Thailand 

generally extends towards northwest, and the river channel is wider. Particularly, the river 

section at the estuary of Nam Ing River is wide and shallow, and mean water level in dry 

season is about 339.85m while the river surface is at least 300m-400m. The water level in 

flood season is 342.58m, and the river surface can be several kilometers wide.  

The Nam Ing River and Nam Tha River are two larger tributaries in the reservoir. Of which 

the Nam Ing River is located in Thailand on the right bank of the river border between 

Thailand and Laos, and covers an area of 9,750km2. Its estuary is 115km away from the dam 

site, under flood jacking of the Mekong River, flooding is caused at the estuary, and 

consequently sediment is accumulated. Huge farmland is distributed on the side of Thailand 

(especially above El.350m). The Nam Tha River is situated in Laos on the left side and covers 

an area of 7,950km2, and the estuary is 90km apart from the dam site. High steep mountains 

are distributed on both banks, and the river valley is deeply cut. Except for Nam Tha1 

Hydropower Project, there are other major affected objects. The proposed dam sites in 

accordance with Feasibility Study Report for Nam Tha1 Hydropower Project are 60km and 

40km apart from the estuary respectively while the low water level at both dam sites is 380m 

and 360m respectively. Pak Beng Hydropower Project at the normal water level of 340m shall 
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not be affected.  

Under natural conditions, annual average sediment discharge rate of suspended load at the 

dam site is 4,524kg/s, while mean annual sediment load is 142.86×106t, of which that during 

flood season (from June to October) is 132.47×106t, accounting for 92.84%. Mean sediment 

runoff of bedload is 4.28×106t. When the normal water level reaches 340m, the reservoir 

storage is 559×106m3, and the ratio of storage capacity of normal water level to annual 

incoming sediment is 5. 

As a result of larger storage capacity, Xiaowan Hydropower Project and Nuozhadu 

Hydropower Project in the middle and lower reaches of Lancanjiang River are yearly 

regulating reservoir. Therefore, after completion, they shall constitute larger impacts on the 

incoming water and sediment of Pak Beng Hydropower Project. Xiaowan Hydropower 

Project was impounded for power generation in 2009, and Nuozhadu Hydropower Project is 

under construction and its first generating unit is expected to operate in 2013. The reservoir is 

anticipated to regulate in 2014.  

After impounding and sediment retaining of such hydropower projects as Manwan, 

Dachaoshan, Xiaowan, Nuozadu and Jinghong in the upstream of Lancang River are taken 

into account, most sediment shall be held up, which shall greatly cut down sediments inflow 

of Pak Beng Reservoir. In this case, the estimated mean annual sediment runoff of suspended 

load and bed load at the dam site are 37.99×106t, accounting for 26.6% under natural 

conditions, and 1.034×106t respectively, and the ratio of storage capacity of normal water 

level to annual incoming sediment is 17 when the normal water level comes to 340m.  

2 RESERVOIR SEDIMENT AND OPERATION METHOD 

As a result of low reservoir backwater, sediment retaining of Pak Beng Hydropower is not 

evident, and the reservoir has lower requirements for effective storage capacity. Sediment 

discharge for reservoir protection is not the main sediment problem for the reservoir. Power 

house section, sluice section, sand sluicing section, and ship lock are designed from left to 

right. The power intake is located on EL.288.9m, and sand ducts (inlet: EL.285.6m; size: 

2.5m×6m) are designed in the bottom. Sand traps (trap top: EL.293.6m) are constructed in the 

upstream; more flood discharging and sand sluicing gate capable of large discharge capacity 

are designed. Moreover, as the operation method of open all the gate for sediment discharging 

and flood releasing is applied, less sediment shall accumulate in front of the dam. It can be 

therefore seen that the problem of water taking and sediment protection is not prominent.  

The channel upstream KengPhaDai is the border river of Laos and Thailand, and its opposite 

is located in Thailand. Its sediment accumulation and backwater is likely to lead to variations 

of the river channel centerline. Reefs at KengPhaDai are not only landmark surface features 

on the border of both countries and an important component of KengPhaDai Tourist Holiday 

Zone. To maintain the border, prevent land disputes and reserve the landscape, backwater of 
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Pak Beng Hydropower Project shall not submerge such reefs; in addition, sediment 

accumulation and backwater in reservoir tail shall result in land inundation on the side of 

Thailand, especially at the estuary of the Nam Ing River. Therefore, the main sediment 

problem is that reservoir impounding may lead to sediment accumulation and backwater 

upward extension in the reservoir tail, thus submerging the border river section. 

Water level during flood season in the border river is higher and under natural conditions, 

most areas in KengPhaDai are inundated, and due to huge incoming water, the water head for 

power generation is small; lower water level in dry season results in exposure of most areas in 

this region under natural conditions. Based upon this situation, to reserve the function of such 

natural surface features and the landscape, Pak Beng Hydropower Project shall operate at a 

reduced water level in dry season so as to have the reefs exposed, and meanwhile, basically 

restore the water level to the natural condition. According to the sediment characteristics of 

Mekong River, the sediment volume is mainly concentrated in the wet season, especially 

when flood occurs, when the incoming flow is more than rated flow 5961 m3/s, bottom hole 

and the flood gate opened gradually for flood releasing and sediment flushing, reservoir water 

level maintains at 340m; when the incoming flow is more than 10000m3/s, discharge volume 

of the flood gate increase gradually, reservoir water level reduce gradually from 340m. In 

order to ensure navigation the reservoir water level is maintained at 334m if the incoming 

flow is the P=33.3% flood discharge of 12,900m3/s. If the incoming flow is higher than the 

P=33.3% discharge of 12,900m3/s and lower than the P=20% flood discharge of 14,600m3/s 

and inflows are higher than the standard for navigation of ship lock, use of ship locks shall be 

ceased, the discharging sluices open gradually and reservoir water level reduce gradually from 

334m. If incoming flow is higher than the 5-year frequency flood discharge of 14,600m3/s, all 

gate should be opened, water level upstream the dam is determined as per capacity of 

discharge structures.  

Once the power station is in operation, the monitoring of the sedimentation before the dam 

shall be strengthened, and the discharge outlet shall be opened periodically according to the 

monitoring results, to reduce the sedimentation before the intake, and prevent the outlet 

blocked by sand, water grass and other debris. The sedimentation before the sediment barrier 

is scoured by mainly opening the flood-discharging and sand-sluicing gate, and a section shall 

be selected with a water level difference between the upstream and downstream, less sediment 

content, and rich flow during sand-sluicing according to the monitoring results of the 

sediment before the dam, and fish spawning period shall also be avoided. Sand-sluicing shall 

be real-time monitored and the flowing-out sediment concentration shall be controlled as 

much as possible to avoid impact on the fish and other aquatic creatures at the downstream 

caused by the high sediment concentration flow. In brief, modes of eco-friendly flushing for 

sediment shall be adopted. The parts with poor flushing effect, artificial or mechanical 

dredging measures shall be taken to clear the deposits.More detailed sediment management 

measures are shown in Attachment 4C- Special Report of Sediment Management. 
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Fig. 2-1  River Channel in Reservoir of Pak Beng Hydropower Project 
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Fig. 2-2  River Channel in Reservoir Tail on the Border River between Laos and Thailand 



Reservoir Sedimentation and Backwater 

- 6 - 

 

Fig. 2-3  Cross Sections of the River Channel in Reservoir of Pak Beng Hydropower Project 
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3 CALCULATION OF SEDIMENT SILTATION 

3.1 METHODS AND THEORIES OF SEDIMENTATION 

The SUSBED-2 of Wuhan University is used for siltation calculation. The basic equations for 

computation are as follows: 

Continuity equation of flow: 
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Resistance formula:
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Formula of sediment carrying capacity: m

gh

U
KS )(

3

* 
  

In which, Q  is discharge, and A  is area of cross section, and sA  is riverbed deformation 

area; Z  is water level; fJ  is hydraulic grade; iq  is inflow of unit river length; kS  and 

kS  represent group size sediment content and sediment carrying capacity of suspended load 

respectively; kG  and kG  represent group size sediment transport rate and effective 

sediment transport rate respectively; B  is river width; kw  is group size sediment settling 

velocity;   is coefficient of saturation recovery; kK  is coefficient of saturation recovery 

for bedload; kP  is riverbed sand composition of mixed layers; kP0  is sand composition of 
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physical riverbed; mE  is thickness of mixed layer; 1  and 2  are markers; at the time of 

pure sedimentation computation, 01  , otherwise, 11  ; in case the lower boundary of 

mixed layer involves the original riverbed, 12  , otherwise 02  ; k  is grouping ordinal 

of inhomogeneous sediment and satisfies 
k

kSS ,   
k

kSS , 
k

kGG , and 

  
k

kGG . 

The model has been applied to simulate reservoir sediment siltation on rivers such as Lancang, 

Jinsha, Nanpan, Lixian, and Huangni by the KHIDI. From measured sediment siltation 

topography in some reservoirs under operating, the model basically coincides with the actual 

status in reservoirs and reservoir tails, while the reservoirs are larger influenced by water 

surface profile. 

3.2 DEVELOPMENT SCHEDULING 

Hydropower projects such as Xiaowan, Manwan, Dachaoshan, Nuozadu, and Jinghong have 

been planned on the mid-stream and downstream Lancang River. Up to now, Manwan and 

Dachaoshan hydropower projects have been completed, while Jinghong and Xiaowan 

Hydropower Project have been put into operation in June 2008 and 2009 respectively. 

Moreover, NuoZadu Hydropower Project has been put into operation in Decdmber 2013. 

Therefore, Pak Beng Hydropower Project shall be put into operation after completion of 

Xiaowan and Nuozadu hydropower projects. 

3.3 CALCULATION SCHEMES 

Reefs at KengPhaDai approximately 96km upstream of the dam site are landmark surface 

features dividing Laos and Thailand, and their top is at EL.343.40m. The mean water level in 

dry season and flood season is 335.12m and 338.51m respectively. In accordance with their 

exposure and inundation characteristics during flood season, to assure exposed reefs after 

project completion and for consideration of engineering cost, the scheme of operational water 

level are proposed. Refer to Table 3-1.  

Table 3-1  Operational Water Level for Pak Beng Hydropower Project 
Scheme\ 
Period 

Dry Season 
(December ~ May) 

Flood Season 
(June ~ November) 

I 335m 340m 

 

3.4 DATA AND PARAMETERS FOR SILTATION CALCULATION 

3.4.1 Cross Sections in Reservoir Region 

Cross sections in Laos were measured by the KHIDI during December 2007 and January 
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2008. Totally 60 cross sections were measured in 96km channel, and the mean distance was 

1.6km. Cross sections on the channel between Laos and Thailand were measured in January 

2009. 40 cross sections were measured in 41km channel, while the mean distance was about 

1km. Refer to Fig 3-1 for cross sections in the reservoir. 

3.4.2 Representative Series 

A series of representative duration is conducted to simulate the reservoir inflow and incoming 

sediment hydrograph. Through comparison, the period from 1984 to 1988 are chosen as the 

representative series. Refer to Table 3-2 the comparison between mean values of the 

representative series and that of the long-term series. 

Table 3-2  Comparison of Mean Annual Characteristic Values between 
Representative Series and Long Term Series 

Series 
Discharge 

(m3/s) 

Percentage of 
Water Volume 
from June to 
October (%) 

Sediment 
Runoff（106t）

Sediment 
Discharge 

(kg/s) 

Percentage of 
Sediment Runoff 

from June to 
October (%) 

1984~1988 2,940 69.6 145.24 4,606 94.09 

Mean annual 3,130 71.7 142.68 4,524 92.84 

 

3.4.3 Water Level upstream the Dam 

The water levels for representative series from 1984 to 1988 in different characteristic water 

level schemes are adopted. 

3.4.4 Incoming Water and Sediment  

In accordance with the development scheduling for cascade hydropower projects on Lancang 

River, Pak Beng Hydropower Project shall be put into operation after completion of Xiaowan 

and Nuozadu hydropower projects. The inflow of Pak Beng reservoir in representative series 

from 1984 to 1988 under joint regulation of cascades runoff is used as inflow for siltation 

computation. Considering sediment retaining of upstream cascades, incoming suspended load 

is 37.99×106t. 

3.4.5 Sediment Grading 

According to analysis in chapter 2.6.4, CNR sampling result of suspended load and bed load 

is adopted during the design, refer to table 3-3~table3-4, At the end of 2007, KHIDI obtained 

gradation of bed material through sampling analysis at estuary of Nam Tha River and key 

structures area of Pak Beng Hydropower Project, refer to table 3-5. 
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Table.3-3  Grain Size Distribution of Suspended Load 
(by CNR at Luang Prabang) 

Diameter (mm) 10 2 1 0.5 0.2 0.1 0.05

Percentage of sediment weight that 
smaller than certain diameter (%) 

100 99.9 99.7 95.3 70.7 66.9 66 

Diameter (mm) 0.0295 0.0152 0.0109 0.0056 0.0034 0.0021

Percentage of sediment weight that 
smaller than certain diameter (%) 

61.6 48.3 36.8 15.5 4.5 0.7 
 

 

Table.3-4 Grain Size Distribution of Bed-Load 
(by CNR at Luang Probang) 

Diameter (mm) 100 80 50 30 10 2 

Percentage of sediment weight that 
smaller than certain diameter (%) 

100 95 85 80 75 70 

Diameter (mm) 1 0.6 0.4 0.3 0.2 0.1 

Percentage of sediment weight that 
smaller than certain diameter (%) 

65 54 40 30 10 2.6 

 

Table.3-5  Grain Size Distribution of Bed Material 
Diameter (mm) 180 160 140 120 100 80 60 40 

Percentage of sediment weight that 
smaller than certain diameter (%) 

100 100 99.4 98.9 97.4 93.8 84.7 68.1 

Diameter (mm) 20 10 5 2.5 1 0.5 0.25 0.125 
Percentage of sediment weight that 
smaller than certain diameter (%) 

53.3 39.7 29.6 23.7 19.6 12.8 5.3 1.7 

 

3.4.6 Parameters for Siltation Calculation 

Formula for sediment carrying capacity of suspended load is m

gh

U
KS )(

3

* 
 , this  Formula 

is derived by Professor Zhang Ruijin through the measured data of Yangtze River, Yellow 

River, Sanmenxia reservoir, Guanting reservoir and flume experiment data, which shown in 

figure 3-1. In the formula, the parameters k and m are refer to upstream Nuozadu and 

Jinghong Hydropower Project, and calibrated and adjusted by the information of natural water, 

sediment and topographic data. coefficient of saturation recovery for calculating sediment 

siltation is taken as 0.25 and 1.0 respectively. 

KHIDI has done a lot of analysis and calibration during the design of hydropower station on 

Jinsha River and Lancang River, the value k range from 0.12 to 0.2, and the value m range 

from 0.9 to 1.1, for the vast majority of project the value m is 1 or 1.05 

Base on the sediment grain size distribution result by CNR, k and m are taken as 0.2 and 1.00 
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respectively for calculating siltation of Pak Beng reservoir.Above parameters are applied to 

analyze and calculate erosion and siltation of the natural river channel. As the results show, 

the river bed thalweg of river channel transverse section well correspond, and the erosional 

and depositional areas are small. In addition, the sediment discharge rate of suspended load 

accumulated for 10 years reaches 99.7%. Therefore, it can be believed that equilibrium 

transport and deposition has basically achieved for the natural river channel, and the 

parameters are appropriate. Refer to Fig.3-2 for results of parameter determination. 

 
Fig. 3-1  Measured Data of the Relation 
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Fig. 3-2  Longitudinal Profile for Siltation Parameter Calibration 

3.5 SILTATION CALCULATION RESULTS 

Refer to Table 3-6 for siltation calculation results when water level is 335m in dry season and 

340m in flood season, Fig.3-3 mean sediment release ratio, and Fig.3-4 for siltation volume in 

the reservoir. Reservoir storage in the figures is calculated as per section method.  

Table 3-6  Siltation Calculation Results 
Siltation 
Period 
(Year) 

Incoming  
Sediment  

(106t) 

Siltation  
Amount 
(106t) 

Sediment 
Delivery 
Rate (%)

Reservoir Storage 
below Normal Water 

Level (106m3) 

Damage Rate of 
Storage below Normal 

 Water Level (%) 

Effective 
Storage 
(106m3) 

Damage Rate of
Effective  

Storage (%)

0 0 0  701  256  

10 390 81 79.22 632 9.77 252 1.23 

20 780 148 81.07 579 17.35 248 3.05 

30 1171 191 83.66 545 22.15 243 4.72 

40 1561 224 85.64 520 25.72 240 6.06 

50 1951 252 87.10 500 28.62 237 7.16 

60 2341 272 88.36 485 30.77 235 8.07 

70 2732 224 89.48 475 32.21 233 8.73 

80 3122 298 90.44 467 33.27 232 9.30 

90 3511 307 91.26 462 34.06 230 9.80 

100 3901 314 91.95 458 34.69 229 10.24 

Note: formula for calculating storage of section method: iii DAAV )(
2

1
1  , in the formula, Ai, 
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Ai+1 represent the area of the i th and i+1 th section, and Di represents section spacing. 

 
Fig. 3-3  Mean Sediment Release Ratio 

 

 
Fig. 3-4  Siltation Volume in the Reservoir 

The operational water level of Pak Beng Hydropower Project in flood season is 340m, which 

is approximately 24m (the mean water level in flood season is 316.5m) higher at the dam than 

that under natural conditions. Reservoir backwater is low and its flow is large, therefore 
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variations of flow conditions in river channel of the reservoir are small, and its reduced 

sediment transport capacity is small as well. In addition, after sediment is retained by 

upstream projects, incoming sediment is largely reduced so that reservoir siltation is relieved. 

As a result of smaller reservoir storage loss, the loss of reservoir storage and effective 

reservoir storage at normal water level due to siltation is 28.62% and7.16% respectively after 

operation of 50 years, while these figures are 34.69% and 10.24% respectively after operation 

of 100 years; sediment is primarily accumulated in downstream KengPhaDai, which generates 

little rise of its upstream section. The flow in dry season is above 1m/s, and less sediment is 

accumulated.  

Refer to Table 3-7 and Fig.3-5 for longitudinal profile of 15-year sedimentation.  

Table 3-7  Longitudinal Profile of 15-Year Sedimentation 
Unit: m 

Cross 
Section 

Distance 
from Dam 

Key 
Position

Sedimentation 
Thalweg 

Natural
Thalweg

Cross
Section

Distance
from Dam

Key 
Position 

Sedimentation
Thalweg 

Natural
Thalweg

sb2 0 Dam site 303.60 300.79 bb57 87290  318.58 311.32

sb1 2085  299.99 297.41 bb58 87827  323.17 322.20

bb09 3699  307.52 303.14 bb59 88933 Estuary of 
Nam Tha River 

323.06 322.27

bb10 6021  301.14 299.14 bb60 90255 325.67 324.73

bb11 7563  298.59 294.28 bb61 91135  325.73 324.61

bb12 9052  298.49 298.17 bb62 91981  321.83 320.94

bb13 10472  301.16 300.48 bb63 92824  322.83 322.20

bb14 12206  308.55 301.33 bb64 93825  325.01 324.53

bb15 13439  310.24 303.20 bb65 95090  314.55 314.45

bb16 15108  300.62 294.25 bb66 96039 
KengPhaDai 

323.34 323.34

bb17 16901  301.84 299.25 CR41 96707 315.65 315.65

bb18 18038  302.24 298.63 CR40 97640  324.56 324.56

bb19 20064  298.23 292.55 CR39 98662  322.38 322.38

bb20 21826  302.59 297.44 CR38 99747  327.55 327.55

bb21 23491  301.20 291.97 CR37 100676  329.45 329.45

bb22 25136  295.34 291.10 CR36 101793  329.09 329.09

bb23 26986  298.13 292.09 CR35 102922  329.06 329.06

bb24 28759  311.56 305.78 CR34 104253 Estuary of 
Nam Ngao River 

332.80 332.80

bb25 30574  307.74 304.33 CR33 104942 331.12 331.12

bb26 32522  312.34 307.81 CR32 105866  329.84 329.84

bb27 33884  304.16 300.47 CR31 106505  331.74 331.74

bb28 35890  310.75 305.84 CR30 107790  331.39 331.39

bb29 37269  308.96 308.51 CR29 108813  332.40 332.40

bb30 38683  309.52 308.94 CR28 109862  326.92 326.92
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Cross 
Section 

Distance 
from Dam 

Key 
Position

Sedimentation 
Thalweg 

Natural
Thalweg

Cross
Section

Distance
from Dam

Key 
Position 

Sedimentation
Thalweg 

Natural
Thalweg

bb31 41009  313.91 311.58 CR27 110777  313.04 313.04

bb32 43561  314.01 312.79 CR26 111922  313.78 313.78

bb33 46045  313.19 310.33 CR25 112893  326.92 326.92

bb34 47829  308.18 304.32 CR24 113684  317.35 317.35

bb35 50512  314.75 312.62 CR23 114887 Estuary of 
Nam Ing River  

335.36 335.36

bb36 52281  314.88 311.89 CR22 115974 334.31 334.31

bb37 54920  314.52 313.95 CR21 116938  333.96 333.96

bb38 55320  317.09 316.21 CR20 117895  334.42 334.42

bb39 56596  320.86 318.41 CR19 118997  336.27 336.27

bb40 58481  321.93 320.37 CR18 119898  335.12 335.12

bb41 60003  321.10 319.45 CR17 121016  335.77 335.77

bb42 61837  324.13 319.44 CR16 121764  337.90 337.90

bb43 63461  326.51 323.49 CR15 122845  338.12 338.12

bb44 65363  322.51 319.89 CR14 124014 Chiang Khong 337.94 337.94

bb45 66927  324.95 323.84 CR13 125170  336.10 336.10

bb46 68581  322.33 321.39 CR12 125913  329.40 329.40

bb47 70537  323.79 321.08 CR11 127067  323.28 323.28

bb48 72169  323.06 321.38 CR10 127782  323.91 323.91

bb49 73943  315.66 314.68 CR9 128854  327.53 327.53

bb50 75799  322.31 321.10 CR8 129897  335.14 335.14

bb51 77863  317.56 316.61 CR7 130923  333.66 333.66

bb52 80135  321.38 320.35 CR6 131999  319.54 319.54

bb53 82062  317.08 315.60 CR5 132844  331.79 331.79

bb54 84110  323.06 322.09 CR4 133860  324.46 324.46

bb55 85993  325.86 324.74 CR3 134848  330.48 330.48

bb56 86687  323.01 321.95 CR2 135778  332.21 332.21
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Fig. 3-5  Longitudinal Profile of 15-Year Sedimentation 

Incoming sediment from June to November accounts for at least 96% of the year, and the 

operation mode of both schemes in this period is the same. Therefore, in terms of calculation 

results, their sediment volume differs slightly; as the operational water level in dry season of 

the 340m scheme is higher, slightly more sediment is accumulated in the channel upstream 

KengPhaDai.  

3.6 SENSITIVITY ANALYSIS OF PARAMETERS  

Sensitivity analysis of Parameters has been made during the calculation for recommended 

scheme: 335m in dry season and 340m in flood season, refer to Fig.3-6, the difference of 

sediment deposition amount is only about ±3% when the parameter k and m±10%. 
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Fig. 3-6  Contrast of sediment deposition amount of different 

parameters 

4 CALCULATION OF RESERVOIR BACKWATER 

Due to backwater, water level shall be higher than that under natural conditions in case of the 

same discharge. Particularly, sediment siltation results in reduction of water passage area and 

further rise of water level. In order to analyze the rise of backwater level, the water level 

corresponding to the mean monthly discharge before and after the reservoir formation and 

backwater level of frequency flood at P=50% (Qm=11,600m3/s), P=20% (Qm=14,900m3/s), 

P=10% (Qm=17,000m3/s), and P=5% (Qm=18,900m3/s) were calculated.  

4.1 BASIC DATA 

4.1.1 Topography for Calculation 

Topography of natural river channel is used to calculate the water surface profile of the 

reservoir area before formation, while the 15-year sedimentation topography is used for the 

same sake after reservoir formation.  

4.1.2 Roughness 

The KHIDI measured the natural water surface profile of the river channel located in Laos 

during January and February 2008, and the border river between Laos and Thailand in 

January 2009. Refer to Fig.4-1 for the results. The roughness of natural river channel 

determined in accordance with the measured water surface profile and discharge in 
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corresponding time periods, and it is 0.025~0.05 and the average is 0.0384, refer to Fig.4-2 , 

water level in the reservoir for roughness calibration. On account of finer grain size of 

accumulated suspended load in the reservoir, the roughness becomes smaller. Roughness of 

0.03 is used to calculate backwater for river section downstream of KengPhaDai. On account 

of less sediment upstream of KengPhaDai, the roughness of natural river channel is used.  
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Fig. 4-1  Measured Water Surface Profile in Reservoir 

 
Fig. 4-2  Water level in the reservoir for roughness calibration 
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4.1.3 Calculation of Discharge 

As such hydropower projects as Xiaowan and Nuozhadu in the middle and lower reaches of 

Lancang River are capable of yearly regulation and Pak Beng Hydropower Project is put into 

operation after their completion, it is analyzed that its impact on the upstream river section 

shall be exerted under the identical prerequisites, that is, consideration of the impact of 

Xiaowan and Nuozhadu upon perennial runoff regulation of the reservoir. Refer to Table 4-1 

for runoff results at the dam site of Pak Beng Hydropower Project subsequent to regulation of 

upstream cascade projects.  

Table 4-1  Discharge at Dam Site of Pak Beng Hydropower Project 
(Consideration of Upstream Cascade Regulation) 

Unit: m3/s 

Month Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. Mean 6-11 12-5

Discharge 2159 2068 1968 1887 1955 2275 3675 5966 5653 3633 2994 2452 3057 4033 2081

 

4.1.4 Water Level Upstream the Dam 

When calculating the monthly water level, water level upstream of the dam is used as the 

monthly operational water level of the project. Refer to Table 3-1. In Scheme I, in view of 

smaller incoming flow in June and influence of generator type, water head between upstream 

and downstream of the dam site is likely to exceed the maximum water head for power 

generation of water turbines. In this case, the reservoir shall operate at a reduced water level. 

Therefore, in the course of analyzing the impact of backwater on river section at and upstream 

of KengPhaDai, the water level in June shall be determined as the actual operating status of 

the project. On the basis of analysis, water level upstream of the dam is 339m. 

When backwater level at frequency flood is calculated, in accordance with the operating mode 

of the project, when the incoming flow is more than 10000m3/s, Bottom hole and the flood 

gate opened gradually, reservoir water level reduce gradually from 340m. In orderto ensure 

navigation the reservoir water level is maintained at 334m if the incoming flow is the 

P=33.3% flood discharge of 12,900m3/s. If the incoming flow is higher than the P=33.3% 

discharge of 12,900m3/s and lower than the P=20% flood discharge of 14,600m3/s and inflows 

are higher than the standard for navigation of ship lock, use of ship locks shall be ceased, the 

discharging sluices open gradually and reservoir water level reduce gradually from 334m. If 

incoming flow is higher than the 5-year frequency flood discharge of 14,600m3/s, all gate 

should be opened for sediment discharging and flood releasing with a view to cutting down 

sedimentation and the inundation impact of backwater on land in both countries, water level 

upstream the dam is determined as per capacity of discharge structures.  

4.2 CALCULATION RESULTS 

4.2.1 Mean Monthly Water Level 
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Such positions as KengPhaDai and estuary of Nam Ngao River (cross section: CR34), estuary 

of Nam Ing River (CR23), Chiang Khong (CR13) and river section on Lao-Thai border are 

used as representative cross sections to analyze the rise of water level. Refer to Table 4.2 ~ 

4-4 and Fig.4-3 ~ 4-6 for their corresponding water level of mean monthly flow under natural 

conditions and after project completion.  

Table 4-2  Mean Monthly Water Level of Representative Positions 
under Natural Conditions 

Unit: m 

Position/Month Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. 
Average in 

Flood Season 
Average in
Dry Season 

KengPhaDai 335.29 335.09 334.87 334.65 334.84 335.74 338.06 340.72 340.38 338.01 337.10 336.10 338.51  335.12 

Estuary of  
Nam Ngao River 

337.51 337.33 337.17 337.04 337.15 337.82 339.82 342.41 342.08 339.77 338.93 338.09 340.26  337.36 

Estuary of 
 Nam Ing River 

340.13 339.98 339.81 339.68 339.79 340.27 342.03 344.33 344.03 341.98 341.21 340.49 342.43  340.01 

Chiang Khong 344.30 344.21 344.10 344.01 344.08 344.42 345.71 347.29 347.09 345.68 345.16 344.59 346.00  344.22 

 
 

Table 4-3  Mean Monthly Water Level of Representative Positions  
Unit: m 

Position/Month Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec.

KengPhaDai 336.96 336.84 336.71 336.61 336.69 340.57 341.39 342.99 342.77 341.36 340.97 337.33 

Rise compared with 
Natural Conditions 

1.67  1.75  1.84 1.96 1.85 4.83 3.33 2.27 2.38  3.36  3.87 1.23 

Estuary of 
Nam Ngao River 

338.17 338.04 337.89 337.77 337.87 340.88 341.97 343.88 343.62 341.94 341.42 338.59 

Rise compared with 
Natural Conditions 

0.66  0.71  0.72 0.73 0.72 3.06 2.15 1.47 1.54  2.17  2.49 0.50 

Estuary of 
Nam Ing River 

340.23 340.11 339.98 339.86 339.96 341.61 343.01 345.16 344.87 342.97 342.34 340.62 

Rise compared with 
Natural Conditions 

0.10  0.13  0.17 0.18 0.17 1.34 0.98 0.83 0.84  0.99  1.13 0.13 

Chiang Khong 344.31 344.21 344.10 344.02 344.09 344.51 345.80 347.47 347.25 345.77 345.21 344.60 

Rise compared with 
Natural Conditions 

0.01  0.00  0.00 0.01 0.01 0.09 0.09 0.18 0.16  0.09  0.05 0.01 
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Fig. 4-3  Mean Monthly Water Level at KengPhaDai 

 

 
Fig. 4-4  Mean Monthly Water Level at Estuary of Nam Ngao River 

 



Reservoir Sedimentation and Backwater 

- 22 - 

 

Fig. 4-5  Mean Monthly Water Level at Estuary of Nam Ing River 
 

 
Fig. 4-6  Mean Monthly Water Level at Chiang Khong 

 



Reservoir Sedimentation and Backwater 

- 23 - 

As can be seen from calculation results, the corresponding water level of mean monthly flow 

for the scheme 335m in dry season and 340m in flood season somewhat rises at KengPhaDai 

compared with natural conditions, and backwater basically returns to normal level 

downstream the estuary of Nam Ing River in Dry season, while that occurs downstream 

Chiang Khong in flood season. 

(1) Variations of Mean Monthly Water Level at KengPhaDai 

Refer to Fig.4-7 for variations of mean monthly water level before and after reservoir 

formation of Pak Beng Hydropower Project at KengPhaDai.  

Under natural conditions, water level from December to May at KengPhaDai ranges 

from 334.65m to 336.10m, and more reefs are exposed; water level in November 

maintains at 337m, and most reefs are still exposed; water level in July and October 

remains at 338m, and reefs close to river channel center are submerged but those 

adjacent to river banks are exposed; water level in August and September is above 

340.5m, and almost all reefs are submerged, and only a small part of their top is 

exposed. It is thus evident that in case of smaller inflows, a large part of reefs are 

exposed, while their most part is submerged in July and October in case of larger 

inflows, and reefs are basically entirely submerged in August and September.  

After the reservoir has been formed, water level in dry season from December to May 

is around 336.85m. Though it is some 1.73m higher on average than that under natural 

conditions, most reefs can still be exposed as it is generally lower; when it is 340.57m 

which is 4.83m higher than that under natural conditions in June, only a small part can 

be exposed, and variations of exposure are larger in comparison with natural 

conditions; when it ranges from 341m to 343m from July to November, reefs are 

basically submerged entirely. However, compared with natural conditions, the project 

construction does not essentially vary their exposure.  

It is thus evident that following project construction, mean monthly water level 

somewhat rises at KengPhaDai, but it shall not basically change the characteristics of 

exposure in dry season and submergence in flood season under natural conditions, and 

thus has small impact on KengPhaDai.  

(2) Variations of Mean Monthly Water Level at Estuary of Nam Ngao River 

Refer to Fig.4-8 for variations of mean monthly water level at the estuary of Nam 

Ngao River.  

The estuary of Nam Ngao River is located at the border river between Laos and 

Thailand approximately 140km upstream the dam site. This channel is wide, and in 

accordance with measured transverse section, elevation of the river bank is above 

EL.345m. Topography beyond the river banks is gentle.  
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Under natural conditions, mean water level in June at the estuary is 337.8m while that 

from July to November ranges from 339m to 342.5m, and 337m-338m from December 

to May.  

After the project completion, water level in June is 340.88m, rising 3.06m compared 

with natural conditions; that is 341.5m ~ 344m, and rising 1.5m ~ 2.5m from July to 

November and 2.49m in November compared with natural conditions, indicating that 

overtopping shall not take place as flow in flood season is still under control of river 

banks; that is around 337.8m ~ 338.6m from December to May, rising some 0.67m 

compared with natural conditions, which is basically close to that under natural 

conditions. 

(3) Variations of Mean Monthly Water Level at Estuary of Nam Ing River 

Refer to Fig.4-9 for variations of mean monthly water level at the estuary of Nam Ing 

River. 

The estuary of the Nam Ing River is situated approximately 115m upstream the dam 

site. As a result of wide channel and shallow water, flooding occurs to this section. In 

accordance with measured transverse section, river banks are above EL.351m, and 

huge farmland is distributed (above EL.350m) beyond the banks.  

Under natural conditions, mean water level in June at the estuary is 340.3m while that 

from July to November ranges from 341m to 345m, and about 340m from December 

to May. 

After project completion, water level in June is 341.6m, rising 1.34m compared with 

natural conditions; that is 342.3m ~ 345.2m, rising 0.8m ~ 1.1m from July to 

November compared with natural conditions, indicating that overtopping shall not take 

place and farmland shall not be inundated as water level in flood season is below the 

river banks; water level from December to May basically returns to normal conditions. 

(4) Variations of Mean Monthly Water Level at Chiang Khong 

Reservoir backwater does not rise at Chiang Khong, and thus will not inundate this 

area; on the other hand, backwater is also not linked up with water level at Chiang 

Khong, and thus its navigable condition is not improved.  
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Fig. 4-7  Mean Monthly Hydrograph at KengPhaDai 
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Fig. 4-8  Mean Monthly Hydrograph at Estuary of Nam Ngao River 
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Fig. 4-9  Mean Monthly Hydrograph at Estuary of Nam Ing River 
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4.2.2 Frequency Flood 

Refer to Table 4-5 for backwater rise of frequency flood in the section on Lao-Thai border. 

As can be seen from calculation results, no sharp difference in backwater level of both 

schemes is seen.  

In case of 2-year frequency flood, backwater rises 0.43m and 0.25m at KengPhaDai and the 

estuary of Nam Ngao River compared with natural conditions, and the end of backwater is 

located approximately at the estuary of the Nam Ing River. Under natural conditions, reefs at 

KengPhaDai have been submerged in case of 2-year frequency flood but water level slightly 

rises after project completion. The elevation of lower river banks at the estuary of Nam Ngao 

River is around 345m. Under natural conditions, overtopping takes place in case of 2-year 

frequency flood, but water level slightly rises after project completion, which causes small 

impact on flood overtopping. The project construction does not constitute any impact on the 

channel upstream the estuary of Nam Ing River.  

In case of 5-year frequency floods, water head between upstream and downstream the dam 

site is lower than the minimum head for power generation, thus the project can carry out open 

flood and sediment discharge. On account of large discharge capacity of the sluicing gate, 

reservoir water level rises slightly, and shall not affect the river channel on Lao-Thai border. 
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Table 4-5  Backwater Results of Frequency Flood 
Unit: m 

Position/ 

Water Level 

P=50% P=20% P=10% P=5% 

Backwater Natural Difference Backwater Natural Difference Backwater Natural Difference Backwater Natural Difference 

Dam Site 337.00 328.30 8.70 332.06 331.66 0.40 333.77 333.34 0.43 335.30 334.82 0.48 

KengPhaDai 346.30 345.87 0.43 348.54 348.54 0.00 350.09 350.09 0.00 351.49 351.49 0.00 

Estuary of Nam Ngao River 347.74 347.49 0.25 350.27 350.27 0.00 351.74 351.74 0.00 353.06 353.06 0.00 

Estuary of Nam Ing River 349.54 349.38 0.16 352.02 352.02 0.00 353.54 353.54 0.00 354.81 354.81 0.00 

Chiang Khong 351.23 351.15 0.08 353.47 353.47 0.00 354.99 354.99 0.00 356.24 356.24 0.00 

 

 


