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Executive Summary 

The Discharge Sediment Monitoring Project (DSMP) was initiated in 2009 to improve the 
understanding of sediment transport and sediment characteristics in the Lower Mekong 
Basin (LMB).  The Information and Knowledge Management Programme (IKMP) manages the 
collaborative project, with line-agencies in the MRC countries completing the sample 
collection and laboratory analyses.  The DSMP includes the collection of 34 discharge, and 
suspended samples per year at 15 sites on the mainstream Mekong / Bassac , 1 site on the 
Tonle Sap, and 1 site in the lower 3S River. Samples are collected more frequently during the 
wet season when most sediment is transported through the catchment.  At a sub-set of 
sites, additional samples are collected to provide information about sediment grain-size and 
bedload sediment transport.  The 2009-2013 monitoring period includes a very wet year 
(2011) and several dry years (2010, 2012). 

Discharge measurements and depth integrated sediment samples have been collected using 
several methodologies, and these differences, combined with some gaps in the data have 
presented challenges with respect to integrating the results.  Regardless of these limitations, 
the data set provides a good picture of the present status of sediment transport in the LMB, 
and the physical characteristics of the sediment which has greatly enhanced the 
understanding of sediment process in the LMB. 

Suspended sediment concentrations tend to be highest during the onset of the wet season, 
and decrease over time.  Concentrations are generally in the range of 200 to 400 mg/L 
during the wet, however at sites in the central catchment concentrations in excess of 1,000 
mg/L have been recorded, although there is some question about the sampling 
methodology used at these sites. 

In 2009-2013, suspended sediment loads in the LMB ranged from an average of 10.8 Mt/yr 
at Chiang Sean, to 76.8 Mt/yr at Stung Treng.  Results from the 3S River system suggest the 
catchment is contributing about 8.5 Mt/yr of suspended sediment to the mainstream, or a 
little over 10% of the total load.  The suspended load of the Mekong mainstream is 
predominantly composed of medium to fine sand in the upper catchment, grading to fine-
sands and silts in the lower-river, and clays in the delta.   

Bedload measurements are limited to three locations (Chiang Saen, Nong Khai and Kratie) 
and bedload transport rates from all sites ranged from 1.3 to 4.1 Mt/yr, based on a variety of 
methods (interpolation, bedload rating curves, ADCP bed velocity estimates).  These ranges 
represent 3% to 15% of the suspended sediment load at the respective sites. The bedload 
was dominated by gravel, pebbles and coarse sand at Chiang Saen, fine and medium sand at 
Nong Khai, and coarse to fine sand at Kratie. 

Compared to historic suspended sediment concentrations and loads, the DSMP results show 
a substantial decrease in sediment transport.  The sediment load entering the LMB from 
China has decreased from an average of 84.7Mt/yr (1960-2002) to 10.8 Mt/yr at Chiang 
Saen.  Downstream, the measured load at Pakse has decreased from an average of 147 
Mt/yr to about 66 Mt/yr.   

The magnitude of the reduction in sediment transport is consistent with predicted 
reductions associated with the trapping of sediments in the impoundments of the Yunnan 
Cascade hydropower projects in China.  Sediment loads from the 3S are also consistent with 
predicted reductions following hydropower development in the sub-catchment.  The DSMP 
results suggest that about 79% of the predicted sediment reduction associated with planned 
hydropower developments in the basin has already been realised.  At present, only about 
16% of the sediment load is entering from China, and about 13% from the 3S, with the 
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largest sediment contribution to the mainstream now derived from other tributaries in the 
LMB.  

This analysis does not take into account the impacts of other activities, such as sand mining, 
so attributing the reduction in sediment loads solely to tributary and mainstream 
hydropower trapping is likely an over simplification of the processes occurring within the 
LMB.  

Recommendations including improving field equipment to ensure the accurate collection of 
depth integrated sediment samples, investigations of new technology to reduce the time 
and costs associated with the physical collection of sediment samples, additional capacity 
building in the context of decentralisation and additional analysis of the DSMP data set.  
Integration of the DSMP results with water quality results and the findings of other 
geomorphic and sediment related investigations in the LMB are recommended as logical 
next steps in advancing the understanding of sediments and sediment transport in the LMB. 

Summary of Major Findings 
Monitoring 

 The collection of discharge measurements, depth integrated suspended sediment 
samples, large volume samples for grain size analysis, and bed load samples by the 
MRC countries between 2009 and 2013 has provided a new data set allowing the 
present condition of sediment transport in the LMB to be quantified.  The DSMP 
results represent a major step forward and the MRC and MRC countries should be 
commended for the work, cooperation and collaboration required to implement 
such a complex monitoring program; 

 There are gaps in the data set due to delays associated with the procurement of 
suspended sediment monitoring equipment, non-functioning equipment and 
contractual issues.  These gaps have limited the time periods over which direct 
comparisons could be made between sites, but modelling techniques (such as 
sediment transport rating curves) have been used to derive sediment transport 
information which are temporally and spatially comparable; 

 The difficulty of collecting representative samples, combined with the extreme flow 
conditions present in the LMB and available monitoring techniques have led to some 
limitations of the data which need to be recognised when used in models or 
subsequent analyses.  These include: 

o Discharge measurements are collected using current meters and Acoustic 
Doppler Current Profiles.  At moderate to high flow rates (>~3,000 m3/s) 
results from these two sample techniques can differ, with the current meter 
technique recording up to 15% higher flow rates at peak discharge in the 
Mekong.  This is a recognised phenomenon attributable to the movement of 
bottom sediments and can be corrected.  However, the DSMP discharge 
results have not been corrected so flow and sediment fluxes at sites 
measured using ADCP are likely to be underestimated; 

o Depth integrated suspended sediment samples are collected using at least 
three different samplers.  One of the samplers, the D49, is recognised as 
being applicable to depths of only 5 m, and water velocities of 2 m/s.  These 
conditions are greatly exceeded in the Mekong, and samples collected using 
this equipment during high flows are likely to provide sediment 
concentrations which are higher than present in the river due to the ‘over 
filling’ of the sediment sampler.  Suspended sediment results collected from 
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these sites (most notably Mukdahan, Khong Chiam).  At Pakse, an 
unconventional sampler is being used, and these results should also be 
interpreted and used with caution; 

 Bedload measurements are extremely difficult to complete from a non-stationary 
boat and there is high natural variability in the movement of bed materials.  The 
limited bedload results from the Mekong should be considered as order of 
magnitude estimates only. 

 

Results Hydrology 

 The 2009 – 2013 DSMP monitoring years included considerable hydrologic 
variability, with 2011 being a very wet year, and 2010 and 2012 being dry years; 

 Hydrographs from the DSMP monitoring sites show there is limited water input 
between the sites of Chiang Saen and Nong Khai, with a large increase in flow 
between Nong Khai and Nakhon Phanom.  Additional step-wise increases in flow 
occur between Mukdahan and Pakse, and between Pakse and Stung Treng, 
reflecting the inflow of the Mun and 3S river systems, respectively; 

 The discharge results show a good flow balance through the Chaktomuk bifurcation; 

 Flow results from Chiang Saen show a delayed onset of the wet season in 2009 and 
2012 relative to the other flow years, and is consistent with the operation of the 
Lancang hydropower cascade in the UMB; 

 The 2013 flow results show a prolonged ‘tail’ to the wet season, and elevated water 
flows during the dry season as compared to previous monitoring years.  These 
characteristics are also consistent with operation of hydropower plants in the UMB. 

Results - Suspended Sediment concentrations 

 Suspended sediment concentrations at the DSMP monitoring sites typically range 
between 200 and 400 mg/l, with the higher values generally associated with the 
onset of the wet season; 

 Suspended sediment concentrations at Mukdahan and Kong Chiam are higher than 
at other sites, but are likely reflecting the over sampling of the water column due to 
the limitations of the sampling equipment;  

 Suspended sediment concentrations at Chaing Saen are increasing prior to the onset 
of high flows at the site, and showing a reduced relationship with flow rates, which 
is consistent with the operation of a cascade hydropower project in the UMB.  

Results - Suspended Sediment Loads 

 Suspended sediment loads in the LMB have been calculated by interpolating 
sediment loads between monitoring dates, and through the modelling of daily 
suspended sediment concentrations based on sediment rating curves and daily river 
discharge; 

 Suspended sediment loads show variability between years, with 2011 (a very wet 
year) generally having the highest loads; 

 The calculated suspended sediment loads at Chiang Saen range from 7.3 to 12.8 
Mt/yr with an average of 10.8 Mt/yr.  There is a doubling of sediment loads between 
Chiang Saen and Luang Prabang (average = 22 Mt/yr).  Between Luang Prabang and 
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Nong Khai, there is no increase in suspended sediment loads, with the results 
reflecting a loss of sediment through this reach; 

 There is a large influx of water and sediment between Nong Khai and Nakhon 
Phanom, with average sediment loads in excess of 50 Mt/yr at the downstream site 
(although monitoring results are limited at Nakhon Phanom); 

 Suspended sediment loads at Mukdahan and Nong Khai are much higher than 
recorded at the upstream or downstream sites which likely reflect a combination of 
the resuspension of bed material in this reach, and oversampling of the water 
column due to the use of undersized suspended sediment samplers; 

 The calculated average suspended sediment loads at Pakse and Stung Treng are 65 
Mt/yr and 77 Mt/yr, respectively, with the increase at Stung Treng attributable to 
the inflow of the 3 S river system.  Sediment inflow from the 3S is estimated at 8.5 
Mt/yr based on monitoring results from August 2012 – July 2013; 

 Between Stung Treng and Kratie the suspended sediment loads generally decrease 
by 5% to 12%, which is attributable to loss of suspended sediment to the floodplain 
and / or bedload.  The average suspended sediment load at Kratie for the 2009 – 
2013 period is 72.5 Mt/yr; 

 The magnitude of the sediment load varies considerably between years, but the 
pattern of sediment delivery is uniform, with approximately 60% of the sediment 
load transported in August and September, and 80% of the load transported 
between July and October; 

 Most of the suspended sediment remains in the mainstream Mekong, and enters 
the top of the delta, with about 10% estimated as entering the Tonle Sap during the 
inflowing season. 

 
Results - Suspended Sediment Characteristics 

 Suspended sediment grain-size characteristics show changes within sites and 
between sites over the wet season.  Overall, the results show a fining of sediemtn 
size with distance downstream; 

 Results from Chiang Saen are limited to the wet season, and show the suspended 
load is dominated by medium and fine sands; 

 At Luang Prabang, sand is also the dominant grain size during the wet season, with 
silt increasing in proportion in the dry season, whereas at Nong Khai, silt makes up a 
substantial proportion of the suspended load throughout the year; 

 The suspended load at Pakse is dominated by sand, suggesting the large influx of 
sediments between Nong Khai and Pakse, contains abundant sand sized material, 
and / or more sand is being carried in suspension; 

 At Kratie, the suspended load is dominated by silt, with fine sand and clay also 
present.  The clay increases in the suspended load downstream of Kratie, and is the 
predominant size fraction at the delta sites of Tan Chau and Chau Doc.  At Kratie, it is 
estimated that the annual average load comprises ~13 Mt of sand, 41 Mt of silt and 
13 Mt of clay; 

 In the delta, the suspended sediment is dominated by silts and clay, indicative of a 
loss of coarse silt and sand from the suspended load to bedload. 
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Bedload Transport of Sediment 

 Bedload is measured at three sites (Chiang Saen, Nong Khai and Kratie), and because 
of the difficulty in collecting reliable samples the results should be considered order 
of magnitude estimates only; 

 The bedload was dominated by gravel, pebbles and coarse sand at Chiang Saen, fine 
and medium sand at Nong Khai, and coarse to fine sand at Kratie;   

 Estimates of bedload transport rates for the sites were:  1.6 Mt in Jul to Dec 2011 at 
Chiang Saen (interpolation), 1.3 to 4.1 Mt/yr at Nong Khai (ADCP bed movement 
estimate), and 1.2 to 2.1 Mt/yr at Kratie (bedload sediment rating curve).  These 
ranges represent 3% to 15% of the suspended load at the respective sites. 

Bed Materials 

 An extensive bed material survey was conducted in 2011.  The grain-size distribution 
of bed material reflected the flow regime at the time of collection, with fine material 
present at sites during low flow, and coarser material present during the wet 
season; 

 Notwithstanding the influence of the flow regime at the time of sample collection, 
the bed materials generally showed a reduction in grain size in a downstream 
direction, with the percentage of gravels decreasing and percentage of silts 
increasing. 

Comparison of DSMP results with historic findings  

 The DSMP results show a substantial decrease in suspended sediment 
concentrations and suspended sediment loads relative to results collected in 1960 to 
2003 

 The average annual suspended sediment load measured at the most upstream site 
(Chiang Saen) in the LMB has decreased from ~85 Mt/yr to ~10.8 Mt/yr.  This 
reduction is consistent with modelled sediment trapping in hydropower 
impoundments in the UMB.  Suspended sediment inflow from China now accounts 
for ~16% of sediment in the LMB as compared to about 55% historically; 

 At the most downstream site for which there are historical results (Pakse) average 
loads have decreased from 147 Mt/yr to 66 Mt/yr.  Historical estimates of up to 160 
Mt/yr for the entire basin appear to have decreased to an average of 72.5 Mt/yr, 
based on results from Kratie.  When interpreting these changes it must be 
recognised that the historic results were collected using suspended sediment 
samplers which likely over estimated sediment loads, and the present results from 
Pakse have been collected using a sampler which may be under estimating loads; 

 The DSMP calculated sediment load of 8.5 Mt/yr for the 3S system is lower than 
baseline models which indicated sediment loads of about 17 Mt/yr, but consistent 
with predicted loads of 10 Mt/yr due to sediment trapping in reservoirs in the 
tributary; 

 The reduction in sediment entering from China and from the 3S basin has led to 
sediment inputs from ‘Other’ tributaries now providing the majority (~70%) of the 
sediment load of the Mekong.  Approximately 12 Mt/yr is entering in the reach 
between Chiang Saen and Luang Prabang, which represents about 17% of the 
present sediment load (although there is an apparent decrease between Luang 
Prabang and Nong Khai), with the remaining ~53% contributed by tributaries 
between Nong Khai and Pakse; 
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 These results do not include any consideration of sediment loss through other 
activities, such as sand mining, so attributing the reduction in sediment loads solely 
to hydropower trapping is likely an over simplification.  
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1 Introduction 

Sediments are an integral part of all river systems, linked to both the physical and chemical 
attributes of a catchment.  Sediments contribute to the form and physical characteristics of 
river channels and aquatic habitats, and are important in nutrient and chemical transport 
and storage.  Sediments in a river reflect both the availability of material derived from the 
catchment for transport, and the energy and timing of the river’s flow regime.  Changes to 
land use or the hydrology of a river will be reflected as changes to the sediment load of a 
river.   

Understanding sediment characteristics, including the transport processes, the magnitude, 
rates, and timing of sediment transport, the physical attributes of sediments, and the 
relationship between sediment transport processes and the flow regime, is necessary to 
quantify the present status of a river, and to understand or predict how future 
developments may alter the existing river condition.   

The Discharge and Sediment Monitoring Project (DSMP) was initiated in 2009 by the 
Information Knowledge Management Programme (IKMP) of the Mekong River Commission 
(MRC) to increase the understanding of sediment dynamics and characteristics in the Lower 
Mekong River basin (LMB).  The DSMP is a collaborative effort involving the National 
Mekong River Committees and line-agencies in the four MRC countries, and the IKMP of the 
MRC, with the IKMP responsible for coordinating monitoring activities, providing capacity 
building and data management.  Funding for equipment acquisition, monitoring, capacity 
building, data management and data interpretation activities under the DSMP has been 
provided by Finland, AFD, FFEM, and GIZ through the IKMP and the MRC Initiative for 
Sustainable Hydropower (ISH). 

A preliminary analysis of DSMP monitoring results collected in 2011 was completed in 2012 
(Koehnken, 2012).  The objective of this present report is to extend the data synthesis and 
analysis to include all available monitoring results, and to:   

 Strengthen and advance the understanding of sediment transport in the LMB, 
including the timing, mass and characteristics of sediments in the system; 

 Identify changes to sediment transport patterns relative to historic information and 
where possible link these changes to potential causes; 

 Make recommendations for the enhancement and strengthening of future sediment 
monitoring, with particular regard to the decentralisation process; and, 

 Contribute to sediment related capacity building exercises. 

The first three objectives are addressed in this report.  Recent sediment related capacity 
building exercises have included an IKMP coordinated Regional Technical Workshop on 
Discharge and Sediment data QA/QC, which occurred in March 2014 and is described in 
Attachment 1, and field based capacity building exercises in June 2014 which involved each 
of the hydrologic teams contributing to the DSMP.  

Understanding sediment transport processes requires an accurate understanding of the flow 
regime of the river.  The DSMP has included the measurement of river flow at the same time 
as the collection of sediment samples.  The 2009 – 2013 discharge data set has been used to 
update discharge rating curves for the mainstream monitoring sites from Chiang Saen to 
Kratie, with a summary of the discharge data and revised rating curves contained in Paradis, 
et al. (2013).   
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The structure of this report broadly follows the objectives listed above, with a description of 
the DSMP presented in Section 2 and presentation of hydrologic and suspended sediment 
monitoring results and suspended sediment transport rates in Sections 3 and 4, respectively.  
The grain-size characteristics of suspended sediments are presented in Section 5, with 
Sections 6 and 7summarising bedload monitoring results, and bed materials.   

The findings of the 2009 – 2013 data analysis are compared to historic results and model 
predictions in Section 8.  Section 9 summarises recommendations for future monitoring 
activities in the context of decentralisation, and additional areas for data analyses and 
interpretation.  The final section of this report provides a summary of the findings. 

This report is limited to a presentation and analysis of the DSMP monitoring results.  
Integration of the DSMP results with geomorphic and other sediment related investigations 
is being prepared by the IKMP and MRC in other Technical Reports. 
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2 Discharge Sediment Monitoring Programme 

The Discharge and Sediment Monitoring Program (DSMP) was initiated in 2009 by the 
Information and Knowledge Management Programme at the Mekong River Commission 
(MRC).  The blueprint for the DSMP was developed by Conlan (2009), based on international 
best practice techniques for sediment transport measurement.  Sediment monitoring sites 
for inclusion in the DSMP were selected based on the location of existing hydrologic 
monitoring sites, combined with the availability of historic information, and hydrologic and 
ecological importance.  The DSMP monitoring locations are shown in Figure 2.1, with an 
enlargement of the Chaktomuk confluence at Phnom Penh shown in Figure 2.2.  The sub-
catchments entering between each of the monitoring sites is shown in Figure 2.3 with 
catchment areas summarised in Table 1. 

The original design of the DSMP included the following components: 

 Recording of water level at gauging sites on a daily basis; 

 Discharge measurement using either an Acoustic Doppler Current Profiler (ADCP) or 
a current meter on a weekly, biweekly or monthly basis depending on flow rate; 

 Collection of a depth integrated suspended sediment sample at each monitoring site 
using the Equal Discharge Increment approach.  The integrated sample consists of 
five depth integrated samples collected across the monitoring transect at the same 
time discharge measurements are completed; 

 At a subset of sites on a subset of discharge and suspended sediment monitoring 
days, large volume depth integrated water samples are collected for the subsequent 
determination of particle grain size; 

 At a subset of sites on a subset of monitoring days, bedload samples are collected at 
5 to 10 points across the transect; and, 

 Surveying of channel cross-section on a twice per year basis (wet season, dry 
season). 

At the delta monitoring sites, where flow is bi-directional due to the influence of the tide, 
DSMP monitoring consists of the following: 

 Hourly measurement of current velocity at 6 depths at a reference vertical; 

 Conversion of current velocity to discharge using the established relationship 
between the reference vertical and cross-sectional discharge (calibrated several 
times per year using ADCP); 

 Daily measurement of depth integrated suspended sediment at the reference 
vertical; 

 Surveying of channel cross-section on a twice per year basis (wet season, dry season) 

A summary of the measurements completed at each of the monitoring sites as contained in 
the ToRs is shown in Table 2.   A summary of the measurements completed for each of the 
monitoring years is presented in Section 2.1.  

In Table 2 and in this report, depth-integrated suspended sediments are designated as SSC 
(Suspended Sediment Concentration).  This is to distinguish the measurements from TSS 
(Total Suspended Solids) which is a water quality parameter based on the collection of a 
surface water grab sample.  A depth-integrated sample is required to accurately reflect 
suspended sediment movement in a river, as the concentration of sediment varies over the 
depth of the water column.  Commonly, the largest material being transported is closest to 
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the river bed, so monitoring over the full depth of the water column is required to obtain an 
accurate sample. 

 

 

Figure 2.1.  DSMP monitoring locations in the Lower Mekong Basin (LMB). Monitoring of the Sekong River 
upstream of Mekong River at bridge was included in the DSMP in 2012-2013.   
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Figure 2.2.  Confluence of the Mekong River with the Tonle Sap and Bassac Rivers showing DSMP monitoring 
locations.  

 

Figure 2.3.  DSMP monitoring sites showing sub-catchments between monitoring locations.  The 3S catchment- 
is shown as three separate sub-catchments.  Catchment areas summarised in  
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Table 1.  Summary of DSMP sediment monitoring locations, sub-catchment area entering between monitoring 
sites and accumulated catchment area upstream of monitoring site.   

Station name Station code Latitude Longitude 
Area 
(km

2
) 

Cumulative 
Area (km

2
) 

River 

Chiang Saen 010501 20.272727 100.091811 19,0750 190,750 Mekong 

Luang Prabang 011201 19.898781 102.134637 75,245 265,995 Mekong 

Chiang Khan 011903 17.900786 101.663769 26,602 296,612 Mekong 

Nong Khai 012001 17.881152 102.716308 3,214 306,422 Mekong 

Nakhon Phanom/ 
Thakhek 

013101 17.399185 104.797211 64,731 371,153 Mekong 

Mukdahan/ 
Savannaketh 

013401 16.562591 104.734290 21,925 393,078 Mekong 

Khong Chiam 013801 15.325419 105.495822 29,870 422,948 Mekong 

Pakse 013901 15.109091 105.795496 127,958 550,906 Mekong 

Stung Treng 014501 13.522047 105.933548 46,788 640,719 Mekong 

Kratie 014901 12.442324 106.024037 11,355 652,074 Mekong 

Prek Kdam 020102 11.819399 104.804789 78,144 85,500 Tonle Sap 

Chroy Chang Var 019801 11.569067 104.944613 1,288 667,013 Mekong 

OSP-MRC 033401 11.508786 104.940270 25 753,979 Bassac 

Koh Norea  -No ID-KNR 11,551540 104.981370   Mekong 

Tau Doc 980601 10.801711 105.242178   Mekong 

Can Tau 039803 10.704878 105.135190   Bassac 

3S River basin --No ID - SKB 13.535400 105.772376 78,650  3S 

 

Table 2.  Summary of measurements completed at each monitoring sites as per the ToRs.  SSC = Depth 
Integrated Suspended Sediment measurement (Suspended sediment concentration), SGSA = Sediment Grain 
Size Analysis. 

Site Country* Discharge SSC SGSA Bedload 

Chiang Saen Thailand     

Luang Prabang Lao PDR      
Chiang Khan Thailand       
Nong Khai Thailand     

Nakhon Phanom 
(2012-13 only) 

Thailand       

Mukdahan Thailand       
Khong Chiam Thailand       
Pakse Lao PDR      
Stung Treng Cambodia       
Kratie Cambodia     

Chrouy Changvar Cambodia       
Prek Kdam Cambodia      
Koh Norea Cambodia       
OSP MRC Cambodia       
Tan Chau Viet Nam      
Chau Doc Viet Nam      
3S as Sekong Bridge 
(2012-13 only) 

Cambodia     

*Country that reports the results to the IKMP.  Sites located along the border of Thailand and Lao PDR are 
monitored cooperatively with Thailand responsible for processing the samples and reporting results. 

Monitoring frequency under the DSMP is variable through the year, with four samples per 
month collected during the peak wet season (July – October), and two samples per month 
for the remainder of the year.  The sediment grain-size analyses and bedload samples are 
also collected more frequently during the wet season (Table 3).   
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Table 3.  Summary of monitoring frequency for discharge, suspended sediment (SSC), sediment grain-size 
(SGSA) and bedload sampling. 
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SSC & 
Discharge 

2 2 2 2 2 4 4 4 4 4 2 2 34 

SGSA & 
Bedload 

1 1 1 1 1 2 2 2 2 2 1 1 17 

 

2.1 Available Results 
The DSMP was implemented progressively, with Thailand and Viet Nam initiating monitoring 
in 2009 using existing equipment and appropriately trained personnel.  Equipment needed 
to be procured for Lao PDR and Cambodia, resulting in monitoring being implemented in 
mid-2011.  

A summary of the discharge and suspended sediment data sets for each monitoring site is 
provided in Attachment 2.  Dates and samples included in the ToRs but not completed are 
highlighted in the tables.  Gaps in the data are attributable to the following factors: 

 Equipment problems or unavailability of appropriate equipment for the sampling 
conditions (boats, winches, ADCPs, depth integrating suspended samplers, etc); 

 Monitoring not being completed due to other priorities or lack of personnel (e.g. no 
monitoring following floods in northern Thailand due to teams being required to 
complete other work); 

 Delays in contracting between the IKMP and the member countries.  Contractual 
delays resulted in monitoring not being initiated until June or July in some countries.  
In the 2012 – 2013 monitoring year, the delayed start to monitoring resulted in no 
monitoring occurring during the initial increase in flow associated with the onset of 
the wet season.  The cessation of monitoring in June 2013, due to a lack of contract 
for the 2013 – 2014 monitoring year, also resulted in missing the onset of the 2013 
wet season. 

 

2.2 Integration of DSMP Monitoring Results 
The measurement of sediment movement in rivers is difficult, and requires the collection of 
accurate discharge and suspended sediment samples.  The DSMP has conducted field and 
classroom based training in the collection and reporting of discharge and suspended 
sediment sampling as part of on-going capacity building exercises.  A major objective of the 
training has been to have standardised monitoring techniques implemented at each of the 
DSMP monitoring sites such that an accurate understanding of sediment movement in the 
LMB could be gained.  Although this has been achieved at a large scale, e.g., discharge and 
depth integrated suspended sediment samples have been collected at similar sampling 
frequencies at each of the monitoring sites, there are some differences between monitoring 
techniques employed at the different monitoring sites which need to be considered when 
integrating and analysing the data set as a whole.  These include different techniques for 
measuring discharge, different depth integrating suspended sediment samplers, and 
different approaches to laboratory analysis of sediment samples.   
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2.2.1 Discharge measurements 
At all sites except Nong Khai, discharge measurements are completed using either a current 
meter, or an Acoustic Doppler Current Profiler (ADCP), as indicated in Table 4.  Current 
meter measurements are completed by measuring water velocity at two or three depths in 
the water column at a minimum of twenty points across the cross-section.  ADCP discharge 
measurements are based on the average of four ADCP profiles collected across the river at 
the monitoring location.   

In Vietnam, current velocity is measured at 5 depths at hourly intervals at a mid-channel 
reference point.  These values are converted to discharge based on calibrations of the 
reference velocity with ADCP profiles.  The ADCP profiles are completed on a quarterly basis.  

 

Table 4.  Summary of sampling equipment used to measure river discharge and collect depth integrated 
suspended sediment samples at DSMP monitoring sites, 2009 - 2013.  Country indicates the country 
responsible for reporting the results to the IKMP. SSC=Suspended Sediment Sampler, CM= Current Meter, 
ADCP= Acoustic Doppler Current Profiler, USD-49 and USD-96 and Upsala are depth integrating suspended 
sediment samplers. Table based on information reported to the IKMP on monitoring forms. 

Site/ 
Country 

Measurement 2009 2010 2011 2012 2013 

Chiang Saen 
Thailand 

Discharge CM CM CM CM CM 

SSC USD-49 USD-49 USD-49 USD-96 USD-96 

Luang 
Prabang  
Lao PDR 

Discharge   CM CM CM 

SSC   USD-49 USD-96 USD-96 

Chiang Khan 
Thailand 

Discharge CM CM CM CM CM 

SSC USD-49 USD-49 USD-49 USD-49 USD-49 

Nong Khai 
Thailand 

Discharge CM CM CM CM CM/ADCP 

SSS USD-49 USD-49 USD-96 USD-96 USD-96 

Nakhon 
Phanom  
Thailand 

Discharge    CM CM 

SSC    USD-96 USD-96 

Mukdahan  
Thailand 

Discharge CM CM CM CM CM 

SSC USD-49 USD-49 USD-49 USD-49 USD-49 

Khong 
Chaim 
 Thailand 

Discharge CM CM CM CM CM 

SSC USD-49 USD-49 USD-49 USD-49 USD-49 

Pakse 
Lao PDR 

Discharge   CM CM CM 

SSC   
Nilsson 

Uppsala* 
Nilsson 

Uppsala* 
Nilsson 

Uppsala* 

Stung Treng 
Cambodia 

Discharge   ADCP ADCP ADCP 

SSC   USD-96 USD-96 USD-96 

Kratie 
Cambodia 

Discharge   ADCP ADCP ADCP 

SSC   USD-96 USD-96 USD-96 

Chroy Chang 
Var 
Cambodia 

Discharge   ADCP ADCP ADCP 

SSC   USD-96 USD-96 USD-96 

Prek Kdam  
(Tonle Sap) 
Cambodia 

Discharge   ADCP ADCP ADCP 

SSC   USD-96 USD-96 USD-96 

Koh Norea 
Cambodia 

Discharge   ADCP ADCP ADCP 

SSC   USD-96 USD-96 USD-96 

MRC-OSP  Discharge   ADCP ADCP ADCP 
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Site/ 
Country 

Measurement 2009 2010 2011 2012 2013 

(Bassac) 
Cambodia 

SSC   USD-96 USD-96 USD-96 

3S at Sekong 
Bridge  
Cambodia 

Discharge    ADCP ADCP 

SSC    USD-96 USD-96 

Tan Chau 
Viet Nam 

Discharge CM/ADCP CM/ADCP CM/ADCP CM/ADCP* CM/ADCP 

SSC SRHMC SRHMC SRHMC SRHMC SRHMC 

Chau Doc 
(Bassac) 
Viet Nam 

Discharge CM/ADCP CM/ADCP CM/ADCP CM/ADCP* CM/ADCP 

SSC SRHMC SRHMC SRHMC SRHMC SRHMC 

Notes: 
D96 listed in DSMP sediment reporting forms in 2012 & 2013 for some sites where D49 is believed to be used 
Chiang Saen – D49 used when winch is broken or power supply insufficient for D96 
Nong Khai – Sampler fin has been damaged ‘for a long time’ 
Pakse – A Nilsson-Uppsala style sampler has been used at Pakse since the 1990s based on discussions with the 
Lao PDR monitoring staff. 
*In Vietnam, current is measured at a reference point on an hourly basis and converted to flow based on 
calibrations with quarterly ADCP profiles 

At Nong Khai, both discharge measurement techniques are used, which provides a basis for 
comparing the two methodologies.  Figure 2.4 compares discharge results obtained at Nong 
Khai using the two methods on the same date.  The results show that the ADCP method 
yields lower discharge values as compared to the current meter, with the difference 
between the two measurements increasing as discharge rates increase.  At discharges of 
~5,000 – 10,000 m3/s, the ADCP values typically range between 90-100% of the Current 
Meter values.  At flow rates above 10,000 m3/s, the ADCP results can be up to 20% below 
the Current Meter values.  

This difference is attributable to a ‘moving bed’ affecting the ADCP measurements, and is a 
widely recognised ADCP related issue (USGS, 2006).  The under recording of discharge by the 
ADCP is due to the sediments on the river bed moving downstream, and the ADCP 
measuring water movement relative to these moving sediments rather than a stationary 
reference point (the river bed).  This under estimation can be corrected post measurement if 
a ‘loop-test’ is completed in the field, which provides a measure of the apparent 
downstream movement measured by the instrument, or can be avoided through the use of 
GPS to establish the reference frame rather than the river bed.   

A loop-test determines the average velocity of the river bed across the transect (USGS, 
2006), which is then used to correct the ADCP discharge measurement.  Loop-tests were 
completed at Nong Khai in the 2012 wet season and show that average bed movements 
ranged from zero (no moving bed) to 0.16 m/s, with bed movement consistently occurring at 
flow rates greater than 3,000 m3/s (Figure 2.5).  The loop-test provides a correction factor 
and which can be used to re-calculate the discharge in the cross-section.  Corrected ADCP 
discharge values at Nong Khai are compared to Current Meter discharge values in Figure 2.6, 
and show the two data sets vary by only a few percent once the moving bed correction is 
applied.  

Loop-tests are not available for previous measurements at Nong Khai, or at any of the other 
sites where ADCP is used to measure discharge.   

Due to the lack of loop-test results the discharge measurements made using the ADCP 
method have not been corrected for moving bed, so high flows recorded at these sites are 
likely to be underestimated. The uncorrected ADCP discharge results have also been used to 
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derive discharge rating curves for the monitoring sites (Paradis, et al., 2013), so the 
conversion of water level to discharge at these sites will also reflect this underestimation of 
high flows.  The underestimation of discharge results will affect any subsequent calculations 
based on the results, such as suspended sediment fluxes.   

A number of new ADCP units which have an integrated GPS system have been provided to 
each of the Member Countries, and are being deployed at Luang Prabang, Nong Khai, and at 
the Cambodian sites near Phnom Penh, and at the delta sites in Vietnam.  These ADCP units 
should provide accurate discharge measurements without requiring subsequent correction 
in the 2014 – 2015 monitoring period. 

 

 

Figure 2.4. Comparison of Current Meter (CM) and ADCP discharge measurements at Nong Khai, 2009 - 2013. 

 

Figure 2.5.  ADCP loop-test results showing average bed velocity compared to river discharge. 

 

Figure 2.6.  Uncorrected and corrected ADCP measurements compared to Current meter measurements for 
dates on which loop-test correction results are available. 
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2.2.2 Overview of Suspended Sediment Sampling Methodology and Equipment 
The collection of depth integrated suspended sediment samples is required to accurately 
determine sediment concentrations and sediment loads in a river which vary with depth and 
distance across the river channel.  Depth integrating samplers must collect sediment over 
the entire depth of the water column in proportion to the flow rate e.g. more sample 
collected where river velocity is high as compared to where river velocity is low. This 
property is termed ‘isokinetic’ sampling, and is imperative for the collection of accurate 
suspended sediment samples. 

Decades of research by the USGS Federal Interagency Sedimentation Project (FISP) has 
identified the attributes required to obtain isokinetic samples, and the agency has 
developed appropriate sediment samplers for a range of river conditions (Davis, 2005).   

An isokinetic depth integrating sampler must have sufficient weight to move uniformly 
through the water column, be maintained in an orientation parallel to the current velocity, 
and be able to allow water to enter the sampler isokinetically over the entire depth of the 
water column.  Isokinetic suspended sediment samplers designed by FISP are considered 
world’s best practice, and two examples are shown in Figure 2.7 and Figure 2.8, with the 
operating range of each instrument summarised in Table 5.  The operating range of 
isokinetic samplers is dependent on the sampling volume and type of sampling container.  
Any sampler containing a rigid bottle, such as that used in the D49, is only isokinetic over a 
depth of up to 4.5 metres, due to the effects of air pressure in the empty bottle on flow 
through the nozzle.  In contrast, the D96 sampler, which collects the sample into a 
collapsible plastic bag remains isokinetic to depths of 33 m. This depth limitation is 
attributable to the nozzle size and sample capacity of the bag only, as it is not affected by 
the internal air-pressure of the sampling container. 

Research has shown that if an isokinetic sampler reaches maximum capacity before the 
sampler is extracted from the river, water will continue to enter and exit the sampler, but 
sediment will be trapped due to lower flow velocities in the sampler as compared to the 
river.  In effect, the sampler becomes a settling chamber and the concentration of sediment 
in the sampling bottle will be high compared to the concentration in the river (Garcia, 2008).   

A second type of depth integrated suspended sediment sampler, the Uppsala-Nilsson style 
sampler (Figure 2.9, left) was developed in 1969, and was tested under limited conditions 
against a D48 sampler, which is a hand held version of the D49 for use in shallow rivers.  The 
two samplers collected similar results under laboratory conditions in shallow water.  The 
instrument was determined to have a maximum sampling capacity of 950 ml, and to be 
applicable to shallow depths by the designer (Nilsson, 1969).  As it uses a rigid bottle for 
sample collection, it is subject to the issues of air pressure changes within the sampling 
container as the unit is lowered through the water column, and would not be isokinetic at 
depths of >4.5 m. 

2.2.3 Depth Integrating Suspended Sediment Samplers used in the DSMP 
The design of the DSMP included the collection of depth integrated suspended sediment 
samples using D96 samplers, which are applicable to the depth and flow conditions in the 
Mekong River.  Unfortunately, D96 samplers have not been implemented at all monitoring 
sites due to funding constraints.  Where D96 equipment are not used, locally available 
sediments samplers have been provided by the Member Countries.  The types of samplers 
used at each site of the DSMP is summarised in Table 4 based on information reported by 
the countries to the DSMP.   

A combination of D96, D49 and Uppsala-Nilsson samplers are used in Thailand, Lao PDR and 
Cambodia.  In Vietnam, a unique suspended sediment sampler is used, which is based on the 
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Uppsala-Nilsson style sampler, but built locally.  The Vietnamese sampler has under gone 
several changes over time.  No results demonstrating the isokinetic properties of the 
sampler are available.  A recent field based comparison between the sampler and a D96 was 
completed by the IKMP and Vietnamese field monitoring team.  These results will be useful 
for comparing sampler performance, and understanding potential differences (or not) 
between the sediment results reported by Viet Nam to the DSMP and sediment results 
collected upstream. 

 

 

Figure 2.7.  D-49 Sediment Sampler used in Thailand and Lao PDR (left) and sampling bottle (right). Photos 
from Thailand 2012-2013 DSMP monitoring report. 

 

Figure 2.8.  D-96 depth-integrating sediment sampler.  Photos USGS, 2005. 

   

Figure 2.9. (left) Nilsson - Uppsala style suspended sediment sampler used at Pakse; (right) sampling bottle 
designed and constructed by the Southern Regional Hydro-Meteorological Centre (SRHMC) and used by Viet 
Nam. Photo from Viet Nam 2012 – 2013 DSMP monitoring report. 

 



DSMP 2009 – 2013 Summary & Analysis of Results 

29 

Table 5.  Summary of depth integrated suspended sediment sampling equipment monitoring limits 

Sampler 
Nozzle 

(in) 
Sample 
Size (l) 

Max 
Depth 

(m) 

Min 
Water 

Vel 
m/s 

Max 
Water 

Vel 
m/s 

Un-
sampled 
zone (m) 

Wt 
kg 

D96 3/16 3 33 0.6 3.8 0.1 60 

D96 1/4 3 18 0.6 3.8 0.1 60 

D96 5/16 3 12 0.6 3.8 0.1 60 

D49 3/16 0.5 / 1.0 4.5 0.5 2.0 0.1 28 

D49 1/4 0.5/1.0 2.7 / 4.5 0.5 2.0 0.1 28 

Nilsson/Uppsala 6/2 mm 0.95 8.6* 0.16 1* ? 11 

SRHMC  Details not available – likely similar to Nilsson 

*based on performance guideline provided by Nilssson (1969), although instrument is 
indicated as stable at velocities of 2m/s. 

Comparing the operating limits of each of the samplers with the conditions in the Mekong, 
suggests the following: 

 The reliable sampling limit of the USD-49 sampler is 4.5 m water depth, and a flow 
velocity of 2 m/s.  During the wet season in the Mekong, the river depth greatly 
exceeds 4.5 m and water velocities are greater than 2 m/s, so there is a high risk that 
samplers are being overfilled.  Over filling of bottles is confirmed by the frequent 
reporting of sample volumes in excess of the maximum reliable sampling volumes of 
the sampler.  Overfilling the sample bottle leads to an over collection of sediment, 
resulting in a suspended sediment concentration which is higher than in the river.  
Sites at which a D49 is consistently used include Chiang Khan, Mukdahan and Khong 
Chiam.  At Mukdahan and Kong Chiam, river depths are frequently in excess of 20 m, 
with water velocities over 2 m/s.  At Chiang Khan river depths can exceed 5 m, but 
are generally <10 m.  

A comparison of Water Quality Monitoring Network (WQMN) TSS results with SSC 
results collected from Mukdahan and Khong Chiam (Figure 2.10) shows very high 
SSC concentrations in the wet season as compared to surface TSS (no TSS results are 
available for Chiang Khan).  Although the depth integrated suspended sediment 
concentrations would be expected to be higher than the TSS (which are based on 
surface grab samples), the very large difference between results combined with the 
limitations of the sampler are consistent with the over sampling of sediment at 
these sites.  The results from these sites are included in the analysis of DSMP 
results but should be considered to be over-estimates and interpreted accordingly. 

 At Pakse an Uppsala-Nilsson style sampler is used. The small (1 L) rigid sample bottle 
in the Uppsala has a maximum depth of 8 m (an unlikely to be isokinetic at depths 
greater than 4.5 m), which is greatly exceeded at Pakse, indicating the sample bottle 
is full prior to sampling of the entire water column.  Unlike the D49 sampler, the air 
escape valve in the Uppsala bottle becomes inundated once the sample bottle is full, 
which limits over-filling of the bottle.  The mechanics of the sampler, combined with 
the characteristics of the site strongly suggest that the suspended sediment sample 
is not reflecting the full-depth of the water column, and is therefore likely to be 
under sampling the suspended material. 
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A comparison of water quality TSS results from Pakse with the depth integrated SSC 
results show similarities (Figure 2.10), with the SSC results recording slightly higher 
concentrations in the peak and late wet season.  These results likely reflect 
concentrations in the top 8 m of the water column, which when integrated exceed 
the surface TSS concentrations, but are unlikely to be accurately collecting sediment 
over the full depth of the river.  The results from Pakse are included in the analysis 
of DSMP sediment results, but should be used and interpreted with caution due to 
the limitations of the sampler. 

 The USD-96 is appropriate for the conditions in the Mekong, but sample volumes 
reported at some sites exceed 3-L, suggesting even the large sampler is on occasion 
being over filled during peak flows.  This is attributable to motor and batteries 
driving the winch being insufficient to raise the 60 kg instrument fast enough at high 
flow. The D96 SSC results for Stung Treng and Kratie are compared to the TSS results 
in Figure 2.12 and show that SSC is higher than TSS during high flow, and similar to 
TSS at low flow;   

 The sampling limits of the Vietnamese designed and built Uppsala style sampler are 
not known.  A comparison of the SSC and TSS results (Figure 2.13) shows similarities 
at high flows, but large differences during low flow periods which warrants 
investigation.   

 

 

Figure 2.10.  Comparison of Total Suspended Solids (TSS) in surface grab samples collected by the WQMN and 
the Depth Integrated suspended Sediment Concentrations (SSC) collected by the DSMP using D49 sampling 
equpment. 

 

Figure 2.11.  Comparison of Total Suspended Solids (TSS) in surface grab samples collected by the WQMN and 
the Depth Integrated suspended Sediment Concentrations (SSC) collected by the DSMP using an Uppsala-
Nilsson style sediment sampler. 
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Figure 2.12.  Comparison of Total Suspended Solids (TSS) in surface grab samples collected by the WQMN and 
the Depth Integrated suspended Sediment Concentrations (SSC) collected by the DSMP using a D96 sediment 
sampler. 

  

Figure 2.13. Comparison of Total Suspended Solids (TSS) in surface grab samples collected by the WQMN and 
the Depth Integrated suspended Sediment Concentrations (SSC) collected by the DSMP using a sediment 
sampler designed by the Southern Regional Hydro-Meteorological Centre in Vietnam. 
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3 Discharge and Suspended Sediment Results 2009 – 2013 

3.1 Water Discharge Chiang Saen to Kratie 2009 – 2013 
Discharge at the DSMP monitoring sites is measured at the same time as suspended 
sediment samples are collected, and the discharge results have been used to derive 
discharge rating curves for the sites Chiang Saen to Kratie (Paradis, et al., 2013).  The rating 
curves have been used to calculated daily discharge for DSMP monitoring years 2009 – 2013 
using average daily water level readings. The resultant hydrographs for each site for each 
year are shown in Figure 3.1, with the range of flow summarised in Figure 3.2.  The total 
annual discharge volumes for the sites are shown in Table 6, and graphically compared in 
Figure 3.3, and other hydrological statistics are presented in Table 7 through Table 9. 

The annual hydrographs show a pronounced high flow season, with a rapid increase in flow 
occurring between mid-June and mid-July.  The upstream sites between Chiang Saen and 
Nong Khai show similar flow rates and patterns, with a large increase in flow occurring 
between Nong Khai and Nakhon Phanom.  In 2009 and 2012, these upstream sites showed a 
delay in the onset of the wet season as compared to the downstream sites, which may be 
related to the operation of the cascade of power station located in the Upper Mekong Basin 
(UMB). 

The pattern and magnitude of flow varies between years, although two pronounced peak 
flow periods are common, with the early peak generally occurring in July to August, with a 
second peak in September to October.  The magnitude of peak flows varied between 35,000 
m3/s in 2010, and 50,000 m3/s in 2011 and 2013.  As shown by the summary graphs and 
Table 7, 2011 was a very wet year, while 2010 and 2012 were drier than average. 
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Figure 3.1.  Annual hydrographs for the DSMP monitoring sites, 2009 – 2013.  Discharge for all years shown at 
the same scale. 

The distribution of flow at each site during each monitoring (Figure 3.2) shows a gradual 
increase in median flows with distance downstream, with peak flows showing larger 
difference.   

Comparing 20th and 80th percentile flows (Table 9) at each of the monitoring sites provides 
an indication of the variability of flow in the LMB.  The upstream sites (Chiang Saen to Nong 
Khai) typically show lower variability as compared to the downstream sites.  The greatest 
variability occurs in the mid-LMB (Nakhon Phanom, Mukdahan) and in the lower sites of 
Stung Treng and Kratie.  These areas reflect the inflow of the Lao PDR ‘left bank’ tributaries, 
and the 3S river system, respectively. The high flows in 2011 resulted in increased flow 
variability throughout the LMB, whereas variability was lower in 2012, which was a dry year.  
2010 was also a dry year, but flow variability remained similar to average years.  

 

 

 

 

Figure 3.2. Box and whisker plots of 
discharge at the DSMP monitoring sites 
2009 - 2013.  The ‘box’ encompasses the 
25

th
 to 75

th
 percentile flow with the 

median indicated.  The minimum and 
maximum flows are shown by the lines 
extending from the box. 
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Figure 3.3.  Comparison of total annual water fluxes at monitoring sites in the LMB between Chiang Saen and 
Kratie, 2009 - 2013. 

Table 6.  Annual water discharge at Chiang Saen to Kratie 2009 - 2013 based on discharge rating curves and 
daily water level readings. Mean Annual Flow from MRC (2005) except for Nakhon Phanom which is from the 
2010 Thailand Hydrological Yearbook (Ministry of Natural Resources and Environment, 2010) 

Site 2009 
Km

3 
2010  
Km

3
 

2011  
Km

3
 

2012  
Km

3
 

2013  
Km

3
 

Mean 
Annual 

Flow 1960 - 
2004 

Chiang Saen 76.6 72.7 78.7 66.7 73.8 85 
Luang 
Prabang 

97.0 92.3 117.4 97.9 108.6 123 

Chian Khan 125.5 120.8 155.6 123.5 142.2 133 
Nong Khai 121.1 124.6 163.0 117.41 132.2 142 
Nakhon 
Phanom

 224.4 215.8 313.8 219.4 247.2 
224 

Mukdahan 240.6 238.6 350.8 239.5 269.4 240 
Khong Chiam 265.1 255.0 389.5 247.0 298.6 288* 
Pakse 289.8 272.8 414.5 268.0 325.2 306 
Stung Treng 393.3 301.2 491.9 338.7 393.9 413 
Kratie 406.1 301.9 502.2 341.9 409.7 416 
 

Table 7.  Annual water discharge at Chiang Saen to Kratie compared to the Mean Annual Flow (1960-2004) 
based on MRC (2005).  MAF= Mean annual Flow 

Site 2009 2010 2011 2012 2013  Legend  

Chiang Saen 90% 86% 93% 78% 87%  >130% of MAF  
Luang 
Prabang 

79% 75% 95% 80% 88%  121 – 130% MAF 
 

Chian Khan 94% 91% 117% 93% 107%  111 – 120% MAF  
Nong Khai 85% 88% 115% 83% 93%  90 – 110% MAF  
Nakhon 
Phanom

 
100% 96% 140% 98% 110%  80 – 89% MAF 

 

Mukdahan 100% 99% 146% 100% 112%  70 – 79% MAF  
Khong Chiam 92% 89 135% 86% 104%    
Pakse 95% 89% 135% 88% 106%    
Stung Treng 95% 73% 119% 82% 95%    
Kratie 98% 73% 121% 82% 98%    

 

 



DSMP 2009 – 2013 Summary & Analysis of Results 

35 

Table 8.  Flow statistics for 2009 - 2013 based on rating curve derived average daily flows at each DSMP 
monitoring site. 

 Flow CS LP CK NK NP Muk KC PK ST KT 

Year Statistic m
3
/s m

3
/s m

3
/s m

3
/s m

3
/s m

3
/s m

3
/s m

3
/s m

3
/s m

3
/s 

2009 Minimum 895 1028 1106 1323 1716 2105 2123 2008 2204 2408 

 20th 1263 1357 1548 1746 2236 2588 2560 2740 3200 3069 

 Median 1704 1939 2603 2355 3280 3683 4138 4676 6798 6879 

 80th 3796 5483 7225 6997 14047 14147 16386 17710 23433 25679 

 Maximum 8030 10860 12604 12442 22466 25543 27714 29257 45339 43519 

2010 Minimum 509 749 764 903 1048 1585 1592 1265 1058 1723 

 20th 1085 1172 1124 1374 1572 2195 2174 2233 2494 2541 

 Median 1695 1915 2443 2208 3280 3782 3828 4281 4915 4607 

 80th 3895 5330 7228 7129 14824 15614 16290 17858 19806 21351 

 Maximum 6810 9382 13023 15041 24902 28028 31124 32592 35794 35812 

2011 Minimum 1017 1088 1188 1312 1852 2477 2305 2448 2293 2295 

 20th 1295 1418 1592 1683 2234 2802 2626 2918 3011 2854 

 Median 1949 2594 3786 3338 4979 5475 5734 6442 8068 7787 

 80th 3991 6587 9398 10284 21559 23349 23804 25369 33421 35632 

 Maximum 6701 11288 14199 16598 30270 37280 42141 42912 49954 49884 

2012 Minimum 707 918 896 1064 1716 2314 2438 1095 2615 2832 

 20th 858 1060 1096 1226 2125 2773 2898 3044 3522 3500 

 Median 1575 2016 2681 2212 3949 4442 4306 4803 5798 5679 

 80th 3228 4702 6250 5394 11388 12386 12811 13829 19425 20135 

 Maximum 9530 13081 14497 16043 23156 24862 25032 27246 35206 35714 

2013 Minimum 729 954 1046 1023 1727 2382 2278 2290 2384 2357 

 20th 1426 1566 1912 1677 2701 3084 2941 3126 3305 3080 

 Median 1930 2439 3357 2850 4858 5243 5000 5591 6999 6751 

 80th 3219 5120 7070 6552 12939 14164 17725 19963 24510 26064 

 Maximum 7406 10570 13003 14357 24766 26889 35419 38966 53370 49044 

 

Table 9.  Variability of flow as shown by ratio of 80
th

 to 20
th

 percentile flow for 2009 – 2013 based on daily 
discharge (e.g. 3.0 indicates 80

th
 percentile flow is 3 times the 20

th
 percentile flow). 

80th:20th CS LP CK NK NP Muk KC PK ST KT 

2009 3.0 4.0 4.7 4.0 6.3 5.5 6.4 6.5 7.3 8.4 

2010 3.6 4.5 6.4 5.2 9.4 7.1 7.5 8.0 7.9 8.4 

2011 3.1 4.6 5.9 6.1 9.7 8.3 9.1 8.7 11.1 12.5 

2012 3.8 4.4 5.7 4.4 5.4 4.5 4.4 4.5 5.5 5.8 

2013 2.3 3.3 3.7 3.9 4.8 4.6 6.0 6.4 7.4 8.5 

 

 

3.2 Discharge Downstream of Kratie 
Downstream of Kratie, modelling river flow is complex due to the influence of the tide, the 
bifurcation of the Mekong River at the head of the delta, and the complex hydrology of the 
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Tonle Sap.  Extensive floodplain inundation downstream of Kratie also results in large 
volumes of out of channel flow.  

Discharge rating curves have not been derived for the DSMP monitoring sites downstream of 
Kratie, so flow information is limited to the days on which discharge measurements were 
completed. Measured discharge (ADCP) from 2011 – 2013 is shown in Figure 3.4 through 
Figure 3.6 for Kratie and the monitoring sites surrounding the Chaktomuk bifurcation, with 
both inflow and outflow in the Tonle Sap shown.  Figure 3.7 shows a schematic of the rivers 
and DSMP monitoring locations. 

The annual hydrographs show that peak flow at Kratie in 2011 was greater than that 
recorded at Chroy Chang Var, whereas in 2012 the peak flows were similar.  This is probably 
due to the loss of water from the channel to the floodplain in 2011 when flows were very 
high. 

 

  

Figure 3.4. 2011 annual hydrographs for Kratie and 
monitoring sites near the Chaktomuk confluence.  
Flow for Tonle Sap shows both inflow and outflow. 

Figure 3.5. 2012 annual hydrographs for Kratie and 
monitoring sites near the Chaktomuk confluence.  
Flow for Tonle Sap shows both inflow and outflow. 

 

Figure 3.6. 2013 annual hydrograph for Kratie and 
monitoring sites near the Chaktomuk confluence.  
Flow for Tonle Sap shows inflow only. 

   

Figure 3.7. Schematic of Chaktomuk 
confluence near Phnom Penh and DSMP 
monitoring locations 
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To better interpret the flow results, flow balances for periods when flow in the Tonle Sap 
was into the lake (inflowing) and when flow was exiting the lake (outflowing) are presented 
in three graphs for each year in Figure 3.8 through Figure 3.14.  The first graph for each year 
(Figure 3.8, Figure 3.11, Figure 3.14) shows flow conditions during the inflowing Tonle Sap, 
with flow at Chroy Chang Var (blue line) upstream of the bifurcation compared to flow in the 
Tonle Sap (Prek Kdam), Bassac (OSP-MRC) and the Mekong at Koh Norea.   

The second graph (Figure 3.9, Figure 3.12) for each year shows the flow balance during the 
outflowing Tonle Sap period, with flow recorded in the Tonle Sap and the Mekong upstream 
of the confluence at Chroy Chang Var (bars) compared to the combined flow in the Mekong 
at Koh Norea, and the Bassac at OSP-MRC.  The final graph for each year (Figure 3.10, Figure 
3.13) provides the distribution of flow between the Mekong at Koh Norea and the Bassac at 
OSP-MRC during the outflowing period.  For 2013, only results for the inflowing period are 
available, as sampling ceased in July 2013.   

 

 

  

Figure 3.8.  Flow balance during inflowing Tonle Sap 
in 2011:  Mekong River flow at Chroy Chang Var (blue 
line) is compared to the combined flow at Koh Norea, 
OSP-MRC, and Prek Kdam. 

Figure 3.9. . Flow balance during outflowing Tonle Sap 
in 2011: The combined flow at Prek Kdam and Chroy 
Chang Var (bars) is compared to the combined flow at 
Koh Norea and OSP-MRC (Orange line). 

 

Figure 3.10; Distribution of flow between the Mekong 
River at Koh Norea and the Bassac River at OSP-MRC 
during outflowing Tonle Sap in 2011  (flows are 
equivalent to the orange line in the previous figure). 
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Figure 3.11. Flow balance during inflowing Tonle Sap 
in 2012:  Mekong River flow at Chroy Chang Var (blue 
line) is compared to the combined flow at Koh Norea, 
MRC-OSP, and Prek Kdam. 

Figure 3.12. Flow balance during outflowing Tonle Sap 
in 2012: The combined flow at Prek Kdam and Chroy 
Chang Var (bars) is compared to the combined flow at 
Koh Norea and OSP-MRC (Orange line). 

 

Figure 3.13. Distribution of flow between the Mekong 
River at Koh Norea and the Bassac River at OSP-MRC 
during outflowing Tonle Sap  in 2012-13  (flows are 
equivalent to the orange line in the previous figure). 

 

Figure 3.14. Flow balance during inflowing Tonle Sap:  
Mekong River flow at Chroy Chang Var (blue line) is 
compared to the combined flow at Koh Norea, MRC-
OSP, and Prek Kdam in 2013.  No flow measurements 
available after 24 July 2013. 

For all years, the flow balances are very good, and show that during rising (inflowing) and 
peak water levels, the majority of flow recorded at Chroy Chang Var remains in the Mekong 
mainstream with relatively small proportions entering the Tonle Sap or the Bassac Rivers.  
The ingress of water to the Tonle Sap system results in a relative reduction in flow at Koh 
Norea during the first flood peak at Koh Norea as compared to Chroy Chang Var.   

In August 2011, there was a distinct peak in flows entering the Tonle Sap, whereas in 2012 
the inflow was uniform over the monitoring period (but may have peaked prior to the 
commencement of monitoring in August)   

Following flow reversal in the Tonle Sap, there is a period when discharge in the mainstream 
Mekong falls rapidly and discharge from the Tonle Sap is similar in magnitude to that 
measured in the Mekong River at Chroy Chang Var (Nov - Dec 2011, Oct - Nov 2012), hence 
doubling the flow downstream of Phnom Penh.  For both 2011 and 2012, flow in the Bassac 
was greatest immediately following the reversal of the Tonle Sap, and decreased as total 
flow decreased with negligible flows recorded during the months of January to April 2012.  
The rate of flow decrease at Koh Norea at the end of the wet season is substantially slower 
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than at Chroy Chang Var or the other upstream DSMP sites, due to the contribution from the 
outflowing Tonle Sap. 

 

3.3 Suspended Sediment Monitoring Results 2009 – 2013 
Depth integrated suspended sediment sampling began at some DSMP sites in 2009, and at 
the remaining sites in 2011.  The depth integrated suspended sediment concentrations (SSC) 
collected and reported to the MRC at each monitoring site are shown in the left graph in 
Figure 3.15 through Figure 3.29 along with the average daily river flow at the site.  Note 
graph scales vary between sites. 

The suspended sediment concentrations were used to calculate daily sediment fluxes 
(tonnes/day) for each monitoring day, and these results are shown in the right-hand graph in 
each Figure.  Daily sediment fluxes were determined for the delta-monitoring sites of Tan 
Chau and Chau Doc (Figure 3.30) using the average daily discharge (based on hourly 
monitoring results) and a daily suspended sediment sample.  As only one sediment sample is 
reported for each day, it is unlikely to be representative of the continually changing tidal 
flow at the sites, however the calculations are presented here to provide an indication of the 
range of suspended sediment fluxes in the delta.  Sediment fluxes are discussed in detail in 
Section 3.5. 

The suspended sediment results are presented here to show the actual data collected by the 
DSMP, the length of record for each site, and to provide an indication of how the suspended 
sediment results are related to flow characteristics. 

The SSC results show there is a rapid increase in concentrations as flow increases at the start 
of the wet season, with peak SSC and peak sediment fluxes generally coinciding with the first 
major flow peak of the wet season.  SSC reduce rapidly at the end of the wet season, with 
very low sediment levels and fluxes recorded during the dry season. 

At most sites, the increase in SSC is closely linked with the increase in river flow.  However, 
at Chiang Saen (Figure 3.15), SSC appears more variable, with some relatively high SSC 
values coinciding with low flow rates.  This is especially pronounced in the 2012 and 2013 
dry seasons, and may reflect the inflow of sediment from unregulated tributaries, with the 
overall flow rate being modulated by the operation of the hydropower dams upstream.  
Similarly, base flow during the 2013 dry season was high compared to previous years, but 
SSC was very low in March and April 2013, which is also consistent with sediment delivery 
and water flow being somewhat de-coupled at this site.   

 

 

Figure 3.15.  (left) Measured suspended sediment concentration and average daily discharge at Chiang Saen, 
(right) Suspended sediment flux based on SSC and measured discharge. 
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Figure 3.16. (left) Measured suspended sediment concentration and average daily discharge at Luang Prabang, 
(right) Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.17. (left) Measured suspended sediment concentration and average daily discharge at Chiang Khan, 
(right) Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.18. (left) Measured suspended sediment concentration and average daily discharge at Nong Khai,  
(right) Suspended sediment flux based on SSC and measured discharge.  

 

Figure 3.19. (left) Measured suspended sediment concentration and average daily discharge at Nakhon 
Phanom, (right) Suspended sediment flux based on SSC and measured discharge. 
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Figure 3.20. (left) Measured suspended sediment concentration and average daily discharge at Mukdahan, 
(right) Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.21. (left) Measured suspended sediment concentration and average daily discharge at Khong Chiam, 
(right) Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.22. (left) Measured suspended sediment concentration and average daily discharge at Pakse, (right) 
Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.23. (left) Measured suspended sediment concentration and average daily discharge at Stung Treng, 
(right) Suspended sediment flux based on SSC and measured discharge. 
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Figure 3.24. (left Measured suspended sediment concentration and average daily discharge at Kratie, (right) 
Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.25. (left) Measured suspended sediment concentration and average daily discharge at Chroy Chang 
Var, (right) Suspended sediment flux based on SSC and measured discharge. 

At Prek Kdam (Figure 3.26), SSC is substantially higher during the period of inflowing water 
as compared to the outflow, reflecting the net transport of sediment into the lake over the 
monitoring period.  Sediment concentrations in the Tonle Sap are highest during the 
initiation of the wet season and similar to the values recorded at Chroy Chang Var, which is 
consistent with the water entering the Tonle Sap being derived from the Mekong.  However, 
as the wet season progresses, the concentrations at Prek Kdam decrease relative to Chroy 
Chang Var (Figure 3.27).  This suggests that sediment deposition is occurring between the 
two sites and is discussed more in Section 3.4. 

 

Figure 3.26. (left) Measured suspended sediment concentration and measured discharge at Prek Kdam, (right) 
Suspended sediment flux based on SSC and measured discharge. Note different scale as compared to other 
graphs.   
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Figure 3.27. Comparison of suspended sediment 
concentrations at Chroy Chang Var (CCV) and Prek 
Kdam, showing lower concentrations at Prek Kdam. 

 

The suspended sediment results at Koh Norea and OSP-MRC on the Bassac reflect the 
concentrations in the Mekong at Chroy Chang Var, with an additional input from the Tonle 
Sap following flow reversal. 

 

Figure 3.28. (left) Measured suspended sediment concentration and measured discharge at Koh Norea, (right) 
Suspended sediment flux based on SSC and measured discharge. 

 

Figure 3.29. (left) Measured suspended sediment concentration and measured discharge at MRC OSP, (right) 
Suspended sediment flux based on SSC and measured discharge. 

The daily SSC at the delta sites of Tan Chau (Mekong) and Chau Doc (Bassac) show high 
variability as would be expected in a tidal area, with peak concentrations recorded early in 
the wet season similar in magnitude to the values recorded at OSP-MRC and Koh Norea. 
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Figure 3.30.  Measured suspended sediment concentration and daily discharge at Tan Chau. Sediment fluxes 
based on single daily sediment sample so may not reflect average daily sediment concentration.  Calculated 
suspended sediment flux should be considered as indicative only. 

 

 

Figure 3.31. Measured suspended sediment concentration and daily discharge at Chau Doc. Sediment fluxes 
based on single daily sediment sample so may not reflect average daily sediment concentration.  Calculated 
suspended sediment flux should be considered as indicative only. 

 

3.3.1 Comparison of Suspended Sediment concentrations between sites 
Comparative time-series of suspended sediment concentrations are shown in Figure 3.32 for 
each year.  For 2009 and 2010, results are only available from a limited number of sites, with 
the upstream sites of Chiang Saen to Nong Khai showing low variability, as compared to 
Mukdahan and Khong Chiam, which are the most downstream sites for which data are 
available.  In 2011 and 2012, the SSC at Mukdahan and Khong Chiam are also very high 
during the wet season, with concentrations much higher than the upstream of Nakhon 
Phanom, even though the catchment area only increases 6% and 7% between the sites, 
respectively.  The concentrations are also considerably higher than those recorded at the 
downstream site of Pakse, and are considered to be the result of over-sampling due to the 
use of a small sediment sampler relative to the conditions in the Mekong.  Based on this, the 
sediment concentrations should be considered an over estimate. 

The 2013 suspended sediment results show that monitoring failed to capture the initial 
sediment flush of the wet season, with the cessation of sampling coinciding with the initial 
rise of sediment concentrations. 

At the monitoring sites downstream of Kratie (Figure 3.34) SSC ranges from <50 mg/L to 
approximately 450 mg/L.  Peak concentrations at Chroy Chang Var, Koh Norea, and OSP-
MRC in August 2011 were higher than those recorded ad Kratie a few days before, 
demonstrating how rapidly concentrations change during the periods of peak flows.  The 
variability in SSC at Tan Chau and Chau Doc is consistent with the flow, and sediment 
concentration being affected by tidal flows. 
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The SSC results are statistically compared using box and whisker plots in Figure 3.33.  
Because the number of samples collected each year at each site varies, the comparisons 
should be considered indicative only.  Suspended sediment concentrations range from <10 
mg/L to >1,000 mg/L, with most results <400 mg/L.  The monitoring sites in the middle LMB, 
Mukdahan to Pakse, show the highest concentrations and widest range of results reflecting 
the over sampling of sediment during high flows. 

Suspended sediment concentrations were generally higher during 2011, which was a wet 
year, and suspended sediment concentrations remained elevated later into the wet season 
as compared to other years. 

  

  

 

Figure 3.32.  Time-series of suspended sediment 
concentrations at DSMP monitoring sites between 
Chiang Saen and Kratie. 2009 – 2013.   
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Figure 3.33.  Box and whisker plots of SSC by site and year.  Box encompasses the 25
th

 to 75
th

  percentile SSC 
values, with the median indicated by a solid line.  The 'whiskers' show the minimum and maximum SSC values. 
Note, not all sites were monitored consistently throughout each year.  Refer to Figure 3.15 through Figure 3.30 
for distribution of available monitoring results.   

From Kratie downstream, the mainstream Mekong monitoring sites show similar patterns of 
sediment concentrations.  Concentrations at Prek Kdam are lower during August and 
September, showing the water flowing out of the Tonle Sap has lower sediment 
concentrations as compared with the inflowing water.  

  

 

Figure 3.34.  Time-series of suspended sediment 
concentrations at DSMP monitoring sites between 
Kratie and the mouth of the Mekong, 2009-2013. 

 

 

. 



3.4 Comparison of Calculated Suspended Sediment Fluxes 

3.4.1 Chiang Saen to Kratie 
The calculated suspended sediment fluxes based on the measured discharge and suspended 
sediment concentration on monitoring days are compared for each monitoring year in Figure 3.35 
and Figure 3.36 for the monitoring sites upstream and downstream of Kratie, respectively. The 
results for 2009 and 2010 are limited to sites between Chiang Saen and Mukdahan, and show that 
sediment fluxes from Chiang Saen, Chiang Khan and Nong Khai are typically <100,000 tonnes per day 
and exhibit low variability over the year.  This is likely reflecting the modulation in flow and 
reduction in sediment loads attributable to the operation of the Lancang Hydropower cascade. In 
contrast, the calculated fluxes for Mukdahan and Khong Chiam exceed 2 million and 3 million tonnes 
per day, respectively, which as previously discussed, is considered to be an over estimation of actual 
sediment transport at the sites due to the limitations of the sampling gear.   

In 2011, a very wet year, sediment fluxes at the upstream sites between Chiang Saen and Nong Khai 
were higher as compared to 2009 or 2010, but remained less variable than the downstream sites, 
reflecting flow regulation from the dams.  At all sites except Khong Chiam maximum suspended 
sediment fluxes remained below 1.5 million tonnes per day.  As previously noted, there is a very high 
risk that the exceedingly high sediment concentrations and hence fluxes recorded at Khong Chiam 
are attributable to the limitations of the suspended sediment sampling gear. 

In 2012, the onset of high sediment transport occurred relatively late compared to other years, and 
sediment transport decreased rapidly following a peak in August.  This resulted in a short period of 
sediment transport in the river.  The 2013 results again show much higher sediment fluxes at Kong 
Chiam and Mukdahan (mid-June) which are not reflected at the upstream or downstream sites, and 
are likely reflecting over sampling rather than actual sediment fluxes.  

Suspended sediment fluxes are only available for the beginning of the 2013 wet season and show 
increased sediment transport at Mukdahan and Nakhon Phanom in mid-June.   
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Figure 3.35.  Comparison of calculated suspended 
sediment fluxes on monitoring days at the DSMP 
monitoring sites Chiang Saen to Kratie. Note different 
scales between years. 

  

 

3.4.2 Kratie to Delta 
Calculated suspended sediment fluxes for sites downstream of Stung Treng are shown in Figure 3.36 
for 2011, 2012 and 2013.  Sediment fluxes at Chroy Chang Var are similar to Kratie early in the wet 
season in 2011, but are lower in August and September, probably due to the loss of sediment 
between Kratie and Chroy Chang Var to the flood plain (Figure 3.37).   

In 2012, when results from Tan Chau are available, it is evident that most of the sediment is being 
transported via the mainstream Mekong with sediment fluxes at Choy Chang Var, Koh Norea and 
Tan Chau accounting for the vast majority of sediment in the system. Similar to the upstream sites, 
the monitoring results for 2013 only captured the early stages of the wet season. 

 

 
 

 

 
 

Figure 3.36. Comparison of calculated suspended 
sediment fluxes at monitoring sites between Kratie and 
the mouth of the Mekong.  Note different scales.  
Calculated fluxes at the tidal sites of Tan Chau and Chau 
Doc are indicative only. 
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Figure 3.37.  Comparison of sediment fluxes and river 
discharge at Kratie and Chroy Chang Var during 2011 
peak flows 

 

3.4.3 Chaktomuk bifurcation 
Sediment balances have been derived for the Chaktomuk confluence (Figure 3.38) for 2011 to 2013 
(Figure 3.39 through Figure 3.41).  Balances for both the inflowing and outflowing Tonle Sap 
conditions are provided for 2011 and 2012, with data only available for inflowing conditions in 2013.  

The Inflowing Tonle Sap balance shows the total sediment load in the mainstream Mekong at Chroy 
Chang Var (blue line) compared to the sum of the sediment fluxes recorded at Koh Norea (Mekong), 
Prek Kdam (Tonle Sap) and OSP (Bassac).  The outflowing Tonle Sap balance compares the combined 
sediment flux at Koh Norea and OSP with the sediment inputs from Chroy Chang Var and Prek Kdam.  
Similar balances for water flow are shown in Figure 3.8 through Figure 3.13 (Section 3.2).   

 

 

Figure 3.38.Schematic of Chaktomuk confluence near 
Phnom Penh showing  DSMP monitoring locations 
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Figure 3.39.  Sediment balances at Chaktomuk in 2011. (left) Inflowing Tonle Sap: sediment flux at Chroy Chang Var (line) 
compared to combined fluxes at Koh Norea, the inflowing Tonle Sap and OSP.  (right) Outflowing Tonle Sap:  combined 
sediment fluxes at Koh Norea and OSP compared to the fluxes at Chroy Chang Var and outflowing Tonle Sap. 

  

Figure 3.40. .  Sediment balances at Chaktomuk in 2012.  (left) Inflowing Tonle Sap: sediment flux at Chroy Chang Var 
(line) compared to combined fluxes at Koh Norea, the inflowing Tonle Sap and OSP.  (right) Outflowing Tonle Sap:  
combined sediment fluxes at Koh Norea and OSP compared to the fluxes at Chroy Chang Var and outflowing Tonle Sap. 

 

Figure 3.41..  Sediment balances at Chaktomuk in 2013 
during inflowing Tonle Sap: sediment flux at Chroy Chang 
Var (line) compared to combined fluxes at Koh Norea, the 
inflowing Tonle Sap and OSP.   

 

The sediment balances under inflowing Tonle Sap conditions are generally very good, and show that 
the majority of sediment remains in the mainstream Mekong, with only a small percentage entering 
the Tonle Sap.  In 2011, there was a distinct peak in sediment inflow in August, reflecting the flow 
results.  Results from 2012 begin in August, and show the highest flux into the Tonle Sap coincided 
with the first monitoring run.  Whether this flux represents the peak sediment input to the lake is 
unknown.  In 2013, the monitoring captures the initial sediment movement into the Tonle Sap, but 
ceases prior to peak sediment input. 

The outflowing Tonle Sap conditions show lower sediment fluxes and poorer balances as compared 
to inflowing conditions. In both October 2011 and 2012, the combined sediment flux at Koh Norea 
and OSP exceeds those measured at Chroy Chang Var and Prek Kdam.  The water balances do not 
show large discrepancies during this period, suggesting the difference is related to sediment 
concentrations rather than poor flow measurements.  The good water balance suggests the ‘missing’ 
flux is not associated with an additional water source, such as water returning from the flood plain.  
Possible reasons for this unaccounted for sediment flux include: 

 The accumulation of sediments in the lower Tonle Sap River and Chaktomuk area under 
inflowing conditions, or around the time of flow reversal, when water velocity in the Tonle 
Sap is very low, which is remobilised once the Tonle Sap reverses flow.  Higher SSC values at 
Koh Norea as compared to Prek Kdam or Chroy Chang Var during this period support this 
hypothesis, as the SSC at Koh Norea cannot be accounted for by either of the upstream sites; 
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 Overestimation of the sediment load at Koh Norea due to the strong sediment gradient in 
the Mekong leading to over estimates of the suspended sediment loads at the site. A strong 
sediment gradient exists at Koh Norea during this period, with SSC concentrations ranging 
from ~70 mg/L to 200 mg/L across the section, however the SSC values of individual samples 
and the combined average exceed concentrations at the upstream sites, so this scenario is 
unlikely, and an additional sediment source is required, which is consistent with the 
remobilisation of sediment from the Tonle Sap River, or Chaktomuk confluence area; 

Estimates of inflowing and outflowing sediment loads in the Tonle Sap for the monitoring period 
(Table 10) show a net inflow of sediment to the Tonle Sap.  These results are in contrast to Lu et al, 
(2013) who found that there was a net export of sediment from the Tonle Sap system.  The 
difference between the investigations may be due to the Lu et al. (2013) results being based on TSS 
results from Phnom Penh Port over a 12-month period, rather than SSC results from Prek Kdam over 
the DSMP monitoring periods, which in the case of 2011 was limited to 6 months.  Higher TSS values 
at Phnom Penh Port as compared to SSC at Prek Kdam were noted by Koehnken (2012), as were 
higher SSC values at Koh Norea and OSP as compared to Chroy Chang Var and Prek Kdam in 2011.  
Collectively, these results suggest that the Tonle Sap River between Prek Kdam and Phnom Penh 
Port is a sediment source under outflowing conditions.  Whether the additional sediment is derived 
from stored sediments or attributable to inflow between the sites, as suggested by Lu et al (2013) 
requires additional investigation.  

 

Table 10.  Estimated sediment fluxes into and out of the Tonle Sap (at Prek Kdam) during the DSMP monitoring periods 
based on interpolation between monitoring dates. 

Sediment 
loads (Mt) 

2011 2012-13 

Inflow 
6.5 

(Jun – Sep 11) 
2.9 (partial) 

(Aug – Sep 12) 

Outflow 
2.4 

(Sep-Dec 11) 
1.8 

(Oct12 – Jun 13) 

 

3.5 Discharge and Sediment Results from the 3S River System 
Discharge and suspended sediment monitoring in the lower Sekong River (at bridge upstream of 
Mekong confluence) was completed by Cambodia from August 2012 to July 2013. Monitoring was 
completed on the same day as measurements were made at Stung Treng (Stung Treng monitoring 
site is downstream of confluence with the 3S).  The discharge and depth integrated suspended 
sediment results from the lower Sekong are presented in Figure 3.42 as discharge and sediment 
concentrations, and as estimated sediment loads (tonnes/day). 
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Figure 3.42. (left) Measured suspended sediment concentration and measured discharge in the Sekong River at the 
bridge upstream of the confluence with the Mekong River, (right) Suspended sediment flux based on SSC and measured 
discharge. 

Comparing the Sekong results to the flow and suspended sediment concentrations at Stung Treng 
(Figure 3.43) shows that during the first sampling period, in August 2012, suspended sediment 
concentration in the 3S are higher than at Stung Treng, with discharge from the tributary 
contributing almost 6,000 m3/s of the 26,000 m3/s in the Mekong mainstream.  As mainstream flow 
increases, suspended sediment concentrations and loads decrease in the 3S suggesting the 
mainstream is inhibiting inflow from the tributary during peak flow periods, and leading to the loss 
of suspended material from the water column due to settling.   

 

 
 

Figure 3.43.  Comparison of discharge and suspended 
sediment concentrations at Stung Treng and at Sekong 
Bridge in 2012-2013. 

 

As flow and suspended sediment concentrations decrease towards the end of the wet season at 
Stung Treng in 2012, the 3S shows an increase in both flow and SSC, resulting in a second peak in 
suspended sediment input from the 3S when flow rates in two rivers are similar.  The impact of the 
Mekong on the 3S can also account for the very steep rising and falling limbs of the hydrographs, 
which are probably reflecting the ‘release’ of water from the 3S as flow the Mekong reduces.  

The sediment flux measured at Stung Treng is divided into the contribution entering from the 3S, 
and the remainder, which is attributable to the Mekong mainstream for 2012 and 2013 in Figure 
3.44  It is evident that at the onset and end of the wet season, and during the dry season, the 
sediment contribution from the 3S constitutes a considerable percentage of the sediment load.  In 
terms of mass, the contribution from the 3S is relatively low, with the ~ 8.5 Mt contributed by the 
catchment between August 2012 – July 2013 equivalent to 15% of the 62.8 Mt recorded at Stung 
Treng over the same period (based on extrapolating suspended sediment loads between monitoring 
dates).  

Sarkkula et al, (2010) estimated a sediment load of ~18 Mt/yr from the 3S based on 1990 – 2000 
modelling results, which was suggested as being equivalent to ~11% of the total LMB load.  Carling 
(2009) estimated that by 2015, the trapping efficiencies of the 16 hydropower impoundments in the 
3S would be 37%, which would reduce sediment loads from the catchment to 11 Mt/yr.  Given 
hydrologic and sediment transport variability, the 8.5 Mt measured in 2012 in the 3S is in fair 
agreement with this estimate, with 15 hydropower projects presently operational in the 3S 
catchment based on the ISH hydropower database. 



DSMP 2009 – 2013 Summary & Analysis of Results 

53 

  

Figure 3.44. Stacked bars show suspended sediment load at Stung Treng on monitoring days divided into component 
attributable to the 3S, and remainder which is delivered from upstream by the mainstream Mekong.  The line shows the 
percentage of the total sediment load in at Stung Treng which is attributable to the 3S.  Note difference in scales of 
sediment load between the two years.  
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4 Sediment Rating Curves and Annual Sediment Fluxes 

4.1 Chiang Saen to Kratie 
The suspended sediment and discharge results have been used to derive sediment rating curves for 
each site between Chiang Saen and Kratie.  Separate rating curves have been derived for each 
monitoring year in which results are available because the relationship between sediment transport 
and hydrology varies depending on the volume and pattern of discharge.  Where possible, the curves 
have been based on the calendar year (January to December).  However, at some sites, continuous 
monitoring results over a 12-month period are only available for mid-year to mid-year.  These sites 
include Chiang Saen, Luang Prabang, Pakse, Stung Treng and Kratie. 

The sediment rating curves have been used to model daily suspended sediment concentrations using 
the average daily discharge for the site (based on hydrologic rating curves).  As no discharge rating 
curves or average daily discharge results are available for the monitoring sites down stream of 
Kratie, no rating curves have been derived for these sites, but the relationship between flow and 
suspended sediment concentrations is discussed in Section 4.2.  A sediment rating curve is 
presented for the Sekong River upstream of the Mekong for comparative purposes, even though 
average daily discharge is unavailable for this site.   

The rating curves and the modelled suspended sediment fluxes (tonnes/day) for the monitoring sites 
between Chiang Saen and Kratie are shown in Figure 4.1 to Figure 4.11.  The graphs show high 
variability, which is typical of sediment results, reflecting hysteresis effects (sediment concentrations 
being affected by previous flow patterns) and differences between hydrologic years. Some of the 
variability may also be attributable to the sampling equipment, as previously discussed. 

 

 

Figure 4.1. (left) Suspended sediment rating curves for 2009-2012 at Chiang Saen based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves (lines) with 
measured values superimposed on the calculated results.  Discharge shown on right axis. 

 

Figure 4.2. (left) Suspended sediment rating curves for 2011-2012 at Luang Prabang based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves (lines) with 
measured values superimposed on the calculated results.  Discharge shown on right axis. 
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Figure 4.3. (left) Suspended sediment rating curves for 2009-2012 at Chiang Khan based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves (lines). Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. Measured values superimposed on the calculated 
results.  Discharge shown on right axis. 

  

Figure 4.4. (left) Suspended sediment rating curves for 2009-2012 at Nong Khai based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves (lines). Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. Measured values superimposed on the calculated 
results.  Discharge shown on right axis. 

  

Figure 4.5. (left) Suspended sediment rating curves for 2012 at Nakhon Phanom based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves. Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. 
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Figure 4.6. (left) Suspended sediment rating curves for 2009-2012 at Mukdahan based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves. Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. 

  

Figure 4.7. (left) Suspended sediment rating curves for 2009-2012 at Khong Chiam based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves. Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. Note-SSC and flux values are very high compared to 
other sites and it is suspected the sampling method may be over sampling suspended sediment concentrations, leading 
to erroneously high values. 

  

Figure 4.8. (left) Suspended sediment rating curves for 2011 - 2012 at Pakse based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves. Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. 
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Figure 4.9. (left) Suspended sediment rating curves for 2011 - 2012 at Stung Treng based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves. Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. 

  

Figure 4.10. (left) Suspended sediment rating curves for 2011 - 2012 at Kratie based on measured discharge and 
suspended sediment concentration; (right) calculated suspended sediment flux based on rating curves. Modelled 
suspended sediment flux for 2013 is based on 2012 rating curve. 

  

Figure 4.11.  Suspended sediment rating curves for August 2012 – Jul 2013 at the Sekong Bridge, upstream of the 
confluence with the Mekong River. 

Using the rating curves, maximum daily sediment transport at the monitoring sites between Chiang 
Saen and Nong Khai range up to ~500,000 tonnes/day, with maximum daily sediment fluxes at 
Nakhon Phanom (1 year of results only) reaching ~800,000 tonnes/day.  At the remaining sites, 
maximum daily sediment discharge exceeds 1 million tonnes/day.  The limitations of the sediment 
monitoring equipment should be considered when evaluating the calculated sediment discharge at 
Mukdahan and Khong Chiam, where maximum daily values of are much higher than at other sites. 

Comparing the rating curves shows that at the monitoring sites Chiang Saen, Luang Prabang and 
Nong Khai in the upper LMB, the very wet year of 2011 produced the steepest sediment rating 
curves, whereas at sites downstream of Nong Khai, the 2011 results generally produced rating 
curves with the lowest slopes.  This suggests that in the upper catchment sediment transport is more 
transport limited (e.g., additional sediment is available for transport as water flow increases) as 
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compared to the lower catchment, where an increase in river flow resulted in lower sediment 
concentrations, suggesting sediment supply is limited.  

The data set was interrogated in detail to determine whether rating curves with better statistical fit 
could be derived by dividing the data into rising and falling limbs, or combining several years of 
results.  The following results were obtained: 

 It was found that at Chiang Saen, dividing the sediment results into rising and falling limbs 
(based on hysteresis curves) high-lights the disconnect between water flow and sediment 
transport due to operation of the Lancang hydropower cascade.  As shown in Figure 4.12, a 
wide range of suspended sediment concentrations are associated with flows of about 2,000 
m3/s during both rising and falling.  Sediment transport that is not related to the hydrology 
of the river cannot be accurately captured by sediment rating curves, and accounts for the 
low R2 values of the rating curves at Chiang Saen.  The year with the highest R2 value at 
Chiang Saen (R2=0.67), was 2011 which was a flood year.  The better fit is likely attributable 
to a higher proportion of the flow and sediment load being derived from unregulated 
tributaries.   

 

  

Figure 4.12.  Comparison of discharge - suspended sediment relationships during rising and falling hydrographs at Chiang 
Saen in 2012. 

 Monitoring did not commence at several of the sites until June 2011 or July 2012 resulting in 
few data points for the rising limb of the hydrograph, so dividing the data sets was not 
feasible; 

 Due to concerns about the quality of monitoring results at sites where D49 samplers or the 
Uppsala sampler is used, additional interrogation of the results from Mukdahan, Kong Chiam 
and Pakse was not completed; 

 For monitoring sites where results are limited to 2011 and 2012, it is not reasonable to 
combine the years as 2011 was a wet year and 2012 a dry year.  The combined data set 
would lead to an underestimation of the 2011 sediment flux and overestimation of the 2012 
sediment load; 

 Rating curves based on all off the results for each monitoring sites were derived and are 
discussed in the next section.  The aim of this exercise was to understand sediment 
production on a catchment scale over longer time frames rather than use the curves to 
predict sediment loads at an annual time scale to derive catchment balances. 

 

4.1.1 Rating Curves Based on Combined Data Sets 
Rating curves based on all results (2009 – 2013) shows a trend of decreasing sediment supply with 
distance downstream (Figure 4.13).  These curves reflect the general behaviour of sediment with 
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respect to discharge over the entire DSMP monitoring project, so provide a basin wide ‘snap-shot’ of 
sediment transport trends in the LMB.  The graphs show the following characteristics: 

 The rating curve for Chiang Saen (CS) and Luang Prabang (LP) are steep and similar for flows 
up to ~5,000.  This is because the regulated base flow dominates the hydrograph at both 
sites.  At Chiang Saen, maximum discharge was restricted to <5,000 m3/s.  At flow rates 
higher than this at Luang Prabang, suspended sediment results showed higher suspended 
sediment concentrations during the rising limb followed by reduced concentrations during 
peak and falling flows; 

 The curves for Chiang Khan (CK), Nong Khai (NK) and Nakhon Phanom (NP) are similar, but 
show lower suspended sediment concentrations per discharge volume as compared to the 
upstream sites.  This indicates that water entering between the upstream sites and these 
locations has lower suspended sediment as compared to the inflows upstream of Luang 
Prabang.  This may be partially attributable to the presence of dams on the Nam Ngum 
which restrict sediment movement, relative to Nam Ou, which is presently undammed; 

 The slopes for Mukdahan and Khong Chiam increase relative to Nakhon Phanom, Chiang 
Khan and Nong Khai.  This shift is most likely attributable to the over-sampling of sediment 
at high flow at these sites;  

 The slope for Pakse is considerably lower than the upstream sites, or the downstream sites 
of Stung Treng and Kratie and likely reflects the limitations of the sampling equipment; 

 The sites where sediment is reported as being collected with a D96 samplers (all sites except 
Mukdahan, Khong Chiam and Pakse) show an upstream to downstream trend of reduced 
suspended sediment yield per unit water volume (Figure 4.13, right graph).  This trend is 
consistent with the lower slopes present in the lower LMB, and lower rainfall runoff as 
compared to the highlands of Lao PDR or the mountains in eastern Cambodia;   

 Results for the lower Sekong River (SKB) are also included, and show that the catchment has 
a discharge to sediment concentration ratio slightly higher than Chiang Khan, Nong Khai and 
Nakhon Phanom, but lower than Luang Prabang. 

 

 

Figure 4.13. Comparison of sediment rating curves for DSMP monitoring sites where samples are collected using D-96 
sediment samplers (left) and for all sites (right) 

 

4.2 Sediment – Discharge relationships at sites downstream of Kratie 
The relationship between water level and flow at the DSMP monitoring sites downstream of Kratie is 
complex due to the influence of the tide, bifurcation of the river and reversal of the Tonle Sap River.  
Suspended sediment fluxes cannot be estimated using sediment rating curves owing to the lack of 
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accurate discharge rating curves for the sites (which are required to compute daily flow for use with 
a sediment rating curve).  

The relationship between discharge and suspended sediment is shown for these sites in Figure 4.14 
and Figure 4.16, to provide an indication of the behaviour of suspended sediment over the flow 
range and to demonstrate the non-uniform relationship between flow and sediment transport at the 
tidally influenced sites.   

 

 

Figure 4.14. (left) Discharge compared to suspended sediment concentration at Chroy Chang Var and (right) Koh Norea. 

 

Figure 4.15. (left) Discharge compared to suspended sediment concentration at OSP-MRC on the Bassac River and (right) 
Prek Kdam on the Tonle Sap. 

 

Figure 4.16. (left) Discharge compared to suspended sediment concentration at Tan Chu and (right) Chau Doc on the 
Bassac River. 
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4.3 Annual Sediment Fluxes 
The suspended sediment monitoring results have been used to derive daily and annual sediment 
fluxes in two ways: 

 Interpolation of suspended sediment fluxes based on the measured suspended sediment 
concentrations and discharge measurements (ADCP or Current Meter) obtained at each site 
on each monitoring day.  This method involves determining the average value of sediment 
fluxes on successive monitoring days and applying that value to all days between the 
monitoring dates; and,  

 Modelling of daily suspended sediment concentrations using sediment rating curves and the 
average daily discharge at the site derived from daily water level and a discharge rating 
curve. Where possible, individual rating curves were derived and applied to each monitoring 
year.  Where this was not feasible, rating curves derived for years with similar hydrologic 
characteristics were applied. 

The results of both methods are summarised in Table 11.  The rating curve derived suspended 
sediment fluxes are based on calendar years, even though some of the rating curves were based on 
results spanning two years.  This was done to allow sediment fluxes to be compared between sites, 
and to allow catchment wide budgets to be determined on an annual time-step.  Because DSMP 
monitoring ceased in June or July 2013, the 2012 (or 2012-13) rating curve was applied to both the 
2012 and 2013 hydrologic records.  In the Table, the year upon which the rating curve is based, and 
the R2 value of the rating curve is presented.  For sites where no daily discharge records are 
available, only interpolated suspended sediment fluxes have been calculated.  The annual fluxes 
based on rating curves are summarised in Table 12, and shown graphically in Figure 4.17 and Figure 
4.19, with average suspended sediment concentrations for each site and year shown in Figure 4.20.  
Annual flow at each of the monitoring sites for the five monitoring years is presented in Figure 4.18. 

The rating curves generally had R2 values of >0.5.  Exceptions include Chiang Saen, where in two 
years the R2 value was below 0.5, and Nong Khai in 2009.  Rating curves fits at Mukdahan, Nakhon 
Phanom and Pakse, range from relatively poor (R2 = 0.55) to good.  These results are not inconsistent 
with the over-sampling of the water column due to use of an under-sized sediment sampler, as this 
type of error is systematic rather than random, being related to both the flow rate and depth of the 
sample site. 

The annual suspended sediment fluxes vary between years, with the very wet year of 2011 generally 
having the highest load, and the dry years of 2010 and 2012 having the lowest loads.  Where the 
periods of record are similar, the rating curve derived loads and interpolated loads show good 
agreement.  The sediment loads for different reaches in the LMB are discussed in the following 
sections. 
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Table 11.  Summary of sediment fluxes based on rating curves, and interpolation between monitoring days. 

Site 
Annual 

Discharge 
Km

3
/yr 

Year & R
2

 of Rating 
Curve 

Mt/yr 

Mt/yr 
Interpolation between 

monitoring dates 
(Period of record) 

Chiang Saen 

2009 76.64 2009, R
2
=0.61 14.86 14.39 

2010 72.73 2010, R
2
=0.25 7.28 10.15 

2011 78.66 2011, R
2
=0.67 12.84 13.89 

2012 66.65 2012-13, R
2
=0.22 9.83 7.70, (Jul-Nov 12) 

2013 73.76 2012-13, R
2
=0.22 9.11  

Luang Prabang 

2009 96.974 2012-13, R
2
=0.88 20.29  

2010 92.33 2012-13, R
2
=0.88 18.87  

2011 117.44 2011-12, R
2
=0.59 22.79 26.19; (Jun 11 – May 12) 

2012 97.91 2012-13, R
2
=0.88 24.81 22.11; (Jul12 – Jun 13) 

2013 108.55 2012-13, R
2
=0.88 24.56  

Chian Khan 

2009 125.45 2009, R
2
=0.70 14.73 14.48 

2010 120.75 2010, R
2
=0.68 14.06 10.75, (missing Oct 2010) 

2011 155.60 2011, R
2
=0.79 18.73 18.33, (Jan – Oct 11) 

2012 123.49 2012, R
2
=0.71 18.08 14.58, (Jan – Oct 12) 

2013 142.15 2012, R
2
=0.71 20.48  

Nong Khai 

2009 121.14 2009, R
2
=0.43 11.08 11.86 

2010 124.55 2010, R
2
=0.80 14.27 12.31 

2011 162.96 2011, R
2
=0.82 35.52 31.86 

2012 117.41 2012, R
2
=0.55 16.30 14.41 

2013 132.22 2012, R
2
=0.55 16.97  

Nakhon Phanom 

2009 224.44 2012, R
2
=0.75 50.72  

2010 215.75 2012, R
2
=0.75 56.30  

2011 313.75 No rating curve   

2012 219.38 2012, R
2
=0.75 48.39 42.54 

2013 247.19 2012, R
2
=0.75 62.02  

Mukdahan 

2009 240.64 2009, R
2
=0.70 88.87 109.22 

2010 238.63 2010, R
2
=0.82 119.46 99.03 

2011 350.77 2011, R
2
=0.79 114.20 110.27 

2012 239.51 2012, R
2
=0.68 68.71 72.63 

2013 269.41 2012, R
2
=0.68 91.09  

Khong Chiam 

2009 265.10 2009, R
2
=0.79 63.60 72.10, (Jan – Oct 09) 

2010 255.00 2010, R
2
=0.91 206.43 191.78, (Jan – Nov 10) 

2011 389.46 2011, R
2
=0.81 166.14 167.31 

2012 246.95 2012, R
2
=0.70 54.78 55.92 

2013 298.60 2012, R
2
=0.70 91.24  

Pakse 

2009 289.81 2012-13, R
2
=0.55 64.00  

2010 272.75 2012-13, R
2
=0.55 62.08  

2011 414.46 2011-12, R
2
=0.73 70.81 73.44, (Jun – Dec 11) 

2012 267.97 2012-13, R
2
=0.55 54.09 58.30, (Jul 12-Jun 13) 
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Site 
Annual 

Discharge 
Km

3
/yr 

Year & R
2

 of Rating 
Curve 

Mt/yr 

Mt/yr 
Interpolation between 

monitoring dates 
(Period of record) 

2013 325.17 R
2
=0.55 77.75 5.36, (Jan-Jun 13) 

Stung Treng     

2009 393.31 2012-13, R
2
=0.83 84.16  

2010 301.19 2012-13, R
2
=0.83 48.02  

2011 491.92 2011-12, R
2
=0.96 95.93 96.60, (Jun-Dec 11) 

2012 338.73 2012-13, R
2
=0.83 56.06 62.78, (Aug 12 – Jul 13) 

2013 393.88 2012-13, R
2
=0.83 99.72  

Kratie 

2009 406.08 2012-13, R
2
=0.82 80.70  

2010 301.91 2012-13, R
2
=0.82 44.16  

2011 502.24 2011, R
2
=0.92 98.46 105.96, (Jun-Dec 2011) 

2012 341.91 2012-13, R
2
=0.82 52.02 46.79, (Aug 12 – Jul 13) 

2013 409.69 2012-13, R
2
=0.86 87.16  

Chroy Chang Var 

2011    81.97, (Jun – Dec 2011) 

2012    47.00, (Aug 12 – Jul 13) 

2013     

Koh Norea     

2011    76.09, (Jun – Dec 11) 

2012    43.60, (Aug 12 – Jul 13) 

2013     

Bassac MRC-OSP 

2011    12.36, (Jun – Dec 11) 

2012    5.42, (Aug 12 – Jul 13) 

2013     

Prek Kdam 
Tonle Sap 

2011    
In:  6.46 (Jun – 9 Sep11) 

Out: 2.37 (9 Sep – 31 Dec 11) 

2012    
In (Partial): 2.86 (Aug-Sep 12) 

Out: 1.83 (Sep 12– Jun 13) 

2013    
In (Partial):  510,000  

(Jul-Aug 13) 

Sekong at Bridge 

2012    8.46, (Aug 12 – Jul 13) 

2013     

 

Table 12.  Summary of annual sediment fluxes (Mt/yr) based on rating curve results in Table 12.  See Table 12 for details 
of calculations  

Mt/yr CS LP CK NK NP MUK KC PK ST KT 

2009 14.86 20.29 14.73 11.08 50.72 88.87 63.60 64.00 84.16 80.70 

2010 7.28 18.87 14.06 14.27 56.30 119.46 206.43 62.08 48.02 44.16 

2011 12.84 22.79 18.73 35.52 * 114.20 166.14 70.81 95.93 98.46 

2012 9.83 24.81 18.08 16.30 48.39 68.71 54.78 54.09 56.06 52.02 

2013 9.11 24.56 20.48 16.97 62.02 91.09 91.24 77.75 99.72 87.16 

Average 10.8 22.3 17.2 18.8 54.4* 96.5 116.4 65.7 76.8 72.5 

Average 
no 2011 

10.3 22.1 18.8 14.7 54.4* 92.0 104.0 64.5 72.0 66.0 

*Sediment rating curve only available for 2012 and not applicable to flood year 
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Table 13.  Change in sediment flux between stations for 2009-2013.  Chiang Saen shows values measured at the site, 
indicating what is entering the LMB from upstream.   

Mt/yr CS LP CK NK NP MUK KC PK ST KT 

2009 14.9 5.4 -5.6 -3.7 39.6 38.2 -25.3 0.4 20.2 -3.46 

2010 7.3 11.6 -4.8 0.2 42.0 63.2 87.0 -144.4 -14.1 -3.9 

2011 12.8 10.0 -4.1 16.8 * 78.7 51.9 -97.9 27.7 2.5 

2012 9.8 15.0 -6.7 -1.8 32.1 20.3 -13.9 -0.7 2.0 -4.0 

2013 9.1 15.5 -4.1 -3.5 45.1 29.1 0.1 -13.5 22.0 -12.6 
*Sediment rating curve only available for 2012 and not applicable to flood year 

 

  

Figure 4.17.  (left)  Summary of annual sediment fluxes based on sediment rating curves for 2009 – 2010.  Details of 
rating curve calculations provided in Figure 4.1 to Figure 4.10, and Table 11. 

Figure 4.18. (right) Summary of annual water fluxes based on discharge rating curves and daily water level for 2009-
2010.   

  

Figure 4.19. (left) Comparison of annual sediment fluxes based on rating curves for 2009 – 2013. 

Figure 4.20.(right) Average suspended sediment concentrations for DSMP monitoring sites based on annual sediment 
flux and annual water flux. 

4.4 Sediment fluxes Chiang Saen to Kratie based on Rating Curves 

4.4.1 Chiang Saen to Nong Khai 
Table 13 shows the suspended sediment flux at Chiang Saen, and the change in suspended sediment 
loads between successive sites for each monitoring year.  Current suspended sediment loads at 
Chiang Saen range from 7.3 to 14.9 Mt/yr (Average 10.8 Mt/yr).  This sediment flux reflects inputs 
from the ~190,000 km2 Upper Mekong Basin, indicating a sediment yield in the range of ~38 – 78 
tonnes/km2/yr (average 56.6 Mt/yr) from the upper catchment.  The suspended sediment load 
estimates are considerably lower than historic estimates of sediment inputs from China, which were 
found to range from ~60 to 120 Mt/yr, prior to 2002, equivalent to 300 – 600 tonnes/km2/yr  
(Walling, 2005).  A detailed comparison and discussion of historic suspended sediment loads in the 
LMB is provided in Section 7. 
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Between Chiang Saen and Luang Prabang, current suspended sediment loads increase by 5 to 15 
Mt/yr, with an average of 22.3 Mt/yr at Luang Prabang over the 5 year period.  In 3 of the 5 
monitoring years, more sediment entered the mainstream Mekong between Chiang Saen and Luang 
Prabang, than was recorded at Chiang Saen, based on the calculated results.  The additional 
sediment is derived from a sub-catchment of approximately 75,000 km2, or about 25% of the 
Mekong River catchment at this point.  Using the average sediment load at the site, the sub-
catchment is contributing about 152 tonnes/km2, which is three-fold higher than the present 
average yield from the UMB based on the DSMP results.   

Measured suspended sediment fluxes consistently decrease between Luang Prabang and Chiang 
Khan by about 5 Mt/yr.  This may reflect little additional sediment entering the river between the 
sites, and systematic monitoring errors, and / or a greater proportion of the sediment load being 
transported as bedload at Chiang Khan as compared to Luang Prabang, or an overestimate of 
sediment loads at Luang Prabang.  Similarly, calculated sediment fluxes at Nong Khai (average 18.8 
Mt/yr) are within a few Mt/yr of those measured at Chiang Khan in all years except 2011.  These 
suspended sediment fluxes suggest that the ~40,000 km2 catchment area between Luang Prabang 
and Nong Khai has a low suspended sediment yield, leading to little change in the load of the river.  

4.4.2 Nong Khai to Pakse 
Caution is needed when interpreting the results at Nakhon Phanom as only one year (2012) of 
monitoring results are available.  The 2012 rating curve was used to derive sediment loads for four 
years.  No calculations were completed for 2011, as the rating curve is not applicable to the wet 
conditions present in that year.   

Recognising these limitations, the results show that between Nong Khai, and Nakhon Phanom, the 
sediment load increases ~35 Mt on average, which is a tripling of the load as compared to the 
upstream site.  Over the same reach, flow in the river doubles.  The increase in catchment area is 
large between these two sites, almost 65,000 km2, with the increase in sediment load representing a 
yield of 540 tonnes/km2 from the sub-catchment.  If accurate, this yield is almost double the yield 
from northern Lao between Chiang Saen and Luang Prabang, indicating this is an area of high 
sediment input at the LMB-catchment scale. 

At Mukdahan, flow increases by about 10% relative to Nakhon Phanom, but the calculated 
suspended loads at Mukdahan are consistently higher as compared to Nakhon Phanom, with loads 
up to double those measured at the upstream site. As discussed repeatedly in this report, the 
sediment measurements are considered to over-estimate sediment transport at these sites.   

4.4.2.1 Over sampling of sediment in Mukdahan and Kong Chiam 
The over sampling of sediment at these sites is likely reflecting, and being exacerbated by the 
intermittent transport of large volumes of sand at depth in the water column.  The remobilisation 
and seasonal movement of large volumes of sand on the bed of the Mekong has been documented 
by Conlan et al (2008) associated with the annual movement of a sand pulse through a deep-pool 
located upstream of Vientiane.  Deep pools are common in the Mukdahan to Khong Chiam reach of 
the river (Figure 4.21), and are deeper than those present upstream of Nakhon Phanom.  Conlan et 
al. (2009) documented deposition in the pool at the beginning of the wet season, followed by the 
progressive movement of sand through the pool during peak flood periods.  Bravard et al (2013) has 
provided both field based evidence and river energy calculations consistent with the episodic re-
suspension of large volumes of sand during the peak flood season.  Grain-size distributions at Pakse 
(Section 5) are also consistent with this hypothesis, and show sand is the predominant grain size in 
suspension during high flows at Pakse (no results available for Mukdahan or Khong Chiam).  
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Figure 4.21.  DSMP monitoring sites, sub-catchment areas between monitoring locations and depth of deep-pools on the 
mainstream Mekong River between Nong Khai and Pakse.  Depth data from MRC, 2012. 

The presence and maintenance of deep pools in the reach is consistent with the episodic movement 
of large volumes of sand during the wet season, however, the conundrum posed by trying to 
account for the large sediment flux present at Mukdahan and Khong Chiam by the episodic 
remobilisation of bed sediment, is when and how does up to 150 Mt/yr of sediment move past 
Pakse, which is less than 50 km downstream of Khong Chiam.  

Based on the available monitoring results, and present understanding of sand movement through 
the LMB, it is suggested that the elevated SSC values and loads recorded at Mukdahan and Khong 
Chiam are attributable to the systematic over-sampling of suspended sediment, which is likely 
moving as a pulse through the deep pools during the wet season. 

As discussed in the recommendation section of this report, additional monitoring during the peak 
wet season using a D96 suspended sediment sampler is required to differentiate the impact of over 
sampling from sand moving at depth in the water column.   

 

4.4.3 Pakse to Kratie 
The change in sediment load between Pakse and Stung Treng reflects the input of the 3S river 
system. During the dry years of 2010 and 2012, sediment fluxes at Stung Treng were similar to or 
lower than recorded at Pakse.  In wet or normal years (2009, 2011, 2013), suspended sediment 
fluxes at Stung Treng are considerably higher than at the upstream site.  This variability may reflect 
changes to the proportion of sediment transported as suspended or bedload during drier years, and 
/ or fluctuations in input from the 3S.  The difference in the average suspended sediment loads at 
Pakse and Stung Treng (11.6 Mt/yr) is in fair agreement with the estimated load in the 3S in June 
2012- July 2013, which was 8.6 Mt/yr.  The 8.6 Mt/yr is considered a minimum estimate for annual 
sediment transport as monitoring commenced after the initial flow peak in the 2012 wet season, and 
ended before the commencement of high flows in 2013. Using the sub-catchment area of the 3S, 
and the 8.6 tonne/yr estimate provides a (minimum) catchment yield of ~95 tonnes/km2. This yield is 

Depth of Deep-Pools in 

Mekong River (m) 
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lower than in the catchments reporting to Luang Prabang or Nakhon Phanom, but higher than the 
yields entering from the UMB.   

The downstream monitoring sites of Stung Treng and Kratie both show suspended sediment fluxes in 
the range of 50 Mt/yr to 100 Mt/yr, with the values at Kratie about 5% to 12% lower except during 
the flood year of 2011 when fluxes were similar between the two sites. Flow between the two sites 
increases by a few percent, so the loss of sediment between the two sites likely reflects the loss of 
sediments to the floodplain. 

The average annual sediment yield at Kratie for the 5-year period based on the sediment rating 
curves is ~72 Mt/yr.  This is considerably lower than historical estimates 160 tonnes/yr (Milliman and 
Meade, 1983) or more recent estimates of 145 Mt/yr (Liu et al., 2013) and is discussed in Section 7.   

 

 

Figure 4.22.  Suspended sediment yield estimates based 
on average DSMP monitoring results, 2009 - 2013.   

 

4.5  Sediment fluxes downstream of Kratie based on Interpolation 
Sediment rating curves have not been derived for the tidally influenced monitoring sites 
downstream of Kratie as no daily discharge results are available for the calculation of daily 
suspended sediment concentrations using the curve.  The fluxes recorded on monitoring days at the 
sites downstream of Kratie (Section 3.4) provide the best information about sediment movement 
into the delta and into and out of the Tonle Sap River.  These monitoring results have been used to 
estimate annual sediment loads by interpolating sediment loads between monitoring dates (average 
of sediment load on successive days applied to days between sampling).  The resultant sediment 
loads are summarised in Figure 4.23, with similar calculations for Kratie shown for comparison.  The 
majority of sediment present in suspension at Kratie can be accounted for in the Mekong main 
stream, as shown by the sediment loads present at Chroy Chang Var and Koh Norea, with about 3.5-
times as much suspended sediment at Koh Norea as compared to the Bassac and Tonle Sap. 

 

Figure 4.23.  Comparison of calculated sediment fluxes (interpolation between monitoring dates) from DSMP sites 
downstream of Stung Treng for June to December 2011, and August 2012 to July 2013. 
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4.6 Timing of Sediment Delivery 
The magnitude of sediment delivery varies between the monitoring years, but the timing of 
sediment delivery in the LMB is less variable. Figure 4.24 shows the cumulative sediment load over 
the monitoring years as cumulative tonnage (left graph) and as the cumulative percentage of the 
total load (right graph) for Chiang Saen and Kratie.   

For each year, the cumulative sediment-load in tonnes shows similar patterns even though the 
magnitude of sediment varies between the years.  An exception is the 2013 dataset from Chiang 
Saen, which shows a very different form from the other years.  This may be attributable to the de-
coupling of river flow and sediment delivery due to the operation of the Lancang hydropower 
cascade in the UMB. 

Normalising the results in the cumulative percentage graphs shows that the timing of sediment 
delivery at both sites is quite uniform, with a large proportion of the load being delivered within a 
short period of time.  Approximately 60% of the total annual sediment load is delivered in 60 days 
(August to September) with 80% of the load delivered in four months (July to October). 

The percentage of sediment delivered each month at Kratie is shown in Figure 4.25.  Large 
percentages of the total load are consistently delivered in August and September, but the loads in 
July and October are more variable. 

This annual pattern of sediment delivery in the LMB is undoubtedly linked to ecological and 
geomorphological processes, even though those linkages may not be quantified at present.  When 
evaluating potential changes to hydrology and sediment movement in the LMB due to hydropower 
development, irrigation, sand-mining or other activities, the timing of sediment delivery needs to be 
considered as well as the magnitude of sediment loads. 

   

 

Figure 4.24.  Cumulative sediment loads at Chiang Saen and Kratie  based on rating curves shown as tonnes (left) and as 
percentage of total sediment load (right). 
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Figure 4.25. Percentage of total sediment load delivered each month at Kratie, 2009 – 2013.   

4.7 Comment on Depth Integrating Suspended Sampling Techniques and 
Sediment Fluxes 

Based on the suspended sediment concentrations, the rating curves and the flux estimates, the 
results from the sites where D96 sediment sampling equipment is not used should be interpreted 
with a high degree of caution.  These sites include Mukdahan, Khong Chiam and Pakse (and possibly 
others when the D96 sampler is unavailable).  The issue with the D49 samplers in use is that they 
only collect accurate sediment samplers over a limited depth (~5 m ) and flow velocity (~2 m/s) 
range.  Using the samplers in deeper conditions and in fast flows results in over-sampling of 
sediment in the water column, due to water enter and exiting the sample bottle, but sediment being 
retained in the bottle.  This leads to an over recording of the suspended sediment concentrations in 
the water column, and is most pronounced where there is abundant sand in suspension. 

The D49 samplers have been in use in the catchment for decades based on the description of 
sampling methods contained in Walling (2006).  This is understandable because larger volume depth 
integrated suspended samplers have only been available since the 1990s. When sampling was 
initiated in the Mekong in the early 1960s (or earlier), the D49 was the best depth integrating 
sediment sampler available, but unfortunately, the extreme conditions present in the Mekong 
during high flow are outside of the design range of the equipment.  The use of this equipment since 
the 1960s raises the same concerns about the accuracy of the historical results as discussed with 
respect to the DSMP 2009 – 2013 monitoring results. 

It is relevant to note that because the oversampling of sediment is a systematic error (e.g., the more 
over filling of the bottle, the greater the retention of sediment in the bottle), the results may appear 
internally consistent although there is a high risk they are inaccurate.  This is likely the reason why 
rating curves derived from the results return reasonable to good R2 values, as has been found in this 
analysis of the DSMP results, and in the analysis of historical results completed by Walling (2006).   

During peak flows in the Mekong, the D96 samplers may also be oversampling, due to the limitations 
to winch speed arising from the size of the winch motor and power supply.  To obtain an accurate 
depth integrated sample in flow rates of 2 m/s and over depths of >20 m requires the sampler to be 
lowered and raised at speeds of about 1 m/s.  The present configuration of winches, motors and 
batteries delivers less than half of the required rate. 

Any inaccuracies in the monitoring results from sites using the D49 samplers or due to limited 
winch speeds are in no way a reflection of the effort, skill or training of the field or laboratory 
teams completing the work.  The issue is directly associated with the use of suspended sediment 
monitoring equipment which is undersized for the depth and flow velocity conditions present in 
the Mekong River during high flows.  The internal consistency of the results is strong evidence that 
the field sampling protocols are being accurately adhered to, and any errors are solely associated 
with the size of the equipment.  Approaches for improving the accuracy of collected suspended 
sediment samples are discussed in Section 9.   
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5 Suspended Sediment Grain-size distribution 

Suspended sediment grain-size analyses are completed at a sub-set of the DSMP monitoring sites 
(Table 2).  The design of the monitoring project includes the collection of large volume depth 
integrated samples for subsequent sieve and hydrometer analysis.  At Luang Prabang and Pakse the 
grain-size distribution analysis is completed using the filters obtained from the 5 depth integrated 
suspended sediment samples collected during SSC monitoring rather than analysis of a large volume 
sample. The recovered material is sieved through 63 µm and 45 µm sieves only, which limits the 
number of size classes determined to <45 µm, 45 – 63 µm, and >63um. 

The grain-size results are summarised in Figure 5.1 through Figure 5.8, showing the distribution of 
grain-sizes as proportion of total sediment (left graph), and an estimate of the mass of each grain-
size transported on each monitoring day (right graph).  The results have not been reported by the 
national monitoring teams to the MRC in a uniform manner, with some countries distinguishing 
between medium and fine sand or silt, and others only reporting sand or silt results.  In the following 
plots, sand and silt are shown as blue and red respectively.  Where sub-classes are available (e.g. 
coarse or fine sand or silt) the results are shown in different shades of red or blue. The size classes 
used are shown in Table 14.  The first results reported in 2011 showed some inconsistencies, and in 
general, the 2012-13 results are considered to present a more cohesive picture of sediment grain-
sizes in the LMB. 

 

Table 14.  Summary of grain-size classes determined by the MRC Countries and summarised in Figure 5.1 through Figure 
5.8. 

Size Class Size Range (mm) Colour in Graphs 

Clay < 0.002  

Fine & Med Silt 0.002 – 0.045  

Silt (no sub-classes) 0.002 – 0.063  

Coarse Silt 0.045 – 0.063  

Fine Sand (& V Fine Sand) 0.063 – 0.250  

Sand (no sub-classes) 0.063 – 2.00  

Medium Sand 0.250 – 0.500  

 

The results show changes through the year and between sites.  At Chiang Saen, the suspended 
sediment load is predominantly sand, with medium sand increasing during peak flows.  On 23 
August, 2012, when 60% of the suspended material was medium sand, the mean velocity in the 
cross-section was 1.8 m/s, with velocities of over 2.2 m/s recorded using a current meter at some of 
the mid-stream verticals.  At Luang Prabang, sand is also the dominant size fraction during periods of 
high flow, but silt sized material is transported during the dry season.  At Luang Prabang in 2012, 
average flow velocities ranged from ~0.8 m/s in the dry season, to ~1.5 m/s in the wet season.   

Nong Khai shows an increase in the relative proportion of silt compared to the upstream sites.  The 
suspended sediment load calculations suggest there may be a small decrease in loads between 
Luang Prabang and Nong Khai, which based on the sediment grain size results could suggest sand is 
lost to the bed or bedload transport in this reach.  Some sand may also be lost to sand mining during 
the dry season between the two sites.  

Downstream of Nong Khai, the sediment load increases substantially in the Mekong, but the grain-
size distribution at Pakse remains similar to that at Nong Khai.  At both sites, average wet season 
river velocities are in the range of 1.7 – 1.9 m/s, but during the dry season flow velocities at Pakse 
are considerably lower (<0.5m/s) as compared to Nong Khai, which likely accounts for the higher 
proportion of silt at the downstream site at end of the  wet season.  
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The results from Kratie show a predominance of silt, year round, with clay also present.  Clay is 
included in the fine-silt grain-sizes at Pakse, so its appearance at Kratie may reflect analytical 
differences rather than an actual shift in grain-size distribution.  What is evident between the two 
sites is a reduction in the proportion of sand transported in suspension.  No sand was reported in 
2011, but in 2012 about 20% of the wet season suspended sediment load was sand sized at Kratie.   

The grain-size distribution of suspended sediment entering the Tonle Sap is similar to that at Kratie, 
with silt being the dominant fraction.  Silt is also the dominant grain-size during the outflowing 
period. 

In the delta, clay sized material makes up the majority of suspended sediment, with little sand 
detected at any time of year.  

 

 

 

Figure 5.1. Grain-size distribution of suspended sediment at Chiang Saen.  Graph on left shows average grain-size 
distribution on each monitoring date; graph on right shows these percentages applied to the calculated suspended 
sediment load on the day.  
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Figure 5.2. Grain-size distribution of suspended sediment at Luang Prabang.  Graph on left shows average grain-size 
distribution on each monitoring date; graph on right shows these percentages applied to the calculated suspended 
sediment load on the day. 

 

  

  

Figure 5.3. Grain-size distribution of suspended sediment at Nong Khai.  Graph on left shows average grain-size 
distribution on each monitoring date; graph on right shows these percentages applied to the calculated suspended 
sediment load on the day. 
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Figure 5.4. .  Grain-size distribution of suspended sediment at Pakse.  Graph on left shows average grain-size distribution 
on each monitoring date; graph on right shows these percentages applied to the calculated suspended sediment load on 
the day. 

  

  

Figure 5.5.  Grain-size distribution of suspended sediment at Kratie.  Graph on left shows proportion of each grain-size 
present on each monitoring date; graph on right shows these percentages applied to the calculated suspended sediment 
load on the day. 
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Figure 5.6. Grain-size distribution of suspended sediment at Prek Kdam.  Graph on left shows proportion of each grain-
size present on each monitoring date; graph on right shows these percentages applied to the calculated suspended 
sediment load on the day. 

  

Figure 5.7. Grain-size distribution of suspended sediment at Tan Chau.  Graphs show proportion of each grain-size 
present on each monitoring date.  Suspended sediment loads cannot be accurately calculated for the site due to tidal 
nature of the flow. Brown (stippled)  fill indicates silt and clay not separated during grain-size analysis. 

  

Figure 5.8.  Grain-size distribution of suspended sediment at Chau Doc.  Graphs show proportion of each grain-size 
present on each monitoring date.  Suspended sediment loads cannot be accurately calculated for the site due to tidal 
nature of the flow, and limited number of suspended sediment samples.  Brown (stippled) fill indicates silt and clay not 
separated during grain-size analysis. 
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A downstream comparison of average grain size distributions at the monitoring sites in 2012-13 
(Figure 5.9) shows a pronounced reduction in sand and increase in silt and clay with distance 
downstream, as expected in a large river.  Applying the average grain-size distributions to the 
average annual suspended sediment load at each of the sites provides a ‘budget’ for suspended 
sand, silt and clay (Figure 5.9, Table 15).  The budget suggests that between Chiang Saen and Luang 
Prabang there is a doubling of the sand load, and tripling of the suspended silt in the river.  At Nong 
Khai, the sand component returns to values similar to Chiang Saen, suggesting loss of sand to the 
bed or sand mining activities between the reaches.  Between Nong Khai and Pakse, an additional 30 
Mt/year of sand is being transported by the river, and an additional ~17 Mt/yr of silt.  This input 
reflects the ‘left bank tributaries’ which also contribute large water inflows to the Mekong. Based on 
the budged estimates, sand decreases in the suspended load of the river downstream of Pakse, and 
is all but absent in the suspended load of the delta, with the presence of clay increasing. 

 

   

Figure 5.9.  (left) Percentages of medium and fine sand, silt and clay in suspended load based on 2012 - 2013 average 
grain-size distribution results. Find sand is largest grain-size determined at Luang Prabang or Pakse so includes all 
coarser size fractions.  (right)  Average sediment grain-size results from 2012 – 2013 applied to average suspended 
sediment fluxes at monitoring sites.  Fine and medium sand combined in this graph. No sediment load results available 
for Tan Chau due to tidal nature of monitoring site so the grain-size results from TC were applied to the load from Koh 
Norea for comparison, but should be considered indicative only. 

Table 15. Sediment budget for sand, silt and clay in the LMB based on the average annual sediment loads  (from rating 
curves) and average grain-size distribution results for the sites.  

Mt/yr based on  
2012-13 SGSA 

Avg Sediment 
Load (Mt/yr) 

Sand >63µm 
Mt/yr (%) 

Silt: 2- 63 µm 
Mt/yr (%) 

Clay  <2 µm 
Mt/yr (%) 

Chiang Saen  10.3 9.1 (85%) 1.6 (15%) 0 
Luang Prabang 22.0 16.6 (75%) 5.7 (25%) Not determined 
Nong Khai 14.7 9.8 (52%) 9.0 (48) 0 
Pakse 64.5 37.4 (57%) 27.7 (43%) Not determined 
Kratie 58.9 13.4 (20%) 40.7 (61%) 12.7 (19%) 

Tan Chau
& 

Use interpolated  
load from Koh 

Norea =43.6 
1.0 (2%) 19.3 (44%) 23.4 (54%) 

*clay not determined at Pakse or Luang Prabang 
&

No annual sediment load available for Tan Chau due to tidal nature of site.  Kratie load used as estimate and results 
should be considered as indicative only 
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6 Bedload Monitoring Results 

6.1 Bedload Grains-Size Distribution and Daily Transport Rates 

6.2 Overview of sampling 
Bedload sediment is material that rolls, jumps or otherwise moves along the bed of a river.  Bedload 
transport is controlled by the flow velocity and hydraulics of the reach, and is frequently an episodic 
process.  Operationally, bedload is considered the material that travels through the lowest part of 
the water column, below the depth a depth-integrating suspended sediment sampler can monitor 
(for a D96 this is about 10 cm).  The collection of bedload samples is inherently very difficult, as it 
requires a bed load sampler to be placed on the bed of the river, with the opening facing directly 
upstream into the current.  Due to the irregularities in river bed topography and hydraulics, there is 
large natural variability in bedload movement and bedload samples.  Compounding sampling 
difficulties in the Mekong is the deployment of the sampler from a boat being held stationary by the 
motor, rather than from a stationary platform.  Any movement of the boat during sampling can alter 
the position of the sampler, resulting in non-alignment with the bed, loss of material from the 
sampler, or over-sampling due to ‘mining’ (gouging) of the bed by the sampler.  

Collection of a bedload sample requires the sampler to be placed on the river bed for a fixed period 
(usually 30 or 60 seconds).  The mass of the collected material is weighed to provide a mass/unit 
time measurement of bedload transport.  The grain-size distribution of the material is also 
determined to identify what sediment sizes are being transported.  Due to the high natural 
variability in bedload movement, a minimum of 10 samples are recommended to be collected across 
the cross-section, with the results averaged to provide an indicative transport rate. 

Under the DSMP, three sites are included for bedload monitoring (Chiang Saen, Nong Khai, Kratie).  
Five to ten bedload samples are collected from each site up to 17 times per year, with the sampler 
deployed at each point for 1 minute.  Monitoring results are summarised in Figure 6.1 to Figure 6.3, 
with the average grain-size distribution of the five to ten subsample shown for each site.  The 
recorded mass of the collected samples was used to estimate bed load transport by averaging the 
values and applying the value to the width of the channel recorded on the day.  The river discharge 
on each monitoring day is also shown. 

6.3 Bedload Results 
Bedload materials at Chiang Saen are almost exclusively sand and gravels, and show relatively low 
variability in grain size distribution.  The calculated bedload transport rates range from about 6,000 
tonnes/day to 20,000 tonnes/day but do not show a good correlation with flow rates at the time of 
sampling.  The results show that bedload was detected on all sampling days, suggesting that bedload 
is active at flow rates in excess of 2,000 m3/s. As this is the minimum discharge on a sampling day, it 
is unknown if there is a discharge rate at which bed material does not occur.  

The bedload results from Nong Khai (Figure 6.2) show more variability in grain-size distribution and 
in 2011, the transport rates varied similarly to flow.  A similar relationship is not apparent in the 
2012-13 results.  At Nong Khai there is a reduction in the proportion of gravel (>4 mm) and pebbles 
present (2 – 4 mm), and an increase in fine and medium sand relative to the upstream site. The 
range of calculated transport rates over the two years is similar to that at Chiang Saen, ranging from 
~5,000 to 20,000 tonnes/day. 

Bedload monitoring results from Kratie show a decrease in very coarse and coarse sand relative to 
Nong Khai, and also show an increase in silt.  The calculated bedload transport rates, based on the 
mass of the collected samples, show reasonable correlation with flow rates for both the 2011 and 
2012-13 monitoring periods. At Kratie, the proportion of silt increases during periods of low flow, 
consistent with a reduction in water velocity. Average daily bedload transport ranged from about 
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2,000 tonnes/day to about 20,000 tonnes per day, similar to the measured ranges at the upstream 
monitoring sites. 

 

  

Figure 6.1. Bedload monitoring results for Chiang Saen.  Graph on left shows grain-size distribution of bedload on each 
monitoring date; graph on right applies grain-size distribution results to calculated bedload loads and shows discharge 
on sampling days. 

 

  

Figure 6.2. Bedload monitoring results for Nong Khai.  Graph on left shows grain-size distribution of bedload on each 
monitoring date; graph on right applies grain-size distribution results to calculated bedload loads and shows discharge 
on sampling days. Note different bedload (t/d) scales for the two years. 
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Figure 6.3. Bedload monitoring results for Kratie.  Graph on left shows grain-size distribution of bedload on each 
monitoring date; graph on right applies grain-size distribution results to calculated bedload loads and shows discharge 
on sampling days. Note different bedload (t/d) scales for the two years. 

6.4 Estimates of Annual Bedload Transport Rates 
Three methods have been used to estimate annual bedload transport in the mainstream Mekong, 
however not all approaches are applicable to all three sites.  A summary of the bedload transport 
estimates is shown in Table 16, and the three methods are discussed in the following sections. 

6.4.1 Interpolation between monitoring dates 
Bedload monitoring rates were estimated by extrapolating between monitoring dates.  This 
approach is limited to the period over which results were collected, and assumes that bedload 
transport is a continuous gradient between monitoring dates.  This assumption ignores the 
hydrologic variability which occurs between monitoring dates, and these estimates should be 
considered order of magnitude only.  In 2011, this approach yielded estimates of 1.6 Mt/yr at Chiang 
Saen, 1.1 Mt/yr at Nong Khai and 2.1 Mt/y at Kratie for the period June to December 2011.  The 
results are more limited in 2012, with estimates for Nong Khai (2.5 Mt/yr) and Kratie (0.7 Mt/yr over 
shorter period) similar in magnitude to the previous year. 

Compared to the estimated annual suspended sediment loads derived for the sites from rating 
curves, the bedload estimates are comparable to about 15% of the present suspended load at 
Chiang Saen, 6% of the load at Nong Khai, and 3% of the load at Kratie.   

6.4.2 Bedload and Discharge Rating Curves 
At Kratie the monitoring results show a reasonable correlation between flow and bedload transport 
rates, enabling the construction of a bedload sediment rating curve (Figure 6.4).  The equations of 
the curves were used to estimate annual bedload transport at the site using the daily discharge of 
the river.  For 2011 and 2012, the estimated annual transport rates were 1.9 and 1.2 Mt/yr, 
respectively.  These values are in good agreement with the interpolated results considering the 
variability of bedload transport. A rating curve was also derived using the combined 2011-2012 
dataset.  This curve produced results that were5% lower for 2011, but the same for 2012.   

 

Figure 6.4.  Bedload sediment rating curve for Kratie for 
2011 and 2012. 
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6.4.3 ADCP Bedload Sediment Rating Curve at Nong Khai 
At Nong Khai, ADCP loop-tests are completed to allow correction of ADCP discharge related to a 
moving bed (see Section 2.2.1 for discussion).  One of the outputs of a loop-test is an estimation of 
the average bed velocity across the cross-section.  At Nong Khai, loop-tests have been completed 
over a range of river discharge rates, and the calculated average bed velocity results are shown as a 
function of discharge in Figure 6.5.  The two parameters show a good correlation, and the equation 
of best fit can be used to estimate bedload transport according to the following equation: 

Bedload Transport (tonnes/yr) =  

 Bed vel (m/s) * Depth of Active Bed (m) * Channel Width (m) * 2.65 tonnes/m3
*86,400 s/yr 

The depth of the active bed is difficult to establish, and can be estimated in a number of ways 
(Holmes, 2010) with the simplest approach being to use twice the diameter of the median grain size 
on the river bed as the depth of the active bed (Einstein, 1950).  At Nong Khai, the average median 
grain-size across the channel falls in the range of 0.25 to 0.50 mm, however in the central channel, 
median grain-size is ~1 mm.   Using these values results in estimates of between 1.3 Mt/yr and 4.1 
Mt/yr of bedload transport at Nong Khai for 2011 – 2013 (Table 16). 

Considering the variability of bedload transport, the difficulties associated with collecting accurate 
bedload samples, and the uncertainties of estimating the depth of the active bed, the estimates of 
bedload transport at the three monitoring sites are in reasonable agreement, and suggest that 
bedload transport is equivalent to between ~3% and 15% of the present suspended load of the 
Mekong. 

 

Figure 6.5.  Measured (ADCP) discharge compared to the 
average bed velocity determined by the ADCP loop-test. 

 

Table 16.  Summary of bedload fluxes based on interpolation of monitoring results between monitoring dates, rating 
curve (Kratie) and ADCP technique (Nong Khai).  No 2011 interpolation results presented for Chiang Saen due to low 
number of measurements.  All values in Mt/yr. 

Site Year Interpolation 
Mt/yr 

Time period 

Bedload Rating 
Curve 
Mt/yr 

2012-13 ADCP 
Rating curve 

Mt/yr 
(Jan – Dec) 

Chiang Saen 2012 1.6 (Jul-Dec)   

Nong Khai 2011 1.1 (Jun – Dec)  2.1 – 4.1 

 2012 2.5 (Feb – Oct)  1.3 – 2.6 

 2013   1.4 – 2.9 

Kratie 2011 2.1 (Jun - Dec) 1.9  

 2012 0.7 (Aug – Nov) 1.2  
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7 Bed Materials 

Bed materials were collected from along the Mekong mainstream at the sites indicated on Figure 7.2 
and Figure 7.3 in 2011.  Samples were collected using BM54 bed material samplers (Figure 7.1) or 
other grab samplers.  The collected material is representative of the top several cm of sediment on 
the bed.  

The bed samples were collected at different times of the year (Table 17), reflecting different flow 
regimes.  The grain-size results for all monitoring sites are contained in Attachment 3, with the 
results from the DSMP monitoring sites presented in Figure 7.4 and compared in Figure 7.5.  

 

 

Figure 7.1.  Example of bed material sampler (BM-54) used to 
collect bed material in 2011. 

 

Table 17.  Bed material monitoring dates for sediment monitoring sites. 

Site Sampling date River stage 

Chiang Sean 13 August 2011 Peak flow 

Luang Prabang 9 November 2011 End of falling stage 

Nong Khai 23 August 2011 Peak flow 

Nakhon Phanom 16 August 2011 Peak flow 

Mukdahan 14 September 2011 Peak flow 

Pakse 28 November 2011 End of falling stage 

Stung Treng 8 June 2011 Rising stage 

Kratie 7 June 2011 Rising stage 

Chroy Chang Var 5 June 2011 Rising stage 

Koh Norea 4 June 2011 Rising stage 

Chau Doc 16 July 2011 Rising stage 

Tan Chau 16 July 2011 Rising stage 

 

The samples collected in Laos (L1 – L11) at the end of the wet season, show low variability and are 
dominated by very fine and fine sand, consistent with the deposition of fine material under low flow 
conditions.  The timing of sample collection probably accounts for the similarity between Luang 
Prabang and Pakse in Figure 7.5.  The grain-size distribution results for Luang Prabang (Figure 
5.2Error! Reference source not found.) show that the suspended sediment load at the beginning of 
the wet season is composed of sands, reflecting the remobilisation of this deposited material.   

The samples collected upstream of Kratie during the rising and peak flow periods contained higher 
percentages of medium and coarse sands and gravels, and show greater variability across the 
transect, consistent with higher flow velocities, with the most upstream site, Chiang Saen, containing 
the highest proportion of coarse material.  Differences in sediment textures between Pakse and 
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Stung Treng probably reflect temporal differences in the river, owing to the different sampling times, 
rather than spatial changes downstream. 

The proportion of medium and fine sands, and silt increases downstream of Kratie, and at Koh Norea 
contribute ~88% of the sample.  In the delta, the fining of the bed material continues, with very fine 
sand and silt comprising the majority of the bed material.  This is consistent with the reduction of 
flow velocities occurring within the delta region.  The individual transect results from the delta sites 
show a bimodal grain-size distribution of medium sands and silt.  There is very little clay present in 
the bed at any of the bed material monitoring sites. 

 

Figure 7.2.  Map of bed material samples collected from the Mekong in 2011.  Location labels denote sample ID of grain-
size distribution results in Attachment 3.  Delta samples shown in Figure 7.3.  Map provided by MRC. 
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Figure 7.3.  Location of bed materials collected from delta in 2011.  Grain size distribution results shown in Appendix 1.  
MK denotes Mekong, BS denotes Bassac. Map provided by Vietnam National Mekong Committee. 
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Figure 7.4. Grain size distribution results for bed material collected at DSMP monitoring sites in 2011.  Results for each 
transect are shown, with the site average indicated by thicker orange line. No results available for Prek Kdam, OSP-MRC 
Bassac or Sekong at Bridge. 
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Figure 7.5.  Grain size distribution of bed materials at sediment monitoring sites.   Bed materials collected using grab 
samplers. 

 

  

Stung Treng

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Kratie

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

CCV

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Koh Norea

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Mukdahan

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Nong Khai

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Pakse

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Luang Prabang

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Tan Chau

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Chau Doc

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Stung Treng

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063
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8 Comparison of 2009-2013 Suspended Sediment Results with Historic 
Monitoring Results 

Historical suspended sediment monitoring results and river discharge exist for several sites in the 
LMB, however data tends to be episodic and discontinuous in frequency and of variable quality.  
Walling (2005) evaluated available monitoring results and identified 5 sites which were considered 
to have reliable results.  These include:  Chiang Saen, Luang Prabang, Nong Khai, Mukdahan and 
Pakse.  It is important to note that historic results from these sites are likely to have been collected 
using sediment samplers which are not applicable to the flow and depth conditions present in the 
river at peak flows. This may account for the historic results showing the same inconsistencies at 
Mukdahan and Khong Chiam as discussed in the context of the DSMP.  In spite of potential sampling 
errors, these sites have been used to provide an historical comparison for the recent results.   

Suspended sediment concentrations and river flow at Chiang Saen are summarised by year for the 
period 1994 to 2013 in Figure 8.1.  The concentration of suspended sediment has decreased and the 
variability of concentrations has decreased since 2001.  Daily discharge results on monitoring days 
show less change.  The 2012 – 2013 (July 2012 – June 2013) show reduced variability in the 25th to 
75th percentile flows, however sampling was initiated after the onset of the wet season in 2012, and 
ceased prior to the onset of the wet season in 2013, so variability associated with onset of the wet 
was missed in both years. 

 

 

Figure 8.1.  Box and whisker graphs of suspended sediment concentrations and discharge on monitoring days grouped 
by year at Chiang Saen.  The box encompasses the 25

th
 to 75

th
 percentile values with the median shown as a line, and 

the ‘whisker’ indicates minimum and maximum values.  Data from MRC, and the DSMP monitoring results (2009 – 2013) 

Historic suspended sediment concentrations, and annual sediment loads derived from rating curves 
for historic and recent monitoring results are present in Figure 8.2 through Figure 8.8.  The historical 
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suspended sediment concentrations were extracted from the MRC Master Catalogue, and the 
historic annual sediment loads are based on the findings of Walling (2005).  The comparison of 
sediment loads is limited to those sites at which Walling (2005) considered the results to be reliable. 
Historical suspended sediment concentrations at Nakhon Phanom, which were not included in the 
analysis by Walling (2005) are included for information and comparison.  

The reduction in suspended sediment concentrations summarised in the box and whisker plots for 
Chiang Saen are shown below as time-series in Figure 8.2.  There is a decline in sediment fluxes since 
2002, with the 2009-2013 results showing low and consistent values.   

In the historical data set, there are only 4 years for which results are available for Chiang Saen and 
Luang Prabang.  Three of these years are in the period between 1997 and 2001, and show a 
decrease in sediment loads between the two sites of between 10 Mt and 55 Mt per year.  The recent 
DSMP results show an increase in loads between the sites of 15 Mt on average.  The difference may 
be linked to how different grain-sizes are transported through the system.  Historically, a larger 
proportion of the load at Chiang Saen may have been coarse, and deposited in the reach resulting in 
a net decrease in suspended load, whereas now additional sand inputs or re-suspension of sand 
from the bed is leading to a net increase in sediment loads.  There are no historical grain-size 
distribution results for comparison, but the DSMP results show a fining of the suspended load 
(Section 5) and bed materials (Section 7) between the two sites.  

The recent results for Nong Khai generally show a similar decrease in suspended sediment 
concentrations and loads as at Luang Prabang, however loads during the wet year are higher, 
reflecting catchment inflows downstream of Luang Prabang.  At the downstream site Mukdahan 
there is a gradual reduction in suspended sediment concentration beginning in 2002, although 
recent results remain within the range of some of the historic values.  The historic information for 
Pakse is extremely limited, but the DSMP results show a decrease in sediment concentration and 
load. 

 

 

 

Figure 8.2.  Comparison of historical suspended sediment concentrations (left) and suspended sediment loads (right) at 
Chiang Saen.  Historic suspended sediment concentrations from MRC Master Catalogue. Historic sediment loads based 
on estimates derived by Walling (2005).  Historic results compared to DSMP 2009-2013 suspended sediment monitoring 
results and sediment loads derived from sediment rating equations. Note suspended sediment concentration scale is 
different for Chiang Saen. 
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Figure 8.3. Comparison of historical suspended sediment concentrations (left) and suspended sediment loads (right) at 
Luang Prabang.  Historic suspended sediment concentrations from MRC Master Catalogue. Historic sediment loads 
based on estimates derived by Walling (2005).  Historic results compared to DSMP 2009-2013 suspended sediment 
monitoring results and sediment loads derived from sediment rating equations. 

 

Figure 8.4. Comparison of historical suspended sediment concentrations (left) and suspended sediment loads (right) at 
Nong Khai.  Historic suspended sediment concentrations from MRC Master Catalogue. Historic sediment loads based on 
estimates derived by Walling (2005).  ‘Historic’ loads for Nong Khai are based on historical flow and suspended sediment 
results which were not included by Walling as they did not meet the quality control criteria. 

 

Figure 8.5. Comparison of historical suspended sediment concentrations at Nakhon Phanom.  Historic suspended 
sediment concentrations from MRC Master Catalogue. Historic results compared to DSMP 2009-2013 suspended 
sediment monitoring. 
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Figure 8.6. Comparison of historical suspended sediment concentrations (left) and suspended sediment loads (right) at 
Mukdahan.  Historic suspended sediment concentrations from MRC Master Catalogue. Historic sediment loads based on 
estimates derived by Walling (2005).  Historic results compared to DSMP 2009-2013 suspended sediment monitoring 
results and sediment loads derived from sediment rating equations. ‘Historic’ loads for Nong Khai are based on historical 
flow and suspended sediment results which were not included by Walling as they did not meet the quality control 
criteria. 

 

Figure 8.7. Comparison of historical suspended sediment concentrations (left) and suspended sediment loads (right) at 
Pakse.  Historic suspended sediment concentrations from MRC Master Catalogue. Historic sediment loads based on 
estimates derived by Walling (2005).  Historic results compared to DSMP 2009-2013 suspended sediment monitoring 
results and sediment loads derived from sediment rating equations. 

A comparison of all sites is provided in Figure 8.8, which shows a basin wide reduction in suspended 
sediment load, and a reduction in the variability of loads in the 2009 – 2013 results as compared to 
historical results. 

 

Figure 8.8.  Comparison of historic sediment loads from Walling (2005) with DSMP sediment loads. 

 

The range and average of both the historic and DSMP data sets is summarised in Table 18.  It is 
difficult to directly compare results without considering the hydrologic conditions in the river at the 
time of monitoring.  Walling (2005) addressed this by comparing sediment loads recorded in 1961 
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with sediment loads from similar hydrologic years in the period 1997 – 2002.  This comparison has 
been extended to include the 2009 – 2013 DSMP results in Table 19.  Important to note is that the 
flood year of 2011 was the most similar to the historic flow volumes at three of the 4 sites, and 
yielded the highest sediment loads at the DSMP monitoring sites.   

Based on the available results, average suspended sediment loads in the LMB have decreased by ~50 
to 75 Mt/yr at the upstream monitoring sites (Chiang Saen, Luang Prabang, Nong Khai) and 10 Mt/yr 
(Mukdahan) to 81 Mt/yr (Pakse) in the lower catchment over the period 2002 to 2013.  When 
comparing results from similar hydrologic years, the decrease in suspended sediment loads between 
1997 - 2002 and 2011-13 ranges from 68 Mt at Chiang Saen to 108 Mt at Mukdahan (Luang Prabang 
= 95 Mt, Pakse = 97 Mt).  Given the variability of sediment transport, potential errors associated with 
sediment sampling, and the comparison of different albeit similar hydrologic years, the variability of 
differences between the sites is reasonable.   

Table 18.  Comparison of historic results from Walling (2005) and 2009 - 2013 DSMP results. Average and range of annual 
suspended sediment fluxes shown for each location. 

 
Chiang Saen 

(Mt/yr) 

Luang 
Prabang 
(Mt/yr) 

Nong Khai 
(Mt/yr) 

Mukdahan* 
(Mt/yr) 

Pakse 
(Mt/yr) 

Walling 
(1961-2003) 

84.7 
(31 – 147) 

76.8 
(56 – 112) 

72.3 
(30 – 114) 

107.3 
(47 – 238) 

147.4 
(75 – 180) 

DSMP 
(2009-2013)  

22.3 
(19 – 25) 

18.8 
(11 – 36) 

96.5 
(69 – 119) 

65.7 
(54 – 78) 

*Likely reflects over sampling of water column.  Included for comparison, but absolute values 
should be considered be considered with caution 

Table 19.  Comparison of suspended sediment loads in 2011 - 13 with historic results in 1961, and 1997-2002 from 
Walling (2005). Sediment loads are shown for years with similar hydrologic qualities within each time period. 

Station Sed load 
(Mt) 
1961 

Water Q 
(km3) 
1961 

Sed Load 
(Mt) 

1997-02 

Water Q 
(km3) 

1997-02 

Sed Load 
(Mt) 

2011-13 

Water Q 
(km3) 

2011-13 

Chiang Saen 71.3 92.0 81.1 (02) 89.2 (02) 12.8 (11) 78.9 (11) 

Luang 
Prabang 

112.4 126.6 118.4 (97) 118.4 (97) 22.8 (11) 117.4 (11) 

Mukdahan 144.5 283.3 199.1 (00) 296.6 (00) 91.1 (13) 269.4 (13) 

Pakse 165.8 384.3 168.0 (01) 388.0 (01) 70.8 (11) 414.5 (11) 

 

8.1 Context of sediment reduction 
The DSMP monitoring results show a consistent trend of reduced sediment loads in the LMB 
compared to historic results.  Kummu et al. (2010), predicted a reduction in sediment load of 
between 70 and 73 Mt/yr following full construction of the Yunnan Hydropower Cascade in the UMB 
based on modelled sediment trapping efficiencies of the impoundments, with the potential for an 
additional 25.6 Mt/yr trapped in tributary dams.  The model indicated that trapping of sediment in 
the 3S system could account for approximately 11.7 Mt of the 25.6 predicted losses from tributary 
inputs. 

The DSMP monitoring results are consistent with the modelled reduction in suspended sediment 
loads of ~70 Mt/yr at Chiang Saen.  In the 3S River system there are no historic monitoring results, 
but the 8.5 Mt/yr sediment load recorded by the DSMP is consistent with post-dam sediment loads 
modelled by Carling (2009) which showed a reduction from 17 Mt/yr to 10 Mt/yr in the tributary.  

If the DSMP results are accurately portraying the present condition of the LMB, then ~77 Mt/yr of 
suspended sediment have been removed from the river through sediment trapping associated with 

Station 
Avg 

(Range) 
Source  
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hydropower developments compared to 2002 baseline sediment loads (Walling, 2005).  This is a very 
significant reduction, representing about 79% of the 97.6 Mt/yr predicted reduction if all planned 
hydropower developments were implemented (Kummu et al. 2010).  

The distribution of sediment inputs measured by the DSMP have changed markedly compared to the 
distribution of pre-dam sediment inputs in the LMB as modelled by Sarkkula et al (2010) using the 
MRC-Toolbox suite of models (Table 20).  The DSMP total estimated load is 100 Mt/yr lower as 
compared to the 2010 model findings.  Of this total, only 16% is currently entering from the UMB, 
whereas the modelled yearly sediment loads without any reservoirs indicated about 55% of the total 
load was derived from the upper basin.  The contribution of the 3S system is 10 Mt/yr lower in the 
DSMP results as compared to the model output, but the percent contribution is similar in both cases 
(11 v 13%) due to the overall reduction in total sediment loads.  The large reduction in the UMB 
contribution has resulted in the input from tributaries other than the 3S in the LMB now contributing 
about 70% of the total sediment load.  In the base case model, this component constituted only half 
of this percentage (34%), even though the absolute magnitude of the inputs are similar (56 Mt and 
48 Mt). Based on the DSMP results, the inputs from other tributaries now provide the majority of 
the sediment load in the LMB 

Table 20.  Comparison of sediment inputs from Sarkkula et al.(2010) with results of DSMP. 

 Total Mt 
(average) 

UMB 
Mt/yr (%total) 

3S 
Mt/yr (%total) 

Other Tributaries 
Mt/yr (% total) 

Sarkkula (2010) 166 91 (55%) 18 (11%) 56 (34%) 

DSMP 2009-13 67.5 10.8 (16%) 8.5 (13%) 48.2 (71%) 

 

This evaluation and discussion does not include any consideration of sediment loss through other 
activities, such as sand mining (Bravard, et al., 2013), , so attributing the reduction in sediment loads 
solely to hydropower trapping is likely an over simplification of what is occurring in the catchment, 
even though the monitoring results and predicted decreases are in good agreement.  A more 
complete assessment of the geomorphic impacts associated with such a large reduction in sediment 
is warranted. 
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9 Recommendations for Future Monitoring and Future Data Analysis 

A number of recommendations have been identified during the QA/QC and analysis of the DSMP 
monitoring results.  These recommendations are divided into those related to the logistics and 
management of the monitoring project, and those related to additional data analysis. 

9.1 Recommendations for enhancing future monitoring 
 Revise contractual arrangements so there are no gaps in the monitoring.  Of particular 

importance is to avoid monitoring gaps during the rising limb of the wet season; 

 Complete loop-tests at all sites where ADCP is used to measure discharge, and include the 
loop-test profiles and loop-test correction results in the files submitted to IKMP.  As loop-
tests are completed and received, the underestimation of flow at each site should be 
quantified, and systematically corrected (including correction of rating curves); 

 Repair and maintain samplers, winches, motors and boats to ensure the use of D96 depth 
integrated sediment samplers where ever possible; 

 Move towards the use of D96 equipment at all monitoring locations.  This should be a high 
priority goal for the MRC and Member Countries. Unfortunately, rectifying this issue is not 
easy, as the D96 sampler, which weights 60 kg, can only be deployed using a large and 
electrically powered winch.  The use of a suitable winch necessitates the use of a large and 
stable boat, and requires a stable energy supply (generator).  All of these requirements must 
be met to obtain accurate sediment samples, as the lack of any one component (sampler, 
winch, energy supply, boat) impedes the use of a D96.  Of utmost importance is the safety of 
the field parties, and larger sediment monitoring equipment cannot be implemented unless 
and until adequate boats and winches are available; 

 Improve the power source and increase motor sizes on the D96 winches to ensure adequate 
winch velocities can be maintained.  A reliable power source and powerful motor is required 
to lower and raise the samplers at fast enough rates to avoid the over filling of the depth 
integrated sediment samplers.  At present, batteries are used to power the sampling 
winches, which do not have sufficient power to provide the required winch speeds, and the 
present motors cannot provide sufficient power during high flows.  The use of on board 
generators and ‘smart’ battery chargers would increase the energy available for sampling, 
and provide a more uniform power source.  Upgrading of the motors is required to achieve 
the required winch speeds during high flows at deep cross-sections; 

 Perform a side-by-side comparison of the different depth integrating suspended sediment 
samplers in use (D-96, D-49, SRHCM) under conditions of high and low river discharge to 
determine how over filling of the sample bottle is affecting results.  These trials could also be 
used as intra- and inter- team comparisons of sampling and laboratory methods.  The 
following trials are recommended: 

o Vietnam & Cambodia (compare SRHMC & D-96 under river (not tidal) conditions) 

 1 team from each country for 1 field day (each team completes 2 sets of 
measurements at same site) Provides comparison of laboratory results 
within team and between teams; 

 Required resources requires additional DSA, fuel for the boat, and 10 
additional suspended sediment concentration analyses per country; 

o Thailand & Lao(as above) 

 Compare D49 & D96 at Nong Khai; 
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 Compare D49 & D96 Khong Chiam; 

 Compare D49, D96 (if possible) and Lao composite sampler at Pakse 

 If it is not feasible to transition to D96 depth integrating sediment samplers at all sites, 
consideration should be given to adopting point-monitoring of sediments rather than depth 
integrated monitoring.  The USP – 61 (or equivalent) sampler has an electronically controlled 
valve which allows the unit to be lowered to the required depth, opened to collect a sample 
for a fixed length of time and then closed.  The sampler is deployed for the same time period 
at each depth, so the relative volume of sample reflects the flow velocity at the depth.  
These samples can be composited or analysed separately to derive an average suspended 
sediment concentration for the water column.  The use of point-sampling equipment 
requires a conducting cable to control operation of the solenoid to open and close the 
sampler, but the power supply can be small compared to that required to raise and lower a 
D96 sampler; 

 Consideration should be given to collecting suspended and bedload sediment samples from 
bridges rather than boats at sites upstream of Phnom Penh where bridges coincide with 
existing sampling locations.  The deployment of sediment-samplers from bridges could 
increase sampling accuracy due to the sampling platform being stationary, and increase 
safety relative to working from a boat in a river with high flow and abundant debris.  ADCP 
cross-sections would continue to be collected by boat based teams, but the time on the river 
would be reduced, and deployment of heavy equipment on long-wires in high flows would 
be avoided.   

 Keep a watching brief on alternative sediment sampling techniques, such as in situ sediment 
grain size analysis, and interpretation of ADCP backscatter signals to estimate sediment 
loads; 

 Provide on-going field and classroom based capacity building to the member countries to 
ensure the best possible data are collected up to and through the decentralisation period, 
and to ensure the line-agencies in the member countries have the skill set and required 
equipment to continue monitoring into the future. 

9.2 Recommendations for additional data analysis 
This initial review of the DSMP monitoring results has provided an overall picture of sediment 
transport in the LMB, however additional interrogation of the data set can provide more detailed 
information relevant to water resource management in the basin.  Recommended additional 
analyses include:  

 Examine SSC - flow relationships in more detail at each site.  Deriving separate rating curves 
for rising and falling limbs of the wet season would refine and likely improve the suspended 
sediment load estimates for the sites; 

 Integrate the SSC loads and bedloads on individual monitoring days to determine how 
sediment loads vary between these two transport modes over the duration of the wet 
season; 

 Examine in more detail bed material, SSC and bedload grain size distribution results.  
Analyses could include developing sand, silt and clay sediment budgets for individual 
monitoring days to determine how the proportions of these materials change over the wet 
season, and understanding how the distribution of grain-sizes is related to the hydraulics of 
the channel; 

 Integrate the SSC and discharge results with the WQMN data set to investigate total nutrient 
transport in the LMB.  Preliminary investigations have combined TSS – nutrient relationships 
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from the WQMN with flow and SSC results to derive nutrient rating curves.  This information 
is especially relevant given the reduction in suspended sediment loads from the UMB and 
understanding how this affects downstream nutrient levels; 

 Analyse the distribution of sediment inputs for each monitoring date to better understand 
the timing of sediment inputs from the various parts of the catchment; 

 Integrate the DSMP monitoring results with GIS land use layers to identify areas of high / low 
/ medium suspended sediment input and link sediment output with land use in the LMB. 
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10 Summary of Major Findings 

Monitoring 

 The collection of discharge measurements, depth integrated suspended sediment samples, 
large volume samples for grain size analysis, and bed load samples by the MRC countries 
between 2009 and 2013 has provided a new data set allowing the present condition of 
sediment transport in the LMB to be quantified.  The DSMP results represent a major step 
forward and the MRC and MRC countries should be commended for the work, cooperation 
and collaboration required to implement such a complex monitoring program; 

 There are gaps in the data set due to delays associated with the procurement of suspended 
sediment monitoring equipment, non-functioning equipment and contractual issues.  These 
gaps have limited the time periods over which direct comparisons could be made between 
sites, but modelling techniques (such as sediment transport rating curves) have been used to 
derive sediment transport information which are temporally and spatially comparable; 

 The difficulty of collecting representative samples, combined with the extreme flow 
conditions present in the LMB and available monitoring techniques have led to some 
limitations of the data which need to be recognised when used in models or subsequent 
analyses.  These include: 

o Discharge measurements are collected using current meters and Acoustic Doppler 
Current Profiles.  At moderate to high flow rates (>~3,000 m3/s) results from these 
two sample techniques can differ, with the current meter technique recording up to 
15% higher flow rates at peak discharge in the Mekong.  This is a recognised 
phenomenon attributable to the movement of bottom sediments and can be 
corrected.  However, the DSMP discharge results have not been corrected so flow 
and sediment fluxes at sites measured using ADCP are likely to be underestimated; 

o Depth integrated suspended sediment samples are collected using at least three 
different samplers.  One of the samplers, the D49, is recognised as being applicable 
to depths of only 5 m, and water velocities of 2 m/s.  These conditions are greatly 
exceeded in the Mekong, and samples collected using this equipment during high 
flows are likely to provide sediment concentrations which are higher than present in 
the river due to the ‘over filling’ of the sediment sampler.  Suspended sediment 
results collected from these sites (most notably Mukdahan, Khong Chiam).  At Pakse, 
an unconventional sampler is being used, and these results should also be 
interpreted and used with caution; 

 Bedload measurements are extremely difficult to complete from a non-stationary boat and 
there is high natural variability in the movement of bed materials.  The limited bedload 
results from the Mekong should be considered as order of magnitude estimates only. 

 

Results Hydrology 

 The 2009 – 2013 DSMP monitoring years included considerable hydrologic variability, with 
2011 being a very wet year, and 2010 and 2012 being dry years; 

 Hydrographs from the DSMP monitoring sites show there is limited water input between the 
sites of Chiang Saen and Nong Khai, with a large increase in flow between Nong Khai and 
Nakhon Phanom.  Additional step-wise increases in flow occur between Mukdahan and 
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Pakse, and between Pakse and Stung Treng, reflecting the inflow of the Mun and 3S river 
systems, respectively; 

 The discharge results show a good flow balance through the Chaktomuk bifurcation; 

 Flow results from Chiang Saen show a delayed onset of the wet season in 2009 and 2012 
relative to the other flow years, and is consistent with the operation of the Lancang 
hydropower cascade in the UMB; 

 The 2013 flow results show a prolonged ‘tail’ to the wet season, and elevated water flows 
during the dry season as compared to previous monitoring years.  These characteristics are 
also consistent with operation of hydropower plants in the UMB. 

Results - Suspended Sediment concentrations 

 Suspended sediment concentrations at the DSMP monitoring sites typically range between 
200 and 400 mg/l, with the higher values generally associated with the onset of the wet 
season; 

 Suspended sediment concentrations at Mukdahan and Kong Chiam are higher than at other 
sites, but are likely reflecting the over sampling of the water column due to the limitations of 
the sampling equipment;  

 Suspended sediment concentrations at Chaing Saen are increasing prior to the onset of high 
flows at the site, and showing a reduced relationship with flow rates, which is consistent 
with the operation of a cascade hydropower project in the UMB.  

Results - Suspended Sediment Loads 

 Suspended sediment loads in the LMB have been calculated by interpolating sediment loads 
between monitoring dates, and through the modelling of daily suspended sediment 
concentrations based on sediment rating curves and daily river discharge; 

 Suspended sediment loads show variability between years, with 2011 (a very wet year) 
generally having the highest loads; 

 The calculated suspended sediment loads at Chiang Saen range from 7.3 to 12.8 Mt/yr with 
an average of 10.8 Mt/yr.  There is a doubling of sediment loads between Chiang Saen and 
Luang Prabang (average = 22 Mt/yr).  Between Luang Prabang and Nong Khai, there is no 
increase in suspended sediment loads, with the results reflecting a loss of sediment through 
this reach; 

 There is a large influx of water and sediment between Nong Khai and Nakhon Phanom, with 
average sediment loads in excess of 50 Mt/yr at the downstream site (although monitoring 
results are limited at Nakhon Phanom); 

 Suspended sediment loads at Mukdahan and Nong Khai are much higher than recorded at 
the upstream or downstream sites which likely reflect a combination of the resuspension of 
bed material in this reach, and oversampling of the water column due to the use of 
undersized suspended sediment samplers; 

 The calculated average suspended sediment loads at Pakse and Stung Treng are 65 Mt/yr 
and 77 Mt/yr, respectively, with the increase at Stung Treng attributable to the inflow of the 
3 S river system.  Sediment inflow from the 3S is estimated at 8.5 Mt/yr based on monitoring 
results from August 2012 – July 2013; 

 Between Stung Treng and Kratie the suspended sediment loads generally decrease by 5% to 
12%, which is attributable to loss of suspended sediment to the floodplain and / or bedload.  
The average suspended sediment load at Kratie for the 2009 – 2013 period is 72.5 Mt/yr; 
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 The magnitude of the sediment load varies considerably between years, but the pattern of 
sediment delivery is uniform, with approximately 60% of the sediment load transported in 
August and September, and 80% of the load transported between July and October; 

 Most of the suspended sediment remains in the mainstream Mekong, and enters the top of 
the delta, with about 10% estimated as entering the Tonle Sap during the inflowing season. 

 
Results - Suspended Sediment Characteristics 

 Suspended sediment grain-size characteristics show changes within sites and between sites 
over the wet season.  Overall, the results show a fining of sediemtn size with distance 
downstream; 

 Results from Chiang Saen are limited to the wet season, and show the suspended load is 
dominated by medium and fine sands; 

 At Luang Prabang, sand is also the dominant grain size during the wet season, with silt 
increasing in proportion in the dry season, whereas at Nong Khai, silt makes up a substantial 
proportion of the suspended load throughout the year; 

 The suspended load at Pakse is dominated by sand, suggesting the large influx of sediments 
between Nong Khai and Pakse, contains abundant sand sized material, and / or more sand is 
being carried in suspension; 

 At Kratie, the suspended load is dominated by silt, with fine sand and clay also present.  The 
clay increases in the suspended load downstream of Kratie, and is the predominant size 
fraction at the delta sites of Tan Chau and Chau Doc.  At Kratie, it is estimated that the 
annual average load comprises ~13 Mt of sand, 41 Mt of silt and 13 Mt of clay; 

 In the delta, the suspended sediment is dominated by silts and clay, indicative of a loss of 
coarse silt and sand from the suspended load to bedload. 

Bedload Transport of Sediment 

 Bedload is measured at three sites (Chiang Saen, Nong Khai and Kratie), and because of the 
difficulty in collecting reliable samples the results should be considered order of magnitude 
estimates only; 

 The bedload was dominated by gravel, pebbles and coarse sand at Chiang Saen, fine and 
medium sand at Nong Khai, and coarse to fine sand at Kratie;   

 Estimates of bedload transport rates for the sites were:  1.6 Mt in Jul to Dec 2011 at Chiang 
Saen (interpolation), 1.3 to 4.1 Mt/yr at Nong Khai (ADCP bed movement estimate), and 1.2 
to 2.1 Mt/yr at Kratie (bedload sediment rating curve).  These ranges represent 3% to 15% of 
the suspended load at the respective sites. 

Bed Materials 

 An extensive bed material survey was conducted in 2011.  The grain-size distribution of bed 
material reflected the flow regime at the time of collection, with fine material present at 
sites during low flow, and coarser material present during the wet season; 

 Notwithstanding the influence of the flow regime at the time of sample collection, the bed 
materials generally showed a reduction in grain size in a downstream direction, with the 
percentage of gravels decreasing and percentage of silts increasing. 

Comparison of DSMP results with historic findings  

 The DSMP results show a substantial decrease in suspended sediment concentrations and 
suspended sediment loads relative to results collected in 1960 to 2003 
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 The average annual suspended sediment load measured at the most upstream site (Chiang 
Saen) in the LMB has decreased from ~85 Mt/yr to ~10.8 Mt/yr.  This reduction is consistent 
with modelled sediment trapping in hydropower impoundments in the UMB.  Suspended 
sediment inflow from China now accounts for ~16% of sediment in the LMB as compared to 
about 55% historically; 

 At the most downstream site for which there are historical results (Pakse) average loads 
have decreased from 147 Mt/yr to 66 Mt/yr.  Historical estimates of up to 160 Mt/yr for the 
entire basin appear to have decreased to an average of 72.5 Mt/yr, based on results from 
Kratie.  When interpreting these changes it must be recognised that the historic results were 
collected using suspended sediment samplers which likely over estimated sediment loads, 
and the present results from Pakse have been collected using a sampler which may be under 
estimating loads; 

 The DSMP calculated sediment load of 8.5 Mt/yr for the 3S system is lower than baseline 
models which indicated sediment loads of about 17 Mt/yr, but consistent with predicted 
loads of 10 Mt/yr due to sediment trapping in reservoirs in the tributary; 

 The reduction in sediment entering from China and from the 3S basin has led to sediment 
inputs from ‘Other’ tributaries now providing the majority (~70%) of the sediment load of 
the Mekong.  Approximately 12 Mt/yr is entering in the reach between Chiang Saen and 
Luang Prabang, which represents about 17% of the present sediment load (although there is 
an apparent decrease between Luang Prabang and Nong Khai), with the remaining ~53% 
contributed by tributaries between Nong Khai and Pakse; 

 These results do not include any consideration of sediment loss through other activities, 
such as sand mining, so attributing the reduction in sediment loads solely to hydropower 
trapping is likely an over simplification.  

  



DSMP 2009 – 2013 Summary & Analysis of Results 

98 

 

References 

Bravard, JP, Goichot M, Hervé, T, 2013, An assessment of sediment-transport processes in the Lower 
Mekong River based on deposit grain sizes, the CM technique and flow-energy data, 
Geomorphology http://dx.doi.org/10.1016/j.geomorph.2013.11.004 

Bravard, JP, Goichot, M, and Gaillot, S, 2013, Geography of Sand and Gravel Mining in the Lower 
Mekong River , EchoGéo [On line], v26 , URL : http://echogeo.revues.org/13659 ; DOI : 
10.4000/echogeo.13659. 

Cambodia, 2013, Annual Monitoring Report 

Carling, P, 2009, BDP Scenario assessment specialist report: Geomorphology and sediment. Mekong 
River Commission, Vientiane Conlan, I. 2009, Discharge and Sediment Monitoring Project 
2009-2010, Final Draft Project Proposal prepared for the Information and Knowledge 
Management Programme, Mekong River Commission. 

Conlan, IA, Rutherfurd ID, Finlayson BL, and Western AW, 2008, Sediment Transport through a 
Forced Pool on the Mekong River: Sand Dunes Superimposed on a Larger Sediment Wave? 
Marine and River Dune Dynamics, 1-3 April, 2008, Leeds, United Kingdom. 

Conlan, I. 2009, Discharge and Sediment Monitoring Project 2009-2010, Final Draft Project Proposal 
prepared for the Information and Knowledge Management Programme, Mekong River 
Commission. 

Davis, B., 2005, Report QQ A guide to the Proper Selection and use of Federally Approved Sediment 
and Water Quality Samplers, Federal Interagency Sedimentation Project 

Department of Hydrology and River Works (DHRW) Camboida, 2013, Final Report on 
Implementation of Discharge and Sediment Transport and Bed-load Measurements on the 
Mekong, Bassac, the Tonle Sap Rivers and Sekong Tributary in the kingdom of Cambodia; 
Period: 01 August 2012 TO 31 July 2013. 

Einstein, H.A., 1950, The bedload function for sediment transportation in open channels, Technical 
Bulletin 1026, U.S. Department of Agriculture, Soil Conservation Service, Washington, D.C.  

Garcia, M (ed), 2008, Sedimentation Engineering (Manual 110) Processes, Measurements, Modeling, 
and Practice Manuals of Practice (MOP), ASCE Task Committee to Expand and Update 
Manual 54 of the Sedimentation Committee of the Environmental and Water Resources 
Institute of ASCE. 

Koehnken, L, 2012, IKMP Discharge and Sediment Monitoring Programme Review, 
Recommendations and Data Analysis, Parts 1 & 2.  Report to the MRC, IKMP. 

Kummu, M., Lu, XX, Wang, JJ, Varis, O, 2010, Basin-wide sediment trapping efficiency of emerging 
reservoirs along the Mekong, Geomorphology 119, 181–197. 

Liu C, He Y, Walling DE, & Wang, J, 2013, Changes in the sediment load of the Lancang-Mekong River 
over the period 1965–2003. Sci China Tech Sci, 2013, 56: 843–852, doi: 10.1007/s11431-013-
5162-0. 

Lu, X., Kummu, M. and Oeurng, C. (2014), Reappraisal of sediment dynamics in the Lower Mekong 
River, Cambodia. Earth Surf. Process. Landforms. doi: 10.1002/esp.3573 

Milliman, JD and Meade, RH, 1983, World-Wide Delivery of River Sediment to the Oceans, The 
Journal of Geology, Vol. 91, No. 1, pp. 1-21. 

http://dx.doi.org/10.1016/j.geomorph.2013.11.004


DSMP 2009 – 2013 Summary & Analysis of Results 

99 

Ministry of Natural Resources and Environment Lao PDR, 2013, Final Report on the implementation 
of discharge and sediment transport in Lao {DR and joint Lao Thai discharge and sediment 
transport measurements for the period 01 July 2012 to 30 June 2013. 

Ministry of Natural Resources and Environment, Thailand, 2010, 2010 Hydrologic Data Volume 1.  
Department of Water Resources, Thailand, ISSN 0857-8435.  

MRC, 2012, Deep Pools in the Mekong Main Stream, digital map produced by IKMP, MRC. 

Nilsson, B, 1969, Development of a depth-integrating water sampler. UNGI Rapport 2, 17 pp. 
Uppsala University, Department of Physical Geography, ISSN 0375-8109. 

Paradis Someth, Felix Seebacher, Sothea Khem, Sokoeun Kong, Sameng Preap, 2013, Preliminary 
analysis – Rating curves for mainstream and tributaries of the Mekong River, Information and 
Knowledge Management Programme (IKMP), Mekong River Commission Secretariat (MRCS).   

Sarkkula, J., Koponen, J, Lauri, H, Virtanen, M, 2010. Origin, fate and role of Mekong sediments, DMS 
Work Package 02/2. Mekong River Commission, Vientiane, Lao PDR. 

Thailand, 2013, 2012-2013 DSMP Monitoring Report 

USGS, 2005, A Guide to the Proper Selection and Use of Federally Approved Sediment and Water-
Quality Samplers, Open-File Report 2005 – 1087. 

USGS, 2006, Application of the Loop Method for Correcting Acoustic Doppler Current Profiler 
Discharge Measurements Biased by Sediment Transport, Scientific Investigations Report 
2006 – 5079. 

Walling, DE, 2005, Analysis and evaluation of sediment data from the Lower Mekong River. Report 
submitted to the Mekong River Commission, Department of Geography, University of 
Exeter. 

Viet Nam, 2013, Final Report on the Implementation of Discharge and Suspended Sediment 
Measurements and Data Provision on the Mekong and Bassac Rivers in Viet Nam From 01 
July 2012 to 30 June 2013 2012 – 2013 -  DSMP Monitoring Report 

 

  



DSMP 2009 – 2013 Summary & Analysis of Results 

100 

 

 

 

Attachment 1.  Description of IKMP Co-ordinate Regional Technical 
Workshop on Discharge and Sediment data QA/QC, Siem Reap, March 11-14, 
2014 

 

1. Workshop Objectives 

2. Workshop Agenda 

3. Photos of workshop 
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Regional Technical Workshop on Discharge and Sediment data QA/QC 

 

Workshop Objectives 

 To review the discharge and sediment project and the provided data; 

 To discuss procedures for discharge measurements (flow meter, ADCP); 

 To review suspended sediment sampling procedures and other sampling activities (bed 
load and river bed material); 

 QA/QC of sampled and submitted data, discussion on submitted standard forms; 

 To discuss and review rating curve improvement; 

 Development of sediment rating curves at specific sites; 

 To outline and discuss the planned discharge and sediment sampling activities for 2014; 

 To discuss the preparation for decentralization. 
 

Form of Workshop – In class 

 Presentations by Hydro Team and Sediment Expert 

 Presentations by Member Countries representatives 

 Group work and guided discussion by participants 
 

Expectations from and Contributions by the Participants 

 How to QA/QC the Discharge data 

 How to QA/QC the suspended sediment data 

 How to QA/QC grain size analysis 

 Summarizing results – from water level to discharge to sediment loads 

 Distribution of flow and sediment loads (& grain size ) from upstream to downstream 
 

Participants: up to 30 Participants  

 NMCS: Five members from each Member Country (hydrologist, sediment expert, data 
manager) including national IKMP coordinator. 

 MRCS/IKMP: Hydrology Team, EP, Sediment Expert, Project Secretary. 

 
Presenters / Facilitators  

 Dr Lois Koehnken, Sediment Expert 

 Dr Paradis Someth, IKMP 

 Dr Chantola Kit, IKMP 

 Dr Felix Seebacher, IKMP 

 Mr Sameng Preap, IKMP 
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Regional Technical Workshop on Discharge and Sediment data QA/QC-Agenda 

Day 1 – 11 March 2014 - Overview 

Time Topics Presenter/Facilitator  

08:30-09:00 Registration All participants 

09:00-09:20 

- Welcome Remarks by IKMP 

- Welcome and Training opened by Senior 
Management CNMC  

- Introduction of participants 

 Emphasis on their involvement in the project 

 Highlighting their experience with the topic 

 Statement on expectation of the workshop 

IKMP staff 
Representative of CNMC 
 
MC: Paradis Someth 
All participants 

09:20-09:40 

- Overview for the workshop 

- Objectives and target areas 

- Expected outcome  

- Emphasis on Capacity building 

Felix Seebacher 
Paradis Someth 
Lois Koehnken 

09:40-10:00 
Overview of sediment transport and sampling 
methodology 

Lois Koehnken 

10:00-10:30 Coffee Break All participants 

10:30-11:00 
Review and interpretation of the 2011 Discharge 
and Sediment Project data set 

Lois Koehnken 

11:00-11:15 MRC Hydromet Data Management System Sameng Preap 

11:15-11:30 Access to MRC Hydromet Data (Master Catalogue)  Chantola Kit 

11:30-12:00 

Review of data collection since the beginning of this 
project, missing data and data gaps  
 
Discussion on improvement of data management 

Felix Seebacher 
Paradis Someth 
Lois Koehnken 

12:00-13:30 Lunch Break All participants 

13:30-13:40 Outline of the planned activities 2014/2015 Felix Seebacher 

13:40-15:00 
(4*20 min) 

2012-2013: Result and implementation of Discharge 
and Sediment Monitoring Project in view of the 
Member Countries;  
Challenges and recommendations 

- Method of discharge measurements 

- Method of sediment measurements 

- Equipment used 

- Sediment lab  

- Internal QA/QC 

- Recommendations for 2014/2015 

Representative of each Line 
Agency 
MC: Paradis Someth 
 

15:00-15:30 Coffee Break All participants 

15:30-17:00 

Hands on exercises: 

- River cross-section (dry/wet period) 

- Hydrograph (WL 2012/2013) 
Short presentation of the outcome by Member 
Country 

All participants with assistance 
Felix Seebacher, Paradis Someth 
Lois Koehnken, Sameng Preap 
 
All participants  

Day 2 – 12 March 2014 - Hydrology 
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08:30-10:00 

Discharge measuring techniques: 

- ADCP 

- Current meter 

- Comparison of ADCP and Current meter 
measurements 

- Necessary corrections for bed movement 

- Selection of a proper monitoring site 
Theory of rating curves 

Paradis Someth 
Lois Koehnken  

10:00-10:30 Coffee Break All participants 

10:30-11:30 

Rating curve development  

- Input data 

- Water levels (manual vs. automatic) 

- Correction of data 

- Statistics to determine the performance of a 
rating curve 

Paradis Someth 
Lois Koehnken 

11:30-12:00 Introduction to the Hands on exercises (afternoon) Paradis Someth  

12:00-13:30 Lunch Break All participants 

13:30-15:00 

Hands on exercises: 

- Developing a rating curve for data 2012/2013 

- Evaluating the hydrograph (WL data from Day 1 
area used) 

All participants with assistance 
by  Paradis Someth, Lois 
Koehnken, Felix Seebacher, 
Sameng Preap 

15:00-15:30 Coffee Break All participants 

15:30-17:00 

Hands on exercises continued: 

- Determining the monthly/annual average flow 
and flow volume 

 
Short presentation of the outcome by each Member 
Country  
 
Joining results: flows along the mainstream 

All participants with assistance 
by Paradis Someth, Lois 
Koehnken, Felix Seebacher, 
Sameng Preap 

Day 3 – 13 March 2014 - Sediments 

08:30-10:00 

Theory of sediment sampling  
- Suspended Sediment 
- Bed load  
- Bed material 

Lois Koehnken 

10:00-10:30 Coffee Break All participants 

10:30-11:30 
Lab analysis; 
Grain size analysis (for suspended sediment, 
bedload, and bed material) 

Lois Koehnken, Paradis Someth, 
Felix Seebacher 

11:30-12:00 
Discussion about experiences on sampling and grain 
size analysis (recommendations for future 
activities); filling in the provided forms 

All participants with assistance 
by Lois Koehnken, Paradis 
Someth, Felix Seebacher, 
Sameng Preap, Chantola Kit 

12:00-13:30 Lunch Break All participants 

13:30-13:40 Introduction to the Hands on exercises (afternoon) 
Lois Koehnken, 
Paradis Someth 

13:40-15:00 Hands on exercises: All participants with assistance 
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- Working with real dataset from the Member 
Countries 

- Sampling results, linking with discharge, lab 
results,   

by Lois Koehnken, Paradis 
Someth, Felix Seebacher, 
Sameng Preap, Chantola Kit 

15:00-15:30 Coffee Break All participants 

15:30-16:30 
(4*15 min) 

Hands on exercises (continue): 

- Working with real dataset from the Member 
Countries 

 
Short presentation of the outcome by each Member 
Country 

All participants with assistance 
by Lois Koehnken, Paradis 
Someth, Felix Seebacher, 
Sameng Preap, Chantola Kit 

16:30-17:00 Sediment rating curves 
Lois Koehnken 
Paradis Someth 

Day 4 – 14 March 2014 – Summary and Outlook 

08:30-09:00 Introduction to the Hands on exercises (morning) 
Lois Koehnken, 
Paradis Someth  

09:00-10:00 

Hands on exercises: 

- Determining the monthly/annual average 
suspended sediment flux/volume  

All participants with assistance 
by Lois Koehnken, Paradis 
Someth, Felix Seebacher, 
Sameng Preap 

10:00-10:30 Coffee Break All participants 

10:30-12:00 

Hands on exercises (continuation): 

- Determining the monthly/annual average 
suspended sediment flux/volume  

 
Short presentation of the outcome by each Member 
Country  
 
Joining results: sediment flux/volume along the 
mainstream 

All participants with assistance 
by Lois Koehnken, Paradis 
Someth, Felix Seebacher, 
Sameng Preap 

12:00-13:30 Lunch Break All participants 

13:30-15:00 

- The sampling procedure and data reporting 
forms 

- Discussion on the preparation of a Summary 
Form to assist in improving QA/QC 

- Preliminary recommendation for the 2014 
sediment monitoring project; 

- TOR preparation, will include QA/QC on the Line 
Agency level 

- Outline of upcoming activities, decentralization 
and discussion 

All participants 
Lois Koehnken 
Paradis Someth 
Felix Seebacher 
Chantola Kit 
Sameng Preap 

15:00-15:30 Coffee Break All participants 

15:30-16:30 
- Final discussion and summary of workshop  
- Filling out of survey questionnaire 

All participants 

16:30-16:45 Workshop Closing remarks IKMP staff 
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Photos of Sediment Workshop, Siem Reap March 2014 

 

 

  

Participants from Cambodia Participants from Lao PDR 

  

Participants from Thailand Participants from Vietnam  
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Attachment 2.  Inventory of DSMP discharge, sediment and ADCP files 
held by the IKMP 2009 - 2013 

 

 

Note:  The absence of a form does not indicate that discharge or sediment results are not available 
for the monitoring period.  For example, suspended sediment information may be provided on the 
individual field sheets, but not on a summary form, or a laboratory form.  The absence of a form may 
also be due to file management issues within the IKMP or by the consultant preparing this report.   

 

Key 

Q1 Discharge measurement field data sheet (Current meter)

Q2 Discharge measurement field data sheet (ADCP)

Q3 Discharge  and  suspended  sediment  measurement  summary  form 

Q4 Index-velocity measurement 

Q5

Summary of discharge, index-velocity and water level measurements at 

tidally affected stations

Q6

Results of calculated hourly discharge and mean daily discharge for tidally 

affected stations

Q7 Surveyed river cross-section profile and diagram

S1 Depth-integrated, suspented sediment sampling fiele data sheet

S3

Laboratory form for analysis of water samplers for Suspended Sediment 

Concentration (SSC)

S4

Daily or hourly suspended sediment sampling at a representative vertical 

(index vertical)-also used as summary form for SSC

S8 Laboratory form for grain size analysis  of suspended sediment 

S5 Bedload and Bed Material sampling field data sheet

S7 Bedload sediment grain-size distribution laboratory results

Number of discharge results available for month

Number of suspended sediment results available for month

Number of bedload sediment results available for month

Number of ADCP measurements available for month

Indicates measurement included in ToR but results not received by IKMP
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Cambodia (1/4)  

 

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Stung Treng 14501 Discharge Q1 Field

Q2 Field 4 5 3 5 2 5 2 4 7 4 4 5 4 5 3 3 4 3 4 2 2 2 2 2 2 2 2 4

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1 1 1 1

SSC S1 Field 1 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2

S3 SSC 1 4 4 4 4 2 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 1

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

ADP

ADCP 2 4 7 4 4 5 4 5 3 3 2 4 4 4 3 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

Kratie 14901 Discharge Q1 Field

Q2 Field 5 5 4 4 3 4 2 4 7 4 4 5 4 4 3 3 4 4 4 2 2 2 2 2 2 2 2 4

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1 1 1 1

SSC S1 Field 1 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 1 2 2 2 2 4

S3 SSC 1 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 1 2 4

S4 SSC

S8 SSC-GSA 1 5 4 2 1 1 1 1 1 1 4 4 2 1 1 1 1 1 1

Bedload S5 Field 2 2 2 2 2 2 1 1 1 1 1 1 4 4 2 1 1 1 1 1 1

S7 GSA 2 2 2 2 2 2 1 1 1 1 1 1 4 4 2 1 1 1 1 1 1

Dune survey

ADP

ADCP 2 4 7 4 4 5 4 5 3 3 2 4 4 4 3 2 2 2 2 2 1 2 4 4 4 2 2 2 2 2 2 2 2 4

CCV 19801 Discharge Q1 Field

Q2 Field 4 6 4 4 3 3 2 5 6 4 5 5 4 5 2 3 4 4 4 2 2 2 2 2 2 2 1

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1 1 1 1

SSC S1 Field 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

S3 SSC 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

S4 SSC

S8 SSC-GSA 1

Bedload S5 Field 1

S7 GSA

ADP 2 5 6 4 5 5 4 5 2 3 1 2 4 3 2 2 2 2 2 2 2 4 4 3 2 2 2 2 2 2 2 2 4

ADCP 1 4 2 1

2009 2010 2011 2012 2013
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Cambodia (2/4) 

 

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Kampong 19802 Discharge Q1 Field

Cham Q2 Field 4 5 4 4 3 4 2 4 7 4 4 5 4 4 2 4

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 6

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA 1

Bedload S5 Field 1

S7 GSA

ADP

ADCP 2 4 7 4 4 5 4 5 2 4 1

Neak Leung 19806 Discharge Q1 Field

Q2 Field 4 6 5 3 3 3

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 6

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA 1

Bedload S5 Field 1

S7 GSA

ADP

ADCP 1

Prek Kdam 20102 Discharge Q1 Field

Q2 Field 4 6 4 4 3 3 2 5 5 4 5 5 4 5 2 3 4 4 4 2 2 2 2 2 2 2 1

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1 1 1

SSC S1 Field 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

S3 SSC 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

S4 SSC

S8 SSC-GSA 1 4 4 2 1 1 1 1 1 1 4 1

Bedload S5 Field

S7 GSA

ADP 2 5 6 4 5 5 4 5 2 3 1 4 3 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

ADCP 1 4 4 1

2009 2010 2011 2012 2013
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Cambodia (3/4) 

 

 

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

OSP 33401 Discharge Q1 Field

Chaktomuk? Q2 Field 4 6 4 4 3 3 2 4 6 4 5 5 4 5 2 3 4 4 4 2 2 2 2 2 2 2 1

Bassac Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1 1 1

SSC S1 Field 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

S3 SSC 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

DHRW/MRCS ADP 2010 results-DHRW 2011=MRCS 2 4 6 4 5 5 4 5 2 3 1 4 3 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 2 4

ADCP 4 4 1

Koh Kehl 33402 Discharge Q1 Field

Q2 Field 4 6 4 4 3 3

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA 1

Bedload S5 Field 1

S7 GSA

KNR ?????? Discharge Q1 Field

Q2 Field 4 6 4 4 3 3 2 5 6 4 5 5 4 5 2 3 4 4 4 2 2 2 2 2 2 2 1

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1 1 1

SSC S1 Field 2 4 4 4 4 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 4

S3 SSC 2 4 4 4 4 2 2 2 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 4

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

ADP 2 5 6 4 5 5 4 5 2 3 1 4 3 2 2 2 2 2 4 4 4 2 2 2 2 2 2 2 4

ADCP 1 4 4 1

2009 2010 2011 2012 2013
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Cambodia (4/4) 

 

  

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

PPP 20101 Discharge Q1 Field

Q2 Field

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

Sekong SKB Discharge Q1 Field

Q2 Field 4 3 4 2 2 2 2

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1

SSC S1 Field 4 4 4 2 2 2 2 2 2 2 4

S3 SSC 4 4 4 2 2 2 2 2 2 # 4

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

ADP

ADCP 4 4 4 2 2 2 2 2 2 2 4

Tonle Sap Rusei Keo ADP 2 5 6 4 5 5 4 5 2 3

ADCP

2009 2010 2011 2012 2013
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Lao PDR (1/2) 

 

 

  

Site ID Type
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Luang Prabang 11201 Discharge Q1 Field 2 2 2 3 4 4 4 3 4 3 3 2 1 2 2 6 1 3 3 4 4 4 4 2 2 3 4 4 4 4 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

Q2 Field

Q3 Summary 4 4 4 4 4 2 2 2 2 2 2 4

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1

SSC S1 Field 2 3 4 4 4 4 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S3 SSC

S4 SSC

S8 SSC-GSA 2 3 4 4 4 4 2 4 4 4 4 4 3 3 2 1 4

Bedload S5 Field

S7 GSA

Vientiane 11901 Discharge Q1 Field 2 2 2 3 4 4 6 4 4 4 4 2 1 2 3 2 3 2 4 1 1

Q2 Field

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

Thakhet 13102 Discharge Q1 Field 2 2 2 2 4 3 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 3 2 2

(Nakhon Phanom) Q2 Field

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

2009 2010 2011 2012 2013
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Lao PDR (2/2) 

 

 

  

Site ID Type
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Savanakhet 13401 Discharge Q1 Field 2 2 2 2 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2

(Mukdahan) Q2 Field

Q3 Summary

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction

SSC S1 Field

S3 SSC

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

Pakse 13901 Discharge Q1 Field 2 2 2 2 4 3 4 3 4 3 3 2 1 1 2 5 6 4 4 3 4 4 1 2 2 4 4 4 4 2 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

Q2 Field

Q3 Summary 4 4 4 4 4 2 2 2 2 2 2 4

Q4 Vel

Q5 Vel Sum

Q6 Tidal

Q7 X-Secction 1 1 1 1 1 1

SSC S1 Field 1 4 4 4 4 2 1 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 4

S3 SSC

S4 SSC

S8 SSC-GSA 1 4 4 3 4 2 1 4 4 4 4

Bedload S5 Field

S7 GSA

2009 2010 2011 2012 2013
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Thailand (1/3) 

 

  

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Chiang Sean 10501 Discharge Q1 Field 3 3 2 2 4 3 4 3 3 4 4 2 2 2 3 5 6 3 4 4 4 4 3 2 2 2 2 2 4 2 3 1 1 3 2 2 1 4 4 2 3 2 3 4 6

Q2 Field

Q3 Summary x x x x x x x x x x

Q4 Vel x 1

Q5 Vel Sum

Q6 Tidal 4 4 2 3 2 3 4 6

Q7 X-Secction 1 1 1 1

SSC S1 Field 3 3 2 2 4 4 4 4 4 4 4 3 2 2 2 5 6 3 4 4 4 4 3 2 2 2 2 2 4 2 3 1 1 3 2 4 4 3 2 3 4 6

S3 SSC 3 3 2 1 3 3 3 3 4 4 4 2 2 2 1 5 6 3 4 2 3 2 2 2 2 4 2 3 1 1 3 2 2 4 4 3 2 3 4 6

S4 SSC 3 3 2 1 3 3 3 3 4 4 4 2 2 2 1 5 6 3 4 3 4 2 3 2 2 2 2 4 2 3 1 1 3 2 2 2 3 4 6

S8 SSC-GSA 4? 3 1 1 1 1 1 1 2 4 4

Bedload S5 Field

S7 GSA 1 1 1 1 2 4 4 1

Chian Khan 11903 Discharge Q1 Field 4 4 4 4 4 4 4 4 4 4 4 3 4 2 3 4 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

Q2 Field

Q3 Summary x 1 1 1 1 1 1 1 1 1 1 1 1 1 X X

Q4 Vel x 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X X

Q5 Vel Sum

Q6 Tidal x 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X X

Q7 X-Secction 1 1 1 1 1 1 1 1

SSC S1 Field 4 4 4 4 4 4 4 4 4 4 4 3 2 2 3 4 4 4 4 4 4 4 4 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S3 SSC x 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 4 4 4 4 4 2? 2 2 2 2 2 4

S4 SSC x 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S8 SSC-GSA

Bedload S5 Field

S7 GSA

Nong Khai 12001 Discharge Q1 Field 1 5 3 4 4 4 4 4 4 2 2 3 3 4 4 5 4 4 4 4 2 2 2 3 2 3 2 4 2 3 1 2 2 2 2 2 2 2 3 4 4 4 4 4 2 2 2 2 2 2 4

Q2 Field 1 4 3 4 4 4 4 4 4 2 2 3 3 4 4 5 4 4 4 4 2 2 2 3 2 3 2 4 2 3 1 2 2 4 4 4 4 4 2 2 2 2 2 2 4

Q3 Summary x x x 2 2 2 2 2 4

Q4 Vel x 2 2 2 2 2 4

Q5 Vel Sum x x 2 2 2 2 2 4

Q6 Tidal x x 2 2 2 2 2 4

Q7 X-Secction 1 1 1 1 1 1 1

SSC S1 Field 1 4 3 4 4 4 4 4 4 2 2 3 3 4 4 5 4 4 4 4 2 2 2 3 2 3 2 4 2 3 1 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S3 SSC 2 2 2 2 4 3 4 4 4 4 4 4 2 2 3 3 4 4 5 4 4 4 4 2 2 2 3 2 3 2 4 2 3 1 2 2 2 2 2 2 2 3 4 4 4 4 4 2 2 2 2 2

S4 SSC 2 2 2 2 4 3 4 4 4 4 4 4 2 2 3 3 4 4 5 4 4 4 4 2 2 2 3 2 3 2 4 2 3 1 2 2 2 2 2 2 2 3 4 4 4 4 4 2 2 2 2 2

S8 SSC-GSA 1 2 2 3 2? 1 1 1 1 4 4 2 1

Bedload S5 Field 4 4 2 1 1 1 1 1 1 1

S7 GSA 1 2 2 1 2 1 1 1 1 4 4 2 1 1 1 1 1

ADP

ADCP 1 2 2 2 4 3 4 4 4 4 4 4 2 2 3 3 4 4 5 4 4 4 4 2 2 2 2 2 2 3 4 4 4 4 4 2 2 2 2 2 2 4

2009 2010 2011 2012 2013
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Thailand (2/3) 

 

  

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Nakhon Phanom13101 Discharge Q1 Field 2 2 2 2 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 2 6

Q2 Field

Q3 Summary x x x

Q4 Vel x 2 2 2 2 4 5 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2

Q5 Vel Sum

Q6 Tidal x

Q7 X-Secction 2 1 1 1 1 1 1 1 1

SSC S1 Field 1 2 4 4 4 4 4 1 2 2 2 2 1 4

S3 SSC 2 2 2 2 2 4 4 4 4 2 2 2 2 2 1 4

S4 SSC 2 2 2 2 1 4

S8 SSC-GSA

Bedload S5 Field

S7 GSA

ADP

ADCP

Mukdahan 13402 Discharge Q1 Field 2 2 2 2 4 4 4 4 4 4 3 3 2 2 4 4 4 4 4 4 4 4 4 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 2 4

Q2 Field

Q3 Summary x x x

Q4 Vel x 2 2 4 3 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 1 2 2 2 2 2 4

Q5 Vel Sum x

Q6 Tidal

Q7 X-Secction x 1 1 1 1 1 1 1 1 1 1

SSC S1 Field 2 2 2 2 4 4 5 4 4 5 3 3 2 2 4 3 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 4

S3 SSC 2 2 2 2 4 4 4 4 4 4 3 3 2 2 4 4 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 2 2 2 2 2 4 4 4 4 4 2

S4 SSC 2 2 2 2 4 4 4 4 4 4 3 3 2 2 4 4 4 4 4 4 4 4 3 3 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S8 SSC-GSA 1 2

Bedload S5 Field

S7 GSA

Kong Chiam 13801 Discharge Q1 Field 2 2 2 2 4 4 4 4 4 4 4 3 2 2 2 4 4 4 4 4 4 4 4 2 2 2 2 2 4 4 4 4 4 4 2 2 2 1 4 4 4 4 4 2 2 2 2 2 2 4

Q2 Field

Q3 Summary x 2 2 2 4 6 4 4 4 4 4 4 2 x

Q4 Vel 2 2 2 2 4 4 4 4 4 4 4 3 2 2 2 4 6 4 4 4 4 4 4 2 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 2 4

Q5 Vel Sum

Q6 Tidal 2 2 2 2 2 4 6 4 4 4 4 4 4 2 x 4 4 4 4 4 2 2 2 2 2 2 4

Q7 X-Secction x 1 1 1 1 1

SSC S1 Field 2 2 2 2 4 4 4 4 4 4 4 3 2 2 2 5 6 4 4 4 4 4 4 2 2 2 2 2 4 4 4 4 4 4 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S3 SSC 2 2 2 2 4 4 4 4 4 4 4 3 2 2 2 4 6 4 4 4 4 4 4 2 2 2 2 2 4 4 4 4 4 4 2 2 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S4 SSC 2 2 2 2 4 4 4 4 4 4 4 3 2 2 2 4 6 4 4 4 4 4 4 2 2 2 2 2 4 4 4 4 4 4 2 2 2 2 2 2 2 2 4 4 4 4 4 2 2 2 2 2 2 4

S8 SSC-GSA

Bedload S5 Field

S7 GSA

2009 2010 2011 2012 2013
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Thailand (3/3) 

 

  

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Ban Pak 21302 Discharge Q1 Field 2 2 4 4 2 4 3 4 4 4 3 3 3 4 4 4 4 4 5 4 4 3 3 1

Huai Nam Heung Q2 Field

Q3 Summary x 2 3 4 4 4 4 4 4 4 3 2 2

Q4 Vel 2 2 3 3 3 4 4 4 4 4 4 4

Q5 Vel Sum x

Q6 Tidal x 2 2 3 4 4 4 4 4 4 4 3

Q7 X-Secction 1 1 1 1

SSC S1 Field 4 4 4 4 2 4 4 4 4 4 3 2 3 4 4 4 4 4 4 4 4 3 3

S3 SSC 4 4 4 4 4 4 4 4 4 4 4 3 2 2 3 4 4 4 4 4 4 4 3 3

S4 SSC 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3 4 4 4 4 4 4 4 4 4

S8 SSC-GSA

Bedload S5 Field 2 2

S7 GSA

2009 2010 2011 2012 2013



DSMP 2009 – 2013 Summary & Analysis of Results 

116 

Vietnam (1/2) 

 

  

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Tan Chau 19801 Discharge Q1 Field

19803? Q2 Field

Q3 Summary

Q4 Vel x x

Q5 Vel Sum x x

Q6 Tidal x x x D D D D D D D D D D D D

Q7 X-Secction 1 1 1 1 1 1 x 1

SSC S1 Field 2 2 4 4 4 4 4 2 2 2 2 2

S3 SSC 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 2 2 4 4 4 4 4 2 2 2 2 2 D D D D D D D D D D D D

S4 SSC

S8 SSC-GSA 4 4 2 1 1 1 1 4 4 2 1 1 1 1 1 3 4 3 1 1 1 1 1 1

Bedload S5 Field

S7 GSA

ADP

ADCP +profilesf from bottom sed survey 4? 3? 8 14 14 9

Chau Doc 39801 Discharge Q1 Field

Q2 Field

Q3 Summary

Q4 Vel x x

Q5 Vel Sum x x

Q6 Tidal x x x D D D D D D D D D D D D

Q7 X-Secction 1 1 1 1 1 1 x 1

SSC S1 Field 2 2 4 4 4 4 4 2 2 2 2 2

S3 SSC 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 2 2 4 4 4 4 4 2 2 2 2 2 D D D D D D D D D D D D

S4 SSC

S8 SSC-GSA 1 1 4 4 2 1 1 1 1 1 3 4 3 1 1 1 1 1 1

Bedload S5 Field

S7 GSA

My Thuan 19804 Discharge Q1 Field

Q2 Field

Q3 Summary

Q4 Vel x x

Q5 Vel Sum

Q6 Tidal x x

Q7 X-Secction 1 1 1 1 1 1

SSC S1 Field

S3 SSC 31 31 30 31 30 31

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

2009 2010 2011 2012 2013
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Vietnam (2/2) 

Site ID Type Form
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Can Tho 39803 Discharge Q1 Field

Q2 Field

Q3 Summary

Q4 Vel x x

Q5 Vel Sum

Q6 Tidal x x

Q7 X-Secction 1 1 1 1 1 1

SSC S1 Field

S3 SSC 31 31 30 31 30 31

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

Vam Nao 980601 Discharge Q1 Field

Q2 Field

Q3 Summary x

Q4 Vel x x

Q5 Vel Sum x x

Q6 Tidal x x

Q7 X-Secction 1 1 1 1 1 1

SSC S1 Field

S3 SSC 31 31 30 31 30 31

S4 SSC

S8 SSC-GSA

Bedload S5 Field

S7 GSA

2009 2010 2011 2012 2013
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Attachment 3:  Bed Material Grain-Size Analysis 
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Bed material grain-size results 
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