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1. INTRODUCTION 

This Paper V, Application of Hydro-Haydraulic Model, describes the various applications made 
with the hydro-hydraulic model. The applications comprise: 

• Dry season flow investigations 

• Hydraulic Impact of Road Embankments 

Effect of increased bridge openings on flood plain inundation • 

• Water balance for Tonle Sap Lake 

The purpose of the dry season flow investigation has been to support the WUP-JICA study in the 
establishment of a dry season flow management system .The dry season flow investigations makes 
use of the discharge and water level data which have been collected at the Chaktomouk junction 
during the 2003 dry season period. The dry season data are used for model calibration as well as for 
application to support the work on dry season flow management system. 

The study of the hydraulic impact of road embankments relates to the conditions during the wet 
season. The purpose of this activity has been to investigate the effect from the major embankment 
constructions since 1920 up to present. The activity contributes to the discussion on changes in flow 
exchange between the Mekong and the Great Lake. 

The study on the effect of increased bridge openings on floodplain inundation was made in order to 
demonstrate the hydraulic impact of construction of road embankments and associated bridges. The 
example presented herein shows clearly the importance of hydraulic studies in connection with 
infrastructure developments in Cambodia. 

The water balance for Tonle Sap Lake was made in order to obtain a quantification of the various 
elements in the water balance. The water balance was based on the results of the mathematical 
model and made on a monthly basis for the years 1998-2002. The water balance is useful for 
understanding the seasonal dynamics of the lake and floodplain system, and it has given support to 
the WUP-JICA study on maintenance of flows. 
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2. DRY SEASON FLOW INVESTIGATIONS 

2.1 Introduction 

The established MIKE 11 model has been used to model the dry season conditions during 2003. 
During the 2003 dry season, discharges have been measured in the four branches of the Chaktomouk 
junction every week. During the weekly measurements, each of the branches was measured three 
times a day. Because the junction is highly affected by tide during the dry season, the discharge 
measurements within a day show significant variation. The three measurements per day are not 
sufficient to resolve the complete tidal variation in the discharge. 

Since daily average discharges were needed to establish downstream flow relations it was intended 
to obtain these (daily average discharge) from the river model, which has been calibrated against the 
measurements obtained during the 2003 dry season. 

This chapter describes the model simulations carried out for the 2003 dry season, as well as the dry 
seasons of 1997, 1998, 1999, 2000 and 2001. The simulations for the past years are useful for model 
verification and for establishment of data sets upon which a downstream flow prediction can be 
tested. 

2.2 Available Data 

The data available for model calibration for the dry season 2003 are: 

Hourly water levels at Tan Chau and Chau Doc • 

• 

• 

• 

• 

• 

• 

• 

Daily water level at Kompong Cham 

Weekly discharge measurements at Kompong Cham 

Hourly water levels at Chrui Changvar and at Chaktomouk 

Three discharge measurements per week (made in one day) at each of the four branches around 
Chaktomouk 

Water level data from Chrui Changvar, Koh Norea, Phnom Penh Port and Chaktomouk stations 
at the same time as discharge was measured 

Rainfall data at Kompong Cham, Phnom Penh, Neak Luong, Koh Khel and Prek Kdam 

Wind data from Pochentong Airport 

The period for which the above-mentioned data are available is January 1 to May 31, 2003, except 
for the water levels at Tan Chau and Chau Doc, which only cover February to April 2003. In the 
month of January, daily water levels were therefore used from these two stations. The data listed 
above are presented in Fig. 2.1 to 2.10 and Table 1. 

The data are in general thought to be quite accurate. The limited number of rainfall stations does not 
give any significant error or bias in the model simulations because there is only little rain occurring 
in the period simulated. 

The water level data are somewhat questionable. The difference between the observed water levels 
at Chrui Changvar and Chaktomouk is shown in Fig. 2.11. It appears that the average difference is 
almost 25 cm, which is not believed to reflect the reality. At the time of writing the report it has not 

V-2  



Vol. II: Supporting Report, Paper V: Application of Hydro-Hydraulic Model
WUP-JICA, March 2004

 

been possible to check whether the benchmarks used from the two stations were correct. However, 
the relative levels from the two stations seem to be all right. 

The wind data stem from only one station, namely Pochentong. The data are daily average velocity 
and direction (see Table 1). It is obvious that one station cannot represent the wind field of the entire 
model area, and also that daily average values of wind velocity and direction will not catch the 
extreme and important events. However, since the wind field is an important force during the dry 
season, data from one station will still be valuable to use, and will give a more correct result (on 
hourly basis) than if it is omitted. 

For the dry season simulations of 1997-2001, hourly water levels at Tan Chau and Chau Doc were 
applied as downstream boundary conditions. Daily water level at Kratie has been used as upstream 
boundary condition for those years. The rainfall data used are described in ref. /2/. The means of 
model verification for the years 1997-2001 are the hourly discharges, which are observed at Tan 
Chau and Chau Doc. 

2.3 Model Simulations - Dry Season 2003 

The MIKE 11 model used for the dry season simulations has been setup during the study, and is 
thoroughly described and reported in ref. /1/ and /2/. 

Simulation period 

The model has been run from January 1 to May 31, 2003. The driving forces in the model are the 
water level boundaries at Kratie, Tan Chau and Chau Doc, the local rainfall and the wind force. The 
latter two are included as distributed input, whereas the water levels are inputs in single points. The 
water level boundary condition at Kratie is seen in Fig. 2.12 whereas the conditions at Tan Chau and 
Chau Doc are seen in Figs. 2.1 and 2.2. 

Roughness coefficients 

It was necessary to further refine the roughness coefficients as compared with the wet season 
simulations. The reason for this is found in the increasing model dependency on accurate bottom 
description at low water levels. The roughness coefficients used in the dry season simulations are 
applicable in the low level part of the cross section profiles, which means that there is no violation of 
the wet season calibration. 

Wind 

It appears that the wind force plays an important role for the resulting discharge (on hourly basis) in 
the rivers during the dry season. Relatively small changes in water level slopes within the lake due to 
wind friction generate an additional discharge in Tonle Sap River which can be significant compared 
to the low flow discharge. The reason for this is that the surface area of the lake is relatively large 
during the dry season. The wind also plays a role during the wet season, but the runoff is so large that 
the additional discharge generated by the wind is minor. 

2.4 Model Results - Dry Season 2003 

Main Results 

The model simulations revealed that it is possible to simulate the dry season discharges with a 
reasonable accuracy. The best prediction was obtained for Koh Norea; for the other stations, some 
discrepancy occurred in parts of the simulated period. The model predicts the phase and amplitude 
of the tidal levels relatively well. However, there seems to be some consistent error related to the 
absolute water levels at Chaktomouk, either associated with the model or with the observed data. 
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Results from model tests with changed cross section configuration appeared to be rather insensitive 
to the change. At present the uncertainty is, therefore, thought as related to the data. A thorough 
investigation of this issue remains. The accurate prediction of the hourly water levels is on the other 
hand not very important. The main output, which will be used from the modelling, is the predicted 
daily discharge. 

The predicted average daily discharge during the 2003 dry season is shown in Figs. 2.18 to 2.22 and 
presented in Table 2. One conclusion is that the daily average discharge based on observations and 
model results respectively, can be quite different. 

An interesting result of the analysis is that the observed daily average discharge in Tonle Sap 
correlates with the daily water level observed at Chaktomouk. This relation is shown in Fig. 2.30a. It 
should be recognised, however, that the number of observations is limited and that the water level 
range is limited to 0.76 m to 2.34 m MSL. Such a relation was not anticipated, and could be the 
coincidental result of the actual data set and timing of measurements. 

A step further was made to produce a relation between the flow at Phnom Penh Port and the water 
level at both Phnom Penh Port and Prek Kdam. A relation of this type is consistent with the 
principles of rating curve derivation at backwater-affected stations. The flow relation is shown 
together with the produced discharges in Fig. 2.30b and 2.30c. It was concluded that a relation 
(rating curve) between the flow at Phnom Penh Port and the water levels at Prek Kdam and Phnom 
Penh Port could be established. 

Detailed Results - Discharges 

Figs. 2.12 to 2.15 show the simulated and observed discharges at Chrui Changvar, Koh Norea, 
Phnom Penh Port and at Monivong Bridge for the entire simulation period. 

The simulated and observed discharge at Koh Norea match quite well. There are various examples in 
Figs. 2.12b to 2.12g, which show that the model picks up the rising and falling part of a tidal cycle. 
One reason why the model predicts fairly well at this location is that the section has a downstream 
control. 

The agreement between simulated and observed discharges is acceptable for Chrui Changvar (see 
Figs. 2.13a to 2.13g), although it is less good compared to Koh Norea. This is partly because the 
station has no downstream control, but is dependent on the conditions in the three other branches at 
Chaktomouk. However, the model picks up the daily discharge variation. 

The simulated discharge in Tonle Sap River at Phnom Penh Port is also acceptable (see 
Fig. 2.14a(1/2), (2/2) to 2.14g). Results in Figs. 2.14a(1/2),  2.14b to 2.14g include wind action, 
although these are given as daily averaged wind direction and velocity. For comparison with 
Fig. 2.14a(1/2), the results at Phnom Penh Port from a simulation with no wind included are shown 
in Fig. 2.14a(2/2). It is seen that the variation in hourly discharges is not obtained if the wind is 
omitted. Reverting to Fig. 2.14a(1/2) -including wind- it is on the other hand seen that the model 
does not pick up some of the discharges. The reason for this is likely to be due to more extreme wind 
conditions which are not included in the available wind data, since these are daily averages. Even a 
few hours with large changes in wind velocity will change the discharge significantly. It is also 
likely that there is a spatial variation of the wind field, which is not obtained by only one available 
station. For the mentioned reasons there has been no further attempt to achieve better results, since 
the input to the model would rely on many assumptions. 

The simulated and observed discharges at Monivong Bridge are seen in Figs. 2.15a to 2.15g. 
Discharge in the Bassac river is low in the dry season, and even return flow occurs. The return flow 
is believed to be associated with wind from the south. In the month of April there are frequent return 
flows in the Bassac River (see Fig. 2.10). Exactly the model picks none of these up, although the 
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model simulates a few situations with return flow in March/April. The reason for this is probably a 
combination of lack of extreme wind data, and also inaccuracy of the topographical data. Especially 
at the entrance to the Bassac River it is important to have accurate topographical data. The present 
cross sections in the model at this location stem from the hydrographic surveys in 1998 and the 
configuration of the riverbed at the entrance has most likely changed since then. 

Detailed Results - Water Levels 

The simulated and observed water levels at Chrui Changvar and at Chaktomouk are seen in 
Figs. 2.16 and 2.17. From the detailed plots in Figs. 2.16b to 2.16g, it is seen that the general level at 
Chrui Changvar is represented by the model, so is the tidal phase. However the amplitudes are larger 
in the measurements than in the simulations. In actual fact the measurements reflect water surface 
disturbances due to wind action on top of the tidal amplitude. These small-scale water level 
disturbances are not represented in the model. 

The simulated and observed water levels at Chaktomouk (Figs. 2.17a to 2.17g) show almost a 
constant water level difference. This difference is approximately 20 cm. Various test simulations 
have been carried out with changed channel roughness and also cross section geometry. Since the 
model is rather insensitive to these changes, it is concluded that the observed water levels may have 
a datum error associated. However, the simulated phase and amplitude of the tide is well in 
accordance with observations. The tidal variation at Chaktomouk is driven by the water level 
variation at Chau Doc and Tan Chau. Since the tidal phase as well as the various single and double 
peaks at Chaktomouk is well represented by the model, an additional conclusion arises: the water 
level observations at Chau Doc/Tan Chau and Chaktomouk are consistent. The issue, which remains 
to be checked, is the zero gauge datum at Chaktomouk. 

Detailed Results - Daily Average Discharge 

One of the purposes of the dry season modelling is to support the discharge-monitoring programme, 
which has collected three measurements per day in each of the four river branches. Ideally the 
measurements would provide sufficient data for model calibration, and in return the model would 
provide hourly results, upon which daily averages or other data extractions could be made. 

Initially a comparison of the daily average discharge from the model (based on 24 hourly values) 
and the average discharge using the collected data (based on 3 measurements per day) was made. 
Fig. 2.18 shows the daily average discharge from the model simulations at the four river branches. 
These daily average discharges are also presented in Table 2. In Figs. 2.19 to 2.22 the daily average 
discharge for each station is plotted together with the daily average discharge derived from the 
monitoring campaign. As expected, the two averaged discharges vary on some days and at other 
times they are close to each other. It is somewhat surprising that the daily average discharge (model 
and measurements) at Phnom Penh Port is relatively close to each other. 

Detailed Results - Discharge Relations 

At the Chaktomouk junction, the flow splits into: (1) the lower Mekong branch; (2) the Bassac; and 
(3) the Tonle Sap River. At rising flood the flow in these branches becomes dependent on the flow in 
the Mekong upstream of Chaktomouk. In the receding flood, the flow in Tonle Sap is towards the 
Chaktomouk junction. Therefore the flows in Mekong downstream of the junction and in the Bassac 
become a function of the total flows upstream of the Chaktomouk junction. 

If there is any relation between the flows at the four stations around the Chaktomouk junction (Chrui 
Changvar, Koh Norea, Phnom Penh Port and Monivong Bridge), the relation will be most clear 
during the rising flood. During the falling period, it could not be expected that there is any relation 
between the flows in the Tonle Sap River and the other branches at Chaktomouk.  This is observed in 
Figs 2.23 to 2.25 in which the daily average discharge at Chrui Changvar is plotted against the daily 
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average discharges at Koh Norea, Phnom Penh Port and Monivong Bridge and from it is seen that 
especially the measurements show quite some scatter. 

If the flows upstream of the junction (Chrui Changvar plus Phnom Penh Port) are added, then the 
relations to downstream flows become more clear. This is seen from Figs. 2.26 and 2.27. Assuming 
a linear trend in the model predictions (Fig. 2.26), the result is that 93% of the upstream flows is 
found in the Mekong downstream of the Chaktomouk junction. Correspondingly 7% is found in the 
Bassac River. This distribution can be assumed to be valid in the recession period from February to 
April. 

It is likely that the discharge at Chrui Changvar can be assessed by either a rating curve or by some 
relations between the flow at Kompong Cham and the flow at Chrui Changvar. The remaining flow 
component for downstream flow prediction is the flow in Tonle Sap at Phnom Penh Port. During the 
recession period a relation between the discharge in the Mekong and the discharge in the Tonle Sap 
could not be set. Hence one is left with the only option being a rating curve for Phnom Penh Port. 

Detailed Results - Discharge Rating Curve 

A discharge-rating curve could not be set for Phnom Penh Port for hourly data in the dry season. 
This is clear from Fig. 2.28 showing simulated hourly discharge versus hourly water level at Phnom 
Penh Port. The reason is that the station is tidally affected. This is also confirmed by plotting the 
observed discharges versus the observed water level (instantaneous) from the dry season 2003 
against each other (see Fig. 2.29). 

A daily average discharge can be established by averaging the hourly discharge values in a 24-hour 
time frame.  The problem is to assess the corresponding water level for this discharge. The 
corresponding water level is NOT the daily averaged water level. The corresponding water level is 
also NOT the water level taken at a specific time, say e.g. 7 o’lock. 

However, one may take a practical approach and obtain as much as possible from the data collected. 
The average discharge of the measurements during the dry season is plotted against the 7 o’clock 
water level at Chaktomouk in Fig. 2.30a. The water level at Chaktomouk is directly accessible and 
can be obtained for a good number of years back in time. It appears from Fig. 2.30a that a linear 
relation between the average discharge and the 7 o’clock water level at Chaktomouk can be 
established. Obviously this relation can only be assumed within the water level range observed in the 
dry season 2003, which is 0.76 m to 2.34 m MSL. The surprising thing is that the discharge can be 
related to the water level at only one station (there is backwater in Tonle Sap River) and also at a 
fixed time (7 o’clock). The relative good fit in the relation may also be due to the limited number of 
data sets. 

Instead of the above-mentioned relation it would be more correct to relate the discharge at Phnom 
Penh Port to the water level at both Phnom Penh Port and Prek Kdam. Such a relation was consistent 
with the principles of rating curve derivation at backwater-affected stations. The relation was made 
on basis of model results. The outcome is seen in Fig.  2.30b and 2.30c. It was concluded that a 
relation (rating curve) between the flow at Phnom Penh Port and the water levels at Prek Kdam and 
Phnom Penh Port could be established. 

2.5 Model Simulations - Dry Seasons in 1997-2001 

The calibrated model for the dry season in 2003 has been used to simulate the dry season conditions 
for the years 1997 to 2001. The reason that these years have been selected is that hourly water level 
at Tan Chau and Chau Doc is available as boundary condition in this period. Using the calibrated 
model parameters from the 2003 dry season simulations, the 1997 to 2001 dry season simulations 
give a reasonable prediction of the conditions in the river system in those years. 

V-6  



Vol. II: Supporting Report, Paper V: Application of Hydro-Hydraulic Model
WUP-JICA, March 2004

 

It was found during the 2003 dry season simulations that the wind plays an important role for the 
instantaneous discharge. However, for prediction of the daily averaged discharge, the wind plays a 
less important role. On this basis it is concluded that the 1997-2001 dry season simulations for which 
there are no wind data (for the entire period) still give a reasonable result. 

2.6 Model Results - Dry Seasons in 1997-2001 

There are no detailed discharge measurements within the model area in the dry seasons of the years 
1997-2001. The only discharge records available are the hourly measurements at Tan Chau and 
Chau Doc, which happen to be the two downstream boundaries of the model. The discharge 
measurements at these stations serve as a verification of the dry season model because water levels 
are specified as boundary condition at these stations. 

Two different types of discharges are compared in the following, the observed and simulated daily 
average discharge, and the observed and simulated hourly discharge. 

Hourly discharge 

The comparison of simulated and observed hourly discharges at Tan Chau is made for verification of 
the model. It can generally be concluded that if the hourly discharges compare well, it is possible to 
extract any time scale from the model results, and they will be reasonably valid. Hence the daily 
average discharge will be correct if the model represents the hourly data. It will also be possible to 
extract model results at specific times, e.g., 7 o’clock values. 

Figs.  2.36 and 2.37 show an example of simulated and observed hourly discharge at Tan Chau. The 
conclusion from the figures is that the model is able to predict the tidal dynamics at Tan Chau. 

Daily average discharge 

The observed daily average discharge at Tan Chau is simply obtained by averaging the 24 hourly 
values of each day. The same averaging is applied on the model results, which are stored for each 
hour. Figs. 2.31 to 2.35 show the observed and simulated daily average discharge at Tan Chau for 
each of the dry season periods of the years 1997-2001. 

Figs. 2.31 to 2.35 present the main conclusion that the model is able to predict the measured 
discharge at Tan Chau during the dry season. This verifies that the model has the correct roughness 
distribution in Bassac/Mekong branches downstream of Chaktomouk, and also that the discharge 
contribution from the Great Lake and upstream Mekong are well estimated. 

The prediction matches the observations best in the very dry part of the periods, late March and April. 
However, once the critical period (critical for low flows) occurs, the match between observations 
and simulation results is acceptable. 

The daily average discharges at Chrui Changvar, Koh Norea, Phnom Penh Port and Monivong 
Bridge during the dry seasons of the five years are presented in Tables 3 to 7. 

2.7 Conclusion 

The mathematical model has proven capable to simulate the dry season flow conditions with 
reasonable accuracy. Since the Chaktomouk junction is highly affected by tide in the dry season, it is 
not possible to derive daily average discharge in this period based on data, unless these are obtained 
on hourly basis. However, because the model was calibrated against measurements, the model could 
be used for this purpose and it was decided to use it for the generation of daily average flows in the 
river branches around the Chaktomouk junction. Prior to the dry season measuring campaign, the 
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model was used to give indications of the significance of the tidal effect, and thereby provide 
guidance on location and timing of the measurements. 

Detailed findings were obtained with regard to the discharge and water level variations at Chrui 
Changvar, Koh Norea, Phnom Penh Port and Monivong Bridge. The model predicted best the 
discharge variation at Koh Norea. One of the findings of the study was that the wind plays an 
important role for the prediction of hourly discharges, which in turn produces daily average 
discharge. 

The model results were used to derive a possible relation between the discharges in the Mekong and 
Bassac downstream of the junction as a function of upstream flows. Within the range of dry season 
flows simulated, a linear relation could produce this flow relation. Data substantiated the derived 
flow relation. 

Further, the observed average daily discharge (based on only 3 values per day) in Tonle Sap River at 
Phnom Penh Port showed to be fairly well-correlated with the observed daily (7 o’clock) water level 
at Chaktomouk. Such a relation was not anticipated, and could be the coincidental result of the actual 
data set and timing of measurements. Hence a relation was produced (based on model results) which 
accounted for the water level at both Phnom Penh Port and Prek Kdam. Such a relation was 
consistent with the principles of rating curve derivation at backwater-affected stations. It was 
concluded that a relation (rating curve) between the flow at Phnom Penh Port and the water levels at 
Prek Kdam and Phnom Penh Port could be established. 
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3. HYDRAULIC IMPACT OF ROAD EMBANKMENTS 

3.1 Introduction 

The established model has been used to determine the changes in the discharge hydrograph in the 
river system as a result of the construction of the major road embankments between the Mekong and 
Tonle Sap rivers during the last century. 

The following major periods representing the different stages in the embankment construction can 
be identified: 

Prior to 1920s:  there were no significant road embankment • 

• 

• 

• 

Between late 1920s and 1940s:  embankment on Road 61 and Road 6 

Between 1940s and 1960s:  embankment on Road 61, Road 6, and Road 7 

After 1960s:  embankment on Road 61, Road 6, Road 6A and Road 7 

The different roads with embankment locations are shown in Fig. 3.1. 

The simulations carried out used the existing model setup and topography as a basis. Therefore, the 
simulations do not represent the true physical conditions in the periods mentioned above, but rather 
the present day situation if the embankments are removed. In order to represent the situations of the 
above periods correctly, it is necessary to obtain river and floodplain topography, discharge and 
water level hydrographs as well as rainfall from the different periods in time. Not all of these data are 
available; hence the adopted approach was the closest representation of the historical periods 
specified. Given this, it has not been attempted to use hydraulic data from these periods. Instead the 
hydrograph from years 2000, 2001 and 2002 have been used in the simulations. The existing river 
model setup has been modified to represent the embankment condition in the four periods 
mentioned. 

3.2 Model Setups 

After 1960s 

After 1960 all embankments of Roads 61, 6, 6A and 7 existed, with the embankment of Road 6A 
being the latest one built. Obviously there has been changes to the embankment height as well as the 
number and size of the bridges along Road 6 and Road 6A in recent years and all of these are 
reflected in the existing model setup. Since the purpose of the modelling was to determine the 
overall effect of embankment or no embankment, there has been no attempt to change the bridge and 
embankment layout for the period between 1960 and the present day. Hence the model setup used 
for the period after 1960 was identical to the present day model. A close-up of the model branch 
layout between the Mekong and Tonle Sap rivers is seen in Fig. 3.2, top. 

1940s to 1960s 

Before 1960 the road embankment of Road 6A did not exist. The schematisation of bridges along 
this road was therefore removed from the existing model, and two additional link channels were 
introduced between the Mekong and the floodplains on the southern end of Chrui Changvar. The 
latter was made to provide for over-bank flows at multiple locations. The road embankments of 
Road 61, 6 and 7 did however exist and are part of the model schematisation. The model layout for 
this situation is shown in Fig. 3.2, middle. 
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1920s to 1940s 

During the late 1920s, Roads 61 and 6 were constructed. Hence the schematisations of these road 
embankments from the existing model setup were kept unchanged. However, at this time the 
embankment of Roads 6A and 7 did not exist. The only implication the latter has in the model relates 
to Moat Khmun Bridge and the road embankment from Kompong Cham to the bridge. Thus the 
bridge and embankment schematisation at this location was taken out of the existing setup to provide 
a setup that represents the situation between 1920s and 1940s. The model branch layout is identical 
to the one for 1940s to 1960s, since it is only the cross section at the moat of Khmun bridge that has 
been changed. 

Prior to 1920 

There were no major embankments constructed prior to 1920. All embankment and bridge 
schematisations between the Mekong and the Tonle Sap rivers have therefore been taken out of the 
existing model setup. Besides this it was necessary to introduce two additional floodplain channels, 
which join the northern and southern portions of the floodplain that was later intersected by Road 61. 
The model layout for this situation is shown in Fig. 3.2, bottom. 

3.3 Model Results 

Effect on discharges 

The simulated discharge at Chrui Changvar is seen in Fig. 3.3, top. It is seen that the discharge for 
the “prior to 1920” situation is significantly lower during peak flood than the other model setups. 
The discharge is reduced because a large portion of the flow has spilled into the flood plains towards 
the Great Lake between Kompong Cham and Chrui Changvar. The three other setups show almost 
identical discharges at Chrui Changvar. 

Similarly the simulated discharge at Prek Kdam (see Fig. 3.4) is significantly different from the 
other set-ups, which are almost identical. It can be concluded from the plots on Fig. 3.3 and 3.4 that 
the setups describing the 1920-1940, 1940-1960 and the 1960-present periods give almost identical 
model results. 

On this background it is only the present model setup (described from 1960 up to present day) and 
the setup prior to the 1920s that are compared and analysed in the following. 

As mentioned the discharge at Chrui Changvar is significantly reduced if there are no embankments 
at all between the Mekong and Tonle Sap rivers (see Fig. 3.3, top). The discharge is instead diverted 
to the floodplains between the Mekong and Tonle Sap rivers, and flows towards the Great Lake. 
With no embankments, a larger part of the Mekong discharge flows to the Great Lake via the 
floodplains and, consequently, the peak discharge at Prek Kdam is reduced compared to the present 
situation with embankments (see Fig. 3.3, bottom). Since the route to the Great Lake is shorter via 
the floodplains than via the river system, the lake fills up faster if no embankment is present. This 
has the consequence that the flow in Tonle Sap River reverses towards Phnom Penh two weeks 
earlier than with the present system of road embankments. This phenomena could be seen from 
Fig. 3.3, bottom. 

It can also be seen from Fig. 3.3 that: (1) the peak outflow from the lake is only slightly reduced, 
(2) the total outflow volumes from the lake are larger (whereas the inflow volumes are significantly 
reduced), and (3) that the low flows by the end of the dry season have increased. The reason for the 
latter is that the lake receives more water in total if no embankment is present. With the resulting 
higher water levels in the Great Lake, the dry season flows are enhanced. 
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The simulated discharge at Koh Norea is shown in Fig. 3.4, top. The increased peak discharge at 
Koh Norea is mainly caused by a shift in flow proportions between the Mekong and the Bassac 
rivers. Hence the increase in discharge (during peak) is balanced by a decrease in the discharge in 
Bassac (see Fig. 3.4, bottom). Another important feature is that the low flow discharges at Koh 
Norea increase by about 1000 m3/s if there is no embankment present. 

Water Balance 

A total water balance has been made for the river and floodplain system for each of the three years 
simulated. The period for which the balance was calculated was June 1 to November 1. 

The result of the water balance is seen in Figs. 3.5, 3.6 and 3.7, which show the balance for each of 
the years simulated. Each figure shows the balance for two situations: (1) with the existing 
embankment situation (right), and (2) without any embankment (left). 

There is not a major difference between the water balances derived from the simulations using the 
different hydrographs of 2000, 2001 and 2002. The reason is that all three years are similar in 
magnitude. 

However, there are significant differences between the water balances of the present embanked 
situation and the situation with no embankment (see each individual set of Figs. 3.5, 3.6 and 3.7). 
The main difference relates to the total loss between Kompong Cham to Chrui Changvar as well as 
to the distribution of floodplain flows to either side along this reach. Thus the total loss is about 
12-14% (of Kompong Cham flow volumes) for the embanked situation, and 20-23% for the situation 
with no embankment. Of this loss, roughly 50% flows to each side in the embanked situation, 
whereas 60% flows into the right bank floodplains in the non-embanked situation. 

In terms of actual flow volumes, the flow volume towards the Great Lake via the floodplains is about 
three times larger in the non-embanked situation than in the embanked situation. This phenomenon 
has direct effect on the flow volumes in the Tonle Sap River, which has become correspondingly 
smaller. 

Downstream of the Chaktomouk junction there is a difference in the distribution of flow volumes 
between the Bassac and Mekong rivers. In the embanked situation the volumes are larger in the 
Bassac River than in the non-embanked situation. 

3.4 Conclusions 

The conclusions that can be made on the basis of the foregoing analysis are: 

The major change in the floodplain and river flow pattern occurred when the road embankments 
of Road 6 and Road 61 were constructed. 

• 

• 

• 

• 

The various embankment constructions between the Mekong and Tonle Sap rivers since the 
embankments of Road 6 and Road 61 were made have had little impact on the flow distribution 
in and between rivers and floodplains. Thus the embankment of Road 6A has not modified the 
flow exchange between the Mekong and Tonle Sap rivers significantly. 

With no embankment between the Mekong and Tonle Sap rivers, the overland flow on the 
floodplains towards the Great Lake will increase. As a consequence, less flow occurs at Chrui 
Changvar and the inflow to the lake through the Tonle Sap river decreases. 

In contrast to this, the outflow volume from the Great Lake as well as low flow levels in the 
Tonle Sap River increases if no embankment is present. This is so because the lake receives 
more water (in total) if embankments are not present. 
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The flow reversal (from inflow to outflow) in the Tonle Sap River occurs about 2 weeks earlier 
if embankments are not present. The reason for this is the shorter overland flow route, which 
causes the lake to fill faster and thus reach its maximum water level earlier. 

• 

 

4. EFFECT OF INCREASED BRIDGE OPENINGS ON FLOODPLAIN 
INUNDATION 

4.1 Introduction 

The simulations with the model have shown that the existing road embankments and bridge 
openings in the floodplains are major controls for the flows. There are significant hydraulic 
gradients across road embankments at various locations in the floodplains, e.g., across Road 6 and 
Road 1. It appears that floodplain flows are impeded at various locations due to insufficient bridge 
openings. This creates high flow velocities in the vicinity of the bridges, and damaging effects of 
local scour has already been observed (e.g., Bridge F3 on Road 6). High water levels on the 
upstream side of the embankments have also been observed. 

As an application example, the model has been used to simulate the effect of increased bridge 
openings along Road 1 east of Neak Luong. The increase in bridge span was arbitrarily selected. The 
location of the embankment and Road 1 is shown in Fig. 4.1. 

4.2 Model Tests 

The model has been run with the year 2002 hydraulic conditions, both for the existing 
set-up (condition) and for the situation with increased bridge spans. 

Fig. 4.1 shows a longitudinal profile of water level (at peak flood, year 2002) from upstream to 
downstream of the existing bridge located on Stung Sloat. It is seen that a significant gradient in the 
water level exists. There is almost a one meter difference from up- to downstream of the bridge. Part 
of this is a difference if naturally due to the head loss which the bridges along Road 1 create. 

In the test simulation, the bridge openings have been increased by a factor of 3, and the 2002 
simulation was repeated. Fig. 4.2 shows the effect of the increased opening on the water levels up 
and downstream of the bridge as well as the effect on the discharge. The water levels on the 
upstream side decreases with approximately 0.5 m, and on the downstream side (only vicinity of 
bridge) the levels increase by 0.2 m. The effect on the discharge is an increase of 500 m3/s from the 
original 3,000 m3/s. 

The effect on the water level is felt over a long distance. This is seen from Fig. 4.3, which contain 
flood maps for the existing and the test situation, as well as a water level difference map. The latter 
shows that the upstream effect reaches more than 30 km upstream. 

In the particular test simulation, there are only small differences in the upstream flood extent 
between the existing and the test case. However, the effect on the water levels is pronounced, 
whereas the effect on the discharge appears smaller. The actual numbers from the test simulation 
should only be used to illustrate that infrastructure such as road embankments and bridges have not 
only local effect in the flood plain area. 
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4.3 Conclusions 

The application example presented in this paragraph leads to the following conclusions: 

The presence of road embankments in the Cambodian floodplains significantly impedes the 
flows across the plains. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

The large water level gradients which results from the presence of the road embankments creates 
large flow velocities and potential scour at existing bridge sites. 

Increased bridge spans on the road embankments can lead to a significant reduction of the 
hydraulic gradient and thereby eroding power. 

The reduction in water level on the upstream side of road embankments (due to increased bridge 
spans) is felt over long distances, in the example, over 30 km. 

Since there is potential hydraulic impact in larger areas of the floodplains, it is recommended 
that infrastructure projects be associated with hydraulic studies. 

 

5. WATER BALANCE OF THE TONLE SAP LAKE 

5.1 Introduction 

The present chapter describes the outcome of a water balance study of the Tonle Sap Lake. The 
bases for the water balance assessment are the model results from 1998-2002. 

5.2 Water Balance Assessment 

The water balance of the Tonle Sap Lake has been assessed with the model for the years 1998-2002. 
The years represent the range from dry years to extreme wet years. The water balance assessment 
was made on a monthly basis using the model results from the 1998-2002 simulations. The 
1998-2002 simulations have water level and discharge results stored at daily increments; hence the 
discharge results have been converted to volumes and lumped to give monthly results. 

The following elements were included in the assessment of the water balance of the lake: 

Runoff from the Tonle Sap Lake Basin (sub-catchments around the Lake) 

Direct rainfall on the lake 

Evaporation from the lake 

Inflow from Tonle Sap River 

Overland flow from Mekong 

The model obtained all of these elements. The monthly contribution from each of the elements were 
calculated and added together to give a total monthly volume change in the lake. This total monthly 
volume change of the lake has been compared with the observed monthly volume change. The 
observed monthly volume change was determined by use of the observed water level at Kompong 
Luong and a relation between lake level and lake volume. 
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(1) Volume change based on inflows/outflows 

The five contributions to the volume change of the lake were derived in the following 
manner: 

(a) Runoff from the Tonle Sap Lake Basin 

The rainfall-runoff model is applied to provide the inflows from the tributaries around 
the lake. The runoff results mentioned in Subsection 3.1.6 and shown in Fig. 3.86 to 
3.97 (of the accompanying Paper 4: Development of Hydro-Hydraulic Model for the 
Cambodian Floodplains) are used for this contribution. However, for the water balance 
assessment the total catchment runoff was reduced for the direct rainfall on the part of 
the sub-catchments that gradually become inundated during the wet season. 

The explanation is the following. In the model, direct rainfall is only occurring on the 
dry season lake area. The direct rainfall on the wet season lake area is indirectly 
accounted for in the catchment runoff computation because the total sub-catchment 
areas are used. The net result of this approach is the same as if a reduced sub-catchment 
size due to inundation is accounted for in the runoff modelling and a correspondingly 
larger lake area is exposed to direct rainfall. However, for the present determination of 
the water balance, it is necessary to include the changing surface area of the lake. 

(b) Direct Rainfall on the Lake 

The direct rainfall on the dry season lake is shown in Fig. 3.102 (of the accompanying 
Paper 4: Development of Hydro-Hydraulic Model for the Cambodian Floodplains). 
Rainfall is the average of 4 to 7 stations scattered around the lake, the number being 
dependent on each years availability. This rainfall is scaled to account for the changed 
surface area of the lake. The surface area is obtained from the level-area relation, which 
has been derived for the lake, and the observed monthly averaged water level at 
Kompong Luong. The level-area curve for the lake is shown in Fig. 3.115 (of the 
accompanying Paper 4: Development of Hydro-Hydraulic Model for the Cambodian 
Floodplains). For water levels above 2 m, the lake area can be determined by the 
following relation: 

Lake Area  = 1197.7 * WaterLevel + 1215.7 

The lake area is in km2 and the water level is that of Kompong Luong and given in 
meters. 

The direct rainfall on the lake is converted into volume. 

(c) Evaporation of the Lake 

The monthly evaporation rates shown in Table 3.3 (of the accompanying Paper 4: 
Development of Hydro-Hydraulic Model for the Cambodian Floodplains) are applied 
to the changing lake area and converted into volume. The determination of the lake area 
is described above. 

(d) Inflow from Tonle Sap River 

The inflow from the Tonle Sap River was extracted from the calibrated river model. 
Through the branched system, the model separates between river channels and flood 
plain channels. It is thus straightforward to extract the discharges from the Tonle Sap 
River. The discharges are converted into volumes. 

V-14  



Vol. II: Supporting Report, Paper V: Application of Hydro-Hydraulic Model
WUP-JICA, March 2004

 

(e) Overland flow from the Mekong 

The same explanation as for Tonle Sap River inflow applies. 

(2) Volume change based on observations 

The observed volume change in the lake was determined by use of the recorded water level 
at Kompong Luong in the Great Lake and the established relation between the water level 
and the lake volume. 

The relation between water level and volume is shown in Fig. 3.105 (of the accompanying 
Paper 4: Development of Hydro-Hydraulic Model for the Cambodian Floodplains). The 
observed water level at Kompong Luong is seen as part of Fig. 3.122, top, (of the 
accompanying Paper 4: Development of Hydro-Hydraulic Model for the Cambodian 
Floodplains). By taking the average water level in one month and determining the 
corresponding volume, it is possible to calculate the actual lake volume as well as the 
monthly volume change. 

(3) Results of water balance assessment 

The results of the volume change based on inflows/outflows are seen in Fig. 5.1 to 5.7. Fig. 
5.1 shows the results from 1962-63 (reprinted from ref. /3/), and is included for historical 
reference. Fig. 5.2 shows the results for all of the years 1998-2002, whereas Fig. 5.3 to 5.7 
shows the results from each of the years. 

The figures show the monthly volume change for five contributions: (1) Evaporation of the 
lake, (2) Runoff from the Tonle Sap Lake Basin, (3) Inflow from Tonle Sap river, 
(4) Overland flow from Mekong, and (5) Direct rainfall on the lake. Positive values mean an 
increase of the lake volume and a negative value is correspondingly interpreted as a decrease 
in lake volume. By this notation the runoff from the lake basin is always positive or zero, the 
evaporation is always negative, and the flow from/to the Tonle Sap River is positive during 
the rising monsoon and negative in the falling part when the flow reverses. 

The figures show some important features. First of all the contributions to volume change 
have the following ranking (most significant first, sign disregarded): (1) flow from Tonle 
Sap, (2) runoff from Tonle Sap Basin, (3) overland flow from Mekong, (4) direct rainfall on 
the lake, and (5) evaporation of the lake. This is concluded when all years are considered 
and accumulated values taken. The ranking is however changing with years (compare, e.g., 
1998 with 2001) and also on a monthly basis. 

It is noteworthy that the largest monthly contribution of runoff from the Tonle Sap basin 
itself always occurs in October (with the exemption of 1999). October is also the month 
where the flow is reversed in Tonle Sap River and water flows out of the lake. Therefore the 
volume contribution becomes negative. This holds for all years simulated. This was also the 
case in 1962-63. Except for 1999 the maximum volume flowing out of the lake occurs in 
November. 

The overland flow contribution from the Mekong is dependent on the magnitude of the flood, 
i.e., the conditions upstream of Cambodia. Thus in a dry year like 1998, there is almost zero 
overland flow, and in wet years such as 2000 and 2001, this contribution is significant. 

One important observation is that the local runoff from the Tonle Sap Basin does not change 
proportionally to the magnitude of the flood (i.e., 1998 was a dry year, 2000 was a wet year). 
So, the results reflect also the regional variation of rainfall pattern. 
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The results of volume change based on observations are seen in Fig. 5.8 and 5.9. The 
absolute volumes have been determined by a combination of the observed water levels at 
Kompong Luong and a relation between level and volume for the lake. 

Fig. 5.8 show the absolute lake volumes in each month from 1998-2001 as well as the 
monthly volume change. The latter is determined as the difference between the absolute 
monthly volumes. 

The observed monthly volume change is compared with the volume change based on 
inflows/outflows. This comparison is shown in Fig. 5.9. The figure shows that there is a 
relatively good match, considering all the uncertainties and assumptions in the modelling of 
inflows/outflows. The month of October always shows a discrepancy: the inflow/outflow 
assessment predicts a negative volume change, whereas the observations suggest a positive 
change. The reason for the inflow/outflow assessment to be negative is that the outflow 
through Tonle Sap is larger than the direct rainfall and basin runoff in October (see Fig. 5.2). 
It should be mentioned that this balance is sensitive to both assessments of inflows and 
outflows, with the net difference being maximum 8 x 109 m3, or approximately 10% of the 
lake volume in October. 

5.3 Conclusions 

The water balance analysis of the Great Lake has been made for the years 1998 to 2002. The water 
balance has been made on a monthly basis using model results. The seasonal dynamics of all the 
elements in the balance (Tonle Sap river flow, overland flow, basin runoff, direct rainfall, 
evaporation) is consistent from year to year, and proportionally and also in absolute terms 
comparable to the findings from 1962/63, ref. /3/, which was based on observations. 

Detailed conclusions of the analysis include: 

The contributions to the lake have the following ranking (largest contributor first):  (1) Flow 
from Tonle Sap, (2) Runoff from Tonle Sap Basin, (3) Overland flow from Mekong, (4) Direct 
rainfall on the lake, and (5) Evaporation from the lake. 

• 

• 

• 

• 

• 

The month of October has the largest contribution of local basin runoff. During this month the 
net flow in Tonle Sap River is towards Phnom Penh. 

The local basin runoff does not show as much year-to-year variation as the Tonle Sap river flow 
or the overland flow. 

The year of 1998 had almost no overland flow. 

The monthly volume changes in the lake based on inflows/outflows are comparable to the 
monthly volume change which can be determined by combining the observed lake water levels 
with the level-volume relation of the lake 
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6. CONCLUSIONS 

The mathematical model established as part of the WUP-JICA study has been applied for a number 
of applications. These include: (1) Dry season modelling, (2) Hydraulic impact of road 
embankments, (3) Effect of increased bridge openings, and (4) Water balance assessment for the 
Great Lake. The detailed conclusions from each of these applications are found at the end of each 
paragraph in this paper. 

The following are general conclusions and information: 

The model system is fully capable of simulating both wet and dry season conditions in the 
Mekong river system and associated floodplains of Cambodia. 

• 

• 

• 

• 

• 

• 

The model has been used in a parallel study (Tonle Sap Lake & Vicinities Project, ref./4/) for 
detailed assessment of the functional role of the floodplain compartments, exchange of flows 
between rivers and floodplains, and detailed water balance assessment for the flood plains. The 
combined data sets provided by the WUP-ICA and TSLV studies have been essential for the 
model verification. 

The model is at a stage where it can be used for detailed hydrologic studies, whether these are 
concerning wet or dry seasons. The applications, which have been made so far, are mainly 
concerned with the wet season (impact of road embankments and bridges). The dry season 
application has given support to the WUP-JICA work on establishment of a dry season flow 
management system. 

MRC staff used the model system during the 2003 monsoon to provide daily and forecasted 
flood maps on a daily basis. The flood maps were published to the MRC Flood Information 
Webpage. 

The model system is flexible, and can be expanded/improved in future as necessary. It also has 
the capability to easily link with two-dimensional models for very detailed floodplain studies. 

Staffs from MRCS and the Department of Hydrology and River Works under the Ministry of 
Water Resources, Cambodia, have received training on the use of MIKE 11 and the actual model 
set-up for the Mekong River and floodplain system. 
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Table 1 Wind Data from Pochentong Airport, 2003 

(Daily Average of wind direction and velocity taken at 10 m altitude) 
Date

Direction Velocity Direction Velocity Direction Velocity Direction Velocity Direction Velocity
1 NE 4 N 4 SE 4 NE 4 NE 4
2 NE 3 SE 3 SE 5 S 5 S 4
3 NE 7 NE 4 SE 5 SE 3 S 3
4 NE 5 SE 7 SE 5 NE 4 S 6
5 NE 6 E 7 SE 6 SE 3 S 4
6 NE 3 NE 4 SE 5 SE 4 SW 3
7 N 4 NE 3 SE 5 SE 4 S 4
8 NE 4 W 3 S 4 SE 4 SE 4
9 N 4 S 3 NW 3 SE 4 SE 9
10 NE 5 SE 5 SE 5 SE 4 S 4
11 N 4 S 4 SE 5 SE 4 NE 4
12 N 4 NE 3 S 5 S 5 SE 3
13 NE 4 S 4 S 5 S 4 S 5
14 N 4 SE 5 S 5 SE 4 W 4
15 NE 5 S 4 SE 4 SE 4 W 5
16 NE 4 S 5 SE 5 S 4 SW 6
17 NE 4 SE 4 SE 4 SE 4 SW 5
18 NE 3 SE 5 S 4 S 4 W 16
19 NE 4 SE 4 SE 5 SW 6 S 4
20 N 3 SE 4 SE 5 SE 5 SW 2
21 S 3 S 5 E 4 S 6 SW 5
22 SE 4 SE 5 S 5 SE 4 NW 4
23 SE 4 SE 4 SE 4 SE 5 SW 4
24 SE 5 SE 4 SE 6 SE 5 SW 4
25 SE 4 SE 5 SE 4 SE 3 W 8
26 NE 4 SE 4 E 3 SE 5 SW 10
27 SE 3 SE 5 SE 4 SE 5 SW 8
28 NE 3 S 4 SE 4 NE 7 SW 10
29 NE 4 SE 4 NW 3 SW 8
30 SE 2 SE 4 SE 5 SW 8
31 N 4 SE 4 SW 6

Jan Feb Mar Apr May
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Observed water level at Tan Chau, Feb-Apr 2003 
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Fig. 2.1 Hourly Water Level at Tan Chau, February to April 2003 

 

Observed water level at Chau Doc, Feb-Apr 2003 
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Fig. 2.2 Hourly Water Level at Chau Doc, February to April 2003 
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Observed water level at Kg.Cham, Jan-May 2003 
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Fig. 2.3 Daily Water Level at Kompong Cham, January to May 2003 

 

Observed and simulated discharge at Kg.Cham, Feb-Apr 2003 
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Fig. 2.4  Weekly Discharge Measurement at Kompong Cham, 
February to April 2003 
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Observed water level at Chrui Changvar, Jan-Apr 2003 
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Fig. 2.5 Hourly Water Levels at Chrui Changvar, January to April 2003 

 

Observed water level at Chaktomouk, Jan-Apr 2003 
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Fig. 2.6 Hourly Water Levels at Chaktomouk, January to April 2003 
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Observed discharge at Chrui Changvar, Feb-Apr 2003 
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Fig. 2.7 Weekly Discharge Measurements at Chrui Changvar, 

February to April 2003 
 

Observed discharge at Koh Norea, Feb-Apr 2003 
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Fig. 2.8 Weekly Discharge Measurements at Koh Norea, 

February to April 2003 
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Observed discharge at Phnom Penh Port, Feb-Apr 2003 
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Fig. 2.9 Weekly Discharge Measurements at Phnom Penh Port, 

February to April 2003 
 

Observed discharge at Monivong Bridge, Feb-Apr 2003 
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Fig. 2.10 Weekly Discharge Measurements at Monivong Bridge, 

February to April 2003 
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Fig. 2.11 Difference in Water Level between Chrui Changvar and Chaktomouk, 
January to April 2003 

 

Obs. and simulated discharge at Chrui Changvar, Feb-Apr 2003 
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Fig. 2.12a Simulated and Observed Discharge at Chrui Changvar, 
February to April 2003 
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Obs. and simulated discharge at Chrui Changvar, Feb-Apr 2003 
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Fig. 2.12b Simulated and Observed Discharge at Chrui Changvar, 
First Half of February 2003 

Obs. and simulated discharge at Chrui Changvar, Feb-Apr 2003 
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Fig. 2.12c Simulated and Observed Discharge at Chrui Changvar, 
Second Half of February 2003 
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Obs. and simulated discharge at Chrui Changvar, Feb-Apr 2003 
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Fig. 2.12d Simulated and Observed Discharge at Chrui Changvar, 
First Half of March 2003 
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Fig. 2.12e Simulated and Observed Discharge at Chrui Changvar, 
Second Half of March 2003 
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Obs. and simulated discharge at Chrui Changvar, Feb-Apr 2003 
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Fig. 2.12f Simulated and Observed Discharge at Chrui Changvar, 
First Half of April 2003 
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Fig. 2.12g Simulated and Observed Discharge at Chrui Changvar, 
Second Half of April 2003 

 V-34



Vol. II: Supporting Report, Paper V: Application of Hydro-Hydraulic Model
WUP-JICA, March 2004

 

Observed and simulated discharge at Koh Norea, Feb-Apr 2003 
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Fig. 2.13a Simulated and Observed Discharge at Koh Norea, 
February to April 2003 
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Fig. 2.13b Simulated and Observed Discharge at Koh Norea, 
First Half of February 2003 
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Observed and simulated discharge at Koh Norea, Feb-Apr 2003 
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Fig. 2.13c Simulated and Observed Discharge at Koh Norea, 
Second Half of February 2003 
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Fig. 2.13d Simulated and Observed Discharge at Koh Norea, 
First Half of March 2003 
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Observed and simulated discharge at Koh Norea, Feb-Apr 2003 
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Fig. 2.13e Simulated and Observed Discharge at Koh Norea, 
Second Half of March 2003 
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Fig. 2.13f Simulated and Observed Discharge at Koh Norea, 
First Half of April 2003 
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Observed and simulated discharge at Koh Norea, Feb-Apr 2003 
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Fig. 2.13g Simulated and Observed Discharge at Koh Norea, 
Second Half of April 2003 
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Obs. and simulated discharge at Phnom Penh Port, Feb-Apr 2003, 
Including Wind 

-500

0

500

1000

1500

2000

2500

3000

3500

4000

01-02 15-02 01-03 16-03 30-03 14-04 28-04

D
is

ch
ar

ge
 [m

3/
s]

Simulated Observed
 

Fig. 2.14a(1/2) Simulated and Observed Discharge at Phnom Penh Port, 
February to May 2003 -- including wind 

 

Obs. and simulated discharge at Phnom Penh Port, Feb-Apr 2003, 
No Wind 
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Fig. 2.14a(2/2) Simulated and Observed Discharge at Phnom Penh Port, 
February to May 2003 -- no wind 
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Obs. and simulated discharge at Phnom Penh Port, Feb-Apr 2003 
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Fig. 2.14b Simulated and Observed Discharge at Phnom Penh Port, 
First Half of February 2003 
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Fig. 2.14c Simulated and Observed Discharge at Phnom Penh Port, 
Second Half of February 2003. 
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Obs. and simulated discharge at Phnom Penh Port, Feb-Apr 2003 
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Fig. 2.14d Simulated and Observed Discharge at Phnom Penh Port, 
First Half of March 2003 

 

Obs. and simulated discharge at Phnom Penh Port, Feb-Apr 2003 
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Fig. 2.14e Simulated and Observed Discharge at Phnom Penh Port, 
Second Half of March 2003 
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Obs. and simulated discharge at Phnom Penh Port, Feb-Apr 2003 
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Fig. 2.14f Simulated and Observed Discharge at Phnom Penh Port, 
First Half of April 2003 
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Fig. 2.14h Simulated and Observed Discharge at Phnom Penh Port, 
Second Half of April 2003 
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Fig. 2.15a Simulated and Observed Discharge at Monivong Bridge, 
February to April 2003 
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Fig. 2.15b Simulated and Observed Discharge at Monivong Bridge, 
First Half of February 2003 

 V-43



Vol. II: Supporting Report, Paper V: Application of Hydro-Hydraulic Model
WUP-JICA, March 2004
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Fig. 2.15c Simulated and Observed Discharge at Monivong Bridge, 
Second Half of February 2003 
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Fig. 2.15d Simulated and Observed Discharge at Monivong Bridge, 
First Half of March 2003 
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Obs. and simulated discharge at Monivong Bridge, Feb-Apr 2003 
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Fig. 2.15e Simulated and Observed Discharge at Monivong Bridge, 
Second Half of March 2003 
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Fig. 2.15f Simulated and Observed Discharge at Monivong Bridge, 
First Half of April 2003 
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Fig. 2.15g Simulated and Observed Discharge at Monivong Bridge, 
Second Half of April 2003 
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Fig. 2.16a Simulated and Observed Water Level at Chrui Changvar, 
February to April 2003 
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Fig. 2.16b Simulated and Observed Water Level at Chrui Changvar, 
First Half of February 2003 
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Fig. 2.16c Simulated and Observed Water Level at Chrui Changvar, 
Second Half of February 2003 
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Fig. 2.16d Simulated and Observed Water Level at Chrui Changvar, 
First Half of March 2003 
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Fig. 2.16e Simulated and Observed Water Level at Chrui Changvar, 
Second Half of March 2003 
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Fig. 2.16f Simulated and Observed Water Level at Chrui Changvar, 
First Half of April 2003 
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Fig. 2.16g Simulated and Observed Water Level at Chrui Changvar, 
Second Half of April 2003 
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Fig. 2.17a Simulated and Observed Water Level at Chaktomouk, 

February to April 2003 
 

 
Fig. 2.17b Simulated and Observed Water Level at Chaktomouk, 

First Half of February 2003 
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Fig. 2.17c Simulated and Observed Water Level at Chaktomouk, 

Second Half of February 2003 
 

 
Fig. 2.17d Simulated and Observed Water Level at Chaktomouk, 

First Half of March 2003 
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Fig. 2.17e Simulated and Observed Water Level at Chaktomouk, 

Second Half of March 2003 

 
Fig. 2.17f  Simulated and Observed Water Level at Chaktomouk, 

First Half of April 2003 
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Fig. 2.17g Simulated and Observed Water Level at Chaktomouk, 

Second Half of April 2003 
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Fig. 2.18 Simulated Daily Average Discharge at the Four River Branches 
in Chaktomouk (Average of 24 Hourly values) 
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Simulated and observed daily average discharge at Chaktomouk, dry 
season 2003, Chrui Changvar
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Fig. 2.19 Simulated Daily Average Discharge (Average of 24 Hourly values) 
and Observed Daily Average Discharge (3 values per week) 

at Chrui Changvar 
 

Simulated and observed daily average discharge at Chaktomouk, dry 
season 2003, Koh Norea
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Fig. 2.20 Simulated Daily Average Discharge (Average of 24 Hourly values) 
and Observed Daily Average Discharge (3 values per week) at Koh Norea 

 V-54



Vol. II: Supporting Report, Paper V: Application of Hydro-Hydraulic Model
WUP-JICA, March 2004

 

Simulated and observed daily average discharge at Chaktomouk, dry 
season 2003, Phnom Penh Port

0

500

1000

1500

2000

2500

3000

3500

31-
01

07-
02

14-
02

21-
02

28-
02

07-
03

14-
03

21-
03

28-
03

04-
04

11-
04

18-
04

25-
04

D
is

ch
ar

ge
 [m

3/
s]

Simulation (24 values) Observations (3 values)
 

Fig. 2.21 Simulated Daily Average Discharge (Average of 24 Hourly values) 
and Observed Daily Average Discharge (3 values per week) 

at Phnom Penh Port 
 

Simulated and observed daily average discharge at Chaktomouk, dry 
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Fig. 2.22 Simulated Daily Average Discharge (Average of 24 Hourly values) and 
Observed Daily Average Discharge (3 values per week) at Monivong Bridge 
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Daily average discharge at Chrui Changvar versus daily 
average discharge at Koh Norea (obs. and model results)

2000

3000

4000

5000

6000

7000

8000

2000 2500 3000 3500 4000 4500
Discharge [m3/s]

D
is

ch
ar

ge
 [m

3/
s]

Model Observations

 
Fig. 2.23 Observed Daily Average Discharge at Chrui Changvar 

versus Daily Average Discharge at Koh Norea 
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Fig. 2.24 Observed Daily Average Discharge at Chrui Changvar 

versus Daily Average Discharge at Phnom Penh Port 
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Daily average discharge at Chrui Changvar versus daily 
average discharge at Monivong Bridge (obs. and model) 
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Fig. 2.25 Observed Daily Average Discharge at Chrui Changvar 

versus Daily Average Discharge at Monivong Bridge 
 

Daily average discharge at Chrui Changvar + Phnom Penh Port 
versus daily average discharge at Koh Norea 
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Fig. 2.26 Observed Daily Average Discharge upstream of Chaktomouk 
(Chrui Changvar plus Phnom Penh Port) 

versus Daily Average Discharge at Koh Norea 
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Daily average discharge at Chrui Changvar + Phnom Penh Port 
versus daily average discharge at Monivong Bridge 

QMonivongBridge = 0.0722*QUpstr - 181.52

R2 = 0.9584

-500

-400

-300

-200

-100

0

100

200

300

400

500

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

Discharge [m3/s]

D
is

ch
ar

ge
 [m

3/
s]

Observations Model Linear (Model)

 
Fig. 2.27 Observed Daily Average Discharge upstream of Chaktomouk 

(Chrui Changvar plus Phnom Penh Port) 
versus Daily Average Discharge at Monivong Bridge 

 

Simulated discharge versus simulated water level at Phnom 
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Fig. 2.28 Simulated Hourly Discharge versus Simulated Hourly Water Level 
at Phnom Penh Port, Dry Season 2003 
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Observed water level at PP Port versus observed discharge at PP Port
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Fig. 2.29 Observed Discharge versus Observed Water Level at Phnom Penh Port, 

Dry Season 2003 
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Fig. 2.30a Observed Daily Average Discharge at Phnom Penh Port 
versus 7 o'clock Water Level at Chaktomouk, Dry Season 2003 
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Fig. 2.30b Simulated and Rated Daily Average Discharge at Phnom Penh Port, 
Dry Season 2003 
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Fig. 2.30c Simulated versus Rated Daily Average Discharge at Phnom Penh Port, 

Dry Season 2003 
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Simulated daily average discharge (M11) and observed daily 
average discharge at Tan Chau, dry season 1997
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Fig. 2.31 Observed and Simulated Average Daily Discharge at Tan Chau, 
Dry Season 1997 

 

Simulated daily average discharge (M11) and observed daily 
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Fig. 2.32 Observed and Simulated Average Daily Discharge at Tan Chau, 
Dry Season 1998 
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Simulated daily average discharge (M11) and observed daily 
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Fig. 2.33  Observed and Simulated Average Daily Discharge at Tan Chau, Dry Season 
1999 

 

Simulated daily average discharge (M11) and observed daily 
average discharge at Tan Chau, dry season 2000
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Fig. 2.34 Observed and Simulated Average Daily Discharge at Tan Chau, 
Dry Season 2000 
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Simulated daily average discharge (M11) and observed daily 
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Fig. 2.35 Observed and Simulated Average Daily Discharge at Tan Chau, 
Dry Season 2001 
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Hourly discharge at Tan Chau, dry season 1997
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Fig. 2.36 Observed and Simulated Hourly Daily Discharge at Tan Chau, 
part of Dry Season 1997, 1998 and 1999 
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Hourly discharge at Tan Chau, dry season 2000
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Fig. 2.37 Observed and Simulated Hourly Daily Discharge at Tan Chau, 
part of Dry Season 2000 and 2001 
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Fig. 3.1 Location of Major Roads in Phnom Penh, 
Kompong Cham and Neak Luong areas 
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Fig. 3.2 Model Layout for Situations (after 1960, 1920-1960, before 1920) 

Top: after 1960 

Middle: between late 1920s and 1940s as well as between 1940s and 1960s 

Bottom: Prior to 1920 

(arrows indicate new branches) 
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Simulated discharge at Chrui Changvar
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Fig. 3.3  Simulated Discharge for Embankment Conditions 
(Chrui Changvar and Prek Kdam) 
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Simulated discharge at Koh Norea
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Fig. 3.4 Simulated Discharge for Embankment Conditions 
(Koh Norea and Bassac) 
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Fig. 3.5 Water Balance from June 1st to November 1st, 2000 

[No Embankments (left), Present Embankments (right)] 
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Fig. 3.6 Water Balance from June 1st to November 1st, 2001 

[No Embankments (left), Present Embankments (right)] 
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Fig. 3.7 Water Balance from June 1st to November 1st, 2002 

[No Embankments (left), Present Embankments (right)] 
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Example of model application : 
Hydraulic effect of bridge 
openings along Road no . 1 
Significant water level gradient is 
observed during peak flow 

Present bridge openings act as 
bottlenecks for downstream flows 
and increases upstream water levels 

Obs  WL at 
P15 : 7.24 m 

Obs  WL at 
P16 : 5.79 m 

 

Fig. 4.1 Simulated Longitudinal Profile of Water Level for the Peak Flood in 2002 
[Profile is across the embankment of road no.1 and shows the existing condition.] 

 

Test simulation :

Increase the total width of bridges
by a factor of 3 (from app. 150 m to
450 m)

Longitudinal profile of
simulated water level

Longitudinal profile of
simulated water level

Increased width

Existing width

[m]

[m]

50 cm

20 cm

Upstream
decrease
Downstream
increase

[m]

[m3/s]

Effect on
water level

Effect on
discharge

Increased width

Existing
width

 

500
m3/s

Fig. 4.2 Effect of Larger Bridge Openings on Water Levels and Discharges 
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Map of difference in water level
during peak flood 2002

Existing
bridge width

Increased
bridge width

Water level
difference [cm]

The impact of bridges and embankments
reaches far away !

30 km

 

Fig. 4.3 Flood Inundation Maps for Existing and Test Case 
[Difference map to the right showing the Water Level difference 

between test case and existing condition] 
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Volume balance for the Great Lake (1962-63) 
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Fig. 5.1 Volume Balance for Hydrological Year 1962 (monthly basis) 
[Reprinted from ref /3/] 

 

Volume balance for the Great Lake 1998 - 2002 
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Fig. 5.2 Volume Balance for the Great Lake 1998-2002 (monthly basis) 
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Volume balance for the Great Lake 1998 
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Fig. 5.3 Volume Balance for Hydrological Year 1998 (monthly basis) 
 

Volume balance for the Great Lake 1999 
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Fig. 5.4 Volume Balance for Hydrological Year 1999 (monthly basis) 
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Volume balance for the Great Lake 2000 
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Fig. 5.5 Volume Balance for Hydrological Year 2000 (monthly basis) 
 

Volume balance for the Great Lake 2001 
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Fig. 5.6 Volume Balance for Hydrological Year 2001 (monthly basis) 
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Volume balance for the Great Lake 2002 
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Fig. 5.7 Volume Balance for Hydrological Year 2002 (monthly basis) 
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Comparison of monthly lake volume change determined by 1) inflow/outflow 
assessment and 2) by observation
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Fig. 5.8 Lake Volume and Monthly Change in Lake Volume Based 
on Observed Water Level and the Derived Level-Volume Relation 

 

Lake volume and lake volume change derived from observed water level and level-
volume relation for the Great Lake
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Fig. 5.9 Monthly Change in Lake Volume Based on  
(1) Inflow/Outflow Assessment and 

(2) by Observed Water Level and Level-Volume relation 
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