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Abstract: To help end-users generate information on the rate and origin of the 
seepage - leakage water of the sub dam A (FA) of the §ång M« reservoir we have 
conducted a research project in the 2005-2006 period. The experiences gained in this 
project are needed for recommending further use in other reservoirs. The main works 
were collecting water samples, analyzing for 18O/16O, 2H(D)/1H ratios, analyzing for 
3H(T) and chemical contents, then drawing conclusions about  the origin of the seepage 
water and the seepage rate at the dam FA.   
Findings of the project showed that:  
a) Waters at the piezometers on the top and the 1st roof are not originated from lake 

water;  
b) Waters at the piezometers on 1st and 2nd  levels, as well as seepage - leakage waters 

at the dam toe are mixed of lake and ground waters, and the old river bed could be 
the channel for ground water upcoming from beneath the dam body;  

c) The transit times of water from the lake to the observation points are from 3 to 4 
months, and the velocity is of about 1,1x10-3 cm/s;  

d) The findings from tritium analyses show that all waters around the §ång M« area 
are recent waters recharged regularly by meteoric water. Based on the findings of 
the project we have recommended that the environmental isotope technique be 
applied for further investigations of origin of leakage and seepage water at other 
dams. 

1. Introduction 

Reservoirs play very important role in national economy as fresh water supply, 
irrigation, flood reduction, and electric power generation. Operating and exploiting 
reservoirs need frequent monitoring and maintenance of the problems affecting safety of 
the reservoirs’ dams (Floegl, 1999). Researches pointed out that millions of USD has 
been spent every year for dealing with dam seepage - leakage problems over the world. 

The role of advanced techniques, including nuclear techniques, is to provide 
useful problematic information for better dam safety management. Data on the relation 
of reservoir water with seepage and leakage water, as well as ground water in the 
surrounding area could be used for dam leakage estimation (Zuber, 1983). Isotope tracer 
techniques (radioactive and environmental) were applied widely in many countries for 
finding the origin and rate of seepage - leakage water, providing useful information for 
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dam safety management (Maloszewski et al., 1992; Kendall and McDonnell (Eds.), 
1998, v.v.). 

In Vietnam, researchers have been using radioactive isotope (131I) tracing 
technique (Lª V¨n Kh«i et al.) and stable isotope (52Cr) tracing technique (Hoµng §¾c 
Lùc, 1998) for estimating seepage velocity through dams of hydropower stations Yaly 
and Hoµ B×nh. The use of environmental isotopes (18O, 2H(D) and 3H (T)) as tracers has 
been initiated for estimating ground water age and origin in some areas of the Red River  
Delta (TrÞnh V¨n Gi¸p, 2004 and 2006). 

In Vietnam there are many reservoirs, especially those for irrigation, have dam 
seepage and leakage problems due to old design and construction. A typical reservoir is 
the §ång M« that was constructed in 1969. In 1984 at the sub dam A (FA) toe a seepage 
pond had occurred with high charging rate, so this dam was repaired in 1991. However, 
the seepage rate is still high (Bé Thñy Lîi, 1991).  

To help end-users generate information on the rate and the origin of the seepage 
- leakage water of the sub dam A (FA) of the §ång M« reservoir we have conducted a 
research project on “Research on the use of environmental isotopes technique for safety 
assessment of the §ång M« reservoir” (Code: B0/05/04-01) in the 2005-2006 period. 
The experiences gained in this project are needed for recommending further use in other 
reservoirs. The main works were collecting water samples, analyzing for 18O/16O, 
2H(D)/1H ratios, analyzing for 3H(T) and chemical contents, then drawing conclusions 
about  the origin of the seepage - leakage water and the seepage - leakage rate at the 
dam FA. 

It is important to have information on the seepage rate through dam as well as 
the origin of water occurred at dam toe and seepage pond. These informations are 
helpful for the Phï Sa- §ång M« Irrigation Company for estimating dam safety and 
deciding the way in dealing with seepage areas around the dam FA. 

Similar to the §ång M« reservoir, there are many reservoirs under the 
management of the Water Resources Department, Ministry of Agriculture and Rural 
Development that have dam seepage and leakage problems. Results of this research 
project could be transferred as tools for investigating dam safety of problematic 
reservoirs. In addition, environmental isotope techniques could be applied for dam 
leakage and water losses monitoring of big hydropower reservoirs such as Hoµ B×nh, 
S¬n La, etc.  

2. Materials and methods  

Sampling  

Water samples for finding origin of waters and estimating relation between 
seepage, leakage, and ground- waters in the area of dam FA were taken in two seasons: 
dry season when the lake has lowest water level and in rainy season when water level is 
the highest. 

It was necessary to estimate seepage rate through the dam body for estimating 
sampling procedure. The designed seepage coefficient of dam FA is K0 = 2x10-5 cm/s. It 
was possible to calculate the time needed for water to get through the dam body in about 
334 days. This is a big time span so we decided to take samples at a rate of 1 sample per 
month and the observation time should be of 18 months in order to have good statistics. 
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Water samples were taken into special container-cups with two covers that 
prevent air from entering the cup. The cup were dipped into the water until there was no 
air inside the cup, then the covers were put in, and keep closed for latter laboratory 
analyses. Also, we have conducted measurements of field parameters such as pH, 
conductivity, and diluted oxygen content of water samples. 

Sample analyses 
18O/16O, 2H(D)/1H ratios were analyzed on Isotope Mass Spectrometer (MS) at 

the Isotope Hydrology Laboratory (Institute for Nuclear Sciences and Technique). 
Results are expressed in permil (‰) of the concentrations of 18O or 2H (notation - δ).  

3H(T) were analyzed by sample enrichment and measured on liquid scintillation 
counter. Chemical contents were analyzed by Ion Chromatography. Environmental 
parameters of lake water samples were also analyzed. 

Data processing and interpretation 

From the results of 18O and 2H analyses we have constructed graphics of δ18O 
and δ2H versus time span of 18 months, and the isotope fractional graphics (δ18O-δ2H) 
for finding the origin and relation of water in piezometers and at seepage and leakage 
areas. 

Results of δ18O were used as inputs for interpretation software MULTIS (release 
3.15) for finding the seepage rates at different points of observation. 

Chemical contents were also used as inputs for interpretation software 
AquaChem (version 3.4.72 by Waterloo Hydrogeologic Canada) for finding water types 
of samples. Environmental parameters were compared with that of Vietnam 
Environmental Standards for lake pollution assessment. 

3. Results 

Stable isotopes 

Results of observation of groundwater samples taken at the well right after the 
dam FA and at the lake administration building showed the average concentration of   
δ2Η  was -54,11 (STDEV ± 2) and of δ16Ο  was -7,96 ‰ (STDEV ±0,7). 

From the results of 18O and 2H analyses we have constructed graphics of δ18O 
and δ2H versus time span from the month of  9/2005 to 2/2007. It was  pointed out that 
water samples taken from the lake, piezometers, and seepage – leakage areas mainly 
have concentration of 18O vµ 2H similar to that of the groundwater. 

Relation of different types of water 

Relation of different types of water samples was analyzed based on the isotope 
fractional graphics (δ18O-δ2H). It was showed that §ång M« lake water samples taken 
in rainy season lay on Global Meteoric Water Line (GMWL). In dry season, 
concentration of 18O and 2H are higher than the GMWL, showing evaporation process. 

Figure 1 shows isotope fractional graphics (δ18O-δ2H) of water samples taken at 
piezometers (FAa, FAb, FAc, FAd, vµ FAe). Analyses of this graphic shows the 
followings: 
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- Water samples at FAa, FAb, and FAc lay on GMWL. Concentrations of 18O vµ 
2H are lower than that of the groundwater and lake water. Water in these piezometers has 
no relation with groundwater and lake water.  

- Water samples at FAd and FAe lay on the line connecting groundwater and 
lake water. It shows that water at these piezometers has origin both from groundwater 
and lake water.  

Figure 2 shows isotope fractional graphics (δ18O-δ2H) of water samples taken at 
observation for seepage – leakage points (T4, T5, T6, vµ T7). From this graphic it could 
be drawn the followings: 

- All water samples lay on the line connecting groundwater and lake water. It 
means that water samples at these points has origin from both groundwater and lake 
water.  

- On the line from groundwater to lake water, water at T5 mainly originated 
from groundwater. Water samples at T6, T7, and T4 have gradually increasing 
contribution of lake water. 

  
Fig. 1. Isotope fractional graphics (δ18O-δ2H) of water                                                                

samples taken at piezometers.  
 

  
Fig. 2. Isotope fractional graphics (δ18O-δ2H) of water samples                                                     

taken at observation for seepage – leakage points. 
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Seepage - leakage rates  

Results of δ18O at seepage – leakage points of observation were used as inputs 
for interpretation software MULTIS (release 3.15). The fitting data were the lake water 
concentration of 18O. Results of different types of models showed that linear model 
(LM) has the most stable results. An example for observation point T7 is shown in 
Figure 3. 

From the results of interpretation by the software we have synthesized the 
residence times, namely the transit times, of lake water to the seepage – leakage points 
of observation. If the maximum wide of the dam FA to be 115,5 m (Ministry of 
Agriculture and Rural Development, 1968)  it is possible to calculate the seepage – 
leakage velocity as shown in Table 1. 

 

 
Fig. 3. Results of  linear model  for point T7. 

 Tab 1. Transit times and velocities from the lake to observation points. 

Points Transit time (year) Transit time (day)
Velocity 

(x10-3 cm/s) 

FAd 0.33 120.45 1.11 

FAe 0.33 120.45 1.11 

T6 0.33 120.45 1.11 

T7 0.25 91.25 1.46 

T4 0.33 120.45 1.11 

 
It could be seen from Table 1 that transit times of lake water to the observation 

points (FAd, FAe, T6, T7, T4) are from 3 to 4 months, and the velocities of seepage – 
leakage water are of about 1.1x10-3 cm/s. Comparing with  seepage coefficient of the 
rocks at the dam basement of K = 1x10-3 cm/s it could be concluded that lake water 
mainly gets to the observation points through the rocks at the dam basement.  
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Other results  

Results of tritium analyses showed the concentration of tritium with values less 
than 5 TU. It means that all water samples taken from the lake, piezometers, seepage – 
leakage areas, and groundwater are recent water regularly recharged by meteoric water. 

From the chemical analysis results we have used interpretation software 
AquaChem (version 3.4.72 by Waterloo Hydrogeologic Canada) for finding water types 
of samples. Results showed that water samples taken from the lake, piezometers, 
seepage – leakage areas are identical and belonging to one group with Ca-(Mg-)HCO3 
contents. 

From the results of environmental parameter analyses we have compared with 
that of Vietnam Environmental Standards TCVN 5942 – 1995 and TCVN 6773: 2000 
for lake pollution assessment. It was concluded that lake water is clean, suitable for 
community supply and irrigation purposes. 

4. Conclusions and recommendations 

Findings of water origin showed that: 

a) Waters at piezometers on the dam FA top level and the 1st  roof (FAa, FAb, 
and FAc) are not the water from the lake but could be originated from rainy water 
penetrating from dam surface.  

b) Waters at piezometers on the dam 1st and 2nd levels (FAd vµ FAe) and 
seepage - leakage water at dam toe (T4, T5, T6, vµ T7) are not only from the lake but 
also from groundwater coming up from beneath the dam body. The old river could be 
the channel for groundwater reaching points T5 and FAd. At other points, water contents 
showed that seepage – leakage water  has a mixed origin of both lake water and 
groundwater. 

The transit times of lake water to the observation points (FAd, FAe, T6, T7, T4) 
are of about 3 to 4 months, and the seepage - leakage velocities are of about 1.1x10-3 
cm/s. It could be concluded that lake water mainly gets to the observation points through 
the rocks at the dam basement. 

Results of tritium analyses showed that all water samples taken from the lake, 
piezometers, seepage – leakage areas, and groundwater are recent water regularly 
recharged by meteoric water. 

Based on the findings of the project we have recommended that the 
environmental isotope technique be applied for further investigations of rate and origin 
of leakage and seepage water at other dams. 
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