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 Abstract:  
The main objective of this work was to detect water leakage origin combining conventional, tracing and isotope techniques. The investigation was performed by a research team 

from the ‘Algiers Nuclear Research Centre’ in collaboration with engineers from the ‘National Agency for Dams’. The chemical and isotopic results have shown no influence of 

dam water on the water sampled at the piezometers and drains that are present in the close neighbourhood of the dam. However, the water flowing at drain D15 has exhibed the 

nearest quality to that dam.  Dye tracing has shown a water circulation through complex pathways for the left bank. 

1. Introduction 
 

This work was carried out within the framework of a Technical Co-operation project supported by IAEA (ALG/5/021). This project consists 

of the strengthening and development of scientific knowledge in African countries, mainly in the detection of a dam leakage and safety. 

The main objective of this work consisted to detect water leakage combining classical and nuclear techniques (isotopic and radiotracer). 

Classical methods concerned the follow up of physico-chemical parameters (conductivity, temperature and chemical composition). Isotopic 

and radiotracer techniques concerned the isotopic composition (oxygen-18 and tritium) and labelling of the reservoir (Fluorescent tracers), 

respectively. 

2. Description of the study area 
  

Beni-haroun dam is located  in North-Eastern part of Algeria, at about 40Km north 

of the city of Constantine (Figure 1). 

Beni-Haroun dam is a rectilinear gravity concrete dam of initial capacity equal to 

963Mm3 who use is intended to both water allocation and irrigation of the 

neighbouring provinces including the main city of Constantine. The dam was first 

filled in August 2003 and the exploitation showed immediately leaks at the 

downstream part of the dam. The installation of a cementation curtain does not 

seem to be fully successful and further investigations are required. 

 

The 700 wide, 118m high structure sits on an eocene carbonate base that is NE-

SW oriented and that plunges towards the upstream region. These highly 

fractured carbonate base formations are surrounded by black marly formations of 

Paleocene age in the downstream area and by marly formations of Eocene age in 

the upstream area. The left bank seems to be more fissured than the right one.  

 

The carbonate base exhibits also rock fractures that are parallel to the axis of the 

dam structure rather than perpendicularly oriented. The monography that has 

been established in June 2002 and data from exploration boreholes have 

demonstrated the existence of a karstic zone with clayey fillings that extends over 

the whole of the valley that is comprised between the boths banks. Morever, the 

presence of spring tapping a thermal aquifer has complicated a bit more the 

question of the waterprofness of the dam site. 

FIG. 1: Map showing location of  dam site 

 2.1  History of the leakage phenomenon 
  

The first filling of the dam was done in the 05th August, 2003. The region has been 

an exceptional and very brutal rainy event on the 25th of January 2003. Dam 

monitoring data has clearly shown the relationship between the rise of level in the 

lake and the increasing flowrate at the drains and sub-pressures readings. Also 

water levels at some piezometers have thus attained worrying limits. Low pressure 

springs have also appeared in the fissured carbonates on the left bank at the 

bottom of the structure between 116m and 124m. These were the consequence of 

the short floods of the beginning of december during which the level in the lake 

attained 145m. The temperature that was recorded at the springs was 24°C 

whereas that in the lake was 14°C. The drains in the structure foundations were 

under pressure. 

 

One year later and due to exceptional floods on the 4th of January 2004, the water 

level in the lake reached 162m and the flowrate of water that let was to escape 

from the dam was measured at 404 m3/s. Some other anomalies were also 

noticed: 

 

•Relatively high flow through the concrete joints within the 100,120,134 and 140 

galleries and deterioration of some joints in the foundation. 

Then following the last floods on the 30th and 31th of december 2004, the level 

reached 165.23m in the lake: 

•A spring appeared on the left bank in the near surroundings of the structure at 

129m with a more or less important flowrate and a temperature around 20°C. 

•The flowrate has decreased to 100l/s in the provisional derivation flowing injection 

and drainage works that were previously undertaken. 

•The pressure that was recorded at the drains of gallery 100 decreased as 

compared to the values measured during the previous flood event. 

•An increase of the aquifer static watertable as recorded in the downstream 

piezometers. One piezometer became artesian (PO.V-1). 

 

 

3. Experimental work 
 

An investigation at the dam was conducted by the CRNA in collaboration with 

ANBT at Beni-haroun dam, during which following activities was carried out.  

 

The first field campaign, sampling for all water bodies that are present within the 

immediate and vicinity of the dam were affected. Samples taken will be analysed 

for macro chemistry, stable isotopes (oxygen-18 and deuterium) as well as tritium.  

In addition, conductivity and temperature profils were recorded for accessible 

piezometers in both banks and measurements of conductivity and temperature 

made at the drains and for some points in the lake itself.  Two samples were taken 

at the thermal spring at the Hammam (thermal baths) a couple of kilometres 

downstream of the dam site. 

 

During the second field campaign and besides recording profils similarly as during 

the first field trip, tracer experiments using fluoresceine on the width of limestone 

outcrop on the left bank of the dam were achieved.  

 

 

 

 

 

4. Results and conclusions 
  

The achievements and the results gathered from the field campaigns that has been affected allowed us to identify the 

problems affecting this dam through the overall observation of the features of the physical medium (geology) where it 

has been built.  

The conductivity and temperature measured in the available piezometers recorded shown in figures 4a and 4b below. 

There is a definite zone of low temperature and lower conductivity between piezometer P-RD4 and P.VII-2. This trend is 

confirmed by temperature and conductivity in the drains shown in figures 5a and 5b. The temperature is increasing from 

drain D17 to the right and towards the left. We know the temperatures increase towards the left bank. The main area of 

leakage is therefore in this zone. 

 

With regard to the chemical composition, a Piper diagram (Fig. 6) showed that the water sampled at the piezometers 

and drains that are present in the close neighbourhood of the dam was not similar to the dam water but could be 

mixtures. However, the water flowing at the drain D15 has exhibed the nearest quality of the dam. This was further 

confirmed by the isotopic results through oxygen-18 and tritium contents as summarized in Table I. 

 

The determination of potential zones of infiltration on the width of the limestone outcrop on the left bank of the dam was 

performed using a fluoreseceine tracer at a distance of 2m from the shores of the reservoir. The tracer monitoring at the 

springs showed that fluoresceine tracer was detected one week at the left bank. 

 

The investigation described in this paper leaded us to the conclusion that the implementation of such a pilot study and its 

associated preliminary findings seems to be satisfactory. However, according to the complexity of the geological site, 

more experiments need to be performed in order to better understand and better assess the leakage phenomena. 

 

 

 
 

Table I. Isotopic composition of some samples 
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FIG. 4b. Maximum and Minimum conductivities measured in the piezometers 

FIG.4a. Maximum and Minimum temperatures measured  in the piezometers 

FIG.5a. Temperatures measured along drains 

FIG.6b.  Conductivities  measured along drains FIG.6. Chemical classification of samples according to Piper diagram 
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Sample Tritium 

(T.U.) 

δ18O 

(‰) 

Piezometer (PV.1) 8.9 -6.32 

Drain D26 <LD -5.91 

Drain D15 <LD -5.52 

R1 left bank (resurgence) <LD -5.60 

Hammam (thermal spring) 0.3 -7.88 

Reservoir 3.4 -4.72 
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